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ARTICLE INFO ABSTRACT

Handling Editor: Dimitrios Kouretas Although sushi is considered as a healthy food, it can also be a route of exposure to chemical contaminants such
as potentially toxic trace elements. In this study, we analysed the concentration of Cd, I, Ni, Pb and total Hg, as
well as iAs and MeHg in sushi samples. Iodine levels were higher in samples containing seaweed, while iAs
s‘fShi concentrations were greater in rice-containing sushi. In turn, total Hg and MeHg were significantly higher in
Risk assessment sushi samples with tuna. Health risks of sushi consumption were assessed for three population groups: children,
Trace elements S . . .
Tnorganic arsenic a(.iolescents a.nd adults. Cor.151der1ng an average intake of 8 sushi pieces for adults and adolesce.ntsf and 3 sushi
Methylmercury pieces for children, the estimated exposure to MeHg by adolescents exceeded the tolerable daily intake set by
EFSA, while MeHg intake by children and adults was below, but close to that threshold. A relatively high daily
exposure of Ni and Pb was also found, especially for adolescents. Since this study focused only on the con-
sumption of sushi, the contribution of other food groups to the overall dietary exposure should not be dis-
regarded. It might lead to an exposure to MeHg and other trace elements above the health-based guideline
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values.

1. Introduction

Sushi consumption has rapidly increased in the last quarter of the
20th century and in the beginning of the 21st century (Hsin-I Feng,
2012). The number of sushi restaurants worldwide are in constant
expansion, and this increase is also expected to continue in the future
(Lehel et al., 2020). According to the Spanish Association of Manufac-
turers and Distributors (AECOC, 2019), 45% of the population reports
consuming sushi at least once a month in Spain. The favourite estab-
lishments to purchase sushi are supermarkets (44%) and hypermarkets
(38%), followed by take away and/or delivery (31%). Finally, 30% of
the population also declares going to restaurants to eat sushi at least
once a month (AECOC, 2019).

Fish consumption is highly recommended for its well-known nutri-
tional values, being an important source of proteins, essential fatty
acids, minerals and micronutrients (Altintzoglou et al., 2016; Sardenne
et al., 2020). Moreover, fish consumption has been linked to a reduction
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of cardiovascular diseases (Tg¢rris et al., 2018), while also enhances
foetal neurodevelopment (Starling et al., 2015) and prevents cognitive
diseases, such as Alzheimer or dementia (Cederholm, 2017). However,
some seafood species can also be an important source of chemical pol-
lutants, including toxic metals/metalloids, polychlorinated dibenzo-p--
dioxins (PCDDs) and dibenzofurans (PCDFs), polychlorinated
naphthalenes (PCNs), hexachlorobenzene (HCB), polychlorinated bi-
phenyls (PCBs), brominated flame retardants (BFRs), musks and ben-
zothiazoles, contaminants that, in recent years, have been widely
analysed in our laboratory (Aznar-Alemany et al., 2017; Gonzalez et al.,
2018, 2019; Marti-Cid et al., 2008; Perello et al., 2012, 2015a, 2015b;
Trabalon et al., 2015, 2017a, 2017b). In most cases, seafood has been
the food group showing the greatest contribution to the intake of these
chemicals (Domingo et al., 2012; Gonzalez et al, 2018, 2019; Marti-Cid
etal., 2008; Perello et al., 2015a). Furthermore, the risk-benefit analysis
of consuming seafood has been conducted through different approaches,
most of them based on the contents of toxic trace elements and nutrients
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(Maulvault et al., 2013; Domingo, 2016; Vilavert et al., 2017; Cressey
et al., 2020; Ricketts et al., 2020).

Although in recent years there has been a worldwide rapid expansion
of sushi restaurants, there is scarce information regarding the levels of
potentially toxic elements in sushi. Therefore, this study was aimed at
determining the levels of various metals/metalloids in samples of sushi
purchased in different establishments of Catalonia (Spain). The health
risks associated to sushi consumption were also assessed for different
population groups, according to age.

2. Materials and methods
2.1. Sampling

In February 2020, sushi samples were purchased in supermarkets,
hypermarkets, take away food shops and restaurants of Catalonia. In
order to consider all consumers’ behaviour scenarios, additional sam-
ples of sushi were prepared at home with fresh seafood purchased from
central markets and other products purchased from supermarkets. Sushi
samples were combinations of mostly consumed sushi types (i.e.,
sashimi, maki and nigiri) and the most popular seafood (i.e., tuna,
salmon and eel) (Burger et al., 2014). Three replicates were collected for
each combination between the type of sushi and fish. The list of com-
binations are shown in Supplementary Information (SI; Table S1). In
total, 102 samples were analysed. Samples were homogenized with a
domestic shredder and kept at —20 °C until analysis.
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2.2. Chemical analysis

Procedures followed for the analysis of the samples are depicted in
Fig. 1.

2.2.1. Cd, Ni and Pb

The analyses of Cd, Ni and Pb were performed by a previous mi-
crowave digestion treatment with nitric acid (65% Suprapur, E. Merck,
Darmstadt, Germany). Briefly, 5 mL of nitric acid were added to 0.5 g of
the sample in a hermetic Teflon vessel. Afterwards, samples were
incubated for 8 h at room temperature and heated for 8 h at 80 °C.
Samples were filtered and filled up to 25 mL with distilled water. The
concentrations of these elements were finally determined by inductive
coupled plasma-mass spectrometry (ICP-MS) (Perkin-Elmer Elan 6000,
Woodbridge, ON, Canada). The accuracy of the instrumental methods
and analytical procedures was checked by duplication of the samples.
Quality control was assured by analysing a certified reference material
(Trace elements in spinach leaves; NIST-1570a). Recovery rates ranged
between 84% and 101%. The limits of detection (LODs) were 0.1 pg/g
for Ni and Cd, and 0.05 pg/g for Pb.

