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ABSTRACT

The present study was aimed at assessing the egpokan adult population to nine
BPs analogues (BPA, BPS, BPF, BPB, BPAF, BPZ, BBHEAP and BPP) through a
duplicate diet study. Up to 40 canned and non-aarined samples were purchased
from Tarragona (Catalonia, Spain) and further asealy Three of the nine BPs - BPA,
BPB and BPE - were detected in the food sampled. B&s found in 93% and 36% of
canned and non-canned samples, respectively, witlean concentration of 22.49 and
4.73 nuglkg, respectively. Only one sample of caramzhragus (88.66 pg/kg) exceeded
the new threshold set by the European CommissioOnu@kg). BPB was found in
canned and non-canned chicken and olive oil samplgk lower levels for canned
chicken and non-canned olive oil. Finally, BPE wlatected in non-canned mushrooms
and nuts (2.40 and 12.35 pg/kg, respectively). 8ase the current results, dietary
intake for BPA was estimated to be 24.9 and 3.1taygfor canned and non-canned
groups, respectively. The unexpected occurrenceBP$ in non-canned products
highlights the ubiquity of these compounds alorg fttod production chain, beyond to

the packaging.

Keywords:bisphenol A (BPA), bisphenol analogues, food, QUERS, dietary intake

Abbreviation list

BPA: Bisphenol A; BPS: Bisphenol S; BPF: BispherpIBPB: Bisphenol B; BPAF:
Bisphenol AF; BPZ: Bisphenol Z; BPE: Bisphenol ERPAP: Bisphenol AP; BPP:
Bisphenol P; BPs: Bisphenols; HPLC: High-Perfornearidquid Chromatography;
MeCN: Acetonitrile; DLLME: Dispersive Liquid-LiquidMicroExtraction; T4CE:

Tetrachloroethylene; AA: Anhydride acetic; GC: Gasromatography; LOD: Limit of
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44  Detection; LOQ: Limit of Quantification; EFSA: Eygean Food Safety Authority; TDI:

45  Tolerable Daily Intake
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1. Introduction

Food products are sensitive to contamination atsage of the production chain,
from farm-to-fork (Mancini et al., 2016). Food cantinants can have a wide range of
sources, including the environment, processing,pawtkaging, among others (Rather et
al., 2017). Regarding food packaging, in recentyé&gsphenols (BPs) have received a
great attention. BPs are organic compounds contiitwo phenol rings, which are
connected by a different binding bridge, usuallpethyl bridge (Bisphenol A, BPA), a
methylene bridge (Bisphenol F, BPF), or a sulphakide group (Bisphenol S, BPS),
depending on the analogue (Kang et al., 2006; UsamahAhmad, 2016). It has been
widely reported that BPs can play an important noldiseases like diabetes and obesity
(Mirmira and Evans-Molina, 2014), as well as to smuarmful developmental and

reproduction effects (Rochester, 2013).

BPA is the most used BP analogue in the food imgustith a projected
consumption of 10.6 million metric tons in 2022 ithider et al., 2018). It is used as a
monomer for the manufacture of polycarbonate glasind can linings. With respect to
its chemical structure, there is a similarity tattlof 1B-estradiol, a natural occurring
hormone. Thus, BPA can bind to endocrine receptausing a dysfunctionality of the

endocrine system (Matuszczak et al., 2019; RocheX1é3; Usman and Ahmad, 2016).

In 2011, the regulation 2011/8/EU banned the usBRA in baby bottles and set a
specific migration limit of 0.6 mg/kg of food fromarnishes or coatings applied to
materials (European Commission, 2011). Recentlpew regulation (2018/213/EU)
was adopted setting a more restrictive migrationtl{(0.05 mg/kg), while no migration

of BPA, from varnishes or coatings applied to materand articles specifically
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intended to infants and young children up to 3 geald, is permitted (European

Commission, 2018).

