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Abstract The presence of heavy metals in the envi-
ronment could constitute a hazard to food security and
public health. These can be accumulated in aquatic
animals such as fish. In the present paper, three heavy
metals (mercury, selenium, and tin) in canned products
produced and sold in Iran were studied: longtail tuna,
Kawakawa, Kilka, and yellowfin tuna were determined
using inductively coupled plasma–optical emission

spectrometer and a direct mercury analyzer. Analytical
results were validated by spiking the samples with var-
ious concentrations of these metals to test recovery. The
metal contents, expressed in micrograms per gram, wet
weight, varied depending upon the species studied. The
levels of Hg ranged from 0.0003 to 0.408 μg/g, the
levels of Sn ranged from 0.036 to 0.480 μg/g, while
the levels of Se ranged from 0.130 to 4.500 μg/g.
Comparative evaluation of these metals in different
brands of canned fish showed that the average concen-
trations of Hg, Sn, and Se of all species is significantly
lower than adverse level for the species themselves and
for human consumption when compared with FAO/
WHO permissible limits. Therefore, their contribution
to the total body burden of these heavy metals can be
considered as negligibly small.
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Introduction

Many chemical elements that are present in the human
diet are essential for human life at low concentrations
but can be toxic at high concentrations. Other elements
such as Hg, Cd, Pb, and Sn have no known essential
function in living organisms and are toxic even at low
concentrations when ingested over a long period.
Therefore, many consumers regard any presence of
these elements in foodstuffs such as fish and fishery
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products as a hazard to health (Oehlenschläger 2005;
Şireli et al. 2006). Heavy metals are considered to be the
most important form of aquatic pollution because of
their accumulation by aquatic organisms. Metal pollu-
tion in the marine environment is not very visible but its
impacts on delicate marine ecosystems and humans can
be large. Fish accumulates substantial amounts of heavy
metals in their tissues especially the muscles and, thus
represent a major dietary source of these metals for
humans (Tariq et al. 1993; Kalay et al. 1999; Rose et
al. 1999; Ashraf et al. 2006).

On the other hand, fishes and fishery products are
widely consumed because of their high protein con-
tent, low saturated fat, and the presence of omega fatty
acids, all of which are known to support good health
(Burger and Gochfeld 2004). Several studies have
documented the long-term cardioprotective benefits
for adults as well as the reproductive benefits of eating
fish (Burger and Gochfeld 2004). However, benefits
may be offset by the presence of contaminants, partic-
ularly methylmercury (MeHg) and polychlorinated
biphenyls, which have been reported in many fish
species from many localities (USEPA 1998).

Hg occurs widely in the biosphere and has long
been known as a toxic element presenting occupation-
al hazards associated with both ingestion and inhala-
tion. Hg content in fish can vary widely depending on
factors such as fish species, size, position in the tro-
phic chain, and habitat location (Ordiano-Flores et al.
2011; Sobhanardakani et al. 2011; Tayebi et al. 2011).
Approximately 90 % of the human health risk related
to fish consumption is associated with mercury-
contaminated fish (Burger and Gochfeld 2005; Berry
and Ralston 2008; Ruelas-Inzunza et al. 2008). The
toxic properties of Hg have evoked increasing interest
in recent years due to the extent of its use in industry
and agriculture, and the recognition that the alkyl
derivatives of Hg are more toxic than most other
chemical forms and these compounds can enter the
food chain through the activity of microorganisms
with the ability to methyllate, the Hg present in indus-
trial wastes (Underwood 1977). Exposure to heavy
metals such as Hg is of immediate environmental
concern. A direct relationship between heavy metal
poisoning and thyroid dysfunction was reported in
rabbits by Ghosh and Bhattacharya (1992).

Because Hg and, especially, methyl mercury are
toxic, public concerns about the safety of seafood have
been raised. However, the evidence of harm by the

mercury in fish to human is scant and leading nutrition
experts have in fact concluded that the health benefits
of seafood, if only as nutritional sources of omega-3
fatty acids, greatly outweigh any potential risk associ-
ated with the presence of Hg (Flores-Arce 2007).

