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ANNEX XV RESTRICTION REPORT FORMAT

A. Proposal

A.1 Proposed restriction(s)

A.1.1 The identity of the substance(s)

Public name: Bisphenol-A (BPA)

EC name: 4,4'-isopropylidenediphenol
IUPAC name: 4,4'-propane-2,2-diyldiphenol
EC number: 201-245-8

CAS number: 80-05-7

Annex VI Index number: 604-030-00-0

A.1.2 Scope and conditions of restriction(s)

Based on the justifications summarised in section A.2 the following restriction is proposed as
regards the use of Bisphenol-A (BPA) in thermal paper.

Entry [#]. 1. Thermal paper shall not be

4,4'-isopropylidenediphenol (Bisphenol-A) placed on the market 36 months

after of entry into force of this

CAS No 80-05-7 Regulation if it contains this

EC No 201-245-8 substance in  concentration
equal or higher than 0.02% by
weight

2. The existing standard analytical
methods for BPA have to be
used

Thermal paper is a paper composed of base paper which is coated with at least one chemical
layer. This chemical layer is a thermal reactive coating made with binders, dyes and one
developer such as BPA. BPA is a dye developer largely used in thermal paper in the EU
(estimated at around 70%) and in the world (although substitution is already underway).
Thermal paper is named “thermal” because it is then used in direct printing devices, placed
under a heating printhead which allows the images and characters to appear. This is precisely
the role of the dye developer (the BPA) contained in the thermal paper to allow this
appearance. Some thermal paper can also include some additional coatings depending on the
properties searched and the end-use targeted.

Thermal paper is used in many applications such as point-of-sales (POS) tickets and receipts,
self-adhesive labels, lottery tickets or fax paper. In principle, all applications are likely to
contain BPA although information collected during the elaboration of this proposal indicates
that the POS applications mainly contain BPA. These applications stand for around 65% of the
thermal tickets placed on the EU market and seem to represent the main source of BPA
exposure for workers and consumers. Indeed, this type of tickets and receipts are made with
relatively low quality thermal paper, namely ‘ecopaper’, without protective topcoating, so that
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the BPA contained in the thermal coating layer migrates easily to the fingers or any objects in
contact with it. With respect to top coated thermal paper (or ‘protected thermal papers’) most
often used for transportation tickets, cinema tickets and adhesive labels (food packaging, etc.),
for example, BPA seems to not having been used since 2000 according to a communication
from a French manufacturer of top coated thermal paper. However, this claiming is not
supported by any available study. Moreover, although topcoatings might reduce the migration
of BPA from the tickets, it cannot thus be excluded that BPA still migrate from them and might
generate some risk. For these reasons, the restriction proposed herein aim to cover all types
of thermal paper, from point-of-sales applications (namely ‘ecopaper’) to topcoated ‘protected’
thermal applications. Nevertheless, due to a higher amount of information collected for POS
receipts, the exposure and risk assessments as well as the socio-economic analysis have
been carried out for these specific applications. Moreover, from a control and enforcement
perspective, it would be difficult to distinguish between thermal papers produced for one
application or another, especially because ‘thermal paper is not explicitely defined and
categorized as such in the existing classifications for products and articles (Prodcom and
TARIC in particular).

As regards the measurement of BPA content in thermal paper, there is no standard analytical
method to measure the content of BPA in thermal paper today in the EU but several methods
still exist and can be used for that purpose. Those methods are listed and presented in section
E.2.

The transitional period of 3 years (36 months) is deemed to be reasonable in terms of timing
and manageability in order to give enough time for the supply chain to comply and substitute
(or keep on substituting) and for the control authorities to organise and anticipate the controls.

A.2 Summary of the justification

A.2.1 Identified hazard and risk

This restriction proposal aims to address the risks for human health of pregnant workers and
consumers exposed to BPA contained in thermal paper they may handle. The population at
risk is more precisely their unborn children which are exposed in utero via their mother.

The workers targeted herein are workers who are likely to handle thermal tickets such as
cashiers and the consumers at risk are any people who may receive a ticket or receipt after a
purchase, an ATM withdrawal or a payment with credit card, in other words any consumer in
principle. The exposure route is the dermal route.

Such as demonstrated in section B and summarized in section D.1, the risk is considered to
be potentially severe and likely to concern every EU country. The evaluation of the effects
arising at low doses throughout the scientific litterature allowed to demonstrate adverse effects
for the unborn children’s health defined as ‘at risk’ on:
- The female reproductive system (increase in the occurrence of ovarian cysts,
increase in the occurrence of endometriosis and disruption of ovarian cycles)
- The brain and the behaviour (alteration of spatial memory and learning
functions)
- Vulnerability of the developing mammary gland (increase in the terminal end
buds (TEB), terminal ducts (TD) and hyperplastic ducts (HD), considered as
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precursors to breast cancer with subsequent co-exposure to carcinogenic
agents)
- The metabolism and obesity (increase in body weight (BW) and in cholesterol)

These adverse effects have been demonstrated at lower doses than those for fertility effects
demonstrated in the recent French Harmonised Classification proposal. Indeed, it should be
kept in mind that the purpose of the two dossiers (CLH and restriction), resulting from parallel
exercises is different. Indeed, while the Harmonised Classification proposal was based on a
comparison of the previous data that led UK to propose BPA as a Cat.2 (DSD) with recent
ones, the purpose of the work carried out prior to this restriction proposal was to focus on
effects arising at low doses. Moreover, three endpoints covered herein in addition to
reproductive systems are effects that were mostly not investigated in older studies.

Risks for environment are not of concern herein although it is shown that the restriction could
also bring some benefits for environment, avoiding in particular BPA releases in aquatic
compartment from thermal paper recycling (see section F.1.2).

Such as shown in section E.2, there is no risk management measures implemented to date in
any EU country restricting BPA in thermal paper. Sweden and Belgium have proposed a
regulation in that purpose but they have not been adopted yet. The exposures and risks
demonstrated for human health in section B are thus expected to continue to occur without this
restriction. However, given its toxicity and the repetitive attacks on that ground from public
opinion, medias and health and environment agencies all over the world, substitution of BPA in
thermal paper is already underway. To that respect, it is shown above in section C that several
‘drop in’ dye developers are available, technically and economically feasible and some of them
are already used in thermal paper in Europe and worldwide. This is particularly the case of
BPS. Technical substitutes (alternative printing systems) and free-paper alternatives are also
scrutinized in section C, showing however that they might not be economically feasible
alternatives (for the former) or likely to be adopted in short-term and at large scale (for the
latter). Although chemical substitution of BPA in thermal paper is ongoing, to what extent the
decrease in BPA use for that application will be fast or significant without any regulatory
obligation remains however uncertain. There is thus a need for regulation.

A.2.2 Justification that action is required on a Co  mmunity-wide basis

As explained in section D., the main reasons for acting on a Community-wide basis are related
to the risks and the internal market considerations.

The risks for human health demonstrated in section B is considered as potentially severe and
extended on the whole Europe. Given that the population exposed are workers who are likely
to handle thermal paper such as cashiers and consumers, in principle, all EU countries are
concerned by these exposures and risks. A restriction under REACH would remove these
risks and additionally some collateral environmental releases. Moreover, a restriction under
REACH would ensure equal treatment among producers and importers of thermal paper and
doing so it would create a level playing field on the common market.

There is thus a need for Community-wide regulation.
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A.2.3 Justification that the proposed restriction i s the most appropriate Community-

wide measure

As shown in section E.2, the restriction proposed is referred as ‘RMO 1'. It is demonstrated
that it is considered as:
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Effective in reducing the identified risks: the concentration limit proposed is very
low and at this level, the restriction is equivalent to a total ban, based on
stakeholders’ consultation (the thermal paper would no longer be efficient with
such low BPA content). As a result, it is expected that BPA will fully phase out
by the date of entry into force of the restriction and thus the exposures will totally
be removed; and so will be the associated adverse effects.

Proportionate to the risks:
0 The costs would mainly consist in substitution costs, namely costs

associated with the replacement of BPA with another chemical dye
developer and compliance control costs, related to the testing of BPA
content in thermal paper. The ‘direct’ costs of substitution are assessed
in section F.2. Indirect costs (other costs associated to substitution) are
not quantified and considered as not major. The data allowing the
guantitative and qualitative assessment come from one MSCAs survey
carried out by ANSES in 2013, one survey by INERIS in 2013 and a
review of public available data. As a whole, based on 3 scenarios (min,
max and medium), and a share of BPA-containing thermal paper in the
EU of 70%, the chemical substitution cost for the replacement of BPA by
manufacturers of thermal paper is estimated to range from around €0.5
million (min) and €274 million (max, probably overestimated) with a (more
realistic) average estimate between €1 million and €39 million per year
over the period 2019-2030. A sensitivity analysis has been performed in
section F.2. on several uncertain parameters. As regards the compliance
control costs, borne due to the conformity tests carried our by the supply
chain on the products, they are estimated between €146,255 and
€254,472 per year over 2019-2030. Overall, the costs of the restriction
proposed for the thermal paper market (substitution and
compliance control costs) are estimated to range fr om around €0.6
million (low range) to around €274.2 million (high range, probably
overestimated) with a more realistic average estima  te between €1.1
million and €39.2 million per year over 2019-2030.  These average
costs stand for between 0.18% and 5.85% of the tota | production
value of thermal paper manufactured for POS applica tions over
2019-2030.

As regards the health benefits associated with the restriction, they
correspond to the costs avoided due to the reduction in adverse effects
and diseases such as described in section B and assessed in section
F.1. The health benefits have been assessed for workers as well as for
consumers since both are demonstrated as at risk. The human health
impact assessment is semi-quantitative. The data allowing the
guantitative assessment come from the establishment of patterns and the
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review of economic literature. As a whole, the total quantified potential
health benefits of the proposed restriction are est imated to range
from (at_least ) €1.8 million to €12.6 million per year over 2019- 2030,
keeping in mind that all the benefits have been val ued. A sensitivity
analysis has been performed in section F.1.1. on several uncertain
parameters.

o0 As a whole, depending on the assumptions made and taking into account
the probable overestimation of the upper bound of the total costs and the
fact that not all health benefits have been valued (the monetised estimate
of the benefits has to be interpreted as the lower bound of the benefits),
the restriction can be considered as proportionate.

0 The transitional period of 3 years (36 months) is deemed to be
reasonable in terms of timing and manageability in order to give enough
time for the supply chain to comply and substitute (or keep on
substituting) and for the control authorities to organise and anticipate the
controls. The restriction proposed is thus expected to entry into force in
20109.

- Practicable: the restriction proposed is considered to be implementable,
enforceable and manageable

- Monitorable: Given that there exist several analytical methods to measure BPA
content in thermal paper (although no standard exists), the restriction proposed
is considered to be monitorable by control authorities and customs services. As
regards thermal paper imported into the EU, there might be one concern
however concerning the definition of thermal paper since no specific existing
TARIC code is attributed to this type of product. Several TARIC codes could in
principle cover ‘thermal paper’. There could be the codes 481190, 4823, 4821
and 480220 such as described in section E.2.1.3).

It has to be highlighted that as it is shown in sec  tion C and F.2, the substitution of BPA
by BPS (or other bisphenols) is expected to be like ly. Indeed, BPS is already largely
used in thermal paper worldwide and appears to be t he most technically and
economically feasible “drop-in” alternative. Howeve r, taken into account the
toxicological profile of BPS, this substitute might cause very similar adverse health
effects as BPA. As a result of those expectations a  nd hazards, it has to be pointed out
that the health benefits estimated herein due to th e restriction of BPA in thermal paper
could be decreased and to some extent come down to zero if BPA was actually and
totally replaced by BPS and if BPS was proven as mu  ch as toxic.

Another option for restriction is assessed in section E.2: a restriction under REACH limiting the
migration of BPA from thermal paper. This option is named ‘RMO 2’ but is not considered as
appropriate as regards the criteria of effectiveness (including proportionality), practicality and
monitorability. It has thus been discarded.

A third option for restriction  had initially been thought to be developed: a REACH restriction
with a wider scope including a grouping of all bisphenols likely to be used in thermal paper.
Given the fact that the other bisphenols identified and assessed in section C as possible
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alternatives may have the same adverse properties and effects on human health as BPA
does, this option for restriction could have been of great interest and consistency. This even
restriction proposal could have been scoped in that way. It would have guaranteed the non-
replacement of BPA by other dye developers, such as BPS particularly, which is rather cheap.
However, due to the current lack of toxicological data on some bisphenols’ profile on the one
hand (expected to be partially filled in by the 2014 BPS SEv by BE), and taken into account
that risks from BPA in thermal paper have already been demonstrated, this option has been
discarded and this proposal focuses on BPA only.

B. Information on hazard and risk

B.1 Identity of the substance(s) and physical and ¢ hemical properties

B.1.1 Name and other identifiers of the substance(  s)

Public name: Bisphenol-A (BPA)

EC name: 4,4'-isopropylidenediphenol;
IUPAC name: 4,4'-propane-2.2-diyldiphenol
EC number: 201-245-8

CAS number: 80-05-7

Annex VI Index number: 604-030-00-0

Deleted CAS numbers: 27360-89-0; 28106-82-3; 3713HE:
137885-53-1; 146479-75-6; 1429425-26-2.

Molecular formula: GsH160-
Molecular weight: 228,2863 + 0,0137 g/mol

Structural formula:
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OH

OH

B.1.2 Composition of the substance(s)

The degree of purity of BPA is superior to 80% and inferior to 100% (w/w).

Constituent

Typical concentration

Concentration range

Remarks

Bisphenol A

80 — 100%

No information

B.1.3 Physicochemical properties

Table 1. Summary of the physico-chemical properties

Property Value Comment (e.g. measured or
estimated)
State of the | Odourless (mild phenolic odour) | Bisphenol A is a white solid at
substance at 20°C | solid (white crystals, flakes, | environmentally relevant
and 101,3 kPa prills) temperatures
Melting/freezing melting point: 150-155°C
point
at 1013hPa: 360 °C
Boiling point At 17hPa: 250-252°C  with

potential decomposition

Relative density

1.195 g/cm?® (Air = 1) at 25°
Density:
0.815 g/cm? at —20°C
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Vapour pressure

1.61E-09 hPa at 20°C
4.12E-09 hPa at 25°C

Surface tension

No data

Water solubility

Moderately soluble in water:
146-173 m g/L at 25°C

300 mg/L at 25°C

Tests were conducted using bi-
distilled water with 24 hours mixin
g. They were performed in
triplicate.

HPLC was used for analytical det
ermination

Partition coefficient | 3.4 at 21.5°C Experimental

n-octanol/water 3.32 at 25°C QSAR

Flash point 227°C @ 1013 hPa Closed cup

Flammability Bisphenol A is classified as not | Tested according to UN Test
readily combustible solid Procedure N.1

Explosive properties | Waiving

Self-ignition Auto-ignition temperature:

temperature 510°C @ 1013 hPa

Oxidising properties | waiving

Granulometry

Most of BPA granules are >
1mm in diameter.
(1.25-2.0: 62.3-87.7%)

Experimental data

Stability in organic
solvents and identity
of relevant
degradation
products

waiving

Dissociation
constant

pKa = 10.08 at 25°C

Viscosity

Scientifically unjustified

Source: Registration dossier (2013)

B.1.4 Justification for grouping
Not relevant for this proposal.

B.2 Manufacture and uses

Data on manufacture and uses of BPA are documented below from different sources
(registration dossiers for BPA, EC, 2003; EC, 2008, INERIS, 2010, ANSES, 2011, Danish
E.P.A., 2013, UK, 2008, 2013 MSCAs consultation (see section G), 2013 Industry consultation
(INERIS, 2013).
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B.2.1 Manufacture, import and export of BPA

Manufacture

The market of BPA is global-oriented and supplies a high range of end markets. In 2006, the
global production of BPA accounted for 3,800,000 tons (INERIS, 2010), with around 25% from
the USA (1,089,000 tons in 2007) and 25% from the EU (EC, 2003; EC, 2008, UK, 2008,
Danish E.P.A., 2013).

From the RAR (EC, 2003; EC, 2008), the EU BPA production is oligopolistic and divided up
among four major producers. From WHO, 2010), the major world producers of BPA as of mid-
2010 included Bayer (23% share in the Americas, Europe and Asia), Mitsui and Nan Ya
Plastics (9% and 8% shares, respectively, in Asia) and SABIC, Dow and Hexion (16.2%, 7.3%
and 5.6% shares, respectively, in the Americas and Europe). In the EU, the BPA producers
operate a total of six production sites located in four EU countries (Germany, The Netherlands,
Belgium and Spain) and their manufacture, based upon their submissions to CEFIC, is
estimated at approximately 1,150,000 tonnes/year (taken from 2005/2006 data). However,
other manufacturers exist who are not members of Cefic and so have not supplied information,
so these tonnage figures may be an underestimate (EC, 2003; EC, 2008). The average
amount of BPA produced annually was estimated to be about 700,000 tonnes between 1996
and 1999, reaching 1.6 million tonnes in 2005 according to the Plastics Europe association.
This figure is consistent with the abovementioned CEFIC estimate (INERIS, 2010). From
DEPA 2013 survey (Danish E.P.A., 2013), Finland also produced 27 tons of BPA in 2011.

Import

They are several importers of BPA in the EU. From the different surveys carried out, there are
at least 3 importers in France and 1 (Asian) importer in Poland (MSCAs survey, ANSES,
2013). However, no quantitative data has been found about the import of BPA in the EU.

Export
From the data reported in EC, 2003 ;EC, 2008 and UK (UK, 2008), net exports of BPA from
the EU were in the region of 65,000 tonnes/year for 2005/2006.

Consumption

The biggest consumers of BPA worldwide are the USA (about 25%) and Japan (about 12%).
Asian countries (about 35%) and Western Europe (about 25%) are also significant consumers
(more than 50% of global consumption as a whole). Between 2003 and 2006, consumption of
BPA grew at an average annual rate of about 10%, reaching 1,084,870 tons in 2006 (INERIS,
2010) and 1,149,870 tons in 2010 (EC, 2010), mainly due to the strong demand for
polycarbonate (EC, 2010).

Table 2 summarises the available information on production, export, import and consumption
of BPA. The quantity consumed is described in the next section.
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Table 2. Production, import and consumption of BPA

Production of | Import  of | Export of | Consumption of
BPA BPA BPA BPA
3,800,000 - - 4,041,000-
World (2006) 5,500,000*
(2009/2011%)
4,300,000 tons
(2012)
(ETPA
consultation)
1,089,000 - - =~25% of global
USA (2007) consumption
=~25% of global
production
1,150,000-
1,600,000 > 65,000 1,084,870
(2005/2006) (2005/2006) (2006)
EU
=25% of global 1,149,870
production (EU RAR 2010)
4 producers (DE,
NL, BE, ES) -6
sites
France 0 6,480 3,000* 2000-3,500
(2005) (2005) (2005)
Finland 27 23-2,376
(2011) (2011)

*estimated/prospected

B.2.2 Uses of BPA

BPA is a monomer produced and consumed for a wide range of end-uses and applications.

The following uses of BPA have been identified in the literature (ANSES, 2011).
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Use as a monomer in the synthesis of polymers:

O oO0Oo0Oo0oo0o

Polycarbonates

Polyester carbonate

Polyarylates
Polysulfones
Polyetherimides
Polyols

Use in the synthesis of resins:
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In the CSR, the BPA

Epoxy resins

Vinyl ester resins

Phenolic plastic resins
Phenolic resins

Unsaturated polyester resins

O oO0o0oOo0o

Use as areagent for the synthesis of ethoxylated bisphenol A
Use as a component of a polyamide
Use as a reagent for the manufacture of flame retardants:
o Tetrabromobisphenol A (TBBPA)
0 Tetrachlorobisphenol A (TCBPA)
0 Bisphenol A bis (diphenyl phosphate) (BDP)
Use as a developer for thermal paper
Use in the automotive industry:
0 Antioxidant in the manufacture of tyres
o0 Antioxidant in brake fluids and hydraulic fluids

Use in the paint industry

Use in formulations for fungicides (not in the EU)

Use of BPA-based polymers in cosmetics (lipstick, face and eye makeup, nail

polish)

Use in the composition of heat-transfer fluids and lubricants, and as a treatment

for concrete resurfacing

Use as a precursor in the synthesis of benzoxazines

Used in dental products

uses of thermal paper are in paper articles.

Within the wide variety of end-uses, the BPA is primarily used in the manufacture of
polycarbonate (around 72% in 2005/2006 and 75% in 2009) and epoxy resins (25% in
2005/2006 and 22% in 2009). As shown in the figure below, these two largest uses stand for

over 95% of the world consumption of BPA (UK, 2008 WHO, 2010).
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is used for manufacturing polycarbonate, epoxy resins, coating
materials, chemicals, for inclusion into or onto a matrix, for manufacture of pulp, paper and
paper products, as antioxidant for processing polyvinylchloride (PVC), as epoxy resin
hardeners, and as thermal paper (including paper recycling). The consumer and professional
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Figure 1. Share of the main end-uses of BPA

M PC

M Epoxy and moderated
epoxy resins

M PVC

M Liquid epoxy paints,
lacquers and powder
coatings

M Thermal paper

The world consumption of polycarbonate resins in 2007 by end use was as follows (by
decreasing quantity): electrical/electronic (TVs, monitors, PCs, telephones, Electrical kettles,
mixers, switches, lamp holders, etc. ), 617,000 tons; optical media (Discs, CD-ROM’s, etc.),
500,500 tons; glazing and sheet (construction), 469,000 tons; transportation (automotive),
322,000 tons; and “other” (including bottles, packaging, medical and healthcare) 426,500 tons
(WHO, 2010; Danish E.P.A., 2013). UK, 2008 reports that 865,000 tons of polycarbonate
resins were produced in 2005/2006 in the EU.

The end-uses of BPA-based epoxy resins are (by decreasing produced quantity): marine and
protective coatings (water ballast tanks, sea containers, Steel bridges, storage tanks and
drinking water pipes of metal and concrete etc.), powder coatings (steel furniture, pipes, valves
& fittings, shelves, etc.), electrical and electronics (potting/encapsulation electronic parts
(trans-formers, inductors), printed circuit boards, etc.), civil engineering (flooring, fillers, crack
repair, seal against water and de-icing on concrete bridges, Anti-skid coatings for park decks,
etc.), can and coil coatings (food & drink cans, caps, collapsible tubes (toothpaste, cream),
dishwashers, fridges, etc.), automotive coatings (Waterborne primers for cars, buses, railcars,
etc.), composites (Rackets (tennis, etc.), snowboards, canoes, helmets, windmill blades,
pipes, boats, aircraft, etc.), adhesives (Repair kits, adhesives for buildings, cars, boats, etc.)
and photocure (Printing inks, wood coating, paper varnish, incl food packaging, coating for
plastics and primed metals, etc.). UK, 2008 reports that 191,520 tons of epoxy resins were
produced in 2005/2006 in the EU.

The other (minor) uses of BPA include the manufacture of liquid epoxy paints, lacquers and
powder coatings (12,400 tons in 2005/2006), the manufacture of polyvinylchloride (PVC)

(1,800 tons), the manufacture of thermal papers (1,890 tons) and the manufacture of tin-
plating additive (2,460 tons) (UK, 2008).

Table 3 below shows the share of the main category of uses of BPA in the EU consumption.
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Table 3. BPA main uses

BPA use EU (T/year) EU %
consumption

Manufacture of polycarbonate | 865,000 71.1

(PC)

Manufacture of articles from | 400* 0.05*

polycarbonate

Manufacture of epoxy resins and | 191,520 25

moderated epoxy resins

Incl.

Can coatings 2,755

ethoxylated bisphenol A 2,260

Manufacture of polyvinylchloride | 1,800 0.3

(PVC)

Incl.

Stabilizer packages 450

Phthalate plasticizers 900

Direct stabilization 450

Manufacture of liquid epoxy | 12,400 1.4

paints, lacquers and powder 0.5

coatings

Incl.

Phenoplast 8,800

unsaturated 3,600

Manufacture of thermal papers 1,890 0.16
(2,400 from the registration
dossier)

Manufacture of tin-plating additive | 2,460 04

Others 7,245

Compilation data from the following sources: UK, 2008; Jeffs, 2011; Danish E.P.A., 2013; BPA

registration dossier (04/10/2012).

BPA is thus an HTPV (high tonnage production volume) substance and a very wide range of
articles or preparations are likely to contain BPA on the EU market. For illustrative purposes,
Table 4 below shows the great variety range of applications likely to contain BPA on the
market. It concerns polymers, resins and other products synthesised from bisphenol A.

Table 4. Items and preparations likely to contain BPA

Use

likely to contain BPA

Applications (articles or

preparations)

Polycarbonates used in the manufacture of optical

media

Blank optical media

Polycarbonates used in the manufacture of optical | materials

equipment

Contact lenses; glasses made from all

Prescription glasses,
glasses

protective or

other
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Use

Applications (articles or
likely to contain BPA

preparations)

Polycarbonates used in the manufacture of

tableware items

Crockery, other tableware and household and
toiletry items, other than porcelain

Polycarbonates used in the manufacture of food
containers

Food containers and packaging

Demijohns, bottles, flasks and similar plastic
items

Polycarbonates and epoxy resins used in the
manufacture of domestic appliances

Domestic appliances

Polycarbonate, polyarylate resins, polysulfone
resins, polyether imide resins used in the
manufacture of medical equipment and dental
products

Medical and dental instruments and supplies

Polycarbonate, polysulfone resins, polyether imide

protective equipment

resins used in the manufacture of electrical |Electrical installation equipment
equipment
Polycarbonate used in the manufacture of F_’Iastlc plates, sheets, tapgs_and stnps,_ not
; fitted with a support or similarly combined
transparent films . ;
with other materials
Polycarbonate used in the manufacture of

Safety helmets and other safety products

Polycarbonate, epoxy resins, vinyl ester resins,
unsaturated polyester resins used in the
manufacture of sporting goods

Sporting goods

Polycarbonate used in the construction of roofs of
sports facilities

Sports or recreational facilities

Polycarbonate, epoxy resins, vinyl ester resins,
unsaturated polyester resins, polyols, polysulfone
resins, polyether imide resins used in the
manufacture of automobile parts

Manufacture of brake fluid and tyres

Motor vehicles (tyres, safety glazing, light

reflectors, headlamp inserts, bumpers,
radiator and ventilation grilles, interior lighting
systems, motorcycle  windshields and

helmets, car roof modules, etc.)

Polycarbonate, epoxy resins, modified polyamide,
polysulfone resins, polyether imide resins used in
electrical and electronic applications

Tetrabromo

Printed circuits

Computer, electronic and optical products

Epoxy resins, vinyl ester resins used in flooring
(buildings)

Plastic flooring, in rolls or tiles

Linoleum and hard flooring with non-plastic
surfaces, resilient floor coverings such as
vinyl, linoleum, etc.

Epoxy resins used in coatings for the insides of tins
and cans

Food containers and packaging

Epoxy resins, vinyl ester resins used in surface
coatings of metal containers

Metal tanks, reservoirs and containers
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Use

Applications (articles or
likely to contain BPA

preparations)

Epoxy resins used in coatings for tubes and pipes

Steel tubes, pipes, hollow profiles and related
accessories

Epoxy resins used in the construction of metal
panels

Sandwich panels in coated steel plate

Epoxy resins, vinyl ester resins, unsaturated
polyester resins used in concrete or concrete
structures

Concrete parts/structures for construction

Systems/circuits for fluids

Epoxy resins, phenolic resins used in the

manufacture of glues, adhesives, etc.

Glue/adhesive/sealant/related products

Epoxy resins used in the manufacture of mastic

Mastic

Production of epoxy resins

Resins

Epoxy resins, ethoxylated bisphenol A used in the
production of inks

Printing and reproduction products

Phenolic plastic resins, unsaturated polyester
resins, polyols, ethoxylated bisphenol A used as
binders, plasticisers, hardeners for paint, lacquers
and other fillers

Paint/varnish/enamel/stain and associated
products

Epoxy resins, vinyl ester resins, unsaturated
polyester resins, polysulfone resins, polyetherimide
resins used in aeronautical construction

Aerospace constructions

Epoxy resins, vinyl ester resins, unsaturated
polyester resins used in the manufacture of boats

Ships and floating structures

Pleasure boats

Epoxy resins, phenolic plastic resins used in the
manufacture of wood panels

Veneer and wood panels

Epoxy resins used in the manufacture of tools

Tools

Epoxy resins, ethoxylated bisphenol A used in the
manufacture of varnish

Varnish/lacquer for wood flooring

Non-water-soluble varnish/lacquer for wood
flooring

Epoxy resins used in the manufacture of glass fibre

Fibreglass

Vinyl ester resins used in fibre optic media

Optical fibre cables

Vinyl ester resins used in gas cylinders

Metal containers for compressed or liquefied
gas
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Applications (articles or preparations)

B3 likely to contain BPA
Phenolic plastic resins used in insulation Sealant and insulation products
Phenolic plastic resins used in abrasives Abrasive/polishing products

Friction linings for brakes, clutches and

Phenolic plastic resins used in friction materials
related products

Phenolic plastic resins used in the paper industry
Paper and cardboard
Manufacture of thermal paper

Polyols used in the production of polyurethane Polyurethane foam

Manufacture of resin-based composite materials for | Adjuvants for medical prostheses (cement,
restoration and sealing for dental use glue)

Composition of lubricants Lubricant

Composition of heat transfer fluids Heat transfer fluids

Source: ANSES, 2011

As regards the specific scope of this proposal, and as shown above, it can be seen that the
use of BPA in thermal paper is rather minor compared to other uses such as polycarbonates
or epoxy resins. A detailed analysis of the thermal paper market and this particular use of
concern are provided in the next sections.

B.2.3 Manufacture, import and export of thermal pap  er

B.2.3.1. The thermal printing technology

Thermal printing is a commonly employed printing method typically used in point of sale
receipts, such as fast food restaurants, retailers, grocery stores, gas stations, post offices and
automated teller machines.

As shown in Figure 2 below, in the direct thermal printing process, a printed image or words
are produced by selectively heating specific areas of the coated thermal paper as it is passed
over a thermal print head. The printer's thermal head consists of numerous little heating
elements. The heating elements are electronically controlled and produce thermal energy
which activates a color reaction on the functional thermocoating. The numerous little dots this
produces then go to make up letters, barcodes, and images.
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Figure 2. Thermal printing technology

Thermal printer head

Print / Picture

Thermal paper

Feed roller

Thermal printers have a relatively simple design and are easy to operate, which makes them
energy-saving, quiet, fast, small, and compact — and they require no other consumable, which
in turn saves money and makes them highly reliable. They keep working even under extreme
conditions.

Thermal paper consists of a very smooth paper with a thin coating of a leuco dye and a
dye/color developer. This leuco dye, a dye whose molecules can acquire two forms, changes
colour under the application of heat, pressure or laser light and is then able to reflect light
(Biedermann, 2010; Mendum, 2010).

Figure 3. Structure and function of thermal paper

; r; Thermal head

G —)— Topcoat (opticnal)

Thermal reactive layer

@ Color former S—
A Pigment .
ase-paper
O Color developer pap
== Binder Backcoat (optional)

As illustrated in the Figure 3 above, the thermal paper is basically composed of a base paper
all over which a thermo-coating is applied in a coating machine. This thermo-coating contains
the principal functional components and forms the thermal reactive layer of the thermal paper.
This layer is made up of 4 components:
- acolor-forming substance
- a pigment/thermochromic ink (usually spirolactones, fluoranes, spiropyranes,
etc.) that passes from a colourless state to a coloured state depending on the
medium's pH
- adye/colour developer
- abinder/solvent (generally an alcohol or an ester).
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When the printing stylet heats the paper at a temperature above the binder/solvent's melting
point, the color developer interacts with the thermochromic ink by giving protons, which
acidifies the environment and makes the system coloured. Heat applied at points by the stylet
of the thermal printer to that layer produces a chemical reaction which makes the lettering or
image appear. The composition of the thermal coat determines the sensitivity of the paper, the
image density, the image preservation and the background density.

Thermal paper can optionally be topcoated, backcoated and/or pre-coated, depending on the
quality of the paper wanted and the targeted application. An additional topcoat can be applied
to the thermal coat to protect the thermal paper from mechanical abrasion (e.g. through
scratches), chemical influences (e.g. through oils, fats, varnishes or organic solvents) and
other environmental influences (e.g. through high humidity or water). A topcoat on the front
side of the thermal paper also extends the service life of the thermal head of the printer by
reducing or eliminating the transfer of residue from the thermal coating on to the thermal print
heads. A top coat can also focus the heat from the thermal print head on the active coating
and provide better anchorage of flexographic printing inks applied to the thermal paper (Jeffs,
2011). A coating on the back (backcoat) provides additional protection when printing,
laminating, and much more. It might be essential when the reverse side of the thermal paper is
exposed to migrating adhesives (e.g. adhesives which are used in the production of self-
adhesive labels) or plasticizers (e.g. from plastics like PVC). Moreover, special back-coats
prevent the paper from curling and enable the use of water-based solvents, inks and
adhesives. Finally, pre-coating (or under-coating) may prevent heat conduction into the paper
thus enabling the energy from the thermal head to concentrate in the thermal layer in order to
produce high-resolution printing. This layer determines the sensitivity of the paper, the
brightness and the image density and guarantees an even and smooth surface onto which the
thermal coat is applied (Jeffs, 2011).

The technological possibility of adding specific coatings also allow avoiding the traditional
drawbacks of thermal paper, such as paper curling and fading of the printed image over time.
These layers also allow printing to be applied to the back of the paper, such advertising.

To ensure optimal printing results, certain characteristics of the type of thermal paper and
printer used have to be considered. Different grades of thermal paper have certain
characteristics that render them more applicable to certain uses. One important characteristic
is dynamic sensitivity, which pertains to the length of time the paper is exposed to heat. The
faster a printer operates, the less time the paper is exposed to the units heating element.
Thermal paper with a higher dynamic sensitivity is most appropriate for higher-speed or lower-
energy printing. If thermal paper with low dynamic sensitivity is instead used, insufficient heat
will be applied to the paper resulting in a reduced long-term stability of the finished product
(Koehler Thermal Papers', US EPA, 2012). Static sensitivity is another important characteristic
of thermal paper. Static sensitivity defines the temperature at which the dye and the developer
begin to melt. The static sensitivity value is important for thermally-sensitive applications, such
as for parking tickets or environments with high temperatures (e.g., pizza boxes, coffee cup
labels). Different grades of thermal paper exhibiting varying degrees of thicknesses and
sensitivities affect the lifespan of the print job. If the appropriate paper and printer combination
is used, and proper storage conditions are met, an image printed on thermal paper typically
lasts between five to ten years (Koehler Thermal Papers?; US EPA, 2012).

! http://www.koehlerpaper.com/en/papier/thermal/
2 http://www.koehlerpaper.com/en/papier/thermal/
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What are the advantages and assets of thermal printing technology?

Direct thermal printing offers significant advantages. As compiled from INERIS (INERIS,
2010), the Torraspapel website®, Jeffs, 2011 and US EPA, 2012, they can be listed as:

- fast printing/sensitivity (up to 406 mm per second)

- high image resolution: full graphics capability, up to 400 or 600 dpi (digits per inch)
outputs, image independent on the amount of data or sheets used

- very high reliability and durability/longevity (from 5 to 12 years for the best quality
paper), few mobile components of the printers

- printability on two sides (depending on the process used)

- Individual printing of copies additionally to the sheets (such as credit card slip to be
signed)

- small, compact, light, portable printing units ideal for handheld devices

- no changing of peripherals

- easy handling in applications

- flexibility of paper size: large number of formats for printing, from a few centimeters to
large formats

- low running costs and environmental impacts — low energy and maintenance (no
additional consumables such as tapes, toners or inks)

- no particular cleaning to be performed

- low cost of ownership

- low noise due to the "non-impact" printing process

- high functionality even under extreme environmental conditions

- no fouling of the print head

- excellent ink receptivity

All of those assets stand for important competitive advantages in favour of thermal printing
which is a valuable economical and fast printing system compared to alternative printing
techniques available on the market.

The only shortcoming of this printing system seems to be the need for refilling the printer with
paper regularly, which is actually the case for any printing devices. Nevertheless, there is
another disadvantage of thermal printing (of thermal paper more precisely), being that thermal
paper rolls exposed to heat may turn black, necessitating appropriate storage conditions.
Thermal paper is generally very thin (especially when it is used for tickets and receipts) and
may be damaged by prolonged exposure to sunlight, water, or chemicals (e.g. solvents,
plasticizers) and to friction. In general, that kind of thermal paper for tickets of receipts is best
suited for short-term printing needs more than longer term data storage (US EPA, 2012).

B.2.3.2. The market of thermal paper: manufacture  and applications

A bit of history

The Jeffs, 2011 report includes a valuable historical development of thermal paper. A
summary is provided hereunder.

3 http://www.torraspapel.com/Conocimiento%20Tcnico/AboutPaperThermal.pdf

31



ANNEX XV RESTRICTION REPORT FORMAT

The first applications of thermal papers first came to market in the 1960s, produced by NCR
Corporation and 3M in the USA. The first types of thermal paper were of inferior quality, the
image used to fade rapidly. Yet, this paper was attractive thanks to its relative cheapness and
the market grew. The first thermal printing head was developed by Texas Instruments in 1965
and the first thermal printer, connected to a computer terminal, was launched on the market in
1969 (Jeffs, 2011). During the 1970s, Hewlett Packard began integrating thermal paper
printers into its desktop computers and plotters. In the 1970s and early 1980s, Japanese
producers (such as Ricoh, Jujo, and Kanzaki) using similar dye-based chemistry to that used
by NCR, formed partnerships with barcode printer manufacturers (such as TEC and Sato) and
entered the emerging global bar code industry, primarily in supermarkets. U.S. producers such
as Appleton (NCR's licensee), Nashua Corporation and Graphic Controls compete to gain
market share. Leading pressure-sensitive label producers such as Avery Dennison became
major consumers of direct thermal paper for label applications. Sales in thermal paper really
took off at the end of 1980s with the launch of fax machines. This resulted in large investments
in production capacity for fax papers. However, in the early 1990s the fax market had peaked
and began to decrease due to the penetration of laser and inkjet fax machines which did not
suffer from the fading which was common with thermal paper. Thermal transfer, laser printing,
electro-photography, and to a lesser extent, ink jet printing, began to capture market share for
industrial and warehouse barcode applications due to better durability. In an attempt to protect
their investments in thermal paper production capacity, manufacturers were forced to seek
new applications for direct thermal printing. An investment in improved performance and
reliability, including image stability, printability and thermal resistance properties, has led to an
increasing variety of applications. The rapid development in recent years of fast, quiet, reliable
thermal printers has also allowed the speed and accuracy of the printing to improve. The result
has been an overall growth in the market for thermal paper which has more than compensated
for the drop in thermal fax paper.

The market penetration and growth of direct thermal printing is being maintained thanks to its

inherent advantages over other alternative methods of printing. These advantages have been
described in the previous section.

Market structure and value chain

As regards the value chain of the (EU or global) thermal paper market, it is structured into 5
distinct segments namely supply of raw materials, manufacturing, converting, trade and
consumption.

Figure 4. Value chain of thermal paper market

Paper
Production

Hi
Wil
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(Source: Jeffs, 2011)

Supply of raw materials

The raw materials used as inputs in the manufacturing of thermal paper are fibers, chemicals,
fillers and water. The suppliers of these raw materials are not specific to the thermal paper
market but act on a wide range of chemicals-demanding markets. The inputs materials can be
delivered to manufacturers of thermal paper either in a raw state or already pre-transformed or
formulated and ready-to-use/ready-to-apply.

Manufacturing

Manufacturing is defined as both paper production (often from purchased pulp) and finishing.
The ‘production’ per se consists in putting together the base (plain) paper and the different
coatings (primarily thermal-coating and optionally precoat, backcoat and/or topcoat) as
described in the previous section. Some manufacturers produce the plain or support paper
themselves (INERIS, 2013). The coatings can be formulated on site or purchased already
prepared and are only applied. Once the coatings are dry, the thermal paper generally passes
through the ‘finishing’ operations, where it is subjected to various operations: winding,
packaging and binding. Then, the thermal paper, usually conditioned in jumbo rolls (rolls with a
large width, up to several thousands of meters long, so that thermal paper can be easily
transformed) is warehoused before being sent to convertors or directly to traders. Those paper
production and finishing operations are carried out in large, automated production factories.
The manufacturing companies either own or license the patents for the different chemical
formulations necessary to create the various finishes of thermal paper. Most of them operate
under Japanese license®.

Figure 5. Jumbo rolls of thermal paper

The market of thermal paper manufacturing is oligopolistic. It is dominated by a handful of
large business groups which are global-oriented and diversified. They usually produce a wide
range of paper products in addition to thermal paper. In Europe there are in total 10 thermal

4 http://cerig.efpg.inpg.fr/icg/Dossiers/Papier_thermique/chapitre_1.htm
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paper manufacturers. The four largest are Koehler, Kanzan, Mitsubishi and Juju Thermal.
Other European thermal paper manufacturers are Sihl and Torraspapel. The thermal paper
manufacturers in Europe are members of the trade organisation named European Thermal
Paper Association (ETPA — see section G). Between 2000 and 2006 in Europe, the thermal
paper market grew from 105,000 tons to 168,000 tons which represents a 60% enhancement
(Danish E.P.A., 2011). ETPA confirmed a growth of market during the past ten years (up to
10% per year). Thermal paper manufacturing continues today to be a resilient, growing,
diversified industry in spite of tough competition (particularly from Asian countries whose the
market grows faster) and depressed prices. The worldwide market for thermal paper in 2006
was approximately 845,000 metric tons valued at $1.5-1.6 billion at the producer level (Jeffs,
2011) and approximately 1.3 million tons in 2012 (from 2013 ETPA consultation). ETPA
estimates the European thermal paper production at 540,000 tons in 2012. Despite the
specialisation in end products, margins are tight overall with profitability depending on the cost
of raw materials and strong automation to achieve economies of scale in production. The high
cost of plant and machinery necessitates large sales volumes for manufacturers (Jeffs, 2011).

Thermal paper is also imported into Europe from extra-EU thermal paper manufacturers
mainly from Korea (e.g. Hansol), Japan and USA (e.g. Appvion, Inc. (formerly Appleton
Papers Inc.)) and China (e.g. Jinan Fuzhi Paper Co.,ltd).

As regards the geographical breakdown of thermal paper production within the EU, the data
collected through both the 2013 MSCA and INERIS surveys provide the following picture of
the European market (INERIS, 2013).

Table 5. Production, import and distribution of thermal paper in the EU

Number of thermal paper m&;ﬁgslm Uzl [geiger
el e distributors
Bulgaria - 10
Denmark >1 >2
Finland 1
France 1 >1
Germany 4 >1
NL - >1
Slovenia 1
Spain 1
Sweden 1 >5
UK - >2
et W:iLt%in 7 EU countries e
TOTAL 540,000 tons* N/A

*source: ETPA, 2013

The EU countries not mentioned above either didn't answer the surveys, either didn't have the
information requested, or don't count any producer or importer on their territory.
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It has to be noted that up to 10% of the paper from the production process is waste (due to
trimmings, etc.). This waste material is called ‘broke’ and is sent directly to a small number of
recycling plants and so never enters actual commercial use (EC, 2008). Some recycling
companies are thus linked to the manufacturing segment.

Converting

The converting of thermal paper consists in purchasing paper in jumbo rolls from the thermal
paper manufacturers and then slitting them to commonly used smaller sizes for various
industries, clients and applications. Converting can also include the printing of additional
information on to the paper, such as advertising (often on the back side of the paper).
Convertors are companies which are diversified or specialized in one specific product such as
till rolls manufacturing (like Schades in Europe for example).

Trade

The trade segment corresponds to the distribution and sale of bulk-bought ready-to-use rolls
purchased from the convertors to end customers. They are the very last intermediaries in the
supply chain between the thermal paper produced and the downstream users (or final
customers). The distributors operating in one particular EU country are generally companies
which purchase the final products from national thermal paper manufacturers, or at least from
another EU manufacturer. However, as already mentioned above, many foreign distributors
(from Korea, the USA or Japan) are now well settled in several EU countries and widely
marketplace their products in the whole European market.

Consumption

The downstream users or end customers of thermal paper are very numerous and can be
estimated to hundreds of thousands. They go from big firms to SMEs and one-man
businesses. Not exhaustively, they include large retailers, big malls, banks, shops, medical
cabinets, hospitals, drugstores, parking lots, etc. as well as corner shops and stores and more
generally any place where tickets, operation, payment proofs or vouchers have to be provided.
The employees of those places use and handle thermal paper on an every-working-day basis;
and to some lesser extent, the clients of those firms or places are also users of thermal paper
when they get their receipt or proof. All of those end customers purchase the ready-to-print
rolls from the traders and have to be equipped with the appropriate printing devices,
corresponding to the specific thermal paper they are distributed to. There is thus a very close
relationship between the thermal paper manufacturers upstream and the printing end-use
technology downstream (and thus the manufacturers of those).

Recycling

After its use, some part of the thermal paper is recycled and is used in the manufacturing of
recycled paper products, for example, in making napkins, toilet paper, paper towels, as well as
newspapers, magazines, receipts, envelopes (Liao, 2011; UBA, 2010). Approximately 30% of
thermal paper used enters the recycling circuit according to an estimate by the European
Thermal Paper Association (Schreder, 2010). During the recycling operations, the basing pulp
of thermal paper is treated by a de-inking treatment in order to remove chemicals contained in
it and release them in the processed waters. From RPA, 2003, the recycling rate of paper was
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estimated to around 50% in the EU in 2000. This share is confirmed by OECD, 2009 which
provides a figure slightly above 50%.

The applications of thermal paper

Thermal papers are firmly established in many areas of daily life. Today, direct thermal printing
technology dominates the market for 4 printing applications.

Point-of-sale (POS) applications: this is an ever-growing market for thermal printing and is
specific to bank and retail. Applications include printing of cash receipts (supermarkets, shops
and stores), receipts from credit card payments (gas station, restaurants, etc.), bank
statements and ATM receipts. The thermal paper used for the POS applications is usually
rather thin and has to be rapidly printed.

Plotting and recording applications: they are specific to fax, medicine and office applications
and include fax receipts, plotters, information terminals, medical print-outs such as ultrasound
and electrocardiography. The characteristics of the thermal paper used for those applications
are close to the one used for the POS applications except for some specific printings used in
the healthcare sector.

Self-adhesive labels: these applications are specific to retail, industry and logistics and include
barcode-labels for foods, books, clothing but also pallet labels, parcel and return stickers,
luggage tags and boarding passes. As indicated in their name, an additional chemical
treatment is applied to the thermal paper used for these applications in order to insure their
adhesive property. One can note that, additionally to the ETPA mentioned above, this specific
application also pertains to the FINAT (the international Federation of Manufacturers and
Processors of Self-Adhesives Labels).

Tickets: these applications correspond to entry tickets for museums, cinemas, theatres, sport
events, as well as transport tickets by air, rail, boat and bus, betting slips (such as
horseracing), parking and lottery tickets. The thermal paper for ticketing is often thicker and
may require security features.

As regards the share of these different applications, the data gathered from different sources
indicate the following distribution: more than the half of the thermal paper is used in the form of
receipts at points-of-sale which is the dominant application, less than one-third as self-
adhesive labels and the rest for lottery tickets and fax paper (EC, 2008; ANSES, 2011; ETPA
consultation 2013).

Table 6. Applications of thermal paper in Europe

Application BPA Use Share (2008-

2012)

Point-of-sale receipts 50%-65%

Self-adhesive labels 20%-30%

Lottery tickets =10%

Fax ~5%-10%

Other <0.5%

TOTAL 100%

The point-of-sale receipts are the largest use of the thermal paper today in the EU and
worldwide and this use keeps on growing while the fax application is declining.
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Figure 6. Applications of thermal paper

<0,50%

M Point-of-sale receipts
H Self-adhesive labels
I Lottery tickets

M Fax

W Other

On the market, two types of thermal papers may be found (EC, 2010; INERIS, 2010):

- Eco-paper or unprotected thermal paper: this is the widest used thermal paper. It is
mainly used in point of sales receipts, cash register receipts and credit card slips.

- Top-coating or high-quality paper (which provides high quality images): it is used for
identification tags (parcels, self-service weighing of fruit and vegetables, identification of
pre-packaged fresh foods, etc.), tickets (cinema, concerts, etc.), identification badges,

self-adhesive labels, lottery tickets and receipts. A range of high-quality papers also
provides security measures available to reduce counterfeiting.

Whatever is the type of thermal paper or the end-use it is manufactured for, and as explained
above, to be efficient, thermal paper has to be coated with particular chemicals-based
formulations. Bisphenol-A is one of the chemicals used in those formulations.

B.2.4. Use of BPA in thermal paper

As shown in the section B.2.1, Bisphenol-A is used in the manufacturing of thermal paper.

B.2.4.1. BPA-containing thermal paper: tonnage and applications

As regards the tonnage of BPA used, the data gathered are shown in the following table.
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Table 7. Tonnage of BPA used in thermal paper in Europe

Tons/year Percentage of EU
consumption
Source 1 : EC, 2008 1,890 0.16 (2008)
Source 2: Registration dossier, 2,400 0.2 (2013)
2012
Total (‘broke’ waste 1,700 (2008) 0.14
excluded)* 2,160 (2013)

*calculated figures

The use of BPA in thermal paper is very minor, especially compared to its use on
polycarbonate or epoxy resins. It is estimated that 1,890 tons of BPA was used in thermal
paper in the EU during the period 2005/2006, which is 0.16% of total BPA use in Europe (EC,
2008)°. The data extracted from the registration dossier for BPA provides the figure of 2,400
tons, which is consistent with the RAR figure and shows a rather steady growth of the market.
Moreover, as explained in the previous section, 10% of thermal paper (the ‘broke’) is wasted
during the manufacturing process and is sent out for recycling. As a result, of the 1,890 tons of
BPA used as inputs in the supply chain, around 190 tons are wasted every year. The amount
of BPA actually used in thermal paper in the EU can be estimated therefore at 1,700 tons (EC,
2008).

This quantity of BPA was used in 2006 to make 2.4x10° m2 of thermal paper, equivalent to
approximately 168,000 tons of paper (EC, 2008). As already mentioned above, ETPA
estimates the European thermal paper production at 540,000 tons in 2012. Referring to the
distribution of thermal paper among the different applications presented in Table 8, the
tonnage used by application can be calculated. The following table shows this tonnage by
application (third column).

