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Abstract: In this study, the first quality data on water quality of Eglence pond which is
located in Boyabat province of Sinop, was evaluated. The monitoring study was performed
monthly in three sampling sites between September 2015 and August 2016. A total of 21
physicochemical parameters and 7 heavy metal levels were evaluated on the seasonal, and
annual. Then, these values have been classified according to the WHO and Turkey’s Water
Quality Management Regulation criteria. The Egence Pond water is generally suitable for
aquatic organisms and irrigation. However, the high water temperatures detected during
the autumn season can pose a threat to living sensitive aquatic organisms. In this study,
water temperature, sulphite, nitrate and pH changes do not a very dangerous situation.

The sources of pollution threatening this Pond can be primarily the climate, and the
fertilizers used in agricultural activities around the Eglence pond.

Keywords: Water quality temporal variation, hierarchical cluster analysis (HCA)
Eglence Goleti’nin Su Kalitesi ve Kullanilabilirliginin Tespiti (Boyabat, Sinop)

Oz: Bu calismada, Sinop ilinin Boyabat ilgesinde bulunan Eglence Gélet’inin ilk su kalitesi
verileri degerlendirilmistir. Izleme calismasi, Eyliil 2015 ile Agustos 2016 tarihleri arasindaki
ii¢ Ornekleme istasyonunda aylik olarak gerceklestirilmistir. Toplam 21 fizikokimyasal
parametre ve 7 agir metal seviyeleri mevsimsel ve yillik olarak degerlendirilmistir. Sonra, bu
degerler WHO ve Tiirkiye’nin Su Kalitesi Yonetim Yonetmeligi (SWQMR) kriterlerine gore
smiflandirilmistir. Egence Golet’i genellikle akuatik organizmalar ve sulama suyu igin
uygundur. Ancak sonbahar mevsiminde tespit edilen yiiksek su sicakliklari, sicakliga karsi
hassas sucul organizmalar i¢in tehlike olusturabilir. Bu ¢alismada su sicakligy, siilfit, nitrat ve
pH degisiklikleri ¢ok tehlikeli bir durumda tespit edilmemistir. Ancak ani olarak degisen iklim
degisikligi nedeniyle gelecegi tahmin etmek zordur. Goélet'i tehdit eden kirlilik kaynaklari
oncelikle iklim ve Eglence goleti ¢evresinde yapilan tarim aktivitelerinde kullanilan giibreler
olabilir.

Anahtar Kelimeler: Su kalitesi zamansal degisim, hiyerarsik kiime analizi (HKA)

1. INTRODUCTION

All of the living creatures need water for sustaining their lives. The most important component of the
ecosystems, in which the creatures live, is the water. Even though water is, the most plenty compound
in nature, it is also the source that is used incorrectly and roughly (Ramesh and Gundala 2015).
Although % of the earth is covered with water, 97.4% of water is in the salty form in oceans and seas
and thus its use in anthropogenic activities is limited. Resting 2.6% of reserves is in fresh water form,
and 79% of them are in glaciers and 20% in underground water sources. Thus, as human beings, we
can use only 0.26% of the total water reserved on earth (Tokatli et al., 2014).

In many regions on earth, the population grows very rapidly; in parallel with this increase, the
negative factors such as pollution cause from industrial and technological activities, domestic and
industrial wastes, excessive use of fertilizers and pesticides used in order to increase the crop yield,
climate changes caused by global warming, pollutions originating from touristic activities, and
inability of raising environmental awareness lead the water sources to be degraded and decrease.
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The quality of surface waters is an inseparable element of the natural environment, and it nowadays is ﬂhnten
an important matter of concern. The changes in quality of surface waters might be anthropogenic ones
or they might originate from the changes in natural conditions. In general, while the oscillations are
the constant sources of pollution, the environmental changes might seasonally vary depending on the
level of precipitation (Thirupathaiah et al. 2012). Water quality is determined by using the physical,
chemical, and biological parameters. Polluted waters do not constitute a balanced ecosystem for
aquatic life (Akkan, 2017). Any organism in an ecosystem, which is suitable for aquatic organisms, is
in interaction with other stakeholders, and the water quality plays important role in this interaction
(Zeng and Rasmussen, 2005; Aydin Uncumusaoglu et al., 2016), because the high-quality water is a
key factor for protecting the organisms in aquatic life (Ouyang et al., 2006). The surface water sources
have significant importance for the total quality of water sources in any region, because there is a
direct interaction between underground waters, aquifer, and surface water (Ntengwe, 2006; Mutlu et
al., 2013).

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 (Anonymous, 2016). For this reason, the properties
of lakes and ponds fed by natural sources, meeting the irrigation water need of agricultural lands and
the water need of wild animals living within the state hunting area, as well as the water requirement
for aquaculture activities, 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.