2.2.2. Total Hg and MeHg

Methylmercury was extracted from the samples (only those with
total Hg levels above 0.100 mg/kg ww) as described by Scerbo and
Barghigiani (1998), i.e. freeze-dried samples (approximately, 100 mg)
were hydrolyzed in 10 mL of hydrobromic acid (47% wet weight (w/w),
E. Merck), followed by MeHg extraction with 35 mL toluene (99.8%
w/w, Merck); centrifuged for 10 min at 10,000 rpm and 10 °C, and
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Fig. 1. Diagram of the sample preparation.
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toluene removal with 6 mL cysteine aqueous solution (1% L-cysteinium)
chloride in 12.5% anhydrous sodium sulfate and 0.775% sodium ace-
tate; E. Merck, Darmstadt). Total Hg and MeHg were then determined in
samples (10-15 mg for solids or 100-300 pL for liquids) by atomic ab-
sorption spectrometry (AAS), following the method 7473 of the US EPA
(2007), using an automatic Hg analyzer (AMA 254, LECO, St. Joseph,
Michigan, USA). Mercury concentrations were calculated from linear
calibration (using at least five different standard concentrations), with a
Hg (II) nitrate standard solution (1000 mg/L, E. Merck) dissolved in
nitric acid (0.5 mol/L, E. Merck). The detection limit was 0.004 mg/kg
ww, while the limit of quantification was 0.011 mg/kg ww. Accuracy
was checked through the analysis of the certified reference material
DORM-4 (fish protein certified reference material for trace metals, Na-
tional Research Council Canada, Canada). The results obtained in the
present study were within the certified range of values (T-Hg: certified
value = 0.410 £ 0.055 mg/kg, value obtained in the present study =
0.390 + 0.025 mg/kg; MeHg: certified value = 0.354 + 0.031 mg/kg,
value obtained in the present study = 0.353 + 0.062 mg/kg). A mini-
mum of three measurements (replicates) was performed per sample,
being the results reported as mg/kg ww, according to sample moisture.
Blanks were always tested in the same conditions as the sushi samples.
Prior to utilization, all laboratory ware was cleaned with nitric acid
(20% v/v) for 24 h and rinsed with ultrapure water to avoid contami-
nation. All standards and reagents were of analytical (pro analysis) or
superior grade.

2.2.3. Iodine and iAs analysis

Iodine was determined according to the European standard method
EN 17050:2017 (CEN, 2017; Jerse et al., 2020). Briefly, approximately
0.5 g of sample material was used as test portion. Extraction was per-
formed using 1 mL of tetramethylammonium hydroxide (TMAH) (25%)
(E. Merck) and 5 mL of water (18.2 MQ cm at 25 °C, EMD Millipore
Corporation, Billerica, MA, USA) at 90 °C in a conventional oven for 3 h.
Samples were taken out and inverted at approximately 1.5 h to ensure
good contact between sample material and extractant solution.
Following extraction, samples were diluted to a concentration of TMAH
at 0.5% and centrifuged. If needed, further dilution was then performed
prior to analysis of the samples. Internal standard tellurium (Plasma
CAL, SCP Science, France) was added to a final concentration of 1 ppb to
the diluted samples. Being the samples analysed using ICP-MS (iCAPq,
ThermoFischer, Bremen, Germany). Reference materials NIST-3232
Kelp powder (NIST, Gaithersburg, Maryland, USA) and BCR-CD200
Bladderwrack (IRMM, Geel, Belgium) were analysed in every series in
order to ensure the quality of the analysis.

Inorganic arsenic was determined according to the European stan-
dard method EN16802:2016 (CEN, 2016). Approximately 0.5 g of ma-
terial was used as test portion. Extraction was performed using 10 mL of
oxidative extraction solution (1% nitric acid, 3% hydrogen peroxide in
water) (E. Merck, Darmstadt, Germany) at 90 °C in a water bath for 1 h.
Samples were inverted every 20 min to ensure complete mixing.
Following extraction, samples were centrifuged, and if necessary,
further diluted prior to analysis. Samples were filtered and analysed
using ion chromatography coupled with ICP-MS (Agilent 8900
ICP-QQQ, Agilent Technologies, Waldbronn, Germany). Calculations
were performed using MassHunter software. Reference material NMIJ
7405-b Hijiki Seaweed (NMLJ, Japan) was analysed in every series to
ensure the quality of the analysis.

For the chromatography, an Agilent 1200 HPLC system (Agilent
Technologies) with a column heater was used. For separation, an IonPac
AS-7 (2 x 250 mm) and a guard column AG-7 (2 x 50 mm) was used
(Thermo Fisher). The eluent was isocratic 50 mM ammonium carbonate
in water with 3% methanol. A flow rate of 0.15 mL/min was used.

2.3. Dietary exposure

Each individual piece of sushi was weighted to calculate the dietary

Food and Chemical Toxicology 153 (2021) 112285

exposure to trace elements. The percentage sof seaweed, rice and fish of
each type of sushi are summarized in Table 1. These percentages were in
accordance to those previously reported by Alves et al. (2017) in Jap-
anese restaurants of Brazil, where the mean contributions of rice, fish
and seaweed in sushi were 65%, 30% and 5%, respectively.

The dietary intakes of each trace element, as well as those of iAs and
MeHg, were calculated by multiplying the concentration of each
element in a sushi piece with the average consumption by each popu-
lation group. Adults and adolescents were considered to eat 8 pieces of
sushi per meal, while we assumed that children would consume 3 sushi
pieces (Burger et al., 2014). The intake of trace elements was estimated
for different population groups, considering the following mean body
weight: 24 kg for children aged 3-9 years, 51 kg for adolescents aged
10-17 years and 70 kg for adults (18-74 years) (Carrascosa et al., 2010;
Lopez-Sobaler et al., 2016).

The European Food Safety Authority (EFSA) has derived a number of
health-based guidance values (HBGVs) to limit the exposure to food
contaminants and minimize adverse health outcomes. Some examples
are the tolerable daily intake (TDI), the lowest-observed-adverse-effect-
level (LOAEL), the benchmark dose level (BMDL), the tolerable weekly
intake (TWI), and the adequate intake (AI). In the current study, updated
information on these HBGVs has been used: 4.3 pg/kg body weight
(bw)/day for acute exposure to Ni (LOAEL), 13 pg/kg bw/day for
chronic exposure to Ni (TDI), 0.50 pg/kg bw/day for Pb (BMDLg;), a
range of 0.3-8 pg/kg bw/day for iAs (BMDLy;), 2.5 pg/kg bw/week for
Cd (TWI), 1.3 pg/kg bw/week for MeHg (TWI), and finally, 150 pg/day
for adults, with a range of 70-130 pg/day for children, for iodine (AI)
(EFSA, 2009a; b, 2010, 2012, 2014, 2020).

