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ABSTRACT 

Increasing contamination of water resources in the world and our country and decreasing water quality over time, not 
having met the objectives of utilization of water resources; it has increased the importance of water management. The 
monitoring of the water resources and evaluation of these monitoring results have given direction to  the studies’ out- 
come in order to control factors that pollute water resources and reduce water quality. Nilüfer Creek is very important 
for both being a source of drinking and potable water and a discharge area for wastewaters for the city of Bursa. In this 
study, the results of the analysis belonging to the period between 2002-2010 which are taken from 15 points by General 
Directorate of Bursa Water and Sewerage Administration (BUWSA) were evaluated in relation to water quality of the 
Nilüfer Creek. Non-parametric methods were used in the evaluation of the water quality data due to the lack of nor- 
mally distributed data. The identification of the best represented parameters of the water quality was provided by ap- 
plying Principal Component Analysis. According to results of the analysis, the best representative 9 parameters from 
the 19 water quality parameters were defined as parameters of BOD5, COD, TSS, T.Fe, Zn, conductivity, NO2-N, Ni 
and NO3-N that taking part of the first two components. 
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1. Introduction 

Today, as a result of increased agricultural and industrial 
uses, with increased pollution of drinking water and use 
of water sources, as well as decreased water quality, 
utilization of the water resources purposes have become 
insufficient or enter below the threshold, together with 
rapid population growth and industrialization in develop- 
ing countries.  

Water resources are a natural wealth that should be 
used for long-term stability [1]. It is important to reveal 
the quality status of water resources and to protect the 
good quality conditions, in addition to increase the status 
of water resources in good condition, if they are not in 
good condition. Therefore, carrying out and evaluating 
studies are necessary to efficiently guide monitoring the 
quality status of the water resources.  

One of the most important inputs of the developing 
process of countries is the management of water re- 
sources in a successful way and consequently creating 

the most advanced utilization level from water. Now- 
adays, the successful management of water resources, 
first of all, depends on the existence of the water quality 
observations that are provided the sufficient information 
about these resources [2]. 

For protecting the rivers that provide the substantial 
portion of the needed water for domestic, industrial and 
agricultural use, there has to be monitoring of the water 
quality and determination of the changes in the quality. 
Only in this way, healthy and economical water quality 
management can be carried out, and both for current and 
future periods such management can be obtained to 
protect water resources in efficient ways [3]. 

The most important stage in the process of data 
analysis is to determine appropriate statistical techniques 
for the data and the purpose of the study. To determine 
the most appropriate statistical technique in the process 
of data analysis, primarily the objective of the research, 
the sampling method, type of variables (dependent—in- 
dependent, qualitative—quantitative), measuring the level 
of the dependent variables (nominal, ordinal, interval, 
ratio), parametric and nonparametric test conditions, com- *Corresponding author. 
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pared groups (sample) or measurements (independent 
groups, associated measurements), number of compared 
groups or measurements, the number of subjects in each 
group and so on issues should be taken into account [4].  

Engineering applications and data sets for comparison 
of data sets with each other, representing the change in 
values, knowledge and determination of the average 
around the central tendency (median, mode, arithmetic 
mean, etc.) and measures of dispersion (variance, stand- 
ard deviation, coefficient of variation, etc.) is required. In 
this way, it can be possible, to evaluate the data set [5]. 

Whereas univariate analyses examine the effect of a 
single factor only, a large number of variables are used in 
multivariate statistical analyses which attempt to analyze 
the real impact of all of them and the relation between 
each other. To make the events more simple, to classify 
units examined, to destroy the dependence structure 
between variables and to reduce the size can be made by 
using multivariate statistical analyze. In many cases the 
objective is to reveal the relationship between the 
variables by reducing from the large number of variables 
to the small number of variables [6]. Principal Com- 
ponent Analysis, the best sequence of an axis or axes that 
will represent within the multi-dimensional area rela- 
tionship between the types on the type of display, is 
based on projections [7].  

Multivariate statistical analysis is a set of developed 
methods to examine according to the information 
concerning the structure of the nature of the problem and 
to reach solutions, taking into account examined internal 
and external f actors of in and around a large number of 
events. Considering an analyzed variable in detail, does 
not show by itself independently of the nature of the 
dispersion. More or less, it is changing/relating with a 
variable. When examining a variable, via this variable it 
is not possible to accept or take control of the fixed/ 
uniformity all of other variables (factor, condition). This 
change of conditions to include problem-solving should 
take advantage of multivariate statistics to achieve 
realistic solutions. Principal Components Analysis is a 
utilized method that in order to obtain a variable with p > 
2 data matrices are associated with each other, inde- 
pendently of each other and to a lesser number of new 
data structures. It is used to derive new variables that 
have fewer and no correlation between them, from the 
data which have high level of correlation between them 
and to make data reduction [8].  

