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Forewords: Description of the Consortium, scope, participants

Through regulation EU 2022/1616 on recycled plastic materials and articles intended to come in
contact with food of 15™ of September 2022, the European Commission sets new obligations for the
recyclers using the functional barrier principles in its article 32.2.

A consortium has been established by PETCORE Europe AISBL (“PETCORE”) and EUPC AISBL (“EUPC”)
to assist their members using the functional barrier principles for the manufacture of PET
thermoformed packaging food contact applications in complying with the above-mentioned
regulation.

Participants to the consortium have provided information and data to support the establishment of
this notification document.

More than 50 companies, representing more than 200 production lines through Europe have joined
this consortium and it is assumed they represent more than 70% of the European production
capacities of Thermoforms using the functional barrier principles.

A list of the members of the consortium Members is provided in Annex 4.

General information

e Recycled Polyethylene Terephthalate (rPET) is largely used in direct contact with food when it
is produced with processes that are capable to decontaminate the polymer recovered from
waste streams to a level which makes it in compliance with article 3 of Regulation (EC)
1935/2004 . These processes include several treatments, comprising a combination of
temperature, melt filtration and removal of volatiles by vacuum or flow of air or other gases.
These treatments are carried in order to remove the contaminants.

e To secure the achievement of the appropriate level of protection, the product is processed
behind what is called “functional barrier “.

e This technology has been used for more than 20 years, and a large number of tests have
been carried out by independent laboratories during this period to ensure compliance and
health safety.

A definition of functional barrier can be found in art. 3(15) of Regulation (EU) 10/20112. The
functional barrier must be able to reduce the migration of contaminants below migration limits
specified for genotoxic substances, as these limits represent the worst case since, they assume that
all contaminant substances are genotoxic substances.

1 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R1935&from=EN

2 Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and articles intended to
come into contact with food (europa.eu): ““functional barrier’ means a barrier consisting of one or more layers
of any type of material which ensures that the final material or article complies with Article 3 of Requlation (EC)
No 1935/2004 and with the provisions of this Requlation”.
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Starting from a maximum tolerable daily intake for genotoxic substances equal to 0.0025 pg/kg body
weight per day, EFSA3 considers that a maximum migratable amount of 0.017 pg/kg for infants, 0.028
ug/kg for toddlers and 0.15 pg/kg for adults represent a threshold below which there is no safety
concern for human health.

An EFSA Opinion®* published in 2011 sets a reference contamination level for post-consumer PET
conservatively to 3 mg/kg PET for a contaminant resulting from possible misuse. Within this
scenario, for the assessment of mechanically recycled PET intended for general use, EFSA applies a
migration modelling which contains overestimation factors. To compensate the overestimation, EFSA
set limits of migration at 0.1 pg/kg food for infants, 0.15 pg/kg food for toddlers and 0.75 pg/kg for
adults. In this scenario it is assumed that all possible contaminants are genotoxic substances.

Description of the structures containing the functional barrier

rPET is used in food contact materials for two main applications: direct contact with food and indirect
contact with food. For direct contact with food, the original PET is decontaminated in super-clean
processes, and the resulting rPET is used for producing new containers. For indirect contact with
food, the original PET is mildly decontaminated, and subsequently embossed between two layers of
virgin PET, or PET originating from super-clean processes. In this case, the layer in contact with food
acts as “functional barrier”, preventing any possible contaminants in the rPET to be transferred to
food in a quantity that endangers human health and, therefore, making the final structure compliant
with Regulation (EC )1935/2044, in particular with art 3 thereof.

This dossier deals exclusively with the PET containers which include the functional barrier, where the
rPET is not in direct contact with food.

These structures containing rPET consist of three-layer sheets having the formula A/B/A, where B
consists of either 100% of rPET, or a blend between rPET and virgin PET in various proportions. The A
layer is expected to exert the functional barrier properties; this layer consists of virgin PET, or food-
grade rPET (i.e. that originates from a recycling process that applies the suitable mechanical PET
recycling technology and for which the super-clean recycling process is assessed by EFSA) or a blend
of the two. The thickness of the sheets ranges from a minimum of 100um to a maximum of 1400 pm.
The most common proportion of the three layers (in weight percent) in the A/B/A structure
corresponds typically to 5%/90%/5% and 10%/80%/10% for structures with total thickness up to
about 500-600 um, but it can be 2%/96%/2% weight percent for structures with total thickness up to
1400 um . Table 1 lists the thickness of the different layers in A/B/A structures that have a total
thickness between 100 um and 1400 um for different proportions of the three layers (in weight
percent).

3 EFSA (2016). EFSA Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids (CEF), (2016).
Recent developments in the risk assessment of chemicals in food and their potential impact on the safety
assessment of substances used in food contact materials. EFSA Journal, 14, 1-28.
https://doi.org/10.2903/j.efsa.2016.4357

4 Scientific Opinion on the criteria to be used for safety evaluation of a mechanical recycling process to produce
recycled PET intended to be used for manufacture of materials and articles in contact with food | EFSA

Qeuroga.eu[
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Table 1: correspondence between layers percentage and layers thickness

Total thickness

% layers 100 pum 150 um 300 pm 500 pm 1400 pm

5%/90%/5% 5um/90um/5Sum 7.5um/135um/7.5um 15um/270um/15um | 25um/450um/25um 70um/1260um/70um

10%/80%/10% 10um/80pm/10um 15um/120pm/15um 30um/240um/30um | 50um/400um/50um | 140um/1120um/140um

15%/70%/15 15um/70pum/15um | 22.5um/105um/22.5um | 45um/210pum/45um | 75um/350pum/75um 210um/980um/210um

Typical examples of trays produced by the thermoforming of the above mentioned sheets are shown
in Figure 1.

Figure 1: trays produced by thermoforming A/B/A sheets containing rPET in the B layer

The actual thickness of the A layer, expressed in micron, ranges from 5 to 210 pm; the minimum

thickness of the A layer is <20 p for about 23% of the notified structures, and < 70 u for about 85% of
the notified structures.

With very few exceptions, the A/B/A structures are symmetrical.

When the sheet is converted into a tray, the thickness is reduced, and the final thickness of the layers
in the tray will depend on the draw ratio® used in the thermoforming process. Such draw ratio can

5 The draw ratio is defined as the area subjected to the thermoforming stress and the depth of the final tray



considerably vary from a low value of 1.1-1.3, applied to obtain very shallow trays, up to a value of
2.5-3.0 for deep drawn trays, which means that the thickness of the functional barrier may be
reduced by a factor of 2.5-3.0.

Obviously, sheets with lower thickness are subject to low draw ratio, and only sheets with a high
thickness can be thermoformed with a higher draw ratio. The highest draw ratio is usually applied to
produce trays that are intended to come in contact with food such as fruits and vegetables, where
migration is expected to be very low, so that it can compensate the highest decrease of the barrier
layer caused by deeper thermoforming.

Figures 2(a) and (b) show examples of the most common distribution of draw ratios applied to
produce thermoforms for protein and bakery products, and for fruits and vegetables, respectively.

Figure 2 (a)

Draw ratio vs sheet thickness for protein and bakery products

-

Figure 2(b)

Draw ratio vs sheet thickness Fruit & Vegs




A survey carried out on 231 commercial structures shows that the Surface-to-Volume (S/V) ratio
corresponds on average to 6.4 dm2/kg. In this dossier, all calculations have been made with a 6
dm2/kg food, which is the conventional S/V value used in Europe.

Description of the collection system

The PET used in recycling processes may be obtained from two main sources:

e deposit systems — PET only: PET containers are collected and stored separately from other
waste, such as aluminium cans or other plastic containers, like HDPE milk containers.

e curb side collection — different plastics: After the collection of post-consumer plastic waste,
the PET containers are sorted out of the waste stream. They are separated from non-PET
waste, such as other plastics, either by automatic sorting machines or by manual sorting.
Bigger metal parts (ferrous material and non-ferrous material) are sorted out by electrostatic
or electromagnetic metal detection. Only PET containers including labels and PE or PP
closures are transferred to further process steps.

The containers are sorted, shredded in to flakes and are cleaned with water and detergents (see
detailed description below). These clean flakes are then used for obtaining the B layer of the A/B/A
PET trays for food contact applications.

Description of the recycling processes

Processes leading to the structures introduced in the market include a pre-processing phase.

After the collection, the PET containers are shipped to PET washing plants in pressed bales with a
weight between 200 to 1000 kg/bale. The foreign materials in the bales are typically labels, which
can be made of paper or other plastics such as PS or PP, and PVC shrink sleeves. Other foreign
contamination is coming from the caps, which are made from PP or PE, and other materials, such as
metal cans, stones, plastic film, wood, etc.

Washing may be made in a variety of plants, which include grinding, elutriation and sifting to remove
light films. The resulting flakes are separated in sink floating tanks and subsequently washed.
Washing technologies e.g., hot water and/or caustic soda and other washing detergents are used to
remove organic load and other contaminants like glues, paper, wood etc. Finally, the flakes are
rinsed to remove the caustic soda with water and dried to a surface moisture of less than 1.5%.
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The flakes are delivered to recycling plants after quality control.

Periodical analysis, such as gas chromatography or other suitable test can serve as additional quality
check.

The present notification, however, does not cover the washing phase. Nevertheless, control of the
input material is key and raw materials are sourced as per specification for post-consumer packaging
PET flakes reported in Annex 1.

An example of these specifications is reported in Table 2 below®:

Table 2: typical specifications for input flakes

Parameter value
Moisture max. 1.0%
Moksture variation L 01% h !
Bulk dendsity 375 kg m
Bulk density variation + 50 kg m ¥ h!
Material temperature 15-50°C
Material temp. variation & 5 Ch?!
P max. 500 ppm
GGlse max, 50 ppm
Other plastics max. 1,000 ppm
Ciellulose (paper, wood) max 5%

Metals manc. 1,000 ppm

The manufacturing of A/B/A structures include a combination of some of the following processes:

e Adrying and crystallization phase of the washed flakes, which is operated usually under
stirring and air flow, at temperature of 140-160°C, generated by friction or IR, for a residence
time up to 6 hours.

e An extrusion phase, where flakes are melted to produce the rPET B layer with or without
application of vacuum. The temperature profile is usually 270-290°C. When vacuum is
applied, the vacuum conditions are typically below 100 mbar.

e The coextrusion step, in which the A layers are applied in a die’. In this case the rPET of the
future B layer comes in contact with the virgin PET (or mixture between virgin and EFSA
assessed PET) of the future A layers, at a temperature of typically 275-290°C. A 3-layer sheet
(A/B/A) comes out from the coextrusion process and it is cooled down in a rolled stack press.

6 Safety assessment of the process ‘Linpac’, based on Linpac super clean technology, used to recycle post-
consumer PET into food contact materials | EFSA (europa.eu)

7 Kostic, Milivoje & Reifschneider, Louis. (2006). Design of Extrusion Dies. Encyclopaedia of Chemical
Processing. (PDF) Design of Extrusion Dies (researchgate.net)
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e The final thermoforming phase, in which the sheet is converted into trays. The sheet is
heated in an oven to a temperature of 120-130°C, and the tray is formed through the
application of pressure and vacuum in a mould. The total cycle takes 2-3 seconds. The tray is
then immediately cooled down to an average temperature of around 30°C.

Description of the different equipment configurations

This paragraph provides a description of the different configurations of equipment used by members
of the Consortium that are part of this notification (Table 3).

Table 3: configurations of the equipment covered by the notification.

Configurations |Crystallizing/drying Extrusion Degassing inst:III::ions
X1 yes Single Screw No 32

X2 yes Single Screw Yes 18

Y1 yes Twin Screw Co-Rotating Yes 17

Y2 no Twin Screw Co-Rotating Yes 109

W no Single screw and satellitar Yes 1

Figures 3-7 show the flow sheets of the configurations reported above, along with the relevant
process parameters

Figure 3: configuration X1- single screw extruder with crystallization and drying
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Figure 4: configuration X2 — single screw extruder with degassing, and crystallization/drying
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Figure 5: configuration Y1 - twin screw extruder with degassing, and crystallization/drying
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Figure 6: configuration Y2 — twin screw extruder with degassing
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Figure 7: configuration W — combination of single screw and satellitar extruders
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The typical operating conditions are reported in Table 4 below

Table 4: typical operating conditions for single and twin screw extruders

OPERATING CONDITIONS OF SINGLE SCREW EXTRUDER
Crystallization Crystallization | Drying Drying Residence Temperature Temperature Residence time
temperature residence temperature residence | timeinthe profile in the in the die (°C) | in the die (sec)
(°C) time (hours) (°C) time extruder extruder (°C)
(hours) from feeding

section to

die (min)
100-120 0.5-3 150-180 2-6 5-9 260-290 275-290 <60




OPERATING CONDITIONS OF TWIN SCREW EXTRUDER

Crystallization Crystallization Drying Drying Residence Temperature Temperature Residence time
temperature residence time | temperature residence | timeinthe profile in the in the die (°C) | in the die (sec)
(°C) (hours) (°C) time extruder extruder (°C)
(If any) (If any) (If any) (hours) from
(If any) feeding

section to

die (min)
100-120 0.5-1.5 60-160 2-6 5 240-290 275-290 <60

Characterization of the input material

Input materials consist of PET flakes produced in pre-processing plants by taking PET bales originated
from extended producers' responsibility (EPR) schemes in various EU Countries and non- EU
Countries that follow EU food contact regulations. The PET containers are subjected to treatment
such as hot washing, removal of contaminants during various stages of the process through
automatic (especially optical and magnetic) and/or manual sorting systems, and grinding.

All input materials comply with the requirements of the EU Regulation, i.e. they are supported by
documentation ensuring (i) traceability of each batch to the point of its origin, (ii) a minimum

content of 95% of PET containers or flakes from food contact applications, and (iii) specification of
the quality of the input.

Flakes entering the recycling processes may be clear or coloured.

Assessment of the decontamination performance of the recycling

Process

Several challenge tests carried out between 2013 and 2023 demonstrated that the decontamination
of the processed flakes through extrusion processes provides a mild removal of the contaminants.
This level of decontamination allows the final rPET to get in indirect contact with food if it is used
behind a suitable functional barrier.

Typical and representative decontamination efficiencies for the different equipment configurations,
as defined in table 3 are reported in Table 5. The decontamination efficiencies are taken from the
challenge test carried out by different companies referred in to the annexes 2 and 3.



Table 5: representative decontamination efficiency, from challenge test

DECONTAMINATION EFFICIENCY %

Configurations X1, X2, W Configuration Y1, Y2

Reference annex 2 Reference annex 3
toluene 97.5 94.3
chlorobenzene 97.3 93.1
chloroform 92.7
methyl salicylate 93.8 95.4
phenyl cyclohexane 94.4 92.1
benzophenone 87.5 65.4
methyl stearate 89.3 70.9

Calculation of migration through a functional barrier

As provided for in article 32(2) of the Regulation (EU) 2022/1616, the large number of structures that
are part of this notification are grouped on the basis of technical equivalence of the applied recycling
installations (Table 3) and the assessment was done on each of these groups.

Since PET containers that use a functional barrier are not used to pack food for infants, the migration
limit of 0.028 pg/kg food, calculated by EFSA for the toddlers’ scenario is used. When overestimating
modelling is used this limit may be multiplied by 5 to become 0.15 pg/kg food. This applies under the
conservative assumption that all migrating substances are genotoxic.

Modelling of migration of surrogate contaminants has been carried out starting from concentration
of these contaminants of 3 mg/kg (EFSA assumption). The use of migration models for the estimation
of migration is a common practice; these models have been developed in the early 2000’s & and are
currently used in the context of applications for new substances in food contact materials, as well as
for evaluation of potential contamination from recycled plastic materials.

The software used for the migration modelling was SML365, developed by AKTS® (Sierre-
Switzerland). The software is widely recognized and used for migration prediction in the context of
food contact plastic materials. The base software was equipped with a statistical analysis module,
providing information on the distribution of the outcoming results upon fluctuation of initial
parameters, as well as changes in the dimensions of the A/B/A structures, and a module for the
evaluation of the set-off effect, which enables the calculation of the equilibrium concentration of the

8 Full article: Evaluation of migration models that might be used in support of regulations for food-
contact plastics (tandfonline.com)
° About Us Page - AKTS
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surrogate contaminants contained in layer B, through layers A at given temperatures and after a pre-
set time.

