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Abstract 

This study was carried out between September 2015 and 
August 2016 in four sampling sites. Water quality of the 
pond was examined according to sites and seasons, water 
quality classes were determined and pollution problems 
were revealed. In addition, the suitability of aquatic life 
forms has been determined. For these purposes, 21 
physico-chemical and seven heavy metal parameters were 
investigated in the pond water. Pearson correlation, 
hierarchical cluster analysis, and principal component 
analysis were applied to test the relationships of all 
parameters and pollutant loads. According to the analysis 
results, the main pollution source may be non-point 
pollution, that is, agricultural pollution and soil leaching for 
this region. In future freshwater management, these 
temporal and spatial scale results indicate that water-
monitoring schemes need to be scaled-sensitive to water 
management. 

Key words: Hierarchical cluster analysis (HCA), principal 
components analysis (PCA), water quality. 

1. Introduction 

Water is the most valuable natural source; it is the 
fundamental need of all of the organisms, plants, animals, 
and humans. Water is the most necessary factor for 
agriculture, industry, tourism, small companies, and 
aquaculture. 

As a result of the factors such as the increase in the human 
population and economic activities, domestic and 
industrial wastes, climate changes, and inability to raise 
environmental awareness among the society, the water 
sources are gradually degraded and polluted.  

The decrease in quality and amount of surface waters is a 
result of the unsuccessful management of water pollution 
and actual water sources. As well as many of them are in 
developing countries, many regions suffer from unplanned 
and unbalanced urbanization, excessive agricultural 
activities, and industrial development. This leads the 
wastes, sewages, and agricultural leakages to pour into 
surface waters.  

The quality of surface water is an irreplaceable element of 
the aquatic ecosystem, and it is an important problem 

nowadays. The deterioration in water quality negatively 
affects the lives of human, animals, and plants in short-
term, as well as it has many other negative effects in long-
term. For this reason, it is very important to determine the 
pollution in any region. The polluted waters do never 
constitute a balanced ecosystem. 

Water quality is determined by using physicochemical and 
biological parameters. The polluted surface, in addition, 
underground waters make it difficult to protect the 
balanced ecosystem. A balanced ecosystem is a system, 
where the organisms and environmental factors 
reciprocally influence each other. Since the water is the 
most important common element for all of the 
components of this system, water quality is the most 
important factor for a balanced aquatic ecosystem. 

In western Black Sea region, sewages of residential areas, 
chemical pesticides and fertilizers used in agriculture, 
industrial wastes, and geothermal wastes constitute the 
pollution sources and gradually decrease the quality of 
surface water in the basin (Egemen, 2006). 

For this reason, the properties of lakes and ponds fed by 
the surface waters, meeting the water requirement of 
agricultural lands, located within the state hunting area, 
and being very important recreational areas for their 
surroundings should be well-known and their ecological 
balance should be maintained. In order to take the 
required measures and to determine the pollutants, it is 
necessary to periodically analyze the physical, chemical, 
and heavy metal characteristics of the aquatic 
environments.  

Among the multivariate statistical techniques, the 
hierarchical cluster analysis (HCA) and principal 
components analysis (PCA) are mainly used in water quality 
studies. In cluster analysis, the data cluster is divided into 
groups in terms of the similarities and differences, and the 
dimensionality of a data cluster is degraded to a new 
variable group via the principal components analysis. 
Degradation creates new related variables, and the 
principal components are ordered according to their 
importance in order to explain the variance of all the 
original properties. Many researchers widely apply HCA 
and PCA analyses in order to classify the water quality 
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systems, to monitor the time-based changes in water 
systems, and to obtain useful findings.  

The aim of this study is to determine the changes in some 
physical and chemical properties and heavy metal 
concentrations of the water samples taken from 4 stations 
representing the whole pond between September 2015 
and August 2016, to reveal the water quality properties, to 
better determine the pollution level and pollutants via 
statistical methods, to enable monitoring these pollutants 
in further studies, and to make recommendations about 
taking required measures.  

Moreover, another aim of this study is to determine the 
water quality criteria of Bektaş Pond according to WHO and 
Inland Water Source Classes of Surface Water Quality 
Management Regulation (SWQMR). Thus, as well as an 
important database would be created for future studies to 
be carried out on this freshwater source, where no study 
has been carried out before, an important step would be 
taken in order to protect the pond. 

2. Materials and Methods 

2.1. Sample location and sampling 

Bektaş Pond is located in Sinop city; northern of Turkey, it 
is 25 km away to Sinop, has 300 ha surface area. This pond 
is the largest of the four ponds located in the town of 
Boyabat. The eastern, western and northeastern parts of 
the pond are forested areas. The surround of the pond is 
one of the important recreational areas of the region. In 
the pond, there are Cyprinus carpio (carp) and Silurus glanis 
(catfish) fishes (URL, 2014). The pond is closed to 
commercial fishing is only open to amateur fishing. 

