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Ö Z

Bu çalışma, Türkiye’de pazarlanan konserve balıklarda kalan civa seviyelerini tanımlamaktadır. Toplamda 375 balık nu-
munesi, cıva kalıntıları için Endüktif Çiftleşmiş Plazma Optik Emisyon Spektrometresi (ICP OES) ile analiz edilmiştir. Vali-

dasyon verilerinden niceleme limiti (LOQ) 0.008 ila 0.043 mg kg-1 arasında değişmiştir. Doğruluk ve kesinlik, %87.5 ile 109.3 
arasında ve geri kazanım %10’un altında varyasyon katsayısı elde ederek iki konsantrasyon seviyesinde (30 ve 50 mg kg-1) geri 
kazanım deneyleri yoluyla değerlendirilmiştir. Ayrıca, bağıl standart sapma (RSD) %0.2 ila %9, genişletilmiş ölçüm belirsizliği 
%11.1 ile %19.2 arasında değişmiştir. Araştırılan örneklerde %4.8’i saptanabilir civa seviyesinde tespit edildi, ancak bu sevi-
yeler yasal sınırların altındaydı. Hg düzeyi açısından türler arasında anlamlı bir ilişki yoktur (p<0.05). Türkiye’nin mevzuatına 
göre, örneklerin hiçbiri, maksimum 1.0 mg kg-1 sınırını aşmadı, ancak %1.3 Gıda ve Tarım Örgütü/Dünya Sağlık Örgütü (0.5 
mg kg-1) tarafından önerilen sınırı aştı. Validasyon çalışması sonucunda elde edilen tekrarlanabilirlik limitlerinin hem NMKL 
170 yöntemi ve Türk Gıda Kodeksine (Tebliğ No: 2014/2) hemde 2002/657/EC sayılı AB Komisyonu Kararı’na uygun olduğu 
bulunmuştur.

Anahtar Kelimeler 
Civa, konserve balık, ICP-OES, yöntem geliştirme.

A B S T R A C T

This study describes the residual mercury levels in canned fish marketed in Turkey. In total, 375 fish samples were ana-
lyzed by Inductive Coupled Plasma Optical Emission Spectrometry (ICP OES) for mercury residues. The quantification 

limit (LOQ) from the validation data ranged from 0.008 to 0.043 mg kg-1. Accuracy and precision were evaluated by means 
of recovery experiments at two concentration levels (30, and 50 mg kg-1), obtaining recoveries between 87.5% and 109.3% 
and coefficient of variation below 10%. Also, the relative standard deviation (RSD) ranged from 0.2% to 9%. The expanded 
measurement uncertainty for mercury ranged from 11.1% to 19.2%. In investigated samples, 4.8% were detected at a 
detectable level of mercury, but these levels were below the legal limits. With regard to hg level were no significant correla-
tions (p < 0.05) between species. According to Turkey’s legislation, none of for example the maximum limit of 1.0 mg kg-1 
did exceed the level, but 1.3% exceeded the limit recommended by the Food and Agriculture Organization/World Health 
Organization (0.5 mg kg-1). The reproducibility limits obtained as a result of the validation study were found to be appropri-
ate in accordance with both the NMKL 170 method and the Turkish Food Codex (Communiqué No: 2014/2), as well as the EU 
Commission Decision 2002/657/EC. 
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INTRODUCTION

Fish and other seafood have become one of the ol-
dest food sources of people. In parallel with the de-

velopment of science and technology, it has been in the 
diets of people from the first periods of history to the 
present. Their composition is similar to red meats such 
as beef, sheep, pork, and meat of poultry; It contains 
complete proteins, vitamins and minerals, which are 
considered to be the main nutrients for health, inclu-
ding highly unsaturated fatty acids such as omega-3 and 
omega-6 [1,2]. 

