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Abstract: The levels of total mercury and methyl mercury were measured in 40 tuna cans prepared from Persian
Gulf tuna, in Tehran, Iran during 2010. The total mercury and methyl mercury concentrations were determined
with a GBC 906 AA flame atomic absorption spectrometer (FAAS) and a Thermo gas chromatograph-mass
spectrometer (GC-MS), respectively. The results showed that the means of total mercury and methyl mercury
content of white and light style tuna were 280.48, 142.75, 229.05 and 113.37ppb, respectively. The white tuna
were significantly higher than the light-style one (p<0.05) and probably reflecting that ‘‘white’’ tuna is prepared
from species relatively larger than those which are commonly available as ‘‘light’’. The maximum mercury and
methyl mercury concentrations were 352.5±2.5 and 303.75±11.43ppb, respectively in white tuna can. The lowest
mercury and methyl mercury concentrations were 111±1 and 88ppb, respectively in light tuna can. According
to the results, methyl mercury composed about 65-96% (mean 80%) of total mercury in tuna cans. At the present
study, the total mercury content of Persian Gulf canned tuna significantly were increased and may be related
to utilization of different population of tuna in industrial units and mercury application in recent years.
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INTRODUCTION guide neuronal migration and connections [6, 7]. Organic

Mercury is a naturally-occurring heavy metal that its way up the trophic levels of the food chain. Methyl
typically released into the environment as a result of both mercury is readily taken up by living organisms and is
anthropogenic and natural activities such as mining, metal passed along from microscopic plants and animals to
smelting, coal production, coal-fired power stations, waste larger organisms. Although humans can receive mercury
disposal, chemical synthesis and so on. Mercury enters through contaminated food, drink, or air, almost the most
the food chain with the help of aquatic microorganisms important source of organic mercury is exclusively
and released into the environment with inorganic form. consumption of fish and shellfish [2, 8]. Fish and shellfish
Mercury is methylated by bacteria in water and converted are food sources that are high in protein and low in
to an organic form usually methylmercury. Organic saturated fats and are direct sources of beneficial fatty
mercury  compounds  are generally more hydrophobic; acids. There are hundreds of studies that have
readily bind proteins [1-3]. The organic and inorganic demonstrated the health benefits of eating fish and
forms of mercury are identified as hazardous of water shellfish [9]. However, these benefits may be offset by the
pollutants. But the organic mercury (methylmercury) presence of contaminants, particularly methylmercury
represents a significant environmental  contaminant and (MeHg), which have been reported in many fish species
a well established risk to human health, because of its from many locations [10]. A study showed that the
interference with the architecture of the developing brain, estimation of fish consumption accounts for 80-90% of
disrupting microtubule assembly [4, 5] and interfering with the total exposure to mercury, of which 75 to 100% is
the temporal sequencing of cell adhesion molecules that methyl mercury [11]. Also, blood mercury concentrations

mercury bioaccumulates in aquatic organisms as it finds
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were reported to be directly  related  to  the  amount of that the fish consumed is safe for human consumption.
fish consumed [12]. The National Health and Nutrition Therefore, this study conducted to examine the levels of
Examination Survey (NHANES) reported that women who total mercury and methylmercury in national brands of
ate three or more servings of fish a month had a mercury canned tuna purchased from stores in Tehran during 2009
level four-fold higher than that in the reference population and comparison of its results with mercury concentrations
[13]. Fish contamination is particularly harmful for reported by other investigations which had been done
developing fetuses and young children [14-16]. Some before.
studies have shown an association between contaminant
levels in fish tissues, fish consumption by pregnant MATERIALS AND METHODS
women and deficits in neurobehavioral development in
children [17, 18]. Also, a study [19] indicated that the Reagents and Materials: All chemicals used in this study
mercury might offset the cardio protective benefits for were the level of analytical-reagent grade unless specified
adults.  On  the  other  hand,   fish   consumption  has otherwise. Mercury standard solution was prepared by
been associated with improved pregnancy outcomes, dissolution of HgCl2 (>99%, Merck) in 2% nitric acid.
including fewer preterm and low-birth-weight deliveries Stock solution (10 ppm) of methylmercury chloride
[20]. So, because of the positive health and social benefits (Ch3HgCl) in methanol was supplied by AccuStandard
of fish consumption and reply to this question "Is it safe Inc. (New Haven, CT, USA).
to eat fish?" that become more complicated. For some
people fish may be their main source of protein, while for Sampling: Totally 40 canned tuna samples manufacturing
others, it may be the healthiest source. in 11 different brands (All samples were prepared from