In this study, the sampling sites were determined based on 
the factors such as the heading hydrological condition, the 
distance to the streams, and the ease of sampling (Table 1, 
Figure 1). 

Table 1. Coordinates of sampling sites 

Sampling sites Latitude Longitude 

S1 41°33' 09.75" N 34°46' 27.78" E 

S2 41°33' 04.71" N 34°46' 10.35" E 

S3 41°32' 53.69" N 34°46' 23.64" E 

S4 41°32' 53.86" N 34°46' 13.81" E 

The region of Bektaş pond’s climate is warm and 
temperate, where has a significant amount of rainfall 
during the year. This is true even for the driest month. The 
average annual temperature and rainfall are 12.9 °C and 
620 mm. The driest month is July (21.7 °C), with 30 mm of 
rainfall. With an average of 75 mm, the most precipitation 
falls in December the lowest average temperature of the 
year. It is January (4.0 °C). During the year, the average 
temperatures vary by 17.7 °C. 

The water samples were performed monthly (September 
2015 -August 2016) from four sampling stations located on 
the pond. In all samples, for 28 parameters of water quality 
were collected in 2.5 L plastic bottles. For the analysis of 
water samples, heavy metals were collected in 1-liter pre-
cleaned (with 50% HNO3 and then thrice with deionized 

water) polyethylene bottles and acidified with 10 ml 
concentrated HNO3 per liter of wastewater.  

 

Figure 1. Map of study area with sampling point locations.  

2.2 Determination of physicochemical parameters 

Among the physical parameters of water quality; dissolved 
oxygen (DO), electrical conductivity (EC), salinity and water 
temperature (WT) were measured on-site using YSI 556 
MPS model multi-meter. Other water quality parameters 
such as biological oxygen demand (BOD), total hardness 
(TH), total alkalinity (TA), chemical oxygen demand (COD), 
phosphate-phosphorus( PO4

-3-P), nitrite-nitrogen (NO2
--N), 

nitrate-nitrogen (NO3
--N), ammonium-nitrogen (NH4

+-N), 
chloride (Cl-), sulfite (SO3

-2), sulfate ( SO4
-2), magnesium 

(Mg+2), calcium (Ca+2), sodium (Na+1), potassium(K+) was 
analyzed in a laboratory using standard method (APHA 
AWWA WPCF,1995; Anonymous, 1998). The analyses of 
cadmium (Cd+2), nickel (Ni+2), ferrous (Fe+2), lead (Pb+2), 
copper (Cu+2) and zinc (Zn+2) water samples were 
conducted by ICP-MS device in the laboratory. 

The creation of the calibration curve was carried out using 
a certified multi-element standard. For samples were made 
in triplicate and each parallel was analyzed by ICP-MS 
instrument 10 readings. Blank samples were prepared with 
1% HNO3 solution 20 times and 3 times with a standard 
curve obtained and LOD (limit of detection) and 10 times 
the LOQ (detection limit) is determined (Şengül, 2016). 

2.3. Data treatment and multivariate statistical Analysis 

SPSS statistical package software was utilized for the 
statistical analysis of water analysis results. Descriptive 
statistical analysis, including One-way ANOVA, significance 
(0.01 and 0.05) was done for the stations and seasonal. 
Important differences in the mean values were tested with 
Tukey’s multiple range tests. On account of add to the non-
normal distribution of measured water quality parameters, 
the correlation structure between variables was used as a 
nonparametric measure of the correlation between the 
Pearson's correlation (r) coefficient and the variables 
calculated over the ranked data (Wunderlin et al., 2001). 

Additionally, multivariate analysis of the pond water 
quality data set was performed through Hierarchical 
Cluster Analysis (HCA) techniques (Singh et al., 2004; 
Shrestha and Kazama, 2007; Wu et al., 2010). The HCA used 
Ward's method as a measure of similarity (Zhaoa et al., 
2012; Omo-Irabor et al., 2008). Hierarchical cluster analysis 
(HCA) is a combination of techniques for classifying large 
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datasets into similarities or clusters based on differences. 
PCA analysis is commonly used to assess spatial and 
temporal variations in water quality (Ouyang, 2005; Yang 
et al., 2010; Bu et al., 2010). Before the PCA, Kaiser–
Meyer–Olkin (KMO) and Bartlett’s test were performed. In 
this study, KMO’s adequacy is 0.741 for Bektaş Pond. The 
Bartlett’s test (P = 0) would indicate that variables are 
unrelated. Analytical data were analyzed using CA and PCA 
performed with standardized experimental image data for 
Z-scale transformation in order to avoid misclassification 
due to wide differences in data densities (Güler et al., 2002; 
Singh et al., 2004; Ogwueleka, 2015; Mutlu and Aydin 
Uncumusaoglu, 2017). 