As a consequence of these restrictions on BPA, faatwring companies are
gradually replacing BPA by other BP analogues. Nitaya, there are 24 analogues
described in the literature (Pelch et al., 2017¢nt€, exposure to BPs persists,
occurring through different pathways, such as dighalation and dermal contact.
However, it has been reported that diet means upa®9% of the exposure to BPA
(Martinez et al., 2018). Therefore, an additionabwledge on the levels of BPs in

foodstuffs, as well as risk assessment studiesegrered to protect human health.

Even though BPs have gained attention in the lasirsy BPA is still the core
research. Since their properties, structure andnpi@d human health effects are very
much alike, research on BP analogues — other tia-Bis needed. The present study
was aimed at assessing the dietary exposure tohimspienol analogues (BPA, BPS,
BPF, BPB, BPAF, BPZ, BPE, BPAP and BPP). The comagans of these BPs
analogues were determined in 40 canned and noredafood samples consumed
during a two days duplicate diet study. To the lwéstur knowledge, this is the very

first study focused on assessing the dietary cosx@ to 9 BPs in Spain.

2. Materials and methods

2.1.Standards and chemicals

BPA (99% purity), BPB (98% purity), BPF (98% pujityBPE (98% purity), BPAF
(98% purity), BPZ (99% purity) and BPAP (99% puyityere purchased from Sigma-

Aldrich (West Chester, PA, USA). d16-bisphenol AP@s 98 atom % D), used as

5
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internal standard (1.S.), was purchased from Cagbrilsotope Laboratories, Inc.
(Tewksbury, MA, USA). Individual standard solutiomd internal standards were
prepared in methanol (HPLC grade from Sigma-Aldrasthconcentrations of 2000 pg/L.
Acetonitrile (MeCN, gradient grade for HPLC), aceéinhydride (AA; >99% purity)

and tetrachloroethylene (T4CE, >99% purity) werguared from Sigma-Aldrich.

Sodium chloride and potassium carbonate (both @oalygrade) were obtained from
PanReac Quimica (Barcelona, Spain) and magnesilfateswas acquired from Sigma-

Aldrich. Supel™ QUE Z-Sépwas purchased from Supelco (Bellefont, PA, USA).
2.2.Instrument

BPs analyses were performed in a gas chromatod@p (Agilent, Little Falls, DE,
USA) equipped with a Combi-PAL autosampler (CTC Wties, Zwingen,

Switzerland) and a mass selective detector (59AgBent), with an electron ionization
(El) chamber. The separation was performed on &BB- column (30 m x 0.25 mm
[.D. x 0.25 um film thickness; J&W Scientific, Fols, CA, USA). Chromatographic

and detection specifications have already beenrtep¢Gonzalez et al., 2019).
2.3. Quality Control/Quality Assurance

Procedural blanks were measured each batch ofrifles. Blank samples were spiked
with both recovery and internal standards to ewvelliaearity, linear range, sensitivity,
precision and accuracy, according to EU guideliftagopean Commission, 2017). A
multilevel matrix-matched calibration -with ninelibaation levels- was generated by
the least squares’ linear regression model. Th& pesa ratios of target analyte, and
internal standard versus the concentration of dachet compound, were plotted.
Detection limits were calculated using low levelrs to achieve signal-to-noise ratios

of 3. The quantification limits were establishedlas lowest concentration assayed with



118 acceptable accuracy and precision, correspondinigetdowest calibration level of the

119 calibration curve.

120 2.4.Food sampling

121 A total of 40 food samples were purchased in a dpigcery store in Tarragona
122  (Catalonia, Spain). Foodstuffs were divided inttm@d baskets: 1) canned food, and 2)
123 non-canned food (including fresh food, packed iasglcontainers, or other BP-free
124  materials). Canned food included tuna, paté, matsshrooms, artichokes, asparagus,
125  corn, olive oil, green beans, red beans, peacirupsfruit salad in syrup, mackerel and
126  squid. Non-canned food included the same foodstihi the canned group, but in
127  glass containers, excepting mackerel and chickemdtition, canned group included
128 yogurt in plastic, and pre-cooked quinoa and rigkile non-canned group included
129  yogurt in glass, dry quinoa and rice, and fresimsal — replacing canned mackerel —
130 and chicken, packed in waxed paper. Both groupsidied fresh salad and banana, as

131 well as toasts and cookies packed with plastic dfePs.

