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DUGOROCNE PROMENE U TROFICKOM STATUSU |

EKOLOSKIM PARAMETRIMA AKUMULACIJE GRLISTE, SRBIJA
LONG TERM CHANGES IN TROPHIC STATUS AND ENVIRONMENTAL
PARAMETERS OF GRLISTE RESERVOIR, SERBIA

ABSTRAKT

U cilju pracenja promene trofickog statusa i kvaliteta vode u akumulaciji Grliste, u periodu od 20 godina, jednom mesecno je vrseno
uzorkovanje vode i to na dva mesta. Dobijeni rezultati su koris¢eni u svrhu pronalazenja uzroka cijanobakterijskog cvetanja, koje se
javljalo u susnim godinama u vreme kriti¢no niskog nivoa vode u akumulaciji. Sadrzaj azota u pritokama akumulacije je bio u trendu
porasta u ispitivanom periodu, ali rezultati istrazivanja su ukazali da je limitirajudi faktor algalne produkcije bila svetlost a ne azot i
fosfor. Na osnovu dobijenih rezultata analiziranih parametara, izracunati su Carlson-ovi indeksi troficnosti (TSIChl L1SITPITSISD, Ja
razlika TSIChI i TSITP je ukazala da fosfor nue bio ogranlcavajua faktor algalne produkcije.Na osnovu koncentracija rastvorenog *ki-
seonika, ukupnog fosfora i hlorofila a na povrsiniina dnu, zapazeno je da je akumulacija tokom |sp|t|vanog perioda prosla kroz Cetiri
razvojne faze. Uoceno je da je u prvim godinama nakon formiranja akumulacije trofi¢nost bila najizrazenija (hipereutrofan status), da
bi u daljem periodu zadrzala uglavnom eutrofan status.

Kljucne reci: monitoring, akumulacija, indeks trofi¢nosti, cijanobakterije, eutrofikacija

ABSTRACT

In the purpose of monitoring the change of trophic status and water quality in the reservoir Grliste, in the period of 20 years, once a
month sampling of water was conducted at two places. The obtained results were used in the purpose of finding a cause of cyano-
bacteria bloom which appeared in the dry years in the time of critically low water level in the reservoir. On the basis of the obtained
results of analyzed parameters, the trophic state indexes of Carlson (TSIChl_,TSITP and TSISD) were calculated and difference betwe-
en TSIChl  and TSITP showed that phosphorus was not a limiting factor of aIgaI production. Content of nitrogen in tributaries of the
reservoir was increased in the examined period, but research results indicated that limiting factor of algal production was light, not
nitrogen and phosphorus. On the basis of the concentrations of dissolved oxygen, total phosphorus and chlorophyll a in the surface
and in the bottom, it was concluded that the reservoir went through four development phases during the examined period. In the
first years after the formation of the reservoir the highest trophicity was detected (hypereutrophic status), but later the reservoir
maintained eutrophic status.

Key words: monitoring, reservoir, trophic state index, cyanobacteria, eutrophication

1. UVOD 1. INTRODUCTION

Povecani zahtevi za vodom u zonama gde su teze do- « Increased demands for water in zones where are le-
stupni drugi izvori vode za pice, uslovili su izgradnju  ss accessible other sources of drinking water, caused
velikog broja akumulacija. Nastanak akumulacija, po- : the building of a large number of reservoirs. Creating
red brojnih pozitivnih ima i negativne efekte, koji se ¢ reservoirs, beside numerous positive sides has also
ispoljavaju kroz promenu prirodne hidrologije reka ¢ negative effects, which manifest through change of
(Graf 2006) i nestajanje ugrozenih vrsta (Losos et al. ¢ natural hydrogeology of the rivers (Graf 2006) and
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1995). Negativni antropogeni uticaji, potpomognuti
povecanjem temperature, usled globalnih klimatskih
promena uti¢u na porast ukupne organske produkci-
je i stepena saprobnosti, $to se direktno odrazava na
pojavu i dinamiku njihove troficnosti. U vedini sluca-
jeva, akumulacija se posmatra kao fizicki objekat sa
hidrogradevinskog i hidrogeoloskog aspekta, a zane-
maruje se njen geografski polozaj i ekolosko-bioloski
aspekt.

Programom dugoro¢nog vodosnabdevanja Republi-
ke Srbije predvidena je izgradnja veceg broja hidroa-
kumulacija, kako za potrebe vodosnabdevanja tako i
za potrebe energetike. Do danas je u Republici Srbi-
ji izgradeno vise od 150 hidroakumulacija. U ve¢em
broju akumulacija zapazen je ubrzan proces eutrofi-
kacije, ali je objavljen mali broj studija sa tematikom
dugorocne dinamike troficnosti akumulacije. Grlisko
jezero spada medu znacajnije akumulacije na terito-
riji Republike Srbije i ono je ispitivano u nekoliko na-
vrata (Bogdanovi¢ 2006).

Akumulacija ,Grliste” je izgradena 1989. godine, po-
dizanjem brane na Grliskoj reci za potrebe vodosnab-
devanja grada Zajecara i okolnih naselja (isto¢na Srbi-
ja). Prirodni i antropogeni uticaji sve vise joj daju ka-
rakteristike nestabilnog akvati¢nog sistema, u kome
dominiraju procesi eutrofikacije. Proces eutrofikacije
akumulacionog jezera ,Grliste” postaje sve aktuelniji,
nakon ucestalih cvetanja vode, znacajnih kolic¢ina ci-
janotoksina i prituzbi potro$aca na miris vode za pice.
Problemi ove vrste su zahtevali identifikovanje uzro-
ka koji dovode do degradacije kvaliteta vode u aku-
mulaciji kao i faktora koji imaju dugorocan efekat na
njenu trofi¢cnost. Pored uobicajenih parametara koji
karakterisu kvalitet vode, odredivani su fosfor, hloro-
fil a, prozirnost i Carlson-ov indeks trofi¢nosti (TSI), s
obzirom da se ovi parametri koriste za procenu dugo-
godisnje dinamike trofi¢cnosti u akumulacijama (Ha-
vens 1995; Goldyn et al. 2003; Janjua et al. 2009; Li et
al. 2009).