The starting concentration used for the migration modelling is the concentration of the surrogate
contaminants at the end of the decontamination process, prior to entering of the material into the
die. These can be calculated using the decontamination efficiencies of the challenge tests. By using
the decontamination efficiencies reported in Table 5 above and normalizing the content of the
surrogate contaminants to an initial concentration of 300 mg/kg, the results reported in Table 6 are
obtained. Using a 100 times higher initial concentration of surrogates than the 3 mg/kg contaminant
concentration that EFSA assumes to be present in post-consumer food contact PET waste, allows to
use a migration limit of 15 pg/kg instead of 0.15 pg/kg as a benchmark.

Table 6: surrogate contaminants concentrations corrected by using the decontamination efficiencies.

RESIDUE CONCENTRATION OF SURROGATE

CONTAMINANTS mg/kg

Configurations X1, X2, W | Configuration Y1, Y2

Ref: annex 2 Ref: annex 3
toluene 7.5 17.1
chloro benzene 8.1 20.7
chloroform 21.9
methyl salicylate 18.6 13.8
phenyl cyclohexane 16.8 23.7
benzophenone 37.5 103.8
methyl stearate 321 87.3

These numbers correspond to the concentration of surrogates that the functional barrier should
prevent to be transferred to the food.

There are numerous experimental examples that show that under the test conditions set forth by
Regulation (EU) 10/2011, the A layer after thermoforming, i.e. in the actual trays that are used in real
conditions, is capable to reduce the migration of surrogate contaminants to a level that is most of the
times not detectable with the most sophisticated analytical techniques (Ref. Aliplast, ILPA, Esperia,
Cartonpack, others ...); the relevant reports are available under request. The detection limit of these
tests usually corresponds to 10 ug/kg food simulant.

The predictive model has therefore been applied to the representative A/B/A structures, as follows,
expressed in weight percentage of the 3 layers:

5%/90%/5%
10%/80%/10%
15%/70%/15%

The total thickness of the sheets on which the predictive model has been used were: 150 micron,
300 micron and 1400 micron.



The thickness of the functional barrier in these structures is reported in Table 7
Table 7: Thickness of the functional barrier A

% of A layer in A/B/A Total thickness of the A/B/A sheet
structure 150 um 300 pm 1400 pm
5% 7.5 15 70

10% 15 30 140

15% 22.5 45 210

The modelling of migration in the food simulants starts when the layers A and B are coextruded and
ends at the end of the shelf life of the packaged food. The thermal history can be summarized as
follows:

e Initial contact of rPET with virgin PET in the die: 1 minute at 290°C (highest reported
conditions)

e storage of the 3-layer sheet at room temperature (25°C) for up to 180 days in reels (storage
in the warehouse before thermoforming)

e thermoforming (sheet to tray), at 130°C for 3 seconds

e storage of the final tray before filling with food, up to 180 days at room temperature (25° C)

e In case of form & fill applications, the trays are immediately filled with food after
thermoforming.

Under the conditions reported above, the A/B/A tray has reached the equilibrium conditions, in
which the concentration of the surrogate contaminants in the layer A have achieved a certain
concentration and are ready to migrate into food.

The migration modelling was made by using simulant D2 as a worst case, and took in consideration
various rPET percentages in layer B, namely 100%, 75% and 50%.

All other simulants delivered lower migration results; therefore, we are presenting the results
relative to simulant D2 only.

The migration modelling was applied to all surrogate contaminants, but the results were reported
only for the surrogate which showed higher migration.

Calculation for equipment configurations X1, X2 and W

The results of the modelling for equipment configurations X1, X2 and W (see Table 2) are
summarized in the Figure 8 below. It should be noted that the results of the simulation are referred
to the final structure after thermoforming.



Figure 8: results of migration modelling for equipment configurations X1, X2 and W
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Where X1, X2 and W are the equipment configurations, s/v= 0.6 cm2/cm3 (equal to 6 dm2/kg) refers
to the surface to volume ratio, and D2 is the simulant in which the calculation has been done.

The Figure 8 shows that in all structures the calculated migration at 10 days/20°C and 10 days/40°C
remains always below the limit of 0.15 ppb. This means that for all applications such as “frozen and
refrigerated temperature for long term storage, and room temperature up to 30 days packaging of
all food”, the barrier properties of layer A are confirmed up to a 100% rPET content in layer B.

For other applications entailing shelf life of food at room temperature and below for up to one year,
the functional barrier properties are confirmed if the content of rPET in B layer lies between 55% and
75% in the case of structures with total thickness in the low and medium range. When the total
thickness of the sheet is increased to 1400 um, the functional barrier properties are confirmed up to
90% and 100% content of rPET in the B layer.

For applications with a shelf life of up to one year at room temperature and below, Figure 9 shows
the migration behaviour of the modelled structures as a function of the total thickness of the sheet,
for an rPET content in the B layer of, respectively, 50%, 75% and 100%.



Figure 9: trend of migration as a function of total thickness, for equipment configurations X1, X2 and
W, at the conditions 365days /25°C
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Figure 9 leads to the conclusion that all thicknesses are suitable for such an application, provided
that the rPET content does not exceed 50% in the B layer. When the 50% rPET content is exceeded,
the total thickness of the sheet defines/determines whether the A layer is a functional barrier or not:
for example, with 75% rPET in the B layer, only A/B/A structures thicker than 500 p are suitable to
pack food with shelf life up to one year at room and refrigerated temperature conditions.



The results of the above analysis for migration conditions 10 days at 20°C are similar to the results
obtained by EFSA for such migration conditions in its opinion?® on the process of which the challenge
test results are used in the above analysis. This confirms that the right modelling parameters have
been chosen for the above analysis.

Calculation for equipment configurations Y1 and Y2

The results of the modelling for equipment configurations Y1 and Y2 are summarized in the Figure 10
below. It should be noted that the results of the simulation are referred to the final structure after
thermoforming.

10 safety assessment of the process ‘Linpac’, based on Linpac superclean technology, used to recycle post-
consumer PET into food contact materials
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5323



Figure 10: results of migration modelling for Equipment configurations Y1 and Y2
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Where Y1 and Y2 are the equipment configurations, s/v= 0.6 cm2/cm3 (equal to 6 dm2/kg) refers to
the surface to volume ratio, and D2 is the simulant in which the calculation has been done.

Figure 10 shows that in all structures the calculated migration at 10 days/20°C remains always below
the limit of 0.15 ppb. This means that for all applications such as “frozen temperature packaging of
food for long term storage and refrigerated temperature of food up to 30 days”, the functional
barrier properties of layer A are confirmed up to a 100% rPET content in layer B.

However, when using 100% rPET in the B-layer, the calculated migration at 10 days/40°C lies below
the limit only for structures with a high thickness and in the A barrier layer of 10% or higher. When it
comes to low and medium thickness structures, the calculated migration is below limit only if the
rPET content in the B layer is below 50%.

This would lead to the conclusion that, for these equipment configurations Y1 and Y2, only an rPET
content in the B layer of 50% or below can be used for A/B/A structures with at total thickness of 300
micron and below.

For shelf lives up to one year at 25°C and below, Figure 10 indicates that the 0.15 pg/kg food limit is
fulfilled only if the percentage of rPET in the B layer does not exceed 20% for 5/90/5, 23% for
10/80/10 and 25% for 15/70/15 A/B/A structures with at total thickness of 300 um, and higher % of
rPET for thicker structures.

For configurations Y1 and Y2, Figure 11 allows to identify the minimum total thickness needed for
compliance.



Figure 11: minimum total thickness needed for compliance
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The figure confirms that A/B/A structures of all thicknesses fulfil the limit for refrigerated and frozen
food storage conditions (10 days/20°C), while for room temperature food storage conditions (10
days/40°C) the minimum thickness corresponds to about 200 with rPET content of 50% and barrier
layer 10%, while decreasing the barrier layer and increasing the rPET content leads to an increase of
the minimum thickness needed to fulfil the limits.

Further considerations on equipment configurations Y1 and Y2

With particular sight to the processes described in configurations Y1 and Y2, it should be highlighted
that the calculation of the migration for all applications has been carried out at 10 days/40°C by using
simulant D2. In case the final food contact article only would be used for fruits and vegetables, the
appropriate simulant is simulant E (Tenax), as indicated in Regulation (EC) 10/2011, Annex Ill, Table 2.
In particular, for “fruits, fresh and chilled- unpeeled and uncut” (food type 04.01-A), compliance can
be established by dividing the result of the migration in simulant E by a reduction factor of 10.
Therefore, the results of the migration modelling obtained with simulant D2, which is considered
worst case as compared to simulant E, can be divided by the same reduction factor of 10 for articles
used to pack foods type 04.01-A. In such a case, the limit of 0.15 ppb is met for the condition 10
days/40°C with 100% rPET in the B layer, at all thickness of the barrier A layer.

Use of reduction factors for calculation of rPET in the B layer

Depending on the food that will be packed, also for food simulant D2, regulation (EU) No 10/2011
authorizes the use of D2 reduction factors!®. For applications in which such reduction factor can be
used, it is possible to calculate the amount % of rPET for the different configurations, which allows
the calculated migration to lie below the 0.15 ppb threshold. The results of such calculations is
reported in the tables of Figure 12.

11 (EU) No 10/2011, Annex lIl: “For food categories where in sub-column D2 or E the cross is followed by an
oblique stroke and a figure, the migration test result shall be corrected by dividing the result by this figure. The
corrected test result shall then be compared to the migration limit to establish compliance. The test results for
substances that shall not migrate in detectable quantities shall not be corrected in this way.”



Figure 12: percentage of rPET in the B layer enabling to meet the migration threshold of 0.15 ppb

when applying a reduction factor.
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The minimum total thickness at which 100% rPET can be used to meet the specified limit for all types
of food is highlighted in green.

The tables of Figure 12 need to be read in combination with the descriptions of food to which the
various reduction factors are applicable; such description can be found in Annex Il of Regulation (EC)
10/2011. A summary is reported in Figure 13, for reference.

Figure 13: summary of reduction factors and food to which they are applicable

EC 10/2011; Annex lll Table 2; Food category specific assighment of food simulants

02.Cereals REDUCTION FACTOR for D2 REDUCTION FACTOR for E

03.Confectionery & chocolates X/a X/5 none X/10

04.Fruit & Vegs 06.03 A 08.02 A 02.01 04.01A

05.Fats & Oils 04.03C 06.03 B 08.03A1 'OZ.OZ 04.04 A
06.01.Fish fresh, chilled, processed 04.05D | 08.02 B 08.03B1 f02.03
06.03 & 04 Meat 05.01 08.06 A [02.04
07.Milk products 06.01B1 06.01A 08.08 A 02.05B
08. Miscellaneous 06.02B1 06.04 A 02.06 B
06.05 Eggs 06.03 C 07.04B
07.04D1 08.05
08.04 B 08.11B 04.02 A
08.15 04.03 A
04.03 B
04.05
06.05 A
07.01.B
07.04 A
08.03All
08.06 B
08.08 B
[08.09
08.11. A
[08.12
[08.13
[08.14

Conditions of contact with food

The partially decontaminated rPET which comes from the extrusion phase enters in contact with the
virgin layer A in the extrusion die, at a temperature of 275-286°C for a short time, for an average
time of ab. 60 seconds.

The trays resulting from thermoforming of the A/B/A sheets can be safely used for frozen,
refrigerated and room temperature of food for long term, subject to the limitations in the rPET
content identified by the simulation.



Examination of relevant published literature

The calculation made in this notification has been done by using the SML365 software under
conservative assumptions, in particular the prediction model used upper bound values for estimation
of diffusion coefficients in the equation underpinning the migration behavior'?,

This represents an additional overestimation assumption used in the context of migration prediction.
In more general terms, the safety limit used by EFSA for assessing processes of production of rPET
contains many overestimation factors, which make that limit very conservative. The limit is set by (i)
assuming that 1 kg of rPET could potentially contain 3 mg/kg of genotoxic substance, (ii) applying a
migration prediction model with parameters that largely overestimate the migration, and (iii)
assuming a highly overestimated daily intake for toddlers and adults to calculate the intake of
potential contaminants.

More realistic prediction methods have been developed®3. According to these models and even when
maintaining unchanged all others EFSA overestimated assumptions, the conclusions drawn for tray
applications are that “no cleaning efficiency is necessary for substances with molecular weights above
of approximately. 220 g/mol (migration limit 0.15 ug/L, 365 d at 25°C) and above of approximately

714

130 g/mol for meat trays (migration limit 0.15 ug/L, 10 d at 20°C), respectively”.

In a more recent publication®, it was evidenced how recycling of PET bottles to produce trays for
packaging meat products, and fruits and vegetables need low cleaning efficiency due to short shelf-
life and low specific product temperature. The calculated minimum cleaning efficiency required by a
recycling process of PET bottle-to-meat tray is shown in Figure 14, taken from the above reference.
Such efficiency corresponds to ab. 60% for low molecular weight contaminants, and 20% for high
molecular weight contaminants. The conclusions of this paper were: “recyclate applications in meat
and fruit trays do not need supercleaning of the recyclates up to molecular weights of about 200
g/mol, even under the assumption that the whole input of post-consumer substances are genotoxic
compounds”.

12 Hoechstra et al., JRC Technical Reports-Practical guidelines on the application of migration modelling for the
estimation of specific migration, 2015

13A new method for the prediction of diffusion coefficients in poly(ethylene terephthalate)

Frank Welle, First published: 24 December 2012 https://doi.org/10.1002/app.38885

¥ Franz, R.; Welle, F. Recycling of Post-Consumer Packaging Materials into New Food Packaging Applications—
Critical Review of the European Approach and Future Perspectives. Sustainability 2022, 14, 824. https://
doi.org/10.3390/5u14020824

15 F. Welle, VerpackungRundschau, Circular Economy- Considerations on PET Recycling, 4/2019
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Figure 1: Mini cl  efficiencies of the super-clean recycling processes necessary for different applications of the post-con-
sumer recyclate [calculated for 100% recyclate content). Solid lines calculated with the AP model applied by EFSA [2,5]. Dashed lines
calculated with realistic diffusion coefficients [6].

Evaluation of migration from A/B/A trays

During the last 15-20 years industry has carried out overall and specific migration test on many A/B/A
structures. In no case the migration limits set in Regulation (EC) 10/2011 have been exceeded.

In addition to standard migration tests, analysis of NIAS (non-intentionally added substances) is
carried out by most of the Consortium members, although not periodically. A more systematic
approach and in line with Article 13 of the regulation EU 2022/1616 will be implemented by the
members of the Consortium, which is reported in the paragraph on “quality control”.

Quality Assurance

The quality assurance systems in place at the Consortium members operations ensure amongst
others that the specifications for incoming raw materials are fulfilled. This is normally done through
certificates received from suppliers. The minimum requirements for incoming flakes are reported in
Annex 1

The constant thickness of the A layer is ensured by controlling the ratio between the throughput
(kg/hour) of A and B. Periodically, at least twice a year, or after every maintenance intervention, a
colorant is added in either layer A or B, and the relative thickness is measured via optical microscopy.

Process parameters are recorded in order to ensure that the process is under control and no
variations other than the established operating ranges take place, in particular as regard the critical
control parameters. The recorded parameters for both extrusion lines (for A and B) are temperature,
vacuum, output in kg/hour, dosing percentage of the raw materials, pressure, speed of melt pump,
screen changer delta pressure, die temperature, calendrers temperature, thickness of the final sheet.

The critical control points for the equipment configurations leading to the production of the sheets
notified through this paper are reported in Table 8.



