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Abstract Samples of four popular brands of canned
fish consumed in Iran were analyzed for levels and
determination of health risk assessment of Cd, Hg, Pb,
Se, Sn and Zn after wet digestion with acids by ICP-OES
and DMA. The results showed that the contents of Cd,
Hg, Pb, Se, Sn and Zn (lg/g) in canned samples were
0.10 ± 0.04, 0.13 ± 0.05, 0.75 ± 0.65, 2.04 ± 0.43,
0.18 ± 0.03 and 12.61 ± 11.92, respectively. Evaluation
of these levels showed that except for Cd and Pb, the
average contents of other metals are significantly
lower than adverse level for the human consumption.
Also, HRI values were within the safe limits (HRI\1),
and there are no potential health risk for adults and
children via consumption of canned fish. Finally, the
content of Cd and Pb was higher than MPL in the
cannedfish samples.Due to thedischargeofpollutants
into the aquatic environments, heavy metals content
and pesticides residue monitoring in the foodstuff is
recommended.

Keywords Food safety � Canned fish � Health risk �
Heavy metals � Iran

1 Introduction

In recent years, due to the growing concern about
the health benefits and risks of food consumption,
much attention has been paid to the study of essen-
tial and toxic trace element concentrations in
foodstuffs (Guérin et al. 2011). Trace metals are taken
up and subsequently accumulate by organisms from
contaminated urban, mining, agricultural and
industrial effluents or wastewaters and natural sour-
ces, which enter the aquatic environment via direct
discharges (Marsden and Rainbow 2004). Physico-
chemical and other processes such as diffusion,
dilution, sorption, precipitation, uptake and elimi-
nation by marine organisms can regulated the
distribution of heavy metals in the different compo-
nents of the marine ecosystem (Arellano et al. 1999;
Hussein and Khaled 2014). Also, ecological needs,
seasonal changes, size, sex and moult of marine
animals were found to affect metal accumulation in
their tissues (Yilmaz and Yilmaz 2007). Metals such as
Cu, Fe, Mn and Zn are essential metals since they play
an important role in biological systems especially
human physiology, whereas other metals such as As,
Cd, Cr, Hg and Pb are non-essential metals, as they
are toxic, even in trace amounts. It should be noted
that essential metals could also produce toxic effects
when the metal intake is excessively elevated (Türk-
men et al. 2008; Hosseini et al. 2013a). However, like
essential metals, nonessential metals are also taken
up by fish and accumulate in their tissues especially
muscle, gill and liver (Yılmaz et al. 2010). Therefore,
accumulation of heavy metals is dependent on the
content of the metal and the exposure period (Pour-
ang et al. 2005; Sobhanardakani et al. 2011; Hosseini
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et al. 2013a, b). Fish consumption is known to be
healthy in the human diet as they provide omega-
3(n-3) fatty acids that reduce cholesterol levels and
the incidence of stroke, heart disease and preterm
delivery (Daviglus et al. 2002; Patterson 2002).
Therefore, fish and fish products are widely con-
sumed in many parts of the world because they have
a high protein content rich in essential amino acids,
micro and macro elements such as Ca, P, F, and I,
liposoluble vitamins and polyunsaturated fatty acids
with the benefit of a hypocholesterolic effect (anti-
atheriosclerosis) (Ismail 2005; Ikem and Egiebor
2005). However, those benefits may be offset by the
presence of pollutants, especially heavy metals (Bur-
ger and Gochfeld 2004; Hosseini et al. 2013a).

Risk analysis is a process that combines risk
assessment, risk management and risk communi-
cation. Risk assessment that is based on scientific
analyses, is a quantitative or qualitative explana-
tion of the likelihood of harm associated with
exposure to a chemical compounds. In this regard,
the human health risk assessment requires identi-
fication, collection and integration of information
on hazardous chemicals, their exposure to humans
and the relationship between exposure, dose and
adverse effects. On the other hand, a human
potential health risk assessment is the process to
estimate the nature and possibility of adverse
health effects in humans who may be exposed to
toxins and chemicals, now or in future. It includes
hazard identification, dose–response assessment,
exposure assessment and risk characterization steps
(Sobhanardakani 2016).

