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1. Introduction

Ecologically, wetlands are among the richest
biomes. In addition to being economically valuable,
they serve as water storage reservoirs that reduce
the severity of floods and improve water quality
(Campbell & Reece 2008). Environmental pollution
is one of the most important problems threatening
our world. Our lakes, which are very important in
terms of life and economy and have a rich ecological
structure, are exposed to some irreversible changes
as a result of conscious or unconscious interventions.
The development of technology and industry, rapid
population growth, irregular urbanization, increased
agriculture and livestock activities, as well as an
increase in domestic and industrial wastewater cause
environmental pollution (Wetzel 2001; Kocatas 2008).

In the past, wetlands, especially lakes, were
regarded as wastelands and people converted many
wetlands into agricultural and development land,
mostly by filling them with soil. In recent years,
both private institutions and governments have
attempted to protect the remaining wetlands through
acquisitions, economic incentives and regulations
(Campbell & Reece 2008).

Water pollution is one of the most important
environmental problems today. Organic and inorganic
substances, industrial wastes, pesticides, heavy metals,
chemical fertilizers, detergents, petroleum and its
derivates, microorganisms and oils, which enter
aquatic systems in various ways, cause water pollution
and deterioration of the water balance (Ellis et al. 1989;
Wagner & Boman 2003; Uysal et al. 2009; Li et al. 2020).

Metals with a density greater than 5 g/cm?® are
called heavy metals, such as copper, zinc, iron,
cadmium, nickel, etc. (Zhuang et al. 2016). Heavy
metals originate from both natural sources and
anthropogenic activities, such as erosion, forest
fires, volcanic activities, mining, traffic, domestic,
agricultural and industrial wastes, and spread in
lakes, rivers and seas (Goksu 2014; Mostert et al. 2010;
Islam et al. 2015; Yuan et al. 2019; Kumar et al. 2020a).
Since 1960, heavy metals have been considered an
important parameter in the systematic measurement
of environmental pollution (Salomons 1993). Heavy
metals are the major chemical pollutants in aquatic
systems due to their non-degradability, high
toxicity, persistence, ubiquity, easy accumulation
and biomagnification (Vu et al. 2018; Xu et al. 2018;
Ali et al. 2019; Fan et al. 2020). Metals are found in
natural waters in the form absorbed by free ions,
inorganic or organic compounds and particulate
matter (Engel et al. 1981). When heavy metals are
present in the aquatic environment as ions, their

toxic effects increase (Tirkmen & Tirkmen 2004).
Heavy metal concentrations in water and sediments
depend on some physicochemical parameters, such
as temperature, pH, dissolved oxygen, electrical
conductivity etc. (Goksu 2014).

In fact, the concentration of heavy metals in water
is lower than in sediments and aquatic organisms
(Namminga & Wilhm 1976). Due to their high atomic
weight and higher density compared to water, metals
present in water are absorbed by sediment. The
sediment acts as both a source and a sink. These toxic
metals are released back into the water column with
environmental changes such as pH, temperature,
redox potential, salinity etc. in the dynamic water
column above the sediment (Irabien & Velasco 1999;
Soares et al. 1999; Laxmi Mohanta et al. 2020). The
capacity of sediments to accumulate metals depends
on several factors. These are divided into two groups:
physical (grain size, surface area and surface charge)
and chemical (composition and geochemical phases,
and ion exchange capacity; Baker 1980).

While working on the water and sediments of
Lake Egirdir, Kaptan & Tekin-Ozan (2014) analyzed
some heavy metals and found that the metal with the
highest concentration in water was Mn, and the metal
with the lowest concentration was Cr. In the sediments,
Fe occurred with the highest concentration and Cd
with the lowest. Sener et al. (2014) determined some
heavy metals in the sediments of Lake Egirdir and
reported significant enrichment of sediment samples
with Pb, Cu, Ni, Fe and Zn.

Heavy metal pollution has been studied in various
aquatic systems in Tiirkiye (Kayrak & Tekin-Ozan 2018;
Kankilic 2019; Tokath & Ustaoglu 2020; Gilizel et al.
2022; Tokath & islam 2022; Comakli, 2023; Yozukmaz
& Yabanh 2023) and other countries (Alahabadi &
Malvandi 2018; Kumar et al. 2020b; Laxmi Mohanta
et al. 2020; Qiao et al. 2020; Tian et al. 2020; Lipy et al.
2021; Karaouzas et al. 2021; Ehiemere et al. 2022; Seal et
al. 2022; Tokatli & islam 2022; Comakl 2023; Yozukmaz
& Yabanli 2023).

Determination of metal levels alone does not
provide information on their potential toxicity. For
this reason, some indices such as the Water Quality
Index (WQI), Heavy Metal Pollution Index (HPI),
Heavy Metal Evaluation Index (HEl) for water and
the Enrichment Factor (EF), Geoaccumulation Index
(I, Contamination Factor (CF), and Pollution Load
Index (PLI) for sediments have been used in recent
years to determine the source of pollution and the
degree of contamination, and to assess its ecological
effects in water and sediment (Cevik et al. 2009; Li et
al. 2015; Varol & Davraz 2015; Ustaoglu & Tepe 2019;
Tokath & Ustaoglu 2020; Ustaoglu 2021; Findik & Aras
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2023; Yozukmaz & Yabanl 2023; Sener et al. 2023). In
addition, various sediment quality guidelines (SQGs)
have been developed to protect organisms living in
freshwater ecosystems (MacDonald et al. 2000).

The most important objectives of this study are:

1. to determine some physicochemical parameters
in water and the levels of Cd, Cr, Cu, Fe, Mn, Mo,
Ni, Pb, Se and Zn in water and sediment, and the
similarities and differences between the seasons;

2. to show the relationship between some
physicochemical parameters and metals and Se in
water;

3. to compare with permissible and standard limits
of heavy metals and Se in water specified by the
European Union (EU), the U.S. Environmental
Protection Agency (EPA), the World Health
Organization (WHO), the Ministry of Environment
and Urban Planning, and Turkish Standardization
Institute (TSE);

4. to evaluate the degree of contamination,
water quality and sediment quality of Lake
Egirdir using the Water Quality Index (WQlI),
Heavy Metal Pollution Index (HPI), Heavy Metal
Evaluation Index (HEIl), Enrichment Factor (EF),
Geoaccumulation Index (I ), Contamination
Factor (CF), Pollution Load Index (PLI) and
Sediment Quality Criteria (SQGS).

2. Materials and methods

2.1. Study area and sampling locations

Lake Egirdir (Isparta) is the second largest (468 km?)
freshwater lake in Tirkiye, located between latitudes
35°37'41"N and 38°16'55"N and longitudes 30°44'39"E
and 30°57'43"E (Fig. 1). It was formed as a result of
tectonic and karstic effects. It extends in a north-
south direction north of the town of Egirdir; its length
is approximately 58 km and its width is approximately
15 km (Alp et al. 1994; Web 1 2021). The Hoyran Strait
narrows in an east-west direction and divides the lake
into two parts: Egirdir and Hoyran (Kesici & Kesici 2006).

In 1996, the water area surrounded by the
maximum water level of Lake Egirdir was recognized
as the 1st Degree Natural Protected Area and a
300-meter strip starting from the maximum water level
was recognized as the 3rd Degree Natural Protected
Area. Today, these areas have been given the status
of “Natural Site—Qualified Natural Protection Area”,
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Figure 1

Study area; Lake Egirdir and sampling sites (source:
Google map).

“Natural Site-Sustainable Conservation and Controlled
Use Area” and “Sensitive Area to be Strictly Protected”.
In addition, Lake Egirdir is listed as “Class A Wetland”,
which can accommodate and feed more than 25,000
waterfowl (Web 1 2021; Web 2 2022).

Eight sites were selected in the lake, the
coordinates of which are given in Table 1. In addition
to these sites, two regions away from the coastal effect
were selected as control sites. Only water samples
were collected from the control sites. Some views from
the study area are presented in Figure 2.

Site 1: The first site was located in the southwestern
part of the lake and near the village of Beydere. It
was determined that fishermen have cleared the
Phragmites australis community to keep their boats.
Bedre beach is located approximately 500 m west of
this site.
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Table 1
Coordinates of the sampling sites.
T R N
375526 304735
38°1'26" 30°49'4"
— 04524
38°12'30" 30°45'2"
38°15'60" 30°49'13"
B 05743
37°53'10" 30°54'11"
“ 37°50'51" 30°51'28"
38°13'19" 30°49'09"
e 056

Site 2: The second site is located in the south of the
lake, near the village of Barla. The bottom is rocky.
There is a forest 50 m from the site. The site is located
60 m from the city highway, and there is agricultural
land on the other side of the road.

Site 3: This site is located in the north-west of the lake,
near the village of Gencali. The site is located in the
vicinity of a pasture with many livestock pens. During
the field studies, animals were observed grazing in
the region. The shores of the lake become muddy,
especially in spring, when the water level in the lake
rises.

Site 4: This site is located in the north of the lake.
During the field studies, a nomadic group of people

Figure 2

Views of the study area.
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was observed living in tents in summer and autumn.
The water level is quite shallow and some parts are
swampy.

Site 5: It is located in the north of the lake, near the
village of Tasevi. There is agricultural land around
this site. Approximately 300 m from the site, there
is a water pumping station that pumps water to the
agricultural land.

Site 6: The site is located in the western part of
the lake, near the village of Mahmatlar. There are
settlements at a distance of 50 m. The locals regularly
cut macrophytes both to enter the lake with their
boats and to prevent flies from breeding.

Site 7: It is located in the south of the lake, 2.3 km from
the village of Sorkuncak. Its bottom is quite rocky.

Site 8: It is located in the south of the lake, near the
Egirdir District and approximately 40 m from the
Isparta—Konya highway. There are apartments on the
other side of the highway.

Control site 1 is located in the northern part of the
lake, while control site 2 is located in the southern
part of the lake. Both sites are located in the central
part of the lake. Some macrophytes such as Chara
sp, Potamogeton pectinatus, Potamogeton lucens,
Potamogeton perfoliatus, Utricularia australis, Nuphar
lutea can be found in the middle parts of the lake
(Sener 2022) where these sites are located.

2.2. Sample collection and preparation

Water and sediment samples were collected
from the sites seasonally (July 2019, October 2019,
January 2020 and April 2020) to determine heavy
metal concentrations. Water temperature, pH value,
electrical conductivity and dissolved oxygen content
were measured at each site using YSI multiparameter
equipment. Water samples were collected 50 cm
below the water surface, brought to the laboratory,
filtered through a Whatman 0.45 pm glass fiber
filter, transferred to a 500 ml polypropylene bottle,
concentrated HNO, (65%, Merck, Germany) was added
to reduce the pH below 2. Water samples were then
stored at 4°C and analyzed directly (APHA 2005).

Sediment samples were collected at a depth
of 30-50 c¢cm using an Ekman grab sampler and
brought to the laboratory. They were dried at room
temperature for 7 days and sieved to obtain fractions
smaller than 62 pm. These grain size fractions contain
metals in higher concentrations and homogeneous

distributions (Balkis & Algan 2005). Then the sediment
samples were dried in an oven to ensure complete
drying. Approximately 1 g of the dried sediment
samples was weighed and transferred to 50 ml
glass bottles, added 5 ml HNO, and kept at room
temperature for 24 h. The samples were heated at
120°C until their colored vapors disappeared and they
were completely mineralized. After cooling, 1 ml of
H,SO, was added to bottles. Samples were transferred
to polypropylene containers, and the solutions were
made up to 25 ml with distilled water. Then 1-2 drops
of HNO, were added and the solutions were stored at
4°C until analysis (UNEP 1984).

