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A B S T R A C T

Heavy metal contamination in seafood is a developing concern due to the potential negative consequences on
human health. Egypt’s coastal regions are important for seafood production and consumption, making it critical
to assess the safety of these aquatic resources. The current study examined toxic metal levels (Hg, Pb, Cd, and AS)
in 96 samples of sardine and shrimp from four Egyptian coastal governorates (Alexandria, Kafr El-Sheikh,
Damietta, and Port Said) from 2019 to 2021. Inductively coupled plasma-optical emission spectroscopy (ICP-
OES) was used to investigate the four hazardous metals. The recovery percentages of the determined metals
ranged between 97 % and 99 %. Limits of detection (LOD) and limit of quantification (LOQ) for the determined
metals ranged from 0.001 to 0.0077 mg/l and from 0.0035 to 0.026 mg/l, respectively. Mercury (Hg) was not
found in any of the samples tested. The concentrations of Pb and Cd in the sardines and shrimp samples were
higher in the winter seasons than in the summer seasons. Meanwhile, the difference in seasons had no effect on
the concentration of As in the sardines and shrimp samples. The highest concentrations of the other three metals
in the sardine and shrimp samples were used to calculate the Estimated Daily Intake (EDI), Target Hazard
Quotient (THQ), and Hazard Index (HI). The obtained THQ as well as the HI of Pb, Cd, and As were all less than
1.0 (with the exception of sardine samples from Kafr El-Sheikh Governorate, which recorded 1.262), indicating
that there is no significant health risk to the consumer from consuming such sardines and shrimp from these
governorates. The effect of different seasons on the concentrations of the metals under study does not have a
specific behavior, but varies according to the governorate, the type of sample, and the type of contaminated
metal. Due to the high level of contamination with heavy metals in sardine samples collected from Kafr El-Sheikh
governorate (TTHQ = 1.26), an environmental study is required to determine the causes of contamination and
control them.

1. Introduction

Egypt is one of the most important countries in fish production due to
its unique geographical location, as it occupies the northeastern corner
of the African continent and has a coastline extending for approximately
2500 kilometers on the Mediterranean coast in the north and the Red
Sea coast in the east, in addition to lakes and the Nile River and its
tributaries [1,2]. Egypt is not only one of the most important
fish-producing countries, but it is also one of the countries with a high
per capita intake of seafood, with an annual consumption of 22 kg,
which is comparable to the European average [3].

The term "heavy metal" refers to any metallic element with a rela-
tively high density that is poisonous or non-toxic even at low concen-
trations. Heavy metals are naturally occurring components of the

Earth’s crust that cannot be eliminated. The amount of naturally existing
heavy metals in the environment, particularly the marine ecosystem, is
considerably increased by human activities such as industry, agricul-
ture, and mining. As a result, marine creatures (fish, shellfish, and crabs)
can accumulate dangerous levels of these metals. Fish and other seafood
are frequently among the most common causes of metal exposure in the
general population. Toxic metals in food that exceed allowed levels are
hazardous to human health and are forbidden by numerous national and
international rules [4–8].

The IARC [9] (International Agency for Research on Cancer) classi-
fied cadmium (Cd) and arsenic (As) as carcinogenic to humans (Group
1), and lead as probably carcinogenic to humans (Group 2B). Heavy
metals’ harmful effects include impaired kidney function, as with lead
(Pb), cadmium (Cd), and mercury (Hg), as well as liver damage, as with

* Corresponding author.
E-mail address: gomaa.nrc@gmail.com (G.N. Abdel-Rahman).

Contents lists available at ScienceDirect

Toxicology Reports

journal homepage: www.elsevier.com/locate/toxrep

https://doi.org/10.1016/j.toxrep.2024.101710
Received 3 June 2024; Received in revised form 4 August 2024; Accepted 9 August 2024

mailto:gomaa.nrc@gmail.com
www.sciencedirect.com/science/journal/22147500
https://www.elsevier.com/locate/toxrep
https://doi.org/10.1016/j.toxrep.2024.101710
https://doi.org/10.1016/j.toxrep.2024.101710
https://doi.org/10.1016/j.toxrep.2024.101710
http://crossmark.crossref.org/dialog/?doi=10.1016/j.toxrep.2024.101710&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Toxicology Reports 13 (2024) 101710

