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HEAVY METAL CONCENTRATIONS IN TISSUES OF SIGANUS RIVULATUS
(SIGANIDAE) FROM THE SYRIAN COAST (EASTERN MEDITERRANEAN SEA)

Yana SOLIMAN & Adib SAAD

Marine Sciemces Laboratory, Faculty of Agriculture, Tishreen University, Lattakia, Syria

Vienna HAMMOUD

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

Christian CAPAPE
Laboratoire d’Ichtyologie, Université de Montpellier, 34095 Montpellier cedex 5, France
e-mail: capape@univ-monpt2.fr

ABSTRACT

Concentrations of heavy metals such as copper (Cu) and lead (Pb) were measured in the liver and muscle
tissues of marbled spinefoot Siganus rivulatus collected from three main landing areas along the Syrian coast.
Muscle tissues always accumulate the lowest concentrations of all metals. In most studied fish, the liver is the
target organ for Cu and Pb accumulation. The concentrations of copper in muscle tissues ranged between 0.392
and 0.788 ug/g, in liver between 17.11 and 45.77, lead in muscle tissues from 0.0142 to 0.022 ug/g, and in liver
from 0.1 to 0.231 pg/g. The heavy metal with the highest average level recorded in fish is Cu, followed by Cd
and Pb. The concentrations of metals in the present fish muscle tissues fell within international legal limits; the
fish were thus safe for human consumption.

Key words: heavy metals, pollution, liver, muscle tissues, Siganus rivulatus, Syrian coast

CONCENTRAZIONI DI METALLI PESANTI NEI TESSUTI DI SICANUS RIVULATUS
(SIGANIDAE) DALLA COSTA SIRIANA (MEDITERRANEO ORIENTALE)

SINTESI

Le concentrazioni di metalli pesanti come il rame (Cu) e il piombo (Pb) sono state misurate nel fegato
e nei tessuti muscolari del pesce coniglio Siganus rivulatus, ottenuto in tre zone principali di sbarco lungo
la costa siriana. | tessuti muscolari accumulano sempre le concentrazioni pil basse di tutti i metalli. Nella
maggior parte dei pesci studiati, il fegato é I’organo bersaglio per I'accumulo di Cu e Pb. Le concentrazioni
di rame nei tessuti muscolari variavano da 0,392 e 0,788 ug/g, nel fegato da 17,11 a 45,77 ug/g, mentre il
piombo nei tessuti muscolari da 0,0142 a 0,022 ug/g, e nel fegato da 0,1 a 0,231 pg/g. Il metallo pesante
con il pit alto livello medio registrato nei pesci studiati e Cu, seguito da Cd e Pb. Le concentrazioni di metalli
nei tessuti muscolari dei pesci analizzati rientravano nei limiti legali internazionali; i pesci erano quindi sicuri
per il consumo umano.

Parole chiave: metalli pesanti, inquinamento, fegato, tessuti muscolari, Siganus rivulatus, costa siriana

75



ANNALES - Ser. hist. nat.

- 322022 -1

Yana SOLIMAN et al.: HEAVY METAL CONCENTRATIONS IN TISSUES OF SICGANUS RIVULATUS (SIGANIDAE) FROM THE SYRIAN COAST (EASTERN ...,

INTRODUCTION

Two species of the genus Siganus Forsskal, 1775
occur in the Syrian marine waters, dusky spinefoot
Siganus luridus (Rippell, 1829) and marbled spinefoot
S. rivulatus Forsskal & Niebuhr, 1775 following Saad
(2005) and Ali (2018). These two species represent 9%
of the total catch by artisanal fisheries and constitute
a large part of the total seafood production from Syria
(Saad et al., 2016).

Fishes, as a source of protein for local population,
are usually at the end of the food chain and considered
to be an important zoological group in transferring
metals to humans (Aytekin et al., 2019). Bioaccumula-
tion of heavy metals in fish tissues has been the object
of previous studies (Saad & Hammoud, 2007; Turan
et al., 2009; Abdallah, 2013; Soliman et al., 2021), of
which Khaled (2004) and El-Moselhy et al. (2014) also
studied the concentrations of heavy metals in different
tissues removed from Siganus rivulatus.

