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4™ monitoring programme for the project “Manufacturing of food contact trays containing recycled PS, in
expanded state, separated from food by a functional barrier”

In accordance with the requirements of Article 13 of Regulation (EU) 2022/1616, we are herewith reporting the
results of the 4th monitoring programme relative to the placing into the market of PS- based structures
A2/B/A1, B/A1 and B/A1 with a barrier film, where the A and B layer consist respectively of Virgin and Expanded
Recycled Polystyrene (PS and RXPS).

The submission of the dossier was made by a Consortium led by Polymer Comply Europe, a consulting company
established in Belgium at avenue de Cortenbergh 71, Brussels, which is acting as « developer » in accordance to
the requirements set forth in article 32(2) of the Regulation.

The present report is built out of the analysis that have been carried out by the Members of the consortium;
these data are historical data

The requirements of Article 13 of the Regulations are treated in the paragraphs reported in this paper.

13(5)(a) Description of new technology

The process consists of four steps

a) Pre-processing: grinding, separation and washing of sorted post-consumer PS, purchased from EPR
collection schemes in various EU Countries

b) Decontamination: extrusion of the washed flakes in a twin screw extruder with degassing, to produce
pellets. In this step the flakes may be mixed with virgin PS, in various proportions

c) Post- processing: production via extrusion of the foamed B layer containing up to 50% of recycled PS,

d) Post-processing: application of the A1 and A2 layers on the B layer via coating and/or lamination process.
In some cases only the Al layer is applied, leading to structures B/A1, where Al is in direct contact with food.

Pre-processing: grinding, separation and washing

The incoming PS is subjected to grinding, and subsequently to separation from non-PS materials by the use of
different technologies that include metals separators, optical sorting, sifting, manual separation, washing and
others. A key step is represented by flotation, which is operated to make sure that the PS entering the
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decontamination has a high grade of purity. The key parameters controlling flotation consist of the water
density. The flotation takes place in two washing basins: the first basin uses water at room temperature with a
density between 1.05 and 1.09 kg/litre. The second basin uses hot water, which is introduced at a temperature
of 80+5°C, and the density shall be lower or equal than 1.02 kg/litre.

Decontamination:

The decontamination is carried out via extrusion with degassing in a DELCO twin screw extruders equipped
with vacuum ports. The conditions of extrusion at which the decontamination take place are :

Temperature : 190-230°C
Residence time : 1-2 min
Vacuum level : 0.70-0.80 bar

The control parameter for this step is represented by the vacuum level; a monitoring system is in place ensuring
that the value of the vacuum is constantly 0.70-0.80 bar.

Post-processing:
Production of the foamed B layer.

The layer B is produced in a single screw extruder with a temperature profile that does not exceeds 250 °C. The
density of the foam produced is usually below 100 kg/m3 The controlling parameter of this step consists of the
quantity of recycled PS in layer B. Such quantity shall not exceed 50% by weight. In order to ensure that the
quantity is fulfilled, the extruder is equipped with a gravimetric dosing system with continuous monitoring of
the added material.

Post-processing: application of the A2 and A1l layers

The A2 and A1l layers can be applied via coating or via lamination. For the properties of the final tray, there is
no difference whether these layers are applied using coating or lamination, so that both A2 and A1l layers can
be indifferently applied via these two technologies. The functional barrier properties do not change with the
technology used to apply it. In both cases the raw materials used to obtain the functional barrier are GPPS, HIPS
or a blend of them. In case extrusion coating technology is used, the recipe of the raw materials is prepared by
a dosing system. The materials constituting the A2 and A1l layers goes through a single-screw extruder and are
coated on the cooled B layer. In this case the thickness of the functional barrier is determined by a control on
the weight of the Al layers.

