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Zooplankton abundance and composition are one of the most important factors RESEARCH ARTICLE

which affect the food web in aquatic ecosystems. The purpose of this study was

to determine the water quality of Bafa Lake in Turkey, based on zooplankton Received  :25.01.2020 E -y E
communities. As the study case, Bafa Lake is one of the biggest lake in Turkey, Revised - 15.03.2020

and the lake is quite rich in terms of biodiversity. Bafa Lake is the under effects .
of domestic, agricultural and industrial wastes that accumulate and cause the Accepted  :15.04.2020 =
deterioration of ecology in the lake by Biiyiik Menderes River. With this purpose, Published  :27.08.2020 E
8 sampling sites were determined and zooplankton samples were collected
monthly for two years. TSInrot index and various versions of diversity indices
were used to determine the water quality and ecological status of Bafa Lake. To
determine similarities between the stations, the stations were clustered by using * CORRESPONDING AUTHOR
UPGMA based on zooplankton fauna. By applying Pearson Correlation,
correlations between the indices based on zooplankton fauna were assessed. With
the identification of collected zooplankton, a total of 73 taxa which belong to
groups of Rotifera, Cladocera, Copepoda, and Meroplankton were detected. As a
result of similarity analysis, most similarity values were obtained between stations
1, 2 and 8, respectively. According to TSInrot index, Bafa Lake has got a eutrophic
ecological state while according to all versions of diversity indices, Bafa Lake has
got the a-f mesosaprobic ecological state.
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Aci Su Ozelligindeki Bafa Gélii’niin Zooplankton Topluluk Yapisina Gére Trofik Durumunun Belirlenmesi

0Oz: Zooplankton miktar1 ve dagilimi sucul ekosistemlerde besin agini etkileyen en 6nemli faktorlerden biridir. Bu ¢alismanin amaci,
Tiirkiye'deki Bafa Golii'niin su kalitesini zooplankton topluluklarini baz alarak belirlemektir. Calisma alani olarak Bafa Golii,
Tiirkiye'nin en biiyiikk gollerinden biri olmakla birlikte gol biyolojik ¢esitlilik agisindan olduk¢a zengindir. Bafa Go6li, Biiyiik
Menderes Nehri tarafindan taginarak golde ekolojinin bozulmasina neden olan evsel, tarimsal ve endiistriyel atiklarin etkisi
altindadir. Bu amacla 8 drnekleme alani belirlenmis ve zooplankton 6rnekleri iki yil boyunca aylik olarak toplanmistir. Bafa
Goli'ntin su kalitesini ve ekolojik durumunu belirlemek i¢in TSInrot indeksi ve cesitlilik indekslerinin ¢esitli versiyonlari
kullamlmugtir. stasyonlar arasindaki benzerlikleri belitlemek igin, istasyonlar zooplankton faunasi temelli UPGMA kullanilarak
kiimelendirilmistir. Pearson Korelasyonu uygulanarak, zooplankton faunasina dayali indeksler arasindaki korelasyonlar
degerlendirilmistir. Toplanan zooplanktonik organizmalarin tanimlanmasiyla Rotifera, Cladocera, Copepoda ve Meroplankton
gruplarina ait toplam 73 takson tespit edilmistir. Benzerlik analizi sonucunda, en yiiksek benzerlik degerleri sirasiyla 1., 2. ve 8.
istasyonlari arasinda elde edilmistir. TSInrot indeksine gore, Bafa Golii dtrofik ekolojik duruma sahipken, gesitlilik indekslerinin tim
versiyonlarina gore, Bafa Golii a-f mezosaprobik ekolojik duruma sahiptir.

Anahtar kelimeler: Bafa Gélii, Zooplankton, Su Kalitesi, Trofik Durum Indeksi, Cesitlilik indeksleri

How to Cite
Sukatar A, Ertas A, Giille I, Tuney Kizilkaya I. 2020. Trophic State Assessment of Brackish Bafa Lake (Turkey) Based on Community Structure of
Zooplankton LimnoFish. 6(2): 88-99. doi: 10.17216/LimnoFish.680070

Introduction water quality all around the world. With the
Increasing pollution pressure and the diversity of  increasing human needs, the distorted distribution of
pollution factors cause a rapid decline in surface  the population around the world has been the main


http://doi.org/10.17216/LimnoFish.680070
http://doi.org/10.17216/LimnoFish.680070
https://orcid.org/0000-0002-1895-0165
https://orcid.org/0000-0001-8510-6100
https://orcid.org/0000-0003-3298-3657
https://orcid.org/0000-0003-0293-6964

Sukatar et al. 2020 - LimnoFish 6(2): 88-99

89

driver of deterioration in the quality of existing water
bodies. The cumulative effect of all these factors is
more severe in freshwater ecosystems. Therefore, the
demand for biomonitoring research based on
biometric approach has been increasing in recent
years. At this point, the Water Framework Directive
(WFD) is a very important legal regulation in terms
of determining the quality of water resources and
developing methodology. According to WFD,
European Union (EU) countries classified the
ecological status of surface waters based on benthic
macroinvertebrates,  fish,  macrophytes, and
phytoplankton. Although zooplankton fauna do not
include as a biological quality element, it is an
important element of the aquatic food web (Ejsmont-
Karabin 2012; Davidson et al. 2011; Jeppesen et al.
2011; Caroni and Irvine 2010).

In aquatic ecosystems, defining the factors that
detect zooplankton abundance and composition,
provides information about plankton dynamics, and
increase  effective  water management and
biodiversity conservation (Zhao et al. 2017). On the
other hand, according to Lampert and Sommer
(2001), the changes in primary production,
eutrophication, and abundance of the planktivorous
fish community affect the zooplankton composition.
Zooplankton diversity, biomass, and density are the
most important ecological parameters to determine
phytoplankton and fish relationship. Climatic
conditions, vegetation cover, and physical-chemical
parameters have an important influence on
zooplankton  distribution  (Sharmila-Sree  and
Shameem 2017).

In terms of ecological diversity, Bafa Lake has
237 genera, 325 species, 22 subspecies, and 7
varieties belonging to 80 families and also 16
endemic species. At the same time, Bafa Lake
includes breeding and nursery area on the coast and
islands for about approximately 300.000 birds, 20
fish species. In the Bafa Lake basin, agricultural,
industrial and domestic wastes cause the pollution
pressure on the lake. However, the Bilylik Menderes
River causes another big pollution pressure on the
lake which transports all the pollutants along the
riverbed. Many researchers such as Mermer (1989),
Balik and Ustaoglu (1989), Balik et al. (1992) and
Balik (1995), Sari et al. (1999) reported that
increased salinity levels caused the decreased water
quality, and extinct a few endemic species such as
Acanthobrama  mirabilis,  Cyprinus  carpio,
Chondrostoma nasus, Barbus capito pectoralis,
Silurus glanis in the Bafa Lake.

In this research, we’ve determined the water
quality of Bafa Lake using the zooplankton
fauna data set. For this reason, the Rotifer-based
Trophic State Index (TSInre) and diversity
indices were used to assess the ecological status of
Bafa Lake. Moreover, to determine
similarities between the stations and differences
between the TSInret and diversity indices,
Pearson correlation and Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) clustering
were used.

Materials and Methods

Study Area

Bafa Lake is a shallow freshwater lake in the
southeastern part of the Biiyiikk Menderes River delta,
inside the Mentese Mountains. Bafa Lake is the third
largest (65 km?) lake located in the west of Turkey,
characterized by a high trophy (Figure 1). Bafa Lake
is 2 meters high from the sea and the deepest part is
21 meters. The lake long axis is 16 km and the widest
part of the lake is 6 km. The Biiylik Menderes River
and groundwaters are the main water sources of Bafa
Lake. It is located in the provincial territory of Aydin
and Mugla. The lake, which was a part of the Aegean
Sea in ancient times, remained inside the coast for
miles along with the alluviums carried by Biiyiik
Menderes. Today it is approximately 17 km from the
area where the Biiyilk Menderes River flows into the
Aegean Sea. Biiyiikk Menderes used to float in the
Gulf of Latmos. The historical city of Herakleia or
Herakleia Latmos, which today has ruins on the shore
of the lake, was also located on the east coast of this
gulf. With the accumulation of alluviums carried by
the river, the Gulf of Latmos first became a salt lake.
As the level rises with excess water collected behind
the natural embankment, it expanded its area by
covering the shallow Cer¢en Bay in the north. It
poured its excess water into the Biiylikk Menderes
River with western-end vetch and slowly turned into
a freshwater lake. The shores of the lake are jagged
like the shores of the Aegean Sea. There are many
small islands in Bafa Lake, which is a natural
embankment lake. There are well-maintained olive
trees on the shore of the lake.

Zooplankton samples were collected from 8
different stations on monthly periods for two years.
The study was carried out between July 2015 and
June 2017, over the two years. Stations were
determined based on the hatchery facilities around
the lake, settlements, and the points where the Biiyiik
Menderes River flows into the lake.
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Figure 1. Distribution of stations in Bafa Lake.

Sample Collection

Zooplankton samples were collected every
month from 8 sampling sites selected on Bafa Lake
between July 2015 and June 2017. Hensen-type
plankton net with 110 um mesh size was used for
zooplankton sampling. Due to the depth of the
sampling stations were different, three repetitions
were taken for each station with vertical shooting
from different depths. Repeated samples taken from
the same station were fixed with a 4-5%
formaldehyde solution in different sample containers
and 0.5 mL of 1% Lugol solution was added to
facilitate the counting of transparent samples (Wetzel
and Likens 2000). Qualitative and quantitative
analyses of zooplankton were carried out with Stereo
and binocular microscopes and other auxiliary
materials. Zooplankton species were identified
according to Edmondson (1959a, 1959b), Kolisko
(1974), Koste (1978a, 1978b), Harding, and Smith
(1974), Needham and Needham (1966). Samples
preserved in 50 mL conical bottom Falcon tubes were
partially diluted or condensed based on the estimated
sample density. Counts with 1 mL volume of
Sedgewick-Rafter counting cells were performed
with counts having an organism density of at least
100 organisms. Copepods and Cladoceras were
counted at x4, rotifers were counted at x10

magnification. The abundance (density) value of the
count results is calculated as individual/L, but the
results are expressed as individual/m® to give the
decimal parts as integers.

Analytical Procedures

In this study, various versions of diversity indices
and the trophic biotic index were used to determine
species diversity and water quality ratio. The
Shannon Weaver Diversity Index (SWDI), Margalef
Diversity Index (MDI), Simpson’s Diversity Index
(SDI), Menhinick Diversity Index, and Evenness E1
indices were applied by using PAST3 software
program. Pielou J diversity index and TSI nrot Were
applied by using Excel 2019 (Microsoft OfficeR).

SWDI is one of the most commonly used method
to determine diversity. This index reflects the
mathematical measure of species diversity in a
community. In this index,”’H”’ is the value of the
index. ’’n”’, the total number of taxa in the
community. *’Pi”’, the proportion of individuals in
the i taxa in the community.

H' = ;(pi)(lnpi)

SDI is a system created by giving high values to
taxa, which are predominantly found in freshwater
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systems other than rare taxa. The most commonly
found taxa have a high value. *’ni’’ is the dominance

of i taxon. >’N’’ is the dominance value of all taxon
(Ghosh and Biswas 2005).

D= @iy = 2%

In MDI, the data consist of two matrices that
specify absolute numbers (Gamito, 2010). In this
index, “S” is the number of species while’’n’’ is the

total number of individuals observed in the
community (Margalef 1958).
_S5-1
InN

In Pielou J index,”H” value is the SWDI index
value while “Hmax” stands for log,®.”S” value is the
total number of species.

J = H/log($)

TSlnrot biotic index was created by the modified
Trophic State Index (TSI). TSlsp, TSlte and Carlson’s
TSI except for TSInrot (Ejsmont-Karabin 2012).

TSI rot = 5,38.In(Nrot) + 19,28

In this research, the faunal similarity between the
sites was assessed by using the Sorensen similarity
index (Krebs 1989) while correlation analysis

between the diversity indices and TSInrot index was
applied by using the SPSS version 11.5.

Results

In this investigation, as a result of diagnosed
organisms from the eight stations, a total of 73 taxa
were determined in Bafa Lake. In this research, 49
taxa belong to Rotifera, 7 taxa which belong to
Cladocera, 12 taxa which belong to Copepoda, and
finally 5 taxa which belong to Meroplankton were
determined in Bafa Lake.

Rotifera was the most dominant group between
the other zooplanktonic groups. As a result of the
determination of zooplanktonic groups, the
maximum numbers of individuals were collected at
6'" station while the minimum numbers of individuals
were collected at 8" station. As a result of the
morphologic  diagnosis, = Hexarthra  oxyura,
Copepodit and Nauplius larvae were dominant on
station #1, #2, #3, #4 and #8. Lecane clostrocerca,
Synchaeta balticaa, and Nauplius larvae were
dominant on station #5. Brachionus angularis,
Polyarthra vulgaris, and Nauplius larvae were
dominant on station #6. Brachionus plicatilis,
Brachionus quadridentatus and Nauplius larvae were
dominant on station #7. As a result of the analysis,
it was determined that Nauplius larvae was at
least one of the dominant taxon at all stations
(Figure 2).

Synchaeta baltica

Polyarthra vulgaris

Nauplius larvae s

Lecane clostrocerca

Hexarthra oxyura

Copepodit

Brachionus quadridentatus

Brachionus plicatilis

Brachionus angularis

0 10 20 30 40 50 60

MW Station 8 W Station 7 W Station 6 M Station 5 = Station 4 m Station 3 W Station 2 M Station 1

Figure 2. Zooplankton dominancy (%) in all stations of Bafa Lake

Relative occurrence (%) and distributions of the  Figure 3. According to Figure 3, the percentage
assessed zooplanktons in Bafa Lake are given in of Rotifera is 58%, Copepoda is 36%,
Table 1. On the other hand, the percentage  Meroplankton is 5% and Cladocera is 1%,
of diverse zooplankton groups are illustrated in  respectively.
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Table 1. The occurrence of the different group of zooplankton in Bafa Lake.

Sta. 1 Sta. 2 Sta. 3 Sta. 4 Sta. 5 Sta. 6 Sta. 7 Sta. 8

ROTIFERA

Anuraeopsis fissa Gosse, 1851 +

Asplanchna priodonta Gosse, +

1851

Asplanchna sp. +

Brachionus angularis Gosse, + +

1851

B. calyciflorus Pallas, 1766 + + + + +
B. budapestinensis Daday, +

1885

B. plicatilis Mller, + + + + + + +
1786

B. quadridentatus Hermann, + + + +

1783

B. rubens Ehrenberg, 1838 +

B. urceolaris O. F. Muller, + + + + + + + +
1773

Cephalodella gibba +

(Ehrenberg, 1830)

C. forficula (Ehrenberg, 1832) +
Cephalodella sp. + +

Colurella adriatica Ehrenberg, + + + + +
1831

C. unicinata (Miiller, 1773) + +

C. colurus (Ehrenberg, 1830) + +

Colurella sp. +

Eucentrum sp. + + +

Euchlanis dilatata Ehrenberg, +

1832

Filina longiseta Ehrenberg, + +

1832

F. terminalis (Plate, 1886) + +
Hexarthra oxyura + + + + + + + +
H. fennica Levander, 1892 + + + + + + + +
H. mira (Hudson, 1871) + +

Keratella cochlearis Gosse, + +

1851

K. quadrata (Miiller, 1786) + +

K. tropica (Apstein, 1907) + +

K. valga (Apstein, 1907) +

Lecane bulla Gosse, 1851 + +

L. clostrocerca (Schmarda, + + +

1859)

L. luna (Miiller, 1776) + +

L. lunaris (Ehrenberg, 1832) + + +

Lecane sp. + + +
Lepadella ovalis (O.F. Miiller, + + +

1786)

Mytilina ventralis (Ehrenberg +

1830)

Notholca acuminata + +
(Ehrenberg, 1832)

N. squamula (Miiller, 1786) + +

Platyias quadricornis + +
(Ehrenberg, 1832)

Polyarthra remata Skorikov, + +

1896
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Table 1. Continued.

Sta. 1

Sta. 2

Sta. 3

Sta. 4

Sta. 5

Sta. 6

Sta. 7

Sta. 8

ROTIFERA

P. vulgaris Carlin, 1943

=+

Pompholyx sp.

Scaridium longicaudum
(Miiller, 1786)

=+

Synchaeta baltica Ehrenberg, +
1834

S. oblonga Ehrenberg, 1832 +

S. pectinata Ehrenberg, 1832

Testudinella pseudoelliptica +
Bartos, 1951

Trichocerca pusilla (Jennings
1903)

Trichocerca sp.

Trichotria tetractis
(Ehrenberg, 1830)

CLADOCERA

Coronatella rectangula (Sars,
1861)

Bosmina longirostris (O.F.
Miiller, 1785)

Daphnia longispina (O.F.
Miiller, 1776)

Diaphanosoma birgei Korinek,
1981

Moina micrura Kurz, 1875

Podon sp. +

Pleopsis polyphemoides
(Leuckart, 1859)

COPEPODA

Calanipeda aquaedulcis +
Krichagin, 1873

Coryoceus sp.

Oithonina nana (Giesbrecht, +
1892)

Cyclopoida (undifined)

Mesocyclops leuckarti (Claus,
1857)

Mesocyclops sp.

Sapphirina sp. +

Euterpina acutifrons (Dana,
1847)

Microsetella norvegica +
(Boeck, 1865)

+

Harpacticoid (undifined)

+

Copepodit

+

+

+

+

+

Nauplius larvae +

MEROPLANKTON

Cirripedia larvae

Euphasidae larvae +

Polychaete larvae +

Tunicata larvae

+

Veliger larvae +
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Figure 3. Proportional (%) distributions of zooplankton groups according to lake average density values.

In this study, the Rotifera group was found the
most dominant zooplankton group in summer in Bafa
Lake (Figure 4). The second most dominant group
was Copepeoda in summer. Meroplankton was the
most dominant group in autumn, winter, and spring
seasons in Bafa Lake. The second most dominant

group was Copepoda on autumn, winter, and spring
seasons. In general, Rotifera is dominant in term of
species and individual numbers. Sharmila-Sree and
Shameem (2017) have reached the same results in
their study on the Meghadrigedda reservoir,
Visakhapatnam, Andhra Pradesh, India.
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Figure 4. Seasonally average density values (individual/m?) of zooplankton groups.
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Based on UPGMA analysis, classification, and
similarities of the sampling stations based on
zooplankton communities were demonstrated and
defined in Table 2 and Figure 5. In this analysis,
station #1, #2, and #8 have closer similarity value

with each other. Higher similarities was determined
between station #1 and station #2 (86%), station #2
and station #8 (86%) while lowest similarities was
determined between the station #3 and station #6
(37%).

Table 2. Cluster analysis dendrogram (UPGMA method) based on the Serensen index.

Station1  Station2  Station3  Station4  Station5  Station6  Station7  Station 8
Station 1 1 0.86 0.76 0.70 0.64 0.43 0.48 0.84
Station 2 1 0.85 0.76 0.69 0.40 0.49 0.86
Station 3 1 0.72 0.65 0.37 0.42 0.76
Station 4 1 0.73 0.45 0.55 0.74
Station 5 1 0.55 0.60 0.72
Station 6 1 0.81 0.45
Station 7 1 0.51
Station 8 1
Since there is a strong relationship between the
S £ 5 £ 5 5 5 5 ecosystem efficiency and species diversity in a
E B 2 EEE E OB community, diversity indices are used to determine
0975 species richness and species evenness, effectively.
SWDI, SDI, MDI, Pielou J, Menhinick, and
09004 Evenness E1 diversity indices were calculated for
each station to determine species diversity ratio.
0.625 According to SWDI, the highest diversity value was
seen at site #8 (1.92), while the lowest value was seen
207501 at site #7 (1.24). According to SDI, the highest
iE‘ [ diversity value was seen at site #6 (0.87), while the
v 0,675

0,600

0,525+

0450

Figure 5. Classification of stations based on similarities of
zooplankton communities.

lowest value was seen at site #4 (0.69). According to
MDI, the highest diversity value was seen at site #5
(2.89), while the lowest value was seen at site #7
(1.01). According to the Pielou J index, the highest
diversity value was seen at site #5 (0.46), while the
lowest value was seen at site #7 (0.32). According to
the Menhinick index, the highest diversity value was
seen at site #7 (0.32), while the lowest value was seen
at site #3 (0.16). On the other hand, according to the
Evenness E1 index, the highest diversity value was
seen at site #3 (0.39), while the lowest value was seen
at site #7 (0.18) (Table 3).

Table 3. Score values of biotic and diversity indices and water quality classes.

indices Sta. 1 Sta. 2 Sta. 3 Sta. 4 Sta. 5 Sta. 6 Sta. 7 Sta. 8
Biotic indices
TSlwrot  Score 61 62 62 68 63 73 72 57
Class eutrophic eutrophic eutrophic hypertrophic  eutrophic hypertrophic  hypertrophic  eutrophic

Species Diversity Indices
SDI 0,76 0,76 0,76 0,69 0,73 0,87 0,85 0,77
SWDI 1,75 1,74 1,78 1,55 1,88 1,59 1,24 1,92
MDI 1,99 1,88 1,55 2,33 2,89 1,20 1,01 2,12
Evenness E1 0,30 0,32 0,39 0,20 0,23 0,24 0,18 0,36
Menhinick 0,21 0,20 0,16 0,17 0,26 0,28 0,32 0,27
Pielou J 0,45 0,44 0,45 0,36 0,46 0,36 0,31 0,32

B- B- B- a- - a- a- a-

mesosaprob  mesosaprob  mesosaprob  mesosaprob  mesosaprob  mesosaprob  mesosaprob  mesosaprob
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One of the most commonly used biotic index,
TSlnrot, Was used for assessing the ecological quality
of Bafa Lake is shown in Table 3. According to the
TSInree index, the highest ratio belongs to site #8
(57). The sampling site #8 is determined as a
eutrophic ecological state just like other station but it
has the lowest ratio than others. On the other hand,
other stations were also determined as eutrophic with
a high ratio.

Table 4, summarizes the correlations of TSInrot
and species diversity indices. In this study, the
random sample cases (10% select case) was made on
the biotic and diversity indices to verify datasets and
to determine that the data was entered without errors

in the SPSS version 20.0. The significant correlation
between TSInret and SWDI (r = 0.912; p<0.01) was
strong. The second strong significant correlation was
between TSlnret and MDI (r = 0.843; p<0.01).
Among species, diversity indices highest significant
correlation was found between SWDI and MDI (r
value 890, p<0.01). The second strong significant
correlation between the diversity indices was SWDI
and Pielou J (r value 889, p<0.01). SWDI and MDI
indices are coherent with TSlInrot, because of the
increase or decrease of TSInrot Value can relate with
SWDI and MDI indices value. All species diversity
indices were in accordance with each other except
Menhinick Diversity Index.

Table 4. Correlation assesment between biotic and diversity indices used in Bafa Lake.

SDI SWDI MDI Evenness Menhinick Pielou J TSINRot
El

SDI 1 933" .805" -.165 713" 874" .542
SWDI 1 .890™ -.298 767" .889™ 912"
MDI 1 -.668 790" .638 .843™
Evenness E1 1 -.449 .057 - 776"
Menhinick 1 795" .359
Pielou J 1 .193
TSINRot 1

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

Discussion

Many aquatic organisms feed on zooplanktonic
organisms, at least for a certain period of their lives.
Therefore, there is a close relationship between the
efficiency of the aquatic environment and
zooplanktonic organisms. Rotifera, Cladocera and
Copepoda groups make up the bulk of the
zooplankton fauna in freshwater ecosystems.

Zooplankton fauna of Bafa Lake was determined
in this research. With this study, the TSInret index and
various versions of diversity indices were used on
identified zooplankton organisms to determine the
ecological status of Bafa Lake. In this study, a total
of 73 taxa were determined during the two years of
study in Bafa Lake. According to Altindag and Yigit
(2004), When the zooplankton fauna of Beysehir
Lake was examined, a total of 43 species were
identified, 32 from Rotifera, 9 from Cladocera and 2
from Copepoda. After the identification of
zooplankton samples, Rotifera, Cladocera,
Meroplankton, and Copepoda groups were revealed.
In some similar studies conducted in other trophic
lakes, Altindag and Yigit (2004); Tiirkmen et al.
(2006); Dirican and Musul (2008); Offem et al.
(2011); Ren et al. (2011); Apaydin Yagcr and
Ustaoglu (2012); Haberman and Haldna (2014); Ipek
Alis and Saler (2016); Ochocka and Pasztaleniec
(2016); Tuna and Ustaoglu (2016); Sharmila-Sree
and Shameem (2017); De-Carli et al. (2019) and

Sgarzi et al. (2019) reached approximately similar
results in their researches.

As a result of the determination of zooplankton
groups, the most dominant zooplankton group was
found as Rotifera in Bafa Lake. According to
Tirkmen et al. (2006), the Rotifera species
composition detected in Golbasi Lake is quite wide
compared to Cladocera and Copepoda species
compositions. Although the Keratella species, which
is used as the eutrophication indicator, is 39.8%
among the species forming the Rotifera population,
the Brachionus and Filinia species used as the
eutrophication indicator were found at a low rate of
1.52% and 0.23% in Golbas1 Lake, respectively. The
Keratella, Brachionus, and Filinia species are also
found in Bafa Lake. According to Dirican and Musul
(2008), Filinia sp., Keratella sp., Polyarthra sp.,
Trichocerca sp., Bosmina sp. sp, Daphnia sp.
and Cyclops sp. have been reported in the Kelkit
Stream, which is one of the branches of Yesilirmak
and a little behind the Camligoze Dam Lake, on the
Kilickaya Dam Lake. In a study conducted in
Camligoze Dam Lake, individuals belonging to
Filinia sp., Keratella sp., Trichocerca sp. and
Cyclops sp. reported in Kiligkaya Dam Lake were not
encountered  (Dirican and  Musul,  2008).
According to Ipek Alis and Saler (2016), Rotifera
was represented in higher number of species
compared with Cladocera and Copepoda in Cip,
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Goksu, Keban, Kesikkoprii and Asartepe dam lakes.

The similar results were obtained by Negreiros et
al. (2010) in Sapucai River; Saygi et al. (2011) in
Liman Lake; Ismail and Adnan (2016) in Harapan
and Aman Lakes; and lastly Dorak et al. (2019) in
several reservoirs in Turkey.

According to Ejsmont-Karabin (2012), based on
the biotic index, the TSlyrot IS created as the main
mean of specific zooplankton indices. For this
reason, TSInrot under 45 means, the lake’s ecological
state is mesotrophic. If TSIyret Value is between 45-
55 means, the lake’s ecological state is meso-
eutrophic. While TSIyret Value is between 55-65, the
lake is eutrophic, and if TSlyret Value above 65, the
lake is hypertrophic.

In this study, species diversity values ranged
from 0,16 to 2,89 in Bafa Lake. Mason (2002)
reported that SWDI values range from >3 it indicates
clean water, 1-3 indicates moderate pollution, and 1<
indicates heavy pollution. According to Ghosh and
Biswas (2005), the diversity value ranges from 0 (low
density) to 1 at SDI. According to Gamito (2010), the
datasets consist of two matrices that specify absolute
numbers at MDI. In this study carried out in Bafa
Lake, we used the SWDI, MDI, SDI, Evenness E1,
Pielou J, and Menhinick Diversity Indices.

Ejsmont-Karabin (2012) reported that differences
in the taxonomic structure of Rotifera communities
in Suwalki Lake Districts and other lakes can source
from climatic and seasonal variations. In this
research, Rotifera group was dominant in the summer
season and the population density of Rotifera group
started to decrease since the autumn season.

Brachionus and Filinia species used as
eutrophication indicators were found in this study
carried out in Lake Bafa. The high rate of these
species strengthens the view that the lake may be in
the  mesotrophic-eutrophic  transition  phase.
According to Haberman (1998), in addition to
Keratella species, Brachionus and Filinia species
have been accepted by various researchers as
eutrophication indicators. While Rotifera species are
generally found more frequently in eutrophic lakes,
Copepoda species are mostly found in oligotrophic
lakes (Herzig 1987). This situation is seen when the
seasonal distribution of the groups forming the
zooplankton population in Lake Bafa is examined. In
the months when Cladocera and Copepoda species
are intense, there is a decrease in Rotifera
populations. Many studies of Williamson and Bulttler
(1986) have made it clear that the majority of
Cladocera and Copepoda species feed on Rotifera
species. The reason for the increase in the Rotifera
populations observed in months when these species
are dense is especially in these periods which can be
attributed to phytoplankton increases.

According to UPGMA, the highest similarities
are found between station #1 and #2, station #2, and
#8 while the lowest similarities were determined
between station #3 and #6. UPGMA is a sequential
clustering method and it is the simplest method for
determining the distance by constructing trees. This
method which developed by Sokal and Michener
(1958), starts with a matrix of pairwise distances, and
each sample is indicated as “cluster”.

Bafa Lake zooplankton composition is very
similar to other lakes in our country. According to the
biological data obtained in our study, it was
determined that the lake consists of taxa belonging to
the Rotifera, Cladocera and Copepoda groups, its
depth is quite variable and it is passing from
oligotrophic to eutrophic. Fisheries, industrial and
domestic factors in the lake are also thought to have
an important share in this transformation.

The present research reveals seasonal variations
and distributions of zooplankton fauna in Bafa Lake.
Furthermore, this investigation reveals the ecological
status and trophic state of Bafa Lake by using TSInrot
and various versions of species diversity indices.
During the two years of the study period, all four
groups of zooplankton were recorded. This study
revealed the Bafa Lake zooplankton biodiversity is
facing to extinct just like the other surface water
sources (lakes, rivers, and streams) in Europe. Water
source’s ecological quality is primarily subject to
WFD. With this respect, intermittent biomonitoring
studies, bioconservation studies, and bio-modeling
studies must conduct o the Bafa Lake basin and other
polluted water sources in Turkey.
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Bu calismada Belek Ozel Cevre Koruma Bolgesindeki yiizey ve yeraltisularinin
hidrojeokimyasal ~ ozellikleri, kullanilabilirlik durumu ve su Kalitesi
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Water Quality Assessment in Special Environmental Protection Areas: a case study in the Belek (Antalya,
Turkey)

Abstract: In this study, hydrogeochemical properties, usability, and water quality of surface and groundwater in Belek Special
Environmental Protection Area were evaluated. Ca-Mg-HCOs and Mg-Ca-HCOs water types are dominant in the groundwater.
Surface water samples taken from the streams also have the characteristics of Ca-Mg-HCOs and Mg-Ca-HCOs water type.
According to the analysis results, groundwaters and streams are not suitable for drinking in terms of Mg, NOs, hardness, and NOs
parameters, respectively. As a result of the water quality evaluations, it was determined that the uncontrolled discharges of domestic
wastewater and fertilizers used during agricultural activities, which are widely carried out in the region, negatively affect the water
quality in the region.
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Giris

Su, tim canli organizmalar, ekolojik sistem,
insan saglig, gida {retimi ve yeryiiziindeki
ekonomik kalkinma i¢in hayati bir kaynaktir. Yasam
icin gerekli igme ve kullanma suyu nehirler, goller,
goletler gibi ylizeysular ile yeraltisular1 gibi farkli
kaynaklardan elde edilebilir (Okonko vd., 2008;
Choudhury vd., 2016; Paca vd., 2019). Diinyada su
kirliligi biiyiikk bir 6neme sahiptir. Bu nedenle, su
kalitesinin arastirilmasi diinyanin gesitli yerlerindeki
bir¢ok aragtirmacinin arastirma konusu olmustur
(Tayfur vd. 2008, Umar ve Ahmad 2000, Hu vd.
2005, Schoonover vd. 2005, Leung ve Jiao 2006, Al-

Khashman OA 2007, Kazi vd. 2009, Tabayashi ve
Yamamuro 2009, Fulazzaky vd. 2010, Najar ve Khan
2012).

Giliniimiizde, niifus artigina bagl olarak suya olan
ihtiyacin ~ artmasi,  kullannom  ve  koruma
planlamalarinda  gbzlenen hatalar ve iklim
degisimlerinin etkisiyle mevcut su kaynaklar
kullanilabilirlik 6zelliklerini kaybetme egilimindedir
(Sener ve Ozdemir 2017; Varol ve Sekerci 2018).
Miktar ve kalite bakimdan ¢esitli faktorlerin tehdidi
alinda olan su kaynaklarmi = korumak ve
stirdiiriilebilir yonetimini saglayabilmek amaciyla
farkli kurumlar ve iniversiteler biinyesinde bir¢ok
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caligma yapilmaktadir (Ozel ve Gemici 2018; Bulut
ve Kubilay 2019; Sener vd. 2019). Yiizey sulari
yeraltisularina  nazaran kirlilikten daha kolay
etkilenir ve bir bolgedeki yiizey suyu kalitesi hem
dogal siireclerle (ayrisma ve toprak erozyonu) hem
de antropojenik girdilerle (evsel ve endiistriyel atik
su desarj1) iliskili olarak degisim gosterebilir (Kazi
vd. 2009). Yiizey ve yeraltisularinin kalite izlemeleri
ile cevresel kirleticilerin su kaynaklar1 {izerindeki
olumsuz etkileri net olarak gozlenebilmektedir
(Tomar 2009; Kigiik vd. 2019; Varol 2018).

Dogal cevrenin korunmas1 ve
sirdiiriilebilirliginin  saglanmas1 i¢in ve ¢evre
sorunlarina yonelik onlemler alinabilmesi amaciyla
tim diinya lizerinde ciddi caligmalar
yiriitilmektedir. Tirkiye, doga koruma alaninda
bircok uluslararasi sézlesmeye taraf olmasi sebebiyle
doga koruma ve biyolojik ¢esitlilik ile ilgili
sozlesmelerin mevzuatimiza yansitilmasi i¢in gesitli
yasal diizenlemeler gerceklestirilmistir. Uluslararasi
sozlesmelere ek olarak, Avrupa Birligi Doga Koruma
Mevzuatinin ~ lilkemiz  yasalarina  yansitilmasi
faaliyetleri devam etmektedir. Devam eden
faaliyetler kapsaminda iilkemizde korunan alan
olarak ilan edilen alanlar i¢in yiiriitiilen her tiirlii
arastirmanin temelinde su kaynaklar1 ve kalite
calismalar1 yer almaktadir. Ozel Cevre Koruma
Bolgeleri 2872 Sayili Cevre Kanunu'nun 9.
Maddesine gore “iilke ve diinya dlgeginde ekolojik
onemi olan, ¢evre kirlenmeleri ve bozulmalarina
duyarli toprak ve su alanlarini, biyolojik gesitliligin,
dogal kaynaklarin ve bunlarla ilgili kiltiirel
kaynaklarin gelecek kusaklara ulagmasini emniyet
altina almak iizere gerekli diizenlemelerin
yapilabilmesi amaciyla tespit edilen alanlar” olarak
belirtilmistir. ilk Ozel Cevre Koruma Bolgeleri 1990
yilinda Bakanlar Kurulu tarafindan ilan edilmistir. Su
anda iilkemizde deniz ve kiy1 alanin1 kapsayan Belek
Ozel Cevre Koruma Bélgesi (OCKB) dahil olmak
iizere 18 adet OCKB bulunmaktadir.

Kaplan ve S6nmez (2000) tarafindan yapilan
calismada Belek OCK bolgesindeki akarsularin
kalitesi arastirilmis ve yerlesim yerleri ile bazi turizm
tesislerinin aritilmayan atik sularnin ve tarimsal
alanlarin drenaj sularinin ana kirleticiler oldugu tespit
edilmistir. Belek Ozel Cevre Koruma Bolgesinde
yeraltisularinin kimyasal 6zelliklerine ve su kalitesi
degerlendirmelerine yonelik ise gegmis yillarda
yapilmis kapsamli bir calisma bulunmamaktadir.
Caligma alaninda biiylik oranda turizm ve tarim
faaliyetleri yapilmakta olup, bu faaliyetlerin su
kaynaklar1  iizerindeki  etkileri tam  olarak
bilinmemektedir. Bu calismada, Belek Ozel Cevre
Koruma Bélgesindeki (OCKB) tiim su kaynaklarinin
(dere ve yeraltisuyu) hidrojeokimyasal o6zellikleri,
kullanilabilirlik durumu ve su kalitesi aragtirilmstir.

Bolgedeki yiizey sulari ve yeraltisularina ait kimyasal
analiz sonugclari degerlendirilerek sularin
hidrojeokimyasal 6zellikleri, su kalitesi ve kullanim
ozellikleri belirlenmistir. Ayrica Kopriicay’a ait 2009
ve 2017 yil1 aylik analiz sonuglar1 dikkate alinarak su
kalitesinin ~ parametreler  6zelinde  zamansal
degisimleri degerlendirilmistir. Bu durum s6z konusu
calismay1 bilimsel agidan 6zgiin, bolge halki ve yerel
yoneticiler bakimindan énemli kilmaktadir.

Materyal ve Metot

Calisma alam olarak segilen Belek OCKB;
Antalya ili, Serik ve Manavgat il¢elerine bagl olan;
Bogazkent, Denizyaka, Perakende ve Kisalar
mahallerinin tamamini sinirlari iginde
bulundurmaktadir (Sekil 1). Bolge yaklasik 5 km
genisliginde yaklasik 27 km uzunlugunda denize
paralel olarak uzanmaktadir. Ozel Cevre Koruma
Bolgeleri 2872 Sayilh Cevre Kanunu'nun 9.
Maddesine gore “Ulke ve diinya dlgeginde ekolojik
onemi olan, ¢evre kirlenmeleri ve bozulmalarina
duyarli toprak ve su alanlarini, biyolojik ¢esitliligin,
dogal kaynaklarin ve bunlarla ilgili kiiltiirel
kaynaklarin gelecek kusaklara ulagmasini emniyet
altma  almak tlizere gerekli diizenlemelerin
yapilabilmesi amaciyla tespit edilen alanlar” olarak
belirtilmistir. Belek Ozel Cevre Koruma Boélgesi,
22.10.1990 tarih ve 90/1117 sayili1 Bakanlar Kurulu
Karari ile Ozel Cevre Koruma Bolgesi olarak tespit
ve ilan edilmistir.

Bu tespit ve ilan kararindan sonra, yakin
déonemde yayimlanan 04.06.2018 tarihli ve
2018/11927 sayili kararname dogrultusunda Belek
(OCKB)'nin smir ve koordinatlart  tekrar
degistirilmistir. Belek OCKB’de sucul ekosistemi
batidan doguya dogru Acisu Deresi, Kopriigay
Irmagi, Karadz, Kokpmar ve Ilica dereleri
olusturmaktadir. 22.10.1990 tarih ve 90/1117 sayil
Bakanlar Kurulu Karart ile tespit ve ilan edilen Belek
Ozel Cevre koruma Bélgesi alan biiyiikliigii 111,79
km? iken, 04.06.2018 tarihli ve 2018/11927 sayili
kararname dogrultusunda yapilan alan sinirt
degisikligi ile toplam alan biyiikligii yaklagik
120,06 km*’ye ulagmistir.