For calculations, when the concentration of an element was under its
limit of detection (LOD), that value was assumed to be one-half of that
limit (ND = 1/2LOD). Exceptionally, in order to avoid an overestimation
of the exposure to MeHg, its intake was considered as zero for foods
containing levels below its LOD (Gonzalez et al., 2019).

To elucidate which combinations of sushi pieces are safe for the
population, we computed all the possible combinations of up to 8 pieces
for adults and up to 3 pieces for children, being computed the total
amount of trace elements.

2.4. Statistical analysis

Statistical analysis was performed using the software Statistical
Package for the Social Sciences (SPSS v.27) and combinatorial compu-
tations were carried out with R statistical package version 4.0. Values
with a Z-score above 2.5 and under —2.5 were considered as outliers. A
visual inspection of the boxplot was also conducted to verify these
outliers. A Kolmogorov-Smirnov test was performed to determine the
homogeneity of the groups. If variances were homogenous, ANOVA,
followed by the Bonferroni’s test was used. When variances were not
homogeneous, ANOVA, followed by a T3 Dunnett’s test, was used.
Statistical significance was set at 0.05 (p < 0.05).

Table 1

Percentages (wet weight) of seaweed, rice and fish for each type of sushi.
Sushi Mean weight + SD (g) % seaweed % rice % fish
SS 13+6 0 0 100
SM 16 £ 8 8 68 24
SN 35+7 0 73 27
TS 15+7 0 0 100
™ 16 £ 6 5 73 22
TN 35+6 0 75 25
EN 34+ 4 1 75 24
EM 22+ 8 5 72 23

SS: Salmon sashimi; SM: Salmon maki; SN: Salmon nigiri; TS: Tuna sashimi; TM:
Tuna maki; TN: Tuna nigiri; EN: Eel nigiri; EM: Eel maki; SD: Standard deviation.
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3. Results and discussion
3.1. Chemical occurrence

The mean concentrations of iodine, iAs, Ni, Pb, total Hg and MeHg in
sushi samples are depicted in Fig. 2. In turn, individual concentrations
are given as Supplementary Information (Table S2). Eel maki, salmon
maki and tuna nigiri showed remarkably high average levels of iodine
(0.466, 0.434 and 0.393 pg/g, respectively), while other kinds of sushi
samples presented levels well below 0.200 pg/g (Fig. 2a). The high
contents of iodine in maki samples are likely related to the presence of
seaweed, which may have large levels of iodine (Filippini et al., 2021;
Smyth, 2021).

Most sushi sample, excepting sashimi, showed similar mean con-
centrations of iAs, with values ranging between 0.022 and 0.025 pg/g
(Fig. 2b). On the other hand, salmon sashimi and tuna sashimi presented
significant lower concentrations of iAs when compared to nigiri and
maki, which should be due to the presence of rice. Despite both, nigiri
and maki, contain rice, iAs levels in sushi were lower than those recently
found in rice and rice-based products (Gonzalez et al., 2020). It would be
associated to the fact that the rice used for sushi preparation is rinsed
with water several times and then boiled, thus decreasing the content of
iAs up to 60% (Althobiti et al., 2018; Gray et al., 2015; Jitaru et al.,
2016).

Nigiri was the type of sushi with the highest mean levels of Ni, with a
range between 1.10 and 1.74 pg/g (Fig. 2¢). Regarding Pb, tuna sashimi
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and eel nigiri were the sushi items showing the highest average con-
centrations (0.120 and 0.091 pg/g, respectively) (Fig. 2d). However, no
significant differences were observed in the levels of Ni and Pb between
the different types of sushi.

Sushi samples containing tuna had significantly higher levels of total
Hg and MeHg than those samples based on salmon or eel, with tuna
sashimi showing the highest average concentrations (0.680 and 0.427
ng/g for total Hg and MeHg, respectively) (Fig. 2e and f). Tuna has been
identified as one of the fish species containing more MeHg, mainly
because it bioaccumulates in larger specimens, while salmon and eel
usually present lower levels of MeHg (de Paiva et al., 2017; Gonzalez
et al., 2019; Perell6 et al., 2015b; Sadhu et al., 2015; Barone et al.,
2021). Finally, no traces of Cd were detected in any sushi sample.

When assessing Japanese restaurants in Brazil, Alves et al. (2017)
reported very similar concentrations of total Hg in tuna and salmon
sashimi than those observed in the current study: 0.589 vs 0.680 pg/g
for tuna sashimi, and 0.0113 vs 0.018 pg/g for salmon sashimi. More-
over, similar values were also reported for tuna and salmon sashimi in
the USA (Burger et al., 2014). The content of total Hg in tuna sashimi
was 0.675 pg/g, which is close to the value here found (0.680 pg/g),
while the total Hg concentration in salmon sashimi was 0.021 pg/g, also
very similar to the result of the present survey (0.018 pg/g). However,
the mean concentrations of Hg in tuna maki and salmon maki were
0.460 and 0.040 pug/g, respectively. These levels are higher than those
found in the current survey (0.109 and 0.00435 pg/g, respectively),
which is very probably due to the different origin of the fish. In turn, the
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Fig. 2. Mean concentrations of iodine (a), iAs (b), Ni (c), Pb (d), Total Hg (e) and MeHg (f) in sushi samples. Data are given as means =+ standard deviations. Different
letters mean significant differences among sushi types (p < 0.05). SS: Salmon sashimi; SM: Salmon maki; SN: Salmon nigiri; TS: Tuna sashimi; TM: Tuna maki; TN:
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average level of Hg in eel was 0.063 pg/g, a value that is also higher
when compared to those of eel maki (0.0126 pg/g) and eel nigiri
(0.0144 pg/g) (Burger et al., 2014). Morgano et al. (2015) reported
similar results to our study for MeHg in 30 tuna sushi samples from
Japanese restaurants and supermarkets in Campinas, Sao Paulo State,
Brazil. The mean concentrations of MeHg and total Hg were 0.195 and
0.279 pg/g, respectively. In a previous study, Lowenstein et al. (2010)
had tested the Hg content of 100 tuna sushi samples from 54 restaurants
and 15 supermarkets of New York, New Jersey and Colorado (USA),
which were collected between October 2007 and December 2009. The
mean Hg concentrations of all samples exceeded the maximum con-
centration permitted in Japan, with bigeye tuna as the species with the
highest Hg levels (0.65 and 2.254 ug/g). Finally, and in contrast to the
current results, Kulawik et al. (2018) reported detectable Cd levels in
sushi samples (range: 0.023-0.133 pg/g), which were dependent on the
amount of nori seaweed used for preparing the sushi.