In the case of the lamination technology, the functional barrier consists of a flexible film that is coupled to the B
layer by thermal lamination. The functional barrier film is a semi-finished product that is purchased from an
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external supplier. The technical parameters of the film are agreed with the supplier and a control plan on the
input material is in place. Following the application of the A layers, the sheet is wound into a reel. The coils are
stored at room temperature for a maximum period of 60 days. Subsequently, the reels undergo the
thermoforming process to obtain trays. In the thermoforming process the film is heated in an oven to reach a
temperature of 90-130°C, then formed in a mould. The forming cycle lasts usually 1-3 seconds. The key
parameter for the quality of the functional barrier consists of the thickness of the Al layer. The thickness of Al
after thermoforming should not be lower than 30 micron. The trays are then stored in a room temperature
warehouse for a maximum period of 12 months until they are shipped to the customer.

13(5)(b) Decontamination Efficiency

The decontamination efficiency of the process has been determined through a “challenge test” carried out at
the operations of Forever Plast.

Attachment 1 reports the technical characteristics and the outcomes of the challenge test, and includes the
calculation of the decontamination efficiency.

For the decontamination efficiency, the initial concentration of the surrogate (migrants) has been assumed as 3
ppm (mg/kg). Tablel shows the decontamination percentage ( 4th column) of the process and the residuals

concentration in the B Layer of each surrogate considering the use of 100% of R-PS (5th column) and 50% of R-
PS (6th column). The simulations of the migration started considering the use of and 50% of R-PS in the layer B.

The last Column of the table, shows the updated concentration of each simulant to be coherent with the
foamed structure of the XPS tray object of our study. The foaming process decreases the density and
consequently reduces XPX tray weight and quantity of material (plastics, contaminants, etc) for square surface
unit of XPS tray. Concentrations of each simulants are therefore multiplied by foam density of the B layer (foam
density = 0,083 kg/cm3, about 12 time lower than compact polystyrene).
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CAS Number Surrogate Initial Decontamination | concentration in the | concentration in Concentrations multiplied
Substances Concentration | Efficency (%) B Layer of each the B Layer of each | by factor 0.083
(ppm) surrogate surrogate considering the density of
considering the use considering the use | the foam in layer B (ppm)
of 100% of R-PS of 50% of R-PS
(ppm) (ppm)
108-90-7 Chlorobenzene 3 47,0 1,59 0,794 0,066
119-36-8 Methyl Salicylate 3 55,7 1,33 0,665 0,055
112-61-8 Methyl stearate 3 81,2 0,57 0,282 0,023
99-62-7 1,3-diisopropyl 3 81,1 0,57 0,284 0,023
benzene
108-88-3 toluene 3 59,9 1,20 0,601 0,050
119-61-9 Benzophenone 3 76,1 0,72 0,358 0,029
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The concentrations of surrogates in column 7 have been used to simulate the migration of these substances
from, respectively, structures consisting of

e A2/B/AL,
e B/Aland
e B/A1l with a barrier film in direct contact with food

The migration modeling has been carried using the software 365SML, developed by AKTS (Switzerland)

An overview of the structures, conditions at which the simulation has been carried out, and the relevant results
is reported in Table n. 2.

The density correction factor applies to layer B only, and it has been introduced as the foaming process
increases the volume of the recycled PS of a factor of 12, hence reduced the density of the layer by the same
factor. The density of the foam produced is always below 100kg/m3 and this aligns with 12 reduction factor
used in the calculation.

The simulation has been carried out for food contact at 20°C, for 10 days, accounting for storage fresh food (e.g.
red meat, processed meat, fresh pasta, cheese and others) at refrigerated conditions. The simulants used was
95% ethanol, in order to simulate contact with fatty food.

In table 2, trays 1, 2 and 3 originate from an initial sheets subject to draw ratio of 1.5; trays 3, 4 and 5 originate
from an initial sheet subject to draw ratio of 2. Total sheet thickness and draw ratio have been calculated in
order to obtain a thickness of the A1 layer (functional barrier layer) of 30 micron.

