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ABSTRACT
Heavy metals are considered among the most serious contaminants of
aquatic ecosystems, due to their biomagnifications in the tissues of fish and
humans. Thus, the current study was planned to shed the light on the importance
of heavy metal biomonitoring on a regular basis to ensure high quality, healthy
fish, and fish products for consumers. Laboratory assessment has indicated that
the highest bioaccumulation pattern of Zinc (Zn), Copper (Cu), Cadmium (Cd),
Lead (Pb) and Mercury (Hg) was recorded in Atlantic horse mackerel followed
by Round Sardinella then Common panadora. Statistical analysis revealed the
presence of relative variation in the accumulation patterns of heavy metals
between different examined organs. The liver, spleen, and kidney have
alternatively adopted the highest accumulation organ for Zn, Cu, Cd, Pb, and
Hg, while gills were the least organ. The recorded histopathological alterations
within liver, kidney, spleen, gills, and muscles have confirmed that Atlantic
horse mackerel were the most affected fish species followed by Round
sardinella then Common panadora. The study concluded that fish from the
northwestern coast of Egypt are relatively healthier than fish from other coasts
on the Mediterranean either from the European or Arabian side due to lower
heavy metal levels in their flesh, and Atlantic horse mackerel could promote it
as a biomonitor for heavy metal pollution.

INTRODUCTION
Heavy metals are considered one of the most serious contaminants of aquatic
ecosystems, that have high potential to enter and accumulate in food chain (Tam and

