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Abstract

Background: The consumption of meat is a fundamental aspect of global diets, providing essential nutrients and
proteins vital for human nutrition. However, ensuring the safety of meat products has become progressively challenging
due to potential contamination by toxic heavy metals (HMs) and pathogenic microorganisms.

Aim: This study focuses on assessing the prevalence of Lead (Pb), Mercury (Hg), Arsenic (As), and Cadmium (Cd),
in chilled and frozen meat in Sharkia Governorate, Egypt.

Methods: A total of 30 samples, comprising 15 chilled and 15 frozen beef samples, were collected from various
marketing stores in Sharkia. Analysis of toxic metals was conducted via atomic absorption spectrophotometer (AAS)
following wet digestion.

Results: The average levels (mg/kg) in chilled meat samples were found to be 0.64 + 0.14 for Pb, undetectable for
Hg, 0.02 £ 0.14 for Cd, and 4.66 + 0.57 for As. In frozen samples, the average concentrations were 0.89 + 0.21 for
Pb, 0.08 £ 0.03 for Hg, 0.02 + 0.004 Cd, and 5.32 + 0.59 for As. Generally, the levels of HMs in frozen meat samples
were observed to be higher than in chilled samples. Importantly, the levels of Pb were higher than maximum residual
concentrations [maximum permissible limit (MPL)] in 53.3% of the chilled and 66.6% of the frozen, Cd levels in
chilled and frozen were within the permissible concentrations in all samples, Hg was not identified in all the chilled
and in 67% of frozen samples, and As levels were higher than the permissible levels in all samples chilled and frozen.
The assessment of human health risk for adults revealed an estimated daily intake (EDI) value of beef meat below the
threshold of the oral reference dose (RFD) for all analyzed metals except for As, where 46.7% of chilled samples and
60% of frozen samples exceeded the RFD. Furthermore, both the Hazard Quotient (THQ) for As and Hazard index
(HI) for all the analyzed metals were above 1 in 33.3% of chilled samples and 46.7% of frozen samples.

Conclusion: This indicates the remarkable adverse effects on human health associated with the consumption of meat
with elevated levels of HMs, emphasizing the need for stringent quality control measures within the food industry.
Keywords: Food safety, Meat, Heavy metals, Estimated daily intake, Hazard index.

Introduction excessive or extended consumption of them can
Chemical elements that have a density higher have negative health effects (Renwick, 2006). Traces
than 5 g/(;n'l3 are classified as heavy metals (HMs) of toxic HMs and metalloids (THMs) can lead to
(Jaishankar et al., 2014). While trace amounts of organ toxicity and other negative health effects.
these micronutrients—Zn, Fe, Cu, Mn, and Co—are These relatively dense elements are not beneficial
necessary to sustain regular physiological processes, to the body (Jarup, 2003; Tangahu et al., 2011;
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Tchounwou et al., 2012; Jaishankar et al., 2014; Jan
et al., 2015; Kim et al., 2015). The World Health
Organization (WHO) lists THMs as serious public
health problems. In addition, the majority of THMs
are classified as category 1 carcinogens (Kim et al.,
2015; Pollution Control Handbook for Oil and Gas
Engineering, 2016). Examples of THMs include As,
Cd, Pb, and Hg. The harmful effects of THMs depend
on a number of variables, such as the dosage, the
mode of exposure, the age of the animals or people
exposed, and their level of nutrition (Pamphlett et
al., 2018; Vicas et al., 2021). The usage of THMs
in industry, agriculture, medicine, technology, and
other anthropogenic contexts can contaminate the
environment with these hazardous metals. Thus, there
is a chance that humans and food-producing animals
(FPAs) will be exposed to this, especially if it moves
up the food chain (Tchounwou et al., 2012). THM-
contaminated pasturelands, water outlets, and the
careless use of acaricides are entry points for THMs
into the edible tissues of FPAs (Adamse et al., 2017).
Metals can get into meat from processes done after the
animal is killed or from the animal itself. The spread of
this kind of contamination can happen in a number of
ways, such as through the use of cooking equipment,
raw ingredients in food preparation, adding spices, or
even components in food packaging. Metals may enter
meat products through several different routes, which
may have an effect on the product's safety and quality.
THM accumulation in meat poses a risk to health
because of its toxicity, even in tiny amounts. For
example, Pb, Cd, and Hg have no physiological purpose
and are associated with neural system illnesses, bone
diseases, and organ dysfunctions (Abou-Arab, 2001;
El Nemr et al., 2016; Bawuro et al., 2018; Chen et al.,
2019; El-Said et al., 2021; Charkiewicz et al., 2023).
International food safety regulatory bodies, including
those under the WHO (2012), the European Food Safety
Authority (EFSA), and the Egyptian Organization for
Standards and Quality (EOS, 2023), have set maximum
permissible limits (MPLs) for these metals in edible
animal products due to worries about food safety and
the buildup of THMs. Because THM exposure poses
serious health concerns and has negative impacts on
human health, it is illegal to exceed certain MPLs in
edible tissues.