One of the most important problems today is the dis-
charge of industrial wastewater into rivers and seas. 
Chemical wastewater is usually the source of heavy 
metals. Heavy metals are toxic pollutants that are not 
biodegradable in the ecosystem. Unfortunately, heavy 
metals can accumulate in different organs of fish and 
marine animals and ultimately affect the human food 
chain [3]. 

Fish are ideal indicators of heavy metals contaminations 
in aquatic systems [4], because they are constantly ex-
posed to alloys in polluted waters [5, 6], and occupied 
different trophic levels [4], also may accumulate heavy 
metals, and represent one of the major sources of heavy 
metals for human [1,7]. The pollution of the aquatic en-
vironment has become a worldwide problem during in 
recent years [8]. Aquatic is the most important of the 
food chain and is able to concentrate some metals from 
the water [9]. For example, mercury (Hg) pollutant is 
one of the most studied elements. The duration of ac-
tion varies according to age, ambient temperature, salt 
ratio, pH and seasonal changes [10,11]. 

Heavy metals inhibit biological activity by damaging cell 
functions in living things. Heavy metals are classified as 
heavy metals (Fe, Cu, Zn, Ni and Se) which are required 
to be present at a certain concentration in life and heavy 
metals (Hg, Cd and Pb) which have toxic effects from their 
initial concentrations even at very low concentrations [12].

In terms of toxicity of heavy metals, the risk of people is 
determined by measuring the metal concentrations of the 
aquatic species with the highest economic value and the 
most consumed [9]. If toxic elements are to be taken for a 
long period, even very low concentrations can be harmful 
[13]. It is considered as one of the most hazardous metals 
in Mercury [14].

A lot of mercury is too low to be detected. In con-
trast, fish and fish products are found in large quanti-
ties. Mercury in human and animal organisms in vitro 
and in vivo by blocking the SH groups of the enzymes 
that contain the groups and causing damage to the cell 
membrane. Methylmercury is by far the most common 
form of organic mercury in the food chain [15]. Mercury 
is converted into methylciva by bacteria and organisms. 
Planktons are mixed with big fishes and sea mammals 
fed with small fishes and mussels and small fish that eat 
them [16]. The rise in water temperature in summer in-
creases the solubility of mercury in water and increases 
the concentration of mercury in fish [17]. Almost all of 
the methylciva in the food passes into the blood. Ner-
vous system, brain damage and kidneys on the heavy 
damage, recurrent miscarriage, nervous system devel-
opment disorders in children, has been determined by 
studies that cause stillbirths [18].

Most human exposure to mercury comes from the diet, 
and, in particular, through consumption of contaminat-
ed fish. Mercury accumulates in fish due to contamina-
tion of their marine environment and diet. As such, fish 
living in contaminated waters, or predatory fish living a 
long time, are more likely to be contaminated with mer-
cury. According to data available through the FDA, the 
commercial fish with the highest mercury content are 
tilefish (1.45 ppm), shark (0.988 ppm), swordfish (0.976 
ppm), and mackerel (0.730 ppm). The highest concen-
tration observed was 4.540 ppm, seen in shark samples 
[19]. 

Various institutions and organizations, such as the US 
Food and Drug Administration, the Food and Agricul-
ture Organization (FAO) and the World Health Organiza-
tion (WHO), limit the human intake of trace elements. 
The FAO/WHO Committee on Food Additives has de-
termined the daily intake for food additives and some 
pollutants in food, as well as temporarily acceptable 
weekly intake (PTWI) values. These determined values 
are important safety levels for people [20].

On the other hand, canning stays to be a particularly 
important form of commercial food preservation, and 
canned tuna constitutes a source of nutritious and rela-
tively inexpensive healthy food, which has long shelf life 
at ambient temperatures and suitable for worldwide 
distribution [21].
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Increasing fish consumption in Turkey has increased the 
need for assessing the quality of seafood. The aim of 
this study was to verify the methodologies using quan-
tification with ICP OES and to determine total mercury 
content in total 375 canned fish samples supplied from 
the markets in Istanbul, Bursa, Çanakkale, Izmir, Adana, 
Ankara, Gaziantep in 2016 and 2017.