3. Result and Discussion 

3.1. Water quality evaluation  

The basic statistics of the pond water quality are 
summarized in Table 2, which shows the range, mean and 
standard deviation of each of the 28 parameters, based on 
768 total water samples (4 sampling sites, 12 months).The 
results and the sites where the ranges are located on that 
showed the DO concentration varied from 9.64 to 13.92 mg 
L -1, the salinity values ranged from 0.005 to 0.09 (‰), the 
pH values changed from 8.23 to 8.73, the WT values 
recorded between 3.1 and 22.8 C°, the EC values varied 
from 179.24 to 335.36 μS cm-1, the SS values ranged from 
1.1 to 4.56 mg L-1, the COD values varied from 1.02 to 3.42 
mg L-1, the BOD5 values recorded between 0.44 and 1.66 
mg L-1, the Cl- concentrations ranged from 3.46 to 6.76 
mg L-1, The PO4

3- concentrations varied from 0.128 to 0.688 
mg L-1, the SO4

2- concentrations recorded between 38.12 
and 83.58 mg L-1, the SO3

2- concentrations ranged from 
0.42 to 2.78 mg L-1, the Na+ concentrations varied from 
40.23 to 77.42 mg L-1, the K+ concentrations recorded 
between 3.4 and 16.76 mg L-1, the TH concentrations 
ranged from 197.7 to 262.8 CaCO3 mg L-1, the TA 
concentrations varied from 202.4 to 265.1 CaCO3 mg L-1, 
the Mg2+ concentrations recorded between 19.70 and 
49.34 µg L-1, the Ca2+ concentrations ranged from 21.06 to 
75.38 µgL-1, the NO2- concentrations varied from 0.0001 to 
0.0049 µg L-1, the NO3- concentrations recorded between 
0.52 and 4.46 µg L-1, the NH4+ concentrations ranged from 
0 to 0.0022 µg L-1, the Fe2+ concentrations varied from 0 to 
0.008 µg L-1, the Pb2+ concentrations recorded between 
0.20 and 2.20 µg L-1, the Cu2+ concentrations ranged from 0 
to 15 µg L-1, the Cd2+ concentrations varied from 0 to 0.4 
µg L-1, the Hg2+ concentrations recorded between 0 and 
0.008 µg L-1, The Ni2+ concentrations varied from 0 to 5 
µg L-1and the Zn2+ concentrations ranged from 7 to 
21 µg L-1 (Table 2). 

The seasons mean values, standard deviation and 
minimum -maximum values and the results of all 
parameters according to the classification system 
(SWQMR) and guidelines for drinking-water quality (WHO, 
2011) are shown in Table 2. 

No significant change was observed in the ANOVA test 
(P>0.05) for the variables measured about sampling sites. 
Statistically significant differences were found between the 

seasonal averages according to the ANOVA test (P <0.05) 
(Table 2). 

Pearson's correlation coefficient (r) obtained reflect both 
spatial and temporal changes (Table 3). Table 3 presents 
the values of Pearson's correlation coefficient (P<0.01; 
P<0.05) for pairs of variables at all sampling sites. The 
importance of water temperature, which is of great 
importance in terms of water creatures and aquatic 
ecosystems, is not debatable in terms of climate change. 
Therefore, it would be appropriate to examine in detail the 
relationship between water temperature and other 
parameters. This parameter is a high positive significant 
(r≥0.750) relationship at P<0.01and P<0.05 are salinity 
(r=0.844), pH (r=0.938), EC (r=0.914), SS (r=0.842), COD 
(r=0.766), BOD5 (r=0.990), Mg2+ (r=0.893), NO3

-(r=0.974), 
NH4

+(r=0.823), and negative significant relationship with 
DO ( r= -0.780) (Table 3). 

The pH of the pond was determined to be the class (II-III) 
according to SWQMR, which means it is polluted water 
(SWQMR, 2015). Also, according to WHO standards; the 
maximum limit has been exceeded. It is indisputable that 
pH carries a risk for their when we think it is important for 
delicate water creatures, because of the mild alkali 
character of the Bektaş pond. pH has a high positive 
significant (r≥0.750) relationship at P<0.01 and P<0.05 are 
WT(r=0.980), salinity (r=0.804), EC (r=0.831), SS ( r= 0.772), 
BOD5 (r=0.923), TH (r=0.761), TA (r=0.765), Mg2+ (r=0.787), 
NO3

-(r=0.886), NH4
+ (r=0.771), Hg2+(r=0.790) and negative 

significant relationship with DO (r=-0.750) (Table 3).  

According to SWQMR, some phosphate values have 
exceeded acceptable limits (Class II-IV), which means it is 
polluted water (SWQMR, 2015). It is thought that the 
fertilizer used in agriculture is the result of fertilizing the 
environment as a source of phosphate fertilization. PO4 has 
a high positive significant (r≥0.750) relationship at P<0.01 
and P<0.05 is positively associated with all heavy metals 
except lead. Additionally, it has a weak negative correlation 
with SO4

2- and SO3
2- (Table 3). 

