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Abstract: Canned fish is considered as an important fish product that can supply humans with part of their
needs from essential amino acids, polyunsaturated fatty acids, vitamins, and minerals. However, canned
fish might become a source of human exposure to xenobiotics such as heavy metals. This study aimed to
estimate the residual contents of six heavy metals, namely lead (Pb), cadmium (Cd), arsenic (As), mercury
(Hg), aluminum (Al), and tin (Sn) in four kinds of commercially purchased canned fish products from Zag-
azig city, Egypt. Eighty imported samples including canned anchovies, canned mackerel, canned sardine,
and canned tuna (20 samples/each canned fish product) were examined. Besides, we calculated the esti-
mated daily intakes (EDI), and potential health risks, hazard quotient (HQ), and hazard index (Hl), of the
examined heavy metals associated with the consumption of such fish products among Egyptian popula-
tion. The obtained results revealed residual concentrations of the tested heavy metals higher than the
established maximum permissible limits (MPL) by European Commission for Pb in 20%, 95%, and 100% of
the examined canned anchovies, sardine, and tuna, respectively. Whereas, 80%, 100%, 100%, and 100%
of the examined canned anchovies, mackerel, sardine, and tuna, respectively exceeded MPL of As. None
of the examined samples exceeded MPL of Cd, Hg, Al, and Sn. The calculated HQ and HI for the examined
heavy metals based on the daily intakes revealed values greater than 1.0 indicating potential human
health risks. Therefore, it is highly advisable to reduce our daily intake of canned fish.
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Introduction origin. The canning process can preserve fish for
long periods and improve the microbial quality of
the fish. However, it has little effects on the chem-
ical residues in the used fish. Chemical residues
such as heavy metals can find their way into the

human body via consumption of contaminated

Fish is considered as an essential source for
protein with high biological values, polyunsatu-
rated fatty acids, vitamins, and minerals such as
calcium, and phosphorus. In Egypt, the con-
sumption of fish is increasing because of the

shortage in the red meat, and their lower price
compared with chicken and meat (1).

Canning is considered as one method of fish
preservation and development of new fish prod-
ucts, namely canned tuna, canned sardine, canned
mackerel, and canned anchovies. The canning in-
dustry is developing in Egypt and canned fish
products can be found in the Egyptian markets ei-
ther imported from outside or from Egyptian