The present study was aimed to observe the seasonal changes, to determine the water quality
properties, to reveal the pollution sources, to evaluate the suitability level in terms of aquatic life, and
to classify the quality of water in accordance with WHO (Anonymous, 2014) and Surface Water
Quality Management Regulation’s (SWQMR, 2015) inland surface water classes criteria. In addition,
statistical methods have been used to make the interpretation of relations and interrelationships easier.
In accordance with this purpose, the use of different multivariate statistical techniques such as
Pearson’s correlation, hierarchical cluster analysis (HCA) and one-way ANOVA provide more
information related to ecological status and the water quality of this study area.

2. MATERIAL AND METHODS

Sample Location and Sampling

Eglence Pond is located within the borders of the Eglence village in Sinop city; it is 19 km away to
Boyabat and 109 km to Sinop. Precipitation, snow waters, and Eglence Stream feed the pond. The
climate of the district is generally warm and temperate. There is significant precipitation in Boyabat
province with average annual temperature of 12.9 C° an average annual rainfall of 620 mm. Its
neighbors, as well as irrigate the agricultural lands around the pond. There are Cyprinus carpio (carp)
and Silurus glanis (catfish) fishes in Eglence Pond. In this study, the sampling sites (three) were
determined considering the factors such as facilities, the hydrological status of the pond, distance to
the streams, and sampling points (Figure 1).
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Figure 1. Map of study area with sampling point locations (adapted from Google Earth)

The study was performed on September 2015 and August 2016, and samples were collected monthly
during 12 months. Samples were collected in 2.5 L plastic bottles. For the analysis of heavy metals,
water samples were collected in 1-liter pre-cleaned (with 50% HNO; and then thrice with deionized
water) polyethylene bottles and acidified with 10 ml concentrated HNO; per liter of water. The
collected samples were kept in ice bags while being transported to the laboratory and about 4°C until
being analyzed

Determination of Physico-Chemical Parameters
Among the physical parameters of water quality, water temperature, pH, dissolved oxygen, salinity,
and electrical conductivity were measured on-site using YSI 556 MPS model multi-meter.

Titration with sulfuric acid was used for total alkalinity, while titration with EDTA was used for total
hardness. The results are expressed in mg L™ CaCO3. Chemical oxygen demand, chloride, phosphate,
sulfate, sulfite, potassium, magnesium, calcium, nitrite, nitrate, and ammonium nitrogen were
measured using HACH DR 6000 Desktop Spectrophotometer in laboratory, while BOD was measured
using HACH LANGE BOD TRAK Il Manometric device (APHA, 2012; Clesceri, Greenberg,
Trussell, APHA, AWWA, & WPCF, 1989). Suspended solid matter (SS) analysis was performed by
filtering the water through Whatman membrane filters and then keeping the filter papers at 103 °C for
24 hours and calculating the weight difference (APHA, 2012; Anonymous, 1998 ).

Heavy metals in water (ferrous, lead, cadmium, zinc, nickel, copper were measured using ICP-MS
device in the laboratory. The creation of the calibration curve was made using the certified multi-
element standard. The samples were prepared in triplicate and analyzed as 10 readings in each parallel
ICP-MS device. The blind sample prepared with HNO; (1%) solution was taken 20 times and 3 times
of standard slope and LOD (detection limit) and 10 times LOQ (determination limit) were determined
(Sengiil, 2016).

Statistical Analysis

SPSS statistical package software was utilized for the statistical analysis of water analysis results. In
order to determine if there are significant differences between mean values by the sites, months and
seasonal, One-way ANOVA was employed and the level of significance was set to (0.01-0.05). The
significance of differences between the mean values was tested using Tukey’s multiple range tests. In
order to determine the relationship between the physicochemical parameters, Pearson's correlation
was used. Additionally, multivariate analysis of this data set was performed through hierarchical
cluster analysis (HCA) techniques (Shanthakumar, 2016; Liu et al., 2003). These were initially
standardized by z-scale transformation (Kannel et al., 2007; Ozdemir, 2016).

3. RESULT AND DISCUSSION
The water samples were taken monthly from three sites. The seasonal mean, standard deviation (SD),
range (Min.-Max.) and seasonal differences of water quality parameters are presented in Table 2.
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According to the analysis results, regardless of difference of seasons and sites, the annual mean values
of water quality parameters were found as dissolved oxygen (DO) (12.33+1.61 mg L™), salinity
(0.03+£0.02 %o), pH (7.96+1.35), water temperature (WT) (11.36+7.74 °C), electrical conductivity
(EC) (204.02+40.26 uS cm™), suspended solid content (SS) ( 2.14+1.13 mg L™), chemical oxygen
demand (COD) (1.48+0.58 mg L), biological oxygen demand (BODs) ( 0.64+0.34 mg L), chloride
(CI) (4.34+1.14 mg L), phosphate (PO,¥)(0.102+0.121 mg L™), sulfate (S0,%) (51.72+9.64 mg L),
sulfite (SO5%) (1.33+0.53 mg L™), sodium (Na*) (47.36+12.72 mg L™), potassium (K*) (6.24+3.27 mg
LY, total hardness (TH) (194.60+21.32 mg L™), total alkalinity (TA) (208.58+51.74 mg L),
magnesium (Mg®) (28.86+10.91 mg L™), calcium (Ca®*) (39.75+15.09 mg L™), nitrite (NO,
)(0.002+0.002 mg L), nitrate (NO3) (3.68+3.09 mg L™), ammonium (NH,") (0+£0.0002 mg L),
ferrous (Fe?*) (0.0009+0.0011 mg L), lead (Pb*) ( 0.61+£0.42 ug L™), copper (Cu?") (5.75+3.65 ug
LY, cadmium (Cd**) (0.12+0.06 pg L), mercury (Hg*") (0.0028+0.003 pg L™), nickel (Ni®")
(2.31£1.12 pg L™ and zinc (Zn?*) (9.64+6.49 pg L™).

