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This study analyzed 34 canned fish products, including 28 tuna specimens, 3 salmon specimens, 1 mackerel specimen, and 1 anchovy specimen, from 13 different brands purchased in Türkiye. The study aimed to determine metal/metalloid levels in canned fish and potential health risks for both children and adult consumers. The metal/metalloid levels in the samples were determined using an Inductively Coupled Plasma–Mass Spectrometer (ICP–MS), with the range of levels found as follows (mg/kg, ww): Fe (12.12–101.4), Cu (2.19–11.68), Zn (4.06–33.56), Se (0.24–10.74), Al (1.41–14.45), Cr (0.06–4.08), Pb (0.10–0.43), Cd (0.001–0.110), and As (0.01–0.13). Estimated weekly intake (EWI) levels were found that the consumption of canned fish products did not pose any risk based on the EWI levels and provisional tolerable weekly intake (PTWI) limits. However, three tuna samples had target hazard quotient (THQ) levels above the threshold (>1). Arsenic levels were found to increase the carcinogenic risk for child consumers if they heavily consumed 18 canned fish products, including 15 tuna, 2 salmon, and 1 mackerel. The maximum allowable consumption rates (CRmm) for each canned fish product were calculated monthly. Consequently, the consumption of canned fish by children can pose health risks.
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1. Introduction

Canning is a healthy alternative food to reduce the occurrence of non-communicable diseases caused by nourishment (1). This process was established after close observation of heat treatment and high-quality preservation of food stored in sealed glass bottles. It became even more common right after the invention of metal cans. Canned fish was first introduced to the United States in 1815. Fish such as tuna, shad, and alewives were first canned in the early twentieth century (2). With the COVID-19 pandemic, consumers have tended to pay more attention to their diet, and the place of fish in the diet and canned products has increased due to consumer demand. In this period, processed and packaged products were preferred more than fresh or chilled products all over the world (3–9). Processed product consumption in Europe increased from 424 thousand tons to 511 thousand tons from 2019 to 2020 with the pandemic (10). The increase in consumers' preference for processed and packaged products instead of fresh or chilled products has increased the purchase of canned products. For instance, canned food consumption increased 21% in Portugal, 14% in Italy, and 13% in Luxembourg during the pandemic period (11). The increase in consumers' orientation toward canned products caused an increase of 7% in all tuna fish imports in Europe and 11% in filet tuna imports in 2020 (10). However, as with all food products, there are risks in canned products that may adversely affect consumer health. For example, in canned fish, which is one of the most common canned products, contaminations can be observed in the transportation and processing processes, as well as the contaminations that may occur in the habitat of the fish (12–15). For this reason, it is essential to monitor regularly the canned products offered to the consumer for contaminants. In recent years, studies on microplastic and Bisphenol-A contamination in canned products have also been carried out (15–19). There is also a lot of research on metal pollution, one of the most common risks in canned fish (13, 14, 20–32). Studies on metal contamination in food products have largely concentrated on the quantification aspect. Authorities such as the European Union (EC, 1881/2006), World Health Organization (WHO), the US Environmental Protection Agency (US EPA), and the Turkish Food Codex (TGK) have already established limit values with regard to the potential risks of metal contamination of food products for human consumption. However, estimating the health risks that the metal levels in the product will create for the consumers has become even more essential regarding food safety. As a result, the evaluation of metal contamination in food products has expanded to include both consumer health and ecological pollution (38). In addition to establishing limit values, several consumer risk assessment criteria, such as estimated weekly intake (EWI), target hazard quotient (THQ), and lifetime cancer risk (CR), have become increasingly relevant to ensure consumer health and food safety. Moreover, contamination of processed seafood can also occur during transportation, processing and packaging (12, 14, 24). For this reason, it is important for food safety to calculate the metal levels and related health risk estimation calculations of the canned seafood products offered to consumers, which have an increasing market share worldwide.

Therefore, this study investigated health risk calculations based on metal/metalloid levels in 34 canned fish samples of 13 different brands purchased from grocery stores in Turkey during the summer of 2021. Initially, the levels of elements such as Fe, Cu, Zn, and Se were investigated due to their effects on the nutritional quality of canned fish products and potentially toxic metals/metalloids such as Al, Cr, Pb, Cd, and As, which have a risk of adversely affecting consumer health. Then, based on the metal/metaloids concentrations, health risk calculations were carried out. In this context, the calculations of health risk analysis (EWI, THQ, and CR) were made in adults and children in case of consumption once, three, and 5 days a week to predict the possible risks in terms of consumer health consuming of 34 different canned fish products. In addition, the maximum allowable consumption for canned fish was measured daily and monthly for the samples examined.



2. Materials and methods


2.1. Canned fish

This study involved the procurement of 34 canned fish samples from seven companies that were obtained from local markets in Türkiye in 2021. These canned fish samples were derived from various fish species such as Black Sea anchovy, Norwegian salmon, longtail tuna, yellowfin tuna, skipjack, and mackerel (Table 1).


TABLE 1 Characteristics of sampled canned fish. In the code column, the letters indicate brands, and the numbers indicate products.
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2.2. Elemental analyses

Metal analysis of canned fish was performed using the method of Canli and Atli (33). Canned fish samples with a wet weight (ww) of 0.1 g were treated using a solution of 2 ml perchloric acid and 4 ml concentrated nitric acid (Merck, Darmstadt, Germany). The canned fish samples were subjected to digestion by placing them on a hot plate set at 150°C until complete dissolution of the tissue. The levels of various trace elements including Iron (Fe), zinc (Zn), copper (Cu), selenium (Se), aluminum (Al), cadmium (Cd), chrome (Cr), lead (Pb), and arsenic (As) present in the canned samples (mg/kg) were determined using Inductively Coupled Plasma-Mass Spectrometer (ICP-MS) (Agilent, 7500ce, Japan). The operating conditions of ICP-MS were as below: radio frequency (RF) 1,500 W; plasma gas flow rate, 15 L min−1; auxiliary gas flow rate, 1 L min−1; carrying gas flow rate, 1.1 L min−1; spray chamber T, 2°C; sample depth, 8.6 mm; sample entry rate, 1 mL min−1; nebuliser pump, 0.1 rps. The ICP-MS was calibrated with a high-purity multi-standard (Charleston, SC 29423) mixture for the elemental analysis. Standard solutions for calibration curves were prepared by the dilution of a stock solution of selected elements. Standard solutions prepared for toxic metals were in the 1–50 ppb (0.001–0.050 mg/L) range, while for macro and trace elements, they were in the 1–50 ppm (1–50 mg/L) range. The accuracy of the metal analysis was ensured through the use of the International Atomic Energy Agency's (IAEA) Certified Reference Material (CRM) IAEA-436. The IAEA reference material prepared by the International Atomic Energy Agency's Marine Environmental Studies Laboratory (MESL) was used for tuna meat homogenate. The same methodology as that used for analyzing the samples under study was employed for the reference material utilized in this research. The certified value of the IAEA436 reference material was compared to the observed value. Repeated analysis of the reference material demonstrated good accuracy (Table 2). The limit of detection (LOD) for Fe, Cu, Zn, Se, Al, Cr, Cd, and Pb and As, were 0.018, 0.056, 0.108, 0.027, 0.001, 0.007, 0.0004, and 0.048 and 0.003, mg/kg, respectively (Table 2).