Received: 20 September 2021
Accepted for publication: October 2021

fish (2). Yet, few reports investigated the occur-
rence of heavy metals, particularly, arsenic (As), tin
(Sn), and aluminum (Al) in the marketed canned
fish in Egypt. For instances, Morshdy et al. (2) ex-
amined samples retailed in Zagazig city, Egypt,
they detected lead (Pb) at 0.13 + 0.02, 0.01 *
0.004, and 0.02 £ 0.01 ppm in canned tuna, sar-
dine, and mackerel, respectively; they also detected
cadmium (Cd) at 0.02 * 0.001, 0.05 = 0.003, and
0.03 £ 0.003 ppm in canned tuna, sardine, and
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mackerel, respectively. While El-Dahman et al. (3)
detected Pb at 0.90 £ 0.01 ppm, and mercury (Hg)
at 1.03 £ 0.02 ppm from canned tuna retailed in El-
Gharbia and Kafr-Elsheikh Governorates, Egypt.
Heavy metals are persistent chemicals that can
get entry into the fish flesh from the contami-
nated aquatic environment (4). Heavy metals
have several adverse effects on the human health.
For instances, Pb is one of the heavy metals that
is linked to many cases of deaths among children
as in China (5), and Zambia (6). Furthermore, Pb
has deleterious effects on the intellectual abilities,
and mental health. Cadmium (Cd) is another
heavy metal with no-known physiological func-
tion. Cadmium is the main cause for i#ai-itai dis-
ease that is recorded among Japanese people with
heavy fish consumption. Such disease is charac-
terized by kidney dysfunction and osteomalacia
(7). Besides, Cd is recorded as a group B1 carcin-
ogen (8). Arsenic is another heavy metal which is
linked to multiple organ damage, carcinogenesis
with unknown mechanisms, and skin irtitation
(9). Corrosion of the can material might lead to
leaching of Sn into the fish flesh, and subse-
quently into the human body. Tin might cause ab-
normal metabolism of the essential elements such
as zinc (Zn), copper (Cu), and iron (Fe). In addi-
tion, it reduces calcium content in bone, and leads
to organ damage, particularly in the kidney (10).
Mercury is another metal linked to fish consump-
tion. Mercury toxicity was reported among Japa-
nese people in Minamata bay, Japan during 1950s,
and Iraq during 1970. Besides Hg is linked to de-
viations in the neurological behavior and autism
(11). Aluminum is another metal that can be
leached from the canning materials into the fish
flesh and causes several health implications if con-
sumed. Such health disorders involve anemia, de-
mentia, osteomalacia and organ toxicity (12).
Heavy metals can be measured in different food
matrices using atomic absorption spectrometry or
inductively coupled plasma mass spectrometry (4).
Insight of the previous facts, this study aimed
to estimate the residual contents of six heavy met-
als including Pb, Cd, As, Hg, Al, and Sn in four
kinds of canned fish (canned anchovies, canned
mackerel, canned sardine, and canned tuna) re-
tailed in Zagazig city, Egypt. Besides, the esti-
mated daily intakes and the potential health risks

associated with the consumption of canned fish
among the Egyptian population were calculated.

Material and methods

This study was conducted according to the
guidelines of Zagazig University, Egypt. All chem-
icals used in the current study were of HPLC
grade, or the highest available purity.

Sample collection:

Eighty processed and imported canned fish
samples including canned anchovies, mackerel,
sardine, and tuna (20, each) were collected ran-
domly and equally from grocery stores and hyper-
markets in Zagazig city, Sharkia Governorate,
Egypt. Protein, fat, and moisture contents in the
collected canned fish samples were 18-24%, 1-
4%, and 70-75%, respectively. Samples were col-
lected during the period from April to October
2020. Samples were kept at room temperature in
the laboratory of Meat Hygiene, Food Control
Department, Faculty of Veterinary Medicine,
Zagazig University, Egypt till the time of metal

extraction and measurements.
Sample preparation:

Sample preparation and metal measurements
were done according to previous methods (1, 13).
In brief, one gram from the muscular tissue of
each canned fish sample was digested in 5 ml of
a digestion solution contained 3 ml nitric acid
65% (Merk, Darmastadt, Germany), and 2 ml
perchloric acid 70% (Merk, Darmastadt, Ger-
many). The homogenate was kept at room tem-
perature for 12 h. Then, the mixture was heated
at 70°C for 3 h in water bath with switling every
30 min. The digested mixture was allowed to cool
to room temperature, and then diluted with 20 ml
DDW, and filtered by using filter paper. The fil-
trate was kept at room temperature until heavy
metal measurement.

Apnalytical procedures:

The graphite furnace atomic absorption spec-
troscopy (Perkin Elmer® PinAAcle™ 900T atomic
absorption spectrophotometer (Shelton, CT, USA)
was used for the measurement of Pb, Cd, Al, and
Sn. While As and Hg were measured using hydride
generation/cold vapor atomic absorption spectros-
copy (Shelton, CT, USA). All the analyses were
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done at the central laboratory, Faculty of Veterinary
Medicine, Zagazig University, Egypt.

