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1. Introduction

2. Materials and methods

The Diadema sp. sea urchin is a widely distributed,
abundant and ecologically important tropical genus
(Muthiga et al. 2020). Diadema setosum (Leske, 1778)
(Echinodermata: Echinoidea: Diadematidae) is one of
the echinoderm species distributed in the western
Indo-Pacific Ocean. This sea urchin species is dispersed
in the Red Sea (Gulf of Suez, Gulf of Agaba, Northern
and Southern Red Sea) and from the coast of Africa to
Japan and Australia (Lessios et al. 2001). D. setosum was
first reported in 2006 in the Mediterranean Sea, along
the southwest coast of Turkey (Yokes & Galil 2006). It
has also been reported along Turkey’s Mediterranean
coast, Hatay (Turan et al. 2011), Aegean Sea (Yapici et al.
2014), and Marmara Sea (Artliz & Artliz 2019).

D. setosum is defined by its long dark spines, five
white spots around the shell, and an orange hue
around the anal cone (Lessios et al. 2001; Clark 1925).
The D. setosum sea urchin is an omnivorous digger
that eats free substrate and feeds on detritus. The
invasive sea urchin lives in the shallow sublittoral
region (0-20 m) and is mainly found at depths of 1-6
m. D. setosum, which is found in stony habitats and
biogenic reefs where it hides in fractures and under
ledges due to dense lighting, has also been reported
to be distributed in sediment and seagrass meadows
(Muthiga et al. 2020). The species exhibits mutable
reproductive shapes in changed geographic areas
that are influenced by ecological influences such as
temperature, moon times, and congener and adult
densities. Due to their elevated densities, species can
turn stony shores into barren areas (Muthiga et al.
2020) and coral reefs, in particular, can erode biogenic
substrates (Bronstein & Loya 2014).

Various studies on echinoids have shown that these
species can be used as bioindicator species in metal
pollution studies (Cagiltay et al. 2022; Ondes et al.
2022; Ugurlu & Duysak 2023, 2022; Al Najjar et al. 2018;
Campbell, 1967; Flammang et al. 1997, Warnau et al.
1995a, b; Ablanedo et al. 1990). There are bioindicator
studies of marine invertebrates in Iskenderun Bay
(Duysak et al. 2021; Duysak & Ugurlu 2020; Duysak
& Dural 2015; Duysak & Ersoy, 2014), but no study
has been made on sea urchin species. In addition,
sea urchin populations are constantly increasing in
Iskenderun Bay. Therefore, the use of D. setosum as a
bioindicator species was investigated.

The aim of the study was to determine the metal
concentrations of Al, Cd, Co, Ni, Pb, Cr, Fe, Mn and Zn in
the testa (shell), gonads, and soft tissues of D. setosum
taken from the Iskenderun and Arsuz sites in the
northeastern Mediterranean, Iskenderun Bay.

D. setosum was collected in December 2022 from
the iskenderun (n=50) and Arsuz (n=50) sites located
on the northeastern coast of Iskenderun Bay (Figure
1). The sea urchin samples collected from the sites
were transported to the laboratory in a bucket. At
the laboratory, each individual’s total body weight
and average test diameter were measured vertically,
without spines, with the aid of a calliper. The sea urchin
species were dissected using laboratory scissors to
remove gonads, testa (shell) and soft organs (Figure
2A-D). The dissected organs were washed with double
distilled water to clean their shells and gonads from
foreign matter. All samples were stored in a freezer
(-20°C) until analysis.

To determine the accumulation levels of Al, Cd,
Co, Ni, Pb, Cr, Fe, Mn, and Zn in the shell, soft tissue
and gonad tissues of sea urchins, approximately 1 g
was taken from each tissue. For the analysis of the
shells, a mixture was prepared by taking the chemicals
HNO,, HCIO, and H_SO, at a ratio of 5:2:1, respectively.
Approximately 1 g of shells was added to 10 ml of the
prepared mixture, and the dissolution process was
carried out at 50 + 5°C for 50 min. Next, 10 ml of 2 N
HCl was added. The resulting mixture was filtered with
Whatman Quantitative filter paper (No: 42, 110 mm £).
The filtered mixtures were put into polyethylene tubes
and made up to 20 ml with double distilled water and
stored at room temperature until analysis (FAO 1983).
The soft tissue and gonads of the sea urchin samples
were mixed separately and put into approximately 1 g
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Figure 1
Study area (Modified from Kocak et al. 2005)
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Figure 2

