WATER QUALITY ANALYSIS OF LAKE PALIC USING PCA
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Summary: The principal component
analysis (PCA) is a well established
methodology used in all research fields
to provide a more intelligent
understanding of the investigated data.
Accordingly, this paper introduces the
application of this methodology for the
evaluation of the water quality of Lake
Palic. As a result of the selected
approach we were able to draw
meticulous conclusions and direct the
impending research in a more rational
direction.
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1. INTRODUCTION

Standard data assessment relies on the
investigation of a large number of data,
finding various correlations among
them, characteristic behaviors, possible
clustering and similar tendencies. One
of the standard methods often utilized
for the reduction of the analyzed
sample size is the principal component
analysis (PCA), [1,2,3,4,5,6]. In addition
to the reduction of the dimensionality,
PCA allows enhanced interpretation of
the water quality data by helping the
identification of spatial and/or temporal
trends within the evaluated water
quality measurements. Consequently it
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Pesnme: AHanmsa rmaBHUX
KOMIMOHEHTHU (ArK) je onwre
npuxsaheHa MeTogororvja y npouecy
nucTpaxusawa Koja ob6esbehyje Gorbe
pa3ymeBak€e aHanuavpaHux nogaraka.
36or TOra ce OBO WCTpaxXMBahe
dokycupa NpMMEHOM OBe MeTode Ha
OLeHy KBanuTeTa Boae jesepa [lanuh.
MpumeHa oBe meToge Ham je
omoryhuna noysgaHe u cseobyxsaTHe
3aKrbyuKe, Ka0 1 paumoHanHo
ycMepaBaHe Jarber UCTpaxmBarsa.

KrbyuyHe peum: kBanuTeT Boae jesepa,
napameTpu Keanuteta BoAe, aHanusa
rMaBHUX KOMMOHEHTU.

1. yBOA

CraHpgapaHe npoueaype uctpaxvBama
Mepera Ce 4YecTo 3acHuMBajy Ha
aHanm3n Benukor 6poja nopataka,

nokyLuajy naeHTndukaumje
NoTEHLMjanHNX Kopenauuja,
KapakTePUCTUYHMX rnokasarterba,

€BEHTyasrHNX rpynucara nogaTaka M
CNMUYHUX TeHAEeHUMja. JegHa of MeToda
Koja ce YecTo KOpMCTM Kao CpedcTBo 3a

peaykumjy OVMIMEH3NOHANHOCTU
nocmaTtpaHor npobrnema je aHanusa
rnaBHNX KOMMoHeHaTa (ArK),
[1,2,3,4,5,6]. [llopeg npumeHe 3a
peaykumjy OVMMEH3NOHANHOCTU
nocmatpaHe  npobnemaTvke,  OBa
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helps to improve the overall
interpretation of  the gathered
information [5]. This method is well
established and used by researchers in
various fields for the described reasons.
This work presents the general steps
for employing the PCA focusing on the
analysis of water quality data. After
utilizing the PCA, we describe the
means to draw conclusions from the
results. The application of the PCA is
demonstrated on measured water
quality data gathered from Lake Palic's
fourth sector for the time interval from
2011 to 2015.

2. MATERIALS AND METHODS

The application of the PCA s
investigated on the example of Lake
Palic’s 4" sector. Lake Palic is located
in Serbia, roughly 8™ kilometers from
the City of Subotica. The average depth
of the fourth sector is about 1.8 meters
with sections that measure even 3.4
meters. This sector of the lake receives
its water supply mainly though the
inflow from the third sector, point 1 on
Fig. 1. Although there are other sources
such as precipitation, surface runoff
and groundwater. The water exists the
lake through two submerged pipes
connecting it to Lake Omladinsko,
marked with 2 on Fig. 1.

The employed measurements are
conducted monthly, although there are
numerous situations when for various
reasons the measuring of all or some of
the water quality parameters was
omitted. Considering the fact that the
evaluation is based on the analysis of
five years of data, it is reasonable to
expect the extraction of good quality
conclusions and results.

