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OPHO JE3EPO HA 3EJIEHI'OPH - ITPOBJIEMH OAPKUBOCTHU

Panociaas [lexkuh!, Cejeriana Jlonuh', O6pen I'mwato’, Ciiodoxan I'mwaro' n
Mapko CranojeBuh’

TIpupoano-mMaremMaTnuky daxyaret, YauBep3uteT y bamoj Jlymu, Penybnuka Cpricka
’Bucoka 4KoJia 3a Typu3aM U XoTenujepcTBo, Tpedumse, Pemybmuika Cpricka

Caxerak: Y pajy Cy Npe3eHTOBAHM PE3y/ITaTH UCTPAXKHUBabha (PU3UUKUX, XEMUjCKUX M HEKUX OMOJIOMIKMX rapamerapa
kBajureTa Boje LlpHOr jesepa, ¢ mubeM yTBphHBama CTama U crerneHa eyrpodusampje. OOOMHU THO je3epa, Mambe
nyoune, 3axBalicH je MakpO(pHUTCKOM BEreTalijoM Koja y 3HATHO] MjepH JONPUHOCH eyTpodu3aIuju. Y30pKOBaHkE je
MPOBEIICHO HA JIBUjE Ta4yKe je3epa y MOBPIIMHCKOM CJIOjy W HEMOCPEIHO M3HAIl je3ePCKOr JHA, TC Ha HajU3IalIHUjeM
W3BOPY KOjH CE€ HaJla3u HEMOCPEIHO Y3 je3epo, Kao U Ha je3epckoj ortouu. MerpaxkuBame je mpoBeacHo y ayrycty 2015,
TOJIMHE IIpeMa IPOITUCAHUM Ipolieaypama. Pesynraru npoBeiHIX (GU3MYKO-XEMH]CKUX aHaJIM3a [T0Ka3ajy BUCOK KBAJIIUTET
BOzie. MUKPOOHOJIONMIKY TapaMeTpH KBAJUTETa BOJAC TMOKa3ajy Ja je3epo HeMa KOHTHHYHPaH KOHTAKT ca OTMaIHHM
(hexaHUM MaTepHjaMa 0K OPOJHOCT aepOOHUX MCUXPOPHUIHUX U ME30(DUIHUX XETePOTPOhHUX OaKTepHuja yKasyje Ha
NPUCYCTBO OpPraHCKe Marepuje y BoAM. BpujenHocTH canmpoOHOT Haekca Mokasyjy CTame Npesia3HHX oajiuka mumely
OJIUTOCANPOOHUX U [3-Me30carpoOHUX BOJA.

Kbyune pujeun: L{pHo je3epo, KBAIUTET BOJE, eyTpOodHU3aIiija, OAPKUBOCT
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Abstract: The paper presents results of a study on physical, chemical and some biological parameters of water quality
of Black Lake in order to estimate the state and degree of eutrophication. It is the shallow lake margin covered in
macrophyte vegetation that largely contributes eutrophication. The sampling was conducted at two locations on water
surface and immediately above the lake bottom, as well as at the most abundant water spring located next to the lake
and at the lake distributary. The study was carried out in line with the relevant procedures in August 2015. Results of
the physical and chemical analyses indicated high water quality. Microbiological parameters of water quality showed
that there was no continuous contact between the lake and fecal substance but the number of aerobic psychrophilic and
mesophilic heterotrophic bacteria suggested that there was organic substance in the water. Values of saprobic indices
indicated transition state between oligosaprobic and -mesosaprobic water.
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VBOJI

Jezepa 3eneHrope Haja3W ce Ha JIMHUJU KOja
JIMjEITH CyOTITMHCKHU M TOPCKH T10jac, a HajTIo3HaTHja
cy Topwe u Jlome bape Ha jyroucrodnoj te
Kotnannuko, I[ltupuncko, OpaoBauko, LlpHO
u bujeno Ha meHTpasHOM Jujery OBe TIJIaHWHE.
Jeszepa omnukyje OucTpa W pelaTUBHO XJIaJHA
BOJIa, KOja Y JheTHUM MjeCeliMa Y TOBPITUHCKOM
cnojy mipenazu 22° C. Hamra nctpaknBama HEKUX
(DM3MYKMX, XEMHU]CKUX U OWOJIONIKUX IapaMeTapa
pHor jezepa yka3yjy Ha WHTE3WBaH MPOIEC
eyTpodu3alje, KOju yrpoxkana v lberOBY (PU3UUKY
OIP>KHUBOCT.

Eytpoduzanuja mompaszymujeBa mocTeneHo
noBehame KOIMMYMHE OPraHCKUX M MHHEPAIHUX
marepuja (dochopa um azora) y BOIHUM
€KOCHCTEeMHMa MPUPOTHUM IyTEM, a HUCIO0JbaBa
ce Kpo3 TPO(PHUMHOCT, Tj. KPO3 HHUBO OPTaHCKe
nponykije. EyTpodusamnmja je npupomaaH mporec
CTapema BOJHOT €KOCHCTEMa y KOM je3epo M3
OJTUTOTPOGHOT Tpena3u y Me30TpOPHO OTHOCHO
eyTpo(HO CTame, HAKOH Yera CHjeIn 3a0aprBambe,
T1a YaK ¥ HECTaHaK.

VY mporecy eyrpodusaiyje 3HauajHy YIOTY
UMajy BjeTap, JoHOcehu decTHIle MpaliuHe |
CUTHOT TIHMjecKa y jesepcku OazeH. Ha mporec
eyTpoduzanyje yrude u epo3uBHU Paj je3epcKe
BoJe Yy mpuobasby H3a3BaH Tajacuma, T€
aKyMyJaTHBHU paJ j€3€PCKUX TMPUTOKA KOje Y
jesepcku 0a3eH JIOHOCE epOoIMpaHu MaTepHjaj
W3 cIuBHOTr crofpydja. CnupameM OpraHCKUX
Y HEOPTraHCKUX MarepHja W3 CIOBHOT MOApyYja
nofa3u 10 nosehama Konmu4duHe a3oTa, hocdopa
U IpyTUX OMOTEHUX elleMeHaTa y je3epCKOj BOIH,
1ITO AOBOAM 110 TIoBehaHOr pacTa ajiru ¥ BOAHUX
Omwpaka. Hakon yrubama Ousbe manmajy Ha THO U
MOCTETICHO 3aTPIINaBajy je3epcKku Oa3eH, IITOo
JIOBOJIM JTO CMarekha TyouHe je3epa. Ha oBaj HaunH
CTBapajy ce CBE INMOBOJFHHUJU YCIIOBH 3a Pa3Bo)j
MakpoguTa.