The template is used to format your paper and style the 
text. All margins, column widths, line spaces, and text 
fonts are prescribed; please do not alter them. Your 
paper is one part of the entire proceedings, not an in-
dependent document. Please do not revise any of the 
current designations.

MATERIALS and METHODS

Sample collection
Samples of fish muscle from tuna species skipjack tuna 
(katsuwonus pelamis) (n = 90), bluefin tuna (thunnus 
thynnus) (n = 95), yellowfin tuna (thunnus albacares) 
(n = 90), and albacore tuna (thunnus alalunga) (n = 100) 
were supplied from the markets in Istanbul, Bursa, 
Çanakkale, Izmir, Adana, Ankara and Gaziantep in 2016 
and 2017. The total of 375 samples were transported 
to the laboratory and were kept frozen (−18 °C) until 
analysis. All samples were analyzed in triplicate for the 
presence of total Hg.

Devices, Reagents and Materials
All glassware was left to stand overnight in 6.5% (v/v) 
nitric acid (Merck, Germany), then washed with 10% 
(v/v) hydrochloric acid (Merck, Germany), then rinsed 
with distilled water and dried. Water is treated with 
reverse osmosis and has a resistance of 18.2 MΩ cm-

1. All reagents used, such as hydrogen peroxide, hydro-
gen chloride, sodium permanganate (Merck, Germany) 
were at the analytical reagent level. The mercury stan-
dard stock solution was prepared from Titrasol (1000 
mg L-1) (Merck, Germany) and diluted into the corres-
ponding metal solution. 2% solution of HCl (Merck, Ger-
many) was used to prepare the calibration standards. 
Calibration solutions were prepared with 5 ppb, 10 ppb, 
20 ppb and 40 ppb of 10 ppm Hg standard working so-
lution.

Inductively Coupled Plasma-Optical Emission Spectros-
copy (ICP-OES) with radial torch equipped with argon 
saturation assembly was used for the determination 
of mercury. The Vista – MPX CCD Simultaneous ICP 

OES was purchased from Varian Inc (Mulgrave Victoria, 
Australia). High purity (99.9%) argon was used as plasma, 
auxiliary and nebulizer gas (Air Liquid, SP, Brezilya). the 
gas flows were kept at 15.0 L min-1 for plasma, 1.5 L min-

1 for auxiliary and 0.56 L min-1 for nebulizer. Radio fre-
quency (R.F) power of the plasma generator was 1300 
watts. Vertical height of the plasma was fixed at 7 mm. 
It was employed 25 % SnCl2 (m/v) solution as reductant.

Analytical procedures for estimation of total Hg
The basis of the analysis is based on the principle of 
detecting the mercury concentration by ICP-OES after 
reducing the amount of Hg in the samples with sodi-
um borohydride to the element mercury by burning the 
samples in the microwave with nitric acid. Each sample 
was milled and homogeneously mixed in the blender. 
From the homogenized sample, about 1 g was weighed 
into the teflon sample incinerator. Then, 10 ml of HNO3 
(65% purity), 2-3 drops of H2O2 (30%) was added to the 
fume hood for 20 minutes. At the end of the period, the 
lids of the teflon containers were closed and placed in 
the microwave burner. At the end of the burning pro-
cess lasting 1 hour, the containers were removed and 
rested for 20 minutes. The contents of the containers 
were transferred to the flask. Then the level of ultrapu-
re water was completed and filtered and diluted with 
acid-resistant filter paper [22].

Validation and uncertainty calculation
The parameters for validation are as follows. The limit 
of determination, the limit of measurement, linear me-
asuring range, precision, repeatability, reproducibility, 
accuracy (reality), recovery. For the validation of mer-
cury analysis in all canned fish samples; canned fish 
were used as qualification test material. Concentrati-
ons were determined from the selected sample. Studies 
were carried out at the determined concentrations. The 
limit of determination (LOD) and the measurement limit 
(LOQ) were calculated according to the second edition 
of Eurachem 201 The Fitness for purpose of Analytical 
Methods for Second Edition 2014.