Belek OCK bélgesi igerisinde yeraltisuyu ve
yiizey sularimin hidrojeokimyasal  6zelliklerini,
kalitesini ve kullanim o6zelliklerini belirlemek
amaciyla 10 adet yeraltisuyu, 7 adet dere su 6rnegine
ait kimyasal analiz sonuglari DSI 13. Bolge
Midirliigii'nden  temin  edilmistir.  Sicaklik,
elektriksel iletkenlik (EC), toplam ¢oziinmiis kati
madde (TDS), hidrojen iyonu konsantrasyonu (pH),
oksijen doygunlugu (%) ve ¢ozlinmiis oksijen miktar1
degerleri Elmetron CX-401 ve YSI Professional Plus
marka ¢ok parametreli portatif su kalitesi Ol¢iim
cihazi  kullanilarak  yerinde  Olglimler ile
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belirlenmistir. Sularin bulanikliligt 2100Q portatif
Turbidimetre cihaz1 kullanilarak 6l¢iilmiistiir. Cihaz,
suyun kendisine gelen 15181 dogrudan degil de yon
degistirerek ve bir kisminin da sogurarak gegirmesi
ozelligi ile calisarak Olglim haznesine yerlestirilen
Oleiim tiipleri ile bulaniklik OSlglimii yapar. Su
orneklerinin katyon analizleri ICP-MS (Inductively
Coupled Plasma-Mass Spectrometer) analiz teknigi
kullanilarak; azot tirevleri, siilfat, fosfat, klorir
analizleri Spektrofotometre cihazi kullanilarak
fotometrik yontem ile; toplam sertlik ve HCOs3
analizleri ise titrimetrik tayin ile belirlenmistir. ICP-
MS kat1 ve sivi orneklerde ¢ok sayida elementin hizli,
ucuz, hassas ve dogru bigimde, niteliksel, niceliksel

yada yari-niceliksel olarak Olgiilmesine olanak
saglayan ileri teknoloji {iriinii bir analiz teknigidir.
Fotometrik yontem ise belirli bir dalga boyunda bir
151k siddeti ile miktar belirlemesi yapmak esasina
dayanmaktadir (Sener 2010).

Elde edilen analiz sonuglari kullanilarak, ¢alisma
alanindaki sularin iyon ozellikleri, su kalitesi ve
kullanim (igme ve sulama) 6zellikleri incelenmistir.
Yapilan degerlendirmelerde “Tiirk Standartlar
Enstitiisii (TSE-266)” (Anonim 2005), “Igme Suyu
Temin Edilen Sularin Kalitesi ve Aritilmasi
Hakkinda Yo6netmelik” (Anonim 2019) ve “Yeriistii
Su Kalitesi Yonetmeligi” (Anonim 2012) ile
belirlenen limit degerler dikkate alinmistir.
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Sekil 1. Belek OCKB’nin yerbulduru haritast
Figure 1. Location map of Belek SEPA

Bulgular

Belek OCK bélgesi icerisinde bulunan sondaj
kuyularindan alinan yeraltisuyu drneklerine ve yiizey
sularma ait 2017 yil1 Nisan ayina ait kimyasal analiz
sonuglart DSI 13. Bolge Miidiirliigii’nden temin
edilerek ayrintili olarak degerlendirilmis ve Ornek
lokasyonlar1 Sekil 2°de verilmistir. Tablo 1 ve 2°de
verilen analiz sonuglarina gore yeraltisularinin
sicaklik degeri 24,7 ile 29,7 arasinda, pH degerleri ise
7,02 ile 8,06 arasinda olup bazik karakterli sular
smifindadir. Aym sekilde bolgedeki yiizey sular1 da
pH igeriklerine  gdre  bazik  karakterlidir.

Yeraltisularinin EC degerleri 1329 ile 344 uS/cm
arasinda; yiizeysularinin EC degerleri ise 1983 ile
366 puS/em  arasinda  degismektedir.  Bu
degerlere gore yeralt1 ve yiizey sularinda yiiksek EC
degerine sahip olan orneklerin iyon derisiminin
yiksek oldugu ve/veya g¢evresel kirleticilerden
etkilenmis  oldugunu  soylemek  miimkiindiir.
Coziinmiis oksijen ve % oksijen doygunlugu
degerleri de yeraltisuyu ve yiizeysuyu orneklerinde
oldukea diisiik degerlerde 6l¢iilmiis olup bu degerler
su kalitesi bakimindan diisiikk seviyeleri isaret
etmektedir.
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Tablo 1. Belek OCK boélgesi igerisindeki yeraltisuyu ve yiizeysularinin yerinde 6l¢iim sonuglari (Nisan, 2017)
Table 1. On-site measurement results of groundwater and surface waters in Belek SPA area (April, 2017)

A Elektriksel oziinmii .

3;‘1‘;’:”81 Ozelligi X Y S‘fj‘é‘)“k pH  iletkenlik. COksi ion. :fygﬁl'{leg’:l

pS/cm mg/L

S-1 Yeraltisuyu 338642 4078676 29,70 7,60 1328 0,90 11,90

S-2 Yeraltisuyu 341050 4080675 29,60 7,92 486 1,41 18,70

S-3 Yeraltisuyu 338564 4081869 29,60 8,06 344 1,24 16,40

S-4 Yeraltisuyu 332215 4081636 2950 7,41 568 1,19 15,60

S-5 Yeraltisuyu 330293 4083778 29,70 7,23 719 1,17 15,40

S-6 Yeraltisuyu 334512 4081780 29,60 7,41 743 1,73 22,80

S-7 Yeraltisuyu 351136 4077566 25,10 7,56 453 1,43 17,40

S-8 Yeraltisuyu 350510 4076830 24,70 7,02 997 1,38 16,90

S-9 Yeraltisuyu 352410 4076054 24,70 7,48 515 1,43 17,30

S-10 Yeraltisuyu 346185 4077125 29,20 7,62 1329 1,02 13,10

S-11 Acisu dere 333000 4079310 29,30 7,61 1983 0,90 11,80

S-12 Acisu dere 326220 4084370 27,20 7,54 416 1,09 14,10

S-13 Kopriicay 335950 4086510 2750 7,88 366 1,08 13,80

S-14 Kara6z dere 345650 4077250 2290 7,94 757 1,02 11,70

S-15 Karatz dere 348970 4081750 23,70 7,58 736 0,90 10,70

S-16 Kokpmar dere 350780 4081610 24,70 7,80 444 1,45 17,50

S-17 Ilica dere 353175 4079915 2400 7,76 592 1,35 16,40
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Sekil 2. Yiizey ve yeraltisuyu 6rneklerinin lokasyon haritasi

Figure 2. Location map of surface and groundwater samples
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Tablo 2. Belek OCK bdlgesi igerisindeki yeraltisuyu ve yiizeysularima ait kimyasal analiz sonuglar1 (Nisan, 2017)

Table 2. Results of chemical analysis of groundwater and surface waters in Belek SPA area (April, 2017)

Ornek Sodyum Potasyum ggﬂ:?? Kalsiyum Magnezyum Fransiz HCO: Kloriir Siilfat  Aponyum  Nitrit  Nitrat  Orto Fosfat.  Floriir. Renk b lamkhik.
Numarast mg/L  mg/L malL. mg/L mg/L Sertligi mg/L  mg/L  mgL  mglL mg/L mg/L mg/L ;2;1(;:1 NTU
S-1 60,52 1,30 586,50 61,09 105,38 58,65 657,19 67,55 80,47 <0.01 <0.01 11,14 0,28 0,54 9 0,49
S-2 7,08 1,32 153,30 31,18 18,32 15,33 281,30 7,62 14,40 <0.01 <0.01 542 <0.1 0,14 0 0,19
S-3 4,45 1,11 123,22 28,75 12,49 12,32 193,43 5,69 10,39 <0.01 <0.01 3,98 <0.1 0,13 2 0,39
S-4 5,81 1,26 249,85 65,66 20,86 2499 311,20 7,52 19,66 <0.01 0,03 8,66 <0.1 0,14 0 0,19
S-5 31,29 1,16 224,73 80,32 5,87 2247 331,34 32,05 24,17 <0.01 0,08 30,37 <0.1 0,14 0 0,21
S-6 22,30 2,07 303,21 67,80 32,52 30,32 363,07 22,03 54,16 <0.01 006 921 <0.1 0,21 0 0,27
S-7 31,92 2,95 340,23 122,09 8,59 34,02 410,66 39,13 80,11 <0.01 <0.01 70,92 <0.1 0,12 1,00 1,25
S-8 6,82 1,07 223,92 66,72 13,92 22,39 237,98 11,27 21,74 <0.01 <0.01 6,84 <0.1 015 3,00 0,46
S-9 8,54 1,19 210,41 55,52 17,43 21,04 265,44 11,62 27,33 <0.01 <0.01 6,21 <0.1 0,11 1,00 0,32
S-10 179,41 2,89 318,02 51,83 45,80 31,80 483,89 130,68 99,92 <0.01 <0.01 857 <0.1 0,67 9 0,44
S-11 243,20 10,79 380,35 70,92 49,36 38,04 258,11 89,69 84,81 <0.01 <0.01 10,26 <0.1 0,35 4 0,27
S-12 10,07 1,26 190,47 44,30 19,39 19,05 467,41 9,84 16,61 <0.01 <0.01 5 <0.1 0,15 0 0,33
S-13 4,75 1,21 148,69 36,82 13,78 1487 216,01 5,61 10,32 <0.01 0,03 3,64 <0.1 0,13 2 0,39
S-14 35,57 2,71 341,89 77,55 36 34,19 288,62 42,13 103,11 <0.01 16,28  <0.03 <0.1 0,27 2 0,34
S-15 35,67 4,14 319,55 65,19 38,07 31,96 291,07 37,36 100,31  <0.01 0,07 13,17 <0.1 0,28 2 1,91
S-16 10,35 1,29 179,79 44,05 16,95 17,98 231,88 11,53 24,67 <0.01 <0.01 2,75 <0.1 0,13 0,00 3,18
S-17 14,18 1,31 264,81 70,33 21,66 26,48 278,25 20,33 50,84 <0.01 <0.01 3,66 <0.1 0,12 0,00 0,73
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Calisma  alanindaki  yeraltisularinin  iyon
icerikleri  degerlendirildiginde  denize  yakin
lokasyonlardan alinan yeraltisuyu érneklerinin (S-1
ve S-10) Na ve Cl iyon konsantrasyonlariin yiiksek
degerlerde 6lgiildiigii goriillmektedir. Bu durum deniz
suyu girisiminin gostergesi olup sondaj kuyularindan
yeraltisuyu cekimlerinin yapilmasiyla tuzlu suyun
yeraltisuyuna karigtigi goriilmektedir.
Diger yeraltisuyu oOrneklerinde ise genel olarak
Ca-Mg-HCO; ve Mg-Ca-HCOs; su tipleri hakimdir.
Bolgedeki derelerden alinan yilizeysuyu ornekleri de
benzer sekilde Ca-Mg-HCO3; ve Mg-Ca-HCOs; su tipi
ozelligi tagimaktadir. Calisma alanindan alian su
ommeklerinde Olgililen Fransiz sertlik degerleri
yeraltisularinda 12,32 ile 58.65; ylizeysularinda ise
14,87 ile 38,04 arasindadir. Buna gore S-3 nolu su
ornegi yumusak su smifinda, S-2 ve S-9 nolu su
ornekleri az sert sular sinifinda, diger su drnekleri ise
sert-oldukca sert sular sinifindadir. Yiizey sulari ise
az sert, oldukga sert ve sert su siniflarinda
bulunmaktadir (Sahinci, 1991). Yiizey ve yeraltisuyu
orneklerinin amonyum ve nitrit degerleri degerlerinin
genel olarak diisik oldugu gozlenmektedir. Sadece
Karaoz dereden alinan S-14 nolu su drneginde nitrit
degeri oldukea yiiksektir (16,28 mg/l). Ayn1 dérnegin
nitrat degerinin diger Orneklere nazaran oldukca
diisiik oldugu (<0.03 mg/l) belirlenmistir. Bu durum
su orneginde Amonyumun kismen okside olarak
nitrite  doniistiiglinli, ancak oksidayonun devam
ederek nitrata dontisme prosesinin
tamamlanmadigini gostermektedir. Su 6rneklerinde
belirlenen nitrat degerleri yeraltisularinda 3,98 mg/I
ile 70,92 mg/l arasinda; yiizeysularinda ise <0.03
mg/l ile 13,17 mg/l arasinda degismektedir. Caligma
alaninda yogun tarimsal faaliyetlerin &zellikle
seracigilin yapilmasi ve bu faaliyetler sirasinda
kullanilan giibreler ve tarim ilaglar1 sulama suyu-
stiziilme etkisiyle ozellikle yeraltisularinda nitrat
konsantrasyonlarint arttirmaktadir. Su orneklerinde
orto-fosfat, florlir ve bulaniklik degerlerinin diisiik
oldugu gozlenmekte olup su kalitesi tiizerinde
olumsuz etkilerinin olmadigini sOylemek
miimkiindiir.

Su Kaynaklarinin Kullanim Ozellikleri

Bolgedeki yiizey ve yeraltisularinin igme suyu
olarak kullanilabilirligini degerlendirmek i¢in 2005-
Nisan ayinda “Tiirk Standartlar Enstitiisii (TSE-
266)” tarafindan yayinlanmig olan igme suyu
standard1 ile 6 Temmuz 2019 tarih ve 30823 sayili
resmi gazetede yayinlanan “Igme Suyu Temin Edilen
Sularin Kalitesi ve Aritilmasi1 Hakkinda Y &netmelik”
ile belirlenen limit degerler dikkate alinmistir. Buna
gore yeraltisuyu 6rneklerinden S-1 nolu su 6rnegi Mg
ve sertlik parametreleri bakimindan; S-7 nolu su
ornegi NO; parametresi bakimindan; S-10 nolu su

Ornegi ise Na parametresi bakimindan igme suyu
olarak kullanima uygun degildir. Yiizey sularindan
Acisu Deresi’'nden alman S-11 nolu su 6rnegi ise
NOsz parametresi bakimindan i¢gme suyu olarak
kullanilamaz durumdadir. Ancak bu 6rnekler NOs
parametresi i¢cin  basit fiziksel aritma ve
dezenfeksiyon ardindan igilebilir hale gelen sular
kategorisindedir. Diger su Orneklerinin tamami
Olglilen parametreler bakimindan izin verilen
maksimum degerlerin altinda 6l¢iilmiistiir. Bolgedeki
ylizey ve yeraltisularinin sulama suyu olarak
kalitesinin belirlenmesinde, sularin igerisindeki
coOziinebilen tuzlarin toplam konsantrasyonlar
dikkate alinarak su Ornekleri 0Ozgiil elektriksel
iletkenligi (EC) acisindan  smiflandirilmastir.
Yeraltisularinin EC degerleri 1329 ile 344 puS/cm
arasinda; yiizeysularinin EC degerleri ise 1983 ile
366 uS/cm arasinda degismektedir. Buna gore
yeraltisularimindan alinan S-1, S-8 ve S-10 nolu su
ornekleri ve ylizeysularindan alinan S-11 ve S-14
nolu su ornekleri tuza dayanikli bitki yetistirmede
kullanilabilir “Yiiksek Tuzlu Sular” sulama suyu
sinifinda; diger tiim su ornekleri ise Yikama ile
sulamada kullanilabilir “Orta Tuzlu Sular” sulama
suyu sinifinda yer almaktadir (Ayers ve Westcot,
1989).

Su Kaynaklarinin Kalite Ozellikleri

30.11.2012 tarih ve 28483 sayili resmi gazetede
yayinlanan ve 10.8.2016 tarih ve 29797 sayili resmi
gazetede degisikligi yapilan “Yeriistii Su Kalitesi
Yonetmeligi” ne gore bolgedeki ylizey sularinin
tamami pH, Amonyum, ortofosfat fosforu ve floriirii
parametreleri bakimimdan I. Su kalite smifinda;
Elektriksel Iletkenlik (EC) parametresi bakimindan
Kopriicay Deresi 1. Su kalite sinifinda, Karadzdere,
Kokpinar Dere, Ilica Dere ve Acisu Deresi nden
alinan S12 nolu 6rnek I1. Su kalite sinifinda, S11 nolu
ornek ise III. Su kalite simifindadir. Yiizey sularinin
tamami ¢oziinmis oksijen degerleri bakimindan IV.
Su kalite sinifinda bulunmaktadir. Onemli bir kirlilik
parametresi olan NOs; bakimindan ise Karadz
Deresi’'nden alinan S-15 nolu su ornegi ve Acisu
Deresi'nden alinan S-11 nolu su 6rnegi 1. Su kalite
siifinda, Karaéz Dere’den alinan S-14 ve Kokpinar
Dere’nin S-16 nolu 6rnekleri I. Su kalite sinifinda,
diger tiim yilizey suyu oOrnekleri ise II. Su kalite
siifinda yer almaktadir.

Dere Su Kalitesinin Zamansal Degisiminin
Analizi

Bolgede bulunan ve en 6nemli yiizey suyu olan
Kopriicay’a ait 2009 ve 2017 yili aylik analiz
sonuclar1 DSI 13. Bélge Miidiirliigii'nden temin
edilmis ve Tablo 3, 4, 5 ve 6’da sunulmustur.
Kopriigay su kalitesi iki ayr1 noktadan alinan su
orneklerinin 2009 ve 2017 yili analiz sonuglar
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“Yerustii Su Kalitesi Yonetmeligi” ile belirlenen su
kalite sinifi limit degerleri ile karsilagtirilmig ve su

kalitesinin ~ parametreler ~ Ozelinde  zamansal
degisimleri ayrintilt olarak asagida
degerlendirilmistir.

Kopriicay'in Biikliice Koyii'ne girmeden dnceki
noktasindan alinan su Ornegine ait 2009 yili analiz
sonuglar limit degerler ile karsilastirildiginda, pH,
¢Oziinmils oksijen, iletkenlik, amonyum azotu, nitrat,
ve Toplam Kjeldahl Azotu parametreleri bakimindan
I. Su kalite sinifinda olup; Toplam Kjeldahl Azotu
parametresi bakimindan sadece Eylil ayinda,
iletkenlik parametresi bakimindan ise Agustos-
Kasim aylar1 arasinda II. Su kalite sinifinda
bulunmaktadir. Toplam fosfor bakimindan Ocak,
Subat ve Aralik aylarinda III. Su kalite sinifinda iken

diger aylarda yine 1. Su kalite sinifindadir. KOI
parametresi bakimindan ise yilin tiim aylarinda IIL
Su kalite sinifinda bulunmaktadir (Tablo 3). 2017
yilinda aym1 noktadan aliman su Ornegi analiz
sonuclarina gére Kopriigay sulari toplam fosfor ve
KOI bakimindan IV. su kalitesi sinifina; ¢dziinmiis
oksijen, iletkenlik, ve Toplam Kjeldahl Azotu
parametreleri bakimindan ise IIl. ve II. su kalite
sinifina  digmiistir. pH, amonyum ve nitrat
bakimindan ise genel olarak 1. Su kalite sinifinda
bulunmaktadir (Tablo 4). Buna goére, Kopriigay su
kalitesinin dzellikle azot, fosfor, oksijen ve iletkenlik
parametreleri bakimindan diistiigli goriilmektedir.
KOI parametresi bakiminda dere sular1 2017 yilinda
Ozellikle Mart, Nisan, Mayis, Eylil ve Ekim
aylarinda I. Su kalite sinifina yilikselmistir.

Tablo 3. Képriigay'in Biikliice Kdyii'ne girmeden dnceki noktasi’na ait analiz sonuglar1 (DSI 13. Bolge Miidiirliigii,

2009)

Table 3. Analysis results of Kopriicay's point before entering Biikliice Village (State Water Affairs 13. Regional

Directorate, 2009)

IN(“”“’T‘e N:36°52°83.3” E:31°10°16.1 Kalite
oordinatlar

Sinifi
Numune
Alma Tarihi

26.01.09 15.02.09 17.03.09 11.04.09 12.05.09 12.06.09 11.07.09 25.08.09 16.09.09 17.10.09 14.11.09 03.12.09

PO 809 821 T8 792 47 80T 8M 831 794 72 12 188

Coziinmiis

Oksijen
(mg/L)
iletkenlik
(ps/cm)
Amonyum
Azotu (mg/L)
Nitrat Azotu
(mg/L)
Toplam
Kjeldahl
Azotu (mg/L)
Toplam
Fosfor (mg/L)
Kimyasal
Oksijen <5 <10 <10 <10 14,3
Thtiyaci(mg/L)

0,272 0,212

16 225 238 16,2 226 203 14,9

Debi (m®/sn)

Fekal
Koliform 150 100 0 20 100
(CFU/100mL)

100 50 100 40 80 50 50

Toplam
Koliform 700 400 400 600 500
(CFU/100mL)

400 300 500 200 400 300 250

Amonyum ve nitrat bakimindan kirliligin
gdzlenmemis olmasi da bolgedeki aritma tesislerinin
aktif oldugunu su kalitesini olumlu etkiledigini
gostermektedir. Bakteriyolojik ~ su  Kkalitesi
parametreleri olan Fekal koliform ve toplam koliform
analiz sonuglarina goére, 2009 yilinda alinan su
orneginin aylik Fekal koliform degerleri 0-150

CFU/100 ml; toplam koliform degerleri ise
200-700 CFU/100 ml arasinda degismektedir.
2017 yilinda bu degerlerde 6nemli miktarlarda artig
tespit  edilmistir. 2017 yilinda alman su
orneginin aylik Fekal koliform degerleri 30-1000
CFU/100 ml; toplam koliform degerleri ise 3000-
10000 CFU/100 ml arasinda degismektedir. Bu
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kalitesini olumsuz
gostermektedir.

durum bolgede evsel kanalizasyon atiklarinin ciddi
boyutta yiizeysel su kirliligine sebep oldugunu ve su

etkiledigini acikca

Tablo 4. Képriigay’in Biikliice Kyii'ne girmeden 6nceki noktasi’na ait analiz sonuglar1 (DSI 13. Bolge Miidiirliig,
2017)

Table 4. Analysis results of Kopriigay's point before entering Biikliice Village (State Water Affairs 13. Regional
Directorate, 2017)

Nunume

Koordinatlart N:36°52'83.3” E:31°10’16.1

Su
Kalite
Smifi

Numune Alma
Tarihi

Coziinmiis
Oksijen (mg/L)
iletkenlik
(ns/cm)
Amonyum
Azotu (mg/L)
Nitrat Azotu
(mg/L)
Toplam
Kjeldahl Azotu
(mg/L)
Toplam Fosfor
(mg/L)

Kimyasal
Oksijen
ihtiyaci(mg/L)

Debi (m%/sn) - - - - - 2,25

- 16.0217 26.03.17 19.04.17 14.0517 10.06.17 19.07.17 15.08.17 20.09.17 21.10.17 15.11.17 20.12.17

Fekal Koliform 400 1000 800 500

350 750 1000 500 100 30

(CFU/100mL)
Toplam
Koliform - 3000 8000 6000 7000 4800 5000 10000 8000 12000 7500 5000
(CFU/100mL)
Koépriigay’m  Denize Dokiilmeden — Onceki Bu veriler de Kdpriicay su kalitesinin 6zellikle

noktasindan alinan su 6rnegine ait 2009 yili analiz
sonuclarina gore ise pH, ¢Oziinmiis oksijen,
amonyum azotu, nitrat, Toplam Kjeldahl Azotu,
toplam fosfor ve KOI parametreleri bakimindan I. Su
kalite sinifinda olup; Toplam Kjeldahl Azotu
parametresi bakimindan sadece Eyliill ayinda II. su
kalite smifinda, toplam fosfor parametresi
bakimindan ise sadece Ocak ayinda III. Su kalite
sinifinda  bulunmaktadir. Iletkenlik parametresi
bakimindan ise cay sular1 II. ve IIl. su kalite
siifindadir (Tablo 5). 2017 yilinda ayni noktadan
alman su o6rnegi analiz sonuglarma gore Kopriicay
sulart KOI bakimindan II1. ve IV. su kalitesi sinifina;
¢Ozlinmils oksijen, toplam fosfor ve Toplam Kjeldahl
Azotu parametreleri bakimindan ise III. ve II. su
kalite sinifina dismiistiir. pH, ve nitrat bakimindan
ise genel olarak I. Su kalite sinifinda iken amonyum
bakimindan 1. ve II. su kalite siniflarinda
bulunmaktadir (Tablo 6).

azot, fosfor, oksijen ve iletkenlik parametreleri
bakimindan diistiigiinii gostermektedir. Azot ve
fosfor parametreleri 2009 yilinda su kalitesini
olumsuz etkilemezken 2017 yilinda ozellikle yaz
aylarinda yiiksek miktarlarda dlgiilmiistiir. Bu durum
bolgede artarak devam eden ve tarimsal faaliyetlerde
kullanilan azot ve fosfath giibrelerin su kaynaklarma
olumsuz etkisinin bir gostergesidir. Su Orneginde
olgiilen Fekal koliform 2009 yilinda 20-400 CFU/100
ml; toplam koliform degerleri ise 400-1300 CFU/100
ml arasindadir. 2017 yilinda bu degerler
Fekal koliform i¢in 0-500 CFU/100 ml; toplam
koliform igin ise 200-5000 CFU/100 ml olarak
belirlenmistir. Kopriicay in bu noktasinda da gegen
8 wyillik siire igerisinde bakteriyolojik kirlilikte
artis  gozlenmektedir.  Aym  sekilde evsel
kanalizasyon atiklarmin ¢ay sularim kirlettigini ve
aritma tesislerinin yetersiz kaldigii sdylemek
miimkiindiir.
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Tablo 5. Képriigay’in denize dokiilmeden dnceki noktasina ait analiz sonuglar (DSI 13. Bolge Miidiirliigii, 2009)

Table 5. Analysis results of Kopriigay's point before pouring into the sea (State Water Affairs 13. Regional Directorate,
2009)

Su
Nunume oner » E.mr0q . )
Koordinatlart N:36°49’89.4” E:31°10°53.9 Kalite

Smifi

Numune Alma
Tarihi

26.01.09 15.02.09 17.03.09 11.04.09 12.05.09 12.06.09 11.07.09 25.08.09 16.09.09 17.10.09 14.11.09 03.12.09

Coziinmiis
Oksijen (mg/L)

iletkenlik

(us/cm) 1117
Amonyum
Azotu (mg/L)
Nitrat Azotu
(mg/L)
Toplam
Kjeldahl Azotu
(mg/L)
Toplam Fosfor
(mg/L)
Kimyasal
Oksijen
Thtiyaci(mg/L)

2060 1651

0,336

Debi (m®/sn)

Fekal Koliform

(CFU/100mL) 250 100 20 50 100 200 100 400 70 150 100 150
Toplam

Koliform 500 400 900 1000 1000 900 600 1300 400 800 600 600
(CFU/100mL)

Tablo 6. Képriigay’in denize dokiilmeden énceki noktasina ait analiz sonuglar1 (DSI 13. Bélge Miidiirliigii, 2017)
Table 6. Analysis results of Kopriigay's point before the sea (State Water Affairs 13. Regional Directorate, 2017)

Su
Nunume oner e od " )
Koordinatlart N:36°49’89.4” E:31°10°53.9 Kalite

Sinifi

Numune Alma

Tarihi - 16.02.17 26.03.17 19.04.17 14.05.17 10.06.17 19.07.17 15.08.17 20.09.17 21.10.17 15.11.17 20.12.17

Coziinmiis
Oksijen (mg/L)
iletkenlik
(ps/cm)
Amonyum
Azotu (mg/L)
Nitrat Azotu

(mg/L)
Toplam
Kjeldahl Azotu
(mg/L)
Toplam Fosfor
(mg/L)

Kimyasal

Oksijen

Ihtiyaci(mg/L)

Debi (m®/sn) - - 1.845 - 2.385 1,8 - 1,12 - - - -

Fekal Koliform
(CFU/100mL)
Toplam
Koliform - 2000 1800 200 1300 1800 2000 5000 3000 4000 2500 3000
(CFU/100mL)

300 100 200 500 300 500 400 250 100 20 0
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Tartisma ve Sonug¢

Belek OCK bolgesi igerisindeki yeraltisuyu
ornekleri genel olarak Ca-Mg-HCOs; ve Mg-Ca-
HCO3 su tipleri hakim olup denize yakin bolgelerde
Na ve Cl iyonlarinda artis gézlenmistir. Bolgedeki
derelerden alnan yiizey suyu ornekleri de benzer
sekilde Ca-Mg-HCOz ve Mg-Ca-HCOsz su tipi
Ozelligi tagimaktadir. Yeraltisuyu ve ylizeysuyu
orneklerinin tamami pH degerlerine gdre bazik
karakterlidir.  Olgiilmiis EC  verilerine gore,
yeraltisularinda en yiiksek EC degeri Denizkent
mevkiinden alimmis olan S1 nolu su Orneginde,
yiizeysularindan ise Acisu Deresi’nden alinmis olan
S12 nolu su drneginde tespit edilmistir. Bu verilere
gore her iki su Orneginin de yiiksek iyon igerigine
sahip oldugu ve/veya cevresel kirleticilerden
etkilenmis oldugu sdylenebilir. Su &rneklerinin
oksijen degerlerinin de diisilk olmasi su kalitesinin
diisiik oldugunu isaret etmektedir. Su orneklerinde
genel olarak amonyum, nitrit, orto-fosfat ve floriir
degerleri  diisiik konsantrasyonlardadir.  Nitrat
konsantrasyonlarinin ise yeraltisularinda 3,98 mg/I
ile 70,92 mg/l arasinda; yiizeysularinda ise <0.03
mg/l ile 13,17 mg/l arasinda oldugu belirlenmistir.
Bu veriler de ozellikle tarimsal faaliyetlerden
kaynaklanan kirliligin su kaynaklarinin olumsuz
etkiledigini gostermektedir. Cicek ve Ertan (2012)
tarafindan Subat 2008- Ocak 2009 tarihleri arasinda
Kopriigay’in  kaynak noktasindan nehir agz
bolgesine kadar farkli lokasyonlardan Ornekler
alinarak su kalitesinin belirlenmesine yonelik yapilan
calismanin sonuglarina gore, Kopriicay Nehiragzinda
elektriksel iletkenlik, bulaniklik, kloriir, toplam
sertlik, biyolojik oksijen ihtiyaci, organik madde
miktari, amonyum azotu, siilfat vb. degerlerin diger
istasyonlardan daha yiiksek belirlenmis ve akintiya
bagl olarak kirlilik taginimina ve denizsuyu girigimi
etkisine baglanmistir. Bunun disinda, nehiragzi harig
diger tiim 6rneklerin su kalitesinin I. sinif ve biitiin
kullanimlara uygun oldugu belirlenmistir. Sunulan
calismada da benzer sonuglar elde edilmis ve 2009
yilinda su kalitesinin iyi durumda oldugu
belirlenmistir. Dere su Kkalitesinin zamansal
degisimleri genel olarak degerlendirildiginde ise
gecen 8 yillik siire igerisinde 6zellikle azot ve fosfor
yikleri ile birlikte iletkenlik, oksijen ve
bakteriyolojik parametreler agisindan su kalitelerinde
ciddi bozulma dikkati ¢ekmektedir. Aylik olarak
degerlendirildiginde su kalitesi siniflar1 yaz aylarinda
kis aylarina nazaran daha diisiiktiir. Bu durum yaz
aylarinda yagiglarin olmamasi ve/veya az olmasi
sonucu su iyon derigiminin artmasi ile iligkili olarak
olagandir. Bolgede yaygin olarak siirdiiriilen tarimsal
faaliyetler sirasinda kullanilan giibreler ve evsel atik
sularin lokal olarak kontrolsiiz desarjlar1 bolgedeki
ylizeysularmin kalitesini olumsuz etkileyen en

onemli kirletici kaynaklardir. Bolgede her ne kadar
Colakli, Bogazkent ve Kumkdy aritma tesisleri
bulunsa ve aktif olarak calistyor olsalar da su
kalitesinin zamansal degisimi incelendiginde
bolgedeki kirlilik yiiklerinin  ylizey sularinin
kalitesini olumsuz olarak etkilemeye devam ettigini
ve aritma tesislerinin yeterli olmadigim soylemek
miimkiindiir.
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In this study, serum lysozyme activity was studied by the agar well diffusion assay
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fisheries

Sazan (Cyrpinus carpio), Sudak (Sander lucioperca), Giimiisi Havuz Bahg (Carassius gibelio) ve Kerevit (Astacus
leptodactylus) Orneklerinde Serum Lizozim Aktivitelerinin Karsilastirilmasi

Oz: Bu ¢alismada, ilkbahar ve sonbahar dénemlerinde ii¢ farkli bolgeden elde edilen sazan (Cyprinus carpio), sudak (Sander
lucioperca), giimiisi havuz baligi (Carassius gibelio) ve kerevit (Astacus leptodactylus) 6rneklerinde diffiizyon agar metodu
kullanilarak serum lizozim aktiviteleri incelenmistir. Lizozim aktivitesi en yiiksek seviyede sudak baliklarinda, ardindan sirayla
sazan, giimiisi havuz balig1 ve kerevit 6rneklerinde bulunmustur. Sazan, giimiisi havuz balig1 ve kerevit arasinda anlamli bir fark
bulunmazken sudak baliklar1 ve diger tiirler arasinda anlamli bir farklilik oldugu belirlenmistir (p<0,05). Sazan, giimiisi havuz balig1
ve kerevitlerde ilkbahar ve sonbahar dénemleri arasinda serum lizozim diizeylerinde fark anlamli bulunurken (p<0,05), sudak
baliklarinda mevsimler arasindaki fark anlamli bulunmamustir. Bu sonuglar, sucul ekosistemindeki farkli tiirlerin dogustan gelen
bagisiklik sistemindeki lizozim aktivitesinin farkli oldugunu gostermistir.

Anahtar kelimeler: Dogal bagisiklik, stres, mevsimsel degisim, difiizyon agar metodu, su tiriinleri
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Introduction

Fish and crayfish are interaction with a wide
range of pathogenic and  non-pathogenic
microorganisms in the aquatic environment and thus
have complex defense mechanisms for their survival.
There is specific and innate immune responses in
fish. The innate immune system is considered to be
the first line of defense against pathogens in fish and
is more important for fish as compared with
mammals. Lysozyme is an important part of the

nonspecific immune response and is commonly
found in invertebrates and vertebrates (Magnadottir
et al. 2005; Bowden 2008; Cerenius and Soderhall
2018). It is known that leukocytes secrete lysozyme
in fish (Murray and Fletcher 1976). The kidney has
the highest lysozyme activity in fish. Lysozyme level
or activity is an important index of innate immunity
of fish, due to the high concentration of these
leukocytes in the anterior hematopoietic portion of
the kidney (Saurabh and Sahoo 2008). Lysozyme is
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an important bacteriolytic agent found in a variety of
freshwater and marine fish species (Lie et al. 1989;
Balfry and Iwama 2004). Lysozyme has been
described in invertebrates as a component of the
innate immune system, functioning as an
antibacterial protein (Jollés and Jollés 1984; Sotelo-
Mundo et al. 2003). Lysozyme is commonly included
in the family of the antibacterial peptides based on its
small molecular weight and its bacteriolytic effect
(Hoffmann and Hoffmann 1990; Boman 1991). It is
also known to be opsonic in nature and activates the
complement systemand phagocytes. It has been
found in mucus, lymphoid tissue serum, other body
fluids, and ova of fish (Bowden 2008). Lysozyme has
also been detected in many other fish tissues such as
spleen, liver, skin, mucus, gills, muscle, ovary and
eggs (Takahashi et al. 1986; Lie et al. 1989; Yousif
et al. 1991; Takemura and Takano 1995; Karaarslan
et al. 2007). Lysozyme isolated from fish is effective
as a bacteriolytic agent against both Gram-positive
and Gram-negative fish pathogens (Grinde 1989;
Yousif et al. 1994). Lysozyme is therefore an
important factor in protecting fish against bacterial
pathogens, due to its antibacterial properties and
because it is located in areas that are in frequent
contact with pathogens (i.e. kidney and skin mucus)
(Balfry and Ilwama 2004).

Lysozyme activity has been shown to vary
depending on the sex, state of health, age and size,
season, water temperature, pH, toxicants, infections
and degree of stressors (Fletcher and White 1973;
Fletcher et al. 1977; Mock and Peters 1990; Saurabh
and Sahoo 2008; Bulut and Kubilay 2010; Bulut et al.
2012). The genetic variation of lysozyme has also
been established (Grinde et al. 1988; Roed et al.
1993; Lund et al. 1995; Balfry et al. 1997) and
research into breeding selection programs are being
developed that utilize  lysozyme  activity
measurements as selection criteria (Fevolden et al.
1991, 1992, 2002; Fevolden and Reed 1993; Roed et
al. 2003; Balfry and Iwama 2004).

The immune response is very sensitive to stress
and temperature variations. Hence, both activating
and suppressive processes have been described
following stress episodes, although the majority of
changes often result in deleterious effects. Immediate
responses during the activation phase enhance innate
humoral immunity such as increased levels of
lysozyme and C3 proteins after acute stress (Lie et al.
1989; Sunyer and Tort 1995; Demers and Bayne
1997; Kubilay and Ulukoy 2002; Tort et al. 2004;
Tort 2011).

In the present study, it was investigated for serum
lysozyme levels in common carp (Cyprinus carpio),
pikeperch (Sander lucioperca), prussian carp
(Carassius  gibelio) and crayfish  (Astacus

leptodactylus) over a spring/autumn period for
seasonal variation.

Materials and Methods

Field Sampling of Fish

Common carp, prussian carp, pikeperch fish, and
crayfish used in this study, were obtained from
Egirdir Lake in Turkey. Egirdir Lake is the second
largest lake in Turkey. The surface area of the lake is
approximately 480 km?2. The lake is still drinking
water sources. In the study Hoyran, Gelendost and
Kopru regions were selected as the sampling regions
(Hoyran region (38°09'10.64”°N-30°45'44.47"E;
Gelendost region 37°59'43.82”N-30°49'10.48”E)
and Kopru region (37°51'41.52”N-30°51'02.18”E)
(Figure 1).

Fish and crayfish samples were obtained in spring
and autumn 2013. In the spring and autumn period,
60 fish and 20 crayfish samples were collected in
total, 10 from each region. Fish and crayfish samples
were caught by nets and pinteres. The length and
weights of the fish obtained for analysis are
measured. The length, weight, carapace length, and
length of the crayfish samples are also noted.
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Figure 1. Sampling field of fish and crayfish in Egirdir
Lake

Blood collection

Briefly, fishes and crayfish were anaesthetized
using 2-phenoxyethanol. The blood samples were
collected by sterile plastic injector from the caudal
blood wvessels was allowed to clot at room
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temperature for 2 h, then centrifuged at 3000 g for 15
min. The serum was removed, aliquoted, and frozen

at -20 °C until required (Figure 2).