EyTpodwuszanmju nonpruHOCH 1 ceMHUaKBaTHYHA
Bereraryja (TpcKa, Ialil.. ) Koja He KOPUCTH YTJbEHUK
u3 Bojie Beh M3 Basmgyxa, M KOja CBOjJy OpraHCKY
MIPOMYKITH]Y TIPE/Iaje BOTHOM €KOCHCTEMY, Tla HeMa
KpyXelha MaTepHje Ha HUBOY XHJIPOEKOCHCTEMA
(Cirkovi¢ et al, 2002). Ha Taj HaduH ci10j MyJba ce
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INTRODUCTION

Lakes of Zelengora mountain are located
along the line of demarcation between the
subalpine and mountain zones, and best known
among these lakes are Gornje Bare and Donje
Bare on southeast slopes of this mountain
and Kotlani¢ko, Stirinsko, Orlova¢ko, Black
and White lakes on the central part. The lakes
are characterized with clear and relatively
cool water, the surface temperature of which
surmounts 22° C in summer. Our study on some
physical, chemical and biological parameters of
Black Lake suggests that there is an intensive
process of eutrophication, which threatens the
physical sustainability.

Eutrophication refers to the natural ongoing
increase of organic and mineral substances
(phosphorus and nitrogen) in water ecosystems
and it manifests through trophicity, i.e. the level
of organic production. In addition, eutrophication
is the process of aging of a water ecosystem in
which an oligotrophic lake turns mesotrophic,
1.e. eutrophic. Finally, the lake state turns into a
marsh or even vanishes completely.

The wind which carries dust and sand
particles into the lake basin plays a pertinent role
in the eutrophication process. Eutrophication is
further affected by the erosion caused by water
waves at the lake margin and accumulation of
lake tributaries which bring eroded material
from the watershed area. The rinsing of organic
and inorganic substance from the watershed
area increases amounts of nitrogen, phosphorus
and other biogenic elements in the lake, which
enhance the number of algae and water plants.
The dead plants fall onto the lake bottom and
gradually deluge the lake basin, which finally
causes decrease in lake depth. Thereby, favorable
conditions for macrophytes are created.

Eutrophication is enhanced by semi-aquatic
vegetation (reed, sedge, etc.), which uses air
carbon and not water carbon and its organic
products are dilevered into the lake, so there is
no circulation of matter at the hydroecosystem
level (Cirkovi¢ et al, 2002). Consequently, the
mud layer increases and finally causes the water



[IPHO JE3EPO HA 3EJIEHI'OPU — ITPOBJIEMU OAPXXNBOCTU
BLACK LAKE OF THE ZELENGORA MOUNTAIN — SUSTAINABILITY PROBLEMS

noBehaBa MITO BOIM KOHAYHOM HECTAHKY BOITHOT
EKOCHCTEMA.

Kan je3epo mocturae eyTpogHO CTame HEroB
TOBpaTaK y Me30TPO(HO TENIKO j€ OCTBAPHUBO, YaK U
HAKOH eJIMMHHAIIN]E TJIABHHUX CIIOJBAIIBHX y3POKa
eyTpodwusarnmje, HapouuTo HyTpHjeHara (pochopa
u azota). Haume, pocdop Haromuan y cemumMenTy
MOCTETIEHO ce 0ciobaha M MmocTaje cacTaBHU JIHO
jesepcke Bojie, unMe oMoryhaBa HeCMETaH pa3Boj
npuMapHuX npomayieHara (Gajin et al, 2004).

VY 1jenuHu MocMarpaHo, a U 'y KOHTEKCTY
yTUIIaja Ha Tpolec eyTpodusaiuje, KBAIUTET
MOBPIIMHCKUX BOJa TPEACTaBIba PE3YITAHTY
cnokeHor MehynejcTBa Hu3a dakrtopa. [Ipaheme
caMo jelHe TpyIe napameTapa He Jaje peaaHy
CITUKY O CTamy IMOCMATPAHOT BOJHOT €KOCHUCTEMA.
YcrBapu, 3a yTBphUBame cTama W KBAJIUTETA
MOBPIIMHCKUX BOAA KOPUCTE CE€ Pa3IUYHTH
(hM3UYKO-XeMU]CKH, MUKPOOHOJIOIIKH 1 OHUOJIOIIKA
napameTpu (Chapman, 1996).

MHUKpPOOHOIIONIKY HHIMKATOPH KBAJUTETA BOJIC
MOTY Ce Carie/[aTH ca TPU aCTIeKTa: GaKTEPHOIIOIIIKOT,
CarpoOHOIIONIKOT U OMOXEMH]CKOT. 3a KOMIUIEKCHY
1 Bj€POJOCTOjHY aHAIN3Y KBAJIUTETA MOBPITUHCKUX
BOJIa TPETIOPYYWHHBO j€ BPIIUTH HCIUTHBAKHA
HCTOBpEMEHO Ha cBa Tpu HuUBoa (Petrovi¢ et al,
1998).

Y OKBHpY OBOT paja TNpPE3eHTOBAHU CYy
pe3yiTaTi HCTPaKMBamba EKOJOUIKOT CTaryca
pHor jezepa, mMTO je o1 MOCEOHOT HAYYHOT U
MPaKTUYHOT 3HAuYaja, THM IPHje jep ce paau o
je3epy M3y3eTHe TyPUCTUYKE BPH]JEIHOCTH YHja je
OJIPYKMBOCT JIOBEJICHA Y TIUTAHGE.

MATEPUJAJT U METO/IE PAJTA

LpHO je3epo ce Hama3u Ha IEHTPAIHOM
nvjeny IUlaHuHe 3eneHropa Ha oko 1450 m
Ha/JIMOpPCKE BHUCHHE, MMa OOJIMK €JHIICE, AYTauko
je 140 m, mmpoko 74 m u gy6oko 10 6 m. XpaHu
ce MaJIaBUHCKUM BOJama, T€ BOIOM M3 HEKOJIHKO
cmabujux u3Bopa. Bomy ryou crmabujoM OTOKOM U
isparavnjewm. HermocpenHo y3 je3epo je pa3BujeHa
ITyMCKa BereTalija Kojy YMHHU 3ajeHHIa OyKBe,
jerne u cMpue.

ecosystem to disappear.

Once the lake turns eutrophic, it is
difficult to regain the mesotrophic state
despite the elimination of main outer agents
of eutrophication, especially nutrients such as
phosphorus and nitrogen. Namely, phosphorus
that aggregates in sediments gradually discharges
and becomes a water lake component, which
provides an easy growth of primary producers
(Gajin et al, 2004).