Table 8. Tonnage of BPA-containing thermal paper by application in Europe (2008-2012)

Application BPA Use Share Tonnage of BPA - | Tonnage of BPA -

(2008-2012) containing thermal containing thermal
paper (2008) paper (2012)

Point-of-sale receipts 50%-65% 84,000t 351,000t

Self-adhesive labels 30%-20% 50,400 108,000t

Lottery tickets =~10% ~16,800t 54,000t

Fax =~10%-5% ~16,800t 27,000t

Other <0.5% <840t -

TOTAL 100% 168,000t 540,000t

The figure for every EU country has not been possibly got, except that 35,000 tons per year
BPA-containing thermal paper are placed on the DE market.

As shown in Table 9 below, the use of BPA in thermal paper has increased since the 1990s at
a rather steady rate.

Table 9. Use of BPA for thermal paper manufacturing

Use BPA Tonnes/ | % EU | Tonnes/ year, % EU con- | Tonnes/ year, % EU con-

year, consumptio 2005/2006 sumption 2013 sumption

® For comparison purposes, the worldwide use of BPA in thermal paper is estimated at 4,300 tons in 2012 (ETPA
consultation 2013).
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1996-1999 n, change since change since
1996-1999 1996-1999 2005-2006
Thermal paper | 1,400 0.2 1,890 +35 2,400 +27
manufacture

(corresponding (registration

to 105,000 tons (corresponding dossier -

of thermal to 168,000 tons 24.10.12)

paper of thermal paper

produced) produced) (corresponding
to 540,000
tons of thermal
paper
produced -
ETPA 2013

consultation)

The fourth first columns are extracted from Danish E.P.A., 2013

Used in the manufacturing of thermal paper, BPA acts as a dye or color developer as a
component of the thermal reactive layer (see figure above). As a developing agent, it causes
a chemical reaction when the paper is heated, resulting in colour, images, figures, codes or
words being produced on the paper EC, 2010; INSERM, 2010; INERIS, 2010.

Estimate of the share of BPA-containing thermal paper compared to total thermal paper on the
common market

According to the data gathered on the use of BPA in thermal paper and to the different
consultations carried out during the elaboration of this proposal (INERIS, 2013, see section G),
BPA remains today the largest used dye developer in the thermal paper in Europe. The data
gathered to that respect from the MSCA survey carried out by ANSES in 2013 indicate an

estimated share of BPA-containing thermal paper com
placed on the EU market ranging from 75% (1 claim)

estimate between 90% and 99% (3 claims). ETPA indic

thermal paper produced in Europe contains BPA (ETPA

pared to the total thermal paper
to 100% (1 claim) with a central

2013 consultation).

ates that around 70-80% of

BPA has been used in the thermal printing of receipts for the last fifty years (Mendum, 2010;
Schreder, 2010) and is widely used in eco-paper particularly. In that type of thermal paper,
used mainly for cash receipts and credit card receipts, BPA is present in the free monomer
form and offers no significant resistance to abrasion (Mendum, 2010). It may then be
transferable by contact with objects such as banknotes (EWG, 2010; Liao, 2011) and skin
(Biedermann, 2010; Zalko, 2011).

BPA still dominates the market of dye developers in thermal paper due to its efficacy,
availability, and low cost. Indeed, BPA is considered as efficient, available and cheap.

BPA is deemed very performing in particular for thermal eco-paper used for points-of-sales
tickets and receipts which have to be printed fast and do not require any particular security
features or longevity characteristic. BPA is less stable than other dye developers but is
regarded as stable enough under standard conditions (Danish E.P.A., 2013).

As regards its availability, it can be considered as significant since it has been explained
above that BPA is an HPVC with a worldwide production of 3,800,000 tons in 2006
(considered as growing steadily) and a EU production between 1,150,000-1,600,000 (see
Table 9 above).

BPA is a rather cheap dye developer. As regards its price, the data gathered are shown in
Table 10 below and indicates a EU market price ranging from 1,100€/ton and 1,800€/ton on
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average, that is an average price of about 1,500€/ton. A comparison of BPA price with the
price of its potential substitutes is made in section F.2.

Table 10. Price of BPA in the EU

EU BPA price Source

1,200-1,800 €/t MSCA Survey (ANSES, 2013)
1,535-2,800 €/t INERIS, 2013

1,055-1,120 €/t ICIS, 2009 870 (guoted in INERIS, 2010 )
Average (min; max) range=[1,263; 1,906]€/ton

However, given its toxicological and ecotoxicological profiles, the growing consumers demand
for substitution solutions, the availability of alternatives dye developers on the market and the
increasing regulatory actions BPA is being subjected to, its use in thermal paper is
undoubtedly declining. The French Pulp and Paper Research & Technical Centre (CTP)
confirms that trend as well as major manufacturers of thermal paper who claim to having
started to substitute BPA to some other dye developers. One manufacturer in Slovenia states
not using BPA anymore and according to a communication from Ricoh, the French
manufacturer of top coating paper, BPA has not been used in top coating thermal paper since
2000, as it is not a rapid enough developer for this type of paper.

B.2.4.2. Concentration of BPA in thermal paper

As regards the concentration of BPA in thermal paper, several investigations have been
carried out, leading to an average concentration between 1% and 2% (% weight). Thermal
paper is provided in different grades with differences in concentrations of BPA depending on
specific needs. The reason for different grades is that different printers need different quality
both in terms of run-ability (i.e. paper thickness) and print head temperature (Danish E.P.A.,
2013). The investigations consisted, on the one hand, in a review of scientific literature and on
the other hand, in the acquisition of own data by ANSES.

A review of the scientific literature

The literature review has identified 8 studies that document levels of BPA in thermal receipts.
They are the studies by Biedermann, 2010, EWG, 2010, Mendum, 2010, Schreder, 2010,
Liao, 2011, Danish E.P.A., 2011, Ostberg, 2010 and Geens, 2012. They are summarised in
ANSES, 2013 and below.

Biedermann, 2010 conducted a study in order to produce data on BPA concentration in a few
thermal papers collected in Switzerland and evaluated the transfer of BPA from thermal
papers to the skin of fingers under several conditions that were as realistic as possible
(Biedermann, 2010). Thirteen thermal papers were tested: 2 papers from chromatography
recorders, 8 from various stores, 1 tram ticket, 1 train ticket and 1 cafeteria receipt. The papers
were tested using HPLC with a quantification limit of 0.05%. Biedermann (2010) also studied
the influence of the period between the transfer of BPA on the skin and its extraction, the
nature of the vector and the washing of the hands.

Two papers out of the 13 did not contain any BPA (< DL). For the others, the mean
concentration was 1.3% of the mass of the paper. Values were quite consistent and ranged
from 0.8% to 1.7%.
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The North American organization "Environmental Working Group" determined the BPA content
in sales receipts collected on the North American continent and in Japan, and evaluated
transfer of BPA from one receipt to another (EWG, 2010). Thirty-six receipts were collected in
retail shops in 7 States and in the district of Columbia: 10 private national chains
(supermarkets, hypermarkets, service stations, pharmacies, fast food outlets, banks and
ATMs); 3 public institutions: the U.S. Postal Service, and the cafeterias of the Chamber of
Deputies and the Senate; 1 local supermarket in Colorado.

For each establishment chain, one receipt was sampled in 2 or 3 different cities. Three
receipts were also collected in Japan in chains present in the United States (McDonalds, KFC,
etc.). The receipts were collected at tills and immediately placed in a polyurethane tube. The
date, place, the humidity and temperature were recorded. The receipts were weighed,
measured and photographed. A 200 mg portion of the receipt was cut and placed in a glass
tube. The samples were incubated in methanol for 3 hours at room temperature and stirred
sporadically. Methanol was then transferred to clean and diluted tubes. BPA was extracted
and determined by HPLC-CoulArray. The DL and QL were not specified in the study. To
quantify the BPA transferable from one paper to another, 4 receipts containing BPA were
rubbed with a previously moistened receipt without BPA. BPA was detected in 16 of the 36
receipts of the sample, with a mean concentration o f 1.9%. The values ranged between
0.8 and 2.8%. None of the 3 receipts collected in Japan contained BPA in detectable
amounts. With respect to the extent of the transfer of BPA by friction of a receipt containing it
to a moistened receipt not containing it, the 4 receipts tested all showed BPA transfer. The
transferred share ranged from 0.7 to 3.8% of the BPA contained on the receipt, with an
average of 2.4%.

Mendum, 2010 collected unprinted receipts from 10 local, North American retail stores (1
receipt per business) to determine the BPA content of receipts collected (Mendum, 2010). The
objective of the study was not to tend towards a representativeness of either the typology of
the shops or the geographical distribution. To carry out the BPA extraction, a 200 mg portion
of each receipt was cut, weighed precisely and placed in a capped Teflon tube. BPA was
extracted and determined by GC/FID. The DL was 3.1pug/mL and the QL was 9.4 pg/ml. Eight
of the 10 receipts tested revealed quantifiable lev  els of BPA ranging from 0.3 to 1.7%.

Schreder investigated the extent of thermal papers containing BPA in the North American
market and the migration of BPA from the paper to the skin (Schreder, 2010). BPA
concentration was measured in receipts received and bank notes, as well as the amount of
BPA transferred to the skin after the normal handling of receipts. Twenty-two receipts were
collected in 10 States, as well as in Washington DC. The receipts were minimally handled and
placed in aluminium foil for transport to the laboratory. To achieve the extraction of BPA, the
receipts were weighed and calibrated at 0.1 g of paper. BPA was extracted and determined by
GC/MS. The DL was 50 ppm. Half of the paper tested contained BPA, indicating that this type
of paper is very widespread but there are alternatives. The BPA represented up to 2.2% of
the total weight of a receipt (0.9% to 2.2%; averag e about 1.7%).

Liao, 2011 measured the concentration of BPA in various types of paper and related products
present in the North American market as well as in Japan, South Korea and Vietnam, and
estimated the potential exposure to BPA after the handling of these papers (Liao, 2011).
Receipts (n = 103) were collected in various American States, as well as in Japan, South
Korea and the Vietnam. A sample of approximately 19 mm in diameter was taken at the
receipt centre and was weighed (about 0.0172 g). The BPA was extracted and tested using
LC-MS/Ms. The QL was 0.1 ng.g™. The BPA was detected in 94% of the receipts tested

with concentrations ranging from a QL of 13.9 mg.g ™ (geometric mean = 0.211 mg.g ™),
or 1.10” to 1.4% (geometric mean = 0.0211%) . Liao, 2011 also measured the concentration
of BPA in various parts of 6 thermal paper receipts. There was no difference in BPA
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concentration dependant on the location of the receipt analysed. BPA was also found in an
unused roll of thermal paper (average: 3.06 + 3.65 mg.g™).

In 2010, the Danish EPA wanted to illustrate to what extent exposure to BPA through receipts
may be a health problem for Danish consumers (Danish E.P.A., 2011). Twelve receipts were
collected in several types of stores: Grocery stores, stores using thermal paper with a long
shelf life (furniture stores, etc.), stores using resistant thermal paper ("top-coated"”) and a
library. The receipts were measured and weighed. The samples were analysed by GC/MS in
order to search for the presence of BPA and BPS. BPA was 7extracted and assayed by HPLC
in reversed phase. The detection limit was 0.1 mg.kg™.

Nine of the 12 receipts contained BPA but 2 of these receipts contained very low
concentrations suggesting that they were contaminated by other receipts. For the other 7
receipts containing BPA, the concentration varies between 8,700 and 17,000 mg BPA/kg (46-
77 pg/cm?; mean = 11 400 mg BPA/Kg, equivalent to 57 pg/cm?), or between 0.87 and 1.7%
(average = 1.14%). The immersion of the receipts in artificial sweat for 5 seconds showed a
migration from the receipts of 7-21 pg of BPA/cm? (10-37% of the concentration of BPA in the
receipt). Four receipts were analysed to simulate a realistic situation of receipt handling. The
average amounts of BPA found on dry, wet fingers, and with a cream were significantly
different (11,103 and 28 pug BPA respectively).

A Swedish study by Ostberg, 2010, quoted in the Danish EPA report, reported concentrations
of BPA in receipts (Danish E.P.A., 2011). This publication is available only in Swedish - the
data cited was extracted from the Danish EPA report. Four Swedish families collected receipts
for a certain period. BPA was detected in 100% of samples at concentratio  ns ranging
from 5,000 mg.kg-1 to 32,000 mg.kg-1 with an averag e of 15,800 mg.kg-1, or from 0.5 to
3.2% with an average of 1.58% . The study also assessed BPA's migration ability between the
receipt and the lining of the wallet. More than 2,000 mg.kg™ were found in the wallet lining and
more than 86 mg/kg on 20 Krona coins. Therefore, the authors concluded that there is a
secondary exposure to BPA from the same source, although it may seem negligible compared
to the primary exposure.

Geens, 2012 collected 44 receipts in Belgium between the months of September and October
2011 (Geens, 2012). The receipts included ATM receipts, receipts from various businesses
(book shops, service stations, clothes shops, cosmetics shops, food shops, supply store, gift
shops and multimedia stores, etc.), restaurants and parking. BPA was measured in all of the
receipts collected. 73% of the samples had concentr  ations ranging between 0.9% and
2.1% (average = 1.46%) which corresponded to 2.4 and 22.7 mg of BPA per receipt, taking
into account the weight of the receipt. The 27% of the remaining samples had extremely low
concentrations, between 0.0000044% and 0.1%, which could be due to contamination by other
papers or traces due to recycling.

Acquisition of French data

Anses has commissioned a specific study of the SCL (Service Commun des Laboratoires or

Joint Laboratories Services) (DGCCRF, 2011). The objective of this study was to measure the

frequency and concentration of BPA in receipts collected in various retail stores, and a few

receipts collected from various ATMs.

Between September 26 and October 5 2011, 50 printed receipts were randomly collected in

different shops and ATMs of greater Lyon:

- 40 till receipts: 28 (70%) from supermarkets (large and medium supermarkets, hard

discount, fast food chains, etc.), 10 (25%) from local shops (small supermarket, bakery,
news shop, market, etc.) and 2 (5%) of fuel distribution service stations.
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- 10 receipts from ATMs

The receipts were received, immediately after printing, from the hands of a cashier or from an
ATM, and inserted (holding at the edges) between two sheets of aluminium foil placed in a
paper envelope. In the laboratory, they were stored for 6 to 15 days in a dry area, away from
sources of heat and light while awaiting analysis. Every receipt was measured and weighed. A
sample measuring approximately 10 cm? was collected from the centre of the receipt. The
latter was weighed (approximately 50 mg) and then subjected to extraction at room
temperature in 10 ml of absolute ethanol in an ultrasonic bath for 10 minutes. The extract
obtained was diluted 100 times in a 90: 10 acetonitrile/water mixture in a volumetric flask in
which a known amount of internal standard (bisphenol A d-16) used for BPA was introduced.
The resulting solution was injected twice in LC-MS/MS. The validity of the BPA calibration was
between 0.02% and 10% of the weight of the receipt (for a 50 mg sample). The quantification
and theoretical detection thresholds were 0.02% and 0.01% for BPA.

The results of that study are the following: of the 50 receipts tested, 72% (36 receiptsg
contained between 0.80 and 1.93% of BPA (median: 1.33%) or between 44 and 88 pg/cm
(median: 69 pg/cm?).

An analysis of the study data showed a lack of correlation between the number of days
separating the collection date and the analysis date on the one hand, and the BPA
concentration in the receipts on the other. This analysis suggests the absence of influence of
the period of sample storage on BPA concentration in the study's conservation conditions.

Summary of the data related to the concentration of BPA in thermal paper

The following table summarises the various studies described above.
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Table 11. Summary of the 9 studies documenting the measurement of BPA in thermal receipts

Ostberg,
DGCCRE. 2011 Biedermann, EWG, Danish E.P.A, zgtl)?ed in Mendum, Schreder, Liao. 2011 Geens. 2012
’ 2010 2010 2011 quot 2010 2010 ’ ’
Danish
E.P.A.,, 2011
Country and . USA and USA, Japan,
year of | France ﬁévnzerla(r;%og_ Japan Denmark Sweden gdSA (2009- USA Korea and | Belgium
sampling of the | 2011 2010 ?) nd (2009- | 2010 2010 2010 ?) nd (2010 ?) | Vietham 2011
receipts ) 2010 ?) ) 2010-2011.
Supermarkets Bank,
. Chromatograp | National P ' bookshops,
Large retail food Supermarkets, grocery stores, .
hy, shop, | stores, . shops (clothing,
. . or not, nearby . - grocery stores, toy | Collection by banks, .
Points of receipt . public public . o Stores and cosmetics,
. businesses, . stores, bookshops, | 4  Swedish | Not specified bookshops, . -
collection . . transport and | establishm - . - restaurants . . multimedia,
service stations, | . service  stations, | families service stations,
cinema ents and etc.), restaurant,
ATMs . ATMs restaurants, fast ; .
receipts local stores parking receipt,
food .
food business
103
10 (different  types
ré%r:ib?sr testedOf 50 13 36 12 16 (unprinted 22 of papers and | 44
P receipts) related
products)
:\é%@igfsr of | 36 11 16 9 8 11 97 32
0, 0, 0, 0, 0, 0, 0, 0, 0,
containing BPA (or 72%) (or 85 %) (or 44 %) (or 75 %) 100 % (or 80 %) (or 50 %) (or 94 %) (or 73 %)
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Overall of these studies, the BPA concentrations ra  nge from 0.3% to 2.8% of the weight of
the receipt with an average at 1.48% (receipts cont aining trace amounts of BPA not taken
into account and median and geometric mean excluded ).

These concentrations are consistent with the data collected from the INERIS, 2013 survey and
the US EPA, 2012 report which indicate a concentration between 1% and 2% (% weight)
(INERIS, 2013; US EPA, 2012). The Danish EPA figures, concerning evolution of BPA
qguantity used in thermal papers between 2000 and 2006, indicate that the average
concentration of BPA in thermal papers have decreased from 1.3% to 1.1% between 2000 and
2006 (percentage in weight of paper) (Danish E.P.A., 2011).

INERIS, 2013 also indicated that recycled paper may contain traces of BPA because of the
frequent presence of POS receipts in the paper recycling chain. However, the four thermal
paper manufacturers consulted declared not using recycled paper to produce thermal paper
(ETPA also confirmed this information, personal communication). Therefore, logically, thermal
paper should not contain BPA if this substance is not intentionally added.

Moreover, as regards this concentration of BPA in thermal paper, it has been raised from the
consultation of stakeholders that this concentration is optimized and fully adjusted to the
functional characteristics targeted for each specific end-use (printing durability, speed, printing
device, etc.). As a result, the BPA content currently present in thermal paper can be
considered as the content which guarantees the technical efficiency of the thermal paper. In
other words, any significant decrease of this content would degrade the thermal paper
properties (INERIS, 2013). For example, a reduction in the concentration of BPA in thermal
paper could impact on the thickness of the thermal coating and subsequently its performance:
the density of image on thermal paper relates directly to the concentration of BPA in the
coating layer and the thickness of the layer is often dictated by the requirements of the client
(RPA, 2003).

Finally, it has to be noted that the ‘concentration’ of BPA is a term to be handle with
precaution. Indeed, only the reactive layer of the thermal paper actually contains BPA and the
data collected from the studies mentioned above correspond to the analysis of the entire ticket
thickness. It might thus be rather easy to make the BPA content of a thermal ticket artificially
fallen down by increasing its thickness (its so-called ‘grammage’).

Discussion about the studies measuring the concentration of BPA in thermal paper

Five of these studies collected receipts in order for the sample to tend towards a representation of
receipts circulating over the territory, in terms of geographical distribution or type of trade from
which they originate (Schreder, 2010; EWG, 2010; Liao, 2011; Geens, 2012,; DGCCRF, 2011).
In fact, in the Schreder study, receipts were collected in 10 Northern States, as well as in
Washington, DC. Although the receipt sample may not be representative in terms of nature and
size of store investigated, the receipt collection method seems to show willingness for
geographical representativeness across the United States. In EWG, 2010, the receipts collected
came from different types of distributors and were collected in 7 different States and in the District
of Columbia. Of the 36 receipts collected, 10 receipts came from service or national retail chains,
3 public institutions and a local supermarket in Colorado. Similarly, in the Liao and Kannan study
(Liao, 2011), of the 103 receipts collected, 83 came from 7 different cities in the United States, and
the other receipts from other countries.

The nature of the business from which the receipts were collected varies: supermarkets, grocery
stores, banks, bookshops, service stations, restaurants and fast food restaurants. As well, in the
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Smith et al. study, 44 receipts were collected in Belgium in a variety of businesses (grocers and
other shops, bank, book shop, service station and parking lot), randomly, but without information
on their geographical origin. In the French study, all of the receipts were collected from the Lyon
metropolitan area, the objective is therefore not representativeness in terms of geographical
distribution, although it can be assumed that these results can be extrapolated to other similar
towns in France. However, the nature of the shops investigated, following the example of the
EWG, 2010, Liao, 2011 and Smith et al. studies, was voluntarily varied: Retail food or not, local
businesses, service stations, ATMSs.

On the other hand, Mendum (2010) indicated that the sample was not representative of paper
used in the United States, either in terms of size and nature of the store, or according to their
geographical distribution. Similarly, the variability between different stores of the same chain was
not taken into account. In the Biedermann (2010) study, of the 13 thermal papers collected, 2 are
derived from chromatography registers, 8 come from various stores, 1 is a tram ticket, 1 is a train
ticket and 1 is a cafeteria receipt. The choice of shops, as well as the proportion of the number of
receipts from stores in relation to the rest have not been justified, but reveal a willingness to mix
the sources of the paper, although that is not representative of the receipts available to the general
population. Furthermore, no information as to the location of the collection of the receipt was given.
As a result, only the Schreder, EWG and Liao and Kannan studies can be considered as a first
estimate of the diversity of receipts containing BPA accessible to the American population, as well
as the study by Geens, 2012 for the Belgian population and the SCL study for the population of
Lyon (Schreder, 2010; EWG, 2010; Liao, 2011; Geens, 2012; DGCCRF, 2011). The first two
consider that between 44% and 50% of retail receipts contain BPA (excluding receipts containing
trace amounts of BPA). These values are comparable to the SCL study, which reported a
proportion of 57 percent originating from retail receipts. More remarkable is the coherence
between this SCL study and the Geens study that reports, respectively, a proportion of 72% and
73% of receipts containing BPA, regardless of the nature of the business where they originated. In
the Liao and Kannan study (Liao, 2011), almost all receipts collected in the United States, Korea
and Vietnam contained BPA in detectable amounts, however, this result includes receipts
containing very low traces of BPA, unlike the proportions cited in other studies. With respect to the
receipts collected in Japan, none contained BPA, probably in connection with the prohibition of its
use in 2003 and initiated in 1998 by the Japan Paper Association (EWG, 2010).

Although the analytical methods were not always similar in these studies, the BPA concentrations
in the receipts are consistent. The concentrations measured on the BPA-based receipts are all
largely quasi-systematically higher than the analytical detection and quantification limits,
strengthening confidence in the results obtained from this test. The average surface of a receipt
varies according to the studies: Mendum, 2010 evaluate it to about 240 cm?, whereas it reaches
between 382 and 2294 cmz2 according to EWG, 2010. In DGCCRF, 2011, the average surface of
136 cm2 was lower. In fact, the length of the receipt is variable depending on the number of items
purchased and if the store prints promotional receipts on thermo-printed receipt in addition to the
cash receipt. According to American scientists, the total mass of BPA on the thermal receipts
would be 250 to 1000 times greater than the amount of BPA typically found in a food can or the
guantity of BPA leaching from a BPA-laden plastic baby bottle to its content (EWG, 2010).

Finally, French data confirm that BPA is mainly used in the thermal "eco-paper"-type paper
(receipts, cash receipts, credit card slips, debit card slips). With respect to top coated thermal
paper (or "protected thermal papers") most often used for the transportation tickets, cinema tickets
and adhesive labels (food packaging, etc.), for example, BPA seems to not having been used
since 2000 according to a communication from a French manufacturer of top coated thermal paper
(ANSES, 2011).
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Although the use of BPA in thermal paper is decreasing according to the Technique Paper Center
(CTP), all of these data show that BPA seems to be still widely used as a component of thermal
paper which is placed on the market. Together with the MSCAs and INERIS surveys carried out in
2013 (INERIS, 2013), the market data show that BPA is at least undoubtedly present in 13 EU
countries (France, Belgium, Denmark, Germany, Bulgaria, Ireland, Poland, the Netherlands,
Portugal, Slovenia, Spain, Sweden and the UK). There is no particular reason that this would not
be also the case in the other EU countries. Therefore, one can realistically expect that BPA is still
largely present in the market of dye developers in thermal paper in the whole EU (at least in eco-
paper receipts — the most common type).

B.2.5 Uses advised against by the registrants

There are no uses advised against in the CSR of the lead registrant dated from the 12 March
2012.

B.2.6 Description of targeting

As already mentioned above, the targeted population for that restriction proposal is pregnant
women in terms of potential risks to the unborn child, due to their exposure (as workers and
consumers) to BPA contained in the thermal paper they might handle.

B.3 Classification and labelling

B.3.1 Classification and labelling in Annex VI of R egulation (EC) No 1272/2008 (CLP
Regulation)

The classification of BPA is harmonised in Annex VI of CLP under the index number 604-030-00-
0 as follows as a direct translation of TC C&L:

Table 12. Classification of BPA under CLP and 67/548/CEE regulations

According to the CLP (regulation 1272/2008) | According to the 67/548/CEE directive / DSD
(Dangerous Substance Directive)

Repr. 2 — H361f; Repr. Cat. 3; R62;
STOT SE 3 - H335; Xi; R37-41,

Eye Dam. 1 — H318; R43;

Skin Sens. 1- H317; R52;

Classification of BPA was inserted in the 29™ ATP (directive 2004/73) of Annexe | of Directive
67/548/EEC for the human health effects and in the 30™ ATP (directive 2008/58) of Annexe | of
Directive 67/548/EEC for the N; R52 classification.

A classification proposal for BPA was submitted by the UK CA at the TC C&L during its work for
the Risk Assessment Report (RAR) on this substance (UK, 2008). In 2002, BPA was classified as
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reprotoxic cat. 3. The initial proposal of the UK was to classify the BPA as Repr. Cat. 2; R60.
Nevertheless as some member states stressed the fact that classifying the BPA as Repr. Cat. 2 is
a borderline case and could create precedence, the member states chose (after a divided vote) to
rather classify the BPA as Repr. Cat. 3 for fertility and to discuss concerning the effects on
development when more studies would be available. However, it seems that these new data have
never been provided and then the classification was not discussed again later.

In 2011, ANSES (French Agency for food, environmental and occupational health and safety)
published a report on the hazards of BPA demonstrating its effect on fertility. Therefore, the French
Competent Authority considered that the classification for sexual function and fertility needs to be
revised on the basis of the report of ANSES (ANSES, 2011). The French classification proposal is
Repro 1B H360F. Currently, the classification dossier is in progress. The public consultation on the
BPA classification dossier took place during summer 2013.

B.3.2 Classification and labelling in classificatio n and labelling inventory/Industry’s self
classification(s) and labeling

At present, 41 aggregated notifications exist in the inventory of industry’s self classification and
labeling. The endpoints proposed for self classification are the following: Skin Sens. 1 H317; Eye
Dam. 1 H318; STOT SE 3 H335; STOT SE 3 H370; Repr. 2 H361; Aquatic chronic 2 H411; Asp.
Tox. 1 H304; Muta. 1B H340; Carc. 1B H350; Ox. Sol. 3 H272; Acute Tox.4 H302; Eye irrit. 2
H315, H319; Acute Tox 4 H332;

Some of industry’s self classification proposes not to classify BPA.

B.4 Environmental fate properties

Not relevant for this proposal.

B.5 Human health hazard assessment

The request of the French authorities was to evaluate if effects through reproductive and reliable
studies could be identified at lower doses than the NOAEL of 5 mg/kg bw/day of BPA which was
used to establish the current TDI (Tolerable Daily Intake) by EFSA.

B.5.0 The choice of the studies for BPA risk assess ment

B.5.0.1. General considerations
B.5.0.1a Mechanisms of action

Knowledge of BPA’s mechanisms of action is an important element to consider in order to be
able to transpose to humans the effects observed in animals. BPA is known as a weak agonist
of oestrogen receptors a and B (ERa and ERB). It can be affirmed that not all BPA's
mechanisms of action are yet known. However, a growing number of in vitro or molecular
studies suggest that interpretation of BPA'’s toxicological effects cannot be limited to a
classical oestrogenic mechanism (NTP-CERHR, 2008). BPA may also interact with other
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cellular receptors such as the androgen receptor AR and cause a moderate anti-androgenic
effect, and the aromatic hydrocarbon receptor (AhR), the transmembrane oestrogen receptor,
the thyroid hormone (TH) receptors, as well as the transmembrane receptor GPR30 which is
involved in cell proliferation (Bonaccorsi et al., 2008; INSERM, 2011, lordanidou et al., 2010).
In addition, BPA diglycidyl ether (BADGE) and BPA are capable of inducing expression of the
nuclear receptor involved in the proliferation of PPAR y (Bishop-Bailey et al., 2000;
Kwintkiewicz et al., 2010). Most recently, BPA was also identified as an oestrogen-related
receptor y (ERR y) ligand, whose natural ligands and specific physiological functions are
unknown. Consequently, any interpretation of BPA’s effects only in terms of an oestrogen-
mimicking effect would be simplistic. The involvement of several of these systems during
exposure to BPA could explain some effects observed at low doses, due to a possible synergy
of action, but the non-monotonic dose-response relationships reported in some studies could
explain them as well. Indeed, it is easy to imagine that strong responses to low doses on a
given hormonal pathway may trigger feedback phenomena, well known for some hormones,
and that at higher doses of BPA, the effects observed are lower. Finally, mechanisms of action
other than those via links with hormone receptors are also mentioned, such as the activation of
expression of certain genes at embryo level, or the modulation of second messenger systems.

B.5.0.1b Study models
(a) Epidemiological studies

Epidemiological studies provide very valuable data for highlighting associations between
exposure to a substance and the presence of health effects, as they avoid interspecies
transpositions. However, the epidemiological data identified for this risk assessment have
many limitations, rendering difficult their use to determine an association between health
effects and exposure to BPA.

First, many studies are hampered by classic methodological biases (sample size too small,
selection of exposed population and controls, method of data collection, etc.). Secondly, many
epidemiological studies are cross-sectional studies that include a single sample as a measure
of exposure. In general, cross-sectional studies are rarely suitable for studying effects
requiring a long latent period: extrapolating from a single exposure measurement taken at a
period contemporary with the study may not be representative of the exposure that led to the
initiation of the disease, mainly because of the changing uses of the substance and exposure
to it. However, in this specific case, BPA is a ubiquitous substance with recurrent exposure
and a short half-life compared to other environmental contaminants. Obtaining a single sample
to assess the mean internal exposure levels in a population may therefore in some cases (e.g.
adequate sample size and random sampling throughout the day) be legitimate (Ye et al.,
2011). Moreover, cross-sectional studies may be appropriate in the following two cases:

1. The study of a link between exposure at time t and a short-term effect (for example, the
association between a single measurement of BPA in plasma and plasma levels of a
hormone, in the case in which BPA induces a change in hormone secretion, synthesis,
transport and metabolism).
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2. The study of an effect resulting from exposure during a known and well-defined window
of susceptibility, in order to characterise exposure at the most relevant period with
respect to the expected effect.

The limitations of epidemiological studies should therefore be analysed on a case-by-case
basis, taking into account the exposure period with regard to the critical phases of
development, and the dosing period for BPA, in particular for assessing deferred effects due to
exposure during development.

Finally, some studies were excluded because of known bias in selection of the study
population, bias related to the exposure assessment (blood samples stored in plastic tubes
containing BPA) or inaccuracies in measuring the health effect (self-questionnaire).

For this risk assessment, 29 epidemiological studies were identified and assessed. Eleven
studies were not selected for the characterisation of health effects because they were
considered as having major methodological limitations. The analysis of these studies is
described here below.

(b) Technical limitations in experimental studies

Many parameters can influence the results of experimental studies. Taking them into
consideration is particularly important since the doses administered in studies are low, in some
cases close to the contamination levels making up the environmental background, and the
observed effects are also sensitive and subject to wide variability. This is largely true in the
toxicity studies on endocrine disruptors in general and BPA in particular. Failing to consider
these parameters in the study protocol can, in some cases, lead to bias in the results
observed. The main parameters are therefore detailed in the Annex to AFSSA’s Opinion of 29
January 2010 (AFSSA, 2010a).

Most of the expert appraisals conducted by other national or international bodies also address
this issue. Thus, Health Canada in its 2008 report considers that the divergent results on
exposure to BPA at low doses could be explained by a number of experimental variables
(Health Canada, 2008). For example, those parameters include the choice of animal species,
the strains used, the variability related to tissues, food (especially the level of oestrogenic
contaminants), the inappropriate use or lack of positive controls and the consideration of
exposure-related effects that present a non-monotonic dose-response curve (Richter et al.,
2007; vom Saal and Hughes, 2005) (vom Saal et al., 2005). In addition, the period of exposure
to BPA with regard to the critical phases of development is an important consideration,
especially for the assessment of delayed effects resulting from exposure during development.
Moreover, the nature of the effects is such that it is difficult to characterise the degree of
potential 'harmfulness' and, therefore, to determine their importance in a human health risk
assessment.

As part of ANSES’ expert appraisal, depending on whether or not some of these biases were
taken into consideration when analysing the studies, they may or may not have been used to
assess the toxicity of BPA. Thus, the Experts Working Group considered the following points:

» Choice of animal species and strain,
* Sample size,

* Presence or absence of one or more positive control groups,
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* Nature of cages and containers (feeding bottles, etc.),
» Composition of the litter, diet and water quality,

* Route of exposure and method of administration.

The assessment of some parameters such as route of exposure, method of BPA
administration (gavage, infusion, injection, etc.), period of exposure (in utero, during lactation,
in adulthood, etc.), or co-exposure to oestrogen-mimicking substances is important for
interpreting the study results. They are not, however, strictly speaking, major methodological
limitations that could jeopardise the quality of the study. Studies whose methods have non-
major methodological limitations have therefore not been excluded a priori. The working group
considered that treated and untreated batches were subject to the same co-exposures. The
risk here is not to demonstrate an effect that does not exist, but rather a loss of potency for the
study. Although weighted, these studies with "non-major methodological limitations" add to the
weight of evidence formed by all the studies, which is constructed by using a method detailed
here below based on the methodology used for the hazard assessment. However, studies
conducted without a negative control were considered as having major methodological
limitations and were not selected for the health effect assessment.

In addition, in most experimental studies, internal exposure data appear only rarely, which is
considered as a major limitation to judge about the relevance of experimental exposure schemes
with regard to the level of contamination of human populations.

(i) Choice of laboratory animals: species, strain and origin

It has been proven that different animal species have varying sensitivity to hormone-mimetic
compounds. In addition, the sensitivity of strains can vary within the same species; for this
reason, the NTP stated in 2001 that due to clearly demonstrated differences in sensitivity
between species and strains, selection of the animal model should be based on the ability to
respond to compounds with an endocrine activity (i.e. the response to positive controls) and
not on convenience and habit (NTP, 2001).

As with many chemicals, most experimental studies are performed in rodents. According to
Chapel Hill, the Sprague-Dawley (SD) rat marketed by Charles River Laboratories (CD-SD)
may have lost susceptibility to exogenous oestrogens (Richter et al., 2007). However, this
observation should be modulated depending on the parameter analysed (EDMVS, 2003).
Moreover other authors have shown effects at low oestrogen doses using the SD rat strain: for
example, in a four-generation study associating exposures with different windows of
development and a chronic toxicity study, mammary hyperplasia in males was induced at 0.2
mg/kg bw/day of EE2 (Latendresse et al., 2009).

According to Richter et al. the CR-SD strain was developed from the Sprague Dawley strain by
the Charles River laboratory in 1950 (Richter et al., 2007). This colony continuously underwent
selective breeding based on rapidity of postnatal growth and large litter size. Then in 1991 and
1997, new colonies were established from selected animals (vom Saal and Hughes, 2005).
Spearow et al. observed that rodents selected for their high fertility and high growth rate, such
as the CD-1 mouse, were more oestrogen-resistant (Spearow et al., 1999) and this
observation is consistent with the loss of oestrogen sensitivity in CR-SD rats reported by
Chapel Hill. Similarly, according to the NTP in 2008, “it is evident that the SD rat and other rat
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strains are less sensitive to the effects of estrogens than the F344 rat. However for some
traits, the reverse is true”.

(i) Sample size

Sample size is a criteria taken into account in the classification of studies. Low numbers of
animals may lead to a reduction in the potency of the study, and thus a failure to demonstrate
existing effects. However, there is no required minimum sample size for studies, because it
depends on the incidence of the effect sought in the control group and its variability. According
to the NTP-CERHR, a sample size of 6 animals per experiment and per dose seems
reasonable for effects with a low degree of variability (e.g. body weight), but is not sufficient for
effects with high inter-individual variability (rate of circulating hormones, etc.) (NTP-CERHR,
2008).

(i) Positive control

The opinion of the NTP-CERHR is consistent with the view of several panels of scientists on
the fact that the use of a positive control group can be very useful in evaluating the sensitivity
and performance of an experimental model (NTP-CERHR, 2008). According to the experts
panel that met at Chapel Hill, a study without a positive control should be considered
uninterpretable (Richter et al., 2007), while the NTP considers that the positive control is not
essential in animal studies, especially when using animal models that are well known for the
characterisation of certain effects (NTP-CERHR, 2008). In contrast, both panels agree that a
study showing no effect in the treated groups and no significant effect in the positive control is
not admissible.

According to the NTP, the substances most commonly used as positive controls are
diethylstilbestrol (DES), ethinyloestradiol (EE2), 17 3-oestradiol and oestradiol benzoate (NTP-
CERHR, 2008). These are the substances that initially led to BPA being considered as an
oestrogen-mimicking substance. However, 17 [B-oestradiol cannot be used as a positive
control for studies using the oral route because only 3% of the dose is absorbed (vom Saal
and Welshons, 2006).

In previous assessments of the effects of BPA, studies which resulted in no response being
observed for the positive control generally mattered less for evaluating the effects of bisphenol
A. In addition, although natural or synthetic oestrogens are used as positive controls for BPA,
a growing number of in vitro or molecular studies suggest that interpretation of BPA'’s
toxicological effects cannot be limited to a classical oestrogenic mechanism (NTP-CERHR,
2008). INSERM states that BPA is a weak agonist of oestrogen that can bind to the nuclear
receptors ERa and ER, but that it is also capable of binding to other nuclear receptors such
as the androgen receptor AR and causing a moderate anti-androgenic effect (INSERM, 2011).
Furthermore, BPA diglycidyl ether (BADGE) and BPA are capable of inducing expression of
the nuclear receptor involved in the proliferation of PPAR y (Bishop-Bailey et al., 2000;
Kwintkiewicz et al., 2010). Most recently, BPA was also identified as an oestrogen-related
receptor y (ERR vy) ligand, whose specific physiological functions are unknown. Finally, BPA
also has the property of binding to membrane forms of oestrogen, androgen or thyroid
hormone receptors (Bonaccorsi et al., 2008; lordanidou et al.,, 2010) as well as the
transmembrane receptor GPR30 which is involved in cell proliferation (INSERM, 2011). Under
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these conditions, the positive controls selected do not necessarily cover all these binding
possibilities and, therefore, all the effects that may arise.

In view of this, the working group chose not to immediately rule out studies that did not use a
positive control: firstly, because BPA’'s mechanism of action has not been clearly identified,
and therefore the relevance of a solely oestrogen-mimicking positive control (and similar to
oestradiol, DES, EE2 or oestradiol benzoate) is questionable; secondly, if an effect is
observed with BPA in the absence of a positive control, it can be considered. However, if no
effect is observed and there is no positive control, the study may be excluded. The choice of a
positive control implies that strong assumptions are made a priori concerning BPA'’s potential
mechanism of action. Therefore, a study showing a lack of response with a positive control
was considered as acceptable when the mechanism of action is unknown.

(iv) Uncontrolled exposure

The AFSSA report summarises the consequences of "accidental” co-exposure in experimental
studies that can lead to bias (AFSSA, 2010a). Indeed, cages, litter, food and water can cause
uncontrolled exposure to BPA and other endocrine disruptors and thus modulate oestrogenic
activity. In addition, studies use exposure to BPA at increasingly low doses which are thus
ever closer to the background levels.

The study by Howdeshell et al. demonstrated BPA's transfer potential from the wall of the
polycarbonate or polysulphone cage (Howdeshell et al., 2003). The authors concluded that the
animals are subjected to chronic exposure to bisphenol A, which may occur by contact or by
licking the walls. Oestrogenic activity was measured in vitro by an "E-screen™ assay, in vivo by
a uterotrophic assay and the concentrations of BPA released in the cage were quantified by
GC/MS.

Similarly, AFSSA mentions the possibility of oestrogenic contamination depending on the
nature and quality of litter, but to date, very few studies have taken into account the
contribution of litter to the total oestrogenic load the animals are subjected to (AFSSA, 2010a).
Finally, AFSSA summarises several articles indicating that the presence of phyto-oestrogens
in the diet has an impact on the oestrogenic response (AFSSA, 2010a). Owens et al. show
that the use of foods with a phyto-oestrogen content lower than 325-375 mg/kg bw/day does
not affect the response to BPA of the OECD uterotrophic assay (Owens et al., 2003).
However, a uterotrophic effect was measured for phyto-oestrogen concentrations in excess of
600 mg/kg bw/day. In a review of the literature, Jensen et al. qualify these findings by stating
that the sensitivity to the presence of phyto-oestrogens depends on the toxicological targets
(Jensen and Ritskes-Hoitinga, 2007). While in many studies, the thresholds above which
responses are influenced by phyto-oestrogens are between 300 and 400 mg/kg of food, some
studies show that certain toxicological targets such as behaviour or development of hormone-
dependent cancers can be affected by significantly lower levels. The presence of phyto-
oestrogens may have significant effects on the reproductive system (daily weight gain,
anogenital distance and vaginal opening) (Thigpen et al., 2007), age of puberty (Thigpen et al.,
2003), feeding behaviour, body fat, serum parameters associated with metabolism (Lephart et
al., 2004) and social behaviour of adult male rats (Hartley et al., 2003). The effects on
reproduction and development may instead be exacerbated by a diet devoid of oestrogen, in
laboratory animals subjected for several generations to diets rich in phyto-oestrogens. Ruhlen
et al. explain that these laboratory animals develop an adaptive process that results in an
oestrogenisation syndrome, when a diet rich in phyto-oestrogens is stopped (Ruhlen et al.,
2008).
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According to the report of the panel of experts that met at Chapel Hill, even soy-free diets may
contain phyto-oestrogens, so it is recommended to use the same batch of food throughout the
study (Richter et al., 2007). Vom Saal and Hughes therefore recommend developing a
standard diet appropriate for studies involving toxicological targets that are sensitive to
oestrogenic substances (vom Saal et Hughes, 2005).

Concerning the drinking water provided to laboratory animals, this is most frequently tap water.
However, it may contain chemical contaminants at trace levels, some of which may have a
hormone-like activity. Nevertheless, all the data in the literature, when referring to BPA that
may be present in drinking water intended for human consumption, mention concentrations of
the order of a nanogram per litre. Furthermore, it is important to check whether the studies
indicate the nature of the container that was used to dispense the drinking water.

Some studies have assessed the oestrogenicity of the cage, litter and food after successive
extractions with organic solvents and optional purification on a Sep-Pak C18 cartridge,
according to a previously published method. The extracts are ultimately suspended in the
culture medium and their oestrogenicity measured by the E-Screen assay based on the MCF-
7 breast cancer cell line’s ability to proliferate in the presence of oestrogen (Soto et al., 1992).
Under these conditions, the oestrogenicity of the animal feed was estimated at less than 20
femtomoles of oestradiol equivalent per gram.

It should be noted that the E-Screen test, which is based on cell proliferation, is not
recommended by the ICCVAM (Interagency Coordinating Committee for the Validation of
Alternative Methods) since this proliferation may be due to mechanisms other than those
strictly associated with the transcription of oestrogen response genes (ICCVAM, 2003). In
addition to the E-Screen test, other bioassays, such as those based on the ability of
genetically modified cell lines or yeasts to express one or other of the oestrogen receptors in
response to oestrogens, are commonly used to measure the oestrogenic activity of materials,
of feed matrices or of water (Ankley et al., 1998; ICCVAM, 2003; Mueller 2004; OECD, 2009).

(v) Administration route, method and vector

e Oral administration

According to AFSSA, studies in relation to food contamination favour exposures per 0s, either
by using gastric tubes for gavage, or by directly depositing the test compounds in the oral
cavity using a micropipette (AFSSA, 2010a) (Palanza et al., 2002).

The oral administration routes most widely used are gavage and dispersion in feed or
drinking water . Administration by gavage offers greater accuracy of the administered doses
than administration in feed and drinking water. On the other hand, it causes stress to the
animal and does not offer the same kinetics as the other two methods of administration.
Indeed, the dose of BPA is administered in one go, thereby inducing a plasma concentration
peak of the substance. Administration in the drinking water and feed gives more linear kinetics,
since the animal has the feed and water at will throughout the day, but the doses given are not
as accurate. The feed is weighed before each administration, and the water bottles are
graduated in order to evaluate the amount consumed. However, the feed can be spilled in the
cage and the feed distribution is collective for all the animals in a single cage, which gives only
an average consumption per animal.
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Moreover, according to AFSSA, the vehicle used to solubilise and administer the test
substances can modify the absorption or introduce compounds which are themselves active
on the targets studied (AFSSA, 2010a). Thus, protocols using olive oil, which is rich in
polyphenols, introduce a possible risk of interaction between these polyphenols and endocrine
disruptors tested at low dose.

e Subcutaneous administration

Numerous studies use the subcutaneous route to administer BPA, often diluted in DMSO
(dimethyl sulphoxide). This may involve subcutaneous injection or a slow diffusion system
such as implanted miniature pumps or a capillary system (permeable or with small pores
throughout).

When BPA is administered by subcutaneous injection the daily dose can be controlled with
greater accuracy. The dose administered can be corrected according to the modification of
body weight during the study for long-term studies or exposures during gestation. The use of
an osmotic pump or of a diffusion system facilitates repeated exposure studies and limits the
stress on the animal subjected to repeated and invasive administrations, as well as making it
possible to reproduce a linear exposure scheme, i.e. a scheme without an absorption peak.
However, this method of administration has certain limits. Adapting doses according to
changes in body weight during long-term exposures or during gestation is incompatible with
the use of diffusion pumps. However, the age of the animal and its growth curve are important
factors.

Subcutaneous administration bypasses the digestive barrier, intestinal and/or skin metabolism
and the hepatic first-pass effect. In addition, transfer from the subcutaneous compartment to
the bloodstream can also be influenced by the vector in which the substance tested was
administered. According to the NTP, DMSO alone can cause a biological activity and is known
to facilitate cell diffusion through the formation of channels (Zafar et al., 2010). However, the
NTP concludes that the impact of the use of high concentrations of DMSO is uncertain, and
that this effect is probably weak at the amounts described in subcutaneous studies. Certain
studies replace the use of DMSO with a 10:90 ethanol/sesame oil mixture in order to cause
less skin irritation (Adewale et al., 2009; Patisaul et al., 2006). Moreover, when exposure is via
the implantation of subcutaneous minipumps, some authors use pure DMSO as solvent. This
practice is strongly advised against by the manufacturer of these pumps, which recommends a
maximum concentration of 50% DMSO, otherwise the implant may dissolve, leading to tissue
inflammation and oedema (NTP-CERHR, 2008).

Pottenger et al. used a kinetic approach to study exposure routes such as the oral, peritoneal
or subcutaneous route (Pottenger et al., 2000). The authors report a substantial difference in
the pharmacokinetic parameters (bioavailability and metabolism) according to the exposure
routes used. They warn against transposing the effects observed during subcutaneous
exposure in particular, and recommend making this comparison with great care. Tominaga et
al. also studied the impact of exposure routes (oral and subcutaneous) on BPA toxicokinetic
parameters after administration at doses of 10 mg/kg and 100 mg/kg, in rats, chimpanzees
and Cynomolgus monkeys (Tominaga et al., 2006). Notable differences in kinetics were
observed depending on the species and the routes of administration used. Thus, according to
the NTP-CERHR in 2008, the main difference between oral and subcutaneous administration
lies in the absence of a hepatic first-pass effect with subcutaneous administration (NTP-
CERHR, 2008). BPA is known to undergo a strong hepatic first-pass effect. However, in
rodents as in humans, hepatic metabolism in newborns is limited, consequently reducing the
hepatic first-pass effect. The higher the doses, the greater this difference. Consequently,
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according to this report, the effects obtained with the subcutaneous studies are relevant only if
the exposure took place during the neonatal or juvenile period. Studies with subcutaneous
administration in which the exposure took place in adults were only considered to be
informative during the identification of the biological effects due to BPA.

To date, studies using subcutaneous exposure routes have not been taken into account in
assessing the health risks arising from exposure through food, owing to the pharmacokinetic
differences between the two routes of administration. Human exposures to BPA via routes
other than the oral route, such as the cutaneous route (thermal papers, etc.), and quantitative
studies of BPA penetration through the skin, have also recently been reported. Moreover,
biomonitoring studies indicate urinary concentrations that are very much higher than those
anticipated on the basis of the current food contamination data. One of the hypotheses put
forward to explain this difference is that it could be due to the underestimation of an exposure
route such as the cutaneous route.

Dose bioequivalences could be established on the basis of robust toxicokinetic data, in order
to be able to use the results of subcutaneous studies as part of a health risk assessment.