2

Pb and Cd. The same is true for Cd and Pb: too much Cd can cause high
blood pressure, while Hg and Pb have opposing effects on neurological
processes, with Hg causing teratogenic effects and malignancies
[10–12]. Because of their ubiquitous presence in the environment,
persistence, bioaccumulation properties, and toxicological potential,
these three metallic elements, Pb, Cd, and Hg, are recognized to possibly
influence marine ecosystems [13]. Arsenic is mostly found in fish and
other shellfish, with an estimated daily intake of less than 0.35 mg. It is
well understood that the marine environment has a substantial impact
on As levels. Arsenic levels in sea fish were discovered to be approxi-
mately ten times greater than those in freshwater fish [14].

Shellfish, notably shrimp and clams, were popular due to their high
nutritional content. However, trading processes in seafood marketplaces
pose quality and safety challenges [15]. Most fish are easily contami-
nated with hazardous heavy metals like Cd, Pb, As, and Hg. Agricultural,
industrial, and sanitary drainage, waste from unintentional chemical
spills, and gasoline from fishing boats are all sources of pollution [16].
Heavy metals enter the flesh of fish in general by eating on benthic
worms and crustaceans, which in turn feed on heavy metal-rich sedi-
ments [17]. Because toxic heavy metals are difficult to decompose, they
persist and accumulate in environmental media such as water and
sediment, and bioaccumulate in aquatic creatures such as fish to levels
that are hazardous to human health. This bioaccumulation of heavy
metals in fish andmarine organisms is influenced by a number of factors,
including the area and time of fishing, fish feeding habits, fish species,
sex, age, size, levels of these heavy metals in the water, and duration of
exposure, as well as other variables such as pH, water salinity, and
temperature [18].

The various health benefits provided by fish intake may be harmed
due to the presence of heavy metals such as Pb, Cd, As, and Hg, which
can be harmful to human health if taken in hazardous amounts. As a
result, monitoring and measuring the quantities of such metals in fish
meat is critical for ensuring compliance with food safety specifications,
laws, and regulations, as well as consumer protection. The toxicity of
these heavy metals may be affected by polymorphisms and chemical
composition, which necessitates the use of prediction modeling pro-
cesses to determine toxic metal profiles from measured total metal
concentrations [19–22]. Some studies have found that heavy metal
concentrations in fish and sediment samples, such as Hg, Cd, zinc (Zn),
and Pb, are influenced and alter as the seasons change [23]. The purpose
of this study is to assess the levels of heavy metals (Pb, Hg, As, and Cd) in
shrimp and sardines in the coastal governorates markets of Alexandria,
Kafr El-Sheikh, Damietta, and Port Said, Egypt. These markets are
among the country’s most significant for fish and seafood, and the study
will also examine the impact of the winter and summer seasons on the

quality of these products and assess the risk to human health.

2. Materials and methods

2.1. Sample collection

Sardine (Sardina pilchardus) and shrimp (Trachypenaeus curvirostris)
samples (48 samples each) were collected from the fish markets of four
governorates located on the Mediterranean Sea: Alexandria, Kafr El-
Sheikh, Damietta, and Port Said. Samples were collected during the
winter seasons (2019 and 2020) and summer seasons (2020 and 2021),
48 samples each. The collected samples were wrapped in polyethylene
bags and immediately preserved in an ice box, then transferred to the
laboratory and kept frozen at 20◦C until analysis. Fig. 1

2.2. Heavy metals determination

2.2.1. Chemicals and reagents
All reagents were of analytical grade (Merck, Germany). Standard

stock solutions (1000 mg/l) of the investigated heavy metals were ob-
tained from Sigma and then diluted to the corresponding metal solution
using 10 %HNO3. To avoid metal contamination and adhesion, no metal
or glass equipment was used.

2.2.2. Sample preparation
A microwave reaction system (TOPwave Analytikjena GmbH) was

used for the digestion of sardine fish and shrimp samples, according to
the European Committee for Standardization [24]. Briefly, 0.5 g of ho-
mogenized sardine fish or shrimp sample was weighted and transferred
into the PTFE vessels for microwave digestion. Subsequently, 9 ml of
nitric acid (69 %) and 1 ml of H2O2 were added to the sample. The vessel
was closed completely and excellently, and then transferred to the mi-
crowave until complete digestion. Digestion was performed in the mi-
crowave oven by a temperature-controlled program: heating to 200 ◦C
for 15 min, holding for 15 min, and cooling to 85 ◦C for 15 min. After
cooling to room temperature, the vessels was opened to evaporation the
brown vapors resulting from the digestion of sample by nitric acid. The
contents of the vessel were transferred to a volumetric flask (25 ml) and
diluted with ultrapure water to the mark, then analyzed by inductively
coupled plasma optical emission spectroscopy (ICP-OES).

