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ARTICLE INFO ABSTRACT

Keywords: Bisphenol A and its analogues belong to the class of endocrine disrupting chemicals, massively employed by
Bisphenol industries to produce polycarbonate and epoxy resins, designed to be in direct contact with foodstuffs. Their
Europe leaching from the canned packaging into its content results in food contamination. This review aims at offering a
Intake

country-specific overview of the occurrence of bisphenols in six main categories of foodstuff marketed in the EU,
based on monitoring studies performed in the 27 EU countries for which data are available and prevalently
published in the last five years.

The general overview of the literature data shows that concentration values of BPs detected into foodstuff is
lower in Northern Europe than Southern Europe. A probable daily intake was hypothesized for some countries to
provide an EU population exposure assessment. The consumption of canned meat and vegetables is responsible
of PDI values higher than those of other food categories. These data emphasize that food and beverage mon-
itoring should deserve greater attention especially by European countries for which no studies are available and
especially with regards to bisphenols other than BPA whose limits are not set by the European regulations and

Risk assessment
Food safety

whose toxicity has not been fully established.

1. Introduction

Exposure to environmental pollutants is one of the risk factors that
poses greatest concern for human health. Bisphenol A (BPA) (2,2-Bis (4-
hydroxyphenyl)propane) is an environmental contaminant usually
found in soil and water environments (Fromme et al., 2002; Kang et al.,
2007; Staples et al., 1998) as well as in food, drinking water, dental
sealants and indoor dusts (Calafat et al., 2008; Geens et al., 2009, 2011;
Rudel et al., 2003; Vandenberg et al., 2007; Wilson et al., 2001). It is
commonly used in the production of polycarbonates and epoxy resins
intended as food contact materials such as plastic packaging, internal
lining of cans and bottle caps, pipes and tanks for drinking water (Berge
et al., 2017; Russo et al., 2017a; Younglai et al., 2002). BPA, along its
analogous bisphenol S (BPS) (4,4’-sulfonyldiphenol), is also employed
as colour trigger in the production of thermal paper (Russo et al.,
2017b) and, due to the use of this paper in the recycling streams, even
recycled carton and paper food packaging may contain bisphenols (BPs)

as well (Liao and Kannan, 2011; Mendum et al., 2011; Russo et al.,
2017b; Vinggaard et al., 2000). Nowadays, BPA represents one of the
most abundant xenoestrogen investigated in food matrices, although
other analogues were sometimes detected at even higher concentrations
indicating that industries are progressively switching from Bisphenol A
to other bisphenols in food packaging. Indeed, to minimize the BPA
toxic effects, other BPs, e.g. BPS, Bisphenol B (BPB) (2,2-Bis(4-hydro-
xyphenyl)butane), and Bisphenol A diglycidyl ether (BADGE) (2-[[4-[2-
[4-(Oxiran-2-ylmethoxy)phenyl]propan-2-yl]phenoxy]methyl]oxi-
rane), are being used by industries (Chen et al., 2016).

Human exposure to BPs, which are ubiquitous in the environment,
is virtually unavoidable and can occur through both dietary and non-
dietary sources. However, the former is prevalent since BPs, BPA in-
cluded, may contaminate food due to direct bioaccumulation in food
matrices caused by environmental pollution or to their possible
leaching from packaging (Repossi et al., 2016). Migration from
packaging into food is modulated by various factors, including i) food
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Abbreviation list

BADGE Bisphenol A diglycidyl ether

BADGE'H,0 Bisphenol A (2,3-dihydroxypropyl) glycidyl ether

BADGE:2H,0 Bisphenol A bis(2,3-dihydroxypropyl) ether

BADGE-HCl Bisphenol A (3-chloro-2-hydroxypropyl) glycidyl ether

BADGE-2HC] Bisphenol A bis(3-chloro-2-hydroxypropyl) ether

BADGE'HCI'H,O Bisphenol A (3-chloro-2-hydroxypropyl) (2,3-di-
hydroxypropyl) ether

BFDGE Bisphenol F diglycidyl ether

BP Bisphenol

BPA Bisphenol A

BPB Bisphenol B

BPM Bisphenol M

BPS Bisphenol S, Bisphenol Z, 4,4’-cyclohexylidenebisphenol
bw Body weight

EC European Community

ECHA  European Chemicals Agency
EDCs Endocrine disrupting chemicals
EFSA European Food Safety Authority
EPA Environmental Protection Agency
ER Estrogen Receptor

EU European Union

FAO Food and Agriculture organization of the United Nations
LOD Limit of detection

LOQ Limit of quantification

PDI Probable Daily Intake

PE Polyethylene

PEHD High-density polyethylene

PET Polyethylene terephthalate

PVC Polyvinyl chloride

TDI Total Daily Intake

WHO World Health Organization
WWTPs Wastewater Treatment Plants

composition (e.g fat content); ii) whether or not the contact with food is
direct; iii) contact time (the concentration of the migrating molecules in
food is directly proportional to the square root of the contact time); iv)
contact temperature and pH values (higher temperatures and lower pH
induce higher migration rates); v) thickness of packaging material
(thinner packages are linked with higher migration rates); vi) chemical
nature and vii) amount of migrant compound (Repossi et al., 2016).

As can be seen in Fig. 1, all BP feature a scaffold consisting of two
phenol rings, linked by a variously substituted carbon atom and the two
phenol moieties are functionalized with various groups. Only Bisphenol
M (BPM) supports three phenyl groups, instead. However, it is the core
scaffold all BPs share that is believed to be directly responsible for the
endocrine activity (Kitamura et al., 2005).

BPA belongs to the class of endocrine disrupting chemicals (EDCs)
since it exerts estrogenic activity, even at concentrations below
1ngL~ . BPA and its analogues were demonstrated to interact with a
variety of endogenous receptors, e.g receptors of thyroid and gluco-
corticoid hormones, androgenic and estrogenic receptors (ER). In ad-
dition, BPA was demonstrated to modulate several serotonin- and do-
pamine-associated genes (Castro et al., 2015). Interactions with the ER
occur via ER dependent pathways and BPs can act as either weak
agonist or antagonist (MacKay and Abizaid, 2017; Molina-Molina et al.,
2013; Watson et al., 2011). The widespread use of BPA is confirmed by
the circumstance that more than 90% of world population, including
infants, have its traces in blood and urine at concentration values
ranging from 0.32 to 2.5ngmL™ ! and from 0.11 to 946 ngmL™?, re-
spectively (Hanaoka et al., 2002; Liao and Kannan, 2012; Vandenberg
et al., 2010). The increased urinary BPA concentration in adults was
found linked to hypertension associated to obesity (Bae et al., 2012;
Wang et al., 2015). Indeed, in a study carried out by Bae et al. 521
participants were recruited and the exposure to BPA was demonstrated
to be associated with a) decreased heart rate variability (HRV), b) in-
creased blood pressure and c) increased cardiovascular diseases (CVDs)
(Bae et al., 2012; Wang et al., 2015). Extensive discussions of the effects
of BPA exposure and its relashionship with several metabolic and car-
diovascular diseases are reported in the literature (Ranciere et al.,
2015).