The sampling location of the fourth
sector, where all of the samples were
gathered and further analyzed is
located at the outflow from the sector,
marked 2 on Fig. 1. The analyzed
parameters include pH value, total
phosphorus (TP), dissolved oxygen

meTtoaa omoryhasa n 6orbe
pasymeBar-e nopgaraka nytem
naeHTudukaumje  noteHuuwjana  3a

NMPOCTOPHO WM BPEMEHCKO rpynucahe
uctux. Kao pesyntatr TOora ce
06e3befyje  Gorba  cBeobyxBaTHa
WHTepnpeTaumja nogaTtaka. 3ato ce
oBa MeToga W MNpuUMeEHyje 4YecTo Yy
pasHuUm obnactuma NCTpaxmeaka Kao
noctynak nybroer cxBaTaka
pacnonoxmemx MHopmauuja.

OBaj pag npeacTtaBrba OCHOBHE Kopake
npumeHe Al'K y3 Harnacak Ha npumeHy
ucte MeTode Ha aHanusy napamerapa
KBanuTeTa Boge. HakoH cnposegeHor
nocTyrnka oapehuBarba ranBHUX
KOMMOHEHTN ce Mpenasu Ha MnocTynak
aHanuse ” TymMayewa pesynTata.
Mpumena AlK je npukasaHa Ha
npumMmepy nogartaka npUKYNibeHux Yy
4YETBPTOM CeKTopy jesepa lManuh Tokom
nepvoga og 2011 go 2015. roguHe .

2. MATEPWJAJIU UMETOAE

Mpumena AlFK ce pasmatpa Ha
npuMepy 4eTBpTOr CekTopa jesepa
Manuh. Jesepo lManuh ce Hanasu y
Cpbujy Ha oko 8km opg rpaga
Cyb6otuue. MNMpoceyHa aybvHa jesepa je
1.8m, ca penoBuMMa Koju OOCTUXKY W
oyouHy op  3.4m. YerBpTu CceKTop
jesepa ce BogomM cHabaeBa yrnaBHOM
npeko Tpeher cektopa, Tayka 1 Ha
cnvum 1, maga vma u Opyrux vM3sopa
npuxpamuBarwa jesepa Kao LWWTO Cy
NoA3eMHU OOTWLAj, MOBPLUMHCKN OTULLaj
w nagaBvHe. Bopa jesepo HanywTta
npeko OBe MOABOAHE LIEBU, O3HAYEHe
6pojem 2 Ha crnvum 1., Kojuma ce ynvBea
y OHnaguHcKo jesepo.

MpumerweHn nogaun npegcTasrbajy
MeceyHa Mepeh-a napameTapa
KBanuMTeTa, Maga umMa gocTta npumepa
Kafa je u3 pasHux pasnora OO A0
M30CTaHKa Mepera HEKMX WIN CBUX
napameTtapa KBanuteta. YNpKoc ToMe
Ce OYeKyjy noy3gaHnm u pasymHu
pesyntatu aHanu3a jep ce pagu O
UCMNTUBAKY NofdaTtaka Koju Cy MepeHU
TOKOM MET roauHa.
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(DO), nitrate  nitrogen  (NO3-N),
Chlorophyll-a (Chl-a), total Kjeldahl
nitrogen (TNK), electrical conductivity
(EC), water temperature (T), chemical
oxygen demand (COD), five day
biological oxygen demand (BODs),
ammonium nitrogen (NH4-N),
suspended matter (SM) and
orthophosphate (PO43').

Jlokaumja ysopkoBata ogakrne ce CBU
y30puUM NpuUKynibajy M Hoce Ha farba
nabopatopujcka ncnuTnBama je
o3HayeHa Ha cnuvum 1 ca 6pojem 2.

4th sector of Lake Palic

Cnwuka 1 — Mana aHanusvpaHe nokauuje
Figure 1 — Map of the analyzed location

Tabena 1 — AHanusa nogataka — cpeata BpeaAHOCT, MakCuMyM, MeamnaHa, 1 MUHUMarHe
BPeOHOCTU 1 CTaHAapaHa Aesvjauvja
Table 1 — Data analysis — mean, maximum, minimum, median value and the standard