The main source of sulphate and sulphite in the water is 
gypsum, anhydrite, and fertilizers used for agricultural 
activities. The SO3

2- of the pond was determined to be class 
(I-III) according to SWQMR, which means it is almost 
polluted water (SWQMR, 2015). The other parameters that 
this parameter may affect; SO4

2- (r=0.961), Na+ (r=0.936), 
Ca2+ (r=0.763), NO2

- (r= 0.768), Cu2+ (r=0.772) (P<0.01 and 
P<0.05) (Table 3).



 

 

Table 2. Seasonal Mean. Standard deviation (SD), range (Mean± SD; Minimum (Site) - maximum (Site)), WHO limit and Class (SWMQR, 2015) of water quality parameters 

 
Winter Spring Summer Autumn Range (Site) WHO 

Class 
(SWQMR) 

DO (mg L-1) 
13.195±0.304c 

12.91-13.67 
13.583±0.365c 

13.08-13.92 
11.845±1.376b 

10.78-13.72 
10.275±0.773a 

9.64-11.34 
12.225±1.534 

9.64 (1) -13.92( 4) 
 I 

Salinity(‰) 
0.016±0.009a 

0.01-0.03 
0.015±0.007a 

0.01-0.03 
0.037±0.020b 

0.005-0.07 
0.066±0.022c 

0.03-0.09 
0.033±0.026 

0.005(1)-0.09(1,2) 
  

pH 
8.291±0.040a 

8.23-8.33 
8.432±0.045b 

8.36-8.49 
8.571±0.064c 

8.48-8.64 
8.590±0.146c 

8.38-8.73 
8.471±0.147 

8.23(2,4)-8.73(1) 
6.5-8.5 II-III 

WT (C°) 
5.342±2.152a 

3.1-8.7 
9.692±3.391b 

5.7-13.8 
17.208±1.838c 

14.8-19.3 
20.158±3.518c 

15.2-22.8 
13.10±6.544 

3.1(3,4)-22.8(1) 
 I 

EC (μS cm-1) 
216.86±15.68a 
202.84-238.96 

202.23±16.53a 
179.24-217.74 

301.6±16.174b 
282.6-324.14 

310.9±31.069b 
266.34-335.36 

257.9±53.24 
179.24(3)-335.36(1) 

1500.0 I 

SS (mg L-1) 
1.537±0.304a 

1.28-2.04 
1.293±0.165a 

1.1-1.52 
2.523±0.673b 

1.9-3.46 
3.842±0.756c 

2.8-4.56 
2.299±1.138 

1.1(4)-4.56(1) 
  

COD (mg L-1) 
1.301±0.390a 

1.02-1.96 
1.805±0.390b 

1.4-2.34 
2.647±0.545c 

2.2-3.42 
2.483±0.088c 

2.38-2.66 
2.059±0.663 

1.02(2,3,4)-3.42(1) 
10.0 I 

BOD5(mg L-1) 
0.550±0.129a 

0.44-0.78 
0.775±0.194b 

0.54-1.06 
1.332±0.071c 

1.22-1.42 
1.427±0.225c 

1.1-1.66 
1.021±0.406 

0.44(4)-1.66(1) 
 I 

Cl−(mgL-1) 
4.701±1.298a 

3.46-6.76 
4.777±0.66a 

3.88-5.46 
6.087±0.207b 

5.8-6.34 
5.963±0.558b 

5.14-6.4 
5.382±1.002 

3.46(1)-6.76(2) 
250.0 I 

PO4
3-(mgL-1) 

0.241±0.114a 
0.144-0.54 

0.213±0.020a 
0.19-0.244 

0.161±0.014a 
0.138-0.178 

0.426±0.236b 
0.128-0.688 

0.260±0.162 
0.128(4)-0.688(1) 

 II-IV 

SO4
2- (mgL-1) 

45.37±10.20a 
38.12-59.78 

64.92±10.41b 
52.88-78.16 

71.43±8.59b 
61.86-83.58 

50.90±6.59a 
42.32-59.88 

58.16±13.75 
38.12(3)-83.58(1) 

250.0  

SO3
-2(mgL-1) 

0.730±0.359a 
0.42-1.24 

1.693±0.440b 
1.08-2.12 

2.055±0.636b 
1.22-2.78 

0.897±0.175a 
0.68-1.16 

1.344±0.696 
0.42(4)-2.78(1) 