2.2.3. Determination of heavy metals
The heavy metals under investigation were analyzed at the Water

Pollution Department, National Research Centre, using the Agilent 5100
Synchronous Vertical Dual View (SVDV) ICP-OES according to APHA

Fig. 1. Sampling sites of the four coastal Egyptian governorates.
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[25] equipped with the Agilent Vapor Generation Accessory VGA 77. For
each series of measurements, a calibration curve of at least three or more
points was constructed using different concentrations of heavy metal
standards (Merck, Germany). The accuracy and precision of the Cd, Pb,
As, and Hg ions measurements were confirmed using external reference
standards from Merck, and a quality control sample from the National
Institute of Standards and Technology (NIST) was used to confirm the
instrument reading.

2.3. Human health risk assessment

2.3.1. Estimated daily intake (EDI)
The estimated daily intake (mg/kg bw/day) of the four heavy metals

detected in the sardine and shrimp samples was calculated using the
highest detected concentrations in each governorate in this study. The
EDI was calculated using the following formula [23,26–28]:

EDI =
C x FIR
BW

Where:
C: The heavy metal concentration in fish muscles (mg/kg).
FIR: The food ingestion rate (16 g/day for sardine and 9 g/day for

shrimp).
BW: The average adult body weight (70 kg).

2.3.2. Target hazard quotient (THQ)
The health risk associated with consuming contaminated sardine and

shrimp samples was measured on the basis of the Target Hazard Quo-
tient (THQ). The THQ is the parameter that is considered in assessing the
non-carcinogenic effects as described by Monier et al. [23] and USEPA
[29]. The THQ is determined by the following formula:

THQ =
ED x C x FIR x EF x
RfD x BW xAT

Where:
ED: Exposure duration (70 years, average lifetime)
C: The heavy metal concentration in fish muscles (mg/kg)
FIR: The food ingestion rate (g/day) (16 g/day for sardine and 9 g/

day for shrimp) [23].
EF: The exposure frequency (156 days/year for someone eating fish 3

times a week) [23].
RfD: The oral reference doses are 0.001, 0.0036, and 0.0003 mg/kg/

day for Cd, Pb, and inorganic As respectively [30].
BW: The average adult body weight (70 kg);
AT: The average exposure time (156 days/year × exposure years (70

years) = 10,920 days)
The Hazard Index (HI) or Total Target Hazard Quotient (TTHQ) is a

summation of the target hazard quotients (THQ) for the investigated
heavy metals. To evaluate the risk of the combined metals, the following
equation was used: [30–32].

TTHQ = THQ Pb + THQ Cd + THQ As

2.4. Quality control

All used glassware was soaked overnight in 10 % (v/v) nitric acid,
rinsed with deionized water and dried in oven at 110◦C before being
used. All reagents were of analytical reagent grade. Deionized water was
used for all dilutions. All experiments were carried out in triplicate.
Relative standard deviations (RSD) were less than 5 % in all experi-
ments. The recovery was within the accepted range between 97 % and
99 %. Also, limit of detection (LOD) and limit of quantification (LOQ)
for each metal were determined.

2.5. Statistical analysis

The results were subjected to a one-way analysis of variance
(ANOVA) of the general linear model (GLM) using the SAS statistical
package [33]. The results were the average of three experiments
(p≤0.05).

3. Results

3.1. Heavy metal levels in fish samples (wet weight)

Recovery percentage, limit of detection (LOD) and limit of quanti-
fication (LOQ) for each metal are presented in Table 1.