The surface water quality results from
an interaction of a whole range of factors,
both generally and within the context of
eutrophication. In order to gain a clear idea of
the condition of an observed water ecosystem,
it is not sufficient to monitor only one group of
parameters. Actually, the estimation of condition
and quality of surface water demands usage of
different physical and chemical, microbiological
and biological parameters (Chapman, 1996).

Microbiological indicators of water quality
may be regarded from three different aspects as
follows: bacteriological, saprobiological and
biochemical. A complex and reliable analysis
of surface water quality requires testing from
all three aspects (Petrovi¢ et al, 1998).

In this paper, we present results of a study
on ecological status of Black Lake, which are
relevant both scientifically and practically as
it is a lake of extreme touristic value and its
sustainability is being threatened.

MATERIALS AND METHODS

Black Lake is located at the central part
of the Zelengora mountain at around 1450 m
altitude. It is ellipse-shaped, 140 m long, 74 m
wide and up to 6 m deep. It is fed on rainfalls
and water from several poor water springs. The
water loss is a result of one lake distributary
and evaporation. Right next to the lake, there
is a rich forest vegetation comprising beech, fir
trees and spruce.
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OTtoka
S et ! "7 Distributary

Nerenpal/Legend

[uo jesepa 6e3 BUATbUBUX
TparoBa eyTpodukaumje
Part of lake with no visible
sings of eutrophication

[uo jesepa y KOM SOMUHUPajy anre
Part of lake dominated by algae

3amouBapeHu Ano jesepa (jesepcka

Beretauuja)
Part of lake covered with moorland

(lake vegetation)

Kapma 1. Lpno jesepo — cmarve eympoghusayuje
Map 1. Black Lake — eutrophication condition

VY30pim Bozie 3a aHanmm3y y3etu cy 'y 01. 8. 2015.
roJrHe. 32 PU3NIKO-XEMH]CKY U OAKTEPHOIIOIIKY
aHAJIM3y Y30pLH Cy CAKyIJb€HU Yy CTEpHUIIHE
CTakJieHe OOYHMIle y aCeNTUYHUM YCIOBHUMA, MPH
gyemy je y3ero 1o 0,2 1uTpa Bojie U3 MOBPIIMHCKOT
coja, kao u u3 cnoja 30-50 cm u3Haxg aHA. Y3etu
Cy y30plLIM Ha JiBa pa3zIM4MTa JOKAIUTETa je3epa
(mokanuretu A u B), Te ca u3BOpa KojuM ce je3epo
Haraja BOJIOM, Ka0 U U3 OTOKE KOjOM je3epo Iyou
BOJY. 3a aHaMM3y (PUTOIUIAHKTOHA je3epcKa BoJa
je npodunTpupaHa Kpo3 IIaHKTOHCKY MPEKHUILY
npedHurka okaa 20 pm u pUKCUpaHa je KUCeITuM
JYToJ0BUM pacTBOpoM. CaKyIJbeHH Cy U Y30pIH
¢urobentoca. IlapanenHo ca y30pKoBameM
U3BPILEHO j€é U Mjepeme TemIeparype BOje
ca ucre nyouHe, a Takohe cy oxapehene u
BpHujenHocT pH, enexTponpoBOAIBUBOCT,
KOHIIEHTpallje pPacTBOPEHOT KHUCEOHHUKA,
carypauuja u Typouaurer. Hakon Tora, y3opiu
Cy TPaHCIIOPTOBAaHU Ha Jiely Ha TemIepaTrypu
no +4° C m y poky on 24 cara U3BpILICHA je€
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Water samples were collected on August
1, 2015. For the purpose of physical,
chemical and bacteria analyses, the samples
were collected in sterile glass bottles under
aseptic conditions. In addition, 0.2 litres of
water were collected from lake surface and
30-50 cm above the lake bottom respectively.
The samples originated from two locations
(locations A and B) at the lake, from the water
source that fed the lake, and from the lake
distributary. In order to analyze phytoplankton,
the lake water was filtered through a 20 pm
mesh plankton net and fixed by acidic Lugol
solution. Samples of phytobenthos were also
collected. Simultaneously, water temperature
was measured at the same depth and pH
value electroconductivity, dissolved oxigen
concentration, saturation and turbidity were
determined. Afterwards, the samples were
transported in ice at +4°C temperature and
were analyzed in laboratories at the Banja Luka



[IPHO JE3EPO HA 3EJIEHI'OPU — ITPOBJIEMU OAPXXNBOCTU
BLACK LAKE OF THE ZELENGORA MOUNTAIN — SUSTAINABILITY PROBLEMS

UXO0BA aHaju3a y jJabopartopujama [IpupomnHo-
MateMmaTuukor ¢akyiarera y bamwoj Jlymnu.
[Tomohy cnekrpodoromerpa HACH DR2800
onpeheHe Cy KOHIIEHTpAIlUje PacTBOPEHOT
aMOHH]aKa, HUTpara, HUTpUTa, opTodocdara u
cyndara, Kao U yKyITHE CYCIIEHJOBaHE MaTepuje
(DR 2800, User Manual). bpojrocT mojeauHuX
rpyna OakTtepuja je oapeheHa HHIUPEKTHUM
onrajuBadkumM Metoaama (Benson, 1998; McKane
& Kandel, 1996; Skunca-Milovanovi¢ et al,
1990; Wistreich, 2003) npu ueMy cy KOpHUIIITEHE
XpamuBe moaore mpou3Bohaya BioMérieux u
HiMedia. Unentudukanmja airu je u3BpiieHa
nomohy cienehnx kipydena: Hindak (1978, 2005
1 2008), John et al (2005), Lazar (1960) u www.
algaebase.org. Crenen canpobHoctu onpeheH je
Ha OCHOBY peJlaTHBHE OPOJHOCTH MHIUKATOPCKUX
opraHu3ama, Mpu 4eMy je KOpHUIITeHa Mahapcka
momudukarija Pantle-Buck metone (MSZ-12749,
1993).