The working group identified and examined 17 studies performed via subcutaneous exposure.
These studies are recent since they were published between 2002 and 2010, eight of them
published between 2009 and 2010. These studies cover prenatal or perinatal exposures and
correspond to administered doses ranging between 0.1 and 97 000 ug of BPA/kg bw. Effects
were observed at administered doses of less than 5000 pg of BPA/kg bw/d. The species used
in the studies are predominantly rodents (nine studies carried out in rats, in particular on the
Holtzman, Wistar and Sprague-Dawley strains) and seven in mice (CD-1, ICR/Jcl, BALBC).
One study was carried out in Suffolk sheep. Ten studies relate to reprotoxicity and
development. Given the types of effects observed and the low doses administered, the
endocrine disruptor working group decided to examine closely the studies based on
subcutaneous administration and to assess to what extent the results obtained could be
extrapolated to other routes, in particular exposure via the oral route.

e Other routes of administration

The other routes of administration used are anecdotal. One study uses the intracerebral route
(Matsuda et al., 2010). This route is not representative of a human route of exposure, but is
part of experimental protocols aimed at demonstrating mechanisms of action. In the context of
risk assessment, it cannot be included in a characterisation of the effects of BPA.

Finally, some studies use the intraperitoneal route (Pottenger et al., 2000), intravenous route
(Kurebayashi et al., 2002) or respiratory route, but these concern pharmacokinetic studies
aimed at comparing the bioavailability of various routes. One study in ewes via the intravenous
route is reported, aimed at determining the effectiveness of BPA as an oestrogen-mimicking
substance that inhibits pulsed secretion of LH (Collet et al., 2010).

(vi) Exposure doses

The recent data of Taylor et al. on animal models suggests that an external dose of 400 pg/kg
bw/d (eight times the current TDI) given orally would be required to reproduce the plasma
concentrations commonly described in humans (of about 1 ng/mL) (Taylor et al., 2011). Most
of this report is based on studies in which the administered doses are of this order of
magnitude, or lower and/or below the NOAEL (5 mg/kg bw/d; orally).
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It should also be noted that the purity of the BPA tested has not been taken into account
because the level of details (most of the time the degree of purity is specified but the impurities
are not specified) on that point vary a lot in between different studies.
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B.5.0.2.Methodology used for the studies selection

At first, the methodology on the choice of the most reliable studies to carry out the risk assessment
is explained in this part.

« Bibliographical analysis

The health risk assessment is based on prior work undertaken by expert assessment authorities,
and particularly the European Risk Assessment Report prepared in 2008 by the United Kingdom
(UK, 2008), the preliminary INSERM collective expert assessment report on BPA (INSERM, 2010),
and the expert appraisal work undertaken by AFSSA in 2010 (Afssa, 2010). Moreover, the EFSA
expert assessment report published in September 2010 (EFSA, 2010) and the report written by the
expert panel which met under the leadership of the FAO/WHO that was published in November
2010 (FAO/WHO, 2010) were also taken into account. Past expert assessments have mainly
considered recognised effects by the oral route of exposure, which have been deemed more
representative of dietary exposure.

In addition to these expert assessment reports on BPA which have recently been published,
original papers of studies considered as key studies for certain types of effects linked to a BPA
exposure were also analyzed. Furthermore, particular attention was paid to epidemiological
studies likely to contain information that could be interpreted in terms of human effects and
experimental studies using the subcutaneous route of exposure. In fact, the latter type of study
has not undergone systematic analysis in past expert assessments, generally effects observed
following oral route are considered as relevant, since they have been deemed more
representative of dietary exposure. Nevertheless, given the fact that questions have recently
been raised regarding non-dietary BPA exposure, including dermal exposure and that
subcutaneous route can highlight effects at doses much lower than those administered orally,
it was indeed considered as relevant to take these studies into account.

Lastly, new scientific paper published from 2010 (when the preliminary INSERM report was
published) to January 2011 (bibliography end date) were listed by ANSES and analysed (INSERM,
2010). In addition, some publications dated after January 2011 were included when they were
relevant.

e Criteria for the selection of the key studies for t he previous HRA (EFSA TDI, Tyl et
al., 2002, 2008)

There are two multi-generation reproductive studies investigating a wide range of BPA doses and
carried out according to standardized test guidelines available (Tyl et al., 2002; 2008). These two
studies currently serve as the basis for requlatory risk assessment of BPA in the EU (ECB, 2008;
EFSA, 2006) and the USA (US FDA, 2008). These studies and their limitations are described in
the relevant section.

A Tolerable Daily Intake (TDI) of 0.05 mg/kg bw/day has been defined in 2006 by the EFSA CEF
panel, based on the multi-generation study of Tyl et al., 2002. This study, described in more details
in the section B.5.9 provides a NOAEL of 5 mg/kg bw based on reduced body weights and body
weight gains at the LOAEL corresponding to 50 mg/kg bw/day. Reproductive effects are observed
only at the top dose level corresponding to 500 mg/kg bw/day. A standard safety factor of 100 was
applied, without any additional uncertainty factor. In addition, the Panel considers, however, that its
derived health-based guidance value should be a temporary Tolerable Daily Intake (t-TDI) rather
than a full TDI, pending the outcome of the long-term study in rats involving prenatal as well as
postnatal exposure to BPA, currently being undertaken by NTP. This study will clarify whether the
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changes in the mammary gland seen in rats (as well as other species) will result in an increased
incidence of tumours in this species. In 2010, a second opinion on BPA has been published by
EFSA CEF panel, taking into account the new studies appeared since 2006 on BPA. The new
studies pointed out some effects deserving further investigation but were not considered robust
enough to modify the TDI. In January 2014, EFSA identified likely adverse effects on the liver and
kidney and effects on the mammary gland as being linked to BPA exposure. Therefore, EFSA
recommended that the current TDI be lowered from its current level of 0.05 mg/kg bw/d (equivalent
to 50 pg/kg bw/d) to 5 pg/kg bwi/d.

 Methodology of the ANSES HRA: Classification of eff ects by organ and system

At first, the health effects associated with BPA (Anses, 2011) were classified by organ and
system and were qualified using a decision tree by periods of exposure and by distinguishing
the effects as: recognised, suspected, controversial, and effects for which the available data
was not conclusive.

For each type of effect, the available data were presented by windows of exposure: gestational
or in utero, prenatal, perinatal, neonatal, postnatal exposure or exposure during puberty or
adulthood. The term 'exposure’ does not provide information on the number of administrations
(e.g. single or repeated).

For those references considered as significant in providing information about the health effects
of BPA, patrticularly at low doses for which there is currently no consensus in the international
scientific community, a publication analysis chart was used. The items on this chart list the

important points to be specified when analysing articles, considering the limiting factors likely
to interfere with the interpretation of results.

In order to qualify the health effects of BPA, the following decision tree was used.

Figure 7. Decision tree to qualify the effects of B PA
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Available information
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All the available information regarding a health effect was assessed using the decision tree, which
can be interpreted as follows:

* When the available information was obtained from one or more studies, each study
was analysed and considered either to be of 'good-quality’, having 'non-major
methodological limitations' or having 'major methodological limitations'.

A ‘good-quality’ study was defined as containing an appropriate methodology (coherence of
the exposure model, confounding factors taken into account, etc.) and a sufficient number of
observations.

A study was considered to have ‘non-major methodological limitations’ when one of the above
aspects was not considered to be fully fullfiled. Nevertheless, the study could be taken into
account in light of its contribution to the expert appraisal. Moreover, co-exposure had to be
controlled (composition of feed for laboratory animals, type of cage, type of drinking container,
etc.). If not controlled, the way the co-exposure was managed had to be mentioned. When a
study had unacceptable shortcomings, it was considered as having ‘major methodological
limitations’.
* When the results of multiple ‘good-quality’ studies undertaken by different scientific
teams:

0 converged: the effect was considered to be ‘recognised’,

o diverged: the effect was considered to be ‘controversial’.
* When studies having ‘non-major methodological limitations’:

0 converged: the effect was considered to be ‘suspected’,

o diverged: the effect was considered to be ‘controversial’.
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» Studies having ‘major methodological limitations' were excluded as they could not be
used to draw conclusions.

e Lastly, when information was reported in only one study, the methodology was
assessed:

o when it was 'good-quality’, the effect was considered to be 'suspected’,

o0 when it had ‘major or non-major methodological limitations’, the study was
considered to be excluded and could not be used to draw conclusions
regarding the effect under consideration.

Lastly, once the various types of effects had been characterised according to their level of
evidence, the significance of the observed biological effects was thus discussed in order to
estimate their relevance in terms of transposition to humans for the Health Risk Assessment
(HRA).

Further to the hazard analysis, critical effects and key studies for the various exposure routes will
be determined in order to define human toxicity values so as to undertake a quantitative HRA.

All of the studies analysed in this report were the subject of NOAEL or LOAEL determination.
The NOAEL/LOAEL arising from these publications have been identified and classified by type
of effect on a diagram to show the position of the various studies in relation to each other. For
each organ or function considered, the most relevant critical effect(s) were selected, both in
terms of levels of doses and transferability of this type of effect to humans. Then, for each
effect, a key study was selected. The studies considered to be of good quality that reported
these effects were attributed greater weight. Lastly, the DNELs derived from these studies
(NOAEL and/or LOAEL) were proposed for use in the HRA.

As no proven effect was identified in humans, only the effects considered as "recognised” in
animals or "suspected” in humans has been used as the main focus of the risk assessment.

 The Study of BPA dose-response relationships: Non-m onotonic relationships

By definition, a dose-response relationship (or curve) is referred to as non-monotonic when the
slope of the tangent (to the curve) changes in the range of the doses studied. Non-monotonic
dose-effect relationships give rise to many debates. They are regularly described in numerous
in vitro and in vivo toxicology studies on substances acting on the hormonal system, whether
concerning endogenous hormones or ED. Several publications on BPA thus report greater
effects at lower doses than those induced by higher doses and therefore describe non-
monotonic dose-response relationships.

A survey of the publications describing non-monotonic dose-effect relationships concerning
ED and more specifically BPA was conducted as part of a thesis (Lagarde F, 2012). However,
before considering how to take them into account or not for the HRA, it is necessary to assess
the plausibility of their existence. In January 2012, the bibliographical research on PubMed®
enabled us to identify 17 BPA-related publications (8 relating to in vitro studies and 9 studies
on animals). In total in these publications, 59 non-monotonic dose-effect relationships were
identified for different types of effects: 11 in vitro and 48 in vivo. The effects associated with
this type of relationship have also been reported.

In vitro, the non-monotonic relationships observed concern effects on the pituitary gland
(prolactin release, phosphorylation of protein kinases), the heart (cardiomyocyte contractility),
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lipid metabolism (expression and release of adiponectin), prostate, and testes (cell
proliferation).

In vivo, non-monotonic relationships identified in the literature concern effects on development
(age of puberty, total weight), sexual behaviour, the activity of numerous genes involved in
gluco-lipid metabolism, the mammary glands (structure and number of breast buds), the
female reproductive system (ovarian transcriptional activity, alteration in the expression of
hormonal receptors on uterine epithelial cells) and the male reproductive system (weight of the
epididymis, seminal vesicles and preputial glands).

Then, for each non-monotonic dose-response relationship identified, the statistical and
biological plausibility of its monotony was studied. The statistical plausibility rests on both the
experimental conditions and the results of the statistical analysis of the observed data. As for
the biological plausibility, it is based on the mechanisms of action that can explain the
phenomena observed during the study (i.e. the interactions with receptors, activation of
metabolic pathways, etc.). These two aspects were assessed but are not detailed here.

The results of the application of the analysis criteria of statistical plausibility to BPA are as
follows (Table 14).

Table 13: Results of the statistical plausibility o f the non-monotonic dose relationship
applied to BPA in invitro and in vivo studies

Statistical plausibility of the non  -monotonic

dose-effect relationship n (in vitro ) n (in vivo ) n (total)
null 0 0 0
Very Low 2 12 14
Low 2 10 12
Average 2 5 7
High 2 8 10
Very high 2 7 9

Half of the non-monotonic relationships observed concerning BPA have an average, high or
very high statistical plausibility.

With respect to the assessment of biological plausibility, if one eliminates the dose-effect
relationships where no return to the base effect is observed and those of "null", "very low" and
"low" plausibility, 23 relationships out of 59 remain, which can be considered to have a
medium, high, or very high plausibility. Of these 23 remaining dose-effect relationships, only
one is not the subject of mechanistic explanation on the part of the authors. The other 22
envisage two valid mechanistic assumptions: the plurality of molecular targets and/or a

negative retro-control.

In conclusion, before affirming the existence of a non-monotonic dose-response relationship,
the statistical and biological plausibility of this non-monotonic relationship must be evaluated,
for example, using the criteria proposed above.

Therefore, when a non-monotonic dose-effect relationship is present in a study (whether
mentioned by the authors or not), it is necessary to apply the following decision tree (Figure 8):
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Figure 9 Diagram to aid in the analysis of studies showing a non-monotonic dose-effect
relationship

However, more suitable analysis criteria remain to be defined. In fact, those used within the
framework of this study relate only to the phenomena of hormesis. In order to assess any type
of non-monotonic relationship, new criteria should be developed.

Taking into account non-monotonic dose-effect relat ionships in the quantitative
assessment of risks associated with BPA was not pos sible due to methodological
difficulties. The "standard" approach based on the choice of a starting point associated
with a critical effect (NOAEL/LOAEL/BMD) was used b y the experts at this stage.
Discussions are currently underway at European (EU, EFSA) and international levels
(NIEHS) to define the best way to take into account these data showing a non-
monotonic dose-response relationship. Depending on the conclusions drawn from

these discussions, the BPA HRA process may be subse  quently adapted and reviewed.
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B.5.1 Toxicokineetics (absorption, metabolism, dist ribution and elimination)

This section included articles published until March 2012 only.

The analysis presented in this part has the objective of determining the absorption factors to be
used for the health risk assessment (HRA) of BPA for both oral and cutaneous absorption.
Particular interest is also given to the possibility of determining an absolute or relative
bioavailability factor for the subcutaneous route, since this route of administration have been
widely used during the experimental protocols put in place to investigate the toxicological
properties of BPA. In addition, the option of using the kinetic models available in the scientific
community has also been investigated. The main points of this analysis are given hereafter.

1. Absorption

0 Oral

In humans and other primates, BPA is rapidly absorbed by the gastrointestinal tract, consistent
with its substantial aqueous solubility and lipophilicity. Analysis of the areas under the plasma
concentration time curve (AUC) shows that gastrointestinal absorption is greater than 85% in rats
and monkeys. The experiments carried out in adult human at relatively low doses (0.025 to 5 mg in
total) show that BPA is rapidly and completely absorbed by the gastrointestinal tract (Tsukioka T,
2004; Volkel W, 2002; Volkel, 2005). After a single dose, the plasma peak is reached
approximately 80 minutes after ingestion.

Bioavailability via the oral route:

After absorption, BPA is metabolized into an inactive form because of the hepatic first pass
metabolism. Thus, for the health risk assessment, the bioavailability in unconjugated active form of
BPA was estimated, in order to derive internal DNELs which take into account the bioavailable 3%
active form of BPA. Indeed, BPA is well absorbed by gastrointestinal tract after oral administration
of 100 mg/kg of BPA in all the five species tested (mice, rats, dogs, ewes and pigs) (Farbos, 2012).
Internal exposure to free BPA (also called aglycone BPA or unconjugated form) is remarkably
similar for adult rodents, non-human primates and humans (Doerge, 2010). Finally, both studies
enable the determination of an absolute bioavailability of unconjugated BPA for the oral route.
These two studies report an absolute bioavailability in unconjugated BPA in rats in the same
range, specifically: 2.8% * 3.1% (Doerge, 2010) and 3.03% (Farbos, 2012) whereas the other
values of absolute bioavailability in unconjugated BPA obtained for the other species (e.g. Rhesus
monkey, mouse, pig, etc.) are not supported by other experimental studies. The value of absolute
bioavailability of 0.2% in Rhesus Monkey is not retained due to the limited number of animals (4)
and the high variability observed (of around 100%) in the Doerge study (Doerge, 2010).

The absolute bioavailability factors determined by the oral route are recorded in the following table.

Table 14. Absolute bioavailability factors after administration of unconjugated BPA via the oral route
depending on the animal species

Author Species Dose P . ., . 2bsolute Measured Comments / Limits
(bioavailability) component
Rhesus 100 o o unconjugated Number of animals:
Doerge, 2010 Monkey ug/kg 0.19% + 0.18% BPA 4 females
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Doerge, 2010 Sprague 100 unconjugated Number of animals:
Dawley Rat ug/kg 2.8% +3.1% BPA 4 females
Farbos, 2012 100 unconjugated Number of animals:
0, 0, -
Ewe mg/kg 1.2%+1.1% BPA 8 females — cross-over
. 100 o o unconjugated _ )
Pig mglkg 1.1% +0.7% BPA 8 males — cross-over
100 o o unconjugated i
Dog malkg 1.9% £ 0.4% BPA 6 females — cross-over
. 100 0 unconjugated 12 males (6 VO? and 6
Wistar Rat malkg 3.03% BPA IV?)
99 females divided
100 o unconjugated according to OV, IV
CD1 Mouse mg/kg 6.03% BPA groups, blood or urine
sample.

Table 15. Absolute bioavailability factors after administration of total BPA via the oral route depending on
the animal species

Author Species Dose k. _ absole | Measured Comments / Limits
(bioavailability) component
Doerge 100 Number of animals:
! 0, 0 )
2010 Rhesus Monkey pa/kg 79% * 23% Total BPA 4 females
Doerge Sprague Dawley 100 Number of animals:
2010 Rat ug/kg 77% £ 47% Total BPA 4 females
70% (males) :
K_urebayas Cynomolgus 100 +16% 3 animals /
hi et al., K o Total BPA dose/gender
2002 Monkey gkkg 1 66% - (females) radioactivity
+13%
Kurebayas . . )
hi et al. Fischer Rat 344 | 100 97% (males) Total BPA Number qf an.|rr.1als. 3
M ug/kg males radioactivity
2003
0,
20 uglkg | Soop (][“a'els) Total BPA _
Kurebayas | Fischer Rat 344 5% (females) Number of animals:
hi o Yal M 100 81% (males); F: | Total BPA 3 males
2005 " Ha/kg 50% (females), 3 females
500 60% (males); 50% | Total BPA radioactivity
Ha/kg (females)

The two reliable studies report an absolute bioavailability in unconjugated BPA in rats in the same

range, specifically: 2.8% + 3.1% (Doerge, 2010) and 3.03% (Farbos, 2012).

Consequently, the value of absolute bioavailability in unconjugated BPA chosen for the risk
assessment, that will be conducted for humans, is 3% based on the studies performed in Sprague
Dawley (Doerge, 2010) and Wistar rats (Farbos, 2012).
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o] Sublingual

A recent study (Gayrard, 2013) using the sublingual route of exposure, was published after the
Health Risk Assessment report (ANSES, 2013) and has not formally been taken into account in the
HRA herebelow. However, it can be considered that this sublingual route of exposure has been
taken into consideration by default by the oral studies through the diet or the water, which were
used to derive DNELSs.

The study of Gayrard performed on six dogs shows that the systemic bioavailability of BPA
deposited sublingually is high (70-90%) and that BPA transmucosal absorption from the oral cavity
led to much higher BPA internal exposure than obtained for BPA absorption in the gastro-intestinal
tract after oral administration. This efficient systemic entry route of BPA may lead to far higher BPA
internal exposures than known for BPA absorption by the gastro-intestinal tract. The main
difference between both exposures ways is that the conjugated [BPA-Glucuronide: free BPA] ratio
is 100 times lower by sublingual route than the one obtained after absorption by the gastro
intestinal tract following oral absorption. The sublingual route of exposure bypasses the first-pass
hepatic metabolism and this may explain the much higher internal exposure to unconjugated form
of BPA entry into the systemic circulation. Indeed, BPA human clearance of 30 mL/kg/min has
been predicted from animals’ clearance. This value reveals a major inconsistency between BPA
concentrations reported in biomonitoring studies, and a BPA daily intake of 13 ug/kg reported by
EFSA combined to its clearance (Farbos, 2012).

0 Dermal

Bioavailability via the subcutaneous route:

Comparison of the different routes of administration, meaning oral route versus the subcutaneous
(SC) route was discussed. The following table summarises all of the reports available for different
species and at various doses.

Table 16. Comparison of areas under the curve (AUC) obtained after exposure to BPA by the oral route and
by the subcutaneous route

AUC s/ Comments / Limits
Author Component Species Dose AUC g | Number of animals used per
Ratio experimental point
Taylor, 35ugkg | 1.11
2008 BPA PND3 Mouse 395 ug/kg | 0.97
(Pzr(l)nlsl) gg(;onjugated PND3 435
Sprague 10 ug/kg
Total BPA Dawley Rats 1.80
Doerge, Unconjugated PND3 16.6 Number of animals: 4 females
2010 BPA Sprague 100 pg/kg '
Total BPA Dawley Rat 5.90 Number of animals: 4 females
Unconjugated PND10 36.23 Number of animals: 4 females
BPA Sprague 100pg/kg ]
Total BPA Dawley Rat 11.82 Number of animals: 4 females
Unconjugated PND21 11.44 Number of animals: 4 females
BPA Sprague 100pg/kg '
Total BPA Dawley Rat 11.80 Number of animals: 4 females
Tominaga 10 mg/kg Number of animals: 3 females
BPA F344/N Rat 274.6 . .
(2006) per sampling point
BPA F344/N Rat 100 445 Number o_f anin_1a|s: 3 females
mg/kg per sampling point
BPA Chimpanzee 10 mg/kg | 181 Number of animals: 2 females
BPA Cynomolgus 10 mg/kg 443.6 Number of animals: 3 females
Monkey
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BPA Cynomolgus 100 297 9 Number of animals: 3 females
Monkey mg/kg
Pottenger, | Total BPA F344/N Rat 10 mg/kg | NC Number of animals: 5 males
2000 Total BPA F344/N Rat 10 mg/kg | 7.38 Number of animals: 5 females
Total BPA F344/N Rat r%nogo/kg 245 Number of animals: 5 males
Total BPA F344/N Rat r%nogo/kg 7.16 Number of animals: 5 females

NC: non calculable

N: Number of animals used per experimental point
F: Female

M: Male

It appears from this analysis that the levels of circulating BPA observed are higher following an
administration via the subcutaneous route compared to the oral route. The ratio of AUCsc/ AUCor
ranges from 0.97 to 443.6. Overall this ratio is close to 1.0 in the young mice (3 day-old), but this is
different from the value obtained for young rats (3 day-old) for which the ratio varies from 16.6 to
5.90 respectively for the free form and the total BPA. A metabolism which is not totally mature in
the newborn (Doerge, 2011) is probably involved, which would explain the comparable AUC values
regardless of the route of administration used - oral or subcutaneous. With the capacity to
metabolise BPA being lower in newborns, the bioavailability will be higher in the latter than in
adults in whom a strong coefficient of hepatic extraction has been demonstrated in animal species
(He > 0.94). In adult animals, the studies available showed fluctuating ratios of 7.2 to 274 in adult
rats and from 181 to 444 in monkeys. The strain of rats used (Sprague Dawley versus Fisher) is
also be a significant parameter.

Due to the high variability of the AUC . /AUC.r ratios reported in the literature, whether
between different animal species or within the same species, and in the absence of an
adapted PBPK model, no estimation of the relative b  ioavailability for the subcutaneous
route has been carried out. Moreover, no study to d ate provides information on the
absolute bioavailability for this route.

Bioavailability via the cutaneous route:

None of the experimental study available enables a factor of absolute bioavailability to be
determined for the cutaneous route . In the absence of specific study on the cutaneous
absorption, the bioavailability value via cutaneous route used by default in the HRA will be
100% of bioavailability after absorption, for professionals and consumers.

Differences between professionals and consumers for the exposure modelling by
cutaneous contact in the HRA:

Professionals and consumers are differently exposed to BPA in term of duration and frequency of
exposure. Indeed, the professionals are exposed to a constant quantity of BPA transferred to the
surface of the skin of the finger whatever the duration (between 5 and 60 seconds) or the number
(between 3 and 10) of contact with the receipts, based on the study of Biedermann, 2010. Thus,
the percutaneous absorption flow  has been used to model the professionals’ exposure . At the
contrary, the consumer will touch relatively few receipts over the course of a day and it is likely that
the quantity of bisphenol A on the fingers is not constant through time. It appeared therefore
justified to use an approach based on the rate of absorption combined with contact with a thermal
receipt with BPA for the consumers . The absorption rate is expressed in percentage absorbed of
the quantity of BPA transferred onto the skin.

Regarding absorption via the cutaneous route , the European Commission (European, 2010)
considers that only 10% of the dose in contact with the skin is absorbed (European, 2004). This
estimation is confirmed by a study using a pig skin model (Kaddar et al., 2008). However, new
studies may suggest that the cutaneous absorption of BPA could be greater (Morck, 2010;
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Marquet, 2011; Demierre, 2012). The recent study by Demierre et al., 2012 stated that the dermal
penetration contributes only in a negligible way to the total exposure (8.6% of penetration in human
skin in vitro). Other studies contradict this statement: Zalko, 2011 studied the distribution and
metabolism of BPA in cultures of pig ear skin and human skin explants. This study, (not a study of
penetration as recommended by the OECD guideline 428 and with limitations (the incubation time
of 72 hours is well beyond the recommended 24 hours to preserve the integrity of the explants),
shows that the BPA in the conditions of the experiment and after 72 h incubation diffuses
significantly through the two skin models: absorption of about 65% for pig ear skin and 46% for
human skin explants. On the oterh hand, this study shows that at low concentrations applied to
human skin, approximately 40% of the dose which diffuses into the liquid receiver is as glucuronide
and sulfate.

Another recent study (which follow the OECD guideline) determined the percutaneous absorption
of BPA in vivo in rats and ex vivo in rats and humans after an exposure of 24 hours (Marquet,
2011). The permeability was found to be 12 times higher in rats than in humans. However, inter-
individual variability was found in humans. The authors reported dermal flux values of 120 ng.cm
2h* from explants of human skin samples exposed to 200 mg BPA.cm™. Finally, contrary to the
study by Zalko, 2011, the authors found most of the BPA in unchanged form in the receptor fluid,
which can be explained by the significantly much higher dose of BPA applied to the skin samples
in the study by Marquet (Marquet, 2011).

Athough varying in terms of permeability, the overall data show that dermal absorption occurs and
the minimal dermal absorption value estimated in the European Risk Assessment Report is 10%
(EC, 2010).

The studies conducted by the Marquet et al. (Marquet, 2011) and Demierre et al.’s teams aimed to
determine a value for the transcutaneous absorption flow  of BPA while the initial aim of the
study by Zalko, 2011 was to analyse the metabolites of BPA and compare the models of the skin
from the ear of a pig with models of human skin. As the objectives of the studies were not identical,
the protocols used were markedly different. It is difficult to compare the results (Demierre, 2012).

Table 17. Comparative table of the studies which ev  aluated the cutaneous penetration of in
vitro BPA on human explants

Zalko, 2011 Marquet, 2011 Demierre, 2012 Morck, 2010
ST of I nC 15 7 11
specimens
Number of NC 6 5 NC
donors
'S\:fil:]ure e Cold Cold Defrosted NC
;i‘i'r‘]:k”ess ofthe | 500 um 400 pm 200 pm 800 - 1000 pm
Anatomical
region of the | Abdomen Abdomen Thigh NC
skin
Dose 2.75 pg.cm? 200 pg.cm? 1.82 pg.cm? 422 ug
Solvent Ethanol/phosphate Acetone Physiological NC

buffer serum
Number of
points to | i
evaluate the NC 4
flow
Flow + standard | 012 + 0.09|0.022 =+ 0.011 |
deviation pg.cmzht pg.cm?ht

. 456 £ 6.2 % 17.2+6.45%

0, - -
% of absorption in72h in 48 h

NC = not communicated
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With regard to the HRA on workers exposed by skin contact with thermal papers containing BPA,
percutaneous absorption of BPA is considered to be continuous during the period of work. This
hypothesis is based on the observations of Biedermann, 2010 which shows a constant quantity of
BPA transferred to the surface of the skin on the finger, regardless of the duration (between 5 and
60 seconds) and number (between 3 and 10 contacts) of contact with the receipts. The
guantification of this absorption corresponds to the interval of the percutaneous absorption flow
values measured in an experimental in vitro study (Marquet, 2011). Although the in vitro model on
the Franz static cell used in this study cannot replace an in vivo model, it enables the mechanisms
of interaction during absorption to be investigated, the tests to be multiplied, and work to be carried
out on human skin. Moreover, the validity of the experimental protocol used on human skin
explants is supported data on rats with an absorption flow value measured in vitro (1.5 pg.cm2.h™)
of the same size as that measured in vivo (2.5 pg.cm2.h™).

With regard to the HRA for the general population relating to cutaneous contact with thermal
papers containing BPA, the estimate of the percutaneous absorption flow (expressed in %
absorbed by the dose transferred onto the skin, and not in the quantity absorbed by surface unit of
skin and time) corresponds to values of the least probable rate of a minimum of 10 % and a
maximum of 60 %, encompassing a most probable value of 27 %. The rate of 27 % was used in an
experimental study (Biedermann, 2010). The data from this study cannot be considered as
representative on a population scale. However, the experimental protocol is considered to be
similar to the conditions of exposure for a person handling cashier’s tickets on an occasional basis
during the day, different to cashiers. This rate was estimated from the quantity of BPA transferred
to the skin of the finger after a single contact of 5 seconds with a ticket, and the quantity of BPA
which was no longer removable from the skin by soap and water 2 hours after this contact. The
maximum rate of 60 % corresponds to the rate estimated by Biedermann, 2010 2 hours after
immersion of the finger in a solution of BPA in acetone; while the minimum level of 10 %
corresponds to a (default) recommended value by the European Commission when a substance
has a molecular weight over to 500 g.mol™ and an octanol-water distribution coefficient lower than
-1 or higher than 4 (European, 2004). Therefore, with the absorption rates being estimated by
Biedermann, 2010 for a period of exposure to the skin to BPA of 2 hours, they must be weighted
by an adapted period of exposure for the general population in the handling of BPA-based thermic
papers.

1. Inhalation

There is no experimental data on BPA toxicokinetics after exposure by inhalation. However, the
changes in absolute organ weights highlighted in a study of repeated inhalation toxicity in rats
exposed during 13 weeks, show that absorption through the lungs occurs (EC, 2010). Decrease in
absolute liver weight in males exposed to 10 or 150 mg/m®, decreased absolute liver and kidney
weights in females at 150 mg/m?, increased relative brain weights in females at 50 or 150 mg/m?®,
and increased relative lung weight in females at 150 mg/m® were observed in this study. In rats
sacrificed 4 weeks after exposure, males exposed to 150 mg/m*® BPA had an increased relative
brain weight. In rats sacrificed 12 weeks after exposure, decreased absolute kidney and lung
weights were observed in males at 150 mg/m® and decreased absolute and relative kidney weights
were observed in females at 150 mg/m®. This is in line with its octanol / water favourable partition
coefficient (3.2) indicating that absorption through the lungs can occur.

However, in the absence of data, absorption by inhalation cannot be quantified (EC, 2010). For the
characterization of the risk behavior in European 2008 report, the oral and inhalation absorption
values were set at 100% (EC, 2008).

Conclusion_on_the absorption via the oral, subcutan eous_and_cutaneous route and by
inhalation:

BPA is rapidly absorbed after administration via the oral, subcutaneous or cutaneous route and
totally by inhalation.
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2. Distribution

Once absorbed, the BPA is rapidly distributed in all tissues without real affinity of BPA for one
particular organ. However, in rodents, a few hours after oral administration of radiolabelled BPA,
the highest concentrations are found in the liver and kidneys.

Following an intravenous bolus administration in adult mice, unconjugated d6-BPA is rapidly taken
up into adipose tissues but does not exceed the initial measured serum level (Doerge, 2012).

Krotz et al., (Krotz S.P., 2012) show that BPA does not accumulate (no BPA detected) in ovarian
follicular fluid after a brief exposure to medical plastics during an IVF (in vitro fertilization) cycle in
five women (small sample size). However, two previous studies contradict these results. In 2002,
Ikezuki et al. (lkezuki, 2002) measured BPA in non pregnant Japanese patients yielding follicular
fluid levels averaged 2.4 ng/ml (n=32) and in 2005, Tsutsumi measured a follicular fluid levels
ranged 1-2 ng/ml.

3. Metabolism

After oral absorption, BPA is conjugated into his inactive form (also called aglycone BPA or
unconjugated form). Thus, the percentage of active BPA released after oral absorption (the
absolute bioavailability of active BPA) has been estimated to be at 3% based on Doerge et al. and
Farbos et al. studies (Doerge, 2010; Farbos, 2012). This approach allows refining for the health
risk assessment. Doerge and Farbos (Doerge, 2010; Farbos, 2012) studies results are similar
concerning the value of absolute bioavailability of active BPA (3%): that is why the health risk
assessment is based on this value of 3%.

Toxicokinetic data obtained in rats and humans show a first-pass effect and indicate that the
plasma residues are mainly (92-99%) as glucuronide. Several reports highlight the existence of an
enterohepatic circulation in rats after the glucuronide hydrolysis in the intestine, which results in a
relatively slow elimination of BPA in rats compared to humans (EC, 2010; INERIS, 2010;
INFOSAN, 2009). This major difference in toxicokinetics between these 2 species has often been
put forward to highlight the limitations of the rodent model in the risk assessment of BPA for
humans (Mielke, 2009; Ginsberg G, 2009). Recent studies combining the use of tritium/deuterium-
labeled BPA and specific and sensitive detection techniques (LC-MS/MS) confirm the existence of
an enterohepatic cycle in rodents unlike primates. However, they indicate that this cycle has very
limited consequences on the clearance of BPA (Doerge, 2010; Doerge, 2010; Taylor, 2011)
arguing for the relevance of the rodent model to humans for oral exposure to BPA.

In all species studied, the majority metabolic pathway is the combination of BPA with glucuronic
acid to form the BPA-glucuronide (BPA-G) (figure below). This combination takes place mainly in
the liver and to a lesser extent in the intestine. It is catalyzed by UGT2B1 in rats, whereas in
humans the UGT2B15 and UGT2B7 isoforms are responsible for the glucuronidation (Mazur CS,
2010). The genetic polymorphism of the UGT2B15 could result in individual differences in the
ability to detoxify BPA (Hanioka N, 2008; INSERM, 2010).

Human pharmacokinetic studies show that the urinary metabolites profile is composed of almost
BPA-G. Monitoring studies conducted using urine samples collected from adults (Ye, 2005)
indicate different proportions (9.5% BPA free, 69.5% BPA-glucuronide and 21% BPA-sulfate). Kim
et al. analyzed the proportion of BPA and its metabolites in urine collected from 15 women and 15
men (Kim, 2003). The average urinary composition observed in men was 29.1% of free BPA,
66.2% of BPA-glucuronide and 4.78% of BPA-sulfate, whereas in women the proportions were
33.4% of free BPA, 33.1% of BPA-glucuronide and 33.5% of BPA sulfate. The authors conclude
that women have a better sulfation capacity than men (NTP, 2007).

Other metabolites have also been identified using urine or bile samples in rodents or during
incubations with hepatocytes in primary culture. These include BPA and BPA-hydroxy sulfate
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(figure below). In total, these metabolites only rarely exceed 5 to 10% of the total metabolites in the
urine of rodents. Other minor metabolites such as double conjugates or Metanephrine metabolites
were also identified in rodents.

Several other metabolites formed by oxidation, have been identified in vitro using subcellular
fractions (4-methyl-2, 4-bis (p-hydroxyphenyl) pent-1-ene, isopropyl-hydroxyphenyl, glutathionyl-
phenol, glutathionyl 4 isopropylphenol-and bisphenol A dimers), but to date they have not been
described in vivo (INRS, 2010).

Figure 10. BPA metabolites formed by oxidation
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BPA-G and BPA sulfate forms represent BPA detoxification pathways insofar as they are not
active on the estrogen receptor. Ginsberg et al. suggested that deconjugation by the f
glucuronidase and arylsufatase C enzymes at specific tissue sites could convert conjugated and
sulfated metabolites into "free"-BPA active on the estrogen receptor (Ginsberg G, 2009). The B-
glucuronidase is present in the intestines but also in the placenta and fetal liver, which could result
in exposure of the fetus to "free" BPA (Aschberger K, 2010).

The route of administration affects the forms and circulating levels of free BPA and conjugates
(Doerge, 2010; Pottenger, 2000; Taylor, 2008). The data collected in rodents show significantly
higher proportions of free BPA after subcutaneous and intraperitoneal administrations than in the
case of an oral administration.

It is well established that ATP-Binding-Cassette (ABC) transporters play a fundamental role in the
absorption, distribution, metabolism and excretion of endogenous and exogenous chemicals, and
transporter membrane localization can directly influence these processes (Glavinas et al., 2004).
Mazur (Mazur CS, 2012) show that in rat, possible transport preferences of BPA and BPA-G is into
intestinal lumen and hepatobiliary excretion whereas in humans, BPA-G is preferably transported
into the blood supply of the liver or portal blood supply of the small intestine.

4. Elimination

Orally administered BPA undergoes complete first-pass metabolism in the liver to BPA-glucuronide
as major metabolite, which is rapidly excreted in the urine, with a half-life of less than 6 hours
(Volkel W, 2002; Volkel, 2008). BPA-sulphate has been reported as a minor urinary metabolite of
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BPA in humans (Ye, 2005; Ye, 2006). Because this first-pass metabolism is effective, there is low
systemic availability of free BPA (estimated at 3% in the HRA) in humans after oral exposure. The
conjugated forms of BPA have no endocrine activity (Snyder RW, 2000; Shimizu M, 2002; Willhite,
2008). Therefore, these conjugation reactions represent detoxication pathways.

In rats, BPA is also predominantly glucuronidated, with sulphation representing a minor pathway
(Pottenger, 2000), but the BPA-glucuronide formed is excreted from the liver via bile into the
gastrointestinal tract, cleaved back to BPA and reabsorbed into the blood. Thus it undergoes
enterohepatic recirculation resulting in slower elimination of BPA including its conjugate in rodents
compared with humans (EFSA, 2006); this results in slow elimination (half-lives between 20 and 80
hours). The enterohepatic cycling and decreased first pass metabolism of BPA in rats results in
higher plasma levels of unconjugated BPA in rats compared to humans given the same dose.
There are differences in the molecular mass threshold for biliary elimination in rats and humans.
The molecular mass of the BPA-glucuronide (484 D) is well above the threshold for rats (300 — 400
D) but below that of humans (500 - 600 D) (Hirom, 2014; Walton, 2001; Ghibellini, 2006).
Teeguarden (Teeguarden, 2011) show that after a 24 h period of dietary exposure to high dose of
BPA in 20 humans, the total BPA concentrations serum are undetectable in 83% of the samples
and when it is less than or equal to limit detection, BPA concentrations in serum is on average 42
times lower than urine concentrations. The rapid absorption and elimination kinetics of BPA
observed in this study clearly demonstrate that spot urine sample reflect exposure in the prior meal
or prior 4 h to 6 h period but not the full day’s exposure.

Although the main pharmacokinetic differences between 5 species (Farbos, 2012) concern the
elimination of BPA and BPA-G, they have not impact on the BPA plasmatic concentrations which
are the reflection of the internal exposure of BPA.

Toxicokinetic of BPA during gestation and in foetuses

Maternal exposure to BPA results in embryos and newborns exposed to BPA via placental transfer
and milk (Doerge, 2010). Concerning the toxicokinetics of BPA in utero, the presence of BPA in
human fetal tissues at almost the same concentrations than in maternal blood, demonstrates that
BPA crosses the placenta barrier. This is confirmed by a study by Balakrishnan et al.
(Balakrishnan, 2010) on seven human placentae perfused ex vivo with 10 ng/mL (environmentally
relevant concentration) of BPA for 180 minutes: the transfer percentage of BPA is 27.0% + 1.88%
and only 3.2% = 1.6% of BPA in the fetal compartment is in the conjugated form. Thus BPA can
transfer across the human placenta, mainly in active unconjugated form. Moreover, BPA have a
high transplacental transfer rate much similar to passive diffusion according to the meta-analysis of
data from human ex vivo placental perfusion studies which confirm that the placental barrier is not
protective against exposures to BPA (Mose T., 2012).

Nevertheless, the fetus has the capacity to deconjugate BPA into its “free” active form with the
placental enzyme B-glucuronidase (Edlow, 2012). Free and total BPA were identified in both
second and third trimester amniotic fluid. Thus, deconjugation of BPA by the placenta and limited
capacity of the fetal liver to conjugate BPA, may increase fetal exposure to the active, endocrine-
disrupting form (Edlow, 2012).

However, the study of Patterson (Patterson, 2013) done with 5 pregnant monkeys argues against
the hypothesis that BPA conjugates are selectively deconjugateg by either the placenta or fetus.
Indeed, it is explained by the monotonic elimination of aglycone BPA from the fetal compartment
accompanied by persistent conjugate levels. This study measures concurrently the
pharmacokinetics of aglycone (active) and conjugated (inactive) deuterated BPA (d6) in 5 maternal
and fetal rhesus monkey serum, amniotic fluid and placenta following intravenous injection in the
dam. Internal exposures of the fetus to aglycone BPA is attenuated by maternal, placental, and
fetal phase Il metabolism to less than half that in the dam.

Exposure of human infants to BPA directly, in the absence of maternal transfer or excretion, also
occurs through polycarbonate bottle feeding and/or infant formula feeding (Afssa, 2010). The fetus
and neonate may therefore be a sensitive and more highly exposed subpopulation deserving
special attention.
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Toxicokinetic of BPA for newborns

In human neonates, several metabolic pathways, such as glucuronidation (2-5 times lower in
preterm infants), and several excretory functions such as glomerular filtration rate (1.7 times lower)
have a lower efficiency compared to adults; these functions reach their full capacity 1 month and 7
months after birth, respectively (EFSA, 2008). In 2008, EFSA was asked to review the
toxicokinetics of BPA based on age and involvement in risk assessment and thus in the
construction of the TDI. EFSA concluded that immaturity in glucuronidation capacity in newborns
could be compensated by the presence of sulfo-transferases, which would result in an effective
detoxification EPS (Aschberger K, 2010; EFSA, 2008). Contrary to the CGU, sulfotransferases
(SULT), for which the substrates of UGT have high affinity, are active in the developing fetus and
are functional at birth. These enzymes efficiently catalyze the formation of BPA-sulfate in vitro in
humans. Finally, EFSA concluded that the ability of BPA biotransformation to inactive metabolites
was sufficient in human neonates.

Studies in rats have shown that in infants, the glucuronidation pathway was more saturable than
adults, which could lead to a greater concentration of BPA "free" in the target tissues. The ability of
glucuronidation through the activity of UGT is also low after birth and remains low after weaning
(Aschberger K, 2010).

Studies in newborn rat and rhesus monkey confirm that most of their toxicokinetic parameters are
significantly different from those determined in adults, particularly with regard to the total BPA
(Doerge, 2010; Doerge, 2010). However, with regard to BPA free maximum serum concentrations
(Cmax), if it is significantly higher in the newborn rat (to NDP3 or PND10) than in adults rats, it
does not seem to be the same in monkeys.

These same authors also showed in adult rats and newborn that subcutaneous administration of
BPA significantly altered the toxicokinetic parameters, but also the free BPA/ conjugated BPA ratio
in serum in the neonatal rat (Doerge, 2010).

BPA in breast milk

There is contradicting results regarding the presence of BPA in milk. Indeed, Vandenberg has
shown limited excretion of BPA in breast milk (Vandenberg, 2007).

In a recent study, the level of BPA in milk was determined from experiments in rats exposed orally
(Doerge, 2010). Lactating rats (n = 5) were force-fed daily for a week with deuterated BPA (100 mg
/ kg bw) from the day of birth of newborns. A control group (n = 3) was treated with the vehicle only
(ethanol / water, 1:9 v / v). The milk samples were performed after injection of oxytocin and take
place exactly one hour after administration of BPA. Analyses of milk and serum were performed in
LC / MS-MS. They were made to PND7 for milk and PND10 for serum (for mothers and their
young). Serum analyzes confirm the low percentage of aglycone (0.5%). The assays performed on
milk indicate average concentrations of free and total BPA corresponding to 0.87 and 7.6 nM, a
milk / serum 1.3 for BPA free and 0.062 for total BPA report.

This article clearly shows that exposure of newborns to free BPA via lactation, following exposure
of the mother, is very low. The serum concentrations of total BPA are 300 times lower than in
young mothers, the BPA free being undetectable in the offspring. The results, compared with
previous data obtained by the same authors in rat pups at PND10 indicate that serum
concentrations here are 500 times lower than those obtained when administered by gavage at a
dose of 100 mg /kg bw this is to say that administered to mothers in this study.

Several studies have demonstrated the presence of BPA (unconjugated and conjugated) in breast
milk or in human colostrum. The studies which analysed breast milk involved a limited number of
subjects (n=3 to 23). In these studies unconjugated BPA was detectable in the majority of cases
(60% or more) (Otaka et al., 2003; Sun et al., 2004; Ye et al, 2006; Ye et al., 2008), with average
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concentrations ranging from 0.61 to 1.3 ng/ml, but which could reach up to 6.3 ng/ml (Ye et al.,
2006). The total BPA was detectable in nearly all of the studies, with the average concentrations
comprised between 1.0 and 1.9 ng/ml, but which could reach up to 7.3 ng/ml (Ye et al., 2006). It
should be noted that the methods of assay used in the studies mentioned previously (specifically
those by Ye et al.,, 2006 and 2008) did not present satisfactory validation criteria (e.g. no
guantification limits), which could have resulted in an overestimation of the declared sensitivity and
therefore an under-estimation of the actual number of samples, the concentration of which was
higher than the value used as a detection limit.

Kuruto-Niwa et al., 2007 (Kuruto-Niwa, 2007) analysed the BPA in colostrum collected within the 3
days after birth (n=101). They report concentrations of total BPA of 3.4 ng/ml on average, which
could reach up to 7 ng/ml. The method used (immuno-assays), although presented as detecting
both unconjugated and conjugated BPA, could however have under-estimated one (or more) of the
different forms present.

More recently, using the LC-MS/MS method, Cariot et al., 2012, analysed three samples of milk
taken several days after birth (without further clarification). The data obtained showed
concentrations of free BPA of 0.80; 3.29 and 3.07 ng/ml.

These studies indicate that the concentrations of BPA in colostrum (collected within 3 days after
birth) and breast milk are of the same size.

A daily exposure dose, calculated on the basis of a volume of 600 ml breast milk consumed for an
infant of 3.5 kg, would result in the ingestion of 171 ng/kg for milk containing 1 ng/ml of BPA, and
1200 ng/kg for milk containing 7 ng/ml of BPA. These values place the exposure of infants to
higher levels than those shown on average for adults. In addition it should be noted that the
majority of the BPA detected in breast milk is in the unconjugated form (up to 80%) and that it is
likely that a significant proportion of the conjugated BPA absorbed is deconjugated by acid
hydrolysis during passage into the stomach and/or by the intestinal flora.

Conclusion regarding the toxicokinetics of BPA
Based on the studies available, ANSES concludes that:

* BPA is rapidly absorbed after administration via the oral, subcutaneous or cutaneous
route,

* BPA is rapidly eliminated in the form of glucuronide in all species, however with major
differences between rats, monkeys and humans. The sulphate form is also observed but in a
lower quantity. BPA and its metabolites are preferentially eliminated via the urinary route in
humans and by the faecal route in rats. Comparison of the AUC ratios via the subcutaneous
and oral routes shows a great disparity in these ratios in adult rats while these values are

quite similar in newborns. Due to these discrepancies, the absence of studies of
absolute bioavailability for the subcutaneous route , and the absence of an adapted
PBPK model, an estimate of the relative bioavailabi lity for the subcutaneous route

cannot be proposed at present,

» The absolute bioavailability value retained in unconjugated BPA via the oral route is
3% (Doerge, 2010, Farbos, 2012), based on the similar results found between these two
studies,

» The cutaneous absorption flow value measured by Marquet (Marquet, 2011) may be
retained with, as interval of variation of the distribution, the minimum (0.026 pg.cm?.h™) and
maximum (0.331 pg.cm™.h™) values measured,

 Estimation of the percutaneous absorption rates of BPA (expressed in % of BPA
transferred on the skin that is absorbed into the skin) is estimated between 20% and 60%,
the most probable value being 27% Biedermann, 2010,

» The physiological model of Mielke and Gundert-Remy, 2009 constitutes a good
departure point for modelling the kinetics of BPA. However, this model could be combined
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with that of Fisher in order to incorporate the intestinal metabolism. However, it should be
observed that these models are developed for adults and do not take into account the foetus
and the placentary passage.
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B 5.2 Acute toxicity
Not relevant for this proposal.

B 5.3 Irritation
Not relevant for this proposal.

B 5.4 Corrosivity
Not relevant for this proposal.

B 5.5 Sensitisation
Not relevant for this proposal.

B 5.6 Repeated dosed toxicity
Not relevant for this proposal.

B 5.7 Mutagenicity
Not relevant for this proposal.

B 5.8 Carcinogenicity
Not relevant for this proposal.
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B 5.9 Toxicity for reproduction

B.5.9.1. Effects on the female reproductive system

B.5.9.1.1. Effects in human
B.5.9.1.1.1. Previous expert assessment of data in human

Epidemiological studies have been evaluated by organisations such as EFSA, NTP-CERHR,
OEHHA, FAO/WHO, AFSSA, INSERM, etc.

According to reports from Health Canada (2008) and the OEHHA (2009), epidemiological
studies report a link between BPA exposure and endometrial hyperplasia, recurrent
miscarriage, polycystic ovary syndrome and elevated levels of androgens. However, these
studies have significant methodological flaws that prevent consideration of these effects as
recognized (Health Canada, 2008), (OEHHA, 2009).

According to the FAO/WHO (FAO/WHO, 2010), in women, only one study with a small number
(n=84) examined the link between BPA and oocyte production and peak serum oestradiol
(Mok-Lin, 2010). According to an expert panel, conclusions cannot be drawn from this sole
study. Two studies have examined the link between BPA and the advancement of the age of
puberty, but are of limited quality and not convergent (Wolff MS, 2010; Wolff, 2008). The
expert panel recommended a prospective study to investigate the association between BPA
and the effects of BPA on the age of puberty. In addition, experts on the panel underlined the
lack of any study undertaken in boys (FAO/WHO, 2010).

According to INSERM (2011): “In conclusion, overall, the epidemiological studies are too few to
determine the probability in humans of the effects observed in animal experiments. At present,
studies conducted in women concerning the risk of breast cancer or endometriosis are all based
on a retrospective approach (particularly limited for a non-persistent compound like bisphenol A),
and convenient clinical populations, without a specific sampling plan.