TABLE 2 The confirmed and observed values of reference material (IAEA-436) and the quantitative limits for the elements.
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2.3. Health risk estimation

In order to assess the risks associated with consuming the canned fish samples, EWI, THQ, and CR values were calculated for consumption frequencies of once, three, and five times per week. In health risk estimation calculations, using seafood consumption data (16.82 g/person/day) provided by Turkish Statistical Institute (T.S.I., 2020) since specific canned fish consumption data for Turkey from the were not available. The calculations were conducted separately for both adults and children. According to data from the United States Environmental Protection Agency (34), a body weight of 70 kg and a lifespan of 70 years for adult consumers, and a body weight of 32 kg for children (35) and a lifespan of seven years were considered.

All metals except for As were directly analyzed using instrumental analysis values. Total As has a higher proportion of organic forms than inorganic forms, with organic As being less toxic than the inorganic form (36). Consequently, this makes it difficult to assess the potential health risks associated with its concentration in fish samples (37, 38). To evaluate the risk factors (EWI, THQ, and CR) associated with As concentration, the toxic form was assumed to be 3% of the total As concentration, as suggested in previous studies (38–41).

EWI was calculated using the formula determined by USEPA (34):

[image: image]

The EWI equation used in this study includes the metal concentration (CM), consumption rate (CR), and consumer body weight (BW). The calculated EWI values were compared with the provisional tolerable weekly intake (PTWI) levels established by the FAO/WHO Joint Expert Committee on Food Additives (JECFA) and the European Food Safety Authority (EFSA). PTWI represents the lifetime weekly intake of a substance in food or drinking water that is unlikely to cause significant health risks, based on body weight (mg/kg body weight).

The THQ calculation represents the ratio of exposure to metals, metalloids and reference doses (RfD), which is used to assess the non-carcinogenic risks of metals. THQ values were determined using methods established by the USEPA (42).
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In this equation, EF represents the frequency of exposure to the metal or metalloid of interest at 52, 156, and 260 days per year for weekly, 3 and 5-day exposures, respectively. ED stands for lifetime exposure time. This is 70 years for adults while it is 7 years for children. CR represents the consumption rate, and CM represents the metal concentration in the tissues of the samples investigated. RfD represents the oral reference dose. Based on US EPA (42) data, RfD values used for As, Cd, Pb, Cr, Fe, Cu, Zn, Se, and Al are 3.10−4, 1.10−3, 4.10−3, 3.10−3,0.7, 0.04, 0.3, 5.10−3, and 1.00, respectively. BW indicates body weight. As reported by USEPA, 70 kg was used for adults and 32 kg for children. AT indicates the average non-carcinogenic time; the AT value was calculated as 365 days/year × ED. The THQ value of >1 indicates that consuming the examined canned fish samples may cause different non-carcinogenic health problems for consumers (42, 43).

∑THQ is the sum of the THQ values of all elements studied.
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CR calculations were applied according to US EPA, 2019. CR calculates cancer risk in people exposed to metal pollution through consumption. CR values above 10−5 include a high risk of developing cancer.

[image: image]

The CR equation includes a modification where the cancer slope factor (CsF) value is used. For the metals Pb, As, Cr, and Cd, the CsF values used were 8.5.10−3, 1.5, 0.5, and 6.3, respectively, according to the US EPA (42).



2.4. Maximum allowable consumption rate

The US EPA suggests that the daily limits on fish consumption should be expressed as the number of meals that can be safely consumed in a given period for a specific meal size. Therefore, in this study, the daily fish consumption limit (CRlim) and the number of meals per month (CRmm) were calculated. For non-carcinogenic heavy metals, the CRlim was determined using Equation (5). For carcinogenic metals and metalloids (Cd, Cr, Pb, and As), CRlim was calculated using Equation (6).
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Information on the number of meals that a consumer can safely consume is more practical than daily limits. The maximum allowable consumption rate, CRmm, is expressed in terms of the number of meals per month. If the consumption rate of a contaminated fish species is more than 16 meals per month, it suggests that consuming this species does not pose a significant risk to human health (34). Therefore, the number of meals allowed per month for a consumer was calculated by considering multiple pollutants for both carcinogenic and non-carcinogenic effects using the following Equation (7) proposed by the US EPA (34):
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In these Equations (5–7), ARL is the maximum acceptable individual lifetime risk level (unitless; it was used the risk level of 10–5). The TAP refer to the average time interval (365.25 days/12 months = 30.44 days/month) and MS refer to the amount of food per meal that is 0.227 kg fish/meal for adults, 0.114 kg fish/meal for children.



2.5. Statistical analyses

Results are reported as the mean and standard deviation of the measurements. SPSS version 17.0 (SPSS Inc., Chicago, IL. USA) was used for statistical evaluations of the changes of values among 34 different brands for each metals. To determine significant differences between the levels detected for each metal/metalloid in canned fish samples, a one-way analysis of variance (ANOVA) combined with Duncan's multiple range test comparisons at p < 0.05 were performed.




3. Results and discussions

Fe, Cu, Zn, Se, Al, Cr, Cd, Pb, and As levels (mg/kg, ww) were determined for 34 canned fish samples from 13 brands with three replicates purchased from Turkish markets during the summer of 2021 (Table 3). In addition, consumer health risk assessment was performed by calculating EWI and THQ values (Table 3), as well as CR and CRmm values (Tables 5, 6, respectively).


TABLE 3 Metal levels in 34 canned fish products (mg/kg ww).
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3.1. Metal/metalloid levels of canned fish samples

The levels of Fe, Cu, Zn, Se, Al, Cr, Cd, Pb, and As in different canned fish samples are presented in Table 3. Iron, Cu, Zn, and Cr values were observed in all samples (Figure 1). However, in a few samples, Al, Cd, and As concentrations were <LOD values. The highest metal levels were found for Fe, Zn, and Al in canned fish samples while the lowest amounts were found for Cr, Cd, Pb, and As. The mean of metal/metalloid concentrations found in all canned fish samples was as follows (mg/kg, ww): Fe (36.25), Cu (4.45), Zn (11.52), Se (4.16), Al (6.77), Cr (0.41), Cd (0.02), Pb (0.25), and As (0.05). Mean metal/metalloid concentrations were compared with maximum limit values set by the Turkish Food Codex (TFC), Food and Agriculture Organization (FAO)/World Health Organization (WHO) and European Commission (EC). FAO/WHO (44) maximum limits for Cu, Zn, Cd, and As were reported as 30, 40, 0.5, and 0.3 mg/kg, respectively. The EC (45) and TFC (46) reported maximum limits for Cd and Pb as 0.05 and 0.2 and 0.05 and 0.3 mg/kg, respectively. The mean Cu concentration is above the maximum limits reported by FAO, while the Zn concentration is below the maximum limit. Cd value were below the maximum limits for all codexes. While the mean Pb concentration was below the maximum limit value according to FAO and TFC, it was above the EC limits. In terms of statistical evaluation, significant differences were observed between the samples for Al. There are statistical differences between D3 and all other samples (p < 0.05). For Cr, there are statistical differences between P1, D1, and D2, and there are statistical differences between these three and all others (p < 0.05). For Fe, there was no statistical difference between Y2 and D1 (p > 0.05), while a statistical difference was found between these two and all other samples (p < 0.05). For Cu, while there were statistical differences between SF1, SAS2, and P2, there were also statistical differences between these three and all other samples (p < 0.05). For Zn, there were statistical differences between V1 and D6, while these two were statistically different from all other samples (p < 0.05). For Se, statistical differences were found between SF2 and all samples (p < 0.05). For As, there was a statistical difference between W1 and D7, while these two samples were statistically different from all other samples (p < 0.05). For Pb, there was no statistical difference between SF3 and P1 (p > 0.05), while statistical differences were found between these two and all other groups (p < 0.05). For Cd, while there was no statistical difference between D12 and MI1 (p > 0.05), these two were statistically different from all other groups (p < 0.05).
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FIGURE 1
 Metal levels in 34 canned fish products.


