AN@&LES

3
“e].olvfw
[=H
S e
Vn\uuﬂlvw
) B
B R
S ES
e
=
SRS
e,aM
& R

S
,m‘wm
L P
238
5ot
Q=2
ZFMW
S~
S50
S 2R
=SS

=

S

Annales, Ser. hist. nat., 31, 2021, 2, pp. 167-326, Koper 2021 ISSN1408-533X

UDK 5



UDK 5 ISSN 1408-533X
e-ISSN 2591-1783

/\
ANNALE

Anali za istrske in mediteranske Studije
Annali di Studi istriani e mediterranei
Annals for Istrian and Mediterranean Studies

Series Historia Naturalis, 31, 2021, 2

KOPER 2021



ANNALES - Ser. hist. nat. - 31 - 2021 - 2

Anali za istrske in mediteranske Studije - Annali di Studi istriani e mediterranei - Annals for Istrian and Mediterranean Studies

ISSN 1408-533X
e-ISSN 2591-1783

UREDNISKI ODBOR/
COMITATO DI REDAZIONE/
BOARD OF EDITORS:

Glavni urednik/Redattore capo/
Editor in chief:

Odgovorni urednik naravoslovja/
Redattore responsabile per le scienze
naturali/Natural Science Editor:

Urednica/Redattrice/Editor:
Lektor/Supervisione/Language editor:
Prevajalci/Traduttori/Translators:

Oblikovalec/Progetto grafico/
Graphic design:

Tisk/Stampa/Print:
Izdajatelja/Editori/Published by:

UDK 5 Letnik 31, leto 2021, Stevilka 2

Alessandro Acquavita (IT), Nicola Bettoso (IT), Christian Capapé (FR),
Darko Darovec, Dusan Devetak, Jakov Dul¢i¢ (HR), Serena Fonda
Umani (IT), Andrej Gogala, Daniel Golani (IL), Danijel lvajnsic,

Mitja Kaligari¢, Marcelo Kovaci¢ (HR), Andrej Kranjc, Lovrenc Lipej,
Vesna Maci¢ (ME), Alenka Malej, Patricija Mozeti¢, Martina Orlando-
Bonaca, Michael Stachowitsch (AT), Tom Turk, Al Virezec

Darko Darovec

Lovrenc Lipej
Martina Orlando-Bonaca
Polona §ergon (sl.), Petra Berlot Kuzner (angl.)

Martina Orlando-Bonaca (sl./it.)

Dusan Podgornik, Lovrenc Lipej

Zaloznistvo PADRE d.o.o.

Zgodovinsko drustvo za juzno Primorsko - Koper / Societa storica

del Litorale - Capodistria®

Institut IRRIS za raziskave, razvoj in strategije druzbe, kulture in
okolja / Institute IRRIS for Research, Development and Strategies
of Society, Culture and Environment / Istituto IRRIS di ricerca,
sviluppo e strategie della societa, cultura e ambiente®

Nacionalni institut za biologijo, Morska bioloska postaja Piran /
Istituto nazionale di biologia, Stazione di biologia marina di Pirano /
National Institute of Biology, Marine Biology Station Piran

SI-6330 Piran /Pirano, Fornace/Fornace 41, tel.: +386 5 671 2900,
fax +386 5 671 2901;

e-mail: annales@mbss.org, internet: www.zdjp.si

Sedez urednistva/Sede della redazione/
Address of Editorial Board:

Redakcija te stevilke je bila zaklju¢ena 13. 12. 2021.

Javna agencija za raziskovalno dejavnost Republike Slovenije
(ARRS), Mestna obcina Koper

Annales - Series Historia Naturalis izhaja dvakrat letno.

Sofinancirajo/Supporto finanziario/
Financially supported by:

Naklada/Tiratura/Circulation: ~ 300 izvodov/copie/copies

Revija Annales, Series Historia Naturalis je vkljucena v naslednje podatkovne baze / La rivista Annales, series Historia Naturalis e
inserita nei seguenti data base / Articles appearing in this journal are abstracted and indexed in: BIOSIS-Zoological Record (UK);
Aquatic Sciences and Fisheries Abstracts (ASFA); Elsevier B.V.: SCOPUS (NL); Directory of Open Access Journals (DOA)).