2. MATERIJAL | METODE

Akumulacija se nalazi na 187 m nadmorske visine, iz-
medu planine Tupiznice na jugozapadu i Zajecarske
kotline na severoistoku, uzvodno od usca Grliske reke
u Beli Timok (isto¢na Srbija). Pruza se u obimu od 28,5
km i zauzima povrsinu od 250 ha. Prose¢na dubina
vode u akumulaciji iznosi 6 m, a maksimalna dubina
je 22 m na mestu neposredno pre brane (mesto vodo-
zahvata). Maksimalna zapremina vode u akumulaciji
iznosi 12 000 000 M3, a prose¢no vreme zadrzavanja
vode u akumulaciji je oko 82 dana. Akumulacija pri-
ma vodu sa brdovitog sliva povrsine oko 178 km?, a
dve vodom najbogatije pritoke kojima se akumulacija
snabdeva su Lenovacka i Lasovacka reka. Sliv se nala-
zi u podrudju sa izrazenom kontinentalnom klimom,
sa srednjom godisnjom koli¢inom padavina za sliv u
iznosu od 666,4 mm. Podrucje sliva akumulacije se
moze smatrati poljoprivrednim regionom i ugroZzeno

extinction of endangered species (Losos et al. 1995).
Negative anthropogenic influences, supported by an
increase in temperature, due to global climate chan-
ges affect the increase in total organic production
and the level of saprobity, which directly reflects on
the occurrence and dynamics of their trophicity. In
most cases, reservoir is considered as a physical ob-
ject from hydroconstructional and hydrogeological
aspect, and its geographical position and ecological-
biological aspect are being neglected.

By program of long term water supply of the Republic
of Serbia, building of a larger number of reservoirs is
planned for the needs of water supply and energetics
as well. So far in the Republic of Serbia more than 150
reservoirs have been built. In larger number of reser-
voirs an accelerated process of eutrophication was de-
tected, but small number of studies dealing with long
term dynamics of reservoir trophicity was published.
Grlisko lake is among more significant reservoirs in the
territory of the Republic of Serbia and it was examined
on several occasions (Bogdanovi¢ 2006).

Reservoir ,Grliste” was built in 1989 by constructing a
dam on the Grliska River for water supplying the town
Zajecar and surrounding settlements (eastern Serbia).
Natural and anthropogenic influences give it the cha-
racteristics of an unstable aquatic system, in which
eutrophication processes dominate. Process of eut-
rophication of reservoir Grliste is becoming more ac-
tual, after frequent water blooms, significant amounts
of cyanotoxins and consumers complaints about the
smell of drinking water. This kind of problems requi-
red the identification of the cause which leads to de-
gradation of water quality in the reservoir and factors
which have long term effect on its trophicity. Beside
the usual parameters which define water quality, pho-
sphorus, and chlorophyll a (Chl-a) were determined
as well as transparency and the trophic state index of
Carlson (TSI), given that these parameters are used for
the assessment of long term dynamics of trophicity in
the reservoirs and other water bodies (Havens 1995;
Goldyn et al. 2003; Janjua et al. 2009; Li et al. 2012)

2. MATERIALS AND METHODS

Reservoir is located at 187 m above sea level, betwe-
en mountain Tupiznica in the southwest and Zajecar-
ska ravine in the northeast, upstream from the mo-
uth of the Grliska river in Beli Timok (eastern Serbia).
It stretches in the range of 28.5 km covering the area
of 250 ha. Average water depth in the reservoiris 6 m,
and maximum depth is 22 m at a point just before the
dam (place of water intake). Maximum volume of wa-
ter in the reservoir is 12000000 m?, and average time
of water retention in the reservoir is about 82 days.
Reservoir receives water from a hilly basin, area of
about 178 km?, and two tributaries which supply the
reservoir are the Lenovacka and Lasovacka river. Ba-
sin is located in the area with distinctive continental
climate, with average annual amount of precipitation
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je erozionim procesima. Akumulacija je vremenom
postala polifunkcionalna, iako je u fazi projektovanja,
izgradnje i punjenja njena osnovna namena bilo vo-
dosnabdevanje.

for the basin of 666.4 mm. Area of basin reservoir can
be considered as an agricultural region and it is thre-
atened by erosive processes. Over time reservoir has
become polyfunctional, even though its main purpo-
se in the phase of projecting, building and filling was

Grliste lake

water supplying.

According to plan and
program of water qu-
ality management in
the period of 1991 to
2010, once a month,
sampling of water was
conducted from the
reservoir Grliste and
its tributaries, Leno-
vacka and Lasovacka
river. In the reservoir
sampling was conduc-
ted by a vertical profile
atthe middle of the re-
servoir at point 2 and
at point 1 at the place

FYR Macedonia

Slika 1. Akumulacija ,Grliste” sa tackama uzorkovanja
Figure 1. Reservoir Grliste with sampling points

Planom i programom upravljanja kvalitetom vode u
periodu od 1991. do 2010. godine, jednom mese¢no
je vrSeno uzorkovanje vode iz akumulacije ,Grliste”
i njenih pritoka, Lenovacke i Lasovacke reke. U aku-
mulaciji je vrseno uzorkovanje po uzduznom profilu
na sredini akumulacije u tacki 2 i u tacki 1 na mestu
vodozahvata (Sliku 1). Na oba mesta vrseno je i uzor-
kovanje po visini vodenog stuba i to na povrsini (o
m), 3 m, 5 m i 10 m dubine i na dnu. Istovremeno je
vréeno i uzorkovanje Lenovacke i Lasovacke reke,
na udaljenosti oko 100 m pre uliva u jezero. Na me-
stu uzorkovanja vrieno je merenje temperature, pH
vrednosti vode i prozirnosti pomocu Secchi diska
(APHA 1999a). Uzorci za hemijsku analizu vode su
prikupljani u plasti¢cne boce zapremine 1L, a u labo-
ratoriji su spektrofotometrijski odredivani ukupan fo-
sfor (TP) (ASTM 1981a), nitriti (NO_/L) (APHA 1999b) i
nakon filtriranja i acetonske ekstrakcije hlorofil a (Chl
a) (1ISO 1992), na spektrofotometru firme Perkin Elmer
(A25/35/45 UV Vis), a jonskom hromatografijom odre-
divani su amonija¢ni azot (NH -N/L) (ASTM 1981b) i
nitrati (NO,/L) (IS0 1995). Sadrzaj rastvorenog kise-
onika (DO) je odredivan jodometrijskom metodom
(SRPS ISO 1994).

Carlson-ov indeks trofi€nosti (Carlson 1977) je ra-
cunat na osnovu vrednosti providnosti vode mere-
ne Secchi diskom (TSISD), povrsSinskih vrednosti
hlorofila a (TSIChl ) i ukupnog fosfora (TSITP)
prema jednacinama 1- 3. Vrednosti Carlson-ovog
indeksa trofi€nosti razmatrane su u opsegu od 0
(ultra-oligotrofni status) do 100 (hipertrofni status).