2.3. Quality control and analytical method

Certified standard reference material HISS-1
(Marine Sediment Certified Reference Material for
Trace Elements and Other Constituents, National
Research Council Canada) was used for the sediment to
determine the precision and accuracy of heavy metal
analysis. A blank solution was used to determine the
actual concentration of metals. Blanks and standard
reference materials were prepared for heavy metal
analysis as described above, and for more accurate
results the blank, standard material and samples were
analyzed in triplicate. All glassware and containers
were soaked in 20% nitric acid overnight and rinsed
with distilled water before use. Analyses were
performed using an Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES; Agillent 5110).
The results are expressed as ppm. Replicate analysis
of the reference material showed good accuracy, with
recovery rates for metals between 91% and 106% for
HISS-1 (Table 2).

Table 2
Concentrations of metals found in certified reference

material HISS-1 from the National Research Council,

Canada.
0.024 + 0.009 0.023 + 0.03

cr 300 + 6.8 27.95 + 2.35 93
Cu 2.29 + 037 2.13 + 0.21 93
Fe

Mn 66.1 + 4.2 59.91 + 1.36 91
Mo

Ni 2.16 + 0.29 2.3 + 1.10 106
Pb 3.13 + 0.40 3 £ 0.02 9%
Se 0.050 + 0.007 0.049 + 0.1 98
Zn 4.94 + 0.79 4.69 + 0.25 95
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2.4. Environmental quality standards

Physicochemical parameters, selected heavy metals
and Se measured in the water of Lake Egirdir were
evaluated according to the Water Pollution Control
Regulation (WPCR), which is the national legislation for
lakes, and drinking water standards specified by the
European Union (EU), the U.S. Environmental Protection
Agency (EPA), the World Health Organization (WHO)
and the Turkish Standardization Institute (TS 266; TSE
2005; Ministry of Environment and Urban Planning
2008; WHO 2017; EPA 2018; EU 2020).

2.5. Assessment of heavy metal pollution in water

The Water Quality Index (WQI), Heavy Metal
Pollution Index (HPI) and Heavy Metal Evaluation Index
(HEI) were used to assess metal contamination in the
water of Lake Egirdir.

2.5.1. Water Quality Index (WQI)

The Water Quality Index (WOI) is an important
method for assessing drinking water quality; different
water quality parameters are used to calculate it
(Ustaoglu 2020; Tokath & Ustaoglu 2020).

Each parameter was assigned a relative weight
value (wi) according to its effect on drinking water
quality and human health on a scale from 1 to 5 (Varol
& Davraz 2015). Relative weight (Wi) was calculated
using the following formula (1):

S m

The following formula was used to calculate the
quality grade (2):

Q= (%)x 100 )}

i

where C is the concentration of heavy metals
measured in water and S, are standard values
determined by WHO (2011).

The sub-index (SI) value was determined using the
following formula (3):

S, =W,xQ, (3)

Finally, all sub-index (SI) values were summed to
determine the water quality index (WQI) (4):

wai=3sl, @)

Yadav et al. (2012) defined five classes according to the
results of the Water Quality Index (WQI): WQI < 50
(excellent); 50 < WQI < 100 (good); 100 < WQI <
200 (poor); 200 < WQI < 300 (very poor); WQI = 300
(undrinkable).

2.5.2. Heavy Metal Pollution Index (HPI)

The Heavy Metal Pollution Index (HPI) is a widely
used method for determining water quality in terms of
selected parameters (Mohan et al. 1996). The formulas
used are given below:

HPI = ZH(QW)

2w

oiz(i’:jxmo

Si

Wi=—_
Si

Qi - sub-index of metals

Wi — unit weight of metals

Ci — measured values of metals

Si — standard values of the parameter given by WHO
(2011)

k — constant value accepted as 1.

HPI < 100 indicates a low level of heavy metal
pollution and no adverse health effects;

HPI = 100 indicates a threshold risk and may have
adverse health effects;

HPI > 100 indicates that the water cannot be used
for drinking and is not suitable for consumption
(Saleh et al. 2019; Ustaoglu 2020).

2.5.3. Heavy Metal Evaluation Index (HEI)

The Heavy Metal Evaluation Index (HEI) is used to
evaluate water quality based on heavy metal content
and is calculated according to the following equation
(Al-Ani et al. 1987; Edet & Offiong, 2002; Ameh 2013;
Kumar et al. 2019):

HEI =" A,

MAC

H. - monitored value of each parameter
H,ac — permissible limit value for each parameter
given by WHO (2011).

The HEI scale has the following levels: HEl <
10 (low contamination), 10 < HEl <20 (moderately
contaminated), and HEI > 20 (high contamination;
Saleh et al. 2019).
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2.6. Assessment of heavy metal pollution in
sediment

The Enrichment Factor (EF), the Geoaccumulation
Index (I ), the Contamination Factor (CF) and the
Pollution Load Index (PLI) were used to evaluate metal
contamination in the sediments of Lake Egirdir.

2.6.1. Enrichment Factor (EF)

It is used to determine the proportion of heavy
metals of anthropogenic origin in sediments. The EF
is used to normalize the heavy metal level relative to
elements such as aluminum and iron (Din 1992). In this
study, Al is used as a reference metal for normalization
for the following reasons:

1. itis the most abundant metal of natural origin,

2. due to its high immobility, it is not significantly
affected by diagenetic processes and strong
redox reactions in sediments,

3. its content is generally unaffected by
anthropogenic sources (Schropp & Windom 1988;
Charlesworth & Service 2000).

The following formula (Buat-Menard & Chesselet
1979) was used to calculate the Enrichment Factor (EF):

S
).
B,
(B ref Jreference

C, - concentration of an element in the analyzed
sample

C,.; — concentration of the reference element (Al) in
the analyzed sample

B, — average level of an element in shales according to
Mason (1966)

B,; — average level of the reference element (Al) in
shales according to Mason (1966).

EF =

Yongming et al. (2006) divided the EF into five
categories: EF < 2 (no or minimal enrichment), EF =
2-5 (moderate enrichment), EF = 5-20 (significant
enrichment), EF = 20-40 (very high enrichment), and
EF > 40 (extremely high enrichment).

)

2.6.2. Geoaccumulation Index (Ige

{o}

The Geoaccumulation Index is a method developed

by Miller (1969) for determining metal pollution by
comparing metal levels in the sediment with the
pre-industrial levels. The following formula is used to
determine this index:

C
l,,=lo 2
o gz(LSxBnJ

C, - metal concentrations in the analyzed sediment

B, - reference value of the measured metal.

Factor (1.5) is used as a basic matrix correction
due to lithogenic variations. The range of the
Geoaccumulation Index (I ) is divided into seven
classes (Maller 1969; Miiller 1981): lpeo <O (unpolluted),
0 <l <1 (unpolluted-moderately polluted), 1 <
< 2 (moderately polluted), 2 < I < 3 (moderately-
strongly polluted), 3 < loeo <4 (strongly polluted), 4 <
| < 5 (strongly-very strongly polluted) and lyeo > 5

geo

(very strongly polluted).
2.6.3. Contamination Factor (CF)

The Contamination Factor proposed by Hakanson
(1980) is used to determine the degree of heavy metal
contamination in sediments. It was calculated using
the following formula:

CF — Cmetal

C

background

C,..., — Metal concentration in sediments
C, - average metal concentration in shales (Mason
1966).

The Contamination Factor (CF) is interpreted
as follows: CF < 1 (low contamination); 1 < CF <3
(moderate contamination); 3 < CF < 6 (considerable
contamination) and CF > 6 (very high contamination).

2.6.4. Pollution Load Index (PLI)
To determine the sediment quality relative to heavy

metals, the Pollution Load Index (PLI) was calculated
using the following formula (Tomlinson et al. 1980):

PLI =/(CF, xCF, x...xCF,)

CF is the Contamination Factor and n is the number
of metals.

It has been reported that the ideal value is zero,
which indicates no pollution in the environment, while
PLI > 1 indicates progressive pollution (Suresh et al.
2011).
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2.7. Sediment quality guidelines (SQG)

Sediment quality guidelines are used to protect
organisms living in aquatic systems. MacDonald et
al. (2000) classified the effects of heavy metals in
sediments on the aquatic life. Four threshold values
given by MacDonald et al. (2000) were used in this
study:

1) lowest effect levels (LEL) and 2) minimal
effect threshold (MET) - no effects on most
sediment-dwelling organisms are expected below
this level (EC & MENVIQ 1992; Persaud et al. 1993); 3)
severe effect level (SEL) - sediments are considered
to be heavily polluted; adverse effects on most
sediment-dwelling organisms are expected above
this level (Persaud et al. 1993); 4) toxic effect threshold
(TET) - sediments are considered to be heavily
polluted; adverse effects on sediment-dwelling
organisms are expected above this level (EC & MENVIQ
1992).

2.8. Statistical analysis

SPSS version 22.0 for Windows was used for
statistical analysis. The minimum, maximum, mean
and standard deviation (SD) in tables were calculated
based on the results of the analyses for each
sampling season. One-Way ANOVA and Duncan'’s
multiple comparison test were used to compare
the concentrations of heavy metals and Se in water
and sediments between the seasons (Fisher 1928;
Duncan 1955). Duncan'’s test was also used to compare
heavy metal and Se levels between the coastal and
control sites (Duncan 1955). The Pearson test was
conducted to determine the relationships between
the physicochemical parameters and concentrations
of heavy metals and Se in water (Pearson 1900). The
relationship was considered statistically significant at
p < 0.05.

3. Results

3.1. Physicochemical parameters of lake water

Physicochemical parameters of water samples per
season are shown in Table 3. Mean water temperature
ranged between 4.65°C (winter) and 26.29°C (summer).
Mean pH varied between 7.15 (autumn) and 7.64
(summer). Dissolved oxygen was highest in winter
(6.64 mg I") and lowest in summer (3.8 mg I7). EC
values ranged between 268.16 ps/cm (autumn) and
453.6 ps/cm (summer). The relationships between
physical parameters were calculated using the Pearson
test (Table 4). Significant positive correlations were
found between temperature and EC and pH (< 0.05).
Negative significant relationship was determined
between temperature and dissolved oxygen (< 0.01).

3.2. Heavy metals and Se in lake water

The concentrations of nine metals (Cd, Cr, Cu, Fe,
Mn, Mo, Ni, Pb and Zn) and Se in the four seasons are
shown in Table 5. The analyzed metals were ranked as
follows: Cr < Cd < Mo < Pb < Se< Mn < Cu < Ni< Zn <
Fe. Of the analyzed metals, the highest concentration
was determined for Fe, and the lowest for Cr.

Table 5 also shows seasonal variations in the
content of heavy metals and Se. It was determined
that Cr, Fe, Mn, Ni and Pb reached the highest
concentrations in summer, Mo in winter, Se in
autumn and Zn in spring. Cd occurred at the same
concentrations in all seasons, Cr in all seasons except
summer, and Cu in all seasons except autumn. Cu, Fe,
Mn and Zn occurred at the lowest concentrations in
autumn, Mo and Se in summer and Pb and Ni in spring.
There is no significant relationships between seasons
for any of the metals or Se (> 0.05).

To determine the effect of the coast (anthropogenic
effect) on the levels of heavy metals and Se, the results

Table 3

Selected physicochemical parameters of Lake Egirdir's water.