To determine the possible health concerns linked to
THM consumption, it is important to regularly check
the amounts of these compounds in food. Methods
of risk assessment frequently rely on figuring out the
THQ. A THQ score of less than one means that there is
no appreciable risk connected to the food (Wehedy et
al., 2018). Therefore, to determine the levels of HMs
(Pb, Cd, Hg, and As) in frozen and cooled meat, our
study used atomic absorption spectroscopy. Evaluating
the damage to human health posed by these metals'
presence in frozen and refrigerated beef samples was
the goal.

Materials and Methods

Sample collection

Thirty 10-gm samples of beef (15 chilled and 15
frozen) were haphazardly gathered from various
establishments spread across the six main cities of the
Sharkia Governorate, Egypt. As soon as feasible, the
samples were aseptically transported in an ice box to
the Meat Hygiene Laboratory of the Zagazig University
Faculty of Veterinary Medicine for analysis.

Preparing the sample

3 ml of 65% nitric acid and 2 ml of 70% perchloric
acid were combined with one gram of each sample.
This combination was placed in falcon tubes and left to
stand at room temperature for the entire night. The tubes
were then heated for three hours at 70°C in a water bath
with intermittent whirling every thirty minutes. The
material was diluted with 20 ml of de-ionized water
and filtered once it had cooled to room temperature.
The filtrate obtained was kept in glass tubes with caps
made of polyethylene films until the HM analysis was
completed (Wehedy et al., 2018).

Analysis of HMs

A careful blank solution was made for the HM
analysis using 10 ml of 65% nitric acid and 2 ml
of 70% perchloric acid. Purely specialized atomic
absorption spectrophotometer (AAS) standards
for Pb, Cd, Hg, and As were used to carefully
manufacture standard solutions of these HM. Wet
digestion was applied to both the blank and standard
solutions, and the results were then diluted with 20
ml of de-ionized water. The Buck Scientific 210VGP
AAS, specifically the PerkinElmer model (Spectra-
AA10, USA), was used at the Central Laboratory
(Faculty of Veterinary Medicine, Zagazig University,
Egypt) to analyze the HM content of the digested
blank and standard solutions. For Pb, Cd, and As,
the analysis process used an air/acetylene flow
(5.5/1.11/m) flame; for the detection of Hg, the cold
vapor atomic absorption spectroscopy approach was
utilized (Wehedy et al., 2018). For Pb, Cd, Hg, and
As, the limits of detection (LOD) were set at 0.01
pg/g, 0.005, 0.005, and 0.02 pg/g, respectively.
THM concentrations were given as pg/g wet weight
(ww), which is the same as mg/kg. The Egyptian
Organization for Standardization's maximum
allowable limits and other pertinent international
standards were used to compare the residual metal
concentrations in the tested samples.

Evaluation of danger to human health

The United States Environmental Protection Agency's
(US EPA, 2014) recommendations were followed in
the risk assessment, which was based on the metal
amounts found in the meat samples. HM toxicity is
unaffected by cooking, and the swallowed dose of the
contaminant is thought to be equal to the adsorbed
dose (Copat et al., 2013). The following metrics were
used to construct the health risk assessment of the HM
levels in the meat samples under examination: the
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Hazard Quotient (THQ), the Hazard index (HI), and
the estimated daily intake (EDI).