To delo je objavljeno pod licenco / Quest’opera é distribuita con Licenza / This work is licensed undler a Creative Commons BY-NC 4.0.

G006

Navodila avtorjem in vse znanstvene revije in ¢lanki so brezplacno dostopni na spletni strani https:/zdjp.si/en/p/annalesshn/
The submission guidlelines and all scientific journals and articles are available free of charge on the website https.//zd)jp.si/en/p/annalesshn/
Le norme redazionali e tutti le riviste scientifiche e gli articoli sono disponibili gratuitamente sul sito https://zdjp.si/fen/p/annalesshn/

OPENaACCESS



ANNALES - Ser. hist. nat. - 31 - 2021 - 2

Anali za istrske in mediteranske Studije - Annali di Studi istriani e mediterranei - Annals for Istrian and Mediterranean Studies

UDK 5

Letnik 31, Koper 2021, stevilka 2

ISSN 1408-533X
e-ISSN 2591-1783

VSEBINA / INDICE GENERALE / CONTENTS 2021(2)

BIOINVAZIJA
BIOINVASIONE
BIOINVASION

Cemal TURAN, Mevliit GURLEK,

Deniz ERGUDEN & Hakan KABASAKAL

A New Record for the Shark Fauna

of the Mediterranean Sea: Whale shark,

Rhincodon typus (Orectolobiformes:
RhIiNCOdontidag) .........ooeveeiieeeimmeeeeeeeeeieeeeeeeee
Nova vrsta v favni morskih psov

Sredozemskega morja: morski pes

kitovec, Rhincodon typus

(Orectolobiformes: Rhincodontidae)

Andrea LOMBARDO & Giuliana MARLETTA

New Evidence of the Ongoing

Expansion of Okenia picoensis

Paz-Sedano, Ortigosa & Pola,

2017 (Gastropoda: Nudibranchia) in

the Central-Eastern Mediterranean ............c.c.cc..c...
Novi podatki o Sirjenju areala vrste Okenia
picoensis Paz-Sedano, Ortigosa & Pola,

2017 (Gastropoda: Nudibranchia) v

srednjem vzhodnem Sredozemskem morju

SREDOZEMSKI MORSKI PSI
SQUALI MEDITERRANEI
MEDITERRANEAN SHARKS

Hakan KABASAKAL

A Review of Shark Biodiversity in

Turkish Waters: Updated Inventory,

New Arrivals, Questionable Species,

and Conservation ISSUES ..........ccceeviieniiiiiienneene
Pregled pestrosti morskih psov v

turskih morjih: dopolnjen seznam,

novi prisleki, vprasljive vrste in

naravovarstveni problemi

Hakan KABASAKAL & Erdi BAYRI

Great White Sharks, Carcharodon

carcharias, Hidden in the Past:

Three Unpublished Records of the

Species from Turkish Waters ........c.ccccoceevrienneene
Trije neobjavljeni primeri pojavljanja belega
morskega volka, Carcharodon carcharias,

iz turskih voda izbrskani iz preteklosti

IHTIOLOGIA
ITTIOLOGIA
ICHTHYOLOCY

Malek ALI, Vienna HAMMOUD,

Ola FANDI & Christian CAPAPE

First Substantiated Record of

Crested Oarfish Lophotus lacepede

(Osteichthyes: Lophotidae) from the

Syrian Coast (Eastern Mediterranean Sea) ............
Prvi utemeljeni zapis o pojavljanju

copovke Lophotus lacepede

(Osteichthyes: Lophotidae) ob

sirski obali (vzhodno Sredozemsko morje)

Mohamed Mourad BEN AMOR,
Khadija OUNIFI-BEN AMOR,
Marouéne BDIOUI & Christian CAPAPE
The Second Record of Qilfish,

