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LAKE WATER QUALITY
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Summary: Standard monitoring of lake
water usually depends on monthly
measurements that are affected by
financing capabilities and weather
conditions, often leading to various data
being left out. Aiming to solve this
issue, we enrolled on the task of
developing a set of fitted equations
allowing the researchers to predict the
values of various water quality
parameters even in situations when not
all of the data are available. By
implementing a serious of tests we
were able to establish equations with
reasonable adjusted correlation
coefficient values suggesting feasible
projections of the considered output
parameters.
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quality parameters, multivariate
regression.

1. INTRODUCTION

The appropriate monitoring of water
quality is essential for the proper
environmental management of lakes
and other water bodies. However,
performing all the essential
measurements to achieve this goal is
often time-consuming and costly.
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Pe3ume: CraHpapaHu npuctyn
MOHUTOpPMHra jesepa ce obu4Ho 6asupa
Ha MeCe4yHMM BpeagHOCTUMa MepeHa

Koja OVPEKTHO 3aBuce oA
rHaHCKHjCKNX moryhHoCTh "
BPEMEHCKNX ycrosa, 4yecTo

pe3ynTyjyhin y usoctajawy nojeanHux
napametrapa. Ca uurbeM peluaBaha
oBor npobnema je ynoxeH Hanop y
pasBojy ceTa MTOBaHWX jeaHa4vMHa
Koje ©u wuctpaxmsadnma omoryhune
pasymHy npegukuuyy BpPEOHOCTU of
WHTepeca W y cuTyauujama kaga
nojeauHyn nogaun Hucy obyxBaheHu
mMepermma. [NpumeHoM cepuje TectoBa
CMO [JOWNW [0 HM3a 3aBMCHOCTW ca

NpuxBaTIbUBUM BpegHocTUMa
KOpUroBaHmx KoedmumjeHTa
Kopenauuje, LITO ykasyje Ha

Noy3[aHOCT pa3BujeHnX yHKuuja.

KrbyyHe peum: kBanuTeT Boae jesepa,
napameTpu KBanuTteTa BoJe,
MynTuBapwvjabunHa perpecuja.

1. yBOA

Oprosapajyhu MOHUTOPUWHI KBanuTeTa
BOAE je OO K/bydyHOr 3Ha4daja npu
OOPXXMBOM YMpBaBrbawy jesepyma u
apyrum  BogHuM Tenuma. MehyTum,
cnposohetse CBUX HEeOoNnXoAHMX
Mepera je YeCTO BPEMEHCKMN 3aXTEBHO
1 omHaHcujckn ckyno. [lakne, y okBupy
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Therefore, the possibility of predicting
certain water quality parameters using
other (more basic and easier to
determine) water quality parameters
was investigated. This was done using
data from Lake Palic, which is located
in northern Vojvodina in Serbia,
approximately 8 km east from the city of
Subotica. The lake’s surface is 4.6 km?,
with an average depth of 1.8 m (the
deepest point can be assumed to be
approximately 3.4 m). The lake itself is
divided into four sectors, while the first
sector consists of three lagoons. There
are a number of inflows into the lake,
e.g. rainfall, surface runoff and
groundwater. However, the main inflow
to the first lagoon comes from the
Wastewater Treatment Plant Subotica.
The water flows downstream through
sectors one to four, and finally exits the
lake and ends up in Lake Omladinsko.
This fact makes the proper monitoring
of the lake essential, since it is prone to
eutrophication by its nature, however
the inflow of treated sewage water
makes this issue even more pressing.
The goal of this paper was to establish
fitted equations (prediction models) for
determining two  water  quality
parameters, namely chlorophyll-a and
ammonia-nitrogen, using other water
quality parameters that can be
determined easily (temperature,
dissolved oxygen, power of hydrogen,
suspended  solids and  electric
conductivity). For this purpose a
number of statistical methods have
been used throughout this research
[1,2,3,4,5,6].