Regarding observations, this is a collection of a large 
number of the data matrix which includes X data con- 
sisting of n observations and p variables. The axes of the 
shape cannot be perpendicular to each other and cannot 
define because there cannot be complete independence 
between the variables in question. On the other hand, 
axes perpendicular to each other will provide more infor- 

mation. For this purpose, it is provided that the axes 
perpendicular to each other provide that they have not 
changed the total variance of points along the first axis 
by making a transformation. Also, in this proposed 
method by Harold Hotelling standardized Z data matrix 
is used [9].  

Tpxp to the transformation matrix, 

YpXn T pXpZpXn             (1) 

is expressed in the form. In other words, Y values which 
are not related to each other are obtained from Z values 
associated with each other.  

By using this information, important components of 
equation are obtained by using Eigen values. Many 
methods have been developed for determining the num- 
ber of these basic components. According to the most 
simple method used, m is the number of Eigen values 
greater than one and  

1
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                   (2) 

provided the condition of the smallest value of m de- 
termines recognized as important the number of principal 
components. In short, the basic components approach is 
used to eliminate the dependency structure and for the 
purposes of dimensionality reduction.  

A part of the original variables related to the existing 
knowledge can be lost and/or neglected as a result of a 
lower dimensional space representation, summarizing of 
the data expressed in the form of size reduction or data 
reduction [10]. 

It is suggested to use a smaller number of Principal 
Component instead of using p units original variable to 
analyze the data if an important part of the total variance 
in the data as disclosed by a small number of Principal 
Component [11]. If they are fully correlated with each 
other of the original variables, it is explained the all of 
the variance in the first Principal Component data. In 
other words, when the relationship between the variables 
increases, also the degree of data reduction increases 
equally [12]. Thus, in case of the original variables cor- 
related high degree with each others, it is possible to 
reduce very few variables without having significant loss 
of many variables information [10]. In order to interpret 
correctly and effectively by use of Principal Components 
Analysis the ratio of the first two or three components of 
the total variation must be greater than 25% [13].  

The purpose of this study is to apply Principal Com- 
ponent Analysis being multivariate statistical analysis 
methods on to the 19 parameters of Nilüfer Creek Water 
Quality. Water quality parameters were taken annually 
from 15 monitoring points by General Directorate of 
Bursa Water and Sewerage Administration (BUWSA) 
during 2002-2010. 
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2. Materials and Method 

2.1. Study Area and Sampling Points 

Nilüfer Creek which is one of the most important rivers 
of Marmara Region, has a great importance in terms of 
being a source of drinking water for the city of Bursa, as 
well as facilitating the majority of wastewater being 
discharged to the receiving environment. Nilüfer Creek, 
in particular as a result of these discharges was faced 
with very intense pollution. In this situation, water qua- 
lity of Nilüfer has been degraded over the years, and 
Nilüfer ceases to be a clean and livable place as before. 
Reduction has been in the quality of agricultural products 
irrigated with water from the river, the number of people 
consuming these products, and also use of this river’s 
water has distorted their health. Moreover, the odor 
problem has negatively affected the public around the 
river, together with heavy pollution in the river.  

Turkey’s water basins are shown in Figure 1 [14]. 
Nilüfer Creek is located in Susurluk Basin which has a 
flow potential of 5.43 km3 per year and has also 2.9% of 
the water potential of Turkey’s rivers.  

Nilüfer Creek, which is born in the southern slopes of 
Uludağ mountain and fed by many streams, is watering 
plains of Bursa and Karacabey. As a result of domestic 
and industrial wastewater discharges, especially made 
into it, the creek was faced with very intense pollution. 
The creek’s water quality, due to domestic, industrial and 
agricultural reasons has decreased from the source to the 
end. Polluting elements in the Nilüfer Creek are: waste- 
waters resulting from residential areas without water 
treatment plant and reaching to the creek, wastewaters 
based on non-measures treatment industry, pollution 
from agricultural sources to reach the creek, disposal of 
solid waste to the river and transferring pollution 

resulting from the atmosphere to the creek with rainfall.  
Waste Water Treatment Plants (WWTP) constructed 

in order to improve water quality in Nilüfer Creek are 
[15]; 

1) Constructed and operated by the General Director- 
ate of Bursa Water and Sewerage Administration, East 
WWTP (240.000 m3/day capacity)—West WWTP (87.500 
m3/day capacity) that urban wastewater is collected and 
purified in the western and eastern basins of the city cen-
ter; 

2) 48.000 m3/day capacity 2 units Bursa Organized In- 
dustrial Zone WWTP; 

3) Demirtas Organized Industrial District WWTP with 
a capacity of 70.000 m3/day;  

4) NOSAB chemical wastewater treatment plant with a 
capacity of 720 m3/day; 

5) Yesil Cevre Cooperative Wastewater Treatment 
Plant constructed in order to purify domestic and Indus- 
trial wastewaters coming from Gürsu and Kestel Orga- 
nized Industrial Zones and wastewater resulting from 
firms that are located in the same region but outside the 
organized industrial zones, with a capacity of 55.000 
m3/day; 

5) Natural Treatment Systems constructed by the Di-
rectorate of Special Provincial Administration;  

6) Water quality of Nilüfer Creek is monitored by the 
General Directorate of BUWSA at 15 points. Nilüfer 
Creek Water Quality Monitoring Points are shown in 
Figure 2. 