3.1.1. Lead
Table 2 shows that Pb values in samples obtained from Alexandria

governorate in different seasons ranged from 0.104 to 0.442 mg/kg in
sardine samples and between below detection limit (<d.l.) and
0.333 mg/kg in shrimp samples. According to the statistical research,
there are significant differences between the four seasons. Samples
collected from Kafr El-Sheikh governorate in different seasons contained
Pb values in sardine samples ranged from 0.352 to 0.611 mg/kg, while
shrimp samples ranged from 0.072 to 0.388 mg/kg. The statistical
analysis revealed that there are substantial changes between the four
seasons, with the exception of shrimp samples from the winter 2019 and
winter 2020 seasons. Pb values in Damietta samples taken at different
seasons ranged from 0.099 to 0.482 mg/kg in sardine samples and from
0.148 to 0.534 mg/kg in shrimp samples. Except for the summer 2020
and summer 2021 seasons in sardine and the summer 2020 and winter
2020 seasons in shrimp, the statistical analysis revealed significant
variances between the four seasons. Pb values in Port-Said governorate
samples ranged from <d.l. to 0.231 mg/kg in sardine samples, and be-
tween <d.l. and 0.170 mg/kg in shrimp samples. The statistical analysis
revealed that there are significant differences between the four seasons,
with the exception of shrimp samples from the winter 2019 and winter
2020 seasons, which were non-significant.

The range of Pb concentrations in sardine samples ranged from <d.l.
(in the summer 2020 season in Port Said governorate) to 0.611 mg/kg
(in the winter 2019 season in Kafr El-Sheikh governorate) when Pb
concentrations in shrimp samples were compared in the four gover-
norates and four seasons. All of these readings are less than the FDA’s
maximum permitted threshold of 10 parts per million. The concentra-
tion of lead in the shrimp samples was found to vary between <d.l.
(during the summer season of 2021 in Alexandria and Port Said gover-
norates, respectively) and 0.534 mg/kg (during the winter season of
2019 in Damietta governorate). Notably, both of these concentrations
fall below the maximum allowable limit of 10 ppm set by the FDA.
Extrapolating the original data (raw data), it was discovered that the
number of samples that surpassed the Egyptian permitted limit (0.3 mg/
kg) in the case of sardine samples was 44 %, and this percentage was
spread between summer samples (29 %), and winter samples (71 %).
The percentage of shrimp samples that exceeded the Pb acceptable limit
was 27 %. They were all in the winter season.

Table 1
Recovery percentage, limit of detection (LOD) and limit of quantification (LOQ)
for the determined metals.

Metals Recovery (%) LOD (mg/l) LOQ (mg/l)

Lead (Pb) 97 0.0077 0.026
Cadmium (Cd) 98 0.002 0.0076
Arsenic (As) 99 0.001 0.0035
Mercury (Hg) 98 0.002 0.0065

LOD: Limits of Detection; LOQ: Limits of Quantification.
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3.1.2. Cadmium
The samples collected from the studied governorates in different

seasons contained Cd concentrations ranging from<d.l. to 0.377 mg/kg
in sardine samples, while the range was between <d.l. and 0.331 mg/kg
in shrimp samples (Table 3). The levels of Cd in sardine and shrimp
samples were highly elevated in the winter season compared with those
in the summer season, with significant differences between them. The
obtained Cd levels were mostly less than the maximum allowable by the
FDA (0.2 mg/kg), except for some samples in Kafr El-Sheikh gover-
norate for the winter 2019, summer 2020, and winter 2020 seasons, as
well as some samples in Damietta governorate for the winter 2019 and
winter 2020 seasons. Also, it was noted that 50 % of the sardine’s
samples exceeded the Egyptian permissible limit of Cd (0.05 mg/kg). In
the case of the shrimp samples, they exceeded the permissible limit by
63 % (64 % in the winter and 36 % in the summer season).

3.1.3. Arsenic
The results presented in Table 4 show that the lowest levels of As in

sardines (0.006 mg/kg) and shrimp (0.083 mg/kg) samples were
recorded in the winter 2019 season of Damietta and Port Said gover-
norates, respectively. Meanwhile, the highest levels of As in sardines
(0.475 mg/kg) and shrimp (0.965 mg/kg) samples were recorded in
Kafr El-Sheikh (summer 2021 season) and Alexandria (winter 2019
season) governorates, respectively. The concentrations of As in the
sardine samples in the four governorates at different seasons are below
the level of 3 ppm specified by the FDA [34], except for the samples of
the summer 2021 and winter 2020 seasons in Kafr El-Sheikh and Port
Said Governorates, where they were above the permissible limit.