2. MATERIALS AND METHODS

Measurements  of water quality
parameters were conducted for the time
period from 2011 to 2015 at the point of
outflow from the fourth sector of Lake
Palic. As input parameters water
temperature (Temp), electric
conductivity (Cond), power of hydrogen
(pH), dissolved oxygen (DO) and

OBOr paja je aHanuaupaHa MoryhHocT
npegsuhama ogrosapajyhux
napamertapa KBanuTeta Bode
kopuctehn agpyre (nakwe 3a Mepeme)
napametpe kBanuteta Boge. OBoO je
ypaheHo kopuctehu nogatke ca jesepa
Manvh, koje ce Hanasn y CeBepHOj
BojsoanHu y Cpbujn, npmbnmkHo 8 km
uctoyHo op Cy6otuue. [MoBpLlunHa
jesepa je 4.6 kM’ ca NpPOCEYHOM
aybuHom og 1.8 ™M (moxe ce
npeTnocTaBnTi Aa je Hajaoybrba Tauka
jesepa 3.4 wm). Camo jesepo je
NoAerbeHo Ha YeTupu cekTopa, AOoK je
NPBW CEKTOP MoAderbeH Ha TpW naryHe.
MocToju HM3 ynuBa y je3epo, Kao LTO
Cy nagaBuHe, NMOBPLUMHCKO CrnBawe U

nogsemHa BOAa. MehyTtum,
Haj3Ha4ajHUju  ynuBe notuwye  u3
nocTpojexa 3a npeunwhasare

otnagHmnx Boga Cy6otuua. OBa Boaa
NMOTOM TeYye HM3BOOHO KpPO3 CBaku
cektop jesepa [lanuh, HakoH u4era
HanywTa BOOHO Teno M 3aBpLasa Y
OwmnaguHckom jesepy. Ogpgrosapajyhu
MOHUTOPWHT je3epa je jako butaH, jep je
OHO camo no  cebwu CKITOHO
eyTpodmKkaumjm, a npepaheHa otnagHa
BOAa camO MocreLlyje OBaj Mpouec.
Linms oBor papa je 6uo ga ce ogpene
dwutoBaHe jegHayunHe (Tj. mopenu 3a

npegsuhame) 3a ogpefusare
xnopocduna-a u amoHujayHor asota
kopuctehu apyre napameTpe

KBanuMTeTa BOAE KOju Cy nakwu 3a
Mepere (TemnepaTtypa, pacTBOPEHU
KnceoHwk, pH, cycneHaosaHe matepuje
W ernekTpyMyHa npoBOArbLMBOCT). Pagm
noctm3amwa OBOr Lurba, KopuwheH je
HWU3 cTaTMcTUYkuX metoga [1,2,3,4,5,6].

2. MATEPUJAIIM U METOLE

Mepera napameTtapa kBanuteta Bofe
cy cnpoeegeHa op 2011 po 2015
roguMHe KOA MecTa u3nuMBa BOAe U3
yeTBpTOr cektopa jesepa [lanuh. Kao
ynasHu napameTpu  onaxaHe Cy
BpegHocTn  Temnepatype  (Temp),
enekTpmyHe nposoarsusoctu (Cond),
pH BpegHocTt (pH), pacTBOpeHu
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suspended solids (SS) were measured.
While as output parameters,
chlorophyll-a (Chl-a) and ammonia-
nitrogen (NH4) were monitored. The
general temporal frequency of the
gathered data was once a month,
although during the overall monitoring
period in some months the
measurements were omitted entirely.

To make prediction models, multivariate
regression was used. In order to
determine the quality of the fitted
equations three numerical and two
graphical methods were used. The firs
numerical method was the value of the
adjusted correlation coefficient Rzad,-
between predicted and measured
values. If this coefficient was below 0.3
there is a negligable correlation, if it is
in the range between 0.3 and 0.5 a low
correlation can be asumed, the domain
between 0.5 and 0.7 indicates a
moderate correlation, the domain
between 0.7 and 0.9 indicates a high
correlation, while if the coefficient is
higher that 0.9 a very high correlation is
asumed. The second numerical
indicator for the fitted equation would
be its p-value. This number represents
the statistical ods that the null
hypothesis (that the predicted value is a
constant rather than it is dependent on
the input parameters) is the correct
one. For example if the fitted equation
has a p-value od 0.05, there is a 5%
chance that the predicted parameter is
actually a constant and it is not
dependent on the input parameters as
the fitted equation suggests. The final,
numerical test would be the p-value of
each term in the fitted equation.
Namely, if an equation term has a p-
value of 0.06, there is a 6% chance that
the analyzed term does not contribute
to the fitted model. To sumerize, a
lower p-value, both for the entire
equation and for each term in it
indicates a better prediction model. The
first graphical evaluation technique
depicts the predicted and actual values
of the output water quality parameter. If
the clustering of the actual values is