Iron, Cu, Zn, and Se are essential for fish nutrition (26). In this study, Fe, Cu, Zn, and Se values in canned fish are similar to the values reported by the several authors (13, 14, 22, 26, 29). It was determined that the highest Fe, Zn, and Se values were found in tuna fish compared to the canned fish species tested. Similarly, Alcala-Orozco et al. (14) found that these elements were higher in tuna whereas it was determined that Cu levels were high in tuna and anchovy. Tuzen and Soylak (21) also reported similar results. Another remarkable finding in the canned anchovy samples examined is the high levels of Zn, which is in agreement with work of Tuzen and Soylak (21) since higher zinc levels was reported by these researcher in canned anchovy. However, the Se values were lower in canned anchovy compared to other investigated canned fish samples. Selenium is a nutritionally essential trace element for the activity of over 30 enzymes with vital functions. Nevertheless, the canning process can decrease the Se level (47), which has a negative effect on the nutritional value of canned anchovies.

One of the important elements in terms of consumer health is Al. Aluminum is closely associated with many neurological diseases, such as Alzheimer's, Parkinson's, and MS (48). Although Al has been studied relatively less in canned fish, in the current study Al values observed in all four canned fish species were higher than in several studies (21, 49, 50). Al Ghoul et al. (22) reported similar levels of Al values in canned tuna. High Al values may be due to contamination in the fish's transportation, processing, and packaging processes. It is known that in canned fish products, transportation, processing, and packaging processes can cause contamination as well as the habitat of the fish used for canning fish products (14).

In this study, metals and metalloids such as Cr, Cd, Pb, and As, which may pose health risks for consumers, were also investigated. ATSDR (51) reported that Cd, Pb, and As elements are among 10 most dangerous toxic substances in the Priority List of Hazardous Substances, while Cr metal is among the 100 most dangerous substances (38). The canned fish product with the highest Cr and Cd levels was tuna. Mackerel was the species of canned fish with the highest value for As (0.11 mg/kg), a critical toxic metalloid. Chromium, Cd, Pb, and As values in tuna samples were determined as 0.43, 0.03, 0.25, and 0.05 mg/kg, respectively. The level of Cr, Pb, and Cd values found in this study are similar to the values by Alcala-Orozco et al. (14), Miedico et al. (20), Kowalska et al. (23), Ulusoy (24), Ashraf et al. (25), Novakov et al. (26), Popovic et al. (27), and Rahman et al. (29). Arsenic values in canned fish, in contrast, are similar to the values by Ulusoy (24); however, it is lower than reported by several studies (14, 26, 29, 49). This difference is due to the direct use of As values determined as a result of instrumental analyses in most studies. However, a significant portion of the As value in fish is organic, and organoarsenic are not as toxic as inorganic forms (36). Therefore, the toxic As value is assumed to be 3% of the total As concentration (37–41).

Girolametti et al. (52) reported Cd, Pb, and Fe levels in wild and farmed tuna fish as 0.01 and 0.02, 0.11 and 0.03, 13 and 7, respectively. Although the reported Cd levels were similar to the present study, Pb and Fe levels were lower than the present study. This difference may be due to the additives such as oil and water used during the canning process and may also be related to the size of the fish used in packaging. For example, in the study by Milatou et al. (53) investigating the metal levels of Atlantic bluefin tuna fish according to different size groups; Fe levels in tuna fish of 250–289 cm length are similar to the data in the present study, while there are differences in other lengths. This emphasizes how crucial it is to provide comprehensive information on packaging regarding the methods of processing and the fish utilized. Because there is a possibility that product quality may be affected during transportation and canning processes.



3.2. Health risk analysis

EWI, THQ (Table 4), and CR (Table 5) values were calculated to assess consumer health risks associated with the consumption of canned fish samples from the different brands. The present calculations were based on the assumption that individuals in two age groups (children and adults) consumed canned fish at different frequencies, including once, three times, or five times a week.


TABLE 4 Estimated weekly intake (EWI; μg/kg BW) and target hazard quotient (THQ) values for each metal analyzed according to different consumption frequencies.
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TABLE 5 Target carcinogenic risk (CR) values for Cr, As, Cd, and Pb according to different consumption frequencies.

[image: Table 5]


3.2.1. EWI

The results of the study indicated that the estimated weekly intake (EWI) values of all the metals detected in canned fish were lower than the provisional tolerable weekly intake (PTWI) limits set by the relevant authorities (Table 4). The PTWI levels for iron (Fe), copper (Cu), and zinc (Zn) were determined by the Food and Agriculture Organization/World Health Organization (FAO/WHO) in 1983, while the levels for aluminum (Al) were established by the Joint Expert Committee on Food Additives (JECFA) in 2011. The European Food Safety Authority (EFSA) set the PTWI level for arsenic (As) in 2009. The PTWI levels for Fe, Cu, Zn, Al, and As were established at 5,600, 125 μg/kg/day, a range of 300–1,000, 2,000, and 15 μg/kg/day, respectively. Since there is no PTWI value for Se determined by the authorities, a PTWI calculation was not carried out. The tolerable monthly intake of cadmium (Cd) was updated to 25 μg/kg body weight (bw) by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) in 2013. However, in this study, the provisional tolerable weekly intake (PTMI) was converted to PTWI, and a weekly value of 6.25 μg/kg bw was used instead. The ratios of EWI to PTWI for Fe, Cu, Zn, Al, Cd, and As ranged from 0.05 to 4.88%, 0.43 to 25.19%, 0.01 to 9.05%, 0.02 to 1.95%, and 0.01 to 2.33%, respectively. The calculations showed that the EWI levels were higher in children than in adults, as expected. Additionally, an increase in the frequency of canned fish consumption led to higher EWI levels. Based on the EWI levels and PTWI limits, the consumption of the canned fish samples was deemed safe with regards to the studied metals. Besides, some studies report that the EDI/EWI values in canned fish are acceptable (29, 31, 32). Rahman et al. (29) reported acceptable EDI values for As, Cr, Cd, Cu, and Zn. Herrera-Herrera et al. (32) reported that Cd EDI/EWI values in canned tuna samples were similar to results of the current study, but the Zn value was higher. Ulusoy (24) reported slightly higher EDI/EWI values in research with 222 different canned fish than the present study. There are few studies on EDI/EWI values in canned fish. Additionally, most of these studies reported that EDI/EWI values for Fe, Cu, Zn, Se, Al, Cr, Cd, and As are under PTDI/PTWI levels determined by regulatory authorities (24, 32). EWI was calculated for Pb although no PTWI comparison was made. Even though there was established PTWI for Pb (25 μg/kg bw), the FAO/WHO, based on analysis of epidemiological data, noted that the Pb of PTWI provided was associated with an increase in systolic blood pressure in adults and at least 3 points IQ loss and adverse neurodevelopmental effects in children. For this reason, it was reported that the PTWI value for Pb could not be considered (Table 5) protective for health and was therefore withdrawn, and a new PTWI that could be regarded as protective for health could not be formulated (54).