The outcomes of the migration modeling demonstrate that the considered structures a functional barrier layer
with thickness of 30 micron is sufficient to reduce the migration of all surrogates to a level of 0.15 ppb,
identified by EFSA as the safety level below which the risk from contaminants is deemed negligible.
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Table 2: trays description
Nome test Tray 1 Tray 2 Tray 3 Tray 4 Tray 5 Tray 6
density correction factor 12 12 12 12 12 12
Stucture of the sheet A2/BfA1 B/A1 B/AL+FILM A2/B/A1 B/A1 B/A1+FILM
Barrier film Total thickness [um] 32 32
Layer Al Thickness [ym] a5 45 5 60 60 60
Parameters
G [g/ 21 210 210 210 340 340 340
rammage m.
of the sheet Layer 8 £
R 3400 3400 3400 4400 4400 4400
Thickness [um]
Stato A2 Thicknass [um] 30 30
Storage time of the reels 60 gg, 25°C 60 gg. 25°C 60 gg, 25°C 60 gg, 25°C 60 gg, 25°C 60 gg, 25°C
0,05 min, 130°C

0,05 min, 130°C

0,05 min, 130°C

0,05 min, 130°C

0,05 min, 130°C

0,05 min, 130°C

Migration modeling Results

Thermofarming
Barrier film 21.3 16
Total thickness [um]
L Al 30.0 30.0 30.0 30.0 30.0 30.0
Parameter ayer Thickness [un]
LayerB 2266.7 2266.7 2266.7 2200 2200 2200
Of the Tray i Thickness [pum]
L A2 20 15
ayer Thickness [um]
Storage time of the trays 365 gg, 25°C 365 gg, 25°C 365 gg, 25°C 365 gg, 25°C 365 gg, 25°C 365 gg, 25°C
N " " EtOH 95% EtOH 95% EtOH 95% EtOH 95% EtOH 95% EtOH 95%
Migration modeling conditions N N N N N N
20°C, 10gg 20°C, 10gg 20°C, 10gg 20°C, 10gg 20°C, 10gg 20°C, 10gg
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13(5)(c) Substances in Input and Output materials

Substances present in the Flakes and Granules (input materials):

Number of Analytical Reports: 16

April 2025

Tables n. 3 and n. 4 shows all substances detected with a LoD of 0.2 ppm for volatiles and 1 ppm for non-
volatiles and respective origin. The majority of substances are normally find in virgin polystyrene, such

substances have been indicated as Typical.

Table 3: non-volatile substances detected in Flakes and Granules (ppm)