knceoHnk (DO) m  cycneHgoBaHe
maTepuije (SS). Kao n3nasHu
napameTpu, MepeHe Cy BpeaHOCTU
xnopocuna-a (Chl-a) n amoHujauHor
asota (NH.). Mepewa cy BpLleHa
jedHOM MeceyHO, [OK Ce TOKOM
nepvoga MOHUTOPWHra noHekaz
Jecuro fa cy 3a HeKn Mecel, Mepera y
NOTMYHOCTU M30CTaBIbEHA.

Na ©6u ce ogpeannu mogenu 3a
npensuhamwe oapefheHnx napameTapa
KBanuTeTa BoAde, KopuwheHa je
mynTuBapujabunHa perpecuja. A ga 6u
ce ogpeguna noysgaHocT cuToBaHe
jeoHa4MHe,  MpuMeHkeHe cy  Tpu
Hymepuike M ABe rpaduyke metoae.
[MpBa Hymepuyka meToga ce CBOAM Ha
oapehuBame KOpUroBaHor
KoedpmumjeHTa kopenauvje Rzadj navehy
cpayyHaTMX 1 MEPEHUX BPeaHOCTM. AKO
je BpeaHoCT oBor koeduumjeHTa ucnos
0.3 kopenauuja je 3aHemaprbuBa, ako
ce BpegHocT Hanaan namehy 0.3 n 0.5
noctoju cnaba kopenauuja, ako je
mamehly 0.5 un 0.7 kopenauuvja je
ymepeHa, ako je uamehy 0.7 n 0.9
Kopenauuja je jaka, n ako je uarvag 0.9
Kopenauuja ce KapakTepuwe Kao
BeoMa jaka.  [pyrm  Hymepudku
nokasaterb (OUTOBaHe jefHauyuHe je
HeHa p-BPEOHOCT. OBgj 6poj
npencrtasrba BepoBaTHONy Aa je HynTa
xvnotesa TayHa (Tj. Aa je BpeaHoCT
npenguheHor napameTpa KOHCTaHTHa n
[a yonwTte He 3aBuUCu 0fF ynasHux
napametapa). Ha npumep, ako
duTOBaHa jegHayMHa uma p-BpPEeLHOCT
0.05, oHpa noctoju 5% BepoBaTHOhe
na npenpufeH (cpadyHaTtn) napamerap
He 3aBuUCU yonwTe Of  ynasHux
napametapa. [locnegwyn Hymepuyku
nokasaTerb je p-BpegHOCT  CBakor
nojegnHayHor ynaHa dutoBaHe
jeaHaunHe. lNpumepa pagu, ako Heku
unaH jegHaunHe uma p-spegHoct 0.06,
oHAa noctoju 6% BepoBaTHOhe ga Taj
yYnaH yonwiTe He ONPMHOCK MOZENY 3a
npeasuhare. lMpBu rpaduykn meton
3a OueHy BarbaHOCTM UTOBaHOT
Mogena nogpasymeBa UCLpTaBabe
cpavyHaTUX W MEpPEeHUX BPELHOCTU
ogrosapajyher napameTpa. Ha
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closer to the predicted values, the
model is more accurate. The second
graphical representation of the goodnes
of the fit is the plotted standardized
residuals for the fitted equation.The
closer these are to a normal
distribution, the more likely it is that the
discrepancies between the actual and
predicted values are random by nature.
The other principle used when
constucting the fitted models is based
on previous research. By using
principal component analysis, it has
been determined that there is a
clustering of water quality data by
seasons. This means that the
processes that play out in the lake
produce circumstances that are more
similar to each other in the same
months of different years. Therefore,
relatively homogenous time periods
have been identified when conditions in
the lake are similar. These time periods
are from January to March, from April to
June, from July to September and from
October to December. The proposed
fitted models were compiled for each of
these relatively homogenous time
periods.