In 2006, the European Commission (EC) set maximum levels for
certain potentially toxic trace elements -among other chemical
contaminants-in several foodstuffs (Furopean Commission, 2006). For
Pb, the maximum level was set at 0.30 pg/g for any kind of fish. In
contrast, different thresholds were established for Cd according to the
species, with maximum values at 0.10 pg/g for tuna, and 0.050 pg/g for
eel and salmon. With respect to Hg, maximum levels in tuna and eel
were set at 1.0 pg/g, with 0.50 pg/g for salmon. Finally, the highest
allowed concentration of iAs in white rice was established at 0.20 pg/g.
In the present survey, one individual sample of tuna sashimi (TS5) was
above the maximum concentration for Pb (0.469 pg/g), whereas another
sample of tuna sashimi (TS10) was above the limit for Hg (1.02 pg/g).
However, none of the samples was above the maximum threshold for Cd
and iAs. It must be highlighted that sushi is a complex mixture of rice,
fish and seaweed, which is also prepared in a specific way. Therefore,
the comparison with guidance values must be carried out with caution.

3.2. Dietary intake

Considering a standard portion of 8 pieces -consisting in one piece of
each type of sushi for adults and adolescents, and a portion of 3 pieces
for children-the estimated dietary exposure of metals/metalloids for
children and adolescents is summarized in Table 2. In addition, the
percentage of contribution to the threshold limits for the adult popula-
tion is depicted in Fig. 3.

Among the three analysed age groups of population, and in agree-
ment with previous findings (Gonzalez et al., 2021), teenagers was the
group showing the highest dietary intake of trace elements. The esti-
mated exposure to MeHg in the adolescent population was well above

Table 2
Dietary exposure through sushi consumption to Ni, Pb, MeHg, iAs, Cd and iodine
for adolescents and children in Catalonia, Spain.

Trace Exposure (pg/kg bw/ EFSA values (ug/kg bw/  Reference
element day) day)
Adolescents  Children
I 0.782 0.554 2.94 (adolescents)” EFSA
2.92 (children)” (2014)
iAs 0.0765 0.0542 0.3 EFSA, 2009
Ni 3.99 2.83 4.3 (acute exposure) EFSA
13 (chronic exposure) (2020)
Pb 0.282 0.200 0.5 EFSA
(2010)
MeHg 0.242 0.172 0.186" EFSA
(2012)

# These daily values were calculated from the acceptable intake (AI) of 150
pg/day for adults and adolescents and 70 pg/day for children. The AI was
divided between the respective body weights.

b This daily intake value was calculated from the TWI of 1.3 pg/kg bw/week
set by the EFSA.
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the threshold for MeHg (0.242 vs. 0.186 pg/kg bw/day), while the MeHg
intake by adults and children was below -although close-to that limit
(0.176 and 0.172 pg/kg bw/day, respectively). With respect to Ni,
exposure was estimated in 2.83 (children), 2.91 (adults) and 3.99 pg/kg
bw/day (adolescents), which means 66%, 68% and 93% of the LOAEL
set for acute exposure to this element. Adolescents also showed the
highest exposure to Pb (0.282 pg/kg bw/day), followed by adults and
children (0.206, and 0.200 pg/kg bw/day, respectively). In relation to
iAs and iodine, sushi consumption contributed less than 30% of the
HBGVs.

The scarce literature regarding risk assessment related to sushi
consumption is mainly focused on MeHg, due to the health issues
associated to this metal species. The exposure to MeHg for the adult
population here estimated (0.176 pg/kg bw/day) is almost one-half of
that reported by Burger et al. (2014), who estimated a value of 0.34
ng/kg bw/day considering a daily consumption of 38.6 g of sushi. On the
other hand, Alves et al. (2017) estimated exposure to MeHg considering
1 to 7 portions/week of sushi and sashimi. The estimated weekly intake
of MeHg through the consumption of tuna sushi and tuna sashimi ranged
between 0.333 and 9.278 pg/kg bw/week (equivalent to 0.048-1.33
ng/kg bw/day). For an adult population, considering a consumption of 4
portions/week of tuna sushi, the estimated MeHg exposure is already
higher than that found in the present study (0.190 pg/kg bw/day). For
children, the range was between 0.444 and 12.371 pg/kg bw/week,
corresponding to 0.063 and 1.77 pg/kg bw/day. In this case, assuming a
consumption of 3 portions/week of tuna sushi, the estimated exposure
was 0.190 ug/kg bw/day, which is higher than the current value.
Regarding tuna sashimi, only with 1 portion/week of 150 g, the esti-
mated exposure for adults and children is already higher than that
calculated in the present study (0.189 and 0.252 pg/kg bw/day,
respectively) (Alves et al., 2017). The same researchers (de Paiva et al.,
2017) determined the contents of MeHg and total Hg in twelve fish
species used in the preparation of sashimi in Japanese restaurants of
Brazil (de Paiva et al., 2017). They also estimated the exposure to MeHg,
highlighting that the ingestion of only two portions of sushi made of
needlefish and tuna, already exceeded the established HBVGs by 100%.
In contrast, the intake of MeHg was much lower for mullet and salmon
sashimi. It was concluded that frequent consumers (>once a week), and
especially those belonging to sensitive population groups (e.g., pregnant
women, lactating mothers and children) should diversify their diet, in
terms of consumption of marine species.