Non-Volatiles Granules Flakes
Substances CAS | Possible Typical | N. of | Averag | Standar | N.of | Averag | Standar
origin in occur | econc. | d occur | econc. | d
Polyme | rence | ppm Deviatio | rence | ppm Deviatio
r s n s n
Pentadecane 629- | Paraffin oil | Typical | 75% 4,38 6,8 100% | 9,79 13,22
62-9
[2.2]Paracyclopha | 1633 | Styrene Typical | 0% n.d. n.d. 6,25 | 0,53 2,12
ne -22- | Dimers %
3
Styrene- - Styrene Typical | 88% 3,14 2,69 100% | 13,03 31,75
Acrylonitrile Acrylonitril
Dimer (DANS) e Dimers
1,3 difenilpropane | 1081 | Styrene Typical | 100% | 13,23 51 88% 12,51 5,52
-75- | Dimers
0
Styrene Dimer - Styrene Typical | 100% | 175,25 | 31,62 100% | 322,75 | 49,71
Dimers
Heptadecane 629- | Paraffinoil | Typical | 94% 16,05 6,83 100% | 13,92 9,27
78-7
C14H14N2 - Styrene Typical | 94% 14,63 9,49 100% | 26,18 34,03
Acrylonitril
e Trimers
(An2S)
Styrene- - Styrene Typical | 94% 10,95 6,34 100% | 15,21 12,2
Acrylonitrile2 Acrylonitril
Trimer (TAN2S) e Trimers
(An2S)
Styrene- - Styrene Typical | 94% 21,84 11,1 100% | 169,26 | 158,66
Acrylonitrile Acrylonitril
Trimer (TANS2)
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e Trimers
(AnS2)
DimetilAdipate 627- | Additive: NIAS 81% 10,36 7,48 100% | 119,45 | 89,11
93-0 | Ink solvent
Styrene Trimer - Trimer (S3) | Typical | 100% | 1383,5 | 187,05 100% | 2354,5 | 405,95
6 6
Diottilftalate 117- | Additive: NIAS 75% 7,44 5,03 100% | 18,85 13,11
81-7 | Plasticizer
Table 4. Volatile substances detected in Flakes and Granules (ppm)
Granules Flakes
Substances CAS Possible origin Typical | N.of | Avera | Standa | N. of Averag | Standar
in occur | ge rd occur |e d
Polyme | rence | conc. | Deviati | rences | conc. Deviatio
r s ppm on ppm n
2-Propanol, 2- 124- | Washing and NIAS 0% n.d. n.d. 100% 1,5 0,77
methyl 68-5 | cleaning
products
Acetic acid, 6290 NIAS 0% n.d. n.d. 87,50 | 0,68 0,38
methoxy-, -49-9 %
methyl ester
o- 624- NIAS 0% n.d. n.d. 87,50 2,11 2,05
Ethylhydroxyla | 86-2 %
mine
2-Pentene, (2)- | 627- NIAS 31,20 | 0,95 3,45 87,50 14,09 | 53,84
20-3 % %
Butanal 2623 | Flavour NIAS 0% n.d. n.d. 62,50 0,27 0,25
2-84- %
8
Acetic acid 64- Degradation NIAS 6,25 0,02 0,09 43,75 1,15 1,82
19-7 % %
Silane, 1112 | Additive: silicone | Typical | 25% 0,07 0,14 93,75 1,18 0,6
dimethoxydime | -39-6 | oil %
thyl
Methacrolein 78- 0% n.d. n.d. 6,25% | 0,05 0,22
85-3
Cyclohexane 110- | Polymerisation Typical | 56,25 | 0,3 0,32 100% 9,53 14,62
82-7 | product %
Pentanal 110- | Fragrances NIAS 0% n.d. n.d. 93,75 0,6 0,3
62-3 %
Toluene 108- | feedstock Typical | 100% | 1,9 0,55 100% 2,79 1,03
88-3 | impurity
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Hexanal 66- Fragrances NIAS 0% n.d. n.d. 93,75 1,73 0,76
25-1 %

Cyclotrisiloxane | 541- | Additive: silicone | Typical | 12,50 | 0,04 0,111 93,75 2,31 0,87

, hexamethyl 05-9 | oil % %

Ethylbenzene 100- | Polymerisation Typical | 100% | 8,14 3,52 100% 18,16 14,78
41-4 | product

Benzene, 1,3- 108- | feedstock Typical | 87,50 | 0,59 0,31 100% 3,77 3,7

dimethyl 38-3 | impurity %

Styrene 100- | Monomer Typical | 100% | 64,03 | 12,08 100% 85,92 69,29
42-5

Benzene, (1- 98- Degradation/oxi | Typical | 100% | 1,3 0,57 87,50 4,99 5,72

methylethyl) 82-8 | dation %

Benzaldehyde 100- | Degradation/oxi | Typical | 56,25 | 0,16 0,17 93,75 0,77 0,47
52-7 | dation % %

Benzene, 103- | Polymerisation Typical | 100% | 2,89 2,01 100% 5,59 4,76

propyl 65-1 | product

Benzene, 1,2,3- | 526- | Polymerisation NIAS 56,25 | 0,28 0,3 75% 0,94 1,17

trimethyl 73-8 | product %

Octanal 124- | Fragrances NIAS 0% n.d. n.d. 6,25% | 0,01 0,06
13-0

Heptane, 1347 | Process solvent NIAS 6,25 0,015 | 0,06 100% 1,41 1,13

2,2,4,6,6- 5-82- | polymer/ %

pentamethyl 6 additive

Decane 124- | Mineral oil Typical | 0% n.d. n.d. 43,75 0,91 2,48
18-5 %

1-Hexanol, 2- 104- | Degradation NIAS 6,25 | 0,02 0,07 93,75 | 4,07 2,55

ethyl 76-7 | plasticizer % %

D-Limonene 5989 | Post-consumer NIAS 25% 0,07 0,13 87,50 3,185 1,65
-27-5 %

Acetophenone | 98- Degradation/oxi | NIAS 6,25 0,01 0,06 50% 0,53 0,63
86-2 | dation %