Similarly, the main goal of the present study was to
assess the concentrations of heavy metals such as Pb,
Cu, and Cd in muscles and liver of S. rivulatus caught
by commercial fisheries from three areas located on
the coast of Syria.

MATERIAL AND METHODS
Study area

The study was conducted between February 2019
and January 2020 on three sites in the Syrian coast
(Fig. 1). The first (T1) is located relatively far from
any source of industrial pollution (34°59'46” N and
35°53’21” E). The second site (T2) was chosen based
on its proximity to a thermal power station (35°10"11"
N and 35°55’36” E). The third site (T3) is an area for
the sewage disposal (34°53'09” N and 35°52'57" E).

Fish sampling and analysis

A total of 24 specimens were collected and
analyzed. They were immediately placed on ice in an
isolated box, transported immediately to the labora-
tory, and then stored at —20° C until analyzed. The
total length of each specimen was recorded to the
nearest millimetre and total body weight to the nearest
decigram. The liver and a sufficient amount of muscle
tissue were removed. The wet digestion method was
used for analysis of heavy metals (see Soliman et al.,
2021). Samples were transferred into digestion flasks
and treated with 5 ml HNO, (ultrapure, Merck) on
a hot plate until the colour turned to light yellow,
nearly white. After this process the samples were
transferred to 25 ml flasks and double distilled water
was added up to the mark 25 ml. The solution was
filtered through filter papers. After digestion, all the
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samples were analysed for trace metal (Pb, Cu, and
Cd) concentrations using computer controlled Atomic
Absorption Spectrophotometer (Spectra AA 220). Ac-
curacy of the employed method was tested against
reference material.

Statistical analysis

Statistical differences between averages of metal
concentrations from different sites were evaluated
using one-way ANOVA. The seasonal differences in
concentrations were analyzed using Student’s t-test.

RESULTS AND DISCUSSION
Accumulation of metals in organs
Concentrations of heavy metals such as cop-
per (Cu) and lead (Pb) in the livers and muscles of

specimens collected from the 3 areas (see Fig. 1) are
reported in Table 1. They are significantly higher in

37°N il TURKEY

3§N—

SYRIA

35N

Tartous

0
34N 4
LEBANON | c0 o

36E 3TE

Fig. 1: Map indicating the sampling sites in the area
of Tartous in the Syrian coast: T1: Off Basira, T2: Off
Baniyas, T3: Off Tartous.
Sl. 1: Zemljevid z oznacenimi vzorcevalnimi posta-
jami na obmocju Tartousa na sirski obali: T1: Basira,
T2: Baniyas, T3: Tartous.
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Tab. 1: Average concentrations of heavy metals (ug/g wet wt) in various tissues of Siganus rivulatus collected from
the Syrian coast. Letters a, b, ¢ within each column indicate significant differences among sites (ANOVA p < 0.05).
Tab. 1: Povprecne koncentracije tezkih kovin (ug/g mokre mase) v razli¢nih tkivih marmoriranih morskih
kuncev (Siganus rivulatus), ujetih ob sirski obali. Crke a, b, c v vsakem stolpcu oznacujejo statisti¢no znacilne
razlike med mesti (ANOVA p < 0,05).

. . Cu (pg/g Pb (pg/g)
Tissue Site Mean = SD Mean = SD
T1 a 0.10 £0.392 0.01425+ 0.001 a
T2 b 0.10+0.730 0.022 +0.002 c
Muscles
T3 b 0.13+0.788 0.0192 £ 0.002 b
Cv =9% Lsd=0.061 Cv =9% Lsd =0.001
T1 a 6.45 +17.11 a 0.022 =0.1
T2 C 5.85 + 58.56 b 0.033 0+0.207
Liver
T3 b 5.94+ 45.77 0.231 +£0.035 b
Cv =5.8% Lsd =3.042 Cv=12.9% Lsd= 0.033

the livers, due to the fact that this organ plays a more in liver are probably owed to the fact that it plays a
important role in the metabolism of fishes (Canli & physiological role in the metabolism of fishes. Con-
Atli, 2003; Tepe et al., 2008). Additionally, Kamaruz-  versely, Pb is non-essential in biochemical processes
zaman & Jalal (2008) noted that accumulations of Cu  (Ekong et al., 2006).