Upon ingestion by humans, BPA is metabolized by the liver into
bisphenol A-glucuronide, a highly water-soluble compound, whose
half-life is less than 6 h and whose complete elimination requires about
24 h (Volkel et al., 2002).

European Food Safety Authority (EFSA) established the quantity of
a chemical substance that can be ingested daily without posing sig-
nificant risks to health, namely the Tolerably Daily Intake (TDI). In the
light of extensive studies published by the U.S. Environmental
Protection Agency (EPA), in 2015 EFSA re-examined BPA exposure and

toxicity issues, reducing the BPA TDI, previously set at 50 ug kg ~* body
weight (bw) day ! to 4ugkg ™! bw day ' (EFSA Scientific Opinion,
2015). The TDI for the sum of BADGE and its metabolites (BADGE-H,O
and BADGE-2H,0) was set at 0.15mgkg ™' bw per day. For BADGE
chlorohydrins (i.e. BADGE:2HCl, BADGEHCI, and BADGE-HCI'H,0),
EFSA considered that the current restriction of 1 mgkg ™! of food is still
appropriate. No specific limits were indicated for BPs other than BPA,
BADGE and its chlorohydrins. However, according to EFSA, there is a
considerable uncertainty in the exposure estimate for the non-dietary
sources (EFSA Scientific Opinion, 2013).

This review is aimed at offering a country-specific overview of the
occurrence of BPA and its structural analogues in six main categories of
foodstuff marketed in the EU, i.e. beverages, milk and dairy products,
fish, meat, vegetables and fruits, pasta and cereals, and composite food.

This work should be viewed as an update of the last EFSA review,
dated back to 2013 since it provides an extension of the EDCs ex-
amined, because not only BPA but also its analogues are here con-
sidered. This aspect represents a reason of novelty of the present paper.
This review is based on peer-reviewed studies reporting the con-
centrations of BPs measured in food commodities, predominantly
published in the last five years, in the nine of twenty-seven EU countries
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Fig. 1. Generic structures of (A) a bisphenol and (B) a bisphenol diglycidyl
ether.
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for which data are available. Data are crossed and grouped by in-
vestigated bisphenols, country of origin or area of marketing, kind of
packaging, food subcategory, retrieved concentration range (minimum-
maximum value), limit of detection (LOD) and limit of quantitation
(LOQ) values and references. Unfortunately, monitoring studies have
been conducted as patchwork in the various EU countries and no data
are available for some of them. Therefore, the aim is neither to draw
any conclusive evidence, but rather to summarize monitoring studies
from the last years to possibly evaluate the trend of BP contamination of
foodstuff marketed in EU.

Furthermore, this review provides a rough estimate of dietary BP
exposure in the various EU countries based on a probabilistic approach.
This was calculated by multiplying the average intake of a food by the
maximum concentration found for each food category in that country
(i.e. the worst scenario of contamination). Therefore, when monitoring
studies are available, the Probable Daily Intake (PDI) of BPs is esti-
mated by assuming it as an index of population contamination from the
diet. The PDI computation was based on the food consumption data
surveyed by EFSA in 2011, the most complete and detailed source
currently available for EU. The EFSA survey is based on different
methodologies used to collect the data and refers to different years of
survey for the various countries. Unfortunately, no EFSA data were
provided for Greece, Spain and Portugal and the survey refers to data
provided in 2007 by KNOEMA, a US-based company of open statistic
data platform (Knoema Inc., 2017).
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soft drinks, bottle water, juice
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soft/energy/beer
soft drinks and beers
soft drinks

water

soft drinks

Energy drinks

2. Foodstuff
2.1. Beverages and drinking water

The possible occurrence of BPs in beverages and drinking water is
justified by their presence in the coating materials of cans, bottle tops
and water supply pipes (Amiridou and Voutsa, 2011). However, con-
centration values of BPs found in beverages are the lowest among other
food categories, as shown in Table 1, and in many cases, BPs are not
even found. This could most probably be due to i) the relatively high
LODs of several performed analytical methods, ii) the different chem-
istry of the coating used in the two-piece easy open cans for soft drinks,
and iii) the amount of the coatings applied in cans for soft drinks that is
lower than that applied in cans designed for other foodstuff (Goodson
et al., 2002; Horie et al., 1999; Kawamura et al., 2001; Thomson and
Grounds, 2005). BPs were never found in glass bottled beverages but
detected in all other canned and plastic packed products, suggesting
that all types of packaging, except glass, can release BPs. BADGE is
frequently used in the internal coating for beverage cans, because it
entries in the production of epoxy phenolic resins, but BADGE is also an
additive for the elimination of the excess of hydrochloric acid in the
production of polyvinyl chloride (PVC) organosols (emulsion paints).

Many monitoring studies regarding the BP contamination of com-
monly consumed beverages were performed in EU. In Belgium, BPA
was detected at concentrations ranging from 0.02 to 8.1 ugL ™" in 75%
of 45 analysed canned beverages, among which soft and energy drink,
cola, beer and juices (Geens et al., 2010). BPA was found at detectable
levels (LOD equal to 0.18ug L-1 and LOQ equal to 0.54pug L-1, re-
spectively) in 57% of the carbonated beverages, in 50% of the non-
carbonated beverages and in 100% of the milk based beverages in 71
Italian variously packaged beverages, including milk-based ones
(Fasano et al., 2015). The monitoring study performed in Austria by
Braunrath et al. in 2005 reported very low BPA levels ranging from
“not-detectable” (0.2-0.8ngmL™") to 3.4ugL~! (Braunrath et al.,
2005). Energy drink consumption has rapidly grown in recent years
with a global consumption nearly doubling between 2006 and 2012
(Nowak and Jasionowski, 2015) with a marketing often youth-oriented
(Harris and Munsell, 2015). In fact, in the last 20 years, the energy
drink consumption has increased among children and teenagers with
the young adults, aged 18-34, being the major demographic target

>

plastic, canned, cardboard box with plastic cap and

metal foil
canned, PET, aluminum, Tetra Pack

fountain, PET
plastic

Packaging
canned
canned, PET,
Tetra Pak
canned
canned
canned
canned
not canned
canned
canned

2017 (Tzatzarakis et al., 2017)

2015 (Fasano et al., 2015)
2017(Gallo et al., 2017)

2005 (Braunrath et al., 2005)
2010 (Geens et al., 2010)
2011 (Gallart-Ayala et al.,
2012 (Cacho et al., 2012)
2013 (Maggioni et al., 2013)
2014 (Sakhi et al., 2014)
2014 (Bemrah et al., 2014)
2014 (Errico et al., 2014)

2011 (Gallart-Ayala et al.,
2011a)

2011 (Cunha et al., 2011)
2011b)

Country  Year (ref)

Austria
Belgium
Portugal
Spain
Spain
Spain
Italy
Norway
France
Italy
Italy
Greece
Italy

BADGE, BFDGE and their derivatives
BPA + BPS, BADGE, BFDGE
2 Nr = not reported.