Nonanal 124- | Fragrances NIAS 0% n.d. n.d. 50% 0,22 0,27
19-6

Undecane 1120 | Mineral oil Typical | 0% n.d. n.d. 56,25 0,44 0,77
-21-4 %

Cyclopentasilox | 541- | Additive: silicone | NIAS 6,25 0,013 | 0,055 68,75 0,96 1,01

ane, 02-6 | oil % %

decamethyl
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Substances Present In the Sheets (Output material)

Number of Analytical Reports n.5 performed on n.5 samples of sheets, produced by different plastic converter

The tables n. 5 and n. 6 and n.6a shows all substances detected with a LoD of 0.30 ppm for volatiles, 1 ppm for
non-volatiles and 0.5 ppm for LC-QTOF ANALYSIS respective origin. The majority of substances are normally
found in virgin polystyrene, such substances have been indicated as Typical. In addition, the 20 Volatile and
non-volatile substances most present in the Sheets of R-PS (output material)

Table 5: Non- Volatile Substances in Sheets

Samples

non-volatile cas | Possible Typic | n.5 | n.6 n.7 n.8 n9 | % Aver | Stand

substances no. | Origin alin prese | age ard
PS nce in | Conc | devia
poly repor | . t
mer ts Ppm

BENZENE, 1,1'-(1,3 | 108 | polymerisation | Typica | 22,6 | 32,5 | 31,2 | 22,1 | 49,6 | 100 31,66 | 11,12

PROPANEDIYL)BIS- | 1- product | 9 9 2 6 3

75-0

CIS 769 | polymerisation | Typica | 32,3 | 15,9 | 11,3 | 27,7 | 83,3 | 100 34,14 | 28,81

1,2DIFENILCICLOB 4- product | 6 1 5 7

UTANO 30-6

2,4 DIPHENYL -1- 166 polymerisation | Typica | 103, | 208, 155, 168, 387, | 100 204,5 | 108,7

BUTENE 06- product | 35 82 2 13 04 1 7

47-6

BENZENE, 1,1'-(1,2 | 200 polymerisation | Typica | 444, | 317, 285, 548, 856, | 100 490,3 | 229,9

CYCLOBUTANEDIYL | 71- product | 75 38 2 06 53 8 5

)BIS-, 09-4

TRANS-

NAPHTHALENE, 301 Degradation of | Typica | 20,8 | 21,2 19,4 23 34,9 | 100 23,87 | 6,30

1,2,3,4 8- PS product | 3 1

TETRAHYDRO-1- 20-0

PHENYL-

NAPHTHALENE, 166 | Degradation of | Typica | 12,3 | 9,82 | 8,04 | 15 23,6 | 100 13,77 | 6,12

1,2 DIHYDRO-1- 06- PS product | 4 5

PHENYL- 46-5

NAPHTHALENE, 1- | 605- | Degradation of | Typica | 31,1 | 14,1 3,04 7,33 20,3 | 100 15,22 | 11,10

PHENYL- 02-7 | PS product | 8 9 8

2-[1-(4-CYANO- 579 | Styrene- Typica | 17,3 | 6,84 | 36,9 60 20,39 | 15,30

1,2,3,4 64- Acrylonitrile | 4 9

TETRAHYDRONAP | 39-3 | Trimer

HTHYL)]

PROPANENITRILE

3-[1-(4-CYANO- 579 | Styrene- Typica | 4 343 | 10,1 60 16,17 | 16,06

1,2,3,4 64- Acrylonitrile | 8 4

TETRAHYDRONAP 40-6 | Trimer

HTHYL)]