3.2.2. Target hazard quotient

Based on the THQ calculations, it was found that the values for Fe, Cu, Zn, Se, Al, Cr, Cd, and As were below the threshold value of 1, as shown in Table 4. The THQ value is not a direct measure of the health risks associated with exposure to metal or metalloid pollutants, but rather serves as an indicator of potential risk (38). A THQ value >1 indicates that the amount of metal intake exceeds the RfD, as defined by the US EPA (42) and Yi et al. (43), which suggests that the metal poses a risk to the consumer. The order of metals based on THQ in both adult and child age groups is Cr > As > Se > Pb > Cu > Cd > Fe > Zn. The mean THQ values of all 34 canned fish samples for adult and child consumers were <1. In singular samples, THQ levels above the threshold value were calculated for Cr only in three samples (P1, D2, and D2). The concentrations of all other metals and metalloids were found to be below the threshold value of 1, as presented in Table 4. Similarly, Ulusoy (24) for Cd and As; Mansouri et al. (31) for Cd; Rahmani et al. (50) for As, Se, Cu, Al, Zn, and Fe reported THQ values below the threshold value (=1). Among all THQ values calculated according to the metal levels found in all canned fish samples, the highest values were observed for chromium (Cr).

Due to the Cr levels in canned fish, one of the examined samples (P1) (tuna) had non-carcinogenic risks when consumed 5 days a week for adults and 3 and 5 days a week for children. While consumption of canned yellowfin Indian ocean tuna fish (D1) did not pose any risk for adults, it is risky for children to consume it 3 days a week. In the canned Pacific skipjack tuna sample (D2), however, according to the THQ values calculated for Cr, consumption by children was risky under all conditions and for adults more than once a week. The fact that this situation was observed in a small number of tuna samples suggested that there might be contamination during processing. Salmon, mackerel, and anchovy samples examined were not THQ risky for adults and children.

TTHQ, which indicates the cumulative non-carcinogenic risk associated with exposure to all studied elements, was also evaluated in this study. A TTHQ value > 10 suggests that there may be non-carcinogenic risks that could cause health problems for consumers over an extended period. However, the results of this study indicate that not all tested canned fish samples pose a risk for TTHQ to both adults and children.



3.2.3. Lifetime cancer risk

The mean CR values for Cd and Cr of all 34 canned fish samples were found to be risky in children under all conditions and adults when consumed 3 and 5 days a week (Table 5). According to the US EPA (34), the probability of a healthy individual developing cancer is 10−5. Therefore, the CR value is expected to be below this threshold. Values for CR > 10−5 include a high risk of developing cancer. For arsenic, intensive consumption was found to be risky. Mansouri et al. (31) reported that CR values in relation to Cd levels were similar to the current study when four different cans of tuna were consumed once a week. While four other products pose carcinogenic risks in relation to chromium levels when consumed heavily, the risk was determined in only one sample (P1) for adults if consumed 5 days a week. In this study, no risk was determined for adult consumers regarding carcinogenic risk owing to arsenic levels. Nevertheless, it was determined that carcinogenic risk increased for child consumers if 18 different products, including 15 tuna, two salmon, and a can of mackerel were consumed 5 days a week. Ulusoy (24) found 222 samples of canned tuna from 36 countries to have high CR values depending on the amount of As consumed 3 days a week or more. Rahmani et al. (50) also stated that attention should be paid to As of CR values originating from canned fish consumption. Arsenic, a naturally occurring metalloid, is widely distributed and considered to be the most significant toxic substance in terms of potential harm to human health due to its known or suspected toxicity. It is known to be a potent poison, a co-carcinogen, and even at low concentrations, has been shown to cause damage to almost all major organs, including the lungs, liver, brain, and bladder (55). Therefore, regular monitoring of toxic metals in processed seafood, especially As levels is important for consumer health. The CR values for Pb in 34 canned fish samples did not show any carcinogenic risk in children and adults.




3.3. Maximum allowable limits

The US EPA recommends the maximum allowable consumption rate (CRmm) for daily fish consumption limits to express the permissible number of fish meals consumed in a given meal size and a given period. If the number of meals of a contaminated fish species is <16 per month, it is thought that consuming this fish species may pose a risk to human health (34). In this study, CRmm values for Fe, Cu, and Zn were <16 (meals/month) for both children and adults (Table 6). While the risk for chromium was not detected in adults, it was found to be 14.68 (meals/month) in children. However, monthly food consumption levels were low for both consumer groups for Cd, Pb, and As. Particularly As levels are quite limiting. Health risks can be observed if it is consumed more than 1.70 meals per month for children and 1.87 meals per month for adults (Figure 2).


TABLE 6 The maximum allowable consumption rates for each investigated metal.

[image: Table 6]


[image: Figure 2]
FIGURE 2
 The maximum allowable consumption rate (CRmm) for Cr, As, Cd, and Pb.


According to all these findings, it was determined that 34 different canned fish products tested did not contain significant risks for consumers in terms of EWI and THQ. It was determined that Fe, Cu, Zn, Se, and Al levels in canned fish were not risky regarding health risk assessment in terms of metals and metalloids tested. However, it was reported that toxic metals such as Cr, Cd, Pb, and As carried carcinogenic risks and risks in terms of CRmm. It was determined that Cr, Cd, and As levels in canned fish were risky for adult and child consumers if consumed 3 days or more a week. In addition, it was observed that toxic metals had a restrictive effect on canned fish consumption in terms of maximum permissible consumption rate (CRmm). Metals and metalloids have long been recognized as critical toxic agents causing acute and chronic poisoning cases in environmental exposure situations (56). These health risks from canned fish consumption were thought to arise from the processing process. During the process of food packaging and preservation, metals can act as a source of contamination and can contaminate food through various pathways (12). Contamination can occur during food processing owing to the direct interaction of equipment, tanks, tubes, as well as other parts of processing equipment prepared from toxic metal. Moreover, contamination can also occur throughout the entire container, especially during storage stages such as canning and packaging. Although the 34 different canned products tested contain different fish caught from different regions, similar risk values were observed, particularly concerning toxic metals.




4. Conclusion

Canned fish has been a popular food globally for many years because of its long shelf life and microbiological protection from the canning process. However, the fish may be contaminated by metals, pesticides, microplastics, etc., from its habitat or during processing. A study of the potential health impacts of metal content in 34 canned fish products found that higher attention should be paid to contamination from processing. Although EWI levels in tuna, salmon, mackerel, and anchovy were not found to pose a risk, increased THQ and CR values were observed with intensive consumption. Although fish consumption in Türkiye is lower than in other countries, it is still important to test regularly the canned fish for toxic metals and metalloids to protect consumer health. To ensure the safety of canned fish, there are regulations and standards in place to control its production. Regular monitoring and careful regulation of production facilities can minimize contamination and provide consumers with the confidence that the canned fish they purchase is safe for consumption.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

TE: Funding acquisition, Writing—review and editing. AK: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing—original draft. SG: Conceptualization, Data curation, Investigation, Writing—original draft. DA: Data curation, Formal analysis, Writing—review and editing. FO: Data curation, Writing—review and editing.