64

El Zlitne et al.,2021

Wong, 2000; Erdoğrul and Erbilir, 2007; Yousif et al., 2021). Normally heavy metals
are present in water in low concentrations, but extensive anthropogenic activities lead to
increase levels of metals in water to become toxic concentrations that are capable to
accumulate causing damage to ecological system under certain environmental conditions.
(Jefferies and Firestone, 1984; Freedman, 1989; Ismail et al., 2021; Mahjoub et al.,
2021).
Anthropogenic activities include domestic and municipal wastes run off, sewage
irrigation, mining discharges, discharges from agricultural areas using pesticides,
smelting, combustion of fossil fuel refining, and former industrial sites, are the main
sources of heavy metal pollution in aquatic environments. (Singh and Steinnes, 1994;
Kumar Singh et al., 2007; Rakib et al., 2021).
Those activities directly contribute to spread and accumulation of contaminants in
the bottom of coastal ecosystems which act as pollutants depository. Sediment
contaminants could be released to the overlying and surface water, resulting in potential
adverse effects to aquatic organisms (Daskalakis and O’Connor, 1995; Long et al.,
1995; Argese et al., 1997).
Coastal ecosystems are characterized by high organic matter and nutrients
deposition from the mainland, they have fragile nature that primarily depend on earthy
conditions (Yáñez-Aracibia and Sánchez-Gil, 1988). Industrialization in coastal
countries that are well known by exploitation, exportation and importation economics
causing serious damage to coastal ecosystems, especially by metals contamination
(Cardoso et al., 2001). These contaminants have mutagenic and toxigenic effect on
kidneys, nervous, reproductive, and endocrine systems (Nirmala et al., 1999; Ketata et
al., 2007; Liu et al., 2008; Brar et al., 2009). Moreover, trace metals have the ability to
bioaccumulate and biomagnified in edible aquatic organisms, thus, representing a health
hazard risk to top fish predators, including humans (Huang et al., 2006; Díez et
al.,2009).
From the public health point of view, the consumption of fish containing high
levels of metals is of a great concern because chronic exposure to heavy metals can cause
critical health problems. Chronic cadmium exposure has been associated with renal
failure, bone fragility and as a cancer-causing agent in humans. Also, zinc is an essential
nutrient for proper growth, low levels of zinc can cause problems, but high levels of zinc
have harmful effects on human health (Agency for Toxic Substances and Disease
Registry, 2004). Mercury (Hg) is one of the pollutants that have hazardous effects on
both aquatic animals and humans. Methyl mercury formed through the bacterial
methylation of inorganic mercury in aquatic sediments; is the most toxic chemical
compound of mercury. In fact, almost the entire amounts of mercury found in fish
muscles as methyl mercury, which affects adversely on the kidneys and the central
nervous system, particularly during developmental stages, as it crosses both the placenta
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and the blood-brain barrier (Staessen et al., 1999; Hellstrom et al., 2001; Clarkson,
2002; Honda et al., 2003).
Ultimately, feeding on fish containing methyl mercury and other heavy metals for
longer periods will deleteriously affects the human health by suppressing their immune
system, increase liability to bacterial / viral invasion, increase frequency of cancer
development, increase frequency of renal / hepatic failure and development of critical
cases of endocrine disruption. Therefore, the current study aimed to evaluate the levels of
five heavy metals in the muscles and organs of three importantly economic commercial
marine fish (Atlantic horse mackerel, Round sardinella and Common panadora) that are
frequently consumed by Egyptian consumers.
MATERIALS AND METHODS
Sampling area
Water and fish samples were collected from the northwestern Egyptian coasts of
the Mediterranean (Marsa Matrouh & Saloum Bay).
Water samples
Water samples were collected using fishermen boats between 10:00 and 12:00
a.m. at a depth of 30 cm and stored at 4°C in sterile glass bottles, acidified with
concentrated hydrochloric acid (HCl) for preservation. The reason for choosing the
northwestern Egyptian coasts of the Mediterranean is scarcity of Latures about heavy
metal concentration in wild fisheries at this pristine area of the Egyptian state with wild
caught marine fish as the main fish utilized by the native people.
Fish samples
A total of 50 fish sample of each of the following fish species were caught alive
or sometimes freshly dead during the period of August 2020 – August 2021. The sampled
live fish species were, Common pandora (Pagellus erythrinus), while the sampled freshly
dead species were Atlantic horse – mackerel (Trachurus trachurus) and Round sardinella
(Sardinella aurita). The fish total length was measured using a caliber and weights were
measured using digital scale. Live fish were stored in well aerated Styrofoam boxes
containing sea water while freshly dead fish were stored on ice in icebox till transferred
to the Aquatic Animal Medicine & Management (AAMM) laboratory of the Faculty of
Veterinary Medicine, Cairo University.
Samples processing
Fish were dissected from left side using three-line incision (Eissa, 2016) to obtain
liver, kidney, spleen, gills, and muscles (Fig. 2). Each tissue sample was divided into two
parts. The first part was kept frozen at -20°C for investigating
heavy metals
concentrations and the second one was fixed in 10 % buffered neutral formalin for
histopathological examination.
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Heavy metals assessment
Trace elements were measured in water and tissue samples according to APHA,
(2005), using flame atomic absorption spectrophotometer (Thermo Scientific, UK) with
double beam and deuterium background corrector. Tissue samples were dried, aciddigested, and diluted with de-ionized water to known volume using the dry-ashing
procedure proposed by Hseu, (2004). Analytical blanks were run in the same way as the
samples, and concentrations were determined using standard solutions prepared in the
same acid matrix. All reagents used were of analytical grade (Merck, USA). Standards
for instrument calibration were prepared based on mono-element certified reference
solution inductively coupled plasma standard (Merck). Standard reference material
(National Institute of Standards and Technology [NIST], USA) was used to validate
analysis, and the metal recoveries ranged between 90 and 110 %. Concentrations of all
heavy metals in water are expressed as mg/l (ppm) and μg/gm wet weight in tissues.
Histopathological examination
The fixed fish tissues (gills, kidney, liver, spleen) were preserved in 10% buffered
formalin, embedded within paraffin, sectioned at 5 μm, and stained with Hematoxylin
and Eosin (H&E) according to the method described by Prophet et al. (1992). The
histopathological alterations of H&E-stained tissue sections were microscopically
assessed under low / high microscopic powers.
Statistical analysis
The data obtained was statistically assessed by the analysis of variance (ANOVA)
through General Linear Model procedure of SPSS (14.0) software. The values were
expressed as means ± standard error. LSD multiple range tests were used to test the
signiﬁcance of difference between means by considering the differences signiﬁcant at p<
0.05. In all cases, P < 0.05 was the accepted significance level. Correlation coefficient (r)
also used (SPSS, 20).
RESULTS
4.1. Morphometric measures
The range of lengths of the sampled Atlantic horse mackerel (T. trachurus) was
13.5 cm – 32 cm while mean was 23.25±8.43 cm. The body weight range was 24.8-417.5
gm while mean was 210±183.59 gm (Table 1). The range of lengths of the sampled
Round sardinella (S. aurita) was 18.0-21.5 cm while mean was 19.75±1.28 cm. The body
weight range was 67.0-120.5 gm while mean was 93.08±18.14 gm (Table 1). The range
of lengths of the sampled Common panadora (P. erythrinus) was 14.5-18.0 cm while
mean was 16.36±1.38cm. The body weight range was 69.7-164.1 gm while mean was
98.10±33.33 gm (Table 1). It was noticeable that lengths pattern was T. trachurus ˃ S.
aurita ˃ P. erythrinus while weights pattern was T. trachurus ˃ P. erythrinus ˃ S. aurita
(Table 1)
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Table 1. The range and mean of lengths and weights of the examined fishes.
Fish species
Trachurus trachurus
Sardinella aurita
Pagellus erythrinus