deviation

Variable Mean SD Minimum Median Maximum
T 14.430 8.510 1.300 12.750 29.000
pH 8.997 0.397 8.270 9.065 9.930
DO 10.598 3.459 2.340 10.690 16.550
BOD; 39.220 19.770 5.000 36.000 89.000
CcoD 110.900 47.660 44.000 98.500 280.500
TP 0.219 0.183 0.047 0.154 0.700
NO;-N 0.297 0.381 0.010 0.175 2.270
Chl-a 407.150 266.270 52.000 355.000 1016.000
TNK 13.824 5.937 0.271 12.995 30.740
NH;-N 1.564 0.895 0.384 1.363 3.801
PO,” 0.035 0.018 0.003 0.031 0.095
EC 937.800 103.000 754.000 911.500 1171.000
SM 32.938 24.724 4.000 27.350 100.000
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The computations were carried out by
the Analyse-it software. The computed
values of mean, standard deviation
(SD), minimum, median and maximum
values of the analyzed data are given in
Tab. 1.

The minimal value of temperature was
detected in January 2013 with the value
of 1.3°C. The smallest pH value was
noticed in December of 2012 and
measured 8.27. The minimum value of
DO was 2.34 mg/L that occurred in
August of 2011. BODs with the smallest
value of 5 mg/L was detected in June
2012, while the lowest value of COD
was 44 mg/L noticed in November
2013. May 2013 had the lowest values
of a couple 3parameters, TNK=0.271
mgl/L, PO4~=0.003 mg/L and
EC=754uS/cm, and April of the same
year shows the lowest value of NH4-N.
The lowest concentration of SM was
detected January 2014 and was only 4
mg/L, and for TP it was 0.047 mg/L in
February of the same year. Nitrate
nitrogen was 0.01 mg/L at its lowes
value monitored in August of 2013,
while the smallest value of Chl-a was
52mg/m3 registered in January 2012.
The described distribution of variables
indicates there isn't any strong
clustering of any characteristic in time.
A similar situation is noticed when
inspecting the highest values, there is
no noticeable tendency of the data to
have increased values in any particular
year or month.

Figures 2 and 3 display a table that
includes the examination for every pair
combination of the considered quality
parameters. The analyzed pair is given
in the first column, the second column
shows the Pearson’s correlation
coefficient. The value of the Pearson’s
coefficient ranges from -1 for absolute
negative correlation, to +1 for a full
positive  correlation, whereas a
correlation coefficient of 0 indicates the
considered parameters aren’t
correlated. The next column displays
the interval of the Pearson’s coefficient
for which there is a probability of 95%

AHanuavpaHn napametpu obyxsaTajy
pH BpegHocT, ykynaH coccop (TP),
pacTtBopeH kuceoHuk (DO), HWUTpaTHU
a3otr (NOs-N), xnopodwun a (Chl-a),
ykynaH a3oT no Kjenganxy (TNK),

enektpnyHy  nposogreusoct  (EC),
Temnepatypy Boge (T), Xemujcky
NOTPOLLKY KMCEOHWKa (COD),
netogHeBHy  OMONOLWIKY  NOTPOLUHY

knceoHmka (BODs), amoHujayHu asoT
(NH4-N), cycnengosaHe matepuje (SM)
v opTochocdate (PO4>).

MpopauyHu cy cnpoBedeHW NpUMEHOM
codptBepckor naketa Analyse-it, a
pesynrtatu npopadyHa YKIby4yjy
cpeary BPEAHOCT, cTaHgapaHy
Oesvjaunjy, MUHUManHe 1 MakcumarnHe
BPEOHOCTU 1 MeaujaHy, a npmkasaHe cy
y Tab. 1.

MwuHnmanHa BpegHOCT Temnepatype je
youeHa Yy jaHyapy 2013. rogwHe, a
umsHocuna je 1.3°L, Hajwawa pH
BPeOHOCT je u3mepeHa Yy p[euemobpy
2012 roguHe n buna je 8.27. HajHuka
BpegHocT 3a DO je 234 wmr/n a
npumeheHa je y asrycty 2011.roa.
Hajhwka BpegHocT 3a BODs je
peructpmBaHa y jyHy 2012.roa. a 6una
je 5wmr/n, ok je 3a COD Ta BpegHoCT
44mr/n n3mepeHa y HoBembpy 2013.
rog. 3a TNK, POs2 n EC cy youeHe
HajHWwke BpegHocTn y majy 2013.roa.,
nok je 3a NH4-N HajHwke Mepewe
peructpoBaHo y anpuny. Y jaHyapy
2014 cy namepeHe HajHWKe BpegHOCTU
SM, a ucte roguHe y debpyapy je
u3MepeHa HajHwxa BpefgHocT 3a TP. Y
aBsrycty 2013 je wn3mMepeHa Hajmama
BPELQHOCTU HUTPATHOr a3oTa, a 3a Chl-a
je Hajmarba BPeLHOCT yoyeHa y jaHyapy
2012. rog. PervctpoBaHu pesyntatu
yKasyjy Ha TO Aa Hema HeKOr yourbyBor
rpynucarsa.