0.12 1
01
0.08
o
o
% 006
2
o
0.04
0.019 0.0173
N ]
Wet Dry
Muscles 0.019 0.0173
Liver 0.065 0.11
m Muscles Liver

Fig. 2. Changes in Cu concentrations in Siganus rivulatus according to season (Wet: winter
and spring; Dry: summer and autumn).

Sl. 2: Spremembe v vsebnosti Cu pri vrsti Siganus rivulatus glede na sezono (Wet: zima in
pomlad; Dry: poletje in jesen).
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Fig. 3. Changes in Pb concentrations in Siganus rivulatus according to season (Wet: winter

and spring; Dry: summer and autumn).

Sl. 3: Spremembe v vsebnosti Cu pri vrsti Siganus rivulatus glede na sezono (Wet: zima in

pomlad; Dry: poletje in jesen).

S. rivulatus displayed low concentrations of Cu
and Pb in muscles, indicating that these organs do
not constitute an active site for biotransformation
and accumulation of heavy metals (Mohamed,
2008). Similar patterns were reported for 2 fish
species, S. rivulatus and Sargus sargus, collected
off Alexandria, in the Mediterranean coast of Egypt
(Khaled, 2004).

The highest concentrations of Cu accumulation
in the liver (58.56 + 5.85 pg/g wet wt) were found in
the S. rivulatus from (T2), the lowest (17.11 + 6.45
pg/g wet wt) in those from (T1). Concentrations of
Cu in muscles ranged from 0.392+ 0.10 (T1) to
0.788 + 0.130 pg/g wet wt (T3). Such values are
probably due to the fact that (T1) is less affected by
anthropogenic pollutants than the two other sites.
Copper concentrations in muscle tissues found in
this study were lower than those reported from
Alexandria (Khaled, 2004) and the Red Sea (El-
Moselhy et al., 2014) in Egypt. Concentrations of
Pb in liver ranged from 0.1 + 0.022 (T1) to 0.231
+ 0.30 pg/g wet wt (T3), while concentrations of
Pb in muscles ranged from 0.01425 + 0.001 (T1)
to 0.022 + 0.002 pg/g wet wt (T2). Lead concentra-
tions in muscle tissues found in this study were
lower than those from Alexandria (Khaled, 2004),
an area that is more exposed to anthropogenic
activities.
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Seasonal variations in concentrations of metals

There were significant differences in the Cu and
Pb accumulated in the white muscles and livers
of S. rivulatus depending on the season — dry or
rainy — when the sampled specimens were col-
lected (Fig. 2).

Mean Cu concentrations in the muscles of the
fish from the Syrian coast ranged between 0.54
pg/g in the rainy season and 0.729 pg/g in the dry
season, and in the liver between 32.46 during the
rainy season and 48.50 pg/g during the dry season
(Fig. 2). The levels of Cu in the muscle and liver
tissues were significantly higher in the dry season
compared to the rainy season (t-value = -8.48,
3.27; P <0.001).

Mean Pb concentrations in white muscle and
liver tissues of S. rivulatus showed significant differ-
ences between seasons (Fig. 3), ranging from 0.017
pg/g to 0.019 pg/g (t-value = 11.18.; P < 0.001).

Mean Pb concentrations in the liver ranged from
0.065 in the rainy and 0.11 pg/g in the dry season
(Fig. 3). Pb levels in muscle tissues differed between
seasons (t-value = 4.53.; P = 0.004) (Fig. 3). The
accumulation of metals in white muscle and liver
tissues increased in summer and spring compared
to other seasons. Such a pattern may be related to
the fact that human activities increase during these
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seasons (Hegazi et al., 2015). It could also be due to
the rate of metabolism as a consequence of higher
temperatures of the sea (Jakimska et al., 2011).
El-Moselhy (2003) noted that seasonal variations
in the concentration of heavy metals in marine or-
ganisms were also affected by other factors, such as
wind, current regimes, monthly salinity variation,
as well as the impact of various pollution sources.
The results for S. rivulatus showed that metal ac-
cumulation during the dry season was significantly
higher than during the rainy season, and that Cu and
Pb accumulations were higher in the liver than in the
muscles (Figs. 2 and 3). Shreadah et al., 2016 also
observed increase in Pb concentrations during the
summer, which could be a result of human impact
and traffic increase. Similar summer increases in
metal levels were observed in fish from the coasts of
Iskenderun Gulf, Turkey (Aytekin et al., 2019).

