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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 estimated that 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 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 1. These processes include several treatments, comprising a combination of
temperature, melt filtration and removal of volatiles through vacuum or the flow of air or other
gases. These treatments are carried out 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 a “functional barrier “.

e Thistechnology has been used for over 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 the specified migration limits for
genotoxic substances. These limits represent the worst case, since they assume that all contaminant
substances are genotoxic substances.

Starting from a maximum tolerable daily intake for genotoxic substances equal to 0.0025 pg/kg body
weight per day, the European Food Safety Authority (EFSA)® considers that a maximum migratable

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”.

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
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amount of 0.017 ug/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 ug/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.

In the interim, EFSA has revised its guidance in 2024°. It is acknowledged that the materials and articles
obtained with this technology are not intended for use by infants. Furthermore, all assessments have
been conducted in accordance with the threshold applicable for toddlers. Given that the parameters
remain largely unchanged for toddlers under the new guidance, this notification dossier will continue
to refer to the 2011 EFSA guidance.

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 received a positive opinion from
EFSA) or a blend of the two. The thickness of the sheets ranges from a minimum of 100um to a
maximum of 1400 um. 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

4 EFSA (2011). 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 (europa.eu)

5 EFSA (2024). Scientific Guidance on the criteria for the evaluation and on the preparation of applications for
the safety assessment of post-consumer mechanical PET recycling processes intended to be used for
manufacture of materials and articles in contact with food. EFSA Journal, 22(7), e8879.
https://doi.org/10.2903/j.efsa.2024.8879
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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).

Table 1: correspondence between layers percentage and layers thickness

Total thickness
% layers 100 pm 150 pm 300 pm 500 pm 1400 pm
5%/90%/5% 5um/90um/5um 7.5um/135um/7.5um 15um/270um/15um | 25um/450um/25um | 70pm/1260pum/70um
10%/80%/10% | 10um/80um/10um 15um/120pum/15um 30um/240um/30um | 50um/400pum/50um | 140um/1120um/140um
15%/70%/15 15um/70um/15um | 22.5um/105um/22.5um | 45um/210um/45um | 75um/350pm/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 um, ranges from 5 to 210 pm; the minimum thickness

of the A layer is < 70 um for about 85% of the notified structures and <20 um for about 23% 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
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). Most common distribution of draw ratios applied to produce thermoforms for protein and
bakery products

Draw ratio vs sheet thickness for protein and bakery products

Figure 2(b). Most common distribution of draw ratios applied to produce thermoforms for fruits and
vegetables

Draw ratio vs sheet thickness Fruit & Vegs
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8 The draw ratio is defined as the area subjected to the thermoforming stress and the depth of the final tray



A survey carried out on 231 commercial structures shows that the Surface-to-Volume (S/V) ratio
corresponds on average to 6.4 dm?/kg. n this dossier, all calculations have been made with a 6 dm?/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 into 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%
Moisture variation +0.1%h !
Bulk density 325kg m *
Bulk density variation +S0kgm *h!
Material temperature 15 -50°C
Material temp. variation £ S°Ch'!
PVC max. S00 ppm
Glue max. S0 ppm
Other plastics max. 1,000 ppm
Cellulose (paper, wood) max 5%

Metals max. 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.

7 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)

8 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 .Numbe.r of
installations
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 yes 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

aal A2
Process conditions
Decontamination sests

Characteriration of
input flakes

Crystallization

o3
Process conditions

% PET

Ratic A/N/A

Comact time /T in die
Thickness of A
Decontamination tests

ABA FB

/ Stripping

Structure

Functional
barrier to
avoid rest of
contarminant
s to migrate
to the
packaged
product,

ans

Man s1ceage lime

Thermaformirg

Process Conditions.
Thickness of A

QAL

OMG/SMT reseits
Mas deep drow
Max th A

Storage tma/T
ABA ratio

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 | time in the | profile in the | inthe 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 | time in the | profile in the | inthe die (°C) | in the die (sec)
(°C) (hours) (°C) time extruder extruder (°C)
(If any) (hours) from
(If any) (If any) . feeding
(Ifany) 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.

11



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 tests carried out by different companies referred to in 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 ug/kg food. This applies under the
conservative assumption that all migrating substances are genotoxic.

12



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 Version 6.7, 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
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 32.1 87.3

° Full article: Evaluation of migration models that might be used in support of regulations for food-
contact plastics (tandfonline.com)
10 About Us Page - AKTS
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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 upon request. The detection limit of these
tests usually corresponds to 10 pg/kg food simulant.

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

o 5%/90%/5%

o 7.5%/85%/7.5%
e 10%/80%/10%
o 15%/70%/15%

The total thickness of the sheets on which the predictive model has been used were: 120 um, 150 um,
300 pm, 700 um and 1400 pm.

The thickness of the functional barrier in these structures is reported in Table 7 .

Table 7: Thickness of the functional barrier A (in um)

% of A layer in Total thickness of the A/B/A sheet

A/B/Astructure 500 150 um 300 pum 700 um 1400 um
5% 6 7.5 15 35 70
7.5% 9 11.25 22.5 52.5 105
10% 12 15 30 70 140
15% 18 22.5 45 105 210

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 density of PET in the melt during the migration simulation was set at 1.2 g/cm3. This was done
because the density of PET in its melt state at 280°C typically ranges from 1.15 to 1.35 g/cm3. At
elevated temperatures, like 280°C, PET's density decreases compared to its solid-state density due to
the increased molecular mobility and expansion in the melt phase .

1 Brandrup, J., Immergut, E. H., & Grulke, E. A. (1999). "Polymer Handbook" (4th Edition). Wiley-Interscience
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The density of PET in the solid phase during the migration simulation was set at 1.375 g/cm3. This
value is in line with the most updated parameters suggested by EFSA while conducting migration
simulation calculations®?

The parameters and conditions chosen for the migration simulation are summarized in Table 8. In this
Table, the “realistic” conditions correspond to the choice in the migration software of an equation
(“Piringer realistic equation”) that does not include overestimation factors. This choice was made to
avoid excessive and unrealistic overestimation of the diffusion of surrogate contaminants during the
contact of recycled and virgin polymers in the melt phase. On the contrary, the “upper bound”
conditions used in Step 5 correspond to the use of an equation that includes overestimation'. The
thickness used in the migration simulation was divided by 2.5 in the step of thermoforming,
considering the draw ratio as reported in the plot of Figure 2(a)*3.

Table 8: conditions under which the simulation of migrations were simulated

temperature(°C)[time contact with food Density Tau Ap' i i
Step1 EXTRUSION 280 0.33 min NO 12 1577 3.2 realistic PET >70°C total
Step2 STORAGE 25 180 days NO 1.375 1577 -1.5 realistic PET <70°C total
Step3 THERMOFORMING 125 10 sec NO 1.375 1577 3.2 realistic PET>70°C total /2.5
Step4  [STORAGE 25 180 days NO 1.375 1577 -1.5 realistic PET<70°C total/2.5
25 365 days
Step5 CONTACTWITH FOOD 40 10 days YES 1.375 1577 3.1 upper bound PET<70°C total/2.5
20 10 days

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%, 50% and 30%.

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

Migration modelling has been made executing Step 1 to Step 5. Then another modelling has been
made using only step 1 and 5 (omitting steps 2 to 4). The outcomes of the modelling carried out by
using Step 1 immediately followed by Step 5 do not differ from that the outcomes of the modelling
with all the steps 1 to 5. Two examples of such an equivalence are provided in Annex I.

The equivalence between both methods suggests that the omission of Steps 2 to 4 do not significantly
impact the migration calculation, which may imply these steps are not critical for the specific
contaminants or materials under study. This also implies that modifications of the storage conditions,
e.g. extending to 365 days instead of 180 days, would have a negligible impact on the final outcomes.

12 EFSA Scientific Guidance on the criteria for the evaluation and on the preparation of applications for the safety
assessment of post-consumer mechanical PET recycling processes intended to be used for manufacture of
materials and articles in contact with food; DOI: 10.2903/j.efsa.2024.8879, 11.06.2024

13 Reference is made to Figures 2(a) and 2(b), which 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.
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We have therefore decided to simulate the migration by using Step 1 plus Step 5 instead of simulating
all steps.

The charts provided in Annex 6 show the results of the simulated migration as a function of the total
thickness of the sheets for different A/B/A structures, different percentage of rPET and different
packaging conditions. The curves represented in the charts also contain the 2nd grade polynomial
equation that can be used for the interpolation and extrapolation to different thickness’ values.

The data presented in the charts have been calculated from an initial concentration of surrogates,
designed as the “worst-case” scenario of 300 ppm of surrogate. This initial concentration is different
from the 3 ppm used by EFSA, consequently the limit becomes 15 ppb instead of 0.15 ppb used by
EFSA.

The points illustrated in the charts corresponds to the simulated migration of the surrogate
contaminants showing the highest value.

For the technologies Y1 and Y2, this surrogate corresponds to Benzophenone at all simulated
time/temperature conditions and for all thickness values.

For the technologies X1, X2 and W, this surrogate corresponds to Benzophenone at all simulated
time/temperature conditions for thickness values less or equal than 700 um and it becomes
Chloroform at all simulated time/temperature conditions for thickness values higher than 700 pm.

Calculation for equipment configurations X1, X2 and W

The results of the modelling for equipment configurations X1, X2 and W are summarized in the Annex
6. It should be noted that the results of the simulation refer to the final structure after thermoforming.

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

The charts in Annex 6 show that in all structures the modelled migration at 10 days/20°C and 10
days/40°C remains always below the EFSA 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.

The charts in Annex 6 lead 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 um
are suitable to pack food with shelf life up to one year at room and refrigerated temperature
conditions.
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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 Annex 6
too. It should be noted that the results of the simulation refer to the final structure after
thermoforming.

Where Y1 and Y2 are the equipment configurations, s/v= 0.6 cm?/cm? (equal to 6 dm?/kg) refers to the
surface to volume ratio, and D2 is the simulant in which the calculation has been done.

The charts in Annex 6 for the Y1 and Y2 configurations show that in all structures the modelled
migration at 10 days/20°C remains always below the EFSA 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 modelled migration at 10 days/40°C lies below the
EFSA limit only for structures with a high thickness and an A barrier layer of 10% or higher. When it
comes to low and medium thickness structures, the modelled migration is below the EFSA 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 a total thickness of 300
pm and below with an A-layer of 10% or higher.

For shelf lives up to one year at 25°C and below, Figure 9 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 and 7.5/85/7.5
structures, 25% for 10/80/10 structures and 30% for 15/70/15 A/B/A structures with at total thickness
of 300pum, and higher % of rPET for thicker structures.

For configurations Y1 and Y2, the charts in Annex 6 allow to identify the minimum total thickness
needed for compliance.

The charts confirm that A/B/A structures of all thicknesses fulfil the limit for refrigerated and frozen
food storage conditions (10 days/20°C) for all concentrations of rPET in the B-layer. At room
temperature food storage conditions (10 days/40°C) 30% of rPET can be used in the B-layer of all A/B/A
structures. At 50% rPET in the B-layer, the minimum thickness of the A/B/A structure corresponds to
about 200um with an A barrier layer of 10% or higher., Decreasing the barrier layer and increasing the
rPET content requires an increase in the thickness of the A/B/A structure to remain below the EFSA
0.15 ppb limit.

14 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
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Figure 9: percentage of rPET in the B layer enabling to meet the migration threshold of 0.15 ppb when
applying a reduction factor.

X1/X2 Configurations.

Y1/Y2 Configurations.