Hg and Se are naturally occurring. They are present
in the environment regardless of human activity and
cannot be destroyed, only transformed. Hg and Se
have multiple oxidation states and complex geochem-
ical cycles involving both inorganic and organic forms
that can be found in the water, the biota, and the
sediment of most bodies of water. These compound
both bioaccumulate in fish tissue. But there are also
significant differences between them (ASTDR 1999,
2003, 2005) although both bioaccumulate, although
not equally. In discussing Hg toxicity, the fact the
organisms have developed physiological mechanisms
of Hg detoxification is also often ignored. An efficient
mechanism of Hg detoxification involves its reaction
with Se. Se is an essential trace element needed for
many important physiological processes. Like Hg, it is
transported along the hydrological cycle and reaches
the oceans where it combines with mercury under
reduction conditions to form the highly insoluble Hg
(II) selenide, which ends up in marine sediments.
Because Se is more abundant than Hg, not all of the
oceanic Se is trapped by Hg. Enough Se remains to be
taken up by plankton and other organisms in the food
chain of marine animals (Flores-Arce 2007).

Hg is far and away the champion, bioaccumulating
element from water to algae, then further concentrating
(biomagnifying), so that in fish tissue, it is tens-of-
thousands to hundreds-of-thousands times greater than
its concentration in water. Selenium behaves similarly to
arsenic although it seems to concentrate least strongly of
the two, although this picture may depend on the chem-
ical form(s) measured (Essig and Kosterman 2008). Se
is a micronutrient element, but in high concentration
causes adverse effects (Rezayi et al. 2011).

Canned fish are largely eaten in many countries,
including Libya, USA, Portugal, the Kingdom of
Saudi Arabia, Turkey, and Iran (Voegborlo et al. 1999;
Lourenço et al. 2004; Ikem and Egeibor 2005; Khansari
et al. 2005; Ashraf et al. 2006). Because of the concern
for the neurotoxic effect of heavy metals such as Hg
(Raymond and Ralston 2004; Bhattacharyya et al.
2010), word was done to determine the levels of Hg,
Sn, and Se in 120 canned fish samples of four different
brands commonly consumed in Iran.
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Materials and methods

Sample collection

During the year 2012, 120 samples of four different
Iranian brands (30 samples for each brand: “Famila
Co.” (Tehran), yellowfin tuna (Thunnus albacares);
“Shilaneh Co.” (Qazvin), common Kilka (Clupeonella
cultriventris caspia); “Pars Tuna Co.” (Bushehr),
Kawakawa (Euthynnus affinis); and “Hiltune Co.”
(Tehran), longtail tuna (Thunnus tonggol)) of canned
fish (185 g each) were analyzed for their content of
Hg, Se, and Sn. These 120 canned fish samples were
purchased from ten different markets in Tehran between
February and April 2012.

Chemical analyses

After opening, each can content was homogenized thor-
oughly in a food blender with stainless steel cutters
(Boadi et al. 2011). Then, samples were digested with
10 ml of 1 N HNO3 in closed Teflon vessels in a
microwave oven (CEM MARS-5 closed vessel micro-
wave digestion system) using the following microwave
digestion program: pressure of 200 psi, ramp time of
25 min, temperature of 210 °C, maximum power of
300 W, and hold of time 10 min. Then, H2O2 (1.5 ml,
30 %) was added to each digest to break down organic
matter that may not be during the HNO3 digestion and
the same heating program was applied. After cooling,
residues were transferred to 25 ml volumetric flasks and
diluted to level with deionized water. Before analysis,
the samples were filtered through a 0.45-μm membrane
filter. Sample blanks were prepared in the laboratory in a
similar manner to the field samples. All metal concen-
trations were determined on a wet weight basis as micro-
grams per gram (Turkmen et al. 2009). All samples were

analyzed three times. Hg was determined by cold vapor
atomic absorption using direct mercury analyzer (DMA-
80) (Boadi et al. 2011). Tin and selenium were deter-
mined using inductively coupled plasma–optical emis-
sion spectrometer (Optima 2100 DV, Perkin Elmer).
Standard solutions were prepared from stock solutions
(Merck, multi-element standard) (Turkmen et al. 2009).

Statistical analysis

To test the differences between average concentration
of heavy metals in evaluated canned fish, one-way
ANOVA was performed (Tukey post-hoc). The mean
levels of heavy metals were compared with interna-
tional standard using a one-sample test. Probabilities
less than 0.05 were considered statistically significant
(p<0.05). All statistical analyses were performed us-
ing the SPSS 15.0 (SPSS Inc., Chicago, IL, USA)
statistical package.