 I-III 

Na+ (mgL-1) 
45.183±3.892a 

40.23-50.38 
60.275±11.61b 

46.96-74.82 
62.728±12.92b 

46.96-77.42 
41.297±0.624a 

40.48-42.04 
52.371±12.73 

40.23(4)-77.42(3) 
200.0  

K+ (mgL-1) 
6.465±2.162ab 

3.68-9.08 
7.827±1.842bc 

6.42-10.42 
9.738±4.942c 

6.02-16.76 
4.245±0.963a 

3.4-5.56 
7.069±3.452 

3.4(3)-16.76(2) 
12.0  

TH (mgL-1) 
212.27±13.03a 
197.74-228.9 

220.08±9.62a 
210.12-233.02 

251.58±3.64c 
246.2-256.06 

237.22±19.75b 
213.26-262.84 

230.29±19.83 
197.7(3)-262.8(4) 

  

TA (mgL-1) 
217.08±13.24a 
202.42-234.98 

224.98±8.90a 
215.28-238.16 

256.67±4.74c 
250.18-261.66 

241.88±18.57b 
219.46-265.1 

235.15±19.62 
202.4(3)-265.1(4) 

200  

Mg2+ (mgL-1) 
24.41±7.49a 
19.70-36.82 

24.68±3.97a 
21.02-30.48 

43.77±5.11b 
37.02-49.34 

42.12±2.49b 
39.06-44.98 

33.74±10.55 
19.70(1)-49.34(2) 

50  

Ca2+ (mgL-1) 
25.65±7.72a 
21.06-38.76 

42.16±12.48b 
29.22-58.42 

56.89±11.79c 
46.16-75.38 

43.50±2.69b 
39.82-46.7 

42.05±14.49 
21.06(1)-75.38(1) 

300  



 

 
Winter Spring Summer Autumn Range (Site) WHO 

Class 
(SWQMR) 

NO2
- (mgL-1) 

0.004±0.0008a 
0.0001-0.003 

0.015±0.001a 
0.0-0.003 

0.0029±0.001b 
0.0010-0,0049 

0.0012±0.001a 
0.0004-0.004 

0.0015±0.001 
0.0001(1,2,3,4)-

0.0049(1) 
 I 

NO3
- (mgL-1) 

1.008±0.475a 
0.52-1.76 

1.777±0.689b 
1-2.66 

3.835±0.464c 
3.2-4.34 

3.898±0.428c 
3.4-4.46 

2.630±1.377 
0.52(4)-4.46(1) 

50 I 

NH4
+ (mgL-1) 

0.0±0.001a 
0-0.002 

0.0±0.0a 
0.0001-0.0005 

0.001±0b 
0.0005-0.0018 

0.002±0c 
0.001-0.0022 

0.0001±0.001 
0(1,4)-0.0022(1) 

35 I 

Fe2+ (mg/L-1) 
0±0a 

0-0.001 
0.001±0.001ab 

0-0.002 
0.001±0.001bc 
0.001-0.003 

0.002±0.002c 
0.001-0.008 

0.001±0.001 
0(1,2,3,4)-0.008(1) 

0.300 I 

Pb2+ (µg/L-1) 
0.85±0.14ab 
0.60-1.10 

1.35±0.37c 
1-2 

1.27±0.62bc 
0.60-2.20 

0.70±0.33a 
0.20-1.10 

1.04±0.48 
0.20(4)-2.20(2) 

0.010 I 

Cu2+ (µg/L-1) 
2.167±1.749a 

0-4.0 
5.417±4.274ab 

0-11.0 
8.417±3.825b 

4.0-15.0 
5.667±1.435b 

4.0-8.0 
5.417±3.729 

0(1,2,3,4)-15(2) 
2.00 I 

Cd2+ (µg/L-1) 
0.14±0.124a 

0-0.3 
0.29±0.029bc 

0.2-0.3 
0.23±0.098ab 

0.1-0.3 
0.36±0.067c 

0.2-0.4 
0.26±0.117 

0(1,2,3,4)-0.4(1,2,3,4) 
 I 

Hg2+(µg/L-1) 
0.001±0.002a 

0-0.005 
0.001±0.001a 

0-0.002 
0.003±0.001ab 
0.002-0.005 

0.004±0.003c 
0.0008-0.008 

0.002±0.002 
0(1,2,3,4)-0.008(2) 

 I 

Ni2+ (µg/L-1) 
1.33±1.231a 

0-3.0 
2.083±1.782ab 

0-5.0 
3.00±0.0bc 

0-3.0 
3.583±0.90c 

2.0-3.0 
2.50±1.429 

0(1,2,3,4)-5(2,3) 
 I 

Zn2+(µgL-1) 
7.66±0.985a 

7.0-10.0 
11.08±3.288ab 

7.0-15.0 
13.41±3.029b 

10.0-18.0 
13.67±5.176b 

8.0-21.0 
11.46±4.136 

7(1,2,3,4)-21(2,3) 
0.010 I 

a.b.c Means with different letters in the same column are statistically significant different (P<0.05) 

  



 