;-

Lysozyme Activity

Lysozyme activity was determined according to
Lie et al. 1989 using a lysoplate assay. Petri dishes
containing 1% agarose in phosphate buffer saline
(PBS) pH 6.2 containing 0.60 mg ml? liyofilize
Micrococcus lysodeicticus (Sigma M 3770) were
prepared. Wells of 5 mm diameter were made in the
agarose, filled with 25 pl of fish serum, incubated at
25 °C and the diameter of the lytic zones was
measured 24 h after incubation. The measurements
were triplicated (Figure 3). Hen egg white lysozyme
(HEWL; Merck EC 3.2.1.27) served as the standard.
Sample activity was compared with a calibration
curve prepared with chicken egg white lysozyme and
activity of serum was calculated based on the activity
of commercial HEWL by use of anon-linear
regression model, where the area of the Iytic zones
was in the ordinate and micrograms of HEWL were
in Figure 4. Lysozyme activity was measured as a
concentration of hen egg-white lysozyme equivalent
in mg ml* (Grinde 1989; Ellis 1996).

Statistical analysis
The statistics of the data obtained in the
experiments were evaluated using the SPSS package

Figure 2. Blood taking from the fish and crayfish

program and Microsoft Excel 2016. Variance
analysis (ANOVA) was applied to all the data and the
differences between the group averages were
determined according to the Duncan test and multiple
comparison test and the significance level was
p<0.05.

Results

Size of the fish and the crayfish sample-weight
distribution  obtained in  this study, for
common carp fish samples, fork lengths 17.00-66.20
cm (mean: 33.1942.9) and the weights were
109-5471 g (mean: 1315£2.99) has been distributed
between. For pikeperch fish samples, fork
lengths 16.70-44.60 cm (mean: 30.67+0.97) and the
weights 103-898 g (mean: 337+29) has been
distributed between. For prussian carp fish samples,
fork lengths 16.00-43.40 cm (mean: 24.88+0.46) and
the weights 100-986 g (mean: 429+18) has been
distributed between. For crayfish samples, fork
lengths 7.20 to 14.60 cm (mean: 11.79+£0.19) and the
weights 10 to 99 g (mean: 48+2) has been distributed
between.

The wvalues of common carp, pikeperch,
prussian carp, and crayfish lysozyme activity
were given in Table 2. The highest lysozyme
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activity was detected in pikeperch (0.944 mg ml).  prussian carp (0.236 mg ml?) and crayfish
It was followed by common carp (0.256 mg ml?),  (0.227 mg ml?), respectively (Figure 5).

27,5
25 &
22,5

20 2 S
17,5 \

15

12,5 '\’\\‘\
10 \
7,5

5
2,5
0

2

Zon diameter (mm)

0 2 4 6 8 10 12
Concentration (2%)

Figure 3. HEWL standard used in lysozyme activity
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Figure 4. Lysozyme diameters of the common carp, pikeperch and crayfish
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Lysozyme activity values

Common carp

Pike perch

Prussian carp Crayfish

Figure 5. Mean serume lysozyme activity values of common carp, pikeperch, prussian carp and crayfish (mg ml?)

The levels of common carp, prussian carp, and
crayfish lysozyme activity were determined in close
proximity. The lysozyme activity of pikeperch was
found to be quite high compared to other species.
This suggests that pikeperch is more sensitive than
these species. These results indicate that the
pikeperch is more susceptible to stress factors in the
aquatic ecosystem.

Serum lysozyme was taken in spring and autumn
to see the changes in fish and crayfish under
environmental conditions.

Statistical analyzes performed on samples in
common carp, statistically significant difference
between seasons, as it was observed that there was
found to be a statistically significant difference
between regions (p<0.05). In the pikeperch samples,
the difference between regions and seasons was not
statistically significant (p<0.05). In the prussian carp
and crayfish samples, the difference between the
regions was not statistically significant and the
difference between the seasons was statistically
significant (p<0.05) (Table 1).

The data for the two seasonal samples gave a
mean serum lysozyme level of for the sample taken
in spring and autumn. Statistical analysis of these two
sample sets showed a highly significant difference
(p<0.05).

Discussion

Fish have functions that can be adapted to survive
in aquatic environments (Ingram 1980). Researchers
have examined samples of serum, plasma, lymph,
kidney, spleen, stomach, gill, gastrointestinal tract,
and other organs or tissues in many fish species
(Fletcher and White 1973).

Fast et al. 2002; lysosomes have observed
differences in enzyme levels between seawater and
freshwater-raised fish species, as well as finding a

reverse variation in lysozyme-specific activity in
rainbow trout, koho salmon and Atlantic salmon. The
same researchers have reported that high lysosomal
activities in seawater species used in the study may
be related to adaptation to species-specific for
different environmental conditions and that
variations in lysozyme activity are also activities
thought to depend on the thickness of the epidermis
and the number of mucus cells.

Although many related fish species have been
studied for the existence of lysozyme, little is known
about the species of hunting fish studied in this study.
A significant variation observed in the specific
activities of these hydrolytic enzymes between all
fish species examined and species of fish within the
same family (such as Cyprinidae) appears to differ in
terms of prey to animals.

Pickering (1974), Spitzer and Koch (1998); based
on their previous reports, they reported that hagfish
had a thicker epidermis (95-125 um) than Arctic char
(75.7£10.2 um) and brook trout (71.0+6.8 um). Also,
researchers have reported that hagfish produces
mucus in abundance compared to other species
studied, suggesting that the hypothesis about
epidermal thickness and enzyme activity might be
partially valid for hagfish. Balfry and lwama (2004),
reported that changes in lysozyme activity may also
be related to a variety of factors such as stress,
maturity, diet, gender, species variation, and
responses to addressing genetic diversity.

This study showed significant variation in the
relative levels of lysozyme between pikeperch and
cyprinid species. A significant observation from our
study was the higher level of lysozyme in pikeperch.
Therefore, levels of lysozyme activity were similarly
determined by common carp, prussian carp, and
crayfish. The lysozyme activity of pikeperch was
found to be quite high compared to other species.
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Table 1. Serume lysozyme activity values in common carp, pikeperch, prussian carp and crayfish (mg ml*)
Lysozyme activity (mg ml'%)

Season Common carp Pikeperch
Hoyran Gelendost Kopru Hoyran Gelendost Kopru
Min. 0.171 0.171 0.171 0.798 0.798 0.856
Spring Max. 0.399 0.342 0.342 1.026 1.026 1.140
Med. 0.249 0.227 0.230 0.914 0.937 0.967
SD.* 0.078 0.059 0.061 0.066 0.070 0.088
Min. 0.171 0.171 0.171 0.798 0.798 0.570
Autumn Max. 0.399 0.399 0.456 1.140 1.026 1.140
Med. 0.269 0.264 0.296 0.969 0.946 0.920
S.D. 0.061 0.080 0.100 0.125 0.077 0.170
Spring Autumn General Spring Autumn General
Min. 0.171 0.171 0.171 0.798 0.570 0.570
Max. 0.399 0.456 0.456 1.140 1.140 1.140
Med. 0.2352 0.276° 0.256 0.946 0.941 0.944
S.D.* 0.065 0.078 (S.E.) 0.009 0.065 0.133 (S.E)0.011
Season Prussian carp Crayfish
Hoyran Gelendost Kopru Hoyran Gelendost Kopru
Min. 0.057 0.079 0.068 0.171 0.171 0.171
Spring Max. 0.285 0.342 0.342 0.342 0.570 0.456
Med. 0.176 0.212 0.179 0.234 0.302 0.264
S.D.* 0.063 0.076 0.083 0.050 0.164 0.104
Min. 0.057 0.171 0.114 0.114 0.114 0.114
Autumn Max. 0.456 0.513 0.399 0.342 0.342 0.342
Med. 0.262 0.282 0.265 0.219 0.211 0.211
S.D. 0.108 0.091 0.076 0.058 0.052 0.058
Spring Autumn General Spring Autumn General
Min. 0.057 0.057 0.057 0.171 0.114 0.114
Max. 0.342 0.513 0.513 0.570 0.342 0.570
Med. 0.1892 0.268° 0.237 0.266° 0.2142 0.227
S.D.* 0.075 0.093 (S.E.) 0.008 0.113 0.056 (S.E.) 0.007

* The different letters on the same line show that the difference between the stations is statistically significant (p<0,05).

*S.D.: Standart Deviation;
*S.E.: Standart Error

Lysozyme activity in the pikeperch was at least 4
times greater than cyprinid species. This suggests that
pikeperch is more sensitive than these species. These
results indicate that the pikeperch is more susceptible
to stress factors in the aquatic ecosystem.
Subramanian et al. (2007), reported that they
found higher levels of lysozyme in the epidermal
cortex (Myxine glutinosa) of the hagfish, in which
case the components in the epidermal component of
ha hagfish were produced at higher levels.
Researchers reported that in the same study, the
absence of an advanced immune system could
replace the presence of six other high teleosts that the
researchers performed. Spitzer and Koch (1998),
found that hagfish lives in muddy environments and
secretes mucus in abundant quantities. Edwards and
Twomey (1982), reported that survival in such an
environment may require high levels of these natural
immunity factors. Furthermore, changes in trypsin-
like protease deficiency, such as Havana fish, live koi
carp in muddy habitats, koi carp mucus enzyme
levels such as high cathepsin B, and other teleosts,

have reported that these species suggest genetic
adaptation to various environmental conditions.

Pankhurst (2011), reported that there are limited
and very few studies on the stress and the resulting
physiological and endocrine effects of fish living in a
natural environment with sampling and potential
difficulties. However, factors affecting stress in the
environmental milieu are gender and maturity, time,
nutrition, season, and vital cycle; and that birds living
in environmental environments are also causing
stress on fish. When we compare the findings with
other studies, it is concluded that fishes living on
Egirdir Lake are exposed to less stress than fish living
in aquaculture conditions.

Subramanian et al. (2007), reported that they
observed a wide variation in enzyme activity among
the seven species. The researchers found that only
marine fish showed about two times more lysozyme
activity than freshwater fish species and that
lysozyme activity varied markedly with salinity.

Reed et al. (1993), reported that lysozyme
activity varies depending on the species of aquatic
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organisms, health status, stress, sex, season,
temperature, and gender maturity. Lie et al. (1989),
found that lysosomal activity results in thirteen
different species with different outcomes between
species, which in turn resulted in the genetic makeup
of living things. Fevolden et al. (1999) reported that
the level of lysozyme decreased with increasing acute
strut predominant over time, while the level of
lysozyme declined with longer survival or chronic
stratification. Karaarslan et al. (2007), examined the
activity of rainbow trout in kidney, spleen, liver, a
fertilized egg, and blood serum at different stages in
their study. In rainbow trout, lysozyme activity was
determined as kidney, liver, blood serum, and spleen,
respectively.

Cnaani et al. (2004), Oreochromis aureus, and
Oreochromis mossambicus reported that glucose
concentration and lysozyme activity received
different responses to stress.

A full characterization of the kinetics of change
of lysozyme activity as a component will require
further research.

There is little analysis of lysozyme activity
related to fish species living in the natural
environment. Further studies focusing on the factors
that influence the production of these innate immune
and stress components will provide a better
understanding of their roles and the immune system
of evolutionarily diverse fish on the aquatic
ecosystem.
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6z MAKALE BiLGiSi

Bu aragtirmada, Burdur ili sinirlar igerisinde yer alan Karacaoren I Baraj Golii ile ARASTIRMA MAK ALESI

golii besleyen Isparta Cayr ve Goksu Deresi mansaplarinin koliform ve fekal

koliform bakteri yogunluklarinin mevsimsel degisimleri izlenerek, rezervuarin Gelis :18.10.2019 E E
maruz kaldigi mikrobiyolojik kirlilik diizeyi belirlenmis olup; ayrica su sicakligi, Diizeltme :06.04.2020

pH ve ¢Oziinmiis oksijen degerleri de c¢alisma siiresince Olgiilmiistiir.

Mikrobiyolojik analizler, membran filtrasyon metodu ile ger¢eklestirilmistir. Kabul $27.04.2020 :
Caligma alaninin mikrobiyolojik kirliligi ulusal ve uluslarasi kriterlere gore Yayim :27.08.2020 E A
degerlendirilmistir. Temmuz 2013 - Haziran 2014 tarihleri arasinda yiiriitiilen bu . .

caligmada, toplam koliform bakteri sayis1 500 - >100.000 KOB/100 mL, fekal DOI:10.17216/LimnoFish.633769
koliform bakteri sayis1 430 - 14680 KOB/100 mL arasinda degisim gdstermistir. .

Calisma alaninda kirlilik gostergesi parametrelerin alansal ve zamansal degisim SORUMLU YAZAR

gosterdigi, bu degerlerin 6zellikle kis aylarinda yiiksek seviyelerde oldugu tespit
edilmigtir. Baraj goliinii besleyen Isparta Cay1 ve Goksu (Candir) Deresi toplam
koliform ve fekal koliform bakteri sayilari, tiim aylarda, gol igindeki ¢alisma
noktalarina gore oldukga yiiksek degerlerde kaydedilmistir. Yeristii Su Kalitesi
Yonetmeligi, Kitaigi Yeriistii Su Kaynaklarinin Kalite Kriterlerine gore; baraj
goliine giren akarsu ve gol istasyonlarinin III. ve IV. simif su kalitesinde oldugu
tespit edilmistir
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Anahtar kelimeler: Fekal koliform, Goksu Deresi, Isparta Cayi, Karacadren I
Baraj Golii, toplam koliform

Seasonal Change of Microbiological Pollution Level of Karacaéren I Dam Lake, Burdur, Turkey

Abstract: It was aimed to monitor seasonal changes of coliform and fecal coliform bacteria densities in different stations of
Karacadren I Dam Lake and Isparta Stream and Goksu Creek downstream and to determine the level of microbiological pollution
in the dam Besides, water temperature, pH, and dissolved oxygen values were measured during the study. The surface water samples
were collected seasonally between July 2013 and June 2014. Microbiological analyzes were carried out by the membrane filtration
method. Microbiological pollution of the study area was evaluated according to national and international criteria. The total coliform
and fecal coliform bacteria counts were between 500 and >100,000 CFU/100 mL, between 430 and 14680 CFU/100 mL respectively.
The pollution indicator parameters showed spatial and seasonal changes, are detected high level especially in winter. Total coliform
and fecal coliform bacteria count in Isparta Stream and Goksu Creek were detected higher than dam lake stations. According to
Surface Water Quality Regulation and Quality Criteria of Continental Surface Water Resources dam lake, Isparta Stream, and Goksu
Creek have bacteriological contamination with class 111 and 1V type water.

Keywords: Fecal coliform, Goksu Creek, Isparta Stream, Karacadren I Dam Lake, total coliform

Alntilama
Yalim FB, Emre N, Giille I, Emre Y, Pak F, Aktas O, Uysal R, Veske E. 2020. Karacaéren I Baraj Gélii (Burdur) Mikrobiyolojik Kirlilik Diizeyinin
Mevsimsel Degisimi. LimnoFish. 6(2): 120-126. doi: 10.17216/LimnoFish.633769



http://doi.org/10.17216/LimnoFish.633769
mailto:banuyalim@yahoo.com
http://doi.org/10.17216/LimnoFish.633769
http://orcid.org/0000-0001-7120-4463
http://orcid.org/0000-0001-9047-1823
http://orcid.org/0000-0003-3298-3657
http://orcid.org/0000-0003-4793-2262
http://orcid.org/0000-0003-4191-6173
http://orcid.org/0000-0002-3175-2251
http://orcid.org/0000-0003-1086-2563
http://orcid.org/0000-0002-4194-2120

Yalim vd. 2020 - LimnoFish 6(2): 120-126

121

Giris

Diinyada oldugu gibi iilkemizde de su kirliligi
onemli bir ¢evre sorunudur. Su kirliligine sebep olan
temel unsurlar; hizli niifus artis;, kentlesme ve
sanayilesmeyle evsel ve endiistriyel atiklarin yaninda
tarimsal faaliyetler kapsaminda kullanilan zirai ilag
ve kimyasal gilibre kalintilaridir (Elmaci vd. 2008;
Koloren vd. 2011; Bulbul ve Elipek 2017).

Sularin mikrobiyolojik ag¢idan izlenmesi hem
halk sagligi hem de su sistemlerinin siirdiiriilebilirligi
icin  biuyik oOnem tagimaktadir.  Sulardaki
mikrobiyolojik su kalitesinin izlenmesinde, koliform
grubu bakteriler fekal kirliligin gostergesi olarak
kabul edilmektedir (APHA 1995; Altug vd 2017;
WHO 2017).

Koliform bakteriler dogada, toprakta ve
bitkilerde, insan ve sicakkanli hayvanlarin sindirim
sisteminde ve digkilarinda bulunurlar (Morris 2007).
Sularda koliform grubu bakterilerin bulunmasi
dogrudan ya da dolayli olarak fekal bir temasla
birlikte = patojenik =~ mikroorganizmalarin  da
bulunabilecegini gostermektedir (Bulut vd. 2016).

Aksu Nehri iizerinde kurulan, Isparta ve Burdur
Illeri arasinda yer alan Karacadren I Baraj Gélii 45,5
km? yiizey alan1 ve 1234 hm® hacmindedir (DSI
2017). Egirdir ve Kovada goéllerini de igine alan
yaklasik 6000 km?’lik bir drenaj alanina sahip olan
Karacabren 1 Baraj Goli, Yukann Aksu
Havzasi’ndaki akarsularin kesisme noktasit olup
(Atayeter 2005), noktasal ve yayili kirletici
kaynaklarin (kentsel, sanayi, balik¢ilik ve ziraii atik
sularin) nihai alicisi konumundadir (Giille 2005).
Baraj Golii'niin ilk kuruldugu yillarda Isparta Cay1
basglica kirletici kaynak iken, 2000°1i yillardan
itibaren, Tiirkiye’de kafes balig1 yetistiriciliginin en
yogun yapildig1 yerlerden biri haline gelmistir
(Gimiis vd. 2009). Geg¢misten gilinlimiize kadar
antropojenik faaliyetler sonucunda Kirleticilerin
baskisina maruz kalan Karacadren I Baraj Golii,
Antalya kenti i¢in icme ve kullanma suyu kaynagi
olarak diisiiniilen ve protokolleri yapilan bir
rezervuar konumundadir. Bu baglamda rezervuarin
kirliligi iizerine yapilacak caligmalar su kalitesinin
stirdiiriilebilirligine yonelik stratejilerin
olusturulmasina dnemli katkilar saglayacaktir.

Bu calisma ile Karacadren I Baraj Golii ylizey
sular1 ile golii besleyen daimi akarsularin (Isparta
Cay1 ve GoOksu Deresi) mansap bolgesinde fekal
kirlilik gostergesi bakteriler izlenerek, rezervuarin
maruz kaldigt mikrobiyolojik kirlilik diizeyi
belirlenmigtir.

Materyal ve Metot
Arastirma kapsaminda, Karacadren 1 Baraj
Goli’nden; Isparta Cayr (IC) ve GoOksu Deresi

(GD)’nin gole giris yaptig1 akarsu mansap bolgeleri
ile esas gol alanini temsil eden 3 bolge olmak iizere
toplam 5 6rneklem noktasi se¢ilmistir (Sekil 1).

Karacadrenl
Baraj Gola

e 2 k)

Olgek:1/67.000

Sekil 1. Calisma alam, Ornekleme istasyonlari (IC: Isparta
Cayi, GD: Goksu Deresi, 1, 2 ve 3 Baraj goli yiizey
orneklem noktalarr)

Figure 1. Study area, Sampling points (IC: Isparta Stream,
GD: Goksu Stream, 1, 2 and 3: Dam lake surface sampling
points)

Temmuz 2013 - Haziran 2014 tarihleri arasinda
aylik olarak alinan su numunelerinde mikrobiyolojik
analizler i¢in 500 mL’lik vidali kapakli steril cam
siselere su yiizeyinden doldurularak alinan su
ornekleri, analiz edilene kadar buzlu saklama
kabinda muhafaza edilmistir. Fiziksel ve kimyasal
analizler i¢in 2 L hacimli PP numune kaplarina alinan
ornekler aynm1 yontemle analize kadar soguk
muhafazada tutulmustur. Mikrobiyolojik analizler
icin membran filtre metodu uygulanmistir. Su
ornekleri 0,45 pm gbzenekli membran filtreden
stiziilerek, toplam koliform ve fekal koliform
bakteriler i¢in uygun besi ortamlarinda inkiibe
edilmistir.

Toplam Koliform Bakteri (TKB) yogunlugu i¢in
m-Endo ortaminda 35,0+0,5 °C’de 2442 saat
inkiibasyona birakildiktan sonra iireyen altuni-yesil
metalik parlakliga sahip kirmizi koloniler; Fekal
Koliform Bakteri (FKB) yogunlugu i¢in ise m-FC
ortaminda 44,5+0,2°C’de inkiibasyona birakildiktan
sonra 24+2 saat igerisinde tamamen veya parcali
sekilde ireyen mavi renkli koloniler sayilmistir
(APHA 1995).

Su kalitesinin bazi

fiziksel ve kimyasal
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ozelliklerinden, su sicakligl ve ¢ozlinmils oksijen
YSI 550A model oksijenmetre ile, pH YSI 63 model
SCT metre ile yerinde (in situ) ol¢iilmiistiir.

Bulgular
Alinan su Orneklerinde mikrobiyolojik kirlilik
durumunun  mevsimsel degerlendirilmesinde,

g6l istasyonlar1 ile gole giren akarsularda
TKB sayist 500 ile >100.000 KOB/100 mL,
FKB sayisi ise 430-14.680 KOB/100 mL
arasinda  degismistir (Tablo 1). Ornekleme
yapilan caligma noktalarinda koliform
bakteri sayilar1 mevsimsel olarak degisim
gostermistir.

Tablo 1. Karacaoren I Baraj G6lii 6rneklem noktalarinda TKB ve FKB sayilarinin mevsimsel degisimi ve YSKY *’gore

su kalite siniflar1

Table 1. Seasonal variation of TKB and FKB numbers at Karacaéren I Dam Lake sampling points and water quality

classes according to YSKY*

TKB sayis1 KOB/100 mL

FKB sayis1 KOB/100 mL

1 2 3 IC GD 1 2 3 IC GD
Ilkbahar 7238 3008 785 42670 20342 3673 1544 520 13370 7169
Kalite simifi I I I Il Il v I I v v
Yaz 10263 8600 7850 112375 75160 2816 2070 2874 8700 6775
Kalite simifi I I I Il Il v v v v v
Sonbahar 3875 7513 10550 37800 25613 2231 2019 430 6820 6455
Kalite simifi I I I Il Il v v I v v
Kis 11708 16858 550 167233 23058 4045 4245 808 14680 7972
Kalite simifi I I I Il Il v v I v v
Ortalama 8271 8995 4934 90020 36043 3191 2470 1158 10893 7093
Kalite simifi I I I Il Il v v Il v v

(*YSKY): Yeriistii Su Kalitesi Yonetmeligi, Kitai¢i Yeriisti Su Kaynaklarinin Siniflarina Gore Kalite Kriterleri (RG

29327)

(*YSKY): Surface Water Quality Regulation, Quality Criteria According to Classes of Continental Surface Water

Resources (RG 29327)

“17, “2” ve “IC” 6rneklem noktalarinda TKB ve
FKB sayisinin kis mevsiminde diger donemlere
nazaran daha yiiksek oldugu; “3” no’lu 6rneklem
noktasinda TKB sayisinin sonbahar, FKB sayisinin
ise yaz mevsiminde; “GD” istasyonunda TKB yaz,
FKB sayisi1 ise kis mevsiminde en yiiksek diizeyde
oldugu belirlenmistir (Tablo 1, Sekil 2 ve 3).

Orneklem noktalarina gore, TKB ve FKB
sayisinin mevsimsel ve yillik ortalama degerleri
incelendiginde, golii besleyen Isparta Cay1 (IC) ve
Goksu Deresi (GD)’nde TKB ve FKB sayilar
tim y1l boyunca baraj golii calisma istasyonlaria
gore oldukga yiiksek degerlerde kaydedilmistir.
Akarsu girislerine en uzak noktada olan 3 no’lu gol
ici istasyonunda TKB ve FKB sayilann diger
istasyonlara gore daha diisiik olarak kaydedilmistir
(bkz.Tablo 1; Sekil 2 ve 3).

Calisma stiresince Ornekleme noktalar1 yiizey
sularinin  baz1  fiziko-kimyasal —parametrelerinin
mevsimsel ve yillik ortalama degerleri Tablo 2’de
verilmistir.

Tartisma ve Sonug

YSKY (2015, 2016) kistaslarina  gore
degerlendirildiginde, baraj goliine giren akarsu ve gol
istasyonlarindan saglanan bakteriyolojik bulgular
(bkz. Tablo 1) genelde IlI.-IV. smif; su kalitesine
isaret etmektedir.
Calismamizda tiim istasyonlarda ve

mevsimlerde TKB ve FKB tespit
edilmigtir. Koloren vd. (2011), bu
parametrelerin  saptanmasinin, suya  bulasan
insan ve diger hayvanlarin digkilarindan veya
diski bulasmigs atik  sularin  karigmasindan
kaynaklanacagim1  bildirmiglerdir. Karacadren
I Baraj Goli'nde kafes balik¢iligt
yapilmasiin yaninda, yil boyunca yogun olarak su

tim

kuslari ve go¢men kuslar da barinmaktadir.
Ayrica  goliim  ¢evresinde  turizme  yoOnelik
tesisler ve yerlesim yerleri bulunmaktadir.

GOl cevresinde yer yer tarimsal faaliyetler ile
birlikte kiigiik ve biiylikbag hayvanlar da
otlatilmaktadir.



Yalim vd. 2020 - LimnoFish 6(2): 120-126 123

. 180000 -
—
g 160000 -
[—]
g 140000 -
&8
a 120000 - =l
‘E 100000 - "2
g 80000 - =3
Q 60000 - nIC
E 40000 - EGD
S 20000 -
=
0
ILKBAHAR SONBAHAR
Sekil 2. TKB sayisinin mevsimsel degisimi
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124

Yalim vd. 2020 - LimnoFish 6(2): 120-126

Tablo 2. Karacadren I Baraj G6lii yiizey suyu fiziko-kimyasal ve biyolojik degerleri
Table 2. Surface water physico-chemical and biological values of Karacaéren I Dam Lake

Parametre/ mevsimler

Ornekleme noktalar

1 2 3 Gi.*Giort IC GD
pH
Ilkbahar 8,80 8,54 8,06 8,47 8,12 8,47
Yaz 8,24 8,29 8,38 8,30 8,26 8,23
Sonbahar 8,24 8,28 8,24 8,25 8,20 8,21
Kis 8,09 8,12 8,04 8,08 7,94 8,10
Ortalama 8,34 8,31 8,18 8,28 8,13 8,25
YSKY** Su kalite simifi [ | | | | |
Sicaklik (°C)
Ilkbahar 20,53 20,00 18,87 19,80 15,50 15,45
Yaz 28,43 28,50 28,17 28,37 23,73 17,63
Sonbahar 19,70 20,10 20,37 20,06 15,75 14,85
Kis 11,63 12,10 11,97 11,90 9,60 11,77
Ortalama 20,08 20,18 19,84 20,03 16,15 14,93
YSKY** Su kalite siifi | | | | | |
Coziinmiis Oksijen (mg/L)
fIkbahar 13,93 10,40 10,75 11,69 10,07 10,14
Yaz 7,05 7,69 7,98 7,57 8,12 8,84
Sonbahar 8,06 8,94 7,95 8,32 9,90 10,88
Kis 10,62 9,73 9,07 9,81 9,59 9,98
Ortalama 9,91 9,19 8,94 9,35 9,42 9,96

YSKY** Su kalite simifi I |

(*): Glort: Gél istasyonlar1 ortalamasi

(**): Yertistii Su Kalitesi Yonetmeligi, Kitaici Yeriistii Su Kaynaklarinin Siniflarina Gore Kalite Kriterleri (RG 29327)

(*): Gl.ort: Average of lake stations

(**YSKY): Surface Water Quality Regulation, Quality Criteria According to Classes of Continental Surface Water

Resources (RG 29327)

Yagmur sulart ¢evredeki kirliligin  gole
karigmasinda etkili olmasimna ragmen rezervuarin
kirlenmesinde Onemli etkenlerden biri daimi su
kaynag1 olan Isparta Cay1’dir. Isparta Cayi, Kovada
Cay1 araciligiyla Egirdir ilgesi atiksu aritma
tesislerinin ve Isparta sehir merkezinin her tiirlii atik
sularmi1 Karacadren [ Baraj Goli'ne tasimakta,
boylece baraj goliinlin organik madde yikiinii ve
mikrobiyolojik kirlilik derecesini artirmaktadir. Keza
ozellikle yogun yagish kis aylarinda goriilen TKB,
FKB’deki (bkz. Tablo 1) artis bu goriisi
kanitlamaktadir. Kalyoncu vd. (2008), Aksu Cay1’nin
su kalitesi ve fiziko-kimyasal parametrelerinin
makro-omurgasiz ~ ¢esitliligi  lizerine  etkilerini
saptamak {izere yapmis olduklari g¢aligmalarinda,
evsel atik su karigiminin oldugu Isparta Cayi’ndaki
iki 6rnekleme noktasinda, su kalitesi parametrelerine
gore kirlilik yiikiiniin daha yiiksek oldugunu
bildirmislerdir.

Benzer sekilde, Tablo 1 incelendiginde, Goksu
Deresi’nin de Isparta Cay1 kadar olmasa da g6l igin
kirlilik yiikii tasiyicisi oldugu goriilmektedir. Bu
akarsu tizerinde toplam 820 ton/yil porsiyonluk
alabalik ve 58 milyon adet/y1l yavru alabalik tiretim
kapasitesine sahip 8 adet isletme bulunmaktadir
(Bulut vd. 2012). Bulut vd. (2012), Goksu Deresi

lizerindeki mevcut alabalik isletmelerinin fiziko-
kimyasal ve mikrobiyolojik parametreler agisindan
akarsu {lizerinde ciddi oranda etkili olduklarini
vurgulamislardir.

Calismamizda, akarsu agizlarina yaklasik 10 km
mesafedeki en uzak nokta olan 3 no’lu (baraj dolgu
bolgesi) orneklem noktasindaki kirlilik diizeyinin g6l
icindeki diger noktalara gore daha diisiik oldugu
goriilmiistiir.  Bulgularimizla  benzer  sekilde,
Kalyoncu vd. (2008) Isparta Cayr atik sularinin
karistign alanda kirlilik yilikiiniin fazla olmasina
ragmen bu istasyonlardan uzaklastikca durumun
olumlu yonde degistigini bildirmiglerdir.

Oysa goliin bu bolgesinde dnemli miktarda kafes
balik¢ilig1 yapilmaktadir. Glimiis vd. (2009)’ne gore
rezervuarda 1995 yilinda 5 ton/yi1l Kapasite ile
baslayan kafes balik¢iligi 2010 yilinda 7 bin ton/y1l
kapasiteye ulagmistir. Giiniimiizde bu degere yakin
bir dretim devam etmektedir. Buna karsin bu
bolgedeki kirlilik degerlerinin diisiik seyretmesinin
nedeni su derinliginin 30 m’den fazla olmasi
nedeniyle kirleticilerin hipolimnion tabakasi ve
sedimana ¢okerek dipten verilen baraj ¢ikis suyu ile
golden tahliye olmasidir.

Bulgularimiz, Yeriistii Su Kalitesi Yonetmeligi
(YSKY) kata i¢i su kaynaklar1 siniflarma ait kalite
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kriterleri tablosunun bakteriyolojik parametrelerine
gore (YSKY 2015) degerlendirildiginde, lakustrin
bolge (baraj golii son bolgesi) istasyonlarinin TKB
bakimindan II. Sinif ve FKB bakimindan IV. smif;
akarsu istasyonlarinin ise TKB bakimindan III. sinif
ve FKB bakimindan IV. siif su kalitelerine sahip
oldugu gorilmiistiir (bkz. Tablo 1). Erkan ve Vural
(2006), Dicle Nehri’nin Diyarbakir kent girigi, sehir
merkezi ve kent cikis bolgelerindeki mikroflorasini
incelendikleri calismalarinda mikrobiyal yiikiin
oldukga yiiksek ve dolayistyla hijyenik kalitenin de
diisik oldugunu saptamiglardir. Akkan (2017)’m
Batlama Deresi’'nden (Giresun) izole edilen
Enterobacteriaceae’nin antibiyotik direng
seviyelerini belirlemeye yonelik ¢alismasi ile Akkan
ve Topkaraoglu (2019)’nun ayni1 derede Escherichia
coli izolatlarinin antibiyotik diren¢ diizeylerinin
belirlenmesi ile ilgili ¢calismalarinda su kaynaklar1
icin tehdit olusturan Enterobacteriaceae
temsilcilerinin ve 6zellikle E. coli’nin tespit edilmesi
dere suyunda fekal kontaminasyonun oldugunu ve bu
baglamda Batlama Deresi’nin hem bakteriyolojik
acidan hem de antibiyotik diren¢ diizeylerinin
izlenmesi gerektigini vurgulamiglardir. Gaga Goli,
toplam koliform bakimindan II. sinif su kalitesinde az
kirlenmis su olarak tespit edilmistir (Koloren vd.
2011). Bulut vd. (2016) Egirdir Goli’niin
mikrobiyolojik kalitesinin mevsimsel degisimini
belirlemeye yonelik ¢aligmalarinda 90’11 yillara gore
alman tedbirler sonucunda mikrobiyolojik su
kalitesinin diizeldigini ve 1. Smf oldugunu
bildirmislerdir. Akkaya baraj gdliinii besleyen ayni
zamanda kirletici kaynak konumunda olan Kizilca
deresindeki bakteriyolojik kirlenmenin mevsimlere
bagli olarak degisimleri tespit edilmis fekal koliform
acisindan III.  smif su kalitesinde oldugu
belirlenmistir (Tungsiper, 2017).

Elmaci vd. (2008) Uluabat Golii’nde yaptiklar
caligmada goldeki TKB sayisinin yaz aylarinda daha
yiiksek oldugunu ve mikrobiyal floranin mevsimsel
degisimden onemli Olciide etkilendigini
bildirmiglerdir. Akkan vd. (2019)’de Yaghdere
Caymin bakteriyolojik kirliligi belirlemeye yonelik
caligmalarinda da FKB, fekal Streptococcus ve E.
coli'nin yilin hemen hemen her ayinda birden fazla
istasyonda tespit ettiklerini ve bakteriyolojik kirlilik
seviyesinin Ozellikle yaz aylarinda arttigimmi tespit
etmislerdir. Celebi (2018) Aksaray Universitesi
yerleskesine yakin bir lokasyonda yer alan Karasu
sulama ve drenaj kanalinin mikrobiyolojik kirliligini
mevsimsel olarak incelemis ve koliform grubunu en
fazla Temmuz ayinda saptamistir.

Su kaynaklarmin mikrobiyolojik durumunu
belirlemek iizere yapilan bir¢ok ¢alismada sulardaki
mikroorganizmalarin artiginda, sicakligin énemli bir

faktor oldugu bildirilmistir (Koloren vd. 2011; Bulut
vd. 2016). Calismamizda, TKB ve FKB sayilarinda
—hem gdl i¢i, hem de akarsu mansaplarinda— su
sicakliginin  artmast ile yaz aylarinda artis
goriilmesine  ragmen  sonbahardaki  azalmayi
genellikle kis aylarinda daha yiiksek bir artig
izlemistir ki, bu durumun dogrudan akarsu
debileriyle iliskili oldugu goriilmektedir. Colakoglu
ve Cakir (2004), yaz ve sonbahar mevsimlerinde
toplam aerobik bakteri sayilarinda bir artis
gozlemediklerini, bu durumun yaz aylarinda su
sicakliginin artmaya  baslamasi, sonbahar
mevsiminde ise yagmurlarin fazla olusu sebebiyle
akarsuya karigan organik madde miktarinin artmasi
ile ilgili olabilecegini bildirmislerdir. Selvi vd.
(2017) Yenice-Davutkdy sulama goletlerinde yaz
mevsimine nazaran, ilkbahar mevsiminde en yiiksek
koliform sayisinin tespit edilme sebebini, ilkbaharda
yagmur ile birlikte topragin goletlere karismasindan
kaynakl1 olabilecegini belirtmiglerdir.

Calismamizda, baraj goliinde su sicakliginin
diisiik oldugu kis aylarinda bakteri sayisinin yiiksek
tespit edilmesi, bu aylarda yagmur ve sel sulariyla,
ozellikle sehirsel ylizey akig sularindaki artiga paralel
olarak, gole giren insan ve hayvan digkisi kokenli
organik madde miktarinin yiiksek olmast ile
agiklanabilir.

Cesitli caligsmalarda, su kaynaklarinin
mikrobiyolojik aktiviteleri ile ilgili farkli sonuglarin
elde edilmesi, suyun fiziksel yapist (gol, nehir),
yerlesim yerlerine ve sanayi kuruluslarina olan
uzakligi, kirlilik durumu, bdlgesel ve zamansal
degisimler gibi parametrelerden kaynaklanabilecegi
gibi, asir1 yagislardan su kaynagina giren organik
madde miktarinin artmast ve/veya yapilan atik
desarjindan da kaynaklanabilecegi (Colakoglu ve
Cakir 2004; Erkan ve Vural 2006; Ileri vd.
2014;Tungsiper 2017) ifade edilmektedir.

Calisma alaninda kirlilik parametrelerinin alansal
ve zamansal degisim gosterdigi bulgularimiz ile
tespit edilmistir. Rekreasyonel aktiviteler, balik
yetigtiriciligi, sulama suyu ve enerji Uretimi gibi
amaclar i¢in kullamlan baraj goliintin, halen
planlandig1 kadariyla, igme suyu kaynagi olarak
kullanilabilmesi i¢in mutlak suretle mevcut kirliligin
azaltilmasina  yonelik  tedbirlerin  alinmasi
gerekmektedir. Go6liin en 6nemli kirlilik kaynag1 olan
Isparta Cayi’ndan gelen atik yiiklerinin kaynaginda
onlenmesine yonelik aritma tesislerin kurulmasi
gerekmektedir. Bolgenin oOzellikle kis aylarinda
yogun yagis almasi ve arazi egiminin dik olmasi
nedeniyle (Atayeter 2005) rezervuar gevresindeki
kéy ve mahalle gibi kiicliik yerlesim yerlerinin
foseptik, agil ve ahir atik sularmin sisteme drenaji
mutlaka dnlenmelidir.
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This study was carried out in the Kayalikdy reservoir (Kirklareli, Turkey), that is
used for agricultural irrigation and aquaculture and to provide drinking and
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domestic water supply of Edirne province. The study was performed at 3 stations Received ~ :18.12.2019
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Other physicochemical parameters were analyzed in the laboratory. A total of 43

physicochemical parameters were measured in the Kayalikdy reservoir. Analysis DOI:10.17216/LimnoFish.660975

results obtained are compared with Regulation on Modification of Surface Water
Quality Management (RSWQM) and Regulation on the Quality and Treatment of
Water Provided for Drinking Water (RDWQ). According to the average values of
the analysis results the water quality in Kayalikdy reservoir determined generally
to be Class I and Al water. In conclusion, Kayalikdy reservoir has water suitable
for drinking, agricultural irrigation, and aquaculture and was classified as having
oligomesotrophic character.
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Kayahkoy Baraji’min (Kirklareli/Tiirkiye) Fizikokimyasal Ozelliklerinin Mevsimsel Degisimi ve Su Kalitesinin
Belirlenmesi

Oz: Bu ¢alisma, Edirne ilinin igme ve kullanma suyu ile birlikte tarimsal sulama ve su iiriinleri yetistiriciliginde kullanilan Kayalikdy
baraj goliinde yapilmstir. Su kalitesini belirlemeye yonelik olan bu aragtirma, Mayis 2018-Nisan 2019 tarihleri arasinda bir yil
boyunca baraj goliinde segilen 3 istasyonda gerceklestirilmistir. Baz1 fizikokimyasal parametreler (su sicakligi, 151k gecirgenligi,
iletkenlik, pH ve ¢ozlinmiis oksijen) arastirma sirasinda 6lgiiliirken diger analizler i¢in su drnekleri, su yiizeyinin 15-20 cm altinda
Ruttner sisesi ile alinmig ve analizleri laboratuvarda yapilmustir. Toplam 43 fizikokimyasal parametreler 6l¢iilmiistiir. Elde edilen
analiz sonuglari, Yiizeysel Su Kalitesi Yonetiminde Degisiklik Yapilmasina Dair Yoénetmelik (RSWQM) ve Igme Suyu igin
Saglanan Suyun Kalitesi ve Aritimi Yonetmeligi (RDWQ) ile karsilastirilmistir. Analiz sonuglariin ortalamalarina gore Kayalikoy
rezervuarindaki su kalitesi genel olarak I sinif ve Al su olarak belirlenmistir. Sonug olarak, Kayalikdy rezervuari igme, tarimsal
sulama ve su lrilinleri yetistiriciligi i¢in uygun suya sahip oldugu ve baraj goliiniin oligomesotrofik karakterde oldugu tespit
edilmistir.