No. of
Fish
50
50
50

Total length in Cm
Range
13.5-32.0
18.0-21.5
14.5-18.0

Mean ± SD
23.25±8.43
19.75±1.28
16.36±1.38

Total weight in gm
Range
24.8-417.5
67.0-120.5
69.7-164.1

Mean ± SD
210±183.59
93.08±18.14
98.10±33.33

4.2. Heavy metal concentration in seawater
The mean concentration of the selected heavy metals in seawater from the
Egyptian northwestern coasts (Salloum Bay & Marsa Matrouh) was 0.2280±0.0060,
1.0466±0.0010, 0.028±0.0006, 0.038±0.0002 and 0.029±0.0001 mg / L for Zn, Cu, Cd,
Pb and Hg respectively (Table 2; Figure 1).
Table 2. Heavy metals concentration in water (concentration in mg / L of sea water) of sampled
from the northeastern coast of Egypt.
Heavy
metals
Zn
Cu
Cd
Pb
Hg

Concentration in water in
mg/L
0.2280±0.0060
1.0466±0.0010
0.028±0.0006
0.038±0.0002
0.029±0.0001

Permissible limit WHO
(1993)
5
1
0.005
0.050
0.050

Permissible limit USEPA (2001)
5
1
0.01
0.050
0.050

Data are represented as mean ± SEM*

Fig. 1. A: Heavy metals concentration in seawater samples from the Mediterranean Egyptian northwestern coasts
(Salloum Bay & Marsa Matrouh). B: Heavy metals concentration in muscles of the three examined marine fish from
Mediterranean Egyptian northwestern coasts. C: Heavy metals concentration in organs of the Pagellus erythrinus
organs from Mediterranean Egyptian northwestern coasts. D: Heavy metals concentration in muscles of the three
examined marine fish from Mediterranean Egyptian northwestern coasts. E: Heavy metals concentration in organs of
the Sardinella aurita from Mediterranean Egyptian northwestern coasts.
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4.3. Heavy metal concentration in muscle tissues
Results indicated that the Zn concentration in the examined muscle samples of the
three marine fish collected from the Egyptian northwestern coasts (Salloum Bay & Marsa
Matrouh) were 6.94±0.33, 5.9±0.25, 1.01±0.24 ug/ gm for T. trachurus, S. aurita and P.
erythrinus respectively. The Cu concentration was 0.69±0.09, 0.48±0.07 and 0.33±0.05
ug/ gm for T. trachurus, S. aurita and P. erythrinus respectively. The Cd concentration
was 0.30±0.03, 0.24±0.01 and 0.02±0.006 ug/ gm for T. trachurus, S. aurita and P.
erythrinus respectively. The Pb concentration was 0.53±0.26, 0.47±0.17 and 0.06±0.05
ug/ gm for T. trachurus, S. aurita and P. erythrinus respectively. Finally, Hg
concentration was 0.29±0.03, 0.22±0.01 and 0.13±0.02 ug/ gm for T. trachurus, S. aurita
and P. erythrinus respectively (Table 3; Fig. 1).
Table 3. Heavy metals concentration in muscles (concentration in μg / gm tissue ± SE) of the
three marine fishes sampled from the northeastern coast of Egypt.
Heavy
metals

Trachurus trachurus

Sardinella aurita

Pagellus erythrinus

Zn

6.94±0.33

5.9±0.25

1.01±0.24

Cu

0.69±0.09

0.48±0.07

0.33±0.05

Cd

0.30±0.03

0.24±0.01

0.02±0.006

Pb
Hg

0.53±0.26
0.29±0.03

0.47±0.17
0.22±0.01

0.06±0.05
0.13±0.02

4.4. Heavy metal concentration in organs of T. trachurus
Results indicated that Zn was accumulated in liver, kidney, spleen, and gills of T.
trachurus in concentrations of 20.48±1.91, 91.79±2.03, 49.85±9.7 and 18.51±.33 μg/g
dry weight respectively. The Cu was accumulated in liver, kidney, spleen and gills of T.
trachurus in concentrations of 27.43±8.66, 8.16±2.12, 8.42±1.86 and 1.91±0.21 μg / g
dry weight successively. The Cd was accumulated in liver, kidney, spleen, and gills of T.
trachurus in concentrations of 0.16±0.06, 1.23±0.42, 1.83±0.85 and 0.09±0.06 μg / g dry
weight, respectively. The Pb was accumulated in liver, kidney, spleen, and gills of T.
trachurus in concentrations of 5.48±1.00, 48.52±9.99, 60.29±12.60 and 2.56±0.10 μg / g
dry weight respectively. Further, The Hg was accumulated in liver, kidney, spleen, and
gills of T. trachurus in concentrations of 0.312 ±0.133, 0.277 ± 0.104, 0.275 ± 0.165 and
0.115 ± 0.040 μg / g dry weight respectively (Table 4) and (Fig. 1).
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Table 4. Average accumulation of trace heavy metals in liver, kidney, spleen, gills (μg/g
dry weight) in three marine fishes sampled from the northeastern coast of Egypt.
Heavy metal
Zn

