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Abstract: Aquatic ecosystems and algae, which are the primary producers living in these

*(2: https://orcid.org/0000-0003-2532-5517 areas, are the subject of many studies due to their importance. Macroalgae are indicator
: https://orcid.org/0000-0001-5309-7238 organisms in terms of showing the elemental composition of the region they live in. In
this study, elemental analyzes of macroalgae belonging to Cystoseira foeniculacea and

Gongolaria montagnei were carried out, that species collected from the coastal region of

Antalya Province Serik District, which has a coast to the Mediterranean and Pearson

Correlation Index (PCI) was applied to show the relationships between the results. The

obtained data were compared with other studies. About macro elements, the highest value

was determined as K element and the lowest value was determined as P element in

Cystoseira foeniculacea and Gongolaria montagnei species. About trace elements, for

Cystoseira foeniculacea species the highest value as Fe element and the lowest value as

*Corresponding author’s: Mo element, for Gongolaria montagnei species the highest value as Fe element, and the
Baran ASIKKUTLU lowest value as Cd element, were determined. According to the Pearson Correlation Index
ge“?“ﬁ Un‘;’e‘fsg.y’f““l:g °fS°1TenT(e’ analysis, positive and negative relationships were determined between the elements.
epartment or 5iology, Konya, urkey . h . R
- baranasikkutlu@selcuk.edu.tr When the data obtained in our study were compared with the data of other previous

studies, it was determined that the results were similar to each other.
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AKkdeniz Bolgesi’ nden (Antalya/ Tiirkiye) Alinan Makroalg Cystoseira foeniculacea ve
Gongolaria montagnei Tiirlerinin Makro ve 1z Element Seviyeleri

Oz: Sucul ekosistemler ve bu alanlarda yasayan birincil iiretici durumundaki algler, bu
onemleri nedeniyle ¢cok sayida arastirmaya konu olmaktadir. Yasadiklar1 alanin element
kompozisyonunu gostermesi agisindan makroalgler indikatér organizmalardir.
Calismamizda, Akdeniz’ e kiyisi olan Antalya ili Serik Ilgesi kiy1 bolgesinden toplanan
Cystoseira foeniculacea ve Gongolaria montagnei tiirlerine ait makroalglerin element
analizleri yapilmistir ve sonuglarin birbirleriyle olan iligkilerini gdstermek amagli
Pearson Korelasyon indeksi (PCI) uygulanmustir. Elde edilen veriler yapilan diger
caligmalarla kiyaslanmigtir. Makro elementler igin Cystoseira foeniculacea ve
Gongolaria montagnei tiirlerinde en yiiksek deger K elementinde, en disiik deger P
elementinde tespit edilmistir. 1z elementler i¢in Cystoseira foeniculacea tiiriinde en
yiiksek deger Fe elementinde, en diisiik deger Mo elementinde, Gongolaria montagnei

*Sorumlu yazar: tiirtinde en yiiksek deger Fe elementinde, en diisiik deger Cd elementinde tespit edilmistir.

Baran ASIKKUTLU Pearson Korelasyon indeks analizine gére elementler arasinda pozitif ve negatif yonde
Selcuk Universitesi, Fen Fakiiltesi, Biyoloji iliskiler belirlenmistir. Calismamizda elde edilen veriler daha 6nce gerceklestirilen diger
Bélimi, Konya, Tiirkiye calismalarin verileriyle kiyaslandiginda, sonuglarin birbirleriyle benzerlik gdsterdigi

DX41: baranasikkutlu@selcuk.edu.tr belil’lenmistir

Anahtar kelimeler: Akdeniz, element seviyesi, makroalg, PCI .
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INTRODUCTION

