Environ Monit Assess (2009) 158:51-65
DOI 10.1007/510661-008-0564-3

Assessment of seasonal variations of surface water quality

characteristics for Porsuk Stream

Arzu Altin - Zeynep Filiz - Cansu Filik Iscen

Received: 10 April 2008 / Accepted: 11 September 2008 / Published online: 11 October 2008

© Springer Science + Business Media B.V. 2008

Abstract In this study, the factor analysis tech-
nique is applied to surface water quality data
sets obtained from Porsuk stream in Turkey, gen-
erated during 10 years (1995-2005) monitoring
of 29 parameters at one site (Esenkara) for all
four seasons. The varifactors obtained from factor
analysis indicate that the parameters responsible
for water quality variations are mainly related to
mineral and inorganic nutrients, organic pollution,
microbiological pollution in winter and spring;
mineral and nutrients in summer; microbiological
and nutrient pollution in fall. This study presents
the necessity and usefulness of multivariate statis-
tical assessment of large and complex databases in
order to get better information about the quality
of surface water.
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Introduction

A river is a system comprising both the main
course and the tributaries, carrying the one-way
flow of a significant load of matter in dissolved
and particulate phases from both natural and an-
thropogenic sources. The quality of a river at any
point reflects several major influences, including
the lithology of the basin, atmospheric inputs,
climatic conditions and anthropogenic inputs. On
the other hand, rivers plays a major role in as-
similation or transporting municipal and indus-
trial wastewater and runoff from agricultural land.
Municipal and industrial wastewater discharge
constitutes a constant polluting sources, whereas
surface runoff is a seasonal phenomenon, largely
affected by climate within the basin (Shrestha and
Kazama 2007).

The quality of water is identified in terms of
its physical, chemical and biological parameters.
Polluted surface waters cannot achieve a balanced
ecosystem. A balanced ecosystem is one in which
living things and the environment interact bene-
ficially with one another. Water quality obviously
plays a critical role in this relationship (Ntengwe
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2006), as it is key to the maintenance of a well-
balanced environment.

A variety of methods are being used to display
the information which is concealed in the quality
variables observed in a water quality monitoring
network. A large portion of these approaches are
statistical methods. When the number of variables
is greater than two, employment of multivari-
ate analysis techniques gives simpler and more
easily interpretable results for the evaluation of
observed quality data (Mazlum et al. 1999). The
multivariate statistical techniques are the appro-
priate tool for a meaningful data reduction and
interpretation of multi-constituent chemical and
physical measurements (Massart et al. 1988). The
multivariate statistical techniques are such as clus-
ter analysis (CA), principal component analysis
(PCA), factor analysis (FA), discriminant analy-
sis (DA) and multidimensional scaling (MDS)
have been successfully used as unbiased meth-
ods in analysis of water quality data for drawing
meaningful conclusions (Vega et al. 1998; Helena
et al. 2000; Wunderlin et al. 2001; Voncina et al.
2002; Simeonov et al. 2003, 2004; Simeonova et al.
2003; Ouyang 2005; Praus 2005; Panda et al. 2006;
Ouyang et al. 2006; Kuppusamy and Giridhar
2006; Shrestha and Kazama 2007).

The purpose of this work is to obtain seasonal
variations of monitored physico-chemical parame-
ters in the Porsuk stream (Turkey), which was
generated under a 10-years (1995-2005) moni-
toring program, and to obtain the more detailed
information about water quality parameters for all
four seasons by using the factor analysis method.

Study area

The Porsuk Stream (length of 460 km) is a trib-
utary of the Sakarya River (length 824 km). It
arises in the Murat Mountain to the south of the
city of Kiitahya, situated in Western Turkey. After
taking up various creeks, it flows past Kiitahya and
enters the reservoir named after itself. Leaving the
reservoir, the stream passes through the city of
Eskisehir and flowing through a wide valley, again
named after itself, it joins the Sakarya River. Dur-
ing its course, the Porsuk Stream travels a distance
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of 460 km and drains an area of 11 325 km? (SHW
1995; Albek 2003).

The stream is very important because it pro-
vides the two cities mentioned with drinkable
water. The agricultural areas in the watershed,
especially along the valley after Eskisehir, are
irrigated with water supplied from the stream
(Albek 2003).

Porsuk stream has been heavily polluted by
domestic and industrial activities such as Nitro-
gen Fertilizer Factory, Sugar-beet Factory, and
Magnesite Factory in Kiitahya, Seyitomer Ther-
mic Power Plant, which have no, or insufficient
treatment plants. Figure 1 shows Porsuk stream
and the locations of the main pollution sources.

Factor analysis

Factor Analysis is a multivariate statistical tech-
nique, which attempts to extract a lower dimen-
sional linear structure from the data set. These
factors can be interpreted in terms of new vari-
ables. Factor analysis aims to explain observed
relation between numerous variables in terms of
simpler relations (Cattel 1965). In FA, the basic
concept is expressed in the following formula:

zj=aj f1+aj2fz+... +a,mfm+ei,-; =L2,..,p
1)

where, z is the measured value, f the factor score,
a the factor loading, e the residual term account-
ing for errors or other sources of variation, i the
sample number, j the variable number, and m is
the total number of factors (Anazawa and Ohmori
2001).

Results and discussion

In this study, water quality data is obtained from
the State Hydraulic Works (SHW) at Esenkara
monitoring station. Esenkara monitoring station
is one of the monitoring stations along the
Porsuk Stream situated after the city of Kutahya.
The data was observed at monthly intervals be-
tween the years 1995 and 2005. Data collection
and analysis based on standard techniques have
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Fig.1 Porsuk stream and locations of the main pollution sources (Source: Muhammetoglu et al. 2005)

been carried out by SHW within their long-term
monitoring program.

In our study, we selected 29 parameters for the
estimation of surface water quality characteris-
tics. The selected parameters are: Flow, water
temperature, pH, electrical conductivity, total dis-
solved solids, suspended solids, total alkalinity,
chloride, ammonical nitrogen, nitrite nitrogen,
nitrate nitrogen, dissolved oxygen, organic matter,
biochemical oxygen demand, chemical oxygen de-
mand, total hardness, orto-phosphorus, sulphate,
iron, manganese, sodium, potassium, calcium,
magnesium, total coliforms, fecal streptococ,
Escherichia coli, boron and fluoride. Because the
measurement unit of the selected 29 variables
are different, first, they are standardized. Next,
Pearson correlation coefficient matrix are used
for the determination of the correlation between
the variables. Then, these correlation coefficients
are examined to decide if factor analysis can be

applied to the variables. As a result, factor analysis
method was found to be applicable problem. De-
scriptive statistics results of water quality charac-
teristics according to seasons are given in Table 1.