Anahtar kelimeler: Baraj golii, su kalitesi, fizikokimyasal
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Introduction and irrigation, hydropower, fisheries, and

Reservoirs are water bodies formed or modified
by human activity for specific purposes to provide a
reliable and controllable resource. Historically,
reservoirs were built to serve a single purpose,
i.e. irrigation. The present-day dam reservoirs, which
are constructed for wvarious reasons including
flood control, water storage for water supply

recreation, show the characteristics of both rivers and
lakes.

The physicochemical and biological properties of
water in reservoirs often vary depending on the
characteristics of the streams that feed the reservoir
and the hydraulic residence time in the reservoir
(Gikas et al. 2009).
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Reservoir differs from natural lakes due to high
external nutrient input, large drainage basin,
water level changes, and human activity (Thornton et
al. 1990). Freshwater pollution is a matter of serious
global concern today and unfortunately,
water resources subject to continuous pollution
increasing gradually day by day (Strobl and Robillard
2008). Many researches showed that water sources
are mostly contaminated as a result of human
activities, particularly with domestic and industrial
wastes, in addition to natural factors like rainwater,
material transport with surface waters, atmospheric
transport, and plant pollens (Samian et al. 2015;
Loukas 2010). Pollutants discharged into water
disturb the balance of the ecosystem and lead to
significant problems in terms of public health by
impairing the quality of domestic and drinking water.
Since rivers and lakes are the major water resources
for domestic use and human consumption, the
accumulation of contaminants here constitute a
global health problem (Das Kangabam and
Govindaraju 2017).

It is required to assess a large number of
physicochemical water quality data for effective
contamination control. Water quality assessment is
also useful and necessary for effective management
of water resources (Dixon and Chiswell 1996; Kose
etal. 2014). For this purpose, many studies have been
conducted to determine the water quality of
freshwater ecosystems such as streams, lakes, dams

(Kiikkrer and Mutlu 2019; Mutlu et al. 2016;
Minareci and Cakir 2018; Uncumusaoglu and Mutlu
2017; Bulut and Kubilay 2018; Tepe and Kutlu
2019).

In this study, it was aimed to determine the
water quality of Kayalikdy reservoir located in
Kirklareli Province, Turkey by examining the
physicochemical parameters of reservoir water which
is used as domestic and drinking water of Edirne
province.

Materials and Methods

Kayalikdy Reservoir was built 1981-1986 for
irrigation and flood control on Teke Stream and it
takes the name from Kayali village to the west of the
dam. The reservoir is west of Kirklareli and 12 km
from Kirklareli city center. (400 48°51°°N, 260
47°43°E). Because it is surrounded by rock
formations, both the lake and the littoral region lack
water plants. Kayalikdy Reservoir has volume is
144.2 hm® and a surface area of 10.20 km?. Although
the reservoir is fed mainly by the Teke stream, it is
also replenished by other small streams in the region
and rainfall. Although the reservoir was built for
irrigation and flood control, it is also provides
drinking and domestic water of Edirne.

The samples were collected monthly during the
year May 2018 to April 2019 in three different
stations in the reservoir that were considered to
represent the entire lake (Figure 1 and Table 1).

Table 1. Sampling stations and coordinates in the Kayalikdy reservoir

Sampling stations Explanations

Geographic coordinates

41°49'30.5" N 27°06'30.3" E

41°4728.3" N 27°08'07.3" E

15t station This station is located on the western branch of the lake and
where Teke stream feeding the lake is located.

2" station This station is the middle part of the reservoir. Water in the
reservoir is discharged in this area for irrigation and drinking
water supply.

3rd station This sampling station is located on the eastern branch of the

lake

41°48'06.0" N 27°09'13.1"E

The water samples were taken with Ruttner water
sample bottles from 15 to 20 cm below the water
surface. Some physicochemical parameters (water
temperature, Secchi disk depth, conductivity, pH, and
dissolved oxygen) were measured on-site
simultaneously with the sampling time in with Orion
Star S/N 610541. The samples were transported to
the laboratory in iceboxes and stored in the
refrigerator at 4 °C until analysis. The values of
Chlorophyll-a (Chl-a), Total dissolved solids matter
(TDS), Nitrite nitrogen (NO2-N), Nitrate nitrogen
(NOs-N), Phosphate (PO4), Chlorine (Cl,), Sulphate
(S04~ ), Fluoride (F7), Chloride (Cl-), Bromide

(Br-), Bromate (BrOs), Sodium (Na), Magnesium
(Mg), Potassium (K), Calcium (Ca), Lithium (Li),
Beryllium (Be), Boron (B), Aluminium (Al), Iron,
(F) Stronsiyum (Sr), Vanadium (V), Chromium (Cr),
Manganese (Mn), Cobalt (Co), Nickel (Ni), Copper
(Cu), Zinc (Zn), Arsenic (As), Selenium (Se),
Molybdenum (Mo), Cadmium (Cd), Antimony (Sb),
Barium (Ba), Thallium (Tl) and Lead (Pb) were
measured in laboratories of Trakya University
Technology Research Development Application
and Research Center (TUTAGEM). A total of 43
parameters were analyzed in reservoir water.
The analysis of the ions was performed by
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Metronm lon Chromatography System using
EPA 300.1 method. Metal analyzes were read on
the Agilent Technologies 7700 ICP-MS System
using EPA 200.7 and EPA 200.8 methods (EPA
2001).

The results were compared by National Standart
for Turkish inland water Regulation on Modification
of Surface Water Quality Management (RSWQM

2015) and Regulation on the Quality and Treatment
of Water Provided for Drinking Water (RDWQ
2019) and the water quality of Kayalikdy reservoir
was classified accordingly. Besides, besides,
Spearmans Correlation was used to determine the
related environmental parameters with each other
(Krebs 1999). Statistical analyses were performed
using SPSS 17.0.
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Figure 1. Location of Kayalikdy reservoir and the sampling stations

Results

According to the analysis results, regardless of
difference of seasons and stations, the annual mean
values of water quality parameters were found as
Water temperature (WT) (15.530+7.74 °C), Secchi
disk depth (SD) (94.242439.34 cm), Chlorophyll-a
(Chl-a) (10.713+7.00 pg/L), Total dissolved solids
matter (TDS) (126.395+£21.09 mg/L), Nitrite nitrogen
(NO2-N) (0.054+0.05 mg/L), Nitrate nitrogen (NOs-
N) (2.458+1.67 mg/L), Phosphate (PO4) (0.126+0.24
mg/L), Chlorine (Cl,) (15.675+6.38 mg/L), Sulphate
(SO4*) (15.999+0.78 mg/L), Fluoride (F)
(0.155+0.01 mg/L), Chloride (CI) (0.122+0.11
mg/L), Bromide (Br) (0.044+0.02 mg/L), Bromate

(BrOs) (0.243+0.20 mg/L), Sodium (Na) (7.304+4.08
mg/L), Magnesium (Mg) (5.613£2.71 mg/L),
Potassium (K) (8.691+£8.58), Calcium (Ca)
(12.060+£6.34 mg/L), Lithium (Li) (3.261+1.89
ug/L), Beryllium (Be) (0.230+0.33 ug/L), Boron (B)
(40.342+23.61 pg/L), Aluminium (AD
(139.261£163.34 pg/L), Iron (F) (0.142+0.09 ng/L),
Stronsiyum (Sr) (89.538+42.51 pg/L), Vanadium (V)
(3.36243.55 pg/L), Chromium (Cr) (2.786+3.00
pg/L), Manganese (Mn) (5.078+3.93 ng/L), Cobalt
(Co) (0.186+0.09 pg/L), Nickel (Ni) (1.509+0.62
ug/L), Copper (Cu) (1.769£1.74 pg/L), Zinc (Zn)
(3.585+2.52 pg/L), Arsenic (As) (0.726+0.42 ng/L),
Selenium (Se) (7.046+5.56 pg/L), Molybdenum
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(Mo) (4.071 + 10.85 pg/L), Cadmium (Cd)
(0.097+0.07 pg/L), Antimony (Sb) (22.191+59.28),
Barium (Ba) (23.482+11.91 pg/L), Thallium (TI)
(0.11940.08 pg/L) and Lead (Pb) (0.873%0.73 ug/L)
(Table 2).

The minimum and maximum values of the
physicochemical parameters measured in the
KayalikOy reservoir are given in Table 2 in a monthly
and seasonally manner. Besides, according to months
the change of physicochemical parameters is given in
Figure 2.

According to the Spearmans Correlation, While
water temperature (WT) showed positive significant
relationship with SD (r=752), Chl-a (r=882), SO,
(r=882) (p<0,01); Fe (r=724), Cr (r=627) and TI
(r=645) (p<0,05), it showed negative relationship
with DO (r=809), Al (r=845) (p<0,01) and Fe (r=724)
(p<0,05) (Table 3). While Secchi disk depth (SD)
showed positive significant relationship with NO;

(r=806), SO, (r=916), Cr (r=765) (p<0.01);
Chl-a (r=620), Na (r=706), Mg (r=656), Cu (r=615)
and Se (r=638) (p<0,05), it showed negative
relationship with DO (r=852) (p<0.01) (Table 3).
While Chlorophyll-a (Chl-a) showed positive
significant  relationship  with  WT  (r=882),
SO4 (r=727), Tl (r=764) (p<0.01) and SD (r=620)
(P<0.05), it showed negative relationship with Al
(r=791) (p<0.01), DO (r=682), NOs; (r=655),
PO4 (r=639) and Fe (r=620) (P<0.05) (Table 3).
While Dissolved oxygen (DO) showed positive
significant relationship with Al (r=791) (p<0.01), it
showed negative relationship with WT (r=809), SD
(r=852), SO, (r=936), Cr (r=754) (p<0.01),
Chl-a (r=682), NO, (r=664), Na (r=618), and
Tl (r=609) (p<0.05) (Table 3). According to
the Spearmans Correlation, the relationship of
the other parameters with each other is given in
Table 3.

Table 2. According to months and seasons maximum and minimum values of physicochemical parameters measured in

Kayalikdy reservoir

According to

According to the

months seasons Average of

Abbreviation Min Max Min Max reservoir
Air temperature AT (°C) 3.333 30.000 5111 27.333 17.136 £9.06
Water temperature WT (°C) 4.167 26.500 5.722 25.056 15.530+7.74
Secchi disk depth SD (cm) 36.667 186.667  50.000 130.000 94.242 £39.34
Chlorophyll-a Chl-a (pg/L) 4.333 23.833 4.833 16.257 10.713 +£7.00
Dissolved oxygen DO (mg/L) 8.487 13.760 8.653 13.760 10.277 £ 1.66
pH pH 6.360 9.477 8.173 9.108 8.435+0.79
Salinity Salinity (psu)  0.138 0.201 0.152 0.182 0.171 £0.02
Electrical conductivity EC (uS/cm) 177.233  319.767  201.967  278.167 249.936 +41.91
Total dissolved solids matter  TDS (mg/L) 88.010 157.200  100.967  136.789 126.395+21.09
Nitrite nitrogen NO.-N (mg/L) 0.002 0.131 0.008 0.120 0.054 +0.05
Nitrate nitrogen NOs-N (mg/L) 0.062 4.967 0.726 3.937 2458 +£1.67
Phosphate PO, (mg/L)  0.000 0.839 0.004 0.422 0.126 +0.24
Chlorine Cl, (mg/L) 8.859 25.767 9.635 21.583 15.675 +6.38
Sulfate SO (mg/L)  14.665 17.076 14.830 16.594 15.999 +0.78
Fluoride F~ (mg/L) 0.140 0.166 0.146 0.163 0.155£0.01
Chloride Cl- (mg/L) 0.040 0.338 0.049 0.227 0.122+0.11
Bromide Br (mg/L) 0.000 0.059 0.027 0.056 0.044 £ 0.02
Bromate BrOs; (mg/L)  0.000 0.560 0.146 0.351 0.243+0.20
Sodium Na (mg/L) 1.894 12.695 2.215 11.010 7.304 £ 4.08
Magnesium Mg (mg/L) 1.349 8.899 2.969 7.930 5.613+2.71
Potassium K (mg/L) 0.718 25.019 1.622 18.135 8.691 + 8.58
Calcium Ca (mg/L) 2.646 23.479 6.736 17.633 12.060 = 6.34
Lithium Li (ug/L) 0.773 5.530 0.773 4774 3.261 +1.89
Beryllium Be (ug/L) 0.035 1.120 0.045 1.120 0.230+£0.33
Boron B (ug/L) 15.236 101.169  15.971 68.927 40.342 +23.61
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Tablo 2. Devamu.
According to According to the
months seasons Average of
Abbreviation  Min Max Min Max reservoir
Aluminum Al (ug/L) 6.475 612.883 41.961 323.348 139.261 + 163.34
Iron Fe (mg/L) 0.072 0.401 0.088 0.222 0.142 £ 0.09
Stronsiyum Sr (ug/L) 22.133 144.727 53.945 129.161 89.538 £42.51
Vanadium V (ug/L) 0.391 11.978 0.727 7.885 3.362 + 3.55
Chromium Cr (ug/L) 0.408 11.465 1.142 6.500 2.786 = 3.00
Manganese Mn (ug/L) 1.659 14.601 3.303 8.702 5.078 £3.93
Cobalt Co (pg/L) 0.039 0.333 0.073 0.269 0.186 = 0.09
Nickel Ni (ug/L) 0.418 2.485 0.971 1.866 1.509 + 0.62
Copper Cu (ng/L) 0.348 6.796 0.866 3.572 1.769 £ 1.74
Zinc Zn (ug/L) 0.818 9.145 1.987 6.597 3.585+2.52
Arsenic As (ng/L) 0.077 1.386 0.394 1.183 0.726 £ 0.42
Selenium Se (ug/L) 0.270 19.148 2.134 10.310 7.046 = 5.56
Molybdenum Mo (ug/L) 0.602 33.543 0.909 20.698 14.071 £10.85
Cadmium Cd (ug/L) 0.008 0.260 0.024 0.167 0.097 £ 0.07
Antimony Sb (ug/L) 0.053 199.900 0.279 104.403 22.191 £ 59.28
Barium Ba (ug/L) 5.486 42.963 16.058 34.938 23.482+11.91
Thallium T1 (ug/L) 0.012 0.260 0.033 0.191 0.119 £ 0.08
Lead Pb (ug/L) 0.122 2.790 0.369 1.775 0.873 £0.73

Table 3. According to the Spearmans Correlation analysis, the relationship between environmental parameters with each
other in Kayalikdy reservoir

WTI 5 ChWa DO pH EC KO KO3 POy 504 Ka Mg K (a Fe S Cr Mn Cu As Od Ba Pb
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Discussion

The water samples taken from three stations
determined in Kayalikdy reservoir for one year were
examined in terms of some physicochemical
parameters and heavy metal concentrations. The
results were compared with RSWQM (National
Standart for Turkish inland water Regulation on
Modification of Surface Water Quality Management)
and RDWQ (Regulation on the Quality and
Treatment of Water Provided for Drinking Water).

Water temperature

The highest and the lowest water temperature
values were recorded as 26.500 °C in July in the
summer season and 4.167 °C in January in the winter
season, respectively. The mean water temperature in
the reservoir was 15.53047.74°C (Table 2 and Figure
2). Water temperature affects the biological,
chemical, and physical activities in water increases
the metabolic and respiratory rates of aquatic
organisms, and affects the dissolubility of gases.
When the temperature increases, then the metabolic
rate increases, and the level of oxygen decreases
(Unlii et al. 2008). These results indicate that the
temperature differences between the months and the
seasons were within acceptable levels for the survival
of aquatic organisms. When the results of the
physicochemical analysis were compared with
RSWQM (2015), the water temperature in the
reservoir was found to be Class I quality.

Secchi disk depth

Secchi disk in the reservoir was measured
between 36.67-186.67 cm. Maximum light
permeability was recorded in May in the spring
season and the minimum in January in the winter
season. The general mean Secchi disk depth in the
reservoir was 94.24+39.34 cm (Table 2 and Figure
2). The lake is considered as eutrophic if the
measured Secchi disk is between 0.8 and 1.5 m,
mesotrophic if it is between 1.4 and 2.4 m, and
oligotrophic if it is between 3.6 and 5.9 m (Ryding
and Rast 1989). According to RSWQM (2015), the
lake is considered as eutrophic if the measured Secchi
disk is between 1.0 and 1.9 m, mesotrophic if it is
between 2.0 and 4.0 m and oligotrophic if it is >4 m.
According to this classification based on Secchi disk
depth, Kayalikdy reservoir could be categorized as
eutrophic.

Chlorophyll-a

The highest and the lowest chlorophyll-a values
recorded as 23.833 pg/L in August in the summer
season and 4.333 ug/L in February in the winter
season, respectively. The mean chlorophyll-a in the
reservoir was 10.713+7.00 pg/L (Table 2 and Figure
2). For ponds and dam lakes, the amount of

chlorophyll-a in oligotrophic lakes is <3.5 pg/L,
between 3.5-9.0 pg/L in mesotrophic lakes and
between 9.1-25 pg/L in eutrophic lakes (RSWQM
2015). The lake is considered as eutrophic if the
average value of the measured chlorophyll-a 14.3
pg/L; mesotrophic if it is 4.7 pg/L and oligotrophic if
it is 1.7 pg/L (Caspers 1984). According to the
chlorophyll-a values in Kayalikdy reservoir could be
classified as mesotrophic.

Dissolved oxygen

The maximum dissolved oxygen concentration
was determined as 13.76 mg/L in April in the spring
season and the minimum as 8.49 mg/L in July in the
summer season with an annual average of 10.28+1.66
mg/L (Table 2 and Figure 2). Dissolved oxygen is
one of the important parameters in water quality
assessment and reflects the biological and physical
processes that are common in water (Egemen and
Sunlu 2006) and is inversely proportional to the water
temperature (Oztiirk and Akkdz 2014). According to
RSWQM (2015), Kayalikoy reservoir was Class |
quality levels, which means it is clean water.

pH

pH is one of the important factors affecting living
life in water. Many species of fish and aquatic
organisms develop well in waters with a pH range of
6.5-8.5 (Arrignon 1976; Dauba 1981). In the present
study, pH values in Kayalikdy reservoir
were measured between 6.360 to 9.477 (average
8.435+0.79). The maximum pH value was recorded
in April in the spring season and the minimum in July
in the summer season (Table 2 and Figure 2). The pH
value of the lake was moderately alkaline varying
from 7.5 to 8.2 (Berzins and Pejler 1987). According
to the average pH values, Kayalikdy reservoir was
rated as an alkaline water-bearing reservoir. Besides,
according to RSWQM (2015) and RDWQ (2019)
was Class | and Class Al quality.

Salinity

Salinity is a dynamic indicator of the water
ecosystem such as other parameters and
it is expressed as the total concentration of charged
ions in water. The salinity of the Kayalikdy
reservoir was recorded as 0.138 psu in July in the
summer season as the minimum and 0.201 psu
in November in the autumn season as the
maximum with the average value 0.171£0.02 psu
(Table 2 and Figure 2). According to salinity
measurements, it was concluded that Kayalikoy
Reservoir is suitable for aquatic life. While Salinity
showed positive significant relationship with EC
(r=858), TDS (r=998) (p<0.01) and B (r=648)
(p<0.05), it showed negative relationship with SO4
(r=603) (p<0.01).
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Electrical conductivity

The electrical conductivity of water depends on
both geological factors and external influences
(Barlas et al. 1995). Electrical conductivity in
freshwater varies between 10-1000 uS/cm. The
acceptable electrical conductivity value for aquatic
organisms is in the range of 250-500 uS/cm (Yiicel
1990). The electrical conductivity in Kayalikoy
reservoir was measured as 177.233-319.767 uS/cm
(average 249.936+41.91 pS/cm). The maximum
electrical conductivity was recorded in November in
the autumn season and the minimum in July in the
summer season. According to RSWQM (2015) and
RDWQ (2019), the reservoir water was assigned to
have Class | and Class Al quality and it was
concluded that Kayalikdy reservoir is suitable for
aquatic life. The Electrical conductivity (EC) showed
a positive significant relationship with TDS (r=847),
Salinity (r=858) (p<0.01), Mn (r=655) and Zn
(r=664) (p<0.05) (Table 3).

Total dissolved solids matter

The highest and the lowest total dissolved solids
values were recorded as 157.200 mg/L in November
in the autumn season and 8.010 mg/L in July in the
summer season, respectively. The mean total
dissolved solids in the reservoir was 126.395+21.09
mg/L. (Table 2 and Figure 2). According to total
dissolved solids measurements, it was concluded that
Kayalikoy reservoir is suitable for aquatic life. While
Total dissolved solids matter (TDS) showed a
positive significant relationship with Salinity (r=998)
and B (r=620), it showed a negative relationship with
S04 (r=620) (p<0.05).

Nitrite nitrogen and Nitrate nitrogen

During the study period in Kayalikdy reservoir,
the nitrite nitrogen concentration was 0.002-0.131
mg/L (average 0.054+0.05) and the minimum value
was recorded in September in the winter season and
the maximum in May in summer season (Table 2 and
Figure 2). Nitrate nitrogen concentration was
measured between 0.062 to 4.967 mg/L (average
2.458+1.67) and the minimum value was recorded in
September in the autumn season and the maximum in
May in the spring season (Table 2 and Figure 2).
Nitrogen derivatives such as nitrite (NO.-N) and
nitrate (NOs-N) play an important role in the process
of water pollution. The nitrite and nitrat sources in
water are the organic matters, fertilizers used in
agriculture, the wastewaters, and some minerals. The
nitrite concentration in surface water higher than 1
mg/L indicates the presence of pollution (Tas 2011).
A high concentration of nitrate in surface waters
indicates the pollution. According to RSWQM
(2015), the total nitrogen content is <0.35 mg/L in
oligotrophic lakes, 0.35-0.65 mg/L in mesotrophic

lakes and 0.65-1.2 mg/L in eutrophic lakes.
According to the average nitrite nitrogen and nitrate
nitrogen values, Kayaliky reservoir was rated as
oligotrophic and Class I. The Nitrite nitrogen (NO--
N) showed a positive significant relationship with SD
(r=806), SO, (r=782) (p<0.01), WT (r=636) and Cr
(r=655) (p<0.05), it showed a negative relationship
with DO (r=664) (p<0.01). Also, While Nitrate
nitrogen (NOs-N) showed positive significant
relationship with PO, (r=904) (p<0.05), it showed
negative relationship with Chl-a (r=655), Cl, (r=645)
and B (r=673) (p<0.05) (Table 3).

Phosphate

Phosphate concentrations fluctuated during the
study from 0.000 to 0.839 mg/L (average 0.126+0.24
mg/L). The maximum phosphate concentration was
recorded in May in the spring season and the
minimum in July, August in the autumn season
(Table 2 and Figure 2). Phosphate concentration was
below the detection limit during these months. If the
total phosphorus is less than 10 pg/L, the lake is
oligotrophic, if between 10-20 pg/L it is mesotrophic
and if it is greater than 20 pg/L, it is eutrophic
(Thoman and Mueller 1987). RSWQM (2015)
reported that phosphate concentration is 00.01 mg/L
in oligotrophic lakes, 0.01-0.03 mg/L in mesotrophic
lakes and 0.03-0.1 mg/L in eutrophic lakes. RDWQ
(2019) reported the concentration of phosphate as 0.4
mg/L in Class Al and 0.7 mg/L in Class A2. Based
on these results, Kayalikdy reservoir was rated as
oligotrophic and Class | and Al. While Phosphate
(PO4) showed positive significant relationship with
NO; (r=904) and K (r=809) (p<0.01), it showed
negative relationship with Chl-a (r=639) (p<0.05)
(Table 3).

Chlorine

The values of chlorine fluctuated during the study
from 8.859 to 25.767 mg/L (average 15.675+6.38
mg/L). The maximum value of chlorine was recorded
in October in the autumn season and the minimum in
May in the winter season. (Table 2 and Figure 2).
Considering the taste threshold for chlorine in
drinking water is below 5 mg/L (WHO 2017), the
chlorine value is high in the reservoir. Therefore, care
must be taken during the disinfection of water. While
Chlorine  (Cl;) showed positive  significant
relationship with Na (r=664) and Cr (r=682)
(p<0.05), it showed negative relationship with Al
(r=827) (p<0.05), NO; (r=645) and Fe (r=620)
(p<0.05).

Sulfate

Sulphate concentration in the reservoir was
measured between 14.665-7.076 mg/L. The
maximum value of sulfate was recorded in May in the
spring season and the minimum in January in the
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winter season. The mean value of sulfate in the
reservoir was 15.999+0.78 mg/L (Table 2 and Figure
2). The sulfate (SO4?) among natural anions of
waters should exist in natural waters for biological
productivity to increase (Tas et al. 2010). The level
of sulfate in natural waters varies between 5 and 100
mg/L. The maximum sulfate level required for
aquatic products is 90 mg/L and it is more than 250
mg/L indicates serious pollution (Nisbet and
Verneaux 1970). RDWQ (2019) reported the
concentration of sulfate as 250 mg/L in Class Al and
1250 mg/L in Class A3 waters. According to these
results, Kayalikdy reservoir has clean water
characteristics and Class A2. While Sulphate (SO4)
showed positive significant relationship with WT
(r=882), SD (r=916), NO: (r=782) (p<0.01), Chl-a
(r=727), Na (r=664) and Cr (r=682) (p<0.05), it
showed negative relationship with DO (r=936), Al
(r=827) (p<0.01), Salinity (r=603) and Fe (r=620)
(p<0.05) (Table 3).

Fluoride

The presence of fluoride in drinking water at
certain concentrations is important for bone and
dental health. In the present study, fluoride values in
KayalikOy reservoir were measured between 0.140-
0.166 mg/L (average 0.155+0.01 mg/L). The
maximum fluoride value was recorded in April in the
autumn season and the minimum in June in the
summer season (Table 2 and Figure 2). The optimum
concentration of fluoride is 1 mg/L, but regulations
allow a maximum concentration of 1.5 mg/L in
drinking water. If fluoride concentration is less than
1000 pg/L the water is Class I if between 1500 pg/L
it is Class II and if it is 2000 pg/L, it is Class III.
(RSWQM 2015). RDWQ (2019) reported the
concentration fluoride as >200 pg/L in Class Al,
5000 pg/L Class A2, and 7500 pg/L in Class A3.
According to these results, Kayalikdy reservoir has
been water Class Il and Al. While Fluoride (F)
showed positive significant relationship with Br
(r=663) (p<0.01), it showed negative relationship
with Cr (r=638) (p<0.05).

Chloride

The chloride which exists in all natural waters is
an important component of natural waters, and
affects the distribution, diversity, and abundance of
organisms in water. In the present study, chloride
value in Kayalikdy reservoir was measured between
0.040-0.338 mg/L (average 0.122+0.11 mg/L). The
maximum chloride value was recorded in October in
the autumn season and the minimum in June in the
summer season (Table 2 and Figure 2). Chloride ion
is present in natural waters at a rate of 0-30 mg/L,
while it is present at concentrations of 0.2-1 mg/ L in
disinfected drinking water (White 1978). According

to these data, KayalikGy reservoir is suitable for
aquaculture, drinking, and domestic water. While
Chloride  (CI) showed positive significant
relationship with Br (r=645) (p<0.01), it showed
negative relationship with Mo (r=620) (p<0.05).

Bromide

The ionic form, bromide, Br-, is generally found
in a variety of salts and is highly soluble in water.
Bromide salts are more soluble than chloride salts,
thus evaporation induced precipitation produces
solids that are enriched in chloride and residual brines
that are enriched in bromide. Bromide is rarely
observed at significant concentrations in surface
freshwater systems and its concentration is between
0.014-0.2 mg/L (Bowen 1979). RDWQ (2019)
reported the concentration of bromide as 2000 pg/L
in Class Al, 4000 ug/L in Class A2, and 6500 pg/L
in Class A3. In the present study, the bromide value
was detected the maximum 0.059 mg/L and the
minimum 0.000 mg/L. The maximum bromide value
was recorded in May in the spring season the
minimum in August in the summer season. It was
below the detection limits this month (Table 2 and
Figure 2). The average of bromide concentration in
the reservoir was measured as 0.044+0.02 mg/L in
the reservoir. In terms of bromide values, the
Kayalikdy reservoir is suitable for drinking and
domestic water and Class Al water.

Bromate

Bromate is an inorganic ion. It is not normally
present in water but enters the water as disinfection
by-product that occurs when the naturally occurring
bromide ion reacts with ozone (Os). The
concentration of the bromate was reported as 2.9
ng/L with a range of <0.2-25 pg/L for surface water
sources (WHO 2008). RDWQ (2019) reported the
concentrations of bromate as 10 pg/L in Class A1, 12
pg/L in Class A2, and 100 pg/L in Class A3. In the
present study, bromate values in Kayalikdy reservoir
were measured between 0.000-0.243 mg/L (average
0.243+0.20 mg/L). The maximum bromate value was
recorded in October in the winter season and the
minimum in August in the spring season. The
bromate concentration was below the detection limit
in August (Table 2 and Figure 2). In terms of bromate
average values, the KayalikOy reservoir has Class A3
water which is not suitable for drinking purposes.

Sodium

Sodium concentrations fluctuated during the
study from 1.894 to 12.695 mg/L (average
7.304+4.08 mg/L). The maximum sodium
concentration was recorded in November in the
autumn season and the minimum in December in the
winter season (Table 2 and Figure 2). The sodium ion
IS ubiquitous in water. Most water supplies contain
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less than 20 mg/L but in some countries, levels can
exceed 250 mg/L. Sodium salt concentration varies
between 2-100 mg/L in natural waters (Tepe 2009).
RDWQ (2019) reported the concentration of sodium
as 200 mg/L in Class Al and 2000 mg/L in Class A3.
In terms of sodium average values, the Kayalikdy
reservoir has Class Al water which is suitable for
drinking purposes. While Sodium (Na) showed
positive significant relationship with Mg (r=945), Ca
(r=809), Sr (r=845) (p<0.01), SD (r=706), SO4
(r=664), Mn (r=627), Zn (r=682), As (r=700), Se
(r=655), Ba (r=636) and Tl (r=664) (p<0.05), it
showed negative relationship with DO (r=618)
(p<0.05) (Table 3).

Magnesium

Magnesium is one of the ions that make up the
hardness of the water. Because magnesium is present
in the composition of chlorophyll, it is vital for
chlorophyll plants and found in the in natural waters
as 10-50 mg/L. In the present study, magnesium
value was detected the maximum 8.899 mg/L in
November and the minimum 1.349 mg/L in January.
The average magnesium values was determined as
5.61342.71 mg/L in the reservoir (Table 2 and Figure
2). According to these data, Kayalikdy reservoir iS
suitable for drinking and domestic water. The
Magnesium (Mg) showed positive significant
relationship with Na (r=945), Ca (r=891), Sr (r=909),
Mn (r=755), Zn (r=791), As (r=745) (p<0.01), SD
(r=656), K (r=691), Se (r=727) and Pb (r=627)
(p<0.05) (Table 3).

Potassium

Potassium is one of the inorganic salts that give
water taste. Potassium is found in the natural waters
between 1-10 mg/L (Tepe 2009). In the present study,
the average potassium value was determined as
8.691+8.58 mg/L in the reservoir. The potassium
value was detected the maximum 25.019 mg/L in
November in the autumn season and the minimum
0.718 mg/L in January in the winter season (Table 2
and Figure 2). According to these data, Kayalikoy
reservoir is suitable for drinking, agricultural
irrigation, and aquaculture. The Potassium (K)
showed positive significant relationship with Cl,
(r=809), Ca (r=745) (p<0.01) Mg (r=691), Sr
(r=664), Mn (r=664) and Pb (r=691) (p<0.05)
(Table 3).

Calcium

Calcium is an important determinant of water
hardness, and it also functions as a pH stabilizer
because of its buffering qualities. Calcium also gives
water a better taste. When the amount of calcium in
water is about 25 mg/L, the productivity increases to
a maximum but below 12 mg/L the productivity
decreases (Bremond and Vuichard 1973; Nisbet and

Verneaux 1970). While the amount of calcium
suitable for fishing is 30-40 mg/L, it can reach natural
waters to a value of 150 mg/L. In the present study,
the maximum calcium concentration was measured
as 23.479 mg/L in November in the autumn season
and the minimum as 2.646 mg/L in January in the
winter season. The average calcium concentration in
the reservoir was measured as 12.060+6.34 mg/L
(Table 2 and Figure 2). According to these data,
Kayalikdy reservoir is suitable for drinking,
agricultural irrigation, and aquaculture. The Calcium
(Ca) showed positive significant relationship with Na
(r=809), Mg (r=891), K (r=745), Sr (r=945), Mn
(r=945), Zn (r=800), As (r=773), Ba (r=855)
(p<0.01), Ni (r=659), Cu (r=673) and Pb (r=709)
(p<0.05) (Table 3).

Lithium

Seawater contains approximately 0.17 ppm
lithium. Rivers generally contain only 3 ppb, whereas
mineral water contains 0.05-1 mg/L. The lithium
reacts with water, forming lithium hydroxide and
hydrogen. The lithium concentration in Kayalikdy
reservoir was measured between 0.773-5.530 pg/L.
The maximum lithium value was recorded in July in
the autumn season and the minimum in May in the
spring season. The average of lithium values was
determined as 3.261£1.89 pg/L in Kayalikdy
reservoir (Table 2 and Figure 2).

Beryllium

Beryllium values were detected as 1.120 pg/L in
February in the winter season as the maximum and
0.035 pg/L in May in the spring season as the
minimum. The average of beryllium concentration
was determined as 0.230+0.33 pg/L in the reservoir
(Table 2 and Figure 2). There are only limited data on
beryllium concentrations in water except the USA.
The concentration of beryllium in surface waters has
been reported as 0.001 mg/L by USEPA (2002).
According to these data, it can be said that Kayaliky
reservoir contains beryllium under the limit values.

Boron

Boron concentration in Kayalikdy reservoir was
measured as 15.236-101.169 pg/L  (average
40.342+23.61pg/L). The maximum boron value was
recorded in October in the autumn season and the
minimum in May in the spring season (Table 2 and
Figure 2). The amount of boron in freshwater
depends on such factors as the geochemical nature of
the drainage area, proximity to marine coastal
regions, and inputs from industrial and municipal
effluents (Butterwick et al. 1989). Boron
concentrations in fresh surface water range from
<0.001 to 2 mg/L in Europe, with mean values
typically below 0.6 mg/L. Similar concentration
ranges have been reported for water bodies within
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Pakistan, Russia, and Turkey, from 0.01 to 7 mg/L,
with most values below 0.5 mg/L (WHO 1998).
RSWQM (2015) reported the concentration of boron
as <1000 pg/L in Class I, IL, III, and >1000 pg/L in
Class IV waters. RDWQ (2019) reported the
concentration of bromate as >1000 pg/L in Class Al,
1250 pg/L in Class A2, and 5000 pg/L in Class A3
waters. According to these data, Kayalikdy reservoir
is suitable for drinking, agricultural irrigation, and
aquaculture.

Aluminum

The maximum and the minimum aluminum
values were determined as 612.883 pg/L and 6.475
ug/L in February in the winter season and in July in
the summer season, respectively, and the average was
determined as 139.261+163.34 pg/L (Table 2 and
Figure 2). The concentration of aluminum in natural
waters can significantly depend on various
physicochemical factors. Dissolved aluminum
concentrations in waters with near-neutral pH values
usually range from 0.001 to 0.05 mg/L (WHO 1998).
For ponds and dam lakes, the aluminum
concentration is <0.3 mg/L in Class I and Class Il, 0.3
mg/L in Class Ill, and >1 mg/L in Class IV waters
(RSWQM 2015). RDWQ (2019) reported the
concentrations of aluminum as is 200 pg/L in Class
A1, 500 pg/L in Class A2, and 2000 pg/L in Class A3
waters. According to these results, Kayalikdy
reservoir has Class Il and A1 water and is suitable for
drinking, agricultural irrigation, and aquaculture.
While Aluminium (Al) showed positive significant
relationship with DO (r=791) and Fe (r=834), it
showed negative relationship with WT (r=845), Chl-
a (r=791) and SO, (r=827) (p<0.01).

Iron

Iron concentrations fluctuated during the study
from 0.072 to 0.401 mg/L (average 0.142+0.09
mg/L). The maximum iron concentration was
recorded in February in the winter season and the
minimum in September in the spring season (Table 2
and Figure 2). Iron concentrations in drinking water
are normally less than 0.3 mg/L but may be higher in
some countries (WHO 1998). For ponds and dam
lakes, the iron concentration is <300 pg/L in Class I,
1000 pg/L in Class II, 5000 in Class 11, and >5000
pg/L in Class IV waters (RSWQM 2015). Also,
RDWQ (2019) reported the concentration of iron as
2000 pg/L in Class Al, 1000 pg/L in Class A2 and
2000 pg/L in Class A3 waters. According to these
results, Kayalikdy reservoir has Class I and Al water
and is suitable for drinking, agricultural irrigation,
and aquaculture. While Iron (Fe) showed positive
significant relationship with Al (r=834) (p<0.01), it
showed negative relationship with WT (r=724), Chl-
a (r=620) and SO, (r=620) (p<0.05) (Table 3).

Strontium

Because strontium is naturally occurring
throughout the earth, it shas detected in all surface
waters. The maximum acceptable concentration of
7.0 mg/L is proposed for total strontium in drinking
water (FPTC 2018). The US Environmental
Protection Agency (EPA) recommends the
concentration of strontium in drinking water as 4
mg/L (NWQMC 2016). In the present study,
strontium value was detected the maximum 144.727
ug/L and the minimum 22.133 pg/L. The average
concentration of strontium was determined as
89.538+42.51 pg/L in the reservoir. The maximum of
the strontium concentration was recorded in October
in the autumn season and the minimum in January in
the winter season (Table 2 and Figure 2). According
to these results, Kayalikdy reservoir is suitable for
drinking, agricultural irrigation, and aquaculture.
While strontium (Sr) showed positive significant
relationship with Na (r=845), Mg (r=909), Ca
(r=945), Mn (r=873), Zn (r=909), As (r=836), Ba
(r=900), Pb (r=773) (p<0.01), K (r=664) and Cu
(r=618) (p<0.05).