Ruvettus pretiosus (Gempylidae),

in Tunisian Waters (Central
Mediterranean Sea)
Drugi zapis o pojavljanju vrste
Ruvettus pretiosus (Gempylidae)
v tunizijskih vodah (osrednje
Sredozemsko morje)

Okan AKYOL & Vahdet UNAL

On the Occurrence of Seriola fasciata
(Carangidae) in the Eastern

Mediterranean Sea ..........ccooveiiiieeiiiiiiieee e
O pojavljanju vrste Seriola fasciata

(Carangidae) v vzhodnem

Sredozemskem morju

Nassima EL OMRAN!I,

Hammou EL HABOUZ,

Abdelbasset BEN-BANI,

Abdellatif MOUKRIM,

Roger FLOWER & Abdellah BOUHAIMI
Age and Growth of the Pouting
Trisopterus luscus (Linnaeus, 1758)
(Pisces, Gadidae) from Moroccan
Central Atlantic Waters.............ccoeevvveecnvvnninnnnenn,
Rast in starost francoskega molica
Trisopterus luscus (Linnaeus, 1758)
(Pisces, Gadidae) v atlantskih

vodah osrednjega Maroka



ANNALES - Ser. hist. nat. - 31 - 2021 - 2

Mourad CHERIF, Rimel BENMESSAOUD &
Christian CAPAPE

Age and Growth Parameters of the Red

Mullet Mullus barbatus (Mullidae) from

Northern Tunisia (Central Mediterranean Sea) .........
Starostni in rastni parametri pri navadnem

bradacu Mullus barbatus (Mullidae) iz

severne Tunizije (osrednje Sredozemsko morje)

Yana SOLIMAN, Adib SAAD,

Vienna HAMMOUD & Christian CAPAPE

Heavy Metal Concentrations in Tissues of

Red Mullet, Mullus barbatus (Mullidae) from

the Syrian Coast (Eastern Mediterranean Sea) ...........
Vsebnost tezkih kovin v tkivih bradaca,

Mullus barbatus (Mullidae) iz sirske obale
(vzhodno Sredozemsko morje)

Christian CAPAPE, Youssouph DIATTA,
Almamy DIABY, Sihem RAFRAFI-NOUIRA &
Christian REYNAUD

Record of a Single Clasper Specimen in
Zanobatus schoenleinii (Chondrichthyes:
Zanobatidae) from the Coast of Senegal
(eastern tropical Alantic) ........cccocccvvccinccinccinccnnne. 251
Najdba primerka vrste Zanobatus
schoenleinii (Chondrichthyes:

Zanobatidae) le z enim klasperjem iz
senegalske obale (vzhodni tropski Atlantik)

FAVNA
FAVNA
FAVNA

Ana FORTIC, Domen TRKOV,

Lovrenc LIPEJ, Marco FANTIN &

Saul CIRIACO

New Evidence of the Occurrence of

Knoutsodonta pictoni (Nudibranchia,

Onchidorididae) in the Northern Adriatic ................. 261
Novi podatki o pojavljanju vrste

Knoutsodonta pictoni (Nudibranchia,

Onchidorididae) v severnem Jadranu

Noureddine BENABDELLAH, Djillali BOURAS,
Mohammed RAMDANI & Nicolas STURARO
Biodiversity and Structural Organization

of Mollusk Communities in the Midlittoral

Coastal Area Between Bouzedjar and

Arzew (Western Algeria) ........cccoceveeevenrenvcveencnncnn.
Biodiverziteta in struktura zdruzbe

mehkuZcev v bibavicnem obmocdju

med predeloma Bouzedjar in Arzew

(zahodna AlZirija)