Seasonal correlation of water quality parameters

Data in Table 2 provide the seasonal correlation
matrix of the water quality parameters obtained
from the PCA. In general, the river water temper-
ature had relatively weak to fair correlations, i.e.,
most of the correlation coefficients are less than
0.75 (absolute value) with other parameters for
the entire four seasons. In spring, correlation coef-
ficient between temperature and other parameters
were less than or equal to 0.5. Such correlations
had not changed in summer. These correlations
had changed in fall with a positive increase in
correlations with NH3-N (0.593), NO,-N (0.632)
and o—POi’ (0.502) as well as a negative increase

@ Springer



¢
b
P
—
2

& 1ro 8T0 Tro LT0 40 €20 010 ST0 €¢ 1/3w _d spuon[]

g2| 010 LTO ST0 910 600 Y10 80°0 910 €¢ 1/3w g uo1og

2 e9zor'c  LOST6 STZ8S  09°T6C 0665y SEH91 SI'Shy  6911C €€ W O0I/NdIN 102 1102 D1YO11IYIST

.m 8€'€T6  809E €8°6Z1  0L901 PIvL S1'Sh YPSST  L6'LYT €€ W O0l/NdIN dns g 20001dons 899,

S| 099989 8SSHTT  SOPSYT 1696vT  OSLPI'C ELVSI'T  96FIST 86866 €€ W OOI/NdIN 103 "L, SULIOJI[0D [B10],

= | wLe €6'8¢ LY 68°6€ 9’8 00¥€ LY'L 96'9¢ €¢ [/3w +5N wnisouge

m 6LS €9°CS 8L9 €8y ST'S 0S 9% €S €697 €¢ /3w +280 wnmpe)

Z| 190 Sy'y 80T 86°€ €L0 10 080 S6°¢ €¢ /3w 3 wnissejoq

H| 2971 SSHT 8€T T6€T 0€€ 88CT €6'C 89°€T €¢ I/3w +BN wnipog

90°0 110 00 600 ¥0°0 80°0 110 110 €¢ [/Sw U zouegue

€20 €0 Y10 LT0 LT0 SE0 vE0 SE0 €¢ /3w o uoI|

LT9 1€°LE 889 9z'ch 0601 687€ €v'8 €LY €¢ [/Aw _tos oreydng

€0 98°0 ST0 ¥80 LTO LEO 120 8€0 €€ I/3w _fod-o snioydsoyd-0310

11°CT 16°16C 744! S618T WSy 81°95T 95°LE Y697 €€ fODrD 15w HL Ssoupley [B10],

SETT 67T €0°1T vL'ST 9CT YTLT 96'9 9%°0T €¢ I/3w aod purwop ud3Ax0 [earuay)

60’1 9¢'¢ 680 6¢°€ €0'T 10°€ 88°0 Y0'¢ €¢ /3w qOd  puewap Ud3AX0 [edrwuaydorg

¥8°0 €6 8€0 68T 9L°0 88 0T 18T €€ [/Bw Ad Isjjew JUesIO

1T vL'S L6°0 06’8 S €101 LO'T YO'TT €¢ /3w oda uo34x0 paa[ossiq

150 9T'1 wo LSO 80 080 €€0 ST'T €¢ /3w N-fON ud3onu 9jeIIN

€00 S0°0 €00 900 100 200 100 200 €¢ I/3w N-°ON uoSonTu AN

9Z0 670 0€0 190 LTO 0€0 ST0 9Z0 €¢ 1/3w N-fHN USS0IIU [BIUOWULY

9T'T €TET (44 68°€T 08¢ 6STT 0Lc vSTl €¢ 1/3w -0 SpLIOyD

wer €LY9T €5°ST 89°8C 9¢°0p 1T1€T SLTE 60°THT €€ fODrD 15w IV-IN Ayrurrese [e10L

6£ST 9L°0T $6'8 9LLT 88¥1 weT SSHOT  TLYE €¢ /3w SS spros papuadsng

961 8€0LE S6°1¢C 6£19¢ 9P Y6'61€ ISTH SLLEE €¢ [/Aw salL SPI[OS PA[OSSIP [BI0L

S0°0€ €€'18S woe ST'8LS ¥S'S8 19°81S L6TL 01'THS €¢ wo/oywn 04 (Do S7) ANARonpuod [ed1d[g