EDI

Based on the amounts of HMs in muscle and the rate
of consumption, the EDI of HMs was calculated. The
following formula was used to calculate the metals
EDI: EDI = (Cm * FIR)/BW (US EPA, 2014). In this
formula, Cm stands for the HM concentration in the
sample (mg/kg ww), FIR for the ingestion rate of bovine
meat (35.287 g/day) (FAOSTAT, 2023), and BW for
the adult Egyptian body weight (70 kg). The measured
values were then contrasted with the acceptable daily
intakes (TDIs) for the metals (FAO/WHO, 2011).
THO

THQ wasutilized to evaluate the potential health hazards
linked to noncarcinogenic toxic metals. According to
Wehedy et al. (2018), THQ is the ratio of the projected
pollutant dose to the reference dose (RFD), which
represents the amount of contaminant exposure per
day that the population can withstand without suffering
a major health risk. A THQ of less than one indicates
that there is little chance of the population suffering
from discernible negative impacts. The following is the
formula provided by Yi et al. (2011) to estimate THQ:
(EF*ED*FIR*C/RFD*BW*AT) * 10° is THQ, where
EF stands for exposure frequency (365 days/year),
ED for exposure duration (average duration of 70
years), FIR for meat ingestion rate (g/day), C for HM
concentration in meat (mg/kg), BW for adult average
body weight (70 kg), RFD for oral RFD (mg/kg/day),
and AT for average exposure time (365 days/year %
exposure years, assuming 70 years).

According to FAO/WHO (2011), the oral RFD for Pb,
Cd, Hg, and As are 0.004, 0.001, 0.0016, and 0.04 (mg/
kg bw/day), respectively.

HI

Hl is a comprehensive metric used to assess the possible
harm of any HM to human health. It is computed by
adding the HQ for every metal separately, as shown in
the following equation:

HQPb + HQCd + HQHg + HQAs = HI = }HQ

When the HI is more than 1, it raises questions about
possible negative consequences on human health
(Wehedy et al., 2018).

Statistical analysis

Measurement data represent triplicate analysis for each
sample and values represent mean+SD. Analysis of
variance for each measurement followed by Tuley's
HSD test was done where p-values less than 0.05 are
considered significant.

Ethical approval

Not needed for this study.

Results

In terms of routine updates for the safety of the
marketed chilled and frozen meat products, we decided
to analyze the traces of HMs Pb, Cd, Hg, and As and
assess that they are within the permissible legal limits,

we collected 30 samples of beef meat products (15
chilled and 15 frozen from the same store) marketed
in six different cities of Sharkia governorate (Fig. 1),
which ranks the third most populous among Egypt's
governorates, positioned in the northern region of
the country, it holds this significant status in terms of
population density.

Levels of HMs in meat

Across the 15 chilled meat samples, notable variations
were observed in the concentrations (pg/g w.w.) of
HMs (Table 1). Pb concentrations ranged between 0.28
and 1.5, indicating considerable variability among the
samples. Pb was undetectable in four samples (5, 6, 8,
and 10C), while 53.3% of the samples exceeded the
permissible level. Hg was absent in all samples. Cd
levels ranged from 0.01 to 0.07, a range that did not
significantly exceed the permissible limit. Five samples
were devoid of Cd (2, 4, 6, 9, and 10C). However,
As levels varied from 1.49 to 8.36, surpassing the
permissible limit significantly.

Examining the HM levels in the frozen samples (Table
2), the concentrations were generally higher compared
to the chilled samples, particularly for As, Pb, and
Hg. Pb concentrations ranged from 0.04% to 2.6%
and 66.6% of the samples were above the permissible
MPL, while Hg was detected in five samples with
concentrations ranging from 0.09% to 0.45% and
33.3% of the samples exceeding the acceptable levels.
Cd levels remained within permissible limits, ranging
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Fig. 1. Declarative map of Sharkia province in Egypt and
distribution of sample collection.
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from 0.01 to 0.04, whereas As concentrations were

Table 1. Elemental concentrations (pg/g ww) of Pb, Cd, Hg, and As in the examined
chilled meat samples.