Pollution  pressures occur in the marine
environment, especially in areas with urban and industrial
interactions (Bonanno et al., 2020). Elimination of this
pollution is time consuming and expensive. The use of low-
cost eco-friendly technologies to grade contaminated water
sources is an important issue (Ahmadpour, 2012). Heavy
metals can be found in natural conditions, but it is important
to determine the difference between anthropogenic pollution
and natural levels in order to determine the pollution level in
the environment (Akcali & Kigiiksezgin, 2011). Heavy
metals cause health problems for living creatures in the
environment due to their high toxicity, cause problems in the
food chain and reduce environmental quality (Cheng et al.,
2019). It is important to compare chemicals in natural
sources and sources under anthropogenic pressure.
Examining the creatures living in the marine environment is
important in terms of showing the effect of pollutants
(Chakraborty et al., 2014). Metals found in environment
need to be constantly monitored, evaluated and investigated.
(Haghshenas et al., 2020). Since the examination of
elemental accumulation in ecological environments is an
important issue, many researchers are working in this field.
(Al-Homaidan et al., 2021; Giimiis et al., 2021; Lin et al.,
2020).

Brown algae are considered as a bioindicator of
heavy metal presence in coastal waters. Comparing algae
which living in different environmental conditions will guide
the understanding of the environmental adaptation of these
creatures against human influence (Ryabushko et al., 2017).
In the coastal region where the sea and land meet, it is seen
that there is an anthropogenic pressure due to the increase in
the human population. Brown macroalgae belonging to the
Cystoseira genus in the coastal region of the Mediterranean,
support to the ecosystem with their high biodiversity and
productivity (De La Fuente et al., 2019). In recent years, it
has been observed that the Cystoseira genus macroalgae has
decreased due to the increasing pollution in the
Mediterranean (Sales et al., 2011). Algae can accumulate
low levels of heavy metals and cause them to be transmitted
through the food chain (Pinto et al., 2003). In addition,
studies on aquaculture applications and use of macroalgae as
a supplementary food source for humans or other creatures
according to their biological content have recently been a
remarkable field of study (Asghari, 2017; Berik, 2019;
Wells, 2017; Yulianto, 2017).

Turkey's Mediterranean coasts are under the
influence of eutrophication and pollution problems,
especially from agriculture (Muhammed, 2020). Macroalgae
has been defined as one of the biological quality elements
used to define the ecological quality status of coastal waters
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in Directive 2000/60/EC of the European Parliament and of
the Council (EU, 2000). In our study, the brown macroalgae
Cystoseira foeniculacea f. latiramosa (Ercegovic) A. Gomez
Garreta, M.C. Barceld, M.A. Ribera & J.R. Lluch 2001 and
Gongolaria montagnei (J.Agardh) Kuntze 1891 species
taken in 2015 from the coastal region of Serik District of
Antalya Province on the Mediterranean coast were
investigated in order to determine their macro and trace
element levels. The aim of our study is to evaluate the
element accumulation levels by comparing the element
levels detected in macroalgae taken from the region
determined on the Antalya coast with the results of other
studies. In addition, determining the elemental levels of
macroalgae species in our study will be a supportive research
for studies evaluating the use of these organisms as
nutritional supplements.

MATERIAL AND METHOD

Working Area: The province of Antalya, which is
our study area, is located in the southwest of Turkey and is
a developed region in terms of tourism activities. Our
station where the samples were collected is within the
borders of Serik District and is located at 36°49'59.84"N
and 31° 7'28.67"E coordinates. The satellite image of the
sampling station and the region is shown in Figure 1.

Black Sea

TURKEY
e Autilya

Mediterranean Sea

Antalya s

Mediterranean Sea

Figure 1. The satellite image of the sampling station and the region.

Collection and Identification of macroalgae: Both
algae samples were collected in 2015 from the station
determined in the Antalya coastal region during the periods
when algae were intense. Collected samples were placed in
sterile glass bottles and brought to the laboratory.
Morphological identification was made with a light
microscope. Algaebase site (Guiry & Guiry, 2021), study of
Orlando-Bonaca & Trkov, (2020) and Sellam et al., (2017)
were used for species identification of macroalgae.
Gongolaria montagnei (J.Agardh) Kuntze 1891 species was
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evaluated as a basionym of Cystoseira montagnei J.Agardh
species (Guiry & Guiry, 2021).

