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Abstract
Background and objective: Contamination of foods with heavy metals has been a controversial issue in
health agencies. It is a great concern in seafood due to contamination of seawater with industrial pollutants.
The current study aimed to measure concentration of heavy metals in fresh fish and canned fish distributed
in Tehran, capital city of Iran. In addition, evaluation of their arisen risk was also done based on national
and international determined levels.
Materials and methods: Total number of 46 samples including 34 fresh fish and 12 canned fish in three
replicates were randomly collected from Tehran. Concentration of heavy metals in the samples was
determined by atomic absorption spectrophotometer. Assessment of heavy metals’ risk caused by
consumption of canned fish was done by calculation of estimated daily intake of heavy metals in the
consumers, which further compared to reference dose determined by health agencies (known as hazard
quotient formula).
Results and conclusion: Concentration of Cd, Hg, and Pb were less than the maximum permissible levels
determined by national standard of Iran and FAO/WHO in all fresh fish samples. In comparison, heavy
metals concentration in 4% of canned fish samples was higher than the maximum permissible levels.
Hazard quotients of 1.9 × 10-1, 2.2 × 10-2, 6 × 10-3, and 6.09 × 10−4 were respectively achieved for Hg, Pb,
Cd, and As by consumption of canned fish in the consumers. Therefore, our evaluation confirmed safety of
the samples so that no concern was seen with respect to concentration of heavy metals in fresh fish and
canned fish samples distributed in local markets of Tehran.
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1. Introduction
Seafood has a large share in food basket of people
in the world, especially in the Mediterranean
region. Fish is important source of omega-3
essential fatty acids, which help better function of
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the brain and nervous system [1]. In addition,
consumption of marine foods reduces risk of
cardiovascular disease [2].
In 2012, approximately 92.7% of global fish
production was done by 15 countries. Although,
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the highest consumption of seafood is reported
for Asia and the Pacific regions [3,4]. Per capita
consumption of fish in Iran was 9.2 kg in 2016,
which was significantly lower than the average
per capita consumption of fish in the world )22
kg( [5-7]. However, such as many other
countries, consumption of canned fish in Iran is
interested due to its convenient use [8]. Along
with the increasing demand for seafood products,
contamination of marine ecosystems with heavy
metals has become a challenge because it
seriously threats the consumers’ health through
the food chain system [9]. Lead, cadmium,
arsenic, and mercury are of great concerns which
accumulate in the foods and adversely affect
human health [10]. These heavy metals are stable
in the system and not decomposed in the
environment by chemical or biological processes
[11]. Consumption of marine foods contaminated
with heavy metals may lead to several cancers,
neurological disorders, Alzheimer, nervous
system defects, skeletal disorders, bronchitis,
emphysema, and anemia [12-14].
It was reported that some large species such as
tuna fish, swordfish, and spearfish are prone to
accumulate high concentration of mercury [15].
The US Food and Drug Administration (USFDA)
reported that canned fish contains more lead than
other foods such as milk, eggs, and canned meat
[16].
Due to bioaccumulation of heavy metals in foods
and increasing demand of seafood products in
Iran, we conducted the current study to evaluate
the risk arisen from heavy metals ingested by
fresh fish and canned fish in the consumers of
Tehran, Iran.
2. Materials and methods
2.1. Sampling
Fresh fish and canned fish samples were collected
from February 2020 to May 2021. For this, 46
samples including 34 fresh fish and 12 canned
fish were randomly collected from local market
of Tehran (capital city of Iran). They were
transferred to laboratory of Tehran Food and
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Drug Administration and kept at 4 °C until
analysis.
2.2. Sample preparation in the laboratory
Before instrumental analysis, the cans were
opened and their oil was removed. The fish flesh
was homogenized by a meat grinder. Then, 10 g
of grinded sample was placed in oven at 65 °C for
120-150 min [17,18]. The dried sample was
further moved to a furnace at 500 °C for 4 h [19].
The remained ash was cooled at ambient
temperature followed by addition of 1-3 ml
deionized water. Then, it was transferred to water
bath to evaporate the added water. In the next
step, 50 ml hydrochloric acid 6 M was added and
left for 1-2 h at 70 °C until the acid was
evaporated. To completely dissolve the content,
10-30 ml nitric acid 0.1 M and 25 ml sulfuric acid
0.1 M was added. The final solution was carefully
transferred to 100-ml volumetric flask and made
up with deionized water for injection to the
instrument [18,20,21]. To measure Hg, other than
sulfuric acid and nitric acid, potassium
permanganate and potassium persulfate were also
added to the mixture and left overnight at room
temperature [19]. Fresh fish samples were
prepared in a similar way in the laboratory.
2.3. Heavy metal analysis
Atomic absorption spectrophotometer (WFX210, China) equipped with graphite furnace was
used for analysis of Hg, Pb, and Cd at 235, 283,
and 288 nm, respectively [21]. In addition, As
was determined by hydride generation atomic
absorption spectroscopy at 193 nm [21].
2.4. Risk assessment studies
Hazard quotient (HQ) formula is commonly used
in assessing the risk arisen from a deleterious
agent. It is a ratio of estimated daily intake (EDI)
of a hazard to its reference dose (RfD). For this,
the EDI of each metal was calculated according
to Eq. 1 [22,23].
EDI = (C× IR) / BW