Temperature (°C) Dissolved Oxygen (mg I) Electrical Conductivity (ug cm™)

Summer 24.38 — 29.42 6.29 - 8.36
26.29 + 1.90 7.64 + 0.71
Autumn 16.82 —22.51 6.89 -7.57
19.61 + 2.26 7.15 £+ 0.21
Winter 2.72-6.37 6.31-7.95
4.65 + 1.40 7.25 + 0.49
17.04 -21.81 7.17-8.14
20.11 + 1.93 7.53 + 0.29

2.94-5.65 355.6-502.6
3.86 + 0.90 453.6 + 48.53
4-471 244.8 —288.7
431 + 0.27 268.16 + 14.83
6.2-6.95 276.8-402.4
6.64 + 0.26 303.38 + 41.82
3.99-4.8 237.1-289
4.32 + 0.30 269.93 + 18.57
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Table 5

Concentrations (ppm) of selected heavy metals in the water of Lake Egirdir.
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0.031-0.112
0.064 + 0.032°

0.003 - 0.024
0.011 + 0.008°

0.003 - 0.080
0.015 + 0.026°

0.007 - 0.103
0.047 + 0.04°

0.003 - 0.006
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0.0004 —0.002
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0.002 - 0.003

0.002 + 0.0004°

Autumn

0.0005 - 0.07 0.004 —0.028 0.048 - 0.093

0.009-0.124
0.045 + 0.037°

0.003 -0.01

0.006 * 0.002°

0.007 —0.051
0.02 + 0.015°
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*Means with the same superscript in the same row are not significantly different according to Duncan’s multiple range test (p < 0.05)
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from the two control sites and eight coastal sites were
compared seasonally and presented in Table 6. It was
determined that mean concentrations of Cd, Cr, Cu, Fe,
Mn, Mo, Ni, Pb and Zn were higher at the coastal sites
than at the control sites, and the Se level was higher
at the control sites in summer. Levels of Cd, Cr, Mo,
Pb and Se in autumn were higher at the control sites,
while levels of Cu, Fe, Mn, Ni and Zn were higher at
the coastal sites. Levels of Cd, Cu and Ni were higher
at the control sites, while levels of other metals were
higher at the coastal sites in winter. Levels of Cd, Cr,
Cu, Fe, Mn, Mo and Zn were higher at the coastal sites
than at the control sites. Levels of Fe, Mn and Zn varied
significantly (< 0.05) between the coastal and control
sites, while levels of other metals and Se did not vary
significantly (> 0.05).

The relationships between the levels of metals and
Se in water and selected physicochemical parameters
were determined using Pearson’s correlation matrix
(Table 4). Negative correlations were determined
between water temperature and Cd, Cu, Mo and Se,
between pH and Cu, Fe, Mo, Ni and Zn, between
dissolved oxygen and Cr, Fe, Mn, Ni, Pb and Zn,
between EC and Cd, Mo and Se. As shown in Table 4,
negative correlations were found between Cd and
Mo (r = -0.119), Mo and Pb (r = -0.169), Cu and
Fe (r = -0.005), Fe and Mo (r = -0.521), Mn and
Mo (r = -0.459), Pb and Se (r = -0.069), Mo and
Ni (r = -0.198), Mo and Pb (r = -0.169), Pb and Zn
(r = -0.006), Se and Zn (r = -0.013). Significant
correlations at < 0.05 were found between EC and
Mo, Cd and Mn, Cd and Ni, Cr and Mo, Cu and Ni.
Significant correlations (< 0.01) were determined
between Cr and Fe, Cr and Mn, Cu and Zn, Fe and Mn,
Fe and Mo, Mn and Mo, Ni and Zn.

3.3. Assessment of the contamination degree

To determine the degree of heavy metal pollution
in water, the Water Quality Index (WQI), the Heavy
Metal Pollution Index (HPI) and the Heavy Metal
Evaluation Index (HEI) were calculated.

3.3.1. Water Quality Index (WQI)

WAQI values were calculated for Lake Egirdir. Table
7 shows the standard values provided by WHO (WHO
2011) and Wi values (Xiao et al. 2014; Kurt et al. 2022).
The lowest WQI was determined in spring at 52.12, and
the highest WQI was determined in summer at 80.76
(Table 8). According to these results, WQI values in all
seasons were 50 < WQI < 100, i.e. indicating the good
category.
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Table 6
Concentrations (ppm) of heavy metals in water at the coastal and control sites of Lake Egirdir.

Sites Cd Cr Cu Fe Mn Mo Ni Pb Se Zn

0.0023" 00005  00344°  011° 00043 00035 00196° 00045  0.0127°  0.0389°

0.0020°  0.0005° 00342  025° 00109 00029 0.0146°  0.0097°  0.0095°  0.0412*
0.0022° 0.0051° 00392° 07718° 00708  0.0044° 00475 00153° 00105  0.0644°

0.0022°  0.0012° 00321°  01° 00043 00063 00435 008  00171°  0.0527°

0.0024° 00012° 00355  0.17° 00067 0.0062° 0019  0.0064° 00165  0.0563%
0.0021°  0.0007° 003670 02525° 00161° 00052 00457° 00136° 00157  0.0588"

0.0026° 00003 00384  0.11° 0.004° 00048  0.0208°  0.0024°  0.0059°  0.0424°

Winter 0.0026° 00003 00476° 019  0.0066° 0.0049°  0053° 00003 00098  0.0668*
0.0024° 000077 00393° 04713° 00202° 00058  00447° 00125 00153  0.0607°

0.0021° 00003  0.037° 0.09°  0.0041° 00032 00395  0.0084°  0.0184°  0.0506°

Spring 0.0014° 00004 00364°  011°  00064° 00038  00592° 00119 00209  0.054*
0.0022°  0.0006° 00394°  041°  00231° 00054 00361° 00072° 00133  0.0675

3.3.2. Heavy Metal Pollution Index (HPI)

The Heavy Metal Pollution Index (HPI) was
also calculated to evaluate the degree of heavy metal
pollution in Lake Egirdir. The minimum HPI value was
determined in spring at 62.65, the maximum HPI value
was recorded in summer at 80.03 (Table 8). The results
indicate that the level of heavy metal pollution is low
and there is no harmful effect on health.

3.3.3. Heavy Metal Evaluation Index (HEI)

The Heavy Metal Evaluation Index (HEI) was
calculated. The lowest HEl value was recorded at
3.69 in spring and the highest value was recorded in
summer at 5.99. According to the HEl results, the water
in Lake Egirdir is in the low contamination category in
all seasons (Table 8).

Table 7

Weight value of each parameter.

WH
Parameter 201(1)) Weight wi (Xiao et al. 2014; Kurt et al. 2022)

pH 6.5-8.5 4

d 3 5
2000 2
300 4
- 3000 1
3 www.oandhs.ug.edu.pl

*Means with the same superscript in the same row are not significantly different according to Duncan’s multiple range test (p < 0.05)

3.4. Heavy metals and Se in lake sediments

The concentrations of heavy metals and Se in
sediments (arithmetic mean, minimum, maximum and
standard deviation) are shown in Table 9. All metals
were determined in all seasons. The total levels of
metal concentrations in sediment samples were in the
order: Fe > Mn> Pb > Zn > Ni > Cr > Cu > Se > Mo >
Cd. Fe, Pb, Se and Zn reached the highest levels in
summer, while Cd and Mo in autumn, Cr, Cu, Mo and
Ni in winter. The lowest levels of Cr, Cu, Fe and Ni were
determined in spring, Cd and Mo in summer, Zn in
autumn and Mn, Pb and Se in winter. Only Cd levels
varied significantly (< 0.05) by season, while other
metals did not vary significantly (> 0.05).

3.5. Ecological risk assessment

The Enrichment Factor (EF), the Geoaccumulation
Index (I o the Contamination Factor (CF) and the
Pollution Load Index (PLI) were calculated to determine
heavy metal pollution in the sediment.

3.5.1. Enrichment Factor (EF)

As shown in Table 10 and Figure 3, Pb was at a very
high enrichment level (EF = 20-40) in summer and
spring, and at an extremely high enrichment level
(EF > 40) in autumn and winter. Cr was at a minimum

Table 8
WQI, HPl and HEl values for Lake Egirdir and each season.

|| summer | Autumn | Winter | Spring
80.76 56.60 63.68 52.12
80.03 77.09 75.41 62.65
5.99 4.06 4.66 3.69
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Table 9

Concentrations (mg kg™) of selected heavy metals in Lake Egirdir's sediment.

(a]
o

<

(0]

>

0.38-0.81
0.54 + 0.16"
4.78-28.85
1457 + 8.3°
4.85 —32.66
1451 + 9.26°
3009.71 - 20203.12
11453.5 + 6045.03°
95.87 - 607.91
351.76 + 182.41°
0.37-2.51
0.91 + 0.74°
5.98-52.88
25.01 + 19.36°
12.14-108.17
4824 + 37.51°
0.87-4.83
2.98 + 1.57°
22.44-73.32
39.83 + 16.63°

0.61-0.95
0.77 + 0.14°
5.88 —35.96
15.78 + 10.1°
5.88-22.01
13.64 + 4.77°
4038.23 — 15602.46
10899.78 + 3595.2°
86.76 — 547.87
355.79 + 183.07°
0.11-1.71
0.96 + 0.65°
5.88-82.19
26.04 + 25.75°
16.18 -61.32
38.68 + 13.75°
0.66 —4.01
2.38 + 1.13°
20.59-42.55
33.11 + 7.87°

0.39-0.74
0.57 + 0.11°
5.95-39.68
16.96 + 11.73*
6.16 —23.99
15.59 + 7.34°
2285.71 -19559.37
11412.96 + 5654.004°
78.82-503.97
298.66 + 150.41°
0.23-2.65
1.32 + 0.66°
4.93-92.59
28.41 + 29.13°
16.67 —60.61
35.78 + 15.53°
1.04-5.73
2.02 + 1.6°
22.17-46.3
36.27 + 8.68°

*Means with the same superscript in the same row are not significantly different according to Duncan’s multiple range test (p < 0.05)

0.45-0.85

0.56 + 0.15°
3.85-24.71
10.42 + 6.66°
6.41-21.46
13.08 + 6.38°

2079.38 —17399.72
7665.29 + 4878°

86.49-673.16

316.16 + 192.02°

0.47-1.45
1.15 + 0.3?

6.41-74.13
22.5 + 22.46°

19.23-98.9
42.81 + 30.33°

0.91-2091
2.12 + 0.83°

21.33-46.7
34.27 + 8.37°

Table 10

Enrichment Factor (EF), Geoaccumulation Index (

seasons.

lgeo)

and Contamination Factor (CF) of Lake Egirdir's sediment by

Enrichment Factor (EF) Geoaccumulation Index (1) Contamination Factor (CF)

_ _ _ 0263 0774 0333 0310 1<CF<3 1<CF<3 1<CF<3 1<CF<3
17773 56303 6.9398 13925 -3.211 -3.095 -2.989 -3699 CF<1  CF<1l  CF<1  CF<1
3.0025 95875 117035 329  -2218 -2308 -2.114 -2.366 CF<1  CF<1  CF<1  CF<1
23576 7.612 81071 17172 -2.626 -2699 -2.635 -3211 CF<1  CF<1  CF<l  CF<1
47851 14.0514 129645 4.6293 -1.857 -1.842 -2095 -2012 CF<1  CF<1  CF<1  CF<1
_ _ _ _ -2120 -2023 -1565 -1761 CF<1  CF<1  CF<1  CF<1
BT ;o631 118465 148123 36289 -2029 -1971 -1.842 -2178 CF<1  CF<l  CF<1  CF<1
B 212792 611107 638503 232818 0685 0366 0255 0513 1<CF<3 1<CF<3 1<CF<3 1<CF<3
_ _ _ 1727 1401 1163 1233 3<CF<6 3<CF<6 3<CF<6 3<CF<6
-1.842 -2108 -1977 -2053 CF<1  CF<1  CF<1  CF<1
enrichment

level (EF < 2) in summer and spring,
and at a significant enrichment level (EF = 5-20) in
autumn and winter. Cu, Mn and Ni were at a moderate
enrichment level (EF = 2-5) in summer and spring,
while at a significant enrichment level (EF = 5-20) in
autumn and winter. Fe was at a minimum enrichment
level (EF < 2) in spring, at a moderate enrichment level
EF = 2-5) in summer, and at a significant enrichment
level (EF = 5-20) in autumn and winter.