870 €6°L ST0 L6L SE0 808 870 01’8 €¢ syun gd Hd Hd

S8T €S°TT 1S 8yEl €LT €8'8 0SCT ve'S €¢ Do L omjerodway,

9LY 9¢'L SO LTTT YL 16°L v6'E 0SS €¢ us/ W 0 MO[L

‘A "PIS UBIN A9 PIS UBdIN A9 PIS UBOIN A9 'PIS  UBON

med Jowung Surdg IQUIA\  IoquInN Ju)  UoneIAAIqQVY s19joweIeJ

ejep Ayjenb 191em jo sonsnels oAndiosoq T d[qel
3

pringer

NS



55

Environ Monit Assess (2009) 158:51-65

0007 0060 THO'O- 961°0- 6000 6110~ Y810 9€S°0 €90°0 9II'0  0TI'0- STTO +¥TTO SHEO 0S0°0- 160°0- 8TO'0  LOOO  €50°0- 8LI'0- T8¥°0 190°0- 660°0- LEOO- 6SE0 0900 dns'q
0001 180°0 LTOO S90°0 8000 €60°0 09€0 ¥SI'0 LTI'0  ¥LOO €TI0 9LTO 6TI'0 0HO'0- 91000 85O0 €00 +L00 0TOO 6IF°0 1010 9900 €00 88E0 6£0°0 o> L,
0001 80€0 PLSO 8Y80 0L00 980" SP90 T8O  $O60 000~ 19T0 190~ 910°0- 08TO ¥6v'0 6TH0  ¥SLO LS80 LPI'0- 8060 6060 0SI'0 LITO 8pTO BN
0001 €£0°0- S6E0 8TEO- 9vH0- LEI'O 961°0  S89°0 TEI'0- 8E0°0 L9S0- 8TI'0- 86E0 9PTO +ITO PEEO 9IL0 LEIO- SISO $I9'0 TR0 98€0 8910 s
0001 ¥99°0 8910 €I€0- THH0 61S0  STHO TITO- 980 [LT0- OTI'0- LIO0- €IS0  687°0 LEFO 98€0 981°0- T6Y0 9TS0 TOTO- $TI'O LETO .|
0001 61070 LTPO- LEYOD TESO  LTZO S60°0- 680 1190 010°0- 69TO +8S0  99¥°0 00L°0 €LL°0 8ITO- €T8°0 L980 PLI'O SSI'0 TSIO
0001 TLO0 LEOD'O €STO- T6O0- 8I¥'0 88TO €0TO THO'O- 8000 TOTO- 99T0- 6SO°0 YEI'0- LbOO 1400~ TOI'0- 161°0- €010~ €TTO-
0001 ¥I70- 081°0- €450~ L80'0 8TO'0 1TS0 SOTO $9TO- LSEO- TEI'0- 08E0- L8O~ 9L9°0 I1¥S0- 0SS0~ €€0°0- LOI'0- €L0°0
0001 TEY0  SSSO 8E0°0- 09TO TEI'0- OSH0- 8TO0  SI90 690  OSH0 SEFO 9SI°0- 6690 8090 1L0°0 STTO 1HTO
0001 LSY'0 1TI'0- I€0°0- 6€0°0- ¥0S'0- SLO0  1S80 T80 LEYOD T6E0 9200 1090 8LSO 9TTO- LTEO SI9°0
0001 06070~ LITO STL'O- 0L00- €6€0 6870 +Tr0 LTLO 8L6O YLI0- 660 1,60 L610 OvE0 S9TO
0000 LP1'0 6€I'0 €200 OYI'0 6110~ 8TI'0- 610~ 1800~ [€0°0 T90°0- 6L0°0- 890°0- 660°0- L8T0-
000'T  T61'0- ¥IE0 9010  +60°0- 680°0- 6610 IE1'0 9100~ 68T0 69T0 LOTO LOI'O- 10E0-
0001 €TTO- I¥€0- S80°0- LOL'O- CTISO- SPLO- 6CC0 S8S°0- LS9'0- ¥I¥'0- 0010~ S#0°0-
0001 $90°0  Lbb0- 69¥°0- 610°0- 110°0- €010~ TOTO- TTI'O- LOSO 9SY'0- €0%0-
0007 L91'0  6S0°0 86TO I8€0 ¥61°0- ILEO LIEO €9€0 +61°0 9TI0- N-“ON
0001 SSL'O S6£0 €pP0 T8I0~ YLSO 0950 I¥I°0- $OKO 0070 N-“ON
0001 OPF0 66£0 S600 SHSO 6¥S0 0620~ SETO +69°0 N-‘HN
000"l 089°0 LTO0- L69°0 6SLO 8010 OIE0 9TTO 10
0001 10T0- 1680 960 TITO STEOD ¥vT0 IV-IN
0001 TTI'0- 0SI'0- 66T0- €€TO 9I+0 SS
0001 0960 OYI'0 LIEO 19€0 saL
0007 TI1°0 9€€0 LIEO ok |
000"l 601°0- 6LT°0- Hd
0001 €01°0 L
0001 0
Surdg
0007 80T0 €10°0- 0ST'0- CTETO- 6¥E0 6£00 0T00 6IF'0 9PTO- 9€€0- vPE0 8EE0  00E0 €0€0- 8L00- 8LK0- 600°0- 8100~ €£0°0- 0600- I¥TO 1920 [9T0- SEE0 8TE0 LIFO €000 <COTO- A
0007 LEO'0- SPO'0- THI'0- 6TE€0 9¥TO 890°0- LSE0 OLEO- 8LTO- €9¥'0 90TO  9SE0 STO0 00T0O- $8TO- 1S0°0- 0100~ 66T0 <TTI'0  S9TO S6TO €8€0- 61€0 +SE0 9200 €600 TSO0- q
000l 8LL'O €89°0 890°0- I€0°0- [0V0 TIL'O- 6910 TTI'0 8K0'0- 6000  L90°0- 6LT0 O0ETO 6€I'0 TOTO- SLTO- LYEO SPSO 0TI~ 6L0°0- €91°0 +TI'0- TIO'0- 10T0- L8TO LOI'O o>y
0001 0190 98T0- S9T'0- €€S°0 €TE0- 86¥°0 [¥TO +91°0- I81°0- €670~ TTEO S8E0 ¥8E0 9¥1'0- 8IF'0- 8LTO 9650 1970~ 08TO- 97S0 STHO- SKTO- LTHO- 8LOO 8810 dns' g
0007 LEO'0 6£1°0 OLTO SLOO- ¥TI'0 0000 SYO'O $80°0- 6L0°0 8LTO THI'O 9v0'0 8TI'0- 99T0- L9TO +¥9TO T900 6L0°0 SII'O +H0'0- S80°0 06T0- 6£€0 +HI0 oy,
0007 8SE0 8YI'0 OFL'0 09S°0- 8290~ TSY0 SSEO  vP6'0 L6I'0- L8TO- SO8'0- I€C0- 65TO HPTO  LEOO- LI&O PLSO 18S0- €060 +T60 €0E0 09€0 SHOO- BN
000'T  TOE0- 6€€°0 809°0- 1€C0- 110 9900  9¥9°0 6SI°0- S8E€0- LLY'O- T6TO- 1620 8TI'0 6810 €CTO 6TL0 TIS0- SOSO $SS0 8L0°0- OLEO SITO- )
000'T  £90°0 OPE0 S60°0 6S0°0 IEI'0  ¥I00 €LT0 S$8E0 I¥00 SEI'0- 8€TO- €ST'0 T80  SEI'0 TEO0- OLEO +I00 9TI'0 S60°0- ¥EI'O +HI0 bl
0001 €650~ €6£0- 6I1L°0 88€0  ¥TL'0 8PI'0- LLOO- YOL'O- 9EI0- ¥b€0 ¥91'0  960°0- [€50 9¥9'0 TE90- €6L°0 LIL'O I¥€0 8IE0 9910 LN
0007 OLFO ¥S¥'0- 6010  €L9°0- LLTO 9LSO 1690 TLOO TLI'O- 661°0- 60T0 $9H0- SS9°0- 8L8'0 989°0- 8290~ T9TO0- €9T0- THI'0 up
000 T T0K0- 10T0- 9650~ 0610 L8S0 660 €00 6800~ 1STO- T€0°0 89S0~ 9S50~ v¥S0 61S°0- 9€5°0- $91°0- LITO- SPI'0- X |
0007 96v°0  1LS0 L800- +TO'0- TSSO~ 0STO- €210  €E4°0 9000~ 6¥90 6IF'0 LEFO- €€9°0 S$650 1800 I18€0 TTTO Los
0007 TIEO 00T0 6010 8610 Sky'0- 6¥1°0  SI¥0 OO  8SE€0 8ITO SLOO- €140 TLEOD €ITO- LT90 90TO Jod-o
0007 8ITO0- €L£0- 8T80- 06T0- SIE0 €PTO 86000~ ¥SLO TLEO LS90- LIGO 1S60 TTTO +Ty'0 110~ HL
0001 SET0 TSH'O LIE0- 1100- 0TE0  61S0  9L1'0- 65TO- LTTO TII'0- 8KTO- 087°0- TE0 €910 aod
000'T  08€0 6800 9¥T0- 010°0- 9200 LIT'0- 06£0- 8590 €9€0- S9TO- LTI'0- 0Y0'0- LIT0 faod
0001 800 6vT0- SIT'0- L8I'0  919°0- T8L'0- TTL'O 6180~ LT8O~ LTY0- L8O~ S6T0 Ad
0001 ¥8T0- SIS0- 8TTO- 16T0- vLTO- 9€0°0 9TE0- 80€0- 8E€H'0 0TLO- 8¥I0- oa
0007 9I1°0- 681°0- L000 I1€E0 ¥LTO- 1TH0 9970 8610 8LO0 98T0- N-¥ON
0007 8IS0 €0K0 €LI0 0STO- 861'0 ¥LTO LYE0- 1S90 9Ly N-ON
000l €TI0~ €PI°0- 660°0 TTI'O- €00°0- TTTO- SSTO €170 N-HN
0001 0L9°0 LTHO- LILO TLLO TST'O OTYO ILIO e}
0001 TE90- 1480 8060 9610 9LEOD 081°0- IV-IN
0007 €£9°0- $T9'0- €LE0- TTTO- LOTO Ss
000 ¥060 TIEO TEF0 SSI0- saL
0007 6vT0 8EF0 6910 fokc!
000"l 00t0- LEEO- Hd
0001 LTE0 L
0001 0
A a 1noxg dusg nory S 2D M BN UWN 4 fOS . fOd© HL d0D fa0d Ad  0d N-FON NYON N-HN 1D IV-W SS saL Od Hd L o) Aoy

