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Abstract The present study assessed the impact of metal pol-
lution on two widely consumed types of wild fish Sardinella
aurita and Mugil cephalus captured from the Gulf of Gabes
(Tunisia) which is currently experiencing acute environmental
problems. A study of the Cd, Cu, Zn, and Pb levels present in
the studied site and vital in fish tissues (gills, liver, gonad, and
muscle) was undertaken. As expected, muscle, liver, and go-
nad tissues contained the highest concentrations of all metals
except for Zn. The metal levels showed a significant variation
of accumulation between species with overall effects of the
tested tissues. In addition, the results address the significant
effects of the species/tissue interaction. Liver sections showed
structural alterations consistingmainly of a significant desqua-
mation of the tissue, a fibroblast proliferation, and a lipid
droplet accumulation in both species. Additionally, the pres-
ence of skeletal abnormalities affecting the vertebral column
was observed in the M. cephalus specimens. As a whole, our
data provide the first evidence of distinctive metal accumula-
tion patterns in vital fish tissues as well as the interspecific
difference that can be correlated with the biological habits of
the two selected models, S. aurita and M. cephalus, known
respectively as pelagic and benthopelagic species.
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Introduction

Pollution of marine ecosystems by organic and inorganic ele-
ments has been identified as one of the most important factors
in marine organism poisoning, such as fish (Al-Ghais 1995).
The accumulation of such chemicals in fish tissues depends on
several endogenous factors, especially geographical habitats,
physiological conditions, adaptation capacity, and microhabi-
tat characteristics (Driscoll et al., 1995). Despite the fact that
the environmental levels of these elements are rarely danger-
ous for fish survival, they are known to concentrate in fish
tissues reaching amounts thousands of times higher than the
surrounding water, and thus becoming extremely harmful
(Dietrich et al., 2010). Heavy metals are naturally present in
the environment in varying levels (Nasrabadi et al., 2010).
Although some metals such as zinc (Zn) and iron (Fe) are
essential elements for normal metabolism, some others are
non-essential and do not have any significant biological func-
tions (cadmium (Cd) and mercury (Hg)) (Sahmoune et al.,
2009).

Many previous studies have examined the relationship be-
tween metal exposure, accumulation, and toxicity under lab-
oratory conditions; however, predicting toxic effects based on
metal levels in the environment or in tissues remains difficult
under natural exposure conditions (Barron 1995; Barron et al.,
2002; Vijver et al., 2004). Consequently, chemical biomoni-
toring is usually combined with a biomarker evaluation with
indications of the early biological effects (Lavado et al., 2006).
Histology, a marker of exposure to contaminants, represents a
useful tool to assess pollution effects, especially sublethal and
chronic consequences (Cengiz and Unlu, 2005). Many
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investigations carried out on natural populations reported that
the presence of morphological abnormalities is closely related
to metallic pollution. Additionally, it has been suggested that,
in natural fish populations, spinal deformities are useful as
environmental disturbance markers for organic and inorganic
pollutants (Xuan Yang, 2004). Metallic pollution of aquatic
ecosystems has become a serious health problem all over the
world. The presence of trace elements in the environment is
due to natural processes and industrial waste (Mansour and
Sidky, 2002). Aquatic organisms such as fish are usually ex-
posed to many natural or anthropogenic stressors. In addition,
fish contamination with pollutants could potentially impact
the exploitation of these aquatic resources. Several attempts
have been undertaken in order to provide information about
environmental disturbance and the presence of metals in fish
tissues (Hamza-Chaffai et al., 1995; Messaoudi et al., 2009).
However, no studies have been carried out for the small pe-
lagic and benthic fish species consumed in Tunisia and espe-
cially in the Gulf of Gabes.

Mugil cephalus is a cosmopolitan fish which is found in the
coastal waters of most tropical and subtropical zones. The
flathead gray mullet, a member of the Mugilidae family, is
catadromous, frequently found along the coast in estuaries
and freshwater environments. Sardinella aurita is a member
of the Clupeidae family surviving in tropical and subtropical
marine, brackish, and reef waters. S. aurita is a small pelagic
species and a strongly migratory fish. Furthermore, sardine
andMugil fishing is of most importance throughout the world,
especially in countries such as Egypt, Algeria, and Tunisia
(Tsikliras and Antonopoulou, 2006).