The main information on the points enumerated as 
follows: 

Point 1: On the Nil. creek, after participation of Ha- 
sanaga Stream (downstream), Point 2: Hasanaga Stream, 
Point 3: On the Nil. creek, after participation of Ayvalı 
Stream, Point 4: On the Ayvalı Stream, before discharge 

 

 

Figure 1. Water basins of Turkey.  
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of West WWTP, Point 5: On the Ayvalı Stream, after 
discharge of West WWTP, Point 6: On the Ayvalı 
Stream, Point 7: On the Nil. creek, before participation of 
Ayvalı Stream, Point 8: On the Nil. creek, Gumustepe 
location (upstream), Point 9: Cilimboz Stream, Point 10: 
On the Nil. creek, after participation of Cilimboz Stream 
Point 11: Panayır Stream, Point 12: Gokdere Stream, 
Point 13: Kaplıkaya Stream, Point 14: On the Delicay 
Stream, before discharge of East WWTP, Point 15: After 
discharge of East WWTP [16].  

The first 15 points’ water quality was monitored 
beginning from the years 1998-1999 and the data has 
been collected more systematic since 2002. Therefore, the 
data regarding these points was evaluated at assessable 
quality. In this study, Principal Component Analysis that 
among the methods of multivariate statistical analysis 
have been applied to Nilüfer Creek which holds an 
important place for the city of Bursa. Water quality para- 
meters have systematically monitored and measured by 
the General Directorate of BUWSA since 2002. A reduc- 
tion of size has been done for the period of 2002-2006 
and 2007-2010 and the quality of the water is tried to 
express together with fewer components in the analysis. 
Determining of the best representative water quality 
parameters is aimed before and after commissioning of 
the Urban Wastewater Treatment Plants. 

2.2. Method of Analysis 

In this study, Principal Component Analysis that among 
the methods of multivariate statistical analysis have been 
applied to the observation values made up the annual 
average and obtained the period of 2002-2010 and 19 
parameters that taken sample from 15 measuring points 
by BUWSA and are shown in Figure 2 indicated the 
water quality of Bursa Nilüfer Creek. Thus, it is tried to 
reach the best representative parameters that are the 
fewer numbers and immeasurable structures, of Nilüfer 

Creek water quality and to explain the water quality of 
the measurement points on the basis of these components. 
Also, the data is divided in two groups as 2002-2006 data 
period and 2007-2010 data period for the purpose of 
explaining the effect on the best representative para- 
meters of the water quality of the wastewater treatment 
plants stream due to commissioning of West and East 
Urban Wastewater Treatment Plants after 2006. It is tried 
to determine the structural impact of the treatment plant 
on the quality of the water so the first period, expressed 
the period of not having the treatments plants, the second 
period indicated the next period after the treatments 
plants. The annual averages are used in the 15 measuring 
points as an indicator of the water quality including 19 
parameters (variable) the period of 2002-2006 and 2007- 
2010. Thus, the role of all the measured values is ensured 
to represent the water quality [16].   

SPSS 18.0 program is implemented to the data related 
to the parameters of Nilüfer Creek water quality using 
the data in the period of 2002-2006 and 2007-2010. 
Using Analyze > Dimension Reduction > Factor > com- 
mand in the program, Varimax Rotation option is applied 
as an Extraction method together with Unrotated factor 
solution option and Principal Component Analysis. As a 
result of the analysis, common variance values, the 
values of the total explained variances, rotated Principal 
Component matrices, and three Principal Component 
values were assessed. 

3. Results and Discussion  

For two data period in the period of 2002-2010, the 
descriptive statistics related to the average values in the 
Tables 1 and 2 and the correlation matrices of these 
variables (parameters) in Tables 3 and 4 are given in two 
separate periods in the Nilüfer Creek water quality moni- 
toring points.  

N column located in the Tables 1 and 2 refers to the 
 

 

Figure 2. Buwsa Nilüfer creek water quality monitoring points. 
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Table 1. Descriptive statistics related to the average values of the parameters of Nilüfer Creek Water Quality Monitoring 
Points during 2002-2006 (units of the parameters are shown as μs/cm for conductivity and mg/L for all the other parameters). 