Determination of macro and trace elements:
Cystoseira foeniculacea and Gongolaria montagnei
species were first thoroughly washed with tap water, then
all epiphytes, organic and mineral particles were
manually removed. Samples were rinsed with distilled
water and ultrapure water, respectively, then dried in an
oven at 45 °C and stored in airtight boxes at room
temperature until analysis (Akkoz et al., 2011).

Before analysis, algae samples were placed in
durable glass bottles and dried at 105 ° C for 24 hours in a
drying oven. 0.2 g of the dried samples were taken and 5 mL
nitric acid (65% HNO3) and 2 mL of purified water were
added and allowed to stand at room temperature for 24 hours.
After that samples were dissolved in microwaved. Following
this process, the samples were placed in the Cem brand Mars
6 model microwave and dissolved at 180 ° C for 45 minutes.
The samples removed from the microwave were cooled and
filtered through a 100 mm blue band filter paper, then
transferred to falcon tubes and 25 mL volume was completed
with deionized water (Ahmad et al., 2021; Akkoz et al.,
2011; Cengiz et al., 2017). Three measurement of macro and
trace element concentrations were determined using

J. Anatolian Env. and Anim. Sciences, Year:6, No:4, (757-764), 2021

inductively coupled plasma optical emission spectrometer
(ICP-OES, Varian Vista) according to DIN EN 1SO 11885.
(DIN EN ISO 11885, 2009). The wavelengths of the
elements measured in the device are respectively B 249.772
nm, Ca 317.933 nm, Cd 214.439 nm, Co 238.892 nm, Cr
267.716 nm, Cu 327.395 nm, Fe 238.204 nm, K 766.491 nm,
Mg 279.553 nm, Mn 257.610 nm, Mo 202.032 nm, Na
589.592 nm, Ni 231.604 nm, P 213.618 nm, Pb 220.353 nm
and Zn 213.857 nm.

Statistical analysis: Pearson Correlation Index
(PCI) SPSS 22 package program was used to evaluate the
relationship between the parameters. (Oztiirk & Akkoz,
2014).

RESULTS

The macro and trace element minimum,
maximum, average values and standart deviations of the
ICP  device measurement results of Cystoseira
foeniculacea and Gongolaria montagnei  brown
macroalgae samples collected from the coastal region of
Antalya Province Serik District in August 2015 are given
in Table 1.

Table 1. Macro elements and trace elements (mg kg™ dry weight) minimum, maximum and average values of macroalgae.

Cystoseira foeniculacea

Gongolaria montagnei

Macro Elements Minimum Maximum Average Minimum Maximum Average
Ca 7099.65 8279.70 7841.88+527.66 9109.93 13095.07 11233.37+1637.42
K 27026.02 31020.53 28974.58+1632.21 22259.83 23230.92 22714.83+398.79
Mg 606.77 648.62 630.78+17.63 594.67 646.09 622.00+21.12
Na 6140.36 6892.86 6462.15+316.72 8104.28 8647.02 8357.514223.05
P 311.24 327.82 316.84+7.76 335.11 401.19 370.35+27.16
Trace Elements Minimum Maximum Average Minimum Maximum Average
B 70.69 81.20 77.00+4.54 96.57 128.81 113.29+13.19
Co 0.98 1.00 1.00+0.01 0.97 1.00 0.98+0.01
Cd 0.76 0.83 0.80+0.03 BDL BDL BDL
Cr 0.98 1.00 1.00+0.01 0.97 1.99 1.64+0.47
Cu 1.96 2.01 1.66+0.46 5.81 6.97 6.22+0.63
Fe 225.34 343.86 289.88+48.96 467.80 865.11 667.72+162.21
Mn 21.03 24.06 22.56+1.24 37.77 53.76 46.17+6.55
Mo BDL BDL BDL 0.78 0.80 0.7940.01
Ni 0.98 2.01 1.33+£0.48 291 4.98 3.93+0.85
Pb 6.87 8.02 7.30+0.51 7.75 9.96 8.84+0.90
Zn 2.95 4.01 3.32+0.49 5.81 7.96 6.87+0.88