Statistical Analysis
The results of the mercury concentration in canned fish 
were transferred to Microsoft Excel spread sheet (Mic-
rosoft Corp. Redmond, WA, USA) for analysis. One-way 
analysis of variance (ANOVA) was implemented using 
SPSS version 16 software to test the significance of con-
taminating trace elements level variations among the 
fish canned samples. The statistical significance level 
was set at p < 0.05 for all tests. 
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RESULTS

Method validation
For the purpose of mercury analysis within the scope of 
the method validation, the method is used to calcula-
te the limit of, measurement limit, linear measurement 
range, accuracy, reproducibility, reproducibility, ac-
curacy and recovery values; For the main component 
analysis, the results of the analyzes with canned fish 
samples were calculated and the reproducibility values 
of the results were calculated. Correlation coefficients 
and sensitivity values are shown in Table 1. We can ob-
serve that values obtained for correlation coefficients 
are above 0.9997 for all elements, suggesting a good li-
nearity of analytical curves in work ranges defined. The 
parameters and calculation techniques used in method 
validation studies are presented below.

Determination limit (LOD) and measurement limit (LOQ)
Mercury standards (0.005ppm-0.01ppm-0.02ppm-
0.04ppm) were prepared for the determination limit 
(LOD) and measurement limit (LOQ) operation. Calibra-
tion curve was created on the device. After the addition 
of acid to each of the 20 different teflon sample conta-
iners which were applied to each sample without using 
a sample (reagent), the mercury concentration that the 
device was able to read with the least deviation was 
calculated and spiked into each container and the in-
cineration was performed. The dilution was applied to 
the sample and the mercury was read. According to Eu-
rachem The fitness for purpose of Analytical Methods 
pose Second Edition 2014 using the values   of twenty 
different mercury mean values, the determination limit 
(LOD) and measurement limit (LOQ) were calculated. 
Average recovery rate was 97 ± 2% for mercury.

Linear Measuring Range
In order to determine the linear measuring range, 4 dif-
ferent concentrations of mercury mineral were made 
and the following Figure 1. graph was obtained.

Repeatability and Repeatability Limit
For this purpose, a total of 46 recovery studies were 
carried out by 3 analysts for mercury analysis, 2 for fish 
sample and 2 different concentrations for this matrix. 
The repeatability limit was calculated for each of the 3 
analysts according to the following formula: r = 2.8 x Sr
Reproducibility and Reproducibility Limit

For this purpose, a total of 36 recovery studies were 
carried out by 3 analysts in 2 different concentrations 
of mercury mineral, fish sample and this matrix. The 
reproducibility limit is calculated according to the follo-
wing formula:  R = 2.8 x Sr

Accuracy and Recovery
The reality work for accuracy is done by recovery. For 
recovery, 3 analysts conducted a total of 59 gains in the 
following concentrations: Results and calculated % re-
covery results are given the Table 2. The recovery rate 
was calculated according to the following formula:
% R = [(CF - CU) / CA] x 100

Uncertainty calculation
Uncertainty of analytical methodology to determine inor-
ganic contaminants was estimated for the main factors 
that aggregate variations in methodology such as uncer-
tainty from sample weighing, uncertainty from sample 
volume, uncertainty from standard preparation, uncerta-
inty from the calibration curve, uncertainty from person-
nel, uncertainty from combustion containers, uncertainty 
from incineration as per guidelines EURACHEM 2002. The 
uncertainty from precision, the relative standard deviation 
calculated for each matrix and for each concentration of 
reproducibility studies were taken as certainty uncerta-
inty. The uncertainty from accuracy, the difference from 
the mean of the regression study was found to be signifi-
cant from 1 and the uncertainty from accuracy was calcu-
lated by the following 1, 2, 3 with formulas. 