TSITP =14.42 x In (TPaverage) + 4.15 (1)

of water intake (Figu-
re 1). At both places sampling was conducted by the
height of a water column at the surface (o m),3m, 5
m and 10 m depth and at the bottom. At the same
time sampling of Lenovacka and Lasovacka river was
performed, at a distance of 100 m before the inflow
in the lake. At a sampling location temperature mea-
surement was conducted, as well as pH value of wa-
ter and transparency using Secchi disc (APHA 1999a).
Samples for chemical analysis of water were collec-
ted in plastic bottles volume of 1 L. Total phosphorus
(TP) (ASTM 1981a), nitrites (NO,-N L-1) (APHA 1999b)
and Chl-a after filtering and acetone extraction (ISO
1992) were determined spectrophotometricaly on
the spectrophotometer (Perkin Elmer, A25/35/45 UV
Vis). Ammonia nitrogen (NH-N L-1) (ASTM 1981b)
and nitrates (NO,-N L-1) (ISO 1995) were determined
using ion chromatography Content of dissolved ox-
ygen (DO) was determined by iodinemetric method
(SRPS I1SO 1994).

The trophic state index of Carlson (Carlson 1977) was
calculated on the basis of the values of water transpa-
rency measured by Secchi disc (TSISD), surface values
of Chl-a (TSIChI ) and total phosphorus (TSITP), ac-
cording to Eqns (1-3). Values of Carlson index of trop-
hicity were considered in the range from o (ultra-oli-
gotrophic status) to 100 (hypereutrophic status).

TSITP =14.42 X In (TPaverage) + 4.15
Eqn (1)

TSIChl =9.81xIn (Chl-a
Eqn (2)

) +30.6

average

TSISD = 60 — 14.41 X In (SDaverage)
Ean (3)

where:
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TSIChI = 9.81 x In (Chl-aaverage) + 30.6  (2)
TSISD =60 — 14.41 x In (SDaverage) (3)
gde su:

TPaverage - prosecCna vrednost ukupnog fosfo-

ra u vodenom stubu (ug/L);

Chl-aaverage _ prosec¢na vrednost hloro-
fila a u vodenom stubu (ug/L);

SDaverage - providnost vode merena pomocu
Secchi Disk-a, (m).

U periodu od aprila do oktobra (koliko traje vegetaci-
ona sezona) tokom ispitivanog perioda u trajanju od
20 godina, dobijene vrednosti ispitivanih parametara
statisticki su obradene pomocu osnovnih pokazatelja
deskriptivne statistike (aritmeticka sredina, medijana,
minimum i maksimum) korisS¢enjem statisti¢ckog pa-
keta STATISTICA 6.0.

3. REZULTATI

Nivo vode u akumulaciji tokom perioda ispitivanja
varirao je i do nekoliko metara, a najnize vrednosti su
zabelezene u 2002. godini (dubina: 18,8 m) i u 1993.
godini (dubina: 19,7 m), sto je graficki predstavljeno
na Slici 2 u tacki 1.

Rezultati ispitivanja su pokazali da su prose¢ne vred-
nosti temperature vode opadale po dubini na oba me-
sta uzorkovanja. Nize temperature na dnu zabelezene
su u tacki 1 (Slika 3a). Najveca prosecna temperatura
vode na dnu u tacki 2 (Slika 3b) zabeleZena je u 2001.
godini (12,6 °C), a u tacki 1 u 2002. god. (Slika 3a) i 2008.
godini, kada je njena vrednost iznosila vise od 10 °C.
Prosecne vrednosti za providnost vode su bile najnize
u prvoj godini nakon punjenja akumulacije i iznosile su
oko 1,1 m. Trend porasta prozirnosti moze se uociti u
obe tacke, tokom celokupnog perioda ispitivanja, $to
je prikazano na Slici 4a za tacku 1i na Slici 4b za tacku 2.

Prosecne godiSnje vrednosti koncentracije rastvore-
nog kiseonika do dubine od 3 m pokazuju sli¢nu dina-
miku kretanja na mestima uzorkovanja u tacki 1 (Slika
5a) i u tacki 2 (Slika s5b). Nakon formiranja akumulacije,
koncentracije rastvorenog kiseonika na povrsini su
najpre opadale, a potom rasle, da bi do kraja analizira-
nog perioda ostale na priblizno istom nivou. Izuzetak
u ovom periodu je 2006. godina u kojoj su prosecne
vrednosti na povrsini bile nesto vise. U oblasti hipo-
limniona, narodito na dnu, razlike izmedu ove dve ta-
¢ke na longitudinalnom profilu akumulacije su bile
daleko izrazenije. U tacki 1, gde dubina vode dostize
20 m, vrednost koncentracije kiseonika (sa izuzetkom
za 1991. i 1994. godinu kada je iznosila 4 mg/L), bila je
ispod 2 mg/L, a 2002. godine je ¢ak zabelezeno total-
no odsustvo kiseonika u periodu od jula do oktobra
meseca. U tacki 2 koncentracija kiseonika na dnu je u
prve tri godine od formiranja akumulacije bila neznat-

TPaverage - is the average value of TP in
the water column (ug/L);

Chl-a average - is the average value of Chl-a in the
water column (ug/L);

SDaverage - is the water transparency measured
by Secchi Disc (m).

In the period from April to October (during the ve-
getation season) throughout the examined period in
the duration of 20 years, the obtained values of the
examined parameters were statistically processed
using basic indicators of descriptive statistics (arith-
metic mean, median, minimum and maximum) using
statistical program (STATISTICS 6.0).

3. RESULTS

The level of water in the reservoir during the period
of examining varied up to few meters, and the lowest
values were registered in 2002 (depth: 18.8 m) and in
1993 (depth: 19.7 m), which is graphically presented in
Figure 2 at point 1.

Research results showed that the average tempera-
ture values of water had been decreasing by depth
at both sampling places. Lower temperatures at the
bottom were registered at point 1 (Figure 3a). The
highest average temperature of water at the bottom
at point 2 (Figure 3b) was registered in 2001 (12.6 °C),
and at point 1 in 2002 (Figure 3a) and in 2008 when
its value was more than 10 °C. Average values for wa-
ter transparency were the lowest in the first year after
filling the reservoir and they were about 11 m. The
increase of transparency can be seen at both poin-
ts, during the entire period of examination, which is
showed in Figure 4a for point 1 and in Figure 4b for
point 2.