—

3.5.2. Geoaccumulation Index (Igeo)

The Geoaccumulation Index (I ) showed that Lake
Egirdir was not polluted with Cr, Cu, Fe, Mn, Mo, Ni and

Zn (Igeo< 0) in all seasons (Table 10). Cd and Pb levels
fell in the unpolluted—-moderately polluted class (0 <
Igeo < 1), and Se in the moderately polluted class (1 < Ige

< 2)in all seasons.

0

3.5.3. Contamination Factor (CF)

The Contamination Factor (CF) is shown in Table
10. Cr, Cu, Fe, Mn, Mo, Ni and Zn were found in the low
contamination category (CF < 1), Cd and Pb were in the
moderately contaminated category (1 < CF < 3), and Se
was in the considerably contaminated category (3 < CF
< 6)in all seasons.
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Figure 3

Enrichment Factor (EF) of Lake Egirdir's sediments.

Pollution Load Index (PLI)
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Figure 4
Pollution Load Index (PLI) for sediments of Lake Egirdir

by seasons.

3.5.4. Pollution Load Index (PLI)

According to Figure 4, which shows the results of
the Pollution Load Index (PLI), lake sediments showed
no pollution (PLI < 1) for any of the metals in all
seasons.

4, Discussion

Water temperature affects physical, chemical
and biological activities in water and changes the
concentrations of many substances (Atici et al. 2005).
During the study period, the water temperature varied
between 2.72°C and 29.42°C. It was highest in summer
and lowest in winter. In lakes, pH is one of the most
important parameters affecting the toxicity of some
compounds (Boyd et al. 2016). The pH value in lakes
varies between 6 and 9. As a result of photosynthesis
and evaporation, pH increases in summer (Tanyolag
2011). The pH of Lake Egirdir varied between 6.29 and
8.36. Sener et al. (2013) reported that water pH values

Oceanological and Hydrobiological Studies, VOL. 53, NO. 2 [JUNE 2024

in Lake Egirdir ranged between 9.40 and 9.67, and were
higher compared to other similar lakes, which may be
due to the geochemical structure of the lake basin with
carbonate rocks. It has been reported that the high
pH of Lake Egirdir's water is caused by the limestone
around the lake, which is highly alkaline and raises
the pH of the aquatic environment when dissolved
in water (Bulut & Kubilay 2019). The fact that pH is
higher in summer compared to other seasons can be
attributed to the following causes: (i) due to the karstic
structure of Lake Egirdir (Sener et al. 2013), increasing
chemical dissolution with temperature increases the
amount of carbonates in the lake and this increase
causes the pH level to rise (ii); as evaporation increases
in summer, the amount of alkaline substances in
the lake increases, making the lake water alkaline.
Dissolved oxygen is very important for aquatic life
and a major indicator of ecological health (Mutlu et al.
2016; Ustaoglu & Tepe 2019). The amount of dissolved
oxygen in the water of Lake Egirdir was found to be
high in winter and low in summer. It ranged from
294 mg I" to 5.65 mg I'. Wetzel (2001) reported
that as water temperature increases, the amount of
dissolved oxygen in water decreases and chemical
and biochemical reactions accelerate. A significant
negative correlation was found in Pearson correlation
analysis between temperature and dissolved oxygen
(r = -0.845, p < 0.01). The electrical conductivity
of surface water can vary depending on geological
structure, water temperature, dissolved matter in water
and amount of precipitation (Tepe & Boyd 2003). The
electrical conductivity in Lake Egirdir varied between
502.6 ps cm™ (in summer) and 237.1 ys cm™ (in spring).
When water temperature increases, the electrical
conductivity decreases (Ustaoglu & Tepe 2019). The
results of Pearson correlation analysis confirm this
relationship with a significant positive correlation
between electrical conductivity and temperature
(r = 0402, p < 0.05) and a negative correlation
between electrical conductivity and dissolved oxygen
(r = -0.333, p > 0.05). The electrical conductivity was
minimal in spring and this may be due to melting snow
water and spring rains (Tepe & Boyd 2001).

Based on the temperature values and according
to the Water Pollution Control Regulation (WPCR;
Ministry of Environment and Urban Planning 2008),
the lake's water can be classified as water quality
class Ill in summer and as water quality class |-l in
other seasons. According to the Water Pollution
Control Regulation (WPCR; Ministry of Environment
and Urban Planning 2008), pH values for the water
of Lake Egirdir indicate water quality class I-Il, and
electrical conductivity values indicate water quality
class | in all seasons. According to the Water Pollution
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Control Regulation (WPCR; Ministry of Environment
and Urban Planning 2008), dissolved oxygen values
for Lake Egirdir's water indicate water quality class |
in winter and water quality class Il in other seasons.
Temperature, pH, electrical conductivity and dissolved
oxygen values were found to be below the limits set
for drinking water by the European Union (EU; 2020),
the U.S. Environmental Protection Agency (EPA; 2018),
the World Health Organization (WHO; 2017) and the
Turkish Standardization Institute (TS 266; 2005). It was
reported that pH values for Lake Egirdir's water were
above and dissolved oxygen values were below the
eutrophication control limit values set by the Water
Pollution and Control Regulation in Tirkiye (Sener et al.
2013).

All analyzed metals and Se were determined in
water samples in all seasons. Fe has the highest levels
among the analyzed metals, followed by Zn, Ni and Cu.
Cr had the lowest concentration. Similar results were
determined for Lake Karatas (Basyigit & Tekin-Ozan
2013), the Ganga River (Kumar et al. 2020b), Oymapinar
Dam (Tekin-Ozan 2021), Lake Isikli (Gilci-Gir &
Tekin-Ozan 2017), and Lake Yenicaga (Saygr & Yigit
2012). Iron generally occurs in water with the highest
concentration, as it is one of the most abundant metals
in the Earth’s crust and in other resources (Usero et
al. 2004). Overall, heavy metal levels have increased
compared to the results of analyses carried out in
October 2009 and May 2009 by Sener et al. (2013)
and between September 2011 and February 2012
by Kaptan & Tekin-Ozan (2014). During this 10-year
period, heavy metals may have entered the water from
various sources, such as domestic, agricultural and
anthropogenic sources.

In general, the levels of metals increase in summer
and decrease in the wet season. Tekin-Ozan (2008)
studied levels of heavy metals in water of Lake
Beysehir and reported that the metals reached the
highest concentrations in the hot season and the
lowest in the warm season. There is no significant
relationships between seasons for any of the metals
(> 0.05).

The increase in Cr, Cu, Fe, Mn, Ni and Se levels in
summer can be due to increasing air temperature
and evaporation (Gilci-Gir & Tekin-Ozan 2017).
Cd, Cu, Mo and Se levels decrease in summer due to
increasing biological activities of macrophytes, fish
and other living organisms. Melting snow and heavy
rain can cause heavy metal levels to drop (Gilci-Gir &
Tekin-Ozan 2017).

Two control sites were selected to determine
the anthropogenic effect on heavy metal levels. Fe,
Mn and Zn varied significantly (< 0.05) between
the coastal and control sites, while other metals and

Se did not vary significantly (> 0.05). The fact that
all metals (except Se) at the coastal sites in summer
were at higher levels than at the control sites can be
attributed to the following reasons: (i) the presence of
pesticides and fertilizers that were used in agricultural
operations during the summer season; (ii) the increase
in domestic wastewater in the lake dependent on the
population growth due to the tourist nature of Egirdir;
(iii) the lack of water circulation in the lake due to
summer stagnation. It was determined that Se, Cd, Cr,
Mo and Pb values were higher at the control sites in
autumn. It can be assumed that this is due to the fact
that autumn circulation is observed with a decrease in
air temperature. It was observed that the levels of Cr,
Fe, Mn, Mo, Pb, Se and Zn were higher at the coastal
sites in winter. The runoff of pesticides used to control
pests in apple orchards around the lake may have led
to an increase in heavy metal levels at the coastal sites.
The high values of Cd, Cr, Cu, Fe, Mn, Mo and Zn at
the coastal sites in spring may be due to the mixing of
pollutants entering the lake with precipitation.
Changes in physicochemical parameters of water
ensure the transition of heavy metals from sediment to
water or from water to sediment (Sener & Sener 2015;
Metin Dereli et al. 2017). Kaptan & Tekin-Ozan (2014)
found negative correlations between temperature and
Cd, Cr, Cu, Fe, Mn, Mo and Se, between pH and Cd and
Mn, between dissolved oxygen and Fe, Mn and Zn,
between electrical conductivity and Cr, Mo, Cu and
Ni in water of Lake Egirdir. According to Table 4, when
the temperature increases, Cr, Fe, Mn, Ni, Pb and Zn
levels increase and Cd, Cu, Mo and Se levels decrease.
This decrease in summer may be due to the use of Cu,
Mo and Se by some organisms due to their increasing
biological activities. In this study, when pH values
increased, Cu, Fe, Mo, Ni and Zn levels decreased
(Table 4). The solubility of metal compounds in water
depends on pH and oxidation-reduction potential
of water. In general, the solubility of heavy metals
decreases with increasing pH (Weiner 2008). Cu toxicity
is affected by pH. When pH is low, Cu is soluble in
water and its toxicity increases (Kruger 2008). Negative
correlations were found between dissolved oxygen
and Cr, Fe, Mn, Ni, Pb and Zn (Table 4). The ferro
form of iron turns into the ferric form in oxygenated
environments (Tanyola¢ 2011). Zinc acts similarly to
iron and manganese in water (Tanyolag 2011). It can be
said that the content of Mn and Zn tends to decrease
as dissolved oxygen increases, as does Fe. Negative
correlations were determined between electrical
conductivity and Cd, Mo and Se, and similarly for
temperature. In general, metals have high toxicity in
acidic and soft waters, and low toxicity in basic and
hard waters (Urug et al. 2008). Negative correlations
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were found between Mo and Cd, Pb, Se, Fe, Pb, Ni,
Mn, between Pb and Se, Zn, between Cu and Fe,
between Se and Zn. Kar et al. (2008) found a significant
negative correlation between Fe and Cr, and a positive
correlation between Ni and Mn, as well as between Ni
and Zn in surface waters in India, and concluded that
these relationships would help us understand the
nature of these metals and their species speciation in
the aquatic environment.