The eastern coast of Tunisia hosts diverse fish groups that
can be used for the environmental monitoring of the area.
Many Tunisian sites located along the eastern coast present a
blend of anthropogenic pressures (industrial, residential, and
seafaring) in relatively proximal areas. In this study, we aim to
assess the accumulation patterns of Cd, Cu, Zn, and Pb in gill,
liver, gonad, and muscle tissues as well as to perform histo-
logical and morphological investigations of two fish species
from theMediterranean Sea largely consumed by the Tunisian
population: Mugil (M.) cephalus and Sardinella (S.) aurita.

Materials and methods

Study area and sample collection

Adult specimens of S. aurita (N = 39, mean total length 18.19
± 0.73 cm, meanweight 49.25 ± 6.34 g) andM. cephalus (N =
41, mean total length 23.2 ± 2.56 cm, mean weight 100.13 ±
32.8 g) that had just died were randomly collected from fish-
ing port markets. All the samples were captured in April 2015
from the Gulf of Gabes (33°40′12″N; 10° 21′ 0″ E) whichwas
the region selected to cover different levels of anthropogenic

impact (Fig. 1). Indeed, shallow waters, weak currents, high
salinity, and strong tides characterize this area. According to
previous field studies, this ecosystem is chronically polluted
by heavy metals and presents a different pattern of distribution
of inorganic and organic pollutants (Annabi et al., 2009).

Metal determination (Cd, Cu, Pb, and Zn) in samples

Gill, liver, gonad, and muscle tissues of both species were
dried to a constant weight at 55 °C for 120 min, mineralized
with 3 mL of nitric acid (1 M), and then stirred for 48 h
(Annabi et al., 2013). The product was adjusted to 30 mLwith
deionized water. Samples (n = 10 for Cu, Zn, and Pb and n = 7
for Cd, respectively for liver, gills, muscle, and gonad) were
analyzed in triplicate and the variation observed was less than
10%. Water samples were collected in clean bottles from the
studied areas from a depth of 0.5 m.

The water samples were stabilized at pH 2 with 1 M nitric
acid prior to the direct determination of the total metal con-
centrations (Bervoets and Blust, 2003). All samples were an-
alyzed to establish their Cd, Cu, Pb, and Zn concentrations
using an atomic absorption spectrophotometer (AAS; Avanta
GBC spectrophotometer) equipped with Zeeman background
correction. Metal concentrations are given as μg/L for water
and μg/g of dry weight for tissues.

Skeletal abnormalities and histological investigation

Specimens ofM. cephalus and S. auritaweremorphologically
examined for possible skeletal abnormalities. A hepatic his-
tology was also conducted. In order to do this, liver samples
were fixed in Bouin’s solution for 24 h and prepared for his-
tological analysis according to standard procedures (Annabi
et al., 2015). Tissues were dehydrated through a graded series
of ethanol (70 and 95°) and embedded in paraffin. Liver tissue
from six females was examined and three dorsoventral sec-
tions were assessed per specimen. Serial longitudinal sections
(4–5 μm) were stained with hematoxylin and eosin (H/E) for
histological examination under a light microscope.

Statistical analyses

Data analyses were performed using an SPSS statistical soft-
ware package. All data related to metal concentration levels
are given as a mean ± SD (standard deviation). Data were
Log10-transformed before the analyses and the normality and
homoscedascity were tested. In order to test whether the con-
centration of heavy metals (Cu, Pb, and Zn) differed between
the species and tissues, a MANOVAwas used with the species
and tissue as factors (Wilks’ lambda, F test). A separate two-
way ANOVAwas run for Cd as this metal was not measured
for all individuals. The means were subsequently compared
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using the Bonferroni post hoc test. The values were consid-
ered to be statistically significant if P < 0.05.

Results

In the present investigation, the analysis of metal levels in
water has shown that Cd (0.033 ± 0.012 μg/L) and Zn
(0.024 ± 0.008 μg/L) are present in low concentrations in
comparison to Pb (1.059 ± 0.321 μg/L) and Cu (0.936 ±
0.718 μg/L) which exhibit higher levels. The metal concen-
trations followed this order: Pb > Cu > Cd > Zn (Fig. 2).