Pattern
Cu

Pattern
Cd

Pattern
Pb

Pattern
Hg

Pattern

Organ
Liver
Kidney
Spleen
Gills
Liver
Kidney
Spleen
Gills
Liver
Kidney
Spleen
Gills
Liver
Kidney
Spleen
Gills
Liver
Kidney
Spleen
Gills

Pagellus erythrinus
24.03±2.67
38.56±3.52
39.62±8.86
8.86±1.9
K>S>L>G
24.03±2.67
9.79±2.03
13.17±3.43
8.86±1.99
K>S>L>G
0.07±0.04
0.27±0.16
0.05±.03
0.02±0.006
K>L>S>G
1.00±0.12
15.30±1.70
13.36±7.28
0.300±0.20
K>L>S>G
0.134 ± 0.030
0.141 ± 0.024
0.111 ± 0.027
0.102 ± 0.013
S>K>G>L

Trachurus trachurus
20.48±1.91
91.79±2.03
49.85±9.7
18.51±.33
S> K> L>G
27.43±8.66
8.16±2.12
8.42±1.86
1.91±0.21
L>S>K>G
0.16±0.06
1.23±0.42
1.83±0.85
0.09±0.06
S>K>L>G
5.48±1.00
48.52±9.99
60.29±12.60
2.56±0.10
S>K>L>G
0.312 ±0.133
0.277 ± 0.104
0.275 ± 0.165
0.115 ± 0.040
S>K>G>L

Sardinella aurita
22.00±2.00
83.69±1.03
39.62±6.80
7.81±1.5
K>S>L>G
26.03±2.33
11.39±2.00
12.17±3.01
2.86±1.99
K>S>L>G
1.07±0.04
1.27±0.13
1.65±.02
0.08±0.004
K>L>S>G
3.98±0.10
30.52±6.33
28.33±10.24
1.50±0.45
K>L>S>G
0.130 ± 0.016
0.160 ± 0.051
0.158 ± 0.049
0.060 ± 0.024
S>K>G>L