PROPANENITRILE
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2,4,6-TRIPHENYL- 189 | Comonomer of 126 | 1742 | 1428 | 1748 | 448 | 100 2135, | 1332,
1-HEXENE 64- Polyethylene 5,8 ,3 ,83 ,43 9,9 04 59
53-9
1 PHENYL -4-(1 266 Fragrances 681 | 6777 | 5751 | 7657 | 130 | 100 8330, | 4680,
PHENIL ETHYL) 81- 4,9 ,271 | 91 ,94 97 33 52
TETRALINA SUM 79-8
OF ISOMER
STYRENE TRIMER -- Styrene Typica | 437, | 1208 | 350, | 485, | 808, | 100 658,0 | 352,8
Dimers | 91 38 51 17 0 0
PHENOL, 2,4- 315 | adhesives and 76,3 20 76,37
BIS(1,1 70- sealants 7
DIMETHYLETHYL)- 04-4
PHOSPHITE (3:1)
BENZENEPROPAN 208 Plastic Typica | 44,4 13,5 105, | 60 54,46 | 46,79
OIC ACID, 3,5- 2- Additive | 2 47
BIS(1,1 79-3
DIMETHYLETHYL)-
4 HYDROXY-,
OCTADECYL ESTER
TRIS(2,4-DI-TERT 959 93,6 451, | 40 272,6 | 253,0
BUTYLPHENYL) 06- 8 54 1 5
PHOSPHATE 11-9
BENZALDEHYDE 100- | Degradation/o | Typica 7,87 7,77 23,1 | 60 12,92 | 8,83
52-7 | xidation | 1
HEXANEDIOIC 103- 9,69 |64,3 | 18,7 | 31,4 | 80 31,08 | 23,92
ACID, BIS(2 23-1 5 8 9
ETHYLHEXYL)
ESTER
STYRENE - Styrene Typica 147, | 130, | 154, | 390, | 80 205,8 | 123,8
TETRAMER Tetramers | 12 75 52 93 3 0
STYRENE - Styrene Typica | 135, | 34,5 | 26,7 | 19,1 | 661, | 100 175,4 | 275,9
PENTAMER Pentamers | 14 2 6 6 81 8 4
1-PROPENE-1,2,3 756 Plasticizer 9,46 20 9,46
TRICARBOXYLIC 8-
ACID, TRIBUTYL 58-3
ESTER
2-[1-(4-CYANO- -- 42,3 20 42,34
1,2,3,4 4
TETRAHYDRONAP
HTHYL)]PR
OPANENITRILE-
ISOMERS
TRIBUTYL 77- Plastic 45,8 20,0 40 32,96 | 18,24
ACETYLCITRATE 90-7 | Additive 5 6
ACETOPHENONE 98- Degradation/o 18,1 | 20 18,13
86-2 | xidation 3
BUTYLATED 128- | BHT: 49,7 | 20 49,77
HYDROXYTOLUENE | 37-0 | Antioxidant 7
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Table 6. Volatile Substances find in Sheets
Samples
volatile cas no. | Possible Origin | Typic n.5 n.6 n.7 n.8 n9 | % Aver | Stand
substances in alin prese | age ard
Sheets PS ncein | Conc. | deviat
poly repor | Ppm
mer ts
ISOBUTANE 75-28-5 | hydrocarbon 1275, | 743, | 919, | 380, | 148,5 100 | 693,6 | 443,6
63 73 59 81 2 6 5
BUTANE (D) 106-97- | Paraffin 870,1 | 170, | 17,8 | 85,2 | 1375, 100 503,8 | 595,1
8 hydrocarbon 9 3 3 3 57 2 5
BUTANE, 2- 78-78-4 | Paraffin 42,16 | 36,7 16,6 | 128,5 80 56,04 | 49,58
METHYL- hydrocarbon 8 5 6
PENTANE 109-66- | hydrocarbon 2,38 | 2,64 | 0,53 | 0,67 | 1,98 100 1,64 0,98
0
FORMIC ACID 64-18-6 | Carbossilic acid 0,94 20 0,94
BUTANE, 2,3- 79-29-8 | Paraffin Typic 0,49 20 0,49
DIMETHYL- hydrocarbon al
ACETIC ACID 64-19-7 | Degradation 1,46 1,14 0,41 60 1,00 0,54