Rudi VEROVNIK, Nejc RABUZA,
Miroslav REPAR, Matjaz ZADRGAL &
Paul TOUT

On the Presence of Two-Tailed Pasha
(Charaxes jasius (Linnaeus, 1767),
Papilionoidea: Nymphalidae) in the
Northeastern Adriatic Region ...........cccccccceeeecennne.
O pojavljanju dvorepega pase
(Charaxes jasius (Linnaeus, 1767),
Papilionoidea: Nymphalidae) na
obmocju severovzhodnega Jadrana

Viktor BARANOV & Borut MAVRIC

New Records of Non-Biting Midges

(Diptera, Chironomidae) from Marine

and Coastal Habitats of the Slovenian

Part of the Adriatic Sea ..........ccoceevviviiviiiiieieeee 291
Nove najdbe trzac (Diptera,

Chironomidae) iz morskih in obmorskih

habitatov v slovenskem delu Jadrana

FLORA
FLORA
FLORA

Amelio PEZZETTA, Marco PAOLUCCI &

Mario PELLEGRINI

Le Orchidaceae del sito di interesse

comunitario “Monte Pallano e Lecceta d’Isca

d’Archi” e delle zone limitrofe ........c.ccccoeoenennnnnn. 301
Kukavicevke obmocja, pomembnega za

skupnost “Monte Pallano e Lecceta d’Isca

d’Archi” in sosednjih obmocij

DELO NASIH ZAVODOV IN DRUSTEV
ATTIVITA DEI NOSTRI ISTITUTI E SOCIETA
ACTIVITIES BY OUR INSTITUTIONS AND
ASSOCIATIONS

Marina DERMASTIA, Tina ELERSEK,

Jadranka JEZERSEK, Lucka KAJFEZ BOGATA),
Matjaz KUNTNER, Tamara LAH TURNSEK,
Matjaz LICER, Lovrenc LIPEJ, Miha MIKEL),
Izidor OSTAN OZBOLT, Maja RAVNIKAR,
Katja SINUR, Darja STANIC,

Timotej TURK DERMASTIA, Al VREZEC

Okoljski manifest ...........ccovecioinniciiniiccieene 315
IN MEMORIAM

Jadran FAGANELI

V spomin prof. dr. JoZetu Stirnu (1934-2021) ........... 321
Kazalo k slikam na ovitku .........ccccccooiin 326
Index to images on the cover ...........ccccceveiiunnnn. 326



ANNALES - Ser. hist. nat. - 31 - 2021 - 2

received: 2021-10-04 DOI 10.19233/ASHN.2021.29

HEAVY METAL CONCENTRATIONS IN TISSUES OF RED MULLET,
MULLUS BARBATUS (MULLIDAE) FROM THE SYRIAN COAST
(EASTERN MEDITERRANEAN SEA)
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Marine Sciemces Laboratory, Faculty of Agriculture, Tishreen University, Lattakia, Syria

Vienna HAMMOUD

Department of Zoology, Faculty of Sciences, Tartus University, Syria

Christian CAPAPE
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ABSTRACT

Cadmium, lead and copper levels were measured in muscles and liver of red mullet Mullus barbatus
Linnaeus, 1758 caught off the Syrian coast between August 2019 and May 2020. It was found that the
metals were accumulated in different tissues of M. barbatus by various levels, where the non-edible parts
accumulated more metals than the edible muscles. The highest average levels of lead (0.164 + 0.098 ug/g),
and copper (8.69 + 2.75 ng/g wet weight) were recorded in the liver. The concentrations of Cd, Pb, and Cu
measured in edible muscle flesh were lower than the maximum acceptable limit set by FAO/WHO for human
consumption. The order of the metal concentrations found in M. barbatus was Cu> Pb> Cd. Changes in
metals concentrations in the tissues of M. barbatus were observed versus areas and seasons.