A-B) Diadema setosum, C) D. setosum shell, D) D. setosum gonad

polyethylene tubes, and 5 ml of nitric acid was added
to it and allowed to dissolve at 60°C. The resulting
mixture was filtered with Whatman Quantitative filter
paper (No: 42, 110 mm £). The mixture was taken into
polyethylene tubes and made up to 20 ml with double
distilled water and stored at room temperature until
analysis. All samples were made in 3 replications
(TtGzen 2003).

Metal analyses of the prepared samples were
measured using an Inductively Coupled Plasma-Mass

3 www.oandhs.ug.edu.pl

Spectrometer (ICP-MS) device (Plasma Quant MS
Series, Jena, Germany) at Hatay Mustafa Kemal
University. The operating conditions of the device are
given in Table 1. In addition, in order to determine the
accuracy of the device in heavy metal measurement,
metal analysis was carried out by preparing solutions
from DORM-3 (Dogfish Protein Certified Reference
Material For Trace Metals) certified reference material
in the same way (Table 2). Metal levels were calculated
in micrograms per gram wet weight (ug g™ ww).
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Table 3

Table 1
ICP-MS (Plasma Quant MS Series) operating conditions
RF power 1.20 kw
Plasma gas flow rate 9| min?
Auxiliary gas flow rate 1.65 | min*
Carrier gas flow rate 1.1 min?

Helium collision gas flow rate ml min? (Not used)

Spray chamber T 2°C
Sample depth 6 mm
Sample introduction flow rate 1 ml mint
Nebulizer pump 0.1rps
Extract lens 15V

Table 2
Comparison of our analysed values with the standard

reference material, DORM-3 (fish protein)

DORM-3 reference material

Element Certified value Measured value Recovery
(ugg?) (ugg) (%)
Al - - -
Cd 0.291 + 0.03 0.281 + 0.04 97
Co - - -
Ni 1.24+0.31 1.35+0.23 108
Pb 0.391 + 0.09 0.412 +0.08 101
Cr 1.87+0.19 1.93+0.14 103
Fe 348 +19 326 +15.7 94
Mn - - -
Zn 51.9+2.7 52.8+3.9 101

The arithmetic means and standard deviations
of the results were calculated. One-way Anova,
Duncan and Pearson tests were performed to define
the relationships of metals in sea urchin tissues
between sites and between tissues (Duncan 1955;
Muller & Fetterman 2002; Gravetter & Wallnau 2007).
All statistical calculations of the sample results were
performed with the SPSS 17.0 program.

3. Results and discussion

The average concentrations of metals determined
in the gonad, shell and soft tissues of D. setosum
taken from Iskenderun and Arsuz sites in December
2022 are presented in Table 3. As a result of the metal
analysis, the highest accumulation was in the shells of
the sea urchin species and Al, Ni, Pb, Zn and Fe were
detected. The concentrations of Al, Ni, Pb and Fe were
determined as 5.23 + 1.04 ug g™, 2.39+0.85 ug g7, 2.37
+0.58 ug g and 36.57 + 5.59 ug g7, respectively at the
Iskenderun site, and 717 £ 1.45 ug g™, 2.91 £ 0.52 ug g,
3.45+0.46 ug g"' and 57.17 + 5.02 ug g7, respectively at
the Arsuz site (Table 3).

Metal accumulation levels (ORT + SD) (ug g wet weight)

in D. setosum sea urchins

Gonad
Testa (Shell)
Soft tissues
Gonad
Testa (Shell)
Soft tissues

Cr
o
Soft tissues
Ni
Gonad
Testa (Shell)
Soft tissues
C Gonad
Fe
Zn

Gonad
Testa (Shell)

Soft tissues
n Gonad

Testa (Shell)
Soft tissues

Gonad
Testa (Shell)

.