BDL: Below Detection Limit

For the Cystoseira foeniculacea species, the highest
value among the macro elements was determined as
28974.58 mg kg'* for the element K and the lowest value was
determined as 316.84 mg kg™ for the P element. Among the
trace elements of the same species, the highest value was
found to be 289.88 mg kg for Fe element, and the lowest
value was 0.80 mg kg™ for Cd elements, and the Mo element
was determined below the device measurement range. The
macro elements detected in the species are listed as
K>Ca>Na>Mg>P from largest to smallest. Trace elements
detected in the species are listed as
Fe>B>Mn>Pb>Zn>Cu>Ni>Co=Cr>Cd>Mo from largest to
smallest. For Gongolaria montagnei species, the highest
value among macro elements was determined as 22714.83
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mg kg for K element and the lowest value was 370.35 mg
kg? for P element. Among the trace elements of the same
species, the highest value was 667.72 mg kg™ for Fe element,
and the lowest value was 0.79 mg kg for Mo and the Cd
element was determined below the device measurement
range. The macro elements detected in the species are listed
as K>Ca>Na>Mg>P from largest to smallest. Trace elements
detected in the species are listed as
Fe>B>Mn>Pb>Zn>Cu>Ni>Cr>Co>Mo>Cd from largest to
smallest.

The results of the Pearson Correlation Index
analysis applied to show the relationships and correlations of
the parameters determined in the algae samples as a result of
the ICP analysis are given in Table 2.
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Table 2. The relationships between parameters determined in algae samples according to Pearson Correlation Index analysis

Ca K Mg B Na P Cr Cu
Ca 1
K -0.825" 1
Mg 0.22 0.33 1
B 0.46 -0.8 -0.4 1
Na 0.71 0.876"  -0.2  0.945™ 1
P 0.987" -0.8 0.3 0.47 0.71 1
Cr 0.933" -0.6 0.4 0.33 056  0.942" 1
Cu 0.893" -0.966™  -0.1 0.79 0.926™  0.872 0.74 1
Fe 0.996™  -0.842" 0.2 0.51 0.75  0.990™ 0.912" 0.918"
Mn 0.968™  -0.891" 0.1 0.65 0.845" 0.963™ 0.884" 0.965"
Ni 0.966™  -0.843" 0.2 0.62 0.835" 0.978™ 0.870"  0.939"
Pb 0.948" -0.7 0.5 0.4 0.68  0.978™ 0.880" 0.814
Zn 0.951™ -0.879" 0.1 0.69 0.880" 0.959™ 0.848"  0.966"
Cd -0.8 0.918™ 0.2  -0.883" -0.962" -0.8 -0.7 0.970
Co -0.2 0.66 0.902° -0.7 -0.6 -0.1 -0 -0.5
Mo 0.81 -0.933"  -0.2  0.885" 0.962" 0.8 0.69 0.974

Fe Mn Ni Pb Zn Cd Co Mo
1

0.981™ 1

0.982"  0.982™ 1

0.956" 0.908" 0.962™ 1

0.971™  0.990™  0.994™ 0.928™ 1

0.839" -0.926™ -0.884" -0.7 -0.928™ 1

-0.2 -0.3 -0.2 0.07 -0.3 0.55 1
0.838 0.924™ 0.879" 0.72 0.924™ -0.999™ 0.6 1

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

DISCUSSION AND CONCLUSION

When we compared the data obtained in our study
with other studies, calcium from the macro elements was
determined as 7.84 mg g*! in Cystoseira foeniculacea
species and 11.23 mg g* in Gongolaria montagnei species
in our study. In the study of Szelag-Sikora et al., (2016) the
highest mean value for calcium in the Cystoseira barbata
species was determined as 24.83 mg g™ at Striletska station
and the lowest value was 9.03 mg g* at Sevastopolska
station. In the study of Kravtsova et al., (2014) the highest
mean value for calcium in the Cystoseira barbata species
was 21.10 mg gt in the spring, 22.60 mg g™* in the summer,
the highest mean value in the Cystoseira crinita species
was 18.10 mg gt in the spring, 34.10 mg g™* in the summer.
The data obtained in our study was found to be similar to
this study.