N Range Minimum Maximum Mean Std.Deviation Skewness Kurtosis 
 

Statistic Statistic Statistic Statistic Statistic Statistic Statistic Std.Error Statistic Std.Error

Cond. 15 2753.8988 275.3712 3029.2700 1142.870244 668.1017747 1.546 0.580 3.962 1.121 

BOD5 15 135.9033 12.2667 148.1700 90.973500 45.5630605 −0.593 0.580 −0.799 1.121 

COD 15 312.0775 42.9100 354.9875 224.387167 109.6425180 −0.663 0.580 −0.875 1.121 

TSS 15 147.9933 18.0867 166.0800 100.911500 49.2041790 −0.415 0.580 −1.036 1.121 

Al 15 3.8464 0.3823 4.2287 1.823930 1.2221381 1.217 0.580 0.302 1.121 

As 15 0.0763 0.0487 0.1250 0.070390 0.0219393 1.369 0.580 1.362 1.121 

B 15 0.4289 0.2701 0.6990 0.404445 0.1103766 1.388 0.580 2.486 1.121 

Cd 15 0.0064 0.0042 0.0106 0.008641 0.0014570 −2.064 0.580 5.968 1.121 

T, Cr 15 0.4120 0.0271 0.4392 0.155469 0.1394011 1.194 0.580 −0.099 1.121 

Cu 15 0.0493 0.0169 0.0662 0.031547 0.0117408 1.798 0.580 5.046 1.121 

T.Fe 15 5.7473 0.4478 6.1951 2.236287 1.7630042 1.292 0.580 0.518 1.121 

Mn 15 0.8227 0.0308 0.8534 0.236595 0.2202544 2.161 0.580 4.345 1.121 

Ni 15 0.1902 0.0304 0.2207 0.080686 0.0530414 1.720 0.580 2.549 1.121 

Pb 15 0.2940 0.0253 0.3193 0.070761 0.0704224 3.561 0.580 13.320 1.121 

Sb 15 0.1419 0.0584 0.2002 0.086964 0.0342448 2.844 0.580 9.540 1.121 

Sn 15 0.2229 0.2466 0.4695 0.368530 0.0589475 −0.085 0.580 0.003 1.121 

Zn 15 0.8734 0.0794 0.9528 0.236401 0.2057837 3.398 0.580 12.435 1.121 

NO2-N 15 0.1302 0.0038 0.1340 0.042775 0.0359837 1.326 0.580 1.969 1.121 

NO3-N 15 14.3040 0.3391 14.6431 1.978884 3.5248416 3.792 0.580 14.557 1.121 

Valid N (listwise) 15          

 
Table 2. Descriptive statistics related to the average values of the parameters of Nilüfer Creek Water Quality Monitoring 
Points during 2007-2010 (units of the parameters are shown as μs/cm for conductivity and mg/L for all other parameters). 

N Range Minimum Maximum Mean Std.Deviation Skewness Kurtosis 
 

Statistic Statistic Statistic Statistic Statistic Statistic Statistic Std.Error Statistic Std.Error

Cond. 15 1265.9583 231.5833 1497.5417 983.013056 416.4754336 −0.586 0.580 −1.266 1.121 

BOD5 15 101.4708 4.5833 106.0542 50.311389 29.3057561 0.134 0.580 −0.454 1.121 

COD 15 229.2458 10.5417 239.7875 114.570583 69.4083923 0.054 0.580 −0.698 1.121 

TSS 15 127.8333 9.2500 137.0833 76.132500 40.2493461 −0.094 0.580 −1.278 1.121 

Al 15 2.8093 0.4943 3.3037 1.741335 0.8299922 0.514 0.580 −0.138 1.121 

As 15 0.1230 0.0028 0.1258 0.034201 0.0274181 2.912 0.580 10.161 1.121 

B 15 0.5560 0.2166 0.7726 0.572116 0.1831658 −1.256 0.580 0.235 1.121 

Cd 15 0.0082 0.0060 0.0142 0.011879 0.0019363 −2.140 0.580 5.978 1.121 

T. Cr 15 0.1422 0.0212 0.1633 0.059644 0.0411159 1.411 0.580 1.551 1.121 

Cu 15 0.0165 0.0243 0.0407 0.030811 0.0050609 0.541 0.580 −0.780 1.121 

T.Fe 15 3.0533 0.6514 3.7047 2.024016 0.8612097 0.581 0.580 −0.200 1.121 

Mn 15 0.2143 0.0743 0.2886 0.172520 0.0601326 0.416 0.580 −0.313 1.121 

Ni 15 0.0580 0.0245 0.0825 0.047435 0.0186591 0.727 0.580 −0.519 1.121 

Pb 15 2.6823 0.0342 2.7165 0.240519 0.6851147 3.870 0.580 14.983 1.121 

Sb 15 8.1532 0.1116 8.2648 0.695928 2.0941858 3.871 0.580 14.989 1.121 

Sn 15 0.4985 0.0475 0.5460 0.183211 0.1347373 1.523 0.580 2.585 1.121 

Zn 15 0.4015 0.0935 0.4950 0.217761 0.1163958 1.211 0.580 1.151 1.121 

NO2-N 15 0.1274 0.0088 0.1362 0.062251 0.0368333 0.774 0.580 0.442 1.121 

NO3-N 15 0.7729 0.6908 1.4638 1.052042 0.2611733 0.407 0.580 −1.275 1.121 

Valid N (listwise) 15          
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Table 3. Correlation matrix related to the average values of the parameters of Nilüfer Creek Water Quality Monitoring 
Points during 2002-2006. 