@
@

Testa (Shell)
M

n

0.071 + 0.001**
0.711 + 0.165>*
5.231 +1.039"*
0.069 + 0.011**
0.227 +£0.122>*
0.664 +0.111°
0.014 + 0.002**
0.034 +0.012>*
0.246 + 0.082°*
0.150 + 0.047>*
0.495 + 0.281**
2.390 + 0.848
0.012 + 0.001>*
0.010 + 0.001**
0.012 + 0.004**
0.374 + 0.092>*
1.058 +0.032**
2.371+0.577>
0.028 + 0.007**
0.089 + 0.059°*
0.406 + 0.242°*
1.202 £0.129**
7.526 + 0.658*
36.570 + 5.587°*
1.532 £0.329**
0.276 £ 0.051°*
0.356 + 0.124°*

0.081 + 0.001**
0.816 + 0.152°%
7.170 £ 1.449"Y
0.075 + 0.007**
0.340+0.118
0.803 + 0.028*
0.025 + 0.002**
0.041 + 0.003>*
0.249 + 0.034°~
0.187 + 0.003**
0.468 + 0.173**
2.914 + 0.515
0.011 + 0.001>*
0.010 + 0.001**
0.016 + 0.002>
0.402 + 0.092>*
2.774 +0.178%
3.451 + 0.463°
0.173 + 0.023**
0.102 + 0.014**
0.370 £ 0.119*
2.556 + 0.394°*
8.819 + 0.591**
57.166 + 5.018"Y
2.650 +0.301°*
0.593 + 0.045
0.596 + 0.032"*

Vertically, a, b, ¢ show the differences between tissues (p < 0.05), while the differences
between x, y sites (p < 0.05) are given horizontally. Data shown with different letters are
statistically significant at the differences p < 0.05 level.

It was determined that the highest Al concentration
in the D. setosum sea urchin shell taken from two
different points of the Iskenderun Bay (7170 + 1.449
Mg g7) was in the individuals taken from the Arsuz site.
The lowest concentration of Al was detected in the
soft tissue of individuals taken from the Iskenderun
site (0.071 = 0.001 pg g7) (Table 3). It was established
that the difference in Al concentration levels between
sea urchin shell and other tissues was statistically
significant (p > 0.05). Al accumulation levels in tissues
were determined as Testa > Gonad > Soft tissue at
Iskenderun and Arsuz sites. Choi et al. (2014) reported
that the Al concentration level in the edible muscle
tissue of Anthocidaris crassispina sea urchins from
South Korea was 26.9 + 30.1 mg kg™.

In the study, chromium (Cr) levels were determined
to be between 0.069 + 0.011 - 0.803 + 0.028
Mg g'. The highest Cr concentration was detected in
the shells of D. setosum samples taken from the Arsuz
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site (0.803 £ 0.028 ug g7), while the lowest was found
in the soft tissue (0.069 + 0.011 pg g) of samples taken
from the Iskenderun site (Table 3). The difference in Cr
concentration level between tissues was determined
to be significant (p > 0.05). Cr accumulation levels in
tissues were determined as Testa > Gonad > Soft tissue
at the Iskenderun and Arsuz sites. Cr is recognised as
an occupational and environmental pollutant; studies
continue on the exact mechanisms of chromium
that cause carcinogenic toxicity (Hu et al. 2017). It
is reported to be associated with the formation of
free radicals and ROS. Cr types that can be found in
different valences are different in terms of essential
and toxicity. Studies have reported that the Cr (VI)
type is more toxic than Cr (lll). Cr (Ill) plays an active
role in lipid metabolism and insulin function. Warnau
et al. (1998) reported that Cr concentration levels in
Paracentrotus lividus gonad tissues collected from the
Calvi, Ischia and Marseille sites were 0.67 + 0.2 - 1.04
+0.39 ugg', 096 £ 0.19 - 2.01 + 1.44 ug g'and 0.95 +
0.48 - 2.16 + 1.13 pug g7, respectively. P. lividus reported
that Cr concentration levels in sea urchin shells were in
the range of 0.14 + 0.08 - 1.14 £ 0.19 pg g, 0.1 £ 0.05
-132+0.2pg g’ and 0.03 + 0.04 - 1.35 £ 0.19 ug g7,
respectively. Bonsignore et al. (2018) reported that
the Cr concentration level in the gonad tissue of the
P. lividus sea urchins collected from the Rosignano
region of the Tuscany coast was 1.53 + 0.74 ug g™
Anagha et al. (2022) reported that in the tissue of
Salmacis virgulata sea urchins collected from the Kerala
coast in South India, the Cr concentration level was
1.71+£0.05pug g™.