Potassium was found to be as 28.97 mg g* in
Cystoseira foeniculacea species and 22.71 mg g? in
Gongolaria montagnei species in our study. In the study of
Szelag-Sikora et al., (2016) the highest mean value for
potassium in the Cystoseira barbata species was
determined as 53.22 mg g at Kamyshova station, and the
lowest value was 19.91 mg g*' at Pivdenna station.
Kravtsova et al., (2014) found that the highest mean value
for potassium in Cystoseira barbata species was 45.40 mg
g in spring, 22.60 mg g* in summer, the highest mean
value in Cystoseira crinita species was 53.70 mg g in
spring and 46.70 mg g in summer. The data obtained in
our study was found to be similar to this study.

Magnesium was found to be as 0.63 mg g* in
Cystoseira foeniculacea species and 0.62 mg g in
Gongolaria montagnei species in our study. In the study of
Szelag-Sikora et al., (2016) the highest mean value for
magnesium in the Cystoseira barbata species was
determined as 6.26 mg g* at Kamyshova station and the
lowest value as 4.70 mg g* at Pishchana station. In the
study of Kravtsova et al., (2014) the highest mean value for
magnesium in Cystoseira barbata species was 6.90 mg g*
in spring, 9.30 mg g'* in summer, the highest average value
in Cystoseira crinita species was 8.70 mg g in spring and
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12.10 mg g* in summer, were detected. The data obtained
in our study was found to be lower than in these studies.

Sodium was determined as 6.46 mg g? in
Cystoseira foeniculacea species and 8.36 mg g* in
Gongolaria montagnei species in our study. Kravtsova et
al., (2014) found that the highest mean value for sodium in
Cystoseira barbata species was 11.30 mg g in spring,
26.60 mg g* in summer, and the highest average value for
sodium in Cystoseira crinita species was 20.00 mg g* in
spring and 25.30 mg g in summer. The data obtained in
our study was found to be slightly lower than in these
studies.

Phosphorus was detected as 0.32 mg g* in
Cystoseira foeniculacea species and 0.37 mg g* in
Gongolaria montagnei species in our study. In the study of
Szelag-Sikora et al., (2016) the highest mean value for
phosphorus in the Cystoseira barbata species was
determined as 1.24 mg g™* at Sevastopolska station, and the
lowest value was 0.47 mg g at Striletska station. The data
obtained in our study was found to be similar to this study.

When we compared the data obtained in our study
with other studies, the trace element boron was found to be
as 0.08 mg g* in Cystoseira foeniculacea species and 0.11
mg g in Gongolaria montagnei species in our study. In
the study of Ak et al., (2020) the average value for boron
in Cystoseira barbata species was determined as 0.02 mg
g*. The data obtained in our study were found to be slightly
higher than in this study.