The Cu, Zn, Pb, and Cd concentrations in muscle, liver,
gonad, and gill tissues are given in Fig. 3. The possible impli-
cation of species and tissues in the accumulation patterns of
metals in this study was tested by a MANOVA analysis. The
results showed significant overall effects on the tested tissues
(Wilks’ lambda = 0.44; F = 7.51; P < 0.001) and the interac-
tion between tissues and fish species (Wilks’ lambda = 0.72;
F = 2.76; P = 0.005). However, the species’ effect was not
significant (Wilks’ lambda = 0.92; F = 1.91; P = 0.14).
Subsequent univariate ANOVAs showed that the effect of
tissue was significant for Cu (F3,72 = 3.48; P = 0.02), Pb
(F3,72 = 2.92; P = 0.04), and Zn (F3,72 = 16.92; P < 0.001).
Post hoc tests showed that Cu amounts differed between the
gills and the liver inM. cephalus (P = 0.012); the liver had the
highest Cu value and the gills the lowest one (Fig. 2A). In
S. aurita, concentrations were equally high in the liver and

gonads (Fig. 3A). For Zn, gonads differed significantly from
all other tissues (all P < 0.001) by having the highest concen-
trations (Fig. 3B). Other tissues did not differ from one anoth-
er. Finally, for Pb, the strongest difference (albeit being non-
significant) was between the muscles and the gills (P = 0.65);
gills had the lowest Pb concentration and muscles the highest
one (Fig. 3C). The difference between species as well as the
interaction between species and tissues was only significant
for Cu (species: F1,72 = 4.34; P < 0.04; interaction: F3,72 =
3.14; P = 0.03). The ANOVA run for Cd showed no differ-
ences between species (F1,55 = 0.41; P = 0.52; Fig. 3D) nor
differences between tissues (F3,55 = 0.25; P = 0.86).
Moreover, the interaction effect was also non-significant
(F3,55 = 0.63; P = 0.60).

The highest Cu level was observed in the liver and muscle
tissues of M. cephalus (6.399 ± 1.014 and 6.276 ± 3.845 μg/
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Fig. 2 Heavy metal concentrations in water (μg/L)

Fig. 1 Geographical location of
the studied site: Gulf of Gabes
(33°40′12″ N, 10° 21′ 0″ E)
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gdw, respectively) and in gonads for S. aurita (4.592 ±
2.557 μg/gdw; Fig. 3A). Zn levels in M. cephalus and
S. aurita tissues revealed a similar pattern of accumulation,
which was respectively as follows: gonads (3.819 ± 0.512/
2.325 ± 0.478 μg/gdw > gills (1.309 ± 0.438/1.367 ±
0.19 μg/gdw) > liver (1.268 ± 0.2/1.09 ± 0.16 μg/gdw) >

muscle (0.771 ± 0.09/1.042 ± 0.204 μg/gdw) (Fig. 3B).
Regarding the Pb levels inM. cephalus (Fig. 3C), data showed
a decreasing accumulation with statistically significant differ-
ences between muscle/liver/gills in the following order: mus-
cle (5.209 ± 1.433 μg/gdw) > gonads (2.934 ± 0.753 μg/gdw)
> liver (2.347 ± 0.765 μg/gdw) > gills (1.776 ± 0.392 μg/
gdw). Gonad and liver levels of Pb, Cu, and Cd in S. aurita
presented respectively the highest levels compared to the mus-
cle and gill tissues. Indeed, the patterns of accumulation of
these elements followed this order: gonad-liver > muscle >
gills (Fig. 3A, C, D). In the case of M. cephalus, Cu and Cd
presented the same pattern of accumulation with the highest
concentration in muscle and liver followed by gill and gonad
tissues (Fig. 3A–D).

The morphological analysis of fish samples showed some
abnormalities affectingmainlyM. cephalus (Fig. 4). However,
for S. aurita, no skeletal aberration was noticed in the collect-
ed samples. The major abnormality detected in M. cephalus
was a very pronounced dorsal malformation. Examination of
normal and deformed fish revealed that the caudal portion was
involved causing a marked asymmetry and spine aberration.
This morphological alteration affecting the tail region of
M. cephalus specimens is described as lordosis (Fig. 4).