Eq. 1
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EDI is amount of a hazard ingested by specific
food(s) per kg body weight in a day )µg kg-1day1
(; C is average concentration of a hazard in
specific food(s) (µg g-1); IR is ingestion rate or
amount of specific food(s) ingested in a day (g
day-1); BW is average body weight (usually
accounted as 70 kg).
HQ formula provided by health agencies [24] is
according to Eq. 2.
HQ = EDI / RfD

Eq. 2

RfD is determined by international health
agencies for each hazard, specifically. Importantly, when HQ is greater than or equal to 1, it refers
to a high risk in the consumers.
2.5. Statistical analysis
Data analysis was done by Excel 2013 software
and the results are expressed as percentage
frequency. Analysis was done in duplicate.
3. Results and discussion
Marine animals accumulate heavy metals
distributed in aquatic ecosystem during their
lifespan [25]. Such bioaccumulation varies between fish species or fish tissues. Indeed, fish can
transport large amount of toxic heavy metals in
the liver, gills, and muscle tissue [25,26]. Some
factors significantly affect heavy metals’ absorption in the flesh and their further accumulation
in the organs. They are included to chemical
composition of water, time of contamination,
concentration of contaminant in water, eating
habit of fish, contact time of fish with contamination, and cross-contamination of fish during
transport and canning process [27-29]. Amount
and activity of heavy metals in canned fish
depends on oxygen concentration in head-space,
quality of coating, and storage condition [25,30,
31].
Obviously, heavy metal contamination poses risk
to fish themselves and the consumers. According
to Table 1, all canned fish samples were contaminated with Pb, Hg, Cd, and As. However, Pb
and Hg contaminations in 96% of samples were
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less than the maximum permitted levels determined by Iran regulation [32] and international
regulations [33,34]. Zazouli et al. in 2016 reported that concentration of Hg, Cd, and Pb in
canned tuna fish distributed in Mazandaran
province was less than FAO/WHO recommended
levels [35]. Mansouri et al. also reported that
concentrations of Cd, Hg, and Pb in canned fish
available in Iranian market were below the EU
permissible levels [31]. In the current study,
concentration of Cd in all canned fish samples
was lower than the permissible levels determined
by international regulations [33,34]. It is presumed that Cd has lower affinity to bioaccumulation in fish flesh compared to the other heavy
metals investigated in our study.
Table 1- Comparison of heavy metals’ concentration in canned fish distributed in Tehran market
to the maximum permitted levels
Within permitted
limit
Out of permitted
limit

Cd
100%

Pb
96%

Hg
96%

0

4%

4%

Maximum permitted levels (mg/kg)
FAO/WHO
2
0.3
0.5
Eu regulation
0.1
0.4
1
Iran regulation
0.5

Ref.

[33]
[34]
[32]

According to Table 2, all fish samples contained
heavy metals but the contamination did not
exceed the maximum permitted levels. Although,
fish species is an effective factor in metal
bioaccumulation. In this regard, RodriguezMendivil et al. reported that the highest Hg
concentration was found in mako shark (Isurus
oxyrinchus) and soupfin shark (Galeorhinus
galeus) [36]. Moreover, Djedjibegovic et al.
reported that concentrations of Hg in mackerel
fish and Cd in squid fish were higher than the
maximum residual level set by EU, and HQ of Hg
in Bluefin tuna and mackerel fish was near to 1
[37]. Islamoglu et al. showed that As and Cd
concentration was high in anchovy fish and Pb
was highly accumulated in canned tuna [38].
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Table 2- Comparison of heavy metals’ concentration in fish samples distributed in Tehran
market to the maximum permitted levels
Within permitted
limit
Out of permitted
limit

Cd
100%

Pb
100%

Hg
100%

0

0

0

Maximum permitted levels (mg/kg)
FAO/WHO
2
0.3
0.5
Eu regulation
0.1
0.4
1
Iran regulation
0.05
0.3
-

Ref.