Bisphenol
BPA

BPA

BPA, BPB
BPA + BPs
BPA + BPs
BPA + BPs

BPA
BPA
BPA
BPA
BPA

BPs in beverages and drinking water differently packaged.

Table 1



G. Russo, et al.

(Pomeranz et al., 2013; Reid et al., 2017). In Italy, 40.6% in 2008 and
48.3% in 2010 of 8-9-year aged children consumed such drinks at least
once a day (Nardone et al., 2014), due to the often-high content of
caffeine, sugar, and other energizing ingredients (Harris and Munsell,
2015; Pomeranz et al., 2013; Reissig et al., 2009). A recent study per-
formed by Bae and Hong (Bae and Hong (2015) demonstrated that the
habitual consumption of canned drinks led to increased BPA blood le-
vels, with effects on blood pressure. They indeed demonstrated that
BPA levels in urine increased in patients consuming canned beverages
by > 1600% as compared to those patients having glass bottled bev-
erages. The same authors clinically observed an increase in the systolic
blood pressure by = 4.5 mm Hg after the consumption of only 2 canned
beverages in comparison with patients having 2 glasses of bottled
beverages (Bae et al., 2017).

A study commissioned by EFSA established that the highest pre-
valence of energy drink consumption in the EU population was re-
presented by teenager consumers (68%) 56% of which Italians. About
12% (7% from Italy) of them were identified as “high chronic” con-
sumers, i.e. consuming energy drinks 4-5 times per week or more
(Zucconi et al., 2013). Therefore, despite the low concentration levels
retrieved, BP contamination may be relevant because the amount of
consumed liquids, e.g. beverages and drinking water, is much higher
than that of the solids. Moreover, this represents a serious health issue
for the chronic consumers, i.e. the youngest. Gallo et al. (Gallo et al.
(2017) found that out of forty energy drink samples analysed, twenty-
two samples (55.0%) were contaminated above the LOQs (0.50 ug L™YH
by one, two or three bisphenols. BPA was the BP more frequently de-
tected, i.e. in 17 energy drinks (42.5% of samples) at contamination
levels ranging from 0.50 to 3.3 ng mL~!. Interestingly, these values are
comparable to the levels in this foodstuff reported in the three studies
performed in Spain in 2011 and 2012 (Cacho et al., 2012; Gallart-Ayala
et al., 2011a, b).

No data are available on BPA levels in beverages marketed in France
after the ban on BPA use in 2015, since the last study in this country
was performed in 2014. Therefore, the source of BP contamination in
this foodstuff cannot be demonstrated at this stage, although it seems to
be strongly dependent upon packaging features and not upon the food
matrix. However, this hypothesis is partly in contrast with the research
of Maggioni et al. (2013) performed on water samples collected from 35
major Italian cities and on 5 Italian popular brands of polyethylene
terephthalate (PET) bottled mineral water, to assess the quality of Ita-
lian drinking water. The highest BPA concentration was found in the
water sampled from pipelines (0.102 ugL~') in Ferrara, a city located
in Northern Italy, while in two brands of PET bottled mineral water BPA
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was detected at concentrations as low as 0.83-1.13ng L™ . Indeed, PET
containers are not expected to release BPA, suggesting that the source
of BPA in PET bottled water may be related to bottle closures, pollution
of water prior to bottling, or the use of recycled PET (Bach et al., 2012).
Table 1 lists the monitoring studies on beverages and drinking water
marketed in EU.

2.1.1. Milk and dairy products

Milk is by far one of the most consumed food and, along with its
derivatives, provides almost one third of the daily intake of proteins,
being suitable for human consumption at all ages. Although in the last
five years its consumption has been reduced on behalf of vegeta-
ble-based beverages, for the European population it amounts to about
65.85 Kg of milk per person per year (CLA Website, 2018). The growing
demand of transport and the high costs of milk production within the
boundaries led to the development of various containers in plastic
materials, or in combination with paper, termed cartons, suitable for its
safe carriage over long distances from “farm to fork”. Although such
containers are not believed a potential source of BP contamination in
milk, being made of material such as PET that does not allow the release
of bisphenols, recent studies revealed the occurrence of BPA in milk,
even when the chemical nature of its packaging would not allow its
release (Grumetto et al., 2013). This suggests that the presence of BPA
into milk can also occur during its production throughout the supply
chain, through the contact with utensils and equipment during the food
processing. Another possible route for milk contamination from BPs is
through animal feeding. BPA was determined either as single analyte or
simultaneously with other BPs or alkylphenols, such as nonylphenol
and octylphenol (Ferrer et al., 2011). The occurrence of BPs in milk and
dairy products is presented in Table 2. For BPA, the lowest milk con-
centration found was 0.02 ugkg ™! in Norwegian cardboard packaged
milk (Sakhi et al., 2014), while the highest one was 800 ugkg ™! (Ferrer
et al., 2011) in canned skimmed milk from Spanish market. However,
BPA concentrations as high as 521 ugkg™' and 169 ugkg ™' are also
reported in other two studies performed on milk marketed in Italy
(Cirillo et al., 2015; Grumetto et al., 2013), in spite of the fact that milk
was packaged in materials that do not allow any BPA release, such as
PET, polyethylene (PE), high-density polyethylene (PEHD), and alu-
minium. Conversely, the other studies in Table 2, concerning the
French, Swedish and Greek markets (Bemrah et al., 2014;
Gyllenhammar et al., 2012; Maragou et al., 2006), reported very low
concentrations of BPs, although the milk collected from the Swedish
and Greek markets were both canned. Few information can be achieved
from these studies about the possible sources of BP contamination.