132 2.5. Duplicate diet study

133 A duplicate diet study was performed to assesssxpao BPs of an adult. A cohort of
134 26 individuals was divided into two groups: 1) dqudial high-BPA diet, consisting of
135 the “canned food basket” above described, and &-8B&e diet, made of fresh food and
136  food packed in glass containers and other BP-fratemals, consisting of the “non-
137  canned food basket” also above described. The tétitowed a two-days of balanced
138 diet (Table 1), which was reviewed and approvedabyutritionist. Participants were
139  able to drink as much water as they wished. Howeter sources (tap, bottled, etc.)

140 should be recorded. In parallel, each food item Wwashogenized using a domestic
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shredder and stored at -20°C until further analy@idy edible parts of each food item

were used.

2.6. Food samples treatment

Sample preparation is described elsewhere (Cunak, &012). Briefly, each food item
was blended separately with a domestic shredderdefeighting 10 g of sample and
adding 100 ul of BP&s and 10 ml of deionised water. For the fatty sampem| of n-
heptane was added, vigorously shaked and centdfatjel690 g for 2 minutes. The
upper-layer was discarded. Then, 10 ml of MeCN wadeded and samples were
vortexed and agitated for 10 minutes. Afterwardg,af MgSQ and 1.2 g of NaCl were
added and agitated for 15 minutes. Finally, samplese centrifuged at 1690 g for 5
minutes. An additional clean-up was needed for/ flabd samples, consisting of the

inclusion of 1.2 g MgS@®and 50 mg of Z-SEP in the clean-up step.

A DLLME (Dispersive Liquid-Liquid MicroExtractionprocedure was subsequently
performed: 85 ul of T4ACE and 100 pl of AA were atide 1 ml of the MeCN extract.
Rapidly, the mixture was transferred to a 25-mlescicap glass tube, with conical
bottom containing 3 ml of deionised water and 306f|5% K,CQO; solution to ensure a
pH> 10. Samples were gently shaked by hand and aggedfat 1690 g for 4 minutes.
Finally, 70 pl of the lower phase were transferi@d vial with a 100-ul insert and 1 pl

was injected to the GC system.

2.7.Calculation of the dietary exposure

Food consumption data are shown in Table 1. Theajientake of each BP analogue
was calculated by multiplying its concentrationgach food item by the quantity of
consumed food. Total dietary exposure to BPs wéairndd by summing the respective

intakes of all food items. Exposure was also caled according to the average body
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weight of the study participants (mean: 68 kg) mles to compare the estimated
exposure to the threshold limit. For calculatioméien the concentration of a BP
analogue was under the respective limit of detactidOD), it was assumed to be one-

half of that limit (ND=1/2LOD).

2.8. Statistics

Data treatment was performed by means of the ttalispackage SPSS 20.0. A
Kolmogorov-Smirnov test was used to compare the dgmneity of the variances.
Subsequently, the significance of the data was coedpby an ANOVA or the Mann-
Whitney U-test. For calculations, non-detected e&sluvere excluded from data
treatment, while non-quantified samples were assuméave a concentration equal to

one-half of the limit of quantification (NQ = 1/20Q).