SOOLIJBW UONJR[O1I0) T d[qEL

pringer

As



51-65

Environ Monit Assess (2009) 158

56

000 6710~ ¥61°0- 680°0- €00 SOTO- 8010 660°0- TOSO OO0~ 0ITO 0810 090°0 SEE0 H600 €S0~ 8900 6500 OIE0- HTI'0- 8800 N

000 S61°0- SLI'0- OIZ0  LPE0 OLTO- 6€0°0 LTI'0- ¥OI'0- LLID L0~ TOI'0  ¥SI'0- 9EED SO0~ S9E0 OVTO TECO 85O0~ 8000 uw

0001 LETO- 601°0" €11°0 0ZI'0 8¥I'0 0800 11270~ 090°0 LTTO- SLO0- SE00 SI100- 0Z8°0 06T0 L8I'0 TLOD™ 6670 O0TI'0- 24

0001 1020 8500 $8€0 EPE0 O0L00- PETO- IS€0- SSTO  SEE0  96€0 88p0- 1110 SEI'0- LOI0- 1200~ $STO [€T0 S8

000 880°0 1S0°0- 9€K0 9SI'0- 6¥'0- T00°0  80L0  9PKO 6100 S9I'0- SOI'0 OIED 6900 O¥00 TOSO IbTO . SOd-©

0001 6LE0- $SI'0- S8TO- bHI'0- 6850  THO'0- 8010~ LECO- TOL0 9EI'0 IE¥'0 SEH0 LIEO 0900 901°0- HL

0001 SETO 06£0 960°0- L¥TO- LOOO- LOI'0  €6€0 TS0~ 090°0 T6I'0- 601°0- 0950~ 200 #90°0 aoo

0001 YO0 HOE0- SOE0- Z9TO  PEPD 9010 TTHO- TS0 8ZO0 8610- £60°0- 1IE0 bLIO s‘aog

0001 ¥SI'0 1970- €€T0- LLOD- PEFO 0010 SLOD €40°0- YO0~ LOEO- 8100 LTI'0 Ad

0001 6T00  SSS0- PILO- S61°0- 6TI0 9610~ 0STO- 89TO- 600 1SL°0- O¥T0- oa

0001 TIO0- €860~ 6HE0- 8190 900 L9¥0 OISO SITO S6TO- 9190-  N<ON

0001 $LSO  8LOO TSTO T8I0~ YO0~ L€00- SEI'D- TEY0 9SE0  NTON

0001 LI00- SOE0- 910°0 LEOO STI'0- S81°0- €650 €60  N-HN

0001 LOV0- 1900 THT0- €400 €910~ T61'0 bHI'0 0

0001 €600 ELED LSYD OVE0 9TTO- 1LT0- V-IN

0007 60£0 €610 8TI'0 6820 0TI'0- ss

0001 160 L900 €410 OIE0- saL

0001 0IT0 1800 €L€°0- oa

0001 SEL0- 8EE0- ud

0001 9550 L

000'1 o}

v

0007 $9T0 €920 1920 <CI00 L8I'0 €000 8€000 9500 1500~ 1100 9010~ 92€0 1610 OEE0- $ICO- 18C0- 0500 CS€0 1200 O9LI0 0500~ 2010 €1C0- LOEO E¥I0 8600 CLOO EIL0- ]

0001 ¥TTO S100- LSO 9LTO L1900~ 0STO- YEDD LII'0- 601°0- SHO'O 00E0 8610 SLI'0- 810°0 96€0- 6L0°0- TOI'0  8LTO 60T0 TII'O EI'D €510~ OEI'0 680°0- S90'0- 6vTO €500~ a

0001 ¥6V0  6EE0 8IT0 SSO0- €95°0- 990°0- TZI'0- 9010 2900~ SSTO  TSI'0 1LO0- €170 991°0- Z8I0- €910  HZ0'0- €TI0 HOTO TLOO TOI'O 0910 1Z0°0 010°0- L8O 990°0- 10>°q

0001 1¥E€0 SSI'0 OPI'0 $00°0- €10~ LLOO- TOZO 100~ S0 ZZE0 8S0°0- T8I'D SPO0 6010 ¥T00 9000 1S00 800 1Z0°0- SSTO 8S1'0 H00'0- L000- 8E00 $000  “dusd

0001 1200 L200- 18¥'0° 11S°0- 9Y0°'0 8K0°0- 650°0- $90°0  TI10°0- 687°0 SEI'0- 1010~ 200" 950°0- 8TTO- €10~ €10°0- 8010 8ZO0 TTOO 0200 8¥E0- STI0- 9TI'0 nox' L,