10d 20C X1/X2 Conf. MAX % rPET IN B LAYER FOR 10d 20C 10d 20C Y1/Y2Conf. MAX % rPET IN B LAYER FOR 10d 20C
REDUCTION FACTOR for D2 REDUCTION REDUCTION FACTOR for D2 REDUCTION
FACTOR for E FACTOR for E
A Ia.ver ?heet 2°4) 304) 10 A Ia.yer ?heet 20°) 304) 5 10
ratio Thickness ratio Thickness
120| 100} 100| 100 100 100| 100| 120| 100 100| 100| 100} 100| 100|
150| 100) 100) 100 100 100| 100) 150) 100 100 100| 100) 100) 100
5/90/5 300| 100 100 100} 100| 100 100| 5/90/5 300 100| 100| 100 100 100| 100|
700| 100 100| 100| 100| 100 100| 700 100| 100| 100 100| 100 100|
1400 100 100 100 100| 100 100 1400 100 100} 100 100 100} 100|
120| 100} 100| 100 100| 100} 100| 120| 100| 100| 100| 100} 100} 100|
150 100 100| 100| 100} 100 100 150 100| 100| 100 100 100 100|
7.5/85/1,5 300 100| 100 100| 100| 100 100| 7,5/85/1,5 300 100| 100| 100 100 100| 100
700| 100 100| 100| 100| 100 100| 700 100| 100| 100 100 100| 100|
1400 100) 100) 100) 100) 100| 100) 1400 100) 100, 100| 100) 100) 100
120| 100} 100| 100| 100| 100| 100| 120| 100| 100| 100| 100| 100} 100|
150 100 100| 100| 100| 100 100| 150 100| 100| 100 100 100| 100|
10/80/10 300) 100 100 100 100 100) 100 10/80/10 300 100 100 100) 100 100 100
700 100) 100) 100 100 100| 100) 700| 100 100 100| 100) 100) 100
1400 100} 100} 100} 100} 100 100} 1400 100} 100} 100 100 100} 100}
120| 100} 100| 100 100 100} 100| 120| 100 100| 100| 100} 100| 100
150| 100) 100) 100 100 100| 100) 150) 100 100 100| 100) 100) 100
15/70/15 300 100} 100) 100 100 100| 100) 15/70/15 300| 100| 100| 100| 100) 100) 100
700| 100 100 100| 100| 100 100| 700 100| 100| 100 100 100 100|
1400 100} 100} 100} 100} 100 100} 1400 100} 100} 100 100 100} 100|
10d 40C X1/X2 Conf. MAX % rPET IN B LAYER FOR 10d 40C 10d 40C Y1/Y2 Conf. MAX % rPET IN B LAYER FOR 10d 40C
REDUCTION FACTOR for D2 REDUCTION REDUCTION FACTOR for D2 REDUCTION
FACTOR for E FACTOR for E
Alayer Sheet . Alayer Sheet .
ratio Thickness ) 3 10 ratio | Thickness ) 3 4 5 10
120| 100| 100} 100} 100| 100| 100| 120 45| 90| 100) 100 100 100
150 100) 100) 100 100 100) 100 150 45| 90| 100) 100 100 100
5/90/5 300 100| 100| 100| 100| 100) 100 5/90/5 300| 50 100| 100| 100| 100| 100
700| 100| 100 100| 100} 100 100| 700 60 100| 100 100| 100} 100
1400 100} 100} 100| 100} 100} 100| 1400 85 100} 100 100| 100} 100
120) 100 100) 100) 100) 100 100) 120 50) 100| 100 100| 100| 100
150| 100| 100| 100| 100| 100 100| 150| 50) 100| 100 100| 100| 100
7,5/85/1,5 300 100| 100 100| 100} 100| 100| 7,5/85/1,5 300 52| 100| 100 100| 100| 100
700| 100| 100| 100| 100| 100| 100| 700 70) 100| 100 100| 100| 100|
1140] 100| 100| 100| 100| 100| 100| 1140| 100 100} 100| 100 100 100|
1400 100 100 100| 100| 100 100| 1400 100} 100 100 100| 100} 100|
120 100| 100} 100} 100 100| 100| 120 50| 100) 100) 100 100 100
150 100) 100) 100 100 100) 100 150 50| 100) 100) 100 100 100
10/80/10 300 100) 100) 100 100 100) 100 10/80/10 300 55 100) 100) 100 100 100
700 100 100) 100 100 100) 100 700) 85| 100) 100) 100 100 100
855 100) 100) 100 100 100) 100 855 100 100} 100} 100 100 100}
1400 100) 100) 100 100 100) 100 1400 100) 100) 100) 100, 100) 100
120| 100| 100} 100} 100| 100| 100| 120| 59) 100| 100| 100| 100| 100
150| 100} 100| 100| 100| 100} 100| 150| 59| 100| 100 100| 100} 100
15/70/15 300 100| 100 100| 100| 100| 100| 15/70/15 300 65| 100} 100 100| 100} 100
565 100| 100 100| 100| 100| 100 565 100 100 100) 100) 100 100)
700| 100 100| 100| 100| 100| 100| 700 100| 100| 100 100| 100| 100
1400 100} 100} 100| 100} 100} 100| 1400 100} 100} 100 100| 100} 100
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365d 25C X1/X2 Conf. MAX % rPET IN B LAYER FOR 365d 25C 365d 25C Y1/Y2Conf. MAX % rPET IN B LAYER FOR 365d 25C
REDUCTION FACTOR for D2 REDUCTION REDUCTION FACTOR for D2 REDUCTION
FACTOR for E FACTOR for E
Alayer Sheet . Alayer Sheet .
ratio Thickness 0 ) 3 4 5 10 ratio | Thickness 0 2 3+ 4 5 10
120 55 100 100 100 100 100 120| 20) 40 60) 80) 100| 100
150 55 100 100 100 100 100 150| 20 40 60) 80) 100| 100
5/90/5 300 58] 100| 100) 100) 100) 100 5/90/5 300 20 40 60) 80 100 100)
700| 70| 100 100 100 100 100| 700 25| 50 75| 100 100 100
1400 90) 100 100 100 100 100 1400 35) 70) 100} 100| 100} 100
120) 60) 100| 100| 100) 100) 100 120 20) 40 60) 80) 100 100)
150 60| 100 100 100 100 100| 150| 20| 40| 60 80 100 100
7,5/85/7,5 300 60) 100 100 100 100 100| 7,5/85/7.,5 300 20) 40 60) 80) 100| 100
700 78] 100) 100) 100) 100) 100 700 30 60) 90 100 100 100)
1230 100) 100 100| 100| 100| 100| 1000} 35 70 100 100 100 100
1400 100 100 100 100 100 100 1400 50) 100} 100} 100} 100} 100
120) 60) 100| 100) 100) 100) 100 120 20 40 60) 80) 100 100|
150 60| 100 100 100 100 100 150| 20| 40| 60 80 100} 100
10/80/10 300 65 100 100 100 100 100 10/80/10 300 25 50) 75 100| 100| 100
700 88| 100) 100) 100| 100) 100 700 35 70 100 100 100 100)
975 100| 100| 100| 100| 100| 100| 1000} 50 100 100 100 100 100)
1400 100 100 100 100 100 100 1400 70 100} 100 100 100 100
120) 70) 100) 100) 100) 100) 100 120 25 50) 75| 100 100 100)
150 70| 100 100 100 100 100 150| 25| 50 75| 100| 100} 100
15/70/15 300 80 100 100 100 100 100 15/70/15 300 30 60) 90) 100| 100| 100
615 100| 100 100| 100| 100| 100| 700 50) 100 100 100 100 100|
700| 100 100 100 100 100 100 1300 100 100 100 100 100 100|
1400 100 100 100 100 100 100 1400 100} 100} 100 100 100 100

Further considerations on equipment configurations Y1 and Y2

As indicated above, all migration modelling has been performed with food simulant D2.. However, in
case the final food contact article only would be used for unpeeled and uncut fruits and vegetables,
the appropriate simulant is simulant E (Tenax), as indicated in Regulation (EC) 10/2011, Annex lll, Table
2, and the result of the migration in simulant E can be divided by a reduction factor of 10. Since
simulant D2 is considered worst case as compared to simulant E, the results of the migration modelling
performed in simulant D2 can be divided by the same reduction factor of 10 for articles used to pack
foods type 04.01-A.

Applying this reduction factor, it can be concluded that all A/B/A trays manufactured with equipment
configurations Y1 and Y2 with up to 100% rPET in the B layer meet the EFSA limit of 0.15 ppb when
used at room temperature storage conditions of 10 days/40°C food type 04.01-A.

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 for the different configurations the maximum percentage of rPET that
can be used in the B-layer without exceeding the EFSA migration limit of 0.15 ppb. The results of such
calculations are reported in the tables of Figure 09. To facilitate the reading of the tables, the minimum
total thickness at which 100% rPET can be used in the B-layer without exceeding the EFSA limit for all
types of food is highlighted in green.

15 (EU) No 10/2011, Annex lll: “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.”
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The tables of Figure 09 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 10, for reference.

Figure 10: summary of reduction factors and food to which they are applicable

02.Cereals

04.Fruit & Vegs

05.Fats & Oils

06.01.Fish fresh, chilled, processed
06.03 & 04 Meat

07.Milk products

08. Miscellaneous

06.05 Eggs

EC 10/2011; Annex Ill Table 2; Food category specific assig| t of food simulants
REDUCTION FACTOR for D2 REDUCTION FACTOR for E
X/3 X/4 X/5 none X/10
02.05 A 06.03 A 08.02 A 02.01 04.01 A
04.03 C 06.03 B 08.03AI '02.02 04.04A
04.05D | 08.02 B 08.03B | '02.03
05.01 08.06 A 02.04
06.01B | 06.01A 08.08 A 02.05B
06.02B | 06.04 A 02.06 B
06.03 C 07.04B
07.04D | 08.05
08.04 B 08.11B 04.02A
08.15 04.03A
04.03B
[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

In light of the comprehensive analysis presented here above, it can be concluded that the A/B/A trays,
which are obtained by the thermoforming process of A/B/A sheets, can be utilized for the storage of
frozen, refrigerated and ambient temperature food items for long term and subject to the limitations
in the rPET content identified by the simulation.

This is dependent on the condition that the A/B/A sheets are obtained through the partially
decontaminated rPET, which originates from the extrusion phase, and comes into contact with the
virgin layer A in the extrusion die at a temperature ranging from 275 to 286°C for a brief period, with
an average duration of approximately 60 seconds.
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Examination of relevant published literature

The migration modelling 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 of food packed in rPET for toddlers and adults to calculate the intake
of potential contaminants.

Alternative prediction methods have been developed!’. According to these models and even when
keeping all other EFSA overestimated assumptions unchanged, 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 130

7”18

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 do not need outstanding 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 11, taken from the above
reference. Such efficiency corresponds to about 60% for low molecular weight contaminants, and 20%
for high molecular weight contaminants.

Evaluation of migration from A/B/A trays

During the last 15-20 years industry has carried out overall and specific migration testing 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 Assurance”.

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

7A 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

18 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/su14020824

19 F. Welle, VerpackungRundschau, Circular Economy- Considerations on PET Recycling, 4/2019
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Figure 11: Minimum cleaning efficiency of recycling processes necessary for different food contact
applications.

= PET bottle lo bolte
wPET bottle lo tray (&l food)
PET bottie lo truil trays
~PET bottle o meal trays
&0
Figure 1: ) leaning 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].

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. Quality assurance diagrams for X1,X2
and W equipment technologies and Y1 and Y2 equipment technologies are provided in Figure 12 and
13, respectively. 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 9.
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Table 9: 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 in the die - 275-290°C

Vacuum level --- <90 mbar

Figure 12. QAS diagram for X1,X2 and W equipment technologies
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Figure 13. QAS diagram for Y1 and Y2 equipment technologies
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Functional Barrier Task Force represented by PETCORE Europe

Avenue de Broqueville 12- 1150 Bruxelles

Contact :

Jose-Antonio Alarcon: jose-antonio.alarcon@petcore-europe.org

Raphael Jaumotte: raphael.jaumotte @petcore-europe.org
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Annex 1: Flakes specifications example
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Name of
product:

Supplier:
Chemical
definition:
Source  ofpottle bottle

material: nonreturnable returnable

trays

GENERAL STATEMENT

S

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
(] 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

(] on materials and articles intended to come into contact with|
food

Input material (bottles or trays) complies with Regulation (EU) No 10/2011
®  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 contactj
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
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0K,\/
Contamination comments A-quality 0K,\/ 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 (Réstprobe)
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/m? 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 (Réstprobe), 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 . L . ) ) .
approve if a significant change of the raw material components, formulation, equipment / facility and /on
manufacturing process prior to implementation.
COAs for every delivery together withi
shipping documents ever
COA Should mention: batchnumber, number of| y Yes
. . . Batch
delivery note, production date, quality leve
land the above indicated parameters
Date:
Producer:
Signature:
Name:
Position:
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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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3.1 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
principles recommended by European Guidelines and US FDA!*24l in order to
investigate whether the output material is suitable for being re-used in packaging
materials for direct food contact.

Rgecycling of Plostics for Food Contact Use, Guidelines prepared under the responsibility of
the International Life Sciences Institute (ILS1) - European Packaging Task Force, 83 Avenue E.
Mounier, B-1200 Brussels, Belgium, May 1598

R, Fran, 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.

Mopinion 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.
Hipoints to Consider for the Use of Recycled Plastics 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.fda gov/Food/GuidanceRegulation/Guidance DocumentsRegulatoryinformation/
ngredientsAdditivesGRASPackaging/ucm120762.htm [March 2014]

Page 4 of 32 pages
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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 a 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)

*  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
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* 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:
Il T

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

Conventional recycling
sorted —p| Washing and Grinding done by flake suppliers)
PET bottles 80 °C, pH 12, 10 min

Super-clean recycling

'
1O ey
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h ’if ::.h.'r;)
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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 maternial 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

Page 7 of 32 pages
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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. 230%
Moisture variation £0.1% h?
Bulk density 325 350 -85
Bulk density variation £50kg m* h*?
Material temperature 15-50°C
Material Temp. variation £5°Ch?

PVC max. 50025 ppm
Glue max. S0 ppm
other plastics Polyolefins mox. 100028 ppm
cellulose (paper, wood) max. 5% 50.ppa
metals max, 1000 2 ppm
POYATGE Max 5ppm

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 introdudng
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'*234) such that they covered the whole spectrum of physical
properties.

BIT. H. Begley, T. P. McNeal, ). E. Biles, K. E. Paquette, Evaluating the potential for recycling all
PET botties into new food packaging, Food Additives and Contaminants, 2002, Vol. 19,
Supplement, 135-143

Page 8 of 32 pages

36



Unpac Petition: RPET for Food Contact Application

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 /1es = 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, | Mg/ Structure Functional Physical properties

formula Group

Toluene 921 T aromatic volatile, non-polar

é hydrocarbon

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

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

hydrocarbon PET

Methyl salicylate | 152.1 o aromatic ester | medium-volatile,
d—coocu, polar

Phenyl cydo- 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

"Molecular 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 a 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 ml each of the liquid surrogates toluene, chlorobenzene,
chloroform, methyl salicylate and phenyl cyclohexane were mixed. To this mixture
34 g of the solid surrogates benzophenone and methyl stearate were given and
stired 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.

Page 10 of 32 pages
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The contaminated flakes were washed using a 0.6% NaOH solution for S 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-
hexafluoro-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.

Page 11 of 32 pages
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surrogate concentration after recycling

) 100%
surrogate concentration before recycling

£q. 1: Cleaning efficiency = (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 flakes 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.