Table 8: critical control parameters for the notified equipment configurations

Critical control parameter

Configurations X1, X2, W | Configurations Y1 and Y2

Crystallization temperature 120-170°C ---
Crystallization residence time >20 min
Dryer temperature 165°C -
Dryer residence time > 40 min

Dryer air flow

> 600 m3/hour

Temperature profile

in the extruder 275-290°C

Vacuum level

<90 mbar

Figure 14. QAS diagra
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Figure 15. QAS diagram for Y1 and Y2 equipment technologies
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Annex 1: Flakes specifications example



Name of
product:

Supplier:
Chemical
definition:
Source of  |hottle bottle

material: nonreturnable [returnable

trays

GENERAL STATEMENTS

Requirement

Yes

No

Comments

Hot washed flakes, washed with caustic soda

Certified quality assurance system including traceability (article 6 of Regulation
(EU) 2022/1616 — mandatory from 10 October 2024 (please provide certificate)

RecyClass or EuCertPlast certifications — mandatory for recycled content
certification (please provide certificate)

Other certifications (please provide certificate and accreditation), according to
UN15343

Compliance with Regulation (EC) No 1907/2006 — REACH
e  SVHC substances >0,1%, candidate list in its actual version
http://echa.europa.eu/de/candidate-list-table
e  comply with article 2 (7), d (input material registered, EU
origin)

Input material (bottles or trays) complies with Framework Regulation (EC) No
1935/2004
e on materials and articles intended to come into contact with
food

Input material (bottles or trays) complies with Regulation (EU) No 10/2011
e  on plastics materials in contact with foodstuffs

In compliance with Regulation (EC) No 2023/2006 (GMP)

o  Good manufacturing practice, GMP
o  Traceability
O  Quality managements system

sorting purity of > 95% from food contact applications (< 5% from non-food
contact applications)

In compliance with Recycling Regulation (EU) 2022/1616

Use of a decontamination process according EFSA criteria
EFSA registered process

EFSA positively evaluated process

European Commission authorised process

EFSA Question Number:
Recycling authorisation number (RAN)

Recycling installation number (RIN)

In compliance with Directive 94/62/EC incl. all effective amendments

Heavy metal content < 100 ppm

No restricted substances (like phthalates) are used or intentionally added



http://echa.europa.eu/de/candidate-list-table

OK,\/

Contamination comments A-quality OK,\/ B-quality Unit |Comments COA
YES -
PET blue <5 <10 %
PET other colour < 0,1 <0,2 % YES
Other plastics e.g. PA, PS, etc. < 50 < 100 ppm YES
PO labels and cups < 25 < 45 ppm YES
Metal <5 <10 ppm YES
Paper <5 <10 ppm NO

e.g. wood, stone,

Other parts rubber, etc. < 25 < 45 ppm NO
after roasting test (Rostprobe)
PVC black < 20 < 50 ppm YES
Flakes discoloured Brown and black < 5000 < 7000 ppm YES
Multilayer / PA < 100 < 200 ppm NO
(Oxygen scavenger Monolayer < 15.000 < 25.000 ppm NO
Bulk weight > 400 > 250 kg/m3 YES
Residual moisture < 0,8 <1 % YES
Flakes >10mm <1 <2 % YES
Fines <1mm < 0,5 <1 % YES
Remarks 1) check at least the mixture of 3 Big Bags, 1 kg / Big Bag, test compound 300 g
2) counting after roasting test (Rostprobe), 300 g sample, conditions 2h, 200°C
Comments Supplied material should not be older than %2 year.
By shipment of material appropriate to the purchase order, the supplier continues to guarantee that the
material is manufactured acc. our specification requirements. We must be notified in writing and has to
Other . s . p h -
approve if a significant change of the raw material components, formulation, equipment / facility and /or
manufacturing process prior to implementation.
COAs for every delivery together with
shipping documents ever
COA Should mention: batchnumber, number of Batck)ll Yes
delivery note, production date, quality level
and the above indicated parameters
Date:
Producer:
Signature:
Name:

Position:




Annex 2: Challenge test for equipment configurations X1, X2, W
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Linpac Petition: RPET for Food Contact Application

Text for the register:

The company Linpac is running a recycling facility for the recycling of post-consumer
PET with a total capacity of 18000 t per year maximum output. Linpac has developed
an own super-clean recycling technology for the production of PET trays. The input
material for the recycling process is conventionally recycled post-consumer
poly(ethylene terephthalate) (PET) containers of original food grade quality.

The Linpac recycling process technology includes basically the following steps:

e Step 1: Grinding of re-collected post-consumer PET containers into flakes
followed by an intensive wash process and drying (done by flake suppliers)

e Step 2: Treatment of flakes by means of IR dryer

*  Step 3: Treatment of flakes by means of 1800 | dryer 1

*  Step 4: Re-extrusion of the decontaminated flakes from step 3 and flat sheet
production

The Linpac recyclate will be used to produce new single use PET trays for fresh food
(e.g. meat) with maximum storage conditions of 30 d at 6 °C articles with up to about
100% recyclate content.

Page 2 of 32 pages
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31 General information

The company SP group with its subsidiary Linpac is running a recycling facility for the
recycling of post-consumer PET. Linpac has developed an own super-clean recycling
technology for the production of PET trays. The input material for the recycling
process is conventionally recycled post-consumer poly{ethylene terephthalate) (PET)
containers of original food grade quality.

Linpsc and the Fraunhofer-Institute for Process Engineering and Packaging (Freising,
Germany) have been working together on the evaluation of the cleaning efficiency of
their super-clean recycling process (for definitions see Glossary in Chapter 3.4). The
cleaning efficiencies were examined by carrying out a challenge test according to the
prnciples recommended by European Guidelines and US FDA244 in order to
investigate whether the output material is suitable for being re-used in packaging
materials for direct food contact.

Higecycling of Plostics for Food Contoct Use, Guideines prepared under the responsibility of
the International Life Sciences Institute (ILS1) - European Packaging Task Force, 83 Avenue E.
Mounieér, B-1200 Brussels, Belgium, May 1558

TR, Franz, F. Bayer, F. Welle, Guidance and Criteria for Safe Recycling of Post Consumer
Polyethylene Terephthalate (PET) into New Food Packaging Applications, EU Report 21155,
ISBN 92-894-6776-2, Luxembourg 2004.

#Opinion of the French Food Safety Agency (AFSSA) on the assessment of health risks
associated with the use of materials made from recycled poly{ethylene terephthalate)
intended for or placed in contact with foodstuffs and drinking water, November 2006.
“points to Consider for the Use of Recycled Plostics in Food Packoging: Chemistry
Considerations, US Food and Drug Administration, Center for Food Safety and Applied
Nutrition, (HFF-410), May 1992, 200 C Street SW, Washington, DC 20204; internet: URL:
hitp:/Avww.tda gov/Food/GuidanceRegulation/Guidance DocumentsRegulatoryinformation/t
ngredientsAdditivesGRASPackaging/ucm120762 htm [March 2014]
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311 General description

The Linpac super-clean recycling process uses re-collected post-consumer
poly({ethylene terephthalate (PET) containers of original food grade quality as input
material. The input material originates from collections systems such as curbside and
deposit collections, During the process this material is washed, processed and
cleaned up in such 3 way that the output material, the recycled PET flakes, can be
used again for the production of new articles for direct contact with foodstuffs.

The Linpac recycling process technology includes basically the following steps:

e Step 1: Step 1: Grinding of re-collected post-consumer PET containers into flakes
followed by an intensive wash process and drying (done by flake suppliers)

e Step 2: Treatment of flakes by means of IR dryer

*  Step 3: Treatment of flakes by means of 18001 dryer 1

*  Step 4: Re-extrusion of the decontaminated flakes from step 3 and flat sheet
production

The Linpac recyclate will be used to produce new single use PET trays for fresh food
{e.g. meat) with maximum storage conditions of 30 d at 6 *C articles with up to about
100% recyclate content. Thermoforming trays are in general for single use only, PET
trays for microwave applications are excluded.

31.2 Existing authorisations

The applied recycling technology has no authorisations and other evaluations

The Linpac recycling process is currently running in Ritterhude, Germany, at a total
capacity of about 18000 t super-dean recyclate per year.

3.2 Specific information

321 Recycling process

CONFIDENTIAL INFORMATION

This chapter contains information about process steps and process parameters. The
process parameters are fundamental to decontamination efficiency. The process
parameters form part of the intellectual property of the technology manufacturer
of the recycling process. Therefore the process parameters should be kept
confidential.

The Linpac super-clean recycling process comprises the following main

decontamination process steps:

* Step 1: hot washing of the post-consumer PET flakes with caustic soda and
surfactants followed by surface drying (remark: step 1 is made by the flake
suppliers)

Page 5 of 32 pages




Linpac Petition: RPET for Food Contact Application

* Step 2: Treatment of flakes by means of IR dryer (temperature zone 1: 110 °C,
zone 2: 140*C, zone 3: 170 *C). Output 1600 kg/h, residence time >20 min

¢ Step 3: Treatment of flakes by means of 1800 | dryer 1 (temperature >165 *C),
residence time >14 min

* Step 4: Extrusion of flakes into sheets by means of the Linpac extrusion line with
degassing under high vacuum (<0.2 bar). Output 1600 kg/h {remark: not
challenged)

Description of the Linpac recycling process:

Linpac is buying washed flakes from the market. The flake suppliers are using state of

the art washing process parameters. In the first step, the bottles, labels and closures

are cut into flakes. Subsequently, the non-PET materials (closures, labels) were

separated. The PET flakes are further washed with hot washing processes. During

such hot washing processes, typically temperatures between 70 *C and 90 *C are

used. To the washing solution, caustic soda at a concentration of about 1% to 3% is

added as well as surfactants. The overall residence time of the flakes in the washing

line is typically about 20 min. The hot washing process is followed by a rinsing with

water and surface drying of the PET flakes.

In the second step, the washed flakes are continuously feed into the IR drier. The
material is heated up to 170 *C in the final zone of the IR drier. The residence time is
>20 min (exhaust air 2750 m*/h). Subsequently the material is transferred into drier
1. The material is kept at a decontamination temperature of 165 *C for >14 min
under dried air with air flush (600 m*/h).

In the last step of the Linpac process, the decontaminated material is re-extruded
(extruder temperature >255 *“C, maximum temperature 290 *C) with vacuum
degassing (<0.2 bar). After the extruders there is a range of downstream equipment
that produced flat sheet. The manufactured sheet containing recyclate is made in a
thickness, ranging from 120 um to 950 um, depending on the requirements of the
food contact tray.

A flow chart of the investigated super-clean recycling process is shown in Figure 1.

The challenge test was performed with contaminated PET flakes. The contaminated
flakes were introduced into the Linpac recycling process after washing process.

200 kg of the contaminated and washed flakes were feed into the industrial scale
super-clean recycling line at the Linpac facilities in Ritterhude. The throughput of the
super-clean recycling process during the challenge test was about 1600 kg h''. Due to
the fact, that the challenge test was performed on the industrial scale line, the
process parameters within the challenge test are the same as give above,

A Fraunhofer report (see Appendix E: Report: PA/4859a/15) is available containing all
surrogate concentrations of the investigated samples. All these data are given in
Chapter 3.2.3.7.

Comparison of the critical parameters:

Challenge Test:

Step 2: temperature: 110 °C, zone 2: 140 °C, zone 3: 170 *C). Output 1600 kg/h,
residence time 20 min

Step 3: temperature 165 *C), residence time 14 min
Step 4: Extrusion: not challenged

Industrial process:

Page 6 of 32 pages




Linpac Petition: RPET for Food Contact Application

Step 2: temperature: 110°C, zone 2: 140 °C, zone 3: >170 *C). OQutput 1600 kg/h,
residence time >20 min

Step 3: temperature >165 °C), residence time >14 min

Step 4: Extrusion: (a) time: approx. 3-4 min, (b) pressure: <0.2 bar, (¢) temperature:
>255 °C

Conventional recycling
sorted —p| Washing and Grinding done by flake suppliers)
PET bottles 80 °C, pH 12, 20 min

Super-clean recycling
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Figure 1: Flow chart of the investigated super-clean recycling process.
END OF CONFIDENTIAL INFORMATION

322 Characterisation of the input

The investigated super-clean recycling process uses as a raw matenal source post-
consumer PET container materials, This input material originates from deposit
systems as well from curbside collections. In the large majority the recollected PET
containers have been previously used food packing. However, a small fraction
originates from non-food applications such as e.g. soap bottles, mouth wash, kitchen
hygiene bottles etc. According to information from Linpac the amount of the non-
food container fraction depends on the re-collection system and will be between
(nearly) 0% and 5%.

As far as we know, all usual non-food application PET containers are manufactured
from food grade PET material as used also for food packaging purposes and should
therefore, before first use, be in compliance with EU Regulation 10/2011. The
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diffusion behaviour of PET from non-food packaging containers the same as for PET
from food containers'™,

Table 1 contains data about the quality of the input material before super-clean
recycling without significant attention on quality of the final product (flakes). It
should be noted here, that for PET super-clean recycling the quality or the impurities
of the washed flakes before super-clean recycling is important. The impurities in the
re-collected PET containers e.g. polyolefins, metals, dust etc. are not so critical,
because the washing process includes separation steps for metals and polyolefins.

Table 1: Data about the quality of the input material of the super-clean recyding
process (washed flakes before super-cleaning)

Parameter Value

Moisture max.
Moisture variation
Bulk density

Bulk density variation
Material temperature 15-50°C
Material Temp. variation £5°Ch?
PVC max. 50035 ppm
Glue max. S0 ppm

other plastics Polyolefing max.
cellulose (paper, wood) max.
metals max.

323 Determination of the decontamination efficiency of the recycling
process

3231 Selection of the surrogates

The cleaning efficiency of the recycling process was determined by introducding
purposefully highly contaminated post-consumer PET flakes into the Linpac recycling
process. The surrogates were chosen in accordance with EU relevant criteria and US
FDA recommendations'>Z34) such that they covered the whole spectrum of physical
properties,

BIT. H. Begley, T. P. McNeal, ). € Biles, K. £ Paquette, Evaluating the potential for recycling all
PET botties into new food packaging, Food Additives and Contaminants, 2002, Vol. 19,
Supplement, 135-143
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The surrogates correspond with the following four categories of organic compounds:

« high volatile and polar
high volatile and non-polar
* low volatile and polar
* low volatile and non-polar

In addition, the surrogates used in the challenge test represent a variety of functional
groups in order to reflect the different chemical and physical properties of real-life
contaminants e.g. aliphatic and aromatic hydrocarbons, chlorinated hydrocarbons
and carbonyl functional groups. From migration theoretical considerations, the
molecular weight represents the major parameter important for the selection of the
surrogates. It is well established that chemicals with a molecular weight up to
approximately 300 g mol? are the most relevant ones for migration from PET.
Substances with a molecular weight >300 g mol* have an extremely low migration
potential due to their low diffusivity in PET'®,

Migration from PET can be considered as predominantly controlled by the diffusion
process in the polymer. In this initial phase of a migration curve (which is typical for
PET) the migration values are almost independent of the partition coefficient
between polymer and foodstuff. The consequence is that the potential requirement
of "water solubility” for a surrogate can be neglected. This is in particular the case
when food simulants such as 50% ethanol are used or when migration modelling
assumes good solubility (USes Kouyme s4e4 = 1) for the surrogate in food.

Finally, our selection of surrogates also included the aspect of chemical stability
under high temperature conditions as applied in PET extrusion. From our experience,
from limited measurements in our laboratory and from chemical considerations
surrogates such as e.g. imonene and phenol proposed by Lit."! are or can be instable
and decompose during the PET extrusion conditions. Limonene for example might be
oxidized. A stable surrogate for limonene is phenyl cydohexane. The other example,
phenol will be bound to the polyester backbone during re-extrusion due to
transesterification reaction in the polyester melt. As a consequence, there is
potential to obtain false-negative values with regards to the cleaning efficiency when
using unstable or reactive surrogates.

Table 2 gives an overview of the chemical substances, which were selected and used
as model contaminants (surrogates) for spiking of PET flakes.