Cnwuke 2. n 3. npukasyjy Tabeny y Kojoj
ce pasmaTtpa cBaka KombuHauuja
napamertapa ksamuteta. lNpBa kornoHa
npukasyje pasmatpaHm nap
napamertapa, [pyra KofioHa cagpxu
BpegHocTu lNMnpcoHoBor koeduumjeHTa
Kopenauuje 3a pasmaTtpHy
KOMOMWHauujy, koja uma BpegHocT oA -1
y  cnyyajy  MoTnyHe — HeraTuMBHe
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that it includes the actual Pearson’s
coefficient. The following column gives
a graphical representation of the
interval with the 95% cernatncy. For
example, the interval for the first two
parameters T and pH is from 0.483 to
0.836. This is a positive correlation
hence the graphical representation is
drawn on the positive side from the
zero. The second combination of
parameters are the T and DO for which
we determined a negative correlation in

the interval from -0.751 to -0.284.

Kopenauuvje, +1 y cny4ajy notnyHe
no3nTuBHe kopenauuje nnnm 0 yKOnMko
Hema kopenauuje. Cneneha kornoHa
naje WHTepBan MupcoHoBor
KoeduumnjeHTa 3a  KOju  MOCTOjU
BepoBaTHoha of 95% pfa ce cTBapHa
BpPeOHOCT Hanasu y kemy. HapegHa

KonoHa  fdaje  rpaduuky  npukas
uHTepBana ca 95% BepoBaTHOhOM
nojase. Ha npumep, wHTepsan

Kopenauuje napametapa T u pH je og
0.483 po 0.836 3a koju ce oamax
npumehyje Oa ykasyje Ha NO3UTUBHY
Kopenaumjy LITO 3Ha4n aa je rpaduykm
npvkas oOBe Kopenauuje HaupTaH ca
NO3UTMBHE CTpaHe y OOHOCY Ha Hyry.

Pair | Pearson's r 95% CI p-value
T, pH 0.700 0433 |to 0.836 <0.00011!
T, 00O -0.561 -0.751|to -0.284 0.00041!
T, BODS 0.229 -0.107 |to 0519 0.1782°
T, COD 0.131 -0.206|to 0.441 0.4464°
T,TP 0.113 -0.224|to0 0426 05126°
T, NO3 -0.343 -0.603 |t -0.016 0.0406!
T, Chl-a 0.290 -0.042|to 0.565 0.0858°
T, TNE -0.105 -0.419|t0 0.232 05426°
T, NH4 -0.573 -0.759|to -0.301 0.00031
T, PO4 -0.095 -0.410|t0 0.241 0.5827°
T, EC -0.133 -0.442 |to 0.204 0.4389°
T,5M 0.205 -0.132|to 0.500 0.2294°
pH, DO -0.255 -0.538|to 0.081 0.1338°
pH, BODS 0.059 -0.275|to 0.330 0.7324°
pH, COD 0.069 -0.265|to 0389 0.6872°
pH, TP 0.079 -0.256|to 0.397 0.6464°
pH, NO3 -0.415 -0.654|to -0.100 0.0119!
pH, Chl-a 0.265 -0.069|to 0.546 01176°
pH, TNK -0.235 -0.523|t0 0.102 0.1684°
pH, NH4 -0.680 -0.824(to -0.452 <0.0001!
pH, PO4 0.039 -0.295|to 0.363 0.8203°
pH, EC -0.123 -0.434|t0 0214 0.4747°
pH, 5M 0.419 0.105|to 0.657 0.0110!
o0, BODS -0.274 -0.555|to 0.055 01052 ¢
oo, COD -0.176 -0.477 |to 0.162 0.3037°
Do, TP -0.179 -0.479|to 0.159 0.2973°
OO, NO3 0.128 -0.209|to 0.438 0.4557 ¢
00, Chl-a -0.303 -0.575|to 0.028 0.0722°
DO, TNE -0.286 -0.561 |to 0.047 0.0912°
00, NHE 0.094 -0.242 |to 0410 0.5860°
oo, PO4 -0.177 -0.478|to 0.161 0.3026°
D0, EC -0.207 -0.502 [to 0.130 0.2254°