Page 12 of 32 pages
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Table 4: G ions of the surrogates in the chalienge test samples
Samgle Concentration [mg/ig]
Toluene CHoroform | Chioro- Methyl Phenyt Benzophenone | Methyl
cycion tearate
contaminated flakes 1.1 3308112 14101205 7098109 9129134 M87:31 795817 9529130
contaminated flakes 1.2 2535430 1363402 5907234 774128 57752238 6775024 701424
contaminated flakes 1.3 ME6218 1385+03 |6222:19 [6865:36 224226 SME 027 670.8 +4.3
contaminated fakes 2.1 2307 223 1355402 S488:09 (5751209 456613 4674 406 5476 406
contaminated flakes 2.2 2866 160 1380203 (6272237 (7298021 5806103 6215119 7488135
contaminated flakes 2.3 144004 1408402 (6648402 (8564034 6557409 716431 78251451
contaminated flakes 3.1 3637116 1427402 7431404 8960235 7143130 8481242 79531459
contaminated flakes 3.2 BLY 27 1406202 (6972210 (8537224 6858222 7841226 226226
contaminated fakes 33 0267229 1807402 (6836210 (R205:32 685024 THS543 TE23
contaminated flakes 4.1 12041245 1411002  [6613243 (85399270 027155 7627 151 78531450
contaminated fakes 42 18433 1438402 7149:08 8959211 205232 786223 61,3225
contaminated flakes 43 3087238 1409202 |6458:38 (7819353 6155241 6842154 7181344
contaminated flakes 5.1 3658154 1443202 794232 (9827270 77941235 £953 439 $40.9 £2.0
contaminated flakes 5.2 1825225 1846201 7652242 10631228 8635:34 10026445 1097.4 439
contaminated flakes 5.3 1590267 1431203 78274 100192134 8204277 95632103 1037.6 290
contaminated flakes 6.1 3350242 141.1:04 679.7253 967.4:60 8434155 ERE6 979.7 151
contaminated flakes 6.2 647215 1441102 7189211 99861223 7371234 $01.021.1 960.9 12,0
contaminated flakes 6.3 3357209 1428201 6836202 |946:11 456213 026214 909.6 £3.1
mean (contaminated flakes) 3244:508 1411227 67842557 (865.7:1238 6892:1117 777.1:1341 8429:1378
Page 13 0f 32 pages
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Table 5: G ions of the surrogates in the d alter washing [npet n) and the challenge test sampl
Samgle (cleaning efficiency) Concentration [mg/xg]
Toluene Choroform | Chioro- Methyt Phenyl Benzophencre | Methyl
b ¥ cycioh tearate
washed flake 1 0161209 1249103 3265202 2700209 ar2:13 4648115 198.9 105
washed fake 2 1843410 1241405 3006210 206813 3366222 3765405 17017405
washed flake 3 2365210 1309:05 36205 2825212 3516 499029 26911
washed fake 4 1931210 831401 3109214 2615223 4153220 4752447 139416
washed fMake 5 2007 0.7 346103 3287102 2528107 4552105 0741015 2251105
mean (washed flakes) 20362198 10052236 32992307 25472289 4144 2064 46462522 0732228
after IR drier 128101 209101 271202 $46:01 $35:01 2258104 3851203
193.7%) (80.9%) (91.8%) (78.6%) (37.1%) (51.4%) {S8.9%)
after deier 1 $0401 80401 90+01 158401 233402 $83:03 2101
197.5%) 192.7%) 197.3%) (93.8%) (94.4%) {87.5%) (89.3%)
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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 toddlers 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 molecular weights can be calculated using Ay’ =3.1and t =
1577 K'™. The maximum concentrations C...q of the applied surrogates 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 pg/kg (ppb) in the food.
The calculation was done for a food with high solubility for the surrogates (partition
coefficient Kngymersrons = 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 A" = 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.

Mscientific 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 Journal 2011;9(7):2184 (25 pages)

HC. 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 poly{ethylene
terephthalate) (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..s 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 pg/kg (adults) criterion or not. In
addition, from the calculated residual concentrations in the PET (¢..4) 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

F-

maximum concentration In tray [ppm)
3 N

N & @

0 100 200 300 400 S00 800
molecular wight [g/mol)
Figure 2: Residual concentrations corresponding to a migration of 0.1 ug/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 id sl Con ding 10 & migration kit equal 1o or smaller than 0.1 ppb estimated from diffusion
models (Caloulated with Ao’ = 3.1), comtact conditions: K = 1, sheet wall thickness 300 pm, volurme 1 1, surface area 600 cm’)
Surrogat molecular | inmial Dxpenmental Cleaning | adpasted final | modelied minimum
weight " Co | efficiency ceaning
[gmol']  [the challengetest | [ppmi™ (chalienge | (exp) (ppmjtoan | lopmitoa
(o) test) ngrat migration of (cakc)
concentration | 0.1 ppb (¢ )
of 3 ppm (Gl
Tolvene 2 0362198 50101 9.5% 00N 1.100 97.34%
Chorobenzene 113 32991317 90101 9.5% o082 1.300 96.85%
Choroformn 119 10952236 30101 2% 0219 1.360 96.70%
Methyl salcylate 152 25472289 158201 938% 0.136 1730 95.81%
Pheny! cyciohexane 160 4144 0864 223202 e 0167 1830 95.57%
Benzophenone 182 46462522 58303 0.5% 037 2120 54.87%
Methyl stearate m W73:228 21101 $9.3% 0320 3580 90.33%
fictve substance 400 / / / / 6810 83.51%
fictive substance 500 / / / / 10560 T43%
" washed fakes, ™ flake after dryer 1, calculated 1or & maximum s10cage time of 30d 81 6°C
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324 Characterisation of the recycled 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.1,

325 Intended application in contact with food

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.

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
levels 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 EVU Directive 2002/72/EC.

*  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 process is in a
position to fulfil the requirements of the GMP Regulation (EC) 2023/2006.

32.7 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:

*  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 (step step
during the decontamination ste 3 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 faillure, 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 (V) and would not be suitable for being processed into new
sheet,

4 £FSA Sdentific Opinion on the critéria 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 2\,

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

Dr. Frank Welle
Scientist responsible for this work
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 acid, 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 stants 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 cutput 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

351 HFIP-extraction of the PET material

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 material 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 experiments. Gas chromatograph: HP 589011, column: SE 10- 30 m -
0.32 mm i.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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354 Recovery rates

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 105.8 97.15.2 91.8 £4.9%
washed flakes 105.8 109.516.2 103.5 45.9%
washed flakes 10.6 7.7201 72.6 £0.9%
washed flakes 10.6 6.920.1 65.1 £0.9%
super-clean pellets | 105.8 109.110.8 103.1 £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 | 10.6 6.6+0.3 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 915456 91.6 £5.6%
washed flakes 99.0 103.0459 103.1 45.9%
washed flakes 99 9.8:0.3 98.9 £3.0%
washed flakes 99 9.6:1.7 97.0 £17%
super-clean pellets | 99.0 105.5208 105.6 48.1%
super-clean pellets 99.0 101.4:46 101.5 24.6%
super-clean pellets 9.9 8.8:0.1 88.9 £1.0%
super-clean pellets |99 7.5:08 75.8 £8.1%

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

sample spiking level [ppm] | determined recovery rate
concentration
[ppm]™!
washed flakes 101.6 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 8.9:04 87.3 £3.9%
super-clean pellets 101.6 97.020.9 95.5 £0.9%
super-clean pellets | 101.6 93.516.2 92.0 £6.1%
super-clean pellets 10.2 7.9:0.1 77.5 £1.0%
super-clean pellets 10.2 71206 69.6 £5.9%

“mean 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 100.2 719:5.2 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 74.1:08 74.1 £0.8%
super-clean pellets 100.2 703246 70.3 £4.6%
super-clean pellets 100 6.7 0.1 67.0 £1.0%
super-clean pellets 10.0 5.920.5 59.0 £5.0%

“mean 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 6.0 76.7 £6.0%
washed flakes 99.4 90.824.9 91.3:4.9
washed flakes 99 7.7201 77.8 £1.0%
washed flakes 99 8.3:0.3 83.8 £3.0%
super-clean pellets 99.4 709 21.2 71.3 £1.2%
super-clean pellets 99.4 69.6 219 70.0 £1.9%
super-clean pellets 99 5.4:0.1 545 £1.0%
super-clean peliets |99 5.0£0.3 50.5 £3.0%

“mean 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: Chlorobenzene 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 ECO

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: S ppm, Detector FID

24) Gas chromatogram of standard: 5 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: S00 ppm, Detector ECD
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Estadio de las p dades del PET reaclade & do y msubtados challenge test /3

1. Introduccion

El ensayo challenge test tiene 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 la
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 la autoridad francesa AFSSA®.

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

El objetivo del presente informe es describir la 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 la empresa LINPAC para PET reciclado.

2. Metodologia

2.1.Materiales
Seleccién de contaminantes

En primer lugar, si nos apoyamos en la Guia de la FDA para plésticos reciclados, se recomienda
seleccionar los contaminantes de la lista mostrada en la Tabla 1, tomando un contaminante de cada
categoria,

Tabia 1, Compuestos ndicados por s FDA para s contaminacsdn de PET en lo reaive al challenge test,

Volatile Polar Volatile Non-Polar Non-Volatile Non-Polar

Chloroform Toluene Tetracosane

Chlorobenzene Lindane

1,1,1-Trichloroethane PeS N o Methyl stearate

Diethyl ketone 20p Phenylcyclohexane
Methyl salicylate 1-Phenyldecane

Heavy Metal 24,6 Trchloroanisole

r(ll) 2-ethylhexancate !

' FDA, Food and Drug Administraton, 2021: Use of Recyded Plastics in Food Packaping: Chemistry Considarations,

Dvsion of Food Contact Notffications HFS-275, Center for Food Safety and Applied Nutrition, Food and Drug

Administration, 5100 Paint Branch Parkway, College Park, MD 20740

2 EFSA, 2011, Scintific Opinion on he critera to be used for safety evaluation of a mechanical recyding procass to

mmmmmw»mmmurm-d terials and articles in tact with food, EFSA Joumad
197 X

3 AFSSA, 2006. Evaluation sanitaire des ‘matédaux en paly(éthylne ¥réphtalate) recyciés .. Jo.
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Por otro lado, en Europa, la EFSA especifica que los contaminantes han de abarcar distintos pesos
moleculares y polaridades representativos de los contaminantes preocupantes tipicos que pueden
encontrarse en el PET posconsumo, En cuanto 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 imégenes (Erreur ! Source du renvoi 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+*, 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 bos 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 (Cyroa) COMESponang to a moddied migration of 0,1 pg/kg food after 1 year a1 25°C
Surrogates Decontamination Ces for 100% rPET Cines
effickency (%) (ma/ko PET) (ma/kg PET)
Toluene - 99.9 < 0.003 0.09
Chioroform »99.9 < 0.003 0.10
Phenylcy clohexane - 99.9 « 0.003 014
Benzophenone .4 0.048 .16
Lindane 50.9 0,273 0.31
PET: poltet | T e )
Flo\nl m de una oprsd clm.mm por la EFSA relativa 3 1o tabla de resultados de eficacia de
“‘dtun de ) de PET basado en la tecnologla Stardinger ive,
SU = bl imgkg) e dPEr
DC = Rl concontation in groes Takes oot ) afer Sacoainmumntion. e B cosdoncs tae (D s ated
DL = Devcosmmmnnion oflicicncy M) of dhe wop 2 cacsr s die Challiengr vow for die renadence tane mdicmed sd afher -
(vee tent)
Suttogen SC ] OE [ [OC| B i [ BE [ BC [ O [ B¢ [ 8 | B¢ [ BE |
ne % o] s o] s o s ] % | s || s
T T T 1 o 71 997 1551 0% [ %13 | 64 | = [ w32
%ﬂ. M 0 O 0 M0 £ X8 I T KON LW TN K T B
- ) 09 | o's Jem | it [ 581 | 984 | o4 | teo | 993 {60 [ He [o | w |
Mletisl salicviae (L8 I 0 173 ) ots Ji3 ] 98 10} 40 0.7 250 LX) 913 03 o8
Ve 4 (3 | B ST R S [ R e [ Sr [Te |e I | %y
[ Draaigheiome LU SEEEN BRI RSN LR RN B RN SN RO RN N 2
Metvs swrwve (7O LN T T R 8 T T S A N S Y L )
N S O L S
Figura 2. ¥mage do una opmio cucmﬁcnmmwhﬂ’&mwanhublodvmm&ﬁclmdn
o i6n de un p de drwco de PET basado en la tecnologla EREMA,

4 Safety assessment of he process Esremadura Tomepet, based on he Starlinger iV tecnclogy, used 1o recyde post
comsumer PET Into Food ledaly;, EFSA Jo J 2022, 20(T) 7388

% Saentific Opinion on the sakty evaluation of the folowing procsssas based on EREMA Basic fachnology used to recycle
postconsumar PET into od contact materials “Octal, *Pregis’, “Saberf’, “Linpac’, "ExtruPET", *Evertis”. "Holdfeld",
“Huhtamaki®, “Srelcos”, and ‘Re-PET", EFSA Journa) 2013 11(11) 3462

‘&folynummolhoums'lxvac basad on Linpac supar clean technology, usad to recyced post-

PET into food contact materials. EFSA Journal, 2018 167y 5323
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Concentration of Concentration of .
Surrogates surrogates bafore  surrogates after step 3 MM“'*('::")"'
step 2 (mg/kg PET) (mg/kg PET)
Tolwere 203.6 = 198 50=0.1 97.5
Chiorobenzans 3299 4+ 317 90201 97.3
hloratarm 1095 = 236 850+ 01 97
Methy! salicylate 254.7 . 189 158 £ 0.1 9.8
Phamyicyciohaexane 4144 1 464 233 202 .4
Bereophenone 4646 + S2.2 583+ 0.3 875
Methy! stearate 207.3 = 22.8 22.1 £ 0.1 89.3
FET: poly(sthydene terephthalste).
Figura 3. Image de una opmion cientfica emttida por Ia EFSA relativa 3 1a tabla de resultados de eficacia de
doscor 160 do un do recclado mecdreco do PET basado en la tecnologia SUPER CLEAN

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

Tabla 2. Compuest | dos para la contammacion del PET: V NP (volatd no polar), V P (volatil polar) NV NP (no
voldtd no polar), NV P (no volsad polar)

Compuesto Categoria PM (g/mol)

Tolueno VNP 92

Clorobenceno VP 112,56

Cloroformo VP 119,38

Metilsalicilato NVP 158215

Fenilciclohexano NV NP 160

Benzofenona NV P 182

Metil estearato NV NP 298,51

En cuanto a la concentracion de cada contaminante, se establecié un valor objetive 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 dia a 70 °C. Transcurridas 24 horas las escamas se lavan
con etanol al 10 % (v/v) para retirar la contaminacién 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 aimacenado en congelacion hasta que tuvo lugar el envio. En
paralelo, se tomob muestra de cada uno de los lotes, nada més 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 a vacio en dos sacos
alta barrera e introducidas en dos bidones metélicos 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 alta 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 a 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 concentracion de contaminantes presente en
las escamas. Esta concentracion fue tomada como punto cero, para realizar of cdlculo de la eficacia de
descontaminacién.

2.2.2. Descontaminacion de escamas

Para descontaminar las escamas se ha utilizado un proceso de extrusion de doble husillo co-rotante de
la casa Bandera con bombas de vacio segun el siguiente esquema de temperaturas y con dos zonas
de vacio, dosificando el material contaminado en una proporcién del 25%:

Tabia 3, Condiciones de temperatura y vacio del p ded
Zona ] 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 tiempo medio de residencia del material en el husillo calefactado es de 7 minutos.