According to the Water Pollution Control
Regulation (WPCR; Ministry of Environment and
Urban Planning 2008), Cd, Mn and Zn values indicate
that the lake’s water can be classified as water quality
class | in all seasons and class Il based on Se values,
and class Il based on Cr, Cu and Ni values. Fe levels
indicate that Lake Egirdir can be classified as water
quality class Il in summer, winter and spring, and class
I in autumn (WPCR; Ministry of Environment and Urban
Planning 2008). Based on Pb concentrations, Lake
Egirdir's water can be classified as water quality class |
in spring and class Il in other seasons (WPCR; Ministry
of Environment and Urban Planning 2008). Metal
concentrations were compared with water quality
standards for drinking water (TSE 2005; WHO 2017; EPA
2018; EU 2020). There is no drinking water standard
value for Mo. According to these standards, Cu, Fe, Mn
and Ni results were higher than the permissible levels
for drinking water in all seasons (TSE 2005; EPA 2018;
EU 2020), Pb in summer, autumn, winter (TSE 2005;
WHO 2017) and spring (EU 2020), and Se in all seasons
(TSE 2005). Bulut (2015) evaluated Hg, Pb, As, Ni, Cd,
Cu, Cr, Mn and Zn levels in the water of Lake Egirdir
according to drinking water standards set by TSE-266,
WHO, EPA and EU and declared that As levels exceeded
the limit values in summer and autumn, while other
metals did not exceed the limit values. According to
another study carried out in Lake Egirdir, Co, Cu, Mn,
Ni and Zn levels were below WHO and TS 266 drinking
water limits, while Al, Fe and Pb concentrations were
above the permissible limits (Sener et al. 2013).

In all seasons, the WQI value was 50 < WQI < 100.
Thus, it was a good category. In a study carried out by
Ustaoglu & Aydin (2020), WQI values ranged from 14.26
(Yaglidere Stream) to 21.57 (Aksu Stream), and they
belong to the excellent water category. In the work on
Karacomak Dam (Turkiye), WQI values were between
12.27 and 56.78 (Imneisi & Aydin 2016). According to
the HPI values, the water in Lake Egirdir was in the
low-level category in all seasons. Sener et al. (2023)
reported that HPI values for Lake Beysehir (Turkiye)
ranged from 15.64 to 20.38 and declared that the lake
water samples were suitable for use as drinking water.
It was reported that HPI values for the Bogacay! River
(Turkiye) were between 7.81 and 43.97, which fell

3 www.oandhs.ug.edu.pl

into the low pollution category (Cengiz et al. 2017).
According to the HEI values, the lake's water can be
classified in the low pollution category in all seasons.
The HEI values for Lake Beysehir ranged between 0.165
and 0.397 (Sener et al. 2023), which indicates that the
lake’s water can be classified in the low pollution class.

The concentrations of heavy metals and Se in the
sediments are summarized in Table 9. The average
concentrations of Cd, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se and
Zn in summer in the present study were respectively
13.5, 5.51, 2.00, 8.3, 3.07, 4.13, 3.74, 32.37, 1.69 and
1.43 times higher than their previous values reported
by Kaptan & Tekin-Ozan (2014) for the sediment of
Lake Egirdir; similar results were obtained for other
seasons. These results indicate that metal levels in Lake
Egirdir have increased due to various reasons, such as
domestic wastewater, agriculture and tourism. Sener
et al. (2011) concluded that the high accumulation of
metals in the sediments of Lake Egirdir may be due
to both geological origin and anthropogenic effects.
The Fe content in the sediments was the highest,
while Cd content was the lowest. Similar results were
obtained for Lake Isikll (Giilci-Gir & Tekin-Ozan
2017), Lake Karatas (Basyigit & Tekin-Ozan 2013), Lake
Uluabat (Barlas et al. 2005) and Lake Kovada (Sancer &
Tekin-Ozan 2016). Usero et al. (2004) reported that Fe is
found in high concentrations in lake, river and marine
sediments, as it is one of the most abundant elements
in the Earth’s crust. Kerrison et al. (1988) stated that Cd
accumulates slowly in sediments.

Fe, Pb, Se and Zn reached the highest levels in
summer, while Cd and Mo in autumn, Cr, Cu, Mo and
Ni in winter. The levels of Cr, Cu, Fe and Ni were the
lowest in spring, Cd and Mo in summer, Zn in autumn,
and Mn, Pb and Se in winter. Only Cd levels varied
significantly (< 0.05) from season to season, while
other metals did not vary significantly (> 0.05). Kankili¢
et al. (2013) reported that the content of Fe, Mn, Cu, Hg,
Pb and As reached the highest level in summer. Fe, Zn,
Al, Cu, Mn and B reached high values in summer in the
sediments of the Beyler Reservoir (Findik & Turan 2012).
Kumar et al. (2020a) reported that heavy metal levels
in sediments were higher in summer and winter than
in rainy seasons. Due to the evaporation in summer,
the metal levels in sediment may have increased. With
summer stagnation, metals precipitated from the
water column into the sediment.

EF values (Table 10) were calculated to determine
the metal pollution by comparing the metal levels in
the sediment with the pre-industrial levels. Pb was at
a very high enrichment level (EF = 20-40) in summer
and spring, and at an extremely high enrichment level
(EF > 40) in autumn and winter. Cr was at a minimum
enrichment level (EF < 2) in summer and spring,
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and at a significant enrichment level (EF = 5-20) in
autumn and winter. Cu, Mn and Ni were at a moderate
enrichment level (EF = 2-5) in summer and spring,
while at a significant enrichment level (EF = 5-20) in
autumn and winter. Fe was at a minimum enrichment
level (EF < 2) in spring, at a moderate enrichment level
(EF = 2-5) in summer, and at a significant enrichment
level (EF = 5-20) in autumn and winter. Sener et al.
(2014) calculated EF values for the sediment of Lake
Egirdir and found that Pb, Ni, Zn and Fe were at a
significant enrichment level, while Cu and Mn were
at a moderate enrichment level. Transport events
from ophiolitic rocks, such as Co, can cause Cu and Ni
enrichment in a lake (Bamba 1974; Ramp 1978; Foley
1991).

The results of the Geoaccumulation Index (I )
indicate that the sediments of Lake Egirdir are not
contaminated with heavy metals, except for Cd
and Pb, which were in the unpolluted-moderately
polluted class (0 <1 < 1), and Se, which was in the
moderately polluted class (1 <1 < 2) in all seasons.
Binici & Polatsii (2022) reported that Pb in Lake
Mogan (Turkiye) was at high levels, while Cu and Cd
were at moderate levels based on the value of the
Geoaccumulation Index (I, In the study conducted
on Lake Beysehir, Tunca (2016) found that the sediment
was moderately contaminated with Cr, Ni, Zn and Mn.

Cr, Cu, Fe, Mn, Mo, Ni and Zn were found in the
low contamination category (CF < 1), Cd and Pb
were in the moderately contaminated category
(1 < CF < 3), and Se was at the considerably
contaminated category (3 < CF < 6) in all seasons.
In the study carried out by Binici & Polatsii (2022)
in Lake Mogan, heavy metals were ranked as
Cu > As > Cd > Pb > Hg > Cr > Zn > Ni,
according to the values of the Contamination Factor
(CF).

The results of the Pollution Load Index (PLI) for
lake sediments suggest no pollution (PLI < 1) for all
metals in all seasons. Binici & Polatsii (2022) reported
that PLI values for Lake Mogan were > 1, and this result
indicates heavy metal contamination of the sediment.

The calculated values of the index indicate that
Cd, Pb and Se accumulated at high levels in Lake
Egirdir. Flige (2013) reported that some heavy metals,
such as Cd and Pb, entered the soil and groundwater
with fertilizers and pesticides. Se entered the water
as a result of processing metal mines and agricultural
activities (Hamilton 2004). Sener et al. (2014) found that
the high Zn value was caused by clayey-silty sediments
at the lake shore. The use of fertilizers and pesticides
in agricultural activities around Lake Egirdir can cause
increased levels of Cd, Pb and Se.

In this study, sediment quality guidelines were

used to determine the possible risk of heavy metal
contamination in sediments (MacDonald et al.
2000). The results show that Cd and Pb were at the
minimal effect threshold (MET), while Cr, Cu, Ni and
Zn were at the lowest effect levels (LEL). These results
show that heavy metals generally do not cause any
potential threat to aquatic organisms, and most
sediment-dwelling organisms are not adversely
affected by these levels of metals.

5. Conclusions

Lake Egirdir is the second largest lake in Tirkiye
and is very important for the region due to its high
potential for fisheries and its use for irrigation, drinking
water, tourism and being an important nesting and
visiting area for birds. The concentrations of the
selected heavy metals and Se in water and sediments
of Lake Egirdir were determined seasonally. The
possibility of anthropogenic effects was assessed
using selected ecological indices, such as EF, I,
CF and PLI, and multivariate statistical analysis
techniques. In addition, water temperature, pH,
electrical conductivity and dissolved oxygen levels
were measured. The analyzed metals were ranked
as follows: Cr < Cd < Mo < Pb < Se< Mn < Cu < Ni <
Zn < Fe. In general, metal levels increase in summer
and decrease in the wet season. According to the
Water Pollution Control Regulation (WPCR) by the
Ministry of Environment and Urban Planning (2008)
and based on the physicochemical values, the water
in Lake Egirdir was classified as category I-Il and,
based on the levels of heavy metals, as water quality
class Il. Temperature, pH, electrical conductivity and
dissolved oxygen values were below the limits for
drinking water set by the European Union (EU 2020),
the U.S. Environmental Protection Agency (EPA 2018),
the World Health Organization (WHO 2017) and the
Turkish Standardization Institute (TS 266 2005). Cu (EU
2020), Fe (TSE 2005; EPA 2018; EU 2020), Mn (TSE 2005;
EU 2020), Ni (TSE 2005; EU 2020) and Se (TSE 2005) in
the lake’s water exceeded the permissible levels for
drinking water in all seasons. According to the Water
Pollution Control Regulation for the quality of inland
surface waters and based on summer temperature
values and Se levels in all seasons, Lake Egirdir falls
into the “contaminated water category”. According to
the HPI and HEI results, the water in Lake Egirdir can
be classified in the low pollution class. The water was
in the good category with respect to WQI. Based on
these results, the water of Lake Egirdir can be used for
industrial purposes after proper treatment, except for
industries that require high quality water, such as the
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food and textile industries. The total levels of metal
and Se concentrations in the sediment samples were
in the following order: Fe > Mn > Pb > Zn > Ni > Cr >
Cu > Se > Mo > Cd. Only Cd levels varied significantly
(< 0.05) by season, while other metals did not vary
significantly (> 0.05). The EF, lyeor CF and PLI values for
Lake Egirdir showed that the lake is exposed to Pb,
Se and Cd pollution. This pollution can be caused by
anthropogenic sources such as agricultural activities,
pesticides, tourism, municipal waste and fishing
activities. In addition, the geogenic effect of the lake
may cause the metal pollution.

The following suggestions can be made to reduce
pollution and protect the lake: (1) the use of pesticides
and fertilizers in agricultural land around the lake
should be reduced, and organic farming should be
implemented to the greatest extent possible; (2) the
town of Egirdir is a preferred destination for camping
tourism, so it is necessary to protect the lake from
being polluted by the waste of campers staying on the
lake shore; (3) the discharge of domestic and industrial
wastewater into the lake should be prevented; (4)
navigation and fishing boats on the lake should use
high-quality fuels; (5) protecting the lake is no enough.
At the same time, similar measures should be taken for
water resources feeding the lake.

Acknowledgements

This work was supported by the Scientific
and Technological Research Council of Tirkiye
(TUBITAK) ARDEB 1002, Project No. 119Y348, and
Stleyman Demirel University — Scientific Research
Project Management (SDU-SDUBAP), Project No.
FDK-2019-7322. The authors would also like to thank
the reviewers for their valuable comments.