In this study, statistically significant difference was found between the mean values of seasonal
(P>0.05) but not between sites (Table 2).

The dissolved oxygen (DO) concentration refers to the degree of water contamination, the
concentration of organic matter in the water, and the degree to which water can self-clean (Unlii et al.,
2008). The DO level of Eglence pond ranged between 9.78 and 14.51 mg L™. The lowest DO level
was observed in Site 1 in September, while the highest level was found in Site 2 in May. For aquatic
life, the DO level of inland waters must be not lower than 5 mg L™ (SWQMR, 2015). According to
the obtained results, it was concluded that this pond is suitable for aquatic life. This pond’s DO range
is Class | (> 8 mg L™) according to the inland water classification criteria of (SWQMR, 2015).

The salinity is expressed as the total amount of salt dissolved in water, originates from chloride,
mainly from sodium chloride (Cirik and Gokpinar 1993). It is not desirable to have salt in high
concentrations in irrigation waters because it accelerates the desolation. The salinity rate is increased
by the mixing of the water from the natural and artificial fertilizers used in the agricultural areas
around lake and pond, the municipal wastewater and the salt from the geological structure of the river
bed. The Eglence Pond’s salinity level changed between 0.010 and 0.080 ppt. The lowest level of
salinity was observed in all sites in the first four months of the year, while the highest level was found
in site 1 in October. In order that this pond’s salinity is low as expected from the fresh waters, it is
suitable for aquatic life.

The pH an indicator of water acidity is an important factor affecting living life. The pH of a lake's
flora water is very influenced (Tas, 2006).The pH level of Eglence pond ranges from 7.91 to 8.70. The
lowest pH was observed in Site 2 in February, while the highest level was found in Site 1 in
September. Because of the mildly alkali character of this pond, no pollution was observed since the
pH level of pond varies between 6 and 9 (Tanyolag, 2009). The pH range of this pond is in class III
and it is above the WHO limit values (SWQMR, 2015; Anonymous. 2014). It has been determined
that the maximum pH value of the Germectepe Dam Lake is more basic than this pond (Atea et al.,
2017). When pH indicating the acidity of water is analyzed using Pearson’s correlation test (Table 3);
with which pH is in positive significant relationship at P<0.01, are WT (r=0.453), SS (r=0.492 ),
BODs (r=0.495), chloride (r=0.525) ( Table 3).

The temperature affects biological, chemical and physical activities in the water (Atici, 2004). For
some living things, the vital importance of water temperature is available for reproduction and
nutrition. With temperature, metabolic rate and respiration rate of the organisms in the environment
increase, so that oxygen consumption increases. Phytoplanktonic organisms multiply because of the
increase in temperature and warm-up time with spring months, and the conversion of nutrients that
break down after bacterial activity into inorganic matter. The development slows down at the end of
the summer months when the right nutrients are consumed. Some species can even survive (Reynolds,
1993).The WT varied between 2.28 and 28.08 C° in this pond. The lowest temperature level was
observed in Site 2 in February, while the highest level was observed in Site 1 in September. In
conclusion, it was found that this pond is suitable for aquatic life and there is no seasonal threat.
Moreover, according to the inland water quality criteria of SWQMR, the pond was determined to be
Class I-III ((<25- <30 C°). The water temperature is a positive significant relationship with EC
(r=0.883), SS (r=0.800), COD (r=0.886) and BODs (r=0.881), TH (r=0.898) and magnesium
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(r=0.795). Moreover, at the same level of significance, it was found to have a negative relationship ﬂhnten
with DO (P<0.01) (Table 3).

The electrical conductivity is a measure of the total dissolved solids in the water and varies depending
on the geological structure and amount of precipitation (Temponeras et al., 2000). The EC value of
Eglence pond changed between 138.72 and 278.06 pS cm™. The lowest EC level was observed in
March at Site 3, while the highest level was found in Site 1 in October (Table 2).