[33]
[34]
[32]

According to Table 3, calculated HQ was less
than 1 for all heavy metals, which shows that
consumption of canned fish does not pose the
consumers at risk of attributed diseases. Similar
result was observed in the study of HerreraHerrera et al. Their investigation revealed that

there is no risk for Colombian consumers after
consumption of imported fish within a short term.
However, heavy metals’ contamination in the
products may be a concern in the habitats and
tourists in prolonged time because of their
bioaccumulation in the body and also high intake
of fish species in the region [30]. In contrast to
our results, HQ of Cd and Pb was greater than 1
in fish samples collected from Dezful (Iran) in the
study of Salemi and Hosseini, which was serious
threat for the consumers [39]. Given the adverse
effects of heavy metals in human body after
chronic exposure, strict monitoring is required in
the regions subjected to high contamination and
corrective actions should be implemented by the
environmental health authorities.

Table 3- Risk assessment of heavy metals ingested by canned fish in habitats of Tehran (Iran)
Heavy
metals

Concentration in
canned fish (µg g-1)

Average daily consumption
of canned fish (g day-1) [32]

RfD*
(µg kg-1 day-1)

EDI
(µg kg-1 day-1)

HQ

Hg
0.95
8
0.57
0.109
0.19
Pb
0.68
8
3.57
0.08
0.022
Cd
0.04
8
0.83
0.005
0.006
As
0.016
8
3
0.0018
6.09×10-4
*RfDs were determined by the world health organization (WHO) available at https://apps.who.int/food-additivescontaminants-jecfa-database/search.aspx

4. Conclusion
Our study provides information about contamination of fresh fish and canned fish distributed in
Tehran market with heavy metals of Cd, Hg, Pb,
and As. Concentration of heavy metals in fresh
fish samples was significantly lower than the
maximum permitted national and international
levels. Due to the more consumption of canned
fish compared to fresh fish by habitants of Tehran
and also possible migration of trace elements
from metal surface to the content, risk assessment
was just done on heavy metals of canned fish
samples. In this regard, daily intake of heavy
metals through consumption of canned fish
distributed in local market of Tehran was
significantly lower than the reference doses
determined by health agencies. In conclusion,
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there was no concern about intake of heavy
metals by consumption of fish and canned fish
samples in habitants of Tehran (capital city of
Iran).
5. Conflict of interest
The authors declare that there is no conflict of
interest.
References
1. Burger J, Gaines KF, Boring CS, Stephens WL,
Snodgrass J, Dixon C, et al. Metal levels in fish from
the Savannah river: potential hazards to fish and other
receptors. Environmental Research. 2002; 89(1): 8597.
https://doi.org/10.1006/enrs.2002.4330
2. Georgiadis N, Tsarouhas K, Tsitsimpikou C,
Vardavas A, Rezaee R, Germanakis I, et al. Pesticides
and cardiotoxicity. Where do we stand? Toxicology
and Applied Pharmacology. 2018; 353: 1-14.

15

Heavy metals in marine foods

https://doi.org/10.1016/j.taap.2018.06.004
3. Food and Agriculture Organization. The State of
World Fisheries and Aquaculture, 2020.
4. Bosch AC, O'Neill B, Sigge GO, Kerwath SE,
Hoffman LC. Heavy metals in marine fish meat and
consumer health: a review. Journal of the Science of
Food and Agriculture. 2016; 96(1): 32-48.
https://doi.org/10.1002/jsfa.7360
5. Castro-Gonzalez M, Mendez-Armenta M. Heavy
metals: Implications associated to fish consumption.
Environmental Toxicology and Pharmacology. 2008;
26(3): 263-271.
https://doi.org/10.1016/j.etap.2008.06.001
6. El-Sayed A-FM. Regional review on status and
trends in aquaculture development in the Near East
and North Africa-2015. FAO Fisheries and
Aquaculture Circular. 2017.
7. Qorbanzadeh R, Nazari S. Statistical yearbook of
the Iranian Fisheries Organization. Department of
Planning and Development Management P. 2012; 60.
8. Ganjavi M, Ezzatpanah H, Givianrad MH, Shams A.
Effect of canned tuna fish processing steps on lead and
cadmium contents of Iranian tuna fish. Food
Chemistry. 2010; 118(3): 525-528.
https://doi.org/10.1016/j.foodchem.2009.05.018
9. Alidadi H, Peiravi R, Dehghan AA, Vahedian M,
Haghighi HM, Amini A. Survey of heavy metals
concentration in Mashhad drinking water in 2011.
Razi Journal of Medical Sciences. 2014; 20(116): 2734.
10. Korfali SI, Abou Hamdan W. Essentail and toxic
metals in lebanese marketed canned food: impact of
metal cans. Journal of Food Research. 2013; 2(1): 1930.
https://doi.org/10.5539/jfr.v2n1p19
11. Elnabris KJ, Muzyed SK, El-Ashgar NM. Heavy
metal concentrations in some commercially important
fishes and their contribution to heavy metals exposure
in Palestinian people of Gaza Strip (Palestine). Journal
of the Association of Arab Universities for Basic and
Applied Sciences. 2013; 13(1): 44-51.
https://doi.org/10.1016/j.jaubas.2012.06.001
12. Berry C, Brusick D, Cohen SM, Hardisty JF,
Grotz VL, Williams GM. Sucralose non-carcinogenicity: a review of the scientific and regulatory
rationale. Nutrition and Cancer. 2016; 68(8): 12471261.
https://doi.org/10.1080/01635581.2016.1224366