Vanadium

Vanadium is an element in general of volcanic
origin. Italian Ministry of Health has determined for
in drinking water a value which does not exceed 140
mg/L. The California Office of Environmental
Health Hazard Assessment proposed a notification
level of 15 pg/L in drinking water (USEPA 2008).
RDWQ (2019) reported the concentration of
vanadium as is 15 pg/L in Class A1, 50 pg/L in Class
A2, and 150 pg/L in Class A3 waters. In the present
study, vanadium values were detected the maximum
11.978 pg/L and the minimum 0.391 pg/L. The
average values of vanadium were determined by
3.362+3.55 pg/L in the reservoir. The maximum of
the vanadium value was recorded in July in summer
season and the minimum in April in the spring season
(Table 2 and Figure 2). Based on these results,

Kayalikdy reservoir is suitable for drinking,
agricultural irrigation, and aquaculture. The
vanadium (V) showed positive significant

relationship with Be (r=779), Cr (r=818), Co (r=773),
Ni (r=755) (p<0.01) and Cd (r=645) (p<0.05)
(Table 3).

Chromium:

The values of chromium fluctuated during the
study from 0.408 to 11.465 pg/L (average 2.786+3.00
pg/L) in the reservoir. The maximum chromium
values were recorded in June in the summer season
and the minimum in April in the spring season.
(Table 2 and Figure 2). The total chromium content
of surface waters is approximately 0.5-2 pg/L and
the dissolved chromium content 0.02-0.3 pg/L
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(Slooff 1989). The chromium concentration varies
between 0.1-117 ug/L in freshwaters (Shanker et al.
2005). For ponds and dam lakes, the total chromium
content is is <20 pg/L in Class I, 20 pg/L in Class 11,
50 pg/L in Class III, and >50 pg/L in Class IV waters
(RSWQM 2015). RDWQ (2019) reported the
concentration of chromium as is 50 pg/L in Class Al,
500 pg/L in Class A2, and 1000 pg/L in Class A3
waters. According to these results, Kayalikdy
reservoir has water Class | and Al and is suitable for
drinking, agricultural irrigation, and aquaculture. The
Chromium (Cr) showed positive significant
relationship with SD (r=765), V (r=818) (p<0.01),
WT (r=627), NO2 (r=655) SO, (r=682) E (r=638), Co
(r=645) and Ni (r=709) (p<0.05).

Manganese

The maximum manganese concentration was
determined as 14.601 pg/LL in November in the
autumn season and the minimum as 1.659 pg/L in
January in winter season with an annual average of
5.078+3.93 ng/L (Table 2 and Figure 2). Maganese
which is one of the ions responsible for the hardness
of water is present in natural waters with
concentrations ranging from 10 to 50 mg/L.
Manganese concentration in freshwater is typically 1
to 200 pg/L (Barceloux 1999). For ponds and dam
lakes, the manganese concentration is <100 pg/L in
Class I, 500 pg/L in Class II, 3000 pg/L in Class III
and >3000 ug/L in Class IV waters (RSWQM 2015).
RDWQ (2019) reported the concentration of
manganese as 50 pg/L in Class A1, 100 pg/L in Class
A2, and 250 pg/L in Class A3 waters. According to
these results, Kayalikdy reservoir has Class [ and Al
water and is suitable for drinking, agricultural
irrigation, and aquaculture. The Manganese (Mn)
showed positive significant relationship with Mg
(r=755), Ca (r=945), Sr (r=873, Ni (r=736), Zn
(r=800), Ba (r=882) (p<0.01), EC (r=655), Na
(r=627), K (r=664) Cu (r=691) and Pb (r=727)
(p<0.05) (Table 3).

Cobalt

The values of cobalt fluctuated during the study
from 0.039 to 0.333 pg/L (average 0.186+0.09 ug/L)
in the reservoir. The maximum values of cobalt were
recorded in July in the summer season and the
minimum in April in the spring season (Table 2 and
Figure 2). The cobalt concentrations in drinking
water are generally <1-2 pg/L (WHO 2008).
RSWQM (2015) reported the concentration of cobalt
as is <10 pg/L in Class I, 20 pg/L in Class II, 200
pg/L in Class III and >200 pg/L in Class [V waters.
RDWQ (2019) reported the concentration of cobalt
as is 800 pg/L in Class A1 and 2600 pg/L in Class A3
waters. In terms of the cobalt values, Kayalikdy
reservoir has Class | and Al water and is suitable for

drinking, agricultural irrigation, and aquaculture. The
Cobalt (Co) showed positive significant relationship
with Be (r=843), V (r=773), Mo (r=740), Cd (r=882)
(p<0.01), Cr (r=645) and As (r=691) (p<0.05).

Nickel

The maximum and the minimum nickel
concentrations were determined as 2.485 pg/L and as
0.418 pg/L in June in summer season and the
minimum in April in the spring season, respectively,
with an annual average of 1.509+0.62 pg/L (Table 2
and Figure 2). RSWQM  (2015) reported the
concentration of nickel as <20 pg/L in Class I, 50
pg/L in Class II, 200 pg/L in Class III and >200 pg/L
in Class IV waters. Besides, RDWQ (2019) reported
the concentration of nickel as 20 pug/L in Class Al,
30 pg/L in Class A2, and 200 pg/L in Class A3
waters. According to these results, Kayalikoy
reservoir has Class | and Al water and is suitable for
drinking, agricultural irrigation, and aquaculture. The
Nickel (Ni) showed positive significant relationship
with V (r=755), Mn (r=736) (p<0.01), Ca (r=636), Cr
(r=709), Cu (r=655) and Ba (r=618) (p<0.05).

Copper

The values of copper fluctuated during the study
from 0.348 t0 6.796 ng/L (average 1.769+1.74 pg/L).
The maximum value of copper was recorded in May
in the spring season and the minimum in April in the
winter season (Table 2 and Figure 2). The copper
concentrations in surface waters ranged from 0.0005
to 1 mg/L in several studies in the USA (average 0.01
mg/L) (ATSDR 2002). RSWQM (2015) reported the
concentration of copper as <20 pg/L in Class I, 50
ug/L in Class 11, 200 pg/L in Class I1I and >200 pg/L
in Class IV waters. Also, RDWQ (2019) reported the
concentration of copper as 2000 pg/L in Class Al,
5000 pg/L in Class A2, and 20000 pg/L in Class A3
waters. In terms of the copper values, Kayalikdy
reservoir has Class | and Al water and is suitable for
drinking, agricultural irrigation, and aquaculture.

Zinc

The concentration of zinc is usually below 10
pg/L in natural surface waters, and 10-40 pg/L in
groundwaters (Elinder 1986). RSWQM (2105)
reported the concentration of zinc as <200 pg/L in
Class I, 500 pg/L in Class II, 2000 pg/L in Class 111
and >2000 pg/L in Class IV waters. RDWQ (2019)
reported the concentration of zinc as 3000 pg/L in
Class A1, 6000 pg/L in Class A2, and 12000 pg/L in
Class A3 waters. In the present study, the maximum
and the minimum zinc concentrations were
determined as 9.145 pg/L and 0.818 pg/L in October
in the autumn season and in June in the summer
season, respectively, with an annual average of
3.585+2.52 ug/L. (Table 2 and Figure 2). In terms of
the zinc values, Kayalikdy reservoir has Class I and
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Al water and is suitable for drinking, agricultural
irrigation, and aquaculture. The Zinc (Zn) showed
positive significant relationship with Mg (r=791), Ca
(r=800), Sr (r=909), Mn (r=800), As (r=827), Ba
(r=845) (p<0.01), EC (r=664), Na (r=682), Ba
(r=718) and Pb (r=691) (p<0.05) (Table 3).

Arsenic

The maximum and the minimum arsenic
concentrations were determined as 0.077 pg/L and as
1.386 pg/L in December in the spring season and in
November in the autumn season, respectively, with
an annual average of 0.726+0.42 ng/L. (Table 2 and
Figure 2). In drinking-water supplies, arsenic poses a
problem because it is toxic at low levels and is a
known carcinogen. The concentration of arsenic in
natural waters generally ranges between 1-2 pg/L
(USNRC 1999). The current recommended limit of
arsenic in drinking water is 10 pg/L (WHO 2017).
RSWQM (2015) reported the concentration of
arsenic as <20 pg/L in Class I, 50 pg/L in Class II,
100 pg/L in Class III and >100 pg/L in Class IV
waters. Also, RDWQ (2019) reported the
concentration of arsenic as 10 pg/L in Class Al, 40
ug/L in Class A2, and 50 pg/L in Class A3 waters.
According to these results, Kayalikdy reservoir has
Class | and Al water and is suitable for drinking,
agricultural irrigation, and aquaculture. The Arsenic
(As) showed positive significant relationship with
Mg (r=745), Ca (r=773), B (r=791), Sr (r=836), Mn
(r=764), Zn (r=827) Cd (r=881), Ba (r=855), Pb
(r=809) (p<0.01), Na (r=700) and Co (r=691)
(p<0.05) (Table 3).

Selenium

The concentration of selenium fluctuated during
the study from 19.148 to 0.270 ug/L (average
7.046£5.56 pg/L). The maximum value of selenium
was recorded in November in the autumn season and
the minimum in February in the winter season (Table
2 and Figure 2). The levels of selenium in
groundwater and surface water range from 0.06 pg/L
to about 400 ug/L. The current recommended limit of
selenium in drinking water is 0.04 mg/L (40 pg/L)
(WHO 2017). For ponds and dam lakes, selenium
concentration is <10 pg/L in Class I, <10 pg/L in
Class 11, 20 pg/L in Class III and >20 pg/L in Class
IV waters (RSWQM 2015). RDWQ (2019) reported
the concentration of selenium as 10 pg/L in Class A1,
20 pg/L in Class A2, and 100 pg/L in Class A3
waters. According to these results, Kayalikoy
reservoir has been Class | and Al water.

Molybdenum

The concentration of molybdenum was
determined by the maximum 33.543 pg/L and the
minimum 0.602 pg/L. The average molybdenum
concentration in the reservoir was measured as

14.071£10.85 pg/L. The maximum values of
molybdenum were recorded in July in the winter
season and the minimum in April in spring season
(Table 2 and Figure 2). Molybdenum plays an
important biological role as a micronutrient for plants
and animals. At high levels, it can be toxic to animals.
The current recommended limit of molybdenum in
drinking water is 0.02 mg/L (20 pg/L) (WHO 2017).
According to these results, Kayalikdy reservoir has
clean water characteristics.

Cadmium

The maximum and the minimum cadmium
concentrations were determined as 0.260 pg/L and as
0.008 ug/L in September in the autumn season and in
April in spring season, respectively, with an annual
average of 0.097+0.07 ug/L. (Table 2 and Figure 2).
Cadmium occurs naturally in zinc, in lead and copper
ores, in coal and other fossil fuels, and is released
during volcanic action. The concentration of
cadmium in drinking water is 0.003 mg/L (3 pg/L)
(WHO 2017). RSWQM (2015) reported the
concentration of cadmium as <2 pg/L in Class I, 5
pg/L in Class II, 7 pg/L in Class III and >7 pg/L in
Class IV waters. According to these results,
KayalikOy reservoir has the characteristics of clean
water and Class | water. The Cadmium (Ca) showed
positive significant relationship with Co (r=882), As
(r=818), Pb (r=764) (p<0.01), Be (r=670), B (r=709),
V (r=645), Sb (r=618), Ba (r=664) and Tl (r=664)
(p<0.05) (Table 3).

Antimony

Antimony is a metal that is present naturally in
small quantities in water, rocks, and soils. In the
present study, the maximum and the minimum
antimony concentrations were determined as 199.900
pg/L and 0.053 pg/L in December in the winter
season and in April in the spring season, respectively,
with an average value of 22.1914+59.28 ng/L (Table
2 and Figure 2). Concentrations of antimony in
groundwater and surface water normally range from
0.1 to 0.2 ug/L (Bowen 1979) and were 0.02 mg/L
(20 ug/L) in drinking water (WHO 2017). RDWQ
(2019) reported the concentration of antimony as is 5
pg/L in Class Al, 15 pg/L in Class A2, and 50 pg/L
in Class A3 waters. According to these results,
Kayalikdy reservoir has Class Al water and is
suitable for drinking, agricultural irrigation, and
aquaculture.

Barium

Barium is not considered to be an essential
element for human nutrition. Barium is a divalent
cation and alkaline earth metal that can be found in
naturally occurring mineral deposits. In the present
study, the maximum and the minimum barium
concentrations were determined as 5.486 pg/L and as
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42.963 in April in the winter season and in October
in the autumn season, respectively, with an annual
average of 23.482+11.91 ng/L (Table 2 and Figure
2). Concentrations in drinking water of barium are
generally below 100 pg/L, although the acceptable
value is 1.3 mg/L (1300 pg/L) in drinking water
(WHO 2019). RSWQM (2015) reported the
concentration of barium as <1000 pg/L in Class I,
2000 pg/L in Class II and III, and >2000 pg/L in
Class IV waters. Also, RDWQ (2019) reported the
concentration of barium is 2000 pg/L in Class A1 and
20000 pg/L in Class A3 waters. According to these
results, Kayalikoy reservoir has Class [ and A1 water
and is suitable for drinking, agricultural irrigation,
and aquaculture. The Barium (Ba) showed positive
significant relationship with Ca (r=855), Sr (r=900),
Mn (r=882), Zn (r=845), As (r=655), Pb (r= 909)
(p<0.01), Na (r=636), Mg (r=700), B (r=691), Cu
(r=718) and Cd (r=664) (p<0.05) (Table 3).

Thallium

Thallium is released into the biosphere from both
natural and anthropogenic sources. Thallium is
considered toxic for human and animal organisms,
microorganisms, and plants. In the present study, the
thallium concentrations were detected the maximum
0.260 pg/L and the minimum 0.012 pg/L. The
average values of thallium were determined
0.119+0.08 ug/L in the reservoir. The maximum
concentration of thallium was recorded in September
in the autumn season and the minimum in April in
winter season (Table 2 and Figure 2). The
concentration of antimony in drinking water is 2 pg/L
(USEPA 2008). According to these results,
KayalikOy reservoir has the characteristics of clean
water.

Lead

Lead is a naturally occurring metal found in rock,
soil, water, and sediment. In the present study,
maximum and the minimum lead concentrations
were determined as 2.790 pg/L and 0.122 pg/L in
September in the autumn season and in April in the
spring season with an average value of 0.873+0.73
ug/L (Table 2 and Figure 2). The concentration of
lead in drinking water is 2 mg/L (200 pg/L) (WHO
2017). RSWQM (2015) reported the concentration of
lead as <10 pg/L in Class I, 20 pg/L in Class II, 50
pg/L in Class III and III, >50pg/L in Class IV waters.
RDWQ (2019) reported the concentration of lead as
10 pg/L in Class Al, 50 pg/L in Class A2, and 100
pg/L in Class A3 waters. According to these results,
the reservoir shows Class | and Al water
characteristics in terms of lead and is suitable for
drinking, agricultural irrigation, and aquaculture.

As a result, water samples taken from three
stations determined in Kayalikdy reservoir for one

year were examined in terms of some
physicochemical parameters and heavy metal
concentrations. The results were compared with
RSWQM (National Standart for Turkish inland water
Regulation on Modification of Surface Water Quality
Management) and RDWQ (Regulation on the Quality
and Treatment of Water Provided for Drinking
Water). The water quality properties were assessed,
the suitability levels in terms of aquatic life,
agricultural irrigation, and aquaculture and drinking
water were determined.

The Nitrite nitrogen was determined above the
limit values in May, June, and July in the summer
season. Also, phosphate in May, chlorine in October,
aluminum in February, chromium in June, and
selenium in November were determined above the
limit values. However, the increase in these values in
short periods can be attributed to excessive water
withdrawal in the reservoir. The trophic status of
Kayalikoy reservoir was classified as eutrophic
according to Secchi disc depth and as mesotrophic
according to Chlorophyll-a. It can be classified as
oligotrophic character according to other parameters.
As can be seen in the average values of the analysis
results, the water quality in Kayalikdy reservoir is
generally considered to be Class | and Al water
according to RSWQM and RDWQ. In short,
Kayalikdy reservoir has water suitable for drinking,
agricultural irrigation, and aquaculture and was
classified as having oligomesotrophic character.

No such a long term and more detailed study have
been carried out in the dam lakes in the Thrace region
where the Kayalikdy dam is located. However, along
with planktonic organisms in Siiloglu and Kadikoy
dam lakes, some physicochemical properties of water
have also been studied (Giiher and Colak 2015;
Tokatl et al. 2017; Giiher 2019). As a result of these
studies, it was reported that the water of Siiloglu
reservoir is in Class I and 1l and of oligo-mesotrofic
character in most parameters, and that of Kadikoy
reservoir is in Class Il and of meso-eutrophic
character. Also, some physicochemical parameters of
water in Kayalikdy reservoir were studied only for
two months (November and April) (Kanarya 2013).
The results obtained in these studies are in parallel
with our results. However, constant monitoring
activities should be performed in reservoirs in
general.

The fact that no factors are affecting (industry,
residential areas, agricultural areas etc.) the lake
around Kayalikdy dam lake is a big advantage.
Changes in the water level in the reservoir brought on
by changes in the evaporation and precipitation
amounts depending on seasonal conditions as well as
the purpose and amount of water usage are one of the
most important factors in the change of
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physicochemical parameters. Therefore, excessive
water outflow in the lake for drinking water and
agricultural  irrigation  are  affecting  the
physicochemical properties of lake water. To protect
the water quality of the lake water should be
controlled by the absolute output of the lake. To
maintain the water quality of the lake, the water
outlets in the lake must be controlled.

To protect water quality and to ensure the
continuation of aquatic life in this reservoir, it is
necessary to make regular observations and to
monitor the environmental parameters affecting
water quality and aquatic life. Also, the results
obtained from this study can be considered as a
reference which can be used to evaluate possible
future changes in the reservoir and will provide a
good reference for setting standards for water quality.
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Baliklarda Genotoksik Hasarin Belirlenmesine Yonelik Bir Arastirma:
Capoeta banarescui Ornegi

Seda KONTASY ', Derya BOSTANCI?
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6z MAKALE BiLGiSi

Melet Irmagi, Ordu ilinin ana igme suyu kaynagidir. Yukar1 Melet Havzas1 findik ARASTIRMA MAK ALESI
tariminda kullanilan pestisitlerden kaynakli agir metal ve diger kirleticilerin etkisi

altindadir. Bu calismada, Yukar1 Melet Havzasindan mevsimsel olarak su, Gelis :12.02.2020
sediment ve Capoeta banarescui bireylerinin baz1 dokularinda aliiminyum (AI*3), Diizeltme  :26.03.2020
nikel (Ni*?), arsenik (As*®), krom (Cr*3), kadmiyum (Cd*?), kursun (Pb*%), )

mangan (Mn*?), demir (Fe*3), kobalt (Co*?), bakir (Cu*?), g¢inko (Zn*?) Kabul  28.03.2020
konsantrasyonlar1 belirlenmis ve bu elementlerin genotoksik potansiyellerinin Yayim :27.08.2020
tespiti amaciyla mikroniikleus (MN) testi ve comet testi uygulanmustir. Suda Al,
As, Fe, Cu; sedimentte Pb ve baliklarin kas dokusunda As, Pb, Mn bazi ulusal ve
uluslararas1 limit degerlere goére yiiksek bulunmustur. Eritrositlerdeki MN
frekans1 en yiiksek yaz mevsiminde (%02,20) tespit edilmistir (P>0,05). Comet
testi sonuglarina gore, eritrosit hiicrelerindeki DNA hasarindan dolay1 olusan
kuyruk boyu degerleri ilkbahar, yaz, sonbahar ve kis mevsimlerinde sirasiyla
21,03 pm, 21,40 pm, 20,47 pm ve 9,02 pm olarak tespit edilmistir ve en yiiksek
DNA hasar1 yaz mevsimindedir (P<0,05). Kuyruktaki %DNA degeri de kuyruk
boyu degerlerini desteklemektedir (P<0,05). Bu ¢alisma, Yukari Melet
Havzasinda yasayan C. banarescui tirinde yapilan ilk genotoksisite
degerlendirme ¢aligmasidir. MN testi ve comet testi parametreleri, Yukar1 Melet
Havzasinin agir metaller ve gesitli kirleticilerin genotoksik etkisi altinda oldugunu
ortaya koymustur.
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The Study on Determination of Genotoxic Damage in Fish: Capoeta banarescui

Abstract: Melet River is the main drinking water resource of Ordu province. The Upper Melet Basin is under the effects of heavy
metal and other pollutants originating from pesticides which used in hazelnut farming. In this study, the concentrations of aluminium
(AI*3), nickel (Ni*?), arsenic (As*3), chrome (Cr*3), cadmium (Cd*?), lead (Pb**), manganese (Mn*?), iron (Fe*3), cobalt (Co*?),
copper (Cu*?), zinc (Zn*?) were seasonally determined in water, sediment and some tissues of Capoeta banarescui from the Upper
Melet Basin and micronucleus (MN) and comet testi were applied to determine the genotoxic potential of these elements. Al, As,
Fe, Cu in water, Pb, in sediment and As, Pb, Mn in fish muscle were found in high concentration according to some national and
international limit values. The MN frequency in erythrocytes was found as the highest value (%02.20) in summer (P>0.05).
According to comet assay results, the tail length values due to DNA damage in erythrocyte cells were determined as 21.03 pum,
21.40 pm, 20.47 um and 9.02 pm in spring, summer, autumn and winter, respectively and the highest DNA damage was in summer
(P<0.05). The values of %DNA in tail was also supported the tail length values (P<0.05). This research was the first genotoxicity
assessment study of C. banarescui inhabiting the Upper Melet Basin. MN test and comet assay parameters revealed that the Upper
Melet Basin is under the effect of heavy metals and various pollutants.

Keywords: Comet assay, DNA damage, micronucleus test, genotoxicity
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bunun diginda benzine katilan kursun tiirevleri,
aritimi1 yapilmamis olarak akarsulara verilen atik
sular icerisindeki kadmiyum, bakir, nikel, krom ve
cinko gibi zehirli elementler, akarsularda ciddi ve
tehlikeli ~ diizeylerde bir kirliligin ~ kaynagini
olusturmaktadir (Toroglu vd. 2006). Baliklar, sucul
ekosistemlerdeki besin zincirinin en ustiindedir ve
kirlenmis  sulardaki  toksik iz  elementleri
biriktirebilirler (Mansour ve Sidky 2002; Zhuang vd.
2013). Baliklarin bulunduklari ortamda ¢evresel
kirleticilere =~ maruz  kalmast ya  dogrudan
genotoksisiteyle sonuglanir ya da genellikle hiicresel
stresin uyarilmasiyla genotoksik hasar meydana gelir
(Klobucar vd. 2010).

Son yillarda, genotoksisitenin tespitinde hassas
bir indikatér olarak DNA tek dizi kiriklarinin
Olciimiine ilgi  gosterilmektedir. Bu amagla
yararlanilan comet testi basit, ¢ok yonli, hizli
uygulanabilme (Cavas 2011; Giiner ve Gokalp
Muranli 2013), goriilebilme ve DNA hasarlarim
belirlemede olduk¢a hassas olmasi bakimindan
degerli bir arag olarak goriilmektedir (Dhawan vd.
2009; Factori vd. 2014). Mikroniikleus (MN) testi
ise, kimyasal ve fiziksel ajanlar yoluyla tetiklenen
sitogenetik hasar1 belirlemede yaygin bigimde
kullanilmaktadir. Ozellikle, sucul ortamda var olan
bilesiklerin genotoksik niteliklerini tespit etmeye izin
Verir.

Ordu ilinin en biiyilik akarsuyu olan Melet Irmag1
Orta ve Dogu Karadeniz boliimleri arasinda dogal bir
sinir - olugturmaktadir ve uzunlugu 161 km’dir
(Anonim 2016). Irmak jeolojik konumu itibariyle
maden  yataklarinca  zengin  bir  bolgede
bulunmaktadir ve bu bdlgede dzellikle bakir (Cu*?),
kursun (Pb**), giimiis (Ag"), ¢inko (Zn*?), demir
(Fe*?), altm (Au*™) ve mangan (Mn*?) maden
yataklar dikkat ¢ekmektedir (Anonim 2011). Bu
calismanin temel amaci, Yukar1 Melet Havzasinin
suyu ve sedimentinde var olan metalloid ve agir
metallerin Capoeta banarescui’nun dokularinda
birikmesinin yaninda, hiicre diizeyinde DNA’da
meydana getirebilecegi genotoksik etkilerin ortaya
konmasidir. Balik eritrositlerinde mikroniikleus ve
comet testleri kullanilarak irmak suyunun genotoksik
potansiyelinin belirlenmesi amaglanmustir.
Hiicrelerde meydana gelen genetik degisiklikler,
genotoksik birer belirte¢ oldugundan ve Ordu ilinin
ana igme suyu olarak yararlanilan Melet Irmagi’nin
bu anlamda Oneminden dolayi, bu testlerin
sonuglarindan elde edilecek bilgilerin 6nemi
tartisilmazdir. Genotoksik etkiye sahip agir metaller
gibi maddelerin bulundugu ortamlardan
uzaklastirilmast ve su ortamina karigmasinin oniine
gecilmesi adina da, bu calismadan elde edilecek
sonuglarin erken bir uyarn1 sistemi olarak
kullanilabilecegi diisliniilmektedir.

Materyal ve Metot

Bu calismada, Melet Irmag1 {izerinde yer alan
Topcam Baraji’nin iist bolgesi olan Yukar1 Melet
Havzasinin agir metal konsantrasyonunu tespit etmek
amaciyla, farkli bolgelerden mevsimsel olarak su,
sediment ve 70 adet Capoeta banarescui ornegi
almmustir. Orneklemeler, Melet Irmag: {izerinde yer
alan Topgam barajimin iist bolgesi olan Yukar1 Melet
Havzasinda, findik bahgelerinde yogun bir sekilde
giibreleme ve ilaglama faaliyetlerinin yapildig
arazilerin bulundugu, pestisit girdisi olan ve pek fazla
yerlesim alan1 bulunmayan bolgede yapilmustir.

Suyun fiziko-kimyasal parametrelerinin
belirlenmesi amaciyla Ocak 2015 - Aralik 2016
tarihleri arasinda mevsimsel olarak sicaklik (°C), pH,
iletkenlik (us/cm), tuzluluk (%), ¢6ziinmiis oksijen
(CO) (mg/L), oksijen doygunlugu (OD) (%), toplam
¢oziinmils kati madde miktar1 (TDS) (mg/L) ve
diren¢ (kQ.cm) degerleri Hach Lange marka ¢oklu
Olcim cihazi ile arazide Olglilmiistiir. Ayni giin
igerisinde, laboratuvara getirilen su Orneklerinde
nitrit azotu (mg/L), nitrat azotu (mg/L), stilfat (mg/L)
ve fosfat (mg/L) seviyeleri spektrofotometrik yontem
ile belirlenmistir.

Agir metal analizleri i¢in, su akisinin azaldig
bolgelerden polietilen siselere su numuneleri
almmustir. Aynit bolgeden mrmagin dip kismindan
alman sediment Ornekleri de prosediirlere uygun
sekilde agir metal analizine hazir hale getirilmistir
(Dural ve Goksu 2006). Baliga ait kas, solungag,
karaciger dokularindan yaklasik olarak 0,5 g’lik
numuneler alinarak prosediirlere uygun olarak agir
metal analizine hazir hale getirilmistir (Ciftci vd.
2011). Su, sediment ve dokularda analiz edilen
elementler Mn, Fe, Co, Cu, Zn, Al, Ni, As, Cr, Cd,
Pb seklindedir. Orneklerin element igerikleri,
Giresun Universitesi Merkez Aragtirma
Laboratuvari’nda bulunan Bruker marka 820-MS
model ICP-MS Spektrometresi ile belirlenmistir.

Irmakta varlhigir tespit edilen elementlerin C.
banarescui  bireylerinin ~ (n=20) eritrositleri
iizerindeki olast genotoksik etkilerini belirlemek
amaciyla mikroniikleus (MN) ve comet testleri
kullanilmigtir. Genotoksisite analizleri ig¢in her
mevsimde 5 birey degerlendirilmistir. Baliklar
laboratuvara canli olarak getirilmistir. Her bir birey
once dekapite edilmis (Yazict ve Sisman, 2015)
ardindan kan 6rnekleri dogrudan baligin kalbinden,
miidahale Oncesinde heparinize edilmis siringalar
yardimiyla alimmustir. Daha sonra baliklarin
diseksiyon islemleri gergeklestirilmistir. Comet testi
alkali kosullarda (pH > 13,0) Singh vd. (1988)’nin
bildirdigi prosediir modifiye edilerek uygulanmistir
(Tice vd. 2000). Hazirlanan preparatlar Etidyum
bromiir ile boyanmis ve floresan mikroskobunda
(Leica) TXR filtresi kullanilarak incelenmistir.
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Comet testinde kullanilan kuyruk boyu, ortalama
kuyruk yogunlugu (%), kuyruktaki % DNA
miktar1 (% DNArt) ve kuyruk momenti
parametrelerinin  degerleri TriTek CometScore
2.0 yazilimi kullanilarak Olclilmiis ve
hesaplanmistir. Her birey i¢in 100 eritrosit hiicresi
degerlendirilmistir. ~ Mikroniikleus  testi  igin,
her bir bireyden bir damla kan lam {izerine
damlatilarak derhal ince bir tabaka halinde
yayma preparat hazirlanmistir.  Yayilan kan
tabakas1 kuruduktan sonra, lamlar 20 dakika etanol
icerisinde bekletilmis ve daha sonra %5’lik Giemsa
sollisyonu ile boyanmasi saglanmigtir. Her birey icin
2000 eritrosit hiicresi sayilmistir (Boettcher vd.
2010).

Suyun fiziko-kimyasal parametrelerinin, su,
sediment ve balik dokularindaki element
seviyelerinin, mikroniikleus ve comet testi verilerinin
mevsimsel ve yillik degerlerine ait tanimlayici
istatistikleri hesaplanmistir. Mevsimler arasindaki
farkliliklarin degerlendirilmesinde tek yonlii varyans
analizi (ANOVA) kullanilmustir. MN testi verileri ile
comet testi parametreleri arasinda korelasyon analizi
yapilmistir. Ayrica, irmak suyunda en yliksek
miktarda belirlenen Al, As ve Cr elementlerinin MN
frekans1 ve comet testi parametreleri ile arasindaki
korelasyon da incelenmistir. Istatistiksel testler
MINITAB 16 paket programi kullanilarak
uygulanmustir.

Bulgular

Bu calismada, mevsimsel olarak toplanan su,
sediment ve C. banarescui 6rneklerinin kas, solungag
ve karaciger dokularinda Al, Ni, As, Cr, Cd, Pb, Mn,
Fe, Co, Cu, Zn konsantrasyonlar1 belirlenmistir.
Orneklenen C. banarescui bireylerinin ortalama boy
ve agirhik degerleri sirasiyla 15,42 £ 0,278 cm ve
39,36 + 2,330 g’dur.

Su numunelerinin element konsantrasyonlar1 Su
Kirliligi Kontrolii Yonetmeligi ve Yeriisti Su
Kalitesi ~ Yonetmeligi’nde  belirtilen  element
konsantrasyonu  degerleriyle  karsilastirilmigtir
(SKKY 2004; YSKY 2012). Mevsimsel olarak
omeklenen sediment numunelerinin  element
konsantrasyonlar1 yer kabugu igeriginde dogal olarak
bulunan element konsantrasyonu degerleriyle
karsilagtirilmistir (Turekian ve Wedepohl 1961). Su
ve sedimentin metalloid ve agir metal
konsantrasyonlart1  ile suyun fiziko-kimyasal
parametrelerinin sonuglar1 Tablo 1’de verilmistir.
Suda konsantrasyonu SKKY (2004) ve YSKY
(2012)’ndeki limit degerlerin iizerinde tespit edilen
metalloid ve agir metal konsantrasyonlar ilkbahar

mevsiminde aliiminyum (Al; 52,008 pg/L) ve demir
(Fe; 312,773 ng/L), yaz mevsiminde arsenik (As;
22,223 pg/L) ve demir (Fe; 253,661 pg/L), sonbahar
mevsiminde aliiminyum (Al; 28,768 pg/L), arsenik
(As; 27,230 pg/L) ve demir (Fe; 210,037 pg/L), kis
mevsiminde ise demir (Fe; 268,130 ng/L) olarak
belirlenmistir. Cr ve Cu ise yillik olarak
degerlendirildiginde belirtilen limit degerlerin
iizerinde tespit edilmistir. Yaz, sonbahar ve kis
mevsimlerinde Pb, yer kabugu degerini (Turekian ve
Wedepohl 1961) agsmamis olsa da bu degere (20,0
ug/g) ¢ok yakin konsantrasyonda tespit edilmistir
(Tablo 1).

Baliklara ait kas dokusundaki agir metal
konsantrasyonlart Gida ve Tarmm Orgiitii (FAO
1983), Diinya Saglik Orgiiti (WHO 1989); Tiirk
Gida Kodeksi Bulasanlar Yénetmeligi (TGK 2002);
Uluslararas1 Atom Enerjisi Kurumu (IAEA 2003) ve
Avrupa Komisyonu (EC 2008)’na gore insan
tiiketimi i¢in maksimum kabul edilir
konsantrasyonlarla karsilastirilmistir. Baliklarin kas,
karaciger ve solungaglarindaki metalloid ve agir
metal konsantrasyonlarinin  mevsimsel olarak
degerleri Tablo 2’de sunulmustur. Sonbahar ve kis
mevsimlerinde baliklarin  kas dokusunda Mn
konsantrasyonlar1 bazi ulusal ve uluslararasi
standartlarda belirtilen limit degerleri gecmistir
(Tablo 2). Baliklarin kas dokusundaki As
miktarlarinin da belirtilen sinir degerin {izerinde
oldugu tespit edilmistir (FAO 1983). Baliklarin kas
dokusundaki Pb miktarlarinin yaz, sonbahar ve kig
mevsimlerinde belirlenen sinir degerlerin {izerinde
(WHO 1989; TGK 2002; EC 2008), ilkbahar
mevsiminde ise IAEA (2003)’nin bildirdigi limit

konsantrasyonla esdeger oldugu belirlenmistir
(Tablo 2).

C. banarescui bireylerinin eritrosit hiicrelerinde
yapilan  analizler sonucunda tespit edilen
mikroniikleus olusumu Sekil 1°de ve ortalama
mikroniikleus (MN) frekanslar1 Tablo 3’te
verilmistir. C. banarescui bireylerinin

eritrositlerindeki mikroniikleus frekans: ilkbaharda
%0 2,10, yaz mevsiminde %o 2,20, sonbaharda %, 1,60
ve kis mevsiminde %o 0,40 olarak tespit edilmistir.

Buna gore, C. banarescui  bireylerinde
gbzlemlenen mikronukleuslarin frekansi
yaz > ilkbahar > sonbahar > kis seklinde
degismektedir. C.  banarescui  6rneklerinin

eritrositlerinde belirlenen mikroniikleus frekansi
degerleri mevsimsel olarak karsilastirildiginda,
ilkbahar, yaz, sonbahar ve kis mevsimlerindeki
degerler arasinda istatistiksel olarak anlamli bir fark
bulunmamistir (P>0,05) (Tablo 3).
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Tablo 1. Suyun fiziko-kimyasal parametreleri, su ve sedimentte metalloid ve agir metallerin mevsimsel konsantrasyonlari
(L.D.A.: Limit degerin altinda) (Ort. + S.H.)

Table 1. Physico-chemical parameters of water, seasonal concentrations of metalloid and heavy metals in water and
sediment (L.D.A .: below limit value) (Mean. = S.H.)

Fiziko-kimyasal

Parametreler ilkbahar Yaz Sonbahar Kis Yillik Ortalama
Sicaklik (°C) 22,1 28,3 10,7 5,0 16,53 £5,30
pH 7,94 8,20 7,62 8,58 8,09 + 0,203
CO (mg/L) 7,03 7,40 10,11 10,09 8,66+ 0,836
OD (%) 90,1 107,4 102,0 100,0 99,88 + 3,61
Tuzluluk (%o) 0,13 0,18 0,14 0,15 0,15+0,010
TDS (mg/L) 143,4 185,9 148,3 147,1 156,18 £9,96
Iletkenlik (us/cm) 280 376 298 302 314,0 +£21,2
Direnc¢ (kQ.cm) 3,32 2,73 3,42 3,25 3,18+ 0,154
NO2'N (mg/L) 0,006 0,005 0,003 0,007 0,01 +0,0008
NO3z'N (mg/L) 0,5 8,4 0,4 0,4 2,43 +£1,99
SO42(mg/L) 8 19 28 18 18,25 + 4,09
PO43(mg/L) 1,18 0,65 4,07 0,26 1,54 £ 0,864
P20s (mg/L) 0,88 0,49 3,04 0,20 1,15+ 0,644
lr\n/[:ttsll Ilgrld ve Agir ilkbahar Yaz Sonbahar Kis Su (ug/L)

Al 52,008** 2,710 28,768** 10,322 23,500 + 11,000**
As 17,387 22,223* 27,230* 18,348 21,300 + 2,240*
Cr 0,889 3,878** 0,929 0,749 1,612 £ 0,757**
Cd L.D.A L.D.A L.D.A L.D.A. L.D.A

Pb L.D.A L.D.A L.D.A L.D.A. L.D.A

Mn 16,810 L.D.A 1,794 13,569 8,010 + 4,220
Fe 312,773* 253,661** 210,037** 268,130** 261,200 + 21,200**
Co L.D.A L.D.A L.D.A L.D.A. L.D.A

Cu 1,186 2,323** 1,884** 2,329** 1,931 + 0,269**
Zn 5,295 L.D.A L.D.A 6,448** 2,740 = 1,820
Ni 1,187 2,227 0,465 1,062 1,235+ 0,366

*: SKKY (2004)’ne gore yiiksek degerler; **: YSKY (2012)’ne gore yiiksek degerler

Metalloid ve Agir

metaller Ilkbahar Yaz Sonbahar Kis Sediment (ug/g)
Al 4093,95 5903,33 4500,66 3286,02 4446,00 + 547
As 5,02 7,00 5,63 4,33 5,49 + 0,567
Cr 3,04 4,25 5,14 3,88 4,08 + 0,434
Cd 0,11 0,17 0,20 0,25 0,18 + 0,030
Pb 16,01 19,42* 19,41* 19,02* 18,47 +£ 0,824
Mn 296,00 306,18 342,75 291,31 309,10+ 11,7
Fe 10653,76 12230,09 12417,23 12031,46 11833,00 £401
Co 5,23 5,84 5,25 4,62 5,24+ 0,249
Cu 12,09 14,53 12,41 17,78 14,21 + 1,31
Zn 53,58 62,27 69,54 73,46 64,72 + 4,37
Ni 4,05 5,35 6,51 3,38 4,82 + 0,695

*: (Turekian ve Wedepohl 1961)’un bildirdigine gore sinirdaki degerler
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Tablo 2. C. banarescui bireylerinin dokularindaki mevsimsel agir metal ve metalloid konsantrasyonlar1 (ng/g) (E.M.:

Eser miktarda; L.D.A: Limit degerin altinda) (Ort.£S.H.)