Cobalt (Co) is one of the most common elements
on Earth. Co metal is used extensively in industry,
especially in the paint and glass industries. Co
poisoning occurs as a result of inhalation of Co
metal in the air and skin contact with cobalt salts,
and although no research has yet been conducted
on the effects of cobalt on cancer, there is a risk that
it may be a carcinogenic substance (Kahvecioglu
et al. 2003). In the current study, Co levels were
determined to be between 0.014 + 0.002 - 0.249 +
0.034 ug g’ (Table 3). The highest Co concentration
was detected in the shells of D. setosum samples
taken from Arsuz site (0.249 + 0.034 ug g™), while the
lowest Co concentration was determined in the soft
tissue (0.014 £ 0.002 pg g7) of the samples taken from
the Iskenderun site. There were determined to be no
statistical differences in Co concentrations between
sites and between tissues (p > 0.05). Co concentrations
in tissues were listed as shell > gonad > soft tissue at
the Iskenderun and Arsuz sites.

Nickel (Ni) levels in D. setosum sea urchins taken
from two different sites were determined to be
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between 0.150 + 0.047 - 2914 + 0.51 pg g'. The
highest Ni concentration was determined in the shells
of the samples taken from the Arsuz site (2914 +
0.515 pg g7), and the lowest in the soft tissues of the
samples taken from the Iskenderun site (0.150 £ 0.047
ug g'). The difference between the gonad tissue
and other tissues was determined to be significant
at both sites (p < 0.05) (Table 3). Ni levels in tissues
were determined to be in the form of shell > gonad
> soft tissue in both sites. Ni is generally absorbed by
the body as a divalent Ni ion and is spread to several
organs, causing neurotoxicity. Bonsignore et al. (2018)
reported that the Ni concentration level in the gonad
tissue of P. lividus sea urchins collected from the
Rosignano region of the Tuscany coast was 0.74 + 0.45
MO g

Cadmium (Cd) intake may cause disorders in
calcium metabolism, formation of kidney stones,
kidney diseases, lung diseases and atherosclerosis
(Faroon et al. 2012). Cd levels in tissues of
D. setosum were found to be between 0.010 *
0.001 - 0.016 + 0.002 pg g’ (Table 3). The highest
concentration of Cd was found in the D. setosum shells
taken from the Arsuz site and the lowest concentration
was detected in gonad tissue (0.010 + 0.001 pg g7) at
both sites. Cd concentrations are in the form of shell
> gonad > soft tissue at the Iskenderun site, and in
the order of shell > soft tissue > gonad tissue at the
Arsuz site (Table 3). Warnau et al. (1998) reported that
the Cd concentration levels in the gonad tissues of P.
lividus sea urchins collected from the Calvi, Ischia and
Marseille sites were 0.15 + 0.08 — 0.32 + 0.12 ug g*,
0.26 + 0.09 - 0.93 + 0.42 pg g" and 0.19 £ 0.09 - 0.83
+ 0.48 pg g7, respectively. Cd concentration in the
shell was reported to be between 0.1 = 0.01 - 0.34 +
0.06 ug g, 0.08 + 0.03 - 0.32 + 0.06 pg g* and 0.04 +
0.04 - 0.37 £ 0.07 pg g7, respectively. Soualili et al.
(2008) reported that the Cd concentration levels in
tissues of P. lividus gonad collected from the Algiers
Beach, Tamentfoust and Sidi-Fredj sites in Algiers
bay were 0.08 + 0.04 — 9.14 + 0.08 ug g, 0.05 + 0.01 -
0.12 + 0.08 ug g” and 0.05 + 0.03 - 0.614 + 0.09 ug g
in male-female individuals, respectively. Herndndez
et al. (2010) reported that Cd concentration levels in
internal tissue and the shell of Diadema aff. antillarum,
which they collected from 12 different sites on the
island of Tenerife in Spain, were between 25.95 + 22.78
- 816.27 + 559.24 ug g”' and 72.50 + 39.21 - 309.89 +
242.36 ug g7, respectively. Rouane-Hacene et al. (2018)
reported the levels of Cd concentrations in whole
soft body tissue of P. lividus sea urchins taken from
the Oran Harbor, Ain Defla and Hadjaj sites in Algeria
as 0.86 = 0.02 ug g7, 0.68 + 0.02 ug g and 0.60 + 0.02
ug g7, respectively. Choi et al. (2014) reported that the
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Cd concentration level in the edible muscle tissue of
A. crassispina sea urchins from South Korea was 0.04
+ 0.02 mg kg™. Bonsignore et al. (2018) reported that
the Cd concentration level in the gonad tissue of
P. lividus sea urchins collected from the Rosignano
region along the Tuscany coast was 0.17 = 0.11 ug g™
A similar kind of Cd accumulation ranging from 0.01 to
0.6 ug g' was observed when previous studies were
examined, whereas a study in the Spanish islands by
Hernandez et al. (2010) showed a higher concentration
(25 - 816 ug g7) than this study.