Liver tissues of S. aurita andM. cephalus are formedwith a
parenchyma characterized by hepatocytes. The predominant
cell type of the liver is the hepatocyte. Hepatocytes have a
polyhedral cell body with a central core generally containing
one spherical nucleolus and located among the sinusoid-
forming cord-like structures known as hepatic cell cords
(Fig. 5A). Histopathological analysis of liver tissues in both
studied fish species revealed a significant desquamation of the
liver parenchyma, a widespread nuclear pyknosis, a fibroblast
proliferation, and an accumulation of lipid droplets (Fig. 5B).

Discussion

The present work is the first attempt to explore the distinctive
accumulation patterns of trace metal elements in the vital tis-
sues (gills, liver, gonad, and muscle) of two largely consumed
fish M. cephalus and S. aurita. These two biological models
differ in terms of living environment and feeding behavior.
Indeed, M. cephalus is a benthic species which lives in shal-
low and polluted water near the coast. However, S. aurita is a
pelagic fish which lives far from the coast.

The data obtained are in perfect correlation with previously
reported ones (Alazemi et al., 1996). In fact, these authors
reported that, in fish tissues, heavy metals concentrate in
higher amounts than the values naturally present in their en-
vironment. This is mostly due to metal absorption through the
gills and gastrointestinal tract (Alazemi et al., 1996). Gills and
liver have been chosen as target organs for assessing metal
accumulation. Several authors have demonstrated that metal
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levels in gills give an indication on the concentration of pol-
lutants in water. However, their concentration in the liver re-
flects the metal storage levels (Romeo et al., 1999).

The comparative analysis of all of these previous data
shows that studied metals seem to be more concentrated in
M. cephalus than in S. aurita, especially for Cu accumulation.
Accumulation patterns in the different tissues revealed a high
metal accumulation (Cu, Cd, and Pb) in muscles as well as the
liver of M. cephalus compared to those of S. aurita. Our re-
sults are in a perfect agreement with previous published data
that pointed out that Cd, Cu, and Zn concentrations in muscles
of pelagic fish species are lower than those of benthic ones
(Romeo et al., 1999). In addition, previous studies have re-
ported that concentration patterns of heavy metals in fish spe-
cies might be the result of different ecological needs,
metabolism, and trophic patterns. Romeo et al. (1999) pointed
out that muscles of pelagic fish species present lower accumu-
lations of Cd, Cu, Hg, and Zn than those of benthic fish spe-
cies. Several field investigations have shown that heavy
metals in fish tissues depend mainly on the concentration of
these elements in their habitats. Hamza-Chaffai et al. (1995)
reported significant levels of Cd, Cu, and Zn in the liver and
gills of three fish species in a polluted site (coast of Sfax)
compared to control ones (coast of Chebba). Altindag and
Yigit (2005) had previously reported that fish and shellfish
concentrate high levels of heavy metals in gills, intestines,

and digestive glands. The same authors have shown the high
concentrations of heavy metals in water, sediments, plankton,
and fish (Leuciscus cephalus, Cyprinus carpio, Tinca tinca,
Lucioperca lucioperca) in Turkish sites, which are mainly due
to direct water contamination by a geochemical structure pres-
ent in the studied region. In field studies, the accumulation of
trace metals in the tissues of aquatic organisms depends main-
ly on the levels of these elements in their environment, both in
the water and sediments (Annabi et al., 2013). Here, we have
showed that trace metal concentrations depend on tissues and
also on species for some metals such as Cu. This is due to the
fact that oily fish, feeding mainly on plankton, generally pres-
ent higher amounts of elements than lean fish (Julshamn et al.,
2004). Amiard and collaborators (2006) reported that the
inter-species variability in bioaccumulation patterns of trace
elements may also be related to differences in assimilation
efficiencies and/or in the species’ ability for metallothionein
production. In the few studies that have considered the repro-
ductive organs for trace element bioaccumulation, the gonads
showed higher concentrations of elements than gills and mus-
cles, though not more than skin tissue (Yilmaz, 2003; Annabi
et al., 2013). In this study, gonad tissues of S. aurita present a