Table 3. Pearson correlation matrix among the variables 

 

DO Salinity pH WT EC SS COD BOD5 Cl- PO4
3- SO4

2- SO3
2- Na+ K+ TH TA Mg2+ Ca2+ NO2

- NO3
- NH4

+ Fe+2 Pb+2 Cu+2 Cd+2 Hg+2 Ni+2 Zn+2 

DO 1                                                       

S -0.830** 1                                                     

pH -0.750** 0.804** 1                                                   

WT -0.780** 0.844** 0.938** 1                                                 

EC -0.786** 0.840** 0.831** 0.914** 1                                               

SS -0.923** 0.907** 0.772** 0.842** 0.879** 1                                             

COD -0.301* 0.497** 0.620** 0.766** 0.729** 0.481** 1                                           

BOD5 -0.762** 0.825** 0.923** 0.990** 0.930** 0.830** 0.802** 1                                         

Cl- -0.382** 0.533** 0.514** 0.680** 0.678** 0.498** 0.714** 0.685** 1                                       

PO4
3- -0.206 0.0220 -0.056 0.135 0.117 0.199 0.166 0.069 0.371** 1                                     

SO4
2- 0.185 -0.049 0.337* 0.283 0.182 -0.131 0.501** 0.341* 0.182 -0.512** 1                                   

SO3
2- 0.287* -0.156 0.253 0.199 0.105 -0.247 0.501** 0.259 0.201 -0.440** 0.961** 1                                 

Na+ 0.520** -0.339* 0.031 0.006 -0.099 -0.474** 0.409** 0.058 0.124 -0.381** 0.884** 0.936** 1                               

K+ 0.527** -0.365* -0.123 -0.137 -0.073 -0.415** 0.339* -0.053 -0.137 -0.481** 0.770** 0.781** 0.833** 1                             

TH -0.572** 0.547** 0.761** 0.744** 0.758** 0.578** 0.564** 0.794** 0.365* -0.390** 0.640** 0.509** 0.286* 0.295* 1                           

TA -0.584** 0.546** 0.765** 0.744** 0.758** 0.580** 0.554** 0.793** 0.370** -0.382** 0.632** 0.503** 0.274 0.276 0.998** 1                         

Mg2+ -0.726** 0.729** 0.787** 0.893** 0.885** 0.759** 0.739** 0.921** 0.822** 0.104 0.228 0.193 0.015 -0.150 0.697** 0.701** 1                       

Ca2+ -0.066 0.301* 0.571** 0.641** 0.552** 0.222 0.913** 0.687** 0.610** -0.114 0.760** 0.763** 0.708** 0.554** 0.607** 0.593** 0.619** 1                     

NO2
- 0.105 0.043 0.320* 0.362* 0.331* -0.063 0.673** 0.413** 0.370** -0.065 0.714** 0.768** 0.754** 0.640** 0.482** 0.473** 0.365* 0.807** 1                   

NO3
- -0.748** 0.766** 0.886** 0.974** 0.908** 0.789** 0.803** 0.982** 0.722** 0.106 0.327* 0.258 0.065 -0.083 0.773** 0.777** 0.941** 0.681** 0.429** 1                 

NH4
+ -0.864** 0.865** 0.771** 0.823** 0.858** 0.871** 0.476** 0.806** 0.450** 0.279 -0.066 -0.166 -0.357* -0.344* 0.615** 0.618** 0.711** 0.263 0.169 0.793** 1               

Fe+2 
-0.376** 0.540** 0.542** 0.595** 0.582** 0.504** 0.585** 0.621** 0.359* 0.012 0.281 0.223 0.111 0.132 0.477** 0.471** 0.506** 0.513** 0.358* 0.565** 0.510** 1             

Pb+2 
0.624** -0.384** -0.129 -0.129 -0.218 -0.548** 0.388** -0.097 0.069 -0.051 0.590** 0.687** 0.843** 0.740** -0.070 -0.084 -0.152 0.587** 0.637** -0.099 -0.429** 0.055 1           

Cu+2 
0.101 0.135 0.329* 0.453** 0.389** 0.026 0.799** 0.487** 0.594** 0.068 0.732** 0.772** 0.760** 0.587** 0.445** 0.434** 0.444** 0.882** 0.799** 0.500** 0.115 0.376** 0.682** 1         

Cd2+ 
-0.465** 0.465** 0.449** 0.542** 0.331* 0.497** 0.316* 0.506** 0.538** 0.310* 0.029 -0.029 -0.175 -0.480** 0.243 0.248 0.519** 0.217 -0.013 0.537** 0.440** 0.224 -0.299* 0.165 1       

Hg2+ 
-0.615** 0.834** 0.790** 0.784** 0.779** 0.772** 0.488** 0.749** 0.636** 0.081 0.039 -0.049 -0.189 -0.291* 0.477** 0.473** 0.680** 0.392** 0.059 0.688** 0.666** 0.459** -0.237 0.207 0.411** 1     