In this study, the highest toxic metal lead (Pb)
content was found in the shell (testa) of the sea urchin
samples taken from the Arsuz site (3.451 + 0.463 ug
g"), and the lowest in the soft tissue of sea urchins
(0.374 £ 0.092 pg g7) from the Iskenderun site (Table
3). The difference in Pb accumulation between the
tissues of the individuals taken from the iskenderun
and Arsuz sites was determined to be not significant
(p > 0.05). Pb accumulation in tissues was ranked as
shell > gonad > soft tissue at the Iskenderun and
Arsuz sites. The higher Pb levels are found in aquatic
organisms, algae, and benthic organisms such as
bivalves or crabs (Lee et al. 2019). Exposure to Pb
has been reported to cause neurotoxic effects, joint
weakness, anemia, deterioration of kidney function,
and changes in hormone levels (EPA 2014). Pb is
included in the list of toxic and harmful substances
(WHO 2011). High levels of Pb are believed to be
caused by industrial wastewater. Warnau et al. (1998)
reported that the Pb levels in the gonad tissues of
P. lividus collected from the Calvi, Ischia and Marseille
sites were 0.74 + 0.17 - 2.25 + 0.63 ug g*, 1.15 £ 0.5
-3.02+131uygg'and 1 + 0.6 - 2.68 +£ 0.7 ug g7,
respectively. Pb accumulation levels in the sea urchin
shell were reported to be between 1.52 + 0.82 - 4.64
+ 1.50 ug g7, 1.03 £ 0.49 - 549 + 1.65 pug g and 1.17
+ 0.38 - 536 + 1.1 pg g7, respectively. Soualili et
al. (2008) reported that Pb concentration levels in
P. lividus gonad tissues collected from the Algiers
Beach, Tamentfoust and Sidi-Fredj sites in Algiers
Bay were 7.78 + 8.77 - 6.14 £ 3.46 ug g”, 0.88 + 0.44 —
1.5+ 172 yg g’ and 0.9 £ 0.41 - 0.68 £ 0.12 ug g™ in
male-female individuals, respectively. Hernandez et
al. (2010) reported that Pb concentration levels in the
internal tissue and shell of Diadema aff. antillarum
collected from 12 different sites on Tenerife were
between 17.08 + 6.76 — 1718.47 + 1669.14 ug g™ and
101.61 + 62.26 — 365.99 + 296.02 ug g, respectively.
Rouane-Hacene et al. (2018) reported the levels of Pb
concentrations in whole soft body tissue of P. lividus
sea urchins taken from the Oran Harbour, Ain Defla
and Hadjaj sites in Algeria as 6.08 + 0.30 ug g7, 4.85 +
0.30 ug g”' and 3.59 + 0.20 ug g7, respectively. Choi et
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al. (2014) reported that the level of Pb concentration in
edible muscle tissue of A. crassispina sea urchins from
South Korea was 0.10 £ 0.05 mg kg'. Bonsignore et
al. (2018) reported that the level of Pb concentration
in the gonad tissue of P. lividus sea urchins collected
from the Rosignano region of the Tuscany coast was
0.85 + 0.80 ug g'. Anagha et al. (2022) reported that in
the tissue of S. virgulata sea urchins collected from the
Kerala coast in South India, the Pb concentration level
was 15.21+0.91 ugg™.