A summary table of the epidemiological studies analysed in this report is available here below.
This table includes a reference to the quality of these studies.

B.5.9.1.1.1.1 Studies of high quality, or not presenting major methodological limitations

The cross-sectional study of Itoh et al, did not find any association between urinary BPA and
endometriosis in 140 Japanese patients from an infertility clinic (Itoh et al., 2007). Women who
had a pregnancy with childbirth were excluded. For unknown reasons, the authors recruited nine
women with no fertility problems "to increase the statistical power." BPA was analysed in urine
collected just before laparoscopy. The diagnosis was made according to the laparoscopic criteria
of the American Fertility Society Association, stage 0 to IV. The median level of the group 0-1 was
0.80 ug/g creatinine versus 0.93 pg/g creatinine in the group II-1V.

The study by Wolff et al, (growth parameters at birth , 367 subjects) demonstrated no correlation
with the BPA analysed once during the third trimester of pregnancy (Wolff et al., 2008b). The
authors analysed five phenols including BPA and ten phthalate metabolites. In a recruited
population of 479 women, 75 (16%) were excluded from the analysis, mainly because of
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complications of pregnancy or loss to follow-up (n=19). Concentrations of BPA ranged from the
limit of detection to 35.2 pg/L (median 1.3 pg/L).

The study by Wolff et al, (puberty in girls, breast development , 192 subjects) demonstrated no
relationship between BPA and the stage of puberty (Wolff et al., 2008a). In addition to BPA,
phytoestrogens, lead, DDE and PCBs were analysed. This result was confirmed in a cohort of
1151 girls (Wolff et al.,, 2010). The latest study included the analyses of phytoestrogens,
phthalates, triclosan, and phenols other than BPA. In both cases, the authors do not provide the
range of concentrations across the population; they are presented by study groups. The geometric
means ranged from 1.6 to 2.4 pg/L.

Two studies (Lang 2008, Melzer 2010) analysing cardiovascular disease, diabetes and
biochemical blood parameters in adults deserve special attention, because they concern an
NHANES population representative of the general US population (Lang et al., 2008) (Melzer et al.,
2010). In a sample of 1455 persons in 2003-2004, a positive association was observed between
urinary BPA, certain liver enzymes, the risk of diabetes, and cardiovascular disease. In 2005-2006,
the levels of BPA were significantly lower. Only an association with the risk of cardiovascular
disease was observed. No animal studies have been done to support these observations. The
authors have reservations about causality in these associations, and indicate that further studies
are needed.

Two studies have examined the relationship between BPA and psychomotor development . That
of Braun et al. has been quite criticised (Braun et al., 2009), especially by AFSSA, which in 2010
did not consider it to be of acceptable quality. It is highly probable that the positive association
found for the externalising behaviour found only in girls is related to chance. However, it should be
noted that FAO/WHO experts consider it a priority to replicate this study in a large cohort,
combined with several urinary measurements, particularly in early pregnancy (FAO/WHO, 2010). A
second study by Miodovnik et al. sought to correlate the level of urinary BPA and phthalates
analysed during pregnancy with the sociability of multi-ethnic urban children aged 7 and 9 years in
137 children. No significant association was found between urinary and social problems for BPA.
BPA was positively correlated with the severity of social problems (‘Social Responsiveness Scale’),
but this relationship was not statistically significant (Miodovnik et al., 2011).

The study by Hong et al. (markers of oxidative stress and insulin resistance , 960 subjects)
demonstrated no correlation with markers of oxidative stress (Hong et al., 2009). However,
subjects with high fasting insulin levels had more urinary BPA. The HOMA index (Homeostatic
Model Assessment) was not linked to BPA. BPA was analysed in 516 samples. In 24% of subjects,
BPA was not detectable, and the median was 0.63 ng/mL.

The study of Mok-Lin et al, conducted in women treated by in vitro fertilisation (IVF), demonstrated
a negative association between BPA, oestradiol, the number and stage of oocyte maturation (Mok-
Lin et al., 2010). Urinary concentrations of BPA ranged from <0.4 to 25.5 ug/L. The geometric
mean was 2.5 pg/L. The study was conducted on 112 cycles (total of 84 women), and 203 urine
samples (2 samples for 91 cycles and one sample for 21 cycles).

The study by Fujimoto et al. examined the relationship between serum BPA and maturity of
oocytes and fertilisation rate in 58 women treated with IVF (Fujimoto et al., 2011). Urinary BPA
was analysed in women and in 26 male partners. The median concentration of BPA was 2.53
ng/mL, with maximal concentrations of 67.4 ng/mL in women and 0.34 ng/mL in men (with maximal
concentrations of 22.7 ng/mL). Of 59 cycles, 13 oocytes on average were collected per cycle. The
authors report a significant association between serum BPA in women and decreased fertilisation
rates. However, patients who used two procedures for in vitro fertilisation (with and without sperm
microinjection) were considered as one group, despite the fact that the quality of male gametes
was different in these two groups.
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The analysis of all of these studies allows some doubt to remain about the impact on the quality of
gametes in sterile females followed for medically-assisted procreation (MAP).

The epidemiological studies available at present have failed to demonstrate an association
between urinary BPA concentrations measured postnatally and the development of puberty in girls.

In addition, as noted in the introduction to this section, all these studies will be discussed in the
different sections of this dossier.
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Miscarriages / spontaneous abortions

Referenc | Study Study BPA Analytica | Adjustments | Results / discussion Study quality Correspondin
e type population measure |l method g section(s)
Article ment
title
(Sugiura - | Case- Study Serum ELISA Age: no Results: Studies not taken | Information
Ogasawa | control population: Sex: no - positive association with [into  consideration | from
ra et al.,|study general Medication: antinuclear antibodies but |since they have | epidemiological
2005) population: no not with the other|major studies
Exposure women having Tobacco: no | parameters methodological
to had at least 3 BMI: no - serum BPA levels higher | limitations Effects on the
bisphenol first-trimester Other in women having had at female
A is miscarriages contaminants: | least 3 miscarriages. This study was |reproductive
associate No excluded due to the | system
d with N=45 cases vs following
recurrent 32 controls methodological
miscarria (doctors, weaknesses:
ge nurses, - small population
secretaries  at size,
the school of - questionable
medicine) - choice of control
Small group (no proof of
population size attempted
pregnancy in this
group),
- limited list of

confounding factors
to be considered,

- an analytical
method (ELISA)
that does not

distinguish between
the various forms of
BPA,

- other confounding
factors for
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miscarriage,

- an inadequate
analysis of results
(identical  median
serum levels in the
two groups)

- inadequate choice
of statistical tools

Puberty and breast development

Reference | Study Study BPA Analytical | Adjustments | Results / discussion Study quality Correspondin
Article title | type population |measu | method g section(s)
remen
t
(Wolff et al., | Cross- Study Urinary | Not Age: yes Results: No change in|Studies of  high|Information
2008a) sectional | population: specified | Sex: NA the age of puberty|quality or having no|from
Environment | study 9-year-old Medication: onset in the girls. major epidemiological
al exposures girls yes Comments: the study’s | methodological studies
and puberty Tobacco: yes |power is not known |limitations
in inner-city N=192 => BMI: yes and the study size is Effects on the
girls 186 in the Other not so large female
end — OK contaminants: reproductive
population yes system
size Other:  race,
ethnic group,
urinary
creatinine,
height,

combined with
a set of
predictors
identified
through
significant
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comparisons

with a 20%

threshold.
(Wolff et al., | Prospectiv | Study Urinary | Not Age: yes Results: Studies  of  high | Information
2010) e  cohort|population: specified | Sex: NA No change in the age |quality or having no |from
Investigation | study girls Medication: of puberty onset in the | major epidemiological
of between the yes (in | girls. methodological studies
Relationship ages of 6 particular, limitations
s  between and 8 years “endocrine Effects on the
Urinary medical female
Biomarkers N=1151 - conditions reproductive
of Excellent excluded”) system
Phytoestrog population Tobacco: no
ens, size BMI: yes
Phthalates, Other
and Phenols contaminants:
and Pubertal yes
Stages in Other:
Girls race/ethnic

group (for

patients from

Mount  Sinai

School of

Medicine)
Effects on prematurity
Reference |Studytype |Study BPA Analytical | Adjustment |Results /| Study quality Correspondin
Article title populatio |measur |method s discussion g section(s)

n ement

(Cantonwin | Mexican, Study Urinary |HPLC/MS/ |Age: yes Results: the|Study having major | Information
e et al.,|retrospective | population: MS Sex: NA ‘premature’ methodological from
2010) case-control |pregnant Medication: |group (delivery <|limitations epidemiological
Bisphenol a |study nested | women no 37 weeks of studies
exposure in|in a cohort Tobacco: NA | preghancy, This study was not
Mexico City | study N=30 (non- n=12) had about|taken into consideration | Effects on the
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and risk of
prematurity:
a pilot
nested case
control study

cases
(delivery <
37 weeks
of
pregnancy)
VS 30
controls
(delivery >
38 weeks
of
pregnancy)
—  limited
population
size

smoking
women  but
passive
smoking not
taken into
account)
BMI: yes
Other
contaminant
S: yes
(urinary
phthalate
metabolites)
Other:
maternal
education,
marital
status,
gender of
children

twice as much
BPA as the
controls

Comments:

- Prematurity
based solely on
gestational age
at delivery, no

sonogram
measurements.
In light of the
heterogeneity of
this group
(elective
caesareans,
spontaneous
delivery, pre-
eclampsia, etc.),
it is difficult to
pinpoint the
hypothetical
effect;

- No

measurements of
lead or other
contaminants;

- Only one BPA
measurement
(one single spot
urine sample), no
repeated
measurements,
- No information
about passive
smoking or other

due to the following
limitations:

- passive smoking not
taken into account,

- other risk factors for
prematurity not taken
into account (obstetrical
history)

- Mode of delivery not
specified (caesarean?
spontaneous births?)

- Population size too
small to have sufficient
statistical power to
determine the effect of
low-dose environmental
exposure.

- In fact, this population
size is barely sufficient
for the application of
parametric statistical
tests as undertaken by
the authors.

female
reproductive
system
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risk factors for
prematurity
(obstetrical
history)

Ovarian effects

Reference | Study Study BPA Analytica | Adjustment | Results / discussion Study quality Correspondin
Article title | type population |measur |l method |s g section(s)
ement

(Mok-Lin et |Prospectiv | Study Urinary |HPLC/MS | Age: yes Results: Study of high quality | Information
al., 2010) e cohort|population: | (free !/ MS Sex: NA urinary concentrations of | or having no major | from
Urinary study women and Medication: |BPA were associated | methodological epidemiological
bisphenol A undergoing |conjuga no with: limitations studies
concentratio an ovarian |ted Tobacco:no |- a decrease in the
ns and stimulation | BPA) BMI: yes number of  oocytes Effects on the
ovarian protocol in Other retrieved after female
response the contaminant |stimulation reproductive
among framework s: no - a decrease in peak system
women of IVF (21- Other: serum oestradiol levels
undergoing 44 years) specific BPA was detected in the
IVF gravity, day-|majority of  women

N=84 3 FSH undergoing IVF

women (112 Comments:

IVF cycles) - urine was sampled

— Sufficient twice for BPA, a

population geometric mean was

size calculated for each

subject
- The urinary

concentrations of BPA
reflected exposure at the
time of sampling and not

during the period of
follicular maturation,
several months prior.

- It is difficult to
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extrapolate results
observed in sample of
infertile women
consulting for IVF to the
general population.

(Cobellis et |Study in|Study Serum |HPLC/ Age: no Results: Studies not taken | Information
al., 2009) humans population: fluoresce |Sex: NA Absence of bisphenols |into consideration | from
Measureme fertile Note: nce Medication: |in the control group since they have | epidemiological
nt of women Bisphen no BPA found in 30 sera|major studies
Bisphenol A consulting a|ol B Tobacco: no |(51.7%) methodological
and gynaecologi |was BMI: no Presence of at least one | limitations Effects on the
Bisphenol B cal-obstetric | also Other of the two bisphenols female
Levels in service for | measur contaminant |verified in endometriotic| This  study  was | reproductive
Human chronic ed s: no women (63.8%) excluded due to: system
Blood Sera pelvic pain, - the small
From dysmenorrh Comments: population size (only
Healthy and ea or This study mainly | 11 controls),
Endometrioti ovarian focused on analytical |- the very limited
¢ Women cysts aspects, and particularly | description of results
the assay techniques|- simple descriptive

N=58 cases used to analyse serum |statistical  analysis

(endometrio BPA. without adjustment

sis) vs 11

controls

(same

population

but without

endometrios

is) = Small

control

group
(Fujimoto et | Cohort Study Serum |HPLC/ES | Age: yes Results: Studies  of  high | Information
al., 2011) study population: | (un- A Sex: no Significant  association | quality or having no |from
Serum couples conjuga |coularray | Medication: |between the serum BPA | major epidemiological
unconjugate undergoing |ted 5600 no concentrations of the | methodological studies
d bisphenol IVF (infertile | BPA) detector |Tobacco: women and decreased | limitations
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A women yes oocyte fertilisation Effects on the
concentratio undergoing BMI: no Comments: female
ns in women ovarian Other Patients who underwent reproductive
may stimulation contaminant |both in vitro fertilisation system
adversely and their s: no procedures (with and
influence male Other: ethnic | without sperm
oocyte partners) group microinjection) were
guality considered as one single
during in N=58 group. And yet male
vitro women and gamete quality was
fertilization 37 men different in these two
groups.

(Hiroi et al.,|Cross- Study Serum |ELISA Age: no Results: Studies not taken | Information
2004) sectional | population: Sex: NA The correlation was the |into consideration | from
Differences | study women Medication: |opposite of what was|since they have |epidemiological
in serum N=19 no expected: the controls | major studies
bisphenol a female Tobacco: no |had more BPA than the | methodological
concentratio patients with BMI: no cases (non-significant). |limitations Effects on the
ns in endometrial Other Serum BPA female
premenopau hyperplasia contaminant |concentration=2.9 ng/mL | This study was not |reproductive
sal normal (2 groups s: no in women with simple |taken into | system
women and according to hyperplasia  vs 1.4 | consideration due to
women with complexity: ng/mL in women with|the following
endometrial 10 with complex hyperplasia. limitations:
hyperplasia ‘simple’ Same inverse |- limited population

hyperplasia relationship observed in |size,

and 9 with women with an | - confounding factors

‘complex’ endometrial carcinoma | not taken into

hyperplasia) account.

and 7 with

an

endometrial

carcinoma

VS 11

controls

—Limited

86




ANNEX XV RESTRICTION REPORT FORMAT

population
size
(Itoh et al.,|Cross- Study Urinary |HPLC/MS | Age: no Results: Study of high quality | Information
2007) sectional |population: | (total Sex: NA No significant |or having no major | from
Urinary study Female BPA) Medication: |association between | methodological epidemiological
bisphenol-A patients no urinary BPA levels (not|limitations studies
concentratio primarily Tobacco: no |adjusted and adjusted
n in infertile complaining BMI: no for creatinine) and the Effects on the
Japanese of infertility Other stage of endometriosis female
women and (endometrio contaminant | Comments: reproductive
its sis, 24-43 s: no - urine testing for BPA system
association years) Other: reflects recent exposure
with creatinine and not long-term
endometriosi N=140 -> contamination.
s: A cross- Sufficient - no control group truly
sectional population free from disease,
study size - urinary samples stored
in plastic tubes in a
freezer for 5 years

(Kandaraki |Age- and|Study Serum |ELISA Age: yes (via | Results: Studies not taken | Information
etal., 2011) |BMI- population: matching) - Serum BPA |into consideration | from
Endocrine matched |women Sex: NA concentrations since they have | epidemiological
Disruptors | cross- Medication: |significantly higher in|major studies
and sectional |N=71 cases NA women  with  PCOS | methodological
Polycystic study (women with Tobacco: NA | (obese or not) compared | limitations Effects on the
Ovary PCOS) s BMI: yes (via|to normal control female
Syndrome 100 controls matching) women. This  study  was |reproductive
(PCOS): — Sufficient Other - In women with PCOS | excluded due to: system
Elevated population contaminant |(obese or not): | - an analytical
Serum size s: no significant increase in|method (ELISA) that
Levels of Other: via a|testosterone levels and|does not distinguish
Bisphenol A multivariate |the LH/FSH ratio while | between the various
in  Women analysis SHBG levels were lower | forms of BPA.
with PCOS (anthropome | than in the controls.

tric, - BPA concentrations

hormonal were significantly
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and correlated with
metabolic testosterone and
parameters) |androstenedione
concentrations and
insulin resistance.
- BPA concentrations
were significantly
correlated  with  the
existence of PCOS.
(Takeuchi Cross- Study Serum |ELISA Age: no Results: Studies not taken | Information
et al., 2004) |sectional |population: (validatio | Sex: NA correlation between | into consideration | from
Positive study general n of the|Medication: |plasma concentrations|since they have | epidemiological
relationship population: assay NA of testosterone (free and | major studies
between women method | Tobacco: no |total) and BPA firstly and | methodological
androgen by HPLC) | BMI: no BPA concentrations and | limitations Effects on the
and the N=7 Other BMI secondly: levels|This study was|female
endocrine patients with contaminant |significantly increased in | excluded in light of|reproductive
disruptor, hyper- s: no women  with PCOS|the following | system
bisphenol A, prolactinemi (obese or not) and|methodological
in normal a, 21 with obese women without | weaknesses:
women and hypothalami ovulation dysfunction. - small population
women with c size,
ovarian amenorrhea Comments: - statistical analysis
dysfunction , 19 with The results remain | lacking detalil,
PCOS (13 difficult to interpret as is, | - the final
non-obese due to the vagueness of | comparison was
and 6 the sampling plan, the | made in relation to
obese) vs lack of information on|non-obese women,
26 controls inclusion criteria and |with normal cycles
(7 obese failure to take into |(considered as
and 19 non- account the pathologies | controls)
obese) -> of the control subjects in|- no adjustment for
Small the results. confounding factors,
population - plasma BPA
size measured using the
ELISA technique

88




ANNEX XV RESTRICTION REPORT FORMAT

| | | | | | (lower limit).
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B.5.9.1.1.1.2. Studies not selected due to major methodological i mitations

When analysing the quality of epidemiological studies, it appeared that some of these studies
had major methodological limitations, such as low population numbers investigated, not taking
into account relevant confounders, determination of BPA using an unsuitable technique, an
unsuitable method of sample storage, etc. The studies below have therefore not been taken
into account when assessing the health effects of BPA:

- (Cantonwine et al., 2010),

- (Chaetal., 2008),

- (Cobellis et al., 2009),

- (Hanaoka et al., 2002),

- (Hiroi et al., 2004),

- (Kandaraki et al., 2011),

- (Meeker et al., 2010a),

- (Padmanabhan et al., 2008),

- (Sugiura-Ogasawara et al., 2005),

- (Takeuchi et al., 2004),

- (Yang et al., 2009).

In humans, two studies on the effect of BPA on ovocyte maturation in women appear to be of
interest: the good quality study by Mok-Lin et al., 2010 (Mok-Lin, 2010) and the study by
Fujimoto et al.,, 2010 with no major methodological limitations . There are few other
epidemiological studies but they have methodological limitations (size of the study
population, selection of participants, statistical analyses, confounding factors, etc.). All these
studies are presented below by type of effects.

B.5.9.1.1.2. Uterine effects
« Endometriosis

In an lItalian study, BPA was more commonly detected in the plasma of women with
endometriosis (n=58) than in women without endometriosis (n=11). BPA was not found in the
control group. In 51.7% of endometriosis cases, BPA was above the detection limit. Only
25.9% of cases had levels of BPA greater than the limit of quantitation (LOQ) (Cobellis, 2009).
The methodology is questionable in terms of the constitution of the groups (inclusion criteria,
study dates, very small number of subjects in the control group, and diseases existing in the
control group). The analytical technique used is adapted (HPLC-fluorescence and MS
detection). However the impact of deconjugation during the extraction was not evaluated. It
should be noted that free BPA was never detected in the plasma of the control population.

A second study evaluated the association between endometriosis and urinary levels of BPA in
140 Japanese women seen for primary infertility between January 2000 and December 2001,
divided into two groups: endometriosis stage 0-l, n=81; and stage II-IV, n=59 (Itoh H, 2007). A
cross-sectional analysis was performed between the urinary level of conjugated BPA
(unadjusted and adjusted for creatinine) and stage of endometriosis. The authors found no
significant association. The urinary levels of conjugated BPA found appear consistent with
rates found in Japan in several studies of the general population. Two main limitations weigh
in the interpretation of this study. First, the determination of urinary BPA reflects not long-term,
but recent exposure. Second, there is no true control group devoid of pathology.
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» Endometrial hyperplasia

An a priori prospective study (inclusion criteria and dates not specified) suggests that
circulating levels of BPA would be lower in women with complex uterine hyperplasia (n=9)
and/or uterine adenocarcinoma (n=7) than in women with normal endometrial histology (n=11)
or moderate endometrial hyperplasia (n=10) (Hiroi, 2004). The analytical method (ELISA) is
guestionable and BPA was measured in a single plasma sample in uncontrolled conditions (it
is present in all subjects). In addition, the number of patients in each subgroup is very limited.
This study was excluded.

B.5.9.1.1.3. Pregnancy

A case-control study evaluated the association between BPA exposure and the incidence of
spontaneous miscarriages (Sugiura-Ogasawara, 2005). The authors report a higher serum
level of BPA in women with a history of three miscarriages. However, this study remains very
controversial, especially in terms of the protocol for measuring BPA (ELISA method), the
comparability of groups, because of other confounding miscarriage factors, in terms of
analysing the results (median serum levels identical in both groups), and statistical tools
chosen (Berkowitz, 2006).

Cantonwine et al, studied the relationship between the rate of premature births and total
urinary BPA on a single sample taken between 30 and 37 weeks of pregnancy in a Mexican
population (Cantonwine, 2010). The most conclusive result for the authors was a higher
concentration among women delivering before 37 weeks, and that an increase of 1 log in BPA
concentration was associated with an advance of the delivery date by 4.5 days ("odds ratio"
method). Analysis of these data is problematic: only 12 of 60 women gave birth before 37
weeks. In addition, the difference compared to women who delivered at term is no longer
significant if one normalises the concentrations of BPA in relation to urine specific gravity
and/or creatinine concentration. Finally, the absence of certain information further limits the
scope of the study (time of urine collection relative to the stage of pregnancy and in relation to
food intake, etc.).

B.5.9.1.1.4. Ovarian effects

One prospective study that included women (n=) following an ovarian stimulation protocol as
part of an in vitro fertilisation indicated that there is a negative correlation between urinary
levels of BPA (n=203 urine samples in 112 cycles of IVF) and ovarian response (number of
oocytes collected and amplitude of the preovulatory oestradiol peak). A mean decrease of
12% in the number of oocytes recovered per cycle and of 213 pg/mL from the oestradiol peak
for each log unit increase of urinary SG-BPA (BPA specific gravity, i.e., the BPA concentration
corrected by the urine specific gravity) was observed (Mok-Lin, 2010). The study compared
urinary BPA concentrations to those observed in the general population in the NHANES 2003-
2008 cohort. The concentration of urinary BPA found reflects exposure at the time of
collection, and not during the period of follicular maturation several months earlier. In addition,
it is difficult to extrapolate the results observed in a sample of infertile women seen for in vitro
fertilisation to the general population. These results are nonetheless consistent with those of a
recent study showing that exposure to BPA is associated with a decreased likelihood of
success of IVF (fertilisation rate), attributed to impaired oocyte quality (Fujimoto et al., 2011).
Although this is a fairly limited group of patients, the authors indicate that the units of study
were oocytes whose quantity was on average 13 per cycle and per woman.
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A cross-sectional study was conducted in Japan in women with polycystic ovary syndrome
(PCOS) (Takeuchi T, 2004). The women with PCOS were obese (n=6) or not (n=13), and the
women without PCOS were divided into several categories: no disruption of the menstrual
cycle and normal body weight (n=19), no cycle disorders and obesity (n=7), cycle disorders
associated with hyperprolactinaemia (n=7), and cycle disorders associated with hypothalamic
amenorrhea (n=21). BPA was measured in fasting plasma by a non-validated immunoassay
method. BPA was present in all subjects. The statistical analysis was poorly detailed, the
numbers were low; the final comparison was made with respect to non-obese women without
cycle disorders (considered as controls). For the entire group, the study demonstrated a
correlation between plasma concentrations of testosterone (free and total) and BPA on the
one hand, and the concentration of BPA and body mass index on the other hand: the levels
were significantly increased in women with PCOS (obese or not) and in the obese without
ovulation disorders. The results remain difficult to interpret as they are, because of the
imprecision of the sampling, the lack of information on inclusion criteria, and the lack of
accounting in the results of disorders in the controls.

However, this study is in line with that described by Kandaraki et al. who found serum
concentrations of BPA significantly higher in women with PCOS (n=71) (obese or not)
compared to normal control women (n=100) (Kandaraki, 2010). In addition, BPA
concentrations were significantly correlated with testosterone concentrations and insulin
resistance. Women with PCOS were divided into obese (n=33) or non-obese (n=38) and were
compared to women with normal ovarian cyclicity (obese: n=49 and non-obese: n=51). The
main limitation of this study is the analytical method (ELISA) which does not discriminate
between different forms of BPA. However, the concentrations obtained can be considered as a
global indicator of exposure to BPA.

B.5.9.1.1.5. Conclusion on effects of BPA on humans reproductive data

There are relatively few epidemiological studies examining a link between exposure to BPA
and effects on reproduction in women. These studies have methodological limits (size of the
population studied, selection of participants, statistical analysis, etc.) which make them difficult
to interpret. Correlations in populations (with many possible confounding factors) can only be
convincing on the basis of a very large number of individuals, regardless of the statistical
approach used to analyse these data. The human data are therefore to be considered with a
great deal of circumspection and are in no way conclusive of an effect of BPA on the
parameters studied. Based on current knowledge, human data relative to the effects of BPA
on the endometrium with endometriosis (Cobellis, 2009; Itoh H, 2007) and hyperplasia

(Hiroi, 2004), on the ovaries (with polycystic ovary syndrome, Takeuchi T, 2004,
Kandaraki, 2010) and the outcomes of pregnancy (miscarriage and premature bi rths,
Sugiura-Ogasawara, 2005 ; Cantonwine, 2010) in women are not conclusive and will not be
used for the HRA.

The effects of BPA on oocyte maturation in women (decrease in the number of oocytes after
ovarian stimulation and alteration in the quality of the collected oocytes), in a context of ART

(Assisted Reproductive Technology), are suspected on the basis of a study of high quality

(Mok-Lin, 2010) and of another which has non-major methodological limitations (Fujimoto et

al., 2011). Besides, they are comforted by the recent study from Machtinger (Machtinger, 2013)
(not presented in this dossier because the date of the bibliographical search was stopped in 2012)
on the effects of BPA on the maturation of human oocytes in vitro.
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B.5.9.1.2. Animal data

B.5.9.1.2.1 Resume of previous expert assessment

According to the NTP-CERHR, the results obtained in different animal models are conflicting,
and some studies have methodological flaws that make it difficult to interpret them (NTP,
2008). The results concerning early puberty are considered controversial.

However, according to the FDA, studies on delayed vaginal opening at high doses in animals
are convincing, even if this parameter is not a direct measure of puberty, but an indicator of
sexual maturation (FDA, 2008).

According to the FAO/WHO, many studies have been conducted in rodents and in other pets.
Developmental or reproductive toxic effects were observed only in rodents, and their
extrapolation to humans is still subject to discussion, and they believe it is important to
consider species differences in terms of critical periods of development and sexual
differentiation (FAO/WHO, 2010).

The experts on this panel believe that the evidence is controversial for the following effects:
- alteration of the age of puberty in F1 females,

- change in weight and histology of female reproductive organs of exposed adults,

- changes in hormone levels in exposed adults and F1 females.

According to INSERM, low doses of BPA during critical periods of development have an
impact on the advance in the age of puberty, lead to changes in the oestrus cycle, sexual and
maternal behaviour and benign, pre-malignant, and neoplastic effects on the female genital
tract (histological alteration of the uterus and vagina, endometrial cystic hyperplasia, ovarian
cysts) INSERM, 2010.

B.5.9.1.2.2 Existing multi-generation animal data and their limitations

These studies are reported in the reproductive system paragraph as they did not investigate
neither the brain development nor the metabolism or the mammary glands.

Continuous breeding study (Copy of the RAR-UK, Final report 2003, study considered as key
study)
The effects of bisphenol-A on fertility and reproductive performance have been extensively studied

in CD-1 mice (n= 20/ treated group/ sex (FO generation), n= 40/ control group/ sex) using the test
system known as the “Fertility Assessment by Continuous Breeding” (NTP, 1985b). This system
involves four successive tasks (Task 1, dose-finding; Task 2, continuous breeding phase; Task 3,
identification of the affected sex, and Task 4, offspring assessment.). Bisphenol-A was
administered in the diet at concentrations of 0, 0.25, 0.5 or 1.0% (daily intakes of BPA 0, 300 or
325, 600 or 650 and 1,200 or 1300 mg/kg in males or females repspectively) during a one-week
premating period and a 14-week mating trial (Task 2). After the premating period, males and
females from each group were randomly paired and allowed to cohabit for 14 weeks. During the
cohabiting period the reproductive performance was monitored by counting the number of F1
generation litters produced by each breeding pair and recording on the day of birth the litter size,
proportion of live pups, litter size and sex ratio of the pups; all pups were then immediately
removed and discarded. All litters produced after the cohabiting period remained with their mothers
until weaning on day 21 post partum. The twenty FO males and twenty FO females from the top
dose group (1.0% bisphenol-A) were then mated with twenty control females and twenty control
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males, respectively. Bisphenol-A was discontinued in the diet during this 7-day cohabitation period
and then reinstated for 21 days upon separation of the breeding pairs. A control group of twenty
untreated breeding pairs was also included (Task 3). The same reproductive assessment as
described for the continuous breeding phase was conducted. Parental animals were sacrificed
within 1 week of delivery. A maximum of twenty male and twenty female F1 generation offspring
(from the final litters of the control and highdose groups in the continuous breeding phase) were
retained after weaning for assessment of their reproductive capacity (Task 4). After rearing to
sexual maturity, each F1 female was paired with a F1 male from the same dose group for 7 days.
The resulting litters were evaluated and discarded on the day of birth as described for the litters
produced during the FO generation cohabitation phase. For all control and high-dose FO and all
reared F1 animals, liver, kidneys, adrenals and reproductive organs were weighed and subjected
to histopathological examination. In males, sperm analysis (concentration, motility and
morphology) was undertaken, and effects on the oestrous cycle assessed in females. There were
no clinical signs of toxicity among FO generation animals. In the continuous breeding phase, a
statistically significant decrease in maternal body weight was observed after each litter (between 6
and 9%), at the top dose, on postnatal day 0 compared to controls. No effect was observed on
maternal postnatal (day 0) body weight following the cross-over mating phase. However, at study
termination, a small but statistically significant decrease in body weight (4%) was observed in
treated females compared to controls. No adverse effects on body weight gain were observed in
treated males. An adverse effect on fertility was observed in the continuous breeding experiment
and cross-over mating experiment. In the continuous breeding phase, a statistically significant
decrease compared to controls was observed in the number of litters produced per pair (4.5 and
4.7 compared to 5.0 for controls), litter size (6.5 and 9.8 compared to 12.2 for controls) and the
number of live pups per litter (6.3 and 9.7 compared to 12.1 for controls) in the high and mid-dose
group. The litter size reductions occurred across all matings and the magnitude of all these
decreases were dose-related. No effects on fertility were observed in the low-dose group. A
statistically significant decrease in litter size (controls: 11.4, treated males: 9.1, treated females:
5.9) and number of live pups per litter (controls: 11.3, treated males: 8.4, treated females: 5.5)
were observed in the cross-over mating. In the continuous breeding

phase, a statistically significant decrease in live pup weight (6%) on postnatal day 0 was observed
in females at the top dose after adjustment for litter size, including live and still births. In the
continuous breeding phase a small but statistically significant decrease in body weight gain (4%)
was only observed in treated females at study termination. No effect was observed on the sex ratio
in the F1 generation. In the F1 litters used in the cross-over breeding experiment, post natal (day
0) pup weights were significantly increased in males (9-11%) and in females (8-10%) in the mid-
and high-dose groups compared to controls. These increases were no longer evident in either sex
at 21 or 74 days of age. Deaths among F1 generation were observed during lactation (day 0-21)
and post weaning (day 21-74). At the top dose there were only 8 litters that had at least one male
and one female for the mating phase, and therefore only 11 breeding pairs at the top dose
compared to 19-20 breeding pairs in the control, low-dose and mid-dose groups. In those litters
selected for mating deaths had been observed in 6%, 4%, 14% and 38% animals up to day 74 in
the control, low-dose, mid-dose and high-dose groups, respectively. It is not known how many
animals of this total died during lactation. However, it does raise the possibility that there may be
potential effects on pups due to exposure to bisphenol-A via the milk. In the F1 generation,
bisphenol-A treatment had no effect on the fertility index, litter size, number of live pups per litter,
sex ratio or mean pup weights at birth. At necropsy of the FO generation (controls and top dose
group only), treatment-related effects were seen at the highest dose level; for both sexes relative
liver weight was increased about 28% and relative combined kidney/adrenal weight increased 10-
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16% compared to controls. No histological changes were observed in female reproductive organs
and no effect was observed on the oestrous cycle. Overall, the signs of general systemic toxicity
were not marked in this study and therefore the effects on fertility are not considered to be a
consequence of parental toxicity. At necropsy of the F1 generation, treatment-related effects of
similar magnitude were generally observed in males and females; compared to controls, increased
relative liver weights (6-29% ) and kidney/adrenal weights (13-20%) were observed in all treated
groups. No histological changes were observed in the female reproductive organs. In this study,
adverse effects on fertility, namely a reduction in litter size and number of live pups per litter, were
observed in each litter from the FO generation in the continuous breeding experiment at
approximately 600 mg/kg and above, and at the only dose level tested in the crossover breeding
experiment, approximately 1,200 mg/kg. A treatment-related decrease in the number of litters
produced was also observed at 1,200 mg/kg during the continuous breeding phase. These effects
were observed in the absence of significant parental toxicity. No effect on fertility was observed at
300 mg/kg, though no histopathology was conducted on these animals. Histological examination
was conducted on all F animals, and the only effects observed were toxicity to the liver and kidney
at all doses. No adverse effect on fertility was observed in the F generation up to approximately
1,200 mg/kg, which might have been expected in view of the observed effects on fertility in the F
generation. Nevertheless, the absence of effects following the single F mating does not detract
from the reproducible results across the 4-5 litters produced by each F generation pair. Therefore,
overall, an adverse effect on fertility has been observed with BPA at approximately 600mg/kg and
above.

Tyl et al. performed two multigeneration studies in 2002 and 2008. The studies design and the
systemic toxicy findings are reported here with the results on females’ reproductive toxicity. The
results for the males are described below in the paragraph 4.11.2.1.6. The latest study is
presented at first because a lot of supplementary data were available allowing an in depth
evaluation.

In 2008, a 2-generation study was performed according to the OECD guideline 416, in mice (Tyl et
al., 2008). Mice were exposed by gavage to 0, 0.018, 0.18, 1.8, 30, 300 and 3500 ppm (equivalent
to approximately 0.003, 0.03, 0.3, 5, 50 and 600 mg/kg bw/day) of BPA (purity 99.7%). The
positive control group was exposed to the 17B-estradiol, and the negative control group received
vehicle only. Each of the 8 groups was composed of 28 male and 28 female CD-1 mice (FO). Mice
were exposed 8 weeks prior to mating, and then from conception to adulthood (chronic exposure).
No toxicity was observed in the FO or F1 generations and effects on the fertility were only observed
at the highest dose (3500 ppm: 600 mg/kg bw/d). Although it has been described in the paper that
systemic toxicity can be observed at this dose, a thorough observation of the data provided as
supplementary tables with the paper did not allow validating this statement. Indeed, FO male body
weights (BW) were comparable all along the study between the various treatment groups and
control. As shown in figure 1, F1 male (parental and retained (not presented here)) have the same
growth curve as controls during the treatment period whatever the treatment group. The difference
observed comes from PND14’s BW. At this timepoint, 3500 ppm pups’ BW is lower by 10%
(compared to controls) and this difference persists along the entire treatment period (from day 0 on
the Figure 1 to mating period). 3500 ppm F2 pups are also smaller by 5% compared to controls at
PND14. The origin of this difference in BW is unclear as birth’'s BWs are similar among the
different groups. This strongly suggests an impact of 3500 ppm-BPA exposure on lactation.
Interestingly, this BW difference persists in males treated with 3500 ppm of BPA although they eat
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more than controls whatever the timepoint and the generation (food consumption of F1 parental sd
0 to 7 = control + 12.3%) but diseappears in females during direct treatment although treated
females do not eat more than controls.

43
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Figure XX from (Tyl et al., 2008): F1 parental body weights during the prebreed and mating
periods.

Signs of toxicity were observed as increased kidney and liver weight from 300 ppm and onward for
FO males, from 0.018 ppm in F1 parental males, in FO and F1 females and in F1 & F2 pups (male
and females) at 3500 ppm. However, these results suggest rather a strong and direct effect of BPA
on these organs than systemic toxicity.

Together with the effect of BPA on BW evolution depending on the sexe of the animals, another
finding points out the potential endocrine effect of BPA: Pituitary relative weight is increased in F1
parental and retained male at all doses (significant at 300 ppm). Only FO E2-treated males have
this finding. Detailed brain dissection was not performed and brain global was weighted in pups, so
we cannot confirm this finding in the next generation. Therefore, BPA exposure impacts the
pituitary gland after an in utero exposure that might affect fertility through sexual hormone
modifications.

In females, most of the reproductive parameters (i.e. reproductive organ weights, ovarian
primordial follicles count, histopathology of ovaries and uterus, mating and fertility indices, litter
size at birth, sex ratio, percent of post-implantation loss) were unaffected by the treatment. Effect
of BPA on reproduction and the offspring were only observed at 3500 ppm. At this dose, BPA
exposure increased the length of the gestation by 0.3 days, reduced the body weight of the pups
during lactation, and FO treated females were twice more in estrus compared to controls as shown
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in the supplementary table 22 p. 6/7, line 5. No effects on the female reproductive system were
observed in the study in mice (Tyl et al., 2008).

When comparing all publications on BPA in female mice, the strain used might explain some of
the differences through their genetic background together with the exposure period .

Hence the available data need to be evaluated by taking into account these parameters. Indeed,
Tyl et al. study was performed on CD1 mice. CD1 stock is not as homogeneous as C57BL6 or
BALB / c, which are stable lines. From non inbreed breeding , the stock CD1 is genetically labile
and very heterogeneous, rendering this strain less sensitive (more animals needed due to strain
inherent variability) ( R Chia et al . Nature Genetics 2005) . In addition, CD1 have mutations that
make them vulnerable to certain effects of carcinogens ( Manenti G et al. , Carcinogenesis 2003).
Most of the studies performed in mice were performed on stocks such as CD1 , ICR and CF1 (
Howdeshell et al 1999; . Honma et al 2002 . Nikaido et al 2004 and 2005 . Tyl et al 2008 . ; Nah et
al 2011; . Xiet al, 2011; . Cabaton et al 2011) and not so much on lines.

= Rats

The effect of BPA on fertility was evaluated in an extensive oral two generation reproduction
toxicity study (Copy of the RAR-UK, Final report 2003, study considered as key study) in Crj;CD
(SD) IGS rats (Ema et al., 2001). The FO generation consisted of groups of 25 rats per sex per
group administered 0, 0.2, 2, 20 and 200 pg/kg/day BPA by gavage during a premating period of
10 weeks for males and 2 weeks for females and a 2-week mating period. Males and females from
each group were randomly paired and co-habited for 2 weeks. Females were also administered
the test material during gestation and lactation. FO males and females were sacrificed after the
mating period and weaning of F1 pups, respectively. Twenty-five male and female F1 generation
offspring from each group were retained after weaning for assessment of their reproductive
capacity. F1 animals were administered bisphenol-A for a 10-week premating period and a 3-week
mating period (see below). Again, females received the test material during gestation and lactation,
and male and female parental animals were sacrificed at the same times used for the FO
generation. Twenty-five male and female F2 generation offspring from each group were retained
after weaning for assessment of sexual maturation. Males and females were administered the test
material until they were sacrificed at the age of 7 and 14 weeks, respectively.

For all FO and all reared F1 and F2 animals, observations and weighings were performed regularly.
In addition to determining reproductive capacity, various other parameters were assessed.
Learning tests were conducted using a water filled multiple T-maze with 6 male and 6 female F1
animals per dose group at 5-6 weeks of age. Several reflex assessments were determined in 1 rat
per sex per litter until successfully completed. Sexual maturation (vaginal opening and preputial
separation) was determined in F1 and F2 parent animals, along AGD. After sacrifice, all FO and F1
parent animals were subjected to a thorough macroscopic and microscopic examination. In males,
this included examination and weighing of the epididymis, prostate and seminal vesicles (including
the coagulating gland). Serum testosterone, oestradiol, prolactin, LH, FSH, T3, T4 and TSH
concentrations were also determined in 6 animals per sex per group from the FO and F1
generations. Seminal vesicles and coagulating gland were weighed and subjected to histological
examination. The motility and morphology of sperm in the epididymis was also determined in FO
and F1 males. All pups that were not selected for further assessment were sacrificed and also
underwent histopathological examination.
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In parental animals, no clinical signs of toxicity, nor any effects on body weight gain, food intake or
treatment-related deaths were observed in any generation. No effect on behaviour (i.e.
performance in learning tests) was observed in F1 animals. Oestrus cycle, fertility index and the
number of implantations in FO and F1 females were not affected by treatment with bisphenol-A.
(The mating period for F1 animals was extended for a week, as at the end of the first week mating
was confirmed in only 19/25 females administered 0.2 uyg/kg/day, compared to 24/25,22/25, 23/25
and 21/24 at 0, 2, 20 and 200 pg/kg/day respectively. At the end of the 3-week mating period no
significant effect on the fertility index was observed between treated and control animals). No
significant differences were observed between BPA and control animals for the time to vaginal
opening. Compared to controls, a statistically significant decrease (<5%) in AGD was seen F1 and
F2 females at 20 and 200 ug/kg/day. These decreases were not statistically significant when the
ratio of the AGD to body weight was determined (the AGD is correlated with body weight). No
treatment related changes were observed in any of the serum hormone levels measured. BPA had
no effect on sexual maturation or the oestrus cycle in F2 animals and F2 females, respectively. At
necropsy, no treatment-related macroscopic findings or organ weight changes were observed in
FO and F1 parental animals.

In the offspring (all live pups up to day 21), no clinical signs of toxicity or effects on body weight
gain during lactation were observed in F1 and F2 pups. No treatment-related changes were seen
in the litter size, survival, sex ratio, AGD and reflex ontogeny. At necropsy, no treatment related
macroscopic findings were observed in F1 and F2 pups.

In the oldest study (Tyl et al., 2002), exposure of males and females CD Sprague Dawley rats to
BPA (purity at 99.5%) administrated in the diet at 0, 0.015, 0.3, 4.5, 75, 750 or 7500 ppm (this
doses were equivalent in actual intake to 0.0007-0.003, 0.015-0.062, 0.22-0.73, 4.1-15.4, 37.6-
167.2 and 434-1823 mg/kg bw/day in males and females respectively) for three generations was
evaluated under Good Laboratory Practice using the U.S. EPA OPPTS test guidelines (U.S EPA
OPPTS 837.3800, 1998). 30 rats per sex and per dose were exposed 10 weeks prior to mating,
and then for males continued through a 2-week mating period and for an additional 3 weeks after
mating. Females were exposed from conception trough gestation and lactation. Males and females
from a same group were mate together, 3-generations of males and females were then studied.
For each generation 30 weanlings animals per sex and per dose were selected in order to become
the parents of the next generation, and 3 animals per sex and per litter were necropised and
undergo further analysis. Adult systemic toxicity were limited to reduced body weight due to
lactational effects together with smaller body weight gains (-22% of the F1 7500ppm treated
males). However, feed consumption did not show clear treatment-related effects. Although the
data available for this study are less detailed than for the study above, we can affirm from the
previous study that the slight to mild renal tubular degeneration and chronic hepatic inflammation
observed in females for the three generations at 750 and 7500 ppm is a strong and direct effect of
BPA on these organs rather than systemic toxicity.

Results show that there was no effect of BPA on estrous cycle length, paired ovarian primordial
follicle counts or in reproductive organs histology. Similarly, many reproductive parameters
including mating, fertility, pregnancy, dead pups per litter or percent post-implantation loss remain
unaffected in FO, F1, F2 females. However, at 7500 ppm, the number of implants, total pups and
live pupsl/litter at birth and on PND4 were reduced (p < 0.001) and the absolute and relative organ
paired ovary weights were decreased in F1, F2 and F3 offspring and adult (p < 0.05 and p < 0.001
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respectively). In female offspring, AGD was significantly increased in the F2 generation at all
dietary doses, with the exception of the 75 and 7500ppm groups. The absolute age at vaginal
patency (days) was significantly delayed in the F1, F2 and F3 generations at 7500ppm (and at 75
ppm only for the F2 generation).

This study was performed according to the US EPA (1998) guideline, presenting the following
strengths: it is a third offspring generation, six treatment groups, examination for retained nipples
and areolae in male preweanlings and retention of F3 offspring until adulthood with continuing
exposure, with histopathologic and andrological assessments at their termination.

However, some weaknesses can be pointed out. The histopathological examination was
performed only for the 30% of the BPA-exposed animals (10 animals per sex and per dose). No
explanation were provided on the selection of the animals (randomly or if other selection criteria
were applied). In addition to the 10 animals, BPA-exposed rats were examined histopathologically
if showing “any gross lesions and reproductive tissues from unsuccessful breeders or animals
suspected of reduced fertility”. It is considered rather insufficient according to current OECD
guidelines, reflecting that impaired fertility is an insensitive parameter in rats (a reduction of fertility
in males is detected by a reduction of spermatogenesis well over 60%). In females, enumeration of
ovarian primordial follicles was performed from step sections of both ovaries of ten females each at
high dose and control, i.e. in 30% of animals only without any explanation.

Besides, delayed vaginal patency was observed only at very high doses in the study in rats but
there were no other effects on female reproduction parameters in this study (Tyl et al., 2002),
which contradict studies presented below also it is difficult to explain why.

Some of the parameters were only not evaluated in Tyl study.

B.5.9.1.2.3 Data taken into account for reproductive tract hazard assessment

The studies in animals are presented below by window of exposure and then by effect. Among the
studies presented, critical effects, key studies, and critical doses are selected and NOAEL or
LOAEL are chosen.

B.5.9.1.2.4 Prenatal, perinatal and pre-pubertal exposure
Effects on the reproductive tract and ovaries

Oral exposure to 1.2 mg/kg bw/day of BPA in rats during pregnancy and lactation is suspected
of inducing an increase in the thickness of the epithelium and stroma of the uterus in the
offspring, a decrease in apoptosis of the uterine epithelium, disorders of the oestrus cycle, and
a decrease in ERa receptor expression in the epithelial cells of the uterus during the oestrus
phase (Mendoza, 2010). These results are in line with those obtained by Markey in 2005
(Markey, 2005). In that study, female CD-1 mice aged 3 months from mothers treated with
very low doses (25 and 250 ng/kg bw by subcutaneous pump from GD9 to PND4) had
decreased vaginal weight, impaired DNA synthesis in the uterine epithelium (250 ng) and a
significant increase in the expression of ERa and PR (progesterone receptor) at the lowest
dose (Markey, 2005).

In Balb-C mice, in utero exposure to BPA and before weaning (mothers treated at 100 and
1000 pg/kg bw/day by subcutaneous injection) was associated with the development of
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structures suggestive of endometriosis in the peri-uterine fat, an increased incidence of cystic
ovaries, and endometrial hyperplasia (Signorile, 2010).

According to the studies reviewed, BPA is suspected to be linked to the development of
ovarian pathologies, in particular polycystic ovaries, in CD-1 mice from mothers treated with
BPA from PND1 to PND5 (10, 100, 1000 ug/kg bw/day by subcutaneous injection) (Newbold,
2007). In all groups treated with BPA and regardless of the dose, the animals developed
ovarian and/or uterine pathologies (benign, pre-malignant, and neoplastic proliferative lesions
of the uterus), with little or no representation in the control group. However, only the increase
in the frequency of appearance of polycystic ovaries and cystic endometrial hyperplasia in the
group treated with 100 pug/kg bw/day was statistically significant. The same team found similar
results for exposure later in gestation (GD9 to GD16), from 10 pg/kg bw/day (Newbold, 2009).
The increase in the frequency of occurrence of ovarian cysts was significant at 1
pHg/kg bw/day. Similar lesions were found by Signorile et al. in offspring of Balb-c mice
exposed to higher doses of BPA (100 and 1000 pg/kg bw/day) during gestation and lactation
(Signorile, 2010).

Similarly, in rats, treatment with BPA subcutaneously in the neonatal period (0.25 to 25 mg/kg
bw/day) was associated with the development of phenotypes similar to polycystic ovary
syndrome. Although the effects were significant starting from the lowest dose, the doses used
were high (Fernandez, 2010). Adewale et al. reported a reduction in age of puberty, an
increase in the proportion of acyclic animals, and ovarian dysfunction among the descendants
of females treated from PNDO to NDP3 with 50 pg/kg bw/day or 50 mg/kg bw/day of BPA
(Adewale, 2009). The positive control used was oestradiol benzoate (25 pg — the unit was not
specified by the author). However, in the study of Nikaido et al, prepubertal neonatal exposure
(15 to 19 days) to BPA (10 pg/kg bw/day subcutaneously) led to no change of the uterus or
vagina or of mammary development, although over 80% of treated animals exhibited an
anovulatory state (absence of corpora lutea) at 4 weeks (Nikaido, 2005). Moreover, in this
study, exposure to BPA did not affect the age at puberty or ovarian cyclicity.