PE3VIITATU PAIA U JUCKYCHIJA

Bona u3Bopa kojum ce LlpHo jesepo Hamaja
BeoMa je xmanHa (6,4°C) u penatuBHO H0OpPO
3acuheHa pacTBopeHnM KruceoHukoM (Tabena 1).
CBH mapaMeTpu KUCEOHHYHOT pEeXHMa IMpema
VYpenou o knacudukanmjy Boaa U KaTeropu3aliyju
Bomotoka (CnyxOeHu rmacHUK PemyOnuke
Cpricke 42/01) yka3yjy Ha I kiacy kBamurera.
Bona je 6maro ankanna (pH 8,13) ca noBumenom
BpHjeIHOIINY eJIeKTPONPOBOIBUBOCTH o 608
uS/cm, mro je mokazaress I1I kmace kBanurera.
Bucoka BpHjeIHOCT €IEeKTPONPOBOAJBHBOCTH
yKazyje Ha moBehaHO MPUCYCTBO joHA Yy BOJH.
HcrtpaxuBama Cy IMokazana J1a BpPHjeTHOCTH
€JIEKTPOITPOBOIJLUBOCTH BOJIE N3BOPA, HAPOUHUTO
Kaja je pujed O KapCTHUM H3BOpPUMA, 3HATHO
Bapupajy y TOKY TOIWHE, ¥ TO Y 3aBUCHOCTH OJI
HUBOA BojJe y akBudepuma. [lomzemnHe Boxe
YECTO CaJpKe BUCOKY KOHIICHTPAIIN]y JOHA YCIbE]T
cnabe 3acuheHocTH OBUX 0a3eHa KUCEOHUKOM
IITO TOBOAU J10 (DMHHMX JIUTOJIOIMIKUX TPOMjEHa
Y Ha TIOCJIM]ETKY JI0 pacTa KOHIICHTpAIHje joHa
y Boau camor u3Bopa (Ravbar et al, 2011). Ilto
ce TWYe OCHOBHMX HYTpHjE€HATa y BOIU O]l KOjUX

Faculty of Natural Sciences and Mathematics
within 24 hours. The HACH DR2800
spectrophotometer was used to determine
concentrations of dissolved ammonia, nitrate,
nitrite, orthophosphate and sulphate as well
as the total suspended matter (DR 2800, User
Manual). The amount of specific bacteria was
determined by using indirect breeding methods
(Benson, 1998; McKane & Kandel, 1996;
Skunca-Milovanovié i sar., 1990; Wistreich,
2003) and BioM¢érieux and HiMedia nutrient
bases were applied. The identification of
algae was performed by using the following
keys: Hindak (1978, 2005 and 2008), John et
al (2005), Lazar (1960) and www.algaebase.
org. The degree of saprobity was determined
in line with the relative number of indicator
organisms and Hungarian modification of
Pantle-Buck method (MSZ-12749, 1993) was
used.

RESULTS AND DISCUSSION

Water from the Black Lake tributary
is very cold (6,4°C) and relatively well-
saturated with dissolved oxigen (Table 1).
All parameters of oxigen regime in line
with the Regulation on Water Classification
and Waterstream Categorization (Official
Gazette of the Republic of Srpska, No.
42/2001) indicated 1% class water quality.
The water is slightly alkaline (pH 8,13) and
electroconductivity increases up to 608 uS/cm,
which suggests 3™ class water quality. High
values of electroconductivity are a sign of the
increased ion presence. Studies have shown
that values of electroconductivity of source
water, particularly in karst watersources,
largely vary during the year, depending on
water level in the aquifer. Underground
water often contains high ion concentration
due to poor oxigen saturation, which causes
fine lithologic changes and finally results
in increased ion concentration in the source
water (Ravbar et al, 2011). Speaking of
basic water nutrients that affect the primary
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3aBUCH TIpUMapHa MPOAYKIIMja BOJHOT Oa3eHa,
KOHIIEHTpAIlMje CBUX a30THUX jeIUI-EHha Y BOIU
Cy HHCKe, JIOK je KOHIIeHTpaiuja optodocdara
nopumeHa. Jlo moBehane KkoHIeHTpamuje
oprodocdara moxe nohu yciben MHTCH3UBHHUX
najaBUHa, CHOHpama OKOJIHOT 3EMJBHUINTA,
aKo BOJOTOK MpoOJa3d Kpo3 MOIory Oorary
dbocharuma mwim ocinobahamemM HaTaI0KEHHUX
dbochara u3 cequmenta (Dalmacija 1 Ivancev-
Tumbas, 2004).

MHuKpOoOHOIIOIIKa aHAJM3a BOZE U3BOPA KOJUM
ce LlpHo je3epo Hamaja BOIOM IMOKa3aia j€ HheH
OJUIMYH KBaJUTET. BpOjHOCT CBUX M30J0BaHMUX
rpymna 0akTepuja oarosapa I kiacu moBpPIIMHCKUX
Boja (Tabena 2) mro yka3yje ha Boaa M3BOpa
HHUJe onTpeheHa OpraHcKOM MaTepujoM HUTH je y
KOHTAaKTy ca KOMyHaJHUM OTIaJHUM BoJlama.

production of water basin, concentration
of all nitrogen compounds was low but
orthophosphate concentration was high.
The increased orthophosphate concentration
may be caused by intense precipitation and
rinsing of the surrounding soil if the water
runs through a surface rich in phosphates or
the aggregated phosphates are released from
sediments (Dalmacija 1 Ivancev-Tumbas,
2004).

Microbiological analyses of water source
that feeds Black Lake suggested an excellent
water quality. The amount of all isolated
bacteria suggested 1 class surface water
(Table 2), which helped us infer that the
source water was neither burdened by organic
substance nor in contact with waste water.

Tabena 1. Quzuuro-xemujcre xapakmepucmuxe 6ooe Llpnoe jezepa
Table 1. Physical and chemical characteristics of Black Lake water