Average annual values of the concentration of di-
ssolved oxygen up to 3 m depth show similar move-
ment dynamics at sampling places at point 1 (Figure
5a) and at point 2 (Figure 5b). After formation of the
reservoir, concentrations of DO at the surface initi-
ally declined, then increased and by the end of the
analysed period remained at approximately the sa-
me level. The exception in this period is the year 2006
in which average values at the surface were slightly
higher. In the area of hypolimnion, especially at the
bottom, differences between these two points at a
longitudinal profile of the reservoir were far more di-
stinct. At point 1, where water depth reaches 20 m,
value of oxygen concentration (with the exception
for the year 1991 and 1994 when it was 4 mg L-1), was
below 2 mg L1, and in 2002 total absence of oxygen
was registered in the period from July to October. At
point 2 oxygen concentrations at the bottom in the
first three years since the formation of the reservoir
were slightly below 6 mg L-1, and then until 2006 it
was in the range from 6 to 10 mg L-1. Until the end of
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no ispod 6 mg/L, a potom je sve do 2006. godine bila
u opsegu od 6 do 10 mg/L. Do kraja ispitivanog perio-
da, u ovoj tacki su zabelezene prosecne koncentracije
kiseonika ispod 2 mg/L, sa izuzetkom u 2009. godini.

U tacki 1 (Slika 6a) konstatovane su vece oscilacije i do
tri puta vece prosec¢ne vrednosti ukupnog fosfora na
dnu u odnosu na tacku 2 (Slika 6b). Najvece vrednosti
ukupnog fosfora, kako na dnu, tako i na povrsini, za-
belezene su u prvim godinama nakon punjenja aku-
mulacije, dok su kasnije samo u pojedinim godinama
dostizale visoke vrednosti, u toku 2001. godine na dnu
u tacki 2 i u 2002., 2003. i 2008. godini na dnu u tacki 1.

Srednje godidnje koncentracije amonija¢nog azota su ra-
sle od povrsine ka dnu na oba analizirana mesta u aku-
mulaciji (Slike 7a i 7b). Koncentracije amonija¢nog azota u
blizini sedimenta pokazivale su dvostruko vece vrednosti
u tacki 1 (Slika 7 a) u odnosu na tacku 2 (Slika 7b).

U prvim godinama postojanja akumulacije zabele-
Zene su najvece prosecne vrednosti koncentracija
hlorofila-a i to po vertikalnom profilu u obe tacke, do
dubine od 5 m (Slike 8a i 8b). Od tada, pa sve do kraja
ispitivanog perioda moze se uociti jasan trend opa-
danja sadrzaja ovog pigmenta u vodi.

the examined period, at this point average concen-
trations of oxygen below 2 mg L-1 were registered
with the exception of the year 2009.

At point 1 (Figure 6a) significant oscillations were de-
tected, up to three times higher average values of TP
at the bottom compared to point 2 (Figure 6b). The
highest values of TP at the bottom and at the surface,
were registered in the first years after filling the re-
servoir, while later on only in certain years they reac-
hed high values, during the year 2001 at the bottom
at point 2 and in the years 2002, 2003 and 2008 at the
bottom at point 1.

Average annual concentrations of ammonia nitrogen
rose from surface to bottom at both analysed locati-
ons in the reservoir (Figures. 7a and 7b). Concentrati-
ons of ammonia nitrogen nearby sediments showed
twice higher values at point 1 (Figure 7a) compared to
point 2 (Figure 7b).

In the first years of accumulation recorded the hig-
hest average values of chlorophyll-a concentration
per vertical profile of both points, to a depth of 5 m
depth (Figures. 8a and 8b). Since then, until the end
of the examined period a clear decline of content of
this pigment in water can be seen.
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Slika 2. Srednje vrednosti dubine vode u akumulacijiu The trophic state index of Carlson calculated on
. tackin ) ) the basis of TP has higher values compared to trop-
Figure 2. Mean values of water depth in the reservoirat i indexes calculated using concentration of Chl-
point 1

Carlson-ov indeks troficnosti izracunat na osnovu
ukupnog fosfora ima vece vrednosti u odnosu na
indeks trofi¢nosti izracunat preko koncentracije hlo-

a and transparency (Figure 9). On the basis of the
values of Carlson’s trophic state index calculated
using TP (TSITP) it can be concluded that the reser-
voir was hypereutrophic in the first two years since
its formation (1991-1992), eutropho-hypereutrop-
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Figure 3a. Average annual values of water temperature at point 1
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Slika 3b. Prosecne godisnje vrednosti temperature vode u tacki 2
Figure 3b. Average annual values of water temperature at point 2
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Slika ga. Prosec¢ne godisnje vrednosti prozirnosti vode u tacki 1
Figure ga. Average annual values of water transparency at point 1
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Slika gb. Prose¢ne godisnje vrednosti prozirnosti vode u tacki 2
Figure gb. Average annual values of water transparency at point 2
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Slika 5a. Prosec¢ne godisnje vrednosti koncentracije rastvorenog kiseonika (DO) u vodi u tacki1
Figure 5a. Average annual values of DO concentrations in water at point 1
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Slika 5b. Prose¢ne godisnje vrednosti koncentracije rastvorenog kiseonika (DO) u vodi u tacki 2
Figure 5b. Average annual values of DO concentrations in water at point 2
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Slika 6a. Prosec¢ne godisnje vrednosti ukupnog fosfora (TP) u vodi u tacki 1
Figure 6a. Average annual values of TP concentrations in water at point 1
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Slika 6b. Prose¢ne godisnje vrednosti ukupnog fosfora (TP) u vodi u tacki 2
Figure 6b. Average annual values of TP concentrations in water at point 2
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Slika 7a. Prose¢ne godiSnje vrednosti koncentracije amonija¢nog azota u vodi u tacki 1
Figure 7a. Average annual values of ammonia nitrogen concentrations in water at point 1
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Slika 7b. Prosecne godisnje vrednosti koncentracije amonija¢nog azota u vodi u tacki 2
Figure 7b. Average annual values of ammonia nitrogen concentrations in water at point 2
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Slika 8a. Prosecne godisnje vrednosti koncentracije hlorofila a (Chl-a) u vodi u tacki 1
Figure 8a. Average annual values of Chl-a concentrations in water at point 1
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Slika 8b. Prosec¢ne godisnje vrednosti koncentracije hlorofila a (Chl-a) u vodi u tacki 2
Figure 8b. Average annual values of Chl-a concentrations in water at point 2
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rofila a i prozirnosti (Slika 9). Na osnovu vrednosti
Carlson-ovog indeksa trofi¢nosti izracunate preko
ukupnog fosfora (TSITP) moze se zakljuciti da je aku-
mulacija u prve dve godine od formiranja (1991.-1992.
god.) bila hipereutrofna, u periodu 1993.god. do 2001.
godine eutrofno-hipereutrofna, a od 2002. godine do
2010. godine izrazito eutrofna. Ako se kao kriterijum
troficnosti uzme koncentracija hlorofila a i prevede u
TSIChI  indeks, moZe se zakljuciti da je akumulacija
1991. godine bila hipereutrofna, zatim sve do 2001.
godine eutrofna, a u kasnijim godinama njena tro-
ficnost je bila na granici izmedu mezotrofnog i eut-
rofnog statusa. Znacajno je ista¢i da je u novembru
2002.god. prose¢na godisnja vrednost indeksa TSISD
bila veca od TSITP i tada je zabelezeno intenzivno
cvetanje cijanobakterije vrste Aphanizomenon flos-
aquae, a i providnost vode je iznosila samo 0,2 m.