Health risk assessment for heavy metal intake through
fish consumption

In this study, the essential heavy metal Cu de-
tected in the livers was above the limits for fish con-
sumption recommended by the Food and Agriculture
Organization/World Health Organization (FAO/
WHO) and the European Union (EU). Conversely,
the non-essential metal Pb in the liver was below the
[imits for fish consumption recommended by WHO
and FAO and was slightly higher than the levels
recommended by the European Union (EU). Muscles
are the most important part of the fish to be eaten
by humans and reflect the concentrations of metals
in the water where the fish species lives (Tepa et al.,
2008; Can et al., 2020).

In polluted aquatic habitats the concentration of
metals in fish muscles can exceed the permissible
[imits for human consumption and imply severe health
threats (Shreadah et al., 2016; Yilmaz et al., 2017;
Yilmaz et al., 2018). To assess the public health risk
from the consumption of fish from the Syrian coast
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Tab. 2: Maximum permissible limit (MPL) of heavy
metals in fish muscles (mg/g wet wt) according to
international standards.

Tab. 2: Najvecja dovoljena meja (MPL) vsebnosti
tezkih kovin v ribjih misicah (mg/g mokre mase) po
mednarodnih standardih.

Metals
References
Cu (pg/g Pb (pg/g)
FAO (1983) 30 0.5
FAO/WHO (1989) 30 0.5
WHO (1989) 30 2
European community 0.2

we compared the levels of metal in muscles from the
current study (Tab. 1) against existing standards for
human consumption established by many different
health organizations (Tab. 2).

The mean levels of Cu and Pb in the muscle tis-
sues of S. rivulatus were 0.636 pg/g and 0.0185 pg/g,
respectively. Similar results were recorded by Khaled
(2004) in S. rivulatus from Alexandria, Egypt, where the
mean Cu and Pb levels ranged between 1.372-1.804
pg/g and 0.182-0.876 pg/g, respectively. El-Moselhy
et al. (2014) established the mean levels in S. rivulatus
from the Red Sea, Egypt at 0.35 pg/g for Cu and 0.44
pg/g for Pb. The same authors suggested that these
values were within safe limits for human consump-
tion. According to the results, the fish examined in our
study were also within the limits and therefore safe for
human consumption. Although, currently, the levels of
heavy metals in fish in these regions do not exceed the
limits, that may change in the future, depending on the
anthropogenic sources from agriculture and industrial
development.
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VSEBNOST TEZKIH KOVIN V TKIVIH MARMORIRANEGA MORSKEGA KUNCA SIGANUS
RIVULATUS (SIGANIDAE) IZ SIRSKE OBALE (VZHODNO SREDOZEMSKO MORJE)
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POVZETEK

Koncentracije tezkih kovin, kot sta baker (Cu) in svinec (Pb), so bile izmerjene v jetrih in miSi¢nih
tkivih marmoriranih morskih kuncev Siganus rivulatus, ujetih blizu treh glavnih pristanis¢ ob sirski obali.
Misi¢na tkiva vedno kopicijo najniZje koncentracije vseh kovin. Pri vecini raziskanih rib so jetra ciljni organ
za ugotavljanja kopic¢enja Cu in Pb. Koncentracije bakra v miSi¢nih tkivih so se gibale med 0,392 in 0,788
ug/g in v jetrih med 17,11 in 45,77. Koncentracije svinca v misi¢nih tkivih so se gibale od 0,0142 do 0,022
1g/g, v jetrih paod 0,1 do 0,231 ug/g. Tezka kovina z najvisjo povprec¢no vrednostjo, zabelezeno v ribah, je
Cu, sledita Cd in Pb. Koncentracije kovin v ribjih misi¢nih tkivih so bile v mejah standardov mednarodnega
prava; ribe so bile tako varne za prehrano ljudi.

Klju¢ne besede: tezke kovine, onesnazevanje, jetra, misi¢na tkiva, Siganus rivulatus, sirska obala
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