Regarding the shrimp samples, the concentration of arsenic in
Alexandria governorate in the winter 2020 season was less than the
permissible limit, while the samples from other seasons were more than
the maximum allowable limit. In Kafr El-Sheikh governorate, arsenic
concentrations were higher than the permissible limit in shrimp sam-
ples, except in the samples of the summer 2021 season, where they were
less than the permissible limits. In shrimp samples from Damietta
Governorate, arsenic concentrations were higher than the permissible
limit in the winter 2019 and summer 2020 seasons, while they were less
than the permissible limit in the rest of the seasons. Finally, in Port Said
governorate, the concentrations of As were less than the permissible
limit, except for the samples from the winter 2020 season. In the case of
As, the number of samples that exceeded the Egyptian permissible limit
(2 mg/kg) amounted to 40 % in the sardine samples, and this percentage
was distributed among summer samples with 42 % and winter samples
with 58 %. In the shrimp samples, 79 % exceeded the permissible limit,
distributed by 55 % in the winter and 45 % in the summer seasons.

3.1.4. Mercury
Regarding Hg, it was not detected in all samples collected from the

four governorates, as the concentrations were less than the detection
limits of the ICP-OES. Moreover, the detection limit was less than the
maximum allowable limit in international and local specifications,
which is estimated at a concentration of less than 0.5 mg/kg [35].
Generally, methyl mercury is more toxic than inorganic mercury.

3.2. Human health risk assessment of consuming sardine and shrimp

Heavy metals accumulate in fish muscles and can pose a potential
health risk for humans after ingestion of such fish. EDI and THQ were

Table 2
Lead concentrations (mg/kg) in sardine and shrimp samples collected from
different Egyptian governorates through different seasons.

Sample Season Governorate LSD

Alexandria Kafr El-
Sheikh

Damietta Port
Said

Sardine Winter
2019

0.442d ±
0.016

0.611a

± 0.015
0.482c ±
0.017

0.231f

± 0.010
0.034

Summer
2020

0.157h ±
0.005

0.352e

± 0.017
0.099i ±
0.009

<d.l.

Winter
2020

0.373e ±
0.013

0.563b

± 0.014
0.253f ±
0.013

0.195g

± 0.007
Summer
2021

0.104i ±
0.008

0.427d

± 0.012
0.115i ±
0.008

0.156h

± 0.011
Shrimp Winter

2019
0.333c ±
0.017

0.388b

± 0.017
0.534a ±
0.021

0.170e

± 0.014
0.044

Summer
2020

0.086f ±
0.007

0.072f

± 0.008
0.236d ±
0.019

<d.l.

Winter
2020

0.244d ±
0.016

0.385b

± 0.017
0.278d ±
0.013

0.165e

± 0.010
Summer
2021

<d.l. 0.164e

± 0.011
0.148e ±
0.028

0.074f

± 0.015

Means followed by different subscripts are significantly different at the 5 %
level; <dl: below detection limit
LOD and LOQ were 0.0077 and 0.026 mg/l, respectively. Recovery was 97 %.

Table 3
Cadmium concentrations (mg/kg) in sardine and shrimp samples collected from
different Egyptian governorates through different seasons.

Sample Season Governorate LSD

Alexandria Kafr El-
Shaikh

Damietta Port
Said

Sardine Winter
2019

0.042g ±
0.013

0.377a

± 0.017
0.200d ±
0.010

0.035g

± 0.008
0.029

Summer
2020

<d.l. 0.275c

± 0.019
0.084f ±
0.005

<d.l.

Winter
2020

0.033g ±
0.007

0.311b

± 0.015
0.194d ±
0.009

<d.l.

Summer
2021

<d.l. 0.125e

± 0.014
0.078f ±
0.006

<d.l.

Shrimp Winter
2019

0.101e ±
0.008

0.331a

± 0.019
0.312a ±
0.014

0.073e

± 0.007
0.030

Summer
2020

0.041f ±
0.005

0.171d

± 0.013
0.158d ±
0.008

<d.l.

Winter
2020

0.079e ±
0.008

0.266b

± 0.016
0.233c ±
0.014

<d.l.

Summer
2021

0.035f ±
0.004

0.165d

± 0.013
0.150d ±
0.010

<d.l.

Means followed by different subscripts are significantly different at the 5 %
level; <dl: below detection limit
LOD and LOQ were 0.002 and 0.0076 mg/l, respectively; Recovery was 98 %.