According to the classification criteria of SWQMR, the pond is suitable in terms of EC and is Class |
(suitable for the use for recreational purposes including those involving personal contact such as
swimming and for animal husbandry and agricultural purposes) (< 400 uS cm™) (SWQMR, 2015). It
is also the maximum value is much lower than the WHO limit (Table 2) (Anonymous, 2014).

29



Alinteri Journal of Agricultural Sciences. 2017, 32(2): 25-37

Alnteri Zirai Bilimler Dergisi

quality parameters (Anonymous, 2014; SWQMR, 2015).

A. AYDIN UNCUMUSAOGLU and E. MUTLU ﬁ‘

Table 2. The mean, standard deviation (SD), range (Min.-Max.) and seasonal differences of water Uﬂ lintert

: . WHO  SWQMR
Winter Spring Summer Autumn limits (Class)
b b a a
DO (mg Lt 13.63+0.72 13.45:0.23 11.68+1.55 10.55+0.98 |
(mg L) 12.82-14.51 13.24-13.78 9.89-13.50 9.78-11.88
a a b c
o 0.02+0.01 0.02+0.01 0.037+0.012 0.060£0.012
Salinity(%
alinity (%) 0.01-0.04 0.01-0.04 0.02-0.06 0.04-0.08
oH 8.2440.30° 8.3940.04" 8.5240.07" 8.354026" 65.85 "
7.91-8.70 8.33-8.45 8.42-8.60 8.02-8.63 >
WT €C) 3.140.95" 7.8242.70° 15.844335 18.6248.38" "
2.28-4.48 4.48-10.88 11.38-19.18 8.58-28.08
EC (uS cm)! 180.402416.01°  162.20+17.32" 2349942667 2384982854  1e000 |
163.92-201.12 138.72-180.02 198.12-262.22  208.06-278.06
ss (mg L) 1154111 12720.40° 2.898+0.482" 3.2440.19"
0.38-2.66 0.72-1.68 2.220-3.300 2.96-3.48
copmgLy  0.96£041° 1172017 1.94+0.16" 1.86£0.67" 100 |
0.40-1.38 0.98-1.40 1.72-2.12 1.18-2.74 '
BOD, (mgLY)  0219+0.10° 0.50£0.25" 0.90+0.06" 0.94+0.10° |
5 0.10-0.36 0.14-0.76 0.82-1.0 0.80-1.06
a a b b
S 3.49+1.59 3.662:0.667 5.040+0.078 5.16:0.09 2500 |
Cl (mg L) 2.34.5.64 2.780-4.340 4.94-5.16 5.02-5.28 '
PO "(mg L) 0.09+0.14" 0.02+0.03" 0.082:0.032°  02120.15" Ll
4 0.0-0.30 0.002-0.086 0.052-0.156 0.038-0.38
SO (mgL?) 4448589 48.96:2.11° 65.39+5.19° 48.0346.89° 250.0
4 36.58-49.12 46.08-52.52 58.58-70.14 40.66-56.62 '
2 a b b a
50 Z(mg L* 1.14+0.26 1.71£0.32 1.676£0.155 0.80::0.63 "
. (ML) 0.76-1.36 1.34-2.18 1.46-1.88 0.01-1.46
a b b a
N . 39.05+1.17 55.26+11.24 58218413263 36.92+0.84 2000
Na"(MgL")  37562.40.40 42.28-68.40 42.28-73.28 35.82-38.06 '
a
b 5.27+1.06 6.98+1.7930 8.996+5.008°  3.72:0.062 120
K™ (mg L) 3.90-6.44 5.64-9.44 5.300-16.080 3.62-3.80 '
TH CaCO; (Mg  169.18+3.25" 187.53£9.27° 218.51+3.93° 203.16£19.16"
LY 1640217364 1774820054 213.30-22354  180.12-226.580
TA (CaCO; mg 174.45i3.55a 226.71+96.89° 223.69+4.34% 209.45+18.79% 200.0
L) 16948-17906  182.56-483.88 217.48-229.76  187.24-231.9 :
a a b b
24 4 19.56+9.35 19.66+3.74 39.07+5.09 37.13+2.54
Mg™ (mgL") 53104 16.58-24.70 32.76-44.96 34.04-40.06 50
a b c b
N R 23.4849.52 39.50+12.60 54.98:13.43 41.024+2.364
Cam(mgl?)  eca6o6 26.44-55.34 435-72.98 38.28-43.98 300.0
] B 0+0° 0.002+0.001° 0.00420.002° 0.001+0.0®
NO; (mgL™) 5 0-0.003 0.002-0.006 0.001-0.002 '
a bc c ab
] R | 322151 4.60£2.19 6.30+4.21 2.4820.64
NOs (mgL™)  oe33s 2.12-7.34 2.10-11.72 1.94-3.36 500 -1
R . 0.0+.0002° 0.0+.0001° 0.0+0.003" 0.0£0.001°
NHS(MIL)  50-0.0006 0.0001-0.0004 0.0001-0.0008 _0.0001-0.0004 8.0 !
Fe* (mg L) 0.0002+0.0004*  0.00022£0.0004°  0.0010+0.00° 00022£0.0015" . |
9 0.0-0.0010 0.0-0.001 0.0010-0.0010  0.0010-0.0050 :
. 0.40.122° 0.880.37° 0.800+.612% 0.367+0.150°
Pb™ (ng L") 0.20-0.60 0.5-15 0.20-1.70 0.20-0.60 10.0 '
2 1 2.23+1.70° 6.56£3.09" 8.78+4.06° 5.4442.07%®
Cu™ (g L) 0-4.0 3.0-11.0 4.0-15.00 3.0-8.0 200 !
Cd* (ug L 0.089+0.033? 0.10£7.57%® 0.16:+0.09" 0.12+0.04%® |
(g L) 0-0.10 0.10-0.10 0.10-0.30 0.10-0.20
H™ (g LY 0.0006+.0.005  0.0016+0.002° 0.00620.003" 0.00320.002° |
9" (ng 0.0-0.0010 0-0.004 0.002-0.010 0.001-0.006
NI (ug L) 1671 41° 2.0+0.00° 21120337 3.44=1.13° |
ne 0-4.0 2.0-2.0 2.0-3.0 2.0-5.0
2 1 3.67+1.118 8.89+5.56% 16.0+6.14° 10.0+5.32™
Zn” (ugL7) 3.0-6.0 3.0-16.0 8.0-24.0 40170 10.0 !
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Table 3. Pearson correlation matrix among the variables ﬂllnten
_ 3- 2- 2- + + " " B ~ ¥
DO Sa. pH WT EC  SS cop BOD, ci PO, SO, SO, Na K TH TA Mg~ ca’ NO, NO, NH,
DO 1