Ni+2 
-0.308* 0.488** 0.473** 0.676** 0.583** 0.412** 0.726** 0.659** 0.847** 0.447** 0.292* 0.263 0.238 -0.030 0.375** 0.370** 0.673** 0.644** 0.449** 0.694** 0.462** 0.434** 0.215 0.727** 0.581** 0.518** 1   

Zn+2  
-0.040 0.146 0.219 0.424** 0.331* 0.093 0.744** 0.424** 0.617** 0.542** 0.347* 0.419** 0.430** 0.238 0.162 0.163 0.419** 0.651** 0.592** 0.485** 0.181 0.268 0.536** 0.812** 0.294* 0.084 0.767** 1 

*Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).
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3.2. Spatial and temporal variation in pond water quality 
HCA, PCA 

Hierarchical Cluster Analysis was used to identify groups of 
similarity between sampling areas, which was applied to 
the data obtained from the monthly samples from four 
sites. The best results for the variable relationship between 
the methods used for correlation and distance combination 
were obtained using Ward's method and Euclidean 
distance. 

In the Bektaş pond, Cluster 1 includes Site 4. This cluster is 
represented by only one site because the Urumgöl Stream 
(freshwater discharge) is the main source of both the 
feeding pond and the pollution load (Figure 1). Cluster 2 
includes Site 1 and Sites 2, 3. Site 1 is the farthest point to 
the freshwater supply entrance and sites 2, 3 are co-
located with the pollution load together. This situation is 
thought to be related to the distance to the source of 
pollution. Cluster 3 contains sites 2 and 3 (Figure 2). These 
sites have the same pollution loads because they are 
equidistant from the pollution load coming from the pond 
and precipitation. Similar results have been found when 
this analysis is applied to water quality parameters 

(Simeonov et al. 2003; Coletti et al 2010; Zhang et al., 2011; 
Özdemir, 2016).  

 

Figure 2. Dendogram (using Ward Method) shows clusters 
of variables (St.: Site) 

According to the results of HCA analysis based on seasonal 
mean values, the seasonal differences clustered as seen in 
Figure 3. The Cluster A includes winter and spring. The 
Cluster B involves summer and autumn. This clustering is 
also similar to the ANOVA test results. It is seen in Figure 3 
that the spring season is the transition period between the 
clusters in detail (Shrestha and Kazama, 2007; Aydın 
Uncumusaoğlu et al., 2016).

 
 

Figure 3. Dendogram (using Ward Method) shows clusters of variables 
(A: Autumn, Sm:Summer, Sp:Spring and W:Winter)

In PCA analysis contains three components, 28 physico-
chemical parameters were categorized. PCA’s classified the 
factor loadings as ‘strong’, ‘moderate’ and ‘weak’, 
matching to absolute loading values of >0.75, 0.75-0.50 and 
0.50-0.30, respectively (Liu et al., 2003). The results of 
calculations were shown in Table 4. According to Hair et al. 
(2009), the choice of the number of major components to 
be retained in the number of major components released 
before a clear break between scree. 

These components were acquired with eigenvalues >1 
summing 85.58% of the total variance in the surface water 
dataset (Table 6). The first PC, explaining 43.52 % of the 
total variance has strong positive loading on EC, BOD5, WT, 
SS, salinity, pH, NH4

+, DO, Mg2+, Total alkalinity, Total 
hardness, Hg2+ and moderate positive loadings on Fe2+, 
COD, Cd2+, and weak positive loadings on NO2

-, Zn2+, SO3
2-, 

It has negative strong loadings DO and weak loading 
Ni2+.This factor, in which all parameters with strongly 
related dissolved oxygen are present, is also contained in 
Hg2+ which is a very toxic heavy metal (Table 3, 5 and Figure 
4).EC is highly correlated with SS, COD, BOD5, Cl, TH, TA, 
Mg2+, NO3, NH4, Fe2+, Hg2+, Ni2+ and Zn2+ as shown in Table 
3. PC1's high-load-bearing parameters are also seen in 

Pearson correlations, which are highly related to each 
other (Table 4). In addition, this factor loading can be 
commented as organic pollution and attributed to the 
seasonal effect of temperature. This natural source of 
these parameters in catchments of flowing run-off and soil 
leaching (Simeonov et al., 2003; Kannel, 2007; Vialle et al., 
2011). 

The second PC, accounting for 28.39% of the total variance 
has strong positive loading on SO4

2-, Na+, K+, Ca2+, Cu2+, Pb2+, 
Zn2+, Ni2+, and positive moderate loadings on Fe2+, total 
alkalinity, total hardness. It has a negative weak loading 
PO4

3-. This factor indicates the contribution of non-point 
source pollution from heavy metal and anions originating 
from soil or rock structure by agricultural runoff and 
atmospheric deposition and basin geology and soil 
structure. 