Element λ (nm) r
Straight line 

equation
Sensitivity (L 

mg−1)
LOD 

(μg L−1)
LOQ (μg L−1)

Hg 192.30 0.9997
Y = 14748.7x + 

1.920
14567 0.1* 1

 *Statistical significance: p<0.05. LOQ: Limit of Quantitation.

Table 1. Enantiomeric separations using cyclodextrins (CDs) and derivatives as chiral selectors.
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Added concentration
0.5ppm Hg

Achieved concentration
(mgkg-1)

%Recovery

Added concentration
0.3ppm Hg

Achieved concentration
(mgkg-1)

%Recovery

Hg

0.478 95.72 0.261 87.45

0.457 91.54 0.267 89.56

0.467 93.52 0.289 96.85

0.469 92.15 0.287 96.28

0.381 76.28 0.265 88.66

0.398 79.76 0.274 90.56

0.417 83.54 0.293 98.12

0.403 80.68 0.294 98.29

0.416 83.28 0.291 97.42

0.527 105.52 0.292 97.85

0.461 92.57 0.278 93.27

0.512 101.82 0.294 98.32

0.497 99.56 0.286 95.91

0.507 101.46 0.287 96.15

0.505 101.14 0.299 100.54

0.487 97.57 0.326 109.26

0.504 100.86 0.326 109.26

0.502 100.58 0.317 106.22

0.512 102.18 0.318 106.52

0.494 98.86 0.318 106.65

0.47 94.69 0.322 107.72

0.474 94.94 0.321 107.55

0.461 92.34 0.299 100.06

0.502 100.54 0.282 94.34

0.503 100.63 0.293 98.12

MEAN 0.471 94.54 0.295 98.76

Table 2. Results and calculated % recovery.

Mean achieveda 
(mg kg−1)

Combined standard 
uncertainty (mg kg−1)

Combined standard 
uncertainty (%)

Expanded standard 
uncertainty (mg kg−1)

Mercury 0.039* 0.021 5.67 0.006

 *Statistical significance: p<0.05. LOQ: Limit of Quantitation.

Table 3. Combined and expanded uncertainty applied to analysis of certified reference material, k = 2
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Table 3 shows results obtained for Hg in 375 samples 
analyzed. In Turkey, the maximum levels of inorganic 
contaminant in fish are established by the Turkish Food 
Codex and the Ministry of Agriculture and Forestry. For 
fish and fishing products, the maximum tolerance levels 
are: Hg = 1 mg kg−1. Considering the boundaries of the 
Turkish Food Codex legislation from the sample of 102 
canned fish samples, there was no level above the ma-
ximum tolerance limit for Hg. 

The Hg content of all samples was found at different 
measurable levels (Table 3), the value of the smallest 
Hg (0.046 ± 0.845 mg kg-1 ww), the highest value of Hg 
(0.382 ± 0.153 mg kg-1 ww). However, no significant dif-
ference was found between canned fish samples. The 
maximum level accepted for Hg in canned fish (1 mg 
kg-1 weight) [23]. 

Determination of Hg level
The results of the present investigation showed that 
canned fish were contaminated with mercury heavy 
metal. Hg content in all canned fish was found at dif-
ferent measurable levels (Table 4), the average value of 
Hg in canned skipjack tuna (0.381 ± 0.005 mg kg-1 ww), 
for bluefin tuna (0.274 ± 0.005 mg kg-1 ww), for yellow-
fin tuna (0.173 ± 0.005 mg kg-1 ww) and albacore tuna 

(0.079 ± 0.005 mg kg-1 ww) [23]. However, none of the 
samples analyzed had mercury levels above the maxi-
mum limit.

DISCUSSION

Comparison with reported literature values
The precision and accuracy of the method was tested 
using repetitive spike of a sample and finally, the app-
ropriate recovery was confirmed (Table 2). The limit of 
detection (LOD) of mercury are 0.5 and 0.3 ppm for can-
ned fish samples, respectively.