Tras el proceso de descontaminacion se obtuvieron laminas con el material rPET descontaminado
©on un espesor de 500 micras. Estas muestras se identificaron como M2,
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2.2.3. Cuantificaciéon 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 aproxmadamente 30 gramos de material y se
sometieron a extraccién Soxhlet durante 15 horas a 85 - 100°C, utilizando 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 analizo mediante cromatografia gaseosa con detector masas marca
Agdent (GC modelo 78908 y detector MS modelo 59778 MSD) equipado con columna HP-5MS 30 m x
0,25 mm x 0,25 pm. Cada uno de los comaminantes fue cuantificado mediante calibrado externo,

2.2.4. Evaluacion de la eficacia de la descontaminacion

El calculo de la eficacia de descontaminacion se realizo mediante comparacion de la concentracion de
contaminante en el material contaminado, que se dosificd en una proporcion del 25%, antes y después
de pasar por el proceso de descontaminacion. En este sentido, como punto de partida se tomé la
concentracion de contaminante justo antes de que el material contaminado fuera sometido al proceso
de descontaminacion. El punto final fue tomado una vez obtenida la lamina, 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 la 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 tipo de alimentos, A (etanol 10%
(v/v)), B (&cido acético 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 ¢l almacenamiento
durante mas 6 meses atemperatura ambiente e inferior, incluidas las condiciones de llienado en caliente
0 ¢l calentamiento hasta 70 °C < T £ 100 *C durante un méximo de t = 120/2 * [(T = 70) /10) minutos.

El ensayo tuvo lugar mediante celda, donde Gnicamente 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 los
contaminantes afiadidos a las escamas durante la etapa de contaminacion del challenge test mediante
la metodologia de andlisis descrita en pérrafos 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 optenizada para cada contaminante en ol coctel,

Compuesto Categoria mg/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 resultados 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

200

0

contaminacion promedio (mg cont/kg PET)

toeno crobenceno

metil salichato

fenlidcioheano

Figura 4. C

on pr dio de los di

3.2. Descontaminacion

cor

benzofenora

metl estearato

pregentes en los S0kg de escamas de (PET contammnadas.
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En primers lugar, en la Tabla 5, se muestran los datos de contenido de contaminantes en las escamas
de PET tras ser homogeneizadas y justo antes de enviarlas a las instalaciones de LINPAC, y en el punto
cero, es decir, en el momento previo a ser incorporadas al proceso de descontaminacion,

Tabla 5. C on de i en las justo antes de la expedicon y en e momento pravio a la

descomammacion, en mg/kg PET. Valcres pr cho y

Containante Previo a la expedicion Previo a la descontaminacién (punto cero)

(mg/kg PET) (mg/kg PET)
tolueno 6021125 5792+429
clorobenceno 5834159 5629+ 41,2
metil salicilato 5925194 58581277
fenilciclohexano 4575463 43654173
benzofenona 4496134 4203223
metil estearato 4698 £20,5 4227 £ 381

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

Tabia 6. Concantracion de contaminantes en las laminas M2 en mg/kg PET. Valores promedo y doswacsdn estandar

Contaminante M2 (mg/kg PET)
tolueno 83202
clorobenceno 97202
metil salicilato 67%
fenilciclohexano 86:03
benzofenona 364124
metil estearato 307£06
*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 muestras a dicho
proceso.

Tabla 7, Eficacia de descontaminacedn del prooceso, expresado como porcentaje,

Contaminante Eficacia descontaminacion (%)
tolueno 943%
clorobenceno 93.1%
metil salicilato 954%
fenilciclohexano 921%
benzofenona 654%
metil estearato 709%

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

Tabia 8. Migracsdn especifica de los contami end I alir para las o de limanas M2
(mg sustancia’kg simulante)
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s Etanol 95 % (v/v) Isooctano
Contaminante SI:.“Uljzte) A S"(‘::‘E,‘:‘: . (Simulante D2) (Simulante D2)
b i (mg/kg) (ma/kg)

tolueno <005 <05 <005 <05
clorobenceno <001 <005 13203 <001
metil salicilato <05 <0,01 <0,01 <00
fenilciclohexano <005 <0, <001 <00
benzofenona <05 <05 <0, <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:

- Puesta a punto de la metodologia de contaminacion de escamas de PET:

o Se ha llevado a cabo la seleccidn de un céctel de contaminantes representativos de
distintos pesos moleculares y polaridades, y utilizados con frecuencia en los ensayos
de challenge presentados en las solicitudes a la EFSA: tolueno, clorobenceno, metil
salicilato, fenilciclohexano, benzofenona y metil estearato.

o Seha seleccionado la concentracion de cada uno de los contaminantes en e coctel a
fin de conseguir valores dentro de los recomendados por la EFSA (2501000 mg/kg
PET).

o Se han seleccicnado las condiclones 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,

- Descontaminacion de las escamas de PET contaminadas antificialmente en las instalaciones
de LINPAC.

- Determinacion de la eficacia de descontaminacion de las escamas, donde se observd una
elkevada 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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R " FUNCT RRIER
@ BUZAU, ROMANIA BUZAU, AOMANIA 120012 BUZAU BUZAU lon Unguresnu o UNCTIONAL BARRIE 1
. Passeanadifho |
Sesled Air Corporation Sesled Air Srl Via Trento 7 20017 ™ naly Laura Maurizio laura maurzio@sealedair.com FUNCTIONAL BARRIER 1
Covert Road, Aylesham industrial sparks@sharpakaylesham.co
sk Aylesh e e nited Kingdar bhan Park F RRIER
Sharpak Aylesham Ltd Aylesham Estate, Ayledharn, Kent CT3 36F CT3 3¢ Aylesham United Kingdom |Siobhan Parks - UNCTIONAL BARRIE 1
sparks@sharpakaylesham.co
Sharpak Bridgwater Ltd Bridguster Colley Ln. Brcgwater TAS 5YS. United | TAS 55 Bridgwater United Kingdom [Siobhan Parks - FUNCTIONAL BARRIER 5
| Kingaom —=
sparks@sharpakaylesham.co
Sharpak Romsey Ltd Ramsey 1 Premier Way, Romsey S0519DQ [S0519DQ  [Romsey United Kingdom [Siobhan Parks FUNCTIONAL BARRIER 2
" A Ms. Jennifer Real
siver plastics GmbH & COKG |Only ane facility Godesberger Straed 53842 Traisdor! Germany . FUNCTIONAL BARRIER 1
M. Christian Storek
SODESA SODESA Pal ind. Asteasu Zona aN?10 20159 Asteasu Spain Roberto Mendizabal | rmendizabal@sodesa.es FUNCTIONAL BARRIER 3
3 Package
SZP Advanced Packagng iresl fyam 1 2280600  [ShaveiZion,  |est danvid flescher david@szp.co.i FUNCTIONAL BARRIER 2
Products Ltd
Thermadynamix
Thermoforming Specialist 3 Princes Park, Princesway North, markprinn@ambpackaging.co
Unit3 NELLONF | Gateshesd United Kingdarm | Mark Prian FUNCTIONAL BARRIER 3
Services Limited t/a TOX' t/a | Gateshesd, Tyne & Wear, NE11 ONF N = " gdam | Mark Prian m
AMB Packaging
Thermadynamix
Thermoforming Specialist 10 Princes Park Team Valley Trading markprinn@ambpackaging.co
. Unit 10 Estate, Gateshead, Tyne & NEL1OTY  [Gateshesd United Kingdom | Mark Prinn FUNCTIONAL BARRIER 3
Services Limited t/a TOX" t/a m
P Wear NEL1 OTY m
AMB Packaging
Viplast AD Faciity 1 Yagodovsko shase 4113 Yagodovo Bulgaria Rasen Petrov r.petrov@viplast.bg. FUNCTIONAL BARRIER 2
Drava International 8rij Zapadno predgrade 21 31000 Osi Croatia Vanja Bir e FUNCTIONAL BARRIER 4
ava . no pre o o janja Biro
= i ek - international. hr
ECOLOGIA, RECKCLAJEY
o g F RRIER
EOAMBETTE A Barrio Sorabilla SN 20140 Andosin Spain Mikel Ursin urain@ekorec.net UNCTIONAL BARRIE 2
JONU MAH_BALCIK YOLU UZERI
ELTPAX AMBALAI VE URTIM
e mae GEBZE GEBZE PASTIKCILER OSB GAPOSB 2. |41400 Kocasi Turkey Mehmet Al Sshin mas@elitpakambalaj.com FUNCTIONAL BARRIER 1
CADDE 11 SOKAK NO 10 GEZBE
ENVALIA 2001 51U ENVALIA 2001 5LU c/Sabassonan®? 08503' GURB SPAIN lordi Morera imorera@casatarradella.es FUNCTIONAL BARRIER 1
L Jorge.san) uanQemaglas(er.co
ENVAPLASTER SA. VIANA Lm:;unaumm STREETIAVIER 1530 VIANA SPAIN JORGE SAN JUAN py FUNCTIONAL BARRIER 3
Production facility 2: PET fibm
FABTOM Sp.z 0. 0. roduction facssy ul.Spartowa s 26-700 Zwolert POLAND Marta Drabs marta.drab@fabtom.eu FUNCTIONAL BARRIER 4
manufacturing plant
Bitterfeld- thomas.olsz follenwerk-
Folienwerk Wolfen GmbH Guardianstrasse 4 06766 Germany Thomas Ofszowy FUNCTIONAL BARRIER 6
Waolfen wolfen.de
ITALEXTRUSION SAL LOCATION OR SUSIDIARY 1 VIA BELLINGHIERA 52 35019 TOMBOLO ALY AUCEANTONELLO | quality2 @hotform. it FUNCTIONAL BARRIER 2
Jaun Neoform GmbH Gutenbergstrasse 2 723810 ¥ KP Jaun kp.jaun@jaun-necform.de FUNCTIONAL BARRIER 1
e Van-Ardenne Str 44 48703 Stadloh German ThomasKrumbeck | Siumbeck @krumbeck: FUNCTIONAL BARRIER 4
KunstoffverarbeitungGmbH R " & m kunstoff.de
New Packaging Group Meulendijs verpakkingen Lagedijk 35 5705 BX Helmond Netherlands Ad Qoms a.coms@nedupack.nl FUNCTIONAL BARRIER 1
::l PACKAGING PALAMIDS (.10 GResce 2:;':" S 14564 KIFSIA GREECE MARY XIRAFA muirafa@pal.gr FUNCTIONAL BARRIER 1
Mereato Maria Chi mariachiara.abbondanza@pla
Plastisio SHA. Plastisavio SpA. Via defla berazione, 36 47025 ! ais s chs FUNCTIONAL BARRIER 2
Saraceno Abbondanza stisavio.it
Armenio
i 444, X
POLSUR 2000 SL 2;‘;'“ R | e Lepe(Hueva]  |Spain arm s FUNCTIONAL BARRIER 2
Antanio Ramirez
MERCATO
PRAGMAGEST SPA PRAGMAGESTSPA ViA NEWTON, 21 47025 e ALY SONIA CORTES! s.cortesi@pragmagest. it FUNCTIONAL BARRIER 1
Roboplast S Via | Maggio, 7 12010 Vignolo haia Paolo Clot paolo. dot@roboplast.com FUNCTIONAL BARRIER 3
twin pack spa Raguss Zona Industrisle 3 fase Vide 21 0.1 [97100 Ragysa haly Giovanna Amare twinpackspa@gmail.com FUNCTIONAL BARRIER 2
) balint.peretsenyi@plasti . .
PLASTICON Skefeshanvar Takarado UT9 8000 Skefesharvar Hybgary Baint Peretsenyi ton.h Funcional Barrier 1
on.hu -
Unit 5, Bartlett Business Park, 1
roly.rimmer@monpetext
MONPET EXTRUSION LTD MONPET EXTRUSION LTD Huntingdon Road, Chatteris, PEISOHE  |Chatters England Roly Rimmer FUNCTIONAL BARRIER 1

Cambridgeshice

rusion.co.uk
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4 MERIEUX

/Al NutriSciences

CHELAB S.R.L.
TEST REPORT N. 21/000393703
da%k of nsuo 250872021
Messrs
Customer ID 0003839 AMB SPA
VIA SAN MARTINO, 28
33038 SAN DANIELE DEL FRIULI
(uo)
Sample information
Acceptance number 21.520614.0001
Delvered by Bartolini on 14/06/2021
Receiving Date 14/06/2021
Place of orgn AMB SRL VIA SAN MARTINO, 28 33038 SAN DANIELE DEL FRIULI (UD) IT
Sample Description AMBAR R 38NBR TS SHEET
Sampling information
Sampled by Customer
Tomplate 714/SQ rev 9 Page 1 of 2

Report digs signed n wih lative Decree No 82 of March, the v, 2006 and s m.i
The resuts containid in s Test Report sefer only %0 T analy2ed sanple Mot pepOrt sl nol be reprodiuced except In AL wilhout wellen approvid of Chelib

CHELAS S r) Soco Unco, Company sutyect 1o the drechon and coor of Mé HutriSe Corporabon
Head office Via Fratta 25 31003 Resana, Maly Phone « 30 0423 7177 1 Fax « 39 D423 715068 waw mermurs frncmnces £
VAT oo 01500000269, R E A Treviso n. 156079 Fully pasd up € 103 480,00
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follow test report n, 21/000393703