¥, Ewender, F. Welle, Determination of the activation energies of diffusion of organic
molecules in poly(ethylene terephthalate), Journal of Applied Polymer Science, 2013, 128(6),
3885-3892
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Table 2: Model contaminants {"surrogates”) selected for the challenge test

Chemical name, | My/¥ Structure Functional Physical properties

formula Group

Toluene 921 i aromatic volatile, non-polar

é hydrocarbon

Chlorobenzene | 1126 CeHsCl halogenated volatile, medium-
aromatic polar, aggressive to
hydrocarbon PET

Chloroform CHCly halogenated volatile, medium-
aromatic polar, aggressive to

hydrocarbon PET

Methyl salicylate | 152.1 i aromatic ester | medium-volatile,
< s_co«.,' polar

Phenyl cyclo- 160.3 O_O aromatic non-volatile, non-
hexane hydrocarbon polar

Benzophenone | 182.2 aromatic non-volatile, polar
ketone

Methyl stearate | 298.5 | CH,(CH;)COOCH; |aliphatic ester | non-volatile, polar

WMolecular weight in g mol?

3232 Contamination procedure

In the real life, PET bottles would be occasionally contaminated by so-called misuse
events, which may be, for instance, that the consumer would store aggressive
chemicals in 3 bottle. The contaminated materials would therefore be PET bottles
which are ground into flakes. In our challenge test we use PET flakes for
contamination with surrogates to achieve a more efficient contamination effect, e.g.
the contamination on flakes is on both sides of the flake material not only on the
inner surface of the PET bottle. The preparation of the contaminated PET flakes was
carried out using the following procedure:

200 kg of post-consumer PET flakes were contaminated in six batches of 33-34 kg.
For this purpose, 34 mi each of the liquid surrogates toluene, chiorobenzene,
chloroform, methyl salicylate and phenyl cyclohexane were mixed. To this mixture
34 g of the solid surrogates benzophenone and methyl stearate were given and
stirred in order to give 3 homogenous solution. The batches were stored in a closed
steel container for 7 d at 50 *C with periodical agitation. Subsequently the
contaminated flakes were rinsed with 10% ethanol and shipped in a sealed steel
container to the washing plant.
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The contaminated flakes were washed using a 0.6% NaOH solution for 5 min at 85 *C
with 0.2% detergents. Subsequently the flakes were rinsed with cold water and air
dried at 130 °C for 30 s.

The concentration levels of the surrogates obtained after washing were determined
analytically as described in Appendix A. The concentration levels in the contaminated
flakes before recycling are called below “initial concentrations”.

3233 Super-clean recycling process

The recycling of the contaminated PET flakes during the challenge-test was
performed with the Linpac process in production plant scale {see Chapter 3.2.1), All
relevant process parameters were documented by Linpac, The residence time,
temperature and vacuum profiles were dose to the Linpac industrial process.

3234 Samples from the challenge test
Table 3 gives an overview on type and number of PET samples introduced into and

taken from the challenge test. These samples were analysed for the content of
surrogates,

Table 3: Overview of PET samples drawn during of the challenge tests

Code Description Amount of samples
F contaminated flakes 18 samples

w flakes after washing 5 samples

D flakes after IR dryer 1 sample

D1 flakes after dryer 1 1 sample

3235 Determination of surrogate concentrations in PET samples

The surrogate concentrations were determined using an solvent (iso-propanol)
extraction method which includes swelling of the polymer matrix using 1,1,1,3,3,3-
hexafluore-iso-propanol, which is a well-known very aggressive substance for PET.
The extracts were analysed using gas chromatography with FID or ECD detection.
Each PET sample was analysed in triplicate. The determined concentrations of the
surrogates in the PET challenge test samples are reported in Table 4. A more detailed
method description including analytical precision data is provided in Annex Aand B,

3236 Calculation of cleaning efficiencies
The cleaning efficiency of the process for each of the applied surrogates after a given

cleaning step, respectively the full recycling process was calculated according to
Equation 1.
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surrogate concentration after recycling
surrogate concentration before recyeling

£q. 1 Cleaning effictency = (1 -

3237 Results of the challenge test with regard to PET material deaning
efficiencies

The concentrations of the surrogates established in the PET flakes by the
contamination procedure are given in Table 4. One can note a certain scatter of the
data which is due to a certain inhomogeneity of fiakes and chemicals within the used
steel containers. This however is of no relevance because the whole amount of flakes
is then introduced into the washing process. The residual concentrations after
washing are given in Table 5. As recommended by EFSA, the concentrations of the
surrogates after washing were used as the basis for the evaluation of the cleaning
efficiencies. The residual concentrations in the challenge test samples are given in
Table 5.
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Sample Concentration {my/kg)
contaminated flakes 1.1 33081212 141.0:05 7033109 29234 @751 758217 9529130
contaminated flakes 1.2 2535130 1363402 590734 J7a128 $77.5:23 6775024 T01424
contaminated flakes 1.3 76218 138503 6219 B65234 5224226 ML 0.8 ¢4.3
contaminated flakes 2.1 B07 23 1355+02 S488+09 575109 B66e13 2674206 $47.6 206
contaminated flakes 22 2866160 1380103 272037 729821 5806113 519 7488035
contaminated flakes 2.3 1144404 1808402 628402 §564 034 6557409 N6 782515
contaminated flakes 3.1 3637216 1427202  [7431:04 (8960235 7143230 2481042 7953159
contaminated flakes 2 BLI 27 1406202 (6972210 (8507224 6858222 841926 26226
contaminated flakes 33 267229 1807402 683610 820532 QeS8 TH52) a3
contaminated flakes 41 20445 1411102 613243 85319270 W27e55 T62.7 151 7853150
coataminated flaket 42 3518433 1438402 7149208 8959201 20532 TRE03 613225
contaminated flakes 43 3087238 1809202 6458238 78319253 6155241 6342 154 7181244
contaminated flakes 5.1 w5854 1843002 (7254012 (W27:270 794135 £953 139 3409220
contaminated flakes 5.2 382525 1846:01 765242 1063.1 228 8631532 1002645 1097.4 239
contaminated fakes 5.3 359067 1431203 T804 10019 1134 8204977 95632103 10376290
contaminated flakes 6.1 3350342 141.1:04 679.7:53 967.4:60 B43.4:55 2B U6 9797151
contaminated flakes 6.2 647215 144.1:02 7189211 99861223 23171234 $01.0121.1 960.9 £2.0
contaminated flakes 6.3 335709 142801 6836202 9246211 4561213 26214 909.6 £3.1
mean (contaminsted fakes) 3234308 1411227 67842557 (865.7:1238 6892:1117 777.1:1341 8429:1378
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Tabie 5: G of the surrogates n the d alter washurg [Opet 0n) and the challenge test sarmples
Sample (cleanirg efficency) Contentration {mg/eg]
Toluene CHoroform | Chiore- Methyt Fhenyt Benzophences | Methyd
benzene saboylate cyciohenane Hearate
wished Make 1 20161209 12491203 3265202 2001209 a2y 4648 215 1949 105
washed fake 2 1843410 1241405 3006210 2068113 13661222 376505 1717405
washed fake 3 265210 120905 26205 8512 MLSeLE 4AN0 29 n69411
washed flake 4 1931210 831402 310914 2615223 41532480 4752440 139416
washed fake 5 2007 0.7 846100 3W702 2528207 4552105 0741215 2251105
mean (washed flakes) 20362198 10952236 32992307 2547:289 4144 2264 46464522 W0732228
ter IR drier 128102 209201 271202 S46:01 $35:01 225804 451203
93.7% (80.9%) (918%) 78.6%) 87.1%} {51.a%) {S8.9%)
after dder 3 $0:01 2001 90+01 158101 23302 583201 21201
197.5%} 192.7%} 197.3%) 153.8%) 94.4%) 87.5%) #5.3%)
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3238 Cross Contamination

The challenge test was performed with contaminated flakes only. Cross-
contamination cannot occur.

3239 Results of the challenge test with regard to migration from
cleaned PET material obtained in the challenge test

According to the EFSA Scientific opinion "Scientific Opinion on the criteria to be used
for safety evaluation of a mechanical recycling process to produce recycled PET
intended to be used for manufacture of materials and articles in contact with food'”,
the maximum migration of compounds from the post-consumer materials should be
below of 0.1 pg per kg foodstuff for infants, 0.15 pg/kg for toddiers and 0.75 pg/kg
for adults . In addition, the EFSA has defined the maximum contamination level of
post-consumer recycles to 3 ppm. Using migration models, the maximum amount of
substances of different molecutar weights can be calculated using As' =3.1and 1t =
1577 K'™. The maximum concentrations C..« of the applied surogates were
calculated for a food package with 11 volume and 600 cm? surface area ("EU cube”)
which would correspond to the EFSA migration limit of 0.1 pug/kg (ppb) in the food.
The calculation was done for a food with high solubility for the surrogates (partition
coefficient Knspymerirons = 1),

In the EFSA Opinion!” the storage conditions was 365 d at 25 *C which was assumed
for mineral water applications. In the case of meat trays, however, typical storage
conditions are 21 d at 4 *C. The calculations in this study were performed at
conditions 30 d at 6 *C. It should be mentioned here, that only the storage conditions
were changed compared to the EFSA opinion'™, which means that the exposure
scenario is still the same. This means, that an infant of 5 kg body weight consumes
750 g meat,

The applied modeling parameters can be considered as conservative, which
overestimates the migration into food. In a recent publication™ it could be shown
from experimental migration kinetics into beverages, that - under non-swelling
conditions - the applied As" = 3.1 is still overestimating the migration. Only for high
ethanolic food simulants (e.g. 95% ethanol), A’ = 4 is simulating the migration
actually occurring for 95% ethanol, In this case, the ethanolic food simulants is
swelling the PET material, which results in a non-linear correlation of the migration
versus square root of time because of increasing diffusion coefficients with increasing
storage time.

[Mszientific Opinion on the criteria to be used for safety evaluation of a mechanical recycling
process to produce recycied PET intended to be used for manufacture of materials and
articles in contact with food, EFSA Journal 2011;9(7):2184 (25 pages)

¢, Simoneau (editor). Applicability of generally recognised diffusion models for the
estimation of specific migration in support of EU Directive 2002/72/EC. EU report 24514 EN.
2010. ISBN 978-92-79-16586-3,

HR Franz, F. Welle, Migration measurement and modelling from poty{ethylene
terephthatate) (PET) into softdrinks and fruit juices in comparison with food simulants, Food
Additives and Contaminants, 2008, 25(8), 1033-1046
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In conclusion, the maximum concentration levels C..4 can serve as a reliable
indication whether residual contents of surrogates will lead to migration exceeding
the 0.1 pg/kg (infants), 0.15 ug/kg (toddlers) or 0.75 ug/kg {adults) criterion or not. In
addition, from the calculated residual concentrations in the PET (¢..o) the minimum
cleaning efficiency can be calculated. The results are visualized in Figure 2 and Figure
3

As a result the cleaning efficiencies of the Linpac process meet these evaluation
criteria up to a recyclate content of the meat trays of 100%.

It should be mentioned here, that the sheet production process has not been
challenged within this study. The cleaning efficiency of the sheet production with
vacuum degasing has therefore not taken into account. The cleaning efficiency will
give an additional safety factor within the evaluation.

20
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Figure 2: Residual concentrations correésponding to a migration of 0.1 pug/kg of

surrogates adjusted to 3 ppm initial concentration, line: maximum concentrations,
blue dots: experimental data (C.)
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Figure 3: Cleaning efficiencies of surrogates in the challenge test with 100% recyclate
(Figure 2), lines: Minimum cleaning efficiency, blue dots: experimental data
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Toble G W sl oo Cop ding 10 8 mugration kit equal 1o or smalter than 0.1 ppb estimated from diffusion
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Surroga molecular |nmial Expenmental Clearwrg dpasted final delled
weight conce " € | efhciency Ceaning
gmol'] | the challengetest | [ppmi™ [chaienge | (exp) (pem] to an foprj 10 8 efficncy
Iporej™ test) Input mgration of (cakc)
concentration | 0.1 ppb (¢ )
of 3 20m (C)
Toluene ” 0362198 5001 97955 0o 1100 97.34%
Chorobencene 13 2992307 90303 9N o082 1.300 96.85%
Chicroform 119 10952236 80101 nm~ o2 1360 96, 70%
Mathyl salcylate 152 25472289 158201 935% 0185 1730 95.81%
Phenyl cyciohexane 160 41840464 23202 L 0167 180 95.57%
Bencopherone 182 66522 583203 % 0% 2120 S4LET%
Mathy! stearate m 20732228 211201 893% @320 3980 90.33%
fictwe substance 400 / / / / 6810 8351%
fictive substance / / / / 10560 74.33%
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324 Characterisation of the recycied plastic

The final product of the recycling process was tested typically for the intrinsic
viscosity, for black spots and for the colour. These parameters have no direct
influence on the suitability of the recycled plastics for direct food contact. However,
the intrinsic viscosity due to the fact, that the increase in the intrinsic viscosity is
correlation with the decontamination of the post-consumer PET. In addition most of
the recyclers are using headspace gas chromatography in order to controlled each
batch for volatile organic contaminants. The headspace gas chromatographic method
is described in Lit.13,

325 Intended application in contact with food

The Linpac recydlate will be used to produce new single use PET trays for fresh food
{e.g. meat) with maximum storage conditions of 30 d at 6 °C articles with up to about
100% recyclate content. Thermoforming trays are in general for single use only. PET
trays for microwave applications are excluded.

326 Compliance with the relevant provisions on food contact materials
and articles

According to Table 4 the input concentrations for the applied surrogates in the
contaminated flakes entering the challenge test were established at concentration
levels between 140 ppm and 840 ppm. 200 kg of contaminated material is introduced
at the same time into the super-clean recycling process. Such high contamination
fevels cannot be achieved on a big scale in recollection systems but, if at all, in
individual bottles only after misuse by a consumer or, as a worst case, in small
population of recollected bottles, From statistical considerations regarding the
frequency of retum of highly contaminated bottles and the inherent high dilution
effect'” average contamination levels which might be present in the PET feedstream
entering the recyding technology must be extremely lower. This was confirmed in a
European project FAIR-CT98-4318 "Recyclability " in which we have studied
concentration levels occurring in recollected post-consumer PET which was
conventionally recycled and which can be typically used for super-clean recycling into
new food applications. Typical contamination levels in these recollected PET
materials were found to range up to 2.7 ppm for misuse chemicals such as solvents,
Only for limonene, a soft drink constituent, higher “contamination” levels up to

20 ppm were found.,

Against these findings, when starting with the above mentioned high contamination
levels in the input material for the challenge test, the final contamination levels
achieved by the Linpac super-clean recycling technology ranged in the 2.2 ppm to
15.2 ppm concentration range. According to Table 4 the cleaning efficiencies meet

B4R, Frane, A. Mauer, F. Welle, European Survey on Post-Consumer Poly(ethylene
terephthalate) Materials to Determine Contamination Levels and Maximum Consumer
Exposure from Food Packages Made from Recycled PET, Food Additives and Contaminants,
2004, 21(3), 265-286
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the requirements of EFSA criteria*"! assuming a maximum storage time of 30 d at
6°C.

From the data provided in this dossier we come to the following conclusions:

*  The investigated super-clean recycling process is in a position to produce
recydates which are in compliance with Artide 3 of the EU Framework
Regulation 1935/2004.

*  The produced PET recyclate fulfils the requirements for overall migration and
specific migration of PET monomers according to EU Directive 2002/72/€C.

*  The produced PET recyclate fulfils the requirements of Article 4 of the EU
Regulation 282/2008.

*  Referring to the attached description of the petitioners quality assurance system
(QAS) we conclude also that the investigated super-clean recycling processisin a
position to fulfil the requirements of the GMP Regulation (EC) 2023/2006.

327 Process analysis and evaluation

The crucial parameters of the recycling process are the initial concentration of
potential contaminants in the washed flakes before super-clean recycling. In addition
residence times of the decontamination reaction, decontamination temperatures as
well as the applied vacuum are important for the decontamination process.

The control of possible contamination in the input feedstream and the
decontamination during the process includes several steps:

e The first important step is achieved with the recollection system and the
characterisation of the input material (see Chapter 3.2.2).

*  The two key steps of the recycling process technology which are essential for the
decontamination efficiency of the recycling process technology follow, In step 1
efficient surface washing occurs followed by volatilisation effects due to the
applied drying conditions.