3. RESULTS AND DISCUSSION

Chlorophyll-a is the first water quality
parameter for which a fitted equation
was compiled. As input parameters
temperature, dissolved oxygen, power
of hydrogen, suspended solids and
electric conductivity were used. Table 1
lists the fitted models for the four
identified homogenous time periods.

OBaKBOM MNpuKasy rpynncak-e MepeHmnx
BpeaHoCTn 'y 6nM3nHKn CpadyHaTpux

BpeOHOCTM  yKkasyje Ha  TayHocT
mogena. [pyrm HauvMH  rpaduukor
npukasnBama pesyntarta je
ucupTaBame CTaH4apAu30BaHUX

ocTaTtaka utoBaHe jegHaunHe. LLTo cy
OBe BpegHoCTM OGnuke HOpMariHoj
pacnogenu, To je BepoBaTHWje da cy
oAcTynarka MepPeHUx BpeaHOCTU Of
cpayyHaTMx  CryyajHOr  KapakTtepa.
Tokom  cbopmynucawa  PUTOBaHUX
jegHauynHa je kopuwheH W jeaaH
JogaTHM  NpuHUMN  nOeHTMAUKOBaH
TOKOM  npehawwnx  UCTpaxmBaa.
Kopuwherem aHanuse rnaBHUX
KOMMOHEHTM je YCTAHOBIbLEHO [a
nocToju rpynucawe nogataka no
roguwnm goduma. OBo nogpasymesa
[a Cy YyCroBu Koju Briagajy y jesepy
CMMYHWM Y UCTOM Mecely PasnuyumTmx
rogvHa Hero TOKOM jefHe KaneHgapcke
rogvHe. [akne, wnaeHTUdrKoBaHM Cy
penaTyBHO  XOMOT€HW  BPEMEHCKM
nepuoaun, n 1o og JaHyapa go Maprta,
o Anpuna po JyHa, og Jyma po
Centembpa wn og Oktobpa po
Heuembpa. Ha ocHoBy oBOr casHawa
duToBaHe jegHadmHe cy bopmMmynmcaHe
3a cBaKy of, 0BUX nepuoga nocebHo.

3. PE3YJITATU U OUCKYCUJA

Xnopodwun-a je npBuM napametap
KBanuteta Bode 3a  Koju  je
dopmynucaHa ¢uUTOBaHa jegHaYuHa.
Kao ynasHu napametpu cy opabpanu
TemnepaTtypa, PacTBOPEHW KUCEOHWK,
pH, cycrneHgoBaHe — martepuje
enekTpuyHa npoeoarbuBocT. Tabena 1
cagpXu  jegHauMHe 3@ 4eTupu
naeHTUKoBaHa XoMoreHa BpeMeHcka
nepvoaa.

Tabena 1 — ®uToBaHe jegHaumHe 3a xnopodun-a
Table 1 — Fitted equations for chlorophyll-a

Period: Equation:

Jan-Mar | Chl —a = 201 + 262.7 - Temp — 0.2741 - Temp - Cond

Apr-Jun Chl—a=-371.8+50.39- D0+ 1.656-pH - S§ —1.317-D0O - SS

Jul-Sep Chl —a =950.6 —0.02515 - Temp - Cond — 0.8188 - Temp - SS + 0.02771
-Cond - SS

Oct-Dec | Chl—a =—-9974 + 1218 -pH +94.96-SS —11.1-pH - SS
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The numerical analysis of the fitted
equation’s quality is summarized in
Table 2. For periods Jan-Mar and Oct-
Dec the equations have a moderate
correlation with the actual values, while
for periods Apr-Jun and Jul-Sep there is
a high correlation. The highest p-value
for the fit is 0.0384, while the highest p-
value for the equation terms is 0.0571
(time period Oct-Dec). Since the criteria
for the p-value was to stay below 0.05
for the fit itself and below 0.1 for the
equation terms, it can be concluded
that the fitted models are statistically
significant in predicting the values of
chlorophyll-a.