Sal. .ogs5 1
PH 0465 0370 1
WT o865 0781 0453 1L

EC 0881 0794 0364 0883 1

SS 0848 0856 0492 0.800 0.890 1

COD _0gs3 0549 0191 (ggs 0767 0546 L

BODs 0755 0812 0495 0881 0820 0876 0744 1

Cl -0627 0726 0525 0609 0722 0932 0304 o785 1

Pof' -0279 ue1 053 0005 0251 (547" -0273 0252 (54 1

so,” 0175 0026 0231 (464 0379 0221 0680 0445 0134 o438 1

*x

so,” 0386 -0.493 0089 -0.062 -0.167 -0.286 0.183 -0.034 -0227 594 0551 1
Na® 0370 0241 0279 0010 -0.132 -0.039 0.092 0234 0157 -0265 570" 0653 1
K 0451 0315 0102 -0.123 -0.227 -0.209 0.070 0058 -0.034 -0309 (583 0523 0842 1

* * * *

TH 0663 0581 0437 0898 0773 0679 0911 0864 0527 0171 o756 0232 35 0238 1

TA -0.179 0.060 0.227 0.228 0.052 0.084 0.241 0.133 -0.009 -0.168 0.246 0.098 0.077 0.063 0280 1

* * *

2+

Mg~ 0789 0774 0434 0795 0894 0968 0611 0861 0891 0464 0381 0199 0072 -0096 753" 0125 1

ca” 0213 0368 0482 0500 0401 0560 0423 0722 0684 0137 o570 0270 (753" 0647 0693 0140 o615 1

NO, -0035 0121 35 0321 0224 0288 0429 0483 0352 0080 0734 0396 0758 0788 0642 0231 0426 0850 !

NO, 0222 -0022 (355 0093 -0007 0187 0091 (375 0414 0049 0505 0435 0909 0844 0374 0071 0259 0gos 0830 1

NH ' 0168 0019 0206 -0.101 0.002 0185 -0.169 0.107 (413 0341 0115 0077 (13 o505 0022 -0068 0197 (524 0498 0.621 1
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The amount of suspended solids in the water is affected by the density of phytoplankton and flood ﬂ lintert
waters reaching the pond. Excessive increase in the amount of SS results in damage to gill sensitive

tissues in fish, resulting in the death of juvenile and eggs. The level of suspended solid matters (SS)

ranges from 0.38 to 3.48 mg L™. The lowest SS level was observed in Site 3 in January and February,

while the highest level was found in Site 1 in September.

The chemical oxygen demand (COD) is the amount of oxygen required to chemically oxidize water-
soluble oxidizers. One of the most important parameters used in determining the degree of pollution
of domestic and industrial wastewater is chemical oxygen demand. For this reason, COD is the most
used parameter in water pollution detection studies. This pond’s chemical oxygen demand (COD)
varied between 0.40 and 2.74 mg L™. The lowest COD level was observed in Site 3 in December,
while the highest level was found in Site 1 in September (Table 2). The pond was found to be Class |
(<10, <25 mg L) in terms of COD (Anonymous, 2014; SWQMR, 2015). In the water, the indicator
of the amount of organic matter is the biological oxygen demand (BODg), changed between 0.10 and
1.06 mg L™ in this pond. The lowest BODs level was observed in Site 3 in January, while the highest
level was found in Site 1 in September. According to the inland water quality criteria of SWQMR, the
pond was found to be Class | (<4 mg L™) in terms of BODs (SWQMR, 2015).