A specific statistical treatment of the results was conducted to
elucidate which combinations of sushi pieces, limited to a maximum of 8
pieces for adults and adolescents, and 3 for children, were safe; that is to
say, how many combinations did not exceed the HBGVs. The statistical
analysis was conducted for Pb, Ni and MeHg as target elements, since the
contribution of their exposures to the HBGVs was more remarkable than
for other parameters (Table 2; Fig. 3). Out of the 12,869 possible com-
binations, 62% were found to be safe for adults, while for adolescents
only 35% was associated to an exposure lower than the threshold. For
both adults and adolescents, the combination corresponding to the
consumption of a standard meal consisting of eight different sushi items
did not exceed the safety limit for Pb, Ni and MeHg. Regarding children,
164 combinations of three or less pieces were made, being 51% safe
according to the current standards (EFSA, 2010, 2012, 2020). Safe
combinations were mostly based on salmon sushi (either sashimi, maki
or nigiri) and/or eel maki, which were associated to a low exposure to
Pb, Ni and MeHg. In contrast, combinations with a higher contribution
of tuna-containing sushi were not safe, taking into account that this
sushi contains high concentrations of MeHg.

It is important to note that the present study was targeted to a spe-
cific food item, with a relatively low consumption among the Catalan
population. The contribution of other foodstuffs to the total intake of the
metals/metalloids here analysed might mean an overexposure to these
elements for the population, especially for the most sensitive groups like
children. Nickel is a metal of special concern due to its widespread
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Fig. 3. Contribution percentage of the exposure to a number of trace elements through sushi consumption with respect to the corresponding HBGVs (Al for iodine,
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occurrence in diverse food products. Therefore, the consumption of a
single meal based on sushi, in addition to the intake of other meals
during the day, might be associated to an exceedance of threshold Ni
values not only for children, but also for the other population groups,
including adults (Fig. 3). Other food products that contain significant
levels of Ni include vegetables, cocoa-products, legumes and grains
(Babaahmadifooladi and Jacxsens, 2020; Cubadda et al., 2020; EFSA,
2015). In a very recent total diet study that we performed in the same
area of study, Ni was pointed out as a target chemical by food safety
authorities, because of the increasing dietary intake by the population,
being suggested its inclusion in future Total Diet Studies (Gonzalez et al.,
2021).

On the other hand, rice and fish are not foodstuffs with the largest
contribution to the intake of Pb. Exposure to Pb mostly comes through
consumption of bread, meat and meat products (EFSA, 2010; Gonzalez
et al., 2019). Therefore, special attention must be paid to other meals
and foodstuffs in order not overcoming the HBGVs. Because of their
widespread presence in food other than fish and rice, this recommen-
dation is extendable to other elements in addition to Ni and Pb.

4. Conclusions

Iodine was significantly higher in sushi samples containing seaweed,
especially maki sushi, while iAs concentrations were notably higher in
sushi with a higher content of rice, namely nigiri and maki. As expected,
concentrations of total Hg and MeHg were more abundant in sushi
samples made of tuna, with sashimi showing the highest values. On the
other hand, Ni and Pb levels were similar among all types of sushi, with
no specific trends according to the sushi composition. Furthermore, Cd
was not detected in any sushi sample. The estimated exposure to MeHg
was identified as of great concern, especially for the adolescent popu-
lation. The daily MeHg intake by this group exceeded the current HBGV
established by the EFSA. In turn, exposure to Ni and Pb through sushi
consumption for all population groups was below the HBGVs. Contri-
butions were around 65% and 40% of the threshold value for Ni and Pb,
respectively, with the exception of exposure to Ni by adolescents, which
resulted in a 93% of the total HBGV. However, the risk to overcome the
HBGVs would be reduced if the population -logically- diversify the types
of sushi and the type of seafood that they consume, especially focusing
on salmon or eel, with lower levels of Pb, Ni and MeHg. The remaining
elements here assessed were not considered as a potential risk for human
health, given the low exposure through sushi consumption. We would

like to conclude highlighting that although the present study was only
focused on a single food item, sushi, other foodstuffs can contribute to an
overexposure to the same potentially toxic elements.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

This work was supported by Agency for Management of University
and Research grants (AGAUR, Generalitat de Catalunya, Spain) through
SGR 2017-SGR-245. Isa Marmelo thanks European Union’s Horizon
2020 for the research grant of the project SEAFOOD OMORROW (grant
agreement n° 773400).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.fct.2021.112285.

References

AECOC, 2019. Conveniencia, sabor y salud: las claves para recuperar el consumo de
productos del mar. Available at: https://www.aecoc.es/articulos/conveniencia-sab
or-y-salud-las-claves-para-recuperar-el-consumo-de-productos-del-mar/. (Accessed
19 March 2021).

Althobiti, R.A., Sadiq, N.W., Beauchemin, D., 2018. Realistic risk assessment of arsenic in
rice. Food Chem. 257, 230-236. https://doi.org/10.1016/j.foodchem.2018.03.015.

Altintzoglou, T., Heide, M., Wien, A.H., Honkanen, P., 2016. Traditional sushi for
modern consumers: a comparison between sushi consumption behavior in Japan and
Norway. J. Food Prod. Market. 22, 717-732. https://doi.org/10.1080/
10454446.2015.1121434.

Alves, J.C., Lima de Paiva, E., Milani, R.F., Bearzoti, E., Morgano, M.A., Diego
Quintaes, K., 2017. Risk estimation to human health caused by the mercury content
of Sushi and Sashimi sold in Japanese restaurants in Brazil. J. Environ. Sci. Health
Part B Pestic. Food Contam. Agric. Wastes 52, 418-424. https://doi.org/10.1080/
03601234.2017.1293451.

Aznar-Alemany, 0., Trabalén, L., Jacobs, S., Barbosa, V.L., Tejedor, M.F., Granby, K.,
Kwadijk, C., Cunha, S.C., Ferrari, F., Vandermeersch, G., Sioen, 1., Verbeke, W.,
Vilavert, L., Domingo, J.L., Eljarrat, E., Barceld, D., 2017. Occurrence of halogenated
flame retardants in commercial seafood species available in European markets. Food
Chem. Toxicol. 104, 35-47. https://doi.org/10.1016/].fct.2016.12.034.