The amount of mercury in fish and shellfish are fresh tuna fishes from Persian Gulf, especially Albacore
dependent on the ages of the fish and shellfish, what are and Fito) were purchased from marketing shelves in
eats and in some cases where they live. Older fish that Tehran-Iran during 2009 (A minimum of 3-5 samples per
prey on large amounts of other fish tend to have higher brand). They were transported to the laboratory of
levels of mercury. Short-lived fish that feed lower on the Toxicology Research Center, University of Tehran, coded
food chain tend to have less mercury. Shellfish like for easy identification and then stored in a clean dry place
shrimp, oysters and crabs tend to be low in mercury. until time for analysis. It should be noted that, our
Younger (and usually smaller fish) of most species are sampling regime involved purchasing cans of white and
lower in mercury [9]. light tuna, but all samples process of products were in oil

Assessing the levels of mercury in commercial fish is and salt.
important from a public health perspective. Tuna has
recently been added to several advisories that warn about Analysis: A GBC HG 3000 continuous-flow vapor system
consumption of fish with significant amounts of mercury. equipped with a gas-liquid separator was used for Hg
This has resulted to concern in the marketplace, because generation. Determination of total mercury performed with
tuna is one of the most widely consumed fish in several a GBC 906 AA flame atomic absorption spectrometer
countries [21]. Tuna fishes in particular are well eaten in (FAAS). A mercury concentrator cell was used to perform
all over the world because it is convenient and affordable the analysis. A mercury hallow cathode lamp was used as
for most working families. Children and women of a light source at 253.7 nm (band bass 0.5nm). The method
childbearing age eat tuna more than any other fish [22]. involves the continuous generation of mercury vapor
Tuna especially accumulates mercury more than some from aqueous samples acidified with HCl to final
other fish species. Individuals consuming high quantities concentration of 2 M, which were mixed with reducing
of tuna may have increased health risks due to inorganic agent (20% SnCl  solution and 3M HCl). The mercury was
mercury and methyl mercury effects. Children and purged from the sample using argon to the mercury
pregnant mothers are mostly at risk from exposures to concentrator cell and after 45 seconds, absorbance of
toxic metals [23]. Fish may be contaminated by mercury mercury was determined [24, 25]. The gas chromatograph
during fish growth, transportation and storage. (GC) used was a Varian Star CP 3800 (Varian Associates,
Contamination may also occur during production U.S.A.) with flame ionization detector (FID) and a CP-Sil
handling and canning process. Information on the 5CB (100% polydimethylsiloxan) fused-silica capillary
mercury content in canned tuna is important to ensure column (25 m × 0.32 mm i.d. and 1.2 µm film thickness).
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Table 1: Characteristics of canned fishes from Persian Gulf
Brand code Can type N Additives Hg (Mean±SE)(ppb) MeHg (Mean±SE)(ppb) % MeHg/Hg
Brand 1 3 Oil, Salt 111 ±1.1 88 ±2.3 79.29
Brand 2 Light tuna can 3 Oil, Salt 143.5 ±1.5 118.5±2.5 82.61
Brand 3 4 Oil, Salt 172±20.6 135±16.6 78.42
Brand 4 4 Oil, Salt 144.5±5.5 112±8.1 77.41
Light Average 142.8 113.4
Brand 5 3 Oil, Salt 209.7±20.6 136.7±8.8 65.35
Brand 6 4 Oil, Salt 324.8±10.7 303.8±11.4 95.53
Brand 7 3 Oil, Salt 207.5±20.6 175±5.1 84.74
Brand 8 White tuna can 5 Oil, Salt 251±14.6 226.67±21.9 89.92
Brand 9 5 Oil, Salt 352.5±2.5 269±11.1 76.34
Brand 10 4 Oil, Salt 290.3±17.6 227.7±23.5 78.03
Brand 11 3 Oil, Salt 327.7±13.0 264.6±14.2 80.69
White Average 280.5 229.1
Total 40 211.6±25.4 173.2±22.4 80

A Thermo gas chromatograph-mass spectrometer
(GC-MS) was used to determine methylmercury
concentration in samples. Spectrometer equipped with
quadruple mass analyzer and electron impact ionization
source (70ev) was used. Interface temperature was set at
280 C, while mass scan range used between 40 and 450o

amu. The GC-MS equipped with a CP-Sil 5CB (100%
polydimethylsiloxan) fused-silica capillary column (25 m
× 0.32 mm i.d. and 1.2 µm film thickness). Operating
conditions were as follow: split ratio = 3, Helium carrier
gas (1.4 ml/min), injector and detector temperature 280 °C
and 300 °C, respectively and temperature program: 80°C
(1 min), 320°C (10°C/min, 5 min), hydrogen flow rate
(30ml/min), air flow rate (300 ml/min).