hic in the period from 1993 to 2001, and highly eut-
rophic from 2002 to 2010. If a criterium of trophicity
concentration of Chl-a is taken and converted to
TSIChI  index, it can be concluded that the reser-
voir in the year 1991 was hypereutrophic, then until
2001 it was eutrophic, and in the following years
its trophicity was on the limit between mesotrop-
hic and eutrophic status. It is important to point
out that in November 2002 average annual value
of index TSISD was higher than TSITP and in that
time intensive bloom of cyanobacteria species Ap-
hanizomenon flos-aquae was registered and water
transparency was only 0.2 m.
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Slika 9. Prosec¢ne vrednosti Carlson-ovog indeksa trofi¢nosti TSISD, TSIChI_a i TSITP
Figure 9. Average values of trophic state indexes TSISD, TSIChl _ and TSITP
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Slika 10. Prose¢ne godisnje vrednosti koncentracije amonija¢nog azota u pritokama akumulacije od marta do no-
vembra za ispitivani period
Figure 10. Average annual values of ammonia nitrogen concentrations in tributaries of the reservoir from March till
November for the examined period
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Slika 11. Prosec¢ne godisnje vrednosti koncentracije nitrata u pritokama akumulacije od marta do novembra meseca
za ispitivani period
Figure 11. Average annual values of nitrates concentrations in tributaries of the reservoir from March till November
for the examined period

U pritokama akumulacije Grliste analizirane su
i prosecne vrednosti koncentracije azotovih je-
dinjenja (Slike 10-12) i ukupnog fosfora (Slika 13).
Na osnovu dobijenih rezultata, moZe se uoc¢-
iti njihov trend rasta u analiziranom periodu.

In tributaries of Grliste reservoir average values of
concentrations of nitrogen compounds were also
analysed (Figures 10-12) as well as TP (Figure 13). On
the basis of the obtained results, their increase in the
analysed period can be noticed.
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Slika 12. Prose¢ne vrednosti koncentracije nitrita u pritokama akumulacije
Figure 12. Average values of nitrites concentrations in reservoir’s tributaries
4. DISKUSILJA 4. DISCUSSION

Kontinuirani dugoro¢ni monitoring vodenih siste-
ma je znacajan za sagledavanje njihove kompletne
evolucije, kao i za reavanje eventualnih problema u
vezi sa kvalitetom. Podaci dugoro¢nog monitoringa
sadrzaja nitrata mogu da ukazu na nepozeljne pro-
mene koje se mogu javiti u vodenim sistemima (Burt
et al. 2010). Znacaj studije je utoliko vedi $to su pro-
mene hemijskih parametara i hlorofila a pra¢ene po
vertikalnom i po horizontalnom profilu. Dugoro¢na
dinamika trofi¢nosti akumulacije se moze sagledati

Continuous long term monitoring of water systems
is significant for perception of their complete evolu-
tion, as well as for solving eventual problems, in re-
lation to water quality. The data of long term moni-
toring of nitrates contents can show the undesirable
changes which may occur in water systems (Burt et
al. 2010). Importance of the study is that much grea-
ter, because the changes of chemical parameters and
Chl-a were monitored by vertical and horizontal pro-
file. Long term dynamics of reservoir trophicity can
be perceived in adequate way, given that the moni-
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Slika 13. Prosec¢ne vrednosti koncentracije ukupnog fosfora u pritokama akumulacije
Figure 13. Average values of TP concentrations in reservoir’s tributaries

na adekvatan nacin, s obzirom da je monitoringom
obuhvacen dovoljno dug period (1991-2010. godina).

Najnize vrednosti za providnosti bile su odmah na-
kon punjenja akumulacije, zbog podizanja suspen-
dovanih cestica usled potapanja zemljista (Straskra-
ba et al. 1993). Uobicajeno je da se providnost vode u
akumulaciji smanjuje tokom vremena, 5to je i jedan
od pokazatelja uznapredovale eutrofikacije (Portielje
& Van der Molen 1999). Medutim, u ovom istrazivanju
to nije bio slucaj, jer vrednost za providnost vode u
akumulaciji Grliste nije opadala, ve¢ je, nasuprot, bila
sve veca. Ovakva pojava bi se mogla dovesti u vezu
sa bujnim razvojem makrofita (Stankovic et al. 2009),
$to je doprinelo vecoj providnosti vode u akumula-
ciji. Naime, makrofite “Ciste vodu” tako $to smanjuju
koli¢inu suspendovanih cestica i ukupnog fosfora u
vodenom stubu (Van Nes et al. 2007).

Temperatura vode na dnu je bila niza u tacki 1 u od-
nosu na tacku 2, zbog vece dubine. Najvece prose¢ne
temperature vode na dnu akumulacije (2001. godine
u tacki 2, a 2002. i 2008. godine u tacki 1) kao posle-
dica snizavanja nivoa vode u akumulaciji, uticale su i
na povecanje temperature sedimenta. Tokom letnjeg
perioda i pocetkom jeseni, dolazilo je do zagrevanja
povrsinskih slojeva vode, a dno akumulacije je ostaja-
lo izolovano od epilimniona. Stratifikacija je narocito
izrazena u godinama kada proticaj u pritokama dra-
sti¢no opada, a vreme zadrZavanja vode u akumula-
ciji se produzava, $to je i zabeleZzeno 2002. godine ka-
da je Lenovacka reka presusila tokom letnjih meseci.

Niske koncentracije kiseonika u vodi u prvim meseci-
ma nakon punjenja akumulacije mogle bi se objasniti
potro3njom kiseonika, usled oksidacije organskih ma-
terija koje su dospele u vodu nakon potapanja. Ova
pojava je izrazenija u tacki 1 gde je i trajala duze, usled
nedovoljnog mesanja povrsinske vode sa vodom sa
dna, zbog vece dubine. U ovoj tacki, koja se nalazi

toring included long enough period of time (from the
year 1991 to 2010).