Funding

The open access publication of this article was supported by the Open Access Fund of Leibniz Universität Hannover.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Bell JD, Sharp MK, Havice E, Batty M, Charlton KE, Russell J, et al. Realising the food security benefits of canned fish for Pacific Island countries. Mar Policy. (2019) 100:183–91. doi: 10.1016/j.marpol.2018.10.034

 2. Joardder MUH, Masud MH. Food Preservation in Developing Countries: Challenges and Solutions. (2019). p. 1–245.

 3. White ER, Froehlich HE, Gephart JA, Cottrell RS, Branch TA, Agrawal Bejarano R, et al. Early effects of COVID-19 on US fisheries and seafood consumption. Fish Fish. (2021) 22:232–9. doi: 10.1111/faf.12525

 4. Kitz R, Walker T, Charlebois S, Music J. Food packaging during the COVID-19 pandemic: consumer perceptions. Int J Consum Stud. (2022) 46:434–48. doi: 10.1111/ijcs.12691

 5. Knorr D, Khoo CSH. COVID-19 and food: challenges and research needs. Front Nutr. (2020) 7:1–5. doi: 10.3389/fnut.2020.598913

 6. Chenarides L, Grebitus C, Lusk JL, Printezis I. Food consumption behavior during the COVID-19 pandemic. Agribusiness. (2021) 37:44–81. doi: 10.1002/agr.21679

 7. de Oliveira WQ, de Azeredo HMC, Neri-Numa IA, Pastore GM. Food packaging wastes amid the COVID-19 pandemic: trends and challenges. Trends Food Sci Technol. (2021) 116:1195–9. doi: 10.1016/j.tifs.2021.05.027

 8. Li Z, Zhao A, Li J, Ke Y, Huo S, Ma Y. Food and nutrition related concerns post lockdown during covid-19 pandemic and their association with dietary behaviors. Foods. (2021) 10:2858. doi: 10.3390/foods10112858

 9. Fernández-González R, Pérez-Pérez MI, Pérez-Vas R. Impact of the COVID-19 crisis: analysis of the fishing and shellfishing sectors performance in Galicia (Spain). Mar Pollut Bull. (2021) 169:112463. doi: 10.1016/j.marpolbul.2021.112463

 10. EUMOFA. The EU Fish Market 2021 Edition. (2021). Brussels: EUMOFA. p. 101.

 11. European Commission. EU Consumer Habits Regarding Fishery and Aquaculture Products. Brussels: European Commission (2021).

 12. Ysart G, Miller P, Croasdale M, Crews H, Robb P, Baxter M, et al. 1997 UK Total Diet Study dietary exposures to aluminium, arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, tin and zinc. Food Addit Contam. (2000) 17:775–86. doi: 10.1080/026520300415327

 13. Mol S. Levels of heavy metals in canned bonito, sardines, and mackerel produced in Turkey. Biol Trace Elem Res. (2011) 143:974–82. doi: 10.1007/s12011-010-8909-5

 14. Alcala-Orozco M, Balcom PH, Sunderland EM, Olivero-Verbel J, Caballero-Gallardo K. Essential and toxic elements in sardines and tuna on the Colombian market. Food Addit Contam Part B Surveill. (2021) 14:206–18. doi: 10.1080/19393210.2021.1926547

 15. Gündogdu S, Köşker AR. Microplastic contamination in canned fish sold in Türkiye. PeerJ. (2023) 11:1–20. doi: 10.7717/peerj.14627

 16. Karami A, Golieskardi A, Choo CK, Larat V, Karbalaei S, Salamatinia B. Microplastic and mesoplastic contamination in canned sardines and sprats. Sci Total Environ. (2018) 612:1380–6. doi: 10.1016/j.scitotenv.2017.09.005

 17. Akhbarizadeh R, Dobaradaran S, Nabipour I, Tajbakhsh S, Darabi AH, Spitz J. Abundance, composition, and potential intake of microplastics in canned fish. Mar Pollut Bull. (2020) 160:111633. doi: 10.1016/j.marpolbul.2020.111633

 18. Diaz-Basantes MF, Nacimba-Aguirre D, Conesa JA, Fullana A. Presence of microplastics in commercial canned tuna. Food Chem. (2022) 385:132721. doi: 10.1016/j.foodchem.2022.132721

 19. Tokat İE, Cumbul D, Yavaş H, Birlik PM. Yağlı Ton Balığı Konserveleri ve Kullanılan Metal Ambalajlarda Bisfenol A (BFA) Miktarının Araştırılması. G&#x00131;da ve Yem Bilimi Teknolojisi Dergisi. (2018) 1–8.

 20. Miedico O, Pompa C, Moscatelli S, Chiappinelli A, Carosielli L, Chiaravalle AE. Lead, cadmium and mercury in canned and unprocessed tuna: six-years monitoring survey, comparison with previous studies and recommended tolerable limits. J Food Compos Anal. (2020) 94:103638. doi: 10.1016/j.jfca.2020.103638

 21. Tuzen M, Soylak M. Determination of trace metals in canned fish marketed in Turkey. Food Chem. (2007) 101:1378–82. doi: 10.1016/j.foodchem.2006.03.044

 22. Al Ghoul L, Abiad MG, Jammoul A, Matta J, El Darra N. Zinc, aluminium, tin and Bis-phenol a in canned tuna fish commercialized in Lebanon and its human health risk assessment. Heliyon. (2020) 6:e04995. doi: 10.1016/j.heliyon.2020.e04995

 23. Kowalska G, Pankiewicz U, Kowalski R. Determination of the level of selected elements in canned meat and fish and risk assessment for consumer health. J Anal Methods Chem. (2020) 2020:2148794. doi: 10.1155/2020/2148794

 24. Ulusoy S. Determination of toxic metals in canned tuna sold in developed and developing countries: health risk assessment associated with human consumption. Mar Pollut Bull. (2023) 187:114518. doi: 10.1016/j.marpolbul.2022.114518

 25. Ashraf W, Seddigi Z, Abulkibash A, Khalid M. Levels of selected metals in canned fish consumed in kingdom of Saudi Arabia. Environ Monit Assess. (2006) 117:271–9. doi: 10.1007/s10661-006-0989-5

 26. Novakov NJ, Mihaljev ŽA, Kartalović BD, Blagojević BJ, Petrović JM, Cirković MA, et al. Heavy metals and PAHs in canned fish supplies on the Serbian market. Food Addit Contam Part B Surveill. (2017) 10:208–15. doi: 10.1080/19393210.2017.1322150

 27. Popovic AR, Djinovic-Stojanovic JM, Djordjevic DS, Relic DJ, Vranic D V, Milijasevic MP, et al. Levels of toxic elements in canned fish from the Serbian markets and their health risks assessment. J Food Compos Anal. (2018) 67:70–6. doi: 10.1016/j.jfca.2018.01.003