Quality assurance and quality control:

The reference material DORM-3 Fish protein
prepared by the National Research Council; Can-
ada was used for quality assurance of the analyti-
cal procedures. The detection limits (LOD)
(ng/g) for the analyzed metals were 0.01 for Pb,
0.005 for Cd, 0.02 for As, 0.01 for Hg, and 0.02
for Sn, 0.10 for Al The detected levels for the
tested metals were expressed as pg/g wet weight
(uwg/g ww). The recovery rates for the detected
metals ranged from 90 to 105%. The determina-
tion coefficient (R®) ranged between 0.980 to
0.999 to all tested metals.

Estimated daily intake (EDI):

EDI values of the detected heavy metals via
consumption of fish by Egyptian population was
calculated based on the following equation:

EDI (ug/kg/day) = C*Fir/BW (14)

Where Cn is the concentration of the tested
metal (ug/g ww); Fir is the ingestion rate of fish by
Egyptian population. Fir was set at 48.57 g/day
(15); BW is the body weight of Egyptian adults;
this was set at 70 kg.

Health risk assessment:

The non-carcinogenic risk, hazard quotient
(HQ), of the tested heavy metals was calculated
based on the following equation:

HQ = EDI/RFD*10” (14)

where RFD is the recommended reference
dose (RfD) (mg/kg/d) (0.004, 0.001, 0.0003,
0.0005, 0.00012, and 0.0003 for Pb, Cd, As, Hg,
Al, and Sn, respectively) (14).

A hazard index (HI) was used to estimate the
risk of mixed metals. HI was calculated from the
following equation:

HI =) HR;
where 7 represents each metal

Values of HQ or HI of more than one indicates
a potential risk to human health.

Statistical analysis:

Statistical analysis was evaluated using One
way analysis of variance (ANOVA) followed by

the post-hoc test, Tukey-Kramer HSD difference
test (JMP) (SAS Institute, Cary, NC, USA). A P
<0.05 was considered to be significant. Values
were expressed as means I standard deviation

(SD).
Results

The obtained results revealed the detection of
Pb in all the examined samples. Canned sardines
had significantly (p < 0.05) the highest residual Pb
content (ug/g ww) (1.17 + 0.28), followed by
canned tuna (0.72 £ 0.13), canned anchovies
(0.32 £ 0.08), and canned mackerel (0.19 £ 0.05),
respectively (Fig. 1A).

Cadmium was also detected in all canned fish
samples. Similar to Pb, canned sardine had the
highest Cd residues (ug/g ww) (0.09 £ 0.02), fol-
lowed by canned tuna, canned anchovies, and
canned mackerel with average Cd content of 0.05
+ 0.02, 0.04 + 0.01, and 0.03 £ 0.01 pg/g ww,
respectively (Fig. 1B).

Arsenic was detected in all the examined
canned fish samples with a range of 1.69-3.45
pg/eg ww in canned anchovies, 9.69-13.03 ng/g
ww in canned mackerel, 4.23-7.79 ug/g ww in
canned sardine, and 5.66-10.41 pg/g ww in
canned tuna. Canned mackerel had the highest As
content followed by canned tuna, sardine, and an-
chovies, respectively (Fig. 2A).

Mercury was also detected in all the examined
canned fish samples. The average Hg contents
(ng/g ww) were 0.05 + 0.01, 0.04 + 0.01, 0.03 =
0.01,2and 0.02 £ 0.01 in canned sardine, mackerel,
tuna, and anchovies, respectively (Fig. 2B).

Aluminum was detected in all the examined
samples. The average contents (ug/g ww) of Al
in the examined samples were 7.22 * 1.62 in
canned tuna, 6.89 £ 1.03 in canned anchovies,
5.57 * 1.75 in canned sardine, and 0.77 £ 0.13 in
canned mackerel. Where, canned mackerel had
significantly the lowest Al residues among the ex-
amined canned fish samples (Fig. 3A).