The lowest values of transparency were right after
the filling of the reservoir, because of the rising of su-
spended particles due to the inundation of soil (Stra-
Skraba et al. 1993). It is common that the transparency
of water in the reservoir reduces through time, which
is one of the indicators of the improved eutrophica-
tion (Portielje & Van der Molen 1999). However, in this
research that was not the case, because the value of
water transparency in the reservoir Grliste was not
decreasing, but on the contrary it was getting higher.
This kind of occurrence can be linked to an exuberant
development of macrophytes, (Stankovi¢ et al. 2009)
which contributed to higher transparency of water in
the reservoir. In fact, macrophytes “clean the water”
by reducing the amount of suspended particles and
TP in the water column (Van Nes et al. 2007).

Temperature of water at the bottom was lower at
point 1 compared to point 2, due to a larger depth.
The highest average temperatures of water at the
bottom of the reservoir (in year 2001 at point 2, and
in 2002 and 2008 at point 1) as a consequence of de-
creasing the water level in the reservoir, influenced
on the increase in the temperature of the sediment.
During summer period and in the beginning of aut-
umn, there has been a warming of the surface layers
of water, and the bottom of the reservoir remained
isolated from the epilimnion. Stratification is especi-
ally distinct in the years when flow rate in tributari-
es intensively decreases, and time of water retention
in the reservoir is prolonged, which was registered
in 2002 when the Lenovacka river dried out during
summer months.

Low concentrations of oxygen in water in the first
months after filling the reservoir can be explained
by oxygen consumption, due to oxidation of organic
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neposredno ispred brane, vrednosti za potrosnju ki-
seonika bile su mnogo vece, usled intenzivnijeg talo-
Zenja, pojave mulja i vece koli¢ine organske materije
koja podleze oksidaciji. Nepovoljan kiseoni¢ni rezim
zabelezen je u toplim mesecima 2002. godine, kada
je temperatura vode pri dnu bila najveca, a nivo vode
u akumulaciji najnizi. U periodu od 2006. godine, pa
sve do kraja ispitivanog perioda, zabelezene su niske
koncentracije kiseonika u tacki 2 na dnu. U 2006. go-
dini, zabeleZena je i visoka vrednost koncentracije ki-
seonika na povrsini (pa i iznad 18 mg O /L), dok je na
dnu doslo do pada vrednosti rastvorenog kiseonika.
Ovo se moze objasniti masovnim razvojem fitoplan-
ktona, $to za posledicu ima i hipersaturaciju povrsin-
skih slojeva kiseonikom, dok uginuce algi dovodi do
oksidacije istalozene organske materije i smanjenja
vrednosti koncentracije kiseonika pri dnu. Ovaj pro-
ces je nastavljen i u 2007. i u 2008. godini, kada je i
nivo vode u akumulaciji opadao.

Dobijene maksimalne vrednosti ukupnog fosfora na
dnu su posledica porasta temperature vode pri dnu,
$to je prouzrokovalo eluaciju fosfora u vodeni stub
(Bostrom et al. 1988). Povecanje vrednosti ukupnog
fosfora u tacki 1 u odnosu na tacku 2 bilo je proprace-
no niskim vrednostima koncentracija kiseonika. Tako
su u 2001. godini u tacki 2, u 2002. godini i u 2008. go-
dini u tacki 1, zabelezeni porasti koncentracija ukup-
nog fosfora na dnu bili propraceni porastom tempe-
rature vode na dnu. Istovremeno, sa porastom sadr-
Zaja fosfora porastao je i sadrzaj amonijaka, usled na-
stanka redukcionih uslova pri dnu (Beutel 2006), sto
je narocito bilo izrazeno na veé¢im dubinama (tacka
1). Ova pojava je potvrdena i odsustvom kiseonika
pri dnu u periodu od nekoliko meseci u tacki 1, $to se
moze uoditi sa Slike 5a.

Vrednosti koncentracija hlorofila a, parametra koji uka-
zuje na biomasu fitoplanktona, bile su najvece nakon
formiranja akumulacije, $to je u saglasnosti sa teorijom
o starenju akumulacije (Straskraba et al. 1993; Jorgen-
sen et al. 2005). Nakon potapanja zemljista, koli¢ina
nutrijenata (P i N) u vodi je velika, 5to pored odsustva
predacije od strane zooplanktona uslovljava bujan
razvoj fitoplanktona. Starenjem akumulacije dolazi do
razvoja zooplanktonske zajednice, pa se biomasa fi-
toplanktona smanjuje. Ovo ukazuje da je akumulacija
u periodu od 1990. do 1992. godine prosla kroz prvu
razvojnu fazu (faza punjenja) koju karakterise poveca-
na trofi¢nost (Slika 14) i visoka prosec¢na vrednost nutri-
jenata. U fazi punjenja dolazi do oslobadanja nutrije-
nata iz potopljenog zemljista, $to je i potvrdeno viso-
kim sadrzajem ukupnog fosfora u jesen 1991. godine (2
mg/L). U ovom periodu zabelezZeno je i opadanje vred-
nosti koncentracije rastvorenog kiseonika i na povrsini
(Slika 5a) i na dnu (Slika 5b).

Na osnovu dobijenih vrednosti za koncentracije ra-
stvorenog kiseonika, ukupnog fosfora i hlorofila a
na povrsini i na dnu, na vodozvatu (tacka 1) mogu se
razgraniciti druge razvojne faze u zivotu akumulacije
(Slika 14). Drugu razvojnu fazu u zivotu akumulacije,

matter which entered the water after the inundation.
This occurrence is more distinct at point 1 where it la-
sted longer, because of insufficient mixing of surface
water with the water from the bottom, due to larger
depth. At this point, which is located just in front of
the dam, values for oxygen consumption were sig-
nificantly higher, due to more intensive deposition,
appearance of sludge and larger amounts of organic
matter which is subjected to oxidation. Unfavourable
oxygen regime was registered in warm months in the
year 2002 when the temperature of water at the bot-
tom was the highest, and water level in the reservoir
was the lowest. In the period from the year 2006 un-
til the end of the examined period, low oxygen con-
centrations were registered at point 2 at the bottom.
In the year 2006 high value of oxygen concentration
at the surface was registered (even above 18 mg O,
L-1), while at the bottom there has been a decrease
in values of DO. This can be explained by a massive
development of phytoplankton, which causes the
hypersaturation of surface layers with oxygen, whi-
le the death of algae leads to oxidation of deposited
organic matter and reduction of values of oxygen
concentration at the bottom. This process was conti-
nuing during 2007 and in 2008, when the water level
in the reservoir was dropping.