Cobalt was determined as 1.00 mg kg? in
Cystoseira foeniculacea species and 0.98 mg kg? in
Gongolaria montagnei species in our study. In the study of
Arici et al., (2019) the mean value for cobalt in Cystoseira
barbata species was determined as 0.50 mg kg™, and the
mean value for cobalt in Cystoseira crinita species as 0.57
mg kg*. The data obtained in our study was found to be
similar to this study. In the study of Tiirkmen & Aydin
(2021) the mean value for cobalt in Cystoseira barbata
species was determined at Piraziz station as 1.78 mg kg,
at Giresun station as 2.70 mg kg, at Espiye station as 0.90
mg kg. The data obtained in our study was found to be
similar to this study.
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Cadmium was found to be as 0.80 mg kg in
Cystoseira foeniculacea species and below the
measurement range in Gongolaria montagnei species in
our study. In the study of Arici et al., (2019) the mean value
for cadmium in Cystoseira barbata species was found to
be as 0.20 mg kg%, and the average value for cadmium in
Cystoseira crinita species was 0.23 mg kg™. In the study of
Akcali & Kiigiiksezgin (2011) about Cystoseira sp. mean
value for cadmium in the Canakkale/ City region as 0.09
mg kg, in the Canakkale/ Dardanos region as 0.05 mg kg"
! in the izmir/ Foga region as 0.06 mg kg, in the Izmir/
Urla region as 0.08 mg kg?, in the Marmaris/ Turung
region as 0.09 mg kg were determined. The data obtained
in our study were slightly higher than these studies. In the
study of Tirkmen & Aydin (2021) the mean value for
cadmium in Cystoseira barbata species was determined at
Piraziz station as 0.16 mg kg, at Giresun station as 0.60
mg kg, at Espiye station as 0.18 mg kg®. The data
obtained in our study was found to be similar to this study.

Chromium was detected as 1.00 mg kg?! in
Cystoseira foeniculacea species and 1.64 mg kg? in
Gongolaria montagnei species in our study. In the study of
Akcali & Kiigiiksezgin (2011) about Cystoseira sp. mean
value for chromium in Canakkale/ City region as 2.13 mg
kg?, in Canakkale/ Dardanos region as 4.76 mg kg, in
Izmir/ Foga region as 3.29 mg kg%, in Izmir/ Urla region as
2.65 mg kg, in Marmaris/ Turung region as 1.36 mg kg™
were determined. The data obtained in our study was found
to be similar to this study. In the study of Tiirkmen & Aydin
(2021) the mean value for chromium in Cystoseira barbata
species was determined at Piraziz station as 34.90 mg kg™,
at Giresun station as 34.00 mg kg, at Espiye station as
6.81 mg kg. The data obtained in our study was found to
be similar to this study.

Copper was found to be as 1.66 mg kg in
Cystoseira foeniculacea species and 6.22 mg kg? in
Gongolaria montagnei species in our study. In the study of
Aric et al., (2019) the mean value for copper in Cystoseira
barbata species was 10.20 mg kg, and the mean value for
copper in Cystoseira crinita species was 4.27 mg kg™. In
the study of Akcali & Kiigiiksezgin (2011) for Cystoseira
sp. mean value for copper in the Canakkale/ City region as
6.73 mg kg, in Canakkale/ Dardanos region as 3.13 mg
kg, in izmir/ Foga as 5.29 mg kg%, in izmir/ Utrla as 2.37
mg kg?, in Marmaris/ Turung region as 5.69 mg kg™* were
determined. The data obtained in our study were similar to
the first study, but slightly higher than the second study. In
the study of Tiirkmen & Aydin (2021) the mean value for
copper in Cystoseira barbata species was determined at
Piraziz station as 7.11 mg kg™, at Giresun station as 16.20
mg kg, at Espiye station as 8.40 mg kg®. The data
obtained in our study was found to be similar to this study.
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Iron was determined as 0.29 mg g in Cystoseira
foeniculacea species and 0.67 mg g in Gongolaria
montagnei species in our study. In the study of Arici et al.,
(2019) the mean value for iron in Cystoseira barbata
species was 0.48 mg g%, and the mean value for iron in
Cystoseira crinita species was 0.32 mg g*. In the study of
Akcali & Kiigiiksezgin (2011) about Cystoseira sp. mean
value for iron in the species as 0.30 mg g* in Canakkale/
City region, 0.19 mg g* in Canakkale/ Dardanos region,
0.10 mg g* in izmir/ Foga region, 230.00 mg g* in izmir/
Urla region, 0.33 mg g in Marmaris/ Turung region, were
determined. The data obtained in our study were slightly
higher than these studies. In the study of Tiirkmen & Aydin
(2021) the mean value for iron in Cystoseira barbata
species was determined at Piraziz station as 3,19 mg g}, at
Giresun station as 4,48 mg g, at Espiye station as 1,58 mg
g*. The data obtained in our study was found to be similar
to this study.