Babaahmadifooladi, M., Jacxsens, L., 2020. Chronic dietary exposure to nickel from
selected foods consumed in Belgium. Food Addit. Contam. Part A Chem. Anal.


https://doi.org/10.1016/j.fct.2021.112285
https://doi.org/10.1016/j.fct.2021.112285
https://www.aecoc.es/articulos/conveniencia-sabor-y-salud-las-claves-para-recuperar-el-consumo-de-productos-del-mar/
https://www.aecoc.es/articulos/conveniencia-sabor-y-salud-las-claves-para-recuperar-el-consumo-de-productos-del-mar/
https://doi.org/10.1016/j.foodchem.2018.03.015
https://doi.org/10.1080/10454446.2015.1121434
https://doi.org/10.1080/10454446.2015.1121434
https://doi.org/10.1080/03601234.2017.1293451
https://doi.org/10.1080/03601234.2017.1293451
https://doi.org/10.1016/j.fct.2016.12.034

N. Gonzdlez et al.

Control. Expo. Risk Assess. 38, 95-112. https://doi.org/10.1080/
19440049.2020.1833088.

Barone, G., Storelli, A., Meleleo, D., Dambrosio, A., Garofalo, R., Busco, A., Storelli, M.
M., 2021. Levels of mercury, methylmercury and selenium in fish: insights into
children food safety. Toxics 9 (39), 1-14.

Burger, J., Gochfeld, M., Jeitner, C., Donio, M., Pittfield, T., 2014. Sushi consumption
rates and mercury levels in sushi: ethnic and demographic differences in exposure.
J. Risk Res. 17, 981-997. https://doi.org/10.1080/13669877.2013.822925.

Carrascosa, A., Fernandez, J.M., Fernandez, A., Lopez-Siguero, J.P., Lopez, D.,
Sanchez, E., Colaborador, y Grupo, 2010. Estudios de crecimiento [in Spanish],
Available at: http://www.estudiosdecrecimiento.es/estudio-transversal.html. Access
date. (Accessed 10 March 2020).

Cederholm, T., 2017. Fish consumption and omega-3 fatty acid supplementation for
prevention or treatment of cognitive decline, dementia or Alzheimer’s disease in
older adults-any news? Curr. Opin. Clin. Nutr. Metab. Care 20, 104-109. https://doi.
org/10.1097/MC0O.0000000000000350.

CEN European Organisation for Standardisation, 2016. EN16802 Foodstuffs —
Detemination of Elements and Their Chemical Species — Determination of Inorganic
Arsenic in Foodstuffs of Marine and Plant Origin by Anion-Exchange HPLC-ICP-MS.
CEN, Brussels, Belgium.

CEN European Organisation for Standardisation, 2017. EN17050 Animal Feedingstuffs:
Methods of Sampling and Analysis — Determination of Iodine in Animal Feed by ICP-
MS. CEN, CEN, Brussels, Belgium.

Cressey, P., Miles, G., Saunders, D., Pearson, A.J., 2020. Mercury, methylmercury and
long-chain polyunsaturated fatty acids in selected fish species and comparison of
approaches to risk-benefit analysis. Food Chem. Toxicol. 146, 111788.

Cubadda, F., Iacoponi, F., Ferraris, F., D’Amato, M., Aureli, F., Raggi, A., Sette, S.,
Turrini, A., Mantovani, A., 2020. Dietary exposure of the Italian population to nickel:
the national Total Diet Study. Food Chem. Toxicol. 146, 111813. https://doi.org/
10.1016/j.fct.2020.111813.

de Paiva, E.L., Milani, R.F., Boer, B.S., Quintaes, K.D., Morgano, M.A., 2017.
Methylmercury in fish species used in preparing sashimi: a case study in Brazil. Food
Contr. 80, 104-112.

Domingo, J.L., 2016. Nutrients and chemical pollutants in fish and shellfish. Balancing
health benefits and risks of regular fish consumption. Crit. Rev. Food Sci. Nutr. 56,
979-988.

Domingo, J.L., Perelld, G., Nadal, M., Schuhmacher, M., 2012. Dietary intake of
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) by a population
living in the vicinity of a hazardous waste incinerator. Assessment of the temporal
trend. Environ. Int. 50, 22-30. https://doi.org/10.1016/j.envint.2012.09.005.

EFSA, 2009a. Scientific opinion on arsenic in food. EFSA J 7, 1351. https://doi.org/
10.2903/j.efsa.2009.1351.

EFSA, 2009b. Cadmium in food. Scientific opinion of the panel on contaminants in the
food chain. EFSA J 980, 1-139.

EFSA, 2010. Scientific opinion on lead in food. EFSA J 8, 1-151. https://doi.org/
10.2903/j.efsa.2010.1570.

EFSA, 2012. Scientific Opinion on the risk for public health related to the presence of
mercury and methylmercury in food. EFSA J 10, 2985.

EFSA, 2014. Scientific opinion on dietary reference values for iodine. EFSA J 12, 1-57.
https://doi.org/10.2903/j.efsa.2014.3660.

EFSA, 2015. Scientific Opinion on the risks to public health related to the presence of
nickel in food and drinking water. EFSA J 13, 1-202. https://doi.org/10.2903/j.
efsa.2015.4002.

EFSA, 2020. Update of the risk assessment of nickel in food and drinking water. EFSA J
18. https://doi.org/10.2903/j.efsa.2020.6268.

European Commission, 2006. Commission Regulation (EC) No 118/2006 of 19 December
2006 setting maximum levels for certain contaminants in foodstuffs. Off. J. Eur.
Union 5-24.

Filippini, M., Baldisserotto, A., Menotta, S., Fedrizzi, G., Rubini, S., Gigliotti, D.,
Valpiani, G., Buzzi, R., Manfredini, S., Vertuani, S., 2021. Heavy metals and
potential risks in edible seaweed on the market in Italy. Chemosphere 263, 127983.
https://doi.org/10.1016/j.chemosphere.2020.127983.

Gonzélez, N., Marques, M., Nadal, M., Domingo, J.L., 2018. Levels of PCDD/Fs in
foodstuffs in Tarragona County (Catalonia, Spain): spectacular decrease in the
dietary intake of PCDD/Fs in the last 20 years. Food Chem. Toxicol. 121, 109-114.

Gonzalez, N., Calderdn, J., Rubies, A., Timoner, 1., Castell, V., Domingo, J.L., Nadal, M.,
2019. Dietary intake of arsenic, cadmium, mercury and lead by the population of
Catalonia, Spain: analysis of the temporal trend. Food Chem. Toxicol. 132, 110721.
https://doi.org/10.1016/j.fct.2019.110721.