Table 4
Arsenic concentrations (mg/kg) in different seafood samples collected from
different Egyptian governorates through different seasons.

Sample Season Governorate LSD

Alexandria Kafr El-
Shaikh

Damietta Port
Said

Sardine Winter
2019

0.147e ±
0.012

0.225d

± 0.013
0.006g ±
0.002

0.020g

± 0.002
0.032

Summer
2020

0.084f ±
0.005

0.174e

± 0.012
0.105f ±
0.014

0.288c

± 0.018
Winter
2020

0.221d ±
0.013

0.277c

± 0.012
0.078f ±
0.006

0.380b

± 0.014
Summer
2021

0.157e ±
0.005

0.475a

± 0.016
0.209d ±
0.013

0.035g

± 0.003
Shrimp Winter

2019
0.965a ±
0.016

0.362e

± 0.080
0.356e ±
0.015

0.083g

± 0.008
0.070

Summer
2020

0.692c ±
0.020

0.338e

± 0.010
0.668c ±
0.016

0.106g

± 0.013
Winter
2020

0.228f ±
0.011

0.843b

± 0.018
0.238f ±
0.012

0.360e

± 0.013
Summer
2021

0.555d ±
0.017

0.210f

± 0.014
0.121g ±
0.014

0.255f

± 0.009

Means followed by different subscripts are significantly different at the 5 %
level; Recovery was 99 %.
LOD and LOQ were 0.001 and 0.0035 mg/l, respectively;
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used for the assessment of non-carcinogenic risk. In the current study,
the highest concentrations of heavy metals (lead, cadmium, and arsenic)
detected in the different governorates were used to calculate the EDI and
THQ. The values of the EDI and THQ were calculated assuming that the
Egyptian adult body weight was 70 kg and the food ingestion rate was
16 and 9 g/day for sardine and shrimp, respectively. The data presented
in Table 5 illustrates the values of the EDI and THQ calculated from
consumption of sardine and shrimp in four Egyptian governorates. The
obtained data showed that all the calculated values for the EDI and THQ
were below 1.0, which indicates the safety of consumption of such fish
samples.

The data presented in Table 6 showed the target total risk quotient
values for the heavy metals studied in sardine and shrimp samples in
four Egyptian governorates, and all the obtained values were less than
1.0, which indicates that there is no significant toxic effect from eating
contaminated fish samples. The TTHQ values in Kafr El-Sheikh recorded
the highest values of 1.262 and 0.801for sardines and shrimp, respec-
tively, but were still less than 1.0 (except sardine samples in Kafr El-
Sheikh governorate). It is known that if TTHQ values exceed 1.0, this
indicates a potential adverse health risk of non-carcinogenic risks from
consuming contaminated fish samples. Aissioui et al. [36] found that the
calculated target hazard quotients (THQs) were < 1.0 and concluded
that the consumption of S. pilchardus from Algerian coast was not likely
to have adverse effect on human health.

It is worth noting that the values obtained for EDI, THQ, and then
TTHQ in the current study were greater than those obtained by Monier
et al. [23] for Cd and Pb from sardine samples in Damietta Governorate.
They were also greater than those values published by El-Sherbiny and
Sallam [37] after analyzing the risk assessment of mercury, lead, and
cadmium in mackerel and sardines from the Mediterranean coast of
Egypt.

4. Discussion

Regarding the estimation of mercury concentrations in the current
study samples, the results showed that the concentrations were less than
the detection limit of the ICP-OES, which is characterized by its high
accuracy. In addition, the detection limit was less than the permissible
limit as the maximum limit for mercury, according to the Egyptian
standard, which is 0.5 mg/kg. From this standpoint, it can be expected
that the industrial pollution conditions that can cause mercury
contamination may be limited; moreover, the small size (2–3 in.) of the
collected sardine and shrimp samples helps in minimizing the Hg up-
take. It is worth noting that this is the traditional size that is sold in the
markets according to the consumption habits of the residents of these
governorates. Metal bioaccumulation by fish and subsequent distribu-
tion in organs, according to the literature, is very inter-specific.
Furthermore, several factors, like gender, age, size, reproductive cycle,

swimming behaviors, feeding behavior, and living environment, can all
influence metal uptake [38]. Methylmercury uptake in largemouth bass
in 53 Florida lakes was shown to be positively related to fish age
(strongest correlation) and fish size. They reported that fish less than
2.7 in. (collected from king mackerel sampled in 1999 from North
Carolina, South Carolina, Georgia, and Florida, USA) contained mercury
ranging from 0.14 to 0.36 mg/kg [39,40].