Manganese (Mn) has a very important place in
human physiology, is a cofactor of various enzymes
and when it is lacking in biological systems, it causes
serious skeletal and reproductive anomalies. In the
current study, manganese levels were determined to
be between 0.028 + 0.007 - 0.406 + 0.242 pg g. The
highest levels of manganese (0.406 + 0.242 ug g7)
were determined in the crusts of the samples from the
Iskenderun site (Table 3). The lowest Mn value was also
detected in the soft tissue (0.028 + 0.007 pg g) of the
samples from the Iskenderun site. The difference in Mn
concentrations between tissues and sites was found to
be statistically insignificant (p > 0.05). The levels of Mn
accumulation in tissues were listed as shell > gonad >
soft tissue and shell > soft tissue > gonad, respectively,
at the Iskenderun and Arsuz sites.

Iron (Fe), which is the main source of animal
foods, is an essential metal for human health and
its deficiency causes anemia. In our study, iron (Fe)
levels varied between 1.202 + 0.129 - 57.166 + 5.018
Mg g'. The highest Fe concentration was found in
the shells of the sea urchin samples from the Arsuz
site (57.166 * 5,018 pg g7), and the lowest in the soft
tissue of the samples from the Iskenderun site (1.202 £+
0.129 ug g") (Table 3). The difference between the Fe
concentration levels in the shell tissue of individuals
from the iskenderun and Arsuz sites was determined
to be significant (p < 0.05). Fe accumulation levels in
the tissues were ranked as shell > gonad > soft tissue
for both sites. Warnau et al. (1998) reported that Fe
concentration levels in P. lividus gonad tissues collected
from the Calvi, Ischia and Marseille sites were 26 + 12
-60+14pugg’,65+£20-119+66 ugg'and 23 £9
- 45 + 22 ug g7, respectively. Fe concentrations in the
shell were reported to be between 1.71 + 0.74 - 5.66 +
357pugg",4+199-139+ 1.2 ugg'and 2.77 + 1.83
- 7.82 £ 2.06 ug g’ respectively. Soualili et al. (2008)
reported that Fe concentration levels in P. lividus gonad
collected from the Algiers Beach, Tamentfoust and
Sidi-Fred;j sites in Algiers bay were 19.3 + 19.7 - 73.8
+355ugg’, 1126 £66 - 113 £ 376 ug g’ and 92.7 +
78.8 - 71.1 + 54.8 pg g’ in male-female individuals,
respectively.

One of the important metals for human health
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is zinc (Zn). Zn is an essential trace element for both
animals and humans. It is necessary for the transport
of carbon dioxide and the use of vitamin A in the body
(EPA 2014). Zn concentrations in sea urchin tissues were
found to vary between 0.276 + 0.051 - 2.650 + 0.301
Mg g'. The highest Zn level was detected in the soft
tissue (2,650 + 0.301 pg g) of sea urchin samples from
the Arsuz site. The lowest Zn level was determined in
the gonad tissue (0.276 + 0.051 pg g) of the samples
from the Iskenderun site (Table 3). The difference in Zn
metal accumulations between sites was determined
not to be significant (p > 0.05), while the difference
between mantle tissue and other tissues was
significant (p < 0.05). The Zn concentrations calculated
in the tissues were the same at Iskenderun and Arsuz
sites and were ranked as soft tissue > shell > gonad.
However, Zn is not a good indicator of pollution, as
it is an important element for animal metabolism
and may be present in tissues in transiently high
concentrations (Hambridge et al. 1986). Warnau et
al. (1998) investigated the metal accumulation levels
of Zn, Cd, Pb, Fe, Cr, Cu and Ti in different tissues of
P. lividus sea urchins collected from 3 different points
(Calvi, Ischia and Marseille) in the Mediterranean
region. The researchers reported that the Zn levels in
the gonad tissues of sea urchins collected from the
Calvi, Ischia and Marseille sites were between 67 + 72 -
383 +253ugg’,53+51-271+186 ug g”' and 55 + 38
- 168 + 134 ug g7, respectively. Zn accumulation levels
in the shell were reported to be between 1.82 + 0.64 -
3.86 £ 0.41 ug g, 1.37 £ 0.24 - 3.92 + 0.22 ug g*, and
1.69 + 0.34 - 4.09 + 0.56 pg g7, respectively. Soualili
et al. (2008) reported that Zn concentration levels in
P. lividus gonad tissues collected from the Algiers
Beach, Tamentfoust, and Sidi-Fredj sites in Algiers
Bay were 329 + 13.5 - 385.5 + 344.1 ug g', 76.1 £
172.2 - 538.2 £ 3243 ug g"' and 52.9 + 73.2 - 3669 +
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178.3 pug g' in male-female individuals, respectively.
Rouane-Hacene et al. (2018) reported the levels of Zn
concentrations in whole soft body tissue of P. lividus
sea urchins taken from the Oran Harbour, Ain Defla
and Hadjaj sites in Algeria as 114.93 + 3.59 ug g7, 66.23
+ 211 pyg g’ and 56.22 + 1.33 ug g7, respectively.
Bonsignore et al. (2018) reported that the level of
Zn concentration in the gonad tissue of P. lividus sea
urchins collected from the Rosignano region of the
Tuscany coast was 20.4 + 9.25 ug g'. Anagha et al.
(2022) reported that in the tissue of S. virgulata sea
urchins collected from the Kerala coast in South India,
the Zn concentration level was 15.45 + 0.61 ug g™