Chilled sample No. Pb Hg Cd As

1C 0.72+0.12* 0.00 0.03+0.01*° 1.49 £0.25*
2C 1.18 £0.16 " 0.00 0.00 5.1+0.57¢
3C 1.29+0.16° 0.00 0.04+0.01° 4.05+0.5¢
4C 0.28+0.12° 0.00 0.00 3.1+0.35"
5C 0.00 0.00 0.01 £0.005*  3.66+0.32"
6C 0.00 0.00 0.00 7.06 = 0.57¢
7C 032+0.12° 0.00 0.02+0.005*  529+0.57"
8C 0.00 0.00 0.06 +0.03 ¢ 6.24 + 0.57¢
9C 0.84 +0.14" 0.00 0.00 842 +0.57°¢
10C 0.00 0.00 0.00 5.76 £ 0.57 ¢
11C 1.5+0.16° 0.00 0.03+0.01° 8.36 £ 0.57¢
12C 1.33+0.12° 0.00 0.07 £0.04 * 2.33+£0.27°
13C 0.58 £0.11*° 0.00 0.03+0.01° 1.57£0.17*
14C 1.25+0.14" 0.00 0.03+0.01° 3.35+0.37"°
15C 0.35+0.12° 0.00 0.03 +£0.01¢ 4.1+042¢

Values in bold exceed the maximum permissible limits. Data are expressed as mean + standard
deviation (SD). Values not sharing the same superscript (lowercase alphabets, a, b, ¢) in the same

column differ significantly at P < 0.05.

Table 2. Frozen meat heavy metal levels (ug/g w.w.).

Frozen sample No. Pb Hg Cd As

IF 2.29+0.21" 0.00 0.04+0.004*  7.65+0.59 ¢
2F 0.94+£0.13" 0.00 0.00 3.73+£0.46"
3F 2.6+0.21" 0.00 0.04+0.004* 11.34£0.67
4F 1.27+0.16° 0.26 £ 0.03 0.04£0.004*  6.67+0.38"
5F 1.13+0.15° 0.18 £ 0.03 " 0.04 +0.004*  6.06+0.38"
6F 0.5+0.12* 0.00 0.00 4.64 £0.34"
7F 0.00 0.00 0.00 391+£0.3"
8F 0.00 0.45 +0.04 0.02+0.002* 5.15+0.44"
9F 0.04+0.01° 0.00 0.00 7.23 £0.59 ¢
10F 0.00 0.00 0.03£0.002° 4.68+0.34"
11F 1.28£0.16" 0.00 0.01 £0.002*  3.34+0.38"
12F 0.94+0.11" 0.00 0.02+0.001°* 2.94+0.21"
13F 0.16 +0.08 ® 0.15+0.01" 0.00 5.97 +£0.48"
14F 1.2+£0.12° 0.00 0.00 4.13+£0.29°"
15F 098+0.1" 0.09 +£0.01* 0.03+£0.002*  2.39+0.27"

Values in bold exceed the maximum permissible limits. Data are expressed as mean + standard deviation
(SD). Values not sharing the same superscript (lowercase alphabets, a, b, ¢) in the same column differ

significantly at P < 0.05.

notably higher, ranging from 2.39 to 11.34.

EDI of HMs

The EDI of Pb, Hg, Cd, and As for each sample (chilled
or frozen) in this study was calculated. For chilled

samples the EDI of Pb, Cd, Hg, and As ranged from
0.1411 to0 0.7562, 0.0000, 0.0101 to 0.0353, and 0.7511
to 4.2445 ng/kg BW/day, respectively (Table 3). For
frozen samples, samples the EDI of Pb, Cd, Hg, and
As ranged from 0.0807 to 1.310, 0.0454 to 0.2268,
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0.0050 to 0.0202, and 1.2048 to 5.7165, respectively
(Table 3). In comparison to the metals' tolerable daily
intake (TDI) 0f 3.57,0.71, 1.00, and 2.1 for Pb, Hg, Cd,
and As respectively, our analysis revealed that seven
chilled samples and nine frozen samples exceeded
the tolerable daily intake for As, while they remained
within acceptable limits for the other three HMs.