Results and discussion

In the present study, levels of Hg, Sn, and Se in canned
fish for both domestic and export produced in Iran
were determined. Table 1 shows the mean concentra-
tions of Hg, Sn, and Se in the canned fish. The results
indicate that Hg concentration in canned fish ranged
from 0.0003 to 0.41 μg/g, whereas Se concentration
ranged from 0.130 to 4.500 μg/g. Levels of Sn in
canned fish ranged from 0.036 to 0.480 μg/g and all
samples were below the detection limit for Sn. The
results indicated that the average concentrations of Hg,
Sn, and Se (except brands B and D) in this study are
significantly lower than the adverse level for the spe-
cies themselves and for human consumption with
FAO/WHO and ASTDR permissible limits (0.5 μg/g

Table 1 Mean metal levels in different brands of canned fish examined in this study (in micrograms per gram wet wt)

Sample (fish and brand) No. Average concentration±SD

Hg Sn Se

A (longtail tuna) 30 0.092±0.01 b 0.143±0.06 a 1.592±0.24 a

B (Kawakawa) 30 0.184±0.05 d 0.171±0.05 b 2.044±0.51 c

C (common Kilka) 30 0.086±0.02 a 0.192±0.08 c 1.887±0.38 b

D (yellowfin tuna) 30 0.143±0.05 c 0.200±0.15 d 2.613±0.60 d

The letters (a, b, c, d) represent the statistical differences among different samples (p<0.05)
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for Hg, 250.0 μg/g for Sn, and 2.0 μg/g for Se) (FAO/
WHO 1984, 2009; WHO 1996, ASTDR 2003).
Therefore, their contribution to the total body burden
of these metals can be considered as negligibly small.
Statistical grouping of the concentrations of each ele-
ment in the different brands of canned fish by ANOVA
and Tukey test indicated that there were significant
differences within and between all of the evaluated
brands (p<0.05) (Table 1).

Hg is known to be a very toxic metal, and fish is the
most important source in the human diet (Mol 2011).
The maximum limit for Hg is set by the FDA (2001) as
1.0 μg/g for fish. Similarly, the Turkish Food Codex
(TFC 2002) and the European Commission Regulation
466/2001 (EU 2005) recommended 1.0 μg/g as the limit
value for bonitos, but they set a limit of 0.5 μg/g for
other species. Hg is especially important for species like
tuna, which is well known to accumulate large amounts
of this metal (Ikem and Egeibor 2005). However, Hg
concentrations in tuna fish (Plessi et al. 2001; Burger
and Gochfeld 2005; Ashraf 2006), canned tuna, and in
other canned fish (Voegborlo et al. 1999; Burger and
Gochfeld 2004; Khansari et al. 2005; Suppin et al. 2005;
Taghipour and Azizi 2010; Boadi et al. 2011; Miklavčič
et al. 2011; Mol 2011) have been reported to be below
permissible limits in actual products available in the
market (Mol 2011). In this study, the Hg concentration
of all samples was below the permissible limits, i.e.,
even the more stringent 0.5 μg/g. Canned sardines and
canned mackerel marketed in the USA and in Poland
have been determined to be safe regarding this metal
(Ikem and Egeibor 2005; Usydus et al. 2008). Likewise,
concentrations of Hg in mackerel and sardines of
Mediterranean regions were below the limits (Plessi et
al. 2001; Falcó et al. 2006). However, it should not be
ignored that many fish have developed a physiological
mechanism of Hg detoxification. This mechanism
involves the reaction of Hg with Se, which is an essen-
tial trace element (Flores-Arce 2007; Ralston et al.
2007). The protective effects of Se against Hg toxicity
have been demonstrated in many animals and in humans
(Falnoga and Tusek-Znidaric 2007; Kaneko and Ralston
2007). Therefore, Se concentration must also be consid-
ered when Hg concentration is high or above the limits.

It is known that the estimation of Sn in canned food
is significant both for human health and quality as-
sessment. A high Sn content indicates migration of Sn
from the container to food usually because of poor
lacquering (Sumitani et al. 1993; Tarley et al. 2001).

The upper limit of Sn has been set as 250 μg/g (Mol
2011). In this study, the highest concentration of Sn was
observed in canned Kilka (0.48 μg/g), which is far
below the limit. Likewise, the concentration of Sn in
canned fish has been found to be below the limit in
various studies (Tarley et al. 2001; Ikem and Egeibor
2005). Because of the low Sn values observed, it might
be concluded that there was no migration of Sn from the
can to the fish. This is the result of new packaging
technologies, especially the use of cans with lacquered
walls and a mechanical seam (Khansari et al. 2005).

This study may help in generating data needed for
surveillance programs aimed at ensuring the safety of
the food supply and minimizing human exposure. It is
hoped that monitoring of these metals regularly will
increase the consumer confidence in canned fish prod-
ucts from Iran.
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