Key words: Syria, heavy metals, Mullus barbatus, bioaccumulation, eastern Mediterranean Sea

CONCENTRAZIONI DI METALLI PESANTI IN TESSUTI DI TRIGLIA DI FANGO,
MULLUS BARBATUS (MULLIDAE) LUNGO LA COSTA SIRIANA
(MEDITERRANEO ORIENTALE)

SINTESI

I livelli di cadmio, piombo e rame sono stati misurati nei muscoli e nel fegato della triglia di fango Mul-
lus barbatus Linnaeus, 1758, catturata al largo della costa siriana tra agosto 2019 e maggio 2020. | metalli
sono stati accumulati in diversi tessuti di M. barbatus in concentrazioni varie, e le parti non commestibili
hanno accumulato pitt metalli che i muscoli commestibili. I livelli medi pit alti di piombo (0,164 + 0,098
ug/g) e di rame (8,69 + 2,75 ug/g peso umido) sono stati registrati nel fegato. Le concentrazioni di Cd,
Pb e Cu misurate nella parte muscolare commestibile erano inferiori al limite massimo stabilito dalla FAO/
OMS per il consumo umano. L'ordine delle concentrazioni dei metalli trovato in M. barbatus era Cu> Pb>
Cd. I cambiamenti nelle concentrazioni di metalli nei tessuti di M. barbatus sono stati osservati rispetto alle
aree e alle stagioni.

Parole chiave: Siria, metalli pesanti, Mullus barbatus, bioaccumulo, Mediterraneo orientale
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INTRODUCTION

Five species are reported to date in the Syrian
waters, two are indigenous species such as red mul-
let, Mullus barbatus Linnaeus, 1758 and striped red
mullet M. surmuletus Linnaeus, 1758 (Saad, 2005;
Ali, 2018) Three are alien species incoming from
the Red Sea through Suez Canal into the Meditera-
nean Sea, as Lessepsian migrants (sensu Por, 1978),
for instance golden-banded goatfish Upeneus
moluccenccis (Bleeker, 1855), Por’s goatfish U. pori
Ben-Tuvia & Golani, 1989 and Parupeneus forsskali
(Fourmanoir & Guézé, 1976). These three alien spe-
cies are at present harvested in large quantities and
sometimes more than the 2 indigenous mullid spe-
cies, the best instance being U. moluccensis (Saad
etal., 2017).

Mullid species constitute 3.1% of the number of
bony fishes collected in the Syrian marine waters,
and 8.9% of the total catch by artisanal fishing
gears (Ullman et al., 2015; Saad et al.,2017). Mullid
species display a large economic value in the area
because they are locally very appreciated for human
consumption, and among them mainly M. barbatus
(Saad & Sabour, 1998). This species is known as
a bottom feeding carnivorous species at the top of
the food chain (Saad & Sabour, 1998), and therefore
could be expected that bio-accumulation levels of
heavy metals rise.

A bioaccumulation of heavy metals in the
different fish tissues has been previously studied
(Saad & Hammoud, 2007; Mohamed, 2008; Turan
et al., 2009; Abdallah, 2013; Aytekin et al., 2019),
also in M. barbatus showing that the species tis-
sues accumulated high concentrations of heavy
metals (Sunlu, 2004; Benedicto et al., 2007; Dural
et al., 2010; Findik & Cicek, 2011; Allan et al.,
2016). However, similar investigations have not
been carryed out for specimens of M. barbatus
from the Syrian waters which constitute the aims
of the present papers in order to preserve human
health of risk assessment.

The purpose of the present study consists to
assess selected metal (Cu, Pb, and Cd) concentra-
tions in muscles and liver of M. barbatus caught
by commercial fisheries from three areas located on
the coast of Syria.

MATERIAL AND METHODS
Study area

The sampling stations were selected based on
main factors such as industrial effluents and sew-
ageare being discharged into the waters of Syrian
coast (Fig. 1). Therefore, three different sites were
chosen. The first site (T1) was relatively close to in-

dustrial pollution sources (34°59'46» N, 35°53’21»
E). The second site (T2) was performed based on
its relation with the thermic power station activi-
ties (35°10’11» N, 35°55’36» E). The third site (T3)
represents an area for the sewage downstream
(34°53’09» N, 35°52'57» E).