Cnuka 2 — AHannsa koedvumjeHaTa kopenauuje

Figure 2 — Correlation coefficient analysis
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Pair | Pearson's r 95% Cl p-value
DO, EC -0.207 -0.502 |to 0.130 0.2254°
oo, 5M -0.132 -0.441 |to 0.206 0.4445%
BODS, COD 0.440 0.131 to 0.672 0.00721
BODS, TP 0.157 -0.180|to 0.462 0.3593 ¢
BODS, NO3 -0.182 -0.482 |to 0.156 0.2886°
BODS, Chl-a 0.452 0.195 [to 0.706 0.00231
BODS, TNK 0.296 -0.035|to 0.570 0.0791°
BODS, NH4 -0.079 -0.397 |to 0.257 0.5486°
BODS, PO4 0.229 -0.107 |to 0.519 0.1788°
BODS, EC 0.170 -0.168 |to 0.472 0.3211°
BODS, 5M 0.152 -0.186|to 0.457 0.3774°
CoD, TR 0.092 -0.244 |to 0.408 0.5927°
COD, NO3 -0.006 -0.334|toc 0.323 0.9730°
coD, chl-a 0.649 0.407 [to 0.805 <0.0001 ¢
COD, THNE 0512 0.221|to 0.720 0.00141
COD, NH4 -0.070 -0.390(to 0.264 0.6834°
COD, PO4 0.103 -0.233 |to 0.418 0.5481°
COoD, EC 0.469 0.166|to 0.691 0.0039 1
coD, sMm 0.224 -0.113|t0 0.515 0.1891°¢
TP, NO3 -0.161 -0.465|to 0.177 0.3495°
TP, Chl-a 0.165 -0.173 |to 0.468 0.3361°
TP, TNK 0.033 -0.299(to 0.358 0.8472 ¢
TP, NH4 -0.003 -0.331|to0 0.326 0.9875°
TP, PO4 0.249 -0.087 |to 0.534 0.1433°
TP, EC 0.332 0.004 [to 0.596 0.0477 1
TP, SM 0.138 -0.200|to 0.446 0.4237 ¢
NO3, Chl-a -0.128 -0.438 |to 0.209 0.4553°
NO3, TNE -0.059 -0.380|to 0.275 0.7317°
NO3, NH4 0.362 0.038 [to 0.617 0.0300*
NO3, PO4 0.123 -0.214|t0 0.434 0.4730°¢
NO3, EC 0.142 -0.196|to 0.449 0.4099°
NO3, 5M -0.289 -0.564 |to 0.044 0.0879°
Chl-a, TNK 0.344 0.017|to 0.604 0.0401 1
Chl-a, NH4 -0.281 -0.558 |to 0.052 0.0967 ¢
Chl-a, PO4 0.207 -0.131 |to 0.501 0.2268°
Chl-a, EC 0.358 0.033 [to 0.614 0.03211
chl-a, SM 0.335 0.008|to 0.598 0.0456 ¢
THE, NH4 0.341 0.014 |to 0.602 0.0416 1
THNE, PO4 0.055 -0.279|to 0.377 0.7501°
THE, EC 0.317 -0.012 |to 0.585 0.0592 ¢
THE, 5M 0.028 -0.304 |to 0.353 0.8722°¢
NH4, PO4 0.010 -0.320|to 0.337 0.9553°
NH4, EC 0.487 0.188 [to 0.703 0.00261
NH&E, SM -0.041 -0.364|to 0.292 0.8134°
PO4, EC 0.304 -0.027 |to 0.575 0.0714°
PO4, 5M 0.024 -0.307 |to 0.350 0.8909 °
EC, 5M 0.252 -0.083 |to 0.536 0.1381°