Table 2. Seasonal heavy metal and metalloid concentrations in the tissues of C. banarescui individuals (ug/g) (E.M .:

Trace amount; L.D.A: below limit value) (Avg. + S.E.)

Element Mevsim Kas Karaciger Solungac
Al 1,75+ 0,180 15,80 + 5,300 2,88 +0,474
Cr 0,35+ 0,076 0,47 £ 0,201 0,33 + 0,047
As 0,39 £ 0,046* 1,35+ 0,482 0,77 £ 0,041
Cd 0,02 £ 0,006 0,05+ 0,018 0,08 £ 0,033
Pb 0,12 + 0,009** 1,42 £ 0,663 0,69+ 0,120
Mn flkbahar 0,78 £ 0,094 2,27+0,822 8,52 +2,390
Fe 28,11 £ 1,830 195,00 £ 73,400 155,60 = 42,900
Co E.M. 0,02 £ 0,007 0,03 £ 0,005
Cu 0,48 £ 0,036 3,02+ 1,000 2,50+ 1,180
Zn 15,23 £ 4,830 28,80 £ 12,000 26,70 £ 5,670
Ni 0,16 + 0,034 1,07 + 0,354 0,31+ 0,038
Al 1,32+0,216 11,71 £ 5,340 10,41 £ 5,630
Cr 0,21 +£ 0,069 0,66 + 0,458 0,18 £ 0,061
As 0,47 £0,117* 1,66 + 0,514 0,79 £ 0,163
Cd E.M. 0,02 + 0,005 E.M.

Pb 0,13 £ 0,027** 0,44 + 0,078 0,60+ 0,231
Mn Yaz 1,27 + 0,408 4,94 £1,190 6,21 £2,930
Fe 39,90 + 17,700 163,20 + 54,100 99,50 + 40,500
Co E.M. 0,03 + 0,008 0,02 +0,011
Cu 0,44 +£ 0,091 2,54+ 0,601 0,610,137
Zn 10,23 £ 2,900 16,61 £ 4,720 11,42 £3,250
Ni 0,14 +£ 0,044 0,54 +0,174 0,18 £ 0,063
Al 8,82 £ 5,630 6,01 £1,410 16,60 £ 9,780
Cr 0,52+0,115 0,78+ 0,114 0,60 + 0,109
As 1,32 +£0,386* 2,08 £ 0,457 2,32+0,526
Cd 0,01 0,008 0,10 + 0,045 0,04 +£0,014
Pb 1,53 +1,290** 0,79+ 0,122 0,95+0,218
Mn Sonbahar 4,07 £ 2,620%*/*** 13,18 £2,720 14,83 + 4,790
Fe 74,60 + 42,900 519+314 248,80 + 82,200
Co 0,02+0,010 0,09+ 0,016 0,07 £ 0,029
Cu 0,77 £ 0,294 3,93+0,513 1,16 + 0,348
Zn 11,40 £ 3,710 31,19 £2,110 34,80 £ 9,740
Ni 0,31+ 0,205 0,81+0,276 0,56+ 0,103
Al 10,92 4,11 10,16 + 1,68 17,95 + 2,96
Cr 0,27 + 0,02 0,47 £ 0,04 0,63+0,10
As 0,99 £ 0,07* 1,05+ 0,18 2,70 £ 0,45
Cd E.M. 0,04 £ 0,007 0,03+0,011
Pb 0,49 + 0,176** 0,77 £ 0,361 1,34+ 0,129
Mn Kis 4,67 £ 1,53**[*** 5,51+1,02 14,83 £1,20
Fe 70,40 £ 22,80 193,90 £ 14,60 218,30 +£ 14,90
Co 0,02 + 0,004 0,03 + 0,003 0,04 £ 0,003
Cu 0,43 £0,03 3,27+0,21 1,25+0,21
Zn 10,82 +1,91 41,90 + 15,30 27,35+3,67
Ni 0,19 + 0,06 1,37+ 0,26 0,57 +£ 0,07

* limit degerin tizerindedir (*FAO 1983; **[AEA 2003; *** WHO 1989 / TGK 2002 / EC 2008).

C.  banarescui  bireylerinde  comet  testi
parametrelerinin  sonuglari Tablo 3’te verilmistir.
DNA hasarimin miktarin1 yansitan kuyruk boyu
degerleri  ilkbahar, vyaz, sonbahar ve ki
mevsimlerinde sirasiyla 21,03 + 1,19 um; 21,40 +
1,07 um; 20,47 + 1,30 pm ve 9,02 + 1,65 pm olarak
tespit edilmistir. Ilkbahar, yaz ve sonbahar
mevsimlerinde DNA hasariin kis mevsimine gore
daha yiiksek oldugu belirlenmistir (P<0,05). %DNA~

degeri kis mevsiminde

11,51 + 1,51 olarak

belirlenirken, ilkbahar, yaz ve sonbahar mevsimleri
icin swrastyla 2991 + 2,17; 34,04 + 2,16 ve
29,40 £ 2,01 olarak hesaplanmigtir. DNA hasarinin
bir diger gostergesi olan %DNAt degeri de
ilkbahar, vyaz ve sonbahar mevsimlerindeki
DNA hasarinin  kis mevsimine gore daha
yiiksek  oldugunu  gostermektedir  (P<0,05)
(Tablo 3).
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MN testi verileri ile comet testi parametreleri
arasinda pozitif korelasyon belirlenmis olup,
korelasyon degerleri sirasiyla MN  frekansi-
kuyruktaki %DNA arasinda 0,97; MN frekansi-
kuyruk boyu arasinda 0,96; MN frekansi-kuyruk
yogunlugu arasinda 0,83 ve MN frekansi-kuyruk
momenti arasinda 0,85 olarak hesaplanmuistir. Ayrica,
bu caligmada suda yiliksek konsantrasyonda tespit

edilen Al, As ve Cr elementlerinin MN frekans1 ve
comet testi parametreleri ile arasinda pozitif
korelasyon belirlenmistir. Sedimentteki Al ve As
konsantrasyonu ile MN frekansi ve comet testi
parametreleriyle arasindaki korelasyon sudakinden
daha yiiksek olmasina ragmen, Cr elementi icin
bu korelasyon degeri daha diisiik olarak
belirlenmistir.

Tablo 3. C. banarescui bireylerinin eritrosit hiicrelerindeki MN frekansi ve degerlendirilen comet testi parametrelerinin

degerleri (Ort.+S.H.)
Table 3. MN frequency in erythrocyte cells of C. banarescui individuals and values of evaluated comet test parameters
(Avg. £ S.E.)
ilkbahar Yaz Sonbahar Kis
MN Frekansi (%o) 2,108+ 0,579 2,208+ 0,682 1,602+ 0,660 0.40%+ 0.292 P>0,05
Kuyruk Boyu (um) 21,032 +1,19 21,408+ 1,07 20,472 +1,30  9,02°* + 1,65 P<0,05
Kuyruk Yogunlugu (%) 26,632+ 1,78 26,342+ 2,13 21,232+ 1,96 20,732+ 2,63 P>0,05
Kuyruktaki % DNA 29,912+ 2,17 34,042 £ 2,16 29,402 + 2,01 11,51 + 1,51 P<0,05
Kuyruk Momenti 0,3102+ 0,034  0,3472+ 0,035 0,2912+ 0,029  0,271%+ 0,053 P>0,05

C. banarescui 6rneklerinin eritrosit hiicrelerinde
olusan DNA hasarlarini tespit etmek iizere hazirlanan
preparatlar, floresan mikroskop altinda
degerlendirilmistir. Incelemeler esnasinda, floresan
mikroskop altinda gozlemlenen ve hasarsiz olarak
nitelendirilen hiicrelerin  ortasinin  parlak ve
kenarlarinin daha az yogun oldugu gbzlemlenmistir.
Hiicrelerde olusan DNA hasarinin derecesine bagh
olarak ise kuyruk olusumlar1 gbze c¢arpmaktadir.
Incelenen preparatlarda gdzlemlenen ve dlgiimleri
alman eritrosit hiicrelerinin istasyonlara gore

mevsimsel degisimleri Sekil 2b-e’de sunulmustur.
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Sekil 1. Eritrosit hiicrelerindeki mikroniikleus olusumu
(Kontas 2018’den diizenlenmistir)

Figure 1. Micronucleus formation in erythrocyte cells
(edited from Kontag 2018)

Sekil 2. Farkli derecelerde etkilenen eritrosit hiicrelerinin
comet analizi (a) ve genel goriintiisii (b; ilkbahar, c;
yaz, d; sonbahar, e; kig) (Kontas 2018’den
diizenlenmistir)

Figure 2. Comet analysis (a) and general view (b; spring,

¢; summer, d; autumn, e; winter) of erythrocyte cells
affected at different degrees (edited from Kontas 2018)
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Tartisma ve Sonug¢

Bu calisma, Yukar1 Melet Havzasmin su,
sediment ve havzada yasayan C. banarescui tiiriiniin
kas, solunga¢ ve karaciger dokularindaki agir metal
birikimine bagli olarak ortaya ¢ikan genotoksik
hasarin belirlenmesi {izerine yapilmus ilk ¢aligmadir.
Organizmanin genetik materyali olan DNA’da
hasarlara yol acabilecek agir metaller gibi ajanlar,
DNA molekiiliiniin yapisinda veya fonksiyonunda
degisiklikler meydana getirirler ve farkli seviyelerde
etkiler  olusturarak  sitogenetik  degisiklikler
olustururlar. Bununla beraber, agir metaller, nehir
suyunun fiziko-kimyasal dengesini de bozmaktadir.
Bu calismada genel olarak suda As, Al, Fe ve
sedimentte Pb elementlerinin birikimlerine bagh
olarak baliklarin kas dokusunda As ve Pb’un tiim
mevsimlerde limit degerleri astigi, solungag ve
karacigerlerinde ise belli konsantrasyonlarda birikim
gosterdigi tespit edilmistir (Tablo 1,2). As elementi
canlilar igin esansiyel olmayan bir metalloid olup
toksik  ozellige sahiptir. Arsenik elementinin
muhtemel toksik etkisi mikroniikleus ve comet
testlerinin sonuglari ile ortaya konmustur. Baliklarin
eritrosit hiicrelerinde gozlemlenen MN
olusumlarmin (Sekil 1) ve MN frekanslarindaki
degisimlerin (Tablo 3), benzer sekilde comet testi
parametreleriyle tespit edilen (Tablo 3), DNA
kiriklarmin bir sonucu olarak eritrosit hiicrelerinde
meydana gelen kuyruk olusumlarinin (Sekil 2b-e),
mevsimsel olarak degisen konsantrasyonlardaki
metalloid ve agir metallerden kaynaklanabilecegini
diigiindiirmektedir. DNA hasarinin  biiyiikliigiine
bagh olarak, kuyruktaki DNA miktar1 ve yogunlugu
degismektedir. Bu durum, hiicrede olusan kuyrugun
uzunlugu ve kuyruktaki % DNA miktar1 degerleriyle
ortaya konulmustur (Tablo 3). Comet testi
parametrelerinin  sonuglarma benzer sekilde MN
frekans1 sonuglar1 da ilkbahar, yaz ve sonbahar
mevsimlerinde, ki mevsimine gore daha yiiksek
degerlere sahiptir. MN testi verileri ile comet testi
parametreleri arasinda  kuvvetli bir  pozitif
korelasyonun varligi da saptanmistir. Bu durum
genotoksisite testlerinden elde edilen verilerin birbiri
ile destekledigini gostermektedir.

Su sicakliginin ilkbahar ve yaz mevsimlerinde
daha yiiksek olmasi, sudaki metalloid ve agir metal
konsantrasyonlariyla beraber hiicreyi etkilemis
olabilir. Genel olarak agir metallerin yiiksek sicaklik
degerlerinde daha toksik etki gosterdigi kabul
edilmektedir (Ergoniil ve Altindag 2011). Ayrica, yaz
mevsiminde As, hem suda hem de kas dokusunda
yiiksek degerdedir. Eritrosit hiicresindeki kuyruk
boyu, kuyruktaki % DNA miktar1 ve kuyruk momenti
degerleri yaz mevsiminde diger mevsimlere gore
daha yiiksek hesaplanmigtir (Tablo 3).

Suda ilkbaharda Al ve Fe, yaz mevsiminde As ve
Fe, sonbahar mevsiminde ise Al, As ve Fe belirtilen
limit degerlerin iizerindedir (Tablo 1). Sonbahar
mevsiminde metalloid ve agir metal yiikii daha fazla
olsa da ilkbahar mevsiminde belirlenen MN
frekansinin sonbahar mevsimine gore daha yiiksek
bulunmasinin sebebi, su sicakligindaki artigin
yaninda pestisit kullannminin - bu  mevsimde
yogunlagmasiyla agiklanabilir. Bu etkenler muhtemel
genotoksik etkiyi yiikseltmis olabilir. Pestisitlerin
bakir (Cu), arsenik (As), kursun (Pb), mangan (Mn)
ve ¢inko (Zn) elementleri i¢in kaynak olusturdugu ve
sucul ¢cevrede kontaminasyona yol ac¢tig1 daha 6nceki
calismalarda bildirilmistir (Aonghusa ve Gray 2002;
Summak 2009). Tim bu sonuglar, Yukari Melet
Havzasinin, tagidig1 agir metal yiikiine bagh olarak,
genotoksik  bir potansiyele sahip oldugunu
gostermektedir. Ayrica, agir metallerle kontamine
olmus sulara maruz kalmis sucul organizmalar
iizerinde yapilan diger genotoksik calismalarda da
agir metallerin sebep oldugu DNA hasar
bildirilmistir (Vargas vd. 2001; Matsumoto vd. 2006;
Barbosa vd. 2009; Yadav ve Trivedi 2009).

Okusluk (2008) Mogan Golii'nde yasayan
Cyprinus carpio bireylerinde tespit ettigi bazi comet
testi parametrelerinin (kuyruk uzunlugu, kuyruk
yogunlugu ve kuyruk momenti) sonuglarini, kontrol
grubu bireyleriyle karsilastirdiginda agir metal etkisi
altindaki su sisteminde yasayan bireylerin eritrosit
hiicrelerinde genotoksik hasarin arttigini belirtmistir
(P<0,05). Yukart1 Melet Havzasinda yasayan C.
banarescui tiirii igin mevsimsel olarak degisen agir
metal konsantrasyonuna bagli olarak, ilkbahar (21,03
um), yaz (21,40 um) ve sonbahar (20,47 pm)
mevsimlerindeki DNA hasarmin artis1 kuyruk boyu
ve kuyruktaki %DNA degerleri ile ortaya konmus ve
kis mevsiminde DNA hasarinin daha az oldugu
bulunmustur (P<0,05). Metalloid ve agir metal
kontaminasyonu ile ilgili olarak yapilmig 6nceki
calismalar, Yukar1 Melet Havzasinda yasayan C.
banarescui  bireylerinin  eritrosit  hiicrelerinde
hesaplanan MN frekansi ve comet testi parametreleri
sonuglart  bakimmdan  bulgularimizi  destekler
niteliktedir. Karasu Nehri (Erzurum)’nde yapilan
calismada, 6zellikle agir metal bakimindan daha kirli
olan istasyonlarda genotoksik hasarin arttig1
bildirilmistir. Leuciscus cephalus, Capoeta capoeta,
Gobius niger, Salmo trutta tiirlerinde su kirliliginin
genotoksik etkilerinin arastirildigit bu ¢alismada
(Yazic1 2012), mikroniikleus frekansinda artis basta
olmak tizere, hiicre cekirdeginde meydana gelen
morfolojik bozukluklar1 da genotoksisite gdstergeleri
olarak degerlendirmistir.

Yukar1 Melet Havzasi, dogal ve antropojenik
kaynaklardan gelen bir agir metal kirliligi baskisi
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altindadir. Havza iizerinde etkisi olan tiim
antropojenik, tarimsal, dogal ve yapay etkiler hem
irmagin dogal yapisint hem de suyun kalitesini
olumsuz yonde etkilemektedir. Yapilan bu ¢aligmada
da bu etkinin varlig1 genotoksisite testleriyle ortaya
konmustur. Arastirma bulgulari, cevresel
kirleticilerin ~ sebep oldugu kontaminasyonun
sonuglarin1 gdrmede hassas parametreler olarak
kullanilan comet ve mikroniikleus testlerinin nemini
vurgulamaktadir. Melet Irmagi Ordu ili i¢in ana igme
suyu kaynagidir. Bu nedenle, su kaynaginin
korunmasi ve devamliligt igin, findik tariminda
kullanilan pestisitler, evsel atiklar ve diger kirletici
kaynaklarin ¢evreye birakilmasiyla ilgili olarak
halkin bilinglendirilmesi gereklilik arz etmektedir.
Yukar1 Melet Havzasinda yasayan C. banarescui
bireylerinde tespit edilen genotoksik etkilerin varligi
diisiiniildiigiinde, ileride yapilacak ¢aligmalarin
kapsam ve yontemlerinin de yukaridaki durumlar goz
oniinde bulundurularak gelistirilmesi ve
uygulanmasi, daha kuvvetli veriler elde edilmesi
bakimindan 6nem arz etmektedir.
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6z MAKALE BiLGIiSi

Eber Goli konumu itibari ile 6nemli sulak alanlarin baginda gelmektedir. Akargay
havzasinin tarimsal, evsel ve sanayi atiklarina maruz kalan bu nedenle de balik
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cesitliligi neredeyse yok olmaya yiiz tutan s1g bir sulak alanimizdir. Kritik durumu Gelis :26.10.2019
dolayisiyla arastirma alani olarak sectigimiz Eber Golii’nde farkli ozellikte Diizeltme  :07.01.2020
belirlenen bes istasyondan Nisan 2014-Subat 2015 tarihleri arasinda mevsimsel
desisimi o6 . . . Kabul :16.01.2020
egisimi gozlemek amaciyla su Ornekleri alinarak bazi fizikokimyasal
parametrelerin  belirlenmesi  amaglanmustir.  Elde  edilen  sonuglarin Yayim :27.08.2020

degerlendirilmesinde Tek Yonlii Varyans Analizi ve Pearson Korelasyon Analizi
istatistik metotlar1 kullanilmistir. Bulunan sonuglar ulusal ve uluslararasi kalite
kriterlerinde yer alan limit degerlerle karsilagtirilmistir. Eber Golii'ndeki su
kalitesi Su Kalitesi Kontrol Yonetmeligine (SKKY) gore I-IV. sinif arasinda
degisim gostermektedir. Eber Goli'niin evsel, sanayi ve tarimsal etmenlerle
kirlendigi tespit edilmistir. Gerekli Onlemler alinmazsa g6l ¢ok kisa siirede
ozelligini kaybedecektir.

DOI:10.17216/LimnoFish.638567

* SORUMLU YAZAR

numanemregumus@hotmail.com
Tel :+90506 414 79 29

Anahtar kelimeler: Eber Golii, su kalitesi, su kirliligi, su standartlar

Investigation Of Water Quality of Eber Lake (Afyonkarahisar)

Abstract: Eber Lake is one of the important wetlands due to its location.The lake is a shallow wetland that is exposed to agricultural,
domestic and industrial wastes of the Akarcay basin and therefore fish diversity almost disappeared. Lake Eber was chosen as the
research area due to its critical situation. It was aimed to determine some physicochemical parameters by taking water samples to
observe the seasonal change between April 2014 and February 2015 from five stations that have different features in Lake Eber.
One-Way Anova Test and Pearson Correlation Analysis statistical methods were used during the evaluation of the obtained results.
The obtained results have been compared to the limit values included within the national and international quality criteria. The water
quality in Eber Lake was found to be class I-1V according to Water Pollution Control Regulation (WPCR). Lake Eber was detected
to be polluted by domestic, industrial and agricultural factors. If the necessary precautions are not taken, the lake will lose its property
in a very short time.

Keywords: Eber Lake, water quality, water pollution, water standards
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Goller, akarsular, barajlar ve tarimsal amagh
sular gibi yiizeysel su kaynaklari; halk sagligi sucul

Giris
Kita i¢i tath su kaynaklari, diinyada uygarliklarin

kurulmasinda ve karasal dogal hayatin korunmasinda
cok Onemli rol oynar, g¢iinkii su, tiim canh
organizmalarin temel 6gesi ve her tiirlii biyokimyasal
reaksiyonun meydana geldigi ortamdir. Biitiin
uygarliklar, genellikle biiyliik goller ya da biiyiik
nehirlerin tagkin alanlar1 gibi gilivenilir bir tath su
kaynaginin yakininda kurulmak zorunda kalmis, bu
son derece verimli sistemlerin sundugu diger hizmet
ve lirlinlerden de bdylelikle yararlanabilmistir (Moss
2004).

ekosistemin devamliligi ve tarimsal faaliyetler igin
olduk¢a onemlidir (Noori vd. 2018). Gol ve sulak
ekosistemler, cesitli antropojenik baskilar, besin
tuzlarinin asir1 artmasi sonucu olusan Strofikasyon,
sanayi, evsel ve tarim kokenli toksikolojik kirlilik,
gollere atmosfer yoluyla ulasan 1s1 kirliligi gibi

unsurlardan etkilenmektedir. Buna benzer insan
faaliyetleri sonucunda tatli sularda, kirlilik
seviyelerinin arttigi  gdzlemlenmistir (Atict  vd.
2010).
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Yiizeysel su kiitlelerinin su akig1 ve yeralti suyu
desarjlarindan kaynaklanan toksik kimyasallar ve
asir1 besin maddeleri ile kirlenmesi, diinya ¢apinda
kiiresel bir g¢evre sorunudur (Uncumusaoglu ve
Akkan 2017; Akkan vd. 2019). Evsel, endiistriyel ve
tarimsal aktivitelerden kaynaklanan kirleticiler ilk
olarak akarsulara karigmakta ve yine akarsular
yoluyla gollere ve denizlere ulasmaktadir. Bu
nedenle, dogal kaynaklardan temin edilen ve su
iirtinleri iiretiminde kullanilan sularin 6zellikleri ¢ok
iyi  bilinmeli ve sulardaki ekolojik denge
korunmalidir (Tas 2006). Siirdiirtilebilir bir su
yonetimi icin su ortaminda fiziksel, kimyasal ve
biyolojik degisimlerin periyodik olarak arastirilmasi
gerekir (Ozer ve Koklii 2019).

Eber Goli'nii besleyen en Onemli kaynak
Akargay’dir. Akarcay, Afyonkarahisar
kanalizasyonu, Afyonkarahisar’daki bira, seker ve
siit ve siit {rlinleri fabrikalariyla, Et ve Balik
Kurumu’na ait bir kombinanin, Bolvadin’de bulunan
alkaloit ve emaye fabrikalarinin, Afyon ve Bolvadin
cevresindeki c¢ok sayida kiigiik sanayi tesisinin
atiklarim1 Eber Golii’'ne tasimaktadir. Atik sular
biiyilik Ol¢lide aritilmamakta ya da aritmada yetersiz
kalmaktadir. Akarcay Tirkiye su kalitesi kontrol
yonetmeligine (SKKY) gore IV. Sinif kalitede suya
sahiptir (DKMPGM 2008).

Eber Golii’de son yillarda yogun kirlilige maruz
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kalmis s1g gollerden biridir. Sig  gollerin
karmasik yapisinin tanimlanmast ve Otrofikasyona
verecegi tepkinin belirlenmesi 6nemlidir. Bu
sebeplerden dolay1 caligmamizda, dogal ve
antropojenik baski unsurlari ile tehdit altinda bulunan

sig bir gol olan Eber GOlii suyunda bazi
fizikokimyasal —parametreler incelenerek  Eber
Goli'niin+ su  kalitesinin  mevsimsel  olarak

arastirilmast kirlenme ile ilgili sorunlarinin ortaya
konulmast ve gerekli tedbirlerin alinmasia katki
saglamak amaglanmustir.

Materyal ve Metot
Calisma alani ve 6rnek alma noktalari

Eber goli Tiirkiyenin giineybatisinda bulunan
onemli bir sulama ve igme suyu kaynagi olup ayni
zamanda 1. Derece Tabiat Sit alanidir. Eber Gold,
Goller Bolgesi’nde, 38°40" K ve 31° 12’ D cografik
koordinatlar1 arasinda ve Afyonkarahisar il
merkezine 65 km wuzaklikta yer alan denizden
yiiksekligi 966 m olan tektonik bir goldir
(DKMPGM 2008). Arazi ¢alismasinda golii besleyen
en 0nemli akarsu olan Akarcay girisi de olmak iizere
goliin yapisin1 homojen olarak yansitacak 5 noktadan
secilmistir. Ornekler Nisan-2014 ile Subat-2015
Ocak aylar1 arasinda mevsimsel olarak toplanmistir.
Asagida istasyonlarin  Eber Golii  iizerindeki
konumlar (Sekil 1) belirtilmistir.

4. Istasyon

Sekil 1. Eber Goli’'nden 6rnek alinan istasyonlar

Figure 1. Sampleing stations in Lake Eber

Fizikokimyasal analizler

Tim istasyonlarda Ornek alimlar1 sirasinda
su numunelerinin sicaklik, pH, iletkenlik ve
¢Oziinmiis oksijen degerleri her mevsim 6l¢iim cihazi
(Hach Lange HQ40d) ile arazi esnasinda
Olclilmistiir. Arazi calismalari sirasinda
uygun kaplara alman yeterli miktarda su
numuneleri, uygun muhafaza kosullar1 altinda
laboratuvara getirilmistir. Ayni giin igerisinde su

orneklerinde amonyum azotu, nitrit azotu, nitrat
azotu, klorofil-a, toplam fosfat, kloriir, toplam sertlik,
kalsiyum, magnezyum, siilfat, renk ve Kimyasal
Oksijen Ihtiyaci seviyeleri Hach Lange markali
spektrofotometre (DR 2800) ile oOlgiilmiistiir.
Bulaniklik 2100AN Hach Lange cihaz1 ile
Olctilmiistiir. Askida kat1t madde tayini APHA 1985'
e ve klorofil-a Parsons ve Strickland 1963' e gore
yapilmgtir.



Gimiis & Akkéz 2020 - LimnoFish 6(2): 153-163

155

Istatiksel analizler

Elde edilen sonuglarinin istatistik analizleri i¢in
SPSS 15 paket programi  kullanilmustir.
Fizikokimyasal —degiskenlerin  yillik  ortalama
degerleri mevsimsel farklilik ve istasyonlar arasinda
istatistiki farklarin ortaya konmasi amacryla normal
dagilima wuygunlugu ve varyans homojenligi
saglandiktan sonra ikiden fazla grup oldugundan
ANOVA testi yapilmistir. ANOVA testinde aylar
arasindaki farklilikk Duncan c¢oklu Kkarsilastirma
analizleri ile smanmigtir. Analizlerde o anlam
seviyesi 0,05 olarak degerlendirilmistir.
Parametrelerinin  birbirleri arasinda ki iliskiyi

degerlendirmek icin Pearson Korelasyon Analizi
testleri uygulanmustir.

Bulgular

Eber Goli suyunda mevsimsel fizikokimyasal
degerler belirlenmistir ve istasyonlarin yillik
ortalama fizikokimyasal seviyeleri Tablo 2'de
verilmistir. Eber GoOlii suyunun istasyonlar arasi
fizikokimyasal degerleri Tek Yonlii Varyans Analizi
Testi ile kiyaslanmistir (Tablo 3). Eber Golii suyunun
fizikokimyasal sonuglart SKKY (2015), TS 266
(2005), EPA (2009), EC (2015) ve WHO (2017)
kalite degerleriyle kiyaslanmistir (Tablo 1).

Tablo 1. Ulusal ve uluslararasi bazi su yonetmeliklerine gore kalite standartlar
Table 1. Quality standards according to some national and international water regulations

SKKY
I I i TS 266 EC WHO EPA

Sicaklik (°C) 25 25 30 > 30 - - - -
pH 6,585 6,585 6,090 <6090> 6592 6595 6588 6,5-8,5
Tletkenlik

400 1000 3000 >3000 2500 2500 - -
pS/cm
Coz 02 (mg/L) 8 6 3 <3 - - - -
O: sat (%) 90 70 40 <40 - - - -
AKM - - - - 5 - - 5
Bulanmiklik

- - - - 5 - 5 -

(NTU)
Renk(Pt-Co) 5 50 300 >300 20 15 15
BOI (mg/L) 4 8 20 >20 - - - -
KOI (mg/L) 25 50 70 >70 - - - -
Cl-(mg/It) 25 200 400 > 400 250 250 250 250
SO4?(mg/It) 200 200 400 > 400 250 250 250 250
Ca(mg/It) - - - - 200 - - -
NH4" N-

0,2 1 2 >2 0,5 0,3 - -
(mg/1t)
NO2 N-(mg/It) 0,001 0,06 0,12 >0,3 0,5 0,5 0,2 -
NO3s N-(mg/It) 5 10 20 > 20 50 50 50 45

“Eber Golii suyunda mevsimsel olarak alinan
orneklerin fizikokimyasal parametreleri arasindaki
iligki Pearson Korelasyon Analizi ile belirlenmis ve
Tablo 3° de belirtilmistir. Suda fizikokimyal
degiskenler arasindaki iligkiler 0,05 anlam
seviyesinde (p<0,05), pH; ¢oziinmiis O, ve O
doygunlugu ile pozitif yonde, toplam fosfat ve
amonyum azotu ile negatif yonde, silfat; ¢oziinmiis
0 doygunlugu ile pozitif ydnde, toplam sertlik; BOIs

ile pozitif yonde, nitrit azotu; sicaklik ve askida kati
madde ile pozitif yonde, toplam fosfat; nitrit azotu ile
pozitif yonde, chl-a; Mg ile negatif yonde 0,01 anlam
seviyesinde (p<0,01) ¢6ziinmiis Oz; O, doygunlugu
ile pozitif yonde, Kloriir; renk ile pozitif yonde, Ca;
sicaklik ile pozitif ydnde, Amonyum azotu;
¢oziinmils Oz, Oz doygunlugu ile negatif yonde,
Toplam Fosfat; sicaklik ve Ca ile pozitif yonde
korelasyon gostermektedir.
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Tablo 2. Eber Golii'nde istasyonlardan alinan sularin fizikokimyasal parametrelerin yillik ortalamalari ve anova sonuglari

Table 2. Annual averages and anova results of physicochemical parameters of water taken from stations in Eber Lake

istasyonlar
Parametre 1(Ort) 2 (0rt) 3(0rt) 4 (Ort) 5 (Ort)
(Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max)
13,822 1412 13,822 14158 1742
0 ) ) ) ) )
Sicaklik (°C) 9.3-20.7 83237 72-22.2 8,5-21.6 12,6-27.8
) 8,695 9,447 9,22 9,27 8.13°
P 8,04-0.72 9,37-9,53 9,12-9,34 9-9,53 7,72-8.65
: . 13337 13358 15667 16607 1740°
lletkenlik (uS/cm) 933-1907 697-1880 908-2280 1008-2300 706-2590
. <20 8,12¢ 6.,65° 7.07° 1,69°
Céziinmiis Oz (Mg/L) <2-2.13 <2-14.4 <2-13,02 <2-15,56 <2-6,2
- ) 3,3665° 48.21° 35,388 34,220 16.260°
Oksijen Doygunlugu (%) <2.6-44 <2.6-142 <2.6-132 <2.6-156 <2.6-62
23,058 85.6° 61,5° 50,558 51,474
Bulamikhik (NTU) 18.9-486 20,7-257 31,3-178 12.4-158 20,8-79,5
62,75° 66,5° 89,758 103.75° 85,5°
Renk(Pt-Co) 19.5-120 38-106 57-161 52-118 32-136
17.75° 23,272 10475 13.6° 32
AKM (mgiL) 7.8-346 2.6-63.,6 3-47.4 1,2-24.2 5,7-102
. 18 167° 1,6° 3,65° 3,228
BOIs (mg/L) 1,6-1.9 158-178 1,56-1,86 3.5-38 31-33
. 91,425 10722 111.02° 110.07° 116 65°
KOI (mg/L) 55.4-142 27.9-170 59,1-167 523176 36,1-177
o 163 5° 201,758 279 300° 265,22
Kloriir (CI) (mg/L) 80,6-210 103-334 137-540 179-464 74,5-485
90,4° 12135 123.9° 126 25° 106.67°
. _2 ) 1 1 ) )
Siilfat (SO+*) (Mg/L) 80.6-97.9 774167 95,6-172 105-168 87-126
. 17.13° 12,957 15,947 24,672 10327
Toplam Sertlik (°dH) 8,25-26,7 8,42-16,8 9,36-21.9 13.7-42.9 12.9-22.3
Magnezyum Mg*? 32,95° 25° 36,75° 40,05° 25,12
(mg/L) 14.4-68 14.3-32.2 19.1-58.9 24.9-56 9 12.7-352
Kalsiyum Ca” (mg/L) 54,9757 51,158 53,0257 58,025° 96,725°
y 9 26,7-79,9 36,4-66,8 35,2-77,4 30,8-102 71,1-117
Amonyum Azotu (NH - 4.62° 053 1.19° 1.28° 5,127
N) (mg/L) 0,041-15,5 0,035-1,32 0,043-3,92 0,032-4,13 0,217-15.7
Nitrit Azotu (NOZz-N) 0.81° 0,857% 0.8257% 0,8207% 0,9165°
(mg/L) 0,02-3,17 0,021-3.25 0,024-3,18 0,022-3,19 0,03-3,45
Nitrat Azotu (NO3-N) 0.72 4.02° 047 0,55° 147°
(mg/L) 0,6-0,9 0.4-14,7 0,3-0,6 0,4-0,7 01-0,3
Toplam fosfat (POz) 1,558 1,458 1.16° 1547 3.10°
(mg/L) 0,3-3.66 0,58-2,66 0,38-2,52 0,44-2,38 0,54-8,35
Klorofil-a (mg/L) 31.475° 51.825° 8,7258 12.875° 36.6°
g 4.4-83 4.7-115 1,0-24.9 14-345 5.4-94.6

" Istatistiki olarak ayni satirdaki farkli harfler istasyonlar arasindaki farkin énemli oldugunu ifade etmektedir (p<0,05)
* Statistically, different letters on the same line indicate that the difference between stations is important (p <0.05).
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Tablo 3. Eber G6lii suyunda tespit edilen fizikokimyasal parametrelerin birbirleri arasindaki iliskiler ve pearson korelasyon katsayilari
Table 3. Relationships between physicochemical parameters determined in Eber Lake water and pearson correlation coefficients

°C pH Coz.02 O2sat  Renk AKM  BOIs CI S04 °dH Mg*?2 Ca* NHz*-N  NO2--N PO, Kl-a
°C 1 -0814 -0,477 -0,526 0,160 0,855 0,541 0,259 -0,204 0,204 -0,570 0,989** 0,623 0,930* 0,980** 0,285
pH 1 0,895* 0,920 0,102 -0,659 -0,336 0,086 0,689 -0,183 0402 -0,866  -0,956* -0,611  -0,905* -0,168
Coz.02 1 0,998** 0,339 -0,362 -0,105 0,396 0,922 -0,105 0,238  -0,557 -0,984**  -0,237 -0,634  -0,132
Oz sat. 1 0,309 -0,407 -0,129 0,355 0,900 -0,112 0,258 -0,604 -0,991**  -0,288 -0,676  -0,129
Renk 1 -0,225 0,693 0,969** 0,640 0,768 0,601 0,208 -0,258 0,022 0,023  -0,733
AKM 1 0,058 -0,042  -0,220 -0,331 -0,855 0,793 0,476 0,946* 0,857 0,564
BOI;s 1 0,609 0,162 0,892* 0,177 0,583 0,230 0,344 0,455  -0,209
CI 1 0,714 0612 0,444 0,282 -0,296 0,183 0,106  -0,648
SO42 1 0,132 0,298  -0,263 -0,860 -0,037 -0,390  -0,322
°dH 1 0,582 0,294 0,164 -0,077 0,148  -0,556
Mg 1 -0,470 -0,313 -0,765 -0,594 )
0,905*
Ca 1 0,693 0,867  0,983** 0,183
NH4*-N 1 0,389 0,757 0,174
NO2-N 1 0,883* 0,496
POs 0,333
Kl-a 1

* korelasyon 0,05 seviyesinde 6nemli (p < 0,05); ** korelasyon 0,01 seviyesinde énemli (p < 0,01). °C:Sicaklik E.I: Elektriksel iletkenlik, C6z. Op: Coziinmiis O, O, sat.: O,
doygunlugu, AKM: Askida kat: madde, BOIs: Biyolojik oksijen ihtiyaci, CI": Kloriir, SO42: Siilfat, °dH: Toplam sertlik, Mg: Magnezyum, Ca: Kalsiyum, NH4*-N: Amonyum azotu,
NO,--N: Nitrit azotu, PO4: Toplam fosfat, Kl-a: Klorofil- a
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Tartisma ve Sonug¢

Sicaklik, suyun kimyasal, fiziksel ve biyolojik
aktivitelerini  etkiler =~ ve  birgok  etmenin
konsantrasyonunu degistirir. Sicaklik ile sudaki
organizmalarin metabolizma, viskozite ve solunum
hiz1 artar (Atict vd. 2005). Eber Golii'nde ¢alisma
stirecinde tespit edilen ortalama sicaklik degerleri
13,8 °C' dir. Eber Golii'nde en diisiik sicaklik kisin
3,6 °C en yiiksek ise yazin 31 °C olarak tespit
edilmistir. Yazin besinci istasyon haricinde SKKY
(2015)" ye gore I-II. simif su kalitesinde oldugu
belirlenmistir. Ulkemiz bazi géllerinde yapilan
calismalarda Cavuscu GoOli ortalama sicakligl 18,2
°C (Asikkutlu vd. 2014), Derbent Baraj Golii
ortalama sicakligi 15,6 °C (Tas 2006), Yenisehir
Goli'niin  sicakhigr 14,6-29,7 °C arasinda (Tepe
2009), Eber Golii'nde ortalama 16,7 °C (Icaga 2007),
Egirdir Golii'nde sicaklik yaz mevsiminde 28,9 °C
(Sener vd. 2013) bulunmustur. Bu ¢alismalarda Eber
Goli sicaklik degerlerine benzer sonuglar rapor
edilmigtir. Yazin besinci istasyonun su Kalitesi
sicaklik degeri bakimindan III. sinifta olmasinin en
biiyliik nedeni Akarcay' in goéle bu noktadan giris
yapmasi ile istasyonda ki sularin yogun kirlilige
maruz kalmasi ve bu istasyonun asir1 siglasmasi
olarak gosterilebilir. Calisma boyunca sicaklik
degisimleri istatistiksel a¢idan incelendiginde
ornekleme noktalari arasinda belirgin bir istatistiksel
fark bulunmamstir (p>0,05).

pH canli yagamini etkileyen onemli faktorler
arasinda yer almaktadir. Caligma siirecinde ortalama
pH degeri 8,69 (7,72-9,72) olarak bulunmustur. pH
ikinci, TUglincli ve dordiincii istasyonlarda tiim
mevsimlerde SKKY (2015) ve EPA (2009)
kriterlerini asmustir. Kisimn birinci ve dordiinci
ilkbahar da ikinci istasyonlarda EC (2015) kriterini
agmistir.  Calisma  boyunca pH  degisimleri
istatistiksel agidan incelendiginde besinci istasyonda
diger ornekleme noktalarina gore anlaml bir farkin
oldugu goriilmistiir (p<0,05). Eber Golii'nde
ortalama pH degeri 9,25 olarak tespit edilmistir
(YYasan 2007). Bu deger ¢alismamizda buldugumuz
degerle uyumludur. Ulkemizdeki diger ¢alismalarda
da benzer sonuglar bulunmustur. Sivas Kurugdol
Golii'nde 8,58-8,99 arasinda (Mutlu vd. 2013), Isikli
Golii'nde 6,79-9,57 (Tekin-Ozan ve Aktan 2012),
Apa Baraj Goli'nde 7,83-9,66 (Oztiirk ve Akkoz
2014), Karkamis Baraj Goli'nde 7,84-9,13 (Tepe ve
Kutlu 2019) arasinda bulunmustur. Eber Golii bazik
karakterli su smifindadir. Suda ki pH degeri goldeki
fotosentez miktar1 ve gdliin hidrojeolojik yapisi ile
yakindan iliskidir (Garg vd. 2010). Sig bir gol
olmasindan dolay1 gdl suyunda yil boyunca asiri
fitoplankton gelisimi gdzlenmistir. Fitoplanktonun
her mevsimde goriilmesi pH degerinde yiikselisine

neden olmustur. pH degeri yiiksekligi de goliin bazik
karakterde olmasini agiklamaktadir.