The concentration of chloride ion in all natural waters is generally low. The values of chlorine
concentration are directly related to drinking and industrial water quality and irrigation water quality
(Unlii et al., 2008). The Eglence pond’s chloride value ranges from 2.31 to 5.640 mg L™ The lowest
chloride concentration was determined in Site 3 in February, while the highest one was observed in
Site 1 in December. Moreover, at the same level of significance, it was found to have a negative
relationship with DO. According to the classifications criteria of SWQMR and WHO, is Class I (< 10
mg L") (SWQMR, 2015).

The phosphate, one of the nutritive minerals that affect the productivity of natural waters, varied
between 0.002 and 0.3840 mg L™. The lowest phosphate concentration was observed in Site 1 in
January, while the highest level was found in the same site in November. In autumn and the spring the
amount of phosphate was found in the higher than other seasons, and the seasonal differences are
indicated in Table 2. According to the inland water quality criteria of SWQMR, the pond was found to
be Class I-111 (<0.03 - <0.65 mg L) in terms of phosphate (SWQMR, 2015). A significant positive
correlation was observed between phosphate values to are ammonium (r=0.341) and magnesium
(r=0.464). Moreover, at the same level of significance, it was found to have a negative relationship
with DO (P<0.01), (Table 3). In Kiigiiksu Pond, the amount of phosphate is above these limits (Mutlu
and Aydin Uncumusaoglu, 2017).

The sulphate, which is the natural anion of the water, is used in natural waters, it must be found.
Sufficiency of sulphate in the environment, inhibition of phytoplankton growth, and slow growth of
plants. The Eglence pond’s sulfate concentration changed between 36.58 and 70.14 mg L™. The
lowest sulfate concentration was observed in Site 3 in December, while the highest level was found in
Site 3 in June. The acceptable limit for aquatic organisms is 90 mg L™ (Kurnaz et al. 2016). The
highest SO, value is much lower than the Alpsari Pond (Mutlu and Aydin Uncumusaoglu, 2017). The
sulfite concentration ranges from 0.100 to 2.18 mg L. The lowest sulfite concentration was observed
in all sites in October, while the highest level was found in Site 1 in April. The amount of sulfide
above the limit was detected in the spring (Table 2). In conclusion, it was found that this pond is
suitable for aquatic life. According to the inland water quality criteria of SWQMR, the pond was
found to be Class 111 (<10 mg L™ in terms of sulfite (SWQMR, 2015). The parameters, with which
sulfide has a positive significant relationship with sodium (r=0.653), potassium (r=0.523), nitrite
(r=0.608) and nitrate (r=0.516) and negative significant relationship with salinity (r=- 0.493), and
phosphate (-r=0.594) (P<0.01) (Table 3).This Pond’s sodium concentration varied between 35.82 and
73.28 mg L. The lowest sodium concentration was determined in Site 3 in October, while the highest
level was found in Site 1 in June. This range of sodium is much lower WHO ‘s limit ( Table 2) (
Anonymous, 2014).

The potassium is one of the inorganic salts that give an aqua flavor. In the water environment, the
potassium mineral in the form of K,SO, is a nutrient element that plays a role in the development of
plant organisms. It accelerates the development of plankton. Too much potassium salts are toxic to
fish (Ozdemir, 1994). In this study, potassium concentration ranged from 3.62 to 16.08 mg L™. The
lowest potassium concentration was observed in Site 3 in October, while the highest level was found
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in Site 1 in June. The maximum value of potassium in this pond obtained is above the WHO’s limit
(Table 2) (Anonymous, 2014). The high levels of potassium can be explained by the use of potassium
fertilizers in agricultural areas.

The Hardness, one of the important characteristics of waters, varies according to the geological
structures where they are located, is mainly due to calcium and magnesium bicarbonate ions, calcium
and magnesium chloride, calcium and magnesium nitrate, and also iron, aluminum and strontium ions
in small amounts (Giiler and Cobanoglu, 1997). The Eglence pond’s TH changed between 164.02 and
226.58 mg L. The lowest TH was observed in Site 2 in December, while the highest level was found
in Site 1 in September. This pond’s TH's level is “Mildly Hard Water” ( 150-250 mg CaCO3 L™)
such as Maruf dam (Egemen and Sunlu, 1999; Mutlu and Kutlu, 2017).The total alkalinity (TA)
ranged from 169.48 to 483.88 mg L 'in the Eglence Pond. The lowest TA was observed in Site 2 in
December, while the highest level was found in Site 3 in March. The maximum value of TA is above
WHO's limit (Table 2) (Anonymous, 2014). A significant positive correlation was observed between
TA values to DO (- r=0.179) and chloride (-r=0.009) (P<0.01) (Table 3).