 COND. BOD5 COD TSS AL AS B CD T.CR CU T.FE MN NI PB SB SN ZN NO2-N NO3-N

COND. 1.00 0.47 0.50 0.48 0.66 −0.04 −0.10 0.11 0.47 −0.15 0.62 0.46 0.07 −0.30 0.75 0.40 0.42 0.07 0.82

BOD5 0.47 1.00 0.99 0.91 0.37 −0.20 −0.36 −0.30 0.09 −0.28 0.40 −0.13 0.11 −0.34 0.03 0.21 0.24 0.17 0.22

COD 0.50 0.99 1.00 0.88 0.33 −0.19 −0.37 −0.30 0.10 −0.25 0.38 −0.13 0.18 −0.37 0.04 0.16 0.28 0.18 0.23

TSS 0.48 0.91 0.88 1.00 0.58 −0.11 −0.14 −0.19 0.15 −0.17 0.60 −0.09 0.05 −0.29 0.19 0.43 0.17 0.10 0.30

AL 0.66 0.37 0.33 0.58 1.00 0.04 0.19 0.37 0.48 0.02 0.96 0.43 −0.17 −0.05 0.54 0.59 0.22 −0.23 0.58

AS −0.04 −0.20 −0.19 −0.11 0.04 1.00 0.78 0.03 −0.07 0.71 0.03 −0.01 −0.01 −0.19 0.37 −0.05 −0.33 −0.43 0.32

B −0.10 −0.36 −0.37 −0.14 0.19 0.78 1.00 0.17 0.17 0.78 0.23 −0.18 −0.07 0.01 0.34 −0.03 −0.18 −0.47 0.19

CD 0.11 −0.30 −0.30 −0.19 0.37 0.03 0.17 1.00 0.09 0.12 0.34 0.22 0.17 0.32 0.18 0.27 −0.08 −0.05 0.08

T.CR 0.47 0.09 0.10 0.15 0.48 −0.07 0.17 0.09 1.00 −0.02 0.55 0.22 0.05 −0.07 0.30 0.34 0.63 −0.08 0.30

CU −0.15 −0.28 −0.25 −0.17 0.02 0.71 0.78 0.12 −0.02 1.00 0.07 −0.05 −0.09 −0.28 0.07 −0.34 0.07 −0.46 −0.03

T.FE 0.62 0.40 0.38 0.60 0.96 0.03 0.23 0.34 0.55 0.07 1.00 0.28 −0.10 −0.06 0.46 0.53 0.35 −0.19 0.46

MN 0.46 −0.13 −0.13 −0.09 0.43 −0.01 −0.18 0.22 0.22 −0.05 0.28 1.00 −0.21 −0.14 0.35 0.26 0.13 −0.27 0.50

NI 0.07 0.11 0.18 0.05 −0.17 −0.01 −0.07 0.17 0.05 −0.09 −0.10 −0.21 1.00 −0.30 −0.12 −0.32 −0.15 0.38 −0.04

PB −0.30 −0.34 −0.37 −0.29 −0.05 −0.19 0.01 0.32 −0.07 −0.28 −0.06 −0.14 −0.30 1.00 0.02 0.35 −0.14 −0.32 −0.07

SB 0.75 0.03 0.04 0.19 0.54 0.37 0.34 0.18 0.30 0.07 0.46 0.35 −0.12 0.02 1.00 0.53 0.09 −0.12 0.92

SN 0.40 0.21 0.16 0.43 0.59 −0.05 −0.03 0.27 0.34 −0.34 0.53 0.26 −0.32 0.35 0.53 1.00 0.10 −0.03 0.44

ZN 0.42 0.24 0.28 0.17 0.22 −0.33 −0.18 −0.08 0.63 0.07 0.35 0.13 −0.15 −0.14 0.09 0.10 1.00 0.04 0.03

NO2-N 0.07 0.17 0.18 0.10 −0.23 −0.43 −0.47 −0.05 −0.08 −0.46 −0.19 −0.27 0.38 −0.32 −0.12 −0.03 0.04 1.00 −0.22

NO3-N 0.82 0.22 0.23 0.30 0.58 0.32 0.19 0.08 0.30 −0.03 0.46 0.50 −0.04 −0.07 0.92 0.44 0.03 −0.22 1.00

 
Table 4. Correlation matrix related to the average values of the parameters of Nilüfer Creek Water Quality Monitoring 
Points during 2007-2010. 