3. Results and discussion

3.1.Levels of BPs in food

The concentrations of BPs in the 40 canned andcaoned food samples are
summarized in Table 2. BPA, BPB and BPE were theetlanalogues with levels above
the LOD. BPA was identified in 58% of the food sdesp presenting a mean
concentration of 15.54 pg/kg. Regarding canned ,f@#A was detected in 14 of 15
food items. Levels of BPA ranged from <0.17 for tiiwe oil — the only canned food
item below its LOD — to 88.66 pg/kg for the aspasagmean concentration of BPA =
22.49 ugl/kg). In turn, BPA was found in the 36%te non-canned food samples, with
a mean concentration of 4.73 ug/kg. Toasts, quigogurt, salad, asparagus, fresh

squid, banana, nuts, rice, artichokes, peach iapsyookies, green beans, salmon and

9
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olive oil were the food items with levels below th®D. The highest concentration in

non-canned food corresponded to mushrooms (9.9&ug/

The levels of BPA in canned food were found to ghér than those observed in
non-canned food. Pairs of foodstuffs with quanbigaconcentrations of BPA were:
paté (13.39 vs 5.10 ug/kg), mushrooms (19.88 v6 Adpkg), chicken (20.91 vs 1.41
ng/kg), fruit salad in syrup (11.69 vs 3.85 pg/keprn (10.65 vs 4.21 pg/kg), tuna
(32.22 vs 5.68 ng/kg) and red beans (26.16 vs|897i&3). Also, pre-cooked quinoa and
rice had detectable levels of BPA (2.93 and 1.0&kgigespectively), while dry quinoa

and rice were below the LOD.

The concentrations of BPA in canned food samplese wempared with the new
migration limit for BPA set recently by the Europe€ommission in canned food
(European Commission, 2018). Only canned asparagissabove 50 pg/kg (Fig. 1).
Although asparagus exceeded the new migration,lipndbably this does not mean a
risk for human health since asparagus consumptotid Spanish adult population is
estimated to be only 0.67 g/day, which would meane&posure of 0.0008 pg/kg
bw/day for the general population (0.02% of conitibn to the established limit)
(AECOSAN, 2016). Anyway, it should be exploredhist occurs in all the commercial

canned asparagus brands, or it is only relateldetgptirchased brand in this study.

BPB was detected in four samples. Both pairs ohedmand non-canned chicken
and olive oil samples had BPB above their corredpan LOD. For chicken, the
concentration of BPB in fresh samples was slightgjher than that found in the canned
chicken (4.19 vs 3.86 ug/kg, respectively). In cast, canned olive oil showed a higher

concentration than non-canned olive oil (1.25 &5Qg/kg, respectively). Finally, BPE

10
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was found only in two food samples, both of therfobging to the non-canned group.

Concentrations of BPE in mushrooms and nuts we@ &d 12.35 pg/kg, respectively.

As expected, canned food presented significantidni levels of BPA than non-
canned food (p<0.01), which is due to the fact fbat is directly in contact with the
can lining. Nonetheless, relevant concentrationBRg were found in non-canned food.
One explanation could be that packaging, other tbans, might also cause the
migration of BPs into the food, even though theaekpging are made to preserve a
high-quality food (Garcia Ibarra et al., 2019). Bfémtamination in non-canned food
could be the result of the migration from the cogiof the caps of glass bottles, since a
residual amount of BPs monomer could remain after polymerization process
(Noonan et al., 2011). Another hypothesis wouldHhgepotential contamination during
the primary production of the products (Mercogliammd Santonicola, 2018;
Santonicola et al., 2018). Finally, the ubiquity mfstics elsewhere could also be

related to the unexpected presence of BPs in food.

The scientific literature assessing the levels BABNn food is extensive, but each
study comprises different food samples. Consequetité comparison of non-canned
food samples between studies conducted in diffexemntries is not always easy. Table
3 summarizes concentrations of BPA in food of défe countries. The levels of BPA
show a huge variation between countries due to edelbgical differences. Anyhow,
the levels of BPA found in the current study arethe lower part of the ranges for

canned food and in the upper part of the rangesdorcanned food.