*  Under the temperature (steg step 4) conditions
during the decontamination step W3 potential contaminants are efficiently
removed as long as they are volatile enough. The volatility of potential
contaminants corresponds in general with the molecular size, For PET, this leads
to an advantageous situation, because PET has a very low diffusivity. Potential
contaminants exactly those contaminants which have a potential to enter the
PET matrix can be removed again,

* The applied residence times, temperatures and vacuum conditions are essential
for the cleaning efficiency. Therefore these parameters are controlled and
locked by a data locking system. In the case of failure, the recyclates are not
used for direct food contact applications.

*  Finally, the increase in the intrinsic viscosity correlates with the decontamination
efficiency. Therefore final recyclates would not meet the technically needed
intrinsic viscosity (iV) and would not be suitable for being processed into new
sheet,

B4 EFSA Sdentific Opinion on the criteria to be used for safety evaluation of a mechanical
recyding process to produce recyded PET intended to be used for manufacture of materials
and artickes in contact with food, EFSA Journal 2011;9(7):2184 (25 pages)
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Remark: a correlation between the cleaning efficiency and the intrinsic viscosity
during a challenge test is, in principle, not possible because high concentrations of
the surrogates influence the intrinsic viscosity of challenge test samples. A proper
determined of the intrinsic viscosity is therefore only possible for non-contaminated
samples. A literature study shows the general correlation between the temperature,
the catalyst concentration and the heating time'?l,

(3puh B. Effect of antimony catalysts on solid-state polycondensation of poly(ethylene
terephthalate), Polymer, 2002, 43, 3147-3154
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Fraunhofer IVV
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34 Glossary

Adventitious contaminants: Any unwanted substance that deliberately or
inadvertently comes into contact with the packaging material before it is collected
for recycling and that therefore may contaminate the plastic and negatively influence
the quality of the product filled by a recycled packaging material,

Challenge test: A test of the effectiveness of a recycling process to remove chemical
contamination from materials or articles. The test involves introduction of
exaggerated levels of surrogates.

Conventional PET recycling: A recycling procedure using the process steps grinding,
washing and surface-drying of re-collected PET containers. The output material of
conventional recycling processes are PET materials customary used for non-food or
for the core layer of multi-layer applications or for fibers. Conventional recycled PET
is usually used as input material for so-called "super-clean" recycling processes,

Extraction: Quantitative dissolution of constituents from a plastic into a solvent
based on a strong interaction between plastic and solvent.

Migration: Diffusion-controlled mass transfer from a packaging material or article to
food or simulant.

Migrations limits: Food regulatory maximum concentrations of migrants in foodstuffs
resulting from a migration process. With respect to the sensitive area of recycled
food packaging materials and articles, the legally prescribed overall migration are of
much lower relevance and importance than specific migration limits as for instance
defined also by a threshold of no concern,

Solid state post-condensation: Heating the PET polymer at temperatures up to about
230 “C under vacuum or inter atmosphere. During heating adld, hydroxyl as well as
ester end groups react under elimination of water or low molecular weight alcohols
leading to a higher molecular weight polymer. The solid state post-condensation
reaction starts at temperatures >180 *C. The intrisic viscosity of the polymer melt (iV)
is typically used as the target value of the solid state post condensation reaction.

Super-clean PET recycling: The process uses as a source the output material from
conventional recycling, for example washed and surface-dried PET Flakes, and
includes one or more additional cleaning steps. The output of "super-clean”
processes can be used for packaging applications in direct contact to the foodstuff.

Surrogates: Organic compounds (also known as "model contaminants”) of a wide
range of chemical types and physical properties representing exaggerated
contamination to challenge the safety of recyded materials and articles, Possible
application may be as individuals or a test mixture.

Threshold of no concern: A concentration of a migrant in a foodstuff which, from a
toxicological point of view, is considered to pose no health risk to the consumer even
in case that the chemical structure of the migrant is unknown. As an example the US-
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FDA threshold-of-regulation may serve where the threshold, understood as the daily
dietary intake, is set at 0.5 ppb (ug kg* food).
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35 Appendix A: Experimental details of the Challenge Test

35.1 HFIP-extraction of the PET maternial

Each PET material sample was analysed in the following way: 1.0 g of each PET
sample was placed in a 5 ml glass vial, 1.0 ml 1,1,1,3,3,3-hexafluoro-iso-propanol
(HFIP) was given to the PET matenial and stored for 1 d at 60 "Cin order to swell the
PET matrix. Subsequently 3.0 ml iso-propanol was added for 1 d at 60 °C to extract
the swollen matrix. The extract was decanted from the polymer and stored for 8 h at
4°C. Then it was decanted again from the precipitate and analyzed by GC/FID and
GC/ECD.

35.2 GC/FID analysis

The extracts were analysed by gas chromatography with a flame ionisation detector
(FID). Quantification was achieved by external calibration using the standard addition
method. Parts of a standard solution of the surrogates in iso-propanol were added to
uncontaminated PET Flakes and were analysed together with the PET samples of the
contamination expeniments. Gas chromatograph: HP 58901, column: SE 10- 30 m -
0.32 mmi.d. - 0.32 um film thickness, temperature program: 40 *C (5 min), rate

15 *Cmin?, 240 °C (15 min), pressure: 50 kPa hydrogen, split: 10 mI min?, Except
chloroform all surrogates were quantified by FID. Only chloroform was quantified
using ECD detector, The detection limits of the surrogates are given in Table 7.
Calibration curves for low concentrations and high concentrations are given in the
Appendix B.

353 Detection limits

The detection limits of the applied methods are summarized in Table 7, The
detection limits were determined according to DIN 32645,

Table 7: Detection limits for the surrogates in the PET material

surrogate detection limit [mg/kg)
toluene 03
chloroform 0.2
chlorobenzene 0.1
phenyl cyclohexane 0.1
benzophenone 0.1
methyl stearate 0.1
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The recovery rates were determined by spiking the non-contaminated reference
samples with standard solutions of the applied surrogates before extraction. The
results are given in Table 8 to Table 12. The recovery rates are not considered in the
experimental data given in Table 4.

Table 8: Recovery rates for the surrogate toluene

sample spiking level [ppm] | determined recovery rate
concentration
[ppm]™!
washed flakes 1058 97.1s52 91.8 £4.9%
washed flakes 1058 109.516.2 103.5 £5.9%
washed flakes 10.6 7.7201 72.6 £0.9%
washed flakes 10.6 6.9:20.1 65.1 £0.9%
super-clean pellets | 105.8 109.1108 103.1 £0.8%
super-clean pellets | 1058 104.2 247 98.5 £4.4%
super-clean pellets | 10.6 7.2:0.1 67.9 £0.9%
super-clean pellets 106 6.6203 62.3 £2.8%
“mean value and standard deviation from three injections
Table 9: Recovery rates for the surrogate chlorobenzene
sample spiking level [ppm] | determined recovery rate
concentration
(ppm)™
washed flakes 99.0 915256 91.6 £5.6%
washed flakes 99.0 103.0159 103.1 £5.9%
washed flakes 99 9.8:0.3 98.9 £3.0%
washed flakes 99 9.6:1.7 97.0£17%
super-clean pellets 99.0 1055408 105.6 £8.1%
super-clean pellets 99.0 101.4:246 101.5 +4.6%
super-clean pellets |99 8.820.1 88.9 £1.0%
super-clean pellets 99 7.5208 75.8 £8.1%

“mean value and standard deviation from three injections
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Table 10: Recovery rates for the surrogate phenyl cycliohexane

sample spiking level [ppm] | determined recovery rate
concentration
[ppm]™
washed flakes 1016 86.7 5.5 85.3 £5.4%
washed flakes 101.6 100.6 6.6 99.0 £6.5%
washed flakes 10.2 9.520.2 93.1 £2.0%
washed flakes 10.2 8.9204 87.3 £3.9%
super-clean pellets 101.6 97.0:20.9 95.5 £0.9%
super-clean pellets 1016 93.516.2 92.0 26.1%
super-clean pellets 10.2 7.9:0.1 77.5 £1.0%
super-clean pellets 10.2 7.1206 69.6 £5.9%

"imean value and standard deviation from three injections

Table 11: Recovery rates for the surrogate benzophenone

sample spiking level [ppm] | determined recovery rate
concentration
(ppm]™
washed flakes 100.2 719252 71.9:5.2%
washed flakes 100.2 86.7 £5.2 86.7 £5.2%
washed flakes 10.0 9.120.2 91.0 £2.0%
washed flakes 10.0 8.3:04 83.0 £4.0%
super-clean pellets | 100.2 741208 74.1 £0.8%
super-clean pellets 100.2 7032456 70.3 24.6%
super-clean pellets 100 6.7 0.1 67.0 £1.0%
super-clean pellets 10.0 5.920.5 59.0 £5.0%

“imean value and standard deviation from three injections
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Table 12: Recovery rates for the surrogate methyl stearate

sample spiking level [ppm] | determined recovery rate
concentration
[ppm]™
washed flakes 99.4 76.2 26.0 76.7 £6.0%
washed flakes 99.4 90.8 4.9 91.3:4.9
washed flakes 99 7.7201 77.8 £1.0%
washed flakes 9.9 8.3:03 83.8£3.0%
super-clean pellets  |99.4 709 £1.2 713 £1.2%
super-clean pellets 99.4 69.611.9 70.0 £1.9%
super-clean pellets 99 5.4:0.1 545 £1.0%
super-clean pellets |99 50203 50.5 £3.0%

"imean value and standard deviation from three injections

355 Migration modelling

In addition to the experimental migration test, a migration model based on diffusion
coefficient estimation of organic chemical substances in polymers has been used. The
calculation was performed using the MIGRATEST® Lite 2001 (Fabes GmbH, Munich,
Germany).
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36 Appendix B: Calibration curves and gas chromatograms
(examples)
36.1 Calibration curves and validation data

1) Raw data for calibration curve: Toluene

2) Raw data for calibration curve: Chloroform

3) Raw data for calibration curve: Chlorobenzene for low concentrations

4) Raw data for calibration curve: Chiorobenzene for high concentrations

5) Raw data for calibration curves: Phenyl cyclohexane for low concentrations
6) Raw data for calibration curves: Phenyl cyclohexane for high concentrations
7 Raw data for calibration curves: Methyl salicylate for low concentrations

8) Raw data for calibration curves: Methyl salicylate for high concentrations
9) Raw data for calibration curves: Benzophenone for low concentrations

10) Raw data for calibration curves: Benzophenone for high concentrations
11) Raw data for calibration curves: Methyl stearate for low concentrations
12) Raw data for calibration curves: Methyl stearate for high concentrations

36.2 Gas chromatograms of the investigated samples (examples)

13) Gas chromatogram of contaminated flakes (#F6), Detector FID
14) Gas chromatogram of contaminated flakes (#F6), Detector ECD
15) Gas chromatogram of washed flakes (#W3), Detector FID

16) Gas chromatogram of washed flakes (#W3), Detector ECD

17) Gas chromatogram of decontaminated flakes (#D), Detector FID
18) Gas chromatogram of decontaminated flakes (#D), Detector ECD
19) Gas chromatogram of decontaminated flakes (#D1), Detector FID
20) Gas chromatogram of decontaminated flakes (#D1), Detector ECO
21) Gas chromatogram of standard: 0.5 ppm, Detector FID

22) Gas chromatogram of standard: 0.5 ppm, Detector ECD

23) Gas chromatogram of standard: 5 ppm, Detector FID

24) Gas chromatogram of standard: S ppm, Detector ECO

25) Gas chromatogram of standard: 50 ppm, Detector FID

26) Gas chromatogram of standard: 50 ppm, Detector ECD

27) Gas chromatogram of standard: 500 ppm, Detector FID

28) Gas chromatogram of standard: 500 ppm, Detector ECD
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1. Introduccion

El ensayo challenge test tene como objetivo la demostracion de la eficacia de descontaminacion de un
proceso de reciclado. Basicamente consiste en dopar material con un coctel de contaminantes
representativos de los distintos tpos de sustancias quimicas que pueden estar presentes en el input a
una concentracién conocida. Posteriormente, se somete el material contaminado al proceso de
descontaminacion y, por uitimo, se determina la eficacia de descontaminacion del msmo, mediante fa
comparacion de la concentracion de contaminantes antes y tras el proceso de descontaminacion,
Para disefiar el challenge test se dispone de recomendaciones emitidas por los organismos de
evaluacion de riesgos oficiales en Estados Unidos (FDA)', Europa (EFSA)? y también se cuenta conun
documento emitido por Ia autoridad francesa AFSSA’.

El challenge test se plantea de tal forma que simula los niveles maximos de contaminacion que cabe
esperar dol insumo procedente de RSU, es decir, el caso més desfavorable definido. Los challenge test
se componen, basicamente, de las siguientes elapas:
* Contaminacion (dopado) de PET virgen con un mix de contaminantes conocklo
*  Sometimiento del matenal contaminado al proceso de descontaminacion
e Evaluacidn de la capacidad dei proceso de descontaminacion mediante cuantificacion
mediante técnicas cromatogréficas de los contaminantes conockios

El objetivo del presente informe es describir 1a metodologia aplicada y los resultados obtensdos en lo

relativo a la ejecucion de un challenge test a fin de evaluar la eficacia del proceso de descontaminacion
de s empresa LINPAC para PET reciclado.

2. Metodologia

2.1.Materiales
Seleccién de contaminantes

En primer lugar, sl nos apoyamos en la Guis de la FDA para plésticos reciclados, se recomienda
seleccionar los contaminantes de |a lista mostrada en la Tabla 1, tomando un contaminante de cada
categoria.

Tabis 1, Compuestos ndicados por s FDA para la contaminacsdn de PET en lo redative al challenge test,

Volatile Polar Volatile Non-Polar Non-Volatile Non-Polar
Chloroform Toluene Telracosane
Chlorobenzene Lindane
1.1.1-Trichloroethane :“""““" Poler Methyl stearate
Diethyl ketone srzophenone Phenylcyclohexane
tog Methyl salicylate 1-Phenyldecane
e 24,6 Trchloroanisole

' FDA, Food and Drug Administraton, 2021: Use of Racydied Plastics in Food Packaging: Chemistry Considarations,
Dwmon of Food Contact Notifications HFS-275, Center for Food Safety and Applied Nutrtion, Food and Drug
Adrvinistration, 5100 Paint Branch Parkway, College Park, MD 20740
2EFS«‘\.ZO‘H Scintific Opnion on e critena o be used for safety evaluation of a mechanical recyding process to
clad PET intanded 10 be used for manulacture of materals snd adtices In contact with food, EFSA Joumad
20" LN 2184,
3 AFSSA, 2006. Evaluation sanitaive des *matédaux en poiyéthyine ¥réphtalate) recyclés .. Jo.
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Por otro lado, en Europa la EFSA especifica que los contamenantes han de abarcar distintos pesos
moleculares y polaridades representativos de los contaminantes preocupantes tipicos que pueden
encontrarse en el PET posconsumo, En cuano a la eleccion de tales sustancias, no propone ningun
tipo de coctel en particular, sino que cita la guia de plasticos reciclados de la FDA y un articulo cientifico.

A modo de ejemplo, se muestran algunas imagenes (Erreur ! Source du renvol introuvable., Figura 2 y
Figura 3) que son extractos de opiniones cientificas emitidas por la EFSA, relativas a tablas de
resultados de eficacia de descontaminacion de diferentes procesos de reciclado mecénico de PET
basados en las tecnologias Stardinger IV+Y, EREMA® y SUPER CLEAN’. Dichas Imégenes muestran
cocteles tipicos de contaminantes utilizados por distintas empresas que han llevado a cabo ensayos
de challenge para la tramitacion de las correspondientes solicitudes de evaluacion de los procesos de
reciclado mecénico de PET con ks que trabajan.