Manganese was determined as 0.02 mg g* in
Cystoseira foeniculacea species and 0.05 mg g* in
Gongolaria montagnei species in our study. In the study of
Arici et al., (2019) the mean value for manganese in
Cystoseira barbata species was determined as 0.02 mg g,
and the mean value for manganese in Cystoseira crinita
species was determined as 0.03 mg g. The data obtained
in our study were found to be slightly higher than in this
study. In the study of Tiirkmen & Aydin (2021) the mean
value for manganese in Cystoseira barbata species was
determined at Piraziz station as 0,06 mg g, at Giresun
station as 0,11 mg g%, at Espiye station as 0,06 mg g*. The
data obtained in our study was found to be similar to this
study.

Molybdenum was determined as 0.79 mg kg in
Gongolaria montagnei species and below the measurement
range in Cystoseira foeniculacea species, in our study. In
the study of Ak et al., (2020) the average value for
molybdenum in the Cystoseira barbata species was
determined as 0.18 mg kg™. The data obtained in our study
were found to be slightly higher than in this study.

Nickel was found to be as 1,33 mg kg* in
Cystoseira foeniculacea species and 3,93 mg kg? in
Gongolaria montagnei species in our study. In the study of
Arici et al., (2019) the mean value for nickel in Cystoseira
barbata species was determined as 4.44 mg kg, and the
average value for nickel in Cystoseira crinita species was
4.11 mg kg™*. The data obtained in our study was found to
be slightly higher than in this study. In the study of
Tirkmen & Aydin (2021) the mean value for nickel in
Cystoseira barbata species was determined at Piraziz
station as 173.00 mg kg, at Giresun station as 164.00 mg
kg, at Espiye station as 31.80 mg kg*. The data obtained
in our study were found to be lower than in this study.
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Lead was found to be as 7.30 mg kg? in
Cystoseira foeniculacea species and 8.84 mg kg? in
Gongolaria montagnei species in our study. In the study of
Arict et al., (2019) the mean value for lead in Cystoseira
barbata species was 1.44 mg kg, and the mean value for
lead in Cystoseira crinita species was 0.87 mg kg. In the
study of Akcali & Kiigiiksezgin (2011) about Cystoseira
sp. mean value for lead in Canakkale/ City region as 0.01
mg kg, in Canakkale/ Dardanos region as 0.002 mg kg,
in Izmir/ Foga region as 0.003 mg kg™, in Izmir/ Urla
region as 0.003 mg kg, in Marmaris/ Turunc region as
0.001 mg kg™ were determined. The data obtained in our
study were found to be higher than these studies. In the
study of Tiirkmen & Aydin (2021) the mean value for lead
in Cystoseira barbata species was determined at Piraziz
station as 1.51 mg kg, at Giresun station as 2.31 mg kg,
at Espiye station as 1.00 mg kg™. The data obtained in our
study were found to be slightly higher than in this study.

Zinc was found to be as 3.32 mg kgt in Cystoseira
foeniculacea species and 6.87 mg kg in Gongolaria
montagnei species in our study. In the study of Arici et al.,
(2019) the mean value for zinc in Cystoseira barbata
species was 59.50 mg kg, and the mean value for zinc in
Cystoseira crinita species was 47.89 mg kg™. In the study
of Akcali & Kiigiiksezgin (2011) about Cystoseira sp.
mean value for zinc in the Canakkale/ City region as 75.50
mg kg2, in the Canakkale/ Dardanos region as 36.90 mg
kg, in the Izmir/ Foca region as 23.80 mg kg™, in the
Izmir/ Urla region as 40.50 mg kg?, in the Marmaris/
Turunc region as 51.50 mg kg was determined. The data
obtained in our study were found to be similar to these
studies. In the study of Tiirkmen & Aydin (2021) the mean
value for zinc in Cystoseira barbata species was
determined at Piraziz station as 24.30 mg kg, at Giresun
station as 79.50 mg kg, at Espiye station as 31.80 mg kg
1. The data obtained in our study were found to be lower
than in this study.