In China, BPA was detected in 36% of the cannedradcanned composites, a
percentage lower than the 58% of the present sufegcentrations ranged from 0.20

to 106 pg/kg, including canned and non-canned {@ab et al., 2011). These results
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are in the same range to that of the current stidyapan, BPA mean concentration in
canned food was 3.4 ug/kg, being the highest I@Iupg/kg, which are quite lower
than the mean and the maximum level of BPA in dudy 22.49 and 88.66 pg/kg,
respectively. This important difference is probaldye to the decrease of the
polycarbonate use in Japanese manufacturers $iadate 1990s, when it was replaced
by polyphenylsulfone and polyethersulfone, bothamats BPA-free (Kawamura et al.,

2014).

In Korea, BPA was found within the range from <1141278.5 ug/kg in canned
food samples (Choi et al., 2018), while in EgypEMlevels ranged from 6.14 to
710.59 pg/kg in canned food, and from 5.75 to 286.@/kg in food packaged in plastic
(Osman et al., 2018). These results are certaiglyeln than those found in the present
study. In the United States, BPA was found in 73% & 7% of the canned and non-
canned food samples, respectively. These percentagelower than those found the
present study (93% and 36%, respectively). BPAIl¢ef@und in canned food ranged
between 0.31 and 149 pg/kg, while in non-canned fearied between 0.28 and 0.41
pnag/kg (Lorber et al., 2015). Thus, BPA concentraiin canned food are higher than
those detected in the present survey. By contB2#& concentrations in non-canned

food are lower than those found in the currentystud

In Portugal, BPA levels were determined in cannaah@es of tuna and sardines,
with levels ranging from <1 to 63 pg/kg, which rsaccordance to those found in the
present study (Cunha et al.,, 2017). Canned vegstadhd canned fruit were also
analyzed. Higher detection rates for BPA (87% weréi8%) and a range of
concentrations, from 3.7 to 256.6 pg/kg, whichighbr than in the present study (from
<0.17 to 88.66 pg/kg) were reported (Cunha anddretes, 2013). In turn, Sakhi and

co-workers (2014) analyzed the concentrations of\ BP 37 canned and non-canned
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foodstuffs in Norway. Composites for each food graomprised food samples with
different packaging materials. Thus, comparison masle with joint results for canned
and non-canned groups. Detectable levels for tbd &amples ranged from <0.020 to
8.7 pg/kg, being lower than the results of the gméstudy (Sakhi et al., 2014). On the
other hand, Tzatzarakis et al. (2016) analysecctim¢ent of BPA in the two phases of
the canned product (liquid and solid). They founghbr levels of BPA in the solid

phase than in the liquid phase (2.70 vs. 33.4 gg/kg

Beyond BPA, studies assessing the levels of BPwa@mes are limited. Moreover,
most of these studies only determined the conasmtsaof 2 or 3 analogues (especially,
BPS, BPF and BPB). The occurrence of 8 BPs have bed determined in two
studies. In USA, BPAF, BPP, BPS, BPAP, BPF, BPB BR& were found in analyzed
food samples, with detection rates varying from11% for BPZ, to 0 — 60% for BPF.
Detection rates for BPB (0 — 13%) were in accordaw¢h those found in this study
(10%). On the other hand, BPB concentrations vafiech <0.013 to 0.017 ug/kg,
which are lower than the current results (<0.1%.1® pg/kg) (Liao and Kannan, 2013).
In Belgium, no bisphenol analogues were detectedny of the ready-to-eat meal
samples analyzed, with the exception of BPS and, BRkh were only present in one
sample (beef ravioli) (Regueiro and Wenzl, 2018)Kbrea, BPS and BPF levels were
determined in canned food samples. Like in thegmestudy, BPS and BPF were not

detected in any of the samples (Choi et al., 2018).

In parallel, BPB was found in canned seafood sasnplechased in Portugal and
Italy, both with lower detection rates than BPA ¥8%s 12%, and 75% versus 12%,
respectively) (Cunha et al., 2012; Fattore et 2015). These results agree with the

percentages of BPB detection of the present sufi@%o). Lower rates for BPB were

13
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found in Portugal, where BPB was only detected inf239 samples (Cunha and

Fernandes, 2013).