Mpernepq, HyMepu4Ke aHanuse
uToBaHNX Moaena je gaTta y Tabenu
2. 3a nepuoge of JaHyapa go MapTta u
on Oktobpa go Oeuembpa, dutoBaHe
jeqHauynHe umajy ymepeHy kopenauujy
y OOHOCY Ha MepeHe BPEedHOCTW, OOK
3a nepuoge o Anpuna o JyHa u oa
Jyna po Centembpa kopenauuvja ce
MOX€ OLleHUTM Kao BUcoka. Hajsuwa p-
BpeOQHOCT 3a (huMTOBaHE jegHauvvHe je
0.0384, gok je makcumanHa p-BpegHoCT
3a nojeauHe unaHoBe jegHauyMHa
nsHocuna 0.0571 (nepuog op OkTobpa
no [Oeuembpa). lMowTto je kputepujym
3a p-BpenHocT 610 ga octaHe wcnof
0.05 3a chuToBaHe jegHaunHe, OQHOCO
ucnogq 0.1 3a nojeavHe 4naHoBe
jeoHa4YnHa, MoXe ce 3aKibyduTu ga cy
dopmMynMcaHn  MOZenu  CTaTUCTUYKK
3HavajHu npu npegsuhamy BpeaHOCTH
xnopodwuna-a.

Tabena 2 — AHanusa puToBaHMX jeaHa4mHa 3a xrnopodun-a
Table 2 — Analysis of fitted equations for chlorophyll-a

Period Jan-Mar | Apr-Jun | Jul-Sep | Oct-Dec
Radi 0.539 [ 0.825 | 0.881 | 0.595
p-value for the fit 0.0084 | 0.0033 | 0.0011 | 0.0384

Temp 0.0075

DO 0.0012

pH 0.0123
p-value for SS 0.0571
equation terms DO x SS 0.0093

pH x SS 0.0106 0.0501

Temp x SS 0.0017

Temp x Cond | 0.0133 0.0303

Cond x SS 0.0005

Figure 1 depicts the computed and
actual values of chlorophyll-a, while
Figure 2 presents the standardized
residuals for the fitted equation, both for
the four time intervals. It can be stated
that the actual values are relatively
close to the predicted ones (Fig. 1),
while the residuals follow the normal
distribution adequately (Fig. 2).

Cnvka 1 npegcrtaBrba cpadyHaTe U
MepeHe BpedHOCTU xropoduna-a, OOK
Cnvka 2 npukasyje cTaHgapamnsoBaHe
ocTtaTke (UTOBaHWX jedHadnHa 3a
CBakM o  vetmpwm BPEMEHCKNX
MHTepBana nocebHo. Moxe ce pehu ga
ce MepeHe BpeoHOCTVM npeaBwufeHor
napametpa Hanase y penatuBHOj
6nmanHmn cpayyHaTux BpeOHOCTH
(Cnuka 1), pok cTaHZapAwM30BaHu
ocTauy penaTtMBHO NPaBWUIHO npaTe
HOpMarHy pacrnogeny.
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Cnuka 1 — CpadyHaTe 1 cTBapHe BPELHOCTM 3a xropodun-a
Figure 1 — Computed and actual values for chlorophyll-a
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Cnvka 2 — CtaHgapam3oBaHm ocTtaum oMToBaHe jegHadvHe 3a xrnopodun-a
Figure 2 — Standardized residuals for the fitted equation for chlorophyll-a

Ammonium-nitrogen is the second
water quality parameter for which a
fitted equation was compiled. As input
parameters temperature, dissolved
oxygen, power of hydrogen, suspended
solids and electric conductivity were
used. Table 3 lists the fitted models for
the four identified time periods.