4. 5. Heavy metal concentration in organs of S. aurita
Results indicated that Zn was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 22.00±2.00, 83.69±1.03, 39.62±6.80 and 7.81±1.5 μg / g dry
weight successively. The Cu was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 26.03±2.33, 11.39±2.00, 12.17±3.01 and 2.86±1.99 μg / g dry
weight successively. The Cd was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 1.07±0.04, 1.27±0.13, 1.65±.02 and 0.08±0.004 μg / g dry
weight successively. The Pb was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 3.98±0.10, 30.52±6.33, 28.33±10.24and 1.50±0.45 μg / g dry
weight successively. Ultimately, The Hg was accumulated in liver, kidney, spleen, and
gills of S. aurita in concentrations of 0.130 ± 0.016, 0.160 ± 0.051, 0.158 ± 0.049 and
0.060 ± 0.024 μg / g dry weight successively (Table 4) and (Fig.1).
4. 6. Heavy metal concentration in organs of P. erythrinus
Results indicated that Zn was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 24.03±2.67, 38.56±3.52, 39.62±8.86 and 8.86±1.9 μg / g dry
weight successively. The Cu was accumulated in liver, kidney, spleen, and gills of S.
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aurita in concentrations of 24.03±2.67, 9.79±2.03, 13.17±3.43 and 8.86±1.99 μg / g dry
weight successively. The Cd was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 0.07±0.04, 0.27±0.16, 0.05±.03 and 0.02±0.006 μg / g dry
weight successively. The Pb was accumulated in liver, kidney, spleen, and gills of S.
aurita in concentrations of 1.00±0.12, 15.30±1.70, 13.36±7.28 and 0.300±0.20 μg / g dry
weight successively. At last, The Hg was accumulated in liver, kidney, spleen, and gills
of S. aurita in concentrations of 0.134 ± 0.030, 0.141 ± 0.024, 0.111 ± 0.027 and 0.102 ±
0.013 μg / g dry weight respectively (Table 4) and (Fig. 1).
4.7. Histopathological findings
Histopathological examination of the Atlantic horse Mackerel hepatopancreatic
tissue have revealed the presence of marked coagulative necrosis of hepatic parenchyma
while examination of Round sardinella hepatopancreatic tissue has revealed the presence
of vaccuolar degeneration of hepatic parenchyma, perivascular fibrosis, and congestion of
central vain. However, Common panadora hepatopancreatic tissue was presenting mild
case of vaccuolar degeneration (Fig. 2). Atlantic horse Mackerel kidney tissue showed
marked interstitial nephritis and hyalinosis in the wall of renal tubules while Round
sardinella kidney tissue exhibited moderate tubular degeneration and interstitial
lymphocytic infiltration. Yet, Common panadora exihibited mild tubular degeneration
and interstitial lymphocytic infiltration (Fig. 2). The Atlantic horse Mackerel splenic
tissue exhibited marked melanomacrographe centers activation while Round sardinella
splenic tissue exhibited marked congestion of splenic blood vessels associated with
severe lymphocytic infiltration. At last, Common panadora splenic tissue presented
moderate congestion of splenic blood vessels associated with mild lymphocytic
infiltration (Fig. 2). The Atlantic horse Mackerel gill tissue showed severe congestion of
lamellar blood capillaries (Fig. 2) while Round sardinella gill tissue showed moderate
lamellar necrosis (Fig. 2). The Atlantic horse Mackerel musculature revealed the
presence of perivascular edema and hemorrhage in muscular tissue (Fig. 2).
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Fig. 2. A: T. Photomicrographs of the Atlantic horse Mackerel hepatopancreatic tissue
with marked coagulative necrosis of hepatic parenchyma. S. Round sardinella
hepatopancreatic tissue with vacuolar degeneration of hepatic parenchyma and
perivascular fibrosis and congestion of central vain. P. Common panadora
hepatopancreatic tissue with mild vacuolar degeneration. B: T. Photomicrographs of the
Atlantic horse Mackerel kidney tissue showed marked interstitial nephritis and hyalinosis
in the wall of renal tubules. S. Round sardinella kidney tissue with moderate tubular
degeneration and interstitial lymphocytic infiltration. P. Common panadora with mild
tubular degeneration and interstitial lymphocytic infiltration. C: T. Photomicrographs of
the Atlantic horse Mackerel splenic tissue with marked melanomacrographe centers
activation. S. Round sardinella splenic tissue with marked congestion of splenic blood
vessels associated with severe lymphocytic infiltration. P. Common panadora splenic
tissue with moderate congestion of splenic blood vessels associated with mild
lymphocytic infiltration. D: Photomicrographs of the Atlantic horse Mackerel gill tissue
showing severe congestion of lamellar blood capillaries. E: Photomicrographs of the
Round sardinella gill tissue showing moderate lamellar necrosis. F: Photomicrograph of
the Atlantic horse Mackerel with perivascular edema and hemorrhage in muscular tissue.
All tissues stained with hematoxylin and eosin (x400).
DISCUSSION
Aquatic pollution of water bodies (e.g., seas, lakes, rivers, oceans, aquifers) with
certain environmental pollutant is considered a major jeopardy among the top list of
environmental pollutants directly impacting aquatic creatures (Ghannam, 2021). Among
these direct impacts, they can produce mortality, endocrine disruption, reproductive
failure, skeletal deformities (Eissa et al., 2009) and immunodeficiency (Eissa et al.,
2013). Also, it represents a dangerous risk on humans consumed sea food and other fish
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products contaminated by toxic elements for this reason, fish muscle is commonly
analyzed to determine contaminants concentrations.
In the current study there several facts that have been assured from the
results. It was noticeable that lengths pattern was T. trachurus ˃ S. aurita ˃ P. erythrinus
while weights pattern was T. trachurus ˃ P. erythrinus ˃ S. aurita. This concords with
the well-known fact that T. trachurus is long living fish followed by S. aurita followed by
P. erythrinus where fish length is directly proportional to fish age (Vrgoč, 2000).
Further, it is expected that the longer the age the more accumulation of heavy metals in