References

Alahabadi, A, & Malvandi, H. (2018). Contamination and
ecological risk assessment of heavy metals and metalloids
in surface sediments of the Tajan River, Iran. Marine
Pollution Bulletin, 133, 741-749. https://doi.org/10.1016/j.
marpolbul.2018.06.030 PMID:30041371

Al-Ani, M.Y., Al-Nakib, S.M., Ritha, N.M. & Nouri, A.H. (1987).
Water quality index applied to the classification
and zoning of Al-Jaysh canal, Baghdade-lraq. J.
Environ. Sci. Health. Part A 22(4): 305e319. https://doi.
org/10.1080/10934528709375351

Ali, H.,, Khan, E., & llahi, I. (2019). Environmental chemistry
and ecotoxicology of hazardous heavy metals:

Environmental persistence, toxicity and bioaccumulation.

Journal of Chemistry, 2019, 1-14.
org/10.1155/2019/6730305

Alp, A., Akyirek, M., Balik, S. & Ustaoglu, M. R. (1994). Aksehir
Goliniin Bazi Biyoekolojik Ozelliklerinin Tespiti Projesi
Sonug Raporu, Egirdir Su Uriinleri Arastirma Enstitiisi
MudurlGgu, Egirdir (In turkish)

Ameh, E.G. (2013). Geostatistics and heavy metal indexing
of surface water around Okaba coal mines, Kogi State,
Nigeria. Asian J. Environ. Sci. 8(1): 1e8.

APHA (American Public Health Association). (2005). Standard
methods for the examination of water and wastewater.
American Public Health Association.

Atici, T, Obali, O., & Caliskan, H. (2005). Control of water
pollution and phytoplanktonic algal flora in Bayindir Dam
Reservoir (Ankara). EgeJFAS. 22(1-2): 79-82. http://www.
egejfas.org/tr/pub/issue/5017/68055

Baker, R. A. (1980). Contaminants and sediment. Ann Arbor
Science.

Balkis, N., & Algan, O. (2005). Marmara Denizi ylzey
sedimentlerinde (Self alani)) metallerin birikimi ve
denetleyen mekanizmalar. In K. C. Giiven & B. Oztiirk (Eds.),
Deniz Kirliligi Temel Kirleticiler ve Analiz Yontemleri (pp.
225-251). Tudav press.

Bamba, T. (1974). Ophiolite from Ergani Mining District,
southeastern Turkey. Mineria y Geologia, 24, 297-305.

Barlas, N. Akbulut, N., & Aydogan, M. (2005). Assessment
of heavy metal residues in the sediment and water
samples of Uluabat Lake, Turkey. Bulletin of Environmental
Contamination and Toxicology, 74, 286-293. https://doi.
0rg/10.1007/500128-004-0582-y PMID:15841968

Basyigit, B., & Tekin-Ozan, S. (2013). Concentrations of some
heavy metals in water, sedimet and tissues of pikeperch
(Sander lucioperca) from Karatas Lake related to physico-
chemical parameters, fish size and seasons. Polish Journal
of Environmental Studies, 22(3), 633-644.

Binici, A, & Pulatst, S. (2022). Ecological risk assessment
of heavy metals after dredging in Mogan Lake, Turkey.
EgeJFAS. 39(3): 197-205. https://www.egejfas.org/tr/pub/
issue/72350/1066396

Boyd, C. E., Tucker, C. S., & Somridhivej, B. (2016). Alkalinity
and hardness: Critical but elusive concepts in aquaculture.
Journal of the World Aquaculture Society, 47(1), 6-41.
https://doi.org/10.1111/jwas.12241

Buat-Menard, P, & Chesselet, R. (1979). Variable influence
of the atmospheric flux on the trace metal chemistry of
oceanic suspended matter. Earth and Planetary Science
Letters, 42(3), 399-411. https://doi.org/10.1016/0012-
821X(79)90049-9

Bulut, C, & Kubilay, A. (2019). Seasonal change of water
quality in Egirdir Lake (Isparta/Turkey). Ege Universitesi Su
Uriinleri Dergisi, 36(1), 13-23. https://doi.org/10.12714/
egejfas.2019.36.1.02

Bulut, C. (2015). Investigation of heavy metal levels in water,
sediment and some fishery species and stress parameters

https://doi.




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 53, NO. 2 | JUNE 2024

in Egirdir Lake. Unpublished doctoral dissertation,
Stileyman Demirel University, Isparta, Turkey.

Campbell, N. A. & Reece, J. B. (2008). Biology. San Francisco:
Pearson Benjamn Cummings, Cengiz, M.F, Kilic, S., Yalcin,
F., Kilic, M. & Gurhan Yalcin, M. (2017). Evaluation of heavy
metal risk potential in Bogacayi River water (Antalya,
Turkey). Environ. Monit. Assess. 189(2017): 248.

Charlesworth, M., & Service, M. (2000). An assessment of
metal contamination in northern Irish Coastal sediments.
Biology and Environment, 100B(1), 1-12. https://www.jstor.
org/stable/20500073

Cevik, F.,, Goksu, M. Z. L., Derici, O. B., & Findik, O. (2009). An
assessment of metal pollution in surface sediments of
Seyhan dam by using enrichment factor, geoaccumulation
index and statistical analyses. Environmental Monitoring
and Assessment, 152, 309-317. https://doi.org/10.1007/
s10661-008-0317-3 PMID:18478346

Comakli, E. (2023). Evaluation of heavy metal accumulation
in sediment, surface water and some plants in the Karasu
Riparian Zone. Bulletin of the Chemical Society of Ethiopia,
37(1), 35-45. https://doi.org/10.4314/bcse.v37i1.4

Din, T. B. (1992). Use of aluminum to normalize heavy metal
data from estuarine and coastal sedimans of Straits of
Melaka. Marine Pollution Bulletin, 24, 484-491. https://doi.
0rg/10.1016/0025-326X(92)90472-

Duncan, D. B. (1955). Multiple range and multiple F tests.
Biometrics, 11, 1-41. https://doi.org/10.2307/3001478

EC. MENVIQ (Environment Canada and Ministere de
I'Envionnement du Quebec) (1992). Interim criteria
for quality assessment of St. Lawrence River sediment.
Environment Canada, Ottawa.

Edet, A. ¢ & Offiong, O. (2002). Evaluation of water quality
pollution indices for heavy metal contamination
monitoring. A study case from Akpabuyo- Odukpani area,
Lower Cross River Basin (Southeastern Nigeria). Geojournal.
57(4): 295-304. http://www.jstor.org/stable/41147740

Ehiemere, V. C,, lhedioha, J. N., Ekere, N. R., lbeto, C. N., &
Abugu, H. 0. (2022). Pollution and risk assessment of heavy
metals in water, sediment and fish (Clarias gariepinus) in a
fish farm cluster in Niger Delta region, Nigeria. Journal of
Water and Health, 20(6), 927-945. https://doi.org/10.2166/
wh.2022.003 PMID:35768968

Ellis, K. V., White, G., & Warn, A. E. (1989). Surface water
pollution and its control. Red Globe Press. https://doi.
org/10.1007/978-1-349-09071-6

Engel, D. W,, Sunda, W. G., & Fowler, B. A. (1981). Factors
affecting trace metal uptake and toxicity to estuarine
organisms, |. Environmental Parameters. In: J. Vernberg., A.
Calabrese., F. B.Thurberg & W. B. Vernberg (Eds.), Biological
Monitoring of Marine Pollutants (pp. 127-143). New York:
Academic Press.[L5]

EPA (United States Environmental Protection Agency).
(2018). 2018 Edition of the Drinking Water Standards and
Health Advisories. EPA 822-F-18-001. Office of Water U.S.

Environmental Protection Agency Washington.

EU (European Union) (2020) Directive (EU) 2020/2184 of the
European Parliament and of the Council of 16 December 2020
on the Quality of Water Intended for Human Consumption.

Fan,H., Chen,S., Li,Z, Liu,P, Xu,C., &Yang, X.(2020). Assessment
of heavy metals in water, sediment and shellfish organisms
in typical areas of the Yangtze River Estuary, China. Marine
Pollution Bulletin, 151, 110864. https://doi.org/10.1016/j.
marpolbul.2019.110864 PMID:32056645

Findik, O., & Turan, M. A. (2012). Metal concentrations in
surface sediments of Beyler reservoir (Turkey). Bulletin
of Environmental Contamination and Toxicology, 88,
193-197. https://doi.org/10.1007/s00128-011-0486-6
PMID:22160166

Findik, O., & Aras, S. (2023). Application of the metal pollution
indices on surface waters for assessment of environmental
risk: A case study for Damsa reservoir (Cappadocia,
Turkiye). International Journal of Environmental Science
and Technology, 20, 1689-1698. https://doi.org/10.1007/
$13762-022-04102-1

Fisher, R. A. (1928). The general sampling distribution of
the multiple correlation coefficient. Proceedings of the
Royal Society of London. Series A, Containing Papers of a
Mathematical and Physical Character, 121(788), 654-673.
https://doi.org/10.1098/rspa.1928.0224

Foley, J. Y. (1991). Metallogeny of ophiolitic and other mafic-
ultramafic terranes in Alaska. Alaska Field Operation
Center.

Flge, R. (2013). Antropogenic Sources. In O. Selinus (Ed.),
Essentials of Medical Geology (pp. 59-74). Springer.
https://doi.org/10.1007/978-94-007-4375-5_4

Goksu, M. Z. L. (2014). Water pollution. Nobel Press.

Glilci-Gr, B., & Tekin-Ozan, S. (2017). The investigation of
heavy metal levels in water and sediment from Isikh Lake
(Turkey) in relation to seasons and physico-chemical
parameters. Journal of Aquaculture Engineering and
Fisheries Research, 3(2), 87-96. https://doi.org/10.3153/
JAEFR17012

Glzel, B., Canli, O., & Aslan, E. (2022). Spatial distribution,
source identification and ecological risk assessment of
POPs and heavy metals in lake sediments of Istanbul,
Turkey. Marine Pollution Bulletin, 175, 113172. https://doi.
0rg/10.1016/j.marpolbul.2021.113172 PMID:34844748

Hakanson, L. (1980). An ecological risk index for aquatic
pollution control a sedimentological approach. Water
Research, 14(8), 975-1001. https://doi.org/10.1016/0043-
1354(80)90143-8

Hamilton, S.J. (2004). Review of selenium toxicity in the aquatic
food chain. The Science of the Total Environment, 326(1-3),
1-31. https://doi.org/10.1016/j.scitotenv.2004.01.019
PMID:15142762

Imneisi, I. B., & Aydin, M. (2016). Water Quality Index for main
Source of drinking water (Karagomak Dam) in Kastamonu
City, Turkey. Journal of Environmental & Analytical




Oceanological and Hydrobiological Studies, VOL. 53, NO. 2 [JUNE 2024

Toxicology, 6(5), 407.
0525.1000407

Irabien, M. J,, & Velasco, F. (1999). Heavy metals in Oka
river, sediments (Urdaibai National Biosphere Reserve,
northern Spain): Lithogenic and antropogenic effects.
Environmental Geology (Berlin), 37(1-2), 54-63. https://doi.
0rg/10.1007/5s002540050360

Islam, M. S., Ahmed, M. K., Raknuzzaman, M., Habibullah-Al-
Mamun, M., & Islam, M. K. (2015). Heavy metal pollution
in surface water and sediment: A preliminary assessment
of an urban river in a developing country. Ecological
Indicators, 48, 282-291. https://doi.org/10.1016/j.
ecolind.2014.08.016

Kankilig, G. B. (2019). Assessment of heavy metal pollution
levels in sediment samples of lower catchment area of
Kapulukaya Reservoir (Kizilirmak, Kirikkale). BEU J. Sci.
8(3):903-913. https://dergipark.org.tr/tr/pub/bitlisfen/
article/585864

Kankilig, G. B., Tiiziin, I., & Kadiogluy, Y. K. (2013). Assessment of
heavy metallevelsin sedimentsamples of Kapulukaya Dam
Lake (Kirikkale) and lower catchment area. Environmental
Monitoring and Assessment, 185(8), 6739-6750. https://doi.
org/10.1007/s10661-013-3061-2 PMID:23315100

Kaptan, H., & Tekin-Ozan, S. (2014). Determination of heavy
metals levels in some tissues and organs of carp (Cyprinus
carpio L., 1758) living in water, sediment of Egirdir Lake.
SDU J. Sci. 9 (2): 44-60. https://dergipark.org.tr/tr/pub/
sdufeffd/issue/11280/134794

Kar,D.,Sur, P, Mandai,S., Saha,T., &Kole, R.K.(2008). Assessment
of heavy metal pollution in surface water. International
Journal of Environmental Science and Technology, 5, 119-
124. https://doi.org/10.1007/BF03326004

Karaouzas, |.,Kapetanaki, N., Mentzafou, A.,Kanellopoulos, T.D.,
& Skoulikidis, N. (2021). Heavy metal contamination status
in Greek surface waters: A review with application and
evaluation of pollution indices. Chemosphere, 263, 128192.
https://doi.org/10.1016/j.chemosphere.2020.128192
PMID:33297157

Kayrak, S., & Tekin-Ozan, S. (2018). Determination of heavy
metal contents in water, sediments and fish tissues of
Tinca tinca in Kovada Lake, Turkey. J. Aquac. Eng. Fish Sci.,
4(2), 73-84.