AMoHMWjauHM a3oT je Apyru napamertap
KBanuteta BOAe 3a KoM cy
dopmMynmcaHe GuUTOBaHe jegHaYMHe.
Kao ynasHu napametpu cy kopuwwheHn
TemnepaTtypa, PacTBOPEHW KUCEOHWK,
pH, cycrneHgoBaHe — martepuje
enekTpuyHa nposoarbuBocT. Tabena 3
cagpxu jeoHauyuHe 3a yeTmpu
naeHTUdrKoBaHa XOMoreHa BpeMeHcka
nepvoaa.

Tabena 3 — ®uToBaHe jegHauYvHe 3a aMOHUja4YHX a3oT
Table 3 — Fitted equations for ammonium nitrogen

Period: Equation:
Jan-Mar | NH, = —5.871 + 0.009458 - Cond — 0.0001508 - Temp - Cond
Apr-Jun NH, = —3929+67.61-pH — 0.7972 - Temp - pH — 8.925- DO + 0.009903
-DO - Cond + 0.3004 - Cond — 0.06024 - pH - Cond
+0.008192 - Temp - Cond
Jul-Sep NH, =85.87 —3.215 - Temp + 0.1687 - Temp - SS — 0.0005631 - Temp - Cond
—11.69 - pH + 0.01683 - Cond + 0.4377 - Temp - pH
Oct-Dec | NH, = 53.48 —0.1823 - Temp — 0.9377 - pH — 4.589- DO — 0.03385 - Cond
+0.003791-DO - Cond

The subsequent numerical analysis of
the fitted equation’s quality is
summarized in Table 4. For all time
periods a very high correlation was

Hymepuuka aHanusa dopmynucaHmx
jeoHauunHa je npukasaHa y Taberu 4.
3a cBe BpeMeHcke nepvoge
noeHTMdunKoBaHa je BeoMa BUCOKa
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detected between the predicted and the
actual values. The highest p-value for
the fit is 0.0685, while the highest p-
value for the equation terms is 0.0701
(time period Jul-Sep). Since the criteria
for the p-value was to stay below 0.05
for the fit itself and below 0.1 for the
equation terms, it can be concluded
that the fitted models are statistically
significant only to a certain degree in
predicting the values of ammonia-
nitrogen.

Kopenauuja wusmehy npeasuheHux wu
OCMOTPEHMX BPEedHOCTM aMOHMWjaqHor
asoTta. Hajsuwa  p-BpegHocT  3a
dutoBaHe jegHauvmHe umsHocu 0.0685,
OOK je  MakcumanHa  p-BpegHoCT
nojeguMHayYHMx 4naHoBa jedHauvMHa
0.0701 (BpemeHckM nepuod og Jyna go
Centemb6pa). lMowTo je KpuTepujym 3a
p-BpeaHocT 6uo ga octaHe mcnog 0.05
3a hutToBaHe jegHaumnHe, OAHOCO UCNos
0.1 3a nojeanHe 4naHoBe jeAgHaA4uWHa,
MOXe ce 3aKIby4unTU na cy
opMynMcaHn Mogenu  CTaTUCTUYKK
3Ha4ajHM camo OO HeKor cTeneHa npu
npeasuharwy BPEeOHOCTU aMOHWjaqyHOr
asoTa.

Tabena 4 — AHanunsa UTOBaHMX je4HaYMHa 3a aMOHMja4yHu a3oT

Table 4 — Analysis of fitted equations for ammonium nitrogen
Period \IJ\;Tgr- Apr-Jun | Jul-Sep | Oct-Dec
R’ 0.933 | 0.930 | 0.910 | 0.919
p-value for the fit <0.0001 | 0.0537 | 0.0685 | 0.0054

Temp 0.0463 | 0.0229
DO 0.0294 0.0179
pH 0.0428 | 0.0379 | 0.0653
SS 0.0282
p-value for Cond <0.0001 | 0.0517 | 0.0521 | 0.0371
equation terms | Temp x Cond | 0.0013 | 0.0401 | 0.0701
Temp x SS 0.0277
pH x Cond 0.0432
pH x Temp 0.0397 | 0.0392
DO x Cond 0.0292 0.0281
Figure 3 depicts the computed and Cnvka 3 npukasyje cpadvyHaTe w

actual values of ammonium-nitrogen,
while  Figure 4  presents the
standardized residuals for the fitted
equation, both for the four time
intervals. It can be stated that the actual
values are relatively close to the
predicted ones, while the residuals
follow the normal distribution
adequately. However, it should be
noted that the 95% confidence
boundary on Figures 3(b) and 3(c) is
quite vide. This indicates that the fitted
model can’'t predict the values of
ammonium-nitrogen with too much
certainty. This is in accordance with the
data in Table 4, since for these two time