nokamurer | TOKAmMTET | o rer | JloKamTeT
U3Bop A A dno B B nno OTtoxka
Spring location A location A location B location B Distributary
bottom bottom
e ede {0 6,4 20,8 17,1 22,1 20,2 23,1
water temperature (°C) ’ ’ ’ ’ ’ ’
konc. rastvorenog O, (mg/l)
dissolved O, concentration 9,19 7,29 7,38 6,97 7,45 6,26
(mg/l)
carypanja (%) 88,5 97,0 91,0 95,1 98,2 87,5
saturation (%)
BPK._ (mg/1)
BO])5s5 (mg/l) 0,42 1,31 2,29 1,66 - 2,01
pH 8,13 7,88 7,78 7,79 7,61 7,62
EJIEKTPOITPOBOJLUBOCT (WS/
cm) 608 277 323 267 331 260
electroconductivity (uS/cm)
typounurer (NTU)
turbidity (NTU) 0,47 2,56 209,02 1,96 131,16 3,24
CYCIICHIOBaHE MaTepuje
(mg/1) 0 1 79 1 52 1
suspended matter (mg/1)
DT IO O (i) 0,06 0,00 0,61 0,00 1,12 0,00
ammonia nitrogen (mg/1) ’ ’ ’ ’ ’ ’
HHUTpATHH a30T (mg/l) 07 03 06 03 03 03
nitrate nitrogen (mg/1) ’ ’ ’ ’ ’ ’
HHTPUTHH a30T (mgfl) 0,003 | 0,003 0,007 0,003 0,014 0,003
nitrite nitrogen (mg/1)
cyndatu (mg/l)
sulphate (mg/l) 20 14 24 13 25 11
oprodocharu (mg/l)
orthophosphate (mg/1) 0,46 0,60 0,39 0,15 0,13 0,09
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dU3NIKO-XeMHjCKa ¥ MHKPOOUOJIONIKA
aHanuza Bone llpHOTr je3epa m3BpIIeHA je Ha
NBa JIOKajauTeTa (JIOKamuTeT A u JIoKamuTeT B)
U ca aBuje nyOowHe (MOBPUIMHCKHU CJIO] U CJIO]
n3Han aHa). Ha mokamutety A u3MjepeHa je
nyouHa on 6 mMeTapa, a MPOBHIAHOCT, MjepeHa
nomohy Cemnmu aucka, u3HOCHIA je 4 MeTpa,
JIOK je Ha JIokanuTeTy B m3mjepena myouna ox 3
MeTpa M Boja je Ouia MpoBHUIHA 10 CaMor JIHA.
Jlobpa mpoBHIHOCT BOMIE TOCIHEAUIA j€ HUCKE
KOHIIEHTpAIije HEPACTBOPEHUX OPraHCKHUX
W MHHEpaJHUX MaTepHja, Ha IITO yKazyjy H
M3MjepeHe HUCKE KOHIICHTPAIH]j€ CYCIIEHI0BaHUX
MaTepHja, Kao ¥ BpUjeTHOCTH TypOHIMTETa Ha 00a
JoKanuTeTa. Y y30pIHMa KOjU Cy MPUKYIIHEHH
W3HaAI OHAa Ha o00a JiokaimuTeTa 3a0MJbEXKeHE
Cy H3pa3uTO BHCOKE BpPHjEIHOCTH OBa JBa
rnapameTpa, MTO je MOocJbeIula AU3ama MyJba
MPUINKOM y30pKoBama. Bucoka MpoBHUIHOCT
WIaK yKasyje J1a BoJla y YUTaBOM BOJIHOM CTYyOy
HUje onTepeheHa yruHyJIoM OpraHCKOM MaTepHjoM
HUTH (PUTOTTAHKTOHOM, uHje nmoBehame OpojHOCTH
cripevyaBa TMPOAUPAE CBJETIOCTH U CMambyje
BpHjeaHocT oBor mapamerpa (Dalmacija 1 [vancev-
Tumbas, 2004).

Temneparypa Boje, Kako y MOBPIIMHCKOM
CJI0]y, TAaKO ¥ TMPU CaMOM JIHY, Ha 00a JIOKAJIMTeTa
Ounma je penatruBHO BuUcoka. Ha mnnuhem
JIOKaJITETY, IaKiIe Ha JIoKauTeTy B, Temneparypa
MOBPIIMHCKOT cJioja n3Hocuna je 22,1 °C, a npu
nay 20,2 °C, 1ok je Ha IpyToj Y30pKOBaHO] TauKH
TemIieparypa BoJie MOBPIIMHCKOT CJI0ja U3HOCHIIA
20,8 °C. OBako BHCOKa TeMIlepaTypa BOJE
omoryhaBa Opske mporiece pasrpajmbe OpraHcke
Marepvje M TMOToayje YMHOXKaBamy OakTepuja
W WHTCH3UBHHU]EM pa3BOjy (UTOIIIAHKTOHA.
MehyTtuM, 10 HWHTEH3WBHH]E€ OKCHIAIH]E
OpPraHCKUX MarepHja JI0Ja3u camMo y CII0jy BOJE
n3Han nHa Oynyhu ma je camo Ty u3MjepeHa
HEIITO BHUIIIA BPHjETHOCT OMOXEMHU]CKE MTOTPOIITHHE
kuceonuka o 2,29 mg O/1. ¥V cnojy usnan nna
Ha 00a JIOKajguTeTa M30JI0BaH je HajBehu Opoj
aepoOHUX XeTepoTpodHUX OaKTepHja, MTO j& U
OUYEKHBAHO jep MYJb CaJpku 3HaTHO Behu Opoj
Oaktepuja ox cnobomHe Bome (Sigee, 2004).
HNHTEeH3uBHA TIPOAYKIIMja OPTAaHCKE MaTepHje
JUMHUTHpPaAHA j€ HHUCKOM KOHIICHTPAIIH]jOM

Physical, chemical and microbiological
water analyses of Black Lake were performed
at two locations (location A and location B)
at two different depths (water surface and the
layer directly above the lake bottom). Depth
at location A was 6 meters and transparency
measured by the Secchi disc was 4 meters
whereas depth at location B was 3 meters
and water was transparent down to the
bottom. Good water transparency is a result
of low concentration of dissolved organic
substances. This fact is also supported by
low concentration of suspended matter and
turbidity values at both locations. The samples
collected at both locations within the bottom
layer register extremely high values of both
these parameters, which is a consequence of
mud appearance during the sampling. Still,
high transparency suggests that water within
the whole water level is not burdened by
organic substance or phytoplankton, large
amounts of which would affect transparency
and decrease the value of this parameter
(Dalmacija i Ivancev-Tumbas, 2004).