0001 8650~ LITO €TI0 $TI'0 LTTO 9100 6LT0 L6TO GHOO 0900 0STO- LTOO- €£00 TCTO  SHOO TLI0 +TEO IEE0 66T0 6STO 1110 $9T0 260°0 B

0001 8110~ 850°0- L80'0- OLT0- ¥9I'0 8LOO 8850 STTO- 8L00 6L0°0 ¥ITO SLOO 6€10  SITO 9TI0 Teh0 11T0- OI€0 ETO LOIO TO¥0- 100°0 5]

000 9STO TED0- 8I1T0 SLO0 110°0- 0800 S9I'0- 9810 SE0°0- 20TO 1900 H000  LLTO 980°0- 0E0'0 HOTO 100 880°0- 9500 T8O 110°0- bl

0001 6610 TSO'0D TIFO 9910 890°0 TLTO- 8KED 9EI'0- EZTO- TIO0- TOI'D 890 LbOO IEI0 THO0- 9200 8ZTO ¥6TO €80°0- ISI0- N

000 L80°0- S90°0 081'0- 1200 9ZTO O¥TO €610 S8I'0 TSTO- 6800 L0~ SETO- 9L00 9110 9T0°0- ¥TI'O 110 9L0°0 +00°0- uW

0001 TOTO- S81'0  160°0- 000~ 610 610~ €00~ 0900~ TEO'O 6010~ €100 SEI'D" 8LS0 0100 TLI'O- OI1'0" $8E0  HITO- od

00071 TIO0  11T0 1200~ 69T0 9€TO- $PE0- SOI'0- 811°0- TOEO  LI00- L6OO 810 910°0- 6810 €4E0 9LTO L¥TO Jos

0001 PLEO bLI0- 9970 OIE0- 0bT0- 900 PETO OPE0  €LTO 68€0 1L00 9IK0 66€0 O0ETO- SLOO- $900 . fOd-0

0001 61T0- ¥SI'0 651°0- 8ZT0 $91'0  16€0 €00  STE0 I€8°0 800 €L90 THSD 680°0 €8T0- 960°0 HL

0001 S6I'0 S5O0 SE00 TEI0- L600- SOE0- S9I'0- 8LOD- 9TI'0 610°0- 8010 9¥1°0- LEOO 9S00 aoo

0001 TIOO €L00 €91°0- 0TI0  $6T0 6100 0TI'0 L810 €10°0 0TI'0 TH0'0 SEI0 1€00-  Saod

0001 STEO 8K1'0- KO0~ LSTOT 6LO0- PI00- LZOO S6TO- LIO0- 9010 $SO0 PEE0 Ad

0007 $610  L90°0- 8YI'0- LTI'0- €20 YEEO LSOO 8Y0'0- TLO0- SHTO- THO'D oa

0001 98T0- €80°0  TLO0- L8TO LII0 SOTO L6TO SO0 08F0- 9800 N<ON

0001 LII'0  T6I'0 LSE0 961'0" LLSO €910 LTOO- €9v'0 $90°0-  N-ON

0001 6600 SYTO ¥SO0- 6ET0 SETO P8O0 LSOO~ 0VOO  NHN

0001 090 6E1'0 6vT0 9SI'0 1110~ $20'0- €81°0 n

000 6V0°0 Lb90 8990 9910 1620- STI'0 IV-IN

0001 THO'0- 8E00- T6TO LS00 0SO0 ss

0001 9950 TEO0  690°0 SO0~ saL

00011 8TTO TLED: TU0'0- o1

0001 110~ 020 nd

0001 980°0- L

000'1 [}

Juung

0007 $0I'0 9200 ZLOO- P00 SSTO PITO IE10 8YCO S60- €61'0- 0910 11€0 260 €810~ €900 9pT0- €810~ SI00 620 00C0 SZI'0 1600 SITO 86E0 0Z€0 L000- 08T0 THTO K]

0001 9STO 0810 ¥8Z0 1050 OYE0 000~ 98€0 LZO0- HOO0 69T0 ELI'O  9ESO 09001 0SO0 SITO- LTOO 6900 09TO SPI'O  SOSO TS0 OPED 99K0 0TSO €600 PSSO $8TO a

0001 P60 TGO S600 SO0 660°0 100 6810 9EK0 LOI0 €60°0 €500 $81'0 GOS0 910 TLO0- LIOO  SEOD 8000~ P00 $O00- 6870 800 000 9€0°0 E€4FO 1100 104
4 g novg dosg Wl BN ®0 M PN UW 2 JOS J0d° HL @00 ‘@08 Ad  0d NTON NON N'HN 1D VW ss saL oda Hd 1L 0

(Ponunuod) zaJqeL

pringer

NS



Environ Monit Assess (2009) 158:51-65

57

B

Ca” Mg? T.coli F.strp. E.coli

CI' NH;N NO,-N NO3-N DO BOD;

M-Al

SS

0.944 1.000
029 0.120 0.022 1.000

025

1.000
-0.011 0.018 -0.050 1.000

000
940
998

197
327
445
092
016
067
106
489

092
322
053
037
031
024
108
539

0.
0.
0.
0.
0.
0.
0.
0.

F.strp.
E.coli

T.coli
B
F

K
Ca¥
Mg“

in correlations with DO (—0.751). The correlation
coefficients between temperature and parameters
fell below the absolute value of 0.72 in winter,
indicating relatively fair correlations. It should be
noted that few efforts have been devoted to inves-
tigating the correlations among the variables used
in this study. Ouyang et al. (2006) investigated
the seasonal physical and chemical characteristic
changes of 22 monitoring stations located in the
main stem of the LSJR during March 1998-March
2001. These authors found that the water temper-
ature had very weak correlations with other water
quality parameters such as turbidity, TKN, TOC,
DOC, EC, alkalinity, salinity, and BODs, which
were, in general, similar to our findings.

Very strong correlations between EC and other
parameters (TDS, M-Al, PV, TH and Mg) were
also found in winter and spring, but such correla-
tions were not found in summer and fall. That is,
the correlation coefficients between EC and TDS,
EC and M-Al EC and PV, EC and TH and EC
and Mg>* were respectively 0.904, 0.908, 0.827,
0.951 and 0.924 in winter, 0.960, 0.946, 0.657, 0.971
and 0.909 in spring, 0.566, 0.668, —0.017, 0.542 and
0.259 in summer, and 0.491, 0.457, —0.268, 0.435
and 0.232 in fall.

Very strong correlations between DO and
other parameters were not found in four seasons.