Similarly, Long Evans rats in gestation were treated with BPA (2, 20, and 200 pg/kg bw/day) or
ethinyl oestradiol (EE2, 50 pg/kg bw/d) from GD7 to PND18 orally (Ryan, 2010). Unlike the
positive control (EE2), the female offspring of mothers treated with BPA demonstrated no
change in body weight, age at puberty, anogenital distance, fertility, or sexual behaviour.
Finally, F1 offspring from Sprague Dawley rats treated with BPA in drinking water during
gestation and lactation (estimated ingested dose from 0.1 to 1.2 mg/kg bw/day) showed no
difference in age at puberty or anogenital distance at birth (Rubin, 2001). In contrast, the
females after puberty had irregular ovarian cycles and decreased LH secretion after castration.
This study provides excellent confirmation, and suggests that developmental exposure to BPA
could induce, in rodents, impaired ontogenesis of gonadotropin function.

Moreover, the descendants of CD1 mice treated with subcutaneous osmotic pumps with very low
doses of BPA from the eighth day of gestation until day 16 of lactation, studied over several
successive pregnancies, presented reduced fertility and fecundity (number of pregnancies over 32
weeks and number of offspring per birth and total number of pups born over the 32 weeks of the
study) at 25 ng/kg bw/day and 25 pg/kg bw/day, but not at 250 ng/kg bw/day. These effects are
only apparent after 5-6 pregnancies (Cabaton, 2010). These results could be explained by a non-
monotonic U-shaped dose-response curve. However, further studies are needed, including a
greater number of doses to better characterise this type of dose-response relationship. According
to the authors, BPA accentuated the “physiological” decline in the number of pups per litter as a
function of age, similar to the DES control. This study is interesting, first because it has excellent
safeguards in terms of control of experimental conditions, but also because it could explain the
lack of effect in other studies where similar observations were limited to the first pregnancy in F1
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offspring from exposed mothers, such as the Ryan study (Ryan, 2010) and the Zoeller study
(Zoeller et al., 2005) in rats. In the latter, the BPA administered to pregnant rats from gestation day
7 until the end of gestation at oral doses of 1-50 mg/kg bw/day did not seem to affect the in utero
development of pups (Zoeller et al., 2005).

Effects on the hypothalamic-pituitary-gonadal axis

In rodents, the neonatal period (PND1 to 10) is a critical period for development of the
hypothalamic-pituitary-gonadal (HPG) system. Exposure to BPA during this period causes
changes in the secretion of hypothalamic-pituitary hormones. These include the level and
frequency of hormonal secretions and were responsible for disruption of reproduction in the
long term.

Treatment of sheep during gestation over a period covering ontogenesis and sexual
differentiation of the GnRH system (5 mg/kg bw/day intramuscularly for GD30-GD90) is
associated with malfunctions of the HPG axis in female offspring: hypersecretion of LH in the
prepubertal period, changes in the preovulatory LH surge (positive feedback of oestradiol)
(Savabieasfahani, 2006). This same treatment induces a decrease in GnRH gene expression,
an increase in expression of the ESR1 (ERa) oestrogen receptor, and decreased ESR2 (ERp)
receptor expression in the preoptic area (Mahoney, 2010 . The authors measured
unconjugated BPA plasma concentrations during treatment, and argue that these
concentrations are close to the maximum plasma levels described in pregnant women (~ 10
ng/mL). The sampling period compared to the administrations was not specified, but it is likely
that these concentrations correspond to residual levels and are not representative of the
exposure of the animal over 24 hours. Similarly, treatment of prepubertal sheep
intramuscularly 2 times/week for 5 weeks with diethylstilbestrol (DES; 0.175 mg/kg) or BPA
(3.5 mg/kg) led to a decrease in the frequency and the amplitude of LH pulses after
ovariectomy in these animals compared to controls (Evans, 2004). The treatment of
prepubertal sheep with BPA for short periods (4 days) at different doses (intravenous infusion
at0.5-1-25-5-10- 20 - 40 and 80 mg/kg bw/day), allowed detection of effects of BPA on
the LH pulse generator system that are qualitatively similar to the effects of 17-3-oestradiol
(positive control) and seem to obey two types of mechanisms: immediate inhibitory effects at
high doses and delayed effects expressed at lower doses, resulting in plasma concentrations
of about 38 ng/mL (double the highest values described in humans) (Collet, 2010). BPA is
significantly less potent than oestradiol as an inhibitor of pulsatile secretion of LH. The lowest
plasma concentration of oestradiol associated with an inhibition of pulsatile secretion of LH is 2
pg/mL, compared to 38 ng/ml for BPA.

In light of these studies in sheep, BPA is suspected to alter the ontogenesis of the GnRH/LH
system controlling the pulsatile secretion of LH. In addition, short term effects are found on the
neuroendocrine system controlling the pulsatile secretion of LH, with an ECs close to the
highest plasma levels described in humans. However, the relevance of the model remains
guestionable, as the prepubescent sheep is indeed particularly more sensitive than humans to
oestradiol negative feedback.

Fernandez et al. reported increased secretion of GnRH, of progesterone (significant effect at
the lowest dose) and increased secretion of oestradiol and testosterone in rats treated with
BPA by subcutaneous injection (0.25 to 25 mg/kg bw/day) in the neonatal period (PND1 to 10)
(Fernandez, 2010). However the effects are obtained for the two highest doses. Rubin et al.
report an irregularity of the ovarian cycles and a decrease in LH secretion after castration of
F1 offspring from SD rats treated with BPA in drinking water (estimated intakes of 0.1 to 1.2
mg/kg bw/day) (Rubin, 2001). However, Adewale et al. suggest that BPA disrupts ovarian
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development but not the sensitivity of GhnRH neurons in the positive feedback of oestradiol at
the origin of the genesis of the preovulatory LH surge (Adewale, 2009). The rats received 50
pHg/kg bw/day or 50 mg/kg bw/day of BPA. The induction of the expression of the proto-
oncogene C-Fos in GnRH neurons following a preovulatory dose of oestradiol (positive
feedback) was not altered in animals treated with BPA, while it was reduced in positive control
treated animals (oestradiol benzoate).

The KiSS neuropeptide is involved in the central control of reproductive function, especially in
puberty. It is expressed in two structures, among others; the anteroventral periventricular
(AVPV) and arcuate nuclei (ARC). Exposure to BPA during the postnatal period in young
Wistar rats (100 to 500 pg/rat from day 1 to day 5) decreases the amount of mRNA of the
KiSS peptide measured by RT-PCR in the whole of the hypothalamus in prepubescent males
and females at 30 days. This effect persists in males at 75 days (Navarro VM, 2009). Fifty
png/kg bw/day and 50 mg/kg bw/day of BPA were administered subcutaneously from the first to
the fifth day of life for young Long Evans rats (Patisaul, 2009). Two positive controls were
included: oestradiol benzoate (EB 25 pg/rat) and an ERa agonist (PPT 1 mg/kg). KiSS
immunoreactivity was measured in intact pubescent males and ovariectomised females after
puberty and subjected to replacement steroid treatment (10 pg of oestradiol benzoate followed
at 48 hours by 500 ug of progesterone). In the AVPV, the EB and PPT induced a decrease in
KiSS immunoreactivity over untreated controls; BPA had no significant effects. In the ARC,
only EB decreased KiSS immunoreactivity. In males, KiSS immunoreactivity was not affected
by any treatment, regardless of the structure.

Effects on age at puberty

In animals, exposures limited to pregnancy (the second half in mice) demonstrate a fairly
consistent advance of sexual maturation, assessed by age at vaginal opening and/or age at first
oestrus (Honma, 2002) (Howdeshell, 1999) (Honma et al., 2002; Howdeshell et al., 1999; Nikaido
et al., 2004) (Nikaido, 2004). It should be noted that the age at vaginal opening is an indicator of
sexual maturation and provides only indirect assessment of the degree of advancement of puberty.
In the study by Howdeshell, for example, no significant effect of BPA on age at vaginal opening
was observed, while a sizeable decrease in the time between the opening and the onset of first
oestrus was recorded. In addition, this study clearly demonstrates that the effect of BPA on
pubertal maturation can be largely modulated by the intrauterine environment. Thus, the effect of
BPA is only slightly or not at all expressed in female foetuses having been surrounded by two male
foetuses during pregnancy. This study clearly highlights a major limitation of the rodent model, and
consequently other studies having estimated the age at puberty without incorporating the concept
of the intrauterine environment. One single study has been conducted in another animal model
without this limitation (sheep) with exposure to high doses (5 mg/kg bw/day) subcutaneously (2/5th
of gestation) and showed no impact on age at first oestrous cycle (Savabieasfahani, 2006).
However, it should be noted that the occurrence of the first cycle in sheep may be influenced by
the photoperiodic environment, which in this study could have attenuated the effects of BPA.
Studies in rodents on early postnatal exposure also indicate a fairly consistent advance of the age
at vaginal opening for a range of doses large enough for subcutaneous exposures (50
pg/kg bw/day to 6 mg/kg bw/day) (Adewale, 2009) (Fernandez, 2009).

Surprisingly enough, studies concerned with broader exposure, which include the second half of
pregnancy and postnatal exposure until puberty in rats, reveal no effect of BPA on the age at
vaginal opening and/or the first oestrus (Kwon S, 2000; Ryan, 2010; Ryan, 2010; Yoshida M, 2004;
Takagi H, 2004). Similarly, a study of peripubertal exposure showed no BPA effect.

In summary, an acceleration of puberty in mice following exposure in utero and/or in the early
postnatal period can be considered as an established fact. This effect is not expressed during
extended developmental exposure comprising part of gestation and a postnatal and peripubertal
period. However, most studies evaluated for exposures in utero have a major drawback: not taking
into account the intrauterine environment, which could notably explain such a lack of effect. Such a
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bias is generally not expected in humans, where pregnancy with twins of the opposite sex is rather
rare.

B.5.9.1.2.5 Adult exposure

Overall, data resulting from exclusive exposure of animals in adulthood are piecemeal, and
rely on high doses for short periods, with the exception of studies on implantation and
gestation.

Exposure during implantation in CD1 mice subcutaneously at high doses (minimum 100 mg/kg
bw/day, 20 times the NOAEL) leads to a decrease in the number of implantation sites (200
mg/kg bw/day), histological alterations of the uterine wall (cell height) and a decreased
expression of ERa and PR receptors only at the highest dose (300 mg/kg bw/day) (Berger,
2010). Oral doses of about 2 g/kg bw/day are necessary in order to observe an effect on
gestation (Berger, 2007). Similarly, exposure to BPA at 10 mg/kg bw/day from GDO to GD7
subcutaneously in ICR mice induced a significant decrease in the number of embryos at D10
and D12, associated with decreased weight of the uterus and marked alterations in placental
structure (Tachibana, 2007). However, in C57BL6 mice, BPA at low doses in the diet
(approximately 0.1 to 10 mg/kg bw/day) throughout gestation did not induce any modification
of gestational parameters (duration, litter size, survival of young, etc.) (Kobayashi K, 2010). It
is therefore likely that these low doses, pertinent in terms of human exposure, do not induce
significant enough changes in the uterine wall to have a functional impact on gestation. In
addition, BPA administered to pregnant rats from the seventh day to the end of gestation, at
oral doses of 1 to 50 mg/kg bw/day, did not induce changes in litter size or pup weight at birth
(Zoeller et al., 2005).

Ovariectomy in rats induced changes in uterine morphological parameters (uterotrophic OECD
TG 440) and an increased expression of oestradiol receptors in the uterus. The administration
of BPA at doses of 0.5 to 50 mg/kg bw/day for 5 days by subcutaneous injection in
ovariectomised Wistar rats did not restore these uterine parameters to a level similar to that of
non-castrated rats. Similarly, BPA does not, unlike oestradiol, suppress the increased
expression of ERa and B receptors induced by ovariectomy. On the other hand, 4-methyl-2,4-
bis(4-hydroxyphenyl)pent-1-ene (MBP), a potential liver metabolite of BPA, is used to cancel
the effects of castration on the uterotrophic test and the expression of oestrogen receptors like
oestradiol (positive control) (Okuda et al., 2010). The oestrogen-mimicking potential of BPA in
this model appears quite moderate, compared to its potential metabolite MBP and oestradiol.
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Table 18. Animal studies examining the effects of bisphenol A on the female reproductive
tract: summary table

Reference Species Routes [E)Eps)ssure period Effects NOAEL/LOAEL
F1
10 mg/L in drinking | » thickness of the epithelium and uterine
Wistar water, estimated | stroma
Mendoza, 2010 rats Oral intake of 1.2 mg/kg | N apoptosis in the uterine epithelium
bw/day disorders of the oestrus cycle
GD6 - PND21 N of ER-a receptor expression in the epithelial
cells of the uterus during the oestrus phase

No effect (FO and F1 weight, primary sexual

Long- 2 - 20 or 200 | characteristics, fertility, fecundity, sexually
ua/kg bw/day dimorphic behaviour) following a pre-and

Ryan, 2010 Fa\gns Oral neonatal exposure to low doses of BPA
GD7 - PND18 Confirms the results of multigenerational studies

(Tyl et al., 2002) (etc.)

F1 as adults

N age at puberty (advancing age of vaginal
50 and 50.000 opening, stronger effect at lower doses)

Long- Sub- /ka bwida ' modification of ovarian morphology (cysts, “
Adewale, 2009 Evans cutaneous HO/kg y number of corpora lutea, degenerate follicles)
rats PNDO-PND3 7 proportion of acyclic animals

No change in sexual behaviour

No change in the expression of FOS in the

GnRH neurons for the two BPA groups

7 serum testosterone and oestradiol level and ~
5 (025 to 062 progesterone in adulthood and altered secretion

' : of GnRH in vitro
Fernandez, Sprague- Sub- mg/kg), 50 (2.5 t0 6.2 50 pa/50 yL: reduced fertility
Dawley mg/kg), 500 ug/50uL X
2010 rats cutaneous (25 - 62.5 mglkg) 500 pa/50 pL: abnormal morphology of the
PND1 _'10 9’kg ovaries with many cysts (morphology similar to
that observed in the case of polycystic ovaries in
women); all sterile females LOAEL=2.5 mg/kg

F1

0.025 and 0.25pg/kg bw/day: Changes in

ovarian morphology at 3 and 6 months and

CD-1 Sub- 0'%5 bw/genld 025 alteration of the uterus and vagina: ~ dry weight
Markey, 2005 mice cutaneous HO/kg y of the vagina, ~ endometrial volume, 2
GD9 - GD23 expression of ERa and PR in uterine epithelium,
impairment of DNA synthesis in the uterine
epithelium

LOAEL=25 ng/kg bw/day

FO:

Oestrus cycle disorders (longer than normal)
estimate of 0.1 ma/k N secretion of LH in response to ovariectomy ->
bwiday to 1'2 mg/kg suggesting a neuroendocrine effect

. Sprague- bwiday  (drinking
Rubin, 2001 Dawley Oral water) F1
rats GD6 - pups were 2 bodyweight (after birth and up to adult age)
weaned pup Alteration oestrogenic cyclicity and ~ in LH at
adult age after castration

No difference in age at puberty nor difference in

anogenital distance at birth
10-100-1000 pg/kg - No difference between body weight of the
bw/d treated and control animals, irrespective of the
PND1-PND5 dose.

Ovaries

- Appearance of ovarian cysts, significant only at

Newbold. 2007 CD-1 Sub- the dose of 100 pg/kg bw/d of BPA
' mice cutaneous - Decrease in the observation of corpora lutea

when the dose increases (NS)

- Appearance of para-ovarian cysts of
mesonephric origin (absence in the control
group) NS

- Appearance in the BPA groups of progressive
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proliferative lesions (PPL), absent in the control
group (NS)

Uterus

- Increase in the incidence of endometrial
hyperplastic cysts, but only the BPA100 dose
causes a significant effect

- Tendency, at the highest doses, towards an
increase in atypical hyperplasia of the
endometrium, a precursor for adenocarcinoma

- Appearance (NS) of leiomyomas (absence in
control group)

- Upper stromal polyps in the BPA100 group

- Increased incidence of enlarged Wolffian ducts
in the treated mice

NOAEL: 10 ug/kg

LOAEL: 100 pg/kg

Newbold, 2009

CD-1
mice

Sub-
cutaneous

0.1-1-10-100 and
1000 pug BPA/kg bw/d
GD9-GD16

Ovaries:

- No difference for the number of mice not
having corpora lutea

- Significantly increased incidence of ovarian
cysts for BPA-1 only

- Presence of prominent para-ovarian cysts (no
associated statistical test) at BPA-10

- Neoplastic lesion in the ovary including
cystadenoma present at BPA-10, 100 and 1000
(NS)

- Progressive proliferative lesion observed in all
the treated groups but not the controls (NS)
Uterus

- Cystic endometrial hyperplasia (CEH)
incidence increased for all the groups except
BPA-0.1 (even the control) at NS

- Adenomyosis: In controls, BPA-0.1 and BPA10
- Adenomatous hyperplasia with CEH in BPA-1,
BPA-100 but not in controls (NS)

- Atypical hyperplasia of the uterus, considered
to be a precursor for uterine adenocarcinomas,
found in BPAO.1, BPA1 and BPA1000, not in
controls (NS)

- Wolffian remnants in the uterus comparable to
those seen in the ovary and in the fallopian
tubes in all groups except BPA-100

- Uterine polyps seen in BPAO.1, BPA1 and 10
(NS). Lesions of this type have been reported as
being associated with the development of
stromal cell sarcomas in rodents

Vagina

- One BPA-1000 mouse had a vaginal adenoma
characterised by glandular structures at atypical
locations

Premature death or euthanasia

- One BPA-1 mouse had a sarcoma which
invaded the reproductive organs, but it was
definitely a cancer of hematopoietic origin in
view of the overall incidence of the lesions

- There were significantly more lesions in the
genital tract for BPA-0.1 than in the controls.

- There were significantly more lesions
(independently of location) for BPA-0.1 and
BPA-1 than for the other doses.

LOAEL est = 0.1 ug/kg bW/d

Nikaido, 2005

CD-1
mice

Sub-
cutaneous

10 mg/kg bw/d
PND15-PND19

No acceleration of the beginning of age at
puberty

No modification of the uterus nor of the vagina
nor of mammary development

Anovulatory state for 80% of the animals treated
with BPA versus control group
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No modification of ovarian cyclicity

Lesions of cystic hyperplasia type and atypical
lesions of the endometrium

10 or 1000 pg/kg bw/d in F1 @ after 3 months:

2 frequency of appearance of structures (glands
and stroma expressing ER and HoxalO) of

100 and 1 000 endomet_r|03|s type in the adipose tissue
_ _ Balb-C Sub- ug/kg bwid surrounding the genital tract. _ _
Signorile, 2010 . » frequency endometrial hyperplasia, cystic
mice cutaneous - : e
ovaries and endometrial hyperplasia significantly
GD1 - PND7 .
more frequentin F1 @
BPA (free) in the liver of all treated FO @ and F1
(no dose-dependant relationship) with no
correlation with the occurrence of a pathological
condition similar to endometriosis
LOAEL =100 pg/kg bw/d
N in fertility and fecundity (™ in the number of
25 ng, 250 ng or | gestations over a period of 32 weeks, in the
Cabaton, 2010 Cp-l Oral 25 ug/kg bw/d number of young per birth and in the total
mice number of young born over the 32 weeks of
GD8 - PND16 study)
LOAEL = 25 ng/kg bw/d
35mglkg twice a | in the frequency and amplitude of LH
Intra- week - .
Evans, 2004 Ewes pulsatility after ovariectomy
muscular 4-week-old ewes e .
No modification of ovary weight
treated for 5 weeks
100-500 pg/animal Suppression of KiSS-1 messenger RNA levels in
Navarro VM, | Wistar Sub- PND1-5 the hypothalamus that may lead to a
2009 rats cutaneous modification of the hypothalamic-pituitary axis
and of gonadotropic hormone secretion
Savabieasfaha Ewes Intra- 5 mg/kg bw/d Hypersecretion of LH in the prepubescent period
ni, 2006 muscular GD30-GD90 Modification of the preovulatory peak of LH
Sub- 5 mg/kg bw/d 7 in the expression of ESR1 and Y in the
Mahoney, 2010 | Sheep cutaneous expression of ESR2
G30-G90 7 in the expression of gonadoliberin
5-10-20-40 and | Effects on the LH pulse-generating system
Collet, 2010 Ewes INtra-venous 80 mg/kg bw/d quahtatl_vely s_|r_n|Iar to the effects of 17pB-
Adult ewes treated for | oestradiol (positive control).
4 days
100 - 200 - | ™ implantation sites
Berger, 2010 CF-1 Sub- 300 mg/kg bw/d Hlstploglca! modifications of the wall of the
mice cutaneous uterine cavity
GD1 - GD4 Decrease in ERa and PR receptor expression
Administration of BPA | No modification of litter size or of parturition rate
by addition to peanut | The dose of 6884 mg of BPA/d/animal
butter in an amount of | (corresponding to a BPA supplementation at
0.11-9% or by | 6%) causes the abortion of all gestations
Oral » .
addition to the feed in
an amount of 3 and
6%.
CF-1 GD1-GD5
Berger, 2007 mice 0.0005-0.0015-
0.0046-0.0143- N in litter size at 3.375 mg/d
0.0416-0.125-0.375- . . .
N in the proportion of females to be parturient at
Sub- 1.125-3.375, and
cutaneous 10.125 mg/animal/ 10.'125 mg/d . . .
da- N in the number of implantation sites at the dose
y of 10.125 mg/d
GD1- GD4
. ) 10mg/kg bw/d N in the embryo number
'zl'ggglbana, ICR mice Slljjtkz)aneous N in the weight of the uterus and marked
GDO - GD7 modifications of placental structure
0.05-0.5 or 5 mg/kg | No modification of body weight, of gain in body
Kobayashi K, | C57BL/ Oral bw/d weight, feed consumption, duration of gestation,
2010 6J mice GD6-PND22 litter size, or survival of the young in the FO

animals
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No difference between the sex ratio and the
viability in the F1 animals

No modification of body weight, feed
consumption, developmental parameters,
anogenital distance, or organ weight (liver,

kidney, heart, spleen, thymus, testis, ovaries and
uterus) in F1 and F2 adults. No modification of
sperm number or motility in F1 and F2 animals

25 - 250 ng/kg bw/d

- No modification of TEB number, size and area
- Increase in mammary gland sensitivity to
oestrogen

- Decrease in number of cells in apoptosis in the

Munoz del | CD-1 Sub- TEBs starting from 25 ng/kg bw/d
Toro, 2005 mice cutaneous GD9 - PND4 - No proliferati\{e effect . .
- No increase in ERa receptors, but increase in
progesterone receptors
- Significant increase in side-branching of
mammary glands at 25 ng/kg
0.5 and 10 mg/kg | Acceleration of weight gain in F1 females
bw/d Precocity of vaginal opening.
Nikai CD-1 Sub- GD15-GD18 Increase in oestrogen cycle duration
ikaido, 2004 . - e .
mice cutaneous Genital tract abnormalities (acyclicity,
hyperplasia)
Acceleration of mammary gland differentiation
Long 50 pg/kg bw/d and | No modification in immun_orea(_:tivity to KISS in
Patisaul. 2009 Evans Sub- 50 mg/kg bw/d the antgroventral perlveqtrlcular nucleus,
' rats cutaneous PND1-PND5 decrease in the ARC nucleus in females

No modification in males

Table 19. Animal studies investigating the effects of bisphenol A on vaginal opening and on

age at first oestrus: summary table

Exposure
period

References

Species

Routes
period

Exposure

Effect evaluated
on vaginal
opening and age
at first oestrus

Exposure dose

Gestation

Howdeshell,
1999

CF-1 mice

Oral
gavage

GD11-GD17

BPA:
2.4 pg/kg bwid

Vaginal opening: no
effect

Interval between
vaginal opening
and age at first
oestrus: decrease
by 2-4d

Nikaido, 2004

CD-1 mice

Sub-
cutaneou
s

GD15-GD19

BPA: 0.5 or
10 mg/kg bw/d

Vaginal opening:
BPA 0.5 mg/kg bw/
d: no effect

BPA 10 mg/kg bw/d
: advance of 1.2d
DES: advance of
1.5 and 1.9d at
doses of 0.5 and
10 pg/kg bw/d
respectively

DES: 05 or
10 pg/kg bw/d

Honma, 2002

ICR Jcl mice

Sub-
cutaneou
s

GD11-GD17

BPA: 2 or
20 pg/kg

DES: 0.02-0.2 or
2 pglkg

Vaginal opening
and age at first
oestrus: BPA
20 pg/kg: advance
(~1d)

DES: advance 1.5d
minimum

Savabieasfa h
ani, 2006

Sheep

Sub-
cutaneou
s

GD30-GD90
(25"
gestation)

of

BPA: 5 mg/kg

No effect: on age at
first oestrus cycle
determined by the
progesterone level
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Second half | Yoshida M, | Donryu rats Oral GD2-PND21 BPA: Vaginal opening
of gestation | 2004 gavage 6 pg/kg bw/d No effect of BPA
and 6 mg/kg bw/d
postnatal
Takagi H, | Sprague- Oral GD15-PND10 | BPA feed: Vaginal opening
2004 Dawley rats feed 60-600- No effect of BPA
3000 ppm, i.e.
~7-300 mg/kg
bw/d
Ethynyl E2
0.5 ppm
Kwon S, 2000 | Sprague- Oral GD11-PND20 | BPA: 3.2-32- | Vaginal opening
Dawley rats gavage 320 mg/kg bw/d | and age at first
DES 15 ug/kg | oestrus
bw/d No effect of BPA
nor of DES
Ryan, 2010 Rats Oral GD7-PND18 EE2: 0.05-0.5- | Vaginal opening
gavage 1.5-5-15- EE2 at the dose of
50 pg/kg bwid 5 ug/kg caused a
BPA: 2-20- | vaginal opening
200 pg/kg bwid advance of 4d.
BPA did not cause
any effect.
Early Adewale, Rats Sub- PNDO-PND3 EB*: 25 ug Vaginal opening:
postnatal 2009 cutaneou BPA: 50 ug/kg EB: Advance of 4d
s BPA: 50 mg/kg BPA: 50 pg/kg:
PPT: 1 mg/kg advance of 2d
BPA: 50 mg/kg: NS
PPT 1 mg/kg:
advance of 1d
Fernandez, Sprague- Sub- PND1-PND10 | 1¥ BPA dose | Vaginal opening:
2009 Dawley rats cutaneou tested: 2.5- | 2.5d advance
s Castor 6.2 mg/kg bw 4.8d advance
oil 2" BPA dose
tested: 25 to
62.5 mg/kg bw
Postnatal Nikaido, 2005 CD-1 mice Sub- PND15-19 BPA: Vaginal opening
cutaneou | prepubertal 10 mg/kg bw/d No effect with BPA
s DES: 10 pg/kg | 10 mg/kg bw/d
bw/d DES 10 pg/kg
bw/d: advance
Conclusion on the data on reproductive tract in ani mals

In animals, on the basis of the convergence of results from various studies carried out under
various conditions and on various models, the following effects on the female reproductive

system can be considered to be

development (pre- and postnatal exposure):

- Increase in the occurrence of ovarian cysts,

“recognised in animals

- Hyperplastic modifications of the endometrium,

- Advancement of the age at puberty when there has be
postnatal exposure.

The effects on the hypothalamic-pituitary-gonadal a
postnatal exposure lead to variations in sex hormon

Xis due to exposure

hormone receptor expression has been found in sever
recognised in animals.

In animals, the potential effects of exposure in ad
NOAEL selected by EFSA.

108

in protocols of exposure during

en early pre- and

in utero or to early
e levels, and modification of sex

studies. These effects are

ults are observed for doses well above the




ANNEX XV RESTRICTION REPORT FORMAT

Selecting the critical effect:

The results of key studies concerning these effects, as well as the dose levels for which the effects
were observed, are represented graphically below.

Figure 11. Effects of BPA on the female reproductive system

Dose/kg pc/j
N

10 mg —

100 pg +

10ug |~

lpg 1

1mg =
[ ——————————

Nikaido 2004_SC LOEL 10 mg/kg/j GD15-GD18
Fernandez 2010_SC NOAEL 2,5 a 6,2 mg PND1-PND10

Mahoney 2010_SC LOEL, 5 mg/kg/j GD 30-GD90 mouton
Savabieasfahani 2006_IM LOEL 5 mg/kg GD30-GD90 brebis

Evans 2004_IM LOEL, 3,5 mg/kg PNW4-PNW9 brebis
Mendoza 2011_VO LOAEL, 1,2mg/kg/j GD6-PND21
Signorile 2010_SC LOAEL 1000ug/kg/j GD1-PND7
Nikaido 2004_SC LOEL 0,5mg/kg/j GD15-GD18

Signorile 2010_SC LOAEL 100ug/kg/j GD1-PND7

Rubin 2001_VO NOAEL 100pg/kg/J GD6-Sevrage

Patisaul 2009_SC LOEL 50ug/kg/i PND1-PND5
Adewale 2009_SC NOEL/LOEL 50pg/kg/j PNDO-PND3

Newbold 2007_SC NOAEL,y,10ug/kg/j PND1-PND5

Honma 2002_SC NOEL 2ug/kg/j GD11-GD17
Newbold 2009_SC LOAEL, 1pg/kglj GD9-GD16

Post-natale

— Période d’exposition

Etude prioritaire pour
IERS

Etude secondaire
pour 'ERS

Hyperplasie de 'endométre **
Kystes ovariens *

. Perturbation ducycle ovarien
Légende

Avancement de I'age a la puberté

Table 20 Selection of s tudies of good quality showing e ffects on the female reproductive
system
Disruption of the Endometrial Effects  on the | Advancement of the | Ovarian cysts
ovarian cycle hyperplasia HT/HP/gonadotropic | age of puberty
axis
Signorile 2010_SC | Femandez 2010_SC | Nikaido 2004_SC LOEL 10 | Femandez
Rubin 2001 VO | LOAEL 1000 pg/kg/d | NOAEL 25 to 6.2 mg | mg/kg/d GD15-GD18** 2010_SC NOAEL
- GD1 - PND7 ** PND1 - PND10** 2.510 6.2 mg PND1
NOAEL 100 NP1
ug/kg/D  GD6 -
Weaning **
Mendoza 2011 VO | Mahoney 2010_SC LOELu | Femandez 2010_SC | Signorile 2010_SC
Nikaido 2004 SC | LOAELU 1.2mg/kg/d | 5 mg/kg/d GD30 - GD900 | NOAEL 2.5 to 6.2 mg | LOAEL 100pg/kg/d
— - * * - *%k _
LOEL 0.5 mgikg/d GD6 - PND21 sheep PND1 - PND10 GD1 - PND7**
GD15 - GD18**
Femandez Newbold 2007_SC | Savabieasfahani2006_IM Honma 2002_SC NOEL 2 | Adewale 2009_SC
2010 SC NOAEL | NOAELw 10 p/kg/d | LOELu 5 mg/kg GD30 - | pg/kg/d GD11 - GD17 ** NOEL/LOEL 50
. PND1 - PND5* GD90 ewe* pg/kg/d PNDO -

2.5 t0 6.2 mg PND1
- PND10**

PND3*

Patisaul 2009_sC Evans 2004_IM LOELu 3.5 | Adewale 2009_SC | Newbold 2007_SC
LOEL 50  pg/kg/d mg/kg PNW4 - PNW9 | NOEL/LOEL 50 ug/kg/d | NOAELww 10 p/kg/d
PND1 - PND5* ewe* PNDO - PND3* PND1 - PND5*

Adewale 2009_SC Newbold 2009_SC
NOEL/LOEL 50 LOAELww 1 pg/kg/d

ug/kg/d PNDO - PND3*

GD9 - GD16*

109




ANNEX XV RESTRICTION REPORT FORMAT

**Priority study for Health Risk Assessment conside red of very good quality
*Secondary study for Health Risk Assessment conside red of less good quality

The effects on the hypothalamic-pituitary axis are mechanistic adaptation aspects and regulations.
These are to be regarded as mechanistic, but are particularly difficult to translate in terms of
adverse effect. As such, it was decided not to consider this effect among the critical effects for
HRA.

The parameters used such as the index of the puberty process in animals, the age of vaginal
opening and/or the first estrus, show high sensitivity and are undoubtedly good markers of having
reached reproductive function. However, certain methodological constraints relative to, in
particular, the large numbers of animals required to reliably analyse this discontinuous type of
variable, the low magnitude of the effects observed (often one or two days ahead for a parameter
observed once daily) led ANSES to assert a few reservations as to the relevance of this parameter
for the HRA. Lastly, given the difficulty of translating these observations in terms of harmful effects
on health, it was decided not to retain these effects among the critical effects for HRA.

The following effects observed in animals resulting from pre or postnatal exposures were deemed
to be of sufficient concern and relevance to be considered as part of the HRA:

- Increase in the occurrence of ovarian cysts;
- Increase in the frequency of the appearance of endo  metrial hyperplasia;
- Disruption of ovarian cycles.

Selecting the key study:

The studies deemed the most appropriate for the HRA were taken into consideration first. On the
basis of this mode of graphical representation (see diagram above), the following studies appeared
to be the most interesting:

- Rubin et al., 2001 (Rubin, 2001) — Disruption of the ovarian cycle with elongation of
the estrous cycle - oral study leading to a NOAEL of 100 pg/kg bw/d and a LOAEL of
1200 pg/kg/day after treatment from GD6 until weaning in Sprague Dawley rats.

- Patisaul et al., 2009 (Patisaul, 2009) — Disruption of the ovarian cycle - study by
subcutaneous route leading to a LOEL of 50 pg/kg/day after treatment from PND1 to
PNDS5 in Long Evans rats.

- Signorile et al.,, 2010 (Signorile, 2010) — Polycystic ovaries and endometrial
hyperplasia - sub-cutaneous study leading to a LOAEL of 100 pg/kg bw/d based on
the increase in the frequency of the appearance of polycystic ovaries and a LOAEL
of 1000 pg/kg bw/d based on the increase in the incidence of endometrial
hyperplasia after treatment from GD1 to PND7 in Balb-C mice.

The Rubin et al., (Rubin, 2001) study was conducted orally, with administration of BPA in drinking
water (1 and 10 mg/L) in Sprague-Dawley rats (n= 6 females/dose group). This study includes two
exposure doses in addition to the control group, with an estimated intake of BPA of 0.1 mg/kg
bw/day and 1.2 mg/kg bw/day. Six pregnhant rats per dose group were exposed from GD6 until
weaning of the young. This study did not follow the OECD guidelines or GLP. Precautions were
taken in this experiment in order to reduce contamination due to the material used. In particular,
drinking water was delivered in glass bottles and measurements with the E-Screen test conducted
in order to monitor potential leaching of estrogenic compounds from used plastic cages. Many
critical points were investigated in this study: LH secretion, frequency of estrous cyclicity estimated
at PND28 and at the age of 4 and 6 months (h = 69) and uterotrophic test. The disruption of
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ovarian cyclicity observed in this study is supported by the studies of Patisaul et al., 2009 (Patisaul,
2009) and Nikaido et al., 2004 (Nikaido, 2004).

The Patisaul et al., 2009 study (Patisaul, 2009) (ranked 1* by the working group) conducted
subcutaneously in Long Evans rats and ranked 1* by the working group, mentions a disruption of
the estrous cycle with elongation of the estrus. This effect was not the subject of a very extensive
description in the publication and the gap between the two doses tested is too significant (factor
1000). These findings led ANSES not to accept this study for the HRA. However, it should be
noted that this result is consistent with the data of Rubin et al., (Rubin, 2001).

The Signorile et al., 2010 (Signorile, 2010) study conducted subcutaneously in adult Balb-C mice
(n = 6 females/dose group) and ranked 2 * by the working group confirmed the appearance of
ovarian cysts with a LOAEL of 100 pg/kg bw/day and of endometrial hyperplasia with a LOAEL of
1000 pg/kg bw/day. This study includes two exposure doses: 100 and 1000 pg/kg bw/day in
addition to the control group. Six pregnant mice per dose group were exposed from GD1 until
PND7. This study did not follow the OECD guidelines or GLP. Nevertheless, precautions have
been taken in this study in order to reduce contamination due to the material used in this
experiment. In particular, drinking water was delivered in glass bottles and measurements with the
E-Screen assay conducted in order to monitor potential leaching of estrogenic compounds from
used plastic cages or the litter boxes used. The Mouse Chow food delivered to the animals was
also controlled with the E-Screen test showing weak estrogenic activity. The BPA used presented
an analytical purity greater than 99%. In addition, in order to minimise any effect, after birth, the
young were grouped, by gender and then redistributed to mothers treated at the same dose level
as the surrogate mother, 5 females and 5 males per mother. Female offspring were examined at 3
months of age (h = 20 per dose group). The study protocol is well described and many critical
points in relation to the female reproductive system have been investigated: macroscopic and
microscopic examination of the ovaries and of the endometrium. The results of this study are
confirmed by (Mendoza, 2010) showing endometrial hyperplasia.

The Newbold et al., 2007 and 2009 studies (although less well ranked 1*) (Newbold, 2007;
Newbold, 2009), appear particularly relevant. These were conducted with 3 or 4 doses and confirm
the identification of ovarian cysts at low doses with a NOAEL of 10 pg/kg bw/d (see Newbold,
2007) subcutaneously, after a treatment from PND1 to PND5 and a LOAEL of 1 pg/kg bw/d from
GD9 to GD16. These studies assess the impact of treatment with BPA on the frequency of the
appearance of genital tract abnormalities. The groups included 14 to 16 animals and the frequency
of these abnormalities remained relatively low, conditions which make the statistical analysis and
interpretation very difficult. This study does not, therefore, allow the nature of the dose-response
relationship to be assessed under satisfactory conditions. The only result that can be interpreted
without too much uncertainty concerns the overall appearance of anomalies in the reproductive
system, all diseases combined, with a LOAELnm of 0.1 pg/kg/d subcutaneously.

On the basis of this analysis, the Rubin et al., (Rubin, 2001) and Signorile et al., 2010 (Signorile,
2010) studies are proposed for the HRA on BPA for the effects on the female reproductive system.
The NOAELs / LOAELSs selected for the HRA are reported in the summary table below:

Table 21. NOAELs/ LOAELs selected for the HRA on BPA for its effects on the female
reproductive system

Reference Critical effects NOAEL/LOAEL Metho_d _ _ of | Period of
observed administration/Species exposure
: . Increase in the
(Signorile, occurrence of | LOAEL 100 pg/kg/d Sub-cutaneous GD1-PND7
2010 ) - Balb-C Mice
ovarian cysts
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(Signorile, Endometrial NOAEL 100 pg/kg/d / | Sub-cutaneous GD1-PND7

2010 ) hyperplasia LOAEL 1000 pg/kg/d Balb-C Mice

Rubin. 2001 Disruption of | NOAEL 100 pg/kg/d Orally vaEa6nin o_f
’ ovarian cycles LOAEL 1.2 mg/kg bw/c | Sprague Dawley Rat young 9

Recent studies on the effects on the female reprodu ctive system:

The studies published after adoption of the report on the health effects of BPA concerning the
effects on the female reproductive system result in a collection of converging data indicating that
developmental exposure (in utero in the mouse and the monkey and early post-natal in the ewe) at
low doses could be the cause of disruptions of the meiotic processes in the female and early
follicullogenesis which could potentially lead to a reduction in the follicular reserve. The functional
consequences of such changes to the reproductive life of the adult remain to be assessed.

Furthermore, a certain number of studies have recently reinforced the effects previously identified
as proven in animals: disruption of the hypothalamo-hypophyseal gonadotrophic axis, histological
changes and acceleration of the puberty process during early neonatal exposure.

Selecting benchmark doses

The Signorile et al., 2010 study (Signorile, 2010) in Balb-C mice after exposure in utero and before
weaning to BPA (mothers treated with 100 and 1000 pg/kg bw/d subcutaneously) is associated
with an increase in the incidence of cystic ovaries and endometrial hyperplasia.

The Rubin et al., (Rubin, 2001) study, conducted orally with administration of BPA in drinking water
(2 and 10 mg/L) in Sprague-Dawley rats, showed notable disruption of ovarian cyclicity. The
animals in the group treated with the higher dose (1.2 mg/kg bw/day) showed a high proportion of
cycle irregularity, with only 21% of animals with regular estrous cycles versus 80% in the controls.
These results are supported by the studies of Patisaul et al., 2009 (Patisaul, 2009) and Nikaido et
al., 2004 (Nikaido, 2004).

In conclusion, on the basis of the study by Rubin et al., (Rubin, 2001), an oral NOAEL of 100
pa/kg bw/d and a LOAEL of 1.2 mg/kg bw/d for the disruption of ovarian cyclicity for a treatment
from GD6 until weaning is identified and on the basis of the Signorile et al., 2010 (Signorile, 2010)
study by subcutaneous route, a LOAEL of 100 pg/kg bw/d  is determined for the appearance of
ovarian cysts and a NOAEL of 100 pg/kg bw/d , for endometrial hyperplasia for a treatment from
GD1-PND7.

Other comments (uncertainties, confidence level, et  c.)

The Rubin et al., (Rubin, 2001) study shows certain limits:

- Statistical analysis using the offspring and not the litter as a statistical unit,

- Indirect estimate of the intake of BPA by animals on the basis of the animals’
water consumption,

- Only two exposure doses were used.

The Signorile et al., 2010 (Signorile, 2010) study shows the following limits:
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- Statistical analysis using the offspring and not the litter as a statistical unit.
However, in order to minimise any potential effect, the authors grouped the young
after birth and then redistributed them by dose groups.
- Only two exposure doses were used.
However, these results are supported by other studies such as Patisaul et al., 2009 (Patisaul,
2009) and Nikaido et al., 2004 (Nikaido, 2004) and Mendoza et al., 2010 (Mendoza, 2010).
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B.5.9.2. Effects on the mammary gland

B.5.9.2.1. Effects on the mammary gland (according to prior work undertaken by expert
assessment authorities)

According to the NTP-CERHR report, rodent studies have shown BPA to have an effect
following exposure by subcutaneous perfusion at doses ranging from 0.0025 mg/kg bw/d to 1
mg/kg bw/d during gestation and support an increased susceptibility to developing mammary
tumours (Durando, 2007; Murray, 2007) (NTP, 2008). Although these lesions were described
as pre-neoplastic no evidence was provided of their progression to invasive carcinoma. As a
result, it cannot be concluded that BPA carries a risk of breast cancer. Similarly, no effects
have been reported in rodents after exposure during adulthood.

The EU RAR report cites three studies referring to investigation for pre-neoplastic lesions. The
first study by Durando et al. (Durando, 2007) used Wistar rats exposed in utero between GD8
and GD23 to subcutaneous administration of 25 ug/kg bw/d (European, 2010). The study
showed that BPA disrupts the histological structure of the mammary gland and increases its
susceptibility to a carcinogen (N-nitroso-N-methylurea) administered 50 days after the end of
BPA treatment. The second study by Murray et al. (Murray, 2007) involved foetal exposure to
BPA (0.025 and 1 mg kg bw/d) which induced development of pre-neoplastic and neoplastic
mammary lesions. The last study cited by Colerangle and Roy (Colerangle JB, 1997)
assessed mammary gland growth in Noble rats treated subcutaneously with 0.1 and 54 mg/kg
bw of BPA. The authors found a significant increase in conversion of immature into mature
structures, a reduced average number of terminal ductules and terminal buds and an increase
in the average number of lobules. The conclusions of the EU RAR report (EC, 2003) however
criticised these 3 studies because of their methodological limitations.

In 2010, the FAO/WHO expert panel deemed that the conventional carcinogenesis studies on
BPA in rodents using doses in the region of 75 to 150 mg/kg bw/d did not demonstrate any
effects or showed only very weak effects. The panel questioned, however, whether the
carcinogenic potential of BPA had been correctly investigated in these studies because the
animals were not exposed during the prenatal period. Some studies have shown that perinatal
exposure to BPA (at oral doses of between 10 and 250 pg/kg bw/d) can cause mammary duct
epithelial proliferation in the F1 generation. BPA exposure during specific susceptibility
windows may have an effect on the development of the mammary gland and make it more
susceptible to the development of neoplastic or pre-neoplastic lesions after exposure to potent
tumour initiators or promoters. These studies, however, have protocol weaknesses which limit
their interpretation. The expert panel also reported that a carcinogenesis study in rodents was
ongoing at the NTP in which oral exposure would begin from the foetal life period. This study
intends to monitor internal free and conjugated BPA levels (FAO/WHO, 2010) .

According to the INSERM report, many studies consistently show that foetal or perinatal
exposure to BPA changes the structure of the mammary gland in adulthood in rodents
(INSERM, 2010). The report cites the work by Vanderberg et al. (Vandenberg, 2008) which
reports an increase in density, branching and number of ducts and alveoli and terminal duct
hyperplasia in mice. It also cites the work by Markey et al. (Markey CM, 2001; in utero,
mouse), Munoz-de-Toro et al. (Munoz del Toro, 2005, in utero and neonatal, mouse), Murray
et al. (Murray, 2007) (foetal, rat), (Moral, 2008) (in utero, rat) which report accelerated
maturation of the adipose cushion, delayed lumen formation and increased density of terminal
duct structures.

INSERM describes studies in which exposure to BPA either was or was not shown to be
related to a risk of developing breast tumours (INSERM, 2010). The study by Murray et al.
(Murray, 2007) in animals suggested an increased risk of mammary tumours in rats. INSERM
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also describes studies showing increased susceptibility of mammary cells exposed in utero to
low doses of BPA to malignant change, notably the studies by Munoz-de-Toro et al. (Munoz
del Toro, 2005), Durando et al. (Durando, 2007), Wadia et al. (Wadia, 2007) and Jenkins,
2009 . INSERM, 2010 describes one published epidemiological study by Yang et al. (Yang,
2009 ), which found no clear difference in blood BPA concentrations between cases (women
diagnosed with breast cancer) and controls. INSERM ultimately concluded that although the
data in rodents appeared to be convincing there was at present no study demonstrating BPA
to have any developmental effects in humans.

B.5.9.2.2. Effects on mammary glands in Humans

Breast cancer

Reference | Study Study BPA Analytica | Adjustment |Results / discussion Study quality

Article type population |measure |l method |s

title ment

(Yang et|Age- Study Blood HPLC/FD |Age: Yes | Results: Studies not

al., 2009) |matched population: | (free and (age No significant | into consid

Effects of | cross- general conjugat matching difference in  blood|since they

bisphenol |sectional |population |ed BPA) and concentrations of BPA|major

A on breast | study (women) adjustment) |between the cases and | methodologica

cancer and Conjugat Sex: NA controls. limitations

its risk N=70 cases|ed BPA Medication:

factors (women with |used as no This  study
breast a Tobacco: excluded fol
cancer) and | biomarke yes following reasc
82 controls |r (blood BM: yes - The populatic
- The | stored in Other is difficult to
population | Eppendo contaminant as the ex
size is|rf tubes s: No difference is sr
difficult  to|for over Other: age - blood sz
assess as|10 years) at stored in Epr
the menopause tubes for ov
expected years,
difference is - population re
small in 1994-97,

- BPA analyse

in the blood (x
specifying whe

was total blc
plasma) in a
sample

- No |
sampling.

Only one epidemiological study has examined the relationship between BPA exposure and the risk
of breast cancer (Yang, 2009). In this cross-sectional study, 152 Korean women (70 cases with
breast cancer diagnosed between 1994 and 1997 and 82 controls recruited in the same hospital,
matched for age) completed a questionnaire and had a blood BPA measurement (the biomarker of
exposure used was the conjugated form). BPA levels did not differ between the cases and controls
(p=0.42).
The major methodological limitations of this study, such as lack of statistical power (low
numbers), undetectable BPA in half of the subjects with no details about any possible
differences between cases and controls, a non-standardised questionnaire inappropriate for
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the question being asked (measurement of BPA, a substance which does not persist, after the
diagnosis of breast cancer), prevent any conclusions being drawn about the association
between BPA and breast cancer.

Conclusion in humans:
In conclusion in humans, the only study available does not enable a conclusion to be made on the
link between BPA exposure and breast cancer.

B.5.9.2.3. Effects on mammary glands i n animals

In most of the reproductive toxicology studies performed with females exposed in utero to BPA, it
can be seen that either the authors did not analyse the mammary glands or the histological
examinations were not suitable for showing carcinogenic effects. Also, studies analysing
reproductive toxicity did not follow the animals for long enough after prenatal exposure to detect
carcinogenic effects in adulthood.

Prenatal and perinatal exposure
Several in utero studies showed neoplastic and non-neoplastic effects on the mammary glands.

Munoz de Toro et al. looked at the extent to which perinatal exposure to BPA between GD9 and
PND4 in CD-1 mice was able to induce a change in mammary gland development in F1s (Munoz
del Toro, 2005 ). Using an Alzet osmotic pump, the authors exposed the mothers to
concentrations of 25 and 250 ug of BPA/kg bw/day (BPA diluted in 50% DMSQO). The mammary
glands were sampled then analysed at 30 days. The analyses show that perinatal exposure to
BPA significantly increases the response to oestrogens by increasing the number and size of
breast buds and increases the expression of progesterone receptors. The authors suggest that this
increase could be a precursor to an increase in the secondary branching of mammary ducts
observed at 4 months and a significant increase in the percentage of mammary alveoli at the age
of 6 months. Consequently, these correlations suggest that exposure to BPA in particular
increases susceptibility to the development of cancer in the mammary glands.

In 2007, Murray et al. examined the extent to which prenatal exposure to BPA is sufficient to
induce the development of preneoplastic lesions in the mammary gland in the absence of any
additional carcinogenic treatment. They exposed pregnant Wistar-Furth rats to doses of 2.5, 25,
250 and 1000 pg/kg bw/day between GD9 and PND1 using an Alzet osmotic pump (Murray, 2007
). The anatomical and histological observations were made in females at puberty (PND50) and on
PND95. The results suggest that prenatal exposure to BPA significantly increases the number of
hyperplastic ducts in the mammary gland for all doses at puberty (PND50), whereas on PND95 the
incidence of hyperplastic ducts is not significantly greater than that of the controls at the lower
dose of 2.5 pg/kg bw/day. On PND50, the authors observed 1 case in 4 of CIS at the two BPA
doses of 250 and 1000 pg/kg bw/day (1/4 at 250 pg/kg bw/day and 1/4 for 1000 pg/kg bw/day) and
report that this incidence “increased” on PND95 with an incidence of 2 cases in 6 (non significant
difference). The structures observed were of the “cribriform” type regarded as intraductal
carcinomas (CIS) according to the criteria described by two authors (Russo, 1996 ) (Singh, 2000
). In both rodents and humans, intraductal hyperplasia is regarded as a precursor of CIS (Singh,
2000 ). Several methodological limitations must be noted: the small number of animals used and
the lack of information about the incidence of CIS in the controls. No investigation was made after
PND95. It should be noted that the strain of rat used is very sensitive to chemical carcinogens.