Table 2
BPs in milk differently packaged.
Bisphenol Country Year (ref) Packaging Subcategory LOQng mL~! LODngmL~! Min-Max
g kg™
BPA, BADGE Spain 2004 (Casajuana and Lacorte,  Tetra Brik’, HDPE, canned Milk 0.15 0.99-2.64
2004)
BPA Greece 2006 (Maragou et al., 2006) canned Milk 1.70 5.10 1.7-15.2
BPA Spain 2011 (Ferrer et al., 2011) canned skimmed milk 5.00 16.00 800
BPA Spain 2012 (Molina-Garcia et al., canned milk, powdered milk, 0.06 0.19 0.38-5.47
2012)
BPA Sweden 2012 (Gyllenhammar et al., canned milk, sour milk, yogurt, 2.0 <LOQ-2.4
2012) cream
BPA + BPs, BADGE, Italy 2013 (Grumetto et al., 2013) Tetra Pak’, Tetra Brik’, milk 0.30-4.20 1.00-14.00 <1-521
BFDGE PEHD, PET, PE
BPA Norway 2014 (Sakhi et al., 2014) cardboard box milk 0.10 0.02
plastic hard cheese 0.72
plastic and metal foil cheese spreads <0.10
plastic, aluminium brown cheese <0.10
BPA France 2014 (Bemrah et al., 2014) HDPE milk 0.09 0.045-1.654
ultrafresh dairy products 0.045-2.018
cheese 0.105-6.103
BPA Italy 2015 (Cirillo et al., 2015) PET, Tetra Paka, _aluminium  milk 3.00 9.00 3-169
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Grumetto et al. found that the concentrations of BPA and its analogues
in milk were not related to the fat content, but were probably depen-
dent on other factors, such as food contact materials during milk pro-
cessing and/or temperature and time of manufacturing (Grumetto
et al.,, 2013). Furthermore, Grumetto and co-workers were the only
authors that investigated the presence in this matrix of BPs other than
BPA, namely BPB, BPF, BADGE, and BFDGE. They retrieved BPB con-
centrations as high as 67 pgkg ™!, which emphasizes the need to detect
not only BPA, but also its structural congeners. However, even if the
recent data are not complete enough for drawing some solid conclu-
sions, the huge differences of BPA levels in milk found in the more
recent studies regarding the Italian market compared to French market
in the time frame 2013-2015 catches attention, particularly in light of
the fact that France banned BPA in 2015. Therefore, it is reasonable to
assume that packaging plays only a minor role in milk contamination,
which probably depends on different thermic treatments and/or dif-
ferent utensils used for food processing. It is important to point out that
BPs, secreted in cow milk, could be concentrated at higher levels par-
ticularly in fat dairy products. Unfortunately, most information gath-
ered from the scientific literature regards BP levels in milk and only few
information is provided about the contamination along the supply chain
of dairy products, whose production could concentrate BPs.

2.2. Vegetables and fruits

The analyses of BPA and its analogues in non-canned vegetables and
fruits have been rarely performed in EU countries, complicating an
accurate estimate of their content. On the contrary, a reasonable esti-
mate of the occurrence in canned vegetables and fruits is possible, be-
cause of several studies reporting the BP concentration levels in this
foodstuff (Alabi et al., 2014; Bemrah et al., 2014; Braunrath et al.,
2005; Cunha and Fernandes, 2013; Errico et al., 2014; Geens et al.,
2010; Grumetto et al., 2008; Gyllenhammar et al., 2012; Sakhi et al.,
2014; Tzatzarakis et al., 2017). Table 3 shows the results of monitoring
studies on vegetables marketed in EU. As can be seen, from an analy-
tical point of view, vegetables packed in cans, are an extremely het-
erogeneous subcategory because they show huge differences not only as
matrix (mushrooms, tomatoes, lentils, etc.), but also in preservative
medium employed for their conservation such as water, oil or not
present at all. These differences apparently reflect the noticeable
variability of the concentration levels of BPs found in this commodity.
To date, literature reports the results of analyses on at least 18 different
vegetable matrices. The highest BPA concentration was found by Alabi
et al. (2014) in canned asparagus (959 pgkg '), occurring in samples
collected in 2014 from Spanish market. Values significantly lower, but
of the same order of magnitude (265.6, 235.88, 116.3, and
115.3 ugkg 1), are reported in four studies, two performed in Italy on
canned tomato (Errico et al., 2014; Grumetto et al., 2008), and two in
Portugal and Belgium on various canned vegetables including tomato
(Cunha and Fernandes, 2013; Geens et al., 2010). Geens et al. found a
significant difference in concentration levels of BPs, between vegetables
packed in metallic cans and in glass jars with a ratio of 100 between the
levels found in these two types of packaging. For instance, Geens et al.
(2010), when comparing BPA content of vegetable in these two dif-
ferent packaging, found higher contamination levels in metallic cans,
with BPA concentrations in canned carrots and corn 60 and 25 folds
higher than those in glass containers, respectively. Actually, BPA levels
found in unpacked vegetable samples are usually lower than those
found in the canned ones. Furthermore, a monitoring study performed
in Portugal (Cunha and Fernandes, 2013) demonstrated that 87% of
tested canned vegetables and fruit samples showed detectable levels of
BPA, ranging from 3.4 to 265.6 pg kg~ !, with all the canned vegetable
samples (100%) positive to BPA, while in canned fruits the percentage
of occurrence was 72%. Tomato is the most investigated matrix (men-
tioned in seven works out of twelve). An extensive investigation of
many canned tomato samples (42 samples) was reported by Grumetto
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et al. (2008). The authors found levels ranging from 20.5 to
115.3 ug kg~ *. This study on products marketed in Italy, also found BPB
in nine tomato samples at levels ranging from 27.1ugkg~' to
85.7 ugkg ™. A wider range of values (from 0.31 to 235.88 ugkg™")
was reported in another monitoring study performed in Italy by Errico
et al. (2014). The authors considered both intact and dented cans, and
three different tomato types: peeled tomatoes, cherry tomatoes and
concentrated tomato sauce. BPA was found in all types of investigated
tomatoes, and its levels from the undamaged cans were smaller than
those measured in the dented cans, confirming the hypothesis that
damage to the cans, in the form of denting, has an appreciable effect on
the BPA migration, leading to an increase of more than 30%. Even
though BPs were found also in fresh vegetables, this data supports the
hypothesis that the migration from packaging contributes significantly
to the overall BP content in this foodstuff. This is in agreement with the
results by Vinas et al. (2010) and Cacho et al. (2012), who analysed the
suspension liquid of canned vegetables and inferred that bisphenol
contamination occurred from the packaging. Regarding the research
paper authored by Vifias and co-workers (Vifias et al., 2010), Table 3
summarizes only the concentration values of BPs other than BPS, since
Cao (2019) casted some doubts regarding the identity of the peak ori-
ginally attributed by the authors to BPS, that was indeed attributed by
this author to an impurity. The extensive presence of BPA in canned
vegetables had an indirect confirmation in a work of Braun et al.
(2011), who found a positive relationship between their consumption
and urinary BPA concentrations in humans. In fact, they demonstrated
that the consuming of canned vegetables at least once per day was as-
sociated with BPA urine concentrations of about 2.3pgg~' as com-
pared with those consuming no canned vegetables of about 1.6 ugg ™.

BPA levels in fruits, mainly fruit in syrup, are also reported in
Table 3. As can be seen, BP values are quite low, as compared to other
food categories. The highest number of 78 investigated non-canned
fruits is reported in a study on French market (Bemrah et al., 2014),
where BPA levels ranged from 0.105 to 2.130 ugkg~'. Another study
by Cunha et al. (Cunha and Fernandes, 2013) on 20 canned fruits from
Portuguese market, reported BPA levels ranging from 3.4 to
10.2ugkg ! with the highest level observed in peach in syrup. The
highest BPA concentration in fruit was reported by Braunhart et al.
(Braunrath et al., 2005), who found 24 ugkg ™' in canned mango in
syrup marketed in Austria. A possible explanation to the relatively low
levels of BPs found in fruit was given by Oldring and Nehring (Oldring
PK, 2007) since usually food industry uses electrolytic tinplate instead
of epoxy phenolic films in canned fruit containers. Due to the alleged
inability of packaging to release BPs other than BPA, most of the studies
did not consider their monitoring. However, a study performed on
canned vegetables and fruit marketed in Portugal, detected BPB in two
canned foodstuffs, ie. fruit and vegetables, at levels as high as
3.0ugkg ™! and 3.4ugkg”', respectively (Cunha and Fernandes,
2013).