Sample preparation and analysis

A total of 12 specimens of M. barbatus were
studied, they were captured commercial bottom-
trawler or gill net fisheriesfrom August 2019 to May
2020, at the 3 stations (Tab. 1). Total length (TL) was
recorded to the nearest mm and total body weight
(TBW) to the nearest 0.1 gram. TL ranged between
92 and 170 mm and TBW between 20.9 and 60 g.

The collected specimens were preserved in
plastic boxes filled with ice, and then delivered
at the laboratory. They were washed with distilled
water, dried in filter paper and stored at -25°C until
dissection. At about 3 gram sample of fish muscles
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Fig. 1: Map of the Syrian coast with rectangle indicating
the sampling area of Mullus barbatus.

Sl. 1: Zemljevid sirske obale s pravokotnikom, ki prikazuje
vzorcevalno postajo ulova bradacev.
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Tab. 1: Minimum, maximum and mean metal concentrations in the tissues of the red mullet, Mullus barbatus,
from the coastal waters of Syria and comparison of different sites (ug/g wet wt).

Tab. 1: Minimalne, maksimalne in srednje vrednosti koncentracij tezkih kovin v primerkih bradaca, Mullus
barbatus, ujetih v obalnih vodah Sirije in primerjava med razlicnimi lokalitetami (ug/g mokre teze).

Tissue Site | Mean (R::nge Mean ;gnge Mean g:nge
T1 0.462 0.35-0.577 a | 0.0281 0.018-0.038 a | 0.0062 0.006 - 0.007 a
Muscles T2 0.619 0.056-0.65 b | 0.0651 0.05-0.074 b | 0.0205 0.019-0.020 c¢
T3 0.578 0.52-0.62 ab | 0.0778 0.067-0.09 c | 0.0172 0.015-0.018 b
T1 7.85 5.3-12.24 a | 0.0497 0.031-0.07 a -
Liver T2 8.91 5.69-12 a | 0.193 0.18-0.21 b -
9.91 7.75-14 b | 0250 0.23-0.27 ¢ -

Letters a, b and ¢ show differences among sites. Means with the same letter are not statistically significant, p>0.05.

and part of liver, were removed. The wet digestion
method was used in the analysis of the heavy metals
(Saad & Hammoud, 2007; Abdallah, 2013; Turan et
al., 2019).

Samples were transferred into digestion flasks and
treated with 5 ml HNO3 (ultrapure, Merck) on the
hot plate until the color turns into light yellow, nearly
white. After this process the samples were transferred
to 25 ml flanks and added double distilled water until
25 ml. The solution was filtered by filter papers.

At each step of the digestion processes, acid blanks
(laboratory blank) were prepared using identical pro-
cedure to ensure that the samples and chemicals used
were not contaminated from any of the mentioned
possible sources. They contain the same digestion
reagents as the real samples with the same acid ratios
but without the fish sample. They were analyzed by
Atomic Absorption Spectrophotometer (Shimadzo-
AA6800) before the real samples, to check if it will
give the exact values of heavy metals in real samples.

Statistical analysis

Statistical differences between mean metal con-
centrations in different sites were evaluated using one
way ANOVA. The difference between the seasons was
analyzed through Student t-test.

RESULTS AND DISCUSSION
Heavy metals

Cu is the most abundant of metals examined (Tab.
1), it is an essential element since it plays important
roles in biological systems (Kayhan et al., 2017).
Conversely, lead and cadmium have caused harm-
ful and toxic effects for human health even in trace

amounts (Tepe et al., 2008). Copper concentrations
ranged from 0.35 to 0.65 mg/g wet weight (ww) in
muscle, the highest level occurring at station site T2,
and from 5.30 to 14.00 mg/g ww in liver, with the
highest level at site T3.

Copper concentrations vary significantly (p<0.05) in
the muscle tissues, although copper concentrations in
liver tissues did not show significant differences between
T1 and T2 (p>0.05) (Tab. 1). Pb and Cd belong to nones-
sential, do not any function in biochemical processes.