Nowadays, canned food including canned fish
are constitute affordable and inexpensive products
and therefore, they are widely distributed and a
popular food source in many countries especially in
Libya, USA, Portugal, the Kingdom of Saudi Arabia,
Turkey, and Iran (Storelli et al. 2010; Hosseini et al.
2013a). However, the content of heavy metals
increases at subsequent levels of the food chain, as
these metals tend to accumulate in tissues of mar-
ine animals and especially in fish species
(Squadrone et al. 2013; Winiarska-Mieczan et al.
2015). In this regard, because metal pollution in
aquatic environments can be harmful to human
health, it is necessary to understand and control
the hazard levels of pollution in seafood. Therefore,
the aim of the current study was to determine both
the content and human health risk assessment of
Cd, Hg, Pb, Se, Sn and Zn via consumption of dif-
ferent brands commonly consumed canned fish in
Iran.

2 Materials and methods

2.1 Sample collection

120 samples of four different brands of canned fish
including tuna fish and common kilka [30 samples
for each species: yellowfin tuna (Thunnus albacares);
common Kilka (Clupeonella cultriventris caspia);
Kawakawa (Euthynnus affinis); and longtail tuna
(Thunnus tonggol)] were purchased from 10 different
markets in Tehran and used for analysis of concen-
tration of Cd, Hg, Pb, Se, Sn and Zn.

2.2 Chemical analyses

After opening, each can content was homogenized
thoroughly with a food blender with stainless steel
cutters (Boadi et al. 2011). Samples were digested with
10 ml of 1N nitric acid 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, maxi-
mum power of 300 W, and hold of time 10 min.
Then, hydrogen peroxide (1.5 ml, 30%) was added to
each digest to break down organic matter that may
not be during the nitric acid 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-lm mem-
brane filter. Sample blanks were prepared in the
laboratory in a similar manner to the field samples.
All metal concentrations (lg/g, ww) were determined
with three replications using inductively coupled
plasma–optical emission spectrometer (Optima 2100
DV, Perkin Elmer) (Türkmen et al. 2009). Hg was
determined by cold vapor atomic absorption using a
direct mercury analyzer (DMA-80) (Ikem and Egiebor
2005; Hosseini et al. 2013b). Standard solutions were
prepared from stock solutions (Merck, multi-element
standard). All the instrumental conditions applied for
Cd, Pb, Se, Sn and Zn content determinations were set
in accordance with general recommendations (wave
length for Cd, Pb, Se, Sn and Zn: 226.50 nm, 220.35,
196.03, 284.0 and 206.20 nm, respectively).

2.3 Statistical analysis

The statistical analysis of the obtained results con-
sisted in a first Kolmogorov–Smirnov normality test,
followed by the study of the variance homogeneity
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using an ANOVA parametric test with a DMS post hoc
and Duncan multiple range test. The mean levels of
heavy metals were compared with international
standard using a one-sample test. Probabilities less
than 0.05 were considered statistically significant
(p\0.05). The statistical calculations were done
using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA)
statistical package.

2.4 Potential health risk assessment

The human health risk posed by chronic exposure to
the heavy metals was assessed. For computing
potential health risk assessment, the average daily
intake of metal (DIM) was calculated using the Eq. 1
(Guo et al. 2016):

DIM ¼ Cmetal � Cfactor � Dfood intake

Baverage weight
ð1Þ

Cmetal, Cfactor, Dfood intake, and Baverage weight
represent the heavy metal concentrations in canned
fish (lg/g), conversion factor (0.085), daily intake of
canned fish (3.5E0-3 kg/person/day), and average
body weight (70.0 kg for adults and 15.0 kg for chil-
dren), respectively (Falco et al. 2006; Omar et al. 2013;
Tang et al. 2015; Guo et al. 2016).