 28. Boadi N, Twumasi S. Heavy metal contamination in canned fish marketed in Ghana. Am J Sci Ind Res. (2011) 2:877–82. doi: 10.5251/ajsir.2011.2.6.877.882

 29. Rahman MM, Shehzad MT, Nayak AK, Sharma S, Yeasmin M, Samanta S, et al. Health risks from trace elements in muscles of some commonly available fish in Australia and India. Environ Sci Pollut Res. (2020) 27:21000–12. doi: 10.1007/s11356-020-08600-y

 30. Sobhanardakani S. Tuna fish and common kilka: health risk assessment of metal pollution through consumption of canned fish in Iran. J fur Verbraucherschutz und Leb. (2017) 12:157–63. doi: 10.1007/s00003-017-1107-z

 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. Biol Trace Elem Res. (2021) 199:3470–7. doi: 10.1007/s12011-020-02446-8

 32. Herrera-Herrera C, Fuentes-Gandara F, Zambrano-Arévalo A, Higuita FB, Hernández JP, Marrugo-Negrete J. Health risks associated with heavy metals in imported fish in a coastal city in Colombia. Biol Trace Elem Res. (2019) 190:526–34. doi: 10.1007/s12011-018-1561-1

 33. Canli M, Atli G. The relationships between heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six Mediterranean fish species. Environ Pollut. (2003) 121:129–36. doi: 10.1016/S0269-7491(02)00194-X

 34. US EPA. Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, Vol. I: Fish Sampling and Analysis. Washington, DC: Office of Water. U.S. Environmental Protection Agency (2000)

 35. US EPA. Child-Specific Exposure Factors Handbook (Final Report) 2008. EPA/600/R-06/096F. Washington, DC: National Center for Environmental Assessment Office of Research and Development (2008).

 36. Castro-González MI, Méndez-Armenta M. Heavy metals: implications associated to fish consumption. Environ Toxicol Pharmacol. (2008) 26:263–71. doi: 10.1016/j.etap.2008.06.001

 37. Kosker AR. Metal and fatty acid levels of some commercially important marine species from the northeastern Mediterranean: benefits and health risk estimation. Environ Monit Assess. (2020) 192:1–16. doi: 10.1007/s10661-020-08287-1

 38. Traina A, Bono G, Bonsignore M, Falco F, Giuga M, Quinci EM, et al. Heavy metals concentrations in some commercially key species from Sicilian coasts (Mediterranean Sea): potential human health risk estimation. Ecotoxicol Environ Saf. (2019) 168:466–78. doi: 10.1016/j.ecoenv.2018.10.056

 39. Andaloro F, Romeo T, Renzi M, Guerranti C, Perra G, Consoli P, et al. Alteration of potential harmful elements levels in sediments and biota from the central Mediterranean Sea (Aeolian Archipelago) following an episode of intense volcanic activity. Environ Monit Assess. (2012) 184:4035–47. doi: 10.1007/s10661-011-2242-0

 40. Copat C, Arena G, Fiore M, Ledda C, Fallico R, Sciacca S, et al. Heavy metals concentrations in fish and shellfish from eastern Mediterranean Sea: consumption advisories. Food Chem Toxicol. (2013) 53:33–7. doi: 10.1016/j.fct.2012.11.038

 41. EFSA. EFSA Panel on Contaminants in the Food Chain (CONTAM). EFSA J. (2009) 7:1351. doi: 10.2903/j.efsa.2009.1351

 42. US EPA. USEPA (United States Environmental Protection Agency (2019). Available online at: https://www.epa.gov/risk/regional-screening-levels-rsls-equations (accessed October 01, 2023).

 43. Yi Y, Yang Z, Zhang S. Ecological risk assessment of heavy metals in sediment and human health risk assessment of heavy metals in fishes in the middle and lower reaches of the Yangtze River basin. Environ Pollut. (2011) 159:2575–85. doi: 10.1016/j.envpol.2011.06.011

 44. FAO/WHO. General Standard for Contaminants and Toxins in Food and Feed. CODEX Aliment (2019). Available online at: https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B193-1995%252FCXS_193e.pdf (accessed October 01, 2023).

 45. The Commission of the European Communities. EC 2001 Commission Regulation (EC) No 466/2001. Document 32001R0466. Section 3: Heavy Metals. (2001). Available online at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2001R0466:20060701:EN:PDF (accessed October 01, 2023).

 46. Turkish Food Codex. Bulaşanlar Yönetmeligi. (2011). Available online at: https://www.resmigazete.gov.tr/eskiler/2008/05/20080517-7.htm (accessed October 01, 2023).

 47. Afonso C, Costa S, Cardoso C, Oliveira R, Lourenço HM, Viula A, et al. Nunes ML. Benefits and risks associated with consumption of raw, cooked, and canned tuna (Thunnus spp.) based on the bioaccessibility of selenium and methylmercury. Environ Res. (2015) 143:130–7. doi: 10.1016/j.envres.2015.04.019

 48. Inan-Eroglu E, Ayaz A. Is aluminum exposure a risk factor for neurological disorders? J Res Med Sci. (2018) 23:51. doi: 10.4103/jrms.JRMS_921_17

 49. Akalın S, Eroğlu Eİ, Güleç A, Ayaz A. Yetişkinlerde Konserve Balık Tüketimine Bağlı Ağır Metal Maruziyet Riskinin Değerlendirilmesi. Beslenme ve Diyet Dergisi. (2020) 48:15–23. doi: 10.33076/2020.BDD.1298

 50. Rahmani J, Fakhri Y, Shahsavani A, Bahmani Z, Urbina MA, Chirumbolo S, et al. systematic review and meta-analysis of metal concentrations in canned tuna fish in Iran and human health risk assessment. Food Chem Toxicol. (2018) 118:753–65. doi: 10.1016/j.fct.2018.06.023

 51. ATSDR. ATSDR (Agency for Toxic Substance and Disease Rigestry) 2017. Atlanta, GA: Priority List of Hazardous Substances (2017).

 52. Girolametti F, Annibaldi A, Carnevali O, Pignalosa P, Illuminati S, Truzzi C. Potential toxic elements (PTEs) in wild and farmed Atlantic bluefin tuna (Thunnus thynnus) from Mediterranean Sea: risks and benefits for human consumption. Food Control. (2021) 125:108012. doi: 10.1016/j.foodcont.2021.108012

 53. Milatou N, Miliou H, Dassenakis M, Megalofonou P. Trace metal accumulation in Atlantic bluefin tuna and correlations with protein-lipid composition. Food Chem. (2023) 404:134691. doi: 10.1016/j.foodchem.2022.134691

 54. JECFA. Evaluation of Certain Food Additives and Contaminants: Seventyfourth Report of the Joint FAO/WHO Expert Committee on Food Additives. WHO Tech Rep Ser. Geneva: JECFA (2011)

 55. Flora SJS. Handbook of Arsenic Toxicology. Eds, Flora, S. J. S. Amsterdam: Elsevier (2015).

 56. Nordberg GF, Costa M. Handbook on the Toxicology of Metals, 5th ed. London: Academic Press (2021). p. 1–1011.



OPS/images/math_5.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Metal levels of canned fish sold in Türkiye: health risk assessment