The obtained maximum values of TP at the bottom
were the consequence of the increase in tempera-
ture of water at the bottom, which caused the elua-
tion of phosphorus in the water column (Béstrom et
al. 1988). Increase in values of TP at point 1 compared
to point 2 was followed by low values of oxygen con-
centrations. So in the year 2001 at point 2, in the year
2002 and in 2008 at point 1, increases in TP concen-
trations at the bottom were detected and they were
followed by an increase in temperature of water at
the bottom. At the same time, with the increase in
content of phosphorus, content of ammonia had also
risen, due to the creation of reduction conditions at
the bottom, (Beutel 2006) which was very distinctive
at larger depths (point 1). This occurrence was confir-
med by the absence of oxygen at the bottom in the
period of several months at point 1, which can be se-
en from Figure 5a.

The values of Chl-a concentrations which indicates
the biomass of phytoplankton, were the highest af-
ter formation of the reservoir, which is in compliance
to the theory of the reservoir’s aging (Straskraba et
al. 1993; Jargensen et al. 2005). After the inundation
of soil, amount of nutrients (P and N) in water is high,
which along with the absence of zooplankton preda-
tion causes the massive development of phytoplan-
kton. The development of a zooplankton community
occurs with the reservoir’s aging, so the biomass of
phytoplankton gets smaller. This shows that the re-
servoir in the period from 1990 to 1992 went through
its first development phase (phase of filling) which is
characterized by an increased trophicity (Figure 14)
and high average value of nutrients. In the phase of
filling it comes to a releasing of nutrients from floo-
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koja je trajala od kraja 1992. do kraja 1996. godine, ka-
rakterie maksimalna vrednost koncentracije hlorofi-
la a, kao posledica bujnog razvoja fitoplanktona. Na
pocetku ove faze na dnu u tacki 1 zabelezene su niske
koncentracije rastvorenog kiseonika, sa izuzetkom
blagog rasta u 1994. godini, nakon ¢ega je koncen-
tracija opadalaispod 2 mg/L 3to je trajalo sve do kraja
ispitivanog perioda. U trecoj razvojnoj fazi akumula-
cije koja je trajala od 1996. godine do polovine 1998.
godine, doslo je do pada vrednosti ukupnog fosfora
i blagog porasta vrednosti koncentracije rastvorenog
kiseonika na dnu. Porast sadrzaja ukupnog fosfora
na dnu vodozahvata je okarakterisao pocetak po-
slednje razvojne faze (Cetvrte) koja je trajala sve do
kraja ispitivanog perioda. Ova faza je okarakterisana
problemima u vezi sa senzorskim svojstvima kvalite-
ta vode za pice usled primedbi potrosaca. Povodom
toga, javila se potreba za pronalazenjem resenja za
ove probleme i njihovu adekvatnu sanaciju. U ovom
periodu zabeleZen je nizak nivo vode u akumulaciji,
kao posledica smanjenog dotoka vode iz pritoka, $to
je dovelo do razvoja stratifikacije u toplim mesecima.
Pojava stratifikacije predstavlja jedan od najznacajni-
jih faktora koji uslovljavaju cvetanje cijanobakterija
(Oliver & Ganf 2000; Mitrovic et al. 2011).

Slika 14. Razvojne faze u Zivotu akumulacije Grliste
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Figure 14. Development phases in the life of Grliste
reservoir

Primedbe potrosaca, zbog produkata razlaganja mo-
drozelenih algi, potvrdene su direktno njihovom kva-
litativnom analizom. U letnjim mesecima 2002. godi-
ne presusila je jedna od pritoka (Lenovacka reka) sto
je uslovilo maniji dotok vode u akumulaciju, produzilo
njeno retenciono vreme i stvorilo uslove za masovnu
pojavu cvetanja cijanobakterija sa dominacijom vrste
Aphanizomenon flos-aquae (Vuckovi¢ & Mirjaci¢-Zivko-

ded soil, which was confirmed by high content of TP
in the autumn of 1991 (2 mg L-1). In this period decre-
ase in values of DO concentrations was registered at
the surface (Figure 5a) and at the bottom (Figure 5b).

On the basis of the obtained values of DO concen-
trations, TP and Chl-a at the surface and at the bot-
tom at the water intake (point 1) other development
phases in the life of the reservoir can be isolated (see
Figure 14). Second development phase in the life of
the reservoir, which lasted from the end of the year
1992 to the end of 1996 was characterized by maxi-
mum value of Chl-a concentration, as a consequence
of a massive development of phytoplankton. At the
beginning of this phase, at the bottom at point 1, low
concentrations of DO were registered, with the ex-
ception of slight increase in the year 1994 after which
the concentration decreased below 2 mg L-1 which
lasted until the end of the examined period. In the
third development phase of the reservoir which la-
sted from the 1996 until the half of 1998 there had be-
en a decrease in TP and mild increase in the concen-
tration of DO at the bottom. Increase in the content
of TP at the bottom of the water intake, characterized
the beginning of the last development phase (fourth)
which lasted until the end of the examined period.
This phase is characterized by problems regarding
the sensor characteristics of quality of drinking water

due to the consumer’s

complaints. Therefore,

0.630 there is a need for fin-
ding the solution for
0530 these problems. In this
period, low water level
in the reservoir was de-
0.430

tected, as a consequ-
ence of reduced water
from tributaries, which
led to stratification de-
velopment in  warm
months. Appearance of
stratification presents
one of the most signi-
ficant factors which ca-
use the cyanobacteria
bloom (Oliver & Ganf
2000; Mitrovic et al.
20M).
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2010 |

Consumer’s complaints

regarding the products
of decomposition of blue-green algae were confirmed
directly by their qualitative analysis. In summer mon-
ths in 2002, one of the tributaries dried out (Lenova-
¢ka river), which caused lower inflow of water into the
reservoir, extended its retention time and created the
conditions for a massive occurrence of cyanobacteria
with the domination of the species Aphanizomenon
flos-aquae (Vuckovi¢ & Mirjagi¢-Zivkovi¢ 2002). In 2006
consumers complained again, regarding the odour of
drinking water which reminded on the smell of rot and
mold. Given the fact that occurrence of bloom was not
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vi¢ 2002). U 2006. godini opet su se pojavile primedbe
potrosaca, u vezi sa neprijatnim mirisom vode za pice
koja je podsecala na miris truleZi i budi. S obzirom da
ove godine nije zabelezena pojava cvetanja, to je naj-
verovatnije posledica nedovoljnog poznavanja uzroka
degradacije kvaliteta vode u akumulaciji i neodgova-
rajuce frekvence bioloskog monitoringa.