The health risk index (HRI) for the local population
through the consumption of canned fish was assessed
using the Eq. 2 (Guo et al. 2016):

HRI ¼ DIM

RfD
ð2Þ

Here, DIM and RfD represent daily intake of metal
and reference dose of metal, respectively. The oral
reference doses for Cd, Hg, Pb, Se, Sn and Zn were
0.001, 0.0007, 0.0035, 0.005, 0.20 and 0.30 mg/
kg/day, respectively. An HRI\ 1 means the exposed
population is assumed to be safe (Xue et al. 2012;
Nahar Jolly et al. 2013; Ru et al. 2013; Liang et al. 2015;
Zeng et al. 2015; Guo et al. 2016).

The total HRI (THRI) of heavy metals for the can-
ned fish was calculated as the mathematical sum of
each individual metal HRI value according to Eq. 3
(Guo et al. 2016):

THRI ¼ HRI toxicant 1ð Þ þ HRI toxicant 3ð Þ þ � � �
þ HRI toxicant nð Þ ð3Þ

3 Results and discussion

The concentrations of Cd, Hg, Pb, Se, Sn and Zn in the
analyzed canned fish samples are presented in
Table 1. The data show that the percentage of metals

contamination of canned fish samples reached 100%.
Among the analyzed canned fish samples, Cd levels
ranged from 0.06 to 0.15, Hg from 0.09 to 0.18, Pb
from 0.19 to 1.59, Se from 1.59 to 2.61, Sn from 0.14 to
0.20 and Zn from 5.77 to 30.47 lg/g, respectively.

Comparing the heavy metal concentrations in
canned fish with the maximum permissible limits
according to EU, ATSDR and FAO/WHO in lg/g
(0.050 Cd, 0.50 for Hg and Pb, 2.0 for Se, 250 for Sn
and 50.0 for Zn, respectively), the mean concen-
tration of Pb was higher than MPL (Hosseini et al.
2013a, 2015; Sobhanardakani et al. 2017). Therefore,
canned fish’s contribution to the total body burden
of Cd, Hg, Se, Sn and Zn can be considered as
negligibly small.

In addition, all the calculated HRI values of heavy
metals were within the safe limits (HRI\ 1) (Table 2).
Furthermore, the THRI values, which varied from
4.11E-04 to 1.05E-03 for adults and from 1.92E-03 to
4.90E-03 for children, were also within the safe limit
(THRI\ 1). Therefore, we conclude that there is no
potential significant health risk through only con-
suming canned fish from the Iran.

Cadmium is a non-essential heavy metal, very toxic
to humans and acculmulates in the body in various
tissues. The main accumulation of Cd in aquatic
organisms is the liver and kidney, and also the gills,
which might be a route of uptake (Yılmaz et al. 2010).
The use of Cd in the food industry and agriculture
has been identified as a major source of its wide
dispersion in the environment and following that in
food. The major route of exposure to Cd for non-
smokers is through food; the contribution from other
pathways to total uptake is small (Hosseini et al.
2015). Our results show that the mean concentrations
of Cd in canned fish samples were 0.10 ± 0.04 lg/g
which is much higher than in the MPL. However, Cd
levels were in similar ranges as described in the
literature:

• 0.053 ± 0.006 lg/g in the muscle of 3 tuna
species collected from the Alexandria, Egypt
(Hussein and Khaled 2014),