ANALYTICAL RESULTS I
Vaue' Uncertainly  Unit of measure LoQ LoD Sutend Op Ro
date of units w
analyss
ON SAMPLE AS IT IS 1
SEMIVOLATILE AND VOLATLE ORGANIC COMPOUNDS see attachment 1 woex- 02 2
Mot AR 20120TNACAR 1 0406021
EXTRACTIVE WASHING APPROACH 3
SEMIVOLATILE AND NOT VOLATILE ORGANIC so0 attachment 1 WA 02 4
COMPOUNDS 04062021
Mat AR 2011295ACAP 3
NOT VOLATILE ORGANIC COMPOLNDS s00 attachment 1 e 02 5
Met. AR 2006235BCAP § 04062021
Operative units
Unit 02 . Via Castellana Resona (TV)
Addtional information.
Information provided by the chent
Sampied by Customes
Plac: of ongin: AMB SRL VIA SAN MARTINO, 28 33038 SAN DANELE DEL FRIULI(UD)IT
Descrption: AMBAR R 38MBR TS SHEET
Chemcal responsible Chemical responsible
Dofi Enrico Nieddu | [ Doli ssa Barbara Scantamburio |
O dex Cremmes Fawer Towmo Ordow dx Creme Fme &
oo AT LR
_mw [ i oohcato ZI07E e Gal e |
CITNeR oermise speciied e L s exteruded ond Dos Doen GICVINeg wilh 3 Coversge Tackx 1= conespond % 3 probatilty FRerval of Sboul $5%. - LoD 15 T 0elecaon IIMF and
wmanm&wﬂgmdmw @ probatalty wderval of sbout 9% - LoQ s Tw dw&“h(ugﬂmumwovdebhloo wxuvi
B valee between LoD and LoQ, thes value 15 indeative, "o of ">x" iernor of superer 1o e fedd of e dest - M ect differendy e sums e calcukned yM
bound arena (LS ) - In case mdmuﬂwmwwmw%unmuzuun‘mwmmmnmmn.mmu
&mnammtm I e smwuwwmm.nmmanxmmbuwmmmwnwmmlms
responsbibty for the resuts calculated o fzs-vln; mﬂedwhe%uu The name and coetact nk of e Ci “:ﬂ" d by the Cu . If
omsa law brevte) whech has corrpared 1 0o analtcd rotsits B vilues thown N bokd indicate 3 mauk no;ldm.n:“oﬂ ¥t
amwmwsammmmmm 2 e refemad 10 analysed pae S dnd doe Dased On the compansan of the vilue wi reference
Values w
Template 710/SQrev 9 Page 2 of 2

END OF TEST REPORT

Report di signed in with lative Decree No 82 of March, the v, 2006 and s m.i
The resuits contaresd in 196 Test Report sefer only %0 T anily2ed sanple Most repOrt shill nol be reprodiuced except In AL wilhout wellen approvid of Chelad

CHELAB S 1) Soco Unco, Company sutyect 1o the drection and of Mé HutriSe C bo
Head office Via Fratta 25 31003 Resana, Maly Phone + nomnn::-.uw:nm-—mm-
VAT v 01500000269, R E A Treviso n. 156009 Fully pasd up € 103 480,00
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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

Ripont dataly soed acoeiog © Ta e n e
The resilts contained in ha Test Regon relir andy 10 1he anahoed sempie The Test Repont can nof B copeed even pantally wihout Ohelall's whiten panmisson
CHELAS S 1 - Seoo Uneo
Cav;w‘; 10 P drecton wnd coororaton of Meneus NunSoences Caporaton
Head ofice: Via Fratty 25 33023 Resarn, ity Prore « 3908237177 1 Faoc « 300223 715068 waww. mensarutrmoences it
VAT o 01500500085, RLEA Trewiso n 156073 Fully paid v € 100 430 00

MO0 1RSQ ey M ENG
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TABLE OF CONTENTS

1. AIM OF THE SCREENING TEST ..
2. RESULTS AND EVALUATION .. .
21 VOLATILE AND SEMI-VOLATILE ORGANIC COMPOUNDS ... G a0 A 4100 FAASORO4 AN 464 004 K40 SY 0L 16
23 NON VOLATILE ORGANIC COMPOUNDS........ccovmivininras
ANNEX | - BLANK DETERMINATION AND RULES TO CORRECTLY CONSTRUE EXPERIMENTAL DATA... .13

ANNEX Il - LIST OF SUBSTANCES RESEARCHED IN THE TARGET SCREENING OF NON-VOLATILE ORGANIC
COMPOUNDS NON VOLATILI (GROUP 1) ... & ssre 14

Page 20015
Repont doraly acooediog © T e 0 tice
The rasults contained n he Test Regon relir andy 10 1he arahoed ?Tﬂmmnhwmmdh wihout Ohelald s wiBen parmes on
CHALAB S 11 - Seon

Cavwvs 10 Pe drechon and coordraton of Mensus NunSoences Caporaton
Head ofice: Via Fratty 25 39 Mm%\! « FOL2ITITT ) Faoe « 300823 715058 waww mensarutrsoences it
VAT re 01500900085, R EA Trewiso n. 156073 Fuly paid wp € 100 430 00
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1. AIM OF THE SCREENING TEST

Screening tosts allow the identification of polential 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 fools avalable are empioyed, along with difierent chromatography

techniques,

ORIGIN OF
POTENTIALMIGRANT
SUBSTANCES

IAS Intentionally
Added Substances

NIAS Non
Intentionally Added
Substances

antioxidants, slp
agents, flame
retardants

Additives for

adhesives, paints, inks

Reaction by-product

Riport Soraly
The rasils contained in s Teat Regon refer andy 10 1he anahoed

Contamination by
recycling processes

Degradation products

Page 3ol 15
a0coedog © P w0 fice
?Y‘anhmﬁmmm wihout Oheliald's wrifien g on
11 - S000 Uneo

Cam.! Bre nd coorgraton of Mensus NunSaences Caporaton
Head ofice: Vi Fratty mmm F0LXITIIT ) Faox » 300823 7150658 woww: mensarutresoences it
VAT ow 09500500085, R EA Teewiso . 156073 Fully paid wp € 100 430 00
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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 2012/075/A

This test evaluates the presence of volatie and semi-volaties 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 instrumental sets, while the semi-quantfication 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
2011/216/A-CAP.3

This analysis evaluates the presence of semi-volatie and non-volatie organic compeunds which could migrate into
the food product. The identfication is camed out through instrumental Koraries, whie the semi-gquantification is
performed using the response factor of the mternal standard used.

C. Determination of non-volatile organic compounds: multi4tem screening by liquid chromatography
equipped with high-resolution mass detector (UHPLC ESI-MS/HRMS) ~ method AR 2016/235/8.CAP.1

This analysis evaluates the presence of a wide range of nonwvolatie organic compounds in the package, which
could migrate info the food product through:

GROUP 1: Quanttative Targe! Screening (the organic compounds are idenfied and quantfied by comparing them
with centified standard solutions ).

GROUP 2 Semi-quantitative Target Screening (by compariscn with an instrument library containing more than one
thousand additives commonly used in the packaging industry).

Page 2 of 15
Riport daraly acooedog © T bw n trce
The rasults contained n he Test Regon relir andy 10 1he arahoed Thes Tt Reparnt Gan not B copeed even pandly wihout Ohelall s wiiten panmisson
CHELAS S1 1 - S0 Uneo s -

anwv; P drecton wnd o Menewa P
Head ofice: Vo Fratta 25 39023 Resar_ ity Proere « 3 0L23 7177 1 Fax « 380823 715068 www: mensarutrsoences it
VAT rv 01500900065, R EA Treviso n. 156073 Fuly paid w9 € 103 43000

Moo 1ISQ ey M ENG

80



2 MERIEUX

/&I NutriSciences

CHELAB S.R.L.

2 RESULTS AND EVALUATION

For sach onalyss the reauls ~ed o'e with ary logel fenits, and coded based on Pev severty. A difecent code is ssagred according %
ovaluation

2 A grewo code B assigied 1 Be g Orpen o

'

o wiich 8 80N 1t exints (GMIL) and whose semicuanitatve analy s viiue is Sgrcanty lows: than specifc migraton bmt,

Present in postive Iat of Reg 1072011, But withant & 50008 Mgration ImE f The valve of 1he Semi-Quasttathve aralss is sgrificanty lwer than 60
mohgl

A wd COte B IR0 10 TIoM SN TOr which & gl Bnl axiats. 0d whOMe M QUATTAtVe ANRl NS Ve Sxceeds Pe speciic migraton Wt

A yolow code is 10 81 sermv-quartfed At Dongng 10 e teo Categeries sbove and reguire Luther assesamect (0.9 COmpands
Aot rcluded i Mo postve 1) To evaluate Te wh B log e codd Be Y. a8 o
possbie severty awessment by ToaTree scftware and quarttative tarpet test. with cartfled stardands. on speciic mgration weh food simuants.

B e L L N e
CHELR § 11 - S v

PRI, b vk Py " da) Tve
- e Fomme . .
AT prmeneod F

FE A Twancn O oy gt AR
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21 VOLATILE AND SEM-VOLATILE ORGANIC COMPOUNDS

INSTRUVENT
Gas Crromatagraph Shmmaday
Mkt Specy omete Shmaday
Crrometograghc Colem WP Sy
Exvacton SPVE. MG
TEST CONDITIONS
Range of mass acousnen ™7 IS0
el 5208ed 1 4 pemoficrodeniere
PERFORMANCES
Sensiey 0.2 upian’
IDENTIFICATION OF COMPOUNDS
Lrary NISTEPANM Vans Specrel
Lerary
IDENTIFICATION CRITERIA
Match OQualty » 90 Good
Match Qusity s 8060 Accegtatie
Match Qualty < 80 Urbnown
T ey cotarndt w b ot et e ety ® P . -y c‘-h s

CMELNS § 51 - S v
Wﬁnﬂ-—_'mmc——
ot dlhon W Fome N S e + WGZITITT 5 o W0 GE) TYSE we ot smn B &
- A -
i REAT TN @ v
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Tabie 1 - Semcuarttative diriaton of volatie and semwoiatie crpanc compounds

Toncenaton with  Potentm
Retenton Mateh ML
ane Cas corgownd Qqueity reference %o specnc Reg. 102011 Evalwaton
mn pym’ e e 1) ORG t
1398 124196 Nonanal b 0249 0001 Net bsted ~]
198 112312 Decanst b oS 0003 Nt bated 9
Potertal odowr mpact
No sigr of stive volatins and serm-voiaties Organ COMOOUnts Mas Deen detected
" GNP g TEren Do 6oV K
The rems covtard o Oon Vout et wforsmiiy o i sergts St s sy po v o Lt Bt e

CHELAS 8 11 - S L.

‘-W 5O ans s
Wt v oo Frue % *:k-w:hvrl.-lnnm—“-w—u
AT - FEA T Y Fy gt @ WA
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22 SEM-VOLATILE AND NON-VOLATILE ORGANC COMPOUNDS

INSTRUMENT
Gas Cromatograph Agyiert
Maks Spacrometer
Chromatograote Colrn HOSMS
TEST CONDITIONS
Rarge of mass scausstion e 50+ 1000
Interny Sarderd 1 4 4dhuensghenyt
ey Randard 2 (LoQ) \ethy 3907 9%
EXTRACTION CONDITIONS
Exracion Sohert HeraroEansl V1
Type of contact Cor
Cortact sertace 1.02 0w’
?.‘MM P L L8
nd lemperatoe
pioanten Shoumat 20°C
PERFORMANCES
Sasatily 0010 mphg
IDENTWICATION OF COMPOUNDS
NISTEPANK Mass Specrral
Larary Levary
IDENTWICATION CRITERIA
Matxch Qualty » 0 Good
Math Oualey v 8050 Acteptadie
Match Qualty < 80 Urkrown
T remibs st # Sun Tant Fugust sdfur sty s P srgie St o sty [SAprR—Y e
CHELNS 8 11 - S

Te b ek anl o das S Wtas AT an o ssa
Vot o Vo ot 5 h—-:l— SR AIITITY F e L) T v ot o &
AT - FE AT N Fy gt o d a0
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Table 2 - Semiquantitatve ditr BuAon of semi-voist le 873 NON—Cl afie SIPATE COTRaLTY

Concertration Poternal
Retention Match sVL
tme CAs Compoung quakty with reference 1o specific Reg. 102011 Evaluaton
min pyom QARG vres ]
1480 126190 Norana L 16 0070 Nex isted 2
1800 112080 Nonaasic acxd or 670 0034 Net bsted " ]
7 N Wit TeIwE D o §omN Mo,
The rems covtard o Oon Vout et wforsmiiy o i sergts St s sy po v o Lt Bt e

CHELAS 8 11 - S L.

‘-W 5O ans s
Wt v oo Frue % *:k-w:hvrl.-lnnm—“-w—u
AT - FEA T Y Fy gt @ WA
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2.3 NON VOLATLE ORGANIC COMPOUNDS

INSTRUMENT
UNPLC ESIMSHRMS Traeme
Mass Speciromene: Treemo
Covomatogrephie colum c»
TEST CONDIMONS
Range of mass scqumton ez 70+1000
Poleety Postrve and regerve
POS Inemal andard Benzyt butyl phalane o4
NEG Wrowmal Standerd Nevesside
EXTRACTION CONDITIONS
Extraction Schvet Henare Ethanc! V1
Type of comact Cel
Contac sutace 102 ew'
Contact Volume L
Time and temperatirs of costact heun 1 0C
PERS ORMANCES
Sensbiey (§row 1) 0010 MNP wrar
Senabiry (growp ) 0010 mAG nee
m—»m-mlnwm-n-‘wo-mw v bon Lt Rt Owt

CHELRE 4 1| - S L
Te b ek anl o das S Wtas AT an o ssa
Vot o Vo ot 5 h—-:h— S AENTITT 6 a0 ) TV s et e
AT - FE AT N Fy gt o d a0
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231 Targe! Querttetve Screening GROU® 1
Organc compounds are idenited and quartted by COmpatng Pem win cenfied standard solAons at Wrget screening el on exdaction savent. The
o bl 10 e )t g - e et
¥ the values are nfercr 1o T ofte e results confem e absenrce of Te substance: £ the vaklues are Supenar 1o the Ime

o QUANANCAton Tw presence of the Compound n Certen
A1 10 sebsances 115960 N Arnex I NIV DN IesH3aned NONe 15 GreaNr TN T ¥R of Quantficanan.

Serv quanttetve Tepe! Screenng GROUP 2 (O, Tests 83 Bendyt buty! prnaiate (8P 94 o Nrretudde)

Compounds are idestifed by witatly comparng them - o tovel - W o interngt DATABASE eary comiainmg over 1000 molecules. reacion

d degradetion products belonging 10 the hilowing wae classes Y 7 arlcarts ing sgects, fame
The quar 15 GoNe by wtermal standand

The srslysis conducied dd not detect the presence of non-volatle substances n Concentratons sbove 10 Lo (8s benzy! butyl phthalete 9f and
nerendide)
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3. CONCLUSIONS
Results cbtained from the adopled 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 pgfkg (limit for the Cramer Class lll corresponding to a high taxicRty assuming that in 1 day a person of 60 kg
takes 1 kg of substance).