MepeHe BpeaHOCTM aMOHMjaqyHor asoTa,
ook ce Ha Cnuum 4 Buge
CTaH4apau3oBaHW ocTaum (UTOBaHWUX
jeoHauyuHa 3a cBa yeTnpu
naeHTndunKkoBaHa BpEMEHCKa
MHTepBana nocebHo. Moxe ce pehu ga
ce MepeHe BpeoHOCTVM npenBwufeHor

napameTpa Hamnase Yy penaTuBHO]
OnNN3nHKU cpadyHaTmx BpPeOHOCTU
(Cnuka 3), pok cTaHZapawM3oBaHu

ocTauu penaTvBHO MpaBWUIHO Mpare
HopmanHy pacnogeny (Cnvka 4).
Mehytum, Takohe ce npumehyje ga je
nHTepBan noeepetba og 95% npunuyuHo
wupok Ha Cnukama 3(6) n 3(u). Oo
yKasyje Ha uumbeHuly pa dutoBaHe
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periods (Apr-Jun and Jul-Sep) the p- jeoqHaynMHe He Mory ga npeasuge

value of the fitted equations is 0.0537 BpeQHOCTU aMOHMWja4yHOr asoTa ca
and 0.0685, which is above the 0.05 Benvkom curypHowhy. OBo je y cknagy
criteria. ca Tabenom 4, nowTo je 3a oBa ABa

BpemMeHcka nHTepsana (oa Anpuna go
JyHa n og Jyma pgo CentembGpa) p-
BpeaHoCT duTOBaHUX  jegHaunHa
0.0537 wn 0.0685, wTo je wu3Hag
ycBojeHor kputepujyma og 0.05.
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Cnuka 3 — CpadyHate 1 cTBapHe BpeAHOCTM 3a aMOHMjaqHu a3oT
Figure 3 — Computed and actual values for ammonium nitrogen
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Cnvka 4 — CtaHgapam3oBaHm octaum UTOBaHe jeqHadYvHe 3a aMOHWjadyHu as3oT
Figure 4 — Standardized residuals for the fitted equation for ammonium nitrogen

It should be mentioned that although
the adjusted correlation coefficient
values for the fitted equation in case of
ammonium-nitrogen are higher than
those for chlorophyll-a, the models for
the latter are statistically more
significant. This can be clearly seen in
the p-values. For chlorophyll-a these
range from 0.0011 to 0.0384, while in
case of ammonimum-nitorgen these
values are between <0.0001 and
0.0685. Furtheremore, since the p-
values for models predicting
ammonium-nitrogen  for the time
periods Apr-Jun and Jul-Sep are higher

Takohe je HeonxogHO MNOMEHYTU Ja
Mako Cy KOpWrosaHe BpPEAHOCTM
koedmumjeHTa Kopenauuje 3a
puUTOBaHE jeqHauYMHE 3a aMOHWjayHu
a3oT Behe of OoHMX 3a xnopodwmna-a,
dopmynmcaHn mogenu 3a xropodun-a
Cy cTatucTnyku 3HadajHmjn. OBO ce
MOXe Buaen Yy p-BpegHoctuma. 3a
xnopodwmn-a oHe nsHoce og 0.0011 go
0.0384, pok ce y cnyyaly 3a
amoHujayHn a3oT kpehy y uHTepsany
oa <0.0001 po 0.0685. A nowTo cy p-
BPeAHOCTM 3a UTOBaHE jeaHaunHe 3a
npeasvhame BPegHOCTV aMOHWja4yHor
asoTa Yy BPEMEHCKOM nepuogy of
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than 0.05, they should be used with
caution.