Regarding some samples of raw sardines and shrimp that contain
levels of the heavy metals under study (lead, cadmium, and arsenic), the
cooking and grilling processes that will be followed in preparing them
before eating them can reduce the concentration of these metals through
various mechanisms. This has been studied through some studies related
to this topic, which means reducing the risks to the health of consumers
in some way, although this does not constitute a substitute for working
to reduce pollution from the various sources of these heavy metals and
limit their transmission through the food chain to the final product. In
this regard, Atta et al. [41] found that cooking Nile tilapia by either
steaming or grilling resulted in reduced cadmium and lead contents in
the fish meat. Also, in Spain, Devesa et al. [42] reported that the cooking
process, either by boiling or grilling, reduces the total arsenic contents of
marketed fish and bivalves. Gheisari et al. [43] found that boiling
reduced lead residues in shrimp and lobster meat collected from the
Arabian Gulf by 35 % and 13 %, respectively.

In the same context, Sharafi et al. [32] recommended using the rinse
cooking method to remove toxic metals from foods and attributed the
decrease of metals to their dissolution and discharge in boiling water
during cooking, which in turn will be disposed of after the completion of
the cooking process with the dissolved toxic metals it contains. It has
been reported that the decrease in mineral contents in fish meat during
cooking may be attributed to the discharge of these minerals as free salts
in the cooking water or in combination with soluble amino acids and
uncoagulated proteins [41,44–46]. In this regard, the effect of reducing
cooking methods on the mineral content of seafood varies depending on
the ingredient in question, its chemical specifications, and cooking
conditions, including time, temperature, and cooking medium [41,43].

Regarding seasonal variation, the results of the analysis of lead in the
sardine and shrimp samples (Tables 2–4) indicated that the average

Table 5
The Estimated Daily Intake (EDI) and Target Hazard Quotient (THQ) of heavy metals through consumption of sardine and shrimp samples collected from the four
Egyptian governorates.

Metal Governorate Sardine Shrimp

Highest Concentration EDI THQ Highest Concentration EDI THQ

Lead Alexandria 0.442 0.101 0.028 0.333 0.043 0.012
Kafr El-Sheikh 0.611 0.140 0.039 0.388 0.050 0.014
Damietta 0.482 0.110 0.031 0.534 0.069 0.019
Port Said 0.231 0.053 0.015 0.17 0.022 0.006

Cadmium Alexandria 0.042 0.010 0.096 0.101 0.013 0.130
Kafr El-Sheikh 0.377 0.086 0.862 0.331 0.043 0.426
Damietta 0.2 0.046 0.457 0.312 0.040 0.401
Port Said 0.035 0.008 0.080 0.073 0.009 0.094

Arsenic Alexandria 0.221 0.051 0.168 0.965 0.124 0.414
Kafr El-Sheikh 0.475 0.109 0.362 0.843 0.108 0.361
Damietta 0.209 0.048 0.159 0.668 0.086 0.286
Port Said 0.38 0.087 0.290 0.36 0.046 0.154

Table 6
The Total Target Hazard Quotient (TTHQ) for three detected heavy metals
through consumption of sardine and shrimp samples collected from the four
governorates.

Governorate HI (TTHQ)

Sardine Shrimp

Alexandria 0.292 0.555
Kafr El-Sheikh 1.262 0.801
Damietta 0.647 0.707
Port Said 0.384 0.254
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concentrations of lead and cadmium in the samples of both sardines and
shrimp in general were higher in the winter seasons, to the point that
they reached more than twice the average concentration in the summer
in all samples collected from the four governorates. As for arsenic, the
situation is different, as the results indicated that the average concen-
tration of arsenic in sardine samples was higher in the summer than in
the winter in three governorates (Kafr El-Sheikh, Damietta, and Port
Said). While the opposite was the case in Alexandria Governorate sam-
ples, in the shrimp samples, there was no specific trend in the concen-
tration of arsenic in the four governorates and the four seasons, but there
was a fluctuation in the average concentrations. Januar et al. [47] noted
that there was a significant difference (P < 0.05) in the seasonal varia-
tion of heavy metal concentration in seawater and sediment, and they
reported that pollution in seawater was higher during the east monsoon
season, while pollution in sediment was higher during the west monsoon
season. The observation also revealed a difference in heavy metal
accumulation in fish species. However, they did not find a significant
relationship (P> 0.05) between the concentration of heavy metals in the
environment and fish. In another study conducted by Saha et al. [48],
they reported that fish caught during the summer accumulated more
metals than in other seasons, which was attributed to the increased
influx of agricultural waste, sewage, and sludge due to heavy rainfall
and floods.