This analytical protocol is a useful support for the risk assessment of food contact matenals, focused on NIAS
invessigation.
The complete raw data (chromatograms and spectra) are preserved in Mérieux NutriSciences for necessary future
investigations.

Page 12 of 15

Do - an adsarced SO G DUt 1 Cument P
Tha resalts this T Wpant refler sokely 10 The sanghe Seated |6 @ty protiibed 1 pantdly reproduce Tis Test Repart wiiss wpbolly authored by Chalab
CHELAD 511 - Soo0 Unen

%0 e dawcion g coomiranan of Mereus NS ences Compor abon
Head ofice Via Frans 25 31025 Resana, bty Prone « 35 0823 7177 ) Fam « 35 0223 719063 weew mer muamraomnces
VAT no 01300500255 R EATeeviso no. 1585073 Fully poid up € 103 48000
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ANNEX | - BLANK DETERMINATION AND RULES TO CORRECTLY CONSTRUE EXPERIMENTAL DATA

BLANK DETERMINATION

An integral part of the process employed to detect and quantfy the extractable organic compounds - as detailed 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 attribution of organic compounds related to environmental contamination or
solvents/reagents and glassware used 10 the sample extractable part.

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

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

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

1. The identification of organic compounds is camied cut by comparing the ionic profie of the substance fragmented
section experimentally compared with the profies of the molecules present in the tod! sets,

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

3. The detection mit estimate is based on the intemal standard response facter under the testing conddions.

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

COMPOUNDS (GROUP 1)

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

1. The identfication of organic compounds is camed 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;

. The organic compound guantificasion is camed out by comparison with the related certified standard;

3. The estimate guantification limit for each ftem is based on the matrix response of the related certified standard.
The identification and quantification are guaranteed 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 interpret the results obtained, we must take the following observations into consideration:

1. The Kientification of organic compounds belonging to group 2 is performed by comparing the accurate mass and
the isotopic pattemn of the substance found experimentally with the thecretical values calculated by the software on
the bass of the molecular formula inserted in the database and associated with oneé o more analytes.

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

3.  The detection kmit estimate is based on the internal standard response facter under the testing condiions.,
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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
MgKg kod
166412-78-8 1.2-Cyciohexanedicarboxyiicaciddiscnonylester (DINCH) SML(T) : 60
0002855-13-2 "“"““"""""’”‘”-:f""“"","’"’“"""‘ fsophorone 80
085209.91-2 Sodum 2.2-methylene-bis-(4.6-di-tert-butyiphenyi)phosphate 5.0
0110563-27-0 2.4-bis-(ctti-ometl }metiifencio SML(T): 5
007128-84-5 2.5 Bis(S-tert-butyl-2-berzoxazolylthiophene (BBOT) 06
023676-09-7 4-Ethoxy ethylbenzoate 3.6
000105.88-7 Dibutyl adipate Not kisted
000141-04-8 Diisobutyl adipate Not ksted
000141-28-6 Diethyl adipate Not isted
000103.23-1 Bis{2-ethyihexyl) adipate (DEHA) 18,0
0027670-62-8 T ) A b ina (IRGANOX 3114) sl 60
1,3.5-Tris[3:hy -
0040601-76-1 35 M‘S‘S.MIM?:.GM-(?-INM ZW;IW}- 6.0
001675-54-3 BADGE SML(T): &'
076002-91-0 BADGEXM20 SML(T): 9
005581-32-8 BADGEX2H20 SML(T): &'
227947-06-0 BADGEXH20xHCI SMUT): 1
013836481 BADGEXHCI 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-dicarboxyic acid 5.0
000105.80-2 Caprolactom SML(T): 15
000947-04-6 Laurolactam 5.0
000108-78-1 1.3.5-Tnazine-2 4 6-viamine 25
108-80-5 Cyanuric acid Not ksted
123-944 Monostearning No SML
71786-80-2 N, N-bis(2-hydroxyethyljalky¥C8-C 18)amine SML(T):1,2
R 3.Ring NOGE (Novolac glycidyl ether) mix of isomers (chain nd.’
like/oranched)
4-Ring NOGE (Novolac glycidyl ether) mix of isomers (chain .
’ like branched) nd.
i 5.Ring NOGE (Novolac glycidyl ether) mix of somers (chain T
like/oranched)
) 6-Ring NOGE (Novolac glycidyl ether) mix of isomers (chain nd.’
Iike/oranched) D
134.84.9 4.methyibenzophenone Not isted
00119-61-9 Benzophenone 086
5495.84.1 2-lsopropyithioxantone (ITX) Not kisted
21245-02-3 2-Ethylhexyl 4-dimethylamincbenzoate Not ksted
8947-19-3 1-Hydroxycyclohexyl Phenyl Ketone Not isted
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24650428 2.2-Dimethoxy-2-phenylacetophencne Not ksted
71868-10-5 2-Methyi-4"-(methylthio)-2-morpholincpropicphencne Not ksted
82799-44-8 2.4-Diethyi-9H-thioxanthen-9-one Not histed
1137-42-4 4-Hydroxybenzophencne Not isted
80-39-7(para-) N-Ethyl-toluenesulfonamide Not histed
90-94-8 4.4"-Bis(dmethylamino jbenzophenone Not ksted
90-93.7 4 4".bis(Diethylamino oenzophenone Not ksted
117.81.7 Bis(2-ethylhexyl) phthalate 1,5 SML(T) : 60
85-68-7 Benzy! butyl phthalate 30 SML(T) : 60
84.61.7 Dcycohexy! phthalate Not kisted
84-66-2 Diethyl phthalate Not isted
84-69.5 Diisobutyl phthalate Not ksted
eoodogpeg] Disisodecyl phthalate (DIDP) SML(T): 9 0 60
oot g Drsononyighthalate (OINP) SML(T):9 0 60
27564.26-3 Di-so-octyl phthalate Not ksted
131113 Dimethyl phthalate Not ksted
131.180 Di-n-Amyl phthalate Not ksted
84.74-2 Dibutyl phthalate 0.3
117-840 Di-n-octyl Phthalate Not kated
6362-79-4 5-Sulfoisophthabe acid 50
88-99-3 ortho-phthalic acid SMUT): 7.5
000121-91-5 Isophthalic acid SML(T) : 5
000100210 Terephthalc acd SMUT): 7.5
000109.43-3 Dibutyl sebacate SML(T) : 60
000112-84-5 Ervcamide No SML
000301-02-0 Oleamide No SML
0036443-68-2 Trethylene mmm o 90
0000122-20-3 Trisopropanclamine 5.0
000077-90-7 Trioutyl acetyiitrate (ATBC) SML(T) : 80
117-82-8 Bis(2-methoxyethyljphthalate Not iisted
87-88.5 Pentachiorophencl (PCP) Not ksted
115-866 Tnphenyohosphate Not ksted
805-50.5 disopentyl phthalate Not ksted
1241.84.7 2-Ethylhexy! dpheny! phosphate SML: 24
41451-28.9 Dischepty! phthalate Not ksted
3648-21-3 Di-n-heptyl phthalate Not ksted
2208-05-1 2-{dimethylamino)ethyl benzoate Not kisted
131.688 2-methyibenzophencno Not ksted
854-16-5 2,4 6-Tnmethylbenzophenone Not isted
75980-60-8 Diphenyl(2.4 6-tmethykbenzoyl) phosphne oxde Not isted
91.76.9 2.4-Dismino$fenil-1,.3 5-triazina (Benzoguanamine ) SML: 5§
182121-12-6 9,9-bis{methoxymethyl flucrens SML: 0.05
2682-20-4 2-Methyl-4-sothazoln--cne (MIT) SML. 0.5
26172-554 5-Chioro-2-methyl-4-isothiazoln-3-one (CMIT) Not isted
000119-47-1 23""""""“(:'"'(‘*"""”“"“” e -buyiphencl) SML (T): 1.5
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Page 1 of 17 IT210AD6 011

A TUVRheinland®

Rapporto di prova No.
Tost Report No.

IT210AD6 011

Data di emissione
Date of issue

21052021

Numero totale di pagine
Tala! number of pages

7

Nominativo Laboratorio 1
Narm of latoratory 1

TUV RHEINLAND ITALIA 5.7 ).

Nominativo Laboratorio 2
Name of latoratory 2

TUV RHEINLAND LGA products gmbh

Indirtzzo 1
Address 1

Via Mattes, 3 - 20006 Poglano Mianeso (1) - iy

Indirtzzo 2
Address 2

Thlystrafie 2, 90431 Hornberg - Germany

Nome cliente
Apphcant'’s name

Cartonpack Sp A

Indirizzo
Address

Vi Adaita 2 sn- 70018 Rudghano (BA) - Italy

Specifiche di prova:
Tost spocdicaton.

Guorda / Se0 §2

Norme di riferimento
Standerd

Rog. (EU)n 1022011 GUUE L12 dol 15012011 @ successa aggiomament / and
ATENATRNLS

Descrizione camploni Acevut
Test dom descaption

Matotido 00N COrtatto alwmentare ! Matovial with food contac!

Data ricevimento camplone
Date of samphos reconeng

0402021

Campioni selezionati ds
Sampdes sokcted by

¥ campeonamonto ¢ effatiuato dal clante / Sampiing performed by appicant

Data di Intio ¢ fine prove
Date of start and firvsh of tasts

002021 ~ 20052021

Nome commerciale (se applicabile)
Trade Mark (if appbcabie)

WA

Modelio
Jodel Type refecence

Gutnds 7 Se6 §2

Risultati tost
Tast rasults

Gutrds /Se6 §2

xAb G~

fothes Camghive
Chemecd Labor oy Maruger
Sigredty Arches Camchore

l“muummmmwumw IMWvam

Moot ono. LVioeie 22 estesa,
confidenza del 95%.

AErOSOl O pRreimente, SN2 MlZZazione oel
Composts mediphoata per F falore F copertiva K = 2 per un fvedo &

This dst raponT Onoly relades 10 the &.m. lest sample mmduwmmwnmmm»uwnmu The expanded unceranty

of measrement, ff reporied, & staled a5 the

Ty by cover factee K=2 for 2 confidence level
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1. Lista dei Materiali / List of Materials

Report No. IT210ADS 011

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)) /

AGD3010111011 | pUNNET IN PET ABA [10 % VIRGIN (A)- 80 % PET Pase
R-PET (B)-10 %VIRGIN (A)]

2.Risultati / Results

21 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 agglornamenti
Limet Rog. (EU) n. 102011 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 giorni / 40°C + 2 ore / 100°C
Simulant B - Acetic acid 3% 10 day(s) / 40°C + 2 hour(s) / 100°C
Test 001
Campione
10111011
e A0030101110
Rapporto migrazione
!
oot rolls 100 mi/ 1 dm?
Risultato delle
Parametro Unita singole prove Media Incertezza Limite
Parameter Unit Individual test Average Uncertainty Limit
result
mg/dm? 12
A mg/dm? 14 13 11 10
mg/dm? 13
mg/dm? 22
B mg/dm? 24 23 12 10
mg/dm? 23
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A TUVRheinland®

Abbreviazioni / Abbreviations:

mg/dm? = miligrammi per decimetro quadrato / milligram per square decimeter
< = inferiore a / less than
Strumento / Instrument. Bilancia Analitica / Analfitical 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. (EV) n. 1072011 GUUE L12 del 15/01/2011 ¢ successivi aggiornamenti
Umit Reg. (EU) n.102011 GUUE L12 of 15/01/2011 and amendments
Simulante Durata test / Temperatura
Food simulant Test duration / Temperature
Simulante D2 -~ Olio di ofiva 10 giormi / 40°C + 2 ore / 100°C
Food Simulant D2 - olive oil 10 day(s) /40°C + 2 hour(s) / 100°C
Test 002
Campione
Sample AD03010111 011
Rapporto migrazione
M o el 100 mi/ 1dm?
Parametro Unita ?ml "::::: Media Incertezza Limite
Parameter Unit Single Result Average Uncertainty Limit
mgldm? <2
D2 mg/dm? <2 <2 - 10
mg/dm?® <2

Aggiustamento apportato per perdita di sostanza volatile / Adjustment made for loss voiatile substance: 0,2 mg/dm?
Determinazione della necessita d condizionamento dei camploni in accordo a Appendice B / Determination of the
need for sample conditioning according to Annex 8
Abbreviazioni / Abbreviafions:
mgldm? = miligrammi per decimetro quadrato / miligram per square decimeter
< = inferiore a / less than
(S;;:g?;? ! Instrument: Bilancia Analitica / Analitical scale (2782530), GC-MS (2782503-2782504), Stufa / Oven
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Report No. IT210ADS 011

2.3 Migrazione specifica di ammine aromatiche primarie/ Specific migration of primary aromatic amines

Metodo LMBG § 35 L 00.00-6:1995/Cor:2002
Method
Limite Reg. (EV) n.10:2011 GUUE L12 del 1501/2011 o successivi aggiornament / and amendments
Lime
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 o A003010111011
Rapporto migrazione 2
Migration ratio 100 mi/ 1 dm
Pa &6 Risultato* Incertezza Limite
Pa — s Result* Uncertainty Limit
(mg/kg) (mg/kg) (mg/kg)
SRR pr—. ramer® | oo 0,001 <0,01
Primary aromatic amines

*ll valore & espresso come anilina / the value is given as anlline

Abbreviazioni / Abbreviations:

mgkg = Milligrammi per chilogrammo !/ Milligram per kilogram

< =|nferiore a/ less than

Strumento / Instrument. Spettrometro UV / UV spectrometer (2782514)
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Report No. IT210ADS 011

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
Lim#

La migrazione & condotta in accordo al Capo V., Articlo 18 del Regolamento Europeo
. Quantficazione mediante ICP-OES in accordo alla
norma DIN EN ISO 11885 e ICP-MS in accordo alla norma DIN EN ISO 17294-2. / The
migratory behaviour is examined with reference to Chapter V., Article 18 of Commission
Regulation 102011 and its amendments. Quantification 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 15/01/2011 ANNEX Il e successivi aggiornamenti
Reg. (EU) n. 1072011 GUUE L12 of 15/01/2011 ANNEX Il and amendments