Vandenberg et al. published two articles in 2007 and 2008 about the mammary gland and BPA
(Vandenberg, 2007 170 ;Vandenberg, 2008 ). In the first study of 2007, a single concentration of
250 ng of BPA/kg bw/day administered by continuous infusion from a subcutaneous pump was
used between days GD8 and GD18 in CD-1 mice aged 8 weeks. In the foetus on GD18, BPA
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altered the general organisation of the mammary gland for all the morphological criteria studied. To
validate these observations, these same authors performed a second study in 2008, in which mice
were exposed to BPA (0, 0.25, 2.5 and 25 yg BPA/kg bw/day) from GD8 to PND16. The authors
studied the characteristics of the mammary glands of the neonates at 3, 9 and between 12 and 15
months after birth. The results confirm the previous observations according to which exposure to
BPA alters the morphology of the mammary glands in adult mice. The effects observed are
hyperplasia, with the appearance of “polished” ducts with all doses of BPA at 9 months, but not at
12-15 months. The question of the reversibility of these effects was raised by the authors in their
conclusion.

Doherty et al. propose a new mechanism to explain the effects of endocrine disrupters on
mammary development (Doherty L, 2010). These authors exposed pregnant CD-1 mice to 10 ug of
BPA/kg bw/day between GD6 and GD21. In utero exposure to BPA produced an increase in the
expression of the histone “enhancer of zeste homologue 2" (EZH2), which suggests that BPA
could be involved in the development of mammary lesions in adults. Expression of EZH2, a risk
biomarker which is said to be involved in the development of breast cancer, was assessed 6
weeks after birth. It should be noted that this protein is involved in stem cell renewal and is said to
be activated by the mutant BRCAL gene (Kunju LP, 2011). Durando et al. performed a prenatal
study in Wistar rats exposed to 25 ug of BPA/kg bw/day by subcutaneous infusion between GD8
and GD23 (Durando, 2007 ). The low doses of BPA produced ductal hyperplasia, desmoplasia
and the presence of mastocytes in the stroma, which suggests an increased risk of developing
cancer, even 50 days after the end of exposure to BPA. This is in perfect agreement with other
published results quoted above.

Moral et al. exposed female Sprague-Dawley rats to 25 or 250 ug of BPA/kg bw/day by gavage
from GD10 to GD21 (Moral, 2008 ). The female neonates were sacrificed and the mammary
glands sampled on PND21, 35, 50 and 100 to observe the morphological changes, and to assess
gene expression and the cell proliferation index. An increase in the number of undifferentiated
epithelial structures and changes in gene expression were observed. The results suggest that the
effects on the mammary gland depend on both the dose and the period of exposure and that BPA
affects the susceptibility of the mammary gland to undergo changes towards undifferentiated
structures.

Betancourt et al. studied the susceptibility to developing a mammary gland tumour after in utero
exposure to BPA followed by postnatal exposure to a carcinogenic agent (dimethylbenzanthracene
= DMBA) (Betancourt, 2010). The authors mention that the changes in the mammary glands are
not accompanied by clinical signs such as premature vaginal opening or a variation in oestrogens
and progesterone, which would, according to the authors, indicate that the changes are epigenetic
alterations acting directly on the target organ. The highest dose of BPA (250 ug/kg bw/day)
increased the incidence of breast tumours and changed the window of the mammary gland’s
susceptibility to DMBA, which moved from PND50 to PND100. In addition, the authors made a
proteomic analysis in female rats treated by gavage with doses of 25 or 250 ug/kg bw/day of BPA
during gestation (GD10-GD21) (Betancourt, 2010). The change in the expression of certain
proteins that regulate cell proliferation which was observed on PND21 (weaning) and PND50
(puberty) could increase the susceptibility of the mammary gland to tumour development.

A study by Wadia et al. sought to show whether perinatal exposure to BPA between GD8 and
PND2 could induce mammary gland sensitivity to oestradiol in adulthood in CD-1 and C57B16
mice (Wadia, 2007). The authors wanted to compare the sensitivity of each of these 2 strains of
mice. Pregnant mice were exposed to 250 ng of BPA/kg bw/day from GD8 to PND2. On PND25
the neonates were ovarectomised, implanted with an oestradiol pump, exposed to concentrations
of 0.5 or 1.0 ug of E2/kg bw/day for 10 days and sacrificed on PND35. The 2 strains showed a
similar response. However, perinatal exposure to BPA altered several parameters in the 2 strains,
and these effects were slightly more pronounced in the CD-1 strain. The results suggest that
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perinatal exposure to BPA alters the response to oestradiol at puberty in both strains, even though
the effects are more pronounced in the CD-1 mice.

Postnatal and/or pubertal exposure

Only a few recent studies look at postnatal exposure. The study of Jenkins et al. shows that female
rats whose mothers were treated with BPA at a dose of 25 and 250 ug/kg bw/day during lactation
(PND2 to PND20) develop more breast tumours and show a reduction in the latency period until
the onset of those cancers after treatment by gavage on PND50 with a carcinogen,
dimethylbenzanthracene (DMBA) (Jenkins, 2009). The type of tumours is not specified in the
article. The highest dose of BPA produced an increase in cell proliferation and a reduction in
apoptosis in the mammary glands on PND50 (but not on PND21) combined with overexpression of
the proteins regulating cell proliferation. The time to the appearance of the tumours was
significantly shorter in the group exposed to the highest dose. The authors conclude that BPA
plays an amplifying role in the onset of mammary tumours after exposure to DMBA in the female
offspring. This suggests that the effect of BPA could act via epigenetic mechanisms. This mode of
action was recently demonstrated by (Yang, 2009).

Jones et al. assessed the impact of the loss of the function of the BRCA1 gene on cell proliferation
induced by BPA (Jones LP, 2010). This study is open to criticism and interpretation of the results is
difficult. It is a mechanistic study which cannot be used directly for the assessment of risk. Another
study, that of Colerangle and Roy, assessed the growth of the mammary gland in female Noble
rats treated subcutaneously with BPA at doses of 0.1 and 54 mg/kg bw/day (Colerangle JB, 1997).
They noted a significant increase in the conversion of immature structures into mature structures, a
reduction in the number of ductal buds and an increase in the mean number of lobules. The
authors also noted an alteration in the cell cycle which was said to be an important factor in the
development of genetic instability such as nucleotide errors in the synthesis of DNA.

Exposure in adulthood

As reported in the NTP study report, a study of carcinogenesis via the oral route in female rats
(BPA: 74 and 135 mg/kg bw/day) and mice (BPA: 650 to 1300 mg/kg bw/day) did not show any
neoplastic or non-neoplastic effect on the mammary gland (NTP, 1982).

Table 22. Studies examining the effects of bisphenol A on breast cancer: summary table

| Reference | Species/ | Route | Dose | Effects
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strain Exposure period NOAEL/LOAEL
Effects observed :
- In utero exposure to 250 pg/kg of BPA
associated with a single exposure to
DMBA at 100 days postnatally (but not on
PND50), produced an increase in the
incidence of mammary tumours and a
shorter latent time compared to the control
group.
- Without DMBA , an increase in cell
0 — 25 - 250 pg BPA/kg prollfgratlpn and overexpression Qf some
proteins involved in cell proliferation was
FO: Exposure in mothers to g:kr)i?i?:gllegf.fect'
Sprague- BPA from GD10 to GD21 | =~ — = —
Betancourt, ; - Amplification  of breast tumour
Dawley Oral followed by single dose of .
2010 development (number/rat and time to
Rats DMBA on PND50 or X
occurrence) in a DMBA model
PND100 ; L .
- Expression of proteins involved in cell
. proliferation
F1. exposure not checked - Changes in proteins which influence cell
proliferation on PND100 (250 ug/kg)
- ERa, PR-A, Bcl-2, steroid receptor
coactivators, (SRCs), EGFR, IGF-1R, and
phospho-c-Raf.
Doses are not known in the offspring and
are possibly less than:
NOAEL 25 ug/kg bw/d
LOAEL 250 pg/kg bw/d
7 phospho-AKT,
2 c-Raf, phospho-ERKs-1 and 2,
0 —25- 250ug BPA/kg N TGF-B in breast tissues at 50 days
Betancourt, GD10 - GD21. postnatally . .
Rats Oral Important  signalling pathways  are
2010 Female descendants were .
i disrupted by BPA.
humanely killed on PND21 .
Prenatal exposure to BPA results in
and PND 50. . . . S
deterioration of expression of proteins in
breast glands postnatally.
) 0 - 10 pg/kg-5 m/kg 7 histone H3 trimethylation
zDgrgrty L CD1 Mice Inetll:ftloneal 2 of EZH2 (2X) expression in mammary
P GD9 to GD26 tissues compared to the control
2 proliferation/apoptosis ratio
Female Sub- 25 ug/kg 2 ductal hyperplasia
Durando, 2007 Wistar rats cutaneous 7 sign of desmoplasia
pump GD8 to GD23 7 neoplastic lesion
No NOAEL/LOAEL
0 - 25 and 250 pg/kg bwi/d,
5 d/week
Female Administered to lactating
Sprague mothers from PND 2 to | 2~ tumour incidence at high dose
Jenkins, 2009 Dgw|ge at | Oral PND 202 (equivalent to 15 | NOAEL 25 pg/kg bw/d
UDS y administrations/mother). LOAEL 250 pg/kg bw/d
pup The female baby rats were
treated with a single dose
of DMBA on PND50.
Difficult to interpret (transgenic mice)
Jones LP, BRCAL Sub- BRCAL deletion followed by BPA exposure
deleted cutaneous | 250 ng BPA/kg bw/d - )
2010 ; stimulates mammary glands leading to
mice pump .
hyperplasia compared to the control
Increase in the number of undifferentiated
epithelial structures (TEB and TD).
No effects on proliferation;
25 et 250 ug/kg pc !
Moral, 2008 Sprague- Gavage BPA exposure thanges the gene
Dawley rats expression signature:

GD10 a GD21

- altered gene expression, maximal at 100
d with the high dose (genes up-modulated
at the two doses, including a cluster related
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to immune response; underexpressed
genes including differentiation-linked genes
at high dose).
- At low dose, the expression profile is
changed most at 50 d.
Sub- 25 - 250 ng/kg bw »
"\I{lcter)OZZOOS o CD1 mice cutaneous | dissolved in DMSO 7 Lispp;gg:%;ooc;%srgggsetr;one receptors
' pump GD9 to PND4 )
2 number of intraductal hyperplasia in
mammary gland at all doses (more
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B.5.9.2.4. Recent studies (2011-2012) on the effects on the mammary gland

Several in vivo experimental studies have recently supported the choice of critical effects
used: effects on the terminal buds and terminal canals in the mammary gland during
development in the monkey, development of intracanal hyperplasia, and increased sensitivity
of the mammary gland to carcinogens (NMU, DMBA) following prenatal exposure in the rat
and the mouse. The development of neoplasic-type lesions with BPA alone is not always
solidly backed up (Durando, 2007).

Summary articles on BPA highlight the vulnerability of the developing mammary gland to
environmental agents as well as the inadequacy of the methodologies in standard toxicology in
demonstrating the morphological changes, focusing in particular on the undifferentiated
structures (terminal buds and terminal canals). The studies available are difficult to compare
due to the different analysis methodologies used. The study by Tharp (Tharp, 2012) has
enabled the similarity of the effects on the terminal buds and terminal canals of the mammary
gland during development between rodents and non-human primates to be demonstrated.
However, the links between the morphological changes to the mammary gland and the
functional (lactation) and lesional (tumours) consequences are not presently established, and
require more in-depth research. A study in 2012 showed the impact of BPA on both the
morphological development of the mammary gland and on lactation (Kass, 2012), while
another study did not demonstrate changes to the post-natal development of the mammary
gland preceding the increase of tumours induced in the DMBA after prenatal exposure to BPA
(Weber, 2011).

Conclusion in animals:
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In animals, although the studies are somewhat heterogeneous, some of the effects observed
converge for the following critical effects:

accelerated structural maturation of the mammary gland at adulthood, as a result of prenatal
or perinatal exposure to BPA, is a recognised effect in animals ;

development of intraductal hyperplastic lesions from perinatal or prenatal exposure to BPA is a
recognised effect in animals

development of neoplastic lesions (CIS: intraductal carcinoma in situ) after perinatal exposure
to BPA is a suspected effect in animals

increased susceptibility of mammary glands to develop subsequent mammary tumours
(following co-exposure with a carcinogen) from prenatal or perinatal exposure to BPA is a
suspected effect in animals

Selecting the critical effect

The effect of BPA on the mammary gland and on the risk of increased susceptibility during
subsequent exposure to a carcinogen has been selected for the risk assessment (see studies
presented hereabove).

At the end of this analysis, we firstly retained the effects considered "proven™ in animals, namely:
The architectural changes to the mammary gland in a  dulthood in connection to pre - and
perinatal exposure;

The development of ductal hyperplastic lesions in connection to pre- or peri-natal exposure

In addition, the studies showing the development of neoplastic-type lesions (CIS; ductal
carcinoma) or even an increase in the likelihood of mammary glands subseq uently
developing mammary tumours  (during co-exposures to a carcinogenic agent) may be taken into
account insofar as these effects, although deemed "suspected” in animals, are part of a continuum
of effect. The dose level at which these effects are observed will also be taken into consideration in
order to determine the most appropriate NOAEL/LOAEL.

The NOAEL/LOAEL resulting from these studies are represented in the figure below.

Figure 12. BPA effects on the mammary gland
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250ng | . Vandenberg 2007b SC LO(A)EL, = 250 ng/kg/j GD8-GD18
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2005 SC LO(A)EL | LO(A)EL = 2,5 | (tube feeding) | VO NOAEL = 25 | NO(A)EL = 25| SC LO(A)ELu =

= 25 ng/kg/d GD9 - | pg/kg/d GD9 - | NO(A)JEL = 25 | pg/kg/d GD10 - | pg/kg/d GD9 - | 250 ng/kg/d GD8 -
PND4** PND1** pg/kg/d GD10 - | GD21** PND1** GD18*

GD21**

Vandenberg 2007b

Durando 2007 SC

Jenkins 2009 VO

SC LO(A)ELUu = | LO(A)EL, = 25 NOAEL = 25
250 ng/kg/d GD8 - | pgkg/d GD7 - pg/kg/d PND2 -
GD18* GD22 PND20*

Vandenberg 2008
SC LO(A)EL = 250
ng/kg/d GD8 -
PND16**

Selecting the key study

All of the studies evaluated in this dossier have been rated. The studies deemed to be of good
guality were considered first. A way of representing the identified NOAELsS/LOAELs graphically
was developed (see figure hereabove) in order to help with the selection process.

Studies showing the development of neoplastic -type lesions (CIS; ductal carcinoma) — Murray
et al., 2007 (Murray, 2007) study conducted subcutaneously or even an increase in the

likelihood of mammary gl ands subsequently developing mammary tumours during co-
exposures to a carcinogenic agent, (Jenkins, 2009 and Betancourt, 2010, conducted orally) are
identified as key studies because, even though these effects are considered suspected and not
proven in animals, they are considered of particular concern given their relevance to humans.

Selecting the benchmark doses
The benchmark doses were based on a set of studies as no one study was robust enough to be
identified as a critical study on its own.
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Concerning the effects deemed "suspected"” in animals , namely induction of CIS and promoting
tumour effect in the presence of an initiator, a NOAEL/LOAEL couple of 25 / 250 pg/kg bw/d was
identified:

* Orally : NOAEL/LOAEL of 25/250 pg/kg bw/d based on a promoting tumour effect
in the presence of an initiator after postnatal exposure (Jenkins, 2009) and
prenatal exposure (Betancourt, 2010).

» Subcutaneously : NOAEL /LOAEL of 25/250 pg/kg bw/d based on the induction of
CIS after prenatal exposure (Murray, 2007),

With respect to the effects deemed "proven in animals® , it was deemed to consider the
architectural changes of the mammary gland for the HRA (see Moral et al. (Moral, 2008)) study
and ductal hyperplasia (see the Murray et al., 2007 study; (Murray, 2007):

- Modification of the architecture of the mammary gland: identified NOAEL of 25 pg/kg/d in
prenatal, orally in rats considering the most relevant structures for carcinogenesis (TEB
and TD). The NOAEL/LOAEL couple of 25/250 ug/kg/d is therefore selected on the
basis of the Moral study, conducted orally in rats. (Moral, 2008).

- Ductal hyperplasia induced subcutaneously in rats during prenatal exposure Murray et
al., 2007 (Murray, 2007): LOAEL of 2.5 pg/kg/d. The NOAEL is not identifiable in this
study. In mice, these hyperplasia were observed at even lower doses, namely 0.25
ng/kg/d (Vandenberg, 2008), during pre and postnatal exposure.

Among the "proven” effects, ductal hyperplasia are the effects observed at the lowest doses and
are therefore the most sensitive effects. According to Russo, 1996 intra-ductal proliferations (or
IDP) are ductal hyperplastic-type lesions which are part of a continuum of effect during a process
of induced carcinogenesis. These lesions appear on the periphery of the mammary gland or
dispersed depending on the carcinogen (DMBA or NMU). Furthermore, ductal hyperplasia are
considered precursors of ductal carcinomas in rodents and in humans (Singh, 2000).

According to Moral et al., (Moral, 2008), the increase in the number of undifferentiated
epithelial structures is associated with an increase in the likelihood of mammary gland tumour
transformation. In addition, terminal buds (TEB) then the terminal ducts (TD) are considered
the structures most sensitive to mammary carcinogens (Medina, 2007; Russo, 1996). The
response to exposures to carcinogens is greater when exposure occurs during puberty or
adolescence, the period when the TEBs are still numerous. Therefore, the increase in the
number or persistence of the TEBs proliferating is considered of particular concern (see
Birnbaum, 2003; Rudel, 2011; Fenton, 2006). Thus, the effect on the TEB seems most
relevant for assessing sensitivity to carcinogens. This effect on terminal buds (TEB) was
observed in non-human primates (Tharp, 2012), orally in a single dose of 400 pg/kg/d
prenatally. The study on primates confirms the previous work carried out on rodents.

At the end of this analysis, it was retained ductal hyperplasia and the effects on the
architecture of the mammary gland, including effects on terminal ducts (TD) and the terminal buds
(TEB) as critical effects for the HRA. For effects on these undifferentiated epithelial structures (TD
and TEB), the Moral study (Moral, 2008) led to a NOAEL of 25 pg/kg/d , orally and a LOAEL of
250 ug/kg/day.

Thus, the NOAEL/LOAEL couple of 25/250 pg/kg/d orally, identified for the effect on the
architecture of the mammary gland (TD and TEB) converges with that identified for the two
other suspected effects, which means that these effects can be considered in the HRA.
Moreover, the effects on ductal hyperplasia leads to a LOAEL of 0.25 pg/kg/d subcutaneously
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in mice (Vandenberg, 2008) during pre and postnatal exposure and to a LOAEL of 2.5 ug/kg/d
subcutaneously in rats during prenatal exposure (Murray, 2007).

Other comments (uncertainties, confidence level, et  c.)

As previously indicated, no study seemed robust enough to be identified as a critical study on its
own. Previously identified uncertainties may be linked to the limited number of animals investigated
in some studies (for example, the studies by Murray et al., (Murray, 2007 ) or by Tharp et al.,
(Tharp, 2012 ), or imprecision in the reporting of the data (for example, the Jenkins et al. study,
(Jenkins, 2009 ).

The issue of the "adverse" nature of this type of effect was the subject of a discussion at the
"Mammary Gland Evaluation and Risk Assessment Workshop, USA, November 16 and 17
2009" for which the proceedings were published by Rudel et al., (Rudel, 2011 ). The principal
findings of the working group are listed in the table below. This group believes that the effects
on the mammary gland are "adverse" effects because they represent alterations in growth and
development which are likely to pose a risk for lactation and/or cause carcinogenic effects.

The limits of toxicological studies covered by current OECD or US EPA guidelines were
discussed in (Makris, 2011). The analysis by Makris (2011) highlights the absence of a
histopathological examination adapted to the mammary gland in the current guidelines (US
EPA, OECD, etc.). Moreover, the pre-natal period is not covered in the current exposure
patterns in general toxicology with the exception of the recommendation made recently by the
NTP, 2010 to carry out perinatal treatment during the 13 week and 2 year studies in rats.
Furthermore, when an examination of the mammary glands is carried out, it is not carried out
during the development phase of the mammary gland but in adulthood and preferentially in the
female whereas the mammary gland in the male can be particularly susceptible to
developmental disruption (see data reported by Rudel, 2011). Thayer and Foster, 2007
(Thayer, 2007) also recommend establishing experiment protocols including a treatment of
animals during gestation and covering also the period of puberty.

Table 23. Conclusions of the “Mammary Gland Evaluation and Risk Assessment Workshop,
USA, November 16 and 17 2009" from Rudel, 2011

Priority issues for the

application of the risk Current opinion Pending issues

assessment

Are rat and mouse models | Current knowledge suggests that rats and | Lack of information on pubertal
suitable  for evaluating the | mice are reasonable surrogates. development in  humans; the
development of the mammary mechanisms involved may differ

gland in humans?

depending on the species.

What is the sensitivity of the
developmental effects on the
mammary gland?

In certain studies, exposures in utero lead
to developmental effects at similar or even
lower doses compared to the doses
required to cause effects on reproduction
or development for other systems or
organs.

A few studies have assessed the
effects on the development of the
mammary gland and other critical
effects "specific to  endocrine
disruptors”; there is a lack of human
data to assess the dose-response
relationship as well as a lack of
standardised protocols to evaluate
the effects on the mammary gland as
well as the related assessment
criteria.

Are the development changes to
the mammary gland harmful
effects?

The effects on the mammary gland are
considered to be harmful because they
have an impact on growth and
development and can alter lactation and/or
cause carcinogenic effects.

Definitions of the harmful character of
a very different effect; depending on
the context and the scientific
discipline.
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Uncertainties are raised as to the relevance of using the results of the studies on rodents (see
Thayer, 2007).

Fenton et al., (Fenton, 2006) recalls the basis of the analysis of the mammary gland and the
interest of using the rodent model for the assessment of the effects on the mammary gland in
humans. This author points out that induced mammary tissue tumours in rats are tumours that are
similar to those observed in humans and that the sequence of development of the mammary gland
in rodents and in humans are similar (see the table below) with a few exceptions. Although the
incidence of mammary tumours in female F344/N rats, specifically fioroadenomas, is higher
compared to the mouse, Thayer and Foster (Thayer, 2007) considers the rat model more suited to
detecting the carcinogenic potential on the mammary gland. In addition, according to Rudel (Rudel,
2011), the rat is a better model than the mouse for the mammary gland.

Table 24. Summary of the stages of development of the mammary gland tissue in humans and
rodents

Development stages Female Rodent
Mammary ridge EW 4-6 GD10-11 (mice)
Formation of mammary epithelial | EW 10-23 GD 12-14 (mice) - GD 14-16 (rat)
bud
Formation of the areola and the | EW 12-16 GD 18 (mice) - GD 20 (rat)
mammary papilla
Ramification and formation of milk | EW 20-32 GD16 - birth (mice) — GD 18 at
ducts birth (rat)
Possible secretion EW 32-40 Birth (hormonal stimulation)
Isometric duct development From birth until puberty From birth until puberty
Presence of TEBs (peripuberty) 8 to 13 years of age in girls PND 23-60 (rat)
Formation of lobular units EW 32-40 or during the 15 or 2™ Puberty and adulthood

year of the 1st menstrual cycles.

EW: Embryonic Week
GD: Gestation Day
PND: Post Natal Day
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B 5.10 Other effects

B.5.10.1. Effects on the brain and behaviour in unb  orn child
B.5.10.1.1 Previous assesments

According to the FAO/WHO, a prospective cohort study in humans (Braun, 2009) showed
changes in behaviour (aggressiveness, hyperactivity) in girls; this association was stronger
when urinary concentrations of BPA at the start of pregnancy were higher in the mothers. This
expert panel considers it a priority to undertake a prospective study in a large cohort using
several urinary measurements, particularly at the start of pregnancy (FAO/WHO, 2010). A new
study by Braun et al. confirming these results is under publication, according to this panel’s
conclusions. This study may also show a positive relationship between urinary concentrations
of BPA measured in mothers during pregnancy and anxiety observed in children, which has
also been reported in animals (Braun, 2011).

In animals, according to the expert panel that met in Chapel Hill in 2007 (Richter, 2007),
exposure to low doses of BPA in the critical period of development can have persistent effects
on cerebral structure and function, and on behaviour in rats and mice, including:

- Increased ERa and [ receptors in various brain structures in response to development
exposure (Ramos et al., 2003; Khurana et al., 2000; Ceccarelli et al., 2007; Kawai et al., 2007),

- Alteration of the hypothalamic-pituitary-thyroid axis (Zoeller RT, 2014),
- Effects on the cell signalling pathways,
-  Effects on cerebral structure.

In adults, the onset of such effects appears to require exposure to higher doses of BPA and
during a longer period.

According to the ECB (EC, 2010), more than 30 studies, including three on subcutaneous
exposure, have assessed neurotoxicity in animals (locomotive and exploratory activity, sexual,
cognitive, emotional, social, maternal behaviour, expression of genes and receptors and
immunotoxicity, etc.) but their protocols had limitations (small number of animals, inappropriate
statistical analysis, results and methods reported in insufficient detail, one single dose, etc.).
Therefore, confidence in the reliability of the results is limited and the observed effects lack
coherence.

The NTP-CERHR (NTP, 2008) has also expressed concern for humans ("some concern for
adverse effects") as to the effects on cerebral development and behaviour related to BPA.
According to the FDA (FDA, 2008), some studies suggest that exposure to BPA during
development may, in rodents, alter brain development and have the following effects:

- possible effects on brain development and sexual differentiation,

- alteration of endocrine function in offspring: reduced testosterone in males, altered levels of
thyroxine and genes responding to thyroxine, altered levels of retinoid receptors and thyroid
hormone receptor coactivators,

- modulation of monoaminergic neural pathway development after exposure during
development, suggested by significant changes in the behaviour of adult offspring.
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According to the OEHHA, these effects, and particularly those involving changes in maternal
behaviour, are consistent with BPA's oestrogenic potential; the statistical data analysis is
appropriate and the doses seem to be consistent with those encountered in human exposure
(around one pg/kg). The potential mechanisms of action behind developmental toxicity include
regulation of gene expression in the embryo, action at membrane oestrogen receptor sites,
and modulation of second messenger systems (OEHHA, 2009).

However, these effects at low doses remain controversial (NTP, 2008) (OEHHA, 2009) due to:
- the lack of study repeatability,

- doubts as to the relevance of the protocols used: a complete developmental neurotoxicity
study of BPA has not been not undertaken despite routine protocols being available,

- the relevance of the animal model and its extrapolation to humans: the relationships between
BPA exposure and neurological or neurodegenerative syndromes and behaviour in children
have not been explored,

- alack of consensus as to the harmful nature of the reported effects: for example, an observed
effect in foetuses, newborns or prepubertal animals has generally not been investigated in
adult animals to determine whether or not it is reversible and establish its level of severity.

AFSSA, in its Opinion of 29 January 2010 and the corresponding Annex (Afssa, 2010), analysed
several studies on the neurotoxic effects of BPA (Palanza, 2008; Nakagami, 2009; Stump, 2010;
Braun, 2009; Monje, 2009; Ryan, 2010) and considered that some of these publications, and
particularly those by (Nakagami, 2009) and Palanza et al. (Palanza, 2008), indicate alert signals
after in utero and postnatal exposure to doses lower than the one used to establish the TDI (Afssa,
2010; Afssa, 2010). The reported effects included, firstly, feminisation in the behaviour of male
offspring, and secondly, changes in exploratory behaviour and anxiety. However, other studies
were not considered to be alarming (Braun, 2009, Monje, 2009). The studies by Stump and Ryan
did not show effects at doses lower than 5 mg/kg bw/day.

EFSA considers that the data that are currently available do not provide sufficient proof that
BPA affects behaviour at doses lower than 5 mg/kg bw/day EFSA, 2010.

Lastly, the expert panel that met in 2010 under the leadership of the FAO/WHO considered
that exposure to BPA during development does not appear to affect the sensory organs,
spontaneous behaviour or female sexual behaviour in laboratory animals (FAO/WHO, 2010).
The available experimental data are not in favour of cerebral neuropathological effects after
oral exposure during gestation, at doses lower than 164 mg/kg bw/day (Stump, 2010).
Biochemical (monoaminergic, cholinergic, glutamatergic systems, etc.), morphometric and
cellular changes, in the anatomical regions involved in sexual dimorphism and in certain
neuroendocrine targets, have been reported after oral exposure during gestation to doses
lower than 5 mg/kg bw/day. However, these studies had methodological limitations, and the
observed effects had no functional equivalence, which means it is difficult to interpret them. On
the basis of the available data, this panel considers that effects related to anxiety and sex
differences in the brain, in both males and females, are potentially relevant critical effects in
humans, but supplementary studies are required to reduce these uncertainties.
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- by testing several ages,

Data in rodents and sheep suggest effects on the organisation of the hypothalamic-pituitary-
gonadal axis in females (>50 pg/kg bw/day for non-oral exposure) and its activity (>5 mg/kg
bw/day for non-oral exposure).

This panel's experts recommend undertaking studies to examine specific effects related to
stressful behaviour after exposure during pregnancy:

- by implementing various study protocols with several doses and in both sexes,

- by examining the functional impact of changes in cerebral sexual differentiation,

- by undertaking dose-response analyses of anatomical changes linked to cerebral sexual
differentiation.

B.5.10.1.2 Human data considered for the effect on brain and behaviour in unborn child in
the ANSES assessment

All the studies in humans available until 2011 on effects of BPA on the brain and behaviour are
presented below. More recent studies from 2011-2012 were also analysed and the result of this
analyse is presented in the conclusion but the studies are not detailed because they do not
contradict the obvious analyse of hazard assessment of BPA on the brain and behaviour.

Reference | Study Study BPA Analytica | Adjustments | Results / discussion Study que
Article title | type population | measur |l method
ement

(Braun et | Prospectiv | Study Urinary |HPLC/MS | Age: yes (age | Results: Positive | Study
al., 2009) e  cohort|population: |(in I MS of the mother) | association with | quality or
Prenatal study Mothers and | mothers Sex: NA externalising behaviour no
Bisphenol A their 2-year-|at 16 Medication: methodol
Exposure old children|and 26 NA Comments: limitations
and Early (included in|weeks Tobacco: yes |- no biological reliability
Childhood the Health|of BMI: NA - use of an existing
Behavior Outcomes | gestatio Other biobank (recruitment in

and n and at contaminants: | 2003)

Measures of | birth), yes — the samples were stored

the free for 4-5 years,

Environment | and *questionnaire

Study conjuga - no direct urinary BPA

programme; |ted measurements in children,

use of an|BPA

existing The study was the subject

biobank, of a highly critical analysis

recruitment (Human Data on Bisphenol

in 2003) A and Neurodevelopment

doi:10.1289/ehp.0901610)

N=249 whose comments are

mothers and clearly justified.

their 2-year-

old children

-> Sufficient

population

size

128



ANNEX XV RESTRICTION REPORT FORMAT

(Miodovnik | Prospectiv | Study Urinary | Not Age: yes | Results:
etal., 2011) |e cohort|population: |(in 404 |specified |(maternal age |No significant association
Endocrine study children mothers and exact age | was found between urinary
disruptors between the | betwee of the child|levels of BPA and social
and ages of 7|n the during the | impairment.
childhood and 9 years | 25" and examination) |BPA was positively
social 40" Sex: yes (sex |correlated with the severity
impairment N=137 weeks of children) of social impairment
children of Medication: (Social  Responsiveness
pregna no Scale), but this relationship
ncy) Tobacco: no |was not statistically
BMI: no significant.
Other
contaminants:
no
Other: urinary
creatinine  of
children,
marital status
on the follow-
up date,
education of
mothers, race,
IQ of mothers
and children

Study G
quality or
no

methodol
limitations

The study by Braun et al. describes epidemiological monitoring of mothers exposed to BPA and
their children at the age of 2 years (Braun, 2009). Exposure to BPA was determined by analysing
residues in the urine of mothers at around 16 and 26 weeks of pregnancy and at their children's
birth. Prenatal exposure to BPA was linked to externalised behaviours, especially in girls
(hyperactivity, multiple aggressions). These behaviours are usually dominant in boys and may also
be interpreted as increased anxiety in girls, and perhaps also in boys, but in the latter case they
could be confused with behaviours in boys linked to behavioural sexual dimorphism. Regarding
this study, Longnecker expresses reservations about absolute differences in the scores observed
for externalised behaviours associated with BPA, which cannot be determined using the sex-
standardised data presented in the study by Braun et al.(Braun, 2009); (Longnecker MP, 2009).
Thus, the size of the association with BPA in girls cannot be compared with the size of the male-
female difference. As such, it is impossible to know whether the girls developed masculine
behaviour or whether they still behaved like girls. It should also be mentioned that due to the
methodological limitations noted by AFSSA in its 2010 expert appraisal, the conclusions of the
study by Braun et al. were not taken into consideration (Afssa, 2010). Furthermore, AFSSA pointed
out that the authors concluded that BPA impacts behaviour on the basis of scores that fell within
the normal range of individual variation. For example, the highest mean score was 53.9 (standard
deviation of 1.3), whereas the score was normalised for the American population to a value of 50
with a standard deviation of 10. However, it should be noted that the FAO/MWHO experts consider
that replicating this study using a large cohort with several urinary measurements, particularly at
the start of pregnancy, is a high-priority research need FAO/WHO, 2010.

Miodovnik et al. studied the correlation between urinary levels of BPA and phthalates analysed
during pregnancy and the sociability of multiethnic urban children aged 7 to 9 years, in 137
children (Miodovnik A, 2011). Sociability was assessed using a Social Responsiveness Scale
(SRS) that contained 65 items. Urinary concentrations of low molecular weight phthalate
metabolites were associated with greater social deficits, with poorer social cognition,
communication and awareness. However, no significant association was found between urinary
levels of BPA and social impairment. BPA was positively correlated with the severity of social
impairment (Social Responsiveness Scale), but this relationship was not statistically significant.
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Thus, it was considered that the human data available to date are insufficient to reach a conclusion
on the effects of BPA on behaviour.

B.5.10.1.3 Data considered by ANSES in animals for brain and behaviour effect:

The available studies until 2011 are presented below: firstly on the effects of BPA on behaviour,
secondly on the effects on the cerebral development and then on the post natal exposure in
animals. Then, the most critical effects, the key studies and the selected dose are identified and
presented.

Effects on behaviour
Effects on exploratory behaviour

Changes in maternal, exploratory and emotional behaviour have been reported after in utero
exposure. The results obtained by Poimenova et al. show that BPA modifies the behaviour of F1
females born to mothers who were orally exposed to BPA at 40 ug/kg bw/day in their diet during
gestation and lactation (Poimenova, 2010). The F1 females had a sharp decrease in exploratory
behaviour and a deterioration of spatial memory, but this study had methodological limitations
(very small number of animals, one single dose, and number of animals not always specified in
each trial, etc.) (Table 25). The developmental neurotoxicity study by Stump et al., undertaken in
accordance with OECD guideline 426 (tests, histopathologic evaluations, etc.) and with GLP (Good
Laboratory Practice), established an NOAEL for developmental neurotoxicity effects at the highest
tested dose of 2250 ppm (164 mg/kg bw/day for gestation and 410 mg/kg bw/day for lactation)
(Stump, 2010). No effects on the exploratory behaviour of offspring were highlighted.

Effects on anxiety

Behavioural effects in mice were observed by Cox et al., in the F1 offspring of mothers exposed
during gestation (from E9 to the end of gestation) to doses of 50 mg/kg BPA administered in feed
corresponding to 8 mg/kg bw/day (Cox, 2010). In this study, the offspring were weaned, either with
their biological mother, or with a foster dam. The results show a clear increase in anxiety in the
offspring of mothers exposed to BPA. In general, the type of mother weaning the offspring
(biological mother versus foster dam) modified the effects of BPA. However, in order to be able to
properly interpret the studies by Cox et al., two additional procedures would have needed to be
undertaken: (i) newborns born to control mothers and fed by foster dams exposed to BPA and (ii)
newborns born to mothers exposed to BPA and fed by foster dams exposed to BPA. That said,
these results can be compared with those of Poimenova et al. which also show that BPA alters
behavioural coping to stress in a sex-dependent manner in F1 rats born to mothers which were
exposed to 40 pg/kg bw BPA daily during gestation and lactation (Poimenova, 2010). For example,
compared to males, F1 females exposed to BPA had increased anxiety and far lower exploratory
behaviour.

In the study by Tian et al. using 100 and 500 pg/kg bw BPA daily in mice, prenatal and postnatal
exposure (from GD7 to PND36) to BPA induces anxiolytic behaviour (at 100 pg/kg bw/day), unlike
the anxiogenic effect reported by Cox et al. at the dose of 8 mg/kg bw/day (Cox, 2010) (Tian,
2010). It remains to be known whether an 80-factor dose difference can explain the differential
anxiogenic/anxiolytic effects of BPA. Moreover, the studies by Tian et al. should be considered
with caution since the experimental groups of individuals contained only two mothers (Tian, 2010).
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Effects on behavioural sexual dimorphism

Exposure to BPA may result in a decrease or even loss of this dimorphism:
- inthe locus ceruleus (Funabashi, 2004; Kubo K, 2001; Kubo, 2003);
- in the anteroventral periventricular nucleus, but with inconstant findings (Patisaul,
2006; Patisaul, 2007; Rubin, 2006).

The lowest in utero or perinatal exposure doses that have shown such effects are 0.03 mg/kg
bw/day after oral exposure (Kubo, 2003), 0.000025 or 0.000250 mg/kg bw/day after subcutaneous
perfusion (Rubin, 2006) and 100 mg/kg bw/day after subcutaneous injection (Patisaul, 2006).

In 2009, Nakagami et al. undertook a study examining the effects of prenatal exposure to BPA in
monkeys by analysing infant-mother behaviour in F1 cynomolgus monkeys (Macaca fascicularis)
(Nakagami, 2009). The behaviour of male and female offspring was studied during the early
lactation period. The behavioural analysis in the offspring examined clinging to the mother,
environmental exploration, outward looking, proximity and social exploration. In general, for the
behaviours under study, the male F1 individuals behaved like females. After subcutaneous
administration of BPA (using an osmotic pump) at doses of 10 pg/kg bw/day to gestational day
GD20, the authors examined five types of behaviour: clinging behaviour, environmental
exploration, outward interest, proximity and social exploration in the offspring, and approach,
locomotion, orientation, outward interest and social exploration in the mothers. Each behaviour
type was studied in detail in the male and female offspring and the mothers. The scores obtained
for each behaviour type were summarised by a score encompassing the 5 discriminant
behaviours. In general, BPA decreased maternal behaviour in a way that was distinguishable
between the male and female offspring, and feminised behaviours in the male offspring exposed to
BPA, often with the same behaviours as the female offspring. The following methodological
limitations were reported:

- regarding exposure to BPA: plasma levels of BPA measured in mothers only on the
50th day of gestation, and lower than the Limit of Detection (12.5 ng/mL); no
measurements were available for the offspring. Differences in metabolism between
routes of administration were not taken into account. No dose/effect relationship
could be established (only 1 dose).

- in terms of the interpretation of results: only 1 to 3 variables out of 14 were modified
in the short-term (10-minute) recordings of the monkeys’ behaviour. Their significance
remains to be determined especially since, as affirmed by the authors, the results
cannot be explained in psychological terms.

- itis difficult to interpret this study given the route of administration (non-oral), the lack
of data on the offspring's actual exposure, phyto-oestrogen levels in food and BPA
levels in water, the fact that only one dose was tested and doubts regarding the
significance of the observed effects.
In conclusion, this study's results were considered to be an alert signal Afssa, 2010
No studies have reported changes in the nucleus of the preoptic area, also a sexually dimorphic

area in humans, up to doses of 320 mg/kg bw/day in rats. It therefore remains difficult to interpret
these effects in rodents and their consequences.

In the recent study by Ryan et al. that was mentioned above, no effects on behavioural sexual
dimorphism were observed with BPA at doses of 2, 20 and 200 ug/kg bw/day whereas, for
comparable doses, ethinyloestradiol EE2 had the following notable effects: reduced lordosis
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behaviour, increased anogenital distance, reduced pup weight at PND2, early vaginal opening,
reduced F1 fertility and reduced litter sizes (Ryan, 2010 117 ). This work does not necessarily
indicate that BPA has no effects but rather that it may exert oestrogenic action at different
exposure levels from those at which EE2 has effects.

Behavioural effects were highlighted in mice by Cox et al. when observing the F1 offspring of
mothers exposed during gestation (from GD9 to the end of gestation) to doses of 50 mg/kg feed
corresponding to 8 mg/kg bw/day (Cox, 2010). The study by Cox et al. showed a loss of
behavioural sexual dimorphism in the offspring of mothers exposed to BPA during gestation.
Adewale et al. examined the effects of neonatal subcutaneous exposure to BPA in rats. Four
injections of BPA were administered to female newborns at PNDO, PND1, PND2 and PND3 at
doses of 50 pg/kg bw/day and 50 mg/kg bw/day (Adewale, 2009 ). Two positive controls were
used, one by injection of PPT (ERa agonist, 1 mg/kg bw) and the other by injection of oestradiol
benzoate (EB 25 ug; the publication does not specify whether it was pg/per rat or per kg). BPA did
not modify sexual behaviour at any dose, but increased body weight was observed at the age of 99
days, only at the dose of 50 mg/kg bw/day of BPA and also with EB. It should be noted that
controls can be considered as positive only in relation to an expected effect, which here is
oestrogenic action. In the absence of an expected action, the positive character of a control has no
toxicological significance.
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Figure 13. Effects of BPA on anxiety and exploratory behaviour according to exposure
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The review by Hajszan and Leranth is particularly focused on how BPA affects synaptic
remodelling (Hajszan T, 2010). It underlines that, in rats and non-human primates, BPA negates
the 70-100% increase in the number of hippocampal and prefrontal spine synapses induced by
both oestrogens and androgens.

Kim et al. undertook a prenatal exposure study in ICR mice and in vitro. In prenatal exposure, the
mothers were exposed between embryonic stages GD 14.5 and GD 18.5 by subcutaneous
administration of 0, 5, 10 and 20 mg/kg bw/day (Kim K, 2009). Studies of hippocampal
neurogenesis were undertaken by exposing offspring for 3 days, from postnatal week PNWS8, at a
rate of two daily injections of one 20 mg dose of BPA/Kkg in the presence of BrDU to examine
neurogenesis. The in vivo studies showed that at PNW3, an increase could be observed in body
weight at the dose of 5 mg/kg and a decrease at the dose of 20 mg/kg. These changes were not
observed at PNW8, which led the authors to suggest effects mediated by the mother. Formation of
the dentate gyrus was accelerated at PND1 at the dose of 20 mg/kg. The authors suggest that
BPA blocks the proliferation of neural stem cells and promotes cellular differentiation in a relatively
early stage. However, at PNW3, BPA did not have any observed effects on the cortical structure of
the hippocampal neuronal cells or cell density. In adult mice, BPA had no observed effects on
hippocampal neurogenesis. In the in vitro studies, mouse neural progenitor cells were exposed to
BPA at concentrations of 1 nM to 500 uM. BPA reduced the proliferation of neural progenitor cells,
in a concentration-dependent manner starting at 200 uM, and induced cytotoxicity at the highest
concentration (500 puM). At low concentrations, BPA stimulated the differentiation of neural
progenitors into neuronal phenotypes.
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Effects on aminergic systems®

Tian et al. reported that perinatal oral exposure (GD7 to PND36) in mice to BPA at doses of 100
and 500 pg/kg bw/day induced an increase in dopamine D2 receptors and a decrease in dopamine
transporters (DAT) in the putamen (Tian, 2010).

BPA induces changes in cerebral development. Perinatal exposure in mice (embryonic day GDO-
PND21) by subcutaneous injection at a dose of 20 pg/kg bw/day increases dopamine and its
metabolites in the putamen and the dorsal raphe nucleus and increases serotonin and its
metabolites in the putamen, dorsal raphe nucleus, thalamus and substantia nigra (Nakamura,
2010). No differences in the synaptogenic effects of BPA have been observed between oral and
subcutaneous exposure (Hajszan T, 2010).

In rats injected intracranially with BPA at PND2 with doses of O — 0.1 and 1 pg/kg, significant
changes in certain monoamines could be observed 7 days and 28 days after the injection (PND9
and PND30) (Matsuda S, 2010). Significant increases in 5-HT (serotonin) in the hippocampus, 5-
HIAA (5-hydroxyindoleacetic acid) and 5-HT in the brain stem, and DA (dopamine) and DOPAC
(3,4-Dihydroxyphenylacetic acid) in the striatum were observed 28 days after the injection. Seven
days after the injection, increases in 5-HT and norepinephrine (NE) and decreases in DOPAC and
5-HIAA were observed in the hippocampus. In this study, the authors analysed the degradation
speed of BPA in the brain. BPA disappeared from brain tissues within 5 hours of the injection, even
at the highest dose of 1000 pg/kg. The authors concluded that BPA can have effects on cerebral
monoamines over 28 days after its disappearance. The authors do not describe the analytical
method used to assay BPA or the Limits of Detection and Quantification. Thus, residual levels of
BPA, lower than the Limit of Detection, could induce effects within the 28-day period after
exposure. However, this does not change interpretation of the results. This study should be
considered with caution since the doses in relation to the individuals' body weights were
administered in the brain, and therefore the size of exposure cannot be assessed. Furthermore,
the in situ injection of BPA significantly modifies the toxicokinetics and consequently the potential
effects of BPA.

In the study by Adewale et al. that was mentioned above, the effects of neonatal subcutaneous
exposure to BPA in rats were studied (Adewale, 2009). BPA did not change serotonin fibre density
in the ventrolateral subdivision of the ventromedial nucleus at any dose, whereas an increase was
observed with EB and PPT which were used as positive controls.

Effects on the glutamatergic system

In the study by Tian et al., which used 100 and 500 pg BPA/kg bw/day in mice, in perinatal
exposure (GD7 to PND36), decreased NMDA receptors were observed in the frontal cortex,
dentate gyrus (DG) and cornu ammonis 1 and 3 regions (CA1 and CA3) of the hippocampus (Tian,
2010). Xu et al. studied the effects of perinatal oral (intra-gastric) exposure to BPA (GD7-PND21)
at doses ranging from 0 — 0.05 — 0.5 — 5 and 50 mg/kg bw/day in mice (Xu, 2010) and from 0 —
0.05 - 0.5 - 5 - 50 and 200 mg/kg bw/day in rats (Xu, 2010). They showed that BPA negatively
affects the expression of hippocampal NMDA receptors in male rats and mice. BPA at doses of
0.05 to 50 mg/kg bw/day reduced the expression of hippocampal NMDA receptors (subunits NR1,
NR2A and NR2B) in F1 males. However, in rats, compared to the lower doses, the effects of BPA
on the NMDA receptor subunits NR2A and NR2 at the highest dose of 200 mg/kg bw/day were
less marked, which suggests that BPA has differential action at low and high doses. These
changes in NMDA receptor expression were associated with reduced learning capacities.

These results were supported by studies of hippocampal neurons cultured in vitro exposed to BPA
at concentrations from 10 to 1000 nM (Xu, 2010). Changes in the dendritic morphology of the
hippocampal neurons (enhanced filopodial motility and density) and enhanced NMDA receptor

® The dopaminergic system plays a role in cognitive function as lesions of dopaminergic neurons reduce performance
associated with various learning and cognitive tasks.
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phosphorylation (subunit NR2B) via action exerted by BPA on the oestrogen receptors (effect
suppressed by the oestrogen receptor agonist ICl 182780) were observed.

Developmental effects on NMDA receptors should be considered carefully knowing that these
receptors are involved in memory and learning processes. They are also supported by the role of
BPA in neural systems expressing nitric oxide synthase (NO synthase) with sex- and region-
dependent effects in the hypothalamus and limbic system (Martini, 2010).

Effects on systems involving sex hormones

Adewale et al. showed that, in female newborn rats subject to postnatal subcutaneous exposure
with 4 injections at PNDO, 1, 2 and 3, BPA increased the number of oxytocin neurons in the
paraventricular nucleus, a sexually dimorphic hypothalamic region responsive to oestradiol, at BPA
doses of 50 pg/kg bw/day and 50 mg/kg bw/day (Adewale, 2009 ). This postnatal exposure did not
affect sexual behaviour but was linked to increased body weight at the age of 99 days, only at 50
mg BPA/kg bw/day, which was also observed with oestradiol benzoate. No changes in ERa
receptor density were observed in the ventrolateral subdivision of the ventromedial nucleus
(VMNWVI), the medial preoptic area (MPOA) or the arcuate nucleus (ARC).

In sheep, prenatal exposure to BPA (GD30-GD90) at 5 mg/kg bw/day has differential effects on the
expression of hypothalamic oestrogen receptors ESR1 (ERa) and ESR2 (ERR), with increased
expression for ESR1 and decreased expression for ESR2 (Mahoney, 2010 ). These changes were
associated with increased gonadotropin-releasing hormone (GnRH) expression. In rats (Xu, 2010)
and in mice (Xu, 2010), perinatal exposure to BPA (GD7-PND21) at doses of 0.05 to 50 mg/kg
bw/day decreases oestrogen receptor ERI expression and increases aromatase in the
hippocampus. These studies confirm the work of Salian et al. which showed increased oestrogen
receptor ERa expression and decreased ERp receptors in the testes of rats whose mothers had
been exposed during a period ranging from gestation (from GD12) to weaning (PND21) (Salian S,
2009). These results were observed in the F1 offspring of exposed mothers as well as in the
untreated F2 and F3 generations.