4. CONCLUSIONS

The presented research investigated
the possibility of establishing fitted
models for predicting chlorophyll-a and
ammonium-nitrogen using only basic
water quality data, namely temperature,
dissolved oxygen, electric conductivity,
power of hydrogen and dissolved
solids. This was done using data from
the fourth sector of Lake Palic gathered
from 2011 to 2015. The fitted models
were compiled for four relatively
homogenous time periods using data
from every available year, namely Jan-
Mar, Apr-Jun, Jul-Sep and Oct-Dec. For
the prediction of chlorophyll-a a
statistically significant (p-value of the fit
<0.05) fitted model was established for
every homogenous time period. On the
other hand, for the prediction of
ammonium-nitrogen statistically
significant models (p-value of the fit
<0.05) were established for time
periods Jan-Mar and Oct-Dec, while for
periods Apr-Jun and Jul-Sep the p-
values of the fit were 0.0537 and
0.0685. Therefore the fitted models for
predicting ammonium-nitrogen for Apr-
Jun and Jul-Sep should be used with
extreme caution.

The presented research proved the
feasibility of the concept that water
quality parameters that are more
difficult to measure (such are
chlorophyll-a and amonimum-nitrogen)
can be predicted with a reasonable
accuracy with fitted models using only
relatively simple (and easy to measure)
parameters.

Anpuna po JyHa u og Jyna pdo
Centembpa Behe og 0.05, oHe ce mory
KOPUCTUTU CaMo Y3 BENUKY pPe3EpBY.

4. 3AKIbYYAK

[MpukasaHo uMcTpaxusarwe aHanusupa
MoryhHOCT opmMmynucarwa UTOBaHUX
jeoHauyunHa 3a npeasuhake BPeaHCOTU
xnopocuna-a u amoHujayHor asota

kopuctehu OCHOBHE napameTpe
KBanuTeta BoAe (Temnepartypa,
pacTBOpeEHN KNCEOHMUK, eneKkTpnyHa

npoBoArLMBOCT, pH u cycneHgoBaHe
maTepuje). OBo je ypaheHo 3a nogaTke
13 4YeTBpTOr cekTopa jesepa Manuh kojn
cy cakyrubawm opg 2011 pgo 2015
roguHe. @duToBaHe jegHauyuHe cy
ogpefleHe 3a 4eTupu penaTvBHO
XOMOreHa BpeMeHcka nepwvoga, Tj. of
JaHyapa pgo Mapta, og Anpuna fgo
JyHa, og Jyma po Centembpa u og
Oktobpa po [euembpa. Y cnydajy
xnopoduna-a dopmynucaHm cy
CTaTUCTUYKN  3Ha4ajHn  (p-BpegHoCT
jegHaunHe <0.05) mopgenun 3a cBaku
XOMOreHn BpemeHckn nepuog. Ca
gpyre cTpaHe, y Cryvajy amoHujayHor
asota cy (QOpPMyNMCaHW CTaTUCTUYKK
3HayajHn  (p-BPEOHOCT  jedHaudvHe
<0.05) mogmenun camo 3a nepvoge oOf
JaHyapa po Mapta n og Oktobpa go
Oeuembpa, [ok cy p-BpegHocTM 3a
nepuoa og Anpuna go JyHa u og Jyna
oo Centembpa wusHocMnM  pegom
0.0537 n 0.0685. [akne, cdwuTtoBaHe
jeoHauunHe 3a npeasufjakbe BPeLHOCTU
aMOHVja4yHOr a3oTa 3a BpEMEHCKe
nepuoge oa Anpuna go JyHa u og Jyna
pno Centembpa ce MOry KOpuUCTUTU
CcaMo y3 BEMNVKM Onpes.

CnpoBegeHo UCTpaxuBare je
nokasano pa je moryhe npeasuaetu
napameTpe KeBanuteta BoAEe KOju cy
TEeXn 3a Mepewe (Kao WTO Cy
xnopocdun-a M amoHMja4yHM  as3oT)
kopuctehnm camo penaTuBHO
jedHocTaBHe napameTpe  Koju ¢y
[aneko nakwy 3a Mepeme.
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