Regular monitoring of mercury contamination in fish 
and fish cans, or limitation of residual residues, and the 
residual analyzes carried out accordingly are the lea-
ding control methods of the state [24]. 

In a studie conducted in Al-Busaidi et al., in 2011 found 
the Hg level ranged from 0.015 to 0.110 mg kg-1, in 
freshed and frozen marine fish and none of the samples 
exceeded the EU limit [25]. Hajeb et al., in 2009 studied 
Hg level in commonly consumed marine fishes in Ma-
laysia and the tuna species had the highest level (4.15 
μg g−1) [26]. In America, Gerstenberger et al., in 2010 
examined the levels of total mercury in a New Jersey 
grocery store Hg (0.407 mg g-1) was found in the canned 
white-style tuna than canned light-style tuna (0.118 mg 
g-1) [27]. In studies conducted in Spain, Bordajandi et 
al., in 2004 found Hg levels of 0.30 and 0.28 mg kg−1 
in canned and frozen tuna, respectively [28]. Blanco et 
al., in 2008 also studied Hg in canned and frozen tuna, 
having obtained values ranging from <0.10 to 0.87 and 
from <0.10 to 0.49 mg kg−1, respectively [29]. In Aus-
tria, Hg concentration was found to be 0.048 mg g-1 in 
canned tuna samples collected from grocery stores. In 
countries sold in Italy, 8.9% of tuna canned food [30] 
and 33.3% in Spain exceeded the European legal limits 
for Hg within the limits set by the EU. 

Samples
Mean

(mg kg−1)
Standart devition

(mg kg−1)
Standart error

(mg kg−1)
Minumum
(mg kg−1)

Maximum
(mg kg−1)

Canned skipjack tuna 0.381 0.264 0.063* 0.09* 0.66

Bluefin Tuna 0.274 0.189 0.042* 0.08* 0.51

Yellowfin Tuna 0.174 0.135 0.036* 0.04* 0.53

Albacore Tuna 0.079* 0.054* 0.011* <LOQ 0.22

 *Statistical significance: p<0.05. LOQ: Limit of Quantitation.

Table 4. Combined and expanded uncertainty applied to analysis of certified reference material, k = 2.
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In many studies conducted on canned tuna fish pro-
duced and marketed in Iran, Hg concentrations were 
significantly lower than those determined by FAO/WHO 
[31,32]. Abolghait et al., in 2015 examined mercury 
levels in Italy, Libya, Spain and Thailand. Hg concen-
trations were between 0.163 - 0.373 mg g-1 [5]. In the 
United States, Ikem et al., in 2005 also studied total Hg 
presence in canned tuna, and observed values ranging 
from 0.05 to 0.74 mg kg−1 [33]. Such values are lower 
than those obtained in a study conducted by Zhang et 
al., 2001, which have observed Hg values varying from 
0.025 to 0.137 mg kg−1 for canned salmon [34]. Mol in 
2011 found a higher maximum level of 1.14 mg kg−1 Hg 
in canned tuna produced in Turkey than in the present 
study [35]. Unusual high Hg level of 2.93 mg kg-1 Hg ww 
was reported in canned yellowfin in Taiwan [36]. Low-
enstein et al., in 2010 analyzed samples from different 
tuna species sold in New York, New Jersey and Colo-
rado restaurants and supermarkets [37]. The authors 
have observed Bigeye Tuna (Thunnus obesus) species 
exhibited the highest levels of Hg (0.365–2.254 mg kg-

1). Canned tuna fish from the Mediterranean coast of 
Libya had Hg levels well below the permissible limits at 
range from 0.20 to 0.66 with an average value of 0.29 
mg kg-1 ww [38]. The concentration of Hg in skipjack 
tuna caught off Eastern Pacific Ocean and in front of 
the Baja California Peninsula was 0.104 mg kg-1 ww [39].