Water temperature at both locations and
at both depths was relatively high. At location
B, which was a more shallow location, water
surface temperature was 22,1 °C and bottom
water temperature was 20,2 °C. In addition,
at second location, surface water temperature
was 20,8 °C. Such a high water temperature
enhances process of organic substance
decomposition and increases number of
bacteria and phytoplanktons. Nevertheless,
the intensive oxidation of organic substances
was registered only within the layer direct
above the lake bottom where the measured
value of biochemical oxigen consumation was
2,29 mg O,/1. Furthermore, the largest number
of aerobic heterotrophic bacteria was isloated
within the layer above the lake bottom,
which was no surprize as mud contained
more bacteria in comparison with free water
(Sigee, 2004). An intensive production of
organic substances is limitied due to low
concentrations of nitrogen compounds in
water: ammonia nitrogen was not registered
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A30THUX JeIUbECHA Y BOAW: aMOHHM]adYHU a30T Y
CJI000HO] BOIM YOIIIITE HUjE PETHCTPOBAH, JIOK
Cy KOHIICHTPAIHj€ HUTPATHOT U HUTPUTHOT a30Ta
HHUCKe. AMOHH]jaK je IPUCYTaH caMo TIPH JTHY TJIje ce
ocnobaha y mporiecy MUKpOOHOJIOIIKE pa3rpaImbe
oprancke marepuje. @ochop je mpucyran y
3HATHO] KOJIMYMHH Y CBUM UCITUTUBAHUM Y30pIIMa
U TO y (UTOIUIAHKTOHY IOCTYNHO] (GopMH
oprodocdara. Ko cBa yeTupy HCIIUTHUBAHA y30pKa
Boaa LlpHor jezepa Ouna je 1oOpo catypucana
KHCEOHUKOM, OJaro ajkajiHa ca MaKCHMAaIHO
m3mMjepenom pH BpujennocTn 7,88 u ca HUCKUM
BpHUjETHOCTHMA EIEKTPONPOBOIJBHUBOCTU. Y
y30pIuMa MPUKYTIJEHUM Ha JTHY, 300T 3amyhema,
W3MjepeHEe Cy HENITO BUIIE BPHjETHOCTH
€JIEKTPOTIPOBOIJBUBOCTH Y OIHOCY Ha Y30pKe
MPUKYIJbEHE Ha TIOBPIIMHU, alld Cy yTBpheHe
JBOCTPYKO HIJKE BPHUJEIHOCTH Yy OIHOCY Ha
€JIEKTPOINPOBOJBUBOCT 3a0MIBEIKECHY Y BOJAH
M3BOpa KOjOM ce je3epo Hamaja. YcTBapwu, LpHO
je3epo ce Haraja BOJIOM M M3 BHIIIE U3BOpA aJlH
WCTIUTUBAHW MMa HajBehu MPOTOK, a M3MjepeHe
BPHUjEIHOCTH EJIEKTPOIPOBOJBUBOCTH Ha CBa
YETHPH JIOKAIUTETA y je3epy cy Hucke. OBO rOBOpH
y TPHIOT TE3U Ja C€ EJIEKTPOIPOBOIAJBUBOCT
KapCTHUX M3BOPa MHUjeHba y 3aBUCHOCTH 07 HUBOA
BOJIE Y akBU(epHuMa.

Bpujennoctu cBux mnpahenux duzmdko-
XEMHjCKUX IapaMeTrapa cy ykazajae Ja
Bojma llpHor jesepa mpumama MpBOj KiIacH
noBpmrHCKUX Bona (CyxO6enn racHuk 42/01).
[Ito ce THUYe CaHUTAPHO-MUKPOOMOIOIIKUX
napameTapa KBanurteTa, Bona LlpHor jesepa, Ha
OCHOBY OpOjHOCTH aepoOHHMX XeTepOoTpPOdHUX
ncuxpopuiaHuXx OakTepuja W OpPOjHOCTH
YKynHUX KonmudopMHUX OakTepuja, oxrosapa Il
KJIACH TIOBPIIMHCKUX BOJIA, Tj. BOAU yMjEpPEHO
ontepeheHoj opranckum matepujama. OmgHOC
OpOjHOCTH aepoOHUX MNCUXPODUIHHUX U
Me30(MITHUX OaKTepHja y CBUM y30pIMMa YKazyje
Ha JIOMUHAIIHM]y ayTOXTOHE BOJHE OakTeprodiiope.
Mely ykymauM KomudopMuMa HUCY W30JI0BaHE
(ekamHe CTpPEenTOKOoKe, JOK cy (dexamHu
xormdopmu, 1 To y Beoma Masiom 6pojy (10 kol/100
ml), U30J10BaHU caMO Ha JHY JoKamuTeTa B, mro
yKa3yje na Boaa Huje omnrtepeheHa dexamHum
Marepujama.
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in free water at all, whereas concentrations od
nitrate and nitrite nitrogen were low. Ammonia
was registered only in the lake bottom where it
was released in the process of microbiological
decomposition of organic substances.
Phosphorus was abundant in all the samples,
particularly in phytoplankton available in
form of orthophosphates. All four samples of
Black Lake water were well oxigen-saturated,
lightly alkaline, with maximum pH values
of 7,88 and low electroconductivity. Due to
mud, samples collected at the lake bottom had
somewhat higher electroconductivity values
in comparison with the surface water samples.
Still, the electroconductivity values were
two times lower when compared with water
from the source that fed the lake. Actually,
Black Lake feeds on several water springs
but our target spring had a largest water flow
and the measured values suggested poor
electroconductivity at all four locations. This
supports the thesis that electroconductivity of
karst water sources changes in line with water
level in aquifers.

Values of all monitored physical
and chemical parameters suggested that
Black Lake water was 1 class surface
water (Official Gazette of the Republic of
Srpska, No. 42/2001). Speaking of sanitary-
microbiological parameters, based on the
amount of aerobic heterotrophic psychrofilic
bacteria and total coliform bacteria, Black
Lake water is ranked as 2" class surface
water, i.e. the water is moderately burdened
by organic substances. The ratio of aerobic
psychrofilic and mesophilic bacteria in
all samples indicated domination of the
indigenous water bacterioflora. Among
the total coliform, no fecal streptococcus
were isolated. Still, few fecal coliforms (10
CFU/100 ml) were isolated at the bottom of
location B, which suggested that water was
not burdened by fecal substances.
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Tabena 2. Muxkpobuonowe xapakmepucmuxe ooe Llproe jezepa
Table 2. Microbiological characteristics of Black Lake water

JIOKAJIUTCT JIOKAJIUTCT
Ties JIOKAJIUTET A e JIOKAJIUTET B O.TOK.a
p A A B i Distrib
Spring location A location A location B location B "
ocation bottom ocation bottom utary
aepoOHe XeTepoTpodHe
ncuxpodmiae 6akrepuje (kol/ml)
aerobic heterotrophic psychrophilic 935 1480 3980 1840 4333 1640
bacteria (CFU/ml)
Kjaca Boje™
water class** I 1 1 1 1
aepoOHe mezoduiane dbakrepuje (kol/
ml)
aerobic mesophilic bacteria (CFU/ 335 760 175 730 330 980
ml)
YKYITHE KoJupopMHEe OakTepuje
(kol/100 ml) 850 110 10 85 110 290
total coliform bacteria (CFU/100 ml)
KJjaca Bome*
water class** 1 I 1 1 1
(hexanmHe KonmuopmHe OakTepHje
(kol/100 ml) <1 <1 <1 10 <1
fecal coliform bacteria (CFU/100 ml)
KJlaca Boge™
water class** I I I I I
(exanne crpentokoke (kol/100 ml)
fecal streptococcus (CFU/100 ml) <l <l <l <l 10
Kjaca Boje™
water class** ! ! ! ! !