Results from the PCA showed that large sea-
sonal variations in correlation coefficients bet-
ween BODs and other parameters were not
found. The correlation coefficients between BODs
and other parameters were less than or equal to
0.587.

Very strong correlations between TDS and
other parameters (i.e., M-Al, TH and Mg) were
found in spring, but the correlations were moder-
ately reduced in summer and profoundly in fall,
and finally recovered in winter. That is, the corre-
lation coefficients between TDS and M-Al, TDS
and TH and TDS and Mg were respectively 0.891,
0.949 and 0.908 in spring, 0.647, 0.673 and 0.299 in
summer, 0.373, 0.431 and 0.017 in fall and 0.841,
0.917 and 0.903 in winter. These data imply that
TDS was not always highly correlated with M-Al,
TH and Mg in Porsuk.

The M-AIl had strong correlations with TH
(0.972) and Mg (0.874) in winter, TH (0.978) and
Mg (0.857) in spring and TH (0.831) and Mg
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(0.324) in summer. Such correlations became very
poor in fall (TH (—0.106) and Mg (0.010)).

Very strong correlations between SS and other
parameters (i.e., Fe, T-coli and E-coli) were found
in fall, but the correlations were moderately re-
duced spring and profoundly in summer, and fi-
nally recovered in winter. That is, the correlation
coefficients between SS and Fe, SS and T-coli and
SS, and SS and E-coli were respectively 0.820,
0.878 and 0.876 in fall, 0.676, 0.419 and 0.489 in
spring, 0.578, 0.028 and 0.102 in summer and 0.878,
0.115 and 0.163 in winter. These data imply that SS
was not always highly correlated with Fe, T-coli
and E-coli in Porsuk.

The Cl~ had strong correlations with Mg
(0.827) in winter and Mg (0.754) in spring, such
correlations became very poor in summer and fall.
The NH;-N had strong correlations with NO,-N
(0.755) and 0-PO;~ (0.882) in spring, such cor-
relations became very poor in winter, summer
and fall. The NO,-N had strong correlations with
0-PO; (0.851) in spring and o-PO3 (0.708) in fall,
such correlation very poor in winter and sum-
mer. The NO3-N and COD had not correlations
with other parameters in four seasons. The PV
had negative correlations with TH (—0.828), Mg
(—0.805), EC (—0.827) and TDS (—0.819) in win-
ter, TH (—0.725), Mg (—0.614), EC (—0.657) and
TDS (—0.585) in spring but such correlations were
not found in summer and fall. The TH had strong
correlations with Mg (0.944) in winter Mg (0.904)
in spring, such correlations were not found in sum-
mer and fall. The SO~ had good correlations with
Na (0.719) in winter but such correlations were
not in spring, summer and fall. The F.strp had
correlation E-coli (0.778) in winter, E-coli (0.945)
in spring and E-coli (0.944) in fall, such correlation
was not found in summer. The T-coli had good
correlations F.strp (0.900) and E-coli (0.952) in
spring and F.strp (0.940) and E-coli (0.998) in fall
and such correlations were not found in winter
and summer.

Temporal variations of water quality parameters
Eigenvalues are normally used to determine the
number of principal components that can be

retained for further study. First four principal
components have eigenvalues greater than or

@ Springer

close to unity and explain 80.859%, 81.543%,
81.839% and 82.433% of the total variances
of information contained in the original dataset
for winter, spring, summer and fall, respectively
(Table 3).

The component loadings are the linear combi-
nations for each principal component, and express
the correlation between the original variables and
the newly formed components. The component
loadings can be used to determine the relative
importance of a variable as compared to other
variables in a principal component and do not
reflect the importance of the component itself.

Component loadings of principal components
for each season are presented in Fig. 2.

In winter, Factor 1(F1) explained 35.619% of
the total variance and was strong positive loading
EC, TDS, M-Al, CI~, TH, Mg; moderate positive
loading SO;~ and strong negative loading on PV;
and moderate negative loading SS, Fe and Mn.
This factor seems to measure the preponderance
of mineral and inorganic nutrient-related water
quality parameters over the organic-related water
quality parameters (Table 4).

Factor-2 (F2) explained 16.751% of the to-
tal variance and was positively and largely con-
tributed to by T, COD, NO,-N, and o-POff and
was negatively and largely due to pH and DO.
This organic factor can be interpreted as repre-
senting influences from point sources, such as of
discharges from wastewater treatment plants and
industrial effluents.

Factor-3 (F3) explained 7.643% of the total
variance and is related to the three bacteriological
contamination parameters (loading 0.859, 0.853
and 0.794 for E.coli, F.strp T. coli respectively).
This factor assigned as the “microbiological fac-
tor”. F3 may involve an urban origin, where waste
disposal from populated areas increases fecal con-
tents in the affected waters.

Factor-4 (F4) is named organic factors, account
for 6.932% of the total variance and was strong
positive loading for BODs. This factor represents
pollution from domestic waste. Factor-5 (F5) ex-
plained 5.672% of the total variance and was
positively and largely contributed to by B, and
F~. Factor-6 (F6) explained 4.615% of the total
variance and was positively due to Q and was
negatively due to NO;5-N. Factor-7 (F7) explained



59

Environ Monit Assess (2009) 158:51-65

S0T’S8 99¢°¢ 9L6'0 4!

6£8°18 9LS 1L9°1 6£8°18 16S°¢ 1701 6£8°18 165°¢ 1701 11
LLOOL 656'S STL'T SYC'8L y0cy Syl SYT'SL Y0ct SYCT'1 01
STT'0L ¢T9 708°T Yr6'EL [4VSh4 90¢'T Yo' EL 208y 90¢'T 6
L68°€9 §TC9 SO8'T Tv9'69 10€°S LES'T TP¥'69 10€°S LES'T 8
1L9°LS LEV'9 L9S'T orT'v9 019°S LT9'T orTv9 019°¢ LT9°T L
YeT1S So0T’L 060°C 0€£5°'8S Y919 SLS'T 0€S'8S Y91°9 SLS'T 9
620'vv 8C€TL 660°C 990°CS SITL £€90°C 990°CS SITL £€90°C S
16L°9¢€ L 8CI'C [S6'v1 Gee's LIV'C [S6'vY SR LIV'C 14
6v€6C 06S°L 10C°C 919°9¢ LTL'6 1¢8°C 919'9¢ LTL6 128°¢C €
6SL°TC 988°L L8TC 6889¢C LLY'OT 8¢0°¢ 688°9¢C LLYOT 8¢0°¢ C
€LS'ET €L8CT €20y 191 [454%28 6SLY [454%28 CIv91 6SLY !
ouung