The season which the seafood samples were collected 
and analyzed for presence of heavy metals is another 
determinative factor in the concentration of toxic ele-
ments. It seems that different seasonal dependent con-
ditions such as water temperature, dietary factors and 
growth and reproductive cycles are effective on heavy 
metal fluctuations. The higher metal content in win-
ter might be a result from considerable rainfall which 
washed down the wastes [40,41]. 

Regarding the existing law for Hg, the European Com-
munity, Canada, and the FDA establish a total Hg level 
of 1 mg kg−1 [42,43]. Japan sets forth limit values of 0.4 
mg kg−1 [44], whereas in Brazil and Turkey limit values 
are 0.5 mg kg−1 for non-predator fishes and 1.0 mg kg−1 
for predator ones [4].

The results of this study showed that canned fish sam-
ples obtained from grocery stores were significantly 
contaminated with mercury heavy metal. However, the 
levels of this toxic element are generally lower than 
their permissible levels, but the consumption of con-
taminated seafood even below permissible levels may 
be detrimental to human health. One of the most im-
portant points to assess the levels of mercury heavy 
metal in seafood is the comparison of the allowable 
scope and the acceptance of the daily intake of heavy 

Figure 1. Linear measuring range.
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metal with the amount obtained. The recommended 
acceptance limits for mercury are 0.5 mg kg-1 [45,46]. 
The highest mercury level determined in our study were 
45.33 μg g-1. The levels of the detected elements were 
lower than the recommended acceptable limits. How-
ever, monitoring of a continuous Hg concentration in 
canned fish products is essential for food safety.

One possible explanation for the lower mercury content 
in our results is the fact that our study is not in close 
contact with pollutant sources, such as oil tankers and 
industrial wastewaters. In addition, the differences bet-
ween the races in the study of seafoods investigated in 
our study are another reason for the fact that the samp-
les used in our study are canned fish, ie the prevalence 
of heavy metals is lower.

CONCLUSIONS

As a result, an important part of our world has been 
contaminated with mercury in the last half-century, and 
it is a fact that pollution is concentrated especially in 
closed seas and inland waters. Mercury impurities ac-
cumulate at increasing concentrations throughout the 
food chain and threaten all kinds of living things. For 
these reasons determination of mercury residue levels 
in our foods, accelerating the studies that can be taken 
without harm, and taking the necessary measures wit-
hout delay to determine the causes of pollution has be-
come a definite necessity.

The levels of trace metals in fish samples widely used 
in Turkey cuisine (skipjack tuna, bluefin tuna, yellowfin 
tuna and albacore Tuna) marketed in Turkey were de-
termined and assessed for their quality by comparing 
element levels in samples with maximum permitted le-
vels stipulated by different agencies and organizations. 
The result from this study suggested that differences 
existed in the element concentrations even within the 
same fish species.

As a result, for four species assessed in this study have 
not shown Hg concentration levels above the limit es-
tablished by the Turkey law; however, for hg all species 
have demonstrated concentrations below permitted 
levels, which is compliant with results obtained in ot-
her studies. In addition, analytical data obtained from 
this study shows that the metal concentrations for the 
varieties of canned fishes especially mercury were ge-
nerally lower than the FAO/WHO, FDA and U.S. EPA 

recommended limits for fish [47]. Canned therefore, 
monitoring of these products is important with respect 
to toxic elements affecting human health. Based on the 
results obtained, that there is no risk in canned fish with 
respect to the concentrations of mercury. However, it 
was observed that some samples may contain close to 
the legal limits determined by the health authorities. 
These results may provide useful information for asses-
sing toxic metal uptake. These data could be used as a 
baseline for monitoring future changes in trace metal 
concentrations in fish as the population of this region 
grows. Also, this study will help to generate the data ne-
eded for surveillance programs aimed at ensuring the 
safety of the food supply and minimizing human expo-
sure to toxic metals.
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