Su kalitesi kontrolinde ve sucul hayatin
devamliliginda takip edilen en &nemli kriterlerden
biri olan ¢oziinmiis oksijen; sicaklik, basing ile
birlikte bitkilerin fotosentez miktarina ve gollerin
otrofik durumuna gore farklilik gosterebilir (Kose vd.
2015). Caligma siirecinde ortalama ¢éziinmiis oksijen
degeri <2-15,56 mg/L olarak bulunmustur.
Cozinmiis oksijen SKKY (2015) kriterine gore
ilkbaharda birinci ve besinci, sonbaharda birinci ve
besinci, kisin birinci dordiincii ve yazin biitiin
istasyonlarda IV. kalitede, kisin iigiincii istasyonda
ise III. kalitede bulunmustur. Calisma boyunca
¢Oziinmiis oksijen ve oksijen doygunlugu degisimleri
istatistiksel ~agidan incelendiginde  G6rnekleme
noktalar1 arasinda belirgin bir istatistiksel fark
bulunmamistir (p>0,05). Uluabat Goli' nde yillik
ortalama ¢Oziinmiis oksijen II. kalite (Elmact vd.
2010), Bafa Goli' nde ortalama 5,5 mg/L (Yabanl
vd. 2011), Egirdir Goli'nde 7,27-10,93 mg/L
arasinda (Bulut ve Kubilay 2019) bulunmustur.
Basyigit ve Tekin-Ozan (2013) Karatas Gélii'nde yaz
mevsiminde ¢ozinmiis oksijenin azaldigini tespit
etmislerdir. Oztiirk ve Akkdz (2014) Apa Baraj
Golii'nde en diisiik ¢oziinmiis oksijen miktarini yazin
4,36 mg/L olarak Olgmiistiir. Diger gollerde de
¢Oziinmils oksijen yazin diismesine ragmen Eber
Goli’'nde degerler dogal yasami tehdit edecek
boyuttadir. Eber Goli'nde Akarcay'n gole giris
noktast olan besingi istasyonun ki haricinde
SKKY'ye gore 1V. kalitede olmasi géle endiistriyel,
tarimsal ve evsel atik sularin karigiminin fazla
oldugu, askida madde miktarmin fazlaligi, 6rnek
alman mevsimlerde iklimin kurak ge¢mesi ve su
seviyesinin diigmesi gibi nedenlerin ¢ozlinmiis
oksijen ve oksijen doygunlugunu olumsuz yonde
etkiledigi distintilebilir. Yazin tim istasyonlarda
¢Oziinmiis oksijen ve oksijen doygunlugunun IV.
kalitede olmasina sicakhigin da etki ettigi
soylenebilir. Ozelikle yazin goriilen balik dliimleri
¢Oziinmils oksijen miktarinin diisiik olmasinin
gostergesi olabilir.

fletkenlik Eber Gélii'nde ortalama 1740 (697-
2590) uS/cm olarak bulunmustur. Uslu ve Tirkmen
(1987)" nin su iriinleri i¢in su kirliligi ve kontrol
protokoliinde verilen 150-500 pS/cm araligimin ¢ok
istiinde bulunmustur. Yazin besingi istasyonda TSE
(2005) ve EC (2015) kriterlerinin verdigi st limit
olan 2500 pS/cm gectigi tespit edilmistir. Calisma
boyunca iletkenlik degisimleri istatistiksel acgidan
incelendiginde 6rnekleme noktalar1 arasinda belirgin
bir istatistiksel fark bulunmamistir (p>0,05). Eber
Golii'nde elde ettigimiz degerler tiim istasyonlarda
elektriksel iletkenligin kis mevsiminde diismesinin
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nedeni ki aylarinda yagislarin artmast ve su
sicakliginin diigsmesi olarak gosterilebilir.

GOl suyunda askida bulunan organik atiklarin
biiyiik bir kism1 bitki kalintilari, dogal ve tarimda
kullanilan giibreler, humus, evsel ve endiistriyel kirli
sularin gble karigmasi ile meydana gelir. Yiizey sulart
tagidiklar1  askida ve ¢Ozinmiis maddelerin
yogunluguna, yagis rejimine, planktonlarin ¢ogalma
hiz1 ve yogunluguna gore renk bakimindan farklilik
gosterirler (Mert vd. 2008). Mutlu vd. (2013)
tarafindan yapilan bir ¢alismada Kurugdl' de askida
kat1 madde en diisiik 0,05 mg/L ile Subat, en yiiksek
6,86 mg/L ile Eyliil ayinda bulunmustur. Uluabat
Goli'nde Elmaci vd. (2010) yillik ortalama askida
katt madde wmiktarim 38,27 mg/L  olarak
Olemiislerdir. Yaptigimiz calismada askida kati
madde Eber Gélii'nde ortalama 21,2 (1,2-102) mg/L
olarak bulunmustur. Bu sonug diger ¢alismalardan
oldukca yiiksektir. Askida katt madde sonbaharda
ticlincii ve kisin dordiincii istasyonlar haricinde TSE
(2005) ve WHO (2017) kriterini agsmustir. Calisma
boyunca askida katt madde degisimleri istatistiksel
acidan incelendiginde 6rnekleme noktalari arasinda
belirgin bir istatistiksel fark bulunmamustir (p>0,05).

Eber Golii'nde ortalama bulaniklik degeri 56,4
(5,2-257) NTU olgtilmiigtiir. Diger c¢alismalarda
Bulut vd. (2012) Civril Golii'nde ortalama bulanik
degerini 5,6 NTU, Bulut ve Kubilay (2019) Egirdir
Goli'nde ortalama bulaniklik degerini 1,08 NTU
olarak tespit etmislerdir. Eber Goli suyunda
bulaniklik sonuglar1 tiim istasyon ve mevsimlerde
TSE (2005) ve WHO (2017)" de wverilen smuir
degerlerden yiiksek bulunmustur. Eber Golii'nde
belirlenen istasyonlardan mevsimsel olarak alinan su
orneklerinde renk degerleri en yiiksek 161 Pt-Co ile
yazin ili¢lincii ve dordiincii istasyonda, en diisiik 32
Pt-Co ile sonbahar besinci istasyonda bulunmustur.
Ortalama renk degerlerinde en yiiksek deger ikinci
istasyonda 103 Pt-Co, en diisiik deger ise birinci
istasyonda 62,7 Pt-Co olgiilmiistiir. Elde edilen biitiin
renk degerleri TSE (2005), WHO (2017) ve EC
(2015)  kriterleri sinir degerlerini agmustir. Renk
SKKY (2015) kriterlerine gore biitiin istasyonlarda
I. ve III. kalitede bulunmustur. Caligma boyunca
bulaniklik ve renk degisimleri istatistiksel acidan
incelendiginde 6rnekleme noktalar1 arasinda belirgin
bir istatistiksel fark bulunmamistir (p>0,05).
Bulaniklik ve renk en yliksek degere yazin askida kati
madde ise en yiiksek degerlere ilkbahar mevsiminde
ulagmistir. Eber Golii'nde 6lgiilen askida kat1 madde,
bulaniklik ve renk parametreleri mevsim degisimleri
ile paralellik gostermektedir.

Sudaki sertlik biiyiik oranda temas ettigi toprak
ve kaya yapilarindan kaynaklanir. Yeryiizi iizerine
diisen yagmur sular1 pek ¢ok dogal suda bulunan
katilar1 onemli oranda ¢6zebilme yetenegine sahiptir.

Genellikle sert sular toprak yiizeyinin kalin ve kire¢
tast olusumlarinin bulundugu bolgelerde meydana
gelir. Yumusak sular toprak yiizeyinin ince ve kireg
tas1 olusumlarinin seyrek oldugu veya hi¢ olmadigi
bolgelerde meydana gelir. Sertlik ¢ok degerlikli
metal katyonlardan meydana gelmektedir. Baslica
sertlik olusturan katyonlar iki degerlikli kalsiyum,
magnezyum, stronsiyum, demir iyonu ve manganez
iyonudur (Sawyer vd. 2003). Eber Golii'nde ¢alisma
stirecinde tespit edilen ortalama toplam sertlik
degerleri 18,2 °dH (32,12 Fs°)' dir. Eber Gdlii'nde
ortalama magnezyum 31,97 mg/L' dir. Calisma
boyunca magnezyum degisimleri istatistiksel agidan
incelendiginde besinci istasyonda diger ornekleme
noktalarina gére anlamhi bir farkin oldugu
goriilmiistiir (p<0,05). Ulkemiz baz1 gollerinde
yapilan ¢alismalarda da Egirdir Golii'nde 18-23 Fs°
(Bulut ve Kubilay 2019), Cavusgu Golii'nde 9,07-
13,36 °dH (Asikkutlu vd. 2014), Kabalar Gole'tinde
26,7-31,8 Fs° (Sagin ve Sen 2018)' dir, Eber Golii'nde
ortalama kalsiyum 62,7 mg/L 'dir. Gaga GoOli' nde
47,22 mg/L (Tas 2011), Bayindir Baraj Golii'nde 44
mg/L (Atict vd. 2005) bulunmustur. Uluabat
Goli'nde 37,83 mg/L (Elmaci vd. 2010), Cavusgu
Goli'nde 13,15 mg/L (Asikkutlu vd. 2014) olarak
bulunmustur. Bu c¢alismalarda Eber Golii toplam
sertlik, magnezyum ve kalsiyum degerlerine benzer
sonuglar rapor edilmistir. Kalsiyum/magnezyum
orani kirlenmemis sularda 4-5/1'dir, bu oran
kirlenmeye maruz kaldiginda degisim gosterir
(Hiitter 1984). Eber Goli'nde bu oran genelde
farklilik gostermistir. Bu oranin jeolojik sebeplerden
olabilecegi gibi su kirliliginden de
kaynaklanabilecegi diisiiniilmektedir. Magnezyum
sadece yaz mevsiminde ikinci istasyon haricinde TSE
(2005) de verilen 50 mg/L sinir degerini asmustir.
Kalsiyum TSE (2005) de verilen 200 mg/L sinir
degerini hi¢ bir Olgiimde ge¢cmemistir. Caligma
boyunca toplam sertlik ve kalsiyum istatistiksel
acidan incelendiginde 6rnekleme noktalar1 arasinda
belirgin bir istatistiksel fark bulunmamistir (p>0,05).

Yeni kirlenmis sularda azotun biiyiik bir kism
organik azot ve amonyak formundadir. Zaman
gectikee organik azot yavas yavas amonyum azotuna
donisiir ve daha sonra eger ortam aerobik ise
amonyumun nitrit ve nitrata oksidasyonu meydana
gelir. Bu siire¢ de cogunlukla organik ve amonyum
azotu igeren sularin yakin zamanda kirlendigi
distintlir (Sawyer vd. 2003). Eber Goli'nde
amonyum azotunun yillik ortalamast (2,55 mg/L)
SKKY (2015)' ye gore IV. smiftadir. TSE (2005) ve
EC (2015) kriterlerini agmustir. Nitrit azotunun
ortalama yillik degeri (0,846 mg/L) SKKY (2015)' ye
gore IV siniftadir. TSE (2005), WHO (2017) ve EC
(2015) kriterlerini agmigtir. Nitrit organik kirlilige
maruz kalan oksijen seviyesinin az oldugu sularda
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yiiksek miktarda bulunabilir ve bu yliksek degerler
evsel kirlenmenin neden oldugunu disiindiiriir
(Egemen ve Sunlu 1999). Elde ettigimiz diisik
oksijen ve yliksek nitrit azotu bulgulart kentsel
atiklarin ya hi¢ aritilmadan ya da yeterli sekilde
aritilmadan desarj edildigi ve bdlgede kullanilan
tarimsal ilag ve giibrelerin Eber Golii igin yogun bir
baski olusturdugunu gostermektedir. Nitrat sularda,
bitkisel ve hayvansal artiklarin proteinlerinin
ayrigmast ile ortaya  cikan amonyagin
oksitlenmesinden ve tarimda kullanilan nitrath
giibrelerden kaynaklanmaktadir (Barlas 2011). Nitrat
azotunun ortalama yillik degeri (1,45 mg/L) SKKY
(2015)' ye gore 1. sinif igerisinde kalmistir. TSE
(2005), EC (2015), WHO (2017) ve EPA (2009)
kriterlerini asmamistir. Calisma boyunca amonyum
azotu, nitrit azotu ve nitrat azotu degisimleri
istatistiksel ~agidan incelendiginde  6rnekleme
noktalar1 arasinda belirgin bir istatistiksel fark
bulunmamistir (p>0,05). Amonyum azotu, nitrit
azotu ve nitrat azotu degerleri ¢oziinmiis oksijen
diisiik oldugu yaz mevsimde diger mevsimlere gore
onemli derecede yiiksek bulunmustur.

Kloriir tiim dogal sularda genis bir konsantrasyon
araliginda bulunur. Suyun mineral igerigi arttiginda
kloriir konsantrasyonu da artar. Yiiksek bolgelerdeki
ve daglardaki kaynak sulari kloriir agisindan oldukca
fakirken nehir ve yer alti sularn1 genellikle bol
miktarda kloriir icerir (Sawyer vd. 2003). Asikkutlu
vd. (2014) Cavuscu Golii'nde ortalama klorir
degerlerini SKKY (2015) kriterine gore I. sinif
kalitede bulmusglardir. Mutlu vd. (2013) Kuru
Golii'nde ortalama kloriir degerini 13,57 mg/L tespit
etmislerdir. Hazar Goélii'nde Unlii vd. (2008) 354
mg/L ile 418 mg/L arasinda bulmuslardir. Bizim
calisgmamizda Eber Goli'nde ortalama kloriir
degerleri 241,8 mg/L bulunmustur. Eber Go6li
suyunda kloriir degerleri SKKY (2015) kriterine gore
yazin l¢iincii, dordiincii ve besinci istasyonlarda IV.
kalite de diger mevsimlerde tiim istasyonlarda II. ve
I11. kalitede bulunmustur. Kloriir degeri TSE (2005),
EC (2015), WHO (2017) ve EPA (2009) kriterlerine
gore yazin ikinci, {glincli, dordiincii, besinci ve
sonbahar {igiincli, dordiincii, besinci istasyonlarda
kriterlerinin sinir degerini agmustir. Calisma boyunca
kloriir degisimleri istatistiksel agidan incelendiginde
ornekleme noktalar1 arasinda belirgin bir istatistiksel
fark bulunmamustir (p>0,05). Buharlagsmanin ¢ok
yagisin az oldugu yaz ve sonbahar mevsiminde
klortir degerleri yiiksek ¢ikmistir. Gole giren temiz su
kaynaklarin olmamasi kloriiriin yiiksek olmasina
sebep olabilir. Elektriksel iletkenliginde yiiksek
olusu buldugumuz kloriir degerlerini
dogrulamaktadir.

Siilfat o6zelikle bitki biiylimesi olmak iizere
biyolojik verimin artmasi i¢in ortamda bulunmalidir.

En oOnemli ekolojik gorevi yeterli miktarda
bulunmamas1  durumunda  ortamda  bulunan
fitoplankton gelisimini olumsuz yonde etkiler
(Tanyolag 2000; Atict vd. 2005). Eber Golii suyunda
ortalama siilfat degeri 113 mg/L' dir. SKKY (2015)
kriterine gore I. kalitede, TSE (2005), EC (2015),
WHO (2017) ve EPA (2009) kriterlerinin belirledigi
stir  degerlerin  altindadir. Uluabat Golii'nde
ortalama stilfat degeri 54,8 mg/L (Elmac1 vd. 2010),
Egirdir Golii'nde ortalama siilfat degeri 26,57 mg/L
bulunmustur (Bulut ve Kubilay 2019). Eber Goli'nde
stilfat degerleri 1. kalitede olsa da diger gdllere gore
yiiksek olmasi gol c¢evresinde yogun ziraat
yapilmasinin sonucu olabilir. Calisma boyunca siilfat
degisimleri istatistiksel a¢idan incelendiginde
ornekleme noktalar1 arasinda belirgin bir istatistiksel
fark bulunmamistir (p>0,05).

Biyolojik oksijen ihtiyaci organik kirliligin en
onemli kriteridir. BOI, ayristirilabilir organik
maddelerin bakteriler tarafindan, acrobik sartlarda,
stabil hale getirilmeleri i¢in gerekli oksijen miktaridir
(Sawyer vd. 2003). Eber Gélii'nde ortalama BOIs
degerleri 2,3 mg/L' dir. Eber golii suyunda BOIls
degeri SKKY (2015) kriterine goére biitiin
istasyonlarda 1. kalitede bulunmustur. Kimyasal
Oksijen Ihtiyaci, evsel ve endiistriyel atik sularm
organik Kirlilik derecesinin 6lgiilmesinde yaygin
olarak kullanilir. KOI degerleri BOI degerlerinden
her zaman yiiksektir ve biyolojik bozunmaya direncli
organik materyallerin fazla miktarda bulunmasi
durumunda arada ki fark daha da artabilir (Singh vd.
2005). Yiiksek KOI/BOI orani organik maddenin
mikroorganizmalar tarafindan ayrismayan asirt
miktarmn ifadesidir (Disli vd. 2004). KOI degeri
SKKY (2015) kriterlerine gore kisin ikinci besinci
istasyonlarda II. kalite diger mevsimlerde tiim
istasyonlarda III. ve IV. kalitede bulunmustur.
Calisma boyunca BOI ve KOI degisimleri
istatistiksel agidan  incelendiginde  Ornekleme
noktalar1 arasinda belirgin bir istatistiksel fark
bulunmamistir (p>0,05). Yaz aylarinda mikrobiyal
kirlenmenin artmasiyla organik maddelerin bozunma
hiz1 artmaktadir. Bu sebeple ¢oziinmiis oksijen azalir
ve KOI artar. Kis aylarinda yagisin ve riizgar
siddetinin artmasiyla golde sirkiilasyon olusur, goéli
besleyen su kaynaklarmin artmasi ile golde tekrar
oksijen seviyesi artar. Bu sonu¢ Eber Golii'nde kisin
azalan KOI miktarim1 agiklamaktadir (Singh vd.
2005).

Klorofil-a ve toplam fosfat seviyeleri Thomann
ve Mueller (1987) ve Carlson ve Simpson (1996)
trofik statii endeksine gore degerlendirildiginde
hiperétrofik, OECD (1982) verimlilik diizeyine

gore Otrofik ve hiperdtrofik oldugu tespit
edilmistir. Calisma boyunca Klorofil-a
degisimleri istatistiksel acidan incelendiginde
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ornekleme noktalar1 arasinda belirgin bir istatistiksel
fark bulunmamistir (p>0,05).

Eber Goli su kalitesinin fizikokimyasal analiz
sonuglart SKKY (2015)’ye gore oksijen doygunlugu,
KOI, BOIs, ¢dziinmiis oksijen, amonyum azotu, nitrit
azotu, IV. smif, renk, kloriir, III. stnif, pH II. sinif
arasinda degismistir. Carlson ve Simpson (1996)
Trofik statli indeksine gore toplam fosfat ve
klorofil-a parametreleri g6liin hiperdtrofik karakterde
oldugunu gostermistir. Akkan vd. (2018) Siddikh
Baraj Goliinde yaptiklar1 ¢alismada trofik seviyeyi
Carlson trofik statii endeksine gore trofik seviyede
tespit etmiglerdir.

Anova sonuglarina gére ¢ogu parametre besinci
istasyonda istatistiki olarak Onemli derecede
yiiksektir. Besinci istasyonun Akargay'in gole giris
noktasi olmas1 Eber Golii'niin Akargay'dan kaynakli
yogun bir kirlilik baskis1 altinda oldugunu
gostermektedir. Yaz mevsiminde gol derinliginin
diismesi ve ¢oziinmiis oksijenin <2 mg/L'nin altinda
olmas1 ikinci istasyon da balik dliimlerine neden
olmustur.

Sonuglar incelendiginde kirlilik parametrelerinin
bolgesel ve zamansal degisimlerinin énemli oldugu
tespit edilmistir. Eber GOl bir biitiin olarak ele
almmali, havzadaki noktasal ve yayili kirletici
kaynaklar belirlenmeli ve kontrol altina alinmalidir.
Akargay havzasinda bulunan Eber Goli sulak alani
Afyonkarahisar organize sanayi bolgesi iginde ve
disinda yer alan birgok sanayi tesisinin atik su aritma
sistemlerinin olmamasi, verimli ¢alistirilamamasi ve
atik sularin aritilmadan Akarcay’a desarj edilmesi,
bunun yaninda jeotermal sularin kullanim sonras1 ve
havzadaki tim yerlesmelerin atik  sularinin
Akargay’a bosaltilmasi hem Akarg¢ay’da hem de Eber
sulak alaninda su kirliligi sorununu ortaya ¢ikarmis,
bu durum Eber sulak alaninda dogal hayati olumsuz
etkilemistir. Akarcaym kirlilik yikii agisindan
rehabilite edilmesi ve kabul edilebilir seviyelere
cekilmesi ayn1 zamanda Eber Goli Havzasi'min ve
baghi bulundugu diger ekosistemlerin sagligi
acisindan katki saglayacaktir. Bunun yaninda su
kalite degisimlerini izleme ve degerlendirme
amaciyla modelleme calismalarinin  yapilmasi
alinacak tedbirlerin belirlenmesinde &nemli rol
oynayacaktir.
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In this study, a traditional longline set used in the lower Sakarya River was
investigated. Technical characteristics and usage of the longline set were
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Asag Sakarya Nehri Bahkgihigindan Alternatif Bir Geleneksel Nehir Paragat Yontemi ve Teknik Ozellikleri

Oz: Bu ¢alismada, Asag1 Sakarya Nehri’nde kullamlan geleneksel bir paraketa takimi incelenmistir. Paraketa takimmin teknik
ozellikleri ve kullanim sekli belirlenmistir. Asag1 Sakarya Nehri’nde yaklasik balikgilarin %25-30u bu yontemi kullanmaktadir.
Balikgilar 30-40 adet yemlenmis kancaya sahip paraketa takimini, nehrin iki kiyisi arasma (30-60 m) konumlandirarak
kullanmaktadirlar. Balik¢ilar 6zellikle Silurus glanis olmak tizere nispeten biiyiik baliklar1 hedeflemektedirler. Ancak Esox lucius
ve bazi Cyprinidae tiirleri de yakalanmaktadir. Giinliik ortalama toplam av 5-10 kg ve yakalanan S. glanis bireylerinin agirliklari 1-
20 kg arasindadir. Siirdiiriilebilirligin saglanmasi i¢in bu geleneksel yontemin birim ¢abaya diisen av miktar1 ve tireyen biyokiitlenin
izlenmesi gerekmektedir.

Anahtar kelimeler: Nehir paraketasi, Sakarya Nehri, nehir balik¢ilig1, geleneksel balikeilik, tatlisu
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Introduction

Fishing gears have been diversified according to
technical characteristics of fishing gear, fishing
ground, and targeted species (Hossucu 2005). Fishing
lines are one of the most used fishing methods. This
fishing method, which dates back to the ancient times
(Kaykag et al. 2003), is widely used in both
commercial (Griffiths 2000) and amateur fishing
today (Iwano and Oztiirk 2012). The main reason for
the widespread usage of this fishing gear that it can
be used in all kinds of aquatic environments (Sitar et
al. 2017; Pham et al. 2014), the cost is low (Bose et
al. 2017) and construction and usage is simple. There
are different types of fishing line as handlines and
hand-operated pole-and-lines, mechanized lines, and

pole-and-lines, set longlines, drifting longlines,
longlines, vertical lines, trolling lines, hooks, and
lines (CWP 2013).

Longline sets have a mainline and branchlines
that are attached on mainline at certain intervals.
Longline sets are known as demersal or pelagic
fishing gears (FAO 2001). Longlines are used in the
sea as well as in freshwater. In seas, different pelagic
and demersal species are caught with longline sets
like tuna (Francis et al. 2001), swordfish (Erdem and
Akyol 2005), some Sparidae, Serranidae and
Scorpaenidae species (Ulas and Diizbastilar 2001),
cod or flatfish (Hovgard and Lassen 2000). Bottom
longlines are also used in freshwaters (von Brandt
1984). As an example, giant freshwater whipray


http://doi.org/10.17216/LimnoFish.635248
http://doi.org/10.17216/LimnoFish.635248
https://orcid.org/0000-0003-4599-6780
https://orcid.org/0000-0003-3025-1444

Reis & Cerim 2020 - LimnoFish 6(2): 164-168

165

(Urogymnus polylepis) which has minor commercial
importance (Froese and Pauly 2019), is caught
occasionally by longlines in riverine and estuarine
areas (White et al. 2006). On the other hand, eel-
longlines are used in German freshwater fisheries
(EIFAC 1970). However, other fishing methods,
especially gill net fishery, are more common in
freshwaters.

Fyke nets, trammel nets, and gill nets are used in
the lower Sakarya River. Alburnus sp., Barbus
barbus, Capoeta sp., Carrassius carrassius,
Cyprinus carpio, Esox lucius, Lepomis gibbosus,
Squalius cephalus, Mugil sp., Pseudorasbora parva,
Rhodeus amarus, Scardinus erythrophytalmus, Tinca
tinca, Chondrostoma nasus, Abramis brama, Blicca
bjoerkna, Carrassius gibelio, Perca fluviatilis,
Rutilus rutilus, Silurus glanis and Vimba vimba
species are captured (Ates et al. 2018; Aydin 2012).

There is no longline literature in the lower
Sakarya River. In this study, it was aimed to
determine the characteristics of traditional fishing
gear and fishing method used in lower Sakarya River,
Turkey.

Materials and Methods

This study was conducted between June 2017 and
May 2018 in the 159.5 km section (Mekece in the
south of Pamukova and Karasu Yenimahalle, where
it flows into the Black Sea) of Sakarya River within
the borders of Sakarya province (Figure 1). The study
was conducted in two stages: face-to-face interviews
with fishermen and fishing observations.

.
>
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&

Lower
Sakarya River
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Figure 1. Study area

In the first stage, interviews were done with 17
fishermen. In these interviews, information was

gathered about the technical characteristics of the
fishing tackle (mainline and branchline number,
length, material, hook type, and number, etc.), the
baits used (species, size, live, fresh, etc.), fishing
season, fishing area, caught species, targeted species,
and the fishing problems.

In the second stage, it participated in three
operations carried out by fishermen in the lower
Sakarya River on different dates. In these operations,
direct observations were made on bait supply
methods, type, size, and usage of baits (live, fresh),
the release time of fishing gear to the water, how the
fishing operation is done, damages occurring in the
fishing gear and catch composition.

Technical characteristics of the longline set were
drawn according to the mode of FAO Catalogue of
Small-scale Fishing Gear (Nédélec 1975).

Results

Differences between other methods

Even if the traditional longline set looks like
trotline, it differs from trotline with weight usage.
Various weights are used for sinker in trotline but any
weight is not used in the traditional method.
Therefore, the traditional method especially targets
the surface fishes (i.e. no contact or connection with
the bottom). Another similar example for longline, a
method has been used for fish capture called “angling
in the air”, in China (von Brandt 1984). In this
method, baited hooks stand above the water. Fish
jump out of the water and then captured. This fish
behavior is the main reason for the construction of
this fishing gear. However, in our method, baits are
near the water surface.

Using method

Firstly, the longline is set to between two
opposing riverbanks (ranges of two sides vary
between 30-60 meters) and stretched (Figure 2) then
hooks are baited.

30-60m

Figure 2. The setting of longline between river banks
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The longline set is released to water
around sunset and is collected around sunrise.
Due to catching large fishes, the longline
set is always controlled every 1.5-2 hours
till morning by the fisherman to prevent
break-offs.

Technical characteristics

The Mainline is a 4-5 mm diameter
multifilament PP (polypropylene)  material.
Branchlines are 60-80 cm long (=30-40 number of
branch lines) and are consisted of 2 mm
monofilament PA (polyamide) or steel material.
Branchlines have 1.5-2 meters range between each
other. No swivel is used. Hooks are made of steel and
hook sizes are changed between 2/0-6/0 no
(Figure 3).

1.5-2m
@ 4-5 mm PA
60-80 cm
0 2 mm PA
or
@ 2 mm Steel
wire
2/0-6/0

Figure 3. Technical characteristics of longline

Baiting of hooks

Baits are collected by fishermen from the
surroundings. Hooks are baited with live frog, live
fish, mole cricket, leeches, or fresh baits like chicken
and turkey livers and meats after setting. Hooks are
baited in different ways (Figure 4).

Catch survey

Approximately, 300 fishermen exist on the
lower Sakarya River region and about 25-30% of
them use this longline method. The most
captured species are S. glanis (European catfish) and
followed by E. lucius (Northern pike).
Some Cyprinidae species are also caught, rarely.
However, the targeted species is S. glanis.
According to fishermen, the most productive months
are between August and December. Approximately,
25-30% of fishermen use this method in the
mentioned fishing season. Captured S. glanis
individuals are between 1-20 kg (=60-180 cm).
On the other hand, total daily catch is between 5-10
kg.

Environmental problems

Trashes are one of the main problem of the lower
Sakarya River fisheries. Trashes, especially plastic
bags and logs, which swim on the surface of the river,
damage to longline sets (break-offs of branchlines or
main line). This situation affects catch efficiency and
causes time and economic loss.

Figure 4. Different methods of baiting hook with various baits; A; Live frog, B; Leech, C; Live fish, D; Mole cricket, E;

Liver of chicken or turkey
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Discussion

In Turkish fishery, longline sets are used widely
in the small-scale fishery and there are some
regulations in the meaning of sustainable fishery.
Some rules are existing on commercial and amateur
longline freshwater fishery like “using of living fish
in pike-perch (Sander lucioperca L., 1758) and perch
(P. fluviatilis L., 1758) fishery is forbidden” and
“longline is forbidden in the amateur fishery” (GDFA
2016a, 2016b).

S. glanis and E. lucius are known as commercial
species (Froese and Pauly 2019). The European
catfish, S. glanis, has rapid growth and large
bodyweight (Brzuska and Adamek 1999). Males and
females become mature at 78.82 cm (3 years) and
87.05 cm (4 years), respectively (Alp et al. 2004). In
fishery regulation, the minimum landing size of S.
glanis is 90 cm (GDFA 2016a). Furthermore, there
are season closures on this species. On the other hand,
E. lucius becomes mature at 19.7 cm in total length
(Balik et al., 2006) and has a 40 cm minimum landing
size (GDFA 2016a). Season closures and fishing gear
prohibition regulations also exist for this species.
Minimum landing size regulations may support its
stocks in the meaning of stock recruitment.
Moreover, in this method, capturing of large
individuals indicates that this gear is selective.

In different parts of the world, some researchers,
Vejrik et al. (2017a) and Vejrik et al. (2017b)
mentioned that they captured S. glanis and E. lucius
individuals by longlines (with buoy and sinkers and
no connection with landside). Also, Boulétreau et al.
(2016) did fishing trials on behavior of this species
with longline but they did not give clear information
about using of this fishing gear.

s

Figure 5. Allowed hook sizes; a, b, ¢ and d ranges must
not be lower than 7.2 mm (GDFA 2016a)

In the meaning of technical regulation of the
longline, according to fishery rules, fishermen
mustn't use the hooks that have a gap below 7.2 mm
(Figure 5). This rule could be an effective regulation
to conserve smaller length classes.

Fishery regulations seem sufficient. Small
individuals are not captured and the breeding chance
at least once is given to small individuals. Therefore,

spawning stocks should be monitored not to make an
overfishing pressure on targeted species’ and
fishermen should be educated in the direction of
stock sustainability.
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Bahk Uriinlerinde Kiif Gelisiminin Yarattizn Problemler ve Kontroliine
Yonelik Coziimler
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6z MAKALE BiLGIiSi

Su dirlinlerine uygulanan isleme teknolojileri ile driinlerin su aktivitesi
diisiiriilmekte, bakteriyal gelisim yavaglamakta, {irlinlerin raf Omiirleri )
uzamaktadir. Su friinlerine tuz, baharat ilave edilmesi veya 1sil islem Gelis

DERLEME
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uygulanmast gibi islemler su {rlinleri igerisindeki suyu baglayarak Diizeltme  :13.11.2019
mikroorganizmalar tarafindan kullanilabilir suyu azaltmaktadir. Su aktivitesinin

e .. S . Kabul :19.12.2019
diisiiriilmesi ile bozulma yapan bakterilerin gelisimi giderek azalmakta ancak

ortam kiiflerin gelisimine olanak saglamaktadir. Bu nedenle islenmis balik Yayim :27.08.2020

irtinlerinde kiiflerin gelisimi problem haline gelebilmektedir. Ayrica kiifler
insanlarda hastaliklara da neden olabilmektedir. Bu derleme ¢alismasinda kiifler,
bulagma kaynaklari, insanlarda neden oldugu hastaliklar, balik tiriinlerinde izole
edilen kiifler ve kiiflerin balik {irlinlerinde kontroliine yonelik ¢oziimlere yer
verilmistir. Sonug¢ olarak; trlinlerin depolanmasi esnasinda gelisen kiiflerin
olusturduklar1 mikotoksinlerin kanserojen maddeler olmasi nedeniyle kif
geligmis iiriinlerin tiiketiminin risk olusturdugu bilinmeli ve tiiketilmemelidir.
Balik iiriinlerinde kiif gelisiminin dnlenmesi igin gereken onlemler alinmali ve
kalite kayiplarinin olusumu engellenmelidir.
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The Problems of Growth of Moulds on Fishery Products and Solutions Accordance with the Control of
Moulds on Fishery Products

Abstract: The water activity of fishery products can be decreased by processing technologies. Therefore, bacterial growth is
reduced and the shelf life of products can be extended. The addition of salt and spices into the fishery products or heat treatments
reduce the water inside the fishery products, which is used by microorganisms. The growth of spoilage bacteria can be inhibited
by the reduction in water activity of fishery products. However, moulds can grow on processed fishery products. Thus, the growth
of moulds on processed fishery products is the main problem products. Also, moulds can cause illnesses in humans. In this
review; moulds, their contamination sources, the mould infections in humans, moulds isolated from processed fishery products,
and the control of moulds in fishery products are summarized. Fishery products containing moulds should not be consumed due to
the risk of human health. Precautions should be taken for moulds on fishery products, which will decrease the quality of fishery
products.

Keywords: Fishery products, moulds, control methods
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Giris

Balik  ve su  driinlerinin  bozulmasi
mikroorganizmalar (kiif, maya ve bakteriler) ile
ilgili olmasi (Lianou vd. 2016) yanisira mikrobiyal
kontaminatlarin popiilasyonlar1 ve tiplerine, i¢
faktorlere (pH, su aktivitesi, enzim aktivitesi,
besinsel igerik) ve dig faktorlere (sicaklik, paket gaz
kompozisyonu ve depolama zamani), isleme gibi
cesitli foktorlere bagli oldugu bildirilmektedir
(Marshall 2014; Lianou vd. 2016). Balik ve su

driinleri bozulma yapan mikroorganizmalar igin
miikemmel bir gelisim ortamidir. Bu mikrobiyal
popiilasyon igerisinde yer alan ¢esitli bakteri tiirleri
ve kiiflerin metabolik aktivitesi nedeniyle amonyak,
biyojenik aminler, protein olmayan azotlu maddeler,
alkoller, ketonlar, aldehitler, esterler, CO, gazi,
diger kotii koku, tat, renk kaybma neden olan,
yapigkan ve paketlerin sismesine neden olan diger
maddelerin {iretimine neden olabilmektedir (Comi
2017). Gidalarin tizerinde kiif gelisimi genellikle
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tiketim acisindan uygun olmadigim
diisiindiirmektedir. Kiifler cogu durumda bir¢ok
gidanin bozulmasina neden olurlar diger taraftan da
baz1 0Ozel kiifler gida katki maddesi veya belli
gidalarin  Uretiminde  kullanilmaktadir.  Bazi
peynirler kiiflerle olgunlastirilmaktadir. Ornegin
blue-veined, roquefort, camembert, brie, gammelost
gibi ve bazi kiifler fermente gidalarin (soya sosu,
miso, sonti ve tempeh) yapiminda kullanilmaktadir
(Uraz  ve Ozer 2014). Sosislerin isleme
fabrikalarinda  geleneksel  olarak  cogunlukla
Penicillium ve Aspergillus cinslerinden olusan
kiiflerle inokiilasyonu yapilmaktadir (Sunesen ve
Stahnke 2003). Bunun yanisira kiiflerin enzimler,
organik asitler, vitaminler, yaglar, antibiyotikler,
exopolisakkaritler, aromatik  maddeler, renk
maddeleri, aminoasitler gibi cesitli insanlara toksik
olmayan biyoiiriinler iiretmesi (Sahasrabudhe ve
Sankpal 2001; Londono-Hernandez vd. 2017) ve
cok cesitli farmakolojik maddelerin biyoteknolojik
yolla kiiflerden iiretilmesi saglanmaktadir (Money
2016). Buna karsin bazi kiiflerde gidalarda geliserek
kontamine olmus gidalarin tiiketimi sonucunda
insan ve hayvan sagligi acisindan risk olusturan
mikotoksinleri iretirler (Nguyen vd. 2017).
Gidalarda kiiflerin neden oldugu bozulma iki
kategoriye ayrilmaktadir. Birincisi; taze veya kolay
bozulabilen, c¢ogunlukla yiiksek su aktivitesine
sahip, pH’1 yiiksek gidalarin bozulmasidir. fkincisi
ise; disik pH’li gidalar, islenmis ve depolanmis
cogunlukla su aktivitesi diigiiriilmiis gidalarin
bozulmasidir. Islenmis ve depolanan iiriinlerin
kiifler tarafindan bozulmasi gidanin kompozisyonu,
isleme yontemi, kullanilan paketleme, depolama
sicaklign ile ilgilidir (Hocking 2014). isleme
teknolojileri ve depolama sicakligt mikrobiyal
gelisimi yavaglatarak balik ve su friinlerinin raf
omriini  uzatmaktadir (Comi 2017). Sicak hava
kullanarak dehidrasyon veya yiizeyin 1sitilmasi
gidalardan suyu wuzaklastirarak su aktivitesini
diisirmektedir. Bu olay mikrobiyal gelisimi ve
enzim aktivitesini inhibe ederek gidalarin raf
omriini  uzatmaktadir (Fellows 2017). Disiik su
aktivitesi diisiik mikrobiyal aktiviteye karsilik
gelmektedir (Ross ve Nichols 2014). Gidalara ilave
edilen tuz mikrobiyal gelisime kars1 koruyucu etki
gostermektedir. Diger antimikrobiyal maddelerle
kombine  olarak  gidalarin  su  aktivitesini
etkilemektedir (Man 2007). Tuza dayanikh kiifler
yiiksek tuzlu ortamlarda yagamaktadir. Yiiksek tuza
dayanikliliklar1 nedeniyle deniz ortaminda, tuz
gollerinde, halig, salamura iriinler gibi ortamlarda
bulunmaktadir (Musa vd. 2018). Bazi kiif tiirleri
kuru  tuzlanmis et  {riinlerinde  insanlarda
karsinojenik  ve mutajenik etkiler meydana
getirebilen aflatoksin, okratoksin gibi mikotoksinler

iiretebilmektedir. Gida iiriinlerinin kontaminasyonu
dretim zincirinin farkli noktalarinda; son iiriine
kadar iiretim ve depolama alanlarinda meydana
gelebilmektedir (Montanha vd. 2018). Kiifler
ozellikle islenmis, korunma islemi uygulanmamis ve
buzdolabinda depolanan gidalarda potansiyel olarak
bozulma meydana getirmektedir (Fung 2014).
Kiifler asidik kosullarda, noétral pH kosullarindan
daha hizl1 iiremektedir (Gock vd. 2003). Islenmis su
iiriinlerinde bozulma meydana getiren kiiflerin
disinda kiifler peynirlerin, ¢ikolata ve g¢esitli
fermente gidalarin iiretiminde de kullanilmaktadir.
Ayrica  kiiflerin  biyoteknoloji  alaninda da
kullanildigr bunun yanisira biyoyakit {iretiminde,
tarim, madencilik ve endiistriyel aktivitelerle hasar
gérmiis ortamlarin iyilestirilmesinde de kullanildig:
bildirilmektedir (Money 2016).