Tin was also detected in all the examined
canned fish samples with relatively similar levels.
The mean values of Sn contents (ug/g ww)
among the examined samples were 0.07 £ 0.01,
0.07 £ 0.01, 0.06 £ 0.01, and 0.06 * 0.01 in
canned mackerel, tuna, anchovies. And sardine,
respectively (Fig. 3B).
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Figure 1: A) Lead (Pb), B) cadmium (Cd) residual
contents (ug/g ww) in canned fish marketed in Egypt.
Data represent means = SD (n = 20 each product).
Columns carrying different letter are statistically sig-
nificant at P <0.05
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Figure 2: A) Arsenic (As), B) mercury (Hg) residual
contents (},Lg/ g ww) in canned fish marketed in Egypt.
Data represent means = SD (n = 20 each product).
Columns carrying different letter are statistically sig-
nificant at P <0.05
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Figure 3: A) Aluminum (Al), B) tin (Sn) residual con-
tents (ug/g ww) in canned fish marketed in Egypt.
Data represent means = SD (n = 20 each product).
Columns carrying different letter are statistically sig-
nificant at P <0.05.
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Discussion

Heavy metals such as Pb, Cd, As, Hg, Sn, and
Al are of no known physiological functions. Re-
petitive ingestion of such metals even at low con-
centrations might lead to several toxicological im-
plications and organ damage because of their bi-
oaccumulation, and biomagnification nature (4).

The recorded Pb concentrations in the pre-
sentstudy were relatively similar to that recorded
in tuna fish retailed in China (0.03 to 8.62 ng/g
ww) (19), while our values were higher than that
reported in canned fish marketed in Saudi Arabia
(0.03 to 0.51 pg/g ww) (20), Italy (0.16 £ 0.11
pg/g ww) (21), Iran (0.01 to 0.08 ng/g ww) (22),
and Poland (0.01 £ 0.005 pg/g ww) (23).

The recorded Cd concentrations in the current
study were in accordance with that recorded in
tuna fish from China (0.02 to 0.06 ng/g ww) (19),
and canned tuna retailed in Italy (0.01 to 0.06
ug/gww) (21), and Poland (0.06 + 0.01 pg/g ww)
(23); but higher than that reported in Iran (0.001
to 0.006 ng/g ww) (22). Higher Cd concentra-
tions were reported in canned tuna marketed in
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Table 1: Dietaty intakes and health tisk assessment of heavy metals due to consumption of canned fish in Egypt

Pb Cd As Hg Al Sn HI
% EDI HQ % EDI HQ % EDI HQ % EDI HQ % EDI HQ % EDI HQ
Canned anchovies 20 0223 0891 0 0026 0026 80 1934 0580 0 0018 0009 0 4779 0573 0 0041 0012 2,091
Canned mackerel 0 0.132 0529 0 0020 0020 100 7659 2298 0 0025 0012 0 0536 0064 0 0048 0014 2937
Canned sardine 95 0811 3244 0 0063 0063 100 3882 1164 0 0035 0018 0 386 0464 0 0038 0012 4965
Canned tuna 100 0502 2.007 0 0037 0037 100 5846 175 0 0025 0012 0 5009 0601 0 0047 0014 4425

%: referrers to percentage of samples exceeding the maximum permissible limits (MPL) of Pb, Cd, As, Hg, Al, and Sn
(ng/g ww) are 0.3 (16), 0.1 (16), 2.0 (17), 1.0 (16), 250.0 (18), and 200.0 (16), respectively.
EDI: Estimated daily intake (ug/kg/day), HQ: Hazard quotient, HI: Hazard index