Gonzélez, N., Calderdn, J., Rubies, A., Bosch, J., Timoner, 1., Castell, V., Marques, M.,
Nadal, M., Domingo, J.L., 2020. Dietary exposure to total and inorganic arsenic via
rice and rice-based products consumption. Food Chem. Toxicol. 141, 111420.
https://doi.org/10.1016/j.fct.2020.111420.

Gonzélez, N., Marques, M., Nadal, M., Domingo, J.L., 2021. Dietary intake of metals/
metalloids by a population living in Catalonia, Spain: temporal trend. Food Chem.
Toxicol. (submitted for publication.

Gray, P.J., Conklin, S.D., Todorov, T.I., Kasko, S.M., 2015. Cooking rice in excess water
reduces both arsenic and enriched vitamins in the cooked grain. Food Addit.
Contam. Part A Chem. Anal. Control. Expo. Risk Assess. 33, 78-85. https://doi.org/
10.1080/19440049.2015.1103906.

Hsin-I Feng, C., 2012. The tale of sushi: history and regulations. Compr. Rev. Food Sci.
Food Saf. 11, 205-220. https://doi.org/10.1111/j.1541-4337.2011.00180.x.

Food and Chemical Toxicology 153 (2021) 112285

Jitaru, P., Millour, S., Roman, M., El Koulali, K., Noél, L., Guérin, T., 2016. Exposure
assessment of arsenic speciation in different rice types depending on the cooking
mode. J. Food Compos. Anal. 54, 37-47. https://doi.org/10.1016/j.
jfca.2016.09.007.

Kulawik, P., Dordevic, D., Gambus, F., Szczurowska, K., Zajac, M., 2018. Heavy metal
contamination, microbiological spoilage and biogenic amine content in sushi
available on the Polish market. J. Sci. Food Agric. 98, 2809-2815. https://doi.org/
10.1002/jsfa.8778.

Lehel, J., Yaucat-Guendi, R., Darnay, L., Palotas, P., Laczay, P., 2020. Possible food safety
hazards of ready-to-eat raw fish containing product (sushi, sashimi). Crit. Rev. Food
Sci. Nutr. 61, 867-888. https://doi.org/10.1080/10408398.2020.1749024.

Lopez-Sobaler, A.M., Aparicio, A., Aranceta-Bartrina, J., Gil, A., Gonzalez-Gross, M.,
Serra-Majem, L1, Varela-Moreiras, G., 2016. Overweight and general and abdominal
obesity in a representative sample of Spanish adults: findings from the ANIBES study.
BioMed Res. Int. 1-11, 8341487.

Lowenstein, J.H., Burger, J., Jeitner, C.W., Amato, G., Kolokotronis, S.0., Gochfeld, M.,
2010. DNA barcodes reveal species-specific mercury levels in tuna sushi that pose a
health risk to consumers. Biol. Lett. 6, 692-695.

Marti-Cid, R., Llobet, J.M., Castell, V., Domingo, J.L., 2008. Human exposure to
polychlorinated naphthalenes and polychlorinated diphenyl ethers from foods in
Catalonia, Spain: temporal trend. Environ. Sci. Technol. 42, 4195-4201. https://doi.
org/10.1021/es800064p.

Maulvault, A.L., Cardoso, C., Nunes, M.L., Marques, A., 2013. Risk-benefit assessment of
cooked seafood: black scabbard fish (Aphanopus carbo) and edible crab (Cancer
pagurus) as case studies. Food Contr. 32, 518-524.

Morgano, M.A., Milani, R.F., Perrone, A.A.M., 2015. Determination of total mercury in
sushi samples employing direct mercury analyzer. Food Anal. Methods 8,
2301-2307. https://doi.org/10.1007/s12161-015-0117-7.

Perelld, G., Gémez-Cataldn, J., Castell, V., Llobet, J.M., Domingo, J.L., 2012. Estimation
of the daily intake of hexachlorobenzene from food consumption by the population
of Catalonia, Spain : health risks. Food Contr. 23, 198-202. https://doi.org/
10.1016/j.foodcont.2011.07.010.

Perelld, G., Diaz-Ferrero, J., Llobet, J.M., Castell, V., Vicente, E., Nadal, M., Domingo, J.
L., 2015a. Human exposure to PCDD/Fs and PCBs through consumption of fish and
seafood in Catalonia (Spain): temporal trend. Food Chem. Toxicol. 81, 28-33.
https://doi.org/10.1016/j.fct.2015.04.010.

Perelld, G., Vicente, E., Castell, V., Llobet, J.M., Nadal, M., Domingo, J.L., 2015b. Dietary
intake of trace elements by the population of Catalonia (Spain): results from a total
diet study. Food Addit. Contam. Part A Chem. Anal. Control. Expo. Risk Assess. 32,
748-755. https://doi.org/10.1080/19440049.2015.1018844.

Ricketts, P., Voutchkov, M., Chan, H.M., 2020. Risk-benefit assessment for total mercury,
arsenic, selenium, and omega-3 fatty acids exposure from fish consumption in
Jamaica. Biol. Trace Elem. Res. 197, 262-270.

Sadhu, A.K., Kim, J.P., Furrell, H., Bostock, B., 2015. Methyl mercury concentrations in
edible fish and shellfish from Dunedin, and other regions around the South Island,
New Zealand. Mar. Pollut. Bull. 101, 386-390. https://doi.org/10.1016/j.
marpolbul.2015.10.013.

Sardenne, F., Bodin, N., Médieu, A., Antha, M., Arrisol, R., Le Grand, F., Bideau, A.,
Munaron, J.M., Le Loc’h, F., Chassot, E., 2020. Benefit-risk associated with the
consumption of fish bycatch from tropical tuna fisheries. Environ. Pollut. 267,
115614. https://doi.org/10.1016/j.envpol.2020.115614.

Scerbo, R., Barghigiani, C., 1998. Organic mercury determination in fish samples using
an automatic mercury analyser. Environ. Technol. 19, 339-342. https://doi.org/
10.1080/09593331908616689.

Smyth, P.P.A., 2021. Iodine, seaweed, and the thyroid. Eur. Thyroid J. 9 https://doi.org/
10.1159/000512971.