the tissues of the long-lived fish (Canli and Atli, 2003). Bioaccumulation of heavy
metals is a gradual cumulative process where heavy metal concentrations gradually
increase by increase of age because of the extension of the feeding periods than short,
aged fish allowing them to accumulate much more metals than them (Canli and Atli,
2003). Moreover, the longer stay of fish in a polluted water allow them to uptake much
higher metals through gills and skin than those with shorter ages (Ginsberg and Toal,
2009).
These assumptions are highly supported by results obtained in the current study as
illustrated in table (3). These means of heavy metal concentration in muscles of the three
examined fish is exclusively confirming that the accumulation pattern for the 5 tested
heavy metals was T. trachurus ˃ S. aurita ˃ P. erythrinus which is in strong accordance
with the above-mentioned facts. The constant swimming patterns of T. trachurus and its
usual existence closer to the sea floor with sometimes pectoral fin movement in place
could explain why they tend to accumulate more heavy metals than do other mid-zone,
surface feeding and pelagic fish. Their closer existence to the vicinity of the sea floor
where most of heavy metals settle down by their molecular weight / gravity could explain
why do T. trachurus muscles / organs do accumulate more heavy metals than do other P.
erythrinus which is nearly mid-zone pelagic fish (Herrmann and Enders, 2000).
The statistical analysis of data achieved in the current study confirmed that
muscles has possessed the lowest concentrations of heavy metals. It is generally accepted
that heavy metals have low tendency to accumulate in muscles, where metabolic activity
is relatively low (Kalay et al., 1999). Similar results were obtained showing that fish
muscles are not biologically active organs in accumulating heavy metals (Ibrahim et al.,
2000; Karaded et al., 2004; Hammoud et al., 2005; Yilmaz 2005; Bahnasawy et al.,
2009; Bahnasawy et al., 2010). Meanwhile fish muscles have tendency to regulate heavy
metals but, it can record high concentration when it is exposed to high polluted water (Du
Preez et al., 1993).
The maximal levels of Cu allowed in fish muscles according to WHO (1990,
1993) is 20 mg /g muscle tissue then it was obvious that copper levels in the three tested
fish in the current study were higher than permissible limits (Table 3). This could be
supported by levels of Cu in seawater samples (1.0466) which exceeded maximal allowed
limits (1mg /L) as reported by WHO (1993) and USEPA (2001) (Table 2). The maximal
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levels of Zn allowed in fish muscles according to WHO (1993) is 100 mg /g muscle
tissue. Then, it was obvious that Zn levels in the three tested fish in the current study
were much lower than permissible limits (Table 3). This could be supported by levels of
Zn in seawater samples (0.228) which was much below maximal allowed limits (5 mg /
L) reported by WHO (1993) and USEPA (2001) (Table 2). The maximal levels of Pb
allowed in fish muscles according to WHO (1993) is 2.0 mg / g muscle tissue then it was
obvious that Pb levels in the three tested fish in the current study were much lower than
permissible limits (Table 3). This could be supported by levels of Pb in seawater samples
(0.038) which was much below maximal allowed limits (0.050mg /L) as reported by
WHO (1993) and USEPA (2001) (Table 2). The maximal levels of Cd allowed in fish
muscles according to WHO (1990, 1993) is 0.5 mg / g muscle tissue then it was obvious
that Cd levels in the three tested fish in the current study were much lower than
permissible limits (Table 3). This could be supported by levels of Cd in seawater samples
(0.038) which was much below maximal allowed limits (0.050mg / L) as reported by
WHO (1993) and USEPA (2001) (Table 2). The maximal levels of Hg allowed in fish
muscles according to WHO (1990, 1993) is 0.5 mg / g muscle tissue then it was obvious
that Hg levels in the three tested fish in the current study were much lower than
permissible limits (Table 3). This could be supported by levels of Hg in seawater samples
(0.029) which was much below maximal allowed limits (0.050mg /L) as reported by
WHO (1993) and USEPA (2001) (Table 2).
In the present study, different heavy metal levels were observed between the
investigated fish species. T. trachurus accumulated the highest levels of the 5 tested
heavy metals concentrations followed by S. aurita than P. erythrinus which presented the
lowest concentration. Previous studies indicated that different concentrations of heavy
metals in tissues of different fish species may be related to difference in ecological needs,
metabolism, feeding habits, age, size, and their living habitats (Kijakovic et al., 2002;
Canli and Atli, 2003 Karadede et al., 2004 and Bahnaswy et al., 2009). P. erythrinus is
essentially carnivorous and feeds on small fish, crustaceans, worms, and other marine
invertebrates (Relini et al., 1999) who live deeper in the cleanest water zone of
approximately 300 m depth and have pelagic seasonal inclination for spawning. S. aurita
is a pelagic fish preferring clear saline shallow water, feeding mainly on Zooplankton and
sometimes phyoplanktons while T. trachurus prefers feeding close to the sea floor where
its favorite food (Crustaceans, molluscs, worms, decapods, isopods) exist. It is well
documented that benthic fish such as T. tarchurus possess higher heavy metals
concentrations in their tissues than pelagic fish (S. aurita and P. erythrinus), confirming
the significant process of sedimentation and persistence of these metals in sea depths
(Storelli et al., 2005). Filter feeding creatures such as crustaceans, molluscs, worms and
water insects are known to have strong ability to store large quantities of heavy metals in
their hemolymph and body tissues irrespective of their concentrations in water or
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sediment (Ibrahim et al., 1999a, 1999b, 2000; Ansari et al., 2004; Bahnasawy and ElBakkoch, 2009; Al-Arkat, 2010).