THOQ and HI

Finally, we conducted a health risk assessment by
evaluating the noncarcinogenic effects of HMs
present in the meat samples. The THQ represents the
relationship between the determined pollutant dose
and the RFD. The RFD values for Pb, Cd, Hg, and
As are 0.004, 0.001, 0.0016, and 0.0003 (pg/g bw/
day), respectively. The RFD is the daily exposure to
a contaminant that the population can experience over
a lifetime without significant hazards. In all samples,
both chilled and frozen, except for sample 8F, the
THQ levels for Pb, Cd, and Hg were within acceptable
limits. However, for As, levels exceeded the accepted
standards in four chilled and six frozen meat samples
(Table 4). The HI, which represents the summation of
HQs for all metals (XHQ), is used to assess the potential
health risks. As anticipated, samples with high THQ
for arsenic exceeded the acceptable HI limit, both in
chilled and frozen samples (Table 4).

Discussion
Meat is a rich source of essential nutrients such
as protein, iron, B vitamins, and various minerals
crucial for the body's well-being. In the global diet,

meat is a staple food in numerous populations, and
its consumption is expected to rise, especially in
developing countries, over the next decade (Smith et
al., 2022). Contamination of meat with HMs (metals
with atomic number higher than 20) represents a
serious health concern. HMs (Pb, Cd, Hg, and As),
while existing in the soil, have unknown biological
functions for plants or animals (Lasat, 1999). HMs
when present in meat, can pose serious health risks
upon consumption, leading to potential toxicity, and
various health hazards in humans. Consequently,
monitoring and ensuring the safety of meat products
is crucial to safeguard public health. EFSA had set
maximum residual concentrations (MPL) for Pb (0.1
ppm), Cd (0.05 ppm), Hg (0.01 ppm), and As (0.01
ppm) (EC, 2006). Numerous studies have been directed
to assess the THMs levels in the edible tissues of FPAs
and fish in Egypt (Dorne et al, 2011; Alturiqi and
Albedair, 2012; Ahmed et al., 2017; Darwish et al.,
2018; Darwish et al., 2019; Sallam et al., 2019; Abd-
Elghany et al., 2020; Ezedom et al., 2020; Kamaly and
Sharkawy, 2023). Our research focused on assessing
the concentration of HMs in both chilled and frozen
meat available in the Sharkia province, an Egyptian
governorate. We collected 30 random samples of
chilled and frozen beef from various retail stores across
Sharkia. Upon analysis, we observed that over 50% of
the chilled samples surpassed the maximum allowable
levels of Pb. Meanwhile, Cd levels fell within the
acceptable range, and Hg was not detected. However,
remarkably, all samples exceeded the acceptable limits

Table 3. EDI of different metals for each sample compared to the tolerable daily intake (TDIs).

g:::)‘;gNo. Pb Hg cd As SF;I‘:IZP?: No, PP Hg cd As
1C 03630 0.0000 00151 07511 1F 1.1544  0.0000  0.0202  3.8564
2C 0.5948  0.0000  0.0000 25709  2F 04739 0.0000  0.0000  1.8803
3C 0.6503  0.0000  0.0202 20416 3F 13107 0.0000  0.0202  5.7165
4C 0.1411  0.0000  0.0000 15627  4F 0.6402  0.1311  0.0202  3.3623
5C 0.0000  0.0000  0.0050  1.8450  5F 0.5696  0.0907  0.0202  3.0548
6C 0.0000  0.0000  0.0000  3.5589  6F 02521  0.0000  0.0000  2.3390
7C 0.1613  0.0000  0.0101  2.6667 7F 0.0000  0.0000  0.0000  1.9710
8C 0.0000  0.0000  0.0302  3.1456  8F 0.0000 02268  0.0101  2.5961
9C 04234 0.0000  0.0000 42445  9F 0.0202  0.0000  0.0000  3.6446
10C 0.0000  0.0000  0.0000 29036  10F 0.0000  0.0000  0.0151  2.3592
11C 07562  0.0000 00151 42143  11F 0.6452  0.0000  0.0050  1.6837
12C 0.6705  0.0000  0.0353  1.1746  12F 04739 0.0000  0.0101  1.4821
13C 02521  0.0000 00151 07914  13F 0.0807  0.0756  0.0000  3.0095
14C 0.6301  0.0000  0.0151  1.6887  14F 0.6049  0.0000  0.0000  2.0819
15C 0.1764  0.0000  0.0151 20668  15F 04940  0.0454 00151  1.2048
TDIs 3.57 0.71 1.00 2.1

Values in bold significantly exceed the maximum permissible TDIs (P < 0.05).
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Table 4. THQ and HI of different metals from consumption of the examined samples.