		1. Introduction



		2. Materials and methods



		2.1. Canned fish



		2.2. Elemental analyses



		2.3. Health risk estimation



		2.4. Maximum allowable consumption rate



		2.5. Statistical analyses







		3. Results and discussions



		3.1. Metal/metalloid levels of canned fish samples



		3.2. Health risk analysis



		3.2.1. EWI



		3.2.2. Target hazard quotient



		3.2.3. Lifetime cancer risk









		3.3. Maximum allowable limits







		4. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/math_4.gif





OPS/images/math_7.gif





OPS/images/math_6.gif





OPS/images/math_3.gif
) THQ(TTHQ) = THQas + THQq + ... + THQn)  (3)






OPS/images/math_2.gif
[(EF.ED.CR.Cy) /(RfD.BW.AT)).1077









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Nutrition





OPS/images/fnut-10-1255857-t003.jpg
A

ea D ea ea ea ea ea ea ea ea pecie
D D D D D D D
P-1 70.78 £ 10.1 103+£5.16 156 £0.87 589034 4.67 £0.57 1.81£048 0.43 4+ 0.01 0.001 £ 0.00 0.05 % 0.00 Tuna
P-2 29.54 £2.06 11.7 £0.65 9.07 £0.72 5.88 4 0.65 352045 0.36 £ 0.08 0.26 +0.03 0.001 £ 0.00 0.07 £ 0.00 Tuna
0.45

D1 101.4£3.28 547 £0.25 17.0 £0.51 8.34+029 NA 0.99 £0.06 0.344+0.03 0.002 £ 0.00 0.08 £ 0.00 Yellowfin
Tuna

D2 2277 £0.57 4.88 £0.41 6.86 £ 1.08 4.57 +0.83 3.88 £0.29 4.08 £0.67 0.27£0.03 0.001 £ 0.00 0.04 £ 0.00 Skipjack

D3 49.51£2.30 3234015 9.28 £0.43 1.29 £ 0.06 14.45 £ 0.67 0.61£0.03 0314001 0.001 £ 0.00 0.04 £ 0.00 Yellowfin
Tuna

D4 15.90 £ 0.89 2194021 8.70 £ 0.44 2.76 £ 0.10 3.13+0.49 0.12£0.05 0.27 & 0.04 0.013 £0.00 0.07 £ 0.01 Norwegian
Salmon

D5 40.61 + 4.42 247£0.26 7.21£0.57 3384033 8.56 % 0.54 0.10£0.10 0.27 £ 0.03 0.014 £ 0.00 0.07 £ 0.00 Skipjack

D6 44.25+£3.12 4.60 £ 0.81 33.6+3.69 0.2340.03 7.89 % 0.60 023+£023 0.34 4 0.02 0.012 £0.00 0.02 +0.00 Anchovy

D7 13.16 £ 1.24 4.80 £0.88 5.8540.53 3.384+0.33 6.44 £0.48 0.50 £0.14 0.26+0.03 0.003 £ 0.00 0.13£0.00 Mackerel

D8 1331£031 3.694£0.22 11.0£0.83 1.43+0.21 6.08 £0.49 0.25£0.05 0.10 % 0.02 0.011 £0.00 0.03+0.00 Norwegian
Salmon

D9 26.76 £ 1.82 3.88+£0.28 13.7 £0.80 235036 3.71£0.50 0.20 £ 0.06 0.23+0.03 NA 0.06 + 0.00 Skipjack

D10 2079+ 129 3.73£0.71 14.6 £0.65 379059 5.17 £0.86 0.15£0.03 0.17 £ 0.03 0.003 £ 0.00 NA Yellowfin
Tuna

D11 17.56 £ 1.42 2.63£0.26 9.33£0.95 5.9440.65 8.35+0.44 0.27 £0.03 0.18 % 0.02 0.027 £0.00 NA Yellowfin
Tuna

D12 2538 +£2.66 3.384£0.28 10.6 £ 0.31 1.13£0.78 13.8£1.18 0.16 £ 0.07 0.17 & 0.00 0.110 £ 0.01 0.04%0.01 Skipjack

C1 41.39 £2.40 3.40 £ 0.65 126 £0.98 4.69 %+ 0.35 3.85+0.74 0.13£0.01 0.2240.05 0.009 £ 0.00 0.06 +0.01 Tuna

Wi 86.88 £ 10.0 3.62£0.40 13.3£0.66 6.69 % 1.62 13.8£1.42 0.18 £ 0.06 0.27+0.03 0.109 £0.03 0.10 £ 0.00 Tuna

DEL 3297 £220 3.134£0.27 6.29 £0.64 513£057 524117 0.06 +0.01 0.25+0.08 0.108 £ 0.02 0.12+0.01 Tuna

MI1 27.13 £ 1.66 292+0.21 11.6 + 1.85 3.53+0.09 4.46 £0.36 0.11£0.02 0.1540.05 0.099 £ 0.00 0.02 £ 0.00 Tuna

M1 59.84 £3.67 6.73£0.38 150 £1.63 2.67+0.98 8.04 £0.51 0.24 £0.09 0.2340.01 0.001 £ 0.00 0.05 %+ 0.00 Tuna

M2 16.70 £ 0.57 2354021 8.60 £0.91 1.9340.18 3.63 £0.65 0.17 £ 0.02 0.33 4 0.07 0.047 £0.01 0.05 & 0.00 Skipjack

M3 1281+ 1.18 2.86+0.26 8.16 £0.75 1.91+0.16 2.68 £0.25 0.12£0.02 0.18 £ 0.02 0.018 £ 0.00 0.04 %+ 0.00 Yellowfin
Tuna

Y1 42.70 £ 1.82 2.57£0.10 7.60 & 0.49 4.84 £ 0.60 6.38 £0.31 0.09 £0.06 0.16 + 0.00 NA 0.03 £ 0.00 Tuna

Y2 97.36 £ 2.67 2.90+£0.22 11.4+£237 2984072 13.5£176 0.31£0.02 0.27 & 0.06 0.040 £ 0.00 0.09+0.01 Mackerel

SF1 3547 £2.34 8.60 £ 0.57 4.06 £ 027 429£0.28 1.98 £0.13 0.31£0.02 NA 0.001 £ 0.00 0.05 £ 0.00 Tuna

SF2 12.12 £1.09 6.05 £ 0.50 531071 107 £1.26 NA NA 0.23 £0.00 0.001 £ 0.00 0.02 £0.00 Tuna

SF3 30.67 £ 2.50 4.08£0.72 157 £1.97 2.78 £0.37 5.63 + 091 0.18 £0.04 0.41 £0.05 0.010 £ 0.00 0.02 £ 0.00 Tuna

SF4 35.17£20.5 2.53+£047 10.9 £ 0.92 4.62£0.78 4.13+ 047 023+0.11 0.25£0.05 0.010 £ 0.00 0.02 £0.00 Tuna

Vi 2217171 415+ 081 24.6 £ 1.66 737 £0.61 7.82£097 0.48 % 0.36 0.26 £0.02 0.002 £ 0.00 0.01 % 0.00 Tuna

F1 37.69 £ 4.61 2.58+023 8.52+£ 094 461 £0.14 11.5£3.97 0.12 £0.01 0294+ 0.06 0.032 £ 0.00 NA Tuna

SASL 14.04 £2.13 5.09%0.59 8.35+£7.13 443£223 141 £0.15 0.17 £0.04 0.21%0.06 0.001 £ 0.00 0.04 £ 0.00 Salmon

SAS2 30.14 £3.37 7.63 £ 031 152£130 5.09 £ 0.63 2.03£026 03240.18 0.20 £0.02 0.002 £ 0.00 0.03 £0.00 Tuna

SAS3 32,91+ 1.50 6.54 4 0.35 12.3£0.59 1.66 £ 0.59 10.7 & 1.70 0.19£0.10 0.27 £0.01 0.003 £ 0.00 0.07 £ 0.01 Tuna

SAS4 31.50 % 3.03 4.53+£0.48 143+ 1.37 8.09 4 0.76 6.01 % 0.48 0.12£0.01 0.21£0.03 0.056 £ 0.00 0.07 £0.01 Tuna

TL 40.93 £2.08 221£026 5.74£053 29340.16 141031 0.28 0.07 0.16 £ 0.04 0.003 £ 0.00 0.06 £ 0.01 Tuna

NA, Not analyzed.