RESULTS mercury (ppb) in different brands

Ten sample replicates were run to test
reproducibility. The RSDs obtained for MeHg and Hg,
were 10.7 and 24.9% and the limits of detection were
found to be 5 and 3 ng/g in fish samples, respectively.
Finally, the proposed method was applied for
determination of total and methyl mercury in canned tuna
fish tissue.

The total mercury and methyl mercury
concentrations of canned tuna samples are summarized in
Table 1. The maximum mean concentrations of mercury
and methyl mercury in light and white tuna cans were
172±20.6, 135±16.6, 352.5±2.5 and 303.8±11.4ppb,
respectively (Table 1). The minimum mean concentrations Fig. 2: Mean percentage of methylmercury to total
of mercury and methyl mercury in light and white tuna mercury concentration
cans were 111±1.1, 88±2.3, 207.4±20.6 and 136.7±8.8ppb,
respectively (Table 1). In 43% of the white, but none of higher levels of mercury and methyl mercury in total brand
the light tuna can, total mercury exceeded 300 ppb. The of white tuna (mean 280.5 and 229.1ppb, respectively)
main finding of the present study was  the  consistently than  in  total   brands   of   light   tuna   (mean   142.8  and

Fig. 1: Mean concentration of mercury and methyl
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Table 2: Contamination percentage of samples to Hg and MeHg

MRL Range (Min-Max) % Contaminant (>LOD) % Contaminant (>MRL)

Hg 500 - 1000 110 - 355 100 0
MeHg 500 88- 330 100 0

LOD = detection limit, MRL = Maximum residual level.

Table 3: Mercury in canned tuna from persian Gulf- Iran: comparison among years

Total Mercury
----------------------------------------------------------

Year Mean ± SD Min - Max MRL Total Mercury(FDA) Reference

2004 117 ± 57.5 43 - 253 1000 [32]
2005 146.65 ± 63.35 80.5 - 289.93 1000 [33]
2010 238.03 ± 80.97 110 - 355 1000 Present study

113.4ppb, respectively) (p<0.05) (Table 1, Fig 1). The world because it is handy and reasonable food for most
highest mercury and methyl mercury concentrations were working families. For example, canned tuna is consumed
in brand 9 and brand 6 of white tuna can (Table 1 and Fig. by about 80% of Iranian, 32% of them consum less than
1). The lowest concentrations of both mercury and methyl once a month, 28% once a month, 25% 3-4 time a month
mercury were in brand 1 of light tuna can (Table 1 and Fig. and 4% more than once a week. According to these data
1). The percentage of methyl mercury to total mercury although most Iranian have relatively low exposure, a
showed in Fig. 2. Also, white tuna cans represented small percentage, accounting about several million people,
higher percentages than light tuna cans (Fig 2.) and the have excessive mercury levels due to consumption
highest percentage of methyl mercury to total mercury canned tuna. Data revealed that canned tuna production
obtained in brand 6. in Iran inceased significantly during last decads.

DISCUSION were 110 - 335 ppb but the MRL (maximum residues level)

Fish and seafood are the main source of protein and [25]. Also for MeHg, the persent data (Table 2), the
used by majority of people throughout of the world. So, ranges of MeHg were 88 - 330 ppb but the MRL (maximum
these types of products must be safe for human. But some residues level ) based on WHO was 500 ppb that
case, chemicals contaminants penetrate into aquatic increased too high [25]. But acorrding to data of Table 3,
environment and then accumulate in different organs of the ranges of totoal mercury in this study were slightly
seafood animals. Mercury is one of the most toxic metals higher than two study done before [32, 33]. The total
which readily can accumulate in fish and other seafood mercury contents were detected in most of canned fish. In
animals. The most important reason of mercury poisoning a study [29] reported that the totally 39 canned tuna from
in humans is the consumption of seafood animals that five Brazilian brands were analyzed mercury content and
contaminated with methyl mercury [26]. The WHO has the grand mean was 0.65 ppm, with 51% of cans exceeding
recommends that food with mercury levels of  0.5 mg/kg 0.5 pm and 15% higher than 1 ppm. Other research [30]
should not be consumed by human [23]. Also in Japan, shown that the totally 50 cans of Mediterranean chunk
due to the high consumption of fish, the government has tuna were analyzed by a mean of 0.29 ± 0.12 ppm, 20
recommended   that   fish   with  mercury  concentration samples exceeded the MDL of 0.2. A total 168 cans of
of  0.3 mg/kg should not be consumed [27]. tuna bought from a store in New Jersey between 1998 and