2.3. Seafood

In 2015, EU consumers spent 54 billion euros for buying fisheries
and aquaculture products, reaching the highest amount ever recorded
(ECHA, 2016). In that year, the EU seafood consumption per capita
increased from 24.6 g/day/person, as surveyed in 2013, to 25.6 g/day/
person, with the lowest value for Slovakia (9.4 g/day/person) and the
highest for Norway (62.7 g/day/person). Due to sea pollution, fish
contain significant levels of EDCs, among which BPA and its analogues
as well as other environmental contaminants. In the years 2005-2006
the annual production volume of BPA in the EU increased to 1,150,000
metric tons (JRC Scientific and Technical Reports European Union Risk
Assessment Report, 2008) and the high production volume of this
plasticizer reflects in its constant detection in aquatic ecosystems. In-
deed, environmental pollutants, including EDCs, are transferred via
municipal and industrial wastewater to the sea because conventional
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wastewater treatment plants (WWTPs), based on activated sludge, often
fail to remove them completely (Ting and Praveena, 2017). Therefore,
sea and river organisms are impacted by WWTP effluents and con-
tinuously exposed to low doses of EDCs. Although these chemicals are
usually present at low levels in oceans, they bio-magnificate and bio-
accumulate in the aquatic food chain, such that their levels are gen-
erally higher in older and larger predatory fish and marine mammals.
Although consumers can reduce their exposure by removing skin and
fat from fish before cooking as filets, this practice does not allow
eliminating EDCs because they are also distributed throughout the
muscle, skinning and trimming. For instance, BPA concentrations in
fresh fish were determined both in muscle and liver, since it is well
known that exposure to contaminants will first result in a passage
through the liver, after which the compound reaches the muscle
(Ferrara et al., 2008; Mita et al., 2011). Furthermore, EDCs bio acces-
sibility, i.e. the fraction released from the food matrix in the gastro-
intestinal tract and available for absorption (Heaney, 2001) is higher in
canned seafood than in other food matrices. Indeed, a study on BPA
bioaccessibility in canned seafood revealed that it ranged from 80 to
99% (Cunha et al., 2017). This probably occurs because the migration
from packaging adds to the levels already present in fresh fish tissues
and seafood due to the release from plastic debris in oceans (Gatidou
et al., 2010; Liu et al., 2012; Yang et al., 2014).

Even if the general assumption is that “fresh is best”, for geographic
and economic reasons the consumption of canned seafood is very
popular in EU. Tuna (2.6 Kg per capita in 2014) and cod (2.4 Kg per
capita), followed by salmon and Alaska Pollock, are the top consumed
canned products.

Their consumption increased by 22% from 2012 to 2014 (Knoema
Inc., 2007). Many studies investigated the concentration levels of BPs in
canned fish and seafood as reported in Table 4, regarding tuna, sar-
dines, cod, salmon, but also mussels and others. The only two mon-
itoring studies concerning unpackaged river fish were performed in
France (20-79 pgkg™") and Spain (223.91 ugkg™!) (Jakimska et al.,
2013; Miege et al., 2012). This contamination may be generated by the
pollution of rivers and lakes since they collect industrial and domestic
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waste water from surrounding lands. However, few data are available
to relate EDC levels in fishes with water pollution. An interesting
monitoring study was performed in 2013 on Danube river pollution.
Indeed, The Joint Danube Survey 3 of the International Commission for
the Protection of the Danube River ICPDR 2013 (Li$;ka et al., 2013),
reported that Danube, one of the five primary rivers in Europe, reaches
BPA levels of a maximum concentration of 1.94 pgL ™1,

Filtering organisms, such as mussels, are chosen in monitoring
studies as bio-indicators of pollution due to their capability of accu-
mulating contaminants at higher concentrations and the limited ability
to metabolize them (Jakimska et al., 2013; Miege et al., 2012). The
EDCs in bivalve molluscs can affect human health by means of direct
ingestion or because their bioaccumulation propagates along the food
chain. A study by Gatidou et al. (2010) on various species of bivalves
indicated that BPA concentrations were similar in Mediterranean
mussels from various geographical areas (0.16-626.3 ugkg™"). Fur-
thermore, the study demonstrated that if BPA average concentration is
0.300ugL™! in unfiltered seawater, Mediterranean mussels sig-
nificantly bio-accumulate it and after 28 days the concentration levels
reaches 1159 ug kg_1 (dried weight) (Gatidou et al., 2010), a value of
about 3000 times that at the beginning of the experiment. In contrast,
Staniszewska et al. (2014) performed an EDCs monitoring study on
various marine organisms, including mussels, of the Gulf of Gdarnsk
(Baltic Sea) and, based on the very low levels found, concluded that this
coastal area was not contaminated from BPA and other EDCs and
consequently, rather safe for humans.

As to the studies concerning river fish (Jakimska et al., 2013; Miege
et al., 2012), the authors reported BP concentrations of about
200 pgkg .

A special regard concerns tuna that canned or not, is one of the most
consumed fish. Various studies on canned tuna samples found lower BP
concentrations in liquid portions than in the respective solid part, with
BPA concentrations generally 10-times higher in the solid food (Fattore
et al., 2015) and with a higher presence in oily rather than aqueous
preservation medium. As can be seen in Table 4, considering the re-
search works regarding only canned tuna, the highest concentration

Table 4
BPs in canned and not canned seafood.
Bisphenols Country  Year (ref) Packaging Subcategory LODng g~ ! for LOQng g~ ! for Min-Max
solid solid ug Kg~!
BPA Austria 2005 (Braunrath et al., canned tuna, sardines in oil 0.4 2.1-43
2005)
BPA Belgium 2010 (Geens et al., 2010) canned tuna, salmon, anchovies, 0.10 0.9-169.3
BPA Greece 2010 (Gatidou et al., 2010) not canned mussels 115% < LOD- 626.3
BADGE, BFDGE Spain 2012 (Miguez et al., 2012) canned mussel, anchovy, tuna pilchard, 0.50-3.10 1.80-10.30 18-625
mackerel
BPA France 2012 (Miege et al., 2012) not canned river fish 10.00-15.00 20-79
BPA Spain 2012 (Salgueiro-Gonzalez not canned Mussels 0.90 3.30 11.2
et al., 2012)
BPA BPB Portugal 2012 (Cunha et al., 2012) canned tuna, sardines, mackerels, squid, 0.20-0.40 1-99.9
octopuses, mussels, eels, anchovies
BPA Sweden 2012 (Gyllenhammar et al.,  canned/not not specified 2.00-4.00 2.5-29
2012) canned
BPA Spain 2013 (Jakimska et al., 2013) unpackaged different fish from four Mediterranean ~ 0.01° 0.04¢ 223.91
rivers”
BPA + BPs Spain 2014 (Alabi et al., 2014) canned cockles, mackerels, tuna 0.30-1.10 0.90-3.50 7.2-662
BPA France 2014 (Bemrah et al., 2014) not canned fish, crustaceans and mollusks 0.21 0.105-97.934
BPA Norway 2014 (Sakhi et al., 2014) plastic fish ball, frozen fish, caviar spread, 0.10 0.10-7.3
codroe
BPA + BPs Italy 2015 (Fattore et al., 2015) canned tuna 0.90-3.70 3.00-12.30 6.3-187.0
BPA Greece 2017 (Tzatzarakis et al., canned fish, seafood 0.60 1.90 17.2-30.7
2017)
BPA Portugal 2017 (Cunha et al., 2017) canned tuna, sardines 0.01 1-62
BPA France 2017 (Gorecki et al., 2017)  not canned fish, crustaceans and mollusks 0.10 ugkg 0.30 ug/kg 0.09-35.58
% Dry weight.