In a recent review, Russo et al. (2019) reported B&hcentration in food from
different countries and matrices. Regarding vedesalasparagus was the food product
that contained the highest level of BPA (959 pg/Kmping in accordance with the
results here presented. Other types of food shdugkdy variable levels of BPA, being
lower levels in beverages and higher in other fadés (seafood, vegetables and meat).
These data are in agreement with those provideBR§A (2015), which highlighted
the significant differences between canned andaaomed food, with meat, fish, grains,

legumes, condiments, and snhacks showing relathiglyer levels (>30 pg/kg).

3.2. Estimated dietary intake of BPs through the diet

Total and daily intake through the diet of BPs agaks was assessed. Although in
this study drinking water was not analyzed, expeswvas calculated using
concentrations of BPs taken from the literatureaffthet al., 2018), being mean water
consumption data from the ANIBES study (Nissensethal., 2016). BPA, BPAF, BPB,
BPE, BPF and BPS exposure from drinking water wssnated to be 0.005, 0.001,

0.001, 0.0001, 0.0001 and 0.0003 pg/day, respégtive

Total BPA intake for the two-day diet for the cadrggoup was estimated to be 24.9
Hg, way above the estimated intake for the non®adrgroup: 3.12 pg. For BPB, a
similar estimation was found for both groups: Oatfl 0.45 ug, for canned and non-
canned diet, respectively. Lastly, the estimatedkies of BPE were 0.28 and 1.16 ug,

for the canned and non-canned groups, respectively.

Taking the days separately, canned group had aiBRRe of 15.7 pug/day for day

one, and 9.26 pg/day for day two. On the other haad-canned group had an intake of

14
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2.20 and 0.92 pg/day for the first and the secaay despectively. For BPB, canned
group, had an intake of 0.31 and 0.15 pg/day foh emy. Similarly, non-canned group
had intakes of 0.31 and 0.14 pg/day, respectivalyally, for the canned group BPE
intake was 0.14 pg/day for both days, while for tle®m-canned group, the estimated
intake was calculated to be 0.71 and 0.45 pg/daw,tlie first and second day,

respectively (Table 4).

Based on the daily intake of BPs and the averagg b@ight of the cohort (68 kg),
two-day diet total BPA exposure was estimated toOl®¥ and 0.05 pg/kg bw for
canned and non-canned diet, respectively. Witheesp BPB, 0.007 pg/kg bw was the
estimated exposure for both diet groups. FinallpEBexposure was estimated to be

0.004 and 0.02 pg/kg bw, for canned and non-cafowa] respectively.

Daily exposure was estimated as follows: on th& fiay for the canned diet, BPA,
BPB and BPE exposures were 0.23, 0.004 and 0.08@ jpg/day, respectively. On the
second day, estimations were 0.14, 0.002 and Qu@d®&y bw/day for BPA, BPB and
BPE, respectively. For the non-canned diet, exmsstw BPA, BPB and BPE on the
first day, were 0.03, 0.005 and 0.01 pg/kg bw/degpectively, while in the second day,
0.01, 0.002 and 0.007 pg/kg bw/day were the exgssestimated for BPA, BPB and

BPE, respectively.

Canned asparagus had BPA concentrations above idration limit, being its
contribution a 28% of the total exposure to BPAwsdwer, high-BP diet group did not
exceed the TDI of 4 ng/kg bw/day, which is estdidds by the EFSA. Neither the BPA-
free diet group exceeded the threshold limit (Rp.(EFSA, 2015). The comparison
between other analogues of BP and their TDI valwes not possible, because

international organizations have not set threshuolds yet.
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Although the estimated dietary intake of BPA isdvelthe TDI, other exposure
pathways, such as dermal absorption or air inlmdatshould not be disregarded. In
addition, the presence of traces of other endodismiptors in food could increase the
total exposure and cause adverse health effeas, &vlow-dose exposures (Tsatsakis

et al., 2016).