:;1::111132 No. PP Hg cd As HI SF;I‘:IZP"I'; No. Hg cd As HI

1C 0.0907 0.0000 0.0151 02504 03562 1F 0.2886 0.0000 0.0202 1.2855 1.5942
2C 0.1487  0.0000 0.0000 0.8570 1.0057 2F 0.1185 0.0000 0.0000 0.6268 0.7452
3C 0.1626  0.0000 0.0202 0.6805 0.8633 3F 03277 0.0000 0.0202 1.9055 22533
4c 0.0353  0.0000 0.0000 0.5209 0.5562 4F 0.1601 0.8192 0.0202 1.1208 2.1202
5C 0.0000 0.0000 0.0050 0.6150 0.6200 5F 0.1424  0.5671 0.0202 1.0183 1.7480
6C 0.0000 0.0000 0.0000 1.1863 1.1863 6F 0.0630  0.0000 0.0000 0.7797 0.8427
7C 0.0403  0.0000 0.0101 0.8889 0.9393 7F 0.0000 0.0000 0.0000 0.6570 0.6570
8C 0.0000 0.0000 0.0302 1.0485 1.0788 8F 0.0000 1.4178 0.0101 0.8654 2.2932
9C 0.1059 0.0000 0.0000 1.4148 15207 9F 0.0050 0.0000 0.0000 1.2149 1.2199
10C 0.0000  0.0000 0.0000 0.9679 0.9679 10F 0.0000 0.0000 0.0151 0.7864 0.8015
11C 0.1890 0.0000 0.0151 1.4048 1.6089 11F 0.1613  0.0000 0.0050 0.5612 0.7276
12¢ 0.1676  0.0000 0.0353 03915 0.5944 12F 0.1185 0.0000 0.0101 04940 0.6226
13C 0.0630  0.0000 0.0151 02638 03419 13F 0.0202 04726 0.0000 1.0032 1.4959
14C 0.1575  0.0000 0.0151 0.5629 0.7356 14F 0.1512 0.0000 0.0000 0.6940 0.8452
15C 0.0441  0.0000 0.0151 0.6889 0.7482 15F 0.1235 02836 0.0151 04016 0.8238

Values in bold exceed the recommended limits.

for As. The frozen samples exhibited higher levels of
all HMs, with approximately one-third of the samples
showing traces of Hg.

In a prior investigation assessing HMs levels in meat
served at Zagazig University Hospitals, it was found
that 66.7%, 58.8%, and 80% of the samples examined
exceeded the MPL for Pb, Cd, and As, respectively
(Wehedy et al., 2018). In a separate investigation
analyzing HM levels in beef carcasses at Beni-Suef
abattoir in Egypt, it was observed that the average
residual levels of HMs did not surpass the permissible
limits. However, higher concentrations were
accumulated in the kidneys in comparison to the liver
and muscle tissues (Khalafalla ez al., 2011).

In our investigation, we identified Pb concentrations
measuring 0.64 + 0.14 mg/kg in chilled beef and 0.89 +
0.21 mg/kg in frozen beef. Various studies have reported
Pb concentrations in muscle, liver, and kidney samples
of edible tissues from diverse animal species in various
countries, ranging between 0.008 and 5.48 mg/kg (Liu,
2003; Sedki et al., 2003; Alturiqgi and Albedair, 2012;
Alkmim Filho et al., 2014; Bazargani-Gilani et al.,
2016; Hashemi, 2018), the levels observed in our beef
samples align with or slightly exceed some of these
reported values. In our findings, Cd concentrations
were recorded at 0.02 = 0.14 mg/kg in chilled beef and
0.02 £+ 0.004 mg/kg in frozen beef, which are within
permissible limits. Other studies have indicated Cd
levels in muscles and organs ranging from 0.005 to
1.25 mg/kg (Onianwa et al., 2000; Sedki et al., 2003;
Waegeneers et al., 2009; Thedioha and Okoye, 2013;
Bortey-Sam, et al., 2015; Lopez-Alonso et al., 2016).