Saudi Arabia (0.07 to 0.64 png/g ww) (20). Arsenic
was also detected in canned fish produced in
other countries but at lower levels as reported in
canned fish retailed in China (0.03 to 1.53 pg/g
ww) (19), Iran (0.25 to 1.42 pg/g ww) (22), and
Poland (0.96 £ 0.29 pg/g ww) (23). Similarly, Hg
was also detected in canned fish retailed in Italy
(0.05 £ 0.05 ng/g ww) (21), and Poland (0.06 +
0.009 ng/g ww) (23). Unlikely, higher Hg concen-
trations were recorded in canned fish retailed in
Iran (0.06 to 0.16 pg/g ww) (22), and Brazil (0.41
ug/g ww) (24). Aluminum and tin are used in the
packaging materials of canned fish; therefore, it is
expected to detect Al, and Sn in all the examined
samples. Aluminum was also detected at similar
levels (4.76 £ 4.37 ng/g ww) in canned tuna from
Lebanon (25). Similar to Al, Sn was detected at
variable concentrations in all the examined sam-
ples in the present study. The recorded Sn con-
centrations in the present study agrees with Sn
levels reported in canned fish from Poland (0.12
+ 0.01 pug/g ww) (23), but higher levels were rec-
orded in Lebanon (3.34 £ 1.42 ug/g ww) (25).

It is clear from the obtained results that the
inter-species variations in their accumulation of
heavy metals, for instances, sardine and tuna had
the highest residual contents of the different met-
als, while anchovies had the lowest concentrations.
This might depend on the position of the fish in
the food chain as predatory fishes as tuna fish ac-
cumulate higher levels of the heavy metals (4). The
high levels of Pb, and As among the examined
canned fish products reflects either the heavy ex-
posure of the fish to such metals during their life-
time or post-processing contamination or contam-
ination of the canning materials (1, 2, 4).

The recorded concentrations of the examined
heavy metals in the present study were within the
acceptable MPL, except for Pb, and As. There-
fore, this study was extended to estimate the po-
tential health risks associated with the consump-
tion of such fish products via calculation of EDI,
HQ, and HI. The -calculated EDI wvalues
(ng/kg/day) for Pb were 0.223,0.132, 0.811, and
0.502; for Cd were 0.026, 0.020, 0.063, and 0.037;
for As were 1.934,7.659, 3.882, and 5.8406; for Hg
were 0.018, 0.025, 0.035, and 0.025; for Al were
4.779, 0.530, 3.866, and 5.009; for Sn were 0.041,
0.048, 0.038. and 0.047 via ingestion of canned
anchovies, mackerel, sardine, and tuna respec-
tively. Such values were within the provisional
tolerable weekly intakes of the examined heavy
metals as established by the World Health Organ-
ization (26). Further calculation of HQ for the ex-
amined metals revealed values far below one for
Cd, Hg, Al, and Sn indicating that canned fish
would not pose health risks associated with these
metals. Similar safe HQ values were reported for
Al, and Sn in Lebanon (25). However, HQ values
for Pb, and As were higher than one. Besides, cal-
culation of HI for mixed contaminants revealed
values higher than one for all the examined
canned fish. This indicates that excessive con-
sumption of canned fish might pose potential
health risks for Egyptian consumers. Similar high
HI values were reported in Greece after con-
sumption of albacore (27).

Conclusion

The obtained results in the present study re-
vealed the detection of Pb, Cd, As, Hg, Al, and
Sn in all examined samples at variable levels. Sev-
eral samples had residual levels higher than the
recommended MPL, particulatly for Pb, and As.
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The calculated EDI, HQ, and HI revealed that
excessive consumption of canned fish might pose
health risks for Egyptian population, and there-
fore, it is advisable to reduce consumption of
such fish products.

Acknowledgments

Authors are grateful for the technical and finan-
cial support provided by Food Control Depart-
ment, Faculty of Veterinary Medicine, Zagazig
University, Egypt.

The authors declare that there is no conflict of
interest.

References

1. Morshdy AEMA, Darwish WS, Daoud JRM,
Sebak MAM. Estimation of metal residues in Oreo-
chromis niloticus and Mugil cephalus intended for human
consumption in Egypt: a health risk assessment study
with some reduction trials. ] Consumer Protect Food
Safety 2019; 14: 81-91.