b Dry weight.
¢ Dry weight.
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levels of BPs (187 ugkg™") were found in a study conducted on 33
samples of canned tuna marketed in Italy in 2015 (Fattore et al., 2015).
Alabi et al. (2014) also reported concentration values reaching values
as high as 662 ug kg ™!, but the study considered not only tuna but also
mussels, cockles and other canned seafood. Forty-one canned seafood
from Spanish origin including mussels, anchovy, pilchards, mackerels
and tuna were analysed by Miguez et al. (2012), but in 37 samples no
BADGEs or BFDGEs were detected; only in the four tuna samples con-
centration values of BADGE derivatives from 18 to 625Kg~ ' were
found. Overall, these data suggest that the seafood level of BPs arise
from the polluted marine environment, while the migration from
packaging contributes to a much lesser extent.

2.4. Meat

In 2015, EFSA published a scientific opinion underlining that
canned and not canned meat were the two main BPA dietary con-
tributors in most countries (EFSA; Gorecki et al., 2017). The contribu-
tion of canned and not canned meat products to the total dietary ex-
posure to BPs ranged between 10% and 50% depending on the EU
country and exposure scenario considered. As can be seen in Table 5,
monitoring studies regarding meat products showed low values of BPA
in various packaged meat from Norwegian (3.2pugkg™!) and Greek
(0.6 ugkg ™) markets (Sakhi et al., 2014; Tzatzarakis et al., 2017). On
the other hand, the study performed in Spain by Alabi et al. in 2014 on
the content of BPA and 11 BP derivatives in canned meat, reported BP
values up to 630.0pugkg™! (Alabi et al., 2014). BPA was found in
canned and not canned meat in the studies performed in Belgium and
Sweden, reporting values of 26.7 and 13 pgkg ™!, respectively (Geens
et al., 2010; Gyllenhammar et al., 2012). Two French studies by Bemrah
et al. (2014) and Gorecki et al. (2017) deserve special merits as they
dealt with the time evolution of bisphenol contamination in food. In
such works, BPA content in various food commodities, gathered in the
French market between 2007 and 2009, was compared with the values
found in the same typology of food collected in 2015. Rather high BPA
levels were found in the study carried out in 2014 in 173 meat-based
products, ie. in pooled liver (394.757ugkg™ 1) and cooked veal
(224 ug kg™ 1), whilst pork meat contained BPA concentrations higher
than 20 ugkg~'. Globally, the research work demonstrated the ubi-
quitous presence of BPA in this food with a background level of con-
tamination of less than 5 pgkg ™! in 85% of the 1498 analysed samples,
belonging to various foodstuff. On the other hand, the study published
in 2017 showed a noticeable decrease in the BPA mean contaminations
as compared to the previous study. Indeed, the mean concentration in
meat was found to be 9.71 pgkg ™! in the samples collected between
2007 and 2009 against 2.78 ugkg ' in the samples gathered in 2015
(Gorecki et al., 2017), with a concentration range spanning from 0.09
to 60.19 ug kg ~*. These studies allowed the assessment of both the BPA

Food and Chemical Toxicology 131 (2019) 110575

basic content in this food category, i.e. not arising from packaging
migration, and the trend of BPA levels during the years. It should be
underlined that French authorities banned BPA in the manufacture of
food contact materials in 2015 (French legislation, 2010). However,
among the not canned food categories, when all EU data for not canned
meat and meat products surveyed by EFSA were pooled, average BPA
concentration (middle bound) was 9.4 ug kg’l. In comparison to that,
fish and other seafood have an average concentration of 7.4 ugkg !
(EFSA panel on food contact materials, 2013). As in all foods, the source
of BPA in meat is due to migration from packaging and the contact with
items during the transformation processes as well as to its previous
presence in animal tissues because of the animal feeding. Overall, the
studies summarized in Table 5 report concentration values ranging
from 0.09 to 630 ug kg-1s in canned meat with an average concentra-

tion above 30 ugkg 1.

2.5. Pasta and cereals

Cereals are an important source of energy for humans. Wheat pro-
duction, in twenty-seven selected EU countries, is now estimated to be
134.4 million tons (Eurostat, 2017). Thus, BPs contamination in cereals
might be a great source of dietary intake. Unfortunately, to date only six
studies were conducted on BPA contamination and, among these, only
the three studies from the Spanish market, considered also BPA deri-
vatives (Alabi et al., 2014; Cacho et al., 2012; Vinas et al., 2010). The
monitoring studies concerning pasta and cereals are listed in Table 6.
Three typical varieties of cereals were tested for bisphenol con-
tamination: rice, maize and wheat, packaged either in cans or in plas-
tics. As can be seen, few studies are performed on this foodstuff. This is
probably because the matrix is (a) solid, (b) not usually marketed in
cans and (c) freshly consumed in most of the cases. The first study
considered in this review was performed in 2010 by Geens et al. on
samples of “ravioli”, a typical meat filled Italian pasta, and corn (canned
or in glass) collected from Belgium market. BPA levels found were up to
73.1 ugkg 1. Levels of the same order of magnitude were reported for
canned sweet corn in 2010 by Vifas et al. (2010) on the Spanish market
and more recently (2017) by Tzatzarakis et al. (2017) for canned corn
from Greek market. Much lower levels were found in three studies
performed in 2012 on a large variety of cereals, in Norway, Sweden and
Spain. The first study (Sakhi et al., 2014) did not consider canned
cereals and reported BPA concentrations in the range
0.10-0.24 ugkg ™', Cacho et al. (2012) in Spain, and Gyllenhammar
et al. (2012) in Sweden found BPA levels not higher than 2.45 g L!
and 2.0 ugkg ™! respectively. It's important unlied that Cacho et al.
expressed their results in pg L™ ! since the analysis was conducted on
filling liquids. However, the highest values are reported by Alabi et al.
in 2014 on canned sweet corn from Spanish market (142 pgkg ') in the
only study that considers as many as eleven BPA derivatives.