14294 100°€ 0L8°0 8

€PS 18 8¢19 08L'T €S 18 09°¢ SYO'T €vS I8 $09°¢ SPO'T L
YOy SL €+9'9 LT6'T 8E6'LL I8V 96€°T 8C€6'LL €I8v 96’1 9
19L°'89 2699 1761 [SARYS 8YC'S sl SereL 8YC'S (440" S
69079 LYO'L P0'C 8LY'L9 €L’L 162°¢C 8L8'L9 €9L’L 16C°¢C 14
0SS SoLCT oLe Y1109 1LV 1T 9Te'e Y1109 1LV TT 9Te'e €
9¢T Ty 9S8°¢cT S10v Y98t LSSHT 1y 7998y LSSPT 1y 4
00t'8T 00t'8C 9¢T'8 LS0'vE L80YE G886 L80YE L80¥E G886 !
Surdg

0S0'v8 Tel'¢ §T6°0 8

65808 S0C9 66L'T 65808 879°¢ S0 65808 879°¢ 62€01 L
SSOvL 10¥°9 968’1 1E€TLL S19v 8¢C'T 1€CLL S19v 8¢C'T 9
€67'89 YIL9 LY6'T 919°CL CL9’S SYo'1 919'CL ¢L9’S SP9'1 S
6€S° 19 SI6'L S6C'C 7699 €69 010°C 7699 2€6'9 010C ¥
€29°¢S 0€T 1T LSTE 210°09 €L 91CC 1009 V9L 91T €
€6E°Th 166'TT LLY'E 0LECS 1SL°9T 8¢St 0LETS 1SL9T 8S8v 4
20t°0¢ 20t°0¢ L18'S 619°6¢ 619°S¢ 62€01 619°S¢ 619°6¢ 62€01 1
04, QATIR[NWN)) QOUBLIBA JO %, [e101, 0, QATIR[NWIND) OUBLIBA JO %, [e10L, o, QALIR[NUIN)) OUBLIBA JO 9, [e1oL, IONUIA
s3urpeo| parenbs Jo swns uoreIoy s3urpeo| parenbs Jo swins UONOBIIXH sonfeAuaSIg renrug juouodwo))

SUOSEOS 10J UOI}BI0I XEWILIB A I9}Je PUR 9I0Joq paure[dxd ooueLIeA [BJO], € d[qeL

pringer

As



60

Environ Monit Assess (2009) 158:51-65

Table 3 (continued)
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Rotation sums of squared loadings

Total

Extraction sums of squared loadings

Total

Component Initial Eigenvalues
Total

Winter
Fall

Cumulative %

% of Variance

Cumulative %

% of Variance

Cumulative %

% of Variance

17.293
31.091
43.255
51.782
59.802
66.603
72.019
77.312
82.433

17.293
13.798
12.164

5.015

18.464
36.122
49.629
57.612
64.662
69.994
75.063
78.874
82.433

18.464
17.658
13.507

5.355
5.121

18.464
36.122
49.629
57.612
64.662
69.994
75.063
78.874
82.433
85.157

18.464
17.658
13.507

5.355
5.121
3.917

4.001

3.528
2473

3.917

8.527
8.020
6.801

7.984

2.315

7.984
7.050

2.315

2.326
1.972
1.571
1.535
1.485

7.050

2.044
1.546
1.470
1.105
1.032

2.044
1.546
1.470
1.105
1.032
0.790

5.331

5.331

5.417

5.069

3.812

5.069

5292

3.812

5.121

3.559

3.559
2.724

10

3.628% of the total variance and was positively
contributed to by NH3-N and Kt and was nega-
tively due to Ca™*™.

In spring F1 explained 34.087% of the total
variance and was strong positively loaded by
mineral-related parameters (i.e TH, EC, M-Al,
Mg>*, Na*, TDS and Cl~); moderate positive
loadings, B, Ca?* and strongly negative loadings
on PV; moderately negative loadings on Fe. This
component seems to measure the preponderance
of mineral and inorganic nutrient-related water
quality parametres.

The second factor F2 (which explained
14.557% of the total variance) was positively and
largely due to parameters (i.e, O-PO?{, NH;-N
and NO;,-N). This “nutrient” factor represents
influences from nonpoint sources such as agri-
cultural runoff and atmospheric deposition.

The third factor, F3 explained 11.471% of the
total variance and is related to the three bacterio-
logical contamination parameters (loading 0.975,
0.939 and 0.935 for E.coli, T. coli, F.strp., re-
spectively). This factor assigned as the “microbi-
ological factor”. Coliform bacteria are excreted in
large numbers in the faeces of humans and other
warm-blooded animals. Consequently, water con-
taminated by faecal matter is identified as being
potentially dangerous due to the indicator organ-
isms co-existing with E. coli, which causes cholera
(Hammer 1986). Some examples of diseases
caused by drinking or swimming in faecal contam-
inated water are diarrhea, cholera, dysentery and
skin, eye, ear, nose and throat infections (WHO
1993). The fourth factor F4 explained 7.763% of
the total variance and was positively due to Q and
SS. This factor explains the erosion from upland
areas during rainfall events. The fifth factor F5
explained 5.248% of the total variance and was
positively contributed to by COD and Mn and
was negatively due to F. COD is a parameter in
the amount of organic material observable in the
water. F6 explained 4.813% of the total variance
and was positively due to T and was negatively
contributed to by DO and BODs. The inverse
relationship between temperature and dissolved
oxygen is a natural process because warmer water
becomes saturated more easily with oxygen and
it can hold less dissolved oxygen. F7 explained
3.604% of the total variance and was positively
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contributed to by pH and NO3-N and was nega-
tively due to K.

In summer, F1, which accounted for 16.412%
of the total variance, was positively influenced
by M-Al, TH, TDS, EC parameters; moderate
positive loadings NO,-N. This factor assigned as
the “mineral and inorganic nutrient factor”. In
summer, while F2, which accounted for 10.477%
of the total variance, was positively influenced by
Mg+ parameter and was negatively due to Ca’*

F3 explained 9.727% of the total variance and
was positively contributed to by NO3-N and was
negatively due to T and NO,-N. This factor as-
signed as the “nutrient” factor. As long as nitri-
fication is occurring in the water, an increase in
NO;3-N and a reduction in NO,-N is a normal

Winter

Eigenvalue

Component Number

Summer

il

é i é {1 {3 {5 17 19 21 éS éS é7 29

Eigenvalue

Component Number

il

11 13 15 17 19 21 23 25 27 29

Eigenvalue

Eigenvalue

event. Accordingly in the nitrification process,
NO,-N is an unstable intermediary which is
inclined to transform to NO3-N (Filik Iscen et al.
2008).