Bu c¢aligmada kiifler, bulasma kaynaklari,
kiiflerin insanlarda neden oldugu enfeksiyonlar ve
kiiflerin balik iriinlerinde kontroliine yo6nelik
¢Oziimlerin tretildigi caligmalarin derlenmesi bu
amagla kiiflerin olusturabilecegi risklere Kkarsi
farkindalik yaratilmasi ve gereken Onlemlerin
alinmas1 hedeflenmistir.

Kiifler (Funguslar)

Dogada kiifler Protista alemi igerisinde yer alip,
su, toprak, hava ve organik kalintilar iizerinde
yaygin olarak bulunan heterotrofik organotrof
mikroorganizmalardir. Saprofitik veya parazitik
yapidadirlar. Hiicrelerin temas halinde kalmasi
sonucu hifesel gelisme gostermektedirler. Hifelerin
olugturdugu filamental kitleye ise miselyum
denilmektedir (Unliitiirk ve Turantas 2003). Kiifler
cesitli simiflara ayrilmaktadir. Zygomycetes sinifi
kiifler eseysiz sporlar (sporangiosporlar,
arthrosporlar ve konidiosporlar) veya eseyli sporlar
(zygosporlar) iiretirler. Hifeleri septa icermez. Daha
eski olanlarinda septa olabilir. Takim Mucorales,
Familya Mucoraceae, Mucor ve Rhizopus cinslerini
icermektedir. ~ Thamnidiaceae  familyas1  ise
Thamnidium genusunu igermektedir (Banwart
1989). Baz1 patojenik Mucor tiirleri hayvan ve insan
saghigin1 tehdit etmektedir. Bunlar daha c¢ok
bagisiklik sistemi baskilanmis hastalarda kiiflerin
neden oldugu hastaliklar olarak adlandirilmaktadir.
Buna karsin Mucor tiirlerinin ¢ok az1 peynir
olgunlagtirilmasinda ve Asya fermente gidalarin
iretiminde kullanilmaktadir. Bazi tiirleri yiiksek
gelisim oranlart ve ikincil metabolit {riinlerin
iiretimi nedeniyle biyoteknolojik olarak da 6nemli
mikroorganizmalardir. Mucor tiirii kiiflerin neden
oldugu hastaliklar kan, barsak enfeksiyonlari, septik
artrit, cilt enfeksiyonlari, burun mukozasi, paranazal
siniisler ve beyinde yaptigi tahribatlara bagli gériilen
hastaliklar oldugu bildirilmistir (Morin-Sardin vd.



Kiling 2020 - LimnoFish 6(2): 169-178

171

2017). Ascomycetes smfi kiifler Ascomycotina
veya ascomycetes asci iceren askosporlar {iiretirler.
Askosporlar 1stya dayaniklidir ve gidalarda gelisimi
diisiik su aktivitesinde 0,61-0,80 gerceklesmektedir.
Cogu Ascomycetous kiifii Plectomycetes sinifinda

Eurotiales  cinsinde yer almaktadir. Baz
ascomycetous  kiifleri  birgok farkli  gidanin
bozulmasindan  sorumludur  (Cousin  2014).

Ascomycetes’ler eseyli asko sporlar1 askus olarak
adlandirilan yapida gelistirirler. Bunun yanisira
eseyli olarak hife tip uzantilann veya imperfecte
sahip olarak burada eseysiz sporlar {ireterek
gelisebilir. Ascomycetes icerisinde Byssochlamys,
Claviceps, Neurospora cinsleri yer almaktadir
(Banwart 1989). Deuteromycetes smifi kiif grubu
dallanma, septali hife ve eseysiz olarak konidia veya
sclerotia ile ¢ogalmaktadir. Fungi Imperfecti olarak
da adlandirilmaktadir.  Alternaria, Aspergillus,
Botrytis, Cladosporium, Colletotrichum, Fusarium,
Geotrichum, Penicillium, Scopulariopsis,
Sporotrichum, Trichoderma cinslerini igermektedir
(Banwart 1989). Aspergillus (eski cins ismi
Eurotium) zerofilik tiirleri i¢cermektedir (Chen vd.
2017).  Aspergillus cinsi ve tiirleri bazi
mikotoksinleri tiretmektedirler. Aspergillus flavus
ve Aspergillus parasiticus en oOnemli aflotoksin
ireten tiirlerken, okratoksin {iireten Aspergillus
carbonarius ve Aspergillus niger bu kiifler ayni
zamanda fumonisin, sterigmatocystin, cyclopiazonik
asit ve patulin tretmektedir. A. niger tiri
Aspergillus cinsinin en 6nemli tiirlerinden biridir.
Depolanan gidalarin  yiizeyinde siyah kiiflerin
olusumuna neden olurlar (Plascencia-Jatornea vd.
2014). Aspergillus tiirlerinin hepsinin
glukoz/fruktoz ortamda ¢ok hizli iremesine ragmen,
tuz ortaminda kismen veya biiylik 6l¢lide inhibe
oldugu bildirilmistir. Aspergillus wentii tiiriiniin
25°C’de tuza sasirtict bir sekilde toleransl oldugu,
yiksek {ireme oraninin ise 0,95 su aktivitesi
civarlarinda tuz ve glukoz/fruktoz ortamlarinin her
ikisinde de oldugu belirtilmistir.  Kiiflerin
¢imlenmesi i¢in gerekli olan minimum su aktivitesi
degerlerinin E. rubrum igin; 0,72 aw 20°C’de, A.
penicilloides i¢in; 0,73 aw 25°C’de, A. wentii i¢in;
0,76 aw 25°C’de, A. flavus icin; ise 0,83 aw
34°C’de oldugu belirtilmistir (Wheeler vd. 1988). A.
flavus mikotoksijenik kiif olup, aflatoksin B iiretme
yetenegine sahiptir. Genis pH araligin da (2,1-11,2)
gelisim gostermesine ragmen, pH<3,5’un altinda
gelisim oran1 yavaglar. 10-12°C diisiik sicakliklarda
ve 50-55°C gibi yiiksek sicakliklarda gelisim
gosterebilmektedir. Optimum gelisme sicakliginin
ise 33°C civarinda oldugu belirtilmektedir (Dobson
2011). A. flavus ve P. roqueforti 0,94 su
aktivitesinde Xeromyces bisporus tiiriinden daha
baskin oldugu, Eurotium chevalieri biitin aw

araliginda hizli bir sekilde gelisim gosterdigi ve
baskin oldugu, aw <0,80 altinda X. bisporus tiiriiniin
diger incelenen tiirlerden daha hizli biiyldigi
belirtilmistir (Leong vd. 2011). Fusarium tiirlerinin
sadece yiiksek su aktivitesi degerlerlerinde (0,95-
0,99 aw) baskin oldugu belirlenirken, Eurotium
tiirleri daha diisiik su aktivitesi degerlerinde (0,85-
0,90 aw) baskin oldugu bildirilmistir. Genel olarak

Aspergillus, Fusarim ve Trichoderma tiirleri
gelisebildikleri  su  aktivitesi ~ve  sicaklik
kombinasyonlarinda hizli bir sekilde gelisim

gosterirken, Penicillum tiirlerinin en distik gelisim
orani gosterdigi belirtilmistir (Marin vd. 1998).

Mikrorganizmalarin alt grubu olan zerofilik
kiifler su aktivitesinin azaltilmasiyla (< 0,85) gida
irinlerinin  yiizeylerinde hizli  bir  sekilde
gelisebilirler. Zerofilik kiiflerin gida {irlinlerinde
gelisebilmesi i¢ faktorlerin (su aktivitesi ve pH) ve
depolama kosullar (sicaklik) kombinasyonuna bagl
oldugu bildirilmistir (Deschuyffeleer vd. 2015).
Wallemia (Wallemiales, Wallemiomycetes)
genusunun zerofilik kiifii olup, Wallemia tiirleri
cogunlukla gida kontaminanti olarak tuz oram
yiikksek ortamlardan izole edilmektedir (Padamsee
vd. 2012).

Mikotoksinler

Mikotoksinler kiiflerin ikincil metabolit tiriinleri
olup, gidalarda iiretilmektedir. Gida ile birlikte
alindiginda ‘mikotoksikosis’ adi verilen hastaliga
neden olabilmektedir (Bryden 2019).
Mikotoksinlere maruz kalma insanlarda ve birgok
hayvan tiirlinde hastalik yanisira Oliimlere bile
neden olabilmektedir (Bennett ve Klich 2009).
Gidalarin mikotoksinlerle kontaminasyonu insan ve
hayvan saglig1 acisindan risk olusturmasi yanisira
onemli ekonomik kayiplara da neden olabilmektedir
(Anater vd. 2016). Tarimda ve gida endiistrisinde
Avrupa Birligi Yonetmeligi tarafindan belirlenen en
tehlikeli mikotoksinlerin (trihothecenler o6zelikle
deoxynivalenol, fumonisins, aflatoksin ve
okratoksin A) ¢ ana kif cinsi (Fusarium,
Aspergillus ve Penicillium) tarafindan {iretildigi
bildirilmistir (Nguyen vd. 2017). Baliklarin farkh
tiirlerinde mikotoksinlerin giivenlik degerleri ve
toksik etkileri hala yiizeysel olarak bilinmektedir.
Mikotoksinlerin aflatoksinler i¢in ilk limitin 1960’1
yillarda konuldugu 2003 yilinin sonunda bazi
iilkelerde gida triinleri ve yem maddeleri i¢in limit
konuldugu belirtilmistir. Sayilar giderek
artmalarina ragmen, baliklarda mikotoksinlerin
tolere  edilebilir  kalintt  miktarlarinin  hala
bilinmedigi belirtilmistir (Anater vd. 2016).
Mikotoksinler insanlar ve hayvanlar iizerinde ¢esitli
akut ve kronik etkiler yaratmaktadir. Mikotoksinler
ekonomik agidan insan ve hayvanlarin hayat kaybini
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azaltmak i¢in uygulanan veteriner ve saglik izole edildigi  belirtilmistir. ~ Ayrica  insan
harcamalarinda artisa, hayvan yetistiriciliginde  popiilasyonun  %20’sinin  (n=384) olas1  kiif
kayiplara, kontamine gida ve yemlerin imha  enfeksiyonlar1 agisindan incelendigi calismada

edilmesine, mikotoksin problemlerini azaltmak i¢in
gerekli olan uygulamalar ve aragtirmalar igin
yatirimlar1 gerektirmektedir (Zain 2011).

Kiiflerin Bulasma Kaynaklari

Balik marketlerinde satis i¢in depolanan
tiitsiilenmis ~ kurutulmus  balik  6rneklerinin
aflatoksijenik kiif ile kontamine oldugu bildirilen
calismada tirlinlerin aflatoksin B1 ve Gl igerigi
nedeniyle tiiketim igin kabul edilebilir nitelikte
olmadiklar1 bildirilmistir. Bu firlinlerin uzun siire
tiketiminin ise saglik acgisindan tehlikeli oldugu
belirtilen ¢aligmada ¢ogu kif tiiriiniin  balik
orjininden  farkli ve  kontaminant oldugu
belirtilmistir (Adebayo-Tayo vd. 2008). Kurutulmus
baliklarin  kalitelerine  isleme ve depolama
asamalarinda  dikkat edilmediginde kurutma
esnasinda kiif gelisimi nedeniyle mikotoksin iiretimi
tehlikesinden sakinmak i¢in biiyiik miktarlarda
baliklarin atildigi bildirilmistir (Gupta ve Samuel
1985). Kuru tuzlanmis et iiriinlerinin Penicillium
nordicum ile kontaminasyonunun tiiketiciler ve
isleme fabrikasindaki isciler acisindan potansiyel
risk olusturdugu belirtilen calismada
kontaminantlarin bulagsma kaynaginin ise tuz oldugu
bildirilmistir (Sonjak vd. 2011). Diisiik tuz oranlar1
ve baharatlarin kullanilmasiyla kurutulan balik
(Sardinella gibbosa) tiirtiniin mikrobiyal kalitesinin
belirlenmesi {izerine yapilan calismada baharat ve
%2 tuzla kurutulmus balikta maya ve kiif sayillamaz
kadar ¢okken, %10 tuzlanarak kurutulmus baligin
gramindaki maya kif sayismin 30 cfu/g oldugu
bildirilmistir. Calismada maya ve kif
kontaminasyonunun baharatlar nedeniyle olduguna
deginilmistir (Nuwanthi vd. 2016).

Su iiriinleri, deniz ortamndan ve balk
iiriinlerinden izole edilen kiifler

Penicillium oceanica ile ilgili mikrofloranin
incelendigi calismada kiiflerin deniz ortaminda
onemli ekolojik rol oynadigi fakat farkh
biyoteknolojik  alanlarda  olduk¢a  kullanigh
olabilecegi belirtilmigtir. Calismada Ascomycetes
smifina ait toplam 88 kiif izole edildigi
bildirilmigtir.  Bunlarin ~ ¢ogunun  Penicillium,
Cladosporium ve Acremonium cinsine ait oldugu
bildirilmistir (Panno vd. 2013). Hindistan’1n
Kashmir Dal goliinde gol suyunda firsatgr kiiflerin
varlig1 ve insan popiilasyonunda ortaya c¢ikan kiif
enfeksiyonlarinin varligimin belirlenmesi iizerine
yapilan caligmada g6l suyunda Aspergillus,
Candida, Penicillium, Cryptococcus, Fusarium,
Rhizopus ve Mucor cinsine ait patojen kif tiirlerinin

kisilerin % 8,07’sinin kiif enfeksiyonlar1 agisindan
pozitif oldugu, % 4,68’ininde deri enfeksiyonu,
%2,34’tiniin tirnaklarinda mantarli enfeksiyon, %
1,04’tinde ise Candida’nin neden oldugu mantar
enfeksiyonlarin gozlemlendigi bildirilmistir (Bandh
vd. 2016).

Kiiflerin fermente {irlinlerin ylizeyinde varligi
bazen istenen bazende istenmeyen etkilere neden
olmaktadir. Istenmeyen etkiler genellikle bozulma
yapan kiiflerin gelisimi ile ilgilidir (Sunesen ve
Stahnke 2003). Tuzlanarak kurutulmus baliklarda
bazen ‘dun’ veya ‘mite’ olarak bilinen bozulmalar
meydana gelmektedir. Bu durumda baliklarda kii¢iik
kahverengi, siyah veya acik kahverengi nokta
seklinde kiifler baliklarin yiizeylerinde
gelismektedir. Bunlar halofilik veya halotolerant kiif
olan Sporendonema veya Geotrichum cinslerine ait
kiif tiirleridir. Bu kiif tiirleri pH 3,3 ile 7,5 araligin
da %75 nem igeriginde, %5-10 tuz igerignde gelisim
gostermektedir. Tuzlanmig baliklarda
Sporendonema epizoum sebep oldugu bozulmalar
bildirilmistir (Beuchat 1987).

Ug farkli marketten satin alinan tiitsiilenmis
kurutulmus baliklardan en yiiksek oranda izole
edilen kiiflerin Aspergillus flavus, A. tereus.
Aspergillus fumigatus, Absidia sp., Rhizopus sp., A.
niger, Mucor sp., Cladosporium sp, Penicillium
italiculum, Penicillium viridatus, Candida tropicalis
and Fusarium moniliformis, Aspergilus flavus ve A.
tereus oldugu belirtilmistir (Adebayo-Tayo vd.
2008). Giineste kurutulmus balik 6rneklerinde nem
iceriginin yiiksek olmasi nedeniyle toplam kiif
sayisininda yiiksek olarak saptandigi belirtilmistir.
Balik orneklerinde goriilen kif kolonilerinin
atmosferdeki nemlilik ve baliklarin yiiksek nem
icerigi nedeniyle ortaya ¢iktigi bildirilmistir
(Patterson ve Ranjitha 2009). Endonezya’dan kuru
tuzlanmig baliklarin  mikroflorasinin  incelendigi
calismada toplam 364  izolattan  74’iiniin
tanimlandigr c¢alismada c¢ogunlukla izole edilen
tirlerin Eurotium rubrum (%35), E. repens (%26),
E. amstelodami (%22), E. chevalieri (%18),
Aspergillus niger (%37), A.flavus (%27), A. sydowii
(%23), A. penicilloides (%16) ve A. wentii (%15)
oldugu bildirilmistir. 17’sinin diger cinse ait
tiirlerden olustugu ve Penicillium tiirlerinin de daha
az siklikla izole edildigi belirtilmistir (Wheeler vd.
1986). Yapilan bir ¢calismada kurutulmus baliktan 4
zerotolerant  kiif olan Paecilomyces variotii,
Eurotium amstelodami, Aspergillus candidus ve
Aspergillus  sydowii tiirlerinin  izole edildigi
bildirilmistir (Wheeler ve Hocking 1988). Yapilan
diger bir ¢alismada kurutulmus balik iirlinlerinden
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Aspergillus  niger, Penicillium  citrinum ve
Cladosporium clodosporioides tiirlerinin ilk olarak
bozulma meydana getiren  kiifler oldugu
bildirilmistir (Park vd. 2014). Taze ve tiitsiilenmis
yilan  baliklarmin ~ mikrobiyal  kalitelerinin
belirlenmesi iizerine yapilan ¢aligmada taze yilan
baliginda belirlenen 7 cins kiiften en baskin olaninin
Fusarium tiirleri oldugu bildirilirken, tiitsiilenmis
yilan baliginda belirlenen 5 cins kiiften en baskin
olanin Penicillium cinsine ait oldugu belirtilmistir
(Vishwanath vd. 1998). Diisiik yag icerigine sahip
tropikal balik tiirlerinin  tuzlanarak  giineste
kurutulmas: islemlerinden sonra baliklardan 13 kiif
tirtiniin  izole edildigi vurgulanmistir (Doe ve
Heruwati  1988).  Kurutulmus  Chrysichthys
nigrodigitatus ve Pseudotolithus typus baliklarinin 4
hafta  boyunca  mikrobiyolojik  Kalitelerinin
incelendigi ¢aligmada her iki balik tiiriiniin
mikrobiyal yiiklerinde depolama boyunca yiikselme
gozlendigi bildirilmistir. iki tiirde de Aspergillus
flavus tiirtiniin saptandig1 belirtilmistir (Tkutegbe ve
Sikoki 2014). 25 kurutulmus baliktan 61 kif
izolatinin  elde edildigi ¢alismada en fazla
Aspergillus niger’in saptandigi, Aspergillus flavus,

A. fumigatus, A. glaucus, A. restrictus,
Aureobasidium spp., Basipetospora halophila,
Cladosporium  herbarum,  Gliomastix,  spp.,

Penicillium chalybeum ve Penicillium expansum
gibi diger kiif tiirlerininde izole edildigi
bildirilmistir (Atapattu ve Samarajeewa 1990). 60
tuzlanmig balik 6rneginin 50’sinin zerofilik kiiflerle
kontamine oldugu, kontamine olan tuzlanmisg
baliklarda saptanan zerofilik kiiflerin ortalama
degerinin 2,45 log cfu/g oldugu belirtilmistir.
Aspergillus tiirlerinin baskin zerofilik kiif oldugu,
bunu Penicillium tirlerinin takip ettigi en ¢ok izole
edilen kiif tiirlerinin A. niger ve P. verrecosum
oldugu bildirilmistir (Ahmed vd. 2005). 200 adet
tuzlanmig ve soguk tiitsiilenmis balik 6rneklerinin
satin alinarak mikrobiyal agidan incelendigi
calismada Aspergillus fumigatus tiirliniin en ¢ok
izole edilen kif tiirii oldugu vurgulanmigtir (Mashak
vd. 2016). Tuzlanarak kurutulmus baliklarin A.
flavus ile sicaklik 25,2-352°C’de, %17-50 nem
igeriginde, %0,25-19,88 tuz igeriginde ve 0,73-0,86
su aktivitesi degerlerinde kontamine oldugu

belirtilmigtir. Caligmada tuzlanarak kurutulmus
baliklarin ~ %9,33  (14/150)’inde A. flavus
bulgulandigi, incelenen Orneklerin ise %8’inde

aflatoksin B1 saptandigi bildirilmistir (Indriati vd.
2017). Gelencksel tuzlanmig fermente balik
iriinlinde saptanan maya-kif sayilarinin 0,48 log
cfu/g degerinden 3,14 log cfu/g degerine kadar
degisim gosterdigi belirtilmistir (Gassem 2019).

Kiiflerin Neden Oldugu Hastahklar

Baz1 patojenik kiifler et {iriinlerinde ortaya
cikarak gida giivenligi acgisindan risk olusturabilir
(Fung 2014). Hortaea werneckii tiirii tropikal ve
subtropikal ortamlarda yaygin bir sekilde dagilim
gostermekte olup, insanlarda yiizeysel mikotik
enfeksiyonlara sebep olabilmektedir (Abliz vd.
2003). Biitiin kiifler insanlarda alerjenik olabilir.
Alerjenik kiif cinslerinin bazilarinin Aspergillus,
Amanita, Boletus, Cladosporium ve Claviceps
oldugu bildirilmistir. Kiiflerin urettikleri
mikotoksinlerin, Beta-glukanlarin, kiifsel ugucu
organik maddelerin potansiyel olarak rahatsiz edici,
toksik, teratojenik, karsinojenik ve bagisiklik
sistemi baskilayici oldugu bildirilmistir. Kiiflere ve
onlarin iriinlerine maruz kalan insanlarda asiri
duyarhilik reaksiyonlarinin, ¢oklu ajanlarin ve farkl
hastalik sonuglarinin gelisebilecegine deginilmistir
(Li ve Yang 2004). Firsatc1 kiiflerin sebep oldugu
hastaliklar arasinda alternariosis ve fusariosis ile
birlikte aspergillosis kismen 6nemli olup, patolojik
karakterleri ile diger gruplardan daha 6nemli oldugu
bildirilmistir. Kiiflerin deri ve kulak
enfeksiyonlarma neden  oldugu  belirtilmigtir
(Vennewald ve Wollina 2005). Zoonotik kiifler
dogal olarak hayvanlar ve insanlar arasinda
iletilmektedir. Baz1 durumlarda 6nemli halk sagligi
problemlerine neden olabilmektedir. Diinyada en
onemli kiif hastalik gruplart arasinda zoonotik
iletimle ilgili ¢ok sayida mikosis bulunmaktadir.
Bunlarin  Talaromyces (Penicillium) marneffei,
Lacazia loboi, Emmonsia spp., Basidiobolus
ranarum, Conidiobolus spp. ve Paracoccidioides
brasiliensis tiirlerinin neden oldugu bildirilmistir
(Seyedmousavi vd. 2015). Deri, sa¢ ve tirnaklarda
kiifler yiizeysel deri hastaliklarina yol a¢gmaktadir
(Dorr 2007). Tinea nigra Hortaea werneckii
tiriiniin neden oldugu fungal deri enfeksiyonu
oldugu belirtilmistir. Ellerin atipik
mikroorganizmayla  enfekte  olmasi  oldukca
yaygindir. Kahverengi-siyah diizensiz sekile sahip
olan lekelerin genellikle avugici ve tabanlarda
yerlestigi  belirtilmistir. ~ Bagisikhik  sistemi
baskilanmis hastalarda kiiflerin bu enfeksiyonlara
daha fazla neden oldugu bildirilmistir (Elhassan vd.
2004; Nazzaro vd. 2016).

Balik iiriinlerinde kiif gelisiminin kontroliine
yonelik ¢coziimler
Kiiflerde bakteriler gibi gelisim i¢in suya ihtiyag

duyarlar.  (Polypaecilum pisce, Basipetospora
halophila ve  digerleri) 30°C  civarindaki
sicakliklarda en 1iyi gelismektedirler. Baligin

sicakligin1  diigiirerek kiiflerin  ¢imlenme  siiresi
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uzatilarak, ilireme oran1 yavastilmaktadir. Buna
karsin kiiflerin kontroliinde en etkili metodun

kiiflerin ¢imlenme ve gelisimi igin gerekli olan su
akvitesi degerinin altina diistirmektir. Tekrar nem
almadik¢a baliklarin uzun periyotlar da uygun
kosullarda depolanabilecegi belirtilmistir  (Doe
1998). Kurutma ve depolama yontemlerinin
iyilestirilmesinin kiiflerin varligim azaltacagi ve
gelisimini engelleyecegi bildirilmistir (Adebayo-
Tayo vd. 2008). Kurutulmus baliklarin ¢ogunlukla
hijyenik olmayan kosullarda islenmesi, yetersiz
tuzlama, hijyenik olmayan kurutma, islemede
bozulmus balik kullanilmasi, kurutulmus baliklarin
hava gegirgen ambalajlar kullanilarak paketlenmesi
gibi  nedenlerden dolayr baliklarin  kalitesi
diismektedir (Immaculate vd. 2013). Bu nedenle
kiif gelisiminin 6nlenmesi i¢in baliklarin 5°C’nin
altinda  depolanmasinin  ve sorbik  asit
kullanilmasinin etkili oldugu bildirilmistir (Beuchat
1987). Yapilan diger bir c¢alismada balik
filetolarmin figilar igerisinde %7 asetik asit ve %14
tuz ¢ozeltisinde marine edildiginde kiiflerin inhibe
oldugu belirtilmistir (Kiling ve Cakli 2004).
Gidalarda kiif bozulmasinin  6nlenmesi igin,
gidalarin  mikrobiyal florasimin izole edilerek
tanimlanmasi1 gerekmektedir. Bozulma ile ilgili olan
kiif  grubunun  zerofilik, 1siya  dayanikl,
koruyuculara dayanikli ve psikrofilik kiifler oldugu
bildirilmistir. Ayrica kiif bozulmasinin belirlenmesi
icin uygun metot ve besiyerinin kullanilmasinin
gerekli oldugu bildirilmistir (Rico-Munoz vd. 2018).
Aspergillus  flavus  karsinojenik  aflatoksinleri
iiretebilme yetenekleri nedeniyle tiiketicilerin
sagligini tehlikeye sokmaktadir. Tiiketicilerin saglik
riskini minimuma indirmek igin tiitsiilenerck
kurutulan baliklarin geciktirilmeden tiikketilmesi ve
tilketimden once uygun sekilde pisirilmesi tavsiye
edilmektedir (Ikutegbe ve Sikoki 2014). Kiif
gelisiminin kontrolii i¢in tuzlanmis ve tiitsiilenmis
baliklarin  raf Omriiniin  arttirilmas1t  amaciyla
sorbatlarin  kullanildig1  belirtilmektedir. isleme
kosullarina bagli olarak biitiin, temizlenmis balik
veya filetolara tiitsiileme 6ncesinde veya sonrasinda
uygulanabildigi bildirilmistir. %5°’lik soliisyona 1
dakika daldirma veya %10’luk sprey ¢ozeltisi
kullaniminin etkili oldugu belirtilmistir. Tuzlanmis
baliklarda potasyum sorbatin salamura cozeltisine
veya kuru tuzun igerisine karigtirilarak kullanildigi
bildirilmigtir. Ayrica baliklarda sorbat kalinti
miktarinin = %0,1’den fazla olmamas1 gerektigi
vurgulanmistir (Furia 1972). Su aktivitesi azaltilmis
veya kuru driinlerin korunmasinda paketlemenin
onemli oldugu vurgulanarak isleme ve paketleme
metotlarin isleme sonrast kaliteyi korudugu ve
driinlerin  raf Omriinii arttirdigina  deginilmistir
(Amora-Blanco vd. 2018). Bazi gida fiiriinlerinde

patojen  kiiflere = kars1  biyolojik  kontrol
mikroorganizmasi olarak Debaryomyces hansenii

mayasinin  potansiyel olarak kullanilabilecegi
bildirilmistir =~ (Medina-Cordova  vd.  2018).
Titstilenmis  kurutulmus  balik  irilinliinden

Aspergillus tamarii izole edilmistir. Bu kiifiin
glikoz/fruktoz ortamina tuza gore daha iyi tolerans
gosterdigi, tuzda kismen  inhibe  oldugu
bildirilmistir. Tiitsiilenmis kurutulmus balik ve diger
tropikal gidalarda predominant olan kserofilik
(kurakliga dayanikli) kiiflerin  kontrolii igin
stratejilerin ~ gelistirilmesinde ~ kullanilabilecegi
belirtilmistir (Mohamed vd. 2012). Tuzlanmis
baliklarmm  kiif  gelisimi  acisindan  siirekli
kontrollerinin  yapilmasinin ~ 6nemli  oldugu
belirtilerek, tuzlanmis baliklarda zerofilik kiif
gelisiminin  kontroliinin  gelistirilmesinin  gerekli
oldugu vurgulanmistir (Ahmed vd. 2005).
Kurutulmus balik iiriinlerinde Aspergillus niger,
Penicillium citrinum ve Cladosporium
cladosporioides’in inaktivasyonu igin 260 nm dalga
boyunda UV 1smmin 600 mWs/cm? uygulama
isleminin kurutulmus balik filetolarinda renk ve
duyusal degisimlere neden olmaksizin potansiyel
olarak kullanilabilecegi tavsiye edilmistir (Park vd.
2014). Aspergillus brasiliensis (niger) tiiriiniin
gelisen misellerinden mantar kitosan ekstrakte
edilerek Nile tilapia (Oreochromis niloticus)
baligindan {retilen islenmis balik sosisinde
antimikrobiyal, koruyucu ve kalite arttirici madde
olarak potansiyel rolii incelenmistir. A. brasiliensis
tirinden elde edilen kitosanin kullaniminin
depolama esnasinda iiriinlerin duyusal 6zelliklerini
arttirmak ve mikrobiyal kalitelerini arttirmak
amaciyla kullanilmasi siddetle tavsiye edilmektedir
(Tayel 2016). Yapilan diger bir ¢aligmada kitosan
muamelesinin maya ve kiif gelisimini ve mikrobiyal
sayilar1 azalttigi, geleneksel kurutma iglemi ile
karsilagtirnildiginda kitosan ile muamele edilen
orneklerin daha parlak goriintiiye sahip oldugu
bildirilmistir (Gudjonsdottir vd. 2015). Ug farkh
aromatik bitki olan Cymbopogon citratus, Ocimum
gratisimum ve Thymus vulgaris tiirlerinden elde
edilen esansiyel yagin Aspergillus ochraceus,
Penicillium expansum ve Penicillium verrucosum
iizerine etkisinin incelendigi ¢alismada ii¢ esansiyel
yagin en yiiksek aktivitesinin pH 3’de A. ochraceus
tiirtine karsi, pH 9’da ise her iki Penicillium tiirine
kars1 oldugu bildirilmistir (Nguefack vd. 2009). %4
ve %6 anason yag kullanmlarak elde edilen
yenilebilir film ile kaplanan kurutulmus baliklarda
maya ve kiif gelisimi Onlenerek kurutulmus
baliklarin raf omriiniin 3 glinden 21 giine uzadig1
belirtilmistir (Matan 2012). Esansiyel yaglar,
koruyucularin, dogal iriinlerin, fungisitlerin,
nanopartikiillerin, kitosan kullanilarak {iretilen film
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ve kaplamalarin gida paketlemenin antimikrobiyal
etkisi olarak kiif gelisimine olan etkisinin
incelendigi c¢ok sayida ¢alismanin bulundugu
belirtilmigtir. Biitiin test edilen molekiiller igin
Penicillium tiirlerinin Aspergillus tiirlerinden daha
duyarli oldugunun gorildiigii bildirilmistir. Aktif
paketlemenin etkisinin daha ¢ok gidanin ig
faktorlerine (su aktivitesi, pH, sicaklik, tuz
konsantrasyonu, etin biylikliigi, dogasina, film
uygulamasina, buna ilave olarak zamanla aciga
cikan sabit olmayan antifungal bilesiklerin
miktarina) bagl oldugunun goriildigii belirtilmistir
(Long wvd. 2016). Geleneksel  yemeklerin
hazirlanmasinda kullamilan Exophila cancerae
iceren yengecin insan saglhgl acisindan risk
olusturma durumunun incelendigi ¢alismada 30 sn
kisa siire kaynayan suya maruz birakma isleminin
yengec etindeki E. cancerae’y: inaktif hale getirdigi
belirtilmistir. Calismada hasta veya tasiyict
yengecin geleneksel yemeklerde ham materyal
olarak kullanilmasinin insan sagligi agisindan risk
olusturmadigi belirtilmistir  (Orelis-Ribeiro  vd.
2012). Kiiflerin tanimlanmasi ve daha hizli ve
duyarli belirleme metotlarinin gelistirilmesi {izerine
daha ¢ok c¢alisma yapilmasinin gerekli oldugu
vurgulanmistir (Rico-Munoz vd. 2018).
Mikotoksinlerin kontrolii i¢in gerekli uygulamalarin
uluslararas1 olarak saglanmasina ragmen, pratik

olarak  Ol¢limlerin  heniiz  tam  anlamda
uygulanmadigr bildirilmistir (Zain 2011). Gida
kaynaklarmin ~ mikotoksin  kontaminasyonunu

azaltmak icin miidahale edici stratejilere ihtiyag
oldugu bildirilmistir (Bryden 2019). Mikotoksinlere
deri ve solunum yolu ile maruz kalindiginda saglik
acisindan risk olusturacagi belirtilerek, Omik
teknolojilerin mikotoksin tiiretimi ve Onlenmesi
hakkinda daha cok bilginin 6grenilmesi i¢in yeni
yollar saglayacagina deginilmistir (Bennett ve
Moore 2015). Diinya ¢apinda seyahatlarin artmasina
bagli olarak mikotik hastaliklarin bir bolgeden
digerine yayildigi bildirilmistir. Endiistri, ilag,
akademisyen,  kimyacilar =~ ve  aragtirmacilar
tarafindan acil olarak kiiflerin neden oldugu hastalik
orani artiginin ve Oliimlerin dnlenmesi i¢in yeni
antifungal ilaglarin kesfedilmesi ve gelistirilmesinin
gerektigi bildirilmistir (Dorr 2007). Su {irlinlerinin
degerlendirilmesinde etkili isleme metotlarinin
kullanilmas1 ve hijyenik kurallarin uygulanmasi
islemlerinin hem bolgesel olarak hemde ihracat
pazarlarinda balik tirlinleri igin saglanmasi gerektigi
vurgulanmustir (Patterson ve Ranjitha 2009).

Sonug¢

Tuzlanmig, kurutulmus, fermente ve marine
edilerek islenmis su {driinleri su aktivitesinin
diistiriilmesi nedeniyle kiiflerin gelisimi i¢in uygun

ortamlardir. Kiifler aerobik mikroorganizmalar
olduklar i¢in taze ve islenmis su uriinlerinde kif
kontaminasyonunun ve gelisiminin &nlenmesi
amaciyla mutlaka paketleme isleminin uygulanmasi
gerekmektedir. Aksi takdirde islenerek agikta
tutulan veya paketleme islemi uygulanmaksizin
depolanan su iriinlerinde kiifler geliserek triinlerin
bozulmasina neden olabilmektedir. Marinasyon
islemi uygulanan su {irlinlerininde ise kiiflerin
gelisimini engellemek amaciyla kavanozlar agzina
kadar yag veya marinat soliisyonu ile kaplanmalidir.
Ayrica marine edilen, tuzlanmis ve kurutulmus olan
su iriinlerinin vakum paketler igerisinde satisa
sunulmasi da kiif gelisiminin engellenmesi amaciyla
onerilebilir.  Depolama  esnasinda  paketlerin
delinmesi veya yirtilmasi gibi islemler de islenmis
su {lrlinlerinin hava almasina ve kiif gelisimine
neden olabilir. Bu nedenle islenmis su iriinlerinin
depolama esnasinda paketlerin hasar gdrmesi
engellenmeli veya hasar gormiis paketlenmis su
iiriinlerinin tliketiciler tarafindan satin alinmamasi

tavsiye  edilmektedir.  Uriinlerin  depolanmasi
esnasinda gelisen kiiflerin olusturduklari
mikotoksinlerin  kanserojen maddeler  olmasi

nedeniyle kiif gelismis {irlinlerin tiikketiminin risk
olusturdugu bilinmeli ve tiiketilmemelidir. Kiiflerin
balik trlinlerinde gelisiminin 6nlenmesi amaciyla
saglik agisindan zararli kimyasal katki maddeleri
kullanim1 yerine dogal olan bitki igerikli ektrakt,
yag veya film kaplama materyallerinin tercih
edilmesi tavsiye edilmektedir. Balik iriinlerinin
iretimden tliketime kadar ki tiim asamalarda kiif
gelisiminin  Onlenmesi i¢in gereken Onlemler
almmali  ve  kalite  kayiplarmin  olusumu
engellenmelidir.
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Figure "b" given in Figure 2 on page 79 of the article is given twice by mistake.

Shape "c" has been added. The attached form of the "c" shape is as follows.
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