OPS/images/fnut-10-1255857-t004.jpg
EWI A 5 44.86 549 14.36 5.14 8.44 051 0.03 3.04 0.06
3 2691 3.30 8.61 3.08 5.06 0.30 0.02 1.82 0.04

1 8.97 1.10 2.87 1.03 1.69 0.10 0.01 0.61 0.01

C 5 98.13 12.02 31.41 11.24 1846 111 0.07 6.65 0.13

3 58.88 7.21 18.85 6.74 11.08 0.66 0.04 399 0.08

1 19.63 240 6.28 2.25 3.69 0.22 0.01 1.33 0.03

THQ A 5 0.01 0.02 0.01 0.15 0.00 0.24 0.00 0.11 0.03
3 0.01 0.01 0.00 0.09 0.00 0.14 0.00 0.06 0.02

4 0.00 0.00 0.00 0.03 0.00 0.05 0.00 0.02 0.01

C 5 0.02 0.04 0.01 0.32 0.00 0.53 0.01 0.24 0.06

3 0.01 0.03 0.01 0.19 0.00 0.32 0.01 0.14 0.04

1 0.00 0.01 0.00 0.06 0.00 0.11 0.00 0.05 037

A, adult; C, children.

Exposure time of 5. 3 and 1 days/week. Arsenic calculation was made by assuming the inorganic.






OPS/images/fnut-10-1255857-t001.jpg
Code Package type Fish species Additives Product weig|

P-1 Can Tuna Water, salt 160g

P-2 Can Tuna Sunflower oil (%27), 80g 20842E
‘water, salt

D1 Can (BPA free) Yellowfin Tuna Olive oil, salt 75¢ 19/10/2020

D2 Can Skipjack Sunflower oil, canola oil, 80g 07-09-2020
salt

D3 Can (BPA free) Yellowfin Tuna Water 758 05-10-2020

D4 Aluminum Norwegian Salmon Olive oil, salt 100g 16.11.2024

D5 Aluminum Skipjack Olive ol salt 125g 10-06-2023

D6 Aluminum Blacksea Anchovy Sunflower oil, salt 110g 23.09.2024

D7 Aluminum Mackerel Olive oil, salt 110g 19-10-2024

D8 C/PP (90) Norwegian Salmon Olive oil, lemon water, 85g 27.01.2022
salt

D9 C/PP (90) Skipjack Sunflower oil, salt 120g 20.10.2022

D10 C/PP (90) Yellowfin Tuna Water 120g 18-03-2023

D11 C/PP (90) Yellowfin Tuna Olive oil, salt 185¢ 02-06-2023

Di12 Glass Skipjack Olive oil, salt 185¢ 25.09.2023

C1 Can Tuna Sunflower oil, salt 80g 20848E

Wi Can Tuna Sunflower oil, salt 160 g 20861E CO

DEL Can Tuna Sunflower oil, salt 160 g 20861E

MI1L Can Tuna Sunflower oil, canola oil, 160g 20860E CO
salt

M1 Can Tuna Water, salt 80g 25

M2 Can Skipjack Sunflower oil (%25), 80g 2
water, salt

M3 Can Yellowfin Tuna Olive oil (%25), water, 160g 46
salt

Yi Can Tuna Sunflower oil (%25), 104 ¢ 20
water, salt

Y2 Aluminum Mackerel Sunflower oil, water, salt 160 g 14

SF1 Can Tuna Olive oil (%25), water, 758 0265
salt

SF2 Can Tuna Sunflower oil (%27), 80g 0051
water, salt

SF3 Can Tuna Sunflower oil, water, salt 80g 0197

SF4 Can Tuna Water, salt 80g 7339

V1 Can Tuna Sunflower oil, water, salt 160g 0346

F1 Can Tuna Sunflower oil, salt 160g L1720

SA1L Can Salmon Sunflower oil, water, salt 160g 302507280

SA2 Can Tuna Water, salt 160g 435375812

SA3 Can Tuna Olive oil, salt 160 gr 3021078T3

SA4 Can Tuna Sunflower oil, salt, water 80gr 406009812

T1 Can Tuna Sunflower oil, salt 80gr 17848E
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Certificated Observed 95% Recovery D (mg/kg) LOQ (mg/kg)

value (mg/kg) value (mg/kg) Confidence %

interval

(mg/kg)
Fe 88 86+ 430 80.0-92.0 97.73 0.0175 0.0541
Cu 174 173 0.04 1.68-1.79 9931 0.0565 0.1985
Zn 18.00 17.2£1.30 16.00-19.00 95.56 0.1075 0.3165
Se 4.43 425+025 3.97-4.51 95.98 0.0275 0.0846
Al 3.92 3834007 376-3.92 97.76 0.001 0.0031
Cr 013 0134001 0.11-0.14 98.46 0.0068 0.0229
cd 0.05 0.05 % 0.00 0.04-0.05 96.87 0.0004 0.0012
Pb . 0.10 % 0.00 - . 0.0379 0.0965
As 1.98 1.96 + 0.04 1.91-2.02 98.89 0.0026 0.0086

LOD, Limit of detection; LOD, Limit of quantification.
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Consumer

groups
5 3.5E-05 2.89E-05 3.57E-06 1.31E-05

A 3 2.1E-05 1.74E-05 2.14E-06 7.84E-06

. 1 7.01E-06 5.78E-06 7.15E-07 2.61E-06
5 7.66E-05 6.33E-05 7.82E-06 1.31E-04

[¢ 3 4.6E-05 3.79E-05 4.69E-06 1.72E-05

1 1.53E-05 1.27E-05 1.56E-06 5.72E-06

A, adult; C, children.
Exposure time of 5. 3 and 1 days/week. CR values > 10~ are indicated in bold.
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Fe C Se Al Cd Pb
A CR(lim)kg/day 1.86 0.76 2.16 0.16 14.70 0.12 0.04 0.04 0.01
CR(mm) >16 >16 >16 >16 >16 >16 4.74 4.95 1.87
C CR(lim)kg/day 4.49 227 5.17 0.48 32.54 0.25 0.10 0.07 0.02
CR(mm) >16 >16 >16 >16 >16 13.89 3.98 429 1.63

~16: More than 16 meals in a month.
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