In the present study, the mean concentrations of both essential and non-essential
metals in the liver, kidney, spleen, gills, and muscles of each fish species showed great
variations. Also, statistical analysis revealed that metal concentrations were significantly
different in each tissue from different fish species. The differences in the levels of
accumulation in the different organs as tissues of a fish can primarily be related to the
differences in the physiological role of each organ. Regulatory ability, behavior and
feeding habits are other factors that could influence the accumulation differences in the
different organs (Kotze et al., 1999).
It was also reported that the differences in tissues heavy metals concentrations
may be attributed to their ability to induce metal-binding proteins such as metallothionein
(Canli and Atli, 2003; Uysal, et al., 2008). The extracted results from the present study
showed that Cu, Pb, Cd concentrations in the liver were highest in all fish studied while
muscles appeared to be the least preferred site for the bioaccumulation of metals as the
lowest metal concentrations were detected in these muscles. Studies carried out with
various fish species have shown that heavy metals accumulate mainly in highly metabolic
organs such as liver which detoxify stored metals by producing protein metallothionein
(Ibrahim et al., 1999a, 1999b). In support to this, Benson et al., (2007) stated that liver
is an organ where the specific metabolic and enzyme-catalyzed processes related to each
heavy metals took place.
Statistical analysis of the results achieved in the current study indicated that heavy
metal concentrations in different organs of T. trachurus, S. aurita and P. erythrinus have
no specific patterns when comparing the residues of each metal in each organ of each
individual fish species or combined. In respect to T. trachurus the heavy metals
concentration pattern for zinc was Spleen > Kidney > Liver > Gills. For Cu the pattern
was Liver >Spleen>Kidney >Gills. For Cd the pattern was Spleen> Kidney >Liver >
Gills. In case of Pb the pattern was like that of zinc i.e., Spleen > Kidney > Liver > Gills.
Finally, for Hg the pattern little bit different Liver > Kidney > Spleen> Gills (Table 4).
These patterns revealed that gills exhibited the lowest accumulation patterns for all tested
heavy metals while highest accumulation patterns alternated between liver in case of
copper / mercury and spleen in case of zinc, cadmium, and lead. Kidney came second in
order of levels of accumulation after spleen and liver. In case of S. aurita the heavy
metals concentration pattern for zinc was Kidney > Spleen > Liver > Gills. For copper the
pattern was Kidney > Spleen > Liver > Gills. For cadmium the pattern was Kidney >
Liver > Spleen > Gills. In case of lead the pattern was like that of cadmium i.e., Kidney >
Liver > Spleen > Gills. Finally, for mercury the pattern was like that of zinc Kidney >
Spleen > Liver > Gills (Table 4).
These patterns revealed that gills exhibited the lowest accumulation patterns for
all tested heavy metals while highest accumulation patterns were presented by kidney
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followed by spleen then liver. For P. erythrinus the heavy metals concentration pattern
for zinc was Kidney > Spleen > Liver > Gills. For copper the pattern was Kidney >
Spleen > Liver > Gills. For cadmium the pattern was Kidney > Liver > Spleen > Gills. In
case of lead the pattern was like that of cadmium i.e., Kidney > Liver > Spleen > Gills.
Finally, for mercury the pattern was Kidney > Liver > Spleen > Gills (Table 4). These
patterns revealed that gills exhibited the lowest accumulation patterns for all tested heavy
metals while highest accumulation patterns were presented by kidney followed by liver
then spleen. The lowest accumulation patterns in gills of the three examined marine fish
could be attributed to the unique cellular structure of branchial tissues in case of marine
fish. Gills of marine fish are adapted to possess more powerful excretory /
osmoregulatory function than do skin and kidneys of marine fish (Anni et al., 2016;
Eissa, 2016). Thus, gills can get rid of larger amounts of heavy metals / salts using
specific binding protein structures like lactins and powerful capability of the very welldeveloped chloride cells to pump out them into the water. Further, the potential cycle of
gas exchange through the efferent / afferent branchial circulation is associated with
release of water carrying fish waster products including gaseous and relatively fair
number of solid wastes including mucus bind metals directly to the water stream (Eissa,
2016; Han et al., 2021). Moreover, the migratory behavior of these fish provides them
with a gifted process of skin epitehlia/ gill epitehlia shedding before migration to another
area of the sea based on salinity degree which might help them get rid of a large portion
of the deposited heavy metals in their epithelia (Anni et al., 2016).
Finally, the highly dynamic function of gills and mechanical sieving function of
gill rakers might have played a role in minimizing levels of metals in gills (Eissa, 2016).
Our data coincide with those reported by Badr et al., (2014). However, our data are fairly
in contradiction with those reported by metals (Wong et al., 2001; Bahnasawy et al.,
2009) which could be attributed to degree of pollution, type of water, species, feeding
habits, swimming habits, migration patterns, season, methods of sampling, time before
analysis. When comparing the bioaccumulation patterns of the heavy metals in gills of
the three examined marine species, it was noticeable that T. trachurus gills accumulate
more heavy metals than S. aurita where both were higher than that of P. erythrinus.
These data were supported with the degree of tissue alterations of gills of the three
species where microscopical examination of tissue-stained sections of the E. rythrinus
gill tissue showed no remarkable alteration within gill lamellae while T. trachurus gill
tissue showed severe congestion of lamellar blood capillaries and finally S. aurita gill