Human, Health and Halal Metrics; 2021: 2(2)

Shokri et al.

13. Pirhadi M, Shariatifar N, Bahmani M, Manouchehri A. Heavy metals in wheat grain and its impact
on human health: A mini-review. Journal of Chemical
Health Risks. 2021.
https://doi.org/10.22034/jchr.2021.1924307.1269
14. Mousavi Khaneghah A, Fakhri Y, Nematollahi A,
Pirhadi M. Potentially toxic elements (PTEs) in cerealbased foods: a systematic review and meta-analysis.
Trends in Food Science & Technology. 2020; 96: 3044.
https://doi.org/10.1016/j.tifs.2019.12.007
15. Stern AH. A review of the studies of the
cardiovascular health effects of methylmercury with
consideration of their suitability for risk assessment.
Environmental Research. 2005; 98(1): 133-142.
https://doi.org/10.1016/j.envres.2004.07.016
16. Jelinek CF. Levels of lead in the United States
food supply. Journal of the Association of Official
Analytical Chemists. 1982; 65(4): 942-946.
https://doi.org/10.1093/jaoac/65.4.942
17. Eboh L, Mepba HD, Ekpo MB. Heavy metal
contaminants and processing effects on the composition, storage stability and fatty acid profiles of five
common commercially available fish species in Oron
Local Government, Nigeria. Food Chemistry. 2006;
97(3): 490-497.
https://doi.org//10.1016/j.foodchem.2005.05.041
18. Gentile C, Tesoriere L, Butera D, Fazzari M,
Monastero M, Allegra M, et al. Antioxidant activity of
Sicilian pistachio (Pistacia vera L. var. Bronte) nut
extract and its bioactive components. Journal of
Agricultural and Food Chemistry. 2007; 55(3): 643648.
https://doi.org/10.1021/jf062533i
19. Emami A, Rastegar H, Amirahmadi M, Shoeibi S,
Mousavi Z. Multi-residue analysis of pesticides in
pistachio using gas chromatography-mass spectrometry (GC/MS). Iranian Journal of Toxicology. 2015;
8(27): 1174-1181.
20. Kocyigit A, Koylu A, Keles H. Effects of
pistachio nuts consumption on plasma lipid profile and
oxidative status in healthy volunteers. Nutrition,
Metabolism and Cardiovascular Diseases. 2006;
16(3): 202-209.
https://doi.org/10.1016/j.numecd.2005.08.004
21. Mahdavi V, Eslami Z, Molaee-Aghaee E,
Peivasteh-Roudsari L, Sadighara P, Fakhri Y, et al.
Evaluation of pesticide residues and risk assessment in
apple and grape from western Azerbaijan province of
Iran. Environmental Research. 2022; 203: 111882.

16

Heavy metals in marine foods

https://doi.org/10.1016/j.envres.2021.111882

Shokri et al.