Fig. 5 Histological section of liver tissue (Gx40, H/E). aMugil cephalus.
b Sardinella aurita. DH desquamation of hepatic tissue, NP widespread
of the nuclear pyknosis, PF fibroblast proliferation. Black arrows indicate
lipid droplet accumulation

Fig. 4 a Normal structure ofMugil cephalus. b, c Skeletal abnormalities
affecting the vertebral column (lordosis)
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higher pattern of accumulation compared to M. cephalus for
Cu, Cd, and Pb. In addition, a high Cu, Cd, and Zn bioaccu-
mulation has been found in theM. cephalus liver. In this way,
uptake of contaminants in food or ingested material, including
sediments in the case of benthic species (e.g.,M. cephalus), is
reflected by high metal concentrations in the liver tissue
(Heath, 1995).

Velusamy et al. (2014) reported that the difference between
species in element uptake may be attributed to the biological
characteristics of the fish (habitat, mobility, trophic levels). In
this way, Sardinella is a pelagic species feeding basically on
phytoplankton and presenting a high migratory power
(TerHofstede et al. 2007), while M. cephalus is a
benthopelagic species and lives in close relationship with sed-
iments. Furthermore, it is known that benthic communities
such as fish are susceptible to a high exposure to contaminants
(Roméo et al., 1999; Kerambrun et al., 2012).

Despite the fact that accumulation levels of heavy metals in
fish depend on growth rate, metabolic status, feeding habits,
and ecological needs, the variable life history patterns among
species, such as trophic levels and geographical distribution of
life stages, influence their exposure to environmental pollut-
ants (Yilmaz et al., 2010). In fact, it has been reported that
trace metals are rarely distributed uniformly within all fish
tissues and accumulate in particular target organs (Suresh
et al., 1993).

A wide range of histopathological changes has been well
studied in fish and shellfish and has been recommended as
biomonitoring markers. While gills are the primary target tis-
sue affected by pollutants, the liver represents the main organ
for detoxification (Rodrigues and Fanta, 1998). Based on
these data, the gill structure alteration has been used as an
indicator for water quality. Nevertheless, histological alter-
ations in liver tissues may be useful as a marker that indicates
a prior exposure to some environmental stressors. Therefore,
the alteration of an organ’s functions, especially the liver, by
aquatic pollutants can significantly impact the physiology of
an animal and reduce its longevity.

The liver parenchyma of the studied fish showed signs of
degeneration characterized by nuclear pyknosis, a fibroblast
proliferation, and an accumulation of lipid droplets. These
histological aberrations have been presented by several studies
and have been associated with metal exposure such as copper
(Paris-Palacios et al., 2000), mercury (Oliveira Ribeiro et al.,
1996), cadmium (Annabi et al., 2011), and organic pollutants
(polychlorinated biphenyls (PCBs)) (Chang et al., 1998).
Pacheco and Santos (2002) suggested that metabolic damage
and biochemical degenerative processes can be identified by
lesions in the hepatic tissues, especially in the hepatocyte
alteration.

Most of the data related to skeletal anomalies have focused
on the investigation of the external morphology of farmed
fish. Since many researchers have suggested a relationship

between environmental factors and skeletal aberrations, mor-
phological alterations are more common in reared fish than in
natural populations (Da Cunha and Antunes, 1999).
Accordingly, few data dealing with skeletal abnormalities in
natural populations of fish in Mediterranean areas, especially
in the southeastern coast of Tunisia, are available (Messaoudi
et al., 2009). In the same context, it has been reported that
skeletal deformities observed in a number of fish are mainly
related to both intrinsic and extrinsic factors. Kent et al. (2004)
showed an association between skeletal abnormalities and
parasites; however, a correlation between chemicals (such as
polycyclic aromatic hydrocarbons, compounds with estrogen-
ic activity, and heavy metals) and some other abiotic factors
was previously established in relation to these deformities
(Cahu et al., 2003).

In summary, the present work, which is the first attempt to
explore the accumulation patterns of trace metals in
M. cephalus and S. aurita tissues, highlights the presence of
distinctive patterns of metal accumulation as well as a species-
tissue interaction. These results can be correlated with several
factors such as biological habitat, fish mobility, feeding strat-
egy, or trophic level of the selected species.
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