 COND. BOD5 COD TSS AL AS B CD T.CR CU T.FE MN NI PB SB SN ZN NO2-N NO3-N

COND. 1.00 0.50 0.51 0.53 0.27 −0.51 0.10 0.21 0.45 0.63 0.58 0.12 0.66 0.20 0.21 −0.05 0.71 0.53 0.34

BOD5 0.50 1.00 0.99 0.93 0.36 −0.46 −0.19 −0.26 0.16 0.50 0.46 −0.04 0.16 0.05 0.05 0.16 0.28 −0.06 0.17

COD 0.51 0.99 1.00 0.92 0.36 −0.45 −0.17 −0.28 0.12 0.51 0.47 0.00 0.23 0.06 0.06 0.16 0.32 −0.05 0.17

TSS 0.53 0.93 0.92 1.00 0.67 −0.50 −0.14 −0.05 0.40 0.57 0.70 0.11 0.23 0.26 0.26 0.08 0.18 0.02 0.01

AL 0.27 0.36 0.36 0.67 1.00 −0.26 0.04 0.31 0.62 0.43 0.86 0.38 0.13 0.52 0.52 −0.09 −0.14 0.15 −0.27

AS −0.51 −0.46 −0.45 −0.50 −0.26 1.00 0.53 −0.12 −0.20 −0.25 −0.43 0.41 −0.34 0.00 0.00 0.17 −0.24 −0.39 −0.44

B 0.10 −0.19 −0.17 −0.14 0.04 0.53 1.00 0.48 0.24 0.09 −0.02 0.25 0.00 0.21 0.20 0.00 −0.01 −0.18 −0.60

CD 0.21 −0.26 −0.28 −0.05 0.31 −0.12 0.48 1.00 0.47 0.16 0.29 0.05 0.11 0.22 0.22 −0.01 −0.14 0.32 −0.43

T.CR 0.45 0.16 0.12 0.40 0.62 −0.20 0.24 0.47 1.00 0.55 0.73 0.15 0.24 0.39 0.39 −0.33 0.13 0.25 −0.20

CU 0.63 0.50 0.51 0.57 0.43 −0.25 0.09 0.16 0.55 1.00 0.74 0.09 0.41 0.54 0.54 −0.06 0.59 0.33 0.13

T.FE 0.58 0.46 0.47 0.70 0.86 −0.43 −0.02 0.29 0.73 0.74 1.00 0.23 0.39 0.47 0.47 −0.11 0.33 0.39 0.00

MN 0.12 −0.04 0.00 0.11 0.38 0.41 0.25 0.05 0.15 0.09 0.23 1.00 0.28 0.25 0.25 −0.11 −0.04 0.17 −0.16

NI 0.66 0.16 0.23 0.23 0.13 −0.34 0.00 0.11 0.24 0.41 0.39 0.28 1.00 0.01 0.02 −0.10 0.58 0.49 0.19

PB 0.20 0.05 0.06 0.26 0.52 0.00 0.21 0.22 0.39 0.54 0.47 0.25 0.01 1.00 1.00 −0.22 0.03 0.08 −0.15

SB 0.21 0.05 0.06 0.26 0.52 0.00 0.20 0.22 0.39 0.54 0.47 0.25 0.02 1.00 1.00 −0.22 0.02 0.08 −0.15

SN −0.05 0.16 0.16 0.08 −0.09 0.17 0.00 −0.01 −0.33 −0.06 −0.11 −0.11 −0.10 −0.22 −0.22 1.00 0.08 0.02 −0.05

ZN 0.71 0.28 0.32 0.18 −0.14 −0.24 −0.01 −0.14 0.13 0.59 0.33 −0.04 0.58 0.03 0.02 0.08 1.00 0.53 0.57

NO2-N 0.53 −0.06 −0.05 0.02 0.15 −0.39 −0.18 0.32 0.25 0.33 0.39 0.17 0.49 0.08 0.08 0.02 0.53 1.00 0.55

NO3-N 0.34 0.17 0.17 0.01 −0.27 −0.44 −0.60 −0.43 −0.20 0.13 0.00 −0.16 0.19 −0.15 −0.15 −0.05 0.57 0.55 1.00
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15 measurement points. Range column, value of Xmax - 
Xmin, is shown the range of propagation of the each 
parameter. Having a lot of variables of the wide range 
value, is shown the variation of parameters due to an- 
thropogenic factors household, industrial and agricultural 
origin in the measurement points. Std. Deviation value 
indicates the variability of the all measuring points how- 
ever range values of the parameters only specifying the 
difference between the end points. M column indicates 
the average values of the 19 parameters in the measure- 
ment points. Skewness column that is a measure of 
asymmetry, states right oblique (skew) in case of the 
positive (+) value and left oblique (skew) in case of the 
negative (−) value of the series. Observation values are 
added to the minor data in the right oblique series, to the 
major data in the left oblique series. If the values are 
closer to 0, it indicates that the series (data) are sym- 
metric. Kurtosis value, is a kurtosis measure, represents 
sharpness or kurtosis of the parameters. This value shows 
that the series are sharp when it is positive or kurtosis 
when it is negative. A series of sharp indicates the high 
frequency of the observation values close to each other 
and a series of kurtosis show the low frequency of obser- 
vation values close to each other. 

The parameters are close to each other values due to 
the low standard deviations of the heavy metal para- 
meters shown in the tables, and height standard deviation 
of Conductivity, BOD, COD and TSS parameters state 
that very different values between the each other as a 
point.  