Cnuka 3 — AHanmsa koedvumjeHaTa kopenauuje
Figure 3 — Correlation coefficient analysis
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Consequently, the graphical
representation shows the line on the left
(negative) side of the zero value in the
caption. The third considered pair is
made from T and BODs for which the
interval with the 95% probability
reaches from -0.107 to 0.519. This
interval has both positive and negative
parts hence the graphical
representation also stretches on both
sides of the zero. Another important
thing to notice regarding this case is
that it includes the possibility the
correlation of these parameters is zero
meaning they are not correlated.

The last column displays the values of
p for the zero hypothesis which states
the correlation coefficient of the
bivariate population equals zero. The
certainty level for the hypothesis is 5%,
meaning that for all p values above that
the hypothesis shouldn’t be rejected,
while for combinations where p is less
than 5%, the hypothesis should be
rejected in favor of the alternative
hypothesis that the  correlation
coefficient is not equal to zero.
Essentially, the last column indicates
for which of these parameter
combination is it safe to state they
have some correlation.

3. PRINCIPAL COMPONENT
ANALYSIS

The numerical values of the results of
the implemented PCA are given in Tab.
2. The first column names the principal
component that is considered. The
second column shows the variance for
the considered component, the third
column includes the proportion of the
component or the part of the variance
contained  within the considered
principal component. The final column
shows the cumulative proportion of
each component or the proportion of
variance the considered component
includes with all of the previous
components.

Figure 4 presents the graphical

HapegHa kombGuHauuja napameTtapa cy
T n DO 3a koju je nageHTudunkoBaHa
HeraTMBHa Kopernauwuja y nHTepsany of
-0.751 o -0.284, Tako aa je rpadmyku
npvkas Kopenauuje HaupTaH Ha
HeraTMBHY CTpaHy y OAHOCY Ha Hyny.
Tpeha kombGuHauuwja obyxeata T un
BODs rge ce wuHTepBan on 95%
BepoBaTHohe nojase CTBapHe
BpeOHOCTN KoeduumjeHTa kopenauuje
npotexe o -0.107 po 0.519.
lMpumehyje ce pa oBaj wHTepsan
obyxBata W MNO3UTMBHE W HeraTuBHE
BpeaHOCTN koeduumjeHTa kopenauuje,
360r yera ce 1 kog rpadmukor npukasa
yoyaBa HEroBo npoTtesawe ca o06e
cTpaHe y ogHocy Ha Hyny. Nopepn Tora
Tpeba HanoOMeHyTM [f[a Kog OBMX
cnydajeBa aHanu3a ykasyje Ha TO fAa
nocToju BepoBaTHoha aa je kopenauuja
[Ba rnocmaTtpaHa napameTpa Hyna,
Jakrne Aa H1Cy kopeanucaHu.
lMocnegwa  komoHa  npukasyje p
BPEOHOCTU 3a HYNTY XMNoTe3y KOjOM ce
TBpAM A je kopernauuja nocmaTpaHux
napoea napametapa Hyna. [lpar
CUFYpHOCTM  3a  MNpoBepy  HynTe
xvnotese je 5%, ogHOCHO cBe
BpeAHoCT p koje npenase 5% ykasyjy
Ha TO Ja HynTy xunotesy He Tpeba
onbGauuTn, JOK y cryyajeBnma Kaga je p
UCMOA OBE BPEAHOCTU HYNTY XUMOTe3y
Tpeba opbauutm 'y ogHocy Ha
anTepHaTUBHY xvnotesy aa
KoedmumjeHT Kopernauuje pator napa
HWje Hymna. [eHepanHO ce mpeko
BPEOHOCTU AaTUX Y NMOCreaH0j KONOHM
MOXe BMAETM 3a Koje KombuHaumje
napameTapa je 6e3benHo
NpeTnocTaBuTh nocTojawe Heke
Kopenauuije.