The third PC, accounting for 13.67 % of the total variance, 
has strong positive loading on PO4

3-, NO2
-, Cl-and moderate 

positive loadings on Cd2+, positive weak loading Mg2+, Fe2+, 
SO3

2-, Pb2+.Phosphorus ponds are found because of the 
transfer of water, soil, and rocks to the pond, where the 
phosphorus accumulation of rainwater and river deposits 
is accumulated. This is factor represents the contribution of 
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non-point source pollution from agricultural areas by 
farmers use the nitrogenous fertilizer, which undergoes 
nitrification processes, and the rivers receive nitrate 
nitrogen via groundwater leaching (Kazama and Yoneyama, 
2002; Mustapha and Nabegu, 2011; Aydin Uncumusaoğlu 
and Akkan, 2017). There is no industry in the field of work, 

so only cadmium is the fertilizer source. Since cadmium is 
the element with the highest water solubility in other 
heavy metals, the use of pond water for irrigation in 
agriculture means the inclusion of cadmium in the food 
chain, which is both at risk for both aquatic life and human 
health. 

Table 4. Varimax rotated factor matrix for the whole data set 

Variable 
Factor loadings (varimax normalized) 

PC 1 PC 2 PC 3 

Eigenvalues 13.714 7.369 2.879 
Variance (%) 43.524 28.385 13.671 

Cumulative (%) 43.524 71.909 85.580 

EC 0.941 0.225 0.220 
BOD5 0.936 0.158 0.262 
WT 0.933 0.100 0.178 
SS 0.920 -0.295 0.113 
pH 0.917 0.163 0.029 

NO3
- 0.910 0.224 0.278 

Salinity 0.886 -0.198 0.178 
NH4

+ 0.879 -0.191 0.153 
DO -0.879 0.375 -0.031 

Mg2+ 0.864 0.156 0.303 
TA 0.814 0.437 -0.262 
TH 0.812 0.450 -0.263 

Hg2+ 0.793 -0.085 0.177 
Fe2+ 0.585 0.564 0.477 
COD 0.580 0.251 0.124 
SO3

2 0.479 -0.157 0.434 
SO4

2- -0.174 0.967 0.014 
Na+ 0.068 0.956 -0.071 
K+ 0.189 0.926 -0.165 

Ca2+ -0.209 0.882 -0.231 
Cu2+ 0.198 0.827 0.216 
Pb2+ 0.223 0.823 0.469 
Zn2+ 0.452 0.808 0.298 
Ni2+ -0.378 0.802 0.273 

PO4
3- -0.029 -0.388 0.844 

Cl− 0.139 0.483 0.796 
NO2

- 0.480 0.297 0.735 
Cd2+ 0.553 0.194 0.661 

 

Figure 4. Scree-plot for the principal component model of the monitoring data 
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Figure 5. Component plot

4. Conclusions  

In this study, the water quality data obtained from four 
different sampling points for 12 months in the Bektaş Pond 
were analyzed by using multivariate statistical methods to 
determine the water quality as well as whether it is suitable 
for the aquatic life. It has been determined that this pond 
has aquatic life and suitable for their life now. The analyses 
and statistical tests conducted have resulted in the 
protection of the pond water only depending on the 
control of the amount and content of the fertilizers used in 
agriculture activities and the effect of pH changes on the 
aquatic ecosystem due to the sudden temperature changes 
as a result of changing the climate. A suggested solution to 
the problems is "best environmental practice" principle 
should be applied to minimize the out-of-source pollution 
and to efficiently use and control stocks of freshwater 
resources. 

According to WHO and SWQMR guideline, most of the 
parameters are clean water quality. Nevertheless, there 
are some parameters found as contaminated water. In 
terms of phosphate, sulphite and pH, both the aquatic life 
and the use of water as drinking water and irrigation water 
are not the desired characteristics. These parameters are 
not for the aquatic creatures, nor are the human activities 
necessary for water quality. In this study, the pond does not 
carry a risk in terms of heavy metal. The results of all the 
statistical analyses (ANOVA, Pearson correlation, HCA, and 
PCA) applied to the parameters are common results. The 
PCA applied to pond water quality parameters determined 
the main parameters from three main sources. The result 
is that the main pollution source of the pond is non-point 
pollution. According to the result of HCA analysis, there was 
no significant difference between the stations but has a 
significant difference between seasons. Measures should 
be taken according to the WHO and SWQMR guideline, for 
conservation and improvement of the water quality of the 
pond (Class I-IV). In future research for the prevention of 
pollution from agriculture, it is necessary to perform the 
modeling and regular monitoring should be done. Because 
of the statistical analysis, it has been learned which 
parameters should be examined in order to be able to carry 

out monitoring and this will provide both time and 
economic benefits in future research. 
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