Kerrison, P. H., Annoni, D., Zarini, S., Ravera, O., & Moss, B.
(1988). Effects of low concentrations of heavy metals on
plankton community dynamics in a small, shallow, fertile
lake. Journal of Plankton Research, 10(4), 779-812. https://
doi.org/10.1093/plankt/10.4.779

Kesici, E., & Kesici, C. (2006). The effects of interverences in
natural structure of Lake Egirdir (Isparta) to ecological
disposition of the Lake. EgeJFAS. 23(1-1):99-103.10.12714/
egejfas.2006.23.1.5000156786

Kocatas, A. (2008). Ecology and environmental biology. Ege
University Faculty of Science Textbooks Series.

Kruger, T. (2008). Effects of zinc, copper and cadmium on

https://doi.org/10.4172/2161-

Oreochromis mossambicus free-embryos and randomly
selected mosquito larvae as biological indicators during
acute toxicity testing. Unpublished master dissertation,
University of Johannesburg, Johannesburg, South Africa.

Kumar, A., Kumar, A, & Jha, S. K. (2020a). Seasonal pollution
of heavy metals in water, sediment and tissues of catfish
(Heteropneustes fossilis) from Gogabil Lake of Bihar, India.
International Journal of Fisheries and Aquatic Studies, 8(2),
163-175.

Kumar, M., Gupta, N., Ratn, A., Awasthi, Y., Prasad, R., Trivedi, A.,
& Trivedi, S. P. (2020b). Biomonitoring of heavy metals in
River Ganga water, sediments, plant and fishes of different
trophic levels. Biological Trace Element Research, 193,
536-547. https://doi.org/10.1007/s12011-019-01736-0
PMID:31044358

Kumar, V., Parihar, R. D., Sharma, A., Bakshi, P, Singh Sidhu,
G. P, Bali, A. S., Karaouzas, |, Bhardwaj, R., Thukral, A.
K. Gyasi-Agyei, Y., & Rodrigo-Comino, J. (2019). Global
evaluation of heavy metal content in surface water bodies:
A meta-analysis using heavy metal pollution indices and
multivariate statistical analyses. Chemosphere, 236,124364.
https://doi.org/10.1016/j.chemosphere.2019.124364
PMID:31326755

Kurt, A., Kander, S., & Copur, O. U. (2022). Determination of
the heavy metal levels of well waters used as drinking
waters in the rural areas of Bursa City. Gida, 47(2), 199-211.
https://doi.org/10.15237/gida.GD22012

Laxmi Mohanta, V., Naz, A, & Kumar Mishra, B. (2020).
Distribution of heavy metals in the water, sediments,
and fishes from Damodar river basin at steel city, India: A
probabilistic risk assessment. Human and Ecological Risk
Assessment, 26(2), 406-429. https://doi.org/10.1080/1080
7039.2018.1511968

Li, P, Qian, H., Howard, K. W. F,, & Wu, J. (2015). Heavy metal
contamination of Yellow River alluvial sediments,
northwest China. Environmental Earth Sciences, 73, 3403-
3415. https://doi.org/10.1007/s12665-014-3628-4

Li, Y., Zhou, Q, Ren, B., Luo, J,, Yuan, J., Ding, X., Bian, H., & Yao,
X. (2020). Trends and health risks of dissolved heavy metal
pollution in global river and lake water from 1970 to 2017.
Reviews of Environmental Contamination and Toxicology,
251, 1-24. https://doi.org/10.1007/398_2019_27
PMID:31011831

Lipy, E. P, Hakim, M., Mohanta, L. C,, Islam, D., Lyzu, C., Roy,
D. C, Jahan, I, Akhter, S., Raknuzzaman, M., & Abu Sayed,
M. (2021). Assessment of heavy metals concentration in
water, sediment and common fish species of Dhaleshwari
River in Bangladesh and their health implications.
Biological Trace Element Research, 199, 4295-4307. https://
doi.org/10.1007/512011-020-02552-7 PMID:33491165

MacDonald, D. D., Ingersoll, C. G, & Berger, T. A. (2000).
Development and evaluation of consensus-based
sediment quality guidelines for freshwater ecosystems.
Archives of Environmental Contamination and Toxicology,




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 53, NO. 2 | JUNE 2024

39,  20-31.
PMID:10790498

Mason, B. (1966). Principles of Geochemistry. Wiley.

Metin Dereli, E., Ertlirk, A., & Cakmakgi, M. (2017). The effect
of heavy metals in surface water and their relationship
with eutrophication. Turkish J. Aqua. Sci., 32(4), 214-231.
https://doi.org/10.18864/TJAS201720

Ministry of Environment and Urban Planning (2008) Water
pollution and control regulations in Turkey. Formal
Gazette,13.02.2008, No: 26786

Mohan, S. V., Nithila, P, & Reddy, S. J. (1996). Estimation of
heavy metals in drinking water and development of heavy
metal pollution index. Journal of Environmental Science
and Health. Part A, Environmental Science and Engineering
& Toxic and Hazardous Substance Control, 31(2), 283-289.
https://doi.org/10.1080/10934529609376357

Mostert, M. M. R,, Ayoko, G. A., & Kokot, S. (2010). Application
of chemometrics to analysis of soil pollutants. TrAc.
Trends in Analytical Chemistry, 29, 430-445. https://doi.
org/10.1016/j.trac.2010.02.009

Mutlu, E., Kutlu, B., & Demir, T. (2016). Assessment of Cinarli
Stream (Hafik-Sivas)’s water quality via physcio-chemical
methods. TURJAF, 4(4), 267-278. https://doi.org/10.24925/
turjaf.v4i4.267-278.494

Miller, G. (1969). Index of geo-accumulation in sediments of
the Rhine River. GeoJournal. 2: 108-118.

Mdller, G. (1981). Die Schwermetallbelastung der
Sedimenten des Neckars und Seiner Nebenfliisse: Eine
Bestandsaufnahme. Chem-Ztg, 6, 157-164.

Namminga, H. N., & Wilhm, J. (1976). Effects of high discharge
and an oil refinery cleanup operation bon heavy metals
in water and sediments in Skeleton Creek. Proceedings of
the Oklahoma Academy of Science, 6, 133-138. https://doi.
org/10.1007/510661-007-9896-7

Pearson, K. (1900). X. On the criterion that a given system of
deviations from the probable in the case of a correlated
system of variables is such that it can be reasonably
supposed to have arisen from random sampling. Philos.
The London, Edinburgh and Dublin Philosophical Magazine
and Journal of Science, 50(302), 157-175. https://doi.
org/10.1080/14786440009463897

Persaud, D., Jaagumagi, R., & Hayton, A. (1993). Guidelines for
protection and management of aquatic sediment quality
in Ontario. Water Resources Branch. Ontario Ministry of
the Environment,, http://hdl.handle.net/10214/15797

Qiao, D., Wang, G,, Li, X, Wang, S., & Zhao, Y. (2020). Pollution,
sources and environmental risk assessment of heavy
metals in the surface AMD water, sediments and surface
soils around unexploited Rona Cu deposit, Tibet, China.
Chemosphere, 248, 125988. https://doi.org/10.1016/j.
chemosphere.2020.125988 PMID:31995735

Ramp, L. (1978). Investigations of nickel in Oregon. State of
Oregon. Dept. of Geology and Mineral Industries.

Saleh, H. N. Panahande, M., Yousefi, M. Asghari, F. B,

https://doi.org/10.1007/5002440010075

Oliveri Conti, G., Talaee, E., & Mohammadi, A. A. (2019).
Carcinogenic and non-carcinogenic risk assessment of
heavy metalsin groundwater wellsin Neyshabur Plain, Iran.
Biological Trace Element Research, 190(1), 251-261. https://
doi.org/10.1007/s12011-018-1516-6 PMID:30225757

Salomons, W. (1993). Adoption of common schemes for
single and sequential extractions of trace metal in soils
and sediments. International Journal of Environmental
Analytical ~ Chemistry, ~ 51(1-4),  3-4.  https://doi.
0rg/10.1080/03067319308027607

Sancer, O,, & Tekin-Ozan, S. (2016). Seasonal changes of metal
accumulation in water, sediment and Phragmites australis
(Cav.) Trin. ex Steudel growing in Lake Kovada (Isparta,
Turkiye). SDU J. Sci. 11(2):45-60. https://dergipark.org.tr/tr/
pub/sdufeffd/issue/27465/290316

Saygl, Y., & Yigit, S. A. (2012). Heavy metals in Yenicaga Lake
and its potential sources: Soil, water, sediment, and
plankton. Environmental Monitoring and Assessment,
184(3), 1379-1389. https://doi.org/10.1007/s10661-011-
2048-0 PMID:21494824

Schropp, S. J, & Windom, H. L. (1988). A Guide to the
Interpretation of Metal Concentrations in Estuarine
Sediments. Florida Department of Environmental
Protection.

Seal, K., Chaudhuri, H., Pal, S., Srivastava, R. R., & Soldatova,
E. (2022). A study on water pollution scenario of the
Damodar river basin, India: Assessment of potential health
risk using long term database (1980-2019) and statistical
analysis. Environmental Science and Pollution Research
International, 29, 53320-53352. https://doi.org/10.1007/
s11356-022-19402-9 PMID:35287189

Soares, H. M. V. M., Boaventura, R. A. R, Machado, A. A. S. C,,
& Esteves da Silva, J. C. G. (1999). Sediments as monitors
of heavy metal contamination in the Ave river basin
(Portugal): Multivariate analysis of data. Environmental
Pollution, 105(3), 311-323. https://doi.org/10.1016/50269-
7491(99)00048-2 PMID:15093073

Suresh, G, Ramasamy, V. Meenakshisundaram, V.,
Venkatachalapathy, R., & Ponnusamy, V. (2011). Influence
of mineralogical and heavy metal composition on natural
radionuclide concentrations in the river sediments.
Applied Radiation and Isotopes, 69, 1466—-1474. https://doi.
org/10.1016/j.apradiso.2011.05.020 PMID:21636283

Sener, E., Sener, S., & Bulut, C. (2023). Assessment of heavy
metal pollution and quality in lake water and sediment by
various index methods and GIS: A case study in Beysehir
Lake, Turkey. Marine Pollution Bulletin, 192, 115101. https://
doi.org/10.1016/j.marpolbul.2023.115101 PMID:37269700

Sener, S, & Sener, E. (2015). Assessment of heavy metal
distribution and contamination in the Kovada Lake
(Isparta) bottom sediments. J. Nat. Appl. Sci., 19(2), 86-89.