4. Conclusions

BPA is the most widespread BP analogue in both @m@md non-canned foodstuff
purchased in Spain. Consequently, the Spanish atulis mainly exposed to this BP
analogue. BPB and BPE were also detected, butnaicdn lower rate than BPA. The
other analogues here assessed (BPS, BPF, BPAF, BPZP and BPP) were not
detected in any food sample. Nevertheless, thessissnt of the BPs levels in food —
regardless the food packaging — is clearly needeatder to ensure that food products
do not mean a risk for human health. The estimdiethry exposure to BPA showed
that none of the groups (canned and non-cannededrd the TDI established by the
EFSA, even though canned asparagus were abovewhmigration limit recently fixed

by the European Commission.

Biomonitoring studies of BPs must be conducteduplidate diet studies to explore
their ADME -adsorption, distribution, metabolismdaexcretion- and to protect human
health. These studies should not only be focuseBRA, but also on all BPs analogues.
Moreover, as it has been proved that BPs analogoik®r than BPA- are also used by
the food industry, regulations on their occurreintéood, migration limits from food

packaging materials, and TDIs are urgently required
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Table 1

Food consumption (g/day) for all analysed samples.

DAY 1
Foodstuff Food weight (g) Homemade measures
Paté 37.5 % can
Breakfast
Toasts 40 4 slices
Snack Nuts 25 1 handful
Quinoa 125 1cup
Mushrooms 115 1can
Lunch
Chicken 42 1can
Yoghurt 115 1 unit
Snack Fruit salad in syrup 140 % can
Salad 150 % bag
Asparagus 80 3 units
Corn 55 % can
Dinner
Stuffed squid 72 1 can
Toasts 40 4 slices
Fruit 125 1 piece
DAY 2
Tuna 52 1 can
Breakfast
Toasts 40
Snack Nuts 25 1 handful
Rice 125 1cup
Lunch Red beans 60 6 spoonful
Artichokes 115 1 can
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Toasts 40 4 slices
Peach in syrup 115 1 can
Yoghurt 115 1 unit
Snack
Cookies 35 7 units
Green beans 130 1 can
Mackerel/salmon 85 1 can
Dinner
Toasts 40 4 slices
Yoghurt 115 1 unit
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Table 2

BPA, BPB and BPE concentrations (png/kg) in canmeiron-canned foods.

Food sample Packaging BPA BPB BPE
Can 13.39 <0.33 <0.83
Paté
Glass 5.10 <0.33 <0.83
Toasts Plastic <0.17 <0.17<0.17

Plastic (pre-cooked) 2.93 <0.17<0.17

Quinoa
Plastic (dry) <0.17 <0.17 <0.17

Can 19.88 <0.17 <0.17
Mushrooms

Glass 9.56 <0.17 2.40

Can 20.91 3.86 <0.83
Chicken

Fresh 1.41 4.19 <0.83

Plastic <0.17 <0.17 <0.17
Yogurt

Glass <0.17 <0.17 <0.17

Can 11.69 <0.17 <0.17
Fruit salad in syrup

Glass 3.85 <0.17 <0.17
Salad Plastic <0.17 <0.17<0.17

Can 88.66 <0.17 <0.17
Asparagus

Glass <0.17 <0.17 <0.17

Can 10.65 <0.17 <0.17
Corn

Glass 4.21 <0.17 <0.17

Can 30.85 <0.33 <0.83
Squid

Fresh <0.33 <0.33 <0.83
Banana Fresh <0.17 <0.17 <0.17

Can 32.22 <0.33 <0.83
Tuna

Glass 5.68 <0.33 <0.83

Can 3.45 <0.17 <0.17
Nuts

Plastic <0.17 <0.17 12.35
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Plastic (pre-cooked) 1.04 <0.17<0.17