2. Morshdy AE, Hafez AE, Darwish WS, Hussein
MA, Tharwat AE. Heavy metal residues in canned
fishes in Egypt. Jpn J Vet Res 2013; 61 Suppl: S54-7.

3. El-Dahman D, Hassan M, Eleiwa N. Assess-
ment of heavy metal residues in some fishery prod-
ucts. Benha Vet Med J2019;36(2): 49-56.

4. Thompson LA, Darwish WS. Environmental
Chemical Contaminants in Food: Review of a Global
Problem. ] Toxicol 2019; 2019: 2345283. doi:
10.1155/2019/2345283.

5. XuJ, Sheng L, Yan Z, Hong L. Blood Lead and
Cadmium Levels of Children: A Case Study in Chang-
chun, Jilin Province, China. The West Indian Med ]
2014; 63: 29-33.

6. Yabe J, Nakayama SM, Ikenaka Y, Yohannes
YB, Bortey-Sam N, Oroszlany B, Muzandu K,
Choongo K, Kabalo AN, Ntapisha ], Mweene A,
Umemura T, Ishizuka M. Lead poisoning in children
from townships in the vicinity of a lead-zinc mine in
Kabwe, Zambia. Chemosphere 2015; 119C: 941-947.

7. Nishijo M, Nambunmee K, Suvagandha D,
Swaddiwudhipong W, Ruangyuttikarn W, Nishino Y.
Gender-Specific Impact of Cadmium Exposure on
Bone Metabolism in Older People Living in a Cad-
mium-Polluted Area in Thailand. Int ] Environ Res
Public Health 2017; 14(4): 401. doi: 10.3390/ijerph
14040401.

8. International Agency for Research on Cancer
(IARC). monographs on the identification of carcino-
genic hazards to humans. 2016; https://monographs.
iarc.fr/agents-classified-by-the-iarc/

9. Reichard JF, Puga A. Effects of arsenic exposure
on DNA methylation and epigenetic gene regulation.
Epigenomics 2010; 2(1): 87-104. doi: 10.2217/epi.
09.45.

10. Rader JI. Anti-nutritive effects of dietary tin.
Adv Exp Med Biol. 1991; 289: 509-24. doi: 10.1007/
978-1-4899-2626-5_34.

11. Clifton JC 2nd. Mercury exposure and public
health. Pediatr Clin North Am 2007; 54(2): 237-69,
viii. doi: 10.1016/§.pcl.2007.02.005.

12. Gupta YK, Meenu M, Peshin SS. Aluminium
utensils: Is it a concern? Natl Med J India 2019;32(1):
38-40. doi: 10.4103/0970-258X.272116.

13. Darwish WS, Hussein MA, El-Desoky KI, Tke-
naka Y, Nakayama S, Mizukawa H, Ishizuka M. Inci-
dence and public health risk assessment of toxic metal
residues (cadmium and lead) in Egyptian cattle and
sheep meats. Int Food Res 2015; | 22(4): 1719-1726

14. United States Environmental Protection
Agency (US EPA). Integrated Risk Information Sys-
tem (IRIS). Cadmium (CASRN-7440-43-9). 2010.
http://www.epa.gov/itis/subst/0141.htm

15. Food and Agriculture Organization (FAO).
Nutrition Country Profiles — EGYPT. FAO, Rome,
Italy. 2003.

16. European Commission. Commission Regula-
tion (EC) No 333/ 2007 of 28 March 2007 laying
down the methods of sampling and analysis for the
official control of the levels of lead, cadmium, met-
cury, inorganic tin, 3-MCPD and benzo(a)pyrene in
foodstuffs. Off ] Eur Union 2007; L88: 29-38.

17. Australia New Zealand Food Standards Code
(ANFSC). Standard 1.4.1, Contaminants and natural
toxicants, F2011C00542. Federal Register of Legisla-
tive Instruments 2011; 124: 1-8.

