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Abstract: A multivariate statistical technique, explaratory
factor analysis-FA, has been used to assess the natural and
antropogenic impacts on surface water quality in two river
basins in Western part of Turkey (Buyuk Menderes and
Kucuk Menderes River Basins). The method attempted to
explain the correlations between the observations in terms
of the underlying factors, which were not directly
observable and to reduce a great number of the water
quality variables to a smaller number of attributes, grouped
in common factors. Furthermore, by using the
Confirmatory Factor Analysis-CFA method, the reliability
of separated factors and the dimensionality have been
determined. Then the path diagram was designed to
investigate the structural model. Results revealed that ionic
composition, and water oxygenation of waters are factors
controlling overall water quality in the region. It can be
concluded that factor analysis confirmed by CFA can be
used to identify probable pollution sources of surface
waters.
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Introduction

The assessment of the river water quality is usually based
on the comparison of analytically determined monitoring
values of particular physicochemical parameters with the
allowable threshold values defined in national or
international legislation packages. A much more reliable
approach for classification, modeling and interpretation of
data obtained from monitoring studies of surface water
appears to be chemometrics/ environmetrics using
intelligent data analysis and data mining. Only multivariate
statistical methods can describe the complex relationships
in an ecosystem (Voyslavov et. Al, 2012; ).

These techniques including but not limited to factor,
cluster analysis (CA) discriminant analysis etc have been
applied for the interpretation of large data matrices and
reliable characterization and evaluation of surface water
quality, to enhance understanding of the spatio-temporal
variation resulting from by natural and anthropogenic
processes related to seasonal changes. They have been
recognized as powerful tool in identification of physical,

chemical and biological characteristics that effect water
systems for efficient management and effective solution to
pollution problems (Hamid et al, 2016).

Environmental data, water quality data, are also
characterized by high variability. Much information is lost
by using only univariate graphical or statistical methods
for data evaluation and interpretation. Chemometric/
environmetric methods, in particular methods of
multivariate data analysis, help to extract the latent
information in such data (Einax et al, 1998).

In the study water quality data obtained from two river
Basins (Biiyiilk Menderes & Kiiciik Menderes Basins) in
Turkey was evaluted wusing factor analysis. the
Confirmatory Factor Analysis-CFA method, was also used
to determine the reliability of separated factors and the
dimensionality Then the path diagram was designed to
investigate the structural model.

Study area

Biiyiik Menderes Basin: The Buyuk Menderes River
Basin is located in Western Anatolia with a total land area
of about 25000 km? which is approximatly 3 % of the total
surface area of Turkey (Fig. 1). The total length of the
main river on the catchment basin is 584 km. The
population living in the Basin is approximately 2.4 million.
The land use in the basin is dominated by agricultural use
(40%), forest (45%), followed by pasture and meadow
(10%) surface waters (%1), urban area (1%) etc. The main
sources of pollution in the basin are caused by domestic
and agricultural activities. There is also relatively limited
pollution due to industrial sources. The water is mainly
used by agricultural domestic and industrial supply
purposes (Boyacioglu 2006, Enveco SA, 2015).

In the study quality samples obtained from 8 monitoring
stations on monthly basis along one year was used to
determine environmental factors explaining variation in
water quality in the region.

Kiiciik Menderes Basin:The Kiiciik Menderes River
Basin is located in western Turkey. The catchment area IS
3502 km2 with 129 km river lenght. (Fig. 2). The Kiiciik
Menderes River Basin is a very productive and land uses
are as follow: agricultural area (%52 ), olive trees (12%),
orchard (4%) arable land (2%) etc. Furthermore industrial
sites concentrated in the west. The Kiigiik Menderes River
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and its tributaries constitute the only surface water system
in the study area, with an annual average discharge rate of
9.5 m*/s. The basin has hot and dry summers with mild and
rainy winters. The mean annual precipitation calculated for
the study area is 640 mm. Surface water quality class is not
proper for many puposes in the region and main reason is
uncontrolled industrial and agricultural discharges.
(Yagbasan O, 2016; RMTEU, 2016 ). In the study data
obtained on monthly basis along a year from 9 stations was
subjected to evaluation to fingerprint water quality in the
region

Aegean Sea

Figure 1. Biiyiikk Menderes Basin (Senter International,
2004)

Study Method

Water sampleas were analysed for 10 variables (electrical
conductivity-EC, total dissolved solids-TDS, chloride-Cl,
nitrate  nitrogen-NOs-N,  dissolved  oxygen DO,
biochemical oxygen demand-BOD, sulphate-SO, sodium-
Na, calcium-Ca and Magnesium-Mg) according to the
standard procedures described in APHA (2005).
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Figure 2. Kiigiik Menderes Basin (RMFWA, 2016)

Statistical analysis methods (FA, confirmatory FA) were
performed using IBM SPSS 24 and Lisrel (software for
structural equation model) software.

Factor analysis is a statistical method used to find a small
set of unobserved variables (also called latent variables, or
factors) which can account for the covariance among a
larger set of observed variables (also called manifest
variables). A factor is an unobservable variable that is
assumed to influence observed variables (Albright and
Park, 2009).