The magnesium ion (Mg*?) is one of the ions that brings the hardness of the water. Since Mg** are
present in the chlorophyll in composition, it is vital for chlorophyll plants. Magnesium ions regulate
phosphorus metabolism in algae, fungi, and bacteria. The low Mg* ? ratio in the lake affects the
phytoplankton productivity of the lake considerably, resulting in the lake becoming oligotrophic
(Egemen, 2006). The magnesium concentration ranged from 11.88 to 44.96 mg L™ in this pond. The
lowest magnesium concentration was observed in Site 2 in January, while the highest level was found
in Site 1 in July. The maximum value of magnesium is much lower than the WHO’s limit (Table 2)
(Anonymous, 2014). The maximum amount of calcium in the Delice lake (Sivas) was found to be
higher than in this Eglence pond (Mutlu et al., 2015).

It is known that nutrient salts are important in the physiological activities of all organisms. The lack of
anyone has an adverse effect on the development of the organism. The calcium (Ca*?) ion is at the
head of minerals that form food salts, is one of the most abundant elements in natural waters. It is
important for algae and high plants (Egemen and Sunlu, 1999). The study’s calcium concentration
varied between 15.86 and 72.86 mg L. The lowest magnesium concentration was observed in Site 2
in January, while the highest level was found in Site 1 in June. The maximum value of calcium is
lower than the WHO’s limit (Table 2) (Anonymous, 2014). The maximum calcium and magnesium
value in this pond is much lower than the Derbent Dam Lake (Tas, 2006).

Nitrogenous compounds most commonly found in natural water as nitrite, nitrate, ammonium and
organic nitrogen (Tas, 2011). These compounds can be measured to determine the quality of the
water. These nitrogenous sources may be atmospheric nitrogen carried by the rainwater of the source
of the nitrogenous substances, nitrate salts found in the soil structure, as well as compounds which are
washed away from the soil during agricultural activities and mixed into domestic and industrial
wastewater. The nitrite concentration in this pond changed between 0.001 and 0.0064 mg L™. The
lowest concentration of nitrite was found in all sites in December, January, February, while the
highest level was determined in Site 1 in June. In conclusion, it was found that this pond is suitable for
aquatic life. In conclusion, it was found that this pond is suitable for aquatic life. Moreover, according
to the inland water quality criteria of SWQMR, this pond was found to be Class I (< 0.01 mg L™ ‘in
terms of nitrite (SWQMR, 2015). The maximum nitrite value in this pond is much lower than the
Yayladagi Pond (Mutlu and Tepe, 2014). Another nitrogen form; the nitrate concentration ranged
from 0.26 to 11.72 mg L. The lowest concentration of nitrate was found in Site 2 in February, while
the highest level was determined in Site 1 in June. In conclusion, according to the inland water quality
criteria of SWQMR, the pond was found to be Class I-11l (<5, <20 mg L™) in terms of nitrate
(SWQMR, 2015), however, this maximum value is lower than the WHO’s limit. The maximum
nitrate value in this pond is higher than the Cigdem Pond (Kurnaz et al., 2016). The ammonium ion
varied between 0 and 0.008 mg L™. The lowest concentration of ammonium was determined in Sites 2
and 3 in February, while the highest level was determined in Site 1 in June. According to the inland
water quality criteria of SWQMR, the pond was found to be Class | (<0.2 mg L™) in terms of
ammonium (SWQMR, 2015), however, this maximum value is much lower than the WHO’s limit.

The ferrous plays an important role in the development of many organisms, especially algae, which
acts as a catalyst for the synthesis, is important in enzymatic reactions as well as in the respiratory
metabolism of animal organisms, if not involved in the chlorophyll structure. The ferrous level of
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Eglence pond changed between 0 and 0.005 pug L™ The lowest concentration of ammonium was ﬂhnten
found in all sites in the first five months while the highest level was determined in Site 1 in October.

According to the inland water quality criteria of SWQMR, the pond was determined to be Class I

(<300 pg L™ in terms of ferrous. (SWQMR, 2015).