Sener, S. (2022). Egirdir Goli'niin surdurdlebilir yonetimine
yonelik glincel yaklasimlar. Duvar Press.

Sener, S., Davraz, A, & Karaglizel, R. (2013). Evaluating the




Oceanological and Hydrobiological Studies, VOL. 53, NO. 2 [JUNE 2024

antropogenic and geologic impacts on waters quality of
the Egirdir Lake, Turkey. Environmental Earth Sciences, 70,
2527-2544. https://doi.org/10.1007/512665-013-2296-0

Sener, S., Davraz, A., & Karaguzel, R. (2014). Assesment of
trace metal contents in water and bottom sediments
from Egirdir Lake, Turkey. Environmental Earth Sciences, 71,
2807-2819. https://doi.org/10.1007/s12665-013-2659-6

Sener,S., Elitok, 0., Sener, E.,&Davraz, A.(2011). Aninvestigation
of Mn contents in water and bottom sediments from
Egirdir Lake, Turkey. J. Eng. Sci. Design., 1(3), 145-149.
https://dergipark.org.tr/tr/download/article-file/195356

Tanyolag, J. (2011). Limnology. Hatiboglu Press.

Tekin-Ozan, S. (2008). Determination of heavy metal levels in
water, sediment and tissues of tench (Tinca tinca L., 1758)
from Beysehir Lake (Turkey). Environmental Monitoring
and Assessment, 145, 295-302. https://doi.org/10.1007/
s10661-007-0038-z PMID:18046616

Tekin-Ozan, S. (2021). Determination of heavy metals in water,
sediment and some tissues of carp (Cyprinus carpio L.,
1758) living in Oymapinar Dam Lake’s (Antalya). Acta.
Aquat. Turc, 17(4), 596-609. https://doi.org/10.22392/
actaquatr.940349

Tepe, Y., & Boyd, C. E. (2001). A sodium-nitrate-based, water-
soluble, granular fertilizer fors port fish ponds. North
American Journal of Aquaculture, 63(4), 328-332. https://
afspubs.onlinelibrary.wiley.com/doi/full/10.1577/1548-
84549%282001%29063%3C0328%3AASNBWS%3E2.0.CO
%3B2

Tepe, Y., & Boyd, C. E. (2003). A reassessment of nitrogen
fertilization for sunfish ponds. Journal of the World
Aquaculture  Society,  34(4), 505-511. https://doi.
org/10.1111/j.1749-7345.2003.tb00089.x

Tian, K., Wu, Q,, Liu, P, Hu, W,, Huang, B., Shi, B., Zhou, Y., Kwon,
B. O., Choi, K., Ryu, J.,, Seong Khim, J., & Wang, T. (2020).
Ecological risk assessment of heavy metals in sediments
and water from the coastal areas of the Bohai Sea and the
Yellow Sea. Environment International, 136, 105512. https://
doi.org/10.1016/j.envint.2020.105512 PMID:31999973

Tokatli, C.,, & Ustaoglu, F. (2020). Health risk assessment of
toxicants in Meri¢ River Delta Wetland, Thrace Region,
Turkey. Environmental Earth Sciences, 79, 426. https://doi.
org/10.1007/512665-020-09171-4

Tokatl, C., & Islam, M. S. (2022). Spatiotemporal variations
and bio-geo-ecological risk assessment of heavy metals
in sediments of a wetland of international importance in
Turkey. Arabian Journal of Geosciences, 15, 121. https://doi.
org/10.1007/512517-021-09227-0

Tomlinson, D. L, Wilson, J. G, Harris, C. R, & Jeffrey, D. W.
(1980). Problems in the assessment of heavy-metal
levels in estuaries and the formation of a pollution index.
Helgoldnder Wissenschaftliche Meeresuntersuchungen, 33,
566-575. https://doi.org/10.1007/BF02414780

TSE (Turkish Standardization Institute). (2005). Water intended
for human consumption - TS266 (In Turkish).

Tunca, E. U. (2016). Heavy metal accumulation water, sediment
and evaluation of antropogenic sediment contamination
in Beysehir Lake. Ordu University J. Sci. Technol. 6(2):
205-219. https://dergipark.org.tr/tr/pub/ordubtd/
1ssue/27365/287992.

Turkmen, A., & Turkmen, M. (2004). The seasonal variation of
heavy metal in the suspended particulate material in the
Iskenderun Bay (North-eastern Mediterranean Sea, Turkey.
EgeJFAS., 21(3-4),307-311.

UNEP (United Nations Environment Programme). (1984)
Determination of total cadmium, zinc, lead and copper
in selected marine organisms by flameless atomic
absorption spectrophotometry reference methods for
marine pollution studies. No:11, Rev1. https://wedocs.
unep.org/20.500.11822/28494

Urug, K., Demirezen-Yilmaz, D., & Akbulut, H. (2008). Effect
of different pH on nickel absorbtion and amount of
chlorophyll of Lemna gibba L. and Lemna minér L. Research
Journal of Biological Sciences, 1(2), 13-15.

Usero, J., Izquierdo, C., Morillo, J., & Gracia, I. (2004). Heavy
metals in fish (Solea vulgaris, Anguilla anguilla and Liza
aurata) from salt marshes on the southern Atlantic coast of
Spain. Environment International, 29(7), 949-956. https://
doi.org/10.1016/50160-4120(03)00061-8 PMID:14592572

Ustaoglu, F., & Aydin, H. (2020). Health risk assessment of
dissolved heavy metalsin surface water in a subtropical
rivers basin system of Giresun (North - eastern Turkey).
Desalination and Water Treatment, 194, 222-234. https://
doi.org/10.5004/dwt.2020.25900

Ustaoglu, F. (2020). Evaluation of the effect of dissolved
metals detected in Degirmendere Dam (Amasya, Turkey)
on drinking and irrigation water quality. Turkish Journal
of Agriculture-Food Science and Technology., 8(12),
2729-2737.  https://doi.org/10.24925/turjaf.v8i12.2729-
27374019

Ustaoglu,F.(2021). Ecotoxicological riskassessmentand source
identification of heavy metals in the surface sediments of
Comlekci stream, Giresun, Turkey. Environmental Forensics,
22(1-2), 130-142. https://doi.org/10.1080/15275922.2020
1806148

Ustaoglu, F, & Tepe, Y. (2019). Water quality and sediment
contamination asssessment of Pazarsuyu Stream,
Turkey using multivariate statistical methods and
pollution indicators. International Soil and Water
Conservation Research, 7, 47-56. https://doi.org/10.1016/j.
iswcr.2018.09.001

Uysal, K., Kose, E., Biilbil, M., Donmez, M., Erdogan, Y., Koyun,
M., Omeroglu, C., & Ozmal, F. (2009). The comparison of
heavy metal accumulation ratios of some fish species
in Enne Dame Lake (Kitahya/Turkey). Environmental
Monitoring and Assessment, 157, 355-362. https://doi.
0rg/10.1007/510661-008-0540-y PMID:18843546

Varol, S., & Davraz, A. (2015). Evaluation of the groundwater
quality with WQI (Water Quality Index) and multivariate




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 53, NO. 2 | JUNE 2024

analysis: A case study of the Tefenni plain (Burdur/Turkey).
Environmental Earth Sciences, 73(4), 1725-1744. https://
doi.org/10.1007/s12665-014-3531-z

Vu, C.T, Lin, C, Nguyen, K. A,, Shern, C. C., & Kuo, Y. M. (2018).
Ecological risk assessment of heavy metals sampled
in sediments and water of the Houjing River. Taiwan.
Environmental Earth Sciences, 77, 388. https://doi.
org/10.1007/512665-018-7573-5

Wagner, A, & Boman, J. (2003). Biomonitoring of trace
elements in muscle and liver tissue of freshwater fish.
Spectrochimica Acta. Part B, Atomic Spectroscopy, 58, 2215-
2226. https://doi.org/10.1016/j.sab.2003.05.003

Web  1.2021).  https://tr.wikipedia.org/wiki/Kadmiyum.
Accessed 01 January 2021

Web 2. (2022). https://tr.wikipedia.org/wiki/Krom. Accessed
01 January 2022

Weiner, E. R. (2008). Applications of environmental aquatic
chemistry: A Practical Guide. CRC Press. https://doi.
0rg/10.1201/9781420008371

Wetzel, R. G. (2001). Limnology, Lake and reservoir Ecosystems.
Academic Press.

WHO. (World Health Organization). (2017). Guidelines For
Drinking-Water Quality, 4th Edition, Incorporating the 1st
addendum.

WHO. (World Health Organization). (2011). Guidelines for
Drinking-Water Quality. 4th Edition.

Xiao, J., Jin, Z, & Wang, J. (2014). Geochemistry of trace
elements and water quality assessment of natural water
within the Tarim River Basin in the extreme arid region NW
China. Journal of Geochemical Exploration, 136, 118-126.
https://doi.org/10.1016/j.gexplo.2013.10.013

Xu, J., Chen, Y., Zheng, L., Liu, B, Liu, J., & Wang, X. (2018).
Assessment of heavy metal pollution in the sediment of
the main tributaries of Dongting Lake, China. Water (Basel),
10, 1060. https://doi.org/10.3390/w10081060

Yadav, A. K., Khan, P, & Sharma, S. K. (2012). Water quality
index assessment of groundwater in Todaraisingh Tehsil
of Rajasthan State, India-A Greener Approach. E-Journal
of Chemistry. Advance online publication. https://doi.
org/10.1155/2010/419432

Yang, F, Zhang, H., Xie, S, Wei, C, & Yang, X. (2023).
Concentrations of heavy metals in water, sediments
and aquatic organisms from a closed realgar mine.
Environmental Science and Pollution Research International,
30, 4959-4971. https://doi.org/10.1007/511356-022-
22563-2 PMID:35976583

Yongming, H., Peixuan, D., Junji, C., & Posmentier, E. S. (2006).
Multivariate analysis of heavy metal contamination in
urban dusts of Xi‘an, Central China. The Science of the Total
Environment, 355(1-3), 176-186. https://doi.org/10.1016/j.
scitotenv.2005.02.026 PMID:15885748

Yozukmaz, A., & Yabanli, M. (2023). Heavy metal contamination
and potential ecological risk assessment in sediments of
Lake Bafa (Turkey). Sustainability (Basel), 15, 9969. https://

207

doi.org/10.3390/su15139969

Yuan, Q. Wang, P, Wang, C., Chen, J.,, Wang, X, Liu, S., &
Feng, T. (2019). Metal and metalloids distribution, source
identification, and ecological risks in riverbed sediments
of the Jinsha River. Journal of Geochemical Exploration, 205,
106334. https://doi.org/10.1016/j.gexplo.2019.106334

Zhuang, W,, Liu, Y., Chen, Q., Wang, Q., & Zhou, F. (2016). A
new index for assessing heavy metal contamination
in sediments of the Beijing-Hangzhou Grand Canal
(Zaozhuang Segment): A case study. Ecological Indicators,
69,252-260.https://doi.org/10.1016/j.ecolind.2016.04.029