• 0.06–0.25 lg/g in canned fish marketed in Turkey
(Tuzen and Soylak 2007),

• 0.2–0.07 in canned tuna samples consumed in
Iran (Taghipour and Aziz 2010),

• 0.16 ± 0.11 in canned tuna samples consumed in
Saudi Arabia (Ashraf 2006),

• 0.13 ± 0.04 in canned bluefin tuna produced in
Thailand and

• 0.53 ± 0.005 in canned bluefin tuna produced in
Korea (Islam et al. 2010).
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In another study, Boadi et al. (2011) reported that
the mean concentrations of Cd (lg/g) in canned fish
from Ghana were\0.001 and also Tuzen and Soylak
(2007) reported that the levels of Cd in canned fish
sold in Turkey ranged between 0.06–0.25 lg/g
respectively. Ikem and Egiebor (2005) reported that
the mean concentrations of Cd (lg/kg) in canned fish
from Georgia and Alabama were 0.0 for pink salmon,
0.0 for red salmon, 1.90 for tuna, 0.0 for mackerel, 0.0
for sardines and 0.0 for herring. Also, the mean levels
of Cd in canned sardines consumed in Nigeria were
determined 0.20 ± 0.06 lg/g (Iwegbue et al. 2009).
Mol (2011) reported that the levels of Cd in the canned
bonito, sardines, and mackerel produced in Turkey
were 0.01–0.02 lg/g. Mahalakshmi et al. (2012)
reported that the contents of Cd (lg/g) in the canned
tuna fish consumed in Canada were also
0.020–0.025 lg/g. The results of the study of

Winiarska-Mieczan et al. (2015) showed that the
content of Cd in canned fish marketed in Lublin,
Poland do not exceed safe levels for adult men.

Mercury (Hg) is a toxic element that occurs widely
in the biosphere and presenting occupational haz-
ards associated with both inhalation and ingestion.
No vital function for the Hg in living organisms had
been found yet. The common use of Hg is in industry
and agriculture, and the recognition that alkyl
derivatives of this element are more toxic than most
other chemical forms, can enter the food chain via
the activity of microorganisms with the ability to
methylate. Hg is present in industrial wastes. Many
studies have shown that Hg is bioamplified in the
food chain with high-trophic-level predatory species
especially tuna, swordfish and shark that accumula-
tion higher mercury compared with herbivorous
species (Burger and Gochfeld 2004; Essa and Rateb

Table 1 Concentrations of heavy metals in canned fish samples (lg/g, wet weight)

Metal Min Max Mean SD

Cd 0.06 0.15 0.10a* 0.04

Hg 0.09 0.18 0.13b 0.05

Pb 0.19 1.59 0.75d 0.65

Se 1.59 2.61 2.04e 0.43

Sn 0.14 0.20 0.18c 0.03

Zn 5.77 30.47 12.61f 11.92

* The letters (a, b, c, d) represent the statistical differences among different samples (p\0.05)

Table 2 Daily intake of metals (DIM, mg) and health risk index (HRI) for individuals consuming canned fish