Generally, the Cd levels in our beef samples fall within
or below these reported values.

While our study did not detect Hg in most of the
samples, we detected significant levels of As, in line
with previous research (Chen et al., 2013; Liang et al.,
2019). These levels surpass acceptable limits and pose
increased health hazards associated with consuming
such meat. these levels are not acceptable and increase
the health hazards of consuming this meat.

The assessment of element intake and its contribution
to toxic values revealed that seven chilled and nine
frozen samples surpassed the permissible daily intake
for As, consequently elevating both the THQ and
the overall HI. This increase caused five chilled and
seven frozen samples to surpass the acceptable HI
limit. Prolonged exposure to Pb is associated with
several health issues including hemolytic anemia,
atherosclerosis, osteoporosis, liver apoptosis, ovarian
atrophy, pathological organ changes, central nervous
system (CNS) impairment, and renal toxicity (Adeyemi
et al.,2009; Shaheen et al., 2016; Wehedy et al., 2018),
while continued exposure to As over time leads to
inflammatory, degenerative, and neoplastic alterations
in various systems within the body, including the
cardiovascular, nervous, reproductive, respiratory, and
hematovpoietic systems (Faires, 2004; Azevedo et al.,
2018; Zivkov Balos et al., 2019; Okoye et al., 2022).

Conclusion and recommendations

This study underscores the presence of concerning
levels of HMs, specifically Pb, As, and to a lesser
extent, Hg, in both chilled and frozen meat samples
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collected from Sharkia Governorate, Egypt. While
Cd levels remained within permissible limits in all
samples, Lead concentrations surpassed maximum
residual concentrations in a substantial percentage of
both chilled and frozen samples. Arsenic levels were
consistently above permissible limits in all samples,
indicating a significant concern for consumer safety.
Notably, frozen meat exhibited higher concentrations
of HMs compared to chilled meat, signifying
potential differences in preservation methods
impacting metal accumulation. The absence of Hg in
all chilled samples and a majority of frozen samples
contrasts with elevated Pb and As levels found
across both types of meat. While Pb, Cd, and Hg
levels in the meat samples generally pose minimal
noncarcinogenic risks, the exceeding levels of As
raise substantial concerns regarding potential health
hazards. Addressing As contamination in meat
products is imperative to mitigate health risks and
ensure the safety of consumers. Our study came out
with a subset of recommendations to uphold meat
safety.

- Regulatory Measures: Urgent measures should be
taken to address the elevated levels of Pb and As,
which exceed permissible limits in the majority
of the meat samples. Reassessing and reinforcing
regulatory standards regarding HM concentrations
in meat products is crucial to safeguard consumer
health.

- Quality Control and Monitoring: Implement
rigorous quality control measures along the
production and distribution chain to monitor HM
levels in meat. Regular testing for toxic metals
should be mandatory to ensure compliance with
safety standards.

- Public Awareness and Education: Educate
consumers about the potential risks associated
with consuming meat containing elevated levels
of HM. Encourage informed choices and promote
awareness regarding food safety practices.

- Preservation Techniques: Investigate and optimize
preservation methods to mitigate HM accumulation
in meat products. Assess the impact of different
storage and processing techniques on reducing
metal concentrations.

- Further Research: Conduct broader studies to
explore the sources of HM contamination in
meat products within the region. Investigate
environmental factors, agricultural practices, and
potential sources of contamination along the supply
chain.

- Addressing the issue of HM contamination in
meat is critical to ensuring food safety standards
are met and safeguarding the health of consumers.
Collaborative efforts between regulatory bodies,
producers, and consumers are imperative to mitigate
the risks associated with elevated HM levels in meat
products.
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