Starling, P., Charlton, K., McMahon, A.T., Lucas, C., 2015. Fish intake during pregnancy
and foetal neurodevelopment-A systematic review of the evidence. Nutrients 7,
2001-2014. https://doi.org/10.3390/nu7032001.

Tgrris, C., Smastuen, M.C., Molin, M., 2018. Nutrients in fish and possible associations
with cardiovascular disease risk factors in metabolic syndrome. Nutrients 10, 1-17.
https://doi.org/10.3390/nu10070952.

Trabal6n, L., Cano-Sancho, G., Pocurull, E., Nadal, M., Domingo, J.L., Borrull, F., 2015.
Exposure of the population of Catalonia (Spain) to musk fragrances through seafood
consumption: risk assessment. Environ. Res. 143, 116-122. https://doi.org/
10.1016/j.envres.2015.04.007.

Trabalon, L., Nadal, M., Borrull, F., Pocurull, E., 2017a. Determination of benzothiazoles
in seafood species by subcritical water extraction followed by solid-phase
microextraction-gas chromatography-tandem mass spectrometry: estimating the
dietary intake. Anal. Bioanal. Chem. 409, 5513-5522. https://doi.org/10.1007/
$00216-017-0487-3.

Trabal6n, L., Vilavert, L., Domingo, J.L., Pocurull, E., Borrull, F., Nadal, M., 2017b.
Human exposure to brominated flame retardants through the consumption of fish
and shellfish in Tarragona County (Catalonia, Spain). Food Chem. Toxicol. 104,
48-56. https://doi.org/10.1016/j.fct.2016.11.022.

US EPA, 2007. Method 7473 Mercury in Solids and Solutions by Thermal Decomposition,
Amalgamation, and Atomic Absorption Spectrophotometry. United States
Environmental Protection Agency.

Vilavert, L., Borrell, F., Nadal, M., Jacobs, S., Minnens, F., Verbeke, W., Marques, A.,
Domingo, J.L., 2017. Health risk/benefit information for consumers of fish and
shellfish: FishChoice, a new online tool. Food Chem. Toxicol. 104, 79-84.


https://doi.org/10.1080/19440049.2020.1833088
https://doi.org/10.1080/19440049.2020.1833088
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref7
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref7
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref7
https://doi.org/10.1080/13669877.2013.822925
http://www.estudiosdecrecimiento.es/estudio-transversal.html.%20Access%20date
http://www.estudiosdecrecimiento.es/estudio-transversal.html.%20Access%20date
https://doi.org/10.1097/MCO.0000000000000350
https://doi.org/10.1097/MCO.0000000000000350
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref11
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref11
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref11
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref11
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref12
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref12
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref12
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref13
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref13
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref13
https://doi.org/10.1016/j.fct.2020.111813
https://doi.org/10.1016/j.fct.2020.111813
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref15
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref15
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref15
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref16
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref16
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref16
https://doi.org/10.1016/j.envint.2012.09.005
https://doi.org/10.2903/j.efsa.2009.1351
https://doi.org/10.2903/j.efsa.2009.1351
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref19
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref19
https://doi.org/10.2903/j.efsa.2010.1570
https://doi.org/10.2903/j.efsa.2010.1570
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref21
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref21
https://doi.org/10.2903/j.efsa.2014.3660
https://doi.org/10.2903/j.efsa.2015.4002
https://doi.org/10.2903/j.efsa.2015.4002
https://doi.org/10.2903/j.efsa.2020.6268
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref25
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref25
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref25
https://doi.org/10.1016/j.chemosphere.2020.127983
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref27
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref27
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref27
https://doi.org/10.1016/j.fct.2019.110721
https://doi.org/10.1016/j.fct.2020.111420
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref30
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref30
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref30
https://doi.org/10.1080/19440049.2015.1103906
https://doi.org/10.1080/19440049.2015.1103906
https://doi.org/10.1111/j.1541-4337.2011.00180.x
https://doi.org/10.1016/j.jfca.2016.09.007
https://doi.org/10.1016/j.jfca.2016.09.007
https://doi.org/10.1002/jsfa.8778
https://doi.org/10.1002/jsfa.8778
https://doi.org/10.1080/10408398.2020.1749024
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref37
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref37
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref37
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref37
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref38
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref38
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref38
https://doi.org/10.1021/es800064p
https://doi.org/10.1021/es800064p
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref40
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref40
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref40
https://doi.org/10.1007/s12161-015-0117-7
https://doi.org/10.1016/j.foodcont.2011.07.010
https://doi.org/10.1016/j.foodcont.2011.07.010
https://doi.org/10.1016/j.fct.2015.04.010
https://doi.org/10.1080/19440049.2015.1018844
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref45
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref45
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref45
https://doi.org/10.1016/j.marpolbul.2015.10.013
https://doi.org/10.1016/j.marpolbul.2015.10.013
https://doi.org/10.1016/j.envpol.2020.115614
https://doi.org/10.1080/09593331908616689
https://doi.org/10.1080/09593331908616689
https://doi.org/10.1159/000512971
https://doi.org/10.1159/000512971
https://doi.org/10.3390/nu7032001
https://doi.org/10.3390/nu10070952
https://doi.org/10.1016/j.envres.2015.04.007
https://doi.org/10.1016/j.envres.2015.04.007
https://doi.org/10.1007/s00216-017-0487-3
https://doi.org/10.1007/s00216-017-0487-3
https://doi.org/10.1016/j.fct.2016.11.022
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref55
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref55
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref55
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref56
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref56
http://refhub.elsevier.com/S0278-6915(21)00318-5/sref56

	Dietary exposure to potentially toxic elements through sushi consumption in Catalonia, Spain
	1 Introduction
	2 Materials and methods
	2.1 Sampling
	2.2 Chemical analysis
	2.2.1 Cd, Ni and Pb
	2.2.2 Total Hg and MeHg
	2.2.3 Iodine and iAs analysis

	2.3 Dietary exposure
	2.4 Statistical analysis

	3 Results and discussion
	3.1 Chemical occurrence
	3.2 Dietary intake

	4 Conclusions
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