Table 5
Bisphenol in canned and not canned meat.
Bisphenol ~ Country Year (ref) Packaging Subcategory LODngg™! LOQngg~! Min-Max
g Kg~!
BPA France 2014 (Bemrah et al., 2014)  not canned meat, poultry and game, offals, 0.21 0.105-394.757
delicatessen meats 0.105-16.351
BPA Belgium 2010 (Geens et al., 2010) Canned, glass Meat 0.10 0.86-26.7
BPA Sweden 2012 (Gyllenhammar et al., canned/not Meat 2.00-4.00 6.9-13
2012) canned
BPA Norway 2014 (Sakhi et al., 2014) plastic, metal minced meat, chicken fillet, sausages, hamburger, sliced 0.10 0.10-3.2
foil salami, liver pate, sliced ham, sliced turkey
BPA + BPs Spain 2014 (Alabi et al., 2014) canned Tripe meat balls 0.30-1.10 0.90-3.50 39-630
9.2-341
BPA France 2017 (Gorecki et al., 2017)  not canned meat, poultry, game and offals, 0.02 1.2 0.09-60.19
delicatessen meats 0.09-18.69
BPA Greece 2017 (Tzatzarakis et al., metal/Plastic meat products 0.6

2017)




G. Russo, et al.

Food and Chemical Toxicology 131 (2019) 110575

Table 6
Bisphenols in canned and not canned pasta and cereals.
Bisphenols Country Year (ref) Packaging Products LOQng g~ ! Min-Max
ng Kg~!
BPA Belgium 2010 (Geens et al., 2010) canned ravioli, corn 0.10 0.94-73.1
canned
glass
BPA, BP Spain 2010 (Vinas et al., 2010) canned sweet corn 11.7 - 31.5%
BPA + BPs Spain 2012 (Cacho et al., 2012) canned corn 2.45°
BPA Sweden 2012 (Gyllenhammar et al., 2012) canned/not canned bread, flour, pasta 2.0
rice, corn flakes, grain
BPA + BPs Spain 2014 (Alabi et al., 2014) canned sweet corn 13-142
BPA Norway 2014 (Sakhi et al., 2014) plastic, paper bag bread, pasta, burns, 0.10-0.24
breakfast cereals, flour
BPA Greece 2017 (Tzatzarakis et al., 2017) canned corn 48.3

@ Data expressed as ug L™
> Data expressed as ug L™ 1.

Furthermore, high levels were also found in canned corn from Greek
market (48.3 ug kg_l) (Tzatzarakis et al., 2017).

2.6. Composite food and others

The category of composite food is reported in this review just for the
sake of completeness, because any evaluation of BP content due to
heterogeneity of the considered matrices is not feasible. A composite
food is defined in European Union legislation as “a foodstuff intended for
human consumption that contains both processed products of animal origin
and products of plant origin”. Due to the heterogeneity of the considered
matrices, it is impossible any evaluation about the different studies. As
evident from the subcategories listed in Table 7, the composition of
these foods hugely varies, including both composite foods and single
ingredients such as eggs, honey and oil, preventing a straightforward
comparison among the different studies. As example, the monitoring
study carried out in France by Bemrah et al. in 2014, analysed as many
as 176 various composite food (Bemrah et al., 2014), and these food
categories had a background BPA contamination spanning from 0.105
to 28.370 ugkg ™ '. These categories, generally marketed as canned
food, appear noticeably affected by packaging in BP content. In fact, the
study by Carwile et al. reported that eating canned soup for five con-
secutive days increased urinary BPA concentration by > 1000% as
compared to eating soup cooked with fresh ingredients (Carwile et al.,
2011). This increase in urinary BPA is likely a transient peak, whose
duration is still uncertain. The effect of such intermittent elevations in
BPA urinary concentration is unknown. The only study found in lit-
erature before 2014 was by Petersen et al. (2003) which analysed four
production lots of lightweight containers filled with goulash and po-
tatoes. The sum of BADGE derivatives (BADGE-HCl, BADGE-2HClI,
BADGEHCI'H,O, BADGE-H,0, and BADGE-2H,0) in all investigated
lots spanned from 2139 to 2925 ug kg~ *, while the minimum value for
each single derivative was of 25ugkg~' and the maximum of
1085 ug kg~ 1. The average amount of BADGE and its derivatives of all 4
investigated lots (1680-2340 ug/kg) exceeded the regulatory limits,
that should not be higher than 1000ugkg™" of food (Commission
Regulation No, 1895/2005, 2005). A monitoring study was performed
on honey by Cesen et al. (2016) aimed at dosing BPA, BPAF, BPE, BPF,
BPS and Bisphenol Z (BPZ, 4,4’-cyclohexylidenebisphenol) in thirty-six
honey lots. The authors found BP concentration values spanning from
0.364 to 302ugkg~!. Anyway, concerning the composite food cate-
gory, the concentration levels, reported in Table 7, would only indicate
that various bisphenol analogues are currently used in manufacturing
even if, in some cases, they probably derive from sources other than the
final packaging. An interesting case of BP contamination from source
different from packaging migrations is the natural occurrence of BPF
documented in mild mustard made of the seeds of Sinapis Alba L. BPF
forms from the breakdown of the glucosinolate glucosinalbin with 4-

hydrobybenzyl alcohol. In other words, BPF forms during mustard
production from a natural ingredient of mustard grains at so high
concentrations that it may pose a risk to specific groups of the human
population that consume mustard. Indeed, the consumption of 20 g of
mustard can lead to an intake of 100-200pug of BPF, an analogue
structurally very similar to BPA and with similar biological effects
(Rochester and Bolden, 2015). A relatively high value of BPF was also
found in mustard seeds (8350 ug kg’l) by Zoller et al. (2016).

3. Dietary intake

In 2006, the EU worst-case scenario for BPA daily intake was esti-
mated to be up to 1.5 ugkg ™! bw for adults (EFSA panel on food con-
tact materials, 2013). In 2011, the World Health Organization (WHO)
estimated the mean dietary daily intake of BPA for adults to be
0.4-1.4 ug kg~ ! bw, with a worst-case exposure scenario of 4.2 ugkg !
bw for adults consuming 100% of coffee, tea and alcoholic drinks and
100% of solid food as packaged foods and beverages (Report of Joint
FAO/WHO Expert Meeting, 2010; Opinion of the Scientific Panel on
Food Additives, Flavourings, Processing Aids and Materials in Contact
with Food, 2006). Literature reports various studies regarding BPA in-
take from food, mainly canned, calculated considering the food con-
sumption for each category (Bemrah et al., 2014; Kawamura et al.,
2001; Lorber et al., 2015). Assessments of BPA intake are currently
done either by both direct measurements in food items and considering
the per capita consumption for each food category, or, indirectly, by
back calculation from urinary BPA concentrations (Braun et al., 2011;
Stacy et al., 2016). For instance, Kawamura et al. (2001) estimated a
daily intake of BPA by multiplying the average concentration of BPA in
canned food for each food category by the daily intake of the canned
foods in each food group. The total BPA intake was then calculated by
summing up the intakes from each food group. According to this pro-
cedure we calculate the maximum Probably Daily Intake (PDI) for each
category; Fig. 2 reports the hypothesized BP intake for each foodstuff
category in each European country, where monitoring studies are
available. In other words, the PDI was obtained by multiplying the
average intake of each main food group, without subdivisions into
subcategories, by the maximum concentration of BPs found for each
main food category in that country (i.e. the worst scenario). For the PDI
assessment, we did not take into account the study by Cacho et al.
(2012) and that by Vinas et al. (2010) because of BP levels for “pasta
and cereals” and “vegetables” foodstuff categories were assessed in the
preservative medium but not in the food itself. The per capita food
consumption for each of the principal six categories is reported in Table
S1. It should be noted that the intake data we report should be cau-
tiously regarded because its assessment is rather difficult to achieve in
an accurate way. This occurs since: i) complete data for nine EU
countries are only available for seafood and vegetables; ii) the per capita
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Table 7

Bisphenols in canned and not canned composite food and others.