The high correlation especially between the BOD5, 
COD and TSS parameters in the Tables 3 and 4 emerges 
as a natural result arising from the character of the 
parameters.  

Common Variance Values related to the average val- 
ues of the parameters during 2002-2010 was shown in 
Table 5. 

According to the findings in the Tables 6 and 7, it is 
possible to say that 6 Principal Component is derived and 
these components can be used as water quality parameter. 
The first core value is 5.595 from the six main compo- 
nents; the first Principal Component of the total variance 
explains 29.447% percent (5.595/19). Percentage of va- 
riance explained by other components, respectively were 
obtained in the form 20.040%, 12.353%, 8.309%, 8.127% 
and 7.083%. Thus, the total variance of 6 items explains 
a significant proportion of 85.363% [(5.595 + 3.808 + 
2.347 + 1.579 + 1.544 + 1.346)/19]. Similarly, the total 
explained variance values for the period 2007-2010 has 
been obtained as in the Table 7. In addition, the variance 
of the square of the standard deviation is calculated in the 
Tables 1 and 2, the variance of the conductivity variable 
explains a significant portion of the total variance. COD, 
TSS and BOD5 parameter follows this variable.  

Table 5. Common Variance Values related to the average 
values of the parameters of Nilüfer Creek Water Quality 
Monitoring Points during 2002-2010. 

Communalities 2002-2006  Communalities 2007-2010 

 Initial Extraction   Initial Extraction

CONDUCT. 1 0.940  CONDUCT. 1 0.862 

BOD5 1 0.966  BOD5 1 0.967 

COD 1 0.947  COD 1 0.972 

TSS 1 0.960  TSS 1 0.991 

AL 1 0.883  AL 1 0.903 

AS 1 0.887  AS 1 0.917 

B 1 0.920  B 1 0.856 

CD 1 0.777  CD 1 0.884 

T.CR 1 0.729  T.CR 1 0.713 

CU 1 0.901  CU 1 0.843 

T.FE 1 0.907  T.FE 1 0.888 

MN 1 0.684  MN 1 0.943 

NI 1 0.813  NI 1 0.709 

PB 1 0.816  PB 1 0.948 

SB 1 0.845  SB 1 0.945 

SN 1 0.767  SN 1 0.401 

ZN 1 0.855  ZN 1 0.918 

NO2-N 1 0.683  NO2-N 1 0.788 

NO3-N 1 0.939  NO3-N 1 0.894 

Extraction method: Principal component analysis. 

 
On the other hand, during the period of 2007-2010 

covering the period after the establishment of treatment 
plants, the first component is composed of BOD5, COD, 
TSS, T.Fe variables, 2nd component is composed of Zn, 
conductivity, NO2-N, Ni, NO3-N, 3rd component is com- 
posed of Pb, Sb, Cu, variables, 4th component is com- 
posed of Cd, T.Cr, Al variables, 5th component is com- 
posed of B, As, Sn variables and 6th component is com- 
posed of Mn variables.  

For the best representation of water quality parameters 
of the Nilüfer Creek, the components which their Eigen 
value is greater than 1 were determined. These parame- 
ters converted with Principal Components Analysis, 
those Principal components were shown in the Table 8. 

According to the results of the analysis, 85.4% and 
86% of the Nilüfer Creek water quality can be repre- 
sented by the 6 obtained Principal Component. It can be 
said that water quality of each main component of the 
creek released up to the total explained variance in 
Tables 6 and 7. As a result of the analysis, 29.4% and 
32.7% of the water quality ev ears to represent the  en app  
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Table 6. Total explained variance values related to the average values of the parameters of Nilüfer Creek Water Quality 
Monitoring Points during 2002-2006. 

Total Variance Explained 2002-2006 

Initial Eigenvalues Extraction Sums of Squared Loadings 
Compo. 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 5.595 29.447 29.447 5.595 29.447 29.447 

2 3.808 20.040 49.486 3.808 20.040 49.486 

3 2.347 12.353 61.839 2.347 12.353 61.839 

4 1.579 8.309 70.149 1.579 8.309 70.149 

5 1.544 8.127 78.276 1.544 8.127 78.276 

6 1.346 7.083 85.359 1.346 7.083 85.359 

7 0.968 5.094 90.453    

8 0.657 3.456 93.909    

9 0.517 2.719 96.628    

10 0.341 1.794 98.422    

11 0.147 0.773 99.195    

12 0.093 0.490 99.685    

13 0.047 0.248 99.933    

14 0.013 0.067 100.000    

15 0.000 0.000 100.000    

16 0.000 0.000 100.000    

17 0.000 0.000 100.000    

18 0.000 0.000 100.000    

19 0.000 0.000 100.000    

Extraction method: Principal component analysis. 
 
Table 7. Total explained variance values related to the average values of the parameters of Nilüfer Creek Water Quality 
Monitoring Points during 2007-2010. 