U ispitivanom periodu od dvadeset godina zabele-
zena je veca vrednost trofickog statusa akumulacije
Grliste odredenog na osnovu indeksa TSITP, u odno-
su na klasifikaciju prema bioloskom indeksu trofi¢no-
sti (TSIChI ). Carlson (Carlson 1991) i Havens (Havens
1995) su ustanovili da odstupanje izmedu Carlson-ovih
indeksa trofi¢nosti ukazuje na stepen ogranicenosti
nutrijentima. Posto je razlika indeksa TSIChI - TSITP <
o , Sto ukazuje da fosfor nije bio ogranicavaju¢i faktor
algalne produkcije, sto je potvrdeno i odsustvom kore-
lacije izmedu njih (r = 0,077, p = 0,350, N =149). S druge
strane, dobijena je znacajna korelacija izmedu indeksa
TSISD i TSIChI (r = 0,50, p < 0,001, n = 117), $to pokazuje
da je providnost vode u akumulaciji Grliste u najvecoj
meri uslovljena gustinom fitoplanktona.

Povecano opterecenje sedimenta i vode nutrijentima
iz pritoka moze u velikoj meri uticati na pojavu eut-
rofikacije i izazvati znatne nepovoljne ekoloske efek-
te na recipijente u obliku cvetanja algi i smanjenja
koncentracije rastvorenog kiseonika (Burt et al. 2010,
Abell et al. 2013). Trend poveéanja sadrzaja neorgan-
skih azotovih jedinjenja u vodi akumulacije u drugoj
polovini ispitivanog perioda posledica je pove¢anog
unosa ovih nutrijenata iz pritoka akumulacije. Sa Slika
10-12 se moze videti porast vrednosti koncentracija
amonijaka, nitrata i nitrita u Lenovackoj i Lasovackoj
reci od 2000. godine, kao i da Lenovacka reka nosi
vecu koli¢inu ovih nutrijenata. ZabeleZen je neznatan
porast ukupnog fosfora u pritokama akumulacije, ali
je Lenovacka reka i u ovom sluc¢aju unosila vec¢u koli-
¢inu ovog nutrijenta u akumulaciju (Slika 13).

Posto koli¢ina azotovih jedinjenja koje pritoke unose
u akumulaciju Grliste pokazuje trend porasta u toku
dvadeset godina monitoringa (Slike 10-12), a poka-
zano je da fosfor nije bio limitirajuci faktor algalne
produkcije, onda je verovatno svetlost bila ogranica-
vajuci faktor za rast algi u akumulaciji. Potvrdeno je
da biomasa fitoplanktona u slatkovodnim jezerima u
odredenim okolnostima moze da bude ograni¢ena
svetlo3¢u (May 2010; Xu et al. 2010).

5. ZAKLJUCCI

Na osnovu koncentracije nutrijenata, pre svega fosfo-
ra, rastvorenog kiseonika i hlorofila a u vodi, zaklju-
¢eno je da akumulaciju ,Grliste” od samog formiran-
ja, pa do kraja ispitivanog perioda, karakterisu Cetiri
razvojne faze. IstraZivanja su pokazala da su prome-
ne kvaliteta vode, pre svega, posledica sinergetskog
dejstva nepovoljnog klimatskog i hidroloskog reZzima
akumulacije. Snizavanje nivoa vode u akumulaciji do-

registered in 2006, that is most probably the consequ-
ence of insufficient knowledge of the cause of degra-
dation of water quality in the reservoir and inadequate
frequency of biological monitoring.

In the investigated period of twenty years, the higher
values of trophic status determined on the basis of TP in
the water of the reservoir Grliste were registered com-
pared to classification according to biological trophic
state index (TSIChl ). Carlson (Carlson 1991) and Havens
(Havens 1995) reported that the deviation between Carl-
son’s trophic state indexes indicated the degree of limit-
ness by nutrients. Since the difference of indexes TSIC-
hl_-TSITP < o that indicates that phosphorus was not a
limiting factor of algal production, which is confirmed
by the absence of correlation between them (r = 0.077,
p = 0.350, N = 149). On the other hand, a significant co-
rrelation between indexes TSISD and TSIChI_ (r=o0.50, p
< 0.001, n = 117) was obtained, which shows that water
transparency of the reservoir Grliste was mostly caused
by density of phytoplankton.

Increased load of sediments and water with nutrients
from tributaries, can largely affect the appearance of
eutrophication and cause negative ecological effects
on the recipients in the form of algal bloom and re-
duction of DO (Burt et al. 2010; Abell et al. 2013). The
trend of increase in the content of inorganic nitrogen
compounds in water of the reservoir in second half
of the examined period is the consequence of a hig-
her intake of these nutrients from reservoir’s tributa-
ries. From the Figures 10-12, an increase in the values
of ammonia, nitrates and nitrites concentrations can
be seen in the Lenovacka and Lasovacka river from
the 2000 and that the Lenovacka river carries a hig-
her amount of these nutrients. The slight increase in
TP was detected in the reservoir’s tributaries, but the
Lenovacka river also in this case brought higher amo-
unt of this nutrient into the reservoir (Figure 13).

Since the amount of nitrogen compounds which tri-
butaries bring into the reservoir Grliste had been in-
creasing in the past twenty years of monitoring (Fi-
gures 10-12), and it was showed that phosphorus was
not a limiting factor of algal production, than the lig-
ht was probably a limiting factor for the algal growth
in the reservoir. It is confirmed that the biomass of
phytoplankton in fresh water lakes on certain occasi-
ons can be limited by light (May 2010; Xu et al. 2010).

5. CONCLUSIONS

On the basis of the concentration of nutrients, prima-
rily TP, DO and Chl-a in the water, it was concluded that
the reservoir Grliste from its formation, to the end of
the examined period, is characterized by four deve-
lopment phases. Researches have shown that chan-
ges of water quality, above all, are the consequence
of synergy effect of negative climate and hydrological
regime of the reservoir. Lowering the water level in the
reservoir led to the occurrence of summer stratification
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vodilo je do pojave letnje stratifikacije i pogodnih
uslova za razvoj cijanobakterija. Da bi se sprecilo po-
gordanje kvaliteta vode za pice i sprecile primedbe
potrosaca, potrebno je ¢esce i detaljnije sprovoden-
je bioloskog monitoringa, sa posebnim akcentom na
ucesce cijanobakterija u fitoplanktonskoj zajednici. U
cilju sprecavanja pojave cvetanja, predlaze se prime-
na aeracije za razbijanje letnje stratifikacije.

and suitable conditions for development of cyanobac-
teria. In order to prevent the deterioration of drinking
water quality and to avoid consumers complaints, it is
necessary to conduct more frequent and more deta-
iled biological monitoring, with special emphasis on
the participation of cyanobacteria in phytoplankton
community. In the purpose of preventing the occu-
rrence of water blooms, it is suggested to apply aerati-

on for breaking the summer stratification.
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