* Kiracugukaiiyja Boje je u3BpliicHa mpeMa Ypeaou o kiacu(uKaiiji Bojia 1 KaTeropru3aluju BogoToka Penyomike
Cpricke (Cityx6enn racHuk Penyonuke Cpricke, 6p. 42/2001)
**Water was classified in line with the Regulation on Water Classification and Waterstream Categorization (Official

Gazette of the Republic of Srpska, No. 42/2001)

Bona oroke L{pHor jesepa umara je penaruBHO
BUCOKY Temneparypy of 23,1 °C u HemrTo HuxKy
KOHIIEHTPAIN]y PaCTBOPEHOT KUCEOHHKa (6,26 mg
O,/1) y onnocy Ha Bozy jesepckor Oaszena. Mimajyhu
y BUJIy YHEHCHHILY J1a PACTBOPJBUBOCT KUYCEOHHKA
y BOJIM ONaja ca PacToM HhEeHEe TeMIepaType
(Dalmacija i Ivancev-Tumbas, 2004) Boza je3epcke
OTOKE PEJIATUBHO JOOPO je 3acheHa KUCEOHUKOM.

Kao u Boma jesepa, u Boma OTOKe je Oiaro
aJTKaJTHa Ca HECKOM eJICKTPOIPOBOJBUBOIIINY 1 ca
HHCKUM KOHIICHTpPAIMjaMa OCHOBHHX HYTpHjCHATA.
Y y30pKy BOJIE OTOKE HUje 3a0MIbEKEHO MTPUCYCTBO
aMOHHJauyHOT a30Ta, JOK Cy KOHIICHTpAIlHje
HUTPATHOT U HUTPHUTHOT a30Ta Kao u oprodocdara
u cyndara Ouse HUCKe W oroBapaie cy | kiacu
HMOBPIIMHCKUX BOJa. BpojHOCT H30JI0BaHUX
aepoOHux ncuxpodrmHux (Cruka 1) ¥ yKyImHIX

Water temperature in Black Lake
distributary was relatively high (23,1 °C) and the
concentration of dissolved oxygen was somewhat
lower (6,26 mg O,/1) in comparison with the
lake basin water. If we bear in mind the fact
that oxigen solubility in water decreases as its
temperature rises (Dalmacija i Ivan¢ev-Tumbas,
2004), the water of the lake distributary was well
oxygen-saturated.

The distributary water was slightly
alkaline with low electroconductivity and low
concentration of basic nutrients as it was the
case with the lake water. The distributary water
sample did not mark presence of ammonia
nitrogen, whereas concentrations of nitrate and
nitrite nitrogen, orthophosphate and sulphate
were low and matched 1% class surface water. The
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konudopMHUX OakTepuja ykaszana je ciaadbujy
onTepeheHOCT OpraHCKUM MarepHujaMma Koja
onrosapa Il kmacu kBanutera. Mely ykynHum
KonupopMHUMa HHUCY H30J0BaHU (eKaaHU
Ko opMH, JTOK Cy (eKalTHe CTPENTOKOKE, KOje
Cy WHAMKATOp crapujer (ekaiHor 3arahema,
n3onoBaHe y MaioM 6pojy (10 kol/100 ml).

VY Boau LlpHor je3epa Ha uaeHTH(PUKOBaAHA
cy 32 pas3nauuMTa TAaKCOHa alrd 3ajeflHO ca
nujaHobakTepujama, y OKBuUpy 4 paszgjena
(Tabena 3).
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amount of isolated aerobic psychrophilic (Figure
1) and total coliform bacteria indicated poor load
of organic substances, which matched 2" class
quality. No fecal coliforms were isolated among
the total coliforms, whereas fecal Streptococcl
that indicated earlier fecal pollution were isolated
in minor degree (10 CFU/100 ml).

There were 32 algae taxa identified in

Black Lake water along with Cyanobacteria
in four divisions (Table 3).
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Tabena 3. Keanumamusuu cacmag aneu L{proe jesepa
Table 3. Qualitative composition of Black Lake algae

Takcon JIOKamuTeT A JoKanuTeT B
taxon location A location B
] G h, h,

Cynobacteria
Chroococcus sp. 1,60 3 3 3
Microcystis sp. 2,00 3 2
Lyngbya sp. 2,00 7 7

Bacillariophyta
Caloneis sp. 1,40
Cocconeis placentula Ehr. 1,60 1 5 5
Cyclotella sp. 1,50 3 5 5
Cymbella ehrenbergii Kiitz. 1,50 2 5 5
Cymbella lanceolata (Ehr.)V. Heurck 1,60 5 3 3
Cymbella turgidula Grunow 1,70 3 3
Diatoma sp. 1,90 2 3 3
Eunotia bilunaris (Ehr.) Schaar. 1,20 1
Fragillaria capucina Desm. 1,60 3 3 3
Fragillaria crotonensis Kitton 1,70 3 3 3
Gomphonema sp. 2,20 3 2
Melosira varians Ag. 2,00 2 3 2
Meridion sp. 1,10 1
Navicula sp. 2,00 3 5 5
Navicula sp 2,00 3 5 3
Pinullaria sp. 1,20 2 3
Stauroneis phoenicentron Welheim 1,80 2 1
Stephanodiscus sp. 1 1
Surirella elegans Ehr. 1,40 1
Synedra acus Kiitz. 1,70 3 3 3
Synedra ulna Ehr. 2,00 1 3 3

Chlorophyta

Carteria sp. 2,40 3 3
Chlamidomonas sp. 2,80 2
Coelastrum reticulatum (Dang.) Senn 2,00 2 5 3
Cosmarium sp. 1,80
Crucigenia tetrapedia (Kirchner) Kiitz 2,10 2 3 3
Oedogonium sp. 1,40 3 3
Sphaerocystis sp. 1,40 1

Pyrrophyta
Peridinium sp. 1,40 | 3 2 2

HNnpexc canpodHocTH
Saprobit)lf)index Lot Lol

*s-carpoOHa BpHjeqHoCT BpcTe; G-MHIUKaTOpCcKa TexuHa; h-penarnBHa OpOjHOCT TaKCOHA
** s-saprobic values of the species; G-indicated weight; h-relative amount of taxon
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Ha ocHOBY KBaJTUTaTUBHOT ¥ KBAHTUTATHBHOT
cacTaBa aJird M3padyHar je HHIEKC CarpoOHOCTH
KOju je Ha jokanuteTy A m3Hocuo 1,78 a Ha
nokanutery B 1,73, a mobujeHe BpuUjeIHOCTH
yKa3yjy Ha BOAY KoOja C€ HaJla3u Ha Mpelia3y
n3mely onurocanpoOHUX U P-me30canpoOHHX
(MSZ-12749, 1993).