Fluctuations in heavy metal levels are mostly caused by phyto-
plankton blooms and especially by the reproductive cycle, which
showed a certain interannual shift in the period of gametogenesis. Lower
concentrations were observed and recorded in the summer months for
the majority of elements, while a different seasonal cycle was observed
for arsenic, and it was not related to the development of gonads or to
other elements. Chemical species of arsenic have been identified to
distinguish compounds of natural origin from those likely to reflect
human influence [49]. The many health benefits attributed to fish
consumptionmay be negatively affected by the presence of heavymetals
such as lead, cadmium, arsenic, and mercury, which can have adverse
effects on human health if consumed in toxic concentrations. Therefore,
monitoring and estimating the concentrations of these metals in fish
meat is of utmost importance to ensure compliance with food safety
specifications, laws, and regulations and the resulting consumer pro-
tection. The toxicity of these heavy metals may depend on their poly-
morphism and chemical composition, which requires predictive
modeling processes in order to determine toxic metal profiles from the
total measured metal concentrations [19–22].

According to the estimated daily intake (EDI), target risk quotient
(THQ), total target risk quotient (TTHQ), and permissible safety limits
set by various agencies, consumption of the investigated fish species
should be considered safe for human health, except for sardine samples
in Kafr El-Sheikh governorate [48]. Leite et al., [50] study exposure to
Toxic Metals and Health Risk Assessment through Ingestion of Canned
Sardines Sold in Brazil and concluded that all tested samples contains
heavy metals although most of them with limits (Al, Ni, Cr, Cu and Zn)
while Ba, Fe, and Se exceeded the threshold set for children in at least
one sample. The obtained results indicate that it is not safe to consume
canned sardine in Brazil especially on continued basis concerning the
toxic elements content. Mohiuddin et al. [51] studied the exposure to
heavy metals in finfish and shellfish and concluded that THQ was con-
ducted on both adults and children and concluded that none of them had
a non-carcinogenic effect on health. Patrick-Iwuanyanwu et al. [52]
reported that even though the calculated THQ values of the metals
were< 1 for all the samples, 30 % of the fish species showed calculated
HI values> 1. This suggests that the exposed population may be at risk of
heavy metals contamination over time due to the consumption of fishes
from Ka-Bangha River contaminated with heavy metals.

5. Conclusion

In conclusion, the human health risk assessment of heavy metal

contaminants, namely Mercury (Hg), Cadmium (Cd), Lead (Pb), and
Arsenic (As), in sardines and shrimp from four Egyptian coastal gover-
norates has provided valuable insights into the safety of seafood con-
sumption in these regions. The results of our assessment have revealed
that Hg, Cd, Pb, and As levels in the sardine and shrimp samples
generally fell within permissible limits set by international standards
such as the Food and Drug Administration (FDA) and the Egyptian Or-
ganization for Standardization and Quality (EOS). However, some
samples did exceed the Egyptian permissible limits, particularly for Cd
and As, emphasizing the need for continued vigilance and regulatory
measures. In addition, the obtained THQ as well as the HI of Pb, Cd, and
As were below 1, indicating no significant health risk to the consumer
associated with the consumption of such sardines and shrimp from these
governorates (except sardine samples in Kafr El-Sheikh governorate).
Furthermore, it is evident that the health risks associated with the
consumption of contaminated seafood are not uniform across different
governorates, suggesting the importance of localized monitoring and
intervention strategies. Ultimately, this study contributes to the ongoing
efforts to ensure the safety of seafood in Egypt and serves as a reminder
of the importance of maintaining stringent quality control measures to
protect the health and well-being of the population. Continuous research
andmonitoring will be crucial in addressing andmitigating the potential
health risks associated with heavy metal contamination in seafood from
Egyptian coastal governorates.
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