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:
Campione / Sample: AD03010111 011
R"’m ;:n""::“ 100 mi / 1 dm?
. lllgnz.lom spocl.ﬁa I.i.'lllto
FAERRE Specific migration Limit
(mg/kg) (mglkg)
Bario / Banum <03 1
Cobalto / Cobalt <0,01 0,05
Rame / Copper <1 5
Ferro / lron <5 48
Litio / Lithium <0,05 08
Manganese / Manganese <005 06
Zinco / Zinc <1 5
Alluminio Aluminum <0,2 1
Nichel / Nickel <0,01 0,02
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Report No. IT210ADS 011

S Migrazione specifica Limite
PR 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 (m?\: P
Lantanio / Lanthanum <0,01
Piombo / Lead <0,005 ND
Mercurio / Mercury <0.005 ND
Terbio / Terbium <0,01 0,05
Abbreviazioni / Abbreviations:

mgkg = milligrammi per chilogrammo di simulante almentare / 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, Articlo 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. (EVU) n. 102011 GUUE L12 del 1501/2011 e successivi aggiornamenti / and amendments
Limit
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
Z‘qm e s 100 mi / 1 dm?
Risultato Limite
prasead Resut wimit
(mg/kg) (mg/kg)
2 4-Dimethylaniine * <0,002
a4 o.uTmmo 0,002
4,4-MCDA «0,01
Andine <0,002
Benzidine * <0,002
Benzogusnamine <001
m-Anisidine <0,01
m-Toluidine <0,01 <001
o-Amincazotiuene * <0,002
o-Anisidine * <0,002
o-Phenylenedamine <0,002
o-Toluidine * <0,002
p-Chioraniine * <0,002
p-Crosidne * «0,002
p-Phenylenediamine <001
m-Phenyleneciamine <0,01
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Parametro Riohho Limite
P Resuit Limit
(mg/kg) (mg/kg)
p-Toludine <0,002
1,5-Diaminonaphthalene <0,002
2-Naphthylamine * <0,002
2,4-Diaminoaniscle * <0,002
2 4-Toluylendiamine * <0,002
24,5 Trimothylaniine * <0,002
2 6-Dimethylaniine * <0,002
2.6-Toluylendiamine <0,01
3,3"-Dichiorobenzidne * <0,002
3,3".Dimethoxybenzidne <0,002
3,3"-Dimethylbenzicine * <0,002
‘.,:!"'a! s ot <0,002
4-Amincazobenzene * <0,002
4-Amincbiphenyl * <0,002
4-Chioro-o-toluiine * <0,002
e o2 ah
44" -Oxydiondine * <0,002
44 -Thiodisnine * <0,002
S-Nitro-o-tohadine * <0,002
Dimethyi-2-aminoterephthalate <0,01
J-Amno-4-methyidbenzamde <0,01
3 Amino-4-methoxybenzanilide <0,01
3.Chicroaniline <001
2-Chioroaniline <001
4-Ethoxyandine <0,01
2-Ethoxyaniine <0,01
4-Aminobenzamide <001
5-Chiloro-2-methylaniine <0,002
4-Chloro-2,5-dimethoxyaniline <0,01
6-Chloro-2-anisidine <0,01
2-Nitroaniine <001
2-Methoxy<4-nitroaniline <001
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P Risultato Limite
Pa, Result Limit
(mg/kg) (mg/kg)
Wﬁ <0,01
1.,3-Diminoiscindolen <0,01
2,5-Dichloraniline <0,01
2-Chicr4-nitroaniine <0,01
2,4 5-Trichloraniline <001
4-Chior-3-methoxyaniine <0.01 <0.01
4-Aminctoluene-3-sulfonic acid <0,01
2-Amino-1-naphtsienesuifonic <001
acd
2-Amincbiphenyl <0,002
4-Nitro-o-okadine <0,002
Abbreviazioni / Abbreviations:

mgkg = Milligrammi per chilogrammo / Mifligram per kiogram
< =infericre a / less than

4.4-MCDA = 4.4 -Methylenebis-(3-chioro-2,6-diethylaniine)

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

substances marked with * have a single specific migration limit of 0,002 mg/kg.

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 A
M Analisi / Analysis: GC-HS
Limite Reg. (EU) n.10r2011 GUUE L12 del 1501/2011 e successivi aggiornamenti / and
Limit amendments
Test: 006
Campione
Sa. i ADQ3010111 011
Migrazione massima teorica*
Parametro R:'“"‘: Theoretical specific LZ":"::
Parameter migration*
(mg/kg) (mg/kg) (mg/kg)

Acetaldehyde 36 045 6
Grammaturaiweight 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 per kiogram
< =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) / Determination of residual content of Ethylene glycol (CAS 107-21-1) and Diethylene glycol (CAS 111-

46-6)
Metodo Estrazione / Extracton: n-Esanon-Hexane
Methed Analisi / Analysis: GC-MS
Limite Rog. (EU) n.10/2011 GUUE L12 del 1501/2011 e successivi aggiornament / and
Limit amendments
Test: 007
Camplone
Sample: A003010111 011
Migrazione massima teorica*
Parametro Ri;umo Theoretical specific L
Parameter " migration* LK
(mg/kg) (mg/kg) (mglkg)
Ethytene glycol <100 <1 30
Diethylene glycol <100 <1
Grammaturaiweight 2,1 g/dm?

* Calcolata considerando il fattore 6 dm?/kg / Cakulated considering the 6 dm’/kg factor
Abbreviazioni / Abbreviations:
mg'kg = Miligrammi per chilogrammo / Miligram pér kiogram
< =inferiore a / less than
Strumento / Instrument: 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
Methed Analisi / Analysis: GC-MS
Limite Rog. (EU) n.10/2011 GUUE L12 del 1501/2011 e successivi aggiornament / and
Limit amendments
Test: 008
Camplone
Sample: A003010111 011
Migrazione massima teorica*
Parametro Ri;mno Theoretical specific L.
Parameter " migration* vyl
(mgig) (moka) (mgkg)
terephthalic acid <100 <1 75
Isophthalic acid <100 <1 5
Grammaturaiweight 2,1 g/dm?

* Calcolata considerando il fattore 6 dm?/kg / Cakulated considering the 6 dm’/kg factor
Abbreviazioni / Abbreviations:
mg'kg = Miligrammi per chiogrammo ! Miligram per kiogram
< =inferiore a / less than

Strumento / Instrument. GC-MS (2782503 - 2782504)
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Report No. IT210ADS 011

2.9 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.10r2011 GUUE L12 del 1501/2011 e successivi aggiornamenti / and
Limit amendments
Test 009
Campione
Sa ; A003010111 011
Migrazione massima teorica*
Parametro Fisabite Theoretical specific Lillil:.
Result Limit
- (mg/kg) P (mokg)
(mg/kg)
2.2-bis (4-idrossifenil) propano <4 <0.01 0.05
2,2-bis(4-hydroxyphenyl)propane
Grammaturaiweight 2,1 g/dm?

* Calcolata considerando il fattore 6 dm?/kg / Calculated considering the 6 dm/kg factor

Abbreviazioni / Abbreviations:

mgkg = Miligrammi per chilogrammo / Milligram per kiogram

< =inferiore a / loss than

Strumento / Instrument; GC-MS (2782503-2782504);
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A TUVRheinland®

210 Determinazione del contenuto di Anidride Piromellitica (CAS 89-32-7)/ Total content of Pyromellitic
Anhydride (CAS 89-32-7)

Metodo Estrazione / Extracion: n-Esanon-Hexane
Method Analisi / Analysis: GC-MS
Limite Reg. (EU) n.10r2011 GUUE L12 del 1501/2011 e successivi aggiornamenti / and
Limit amendments
Test: 010
Campione
Ss ; A003010111 011
Migrazione massima teorica*
Parametro Fisabite Theoretical specific Limil:o
Result Limit
P (mg/kg) A (mg/kg)
(mg/kg)
Pyromeliitic Anhydride <1 <0.01 0,05

Grammaturaiveight 2,1 g/dm?
* Calcolata considerando il fattore 6 dm¥kg / Calkculated considering the 6 dm/kg factor

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

Strumento / Instrument. GC-MS (2782503-2782504).
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A TUVRheinland®

2.11 Determinazione della migrazione specifica di Perfluoro alchil sulfonate PFAS (Laboratorio 2) /
Determination of specific migration of Perfluoro alchil sulfonate PFAS (Laboratorio 2)

Metodo La migrazione & condotta in accordo al Capo V, Articio 18 del Regolamento Europeo
Method 1072011 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 giorni / 60°C + 2 ore / 100°C
Ethanol 95% 10 day(s) / 60°C + 2 hour(s)/ 100°C
Test: o1
Campione
Sa i AD03010111 011
Rapporto migrazione
Migraion ratio 100 mi/ 1dm?
Risultato Incertezza
::n Result Uncertainty
(mgkg) (mg/kg)
PFAS <0,001 -
Abbreviazioni / Abbreviations:

mg'kg = Miligrammi per chilogrammo / Miligram pér kiogram
< =inferiore a / less than
NR = Non rilevabile / 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

Report No. IT210ADS 011

Metodo MS-0041687
Test method
Test: 012
Campione / Sample: A003010111 011
Contenuto Incertezza
. Content Uncertainty
Parameter
(mg/kg) (mgkg)
Cloro / Chionne <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)

Metodo
: !
M Metodo interno del laboratorio / In-house method
Limite Reg. (EU) n.10:2011 GUUE L12 del 1501/2011 & successivi aggiornamenti / and
Limit amendments
Test: 013
Campione
10111
&5 é A003010111 011
Risalists Migrazione an teorica* Limite
Parametro Theoretical specific
Parameter e migration* —
(
(mg/kg) (mg/kg) mg/kg)
polyethyleneglycol (EO = 1-50)
ethers of linear and branched <1 <0,01 1.8
primary (C 8-C 22) alcohols
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Grammaturaiwveight 2,1 g/dm?
* Calcolata considerando il fattore 6 dm¥kg / Calculated considering the 6 dm¥/kg factor

Abbreviazioni / Abbreviations:
mg’kg = Milligrammi per chilogrammo / Milligram per kiogram
< =inferiore a / less than

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

Fine test report / End of test report

Report No, IT210ADS 011
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Annex 6 : Results of migration modelling for different A/B/A structures

106



(st/02/51) “K10g —— (01/08/01) A10d ——  (S'2/S8/S"7) "Kjog —— (S/06/5) "0y m— (str04/51) “hrod —— (or/08/01) “Alod—— (5 /5@5°L) "flog —— (5/06/5) "Ajog =——

ST/OL/IST © 01/08/0T © GLISBISL ® S/06/S @ ST/0LIST @ ot/08/0T SLISBISL S/o6/S @

(uoioiw) ssauxoiyy (uouoiw) ssawyoiyy

0091 oort ooct ooot 008 009 oov ooc 0 0091 00FT oozt 0001 008 009 oov 00Z o

S0 "
62TL'T+X200'0-X£0-3p =4 89E0'C +XST00°0 - z*£0-38 =4 o
¥8LZ'T +XET00°0 - X£0-3Z =K
L16€'T+XT100°0 - X£0-3T =4

6¥E0°C +¥9T00°0 - z*£0-3C =4
TBLL'E + XHT00°0 - XL0-IT =4

3 3
g g
ST S S
= 220S'Z +%6000°0 - X£0-3T =4 1=
VTYE'E +X2100'0-X£0-3¢ =4 z o =2
- o
sz 8 ¢ 8
€ sz
(001xqdd)gT =31 (00Txqdd)sT =i
s'e €
g 13/e) u1 13dY %00T D02 P OT MZXTX g 12he) ul 1 3dH %S/ D02 P OT MZXIX
(st/0L/sT) “fiod——  (01/08/0T) ‘Alod ——  (S'/58/5°L) “frod —— (S/06/S) “A10g = (sT/0L/5T) fod——  (0T/08/0T) ‘Alod ——  (S'/S8/5"2) “Riog —— (5/06/5) “MOg =——
SL/OLIST ® or/08/0T © SLISBISL ® S/06/S ® ST/OLIST ® 0L/08/0T SLIS8ISL ® SI06/5 ®
(uoioiw) ssauyaiys (uosoiw) ssauyoiyy
009T 00¥T  00ZT  00OT 008 009 oov 002 0 009 OO¥E - 00ZL  0oDE 00 008 Oow 002 n.. 0
0
o 6228°0 +X9000°0 - X£0-3T =4 [ zo
96GE‘T +X6000°0 - :X£0-3T =4 ¥'0 65060 +¥5000°0 -z¥80-3L = £ L vo 3
3 . x ‘0-2%80-36 =4 =,
612G +X8000'0 - X£0-3T =& 90 & MMMMM . xmmww.m .waw.ww . ]
£68S°T +%£000'0-z%80-36 = 4 a0 m e - g0 g
— o
899°T +%9000°0 - ¥80-38 = A 1 8 oo
o >
> -
A = I 8
k=)
'L
A
o1 (00Txqdd)gy =31
(001xqdd)gT =3y L yp
8'c

g 12Ae) ut | 3dY %05 D002 P 0T MZXTX g 12he) ul | 3dY %0E D002 P 0T MZTXTIX

D00¢ sAeQ 0| je suoneinbyuod MZX X



{str0L151) “iod ——— (or/08/01) “flod——  (§'/58/5°2) "Alod —— (5/06/5) "A10( =

ST/0LIST ot/og/0t e SLS8/ISL e S/6/s ®
(uoidiw) ssawyongy
009T O0OFPT  00ZT  00OT 008 009 oo 00z 0
0
[4

6001 +X2L00°0-z%90-I¢ =4
9Z'TT +XT900°0-z%£0-36 =4

LI8'TT +XES00°0 - 2%£0-3L = A
€8ECT +X500°0 - *£0-3L =K

g ®© ©
(001 x qdd) uonesdiw
oo~ oW v oo

(0oTxqdd)gy =3

g 19/Ae) ul 1 3dY %00T Do0¥ P OT MZXTX

(str0L/51) “fiod ——— (ot/08/01) “flod ——  (S§°/S&/G ") "K1od —— (S/06/S) "A10d =
SL/0L/ST © ot/08/0T © SLIS8ISL ® S/06/S ©
(uosoiw) ssauxoIyy
0091 ooot oog