KBanmuraruBHO, HajBHIIIE j€ OUIO CHITUKAaTHUX
anru (Cnuka 2), ca 21 pa3nuuuTUM TaKCOHOM.
[Hujanobaktepuje cy Ouie 3acTymbeHe ca 3,
3eneHe ca 7 u BarpeHe ca 1 TakcoHom. Hajsehn
OpOj CHIIMKATHUX aJITH ACTEPMHUHHUCAH j€ Y CII0jY
HEIMOCPEIHO U3HAT j€3EPCKOT JTHA, TTIOPH]EKIIOM U3
MyJba. [IpeTexxHo, paay ce 0 THITUYHAM OEHTOCKUM
anrama. Mehy mrMa ToOMHUHHMpPAjy TPEACTaBHUIINA
pona Navicula vrste Cocconeis placentula i
Cymbella ehrenbergii. Y TOBPIIMHCKOM CIIOJY
JTOMUHHPA]y HAaKyNMUHE IHjaHOOaKTepHuje
Phormidium sp. ®UTONIAHKTOH j€ 3aCTyIJbEH Cca
MaJiM OpojeM BPCTa U KapaKTEPHUIIIE T'a OJICYCTBO
HEKUX TUITMYHUX POJIOBa Kao mTo ¢y Pediastrum,
Scenedesmus, Ceratium v IpyTH KOjU JOMUHHUPA]Y
y jesepuma PenyOmuke Cpricke. Mamu 0poj
3aCTYIUbEHHUX BPCTa U HbUXOBA PEIATHBHO HUCKA
OpOjJHOCT yKa3yjy Ha BOIy Koja HHU]Je Yy 3HATHO]
Mjepu omnTepeheHa OpraHCKOM MarepujoM. Y
XJTaJHUJUM TUIAHUHCKUM je3epruMa O4YeKyje ce
JTIOMHUHAIM]a MpeAcTaBHuKa Pyrrophyta, anmm cy
y LlpHOM je3epy 3acTymibeHe Cy camo ca jeTHUM
npeAcTaBHUKOM. bynyhu na ce Heke BpcTe anru
MOT'Y y TUTAaHKTOHY Haht UCKJBYUUBO y XJIaJHUjeM
MIEPUOJTY TOIMHE, JIOK CY IPyTe KapaKTePHCTHIHE
3a JpeTHe Mjeceme (Sigee, 2004) nma Ou ce
Mpenn3Huje yTBPAUO cacTaB (UTOIJIAHKTOHA,
Y30pKOBamke OM Tpedaso BPIIMTH TOKOM YHUTaBE
TOJTMHE.

3AKJbYHAK

Ha ocHOBy u3BpIIeHNX (hU3HUKO-XEMHU]CKHX,
MUKPOOHMOJIOMIKUX U CApOOUOIIONIKHAX aHan3a
MOXe ce 3aKJbyuuTH Aa L[pHOo je3zepo mma Bomy
3a70BoJbaBajyher kBamutera. CBH (PU3HMUKO-
XEMHJCKHU MapaMeTpy TIOKa3a Cy BUCOK KBATUTET
Bozie. MUKpOOHMOIOIIKK TTapaMeTpH yKa3yjy aa
je3epo HeMa KOHTHHYHPaH KOHTaK ca OTHaJHUM
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Based on the qualitative and quantitative
algae composition, the saprobity index was
calculated and it was 1,78 at location A and
1,73 at location B 1,73. These values indicated
transition state between oligosaprobic and
-mesosaprobic water (MSZ-12749, 1993).

Qualitatively, silica algae were most
frequent (Figure 2) with 21 different taxa.
Cyanobacteria had 3 taxa, the green had 7
and pyrophyta had 1 taxon. A largest number
of silica algae was determined in the layer
directly above the lake bottom and they
originated from the mud. These were mostly
typical benthos algae. The majority belonged
to genera Navicula and species Cocconeis
placentula and Cymbella ehrenbergii. The
surface layer was dominated by Lyngbya sp.
cyanobacteria. There were few species of
phytoplankton and some typical genera such
as Pediastrum, Scenedesmus, and Ceratium,
which were characteristic of other lakes in the
Republic of Srpska, were absent. Few species
and relatively small number of these indicated
that the water was not loaded with organic
substances. Pyrrophyta specimen is expected
to prevail in cold mountain lakes, but in Black
Lake it had only one specimen. In order to
determine a more precise composition of
phytoplankton, the sampling should take place
all year round because some algae species in
plankton may be reached only in winter and
other are typical of summer (Sigee, 2004).

CONCLUSION

Based on the physical and chemical,
microbiological and saprobic analyses, we
may infer that Black Lake water quality
is highly agreeable. Microbiological
parameters indicate that the lake does not
maintain a continuous contact with fecal
waste substances. The number of aerobic
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(dhexanmauM Marepujama. bpojHOCT aepoOHHX
MICUXPODUITHUX ¥ ME30(PIITHUX XETEPOTPOPHUX
OakTepuja yKaszyje Ha TPHUCYCTBO OpraHCKe
Marepuje y Bonu. bynyhu na je y BomHOM cTYyOy
3a0MJbEKEH PENIaTUBHO HU3aK TUBEP3UTET U Majia
OpOojHOCT (PUTOTTAHKTOHA, MOYKE CE 3aKJbYUNTH J1a
OpraHcka MarepHja y je3epcku 0a3eH J0cIvjeBa
YIJIABHOM CIHHUPAamEM OKOJHOT 3E€MJBHINTA |
JIeKoMMo3uIujoM Makpodura. Pacnmamamem
BOJIHMX OMJbaKa IMOCTETICHO Ce CTBapa CJI0j MyJba
KOjU je TOTOAHA TOJIora 3a pa3BOj €MEp3HUX
Ouspbaka, ImMITO yOp3aBa MPOIEC CTapema OBOT
BOJHOT €KocucTeMa. BpujemHocTu campoOHOT
WHJIeKCca, T00MjeHe Ha OCHOBY KBAJIUTATHUBHOT
YW KBaHTUTATHUBHOT cacTaBa (UTOTUIAHKTOHA
u ¢utobeHToca, yka3yjy Ha BOAYy Koja ce
Hajla3W Ha mpesnazy u3Mmely onmurocanpoOHUX u
[-Me30canpoOHuX.
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