Rice
Plastic (dry) <0.17 <0.17 <0.17

Can 26.16 <0.17 <0.17
Red beans

Glass 8.78 <0.17 <0.17

Can 6.31 <0.17 <0.17
Artichokes

Glass <0.17 <0.17 <0.17

Can 4.49 <0.17 <0.17
Peach in syrup

Glass <0.17 <0.17 <0.17
Cookies Plastic <0.17 <0.17 <0.17

Can 13.02 <0.17 <0.17
Green beans

Glass <0.17 <0.17 <0.17
Mackerel Can 33.19 <0.33<0.83
Salmon Fresh <0.33 <0.33<0.83

Can <0.17 1.25 <0.83
Olive oil

Glass <0.17 0.85 <0.83
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Table 3

Concentrations of BPs in foodstuffs from differentintries: a summary of scientific literature.

Country BPA (ug/kg)  Type of food container Type ofood Reference

Dairy, meat, poultry, fish, soup, bread and
China 0.20 - 106 Canned and non-cannedcereal, vegetable, fruit, beverage, baby Cao et al., 2011
food, fast food, miscellaneous
Fish, meat, vegetable, fruit, other cooked
Japan 3.4 Canned Kawamura et al., 2014
food, coffee, tea, other beverages
Meat, fish, corn and beans, fruit, sauces,

Korea <1.41-278.5 Canned Choi et al., 2018
vegetables, liquor, beverages and coffee

6.14 — 710.59 Canned Meat, fish, vegetables, fraitsmilk and
Egypt Osman et al., 2018
5.75 - 236.76 Non-canned beverages
United 0.31- 149 Canned
Fruit, vegetables, meat, fish and dairy Lorber 2815
States 0.28-0.41 Non-canned
Portugal <1-62 Canned Seafood Cunha et al., 2017

Grain and grain products, milk and dairy
Norway 0.11-5.8 Canned and non-canned Sakhi et al., 2014
products, meat and meat products, fish
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and fish products, fats, fruits and
vegetables, ready-to-eat, snacks,

beverages, condiments, others

<0.17 — 88.66 Canned Meat, fish, vegetables, foudad, dairy
Spain Present study
<0.17 — 9.56 Non-canned products and bakery
Country BPB (pg/kg) Type of food container Type ofood Reference
Beverages, dairy products, fats and oils,
United fish and seafood, cereals and cereal
<0.013-0.017 Canned and non-canned Liao and Kannan., 2013
states products, meat and meat products, fruit,
vegetables, others
Portugal <0.4-21.7 Canned Seafood Cunha etl2 2
Italy <0.9-145.9 Canned Tuna Fattore et al., 2015
<0.17 — 3.86 Canned Meat, fish, vegetables, fouéad, dairy
Spain Present study

<0.17 -4.19 Non-canned products and bakery
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Table 4

Estimated dietary intake of BPA, BPB and BPE farread and non-canned diet.

BPA (ug/day) BPB (ug/day) BPE (ug/day)
Day of the diet Non-
Canned Non-canned Canned Canned Non-canned
canned
Day 1 (D1) 15.7 2.20 0.31 0.31 0.14 0.71
Day 2 (D2) 9.26 0.92 0.15 0.14 0.14 0.45
Mean + SD 125+4.6 1.56+0.9 0.23+0.11 0.22 +0.12 011002 0.58 +0.19
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Fig. 1. Comparison between detected levels of BPA in cérssmples and the new migration limit

established by the European Commission in 2018.
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Fig. 2. Estimated dietary exposure of BPA for 2 differgraups, and comparison with TDI (4 pg/kg bw/
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Highlights

» Apart from BPA, other BP analogues may occur imeahand non-canned foodstuffs.
* BPA was the most detected analogue in food, regssdhe kind of container.

* In a high-exposure scenario, the BPA dietary intaks estimated in 24.9 ug/day.

* BPA levels in canned asparagus exceeded the cuhreshold set by the EFSA.

» Beyond packaging, BPs may be ubiquitously foundugh the food production chain.
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