This study shows that there were little variations in
mean concentration of Cd and Pb in all sites investigat-
ed. In this study the mean Pb levels in muscle and liver
were 0.0569 pg/g and 0.164 pg/g respectively (Tab.
1). Pb levels both in muscle and liver tissues showed
significant differences between region. Mean Cd levels
in the muscles of red mullet from T1, T2 and T3 from
Syria were 0.0062, and 0.0172 mg/g, respectively.
Cd levels in muscle tissues were statistically different
between region. Pb and Cd concentrations were found
higher in T3 and T2 station respectively. Our results
show that metal accumulation is lowest in muscles ,
while it is high in liver in all sites. This probably due to
their physiological roles in fish metabolism. Dural et al.
(2010) determined that large amount of metallothione
in induction occurs in the liver tissues.

Some authors have addressed measurements of Cu,
Pb and Cd in fish from different regions of the world
(Tab. 2). It appears differences between metal concen-
tration in this study and those of previous studies. Cop-
per concentrations in liver tissues found in this study
were higher than those from Candarl Bay. (Tas et al.,
2011), but displayed Copper concentrations in muscles
tissues similar values than those of reported from Izmir
Bay and Candali Bay by Sunlu (2004) in Table 2. Cd
concentrations have been less studied when than other
metals in M. barbatus (Sunlu, 2004).
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Tab. 2: Levels of heavy metals in Mullus barbatus from different areas of the world (ug/g wet weight)
Tab. 2: Vsebnosti tezkih kovin pri vrsti Mullus barbatus iz razli¢nih predelov sveta (ug/g mokre teze).

Tissue Authors Area Cu Pb Cd
Tas et al. (2011) Candarli Bay 0.11-1.25 1.20-9.74 -
Sunlu (2004) Izmir Bay 0.11-0.50 0.80-2.60 -
Muscles
Turan et al. (2009) Black Sea 0.77-1.24 0.14-0.82 0.06-0.29
Findik & Cicek (2011) Black Sea 4.05 1.05 1.01
Tas et al. (2011) Canarli Bay 0.62 -2.09 5.30-12.52 -
Liver Mariji & Raspor (2007) Eastern Adriatic | 0.15-0.68 - -
Tepe et al. (2008) Turkish seas 1.11-26.7 0.66-5.20 -

Seasonal variations in concentrations of
metals in M. barbatus

Cupper contents in specimens versus seasons
were different (Fig. 3). The mean Cu concentration
in M. barbatus muscles from Syrian coast ranged
between 0.51 / pg /g in rainy season and 0.59 mg/g
in dry season and 7.39 to 10.45 at dry pg/g in liver
(Fig. 2), and these values were significantly different
(t-value = -3.07 , -4.80 ; p = 0.005; df = 1).

The mean Pb concentration in liver tissues did
not show significant differences between season
(Fig. 2). Conversely, the mean concentration of Pb
in muscle of M. barbatus ranged from 0.049 mg/g
to 0.0644 mg/g and show significant differences
between seasons (Fig.3) (t-value = -4.34.; p = 0.007).

The mean Cd concentrations ranged from
0.006 atrainy to 0.022 at dry mg/g in muscle (Fig.
4). Cd levels in muscle tissues were not different
between seasons (t-value = -1.66; p = 0.158).
There was asignificant increase in accumulation
of Cu, Pb, and Cd in tow tissues of M. barbatus
from Syrian coast seasonally. The accumulation
of metals in white muscle, and liver increased in
dry season than rainy season this may be related
to increase human activities in this seasons and
increase in physiological activity of fish due
to increase of temperature this confirmed by
previous studies such as (Jakimska et al., 2011).
Similar increases in metal levels were observed
during summer in fish species from Iskenderun
Gulf (Aytekin et al., 2019).
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Fig 2: Differences of Cu concentrations in Mullus
barbatus among the seasons: M = muscles, L = Liver.
Sl. 2: Razlike v koncentraciji Cu pri vrsti Mullus bar-
batus v razli¢nih sezonah: M = misice, L = jetra.