According to PCI Table, relations between
parameters at 0.05 significance level that, Ca correlated
positive with Cu and negative with K. K correlated
negative with Ca, Na, Fe, Mn, Ni, Zn. Mg correlated
positive with Co. B correlated positive with Mo and
negative with Cd. Na correlated positive with Mn, Ni, Zn
and negative with K. P correlated positive with Cu. Cr
correlated positive with Fe, Mn, Ni, Pb, Zn. Cu correlated
positive with Ca, P, Pb. Fe correlated positive with Cr, Mo
and negative with Cd, K. Mn correlated positive with Na,
Cr, Pb and negative with K. Ni correlated positive with Na,
Cr, Mo and negative with Cd, K. Pb correlated positive
with Cr, Cu, Mn. Zn correlated positive with Na, Cr and
negative with K. Cd correlated negative with B, Fe, Ni. Co
correlated positive with Mg. Mo correlated positive with
B, Fe, Ni. Relations between parameters at 0.01
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significance level that, Ca correlated positive with P, Cr,
Fe, Mn, Ni, Pb, Zn. K correlated positive with Cd and
negative with Cu, Mo. B correlated positive with Na. Na
correlated positive with Cu, Mo, B and negative with Cd.
P correlated positive with Cr, Fe, Mn, Ni, Pb, Zn, Ca. Cr
correlated positive with Ca, P. Cu correlated positive with
Fe, Mn, Ni, Zn, Mo, Na and negative with Cd, K. Fe
correlated positive with Mn, Ni, Pb, Zn, Ca, P, Cu. Mn
correlated positive with Ni, Zn, Mo, Ca, P, Cu, Fe and
negative with Cd. Ni correlated positive with Pb, Zn, Ca,
P, Cu, Fe, Mn. Pb correlated positive with Zn, Ca, P, Fe,
Ni. Zn correlated positive with Mo, Ca, P, Cu, Fe, Mn, Ni,
Pb and negative with Cd. Cd correlated positive with K and
negative with Mo, Na, Cu, Mn, Zn.

It was determined that the K element showed the
highest positive and negative correlation with other
elements at 0.05 significance level and Zn element showed
the highest positive and negative correlation with other
elements at 0.01 significance level. In addition, Mg and Co
elements did not show any correlation with other elements
at the 0.01 significance level, also these two elements and
the P element were the elements with the lowest correlation
with the other elements at the 0.05 significance level. In
another  study, according to Giimis (2021),
physicochemical and heavy metals in the Akar¢ay River
were analyzed by PCI and it was stated that they showed
positive and negative correlations with each other.

As a result, in our study, Cystoseira foeniculacea
and Gongolaria montagnei macroalgae species, which are
included in brown algae were collected from the coasts of
Antalya Province Serik District, because of they are
bioindicators for heavy metals in aquatic ecosystems,
Macro and trace element levels of algae were examined
using the ICP device and the results were compared with
other studies conducted in our country and in the world. In
addition, the relations between the measurement results
and these results are shown by Pearson Correlation Index
analysis. In the macro element analysis of the samples
taken from the region constituting our study area, the
highest value was determined as K element and the lowest
value as P element in both Cystoseira foeniculacea species
and Gongolaria montagnei species. In the trace element
analysis of the samples taken from the region forming our
study area, the highest value was found as Fe element and
the lowest value as Mo element in Cystoseira foeniculacea
species, the highest value as Fe element and the lowest
value as Cd element in Gongolaria montagnei species.
When the data obtained in our study were evaluated in
general, similar results were found in other studies.
According to these results, it can be said that there is no
intense element accumulation in the study area.
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