F4 explained 8.335% of the total variance and
was positively contributed to by SO;~ and was
negatively due to DO. Sulphate is considered to
be a permanent solute of water that reacts with
organic matter, producing sulphur (S), H,O and
CO,. The majority of sulphates are soluble in
water. The quality of lake water is affected by
sulphates. In most natural surface waters, sulphate
levels in Turkey range from 200 to over 400 mg/l
(Turkish Standards 2004).

F5 explained 7.115% of the total variance and
was positively due to B and F~. F6 explained

Spring
12
10 ¢
8
6.
4 ]
2 |
0 . . . T =R R RN
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Component Number
Fall
6
5
4]
3]
2]
1]
0 I
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Component Number

Fig. 2 Screen plot of the eigenvalues of principal components for all four seasons
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6.464% of the total variance and was positively
influenced by Na and was negatively influenced
by COD and T-coli. F7 explained 5.610% of the
total variance and was positively due to K* and
was negatively due to E-coli. F8 explained 5.301%
of the total variance and was positively and largely
contributed to F. strp. F9 explained 4.502% of
the total variance and was positively influenced
by Mn and was negatively influenced by Cl~. F10
explained 4.304% of the total variance and was
positively and largely contributed to by BODs.
This factor represents pollution from domestic
waste, so F10 represents the “organic pollution”
factor. F11 explained 3.591% of the total variance
was positively due to Q and PV.

The F1 in fall, which explained 18.464% of the
total variance, was positively and largely influ-
enced by parameters (i.e, T-coli, E-coli, F.strp, SS
and Fe). The highest burden in this factor was
revealed by T-coli, E-coli and F. strp. It revealed
that intensive discharge had occurred into the
river from sewage.

F2, which explained 17.658% of the total vari-
ance, was positively participated by parameters
(i.e, T, NO,-N NH;-N, and o-POi’) and was neg-
atively due to DO. This factor can be attributed to
a seasonal changes.

F3 (which explained 13.507% of the total vari-
ance) was positively affected due to NO;-N, TDS,
EC, M-Al and TH. This factor assigned as the
“mineral and inorganic nutrient factor”. F4 (which
explained 7.984% of the total variance) was pos-
itively affected due to Cl~, PV and Na' and
was negatively affected due to F. F5 explained
7.050% of the total variance and was positively
contributed to by SOi’ and Mg and was nega-
tively due to Ca. F5 is strongly correlated with
Mg which is mainly originated from agricultural
uses. F6, which explained 5.331% of the total
variance, was positively participated by pH and
was negatively participated by COD. F7 explained
5.069% of the total variance and was negatively
contributed by K. F8, which explained 3.812% of
the total variance, was positively due to Mn and
B. F9 explained 3.559% of the total variance and
was negatively influenced by BODs.

Vega et al. (1998) investigated the seasonal and
polluting effects on water quality of the Pisuerga
River (Spain) using exploratory data analysis. The

first factor in this study was mostly contributed
by mineral and inorganic nutrient-related water
quality parameters. Also, Ouyang et al. (2006)
investigated the seasonal variations on water qual-
ity of the St. Johns River, Florida using principal
factor analysis technique. However, in their study,
the first factor was mostly contributed by organic-
related parameters and physical parameters. We
attribute the discrepancies to the different river
environments and different water quality parame-
ters as well as to the different time periods used
in each study. In our work, we found similar re-
sults with Vega et al. (1998) for all seasons except
the fall.

Conclusion

1. In this study, surface water quality data for
29 parameters collected from Esenkara mon-
itoring station along the Porsuk Stream in
Eskisehir, Turkey from 1995-2005 were ana-
lyzed, using the factor analysis. Results from
the factor analysis show that river water tem-
perature had relatively weak to fair correla-
tions with other parameters for the entire for
seasons except for DO in fall, which had a
correlation coefficient of —0.751.

2. Very strong correlations between EC and
other parameters (TDS, M-Al, PV, TH and
Mg) were also found in winter and spring, but
such correlations were not found in summer
and fall.

3. Ouyang et al. (2006), found strong correlation
between the DO and the organic-related pa-
rameters (TKN, TOC and DOC) in spring,
but the correlations were reduced moderately
in summer and sharply in fall and finally re-
covered in winter. In this study, strong cor-
relations between DO and other parameters
were not found in four seasons. In addition,
large seasonal variations in correlation coef-
ficients between BODs and other parameters
were not found in this study. But, Ouyang
et al. (2006) found large seasonal variation
in correlations between BODs and organic-
relation parameters in LSJR. These discrep-
ancies might be due to climate differences
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because Turkey is cold area as compared to
Florida.

4. Very strong correlations between TDS and
other parameters (M-Al, TH and Mg) were
found in spring, but the correlations were
moderately reduced in summer and pro-
foundly in fall, and finally recovered in winter.
That is, the correlation coefficient between
TDS and M-Al, TDS and TH and TDS and
Mg were respectively 0.891, 0.949 and 0.908
in spring, 0.647, 0.673 and 0.299 in summer,
0.373, 0.431 and 0.017 in fall and 0.841, 0.917
and 0.903 in winter. These data imply that
TDS was not always highly correlated with
M-Al, TH and Mg in the Porsuk stream.

5. Large seasonal variation in correlations be-
tween SS and other parameters (Fe, T-coli
and E-coli) were found in fall, but the corre-
lations were moderately reduced spring and
profoundly in summer, and finally recovered
in winter. That is, the correlation coefficients
between SS and Fe, SS and T-coli and SS and
E-coli were respectively 0.820, 0.878 and 0.876
in fall, 0.676, 0.419 and 0.489 in spring, 0.578,
0.028 and 0.102 in summer and 0.878, 0.115
and 0.163 in winter. These data imply that
SS was not always highly correlated with Fe,
T-coli and E-coli in Porsuk stream.

6. The results of present study point to the exis-
tence of three main types of contamina-
tion of Porsuk Stream: mineral and inorganic
nutrients, organic pollution, microbiological
pollution each respectively of agricultural,
domestic-industrial effluents and urban origin.
These forms of contamination are in turn re-
lated to different terrestrial features including
rivers and urban feature and so on.

7. Selection of correct parameters in water qual-
ity monitoring studies is an important point
for technique and financial feasibility of moni-
toring programmes (Champman 1992). That’s
why, to continue the water monitoring studies
of Porsuk stream at Esenkara station by using
the parameters reduced from the factor analy-
sis may result in technically and economically
feasible outcome. In addition, these parame-
ters can also be used in environmental studies
to prevent the pollution.
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