3. AHAJIU3A MABHUX
KOMMNOHEHATA

Bpojuane BpedHOCTH pesyntaTta
aHanu3e rmaBHUX KOMMOHEHTU cy faTte
y Tab. 2. roe ce y NpBOj KOMOHW Hanasu
pasMaTpaHa [faBHa  KOMIMOHEHTA,
Opyra KOmnoHa cagpxu BapujaHce
KOMMOHEHTK, Tpeha KoroHa nokasyje
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representation of the proportion of
variance called the scree plot. By
evaluating either, Fig. 4 or the values
given in Tab. 2 it becomes obvious that
the most significant variance is
contained  within the first two
components, suggesting these two
should be included in further analysis,
while the remaining ones could be
disregarded. Still, considering that they
encompass 47.9% of the total variance,
it would be justified to include additional
components in further examination. For
example, by including three additional
components, one would account 74%
of the total variance.

Figure 5 shows the monoplot that
explains which of the investigated
quality parameters have the most
influence on the first two principal
components. It should be pointed out
that the arrows that are approaching
the circle line are contributing more to
the components, e.g. T and pH, while
shorter arrows such as PO4 and TP
indicate lesser contribution of the
parameters. Another important element
of the monoplot is the angle between
two arrows. A smaller angle suggests a
more pronounced positive correlation
between two parameters.

yOeo BapujaHce y AaToj KOMMOHEHTH,
JOK nocriefka KOMoHa  npukasyje

KyMyraTUBHY BpefHoCT yaena
BapwjaHcy CBUX JoTafallksux
KOMMOHEHTH.

Cnvka 4. paje rpadundku npukas yaena
BapuvjaHce y KOMMoHeHTama. AHanM3omM
nogataka Ha Cn. 4 un Tab. 2. je jacHo
0a je Hajgehu ygeo BapujaHcu, 47.9%
cagpxaH Yy npBe [ABe KOMMOHEHTE,
ykasyjyhu ga 6u y HactaBak aHanuse
Tpebano YKIbYUnNTH oBe ase
KOMMOHEHTe, JOK 61 ce ocTane morne
3aHemapuTn. C 0631Mpom Ha cam yaeo
BapujaHce je Takohe onpasgaHo U
y3mmawe AoaaTtHUX KOMMOHEHTU Yy
pjareMMm  aHanu3ama. Ha npuwmep,
YKIbydnBawem TP aogaTtHe
KOMMOHEHTE Yy Qfarby aHanusy ce y
063np y3nma 74% BapujaHce.

Cnvka 5. npukasyje MOHOMMOT Koju
CNyXun fJa ce T[pukaxe Koju of
pa3MaTpaHuMx napaMmeTapa KsanuteTta
BoAe umajy Hajsehu yTuuaj Ha npee
[OBe rnaBHe KOMMOHeHTe. Hanomume
ce Oa Jyxe crTpenuvue ykasyjy Ha Behe
yyewhe napameTpa y KOMMOHeHTama,
HNp. T n pH, gok kpahe cTpenuue
3Haye Ja Aatv napamertap Mma makbe
yyewhe, Hp. PO4 n TP.

Tabena 2 — (MaBHe KOMMOHEHTE
Table 2 — Principal components

Cumulative

Component Variance Proportion | proportion
1 3.453 0.266 0.266
2 2.771 0.213 0.479
3 1.275 0.098 0.577
4 1.111 0.085 0.662
5 1.017 0.078 0.740
6 0.892 0.069 0.809
7 0.700 0.054 0.863
8 0.585 0.045 0.908
9 0.399 0.031 0.939
10 0.330 0.025 0.964
11 0.240 0.018 0.983
12 0.155 0.012 0.994
13 0.073 0.006 1.000
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A strong correlation is noticed between
T and pH. A strong negative correlation
is presented with angles approaching
180 degrees, such as detected
between T and NO3 while the absence
of correlation is depicted with angles
nearing 90 degrees, e.g. COD and pH.

Figure 6 presents a biplot which is used
to identify possible clustering of the
data. The biplot was set to show the
axes only for the quality parameters
whose variation is contained within the
two main principal components more
than 50%. These include pH, T, COD,
EC, NH4 and Chl-a. The points on the
drawing are the measured values of

Opyra 3HayajHa KapakTepucTtuka
MOHONMIIOTa Cy YrI0BM KOje nocmaTtpaHe
cTpenuvue 3aknanajy jeaHa ca Apyrom.
Matsn yrao cyrepviie Behy nos3mTuBHY
Kopenauuvjy napametapa, AOK yrao OKO
180°LL cyrepuwie Benuky HeraTuBHy
kopenauujy. OgcycTBo Kopenauuje ce
npeacTasrba NPUBAMKHO
OpTOroHanHMm cTpenuuama.