Cd Hg Pb Se Sn Zn

Adults

DIM 4.25E-07 5.53E-07 3.19E-06 8.67E-06 7.65E-07 5.36E-05

STD 1.70E-07 2.13E-07 2.76E-06 1.83E-06 1.28E-04 5.07E-05

Min 2.55E-07 3.83E-07 8.08E-07 6.76E-06 5.95E-07 2.45E-05

Max 6.38E-07 7.65E-07 6.76E-06 1.11E-05 8.50E-07 1.29E-04

HRI 4.25E-04 7.89E-04 9.11E-04 1.73E-03 3.83E-06 1.79E-04

STD 1.70E-04 3.04E-04 7.89E-04 3.66E-04 6.38E-04 1.69E-04

Min 2.55E-04 5.46E-04 2.31E-04 1.35E-03 2.98E-06 8.17E-05

Max 6.38E-04 1.09E-03 1.93E-03 2.22E-03 4.25E-06 4.32E-04

Children

DIM 1.98E-06 2.58E-06 1.49E-05 4.05E-05 3.57E-06 2.50E-04

STD 7.93E-07 9.92E-07 1.29E-05 8.53E-06 5.95E-07 2.36E-04

Min 1.19E-06 1.79E-06 3.77E-06 3.15E-05 2.78E-06 1.14E-04

Max 2.98E-06 3.57E-06 3.15E-05 5.18E-05 3.97E-06 6.04E-04

HRI 1.98E-03 3.68E-03 4.25E-03 8.09E-03 1.79E-05 8.34E-04

STD 7.93E-04 1.42E-03 3.68E-03 1.71E-03 2.98E-06 7.88E-04

Min 1.19E-03 2.55E-03 1.08E-03 6.31E-03 1.39E-05 3.81E-04

Max 2.98E-03 5.10E-03 9.01E-03 1.03E-02 1.98E-05 2.01E-03
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2011). Therefore, the primary sources of Hg contam-
ination in humans are via eating fish (Stancheva et al.
2014). The results showed that the mean concentra-
tion of Hg in analyzed canned fish samples is
0.13 ± 0.05 lg/g and lower than MPL. In this regard,
Boadi et al. (2011) reported that the mean concen-
tration of Hg (lg/g) in canned fish was 0.16 ± 0.09. In
the other studies, the mean levels of Hg (lg/g) in
canned fish samples were 0.093 ± 0.098 (Ikem and
Egiebor 2005), 0.31 ± 0.17 (Ashraf 2006),
0.60 ± 0.009 and 0.62 ± 0.012 in canned tuna fish
produced in Canada and India, respectively (Maha-
lakshmi et al. 2012). Also, Islam et al. (2010) reported
that the mean concentration of Hg (lg/g) was
1.07 ± 0.04 for canned longtail tuna produced in
USA, 0.26 ± 0.03 for canned bluefin tuna produced
in Thailand and 0.24 ± 0.02 for canned bluefin tuna
produced in Korea.

Lead is the most common environmental metal
poison and therefore the most common environ-
mental health hazard (Ş ireli et al. 2006). Humans are
exposed to Pb mainly through inadvertent ingestion
of Pb paint, inhalation of traffic exhaust fumes, and
consumption of Pb contaminated foods (Adekunle
and Akinyemi 2004). However, the uptake of Pb via
the food chain is of less importance since the content
of this element in fish does not increase with age and
trophic level but with increasing concentration in the
water (Ş ireli et al. 2006). Pb poisoning in fish causes a
decrease in growth rates, development, metabolism
and survival, in addition to increased mucus forma-
tion (Burger et al. 2002). Pb was detected in all
examined canned fish samples with concentrations
ranging from 0.19 to 1.59 lg/g. Also, the results of
present study showed that the mean concentration of
Pb in analyzed samples were higher than MPL. In the
literature, Pb levels range between 0.67 and 0.99 lg/
g in muscle tissue in Thunnus thynnus (Hussein and
Khaled 2014), 0.01–0.17 lg/g for canned fish (Boadi
et al. 2011), 0.0–0.0017 lg/g for canned fish from the
USA (Ikem and Egiebor 2005), 0.06–0.25 lg/g for
canned fish kilka (Taghipour and Aziz 2010),
0.14–0.82 lg/g in tuna fish (Ashraf 2006),
0.11–0.29 lg/g for canned sardines (Iwegbue et al.
2009), 0.09–0.45 lg/g for canned bonito, sardines,
and mackerel produced in Turkey (Mol 2011),
0.09–0.40 lg/g for canned fish marketed in Turkey
(Tuzen and Soylak 2007), and 0.011–0.089 lg/g for
canned tuna commercialized in Canada and India
(Mahalakshmi et al. 2012). Also, Islam et al. (2010)
reported that the mean contents of Pb (lg/g) were
0.74 ± 0.28 for canned longtail tuna produced in
USA, 0.13 ± 0.05 for canned bluefin tuna produced in

Thailand and 0.12 ± 0.01 for canned bluefin tuna
produced in Korea. In another study Winiarska-
Mieczan et al. (2015) reported that the content of Pb
in canned fish marketed in Lublin, Poland do not
exceed safe levels for adult men.