A study undertaken in SD rats, in a protocol of perinatal exposure to a low dose (sc injection of 2
pg/kg bwiday) from GD10 to PND7, clearly indicates that this exposure could modify sexual
differentiation of the GnRH system in male offspring, particularly through increased kisspeptin
expression in the anteroventral periventricular nucleus (AVPV) of the hypothalamus (Bai, 2011).
BPA increased the number of AVPV kisspeptin neurons at PND30, PND50 and PND90. BPA
decreased the number of GnRH neurons by 40% at PND30, this was followed by a constant
increase at PND50 and PND90. As a result, castrated adult males developed the ability to
generate a pre-ovulatory surge-like LH release in response to a ‘pre-ovulatory’ dose of oestradiol.
In rodents, this ability was considered to be a characteristic sign of feminisation in the nervous
component of the gonadotropic axis. This ability was fully expressed only in males after the age of
90 days. Furthermore, in non-castrated animals, exposure to BPA increased LH concentrations,
decreased testosterone concentrations in adult offspring (PND30 and 50) and increased oestradiol
concentrations at PND50 and 90. These endocrine effects are interpreted by the authors as
indicative signs of long-term peripheral aromatase activity stimulation in animals exposed to BPA.

Postnatal exposure

Changes in maternal behaviour have been reported after oral exposure to 10 pg/kg bw/day of
BPA from birth to adulthood (Palanza, 2008): F1 generation mice exposed in the postnatal period
showed a decrease in nursing time and an increase in time spent away from the litter. However, no
effects on body weight were highlighted in the offspring (which would suggest an adequate level of
care). As the significance of the effects observed in mice (nursing and nesting time) for human
health has been demonstrated by only one team, they can be considered as suspected.
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Table 25. Studies examining the effects of bisphenol A on the brain and behaviour: summary

table
Reference Spe_cies/ Route Dose _ Effects
strain Exposure period NOAEL/LOAEL
7 levels of corticosterone and \ levels of GR in
males in basal state and in the 2 sexes after
40 pg/kg bw/day stress .
Poimenova _ No foects on the MR rgceptor in- normal
’ Wistar rats Oral . conditions, but ¥ MR level in females in the 2
2010 GD1 - weaning (42
days) groups of females_
N spatial memory in the 2 sexes
N exploratory behaviour in females and
appearance of anxious behaviour
0.15-15-75 - 750
and 2250 ppm feed No effects on exploratory behaviour
Gestation: 0.01 - | For systemic effects: NOAEL = 5.85 mg/kg
0.12 — 5.85 — 56.4 - | bw/day for gestation and 13.1 mg/kg bw/day for
Stump, 2010 CD-SD rats Oral 164 mg/kg bw/day lactation
Lactation: 0.03 — 0.25 | For neurotoxic effects:
— 13.1 — 123 - 410 | NOAEL = 5.85 mg/kg bw/day for gestation and
mg/kg bw/day 13.1 mg/kg bw/day for lactation
GDO - PND21
Univariate analysis: significant effects on 3 infant
behaviours and 1 maternal behaviour:
- in_ & F1 offspring: ‘embracing’ and ‘social
10 pg/kg bw/day | exploration’ behaviours N at 2 months and
(blood level | ‘outward looking’ behaviour » at 2 and 3
equivalent to | months.
Nakagami, Cynomolgus Subcutan | ingestion of 5 mg/kg | - In mothers of &, ‘outward looking’ behaviour 7
2009 monkeys eous bw/day in rats) at 2 and 3 months.
Multivariate analysis: discriminant scores of F1
PND31-60 and | & were closer to the F1 @ controls than the F1 &
PND61 - 90 controls. No effects in Q. Regarding maternal
behaviour, the mothers of F1 J: discriminant
scores closer to those of the control mothers of
F1 @ than those of the control mothers of F1 J.
1.5 mg/kg bw/day No sexual dimorphism compared to control
Kubo K, 2001 Wistar rats Oral No changes in reproductive organs or sex
GDO - PND21 hormones
Effects on sexual dimorphism: elimination and
gﬁ/?jay- 03 mglkg reversal of differences in openfield behaviour
Kubo, 2003 Wistar rats Oral (locomotive activity, hyperactivity, exploratory
behaviour and anxiety)
GDO - PND21 LOAEL = 0.03 mg/kg bw/day
Difference in the number of CRH (corticotropin-
releasing hormone-immunoreactive) neurons
Funabashi _ 2.5 mg/kg bw/day between_ females _and males in the preoptic area
2004 ' Wistar rats Oral but no difference in the BST (bed nucleus of the
GDO - PND21 stria terminalis).No significant difference in the
number of CRH neurons between exposed and
non-exposed animals, all sexes combined
_ Subcutan 500 pg/animal/day Demasculinisation of tyrosine hydroxylase
Patisaul, 2006 CD-SD rats cOUS immunoreactivity in the anteroventral
PND1 - PND2 periventricular nucleus of the hypothalamus
No change in SDN (sexually dimorphic nucleus)
volume in the preoptic area
. Increased number of calbindin neurons in the
_ Subcutan 500 pg/animal/day SDN
Patisaul, 2007 CD-SD rats L
eous PND1 - PND2 No_dem_ascullnlsanon of AVPV (anteroventral
periventricular nucleus of the hypothalamus)
volume but the neuron-dependent activation
model was not affected
Rubin, 2006 CD-1 mice Subcutan | 0 — 25 - 250 ng/kg | v sex differences in the number of tyrosine
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eous bw/day hydroxylase neurons due to a ™ in the number of
TH neurons in females
GD8 - PND16 Altered sexual dimorphism in the exposed
animals
LOAEL = 25ng/kg bw/day
2 - 20 or 200
Ryan, 2010 Ir_;)tgg-Evans Oral Hg/kg bw/day No effects on behavioural sexual dimorphism
GD7 - PND18
Suppression of behavioural sexual dimorphism
in offspring exposed during embryogenesis
No effects on dietary intake, caring behaviour or
urinary marking in offspring irrespective of the
8mg/kg bw/day (BPA | mother’s origin (treated or not).
. administered in feed) | Increased anxiety (elevated plus maze)
(Cox, 2010) Mice Oral No effects of BPA exposure during gestation on
GD9 - PNDO the gonadal weight of male or female offspring
No effects on corticosterone levels in male or
female offspring
LOAEL 8 mg/kg bw/day (corresponding to 50
mg/kg feed)
No change in sexual behaviour
7 body weight at the age of 99 days, only at the
50 pg/kg bw/day and | dose of 50 mg/kg bw/day
Long-Evans Subcutan 50 mg/kg bw/day No change in serotonin fibre density or in the
Adewale, 2009 rats coUS density of ERa receptors in the ventrolateral
PNDO - PND3 (4 | subdivision of the ventromedial nucleus
injections) 7 in the number of oxytocin neurons in the
paraventricular nucleus at BPA 50 ug/kg bw/day
and 50 mg/kg bw
F1
At PNW3, 7 body weight at 5 mg/kg and Y at 20
mg/kg but not at PNW8
g;\}/?j'jyo mg/kg Accelerated formation of the dendate at PND1 at
the dose of 20 mg/kg.
Sub- —BPA may block the proliferation of neural stem
Kim K, 2009 ICR mice cutaneou GD14'5. - .GD18'5 cells and promote cell differentiation in a
then injection  of :
S 20mglkg twice a day relatively early stage.
BPA has no observed effects on the cortical
for 3 days from .
PNWS structure of the neural cells, hippocampus or cell
density.
In adult mice, BPA has no observed effects on
hippocampal neurogenesis.
2 dopamine D2 receptors and decreased
é\?v(/)da?/nd 500 nglkg dopamine transporters (DAT) in the putamen
(Tian, 2010) ICR mice Oral NMDA receptors in the frontal cortex, dentate
gyrus (DG) and cornu ammonis 1 and 3 (CAl
GD7 - PND36 and CA3) regions of the hippocampus
significant 7 in serotonin in the hippocampus, 5-
HIAA and 5-HT in the brain stem, dopamine and
0.1-1-10 pg/kg DOPAC in the striatum 28 days after the
Single injection at | injection. Seven days after the injection, 7 in 5-
PND2 (1* | HT and norepinephrine (NE) and ™ in DOPAC
Matsuda S, Rats Intracrani | experiment) and 5-HIAA were observed in the hippocampus.
2010 al BPA disappeared from brain tissues within 5
1000 pg/kg single | hours of the injection, even at the highest dose
injection at PND2 (2" | of 1000 ug/kg.
experiment) — BPA may have effects on cerebral
monoamine levels over 28 days after its
disappearance
0 - 0.05 - 0.5 — 5 — | BPA negatively affected the NMDA and ER[
and 50 mg/kg bw/day | receptor expression in the hippocampus in male
in mice and up to | rats and mice
Xu, 2010 Mice and rats | Oral 200 mg/kg bw/day in | Doses 0,05 to 50 mg/kg bw/day ~ expression of

rats

GD7 - PND21

hippocampal NMDA receptors (subunits NR1,
NR2A and NR2B) in F1 males.
N expression of ERP oestrogen receptors and 7
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aromatase in the hippocampus

Mahoney Sub- 5 mg/kg bw/day 7 expression of ESR1 and ~ expression of
2010 ’ Sheep cutaneou ESR2 . ' .
S G30-G90 2 gonadotropin-releasing hormone expression
10 pg/kg bw/day
Changes in maternal behaviour in F1 offspring
3 scenarios only after in utero or adult exposure (scenarios 1
1) GD14 -GD18 and 3), but not in scenario 2[]
Palanza, 2008 | CD-1 mice Oral 2) during gestation | ~ time spent by mothers caring for their offspring

and continued after
birth until adulthood
3) only after birth until
adulthood

and ~ time where they remained alone in the
cage (isolated resting time).
no effects on the weight of offspring at birth
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Recent studies from 2011-2012

Among the studies published since the adoption of the report on the health effects of BPA
regarding the effects on the brain and behaviour, 7 review studies, 4 epidemiological studies and
25 experimental studies (rats and mice) have been published. These studies confirm the effects of
BPA at low doses on exploratory behaviour, learning and memory functions, on anxiety and on
alteration of sexual dimorphism. The periods of exposure in the studies on rodents most frequently
cover the period in utero, or in utero and during breastfeeding. The effects are then observed on
F1 offspring, even on the following generations (F2 and F4) in very recent studies. At the
histological level, a number of these studies confirm the effects of BPA on brain development
(effect on neurogenesis, on gene expression, on the morphology of certain brain regions, etc. ). It
should be noted, however, that several studies have reported effects on rodents exposed only in
the early post-natal period (before weaning or before puberty) and on adult animals. If these
effects were confirmed, they could justify considering the risks on the central nervous system for
adults and children linked to exposure to BPA.

Conclusion

In animals , the effects on cerebral development linked to pre- or perinatal exposure to BPA have
been confirmed by several studies that show, in particular, changes in neural differentiation,
alterations of the NMDA aminergic and glutamatergic systems, changes in oestrogen receptor ERa
and ERR expression, and changes in the number of neurons responsive to oxytocin and serotonin.
These changes particularly occur in regions such as the hypothalamus (more precisely in regions
involved in sexual dimorphism) and the hippocampus, a region involved in cognitive activities and
anxiety, namely those associated with NMDA receptors. These neural effects could partly explain
the behavioural effects of BPA and allow research to confirm or refute the effects of BPA on
behavioural sexual dimorphism, anxiety and exploratory behaviour, and guide future research. It is
considered that these histological changes in neuro genesis are recognised effects in
animals . These histological changes in neurogenesis are critical effects considered for the health
risk assessment.

In animals, studies examining the effects of pre- or perinatal BPA exposure on anxiety have been
conducted with exposure levels that cannot be directly compared. BPA has been shown to have no
effects (Stump, 2010), an anxiogenic effect (Cox, 2010); (Poimenova, 2010) and an anxiolytic
effect (Tian, 2010). Thus, considering these results and those prior to 2010, the effects of pre- or
perinatal exposure to BPA in animals on anxiety, exploratory behaviour and behavioural sexual
dimorphism are considered to be controversial.

In animals, changes in maternal behaviour relatedt o pre- or postnatal exposure to BPA are
considered to be suspected effects

The effects of BPA in connection with damage to bra  in development resulting from pre and

peri-natal exposure are retained for the HRA.

Selecting the critical effect

Several types of effects were observed in animals in connection with changes in the
neurodifferenciation profile (see study summary table on the effects of BPA on the brain and
behaviour).

The NOAEL/LOAEL derived from these studies are represented in figure below.

Figure 14. Effects of BPA on the nervous system
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Dose/kg /j

25mg —+

]
2,5mg

250 pg -

25 pg

2,5u8 -

250ng

25ng |

Post-natale

Mahoney 2010_SC LOAEL 5mg GD30-PND90

mouton

Funabashi 2004_VO LOAEL 2,5mg GD0-PND21

Tian 2010_VO LOAEL 100ug GD7-PND36

Xu 2010b_VO LOAEL 50ug GD7-PND21 rat
Xu 2010c_VO NOAEL 50pg GD7-PND21 souris

Kubo 2003_VO LOAEL 30ug GDO-PND21
Nakamura 2010_SC LOAEL 20ug GD0-PND21

Martini 2010_VO NOAEL 10ug GD11-PND8

Zhou 2011_SC LOAEL 2ug GD10-PND7
Bai 2011_SC LOAEL 2ug GD10-PND7

Rubin 2006_SC LOAEL 25ng GD8-PND16

—> période d’exposition

 oncenraionenmoeamines %P or A1
1 neurones a kisspeptin et GnRH Secondaire
: Modulation de la NOS ! * pour 'TERS
Critical effect selected: decrease of NMDA receptor
Neural sexual | | NMDA | Modulation of | Alteration in | 1 kisspeptin | NOS 1 in | Modification
dimorphism receptor ESRs memory and | and GnRH | modulation Monoamine of  neuronal
learning neurons concentration | plasticity
functions
Funabashi Xu Mahoney Xu Bai 2011 _SC | Martini Nakamura Zhou
2004_VO 2010c_VO 2010_SC 2010c_VO LOAEL 2 g | 2010_VO 2010_SC 2011_SC
LOAEL 2.5 | NOAEL 50 | LOELu 5 | NOAEL 50 | GD10-PND7* | NOAEL 10 ug | LOAEL 20 ug | LOAEL 2 pg
mg GDO- | ug GD7 - | mg/kg/d ug GD7 - GD11- GDO- PND21 | GD10-PND7*
PND21* PND21 GD30 - | PND21 PND8** *
mouse** PND90 sheep | mouse**
Kubo Xu
2003_VO 2010b_VO
LOAEL 30 pg | LOAEL 50 g
GDO0O-PND21 GD7-PND21
ra kK
Rubin Tian
2006_SC 2010_VO
LOAEL 25 ng | LOAEL 100 g
GD8-PND16 GD7-PND36*

** Priority study for the HRA
* Secondary study for the HRA

Among all of the observed effects, the critical effect selected deals with the alteration of memory
and learning functions concurrent to a decrease in the expression of NMDA (N(-methyl-D-aspartic
acid) receptors specifically involved in neuronal plasticity and memory and learning processes.
These effects are also supported by the action of BPA on neural systems expressing nitric oxide
synthase (NO synthase) with sex and region dependent effects in the hypothalamus and limbic
system (Matrtini, 2010).
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Selecting the key study

The Xu et al. study (Xu, 2010)" study was selected as the key study. This study was conducted
orally (gavage) in ICR mice (n = 10 animals/group) exposed to 0, 0.05; 0.5; 5 and 50 mg/kg bw/d.
Ten pregnant mice per dose level were exposed from GD7 to PND21. This study did not follow
OECD guidelines or GLP. Nevertheless, the study protocol is well described and many effects
were investigated, both at the molecular level (NMDA, estrogen [ receptor) and at the
physiological level. The decrease in the expression of NMDA receptors at the level of the
hippocampus in this study was reproduced by the same team in the Sprague Dawley rat (Xu,
2010)%, under comparable conditions, as well as by other teams (Tian, 2010°).

The choice of the Xu et al. (Xu, 2010) study is supported by studies whose results allow us to form
a group of assumptions about neural damage induced by BPA in relation to cognitive effects. The
Martini et al. (2010) study shows alterations in the expression of NO synthase (NOAEL 10 pg/kg/d)
in mice exposed orally. The Tian et al. (Tian, 2010)study highlights the alterations of the aminergic
and glutamatergic systems (NMDA), associated with cognitive impairment and an anxiolytic action
in mice exposed orally (LOAEL 100 pg/kg/d). The Xu et al. (Xu, 2010) study shows an inhibition of
the expression of glutamate NMDA and estrogen beta receptors ER in rats exposed orally (LOAEL
50 pg/kg/d), and the subcutaneous studies such as that of Zhou et al. (2011) highlight the link
between alterations in neuronal plasticity and behaviour in rats with a LOAEL of 2 pg/kg/d.

Selecting the benchmark doses
In the Xu et al. (Xu, 2010) study a slight decrease in body weight of the F1 mice is observed at
PND21 at a dose of 50 pg/kg bw/d and a slight increase in the dose of 50 mg/kg bw/d(both
statistically significant). An alteration in spatial memory and learning function is observed:
- at PND21 at doses of 5 and 50 mg/kg bw/d and at doses of 0.5; 5 and 50 mg/kg
bw/d on PND56 for spatial memory
- at PND21 at doses of 5 and 50 mg/kg bw/d and at the dose of 50 mg/kg bw/d in
PND?56 for learning functions

At the tissue level, a statistically significant and dose-dependent decrease of expression of
hippocampal NMDA receptors is observed from 50 pg/kg bw/d to PND21 and PND56 on the
basis of the NR1 and NR2A and B subunits. Lastly, a significant decrease in the expression of
ERP receptors is observed at doses of 0.5; 5 and 50 mg/kg bw/d at PND21 and PND56.

In conclusion, a NOAEL of 50 ug/kg bw/d based on the alteration of memory and learning
functions concurrent with a decrease in the expression of NMDA (N-methyl-D-aspartic acid)
receptors is selected as the benchmark dose for the HRA.

Other comments (uncertainties, confidence level, etc.)
The Xu et al. (Xu, 2010) study shows certain limits:

- Only males of mothers exposed to BPA have been studied on the
neurobehavioural front, which may constitute a bias in the interpretation of the
studies as highlighted by Beery and Zucker (Beery, 2011)'%; However, Xu et al.,
Xu, 2010 indicate in this publication that the results on females will be published
later.

- The concentration of Phytoestrogens in the diet was not measured.

" Xu XH, Zhang J, Wang YM, Ye YP, Luo QQ (2010c) Perinatal exposure to bisphenol-A impairs learning-memory by
concomitant down-regulation of N-methyl-D-aspartate receptors of hippocampus in male offspring mice. Hormones and
Behavior 58, 326-333.

8 Xu XH, Wang YM, Zhang J, Luo QQ, Ye YP, Ruan Q (2010b) Perinatal exposure to bisphenol-A changes N-methyl-D-
aspartate receptor expression in the hippocampus of male rat offspring. Environmental Toxicology and Chemistry 29,
176-181.

° Tian YH, Baek JH, Lee SY, Jang CG (2010) Prenatal and postnatal exposure to bisphenol A induces anxiolytic
behaviors and cognitive deficits in mice. Synapse 64, 432-439.

10 Beery AK, Zucker | (2011) Sex bias in neuroscience and biomedical research. Neurosciences and behavioural reviews
35, 565-572
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Other recent studies show the effects of BPA on the brain and behaviour, at comparable dose
levels, (Poimenova, 2010); (Cox, 2010); Funasbashi et al., 2004), which supports this choice
of key study. On the other hand the OECD study by Stump et al., 2010 performed under GLP
shows no effect on exploratory behaviour of the pregnant CD-SD rats exposed orally with
doses ranging from 0.01 to 164 mg/kg bw/d. The Stump et al. (Stump, 2010) study and the
other studies investigating the same effects of BPA were not used as key study for the HRA
because the work on anxiety and exploratory behaviour shows conflicting results: no
significant effect in the Stump (Stump, 2010) study, an anxiolytic effect in the Cox et al. ((Cox,
2010)) and Poiminova et al. (2010) studies, and an anxiolytic effect in the Tian et al. (Tian,
2010) study.

In its opinion dated January 29 2010 and its associated appendix (Afssa, 2010), Afssa
reviewed several studies related to the neurotoxic effects of BPA (Palanza, 2008; (Nakagami,
2009); Stump, 2010; Braun, 2009; Monje, 2009; Ryan, 2010)** and considered that some of
these publications, including (Nakagami, 2009) and Palanza, 2008), mention warning signs
after in utero and post-natal exposure at doses below those upon which the TDI is based
(Afssa, 2010 ;Afssa, 2010). The effects reported relate, on the one hand, to a feminisation in
the behaviour of small males, and on the other hand, a change in the exploratory behaviour
and anxiety. Other studies, on the other hand, were not deemed to be of concern (Braun,
2009, Monje, 2009).

1 Ryan et al., 2010 In utero and lactational exposure to bisphenol A, in contrast to ethinyl estradiol, does not alter
sexually dimorphic behavior, puberty, fertility, and anatomy of female LE rats.
http://www.ncbi.nlm.nih.gov/pubmed/19864446 PMID: 19864446 Toxicol Sci. 2010 Mar;114(1):133-48.
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B.5.10.2. Effects on metabolism and obesity
B.5.10.2.1 Previous assessments

Metabolic syndrome, associated with a state of insulin resistance, is a combination of several
criteria, including those that follow, in the same individual: central (abdominal) obesity,
hypertriglyceridemia, low HDL-cholesterol, elevated blood pressure and fasting
hyperglycaemia. It is a predisposing factor for cardiovascular risk and type 2 diabetes (see
glossary).

The expert panel that met in Chapel Hill in 2007 considers that the in vivo results are
contradictory. For example, certain studies show a decrease in body weight or no effect in
response to developmental exposure to BPA. Other studies show an increase in postnatal
growth after exposure during in utero development (Richter, 2007).

The NPT-CERHR also indicates that the available data are not sufficiently conclusive to link
prenatal BPA exposure with obesity (NTP, 2007). It reports 2 animal studies that assessed
disruption of the regulation of fat and carbohydrate metabolism. In male rats, sub-cutaneous
doses of 0.01 and 0.10 mg/kg bw/day of BPA cause decreased glucose levels and increased
insulin levels (Alonso-Magdalena et al., 2006). Furthermore, increased insulin production by
the pancreas and insulin resistance was described at 0.10 mg/kg bw/day (administered orally
or by SC injection) after a 4-day period. The study by Miyawaki, 2007 reports effects on body
weight, adipose tissue weight, serum leptin levels, triglyceridemia, non-esterified fatty acids
and glucose (Miyawaki, 2007). However, the NTP considered that these studies were non-
admissible due to methodological problems.

Some studies have assessed mechanisms likely to interact with fat and carbohydrate
metabolism: BPA has been found to stimulate the oestrogen receptors a found in the
pancreatic beta cells (Richter, 2007; Ropero AB, 2008; Nadal A, 2009; Alonso-Magdalena P,
2006; Alonso-Magdalena P, 2008), while oxidative stress may contribute to insulin resistance
(Hong, 2009). Likewise, the NPT-CERHR reports accelerated differentiation of fibroblast cells
into adipocytes, and altered glucose transport in adipocytes (Masuno et al., 2002 et 2005;
Phrakonkham et al., 2008; Sakurai et al., 2004) (NTP, 2007).

According to Aschberger et al. (2010), epidemiological studies and in vivo and in vitro studies
suggest that exposure to BPA is related to metabolic syndrome (Aschberger K, 2010). Liver
enzyme abnormalities are also described (Takeuchi T, 2004; Lang IA, 2008); Newbold et al.,
(Newbold, 2009); Elobeid et al., (Elobeid MA, 2008) reported by Aschberger K, 2010).

The FAO/WHO experts considered that the two studies in humans that reported a positive
relationship between urinary concentrations of BPA and cardiovascular diseases or diabetes
(Lang IA, 2008; Melzer, 2010) have weaknesses that limit their interpretation (FAO/WHO,
2010). The experts consider that it is necessary to implement prospective studies linking BPA
measurements during various windows of susceptibility and the onset of cardiovascular
diseases or diabetes several years later. Two studies have examined birth defects and body
weight index but the results are difficult to interpret (Padmanabhan V, 2008; Wolff, 2008); the
experts recommend undertaking studies assessing the link between BPA exposure during
pregnancy (urinary BPA levels sampled on several occasions) and body weight index and
adipose mass at birth.

In animals, according to this panel, the available data do not clearly show that BPA has
cardiovascular effects, and in particular, studies undertaken in accordance with GLP using
large samples have not shown toxicity to the cardiovascular system. Changes in VEGF
expression, NO production and ion channels have been reported, but with no related adverse
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effects to date. These experts have been informed that studies examining the cardiotoxicity of
BPA are in progress.

Regarding effects on metabolism, the available data are not sufficient to draw conclusions as
to the effects of BPA. According to this panel, the 2008 conclusions of the NTP-CERHR (NTP,
2008) indicating that BPA does not affect obesity at doses < 5000 pg/kg bw/day remain valid.
However, examining newborn weight is not sufficient to draw a conclusion regarding obesity,
unlike a direct measurement of body fat and its distribution. Yet the available data on glucose
intolerance, hyperinsulinaemia, adipose hypertrophy, etc. suggest that supplementary studies
need to be undertaken to examine the effects of BPA on the regulation of fat, carbohydrate
and insulin metabolism and other effects related to diabetes and metabolic disorders. These
effects should be investigated in adult animals exposed during pregnancy, including older
animals (FAO/WHO, 2010).

B.5.10.2.2 Data considered in the ANSES assessment for metabol ism and obesity in
Humans

All the studies available until 2011 on effects of BPA on metabolism and obesity in humans
are presented below. Then, more recent studies from 2011-2012 were analysed and the
result of this analyse is presented in the conclusion but the studies are not detailed because
they do not contradict the previous analysis of hazard assessment of BPA on metabolism
and obesity.
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Effects on sex hormones

Reference | Study Study BPA Analytica | Adjustment | Results / discussion Study quality Correspondin
Article title | type population |measur |l method |s g section(s)
ement

(Takeuchi Cross- Study Serum |ELISA Age: no Results: Study not taken into | Information
et al., 2004) |sectional |population: (validatio | Sex: NA correlation between | consideration since | from
Positive study general n of the|Medication: |plasma concentrations|they have major|epidemiological
relationship population: assay NA of testosterone (free and | methodological studies
between women method |Tobacco: no |total) and BPA firstly and | limitations
androgen by HPLC) | BMI: no BPA concentrations and Effects on
and the N=7 Other Body Mass Index | This  study  was | metabolism
endocrine patients with contaminant |secondly: levels | excluded in light of |and the
disruptor, hyper- S: no significantly increased in |the following | cardiovascular
bisphenol A, prolactinemi women  with  PCOS | methodological system
in normal a, 21 with (obese or not) and|weaknesses:
women and hypothalami obese women without|- small population
women with c ovulation dysfunction. size,
ovarian amenorrhea Comments: - statistical analysis
dysfunction , 19 with The results remain | lacking detalil,

PCOS (13 difficult to interpret as is, | - the final

non-obese due to the vagueness of | comparison was

and 6 the sampling plan, the|made in relation to

obese) vs lack of information on|non-obese women,

26 controls inclusion criteria and|with normal cycles

(7 obese failure to take into |(considered as

and 19 non- account the pathologies | controls)

obese) -> of the control subjects in|- no adjustment for

Small the results. confounding factors,

population - plasma BPA

size measured using the

ELISA technique
(lower limit).

Effects on metabolism / the cardiovascular system

Reference | Study

| Study

| BPA

| Analyti

| Adjustments

| Results / discussion

| Study quality

| Correspondin
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Article title | type population |measur |cal g section(s)
ement | method

(Hong et al., | Cross- Study Urinary |HPLC/M |Age: yes Results: Study of high |Information
2009) sectional | population: S Sex: yes Significant positive | quality or having | from
Community | study general Medication: relationship between urinary|no major | epidemiological
level adult no concentrations of chemical | methodological |studies
exposure to population Tobacco: yes |contaminants, particularly | limitations
chemicals BMI: no phthalates and BPA, and Effects on
and N=960 - Other markers of oxidative stress in metabolism
oxidative Excellent contaminants: |a simple regression analysis and the
stress in population yes (not significant if multiple cardiovascular
adult size Other: regression analysis for BPA) system
population physical Subjects with the highest

activity, levels of BPA were prone to

medical and |fasting hyperglycaemia but no

professional |association  with insulin-

history, resistance indices

alcohol
(Lang et al., | Cross- Study Urinary |HPLC/M | Age: yes Results: positive association | Study of high | Information
2008) sectional |population: | (free S Sex: yes between the highest urinary|quality or having|from
Association | study general and Medication: concentrations of BPA (5 and |no major | epidemiological
of  Urinary|nested in|adult conjugat no 13 ng/mL) and cardiovascular | methodological |studies
Bisphenol A [the population |ed BPA) Tobacco: yes |disease, diabetes and levels | limitations
Concentratio | NHANES | (18-74 BMI: yes of liver enzymes in the blood Effects on
n With | study years) Other metabolism
Medical (2003- contaminants: | Comments: This study and the
Disorders 2004) N=1455 no warrants particular attention cardiovascular
and adults -> Other: urinary | because: system
Laboratory Sufficient creatinine, - powerful study with a solid
Abnormalitie population ethnic design,
s in Adults size group/race, - the associations are

education, extremely robust,

financial - large sample size,

resources, - based on American national

abdominal cohorts,

circumference | However, the use  of
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medication was not taken into
account and contemporary
exposure is not necessarily
representative of past
exposure, which was
correlated with the observed
effect

Note: The studies by Melzer
et al. and Lang et al.were
undertaken 2 years apart with
the same type of protocol.

(Melzer et
al., 2010)
Association
of  Urinary
Bisphenol A
Concentratio
n with Heart
Disease:
Evidence
from
NHANES
2003/06

Cross-
sectional
study
nested in
the
NHANES
study
(2003-
2006)

Study

population:
general

adult
population
(18-74
years)
N=1455
(2003/04)
and 1493
(2005/06) -
> Sufficient
population
size

Urinary
(free
and
conjugat
ed BPA)

HPLC/M
S

Age: yes

Sex: yes
Medication:
no

Tobacco: yes
BMI: yes
Other
contaminants:
no

Other: urinary
creatinine,
ethnic
group/race,
education,
financial
resources,
abdominal
circumference

Results:
- In 2005/2006: significant
association between the

highest urinary concentrations
of BPA and coronary disease.
No  association  between
urinary concentrations of BPA
and diabetes.
- In 2003/06: significant
association  between the
highest urinary concentrations
of BPA and heart disease,

diabetes, alkaline
phosphatase and lactate
dehydrogenase.

Comments:

This study warrants particular
attention because:

- solid design and high power
(80% for the 2003/2004
population and 74% for the
2005/2006 population)

- the associations are robust,

Study of

no
methodological
limitations

high
quality or having
major

Information
from
epidemiological
studies

Effects on
metabolism
and the

cardiovascular
system
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- large sample size,

- based on American national
cohorts,

However, the use of
medication was not taken into
account and contemporary
exposure is not necessarily
representative of past
exposure, which was
correlated with the observed
effect.

Note: The studies by Melzer
et al. and Lang et al. were
undertaken 2 years apart with
the same type of protocol.

(Takeuchi
et al., 2004)
Positive
relationship
between
androgen
and the
endocrine
disruptor,
bisphenol A,
in normal
women and
women with
ovarian
dysfunction

Cross-
sectional
study

Study

population:
general

population:
women
N=7
patients
with
hyperpro-
lactinemia,
21 with
hypothala
mic
amenorrhe
a, 19 with
PCOS (13
non-obese
and 6
obese) vs
26 controls

Serum

ELISA
(validati
on of
the
assay
method
by
HPLC)

Age: no
Sex: NA
Medication:
NA
Tobacco: no
BMI: no
Other

contaminants:

no

Results:

correlation between plasma
concentrations of testosterone
(free and total) and BPA firstly
and BPA concentrations and
Body Mass Index secondly:
levels were significantly higher
in women with PCOS (obese
or not) and obese women
without ovulation dysfunction.
Comments:

The results remain difficult to
interpret as is, due to the
vagueness of the sampling
plan, the lack of information
on inclusion criteria and failure
to take into account the
pathologies of the control
subjects in the results.

Studies not taken
into
consideration
since they have
major
methodological
limitations

This study was
excluded in light
of the following
methodological
weaknesses:

- small
population size,

- statistical
analysis lacking
detail,

- the final
comparison was
made in relation

Information
from
epidemiological
studies

Effects on the
female
reproductive
system

Effects on
metabolism
and the

cardiovascular
system
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(7 obese to non-obese
and 19 women, with
non-obese) normal cycles
->  Small (considered
population controls)
size - no adjustment
for confounding
factors,
- plasma BPA
measured using
the ELISA
technique (lower
limit).
Effects on birth weight
Reference | Study Study BPA Analytical | Adjustment | Results / discussion Study quality Correspondin
Article title | type population | measu | method S g section(s)
remen
t
(Padmanab | Cross- Study Plasm |HPLC/ESI |Age: no Results: No association | Studies not taken | Information
han et al.,|sectional |population: |a (in|[-MS/MS |Sex: NA between plasma | into consideration | from
2008) study general mother Medication: |concentrations of BPA|since they have |epidemiological
Maternal population: |s) no and gestation period or | major studies
bisphenol-A women  at| (free) Tobacco: no |birth weight methodological
levels at delivery BMI: no Comments: limitations Effects on
delivery: a N=40 Other - One single BPA|This study was|metabolism
looming pregnant contaminant | measurement taken at|excluded due to the|and the
problem? women — s: no birth and not at the start | following cardiovascular
Small Other: no or middle of pregnancy | methodological system
population weaknesses:
size - small population
size,
- no adjustment for
confounding factors,
- no measurement of
conjugated BPA
(Wolff et al., | Prospectiv | Study Urinary | HPLC Age: yes | Results: no significant | Studies  of  high | Information
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2008b)
Prenatal
Phenol and
Phthalate
Exposures
and Birth
Outcomes

e study

population:
general

population
(women)

N=367 -

OK
population
size

(gestational
age)

Sex: yes
(sex of
children)
Medication:
NA

Tobacco:

yes (during
pregnancy)
BMI: yes
(pre-
gestational)
Other
contaminant
S: yes

Other:
creatinine,
race,
maternal
education

association between
BPA and birth weight,
infant size, head
circumference or

gestational age

Comments:

- Only one measurement
taken,

- Low plasma levels of
BPA,

- No association
between plasma
concentrations of BPA
and effects on newborns

quality or having no
major
methodological
limitations

from
epidemiological
studies

Effects on
metabolism
and the

cardiovascular
system
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Hong et al. studied levels of oxidative stress in an urban adult population in Korea exposed to
various contaminants between April and December 2005 (Hong, 2009). A total of 960 (85%)
people out of 1131 identified subjects (46% of men and 54% of women) were questionned. A
guestionnaire on lifestyle habits was developed and environmental exposure studies were
undertaken. Furthermore, urine and blood samples were taken. The aim was to assess the
relationship between chemical exposure and oxidative stress, and the potential role of certain
environmental chemicals in insulin resistance. The authors found a significant positive relationship
between urinary concentrations of chemical contaminants, particularly phthalates and BPA, and
oxidative stress markers in a simple regression analysis. Nevertheless, this relationship
disappeared for BPA in a multiple regression model after controlling for age, sex, smoking and
exercise. Oxidative stress marker levels were correlated with levels of insulin resistance in
peripheral tissues. A positive association was found between urinary levels of BPA and fasted
glycaemia. The authors concluded that exposure to chemical contaminants is associated with
oxidative stress in urban adult populations and suggested that exposure to certain environmental
chemicals might contribute to insulin resistance.

In 2008, Lang et al. undertook a cross-sectional study in 5 adults aged 18 through 74 years in the
United States. They used data from the 2003-2004 National Health and Nutrition Examination
Survey (NHAHES) (Lang IA, 2008). Regression models were adjusted for age, sex, race/ethnicity,
education, income, smoking, Body Mass Index (BMI) and waist circumference. Urinary
concentrations of total (free and conjugated) BPA were measured using HPLC-MS and adjusted
for creatinine. High BPA concentrations (5 and 13 ng/mL) were associated with a higher risk of
cardiovascular disease, only after age and sex adjustment. An association with diabetes was
found, but not with other types of diseases. A significant increase in alkaline phosphatase and vy-
glutamyl transferase concentrations was associated with high BPA concentrations. The authors
remain general in their conclusion and speak of a possible association between high BPA
exposure and adult morbidity. The group of Melzer et al., which was part of the Lang et al. team,
used the data for the NHANES adult sub-population (Melzer, 2010). This new analysis partly
confirmed the results of the 2003-2004 campaign. It showed that high BPA exposure, reflected by
high urinary concentrations of BPA, were associated with cardiovascular diseases (coronary
diseases) in the 2005-2006 campaign and in the two pooled campaigns, and with diabetes in the
two pooled campaigns but not in the 2005-2006 campaign.

The mechanisms by which BPA results in cardiac disease are not yet absolutely known. However,
Asano et al. reported a possible route of action that might involve the Maxi-K potassium channels
(Kcal.1), which are sensitive to both oestrogens and BPA (Asano S, 2010). One of the limitations
of the study by Asano et al. is that activation of the Maxi-K channels is observed at a
pharmacological concentration (10 uM) of BPA, which is not compatible with environmental
exposure levels for BPA (Asano S, 2010).

A cross-sectional study was undertaken in Japan in order to examine the influence of BPA, age
and BMI on hormonal changes in the blood (Takeuchi T, 2004). In total, 73 women were recruited,
then divided up after medical consultation into 6 groups including: women diagnosed as normal
(normal weight; no related disease), obese (no related disease), with hyperprolactinemia, with
hypothalamic amenorrhea and with polycystic ovary syndrome (PCOS) including a subgroup of
obese and non-obese women. The authors identified a strong relationship between serum levels of
BPA and the effects on androgen metabolism. More precisely, Takeuchi et al. (Takeuchi T, 2004)
reported a positive correlation, in the group of women diagnosed as normal, between serum BPA
concentrations and free testosterone, androstenedione and dehydroepiandrosterone sulphate
(DHEAS) concentrations. They also showed a positive correlation taking into account all of the
women from the 6 groups and calculating a correlation between BPA and concentrations of
testosterone (free and total), androstenedione and DHEAS. The authors concluded that there is a
strong relationship between serum BPA and androgen concentrations, which they attribute to the
effect of androgen on the metabolism of BPA. However, it remains difficult to interpret these results
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as is, due to the imprecision of the sampling plan and the lack of information about the inclusion
criteria (particularly for the constitution of the control group). Moreover, the fact of taking into
account all of the women in the 6 groups together introduces a selection bias on account of the
various diagnosed diseases. The calculated correlations, even though they are significant, range
from 0.391 and 0.684. These low correlation values could be due to the small population size, the
variability of the measured parameters, biases linked to the summation of the diseases or the
analytical technique that was used (ELISA).

Conclusion for hazard assessment in humans

In a cross-sectional study in humans (Melzer, 2010), a correlation was observed between the
highest urinary levels of BPA and cardiovascular diseases (coronary diseases) and diabetes.
These effects were considered as suspected effects and will not be taken into consideration in
the HRA.

B.5.10.2.3 Data considered in the ANSES assessment for metabolism and obesity in
animals

Prenatal and perinatal exposure
» Effects on glucose metabolism

Alonso-Magdalena et al. studied the effects of BPA on glucose metabolism in female mice,
during gestation, and their male F1 offspring (Alonso-Magdalena, 2010). BPA was
administered sub-cutaneously to the mothers, from GD9 to GD16, at doses of 0, 10 and 100
png/kg bw/day. In the F1 offspring, 6-month old males had reduced glucose tolerance,
increased insulin resistance, and higher plasma levels of insulin, leptin, triglycerides and
glycerol. Moreover, the islets of Langerhans presented altered calcium signalling. The authors
note that BrdU incorporation into insulin-producing B cells was reduced, yet their surface was
unchanged. However, the latter results, although very likely, should be considered with
caution, since they were obtained with cultured cells from exposed individuals. Therefore,
taking into account isolation and culturing methods, cultured cells have different phenotypes
than in situ cells. Such an approach is relevant when undertaking an instant analysis of the
cellular state after rapid fixation and treatment of the tissues. However, it is not appropriate
when examining differences in cell functioning between controls and individuals exposed to a
stress agent.

Ryan et al. tested the hypothesis that perinatal exposure to BPA, at a dose consistent with
environmental exposure (0.25 pg BPA/kg bw/day), results in increased susceptibility to high-
fat diet-induced obesity and glucose intolerance in CD-1 mice (Ryan, 2010). F1 individuals
were exposed to BPA in the perinatal period (1 pg/kg via the mothers' feed, equivalent to
around 0.25 pg/kg bw/day) from the embryonic stage GDO to weaning (PND21). In the
weaned F1 individuals, increased body weight was observed in males and females at 3 weeks
and increased body length was observed in males at 4 weeks, these biometric differences
disappearing in adulthood. No significant effects on glucose tolerance were observed. The
authors concluded that the increased body length and weight were due to a faster rate of
growth in the exposed mice rather than a state of obesity.

» Effects on lipid metabolism

Somm et al. studied the effects of BPA in F1 rats (Sprague-Dawley) subject to perinatal
exposure (GD6 to PND21), by administering drinking water containing BPA at a concentration
of 1 mg/L (corresponding to 70 pg/kg bw/day) to the mothers (Somm, 2009). In general, BPA

152



ANNEX XV RESTRICTION REPORT FORMAT

did not alter sex ratio or litter size. The male and female F1 individuals exposed to BPA had
higher weights than the controls at PND1. At PND21, body weight was increased only in
females, whose white adipose tissue weight increased threefold, this was combined with
adipocyte hypertrophy and overexpression of lipogenic genes such as C/EBP-a (CCAAT
enhancer binding protein a), PPAR-y (peroxisome proliferator-activated receptor y, SREBP-1C
(sterol regulatory element binding protein-1C), LPL (lipoprotein lipase), FAS (fatty acid
synthase) and SCD-1 (stearoyl-CoA desaturase). In addition, C/EBP-a, FAS and ACC (acetyl-
CoA carboxylase) gene expression was also increased in the liver of exposed females at
PND21, with no significant change in circulating glucose and lipid levels. After weaning, there
was a sex- and diet-dependent predisposition to excess weight in F1 individuals exposed to
BPA. Thus, no difference in body weight was observed between BPA-exposed individuals and
control animals on a standard chow diet whereas exposed individuals fed a high fat diet were
7% overweight. This excess weight was not associated with increased food intake.

Miyawaki et al. studied the effects of BPA on hyperlipidemia, from gestation to PND10, and the
development of obesity in mice (Miyawaki, 2007). This group subjected mice to
(1 po/kg bw/day) (low dose = LD) or 10 pg (2.5 pg/kg bw/day) (high dose = HD) of BPA/mL in
drinking water. They then measured anatomical and physiological changes at PND31. In
females, they noted that the body weight of the mothers increased by 13% (LD) and 11% (HD)
compared to the control group, adipose tissue weight increased by 132% in the LD group and
cholesterol increased by 33% (LD) and 17% (HD). In males, body weight increased by 22%
(LD) and 59% (HD) and the triacylglycerol level increased by 345% (LD) compared to the
control group. In light of these results, they concluded that BPA, during pregnancy and in
postnatal exposure during lactation, causes hyperlipidemia and the development of obesity.

Exposure in adults

Alonso-Magdalena et al. studied the effects of BPA on glucose metabolism in mice,
considering mothers during gestation and their male F1 offspring (Alonso-Magdalena, 2010).
BPA was administered sub-cutaneously on gestation days GD9 to GD16 at doses of 0, 10 and
100 pg/kg bw/day. In mothers, BPA exposure increased insulin resistance associated with
gestation at the dose of 10 pg/kg bw/day versus the control group and had a tendency to
increase insulin sensitivity at the dose of 100 pg/kg bw/day (not significant at p=0.05), and
reduced glucose tolerance at 10 pg/kg bw/day. IT caused a dose-dependent increase in
plasma levels of insulin at 10 pg/kg bw/day, leptin at 100 pg/kg bw/day, triglycerides at 100
Hg/kg and glycerol at 100 pg/kg bw/day. At 10 pg/kg, BPA reduced insulin-stimulated Akt
phosphorylation in the liver and blunted it in the gastroc-nemius muscle. Long-term effects
were also observed in the mothers, 4 months post-partum, with increased body weight and
higher concentrations of insulin, leptin, triglycerides and glycerol in BPA-treated individuals.

In vitro studies

Effects on lipogenesis
In vitro, BPA at concentrations ranging from 100 pM to 1 uM promotes adipogenesis in mouse
preadipocyte 3T3-L1 cells (Sargis, 2010). The activation of this lipogenesis is mediated by

12 Akt is a serine/threonine protein kinase that plays a role in glucose metabolism and is activated by the 3-
phosphoinositide-dependent protein kinases PDK1 and PDK2. PI3K is involved in the signalling pathway associated with
the synthesis and secretion of adiponectin.
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glucocorticoid receptors. BPA increases lipogenesis in differentiating adipocytes and activates
the expression of specific adipocytic proteins (adiponectin, transcription factor CCAAT
enhancer binding protein o (C/EBP-a), a factor induced in the terminal phase of
adipogenesis). However, the action of BPA on adiponectin induction shows a bell curve with a
visible effect from 10 nM, peaking at 100 mN and disappearing at 1000 nM. An identical dose-
response relationship was observed with dexamethasone. It should be noted that in this study,
the other compounds under consideration, dicyclohexyl phthalate, tolyfluanid, troglitazone and
triphenyltin had lesser effects at the highest concentration of 1 uM.

In the studies by Kidani et al., 3T3-L1 cells were exposed to various forms of bisphenol (BP):
BPA, BPB, BPE and BPF at concentrations of 0, 20, 40 and 80 pM. In a dose-dependent
manner, BPA decreased the concentration of cellular adiponectin and was secreted in the
extracellular medium (Kidani, 2010). Forms of BPA can be classified as follows according to
their ability to reduce adiponectin secretion: BPB > BPA > BPE > BPF. BPA negatively
regulates the Phosphatidylinositol 3-Kinase (PI3K)-Akt signalling pathway by reducing Akt and
p-Akt expression.

However, the inhibition of adiponectin expression by BPA should be compared with the results
obtained by Sargis et al. showing a bell-shaped dose-response relationship between BPA and
adiponectin (Sargis, 2010). The negative effects on adiponectin expression observed by
Kidani et al. are therefore not surprising in that they were produced at concentrations greater
than 1 uM (Kidani, 2010). Thus, BPA may induce adiponectin expression at low doses and
suppress it at high doses (which are already very low).

Asahi et al. undertook studies in cultured non-parenchymal hepatocytes, NCTC Clone 1469
cells (Asahi J, 2010). The cells were exposed to BPA at concentrations of 0, 1, 10, 50, 100
and 200 uM for 48 hrs. or at a concentration of 100 uM for a period of 120 hours, with an
analysis of BPA'’s effects at various times. After having examined the cytotoxicity of BPA at
various concentrations, the studies continued, exposing the cells to BPA at the concentration
of 100 uM. At this concentration, BPA induced apoptosis which was expressed by DNA
fragmentation, phosphatidylserine externalisation on the outer plasma membrane leaflet, an
increase in caspase-12, the GRP78/BiP protein (involved in endoplasmic reticulum
homeostasis) and transcription factor CHOP (C/EBP homologous protein, a transcription factor
involved in stress-induced apoptosis in the endoplasmic reticulum), and a slight decrease in
the anti-apoptic protein Bcl-2. These results strongly suggest that the endoplasmic reticulum
plays a role in the apoptosis induced by BPA. The effects of BPA are accompanied by
oxidative stress, with an increase in reactive oxygen species (ROS) counteracted by
antioxidant N-acetylcysteine (N-AC). At the concentration of 100 uM, the effects of BPA do not
appear to be mediated by oestrogen receptors; the oestrogen receptor inhibitors 4-OHT and
ICI do not prevent the cytotoxicity of BPA and 4-OHT enhances it (Note: 4-OHT has a partial
agonist effect on oestrogen receptors).

Table 26. Studies examining the effects of bisphenol A on metabolism and the cardiovascular
system. Summary table.

Dose Effects

Reference Species/strain Routes Exposure NOAEL/LOAEL
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period

(Alonso-
Magdalena,
2010)

Mice

Sub-
cutaneous

0 - 10 and
100 ug/kg bw/day

GD9 to GD16

In F1 offspring, 6-month males had ~ glucose
tolerance, ~ insulin resistance, and ~ plasma
levels of insulin, leptin, triglycerides and
glycerol,

altered calcium signalling in islets of
Langherans

N BrdU incorporation into insulin-producing 8
cells , whereas their surface was unchanged.
In_mothers, 7~ insulin resistance induced by
gestation and ™ glucose tolerance.
dose-dependent ~ in plasma levels of insulin,
leptin, triglycerides and glycerol.

N insulin-stimulated Akt phosphorylation in
gastrocnemius skeletal muscle and liver.

4 months post-partum: higher body weight,
higher concentrations of insulin, leptin,
triglycerides and glycerol

Ryan, 2010

CD-1 mice

Oral

0.25 pa/kg
bw/day

GDO to PND21

In F1 offspring, » body weight in males and
females at 3 weeks

7 body length in males at 4 weeks, these
biometric differences disappearing in adulthood.
No significant effects on glucose tolerance were
observed.

(Somm,
2009)

Sprague
rats

Dawley

Oral

70 pg/kg bw/day

GD6 - PND21

At birth : BPA treatment during gestation did not
affect sex-ratio or litter size. Newborns (9 and
38): 7 weight

PND21

7body weight in females

Increased parametrial fat associated with
adipocyte hypertrophy and overexpression of
lipogenic genes and lipogenic enzymes

In the liver, increased RNA levels of C/EBP-q,
SREBP-1C, ACC and FAS k. Circulating lipids
and glucose were normal.

4 to 14 weeks : no difference in body weight
observed between BPA-treated males and
control animals on standard chow diet.

7 body weight in BPA-exposed males fed a
high-fat diet.

7 body weight in females for the 2 tested diets.
In males fed a high-fat diet, normal glucose
tolerance test results.

Conclusion: Perinatal exposure to BPA.
70Adipogenesis at weaning in Q. In adult &, 2
body weight observed if high-fat diet.

Recent studies from 2011-2012:

New experimental in vivo studies indicate that BPA exerts effects on the endocrine function of
the pancreas (secretion of insulin). This effect is also reported in some epidemiological
studies. The impact of BPA on lipogenesis, and therefore its influence on the risk of obesity, is
reinforced by new studies which are experimental (in vivo and in vitro) as well as
epidemiological. These new studies have therefore reinforced the observations initially made
in the 2011 report as well as the selection of the key study for the health risk assessment by
considering the effect on metabolism.