18. Codex Alimentarius Commission (CAC). Re-
port of the 30th session of the Codex Committee on
Nutrition and Foods for Special Dietary Uses. Codex
Alimentarius Commission. 2009 Mar 3;30.

19. Leung HM, Leung AO, Wang HS, Ma KK,
Liang Y, Ho KC, Cheung KC, Tohidi F, Yung KK.
Assessment of heavy metals/metalloid (As, Pb, Cd,
Ni, Zn, Cr, Cu, Mn) concentrations in edible fish
species tissue in the Pear]l River Delta (PRD), China.
Mar Pollut Bull 2014; 78(1-2): 235-45. doi: 10.1016/
j.marpolbul.2013.10.028.

20. Ashraf W, Seddigi Z, Abulkibash A, Khalid M.
Levels of selected metals in canned fish consumed in
Kingdom of Saudi Arabia. Environ Monit Assess 2000;
117(1-3): 271-9. doi: 10.1007/s10661-006-09 89-5.

21. Russo R, Lo Voi A, De Simone A, Serpe FP,
Anastasio A, Pepe T, Cacace D, Severino L. Heavy metals
in canned tuna from Italian markets. ] Food Prot 2013;
76(2): 355-9. doi: 10.4315/0362-028X JFP-12-346.


http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25303190
http://www.ncbi.nlm.nih.gov/pubmed?term=Sheng%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25303190
http://www.ncbi.nlm.nih.gov/pubmed?term=Yan%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25303190
http://www.ncbi.nlm.nih.gov/pubmed?term=Hong%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25303190
http://www.ncbi.nlm.nih.gov/pubmed/25303190
http://www.ncbi.nlm.nih.gov/pubmed?term=Yabe%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakayama%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikenaka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Yohannes%20YB%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Bortey-Sam%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Oroszlany%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Muzandu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Choongo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Kabalo%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Ntapisha%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Mweene%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Mweene%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Umemura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishizuka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25303652
http://www.ncbi.nlm.nih.gov/pubmed/25303652
http://www.epa.gov/iris/subst/0141.htm

Residual contents of selected heavy metals in commercial canned fish in Egypt: dietary intakes and health risk

107

22. Andayesh S, Hadiani MR, Mousavi Z, Shoeibi
S. Lead, cadmium, arsenic and mercury in canned tuna
fish marketed in Tehran, Iran. Food Addit Contam
Part B Surveill 2015; 8(2): 93-8. doi: 10.1080/193932
10.2014.993430.

23. Kowalska G, Pankiewicz U, Kowalski R.
Determination of the Level of Selected Elements in
Canned Meat and Fish and Risk Assessment for
Consumer Health. ] Anal Methods Chem 2020; 2020:
2148794. doi: 10.1155/2020/2148794.

24. Morgano MA, Rabonato LC., Milani RF,
Miyagusku L, Quintaes KD. As, Cd, Cr, Pb and Hg in
seafood species used for sashimi and evaluation of
dietary exposure. Food Control 2014; 36: 24-29.

25. Al Ghoul L, Abiad MG, Jammoul A, Matta ],
El Darra N. Zinc, aluminium, tin and Bis-phenol a in
canned tuna fish commercialized in Lebanon and its
human health risk assessment. Heliyon 2020; 6(9):
€04995. doi: 10.1016/j.heliyon.2020.e04995.

26. World Health Organization (WHO). Evalua-
tion of certain food additives and contaminants. 37th
report of the Joint FAO/WHO Expert Committee on
Food Additives. WHO Technical report series. 2010.

27. Stamatis N, Kamidis N, Pigada P, Stergiou D,
Kallianiotis A. Bioaccumulation Levels and Potential
Health Risks of Mercury, Cadmium, and Lead in Al-
bacore (Thunnus alalunga, Bonnaterre, 1788) from
The Aegean Sea, Greece. Int | Environ Res Public
Health 2019; 16(5):821.doi: 10.3390/ijerph16050 821.