The Pearson correlation coefficient analysis to find
a significant relationship between the metals in the
tissues of the D. setosum sea urchins collected from
the iskenderun and Arsuz sites of the iskenderun Bay
is given in Table 4. Significant positive and negative
correlations were observed between metals. It has
been determined that there are important positive and
negative correlations among metals and significant
correlations at the 0.01 level (2-tailed) between Cr, Co,
Ni, Pb, Mn and Fe. It was determined that there were
significant linear and positive correlations between
metals.

Positive correlations were observed for Al-Cr
(r =0.922), Al-Co (r = 0.945), AI-Ni (r = 0.978), Al-Pb
(r = 0.752), Al-Mn (r = 0.824), Al-Fe (r = 0.988), Cr-Co
(r = 0.873), Cr-Ni (r = 0.929), Cr-Pb (r = 0.856), Cr- Fe
(r = 0.925), Co-Ni (r = 0.951), Co-Mn (r = 0.916), Co-Fe
(r = 0.940) Ni-Pb (r = 0,753) Ni-Mn (r = 0.855), Ni-Fe
(r = 0.959), Pb-Fe (r = 0.787) and Mn-Fe (r = 0.799)
metals (Table 4). In general, this study showed different
correlations between different metals for many
reasons. This suggested that the reason for this would
depend on various factors such as body metabolism,
exposure time, trophic level or dietary habits.

Table 4

Pearson correlation coefficient matrix of metals detected in D. setosum species collected from the iskenderun and

Arsuz sites

]

922%" .

.945%* .873%* 1

.978** .929%* .951%* 1
.599** .501* .619** .637**
“ 752%* .856** 713** 753*%*
.824%* 7025+ 916** .855**
.988** .925%* .940** .959**
-.464 6025 -.442 -.466

I N N T T T A S T
1

1

468 1
.577* .567* 1
.627** 787** .799** 1
-.038 -.625%* -.231 -.468 1

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

The concentrations of Al, Cd, Co, Ni, Pb, Cr, Fe,
Mn, and Zn in the shell, gonad, and soft tissues of
the long-spined black sea urchin (D. setosum) shell,
gonad, and soft tissues of the exposed sites were
within the limits of international standards collected
by the FAO. The results of the present study provide
valuable information on the toxic metal concentrations
of D. setosum sea urchins obtained from iskenderun
Bay. Therefore, the tissue of sea urchins from the
iskenderun bay does not create any health risks for
human consumers with respect to these elements.

The results confirmed that the gonad and
shell appeared to be good model tissues for the
identification of the regions of the iskenderun
bay exposed to metallic pollutants. On the other
hand, soft tissues usually manifested lower metal
concentrations overall. For this reason, care should be
taken to continuously conduct biomonitoring studies
to monitor heavy metal levels.
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