Decontammation efficency from the challenge test, residual concentrations of the
surrogates In the recycled PET (C,) and caiculated concentrations of the surrogates in
PET (Cooa) COMESpONanNg to a modedied migration of 0,1 pg/kg tood anes | year a1 25°C
Decortamination Cios for 100% rPET Cnos
Sirregetis efficency (%) (ma/kg PET) (ma/ka PET)
Toluena - 99.9 < 0.003 0.09
Chioroform »99.9 < 0.003 0.10
Phenylcy clohexane ~99.9 < 0003 014
Benzophenone .4 0048 G116
Lindane 90,9 0,273 0.31
L PET: pob L L e )
ﬂmn 1. Imagen extracto de una oo-ion clmﬁco emitida por la EFSA relatrva 8 la tabls de resultados de eficacia de
160 de un p de drwco de PET basado en la tecnologla Stadinger ive,
S = haew) impkg) m e Ay
DO = Revadnid < omoratstion in groes akes o k) Afec Sacoutimusnticn. Foc B residaads thie (0 walacated
D = Devovmmunnnrvon officioncy ) of the wop 2 sacser wn die chaliengr bows far dee srasdence e smdionrod s aber T
(voe tenth
Nurvepan SOTBET] B B [BC] S R [ SE [ B [ BE |ThC [ B [ B[ OB ]
" D R R R RSN RO RS T BCCEE O RS S S S
7 i W £ M)A JEXE TS [IY R r s
s i L 8 8 A X T T A
{wﬁ_ W Jos | e fem | ot |5el 640 | V80 | 008 | 998 |60 | me Jo | Wy |
Aol salcviae 13 I3 o0 17 ) ots Jiu] 9% 19 040 0% 9250 LX) L8] 037 08
Ve BN BT A B T LI T 13 LR BN R S T D
[ Bracgheoome LI BEELN BENE KRS LA AL BN RN ACN N RN N RN S (2]
Nebv/l ewwen L7 RN T L L 8 T T S T O R N L
N O R AR (8

Fwai magen extracto de una opaoncumﬁcnmnduwhﬁumwalbububmmdudomwud.
16n te un p do cdroo de PET basado en la tecnolagla EREMA,

4 Safety nsssasment of he process Esremadura Tomepet, based on he Starlinger IV Benclogy, used 10 recyde post
consumar PET Into Food malosaly, EFSA Journsl 2022, 20T 7388
5SoonﬂﬂcOpnlmonhanmmndwmembﬂudonEREMAchhmwwm
postconsumar PET into ©od contact materias “Octal, *Pregis’, “Sabert’, “Linpac’, "ExtruPET", *Evertis”. "Holdfeld",
“HNamaki™, “Srmicose”, and ‘Re-PET". EFSA Journa) 2013, 11(11) 3462
‘Waﬂmﬂdhoms\ﬂu’.hﬂdmtﬂmwurcwmw.Mbmmm
PET into food contact materials. EFSA Journal, 2018 167 5323
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Concentration of Concentration of
Surrogates surrogates before  surrogates after step 3 Mm"'.“‘w""(’:)’"
step 2 (mg/kg PET) (mg/kg PET)

Toloene 2036 = 19.8 S0 = 0.1 5.5
Chiorobenzens 3299 + 317 9.0 0.1 973
Chiceoferm WOs = 236 802 0.1 917
Methyt salicylate 2547 » 289 158 £ 0.1 a8
Phanyiyciohexane 4144 4 46,4 83102 3.4
Berzophenone 4646 « 522 583 1 0.3 875
Methy! stearate 2073 = 223 221201 89.3
PET: pedyiethylene terephthalste]

ann 3. ¥nagen extracto de una opmion cientifica emttida por la EFSA relatrva 3 1a tabla de resultados de eficacia de
descor 160 doun p do recclado mecdmeo de PET basado en la tecnologia SUPER CLEAN

Basandonos en la informacion analizada y expuesta mas armba, se selecciond el siguiente coctel de
contaminantes, que recoge al menos un compuesto de cada categoria (segin volatiidad y polaridad)
de los indicados por la FDA (Tabla 2).

Tabia 2. Comg dos para la nacion del PET: V NP {voldtd no polar), V P (volatil polar) NV NP (no
voldsd no polar), NVP(no'mulpol-)

Compuesto Categoria PM (g/mol)

Tolueno VNP 92

Clorobenceno VP 112,56

Cloroformo VP 119,38

Metilsalicilato NVP 15215

Fenilciciohexano NV NP 160

Benzofenona NV P 182

Metil estearato NV NP 298,51

En cuanto a la concentracion de cada contaminante, se establecid un valor objetivo de 500 mg
contaminante/kg PET para de esta manera, poder estar en el rango de 250 - 1000 mg/kg conforme
con lo dispuesto en la guia de referencia publicada por la EFSA?.

En cuanto a la cantidad de material a contaminar, de acuerdo con la bibliografia consultada, para
evaluar la eficacia de procesos industrisles se puede diluir el material dopado con material virgen en
una ratio 1:20 aproximadamente. De este modo, para aquellos procesos que requieran un minimo de
1.000 kg de material (siendo el caso de LINPAC), seria necesario dopar 50 kg de material,
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2.2.Experimental

2.2.1. Contaminacién de escamas

Una vez identificadas las condiciones de contaminacion mas favorables, se procedio a la puesta a
punto del proceso de contaminacidn a escala pdoto. Para ello, se introdujo un total de Skg de escamas
dentro de un reactor de vidrio Radleys con camisa de 10L de capacidad. Seguidamente se introducen
los distintos contaminantes partiendo de las condiciones de dopado 3, se afiaden unos 8,3L de heptano
y se deja con agitacién mecdnica continua 1 dis a 70 °C. Transcurridas 24 horas las escamas se lavan
con etanol al 10 % (v/v) para retirar |3 contaminacion superficial y se determina el contenido de los
distintos contaminantes,

Dado que se requeria un total de 50 kg de escamas contaminadas, se contaminaron lotes de
aproximadamente 5 kg de escamas hasta llegar a la cantidad especificada. Cada lote de escamas
contaminadas fue envasado en vacio y almacenado en congelacidn hasta que tuvo lugar el envio. En
paralelo, se tomé muestra de cada uno de los lotes, nada mas obtenidos, para verificar que el nivel de
contaminantes akanzado era conforme al objetivo, alrededor de los 500 mg/kg.

Una vez contaminados los 50 kg de escamas, estas fueron mezcladas, envasadas o vacio en dos sacos
alta barera e introducidas en dos bidones metdlicos respectivamente. Se tomd muestra de las
escamas en este momento para verificar el nivel de contaminantes tras homogeneizar todos los lotes
¥y previo a la expedicion, Ademas, se tomaron muestras que fueron envasadas a vacio en altas barrera y
guardadas en ITENE en condiciones que simulan el transporte hasta las instalaciones de LINPAC.

Seguidamente, los dos bidones conteniendo en suma 50 kg de escamas fueron enviados o las
instalaciones de LINPAC mediante transporte urgente refrigerado,

Una vez en las instalaciones de LINPAC, justo antes de someter las escamas al proceso de
descontaminacién, se informd a ITENE para analizar la concentracién de contaminantes presente en
las escamas. Esta concentracion fue tomada como punto cero, para realizar of cdlculo de la eficacia de
descontaminacion.

2.2.2. Descontaminacion de escamas

Para descontaminar las escamas se ha utifizado un proceso de extrusion de doble hustllo co-rotante de
la casa Bandera con bombas de vacio segin & siguiente esquema de temperaturas y con dos zonas
de vacio, dosificando el material contaminado en una proporcion del 25%.

Tabila 3, Condici de temperatura y vacio del p ded . G
Zona 1 2 3 4 5 6 7
Vacio 92mbar 101mbar
Temperatura | 280°C 270°C 265°C 265°C 265°C 270°C 270°C

El iempo medio de residencia del maternial en o husillo calefactado es de 7 minutos.

Tras el proceso de descontaminacion se obtuvieron laminas con el material rPET descontaminado
con un espesor de 500 micras. Estas muestras se identificaron como M2,
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2.2.3. Cuantificacion de contaminantes en los materiales

El contenido de contaminantes en las muestras (tanto escamas como en las laminas) se llevo a cabo
mediante extraccidn con solventes. Para ello se pesaron aproximadamente 30 gramos de material y se
sometieron a extraccion Soxhilet durante 15 horas a 85 — 100°C, utdlizando 200 mi de diclorometano
como disolvente de extraccion. Una vez finalizada la extraccion, se tomd 1 mi de extracto, se filtrd
mediante filtro de 0,22 pm y se analizé mediante cromatografia gaseosa con detector masas marca
Agdent (GC modelo 78908 y detector MS modelo 59778 MSD) equipado con columna HP-SMS 30 m x
0,25 mm x 0,25 pm. Cada uno de los contaminantes fue cuantificado mediante calibrado externo,

2.2.4. Evaluacion de la eficacia de la descontaminacion

El calculo de la eficacia de descontaminacion se realizé mediante comparacion de la concentracion de
contaminante en ef matenal contaminado, que se dosifico en una proporcion del 25%, antes y después
de pasar por el proceso de descontaminacion. En este sentido, como punto de partida se tomé fa
concentracion de contaminante justo antes de que el matenal contaminado fuera sometido al proceso
de descontaminacion. £l punto final fue tomado una vez obtenida la ldmina, fabricada a partir del
material descontaminado.

En el célculo se considerd Unicamente a la muestra M2, dado que consiste en un 100% de material
reciclado (y descontaminado), mientras que ls muestra M1 contiene un 20% de material virgen sin
contaminar, lo cual tiene un efecto de dilucién y podria llevar a la sobreestimacion de la eficacia de
descontaminacion.

Adicionalmente, se realizaron ensayos de migracion especifica de contaminantes desde las ldminas
hacia los simulantes alimentarios que cubren el contacto con todo tpo de alimentos, A (etanol 10%
(v/v)), B (&cido scético 3 % (p/v)) y D2 (se han empleado los simulantes alternativos grasos etanol 95
% (v/v) e isooctano).

Las condiciones de ensayo seleccionadas fueron 10 dias a 60 °C, que cubren & almacenamiento
durante més 6 meses atemperatura ambiente e inferior, incluidas las condiciones de llenado en caliente
o ¢l calentamiento hasta 70 *C < T £ 100 *C durante un maximo de t = 120/2 * [(T = 70) /10} minutos.

El ensayo tuvo lugar mediante celda, donde Unicamente la cara de contacto con el alimento fue
expuesta al simulante,

La superficie de material expuesta al simulante fue de 0,5 dm? y el volumen de simulante empleado fue
de 83ml.

Una vez finalizada la etapa de contacto material - simulante en las condiciones tiempo - temperatura
fijadas, el extracto de migracion fue recogido y se determind la concentracion de cada uno de os
contaminantes afladidos a las escamas durante la etapa de contaminacion del challenge test mediante
la metodologla de andlisis descrita en pérralos anteriores,

3. Resultados
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La concentracion de cada uno de los contaminantes optimizada en el coctel tras la realizacion de
diferentes pruebas de contaminacion se presenta en la Tabla 4,

Tabla 4, Concentracion optemizada para cada contaminanta en of coctel,

Compuesto Categoria myg/kg PET
Tolueno VNP 30.000
Clorobenceno VP 17.000
Metilsalicilato NVP 7.000
Fenilciclohexano NV NP 20.000
Benzofenona NVP 6000

Metil estearato NV NP 1.500

Los resuttados obtenidos en la contaminacion de los distintos lotes de 5kg se presenta en la siguiente
figura en forma de promedio, observindose, en todos los casos, valores dentro de los limites
recomendados por la EFSA.

1200

00

a2

0

contaminaciéon promedio (mg cont/kg PET)

touene crobencmoe

metil salichato

fenligcioheano

Flgura 4. C

o0 pr dio de los d

3.2. Descontaminacion

oo

benzofenota

el estoanato

presentes en los S0kg de escamas de iPET contamnadas.
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En primes lugar, en la Tabia 5, se muestran los datos de contenido de contaminantes en las escamas
de PET tras ser homogeneizadas y justo antes de enviarias a las instalaciones de LINPAC, y en el punto
cero, es decir, en el momento previo a ser incorporadas al proceso de descortaminacion,

Tabla 5 G de l en las justo antes de |a expedicon y en of momento pravio a la

dezcomammacion, en mg/kg PET Valcees pr cho y o

Comtaminante Previo a la expedicion Previo a la descontaminacion (punto cero)

z (mg/kg PET) (mg/kg PET)
tolueno 6021£125 57924429
clorobenceno 5834459 5629+ 412
metil salicilato 5925194 58581277
fenilciclohexano 4575263 43654173
‘benzofenona 1 4496134 42031223
metil estearato 4698 £205 422,7 ¢ 38,1

La Tabla 6 muestra las concentraciones de cada uno de los contaminantes en las léminas fabricadas
& partir de las escamas descontaminadas,

Tabla 6. Concentracion de contaminantes on las laminas M2 on mg/kg PET. Valores promedio y desnacsdn estandar

Contaminante M2 (mg/kg PET)

tolueno 83202

clorobenceno 97202

metil salicilato 67"

fenilciclohexano 86203

benzofenona 364124

metil estearato 30,706
“LOQ= 6,7 mg/kg

La Tabla 7 presenta el resultado de la eficacia de descontaminacion del proceso de reciclado, basado
en la concentracion de contaminantes medida antes y después de someter las muestres a dicho
proceso.

Tabia 7. Eficacia de descontaminacedn del proceso, expresado como porcentaje,

Contaminante Eficacia descontaminacion (%)
tolueno 943%
clorobenceno 931%
metil salicilato 954%
fenilciclohexano 921%
benzofenona 654%
metil estearato 709%

En cuanto a los ensayos de migracion especifica, los resultades del ensayo se muestran en la Tabla 8,
Como se puede observar, en todos 10s cases, excepto en el clorobenceno en etanol 95% (v/Av), la
migracién de los contaminantes es inferior al limite de cuantificacion de la téenica.

Tabla 8. Migracsn especifica de los contami en d | alimenmsnos pars [as muestras de ldmanas M2
{mg sustancia/kp simulante)
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Simulante A Simulante B Etanol 95 % (v/v) IS000IRN0
Contaminante (ma/ka) (mg/kg) (Simulante D2) (Simulante D2)
e sl (mg/kg) (ma/kg)

tolueno <005 <05 <0,05 <05
clorobenceno <00 <0,05 13:03 <00
metil salicilato <05 <001 <0,01 <001
fenilciclohexano <005 <0, <00 <001
benzofenona <05 <05 <0,1 <0,05
metil estearato <05 <05 <01 <01

4. Conclusiones

En este paquete de trabajp se han llevado a cabo un ensayo de desafio o challenge test. A continuacion,
se resumen las tareas especificas llevadas a cabo y las principales conclusiones alcanzadas:

- Puestaa punto de la metodologia de contaminacion de escamas de PET:

o Seha llevado a cabo la seleccidn de un coctel de contaminantes representativos de
distintos pesos moleculares y polaridedes, y utilizados con frecuencia en los ensayos
de challenge presentados en las solicitudes a la EFSA: tolueno, clorobenceno, metil
salicllato, fenilcclohexano, benzofenona y metil estearato,

o Seha seleccionado la concentracion de cada uno de los contaminantes en ef coctel a
fin de conseguir valores dentro de los recomencdados por la EFSA (250-1000 mg/kg
PET),

o Se han seleccienado las condiciones de contaminacion (tiempo - temperatura): 24
horas a 70 °C.

- Contaminacion de escamas de PET por lotes, hasta alcanzar los S0 kg requeridos para el
proceso de descontaminacion en las instalaciones de LINPAC,

- Descontaminacién de las escamas de PET contaminadas artificiaimente en las instalaciones
de LINPAC.

- Determmnacion de la eficacia de descontaminacion de las escamas, donde se observd una
elevada eficacia de descontaminacion, que va desde un 954% de eficacia obtenida para el
metil salicilato, hasta un 65,4% obtenida para la benzofenona.
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REPORT NO. 1 ANNEX TO TEST REPORT 21/000393703

SCREENING OF VOLATILE, SEMI-VOLATILE AND NON-VOLATILE ORGANIC COMPOUNDS IN FOOD

CONTACT MATERIALS
Sample Information:
ID Sample: 21520614.0001
Sample Description: AMBAR R 38NBR TS SHEET
Picture
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1. AIM OF THE SCREENING TEST

Screoning tosts allow the Identfication of potental substances which can migrate into the food product as Intensonally
Added (IAS) and Not Intentionally Added (NIAS) molecules.