Tuna especially is well known to accumulate 2003 and tested them for mercury [31] and the results of
considerable amount of mercury in comparison with some this research shown that the white canned tuna had an
other fish species and it has recently been added to average total mercury concentration of 0.407 ppm and
several advisories that warn about using fish with light canned tuna averaged 0.118 ppm total mercury and
significant amounts of mercury [28]. Therefore, the health reported white-style tuna had significantly more total
risks may be increased in persons consuming high mercury than light style tuna. The result of this study was
quantities of tuna, because of inorganic mercury and in close agreement with data of present study. It
methyl mercury effects [23]. In the other hand, canned presumably reflecting that ‘‘white’’ tuna is generally
fishes in particular are well eaten in throughout of the prepared from a species (like albacore) relatively larger

Acorrding to persent data (Tabel 2), the ranges of Hg

based on WHO were 500-1000 ppb that increased too high



World Appl. Sci. J., 16 (4): 577-582, 2012

581

than the tuna species like Fito, which is commonly 3. Galindo, L., A. Hardisson and  F.G.  Montelongo,
available  as  ‘‘light’’.  Mercury  content  in  fish increases 1986. Correlation between lead, cadmium, copper,
with fish weight and therefore albacore tends to have high zinc and iron concentrations in frozen tuna fish,
mercury levels [11]. The fishes will have low Bull. Environ. Contam. Toxicol., 36: 595-599.
concentrations of mercury in their tissues if harvested at 4. Mirza, N., A. Pervez, Q. Mahmood and S.S. Ahmed,
a young stage with lower body weight [26]. These data 2010. Phytoremediation of Arsenic (As) and
indicate that people who eat canned tuna frequently can Mercury (Hg) Contaminated Soil; World Applied
choose light tuna and reduce their mercury intake. Sciences J., 8(1): 113-118.

The result of present study revealed that, 5. Graff,  R.D.,   M.A.   Philbert,  H.E.  Lowndes  and
methylmercury is a high percentage of total mercury in K.R. Reuhl, 1993. The effect of glutathione
canned tuna. Measuring the methyl mercury content in a depletion on methyl mercury-induced microtubule
subset of cans revealed that methyl mercury composed disassembly in cultured embryonal carcinoma cells.
about 65-96% (mean 80%). A report [11] shown that the Toxicology and Applied Pharmacol., 120: 20-28.
average MeHg in canned tuna (91%) with a range of 75- 6. Mohamed, E.F. Toufeek, 2011. Distribution of
100% is high in comparison with other study [31] with Cadmium and Lead in Aswan Reservoir and River
average of 89%. Nile Water at Aswan;  World  Applied  Sciences  J.,

At  the  present study, the statistically significant 13(2): 369-375.
were increased in total mercury content of Persian Gulf 7. Hoseinizadeh,  G.R.,  E.  Azarpour, H.
canned tuna  in  comparison  with  other  studies  done Ziaeidoustan, M. Moradi and E. Amiri, 2011.
before [32, 33]. This may be reflects utilization of a Phytoremediation of Heavy Metals by
different population of tuna because of the fish Hydrophytes of Anzali Wetland (Iran), World
movements and fishery aims. However, we expected this Applied Sciences J., 12(11): 2078-2081.
growth in mercury levels over time due to an increase of 8. Gunderson, E.L., 1995. Dietary intakes of pesticides,
industrial units in the region and off course the gradual selected elements and other chemicals: FDA total
increase in their application of mercury in recent years. It diet study, June 1984-April 1986. J. AOAC
is well known,  many  health benefits associated with International; 78: 910-921.
seafood consumption, especially during pregnancy and 9. Wallace, R.K. and L. Swann, 2002. Mercury in fish:
early life, but fish consumption is the primary source of Frequently asked questions. National Sea Grant
mercury exposure [11]. Pregnant women and young College Program of the U.S. 
children are the most sensitive groups. Exposure 10. Environmental Protection Agency [EPA], 1998.
increases with the frequency and amount of fish Assessing human health risks from chemically
consumed, as well as the concentration of methylmercury contaminated fish and shellfish: a guidance manual.
in the species. Therefore, the FDA advises limits on the EPA-503/8-89-002, Appendix F. US Environmental
amount, frequency and species of fish consumed by Protection Agency, Cincinnati, Ohio.
pregnant women and young children [28]. 11. Storelli, M.M., R.G. Stuffler and G.O. Marcotrigiano,
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