Table 4. Pearson correlation matrix among the heavy metal variables

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

2+
Fe 1
pp. -0.058 1

CU2+ 0244 0810** 1
cd” o383 0261 0021 1

0892 0079 1

*

Hy 0354  0.655

Ni©© 0586 0038 g3s1" 0145 341 1
zn’ 0280 717" 0937 0009 (o517 0358 1

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

The lead level of Eglence pond ranged between 0.200-1.700 ug L™. The lowest concentration of lead
was found in all Sites in January, while the highest level was determined in Site 1 in June. There is a
positive significant correlation between lead values to copper (r=0.810) mercury (r=0.655) and zinc
(r=0.717) and negative significant relationship with cadmium (-r=0.261) (P<0.01 and P<0.05) (Table
4). According to the inland water quality criteria of SWQMR, the pond was determined to be Class |
(10 pg L") in terms of lead. (SWQMR, 2015). This pond’s cupper level varied between 0 and 15.00
pg L™, The lowest level of cupper was determined in Sites 2 and 3 in February, while the highest level
was determined in Site 1 in June. According to the inland water quality criteria of SWQMR, the pond
was found to be Class I (<20 pg LY in terms of cupper. (SWQMR, 2015) such as Kiiciiksu Pond
(Mutlu and Aydin Uncumusaoglu, 2017).

The cadmium level of Eglence pond changed between 0 and 0.30 pg L™. The lowest level of Cd was
determined in Site 3 in February, while the highest level was found in Site 2 in August. According to
the inland water quality criteria of SWQMR, the pond was found to be Class I (<2 pg L™) in terms of
cadmium (SWQMR, 2015).The mercury of Eglence pond ranged from 0.0 to 0.010 pg L™. The lowest
Hg level was observed in all sites in the first three months, while the highest level was observed in
Site 1 and 2 in June. According to the inland water quality criteria of SWQMR, the pond was found to
be Class I (0.1 pg L) in terms of mercury (SWQMR, 2015), such as Brook Kurugay (Mutlu and
Aydm Uncumusaoglu, 2016).

The nickel level of the pond varied between 0 and 5.00 ug L™ The lowest level of cupper was
observed in all sites in November, while the highest level was observed in sites 1and 2 in February.
According to the inland water quality criteria of SWQMR, the pond was determined to be Class I (<20
pg L) in terms of nickel (SWQMR, 2015), such as Alpsar1 pond (Mutlu and Aydin Uncumusaoglu,
2017). The zinc level of Eglence pond changed between 3.00-24.00 pg L™. The lowest level of zinc
was observed in all Sites in January, February and March, while the highest level was observed in Site
1 in June. According to the inland water quality criteria of SWQMR, the pond was found to be Class |
(<200 pg L™ in terms of zinc (SWQMR, 2015), such as Cigdem Pond (Kurnaz et al., 2016).

Based on the seasonal mean values and sites’s mean values determined 28 parameters by using water
samples taken from three sites on Eglence pond between 2015 and 2016, the HCA analysis was
performed. According to the HCA analysis results; it was determined that Sites 2 and 3 have similar
characteristics in terms of pollution load, so their pollutant sources are similar. The water entry into
the pond for Site 1 (Figure 1 and 2).
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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. Between two main clusters, the cluster dominated by winter season
draws attention. The second cluster consists of summer and autumn seasons. It is seen that the
similarity rates of average values of summer and autumn seasons are more than those of other seasons.
It is seen that the average of winter and autumn months is more similar to that of other seasons. These
results are similar to the Anova test results (Table 2). (Aydin Uncumusaoglu and Akkan, 2017,
Shrestha and Kazama, 2007; Mavukkandy et al., 2014; Kazi et al., 2009).

Case O 5 10 15 20 25
Label
s |
SM
A — 1
Figure 3. Dendogram (using Ward Method) shows clusters of variables (A: Autumn, Sm:Summer,
Sp:Spring and W:Winter

4. CONCLUSION

As a result of these analyses, it was found that in Eglence Pond hosting aquatic animals and being
suitable for aquatic life and irrigation. It can be evaluated for ecotourism and recreational purposes.
This pond’s TH*s level is mildly hard and mildly alkali Water. In this study, the dissolved oxygen
level in this pond is high in all seasons. Changes in water temperature, phosphate, nitrate, sulphide,
pH and potassium make a dangerous situation. The highest water temperature was found in autumn
not summer. The maximum value determined may be dangerous for sensitive aquatic organisms with
low-temperature tolerance. When Pearson correlations predict the expected changes in parameters in
the case of changing the water temperature, a significant change in pH is expected whereas this
change in phosphate is very small. The sulfide and the potassium are negative, and vice versa. For the
future, it is very important to maintain ecological balance in order to maintain water quality and to
water nearby agricultural land. As a result of the uncontrolled use of fertilizers in agricultural
activities, it is considered that there are limit increases in nitrate, phosphorus, potassium and sulphite
amounts together with season factors.

There was no significant difference between the stations. The results of ANOVA on seasonal mean
values are similar with the results of HCA analysis. The water quality of the Eglence Pond has been
determined Classes 11 (polluted water) according to SWQMR. The heavy metal of the pond's class is
high clean water. In the future, agricultural activities around the pond can more affect the trophic
structure of this Pond. We think that this study, which has reached the first information about the
water quality of the Eglence Pond, will also be a source for further studies.

In the future, more monitoring, modeling, and control should be provided for pollutants originating
from non-point sources that are eventually turned into agricultural activities.
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