tissue showed moderate lamellar necrosis. Gills of fish are good indicators to bad water
quality due to its direct exposure to water pollutants. (Ahmed et al., 2019).
Consequently, the damage occurred in gills is attributed to toxic heavy metals present in
water (El-Bakary et al., 2011; Anni et al., 2016).
Difference in feeding habits/type of food of the examined three fish might favor
the enhanced accumulation of certain heavy metal than other as well as favor one fish
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over another in the total accumulation of heavy metals in their organs (Brili, 1996). For
example, benthic fish like T. trachurus will always have higher heavy metal
accumulation rate / levels than pelagic fish like P. eryrhinus and S. aurita (Kargin,
1996). Some heavy metals might have selective affinity to certain body organs. i.e., Hg
has higher affinity to kidney (Bernhoftm, 2011), brain (Guzzi and La Porta, 2008) and
liver. Pb has higher affinity to spleen, blood forming tissues, liver. Cd has special affinity
to liver and spleen (Waalkes, 2003). Zinc has selective affinity to gonads, brain, muscles,
and liver (Choi and Koh, 1998). Cu has affinity to liver, spleen, blood, and kidney
(Authman and Abbas, 2007). These facts support the obtained heavy metal
concentrations in different organs of the three examined fish where heavy metal
accumulation patterns highly concordant with the hypothesis of metals selective affinity
to certain organs (Table 4). Interestingly, the lower levels of Hg in muscles and organs of
the examined fish perfectly accords with the hypothesis that Hg bio-amplifies in the food
chain with high trophic levels than in low level benthic fish. Several studies documented
that Hg greatly bio-amplifies in predatory species (such as sharks, cod, and tuna) than
herbivorous and lower carnivorous benthic species (Storelli et al., 2005). The achieved
hsitopathological alterations in liver, kidney and spleen confirms our assumption that the
most pathologicaly affected fish was the T. trachurus followed by S. aurita and the least
affected species was P. erythrinas. These supports the recorded pattern of heavy metal
accumulation described before. Microscopical examination of tissue-stained sections of
the T. trachurus tissue have revealed the presence of marked coagulative necrosis of
hepatic parenchyma while examination of S. aurita hepatopancreatic tissue has revealed
the presence of vaccuolar degeneration of hepatic parenchyma, perivascular fibrosis and
congestion of central vain. However, P. erythrinus hepatopancreatic tissue was presenting
mild case of vaccuolar degeneration. Also, microscopical examination of tissue-stained
sections of T. trachurus kidney tissue showed marked interstitial nephritis and hyalinosis
in the wall of renal tubules while S. aurita kidney tissue exhibited moderate tubular
degeneration and interstitial lymphocytic infiltration. Yet, P. erythrinus exhibited mild
tubular degeneration and interstitial lymphocytic infiltration. Further, microscopical
examination of tissue-stained sections of the Atlantic horse Mackerel splenic tissue
exhibited marked melanomacrographe centers activation while Round sardinella splenic
tissue exhibited marked congestion of splenic blood vessels associated with severe
lymphocytic infiltration. At last, Common panadora splenic tissue presented moderate
congestion of splenic blood vessels associated with mild lymphocytic infiltration. These
three of degrees of pathological alterations in liver, kidney, and spleen concord with the
accumulation patterns of the heavy metals in the three examined fish as T. trachurs ˃S.
aurita ˃ P. erythrinus. Also, lesions obtained in liver and kidney indicates how severe
was the effect of heavy metals like Hg, Pb, Cu and Cd though in low concentration below
the permissible limits.
The interstitial nephritis and tubular degeneration are
characteristic for Hg toxicity. Further, lead, copper and cadmium toxicity are associated
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with degenerative and necrotic changes in spleen with melanomacrophage center
activation (MMC) (Badr et al., 2014). These results agreed with several previous studies
in the past two decades (Authman and Abbas, 2007; Reksten et al., 2021). In addition,
the pathological liver steatosis was reported by Kranz and Peters (1985) as a case
accompanied by additional features such as necrosis, lymphocyte infiltration, deposition
of ceroids and aggregations of macrophages.
CONCLUSION
The fish from Egyptian northwestern coasts (Salloum Bay & Marsa Matrouh) are
relatively healthier than fish from other coasts on the Mediterranean either from
European or Arabian side due to lower heavy metal levels in the fish flesh which were
less than WHO permissible limits. Moreover, laboratory assessments indicated that
Common panadora fish was the least fish to accumulate heavy metals followed by Round
Sardienlla followed by Atlantic horse mackerel with highest accumulation pattern.
Statistical analysis revealed the presence of relative variation in the accumulation patterns
between different examined organs for each tested metal and for each tested fish species.
Gills was the least organ to accumulate any of the tested 5 metals while Liver, spleen and
kidney have alternatively adopted the highest accumulation organ for Zn, Cu, Cd, Pb and
Hg. The recorded histopathological alterations with liver, kidney, spleen, gills, and
muscles have confirmed that Atlantic horse mackerel were the most affected fish species
followed by Round sardinella then Common panadora which appeared to be the least
affected fish species. The higher levels of metal accumulation together with tissue
alteration exhibited by Atlantic horse mackerel could nominate it to be a good candidate
for biological monitoring of Hg, Pb and Cd. Finally, the remarkable ability of
histopathological procedures to detect the tissue alterations induced by heavy metals
could suggest it as reliable monitoring technique for detecting the heavy metal impacts on
Mediterranean fish.
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