Cnvka 6. npukasyje OvnnoTt koju ce

KOpUcTn paaum naeHTndukauuje
noTeHLumjanHor rpynucama
napametapa Ha OCHOBY  pa3HuX
KapakTpepuctuka. Cnuka npukasyje

caMO OcCe 3a napameTpe KBanuteTa
KOje npee naBe TrJf1aBHE KOMMNOHEHTe
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these parameters which can be
determined by drawing an orthogonal
line towards the axes of the considered
parameter and reading the value it
shows. The different symbols and
colors indicate different months through
years. By carefully analyzing the
drawing one can recognize a tendency
of the data to group in similar months
over the years. For example, we can
notice the grouping of the March data
(red circles) in one segment and the
clustering of the August data (pink
triangles) in the other. This indicates
there is a similarity of the data acquired
in the same months through the years.

4. CONCLUSIONS

This work focused on the
implementation of the PCA for the
analysis of the fourth sector of Lake
Palic. Relying on the utilized method we
were able to attain a better
understanding of the relationships
between  various  water  quality
parameters that would under normal
circumstances be hard or even
impossible to identify.

One important outcome of the
conducted analysis was the
identification of the clustering
tendencies of the measurements in the
same (similar) months through the
years, rather than the grouping of
annual values. This type of conclusion
is important since it can enhance
further data evaluation. In cases of an
upcoming multivariate analysis that
would include multivariate regression,
such insight can significantly improve
the quality of the developed
correlations.
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onucyjy ca npeko 50%, a oOyxBaTajy
pH, T, COD, EC, NH4 1 Chl-a. Tauke Ha

cnmum npeacTasrbajy mMepeHe
BpeOHOCTM  OBMX MapaMeTapa a
BpedHOCTM ce Mory  ouuTtaTu

noBrnayYeH-em ynpaBHe NM1HWje 04 Tauke
[o oce pgator napametpa. Pasnuuutu
cumbonu n 6oje nokasyjy Mepera Koja
ce ogHoce 3a pasnuunte Meceue.
AHanmsom OBMX  pesynrata ce
npumehyje  TeHgeHuuwja  rpynucana
nogataka Be3aHMX 3a uCTe Meceue
TOKOM rogamHa. Ha npumep, npumehyje
ce rpynucare LpBEHUX Kpyroea Koju ce
ogHoce Ha nopaTke 3a mecel MapT 3a
BuLwe rogmHa. CnnyHo ce npumehyje n
3a nogatke w3 aeBrycrta Koju cy
O3HayeHW posa  TpoyrnoBMma WU
rpynucanu cy Ha apyroj nokaumju. Ca
OBMME Ce p[onasu [[o  3HavajHe
uHdopMauuje BesaHe 3a Mepera Koja
Cy CNuYHMWja N0 UCTUM MeceLMmMa TOKOM
rogvHa Hero TOKOM jeHe roguvHe.

4. 3ABPLUHA PASMATPAHA

LUns papa je aHanu3a npumeHe
metone AlK Ha npumepy 4erBpTtor
cektopa jesepa Manuh. MpumeHom oBe
meToae je omoryheHo boree
pasymeBare TeHAeHUMje rpynucana
rnopgataka koje MOXe fa ce MnpuMeHu
MNPUVKOM  AarbuMX  UCTpaxuBama.
JegaH of 3HavajHMX 3akibydaka je
naeHTndnkaumja CEe30HCKe
KapakTepucTuke napametapa
KBanuTeTa LITO Ce MOXe MPUMEHUTU
NPWIMKOM MynTuBapwjabunHe
aHanuse. Kog cnposofera nocTynka
MynTuBapwvjabunHe  perpecuje  ce
nokasano pfa oBakBe WHdoOpMauuje
3Ha4ajHo AonpuHoce KBanuTeTty
pa3sBujeHnx yHKLMja.

3AXBAJTHULA
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