Min-Max
pg Kg ™!

LOQngg~!

LOD ng g~ *

Subcategory

Packaging

Year (ref)

Country

Bisphenol

25-1085

7.80-23.70

liver sausage, sliced cold meat, processed cheese with pepper, pork with lard,
semolina pudding, mixed fruits, sweet rice dessert with fruits, hamburger with

tomato sauce, lentil stew, vegetable pan, noodles with meat and sauce, cevapcici,
goulash with potatoes
not-canned, PET  pizza, quiches, savory pastries, cakes, sandwiches snacks, soup and broths, mixed 0.21

canned

2003 (Petersen et al.,

2003)

Germany

BPA + BADGE and its

derivatives

0.105-28.370

2014 (Bemrah et al.,

2014)

France

BPA

dishes, desserts and dairy-based desserts, compotes and cooked fruit, seasoning

and sauces, food for particular uses, edible ices, chocolate and sugar derivatives

eggs and egg products, butter, oil, margarine

0.045-4.510

0.21

2014 (Bemrah et al., canned, PET

2014)

France

BPA

0.000597-0.147  0.00199-0.489 0.364-302

honey

PET, plastic

2016 (Chen et al.,

2016)

European and non-

BPA + BPs

European countries

Italy

nd

800.00

270.00

honey

not canned

2016 (Lo Turco et al.,

2016)

BPA

30.00 10- 8350

10.00

mustard seeds

not canned

2016 (Zoller et al.,

2016)

Switzerland

BPF

1.90 n.d.

0.60

sauces

canned, Tetra

2017 (Tzatzarakis
et al., 2017)

Greece

BPA
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food consumption of the various countries are gathered during a nine-
year period from EFSA,; iii) the consumption data for Spain, Greece and
Portugal, for which no EFSA data are available, are gathered only in
2007 and taken from an alternative source; iv) different methodologies
were used in the surveys both from EFSA and other sources to collect
the data; v) most of monitoring studies considered only BPA and not its
analogues. However, looking Fig. 2 some general considerations can
still be drawn: i) the exposure to BPs from food sources in Europe is
generally lower in the Northern countries than in the Southern ones; ii)
the highest PDI values concern canned meat and vegetables, while the
lowest ones are for canned fruits; iii) migration from packaging into
beverages and drinking waters is as important as migration to solid
food. Overall, these data may suggest that the use of BPA-free plastic
materials predominates in the countries with lower PDIs (e.g. France
and Scandinavia). Fig. 2H depicts the number of foodstuff monitoring
studies for each EU country. As can be seen, only two countries, i.e.
Spain and Italy, have 12 and 8 studies in the last ten years, respectively.
On the contrary, no studies or reports are available for as many as
twenty EU countries. EFSA recently issued a comprehensive report
concerning the concentration of BPA in foodstuff in EU. The document
considered both canned and non-canned foods (EFSA panel on food
contact materials, 2013). The ratio in BP concentrations between
canned and non-canned foods ranged from 3 to 500 times for the dif-
ferent food categories suggesting that the contamination could also
realize during food processing and production (Pjanic, 2017). The
European Chemicals Agency (ECHA) officially declared that the ex-
posure to BPA poses serious human health concerns (ECHA CLA
Website, 2018), following a report provided by the French government,
that in 2015 banned BPA from any food packaging (ECHA). Therefore,
ECHA revised the list of dangerous substances and included BPA. On
the other hand, in 2015 EFSA declared that the BPA has no role in
increasing the risk concerning the human health at the current exposure
levels. The Commission Directive 2004/19/EC defined a specific mi-
gration limit in foods and beverages as high as 0.6mgkg~' and
9.0mgkg ! of food for BPA and BADGE, respectively. On 23rd August
2017, the European Commission (EC) published the draft regulation
“Bisphenol A in varnishes and coatings and plastics intended to come
into contact with food”. This document sets a new specific migration
limit for BPA amounting to 0.05mgkg~! food from varnishes or
coatings applied to materials or articles intended for food contact.
Furthermore, this draft establishes that BPA migration is not allowed at
any extent from plastic materials and articles designed to be in direct
contact with infants' and toddlers’ food. Even if most BP concentrations
reported in the collected research papers are too low to produce PDI
exceeding the levels considered safe by EFSA, thus reasonably ex-
cluding any risk of acute toxicity, the debate whether or not low doses
of BPs can have adverse health effects is still controversial (Wang et al.,
2017). However, the PDI values in Fig. 2 consider only one food cate-
gory at once, neglecting the sums of the PDIs arising from a complete
dietary regimen based on the combination of various foodstuffs (ECHA,
2016; EFSA panel on food contact materials, 2013; Pjanic, 2017) while
toxic effects on the human health can arise both from the chronic
toxicity due to bioaccumulation and from the simultaneous exposition
(and consequent intake) to EDCs (“cocktail effect”).

4. Conclusion

The main purpose of this paper was the analysis of the various
monitoring studies in which BPA and its analogues were found in
foodstuff marketed in EU, mainly in the last five years. Unfortunately,
such information is decidedly lacking with regards to twenty EU
countries, for which monitoring studies regarding BPA were conducted
but no data are available on the contamination from BPs other than
BPA. The results of this review suggest a progressive shift by industries
of metal cans from BPA to other BP monomers in manufacturing of food
packaging and allowing their consequent possible migration into food.
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Fig. 2. Country-specific probable daily intake based on the monitoring studies reported in the literature and human consumption data surveys. A, seafood; B,
beverages; C, milk; D, meat; E, pasta and cereals; F, vegetable; G, fruit; H, number of monitoring studies for each EU country.
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Anyhow, it is necessary to keep in mind that BPA analogues are steadily
being used for various industrial applications and their safety as com-
pared to BPA is still far to be demonstrated. In the light of these find-
ings, a constant and geographically-complete monitoring of BP pre-
sence in foodstuffs on the markets is strongly desirable to increase risk
awareness regarding this issue. Furthermore, a precautionary principle
must be applied even if detected levels of BPs other than BPA are below
the legal limits.
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