In this context, the best mass spectrometry lools avalable are empioyed, along with different chromatography
techniques.

ORIGIN OF
POTENTIAL MIGRANT
SUBSTANCES

NIAS Non
Intentionally Added
Substances

IAS Intentionally
Added Substances

antioxidants, stip Raw materfals
agenty, flame impurities
retardants

Additives for Reaction by product

adhesives, paints, inks

Contamination by
recycling processes
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The study is divided into three levels:
A.  Determination of volatile and semi-volatile organic compounds on sample as it is: dynamic headspace gas
chromatography (SPME-HS-GC/MS) - method AR 2012075/A

This test evaluates the presence of volatie and semi-voiaties organic compounds in the matenal which could
migrate and/or cause sensory changes in the food contained in the packaging. The identification is camied out
through nstrumental sets, while the semi-quantification is performed using the reaction factor of the internal
standard used,

B. Determination of semi-volatile and non-volatile organic compounds on the extraction liquid from the side
intended to come into contact with food: gas chromatography with mass detector (GC/MS) - method AR
2011/216ACAP.3

This analysis evakustes the presence of semi-volatie and non-volatie orgaric compounds which could migrate into
the food product The identfication is camed out through instrumental Straries, whie the semi-gquantification s
performed using the response factor of the nternal standard used.

C. Determination of nonwolatile organic compounds: multi-tem screening by liquid chromatography
equipped with high-resolution mass detector (UHPLC ESI-MS/HRMS) — method AR 2016/235/B-CAP.1

This anaiysis evaluates the presence of a wide range of non-voiatie organc compounds in the package, which
could migrate info the food product through:

GROUP 1: Quanttative Target Screening (the organic compounds are idendfied and quantfied by comparing them
with centied standard solutions ).

GROUP 2 Semi-quantitative Target Screening (by comparison with an instrument library containing more than one
thousand additives commonly used in the packaging industry).
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2 RESULTS AND EVALUATION
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27 VOLATILE AND SEM-VOLATILE ORGANIC COMPOUND'S
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Table 1 - Semcuartiative ditrbuson of volstie and semisoiatie crpanc compounds
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2.2 SEM-VOLATILE AND NON-VOLATILE ORGANC COMPOUNDS

INSTRUMENT
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Mass Specromeie: Agiwet
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TEST CONDITIONS
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Table 2 - Semiquantitatve distr uton of semi-voiatle snd ron—volafie S/panc Compoundy
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13 NON VOLATLE ORGANIC COMPOUNDS

INGTRUMENT
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231 Tege! Guartietive Screenng GROL® ¢
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3. CONCLUSIONS
Resuts cblained from the adopied operative and instrumental conditions highlight the presence of identified substances
not found in the positive list of Reg. 10/2011 (marked with /] ) for which, however, the potential specific migration is less

than 90 pgfikg (limit for the Cramer Class il corresponding to a high toxicity assuming that in 1 day a person of 60 kg
takes 1 kg of substance).

This anaiytical protocol is @ useful support for the rsk assessment of food contact matenals, focused on NIAS
investigation.
The complete raw data (chromatograms and spoctra) are preserved in Mérieux NutiSciences for necessary future
investigations.
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ANNEX | - BLANK DETERMINATION AND RULES TO CORRECTLY CONSTRUE EXPERIMENTAL DATA

BLANK DETERMINATION

An integral part of the process employed 1o detect and quantfy the extractable organic compounds - as detalled above -
is the blank determinaton,

The assessment of the organic compounds which can be determined in the blank, under the method operative
conditions, 15 essential o prevent the attributon of organic compounds related to emvironmental contamination or
solventsireagents and glassware used 10 the sample exractabie part

RULES FOR A CORRECT INTERPRETATION OF EXPERIMENTAL DATA ON VOLATILE, SEMI-VOLATILE AND

NON-VOLATILE ORGANIC COMPOUNDS (SPME-HS-GC/MS AND GCMS ANALYSIS).

In order 1o comectly interpret the results obtained, we must take the following observations into consideration:

1. The Wentfication of organic compounds is camed cut by comparing the ionic profie of the substance fragmented
section experimentally compared with the profées of the molecules present in the to! sats,

2. The organic compound quantification is camed out by assuming that they have the same response factor as the
internal standard

3. The detection imi estimate s based on the internal standard response facter under the testing condtions,

RULES FOR A CORRECT INTERPRETATION OF EXPERIMENTAL DATA ON NON-VOLATLE ORGANIC

COMPOUNDS (GROUP 1)

In order to comectly interpret the results cbtained, we must take the felioning observations into consideration:

1. The Kdentification of organic compounds is camied cut by comparing the ionic profie of the substance fragmented
section expermentally compared with the profies of the molecules present in the related cenfied standards;

2. The organc compound quantificason is camed out by comparnson with the related cetified standard.

3. The estimate quantification limd for each fem is based on the matrix response of the related certified standard.

4. The dentfication and quantification are guaranieed by comparison with certfied standard solutions.

RULES FOR A CORRECT INTERPRETATION OF EXPERIMENTAL DATA ON NON-VOLATILE ORGANIC

COMPOUNDS (GROUP 2)

In order to comectly interpred the results obtained, we must take the following observations into consideration:

1. The Kentification of organic compounds belonging to group 2 Is performed by comparing the accurate mass and
the isotopic patten of the substance found experimentally with the thecretical values calculated by the software on
the bass of the molecular formula inserned in the database and assocated with 0ne o more analytes,

2. The organic compound quantification is camed out by assuming that they have the same response factor as the
internal standard,

3. The detection kmi estimate is based on the internal standard response factor under the testing conddions,
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ANNEX Il - LIST OF SUBSTANCES RESEARCHED IN THE TARGET SCREENING OF NON-VOLATILE
ORGANIC COMPOUNDS NON VOLATILI (GROUP 1)

SML
CAS Compound Reg. 102011
mMgKg sod
166412-78-8 1. 2-Cydiohexanedicarboxyicaciddascnonylester (DINCH) SML(T) : 60
0002855-13-2 1-Mmo&(anmw)4.§§-qn\.)'mm (Isophorone 6.0
085209.91-2 Sodum 2.2-methylene-bis-(4 6-ditert-butyiphenyl)phosphate 5.0
0110663-27-0 2.4-bis-(ctti-ometl }met ifencio SML(T): 5
007128-84-5 2.5 Bis(5-tert-butyl-2-berzoxazolyithiophene (BBOT) 06
023676-09-7 4-Ethoxy ethylbenzcate 36
000105.88.7 Dibutyl adipate Not ksted
000141-04-8 Diisobutyl adipate Not ksted
000141-28-6 Diethyl adipate Not isted
000103.23-1 Bis(2-ethythexy) adipate (DEHA) 18,0
1.3.5-Tn 135
0027676-62-6 WWWW 50
1.3.5-Tris[3hydroxy-2 8-dimeth r -ZMW
0040001-78-1 mpss-m.z v qmmox 1760 d 6.0
001675.54-3 BADGE SML(T): &'
078002-91-0 BADGEXM20 SML(T): &°
005581-32-8 BADGEXx2H20 SML(T): &'
227947-06-0 BADGEXH20xHCI SMLT): 1
013838.48-1 BADGExHC SML(T): 1
004809.35-2 BADGEX2HCI SML(T): 1
2095-03.6 BFDGE nd '
72406-26-9 BFDGEX2H20 nd.’
374772-79-9 BFDGEX2HCI nd.’
1724-08-9 Bicyclof2 2. 1]heptane-2 3-deardboxyic acid 5.0
000105-80-2 Caprolactam SML(T) : 15
000947.04-6 Laurolactam 5.0
000108.-78-1 1.3.5-Triazing-2 4 6-amine 25
108-805 Cyanuric acid Not ksted
123-044 Monosteasnng No SML
T1786-60-2 N, N-bis(2-hydroxyethyljalky¥C8-C 18)amine SML(T):1,2
. 3.Ring NOGE (Novolac glycidyl ether) mix of isomers (chain nd.*
Iike/tranched)
. 4-Ring NOGE (Novolac glycidyl ether) mix of isomers (chain ad*
like/or anched) 2
i 5.Ring NOGE (Novolac glycicyl ether) mix of ssomers (chain ad’
like/oranched) ;
) 6-Ring NOGE (Novodlac glycidyl ether) mix of isomers (chain nd.’
like/oranched) b
134.84.9 4.methyibenzophencne Not kisted
00118-81-9 Benzophenone 0.6
5495.84.1 2-isopropyithioxantone (ITX) Not fisted
2124502-3 2-Ethylhexyl 4-dimethylamincbenzoate Not ksted
847-19-3 1-Hydroxycyclohexyl Phenyl Ketone Not isted
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24650428 2.2-Dimethoxy-2-phenylacetcphenone Not isted
71868-10-5 2-Methyi-4"(methylthic)-2-morphoincpropicphencne Not isted
82799-44-8 2 4-Diethyl-9H-thioxanthen-9-one Not isted
1137-42-4 4-Hydroxybenzophencne Not isted
80-39-7(para-) N-Ethyl-toluenesulfonamide Not isted
90-94-8 4.4'-Bis[dmethylamino jbenzophenone Not isted
90-93.7 4 4" bis(Diethylaming benzophenone Not ksted
117.81.7 Bis(2-ethythaxyl) phthalate 1,5 SML(T) : 60
85-88.7 Benzyl butyl phthalate 30 SML(T) : 60
84817 Dcycohexy! phthalate Not ksted
84-66.2 Diethyl phthalate Not ksted
84-69.5 Diisobutyl phthalate Not ksted
ordoggi] Disisodecyl phthatate (DIDP) SML(T): 9 0 60
oo Disononyighthalate (DINP) SMU(T):9 0 60
27564-28-3 Di-so-octyl phthalate Not ksted
1314113 Dimothyl phthalate Not ksted
131180 Di-n-Amyl phihalate Not kisted
84.74.2 Dibutyl phthatate 0.3
117-840 Di-n-octyl Phthalate Not ksted
6362-79-4 S5 Sulfoisophthabc acid 50
88-99.3 ortho-phthalic acid SMUT): 7.5
000121-91-5 Isophthalic acid SML(T): 5
000100-210 Terophthalc acd SMLT): 7.5
000109-43-3 Dibutyl sebacate SML(T) : 60
000112-84-5 Ervcamide No SML
000301-02-0 N Oleamide No SML
0036443.68.2 Triethylene wm:mm RAMEA o 90
0000122-20-3 Trisopropanclamine 5,0
000077-90-7 Trioutyl acetykitrate (ATEC) SMLT) : 60
117-82-8 Bis{2-methoxyethyljphthalate Not isted
87-88.5 Pentachlorophenol (PCP) Not ksted
115-886 Triphenylphosphate Not ksted
805-505 disopentyl phthalate Not ksted
1241.84.7 2-Ethylhexy! dpheny! phosphate SMLi24
41451-28-9 Discheptyl phthalate Not listed
3648-21-3 Di-n-heptyl phthalate Not ksted
2208-05-1 2-{dimathyiamnojethy! benzoate Not ksted
131.68.8 2-methyibenzophenono Not kstod
854-16-5 2.4 6-Tnmethybenzophenone Not ksted
75980-60-8 Dipheny!(2,4.6-tnmethykbenzoyl) phosphne oxde Not bsted
91-76.9 2.4-Diamino8-fend-1.3 5-triazina (Benzoguanamine) SML: 5
182121-128 9,8-bis{methoxymethy! flucrens SML: 0.05
2682-20-4 2-Methyl-4-isothazokn- 3-cne (MIT) SML: 0.5
25172-554 5-Chioro-2-methyl-4-isothiazoln-3-one (CMIT) Not isted
000119.47-1 2.2-methylenebis(4-methy-6-tert-butyiphenol) SML(T): 1.5
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A TUVRheinland®

Rapporto di prova No
Tost Report No.

IT210AD6 011

Data di emissione
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2052021

Numero totale di m
Tolal number of pages

7

Nominativo Laboratorio 1
[ Noms of laboratory 1

TUV RHEINLAND ITALIA s 7).

Nomnativo Laboratorss 2
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TUV RHEINLAND LGA products gmbh
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Page 2 of 17 Report No, IT210ADS 011

A_ TUVRheinland®

1. Lista dei Materiali / List of Materials

Codice interno/ | Identificazione del campione / Sample Materiale / Risultati /
internal code identification Matenal Resuft
CONTENITORE IN PET ABA (10 % VERGINE
(A)- 80 % R-PET (B)-10 %VERGINE (A)) /
AG03010111011 | piNNET IN PET ABA [10 % VIRGIN (A)- 80 % PET Pass
R-PET (B)-10 %VIRGIN (A)]
2 Risultati / Results

2.1 Migrazione globale in simulanti acquosi (Immersione)
Overall migration into aqueous simulants (Total Immersion)

Metodo EN 1186-1:2002 + EN 1186-3:2002
Test method (Immersione totale - Metodo A/ Total immersion — Method A)
Limite Reg. (EU) n.10:2011 GUUE L12 del 15/01/2011 e successivi aggiornamenti
Limit Reg. (EV) n. 1072011 GUUE L12 of 1501/2011 and amendments
Simulante Durata test / Temperatura
Food simulant Test duration / Temperature
Simulante A - Etanolo 10% 10 giorn / 40°C + 2 ore / 100°C
Simulant A - Ethanol 10% 10 day(s) / 40°C + 2 hour(s)/ 100°C
Simulante B ~ Acido acetico 3% 10 glorne /1 40°C + 2 ore / 100°C
Simuiant B - Acetic acid 3% 10 day(s) / 40°C + 2 hour(s)/ 100°C
Test 001
Camplone
Sample AD03010111 011
Rapporte migrazione
on reth 100 mi/ 1dm?
Risultato delle
Parametro Unita singole prove Media Incertezza Limite
Parameter Unit Individual test Average Uncertainty Limit
result
mg/dm? 12
A mgldm? 14 13 1.1 10
mgidm? 1.3
mg/dm? 22
B mg/dm? 24 23 1.2 10
mgidm? 23
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Abbreviazioni / Abbreviations.

mg/dm? = miligrammi per decimetro quadrato / milligram per square decimeter
< = inferiore a / less than
Strumento / Instrument: Bilancia Analitica / Analitical scale (2782530); Stufa / Oven (2782519)

2.2 Migrazione globale in simulante olio di oliva (Immersione)
Overall migration into olive oil simulant (immersion)

Metodo ‘
Tost mothod EN 1186-2:2002
Limte Reg. (EU) n. 1072011 GUUE L12 del 15/01/2011 ¢ successivi aggiornamenti
Limit Reog. (EU) n.10/2011 GUUE L12 of 15/01/2011 and amendments
Simulante Durata test / Temperatura
Food simulant Test duration / Temperature
Simulante D2 - Olio di ofva 10 giorme / 40°C + 2 ore / 100°C
Food Simulant D2 - ofive oil 10 day(s) /40°C + 2 hour(s) / 100°C
Test 002
Campione
Sampie A003010111 011
Rapporio migrazione
Migration retio 100 mi/ 1dm?
Parametro Unita ?ml ':::: Media Incertezza Limite
Parameter Unit Single Result Average Uncertainty Limit
mgldm? <2
D2 mg/dm? <2 <2 - 10
mgldm? <2

Aggiustamento apportato per perdita di sostanza volatie / Adjustment made for loss voiatile substance: 0,2 mg/dm®

Determinazione della necessita di condizionamento dei campion in accordo a Appendice B / Determination of the
need for sample conditioning according to Annex B

Abbreviazioni / Abbreviations:
mg/dm? = miligrammi per decimetro quadrato / miligram per square decimeter
< = nferiore a / less than

Strumento / Instrument: Bilancia Analitica / Analitical scale (2782530), GC-MS (2782503-2782504). Stufa / Oven
(2782519)
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2.3 Migrazione specifica di ammine aromatiche primarie/ Specific migration of primary aromatic amines

Metodo LMBG § 35 L 00.00-6:19985/Cor:2002
Method
Limite Reg. (EV) n.10/2011 GUUE L12 del 1501/2011 e successivi aggiormament / and amendments
Limat
Simulante Durata test / Temperatura
Food simulant Test duration / Temperature
Simulante B - Acido acetico 3% 10 giorni /60 *C + 2 ore / 100°C
Simulant B - 3% Acetic acid 10 day{s) /60 °C + 2 hour(s) / 100°C
Test 003
Campione
s 0 A003010111011
Rapporto migrazione
Migration ratio 100 mi/ 1 dm?
Risultato* Incertezza Limite
e o Result* Uncertainty Limit
(mg/kg) (mg/kg) (mg/kg)
Ammine pamarie aromatiche
Primary aromatic amines 0009 oM po

*ll valore & espresso come aniling / the value is given as andine

Abbreviazioni / Abbreviations:
mgkg = Milligrammi per chilogrammo / Milligram per kilogram
< =|inferiore a/ less than
Strumento / Instrument. Spettrometro UV / UV spectrometer (2782514)
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24 Migrazione specifica dei metalli Annex 2 Reg. (UE) n.10/2011 (Laboratorio 2)

Specific migration of metal Annex 2 Reg. (EU) n.10/2011 (Laboratory 2)

Metodo
Test method

Limite
Limat

La migrazione & condotta in accordo al Capo V. Articio 18 del Regolamento Europeo
nti. Quantificazione mediante ICP-OES in accordo alla
norma DIN EN ISO 11885 e ICP-MS In accordo alla norma DIN EN 1ISO 17294-2./ The
migratory behaviour is examined with reference to Chapter V, Article 18 of Commission
Regulation 102011 and its amendments. Quantificaton by ICP-OES according to DIN EN

10/2011 e successivi

1SO 11885 and ICP-MS according to DIN EN ISO 17294-2.