Selenium is a micronutrient element and
humans and animals require this element for the
functioning of a number of selenium-dependent
enzymes, but in high content causes adverse health
effects. Also, Se treats similarly to As, although it
seems to concentrate least strongly (Miklavčič et al.
2011; Rezayi et al. 2011; Hosseini et al. 2013a). In the
present study, the mean concentration of Se in
canned fish samples was 2.04 ± 0.43 lg/g and
there was no significant difference between mean
levels for Se with MPL. Numerous studies have
shown Se supplementation counteracts the nega-
tive impacts of exposure to Hg in all investigated
species of mammals, birds and fish. Therefore, the
protective effects of Se against Hg toxicity have
been illustrated in many animals and in humans
(Falnoga and Tusek-Znidaric 2007; Kaneko and
Ralston 2007; Miklavčič et al. 2011). Thus, Se levels
must also be considered when Hg is high or above
the limits (Hosseini et al. 2013a). In this regard,
Miklavčič et al. (2011) reported that the mean con-
tents of Se (lg/g) were 0.47 in canned fish available
on the Slovenian market.

Tin estimation in canned food is significant for
both human health and quality assessment. A high Sn
level indicates migration of this element from the
container to food usually because of poor lacquering
(Hosseini et al. 2013a). The results showed that the
mean concentrations of Sn in canned fish samples
were 0.18 ± 0.03 lg/g and was much lower than the
MPL. This could be a result of improved quality
assurance measures during processing or storage
conditions of canned food especially canned fish
(Khalafalla et al. 2016). Tin contents in the literature
have been reported in the range of 0.0003–0.011 lg/g
for canned fishes marketed in USA (Ikem and Egiebor
2005).

Zinc is responsible for some important biological
functions and it is a constituent of all cells, and more
than 90 zinc-containing enzymes and proteins.
Therefore, relatively high level of Zn is necessary to
maintain these biological functions. Too little Zn can
cause problems, but too much Zn (above the limit of
50 lg/g) is also harmful to human health. It appears
to have a protective effect against the toxicities of Cd
and Pb (Hussein and Khaled 2014). The results of the
present study showed that the mean level of Zn in
canned fish samples were 12.61 ± 11.92 lg/g and was
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much lower than the MPL. In the literature, Zinc
concentration has been reported as follows:
16.54–22.12 lg/g for muscle in Thunnus thynnus col-
lected from Egypt (Hussein and Khaled 2014),
0.07–0.19 lg/g in canned fish marketed in Ghana
(Boadi et al. 2011), 0.004–0.03 lg/g for canned fishes
marketed in USA (Ikem and Egiebor 2005),
11.32–23.90 lg/g for canned fish kilka consumed in
Iran (Taghipour and Aziz 2010), 0.09–4.63 lg/g can-
ned sardines consumed in Nigeria (Iwegbue et al.
2009), 0.90–2.50 lg/g for canned fish marketed in
Turkey (Tuzen and Soylak 2007), and 8.20–12.40 for
the canned bonito, sardines, and mackerel produced
in Turkey (Mol 2011). Also, Islam et al. (2010) reported
that the mean contents of Zn (lg/g) were
41.38 ± 3.02 for canned longtail tuna produced in
USA, 57.60 ± 10.81 for canned bluefin tuna produced
in Thailand and 38.35 ± 10.13 for canned bluefin
tuna produced in Korea.

As shown in Table 2, HRI values of Cd, Hg, Pb, Se,
Sn and Zn for children and adults are\1. Here, the
average HRI value was 6.73E-04 for adults and
3.14E-03 for children. Therefore, we conclude that
target population might have no potential significant
health risk through only consuming canned fish from
the Iran. However, the non-carcinogenic risks were
greater for children than for adults. In this regard,
Hussein and Khaled (2014) after analyzed the heavy
metals in muscle of Thunnus thynnus collected from
Alexandria, Egypt reported that Cd, Pb and Zn THQ
values were less than 1 and show a situation of no risk
for the consumer of the investigated tuna species.

4 Conclusion

Based on the results, despite the mean contents of Cd
and Pb were higher than MPL, but according of the
HRI values there are no health risks with respect to
the concentrations of these toxic elements in canned
fishes analyzed in this study. Therefore, the body
burden of these elements is highly dependent on the
contents of various elements in fish consumed, the
amount of food consumed, the frequency of con-
sumption of fish, and the rate of detoxification of
contaminants in the human body.
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