Total Variance Explained 2007-2010 

Initial Eigenvalues Extraction Sums of Squared Loadings 
 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 6.213 32.698 32.698 6.213 32.698 32.698 

2 3.533 18.597 51.295 3.533 18.597 51.295 

3 2.450 12.897 64.192 2.450 12.897 64.192 

4 1.584 8.338 72.530 1.584 8.338 72.530 

5 1.438 7.569 80.099 1.438 7.569 80.099 

6 1.121 5.901 86.001 1.121 5.901 86.001 

7 0.977 5.145 91.145    

8 0.584 3.074 94.219    

9 0.448 2.356 96.574    

10 0.233 1.224 97.798    

11 0.203 1.067 98.865    

12 0.102 0.535 99.401    

13 0.070 0.369 99.769    

14 0.044 0.231 100.000    

15 0.000 0.000 100.000    

16 0.000 0.000 100.000    

17 0.000 0.000 100.000    

18 0.000 0.000 100.000    

19 0.000 0.000 100.000    

Extraction method: Principal component analysis. 
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1st component in both sampling periods. Due to the 
necessity of being larger proportion of the total variation 
in the first 2 or 3 items than 25%, it is possible to inter- 
pret the results of analysis in order to use the Principal 
Component Analysis effectively. Six Principal Com- 
ponent, parameters of the components (variables) and the 
percentages of the variance components are summarized 
in Table 9 for the two-sample (data) period.  

4. Conclusion 

According to the findings, there are significant changes  

in the components of the parameter that best represents 
the quality of water after the operation of treatment 
plants. However, especially BOD5, COD and TSS pa- 
rameters that intensively used for expression of the water 
quality appear as a natural result taking place in the first 
component in both periods, show the analysis imple- 
mented effectively. One of the findings acquired as a re- 
sult of the analysis is the Cd, Pb, T. Fe, Ni, NO2-N para- 
meters become better representative parameters of water 
quality and the parameters of Sb, Mn, Al, B, As be- come 
less represents the water quality after commissioning the  

 
Table 8. Rotated principal component matrices related to the average values of the parameters of Nilüfer Creek Water Qual-
ity Monitoring Points during 2002-2010. 

Rotated Component Matrix 2002-2006 Rotated Component Matrix 2007-2010 

Component Component 
 

1 2 3 4 5 6 
 

1 2 3 4 5 6 

TSS 0.963      BOD5 0.969      

BOD5 0.948      COD 0.965      

COD 0.923      TSS 0.953      

NO3-N  0.932     T.Fe 0.533      

Sb  0.863     Zn  0.900     

CON.  0.798     CON.  0.783     

Mn  0.705     NO2-N  0.770     

Al  0.513     Ni  0.745     

B   0.924    NO3-N  0.578     

Cu   0.907    Pb   0.957    

As   0.864    Sb   0.954    

Zn    0.890   Cu   0.558    

T.Cr    0.783   Cd    0.864   

Cd     0.778  T.Cr    0.700   

Pb     0.605  Al    0.580   

Sn     0.589  B     0.827  

T.Fe     0.508  As     0.632  

Ni      0.893 Sn     0.443  

NO2-N      0.621 Mn      0.945

 
Table 9. Principal component for the period of 2002-2006 and 2007-2010. 

2002-2006 Period 2007-2010 Period 

 Parameter Vary.%  Parameter Vary.% 

1 TSS, BOD5, COD 29.447% 1 BOD5, COD, TSS, T.Fe 32.698% 

2 NO3-N, Sb, Cond., Mn, Al 20.040% 2 Zn, Cond, NO2-N, Ni, NO3-N 18.597% 

3 B, Cu, As 12.353% 3 Pb, Sb, Cu 12.897% 

4 Zn, T.Cr 8.309% 4 Cd, T.Cr, Al 8.338% 

5 Cd, Pb, Sn, T.Fe 8.127% 5 B, As, Sn 7.569% 

6 Ni, NO2-N 7.083% 6 Mn 5.901% 

 Total 85.335%  Total 86.001% 
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Urban Waste Water Treatment Plants. The result of the 
analysis was found significant for the years 2007-2010 
because of the next period after commissioning Urban 
Waste Water Treatment Plant and belonging to the last 4 
years. According to this result, 9 parameters that best 
represents the water quality from the 19 parameters were 
determined as the parameters which BOD5, COD, TSS, 
T.Fe, Zn, conductivity, NO2-N, Ni, and NO3-N that take 
part the first 2 Components. When taking into considera- 
tion T.Fe parameter in the first component showed that 
industrial character began to gain importance besides 
residential character after commissioning Urban Waste 
Water Treatment Plants. In addition, the selection of 12 
parameters in the first 3 components represented 64.19% 
of water quality in the creek, 15 parameters in the first 4 
components represented 72.53%, 18 parameters in the 
first 5 components represented 80.10%, and 19 parame- 
ters in the first 6 components represented 86%. In this 
context, the first 9 parameters were found to be important 
for the monitoring of the water quality at the monitor- 
ing stations. 
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