Conclusion for hazard assessment in animals:

In animals , studies examining effects on enzyme activity, growth and metabolism suggest that
rodents exposed in adulthood or during gestation undergo metabolic changes in various
organs such as the liver, adipose tissue and pancreas. Moreover, a few authors have noted
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changes in the expression of protein-coding genes intervening in the cell signalling pathways
involved in lipogenesis and carbohydrate metabolism. There is a trend showing in vivo effects
on lipogenesis. In vitro mechanistic studies support these observations.

However, the effects on carbohydrate metabolism cannot be confirmed on account of
insufficient repeatability.

Thus, in animals, BPA increases blood lipid levels, leads to excess body weight and enhances
lipogenesis. The effects on lipogenesis (in vivo and in vitro data), after pre- or perinatal
exposure or exposure in adulthood, are considered to be recognised. The effects on glucose
metabolism after pre- or perinatal exposure to BPA are considered to be controversial.

Changes in lipid metabolism are effects that are taken into account for the risk assessment.

Selecting the critical effect

Several types of effects were observed in animals in relation to cardiovascular diseases
(coronary artery disease) and diseases related to metabolism. The studies considered to be of
good quality were considered first. A way of representing the identified NOAELS/LOAELs
graphically was developed (see the figure below) in order to help with the selection process.

Figure 15. Effects of BPA on metabolism and obesity

Dose/kg pc/j

A Miy ki 2007_VO LOAELO0,26mg/kg/] GD10-PND30

100 ug | . * | Rubin 2001_VO LOAEL 100ug/kg/j GD6 - Sevrage

Somm 2009_VO LOEL, 70 pg/kg/j GD6 - PND 21

Alonso-Magdalena 2010_SC LOAEL, 10 pg/kg/j
T EE
10 ug i GD9- GD 16 !
lug +—
. x* | Ryan 2010_VO LOAEL, 0,25 pg/kg/j GDO - PND 21
100 ng |-

_ Post-natale |Peripubertaire |—> Période d'exposition

Légende Augmentation du poids corporel I o X N E RN oL ol ) %% Etude prioritaire pour PFEQRS
& Augmentation de I'adipogénése  [aUTs[p =l ilel Ne S ER (6| \ol=TiTe STy 1] *  Etude secondaire pour FEQRS

Increase in body weight Increase in Increase in adipogenesis Increase in
cholesterolemia triglyceridemia

Miyawaki 2007_VO Miyawaki 2007_VO Somm 2009_VO LOELu 70 | Alonso -Magdalena

LOAEL 0.26 mg/kg/d LOAEL 0.26 mg/kg/d pg/kg/d GD6 - PMD 21* 2010_SC LOAELu 10 na

GD10 - PND30** GD10 - PND30** 2010 kg/d GD10 - P

Rubin 2001_VO LOAEL
100 pg/kg/d GD6 —
Weaning*

Somm 2009_VO LOELu 70
pg/kg/d GD6 - PMD 21*

Ryan 2010_VO LOAELu
0.25 pg/kg bw/d GDO-
PND21*
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Among all of the observed effects, the increase in body weight, the increase in plasma lipids
(such as cholesterol and triglycerides), and the increase in lipogenesis were retained as the
critical effects.

Selecting the key study

The Miyawaki, 2007 study is retained as the key study. This study was conducted orally (by
administration in drinking water) in pregnant ICR mice (n = 3 animals/group) and includes 2
exposure doses in addition to the control group: 1 pg/ml and 10 pg/ml (respectively equivalent
to 0.26 mg/kg bw/d and 2.72 mg/kg bw/d). Pregnant mice were exposed from GD10 and then
until weaning. This type of treatment allows exposure of the young through placental transfer
and/or via breast milk. After weaning, the offspring were also treated with BPA through
drinking water until PND30. This study did not follow OECD guidelines or GLP. Nevertheless,
the study protocol is well described. The drinking water was delivered in glass bottles and the
cages were made of polypropylene. A food containing 30% lipids (lipid-rich diet) was used in
this study. Many biological parameters, in particular in relation to lipid metabolism, were
investigated. Specifically, the total body weight of the male and female offspring, the weight of
the perigonadal adipose tissue, the concentration of serum leptin, the total serum cholesterol,
triacylglycerol, nonesterified fatty acids and glucose were measured.

Selecting the benchmark doses

In the Miyawaki, 2007 study, an increase in body weight of F1 females and male offspring is
observed at PND31 at a dose of 0.26 mg/kg bw/d and a slight increase in body weight at a
dose of 2.72 mg/kg bw/d (statistically significant in high doses and in females at the lowest
dose):

In the female offspring (F1):

* Increase in mean body weight of 13% (low dose) and 11% (high dose),
* Increase in the mean weight of fatty tissue 132% (low dose),

* Increase in cholesterolemia of 33% (low dose) and 17% (high dose),

« Increase in serum leptin concentration of 123% (low dose),

« Absence of glycemic change.

In the male offspring (F1):

¢ Increase in mean body weight of 22% (high dose),

* Increase in the mean weight of fatty tissue 59 % (high dose),
* Increase in the concentration of triglycerides (34%),

* Increase in nonesterified fatty acids (29%) (low dose),

« Decrease in glycemia of 41% (low dose).

In conclusion, a LOAEL of 0.26 mg/kg bw/d of BPA based on an increase in body weight
and an increase in cholesterolemia in females was determined using this study.

Other comments (uncertainties, confidence level, et  c.)

The Miyawaki, 2007 study presents certain limits. The number of animals investigated is
restricted with 3 pregnant females treated solely by dose level. In addition, the amount of BPA
administered relies on an estimate of the average amount of water consumed and weight gain
per dose group. A monotonic dose-response relationship was observed in this study for body
weight, but seems non-monotonic for change in triglycerides. No study to investigate the
effects on lipid metabolism and covering the pre and postnatal period, conducted in
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accordance with good laboratory practices, was recorded. Other studies such as the Alonso-
Magdalena, 2010 study, conducted subcutaneously at doses of 10 and 100 pg/kg bw/d show,
4 months after birth, an increase in body weight (significant at 100 pg/kg bw/d) as well as an
increase in triglyceride (from 10/kg bw/d) and insulin, leptin, and glycerol concentrations at 100
pHg/kg bw/d. In vitro studies support the observations that BPA increases lipogenesis in
adipocytes.

Table 27. NOAELs / LOAELSs selected for the HRA on BPA

. Population
Critical Study Animal Exposure Route of top be
referenc | populati p. Type of effect LOAEL/ NOAEL .
effects o on period exposure considered
in the HRA
Brain and
behaviour
Decrease in the
expression of
NMDA receptors Pregnant
Xu,2010 |ICRmice |GD7-pnp21 | O3l (forced jin connection with| NOAEL =50 " =
feeding) a disturbance in | pug/kg bw/d . .
. their offspring
spatial memory
and learning
functions
Female
reproduct
ive
system
. . Increase in the Pregnant
Signorile, Ba'lb-C GD1-PND7 Sub- occurrence of LOAEL 100 pg/ke women and
2010 Mice cutaneous . bw/d . .
ovarian cysts their offspring
NOAEL 100 Pregnant
Signorile, Ba'lb-C GDL-PND7 Sub- Endometrllal ug/kg bw/d  / women  and
2010 Mice cutaneous hyperplasia LOAEL 1000 their offspring
ug/kg bw/d
NOAEL 100
Rubin, Sprague GD6. .| oral (drinking | Disruption of | ug/kg bw/d / Pregnant
Dawley weaning  of . women and
2001 water) ovarian cycles LOAEL 1.2 mg/kg . .
Rat young their offspring
bw/d
Metabolis
m and
obesity
Treatment of
mothers from
GD10 until
weaning  of Increase in body
Miyawaki | Pregnant the young Oral (drinking weight, increase !n LOAEL Pregnant
2007 ICR mice then water) cholesterol N o6 m /kg bw/d women and
! treatment of females from 0.26 | &/ke their offspring
the young mg/kg bw/d
from the day
of weaning
until PND30
Mammar
y gland
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Sprague Effect on the buds Pregnant
Moral, Dawley GD10-GD21 OraI. (forced | and terminal | NOAEL 25 pg/kg women and
2008 feeding) breast ducts (Tan | bw/d . .
Rat their offspring
& TD)
PND2-PND21
(treatment of
mothers with .
. Sprague Promoting effect | NOAEL 25 ug/kg
Jenkins, BPA and X .
Dawley Orally in the presence of |bw/d / LOAEL |Juvenile
2009 Rat treatment  of an initiator 250 pg/kg bw/d
young  with HE/KE
DMBA on
PND50)
Promoting tumour
GD10-GD21 .
and effect in the
Betancou Sprague administratio !)r.e.sence of :f\n NOAEL 25 pg/kg | Pregnant
Dawley Orally initiator and shift | bw/d / LOAEL|women and
rt, 2010 n of DMBA at . . .
Rat of the period of | 250 ug/kg bw/d | their offspring
PND50 or susceptibility to
PND100 DMBA
Vandenbe b1 Sub- Ductal LOAEL Pregnant
rg, 2008 female GD8-PND16 cutaneous hyperplasias 0.25 pg/kg bw/d women and
& mice YPerp > He/ke their offspring
. Pregnant
x);gay’ \FAL/JIrSttP?;at GD9-PND1 ig’?a_neous E“C::' lasias Il:-)(\?v/-/\sl- 25 velke women and
yperp their offspring
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B 5.11 Derivation of DNEL(s)/DMEL(S)
The toxicological benchmarks are derived for pregnant women consumer and her
descendants and for pregnant women worker as cashier and her descendants, by cutaneous
route and for the long term.

The table below summarises the effects and the selected LOAEL/NOAEL which are used to
conduct the risk characterisation (RC).

Table 28. Summary of the effects and selected LOAEL/NOAEL for the RC

LOAEL NOAEL

Critical effects on ReEiErEnEs R o

study exposure
(Hg/kgrd) | (Mg/kg/d)
Brain and
behaviour Xu, 2010 Orally 50
Female
reproductive Rubin, 2001 Orally / 100
system
. . . Orally
Meta(f’t‘)’('a':irt“ and M';g‘g’;k" (drinking 260 86.7*
Y water)
Orally (tube
Mammary gland | Moral, 2008 feeding) / 25

*: NOAEL calculated using the LOAEL.

The NOAEL/LOAEL resulting from the experimental data correspond to the external doses
administered to animals. Concerning BPA, for which we know the significance of the effect of
the first hepatic passage, only the unconjugated fraction of BPA is considered to be active and
responsible for the effects observed. According to the data available, discussed here above (cf
toxicokinetics by oral route), this fraction is estimated at 3% of the oral exposure dose. This
factor is therefore used to firstly convert the NOAEL/LOAEL into equivalent internal doses.

The table below summarises the effects and the internal NOAEL -calculated with a
bioavailability factor of 3%.

Table 29. Summary of effects and the internal NOAEL calculated with a bioavailability factor of
3%

Internal NOAEL

LOAEL NOAEL |PY application of

Critical effects on | REference | Route of a bioavailability
study exposure factor of 3%
(Hg/kg/d) (Hg/kg/d) (Hg/kg/d)
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Brain and
behaviour Xu, 2010 Orally 50 15
Female
reproductive Rubin, 2001 Orally / 100 3
system
) . . Orally
Meta(f’g’e"ssirt“ and M"z’z‘(’)";k" (drinking 260 86.7* 2.6
y water)
Orally (tube
Mammary gland |Moral, 2008 feeding) / 25 0.75

*: NOAEL calculated using the LOAEL.

Secondly, an assessment factor of 300 is applied if the starting critical dose is a NOAEL and
an assessment factor of 900 is applied if the starting critical dose is a LOAEL. This overall
factor can be divided into several factors commonly applied in a QHRA (quantitative health risk
assessment) and detailed in the Agency report on the “Method of construction of TRV based
on the toxic effects on reproduction and development” (Afsset, 2007) and also justified by the
guidance R8 of REACH (p.36). Within the context of this assessment, the following factors
were considered:

* Assessment factor relating to the use of a LOAEL: A factor of 3 is applied
when the critical dose corresponded to a LOAEL and not to a NOAEL (as a
miminum and in a majority of cases according to the R8 guidance), considering
that the effects identified as “critical” (an increase in body weight and an increase
in the cholesterol levels in females at 0.26 mg/kg bw/d of BPA) occurred already
at levels of low doses, and that when a NOAEL/LOAEL couple was available in
certain studies, the LOAEL/NOAEL relationship was less than 10.

» Assessment factor relating to the inter-species var iability : This factor takes
into account the transposition from animals to people, and the value identified for
this factor in the absence of specific data on the substance considered is
generally 10. This factor may be divided into a toxicokinetic component (factor of
2.5) and a toxicodynamic component (factor of 4). The justification of the use of
this factor is in the R8 guidance of REACH, (p.30 R8.4.3.1.): “If no substance
specific data are available, the standard procedure for threshold effects would be,
as a default, to correct for differences in metabolic rate (allometric scaling) and to
apply an additional factor of 2.5 for other interspecies differences, i.e.
toxicokinetic differences not related to metabolic rate (small part) and
toxicodynamic differences (larger part)”. The table R.8-3 of the guidance show the
allometric scaling factors for different species as compared to humans: a factor of
4 is applied for the extrapolation from the rat to humans. So, a factor of 10
(2.5*4) is applied in the case of BPA.

» Assessment factor relating to the intra-species or inter-individual variability
this factor takes into account the variability within the human population.

o For consumers/the general population: By default, the assessment
factor is set at 10 for the general population to protect the larger part of the
population, including the children and the elderly (R8 REACH guidance).
This AF of 10 was chosen for consumers by default in the absence of
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toxicokinetic or toxicodynamic data which would enable the uncertainties
regarding humans to be reduced.

o For workers: By default, the assessment factor is set at 5 for workers (in
comparison with 10 for the general population) (R8 REACH guidance)
because this sub-population does not cover the very young, the very old,
and the very ill. However, the scope of this restriction is the foetus of
pregnant women; and developmental effects concern effects upon the
foetus. Indeed, the DNEL derived from developmental effects for workers
does not cover the worker himself but covers the foetus of the worker who
finally belongs to the general population group. Moreover, the foetus of
workers and of the general population have the same specific sensitivity,
indeed, developmental effects used for selecting the NOAEL and deriving
the DNEL are the same whether it is for the foetus of the workers or for the
foetus of the general population.

Thus, the default factor of 5 for workers, implicitely considering a population with less
variability amongst the worker population, does not include the unborn child. Unborn child is
part of the general population and its default factor for the general population, which includes
the unborn child, is taken forward for (prenatal) developmental effects, to cover for
intraspecies differences.

To summarize, an assessment factor of 10 is taken for (prenatal) developmental effects, to
cover for intraspecies differences. However, the risk assessment has also been calculated
with an assessment factor of 5 for professional women in order to demonstrate that the risk
still exists for the foetus of women exposed.

* An additional assessment factor in connection with the corpus of data
available and the severity of the effect:  this factor enables, either through lack
of data on a substance or (for substances which have been well studied such as
BPA) difficulties in interpreting all the data, the severity of the effects considered
and any other residual uncertainty not covered by the preceding factors to be
taken into account. When used, this factor is generally between 3 and 10. Within
the framework of this assessment of BPA, a factor of 3 may be justified by all of
the uncertainties relating to the effects of BPA in lower doses than those used
(Martini et al. 2010 ; Kubo, 2003) for effects on the brain and the central nervous
system; Rubin et al., (Rubin, 2001), Somm et al., (Somm, 2009) for the effects on
metabolism and obesity, etc.), the existence of a non-monotonic dose-response
relationship as referenced in the summary work conducted as part of a study
proposed by the French Agency (Lagarde, 2013) and which may concern some of
the studies on metabolic syndrome (Marmugi, 2012), used in this assessment of
BPA (ref : on metabolism), the existence of data in vitro and ex vitro showing a
greatly increased sensitivity (above a factor of 3, already considered in the inter-
species variability factor) of human tissue to BPA compared to animal tissue.

The table below summarises the effects and the associated internal DNELs which were used
to conduct the risk characterisation (RC) for the general population (intraspecies assessment
factor of 10).

Table 30. Summary of effects and associated internal DNELs used to conduct the RC for the
general population
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Internal DNELs
by application of
an assessment
Internal NOAEL | factor of 300 on
by application of the internal
- Reference | Route of LOAEL NOAEL a bioavailability | NOAEL for the
Critical effects on study exposure factor of 3% general
population (AF
intraspecies =
10)
(Hg/kg/d) (Hg/kg/d) (Hg/kg/d) (Hg/kg/d)
Brain and Xu, 2010 Orally 50 15 0.005
behaviour
Female
reproductive Rubin, 2001 Orally / 100 3 0.01
system
. . . Orally
Meta(?g’e"ssiT and M"Z’Z‘(’;’;k" (drinking 260 86.7* 2.6 0.009
y water)
Mammary gland | Moral, 2008 | Orally (tube / 25 0.75 0.0025
feeding)

*: NOAEL calculated using the LOAEL.

The table below summarises the effects and the associated internal DNELs which were used
to conduct the risk characterisation for the workers (intraspecies assessment factor of 5).

Table 31. Summary of effects and associated internal DNELs used to conduct the RC for the

workers
Internal DNELs
by application of
an assessment
gntzm";‘ilcgt% 'ﬁEOI; factor of 150 on
reference | Routeof | CAE NOAEL gbiggva”abi”ty the internal
iti NOAEL for the
Critical effects on study exposure tactor of 3% workers (with an
AF intraspecies
= 5)
(Hg/kgrd) | (ng/kg/d) (Hg/kg/d) (Hg/kg/d)
Brain and Xu,2010 | Orally 50 15 0.01
behaviour
Female
reproductive Rubin, 2001 Orally / 100 3 0.02
system
. . . Orally
Metabolism and | Mivawaki, | i ing 260 86.7* 2.6 0.0173
obesity 2007
water)
Mammary gland | Moral, 2008 | Orally (tube / 25 0.75 0.005
feeding)

*: NOAEL calculated using the LOAEL.
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B 5.12 Pitfalls while using rodent data for human r  isk assessment

The major differences between humans and animals in terms of kinetics make it difficult to
transpose to humans the effects observed in animals. The BPA biotransformation pathways
are also different in nature and proportions according to species. The data collected in humans
show that BPA glucoronide is the major metabolite, whereas BPA sulphate is more rarely
identified and quantified. While glucuronic acid conjugation is the major pathway in rodents,
the aglycone is not exclusively unchanged BPA, but part of it is hydroxylated BPA (Zalko et al.,
2003). Several other metabolites have also been identified, such as BPA diglucuronide, or
methoxylated conjugates (Zalko et al., 2003). Furthermore, the BPA metabolisation enzymes
differ between animals and humans. Indeed, in rats, the 2B1 isoform of UDP-glucuronosyl
transferase (UGT2B1) is mainly responsible for BPA glucuronidation (Yokota et al., 1999). In
humans, it is mainly UGT2B15 and 2B7 that are responsible for this glucuronide conjugation
(Hanioka et al., 2008). Finally, extrapolation of the pharmacokinetic data from animals to
humans is unreliable owing to the various inter-species differences with regard to the
existence or not of an enterohepatic cycle in the glucuronide-conjugated BPA elimination
process (INSERM, 2011).

Rodents are born in a relatively immature state compared with humans, and their development
continues after birth. In order to induce similar developmental effects, the exposure must be
carried out in the neonatal period in rodents and the prenatal period in humans. The newborn
rodent would be more vulnerable to this exposure than the human foetus, which is partially
protected by the placental barrier. For example, prostate differentiation occurs around the time
of birth in rodents (predominantly after birth), whereas it takes place during intrauterine life in
humans. Other major differences are also noted in terms of maturation of the central nervous
system (CNS) and thyroid function (Howdeshell 2002).

Moreover, the same effect can be initiated by different mechanisms of action which will not
necessarily be disrupted by the same factors. For example, the masculinisation of the
hypothalamic-pituitary-gonadal (HPG) axis occurs around the time of birth in the male rodent
and is partially mediated by oestradiol produced locally in the brain from circulating
testosterone. In humans, on the other hand, this developmental stage is initiated in the 3"
trimester of pregnancy and is brought about essentially by androgens, without oestrogens
being involved.

Finally, the results must be extrapolated over time in order to adjust for the differences in
longevity: the earliest stages of spermatogenesis in rodents are initiated shortly after birth and
come to an end at six to eight weeks, whereas these events occur around the age of 12 to 15
in boys. In the same way, the maturation of the organs forming the HP axis, which regulate the
oestral cycle, is complete at 15 days in rodents whereas this event occurs at the age of 10 to
12 in girls. Erreur ! Source du renvoi introuvable. 7 lists the periods of ovarian differentiation
in various mammals and Figure 17 represents the principal periods of development of the
male genital tract in humans and rats, in relation to the level of testosterone production
(INSERM, 2011).
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Souris .|IL I 1
13,5 jpc 19-21 jpc 40 jours 18 mols
Rate 1 | I
16,5 jpc 20-24 jpc 60 jours 2-3ans
Lapine l I I
28 jpc 30-32ipc 5 mois 7 ans
Truie i I 1
48 jpc 114 jpc 6 mois: 12 ans
Brebis | I T
501pc 150jpe 6 mols. 16 ans
emme [ I [
F i : . A
80 jpc 270 jpc 12'ans 50 ans 85 ans
Ménopause

[/ WMéiose des ovogonies (Prophase )

[ Formation des follicules

[ 1 Fuolliculogenase gonado-dépendants, ovulation et reprise de méiose
* jpc: days post-conception
Figure 16: Comparison of ovarian differentiation pe riods in various mammals (INSERM,
2011)
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Legend:

French English
conception conception
naissance birth

puberté puberty

mort death

souris [female] mouse
rate [female] rat
lapine [female] rabbit
truie sow

brebis ewe

femme woman

mois months

ans years
ménopause menopause

méiose des ovogonies (prophase |)

meiosis in oogonia (prophase 1)

formation des follicules

follicle formation

folliculogenése gonado-dépendante, ovulation et reprise de

méiose

gonad-dependent folliculogenesis, ovulation
resumption of meiosis

and
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Figure 17: Diagram showing the main developmental p  eriods of the male genital tract in
humans and rats in relation to the level of testost  erone production (INSERM, 2011) and
according to (Welsh et al., 2008)

Consequently, when transposing to humans the results obtained in animals, it is important to
consider, as far as possible, the differences in periods of development influencing sexual
differentiation and also to consider the role of the various hormones involved in this process.
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B.6 Human health hazard assessment of physico-chemi  cal properties

Not relevant for this proposal.

B.7 Environmental hazard assessment

Not relevant for this proposal.

B.8 PBT and vPvB assessment

Not relevant for this proposal.

B.9 Exposure assessment

B.9.1 General discussion on releases and exposure

A conceptual exposure diagram has been developed which takes into account all of the
information collected during the study on the uses of BPA. The objective of this conceptual
exposure diagram is to represent the possible compartments and routes of exposure of
the population, based on the uses identified by Anses.

This diagram identifies the categories of products or goods that may lead to direct BPA
exposure by virtue of their use or handling. They are the following categories:

* cosmetics;

* medical devices;

* dental cements;

» various supplies (household appliances, electrical elements, computer products,
protective equipment, etc.);

» glues, lacquers, varnishes, paint, etc.;

* movable equipment, construction elements;
» thermal paper.

The "cosmetic product” and "fungicide product” uses, listed in the bibliography but not
concerning the European Union, are mentioned on the conceptual diagram but do not, a
priori, result in situations of exposure for the European population.

The survey on uses and the resulting conceptual diagram highlights the following points:

 For most of the identified uses, BPA acts as a synthetic intermediate in the

manufacture of polymers and resins. The scope of use and/or application of such
compounds, and, in particular, polycarbonates and epoxy resins, indicate that BPA
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is found in a variety of preparations, consumables and goods that the general
population is in the presence of, or in permanent contact with.

* Given BPA's range of use and application in every day consumables, several
means of exposure are potentially involved, and thus, may contain BPA:

(0]

The air compartment (outdoor and inside) - a priori, preferentially the
particulate phase - due to leaching and/or extraction of nanoparticles related
to the phenomena of friction, abrasion,

Sedimented dust, due to the deposit of particulates from the air or transfer
from contact surface of various objects,

Drinking water distributed through the network,

Food and drink that has come into contact with containers (food cans, drink
cans, etc. with epoxy resin-based coating) or polycarbonate food containers
(tableware items, jugs, etc.)

The Earth's exterior crust and groundwater and surface waters due to
industrial or individual waste (industries producing or using BPA, WWTP
effluents and sludge, leaching, "uncontrolled” direct release into the natural
environment, etc.).

* The entire population is likely to be exposed to BPA regardless of age: infants,
children and adults.

e In fact, the population can be exposed to BPA through 3 routes of exposure
including inhalation, ingestion and skin contact.

Figure 18 Exposure diagram on the uses of BPA
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Danish EPA provided in 2013 an overview of national legislations on BPA in EU and EFTA
countries (Danish E.P.A., 2013). The information given in the tables below comes from this

report.

Food contact materials

Table 32. Overview of the EU MS national legislations on BPA for food contact materials

Country

Legal Act/Provision

Scope

Denmark

Statutory Order on food contact
materials No. 822 June 26th 2013

(Bekendtggarelse om
feadevarekontaktmaterialer nr 822 af
26/06/2013)

Formerly Statutory Order No. 579
June 1th 2011 (BEK nr 579 af
01/06/2011)

Ban on BPA in food contact materials
intended to come into contact with
food for 0-3 year olds

Belgium

Law of 4 September 2012 modifying
the Law of 24 January 1977
concerning protection of consumers
in relation to BPA in food contact
materials

(4 Septembre 2012.—Loi modifiant la
loi du 24 janvier 1977 relative a la
protection de la santé des
consommateurs en ce qui concerne
les denrées alimentaires et les autres
produits, visant a interdire le
bisphénol A dans les contenants de
denrées alimentaires)

Ban on BPA in food contact materials
intended to come into contact with
food for 0-3 year olds

Sweden

Swedish Food Decree (2006:813)
(Livsmedelsférordning (2006:813))

Ban on BPA in varnish and coating in
the packaging of food intended for 0-3
year olds

France

Law 2012-1442 of 24 December 2012
on the suspension of BPA in food
contact materials

(LOI n° 2012-1442 du 24 décembre
2012 visant a la suspension de la
fabrication, de [limportation, de
I'exportation et de la mise sur le
marché de tout conditionnement a
vocation alimentaire contenant du
bisphénol A)

Banning BPA in any food packaging
by 1 January 2015

Banning BPA in food packaging for
infants and young children by 1.
January 2013

Also provides for labelling/warning
advising against the use by pregnant
women, breastfeeding women and
infants and young children of the
above packing until such packaging is
suspended from the market (NB! The
decree with modalities for
implementing  this  provision is
discussed further down in this table)
Finally, also BPA in pacifiers and
teething is banned via this legislation.
As this provisions is not related to
food contact materials, it is addressed
under “Other legislation”.

Germany

Recommendation XXXVI (Paper and
board for food contact) from the
Federal Institute for Risk Assessment
(BfR* Empfehlung XXXVI. Papiere,
Kartons und Pappen fir den
Lebensmittelkontakt  (Stand  vom
01.06.2013)).

*BfR: Bundesinstitut fur

Migration limit of 0.6 mg/kg foodstuff
for recycled fibres used as raw
materials for the production of paper
and board for food contact materials
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Risikobewertung

National legislation in the pipeline

France

In preparation/consideration
Proposed to be implemented as a
decree, specifying the modalities for
affixing the health warnings as
specified in Article 2 of the LOI n°
2012-1442 (see above)

Concerning health warnings against
the use of packaging containing
bisphenol A intended to enter into
direct contact with foodstuffs

Belgium

In preparation/consideration

“Some measures for the protection of
pregnant women”

Source: Danish E.P.A., 2013

Occupational Exposure Limits

Table 33. Overview of the national OELs in the EU MS concerning BPA

Country Legal Act/Provision Scope
Denmark Statutory order 507 of 17/05/2011 National OEL:
3 mg/m® (8h TWA, as inhalable dust
(Bekendtggrelse om greenseveerdier | fraction)
for stoffer og materialer, nr. 507 af
den 17. maj 2011 med senere
a&ndringer)
Germany Standards for Hazardous Substances | National OEL (MAK*):
(TRGS* 900) 5 mg/m3 (8h TWA, as inhalable dust
(Arbeitsplatzgrenzwerte (TRGS* | fraction)
900)) *MAK: Maximale Arbeitsplatz-
TRGS: Technischen Regeln fir | Konzentration
Gefahrstoffe
Austria Austrian OEL regulation as adapted | National OEL (MAK):
in 2011 (GKV 2011) 5 mg/m3 (8h TWA, as inhalable dust
(Verordnung des Bundesministers fiir | fraction)
Arbeit, Soziales und | (= German MAK)
Konsumentenschutz Giber Grenzwerte
fur Arbeitsstoffe sowie Uber
krebserzeugende und Gber
fortpflanzungsgefahrdende
(reproduktionstoxische) Arbeitsstoffe
(Grenzwerteverordnung 2011 — GKV
2011 - BGBI Il Nr. 429/2011))
Finland Act 1213\2011 (Social- och | National OEL:
halsovardsministeriets forordning om | 5 mg/m3 (8h TWA, as inhalable dust
koncentrationer som befunnits | fraction)
skadliga, 1213/2011)
Switzerland Fact sheet - Swiss occupational | National OEL (MAK):
exposure limits (latest edition: | 5 mg/m3 (8h TWA, as inhalable dust
January 2013) fraction)
(Grenzwerte am Arbeitsplatz" | (= German MAK)
(German) or  "Valeurs limites

d'expositions aux postes de travail"
(French), according to Article 50, 83
VUV (Ordinance regulating accident
prevention and occupational
diseases))

Source: Danish E.P.A., 2013
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Other legislations

Table 34. Overview of other legislations on BPA in the EU MS

Country Legal Act/Provision Scope

Austria Federal law gazette — Part Il No | Ban of BPA in the manufacture of
327/2011 pacifiers and teething rings
(Bundesgesetzblatt fir die republic
Osterreich - Teil Il - Ausgegeben am 6.
Oktober 2011)
(BGBI. Il Nr. 327/2011)

France Law 2012-1442 of 24 December 2012 | Banning BPA in pacifiers and

on the suspension of BPA in food | teething rings
contact materials specifying that Article
L.5231-2 from the Code of Public
Health should be adapted

(LOI n° 2012-1442 du 24 décembre
2012 visant a la suspension de la
fabrication, de [limportation, de
I'exportation et de la mise sur le
marché de tout conditionnement a
vocation alimentaire contenant du

bisphénol A
and
Code de la santé publique - Article
L5231-2)
National legislation in the pipeline
Sweden In preparation/consideration. Ban of BPA in Thermal paper
Suggested to be implemented in the
Swedish Environmental Code
1998:808  (Miljobalken - SFS
1998:808)

Proposal for legal text on p. 48 of the
background report mentioned in the
column  “Background information

collected”

France In preparation/consideration BPA in medical devices

Sweden In  preparation/consideration (early | BPA in relining of tap water pipes
phase)

Source: Danish E.P.A., 2013

Existing/Proposed EU legal requirements for the use s of BPA

Table 35. Overview of the existing/proposed legal requirements for the uses of BPA (other
than thermal paper) at EU level

EU Legislation Provision Scopelyear

EU ban prohibiting the use of BPA for the | Babies bottles (adopted in
Directive 2011/8/EU manufacture of polycarbonate infant feeding | January 2011)
bottles

Restriction for use in food contact materials | Plastic materials and articles
relating to plastic materials and articles | intended to come into contact
intended to come into contact with foodstuffs | with foodstuffs (2011)

EU Regulation 10/2011/EU (from now on “the plastic food contact material
regulation”). Annex 1 of the regulation specifies
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a maximum migration limit of 0.6 mg BPA/kg
food

Directive 2009/48/EC

The European Commission has notified the
World Trade Organization (WTO) for the
proposed inclusion of BPA (and 3 flame
retardants) under the Toy Safety Directive
2009/48/EC. The proposed enforcement date
is 18 months after publication in the Official
Journal of the European Union. The EC
proposed a migration limit of BPA < 0.1 mg/L
(migration) [EN 71 Parts 10-11]

Toys  (under  consideration,
adoption expected early 2014)

IOEL

An indicative OEL of 10 mg/m3 (8-hour TWA,;
as inhalable dust) is in place based on a
SCOEL (Scientific Committee on Occupational
Exposure Limits) recommendation from 2004
(SCOEL/SUM/113, May 2004).

In 2013, SCOEL has updated its
recommendation and recommends an OEL of
2 mg/m3 for BPA (8-hour TWA, as inhalable
dust) in a draft document which was for
consultation until September 2013
(SCOEL/SUM/113; March 2013).

Workers exposure / 2004

Workers exposure / 2013

In the pipeline requlatory actions to address BPA u

nder REACH and CLP requlations

Table 36. Overview on current regulatory actions under REACH and CLP regulations in
Europe concerning BPA

Substance Evaluation

Classification & Labeling

Concerns regarding hazard and C+L reprotoxic
exposure

Description Evaluation of concerns with respect to | A harmonised and stricter classification is
hazards and environmental exposure | proposed to address reprotoxicity of BPA
took place 02/ 2012-02/2013. (reprotoxic 1B)

Deadline Draft Decision to be decided upon in | Public consultation ended on 11 October 2013
MSC 32 (11/2013).

Area ENV and HH HH

Member State DE FR

Existing legal requirements for the use of BPA in t

hermal paper outside the EU

Table 37. Overview on existing legal requirements for the use of BPA in thermal paper in the

world
Country Legal Act/Provision
Japan Ban the use of BPA in thermal paper in 2001

US Connecticut State

paper containing B

Connecticut Senate Bill 210 prohibits the manufacture, sale or
distribution of thermal receipt paper or cash register receipt

October 2013 (unless no alternative, in which case the
restrictions take effect by July 2015)

PA — adopted July 2011 / entry into force in
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(Maine and lllinois are considering the adoption
of the same position)

Taiwan BPA was banned in thermal papers in 2011

Summary of the effectiveness of the implemented ope  rational conditions and risk
management measures

As there is no current EU-wide restriction of BPA in thermal paper in force in the EU and no
adopted national regulations in EU Member States neither, no RMM related to this particular
use is assessed herein.

B.9.2 Manufacturing of BPA-containing thermal pape  r

Information of manufacturing (and the whole supply chain of thermal paper) of BPA-containing
thermal paper is given in section B.2.

B.9.2.1 Occupational exposure

Not relevant for this proposal since it is focused on the use of thermal paper specifically by
workers and consumers downstream. However, it may be expected that workers can be
exposed to BPA while producing BPA-containing thermal paper.

B.9.2.2 Environmental release

Not relevant for this proposal since it is focused on the use on thermal paper specifically by
workers and consumers downstream. However, it could be noted that the environment (water
in particular) might be contaminated by BPA releases during the production of BPA-containing
thermal paper. Some BPA releases may also occur during recycling of thermal paper, as
explained in section B.2.

B.9.3 Use of BPA in thermal paper

B.9.3.1 General information

The following will adress the exposure of workers and consumers from BPA contained in
thermal paper. Indeed, so far, there is no biomonitoring data investigating the exposure
through thermal papers available at the time of the synthesis of the proposal.

» Probabilistic characterisation of the exposure: gen eral framework
Within the scope of works relating to BPA, it has been chosen to model the doses of exposure
in accordance with a probabilistic approach for optimum management of the variability. By
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contrast with a conventional deterministic approach, for which only occasional estimations of
exposure are calculated, a probabilistic approach takes into account all of the possible
modalities of an entry variable through the intermediary of its distribution of probabilities. So
any possible modality of an entry variable of a model can be combined with the modalities of
the other entry variables depending on their probability of occurrence.
Random samples using the Monte Carlo approach (10000 iterations) are then done on each of
the entry distributions of the model to define distribution of the exposure doses, represented in
the form of histograms or accumulated distributions.
The probabilistic approach presents numerous advantages:
* It enables the percentage of overrun of the reference toxicological doses to be
determined.
* The sensitivity analyses enabling the identification and ranking of the most influential
exposure parameters on exposure models are facilitated (Pouillot et al., (2002) or
Cullen & Frey (1999)).

= Specification of the probability distributions

As previously mentioned the probabilistic approach is based on allocation of a distribution of
probabilities to each of the variables to then carry out a random draw in these distributions using
the Monte Carlo method.

The major difficulty of this appraoch is defining the distributions of probabilites of the entry
variables of the models. This information is generally not given in the literature and not all the
variables collected in the population are available. The theoretical distribution of probabilities
attributed to an exposure parameter and the underlying hypotheses to this choice therefore rely on
the level of information available on the data (literature, subsidiary survey, etc.). It is therefore
advisable to establish hypotheses to be able to define a theoretical distribution which is as close as
possible to distribution of the data observed and to check these hypotheses using statistical tools
such as the tests of Kolmogorov-Smirnov or Anderson-Darling and graphs (quantile-quantile
graphs or comparison of histograms or of distribution functions), which give information on the
validity and plausibility of this adjustment. However, a limit of the theoretical adjustment of a
distribution of probabilities is that, although a distribution “sticks” correctly to the data, the latter will
never be perfectly adjusted, notably at the level of the distribution queues. Therefore, it is
advisable to integrate the discrete distributions within the models of exposure, constructed from all
of the possible modalities and their probability of respective occurrence.

The different levels of information available for an entry variable as well as the hypotheses made in
order to be able to allocate it a distribution are presented below. Four different situations are
encountered, in addition to the case where only a single value is available and is integrated as in
the model. They are ranked below from the one with the least information to the one with the most
information, the ideal situation for specification of a distribution of probabilities, thus resulting in a
different strategy to be adopted.

- A variation interval
Certain studies only give the variation interval of the parameter studied. In this case, a uniform
distribution is allocated with the interval given as all of the possibilities of the parameter
studied, characterised by the fact that all the intervals of the same length included in this
variation interval have the same probability of occurrence.

- A variation interval and a central value
Other studies may give more and more info on the variation interval of the parameter, a central
value, central, average or median, of the sample. In this situation, the distribution of
probabilities specified is a triangular distribution which is characterised by a central value
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which has the highest probability and minimum and maximum values which have a zero
probability.

- A set of percentiles
In the majority of the studies selected, several percentiles are given, notably the percentiles O
(minimum) and 100 (maximum), thus giving the variation interval. It is then a case of creating a
distribution function from the couples (x;. pi) of cumulative data available, with p; the probability
of obtaining a value lower than or equal to x;. The following step consists of simulation of a
sample of values taken randomly on this cumulative distribution and integrating it as “input” in
the model for the exposure parameter.

- A set of raw data

It may be that the raw data from a survey are available. In this situation, it is necessary to have
an occurrence percentage of each individual. This weighting is at times specified by the study.
If this is not the case, it is allocated an appearance percentage of 100/n, n being the individual
number of the survey. Then the different values taken by the parameter are organised and the
probabilities are added in the box where the same value is measured on several occasions. A
set of couples (X;; pi) with {X1, Xz, ..., X} is then obtained with all of the possible modalities of
the parameter, and {p1, p2, ..., Pm} their respective probability of occurrence. However, it is at
times preferable to group possible issues by class, so as to avoid having too large a number of
different modalities with a percentage of low combined occurrences. Lastly, a sample of values
taken randomly on the discreet distribution is simulated, defined from the occurrence
probabilities of each of the realisations or classes of possible realisations for the parameter
studied.

Comment : all the distributions of probabilities used in the exposure calculations are constructed
from a Monte Carlo simulation of 10,000 iterations carried out using the software @Risk 5.0.

Results: In the final simulated sample of each of these doses, the percentile 95 was used as
the value to which the DNELs shall be compared with a view to characterising the health risk.
This choice is justified by the fact that the values beyond this percentile are the result of the
combination of random draws in the distribution queues of each of the parameter of exposure
and may in this way be judged as extreme cases, not representative of the study population.

B.9.3.2 Exposure estimation

With respect to thermal papers, the review of the uses (section B.2.4) showed that the use of
thermal papers containing BPA is ubiquitous in different countries where studies were
conducted (with the exception of Japan). In "eco-paper"-type thermal paper used mainly for
receipts and credit card receipts, BPA is present in the free monomer form and offers no
significant resistance to abrasion (Mendum, 2010). It can also be transferred through skin
contact (Biedermann, 2010; Zalko, 2011) and, thus, constitutes a potential source of exposure
to BPA; cashiers can represent an intensely exposed population.

Thermo-printed receipts are therefore a source of potential BPA exposure, and cashiers may
represent a particularly vulnerable population. However, so far, there is no biomonitoring data
evaluating specifically exposure through thermal paper available neither for workers nor for
consumers. Thus, within the framework of this restriction, the development of a BPA exposure
scenario is proposed through the handling of thermo-printed receipts for 2 categories of the
population: the worker (cashier) and the consumer.
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This work evaluates the health risks for one target population only exposed cutaneously to
BPA contained in thermal paper: workers and consumers’ pregnant women and their offspring.
The foetus of cashiers and consumers pregnant women is the targeted population.

B.9.3.2.1 Workers exposure

The scenario of occupational exposure is focused on exposure via the cutaneous route of
cashiers handling receipts with a particular focus on pregnant women. So, other professions
exposed to thermal papers (lottery tickets, self-adhesive labels) were not taken into account.

Other routes of exposure to BPA such as hand-mouth contact are possible but were not able
to be modelled taking into account the insufficiency of the available data. Hand mouth contact
route could be considered as took into account by default with studies using oral route by diet
and drinking water. But this exposure route has not been deeply analysed.

Only contact with the skin of the pads of the fingers was taken into account and not a surface
in greater contact (inner side of the hands) which may not be excluded during changing of the
roll or folding or receipts for example.

The exposure is assumed to be continuous and constant for the entire work duration on the
basis of the observations of Biedermann, 2010 which show a constant quantity of BPA
transferred to the surface of the skin of the finger, whatever the duration (between 5 and 60
seconds) and repetition (between 3 and 10 contacts) of contact with the receipts.

The equation used to model the dose of exposition via the handling of thermal receipts for a
professional is based on the hypothesis of skin exposure to BPA over the work period. This
hypothesis is based on the works of Biedermann, 2010 which show a constant quantity of BPA
transferred to the surface of the skin of the finger, whatever the duration (between 5 and 60
seconds) or the repetition (between 3 and 10) of contact with the receipts. The exposure
depends on the percutaneous absorption flow; the duration of exposure assimilated to the
work duration, the surface in contact with the paper and the body weight. In the situation of
pregnant women, the distribution of probabilities attributed to body weight was different from
the one specified for consumers, a pregnant woman having to stop her job around the 7th
month and a %2 of pregnancy. Thus, reduced periods were taken into account for calculation of
the average body weight of pregnant women.

The study retained for the percutaneous absorption flow  parameter was the one by Marquet
et al. (Marquet, 2011) which aimed to determine a percutaneous absorption flow for BPA. It
gave 15 data readings of BPA crossing the cutaneous barrier in pg.cm?.h™. On the basis of
this information, it was then decided to allocate a uniform distribution  with, as the distribution
variation interval, the minimum (0.026 ug.cm 2.h™") and maximum (0.331 pg.cm “%h™) values
measured.

For the exposure duration , the specified distribution was based on the assessment of
experts from the data from the collective agreement of the retail trade and the wholesale trade
with dietary predominance. It was decided to allocate a triangular distribution  of probabilities
with as a minimum value 3 h.d * and as a maximum value 10 h.d *, corresponding
respectively to the minimum and maximum values of the daily work duration on the days
worked, and lastly as an average value, taken as a mode of distribution, 6.5 h.d ™.

The distribution allocated to the surface in contact with a thermal receipt was based on the
assessment of experts who proposed taking a total surface area corresponding to the
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cumulated surface area of the pads of the ten fingers (last phalanxes). It was decided to
allocate a value of 12 cm?, relying on US EPA (1986) which gives by default a surface area of
2 cm? for the thumb and 1 cm? for each of the other fingers.

To determine the distribution of probabilities illustrating the body weight for the pregnant
woman , the entire period of pregnancy must not be taken into consideration in calculation of
the average weight of each of the individuals. The study of pre- and post-natal determinants of
development and health of the Child (EDEN"®), gives the body weights of the pregnant women
at different stages of the pregnancy and was used to document this parameter, with the similar
exception of the weights measured taken into account in order to calculate the average weight
of the women are those given from the start of the pregnancy until the 7" month and a %, i.e.
up to the 35" week of amenorrhea.

The internal daily dose by contact with thermal receipts for professionals was estimated using
the following model:

_ FxDxS

DI tickety o, PCtrav
With:

o, : Internal daily dose [ng.Kgpw *.d™]
F : Absorption flow [ug.cm?.h™]
D : Duration of exposure to the till receipt [h.d™]
S : Surface in contact with the till receipt [cm?]
P(}a\ : Body weight [kgsw]

In this paragraph the results of calculations of the internal dose linked to the handling of
thermal receipts are presented for a professional population of pregnant women.

Figure 19. Histogram and descriptive statistics of the internal DNEL via the handling of thermal
receipts for a population of pregnant women workers

—Internal daily dose of BPA ( ug.kgpw —.d™) Descriptive statistics
DI TICKET THERMIQUE TRAVAILLEURS FEMMES ENCEINTES Minimum 0,014

0,014 0,434 PS5 0.05
5,0% | P25 0.11
0,06 P50 0.20
0,05 P75 0.29
P90 0.38
00 P95 0.43

% The EDEN study was initiated by several teams of epidemiologists from the Institut Fédératif de Recherche 69, as well
as participating clinicians from the CHU (University Hospitals) of Poitiers and Nancy. Their aim was to better define the
characteristics of foetal development and the first few months of life which influence the development and the
subsequent health of the child. 2002 women agreed to participate. Amon the very large amount of data available from
this study, a distribution of discrete probabilities was simulated from the pairs “average weight/probability of occurrence”.
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Maximum 0.71
Average 0.21

For the “professionallpregnant women handling thermal receipts”, the internal dose varies from
0.01 to 0.71 pg.kgsw *.d™. The 95" percentile is 0.43 pg.kgew™.d™.

The estimation exposure is in the same range or below other estimations:

In a report from Keml (Kemi, 2013), it is reported that BPA can be released from the cash
receipts and up to 660 pg BPA were evaluated to be released to the skin. Considering the
absorption rate from the skin this may lead to an internal BPA worst case exposure of 1 ug
BPA/ kg bw day (Kemi, 2013).

In a Danish report, the BPA worst case exposure from cash receipts was calculated based on
Danish experimental measurements when exposed to 8 ug/kg bw /day (corresponding to an
absorbed intern dose of 0.8 —4 pg/kg bw day) for consumers and to 43 ug/kg bw day
(corresponding to an absorbed dose of 4.3-20ug/kg bw day) for cashiers (Lassen et al, 2011 in
Danish E.P.A., 2011).

B.9.3.2.2 Consumer exposure

Other uses of BPA, such as in printing inks and thermal paper, are considered to result in
negligible potential for consumer exposure in comparison with the other sources considered
(EC, 2010). New estimates have been given on exposure to BPA migration from cash receipts.

B 9.3.2.2.1 Biomonitoring data

General considerations related to biomonitoring data in urine and blood are exposed here
below for information.

1. Urine

a. Urinary concentrations reported by the different studies

The biomonitoring studies aim to assess human exposure to bisphenol A from urine ( the
majority of the studies mesure total BPA ie unconjugated BPA + conjugated BPA). Moreover,
these data represent the total exposure to BPA through all the route and media the consumer
are exposed to (food, consumer products, dust in the air...). The urine samples were analysed
using different techniques (liquid or gas chromatography with detection via mass spectrometry,
via fluorimetry, or electron capture) after an enzymatic deconjugation stage.

The results reported show a strong disparity within each of the populations studied with ranges
of concentration generally covering several orders of magnitude and ranging from "non-
detected" (i.e. concentrations lower than the lowest detection limits ranging from 0.1 to 0.4
ng/ml) up to values of several hundred ng/ml for the highest (Figure 20). However, the average
values are quite similar between the different studies, including between the different
geographical zones (Figure 20), and are generally comprised between 1 and 5 ng/ml.
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Figure 20 Urinary concentrations in total BPA reported in the literature for studies published

between 2001 and 2012.

The multiple citations correspond to the values giv

en for different categories within the same study:

Calafat et al., 2005 (184

men, 210 women), Mahalingaiah et al., 2008 (45 women, 37 men), Volkel et al., 2008 (31 women, 30 children aged 5-6 years, 21
adults), Becker et al. 2009 (137 children aged 3-5 years, 145 children a ged 6-8 years, 149 children aged 9-11 years, 168 ch ildren

aged 12-14 years), Kasper-Sonnenberg et

al., 2012 (104 mothers, 104 children), Mao et

al., 2004 (10 men, 10 women), He et al.,

2009 (419 men, 503 women), Yang et al., 2009 (259 men, 92 women pre-menopause, 134 women post-menopause), Zang et al.,

2011 (different countries).

b. Sensitivity of the analytical methods and positive detection rates

The different analytical methods used for the dose of BPA in urine present variable sensitivity
levels according to the studies, ranging from a detection limit (DL) of 3 ng/ml or the least
sensitive to DLs lower than 0.1 ng/ml for the most sensitive methods. Generally, very few of
these studies satisfy the criteria recommended today for validating an analytical method, which
are required to guarantee the quality of the results obtained. In the majority of the studies
analysed here, the quantitative results are given above the DL instead of only being given
above the quantification limit (QL). A possible and probable consequence of this "misuse” is
that the results shown are in reality accompanied by a significant degree of uncertainty which
could increase the level of variability of the readings, particularly for the lowest concentrations.
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Figure 21: Positive detection limit of the total BPA in urine depending on the detection limit
shown in different studies.

The positive detection rates of the total BPA shown in the different studies are most frequently
higher than 80 %. The only study which reported a detection rate of 0% (Volkel et al., 2005)
was subsequently called into question (Vandenberg et al., 2010), due specifically to its
relatively high DL (1.14 ng/ml) and the small sample size (n=6). The fact that other studies
presenting even higher DLs (2.7 and 3 ng/ml) had reported detection levels ranging from 60 to
100% (Mao et al., 2004; Moors et al., 2007) for adult populations in China and Germany
appears to support the ass