22. Zhang W, Wang WX. Large-scale spatial and
interspecies differences in trace elements and stable
isotopes in marine wild fish from Chinese waters.
Journal of Hazardous Materials. 2012; 215: 65-74.
https://doi.org/10.1016/j.jhazmat.2012.02.032

30. Herrera-Herrera C, Fuentes-Gandara F, Zambrano-Arevalo A, Higuita FB, Hernandez JP, MarrugoNegrete J. Health risks associated with heavy metals
in imported fish in a coastal city in Colombia.
Biological Trace Element Research. 2019; 190(2):
526-534.
https://doi.org/10.1007/s12011-018-1561-1

23. Kojadinovic J, Potier M, Le Corre M, Cosson RP,
Bustamante P. Mercury content in commercial pelagic
fish and its risk assessment in the Western Indian
Ocean. Science of the Total Environment. 2006;
366(2-3): 688-700.
https://doi.org/10.1016/j.scitotenv.2006.02.006

31. Mansouri B, Azadi NA, Albrycht M, Binkowski
LJ, Błaszczyk M, Hamesadeghi U, et al. Metal risk
assessment study of canned fish available on the
Iranian market. Biological Trace Element Research.
2020: 1-8.
https://doi.org/10.1007/s12011-020-02446-8.

24. Aendo P, Thongyuan S, Songserm T, Tulayakul
P. Carcinogenic and non-carcinogenic risk
assessment of heavy metals contamination in duck
eggs and meat as a warning scenario in Thailand.
Science of the Total Environment. 2019; 689: 215222.
https://doi.org/10.1016/j.scitotenv.2019.06.414

32. Institute of Standards and Industrial Research of
Iran. Food and Feed-maximum limit of heavy metals.
ISIRI no. 12968. 2010. In Persian.

25. Sobhanardakani S, Hosseini SV, Tayebi L. Heavy
metals contamination of canned fish and related health
implications in Iran. Turkish Journal of Fisheries and
Aquatic Sciences. 2018; 18(8): 951-957.
https://doi.org/10.4194/1303-2712-v18_8_03

34. European regulation. Setting maximum levels for
certain contaminants in foodstuffs. EC no. 466/2001.
2001.

26. Sobhanardakani S, Tayebi L, Farmany A,
Cheraghi M. Analysis of trace elements (Cu, Cd, and
Zn) in the muscle, gill, and liver tissues of some fish
species using anodic stripping voltammetry. Environmental Monitoring and Assessment. 2012; 184(11):
6607-6611.
https://doi.org/10.1007/s10661-011-2445-4
27. Hosseini S, Sobhanardakani S, Tahergorabi R,
Delfieh P. Selected heavy metals analysis of Persian
sturgeon’s (Acipenser persicus) caviar from southern
Caspian Sea. Biological Trace Element Research.
2013; 154(3): 357-362.
https://doi.org/10.1007/s12011-013-9740-6
28. Negahdari S, Sabaghan M, Pirhadi M, Alikord M,
Sadighara P, Darvishi M, et al. Potential harmful
effects of heavy metals as a toxic and carcinogenic
agent in marine food-an overview. Egyptian Journal of
Veterinary Sciences. 2021; 52(3): 379-385.
https://doi.org/10.21608/ejvs.2021.83716.1245
29. Sadighara P, Godarzi S, Bahmani M, AsadiSamani M. Antioxidant activity and properties of
walnut brown seed coat extract. Journal of Global
Pharma Technology. 2016; 8(11): 26-30.

Human, Health and Halal Metrics; 2021: 2(2)

33. Codex Alimentarius. Joint FAO/WHO food standards programme codex committee on contaminants
in foods. CX/CF 07/1/6. 2007.

35. Zazouli MA, Tabarinia F, Nasrollahpoor D,
Tabarinia H. Measurment and assessment of concentration of heavy metal (Hg, Cd, Pb) in canned tuna fish
distributed in Mazandaran province of Iran in 20142015. Koomesh. 2016; 18(3): 357-363.
36. Rodriguez-Mendivil DD, Garcia-Flores E, Temores-Pena J, Wakida FT. Health risk assessment of
some heavy metals from canned tuna and fish in
Tijuana, Mexico. Health Scope. 2019; 8(2): 1-8.
https://doi.org/10.5812/jhealthscope.78956
37. Djedjibegovic J, Marjanovic A, Tahirovic D,
Caklovica K, Turalic A, Lugusic A, et al. Heavy
metals in commercial fish and seafood products and
risk assessment in adult population in Bosnia and
Herzegovina. Scientific Reports. 2020; 10(1): 1-8.
https://doi.org/10.1038/s41598-020-70205-9
38. Islamoglu AH, Kahvecioglu T, Bonce G, Gedik
E, Gunes F. Determination of heavy metals in some
fruits, vegetables and fish by ICP-MS. Eurasian
Journal of Food Science and Technology. 2021; 5(1):
67-76.
39. Salemi M, Hosseini AA. Bioaccumulation of
heavy metals (cadmium, chromium, nickel, zinc), in
Cyprinus carpio Fish. 2017; 9(4): 35-45. In Persian.

17