Fig 3: Differences of Pb concentrations in Mullus
barbatus versus seasons.

SI. 3: Razlike v koncentraciji Pb pri vrsti Mullus
barbatus v razli¢nih sezonah.
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Human health risk assessment

Fish species are considered as one of the main
protein sources of food for human health, because of
having rich contents of essential minerals, vitamins and
unsaturated fatty acids (Zaza et al., 2015). In this study,
the measured metal concentration in edible tissues ,
such as of M. barbatus were compared with some exist-
ing standards for human consumption.

From Marmara Sea, the levels of Cd and Pb were
found as very high according to tolerance limits of the
World Health Organization (WHO, 1996) standards
(Kayhan et al.,, 2017). For the fish samples from the
Black Sea, Bat et al. (2012) had been detected Pb and
Cd levels lower than the recommended legal limits
for human consumption according to the Turkish
Food Codex (Anonymous, 2008). Chahid et al. (2014)
determined the mean levels of Cd and Pb found in fish
from Atlantic Sea (Morocco) as 0.009-0.036 mg /g for
Cd and 0.013-0.014 mg/g for lead. The authors have
concluded that these values fall within safe limits for
human consumption.

Before the comparison, values were converted to
mg/g wet weight. The mean muscle metal levels of M.
barbatus were 0.553 mg/g for Cu, 0.0569 mg /g for Pb,
and -0.0.014 mg/g for Cd. Mean values of Cu, Pb and
Cd were below recommended limits of the Food and
Agriculture Organization/World Health Organization
(FAO/WHO, 2011): Cu: 30, Pb: 2 and Cd: 0.5 mg/g
(ww). These values reached acceptable levels for hu-

Fig 4: Differences of Cd concentrations in Mullus
barbatus versus seasons.

Sl. 4: Razlike v koncentraciji Cd pri vrsti Mullus
barbatus v razli¢nih sezonah.

man consumption and with any health problems for
consumers. Additonally, such values recorded in M.
barbatus showed that the Syrian marine waters are not
strongly polluted by anthropogenic activites. However,
these activities are generally located along the coast
and underwent also ship dismantling and heavy ship
traffic which could affect the aquatic species living
in the area. Some species, as M. barbatus display a
high commercial value, and regularly and frequently
measurements of heavy metals should be done in these
species generally consumed as food to avoid also a
negative impact on the local economy.
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VSEBNOST TEZKIH KOVIN V TKIVIH BRADACA, MULLUS BARBATUS (MULLIDAE) IZ
SIRSKE OBALE (VZHODNO SREDOZEMSKO MORJE)
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Christian CAPAPE
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POVZETEK

Avtorji so v misicah in jetrih primerkov bradaca Mullus barbatus Linnaeus, 1758, ujetih ob sirski obali
avgusta 2019 in maja 2020, merili vsebnost kadmija, svinca in bakra. Ugotovili so, da so se tezke kovine
kopicile na razli¢nih nivojih in v razli¢nih tkivih bradaca, pri cemer je se je vec¢ tezkih kovin nakopicilo v
neuzitnih delih bolj kot v uzitnih misicah. Najvisje povpre¢ne vrednosti svinca (0,164 + 0,098 pg/g), in
bakra (8,69 + 2,75 ug/g mokre teze) so bile izmerjene v jetrih. Vsebnost Cd, Pb in Cu, izmerjena v uZitnem
mesu misic, je bila nizja kot maksimalna dovoljena vrednost po kriterijih FAO/WHO za ¢lovesko uporabo.
Redosled koncentracije tezkih kovin v bradacu je bil Cu> Pb> Cd. Spremembe v koncentraciji tezkih kovin
v tkivih bradaca so primerjali v razlicnih okoljih in razli¢nih sezonah.

Klju¢ne besede: Sirija, tezke kovine, Mullus barbatus, bioakumulacija, vzhodno Sredozemsko morje
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