Confirmatory factor analysis CFA is theory- or hypothesis
driven. With CFA it is possible to place substantively
meaningful constraints on the factor model. Researchers
can specify the number of factors or set the effect of one
latent variable on observed variables to particular values.
CFA allows researchers to test hypotheses about a
particular factor structure (e.g., factor loading between the
first factor and first observed variable is zero). It is
common to display confirmatory factor models as path
diagrams in which squares represent observed variables
and circles represent the latent variables. Single-headed
arrows are used to imply a direction of assumed causal
influence, and double-headed arrows represent covariance
between two latent variables. Latent variables “cause” the
observed variables, as shown by the single-headed arrows
pointing away from the circles and towards the manifest
variables (Albright and Park, 2009).

Results

Descriptive statistics of data set is presented in Table 1 and
Table 2.

The correlation matrix of variables was generated and

factors extracted by the Centroid method, rotated by
Varimax rotation. Total variance, factor loadings and
cumulative variance are given in Table 3 and 4.

The factor analysis generated two significant factors which
explained 67% of the variance in data sets for the Biiyiik
Menderes and 60% for the Kiiciik Menderes Basin. Factor
components at two cases were quite similar.

Table 3 Factors loads for Biiyiik Menderes Basin

F1 F2

EC .964 167
TDS .963 162
Cl .859 190
Mg 777

Na a73 232
Ca 137 .296
SO, 122 112
NOs-N 511 487
BOD -.115 .835
DO -.283 -.569
% of Variance 52.1 15.1
Cumulative % 52.1 67.2
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Table 1 Descriptive statistics of data set for Biiyiik Menderes Basin (unit EC- uS/cm for others mg/L)

Biiyiik
Menderes
Basin EC TDS Cl NO;-N DO BOD SO, Na Ca Mg
Mean 572.8 366.0 31.0 1.7 8.1 5.3 50.7 255 59.0 26.1
Median 555.0 360.0 30.2 15 8.3 5.3 43.6 18.2 60.1 24.3
Std. Deviation 199.5 130.0 13.8 14 1.9 17 35.2 18.2 21.6 11.7
Skewness -0.19 -0.23 0.47 0.70 -1.35 0.45 0.80 1.23 -0.31 0.17
Kurtosis -0.09 -0.08 -0.67 -0.24 3.09 0.61 0.06 1.10 -0.44 -0.47
Minimum 170.0 110.0 10.6 0.0 2.0 2.1 8.8 74 12.0 3.6
Maximum 950.0 610.0 63.8 55 11.6 10.7 148.0 82.0 100.2 51.1
Table 2 Descriptive statistics of data set for Biiyiik Menderes Basin (unit EC- pS/cm for others mg/L)
Kucuk
Menderes
Basin EC TDS Cl NO3-N DO BOD SO4 Na Ca Mg
Mean 385.9 265.5 275 0.1 8.4 3.1 24.7 10.7 37.8 21.0
Median 380.0 252.0 25.2 0.1 8.2 3.0 21.9 9.9 36.0 19.9
Std. Deviation 158.7 120.0 11.9 0.1 15 15 12.9 5.9 14.4 8.4
Skewness 1.56 1.59 1.23 154 0.18 0.86 0.58 1.97 1.09 0.75
Kurtosis 3.79 2.76 241 2.19 -0.50 0.49 -0.58 6.05 2.20 0.61
Minimum 135.0 110.0 105 0.0 5.1 1.0 6.0 3.0 10.0 4.2
Maximum 946.0 664.0 73.6 0.5 12.0 8.0 55.4 36.8 90.8 45.1
DO -,408 ,403
EC, TDS, Cl, Mg Na, Ca, SO, and Cl marked Factor 1 (F1)  NOs-N ,769
with positive factor loadings (greater than 0.6). F2 was  Bop 153 621
Disolved Salce (TDS) s a measure of al consivents P01 Varanee a7 124
dissolved in water. The inorganic anions dissolved in water ~ Cumulative % 475 59.9

include carbonates, chlorides, sulfates and nitrates.

(IOWA-DNR, 2009).

BOD and NOs-N levels Kjeldahl —N are indicators of
organic pollution. On the other hand since the
concentrations of both variables are low in both cases, this
factor is believed to represent water oxygenation rather
than pollution (with presence of BOD).

In summary, two factors representing three different
processes are:

F1: ionic composition
F2: water oxygenation

Table 4 Factors loads for Kiigiik Menderes Basin

F1 F2
EC ,928
Mg ,860 ,105
TDS 837
Ca 827
Na 754
S04 749 1152
cl ,669 -,231

Furthermore confirmatory factor models as path diagrams
has also been displayed. (Fig.3 and 4).

Conclusion

This study aimed to extract hidden factors explaining the
structure of the database, and to quantify the influence of
possible sources on the water parameters of the two
selected rivers.

Data set comprised 10 variables EC, TDS, Cl, NOs-N, DO,
BOD, S04, Na, Ca and Mg.

Factor analysis results revealed that two factors
representing three  different processes are ionic
composition, and water oxygenation of waters. Path
diagrams confirmed these results

The multivariate statistical techniques, namely, factor
analysis and conf’rmatory factor analysis are important
analytical techniques for the processing of water quality
parameters and power full tools for classification as well as
identification of pollut’on sources.

CEST2017_01390



ul

- -
]

K

-

=
H

T

« P-value=0.61177, RMSEA=D.000

Chi-Square=24.33,

Figure 4. Path diagram for Biiyiikk Menderes Basin
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Figure 4. Path diagram for Kii¢iikk Menderes Basin
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