Reg. (EU)n.10/2011 GUUE L12 del 1501/2011 ANNEX Il e successivi aggiornamenti
Reg. (EU) n. 1072011 GUUE L12 of 15/01/2011 ANNEX Il and amendments

Simulante Durata test / Tomperatura
Food simulant Test duration / Temperature
Simulante B - Acido acetico 3% 10 giorni /60 “C + 2 ore / 100°C
Food Simulant B ~ Acetic acid 3% 10 day(s) /60 °C + 2 hour(s) / 100°C
Tost
Camplone / Sample: A003010111 011
mﬂ':::;“” 100 mi 7 1 dm?
— Migrazione spocl.ﬂu l.hlt.o
Perensilis Specific migration Limit
(mg/kg) (mglkg)
Bario / Banum <03 1
Cobalto / Cobalt <0,01 0,05
Rame / Copper <1 5
Femo / Iron <5 48
Litio / Lithium <0,05 08
Manganese / Manganese <0,05 086
Zinco / Zinc <1 5
Aluminio Aluminum <0,2 1
Nichel / Nickel <0,01 0,02
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T Migrazione specifica Limite
PRERENR Specific migration Limit
(mg/kg) (mg/kg)
Antimonio / Antimony <0,02 0,04
Arsenico [ Arsenic <0.005 ND
Cadmio / Cadmium < 0,001 ND (LOD 0,002)
Cromo / Chromium <0,01 ND
Europium / Europium <0,01
Gadolinio / Gadolinium <0.01 (somu'?n“; sum)
Lantanio / Lanthanum <0,01
Piombo / Lead <0,005 ND
Mercurio / Mercury <0,005 ND
Terbio / Terbium <0,01 0,05
Abbreviazioni / Abbreviations:

mgkg = miligrammi per chilogrammo di simutante akmentare / Miligram per kilogram of food simufant

< =inferiore a / less than
ND = non rilevabile / nof detectable

Test report N 0001086070/10 AZ 408590
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2.5 Migrazione specifica di ammine aromatiche primarie (Laboratorio 2) / Specific migration of primary
aromatic amines (Laboratory 2)

La migrazione & condotta in accordo al Capo V, Article 18 del Regolamento Europeo 1002011 e
Metodo successivi aggiornamenti. Quantificazione mediante HPLC-MS/MS (metodo interno) / The
Test Method migratory behaviour is examined with reference to Chapter V, Article 18 of Commission

Regulation 10:2011 and #s amendments. Quantification by HPLC-MS/MS (In-house method)

Limite Reg. (EU) n. 1672011 GUUE L12 del 1501/2011 e successivi aggiomamenti / and amendments
Limi
Simulante Durata test / Temperatura
Food simulant Test duration / Temperature
Simulante B - Acido acetico 3% 10 giorni /60 *C + 2 ore / 100°C
Food Simulant B - Acetic acid 3% 10 day(s) /60 °C + 2 hour(s) / 100°C
Test: 005
Campione! Sample A003010111011
Rapporto migrazione
Migration ratio 100 mi/ 1 dm?
Pargisno mmm m
Parameter
(mg/kg) (mg/kg)
2 4-Dimethylaniine * <0,002
4.4 -Damnodphenyimethane
(4,4-MDA) * <0002
4.4°MCDA «0,01
Anline <0,002
Benzidine * <0,002
Benzogusnamine <0,01
m-Anisidine <001
m-Toluiding <0,01 0,01
o-Aminoazotiuens <0,002
o-Anisidine * <0,002
o-Phenylenedamine <0,002
o-Toluidine * <0,002
p-Chioraniine * <0,002
p-Cresidne * <0002
p-Phenylenediamine <001
m-Phenylenedamine <0,01
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P Risultato Limite
b Result Limit
(mg/kg) (mg/kg)
p-Toludine <0,002
1,6-Diaminonaphthalene <0,002
2-Naphthylamine * <0,002
2 4-Diamincaniscle * <0,002
2 4-Toluylendamine * <0,002
2.4,5-Trimotinfaniine * <0,002
2.6-Dimethylaniine * <0,002
2.6-Toluylendiamine <001
3,3"-Dichioroberzidne * <0,002
3,3 - Dimethoxyberzidne <0,002
3,3 -Dimethylbenzidne * <0,002
O oo o B w00
4-Amincazobenzene * <0,002
4. Amincbipheny! * <0,002
4.Chioro-o-toluikne * <0,002
ey 00w 001
44" Oxydiondine * <0,002
4 4'-Thiodianéne * <0,002
S-Nitro-o-tokudine * <0,002
Dimethyt-2-aminoterephthalate <001
J-AmMno-4-methyidenzamde <001
3-Amino-4-methoxybenzandide <0,01
3.Chicroaniline <0.01
2-Chioroaniline <0,01
4-Ethoxyaniine <0,01
2-Ethoxyaniine <0,01
4-Aminobenzamide <0,01
5-Chioro-2-methylanline <0,002
4-Chloro-2,5-dimethoxyaniiine <0,01
6-Chioro-2-anisidine <0,01
2-Nitroaniine <0,01
2-Methoxy<i-nitroaniine <0,01
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P Risultato Limite
Pa Result Limit
(mg/kg) (mg/kg)
§-Amno-G-mothyl <001
benzimidazolone
1,3-Diminviscindolen =0,01
2,5-Dichiorandine <0,01
2-Chilor-d-nitrcanine <001
2.4 5-Trichloraniline <0.01
4.Chior-3-methoxyanine <001 <0.01
4-Aminctoluene-3-sulfonic acid <0,01
2-Amino-1-naphtalenesuifonic <0.01
acd
2-Amincbphenyl <0,002
4-Nitro-osohadine <0,002
Abbreviazioni / Abbreviations:

mgkg = Miligrammi per chilogrammo / Miligram per kiogram
< =inferiore a / less than

4,4-MCDA = 4.4 -Methylenebis-(3-chloro-2, 8-diethylaniine)

Nota / remark: le sostanze contrassegnale con * hanno kmite di migraZione specifica singolo di 0,002 mgkg /

substances marked with * have a single specific migration limit of 0,002 mgkg.

Test report N 0001086070/10 AZ 408590
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2.6 Determinazione del contenuto residuo di acetaldeide(CAS 75-07-0) / Determination of residual

content of acetaldehyde (CAS 75-07-0)

Metodo :
po Analisi / Analysis: GC-HS
Limite Reg. (EU) n. 102011 GUUE L12 del 1501/2011 e successivi aggiornamenti / and
Limt amendmonts
Test: 006
Campione
S : A003010111 011
Migrazione massima teorica*
Parametro R:.‘:r’:o Theoretical specific L’::;:
Parameter migration*
(mg/kg) (mg/kg) (mglkg)
| Acetaldehyde 36 045 6

Grammaturaiweight 2,1 g/dm?

* Calcolata considerando il fattore 6 dmikg / Cakulated considering the 6 dmi/kg factor

Abbreviazioni / Abbreviations:
mgkg = Miligrammi per chiogrammo / Miligram per kilogram
< =inferiore a / less than
Strumento / Instrument. GC-HS (2782508 - 2782509)
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2.7 Determinazione del contenuto residuo di etilen glicole (CAS 107-21-1) e dietilen glicole (CAS 111-46-
6) I Determination of residual content of Ethylene glycol (CAS 107-21-1) and Diethylene glycol (CAS 111-

46-6)
Metodo Estrazione / Extracton: n-Esanon-Hexane
Method Analisi / Analysis: GC-MS
Limite Rog. (EU) n.10/2011 GUUE L12 del 1501/2011 e successiv aggiornamenti / and
Limit amendments
Test: 007
Campione
Sanplo’ AD03010111 011
Migrazione massima teorica*
Parametro Ri; G Theoretical specific Linbw
Parameter migration* e
i (mg/kg) (mg/kg) (mglkg)
Ethytene glycol <100 <1 %0
Diethylene glycol <100 <1
Grammaturaweight 2,1 gidm?

* Calcolata considerando il fattore 6 dm?/kg / Cakulated considering the 6 dm/kg factor
Abbreviazioni / Abbreviafions:
mg’kg = Miligrammi per chilogrammo / Miligram pér kdogram
< =inferiore a / less than
Strumento / Instrumant: GC-MS (2782503 - 2782504)
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2.8 Determinazione del contenuto residuo di acido tereftalico (CAS 100-21-0) e di acido isoftalico (CAS
121-91-5) | Determination of residual content of terephthalic acid (CAS 100-21-0) and isophthalic acid
(CAS 121-91-5)

Metodo Estrazione / Extracton: n-Esanon-Hexane
Method Analisi / Analysis: GC-MS
Limite Rog. (EU) n.10/2011 GUUE L12 del 1501/2011 e successiv aggiornamenti / and
Limit amendments
Test: 008
Campione
Sa : AD03010111 011
Migrazione massima teorica*
Parametro Ri; G Theoretical specific Limmi ;
Parameter migration®
(mg/xg) (moka) (mgikg)

terephthalic acid <100 <1 7.5
Isophthalic acld <100 <1 5
Grammaturaweight 2,1 gidm?

* Calcolata considerando il fattore 6 dm?/kg / Cakulated considering the 6 dm/kg factor
Abbreviazioni / Abbreviafions:
mg’kg = Miligrammi per chilogrammo / Miligram pér kdogram
< =inferiore a / less than

Strumento / Instrument. GC-MS (2782503 - 2782504)
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29 Determinazione del contenuto di 2,2-bis (4-idrossifenil) propano (CAS 80-05-7) / Total content of 2,2-
bis(4-hydroxyphenyl)propane (CAS 80-05-7)

Metodo Estrazione / Extraction: Acetonitrile according French Decree N* 2012-1442 of 24
Method December 2012
Analisi / Analysis: GC-MS
Limite Reg. (EU) n. 102011 GUUE L12 del 15/01/2011 e successivi aggiornamenti / and
Limt amendmonts
Test 009
Campione
S : A003010111 011
Migrazione massima teorica* i
Pa Risultato . ! fic l.imu:o
Parameter Ream migration* g
(mg/kg) (mg/kg) (mg/kg)
2.2-bis (4-idrossifenil) propano <4 <00 0.05
2,2-bis(4-hydroxyphenyljpropane
Grammatura/welight 2,1 g/dm?

* Calcolata considerando il fattore 6 dm¥kg / Calkulated considering the 6 dm/kg factor

Abbreviazioni / Abbreviations.
mg'kg = Miligrammi per chiogrammo / Miligram per kiogram
< =inferiore a / loss than

Strumento / Instrument, GC-MS (2782503-2782504).
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210 Determinazione del contenuto di Anidride Piromeliitica (CAS 89-32-7)/ Total content of Pyromellitic
Anhydride (CAS 89-32-7)

Metodo Estrazione / Extracton: n-Esano/n-Hexane

Method Analisi / Analysis: GC-MS

Limite Reg. (EU) n.10v2011 GUUE L12 del 1501/2011 e successii aggiornamenti / and

Limt amendmonts

Test 010

Campione

S : A003010111 011

Migrazione massima teorica* i
Pa Risultato . ! fic l.imu:o
Parameter Ream migration* g
(mg/kg) (mg/kg) (mg/kg)
Pyromellitic Anhydrde <1 <0.01 0,05

Grammaturahveight 2,1 g/dm?
* Calcolata considerando il fattore 6 dm?/kg / Cakulated considering the 6 dmi/kg factor

Abbreviazioni / Abbreviations:
mg'kg = Miligrammi per chiogrammo / Miligram pér kiogram
< =inferiore a / less than

Strumento / Instrument; GC-MS (2782503-2782504).
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2.11 Determinazione della migrazione specifica di Perfluoro alchil suifonate PFAS (Laboratorio 2) /
Determination of specific migration of Perfiuoro alchil sulfonate PFAS (Laboratorio 2)

Metodo La migrazione ¢ condotta in accordo al Capo V, Articio 18 del Regolamento Europeo
Method 10/2011 e successivi aggiomament / The migratory behaviour is examined with
reference to Chapter V, Article 18 of Commission Regulation 10/2011 and its
amendments
Analisi / Analysis: LC-MSMS
Simulante Durata test / Temperatura
Food simulant Test duration / Temperature
Etanolo 95% 10 giormi / 60°C + 2 ore / 100°C
Ethanol 95% 10 day(s) / 60°C + 2 hour(s)/ 100°C
Test o1
Campione
P : AD03010111 011
" Iml'nﬁongrw'o 100 mi/ 1 dm’
Risuitato Incertezza
::n Result Uncertainty
I meter (mgkg) (mg/kg)
PFAS <0.001 -
Abbreviazioni / Abbreviations:

mgkg = Miligrammi per chiogrammo / Miligram peér kfogram
< =inferiore a / less than
NR = Non rilevabie / not detectable < 0,01 mg'kg

Test report N 0001086070/10 AZ 408590
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2.12 Contenuto toale Cloro / Chiorine total content
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Metodo MS-0041687
Test method
Test: 012
Campione / Sample: A003010111 011
Pusiisietic Contenuto Incortezza
Pa Content Uncertainty
(mg/kg) (mgkg)
Cloro / Chiorine <300 -

Abbreviazioni / Abbreviations:

mgkg = milligrammi per chiogrammo / Miligram per kilogram

< =inferiore a/ less than
Strumento / Instrument: XRF (2938911);

213 Determinazione del contenuto di polietilenglicole (EO = 1-50) eteri di alcoli primari (C8-C22) lineari e
ramificati (Ref. N, 77708)/ Total content of Polyethyleneglycol (EO = 1-50) ethers of linear and branched
primary (C8- C22) alcohols (Ref. N. 77708)

Metedo
: !
M Metodo interno del laboratorio / In-house method
Limite Reg. (EU) n.10v2011 GUUE L12 del 1501/2011 & successivi aggiomamenti / and
Limit amendments
Tost 013
Campione
10111
s ; AD03010111 011
Pleidicts Migrazione n_uuima teorica* Limite
Parametro Theoretical specific
Parameter - migration* Lsen
(mg/kg) (mgikg) (mg/kg)
polyethyleneglycol (EC = 1-50)
ethers of linear and branched <1 <0,01 1.8
primary (C 8-C 22) alcohols
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Grammaturaiweight 2,1 g/dm?
* Calcolata considerando il fattore 6 dm¥kg / Calculated considering the 6 dm%kg factor

Abbreviazioni / Abbreviations:
mg'kg = Milligrammi per chiogrammo / Miligram per kiogram
< =inferiore a / less than

Lab, Cod, Sap: 1898278 Test report N FD-21-002438

Fino test report / End of test report

Report No, IT210ADS 011