0ovT ooct 009 0o% 00z
6SS0°S +X9800°0 - z%£0-38 =4
$EE9°S +X£00°0 - XL0-3Y =4
8158°S +Xy200°0 - ¥£0-3T =4
29629 +X8T00°0 - z¥£0-3L =4

(00rxqdd)gy =31wn

S S S N N S S N
-« ” o~
(00T xqdd) uopesdiw

g 13Ae) U1 | 3dY %05 D00 P 0T MTXTX

(st/0£/51) “Aiog ——— (ot/08/01) ‘Alod ——  (§°4/SR/5°L) “N1od —— (S/06/S) “A10g =
ST/0L/ST © 01/08/01 * SLIS8ISL ® S/06/IS @
(uosoiw) ssauyoIyy
0091 oort 0ozt ooot 008 009 ooy 0oz o

- o

665S'L +X¥500°0-z¥90-3T =4
VEP'8 +X9¥00'0 - 2X£0-3L =4

1S8'8 +X6£00°0 - 2%£0-35 = £
9/T'6 +*¥E00°0 - X£0-35 =4

(001xqdd)gT =31win
ot
g 12Ae) ul 13dY %SL D0V P 0T MZXTX
(st/04/51) “Mrod —— (ot/08/01) “Alod ——  (§'/58/5"L) “fiod —— (5/06/5) "A10g ==
ST/0LIST ® or/08/01 * SLIS8ISL ® S/06/S @
(uoionu) ssauyoIyy
009t oovt oozt 0001 008 009 oov 002 0
0
s'o

8EE0'E +X2200°0 - z¥£0-35 =4
188E'C +X8100°0 - z*£0-3E =4 §
GZSS'E + %1000 - ¥£0-32 =4 ot
T9ZL'E +XET00'0 - 2%£073T =4
ST

4

St
(001xqdd)gy =3wn

g 19he) ut | 3dY %0€E Do0¥ P 0T MZXTX

(001 x qdd) uopessjw

(00T x qdd) uopesBiw

D00 SAe Q1 1e suoneinbiyuod MZX X



(swoL/st) flod——  (01/08/01) Alod——  (5°L/58/S°L) “Nod ——

STOLIST e 0T/08/0T e SUSBISL e G/06/S e
(uoioiw) ssauyoiy

009T 00¥T  00ZT  000T 008 009 ooy 00z 0

€61'EZ +X99T0°0 - zX90-3v =4

£8'ST+XP10'0-z%90-3T =4
EPT‘LT +XTZT0'0-7%90-3Z =4

/

(007xqdd)gy =31

ZYP'8T + XE010'0 - z¥90-3Z = A

/

g JaAe) Ul 13dY %00T D05CT P S9€ MZXTX

(soL/st) ‘Mlod——  (01/08/0T) Mod——  (5'£/58/5"L) ‘Rod ——

STOLST ® ot/08/01 © SUS8ISL ® c/0e/s ©
(uosoiw) ssauyaiyy

009T  OOYE  00ZT  000T 008 009 oov 00Z 0

STY'TT +XEB00°0 - :¥90-3Z =4
6S6'CT +XL00°0 - ¢¥90-3T =4
66S'ET +X9000 - 2*¥L0-3L =4

TSZ'VT +X1S00°0 - X£0-3L =4

|

(00Txqdd)gT =3wi]

g Ja£e) ul 13dY %0S D0ST P S9E MZXTX

(5/06/5) K10 e

)4

1

0z

(001 x qdd) uonesgiw

14

(S/06/S) A0 wmmme

ot

«©
(001 x qdd) uopesBjw

44

vl

91

(swoLsst) hod——  (01/08/01) ‘Alod——  (§'L/58/5"L) “Mod——

STOLST ® 01/08/01 * SUs8ISL @
(uo1ojw) ssauwyoyy

009T  00¥T  00ZT  000T 008 009 ooy 00z

68E°LT +XSZ10°0-z%90-3€ =4
€8E'6T +XS0T0'0-z%90-3 = A

EVE'0Z + XT600°0 - 2%90-3T =4
YZETT +X8L00°0 -z¥90-3T =K
(00Txqdd)gT =31y

g 19Ae) Ul 13dY %SZ 05T P S9€ MZXTX

(swoL/st) flod——  (01/08/01) ‘hlod——  (5'4/68/5°L) Aiod——

STOLST * 01/08/01 SUSBISL ®

(uosdiw) ssauwyoiyy

0091 00vT oozt 0001 008 009 ooy 002

85860 +X500'0 -%90-3T =4
TT6L'L+XZY00'0 -XL0-39 =4
L9LT'8 +X9E00°0 - 2XL0-3G =K

ZILS'8 + XIE000 - zX£L0-36 =4

(00Txqdd)gT =3wn

g 1ake) Ul 13dY %0E 0.5 P G9E MZXTX

S/e6/s @

(s106/5) *h10d

S/06s @

(5/06/5) K10 =

ot

St

(001 x qdd) uonessiw

0z

14

(00t x qdd) uonesdjw

D0G¢ sAe( G9g 1e suoneinbiuod MZX1LX

109



(st/sLsst) “fiod —— (ot/08/01) “Aiod ——  (§°4/58/5°2) “Miod —— (S/06/5) "A10d =
ST/SL/ST © ot/08/01 * SLIS8ISL ® S/06/S ©
(uoso1w) ssauyaIyy
0091 00¥T 00zt 000T 008 009 oo 00z 0

87008 +%G800°0 - z%90-3¢ = 4
989£'8 +%8900°0 - z¥90-3Z = £
£2S0°6 +%£S00°0 - X£0-38 =4

YILZ'6 +*XPE00'0 - z%80-39 = A

o ‘/
® © N © b T M N = O
(00T x qdd) vopesBiw

(00Txqdd)gT =31

ot
g 13£e) ul 1344 %00T Do0Z P OT ZATA
(sT/0L/5T) "f1od —— (otr08/01) flod ——  (s'use/s's) “fiod—— (5/06/5) “h1od =——
ST/oL/ST @ 01/08/0T © SLISBISL ® S/06/1S ©
(uosoiw) ssauxdIy}
00t 0ovT ooct ooot oo8 009 ooy ooc 0
0
s'0

£866'E +XZ¥00'0 - X90-3T =4
£8E'Y + Xp£00'0 - X£0-38 =4
£S2S'y +%9200°0 - X£0-3r =4

8E9'Y +X£100°0 - z*80-3p =4

o

//
n ¥ | ™M W N oo

o~ -
(00T X qdd) uonesdiw

<

(00Txqdd)gT =3

wn

g 19Ae) ut 1344 %0G D002 P OT ZATA

(sT/0£/5T) “Alod ——
ST/0L/ST e

(ot/08/01) flod——  (s'/sers°s) flod ——
ot/o8/01 * SLS8ISL e
(uosoiw) ssauxoiyy
0091 oovt oozt 0001 008 009 oo 00z
£€00°9 +*£900°0 - z¥90-3¢ = A

T185'9+XTS00'0-2%90-3T =4
98£L'9 +%6£00'0 - z%£0-39 = A

L6760 +X5200°0 -z¥80-IT =4

|

@ © ~ ®© 0O T MO N - o
(0071 x qdd) uopessjw

(00Txqdd)gT =31
g 1ahe) ul 1 3dY %SZ Do0Z P OT ZATA

(st/0£/S1) “fod ——
ST/OLIST ®

(ot/08/01) “flod ——  (5'/58/5"2) "Nod ——
0r/08/0T © S'LIS8ISL ®
(uosoiw) ssauyoIy

0091 oovt oozt 0001 008 009 oo 00z

TTOV'Z +%9200°0-7%£L0-36 =4
20E9'Z +X1200°0-z¥£0-3G =4
$00L°T +X9100°0 - z¥£0-3C¢ =4
66LL'T+XT00°0-z¥80-3E =4

]

(00Txqdd)gT =31wry

g 19ke) ul 13dY %0E Do0Z P OT ZATA

e

(5/06/5) "fiog =—
S/06/15 @

=]
-

(5/06/5) “A10g ==
S/06/S @

s'o

n T 9w MmN NN
- el ~ -
(00T x qdd) uopesdjw

3002 SABQ (O} & SUOREINBUCD ZALA

110



(5T/04/5T) “Alod —— (0t/08/01) Ao ——  (5'/58/5°L) fog —— (5/06/5) “f10g =
SL/OLIST or/08/0t e SLSeSL . S/06/S ©
(uoud1w) SSaUNdIY
009T 0OPT  O0ZI  00OT 008 009 ooy 00z 0

9£9'6Z + XSTE0°0 - z¥G0-3T =4
£5°2€ +%5520'0 - £¥90-39 = 4
¥S'EE + X9610'0 - £%90-3¢ = 4
(001xqdd)gy =3
ZSE'VE +X9Z10°0 - X£L0-3T = A

(=]
-

'3}
o

se
g 1ake) ul 13dY 9%00T Do0V P OT TATA
{st/0L/51) “Alod —— (ot/08/01) ‘Mo ——  (G'4/525°2) “Ayod —— (S/06/5) “MOg =
ST/0L/ST e 01/08/0T * SLS8ISL ® S/06IS ®
(uosdw) ssauxyl
0091 00tT 00t 0001 008 009 00t 00z 0
0

EV8'YT +¥8ST0°0 - %9035 =4
19Z°91 +X/Z10°0 -z¥90:3E = £
99491 +X8600°0 - :¥90-3Z =4
PLI'LT +X£900°0 -2%L0-3T =4
ot

(0oTxqdd)gy =31y

St

i

g 43/e) Ul 1 3dYH %0S Do0% P OT ZATA

J

(001 x qdd) vonessjw

(00T x qdd) uonesBjw

(S1r0£/5T) "M10d —— (or/08/01) ‘Alod——  (GL/S005"L) "Aod —— (5/06/S) “A10g =

ST/oLST o or/oB/0L e SLses’L e S/06/S ©

(uocsoiw) ssawoy
0091 00FT 00zt 0001 008 009 00t 00T 0

8LZ'TT + ¥9LT0'0-¥90-38 =4
TI¥'$Z + XT610°0 - :¥90-3G = £
9O1°GT + XLP10'0 - ¥90-3Z =4
8L°GZ + *$600°0 - XL0-3Z =4

(0oTxqdd)cT =31

/?m/m

A

g 19Ke) Ul 13dY %SL Do0F P OT ZATA

(STr0L/5T) “Mod —— (ors08/01) “Mod ——  (S'L5/G"L) "MOd —— (6/06/5) “A1od ==

Su/oLST @ 01/08/01 * SLSeISL e S/6s e

(voiow) ssauwyl

0091 00FT 00zt 0001 008 009 0o¥ 00z 0

6168'8 +¥5600°0 - z%90-3¢ = £
YL 6 +%9L00°0 - :¥90-3Z =4

9¥0'0T +X6500°0 - 2%£0-36 = £
96Z°0T +*8E00°0 - z¥80-38 =A

ot

(0oTxqdd)gT =31y St

g 42fe) ut 1 3dY %0E Do0V P OT ZATA

(00T X qdd) uopesBiw

(001 x qdd) vonesBiw

3.07 SABQ O} J& SUONEINbuUo) ZALA

111



(sT/0£/5T) “Alod —— (or/08/01) “Alod——  (5'4/58/5°2) "Kiod ——

ST/OLIST © 01/08/0T © G'LISBIS'L ®

(uosoiw) ssauyoiyy
009T 00¥T  00ZT  00OT 008 009 00% 00z

Z1Z'89+X9ZL0'0-z%60-3Z =K _ (00Txqdd)gy =31

¥SL'YL +%9850°0 - zXG0-3T =4
990°LL +X1SP0'0 - zX90-3L =4

2G6'8L +%620°0 - £0-3G =4

g 12Ae) u1 13dY %00T DoSZ P S9E TATA

(st/0£/51) "Mod —— (ot/08/01) “Alod

(s'uses ) “fod——

st/oL/sT @ or/o8/01 GLISBISL @
(uosoiw) ssawypoiyy

0091 00¥T  00ZT  0O0OT 008 009 oov 00z
POT'VE +X29E0°0 - 2XG0-IT =4
SLE'LE +XE620°0 - X90-3L =4

. . (00Txqdd)gT =3wi
T1ES'8E +X6220°0 - *90,3E = A &

|

s/06/S @

SLP'6E +XSPT0'0-X£0-3E =4

/

g &8 8 & R

g 12he) ut 13dY %0S DoSC P G9E€ ZATA

(5/06/5) “Arod ——

s/oers e

ot

(=3
o~

o
™

(=]
n

g
(001 X qdd) uonesdiw

3

0L

08

(5/06/9) "K10d =——

n
v

(001 x qdd) uopesdjw

(sT/0L/51) “fiod —— (or/08/01) “Alod——  (§'/58/5"L) "Aod —— (5/06/5) "A10d ==
St/oLST @ otr/os/0t © SLS8ISL ® S/06/s ®
(uouioiw) ssauxaIyy
0091 00¥T 0oct 000T o008 009 00% 00C 0
0
TIT'IS +XEVS0°0- XG0 3T =k (oorxqdd)gT =ywir7 o1
1°98 + X700 - ¥G0-IT =X
9£8'£S + ¥8EE£0'0 - :¥90-3G = £ e 5
GT'6S +¥8120°0 - X£0-3 =4 o m
2
=
L) (=
3 5
0s 5
8
09
0L
08
g 19Ae) ur | 3dY %GZ DoGT P GOE TATA
(sT/0L/5T) “fiod —— (ot/08/01) “flod—— (S /S8/5°L) “fod —— (5/06/5) “f10g =——
SL/IOLIST ® orL/08/01 ® SLISBISL ® SI06/S @
(uosoiw) ssauyoiy}
00t 00¥T 0ozt 0001 008 008 00% 002 0
- - - - - - - 10
Y¥Y'0Z + XL120'0 - :X90-3L = A
£6E'ZZ + XSL10'0 - %90-3p = ¢
60'ET + XSET0'0 - z%90-3Z =4 or
GGQ'ET +X£800°0 - X£0-3T =4 o/ 2
o
ST 3
(00Txqdd)gT =31 ]
s
©
o
sz 5
o
=}
(U
SE
oy

g 13he) ut 13dY %0€E DoSZ P S9E TATA

DG SAeq GOE 1€ SUOREINDBHUOD ZALA

112