CYCLOHEXANE 110-82- | polimerization Typic 2,29 4,11 40 3,20 1,29
7 product al
TOLUENE 108-88- Typic 1,28 | 3,09 | 3,05 | 1,03 | 0,91 100 1,87 1,10
3 al
ETHYLBENZENE 100-41- | polimerization Typic 7,13 | 6,67 | 2,95 | 19,0 | 8,48 100 8,85 6,05
4 product al 4
M-XYLENE 108-38- 082 (074|085 | 1,48 80 0,97 0,34
AND/OR P- 3
XYLENE AND/O
R
106-42-
3
STYRENE 100-42- | monomer Typic 43,3 | 99,6 | 84,3 | 106, | 75,04 100 81,81 | 24,86
5 al 8 8 67
O-XYLENE 95-47-6 0,39 0,9 40 0,65 0,36
BENZENE, 98-82-8 | polimerization Typic 1,79 | 1,58 1 579 | 0,91 100 2,21 2,03
(1- product al
METHYLETHYL)-
BENZENE, 103-65- | polimerization Typic 1,62 2,2 1,31 | 4,5 0,52 100 2,03 1,51
PROPYL- 1 product al
BENZALDEHYDE | 100-52- | Degradation/ox | Typic | 1,69 | 2,09 | 1,49 252 | 80 | 1,95 | 0,46
7 idation al
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ACETOPHENONE | 98-86-2 | degradation/ox 0,49 | 0,39 | 0,47 | 0,48 | 0,67 100 0,50 0,10
idation
BENZENE, 1,1'- 20071- | polimerization Typic 098 | 1,58 | 1,66 | 2,81 | 0,66 100 1,54 0,82
(1,2 09-4 product al
CYCLOBUTANEDI
YL)BIS , TRANS-
Dimer St2
1-PENTENE, 107-39- 0,86 | 0,51 40 0,69 0,25
2,4,4- 1
TRIMETHYL-
ALPHA. 98-83-9 | degradation/ox 0,32 | 0,42 0,36 60 0,37 0,05
METHYLSTYRENE idation
BENZENE 71-43-2 0,8 20 0,80
1-OCTENE 111-66- 0,34 | 0,38 40 0,36 0,03
0
BENZENE, 2- 300-57- | polimerization | Typic 0,33 20 0,33
PROPENYL- 2 product al
BENZENE, (1- 135-98- | polimerization Typic 0,93 20 0,93
METHYLPROPYL) | 8 product al
D-LIMONENE 5989- post-consumer 1,56 20 1,56
AND/OR 27-5
LIMONENE and or
138-86-
3
BENZENEACETAL | 122-78- 0,41 20 0,41
DEHYDE 1
BENZENE, 1,3- 141-93- | polimerization 1 20 1,00
DIETHYL- 5 product
AND/OR and/or
BENZENE, 1,4- 105-05-
DIETHYL- 5
AND/OR and/or
BENZENE, 1,2- 135-01-
DIETHYL- 3
UNSATURATED - 0,38 20 0,38
ALIPHATIC
HYDROCARBON
HEPTANE, 13475 0,44 20 0,44
2,2,4,6,6 82-6
PENTAMETHYL
NONANAL 124-19- fragrances 1,28 20 1,28
6
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Table n. 6a Substances Found by LC-QTOF Test
Samples
Substances cas Possible Typic n.5 n.6 n.7 n.8 n.9 % Avera | Stand
no. Origin alin prese ge ard
PS ncein | Conc. | deviat
poly repor | Ppm
mer ts
Irganox 1010 6683- Antioxidant 1,8 0 0 0 7,6 40 1,88 3,29
19-8
Caprolactam 105- Degradation 4,8 0 0 0 0 20 0,96 2,15
60-2 of PA
Stearamide 124- Slipping 0 0 0 0 5,3 20 1,06 2,37
(Octadecanam | 26-5 Agent
ide)
DEHA / Di(2- 103- Plasticizer 0 0 0 0 5,8 20 1,16 2,59
ethylhexyl) 23-1
adipate

13(5)(d) Usual polymer Contaminant present in the input materials
The Usual Contaminant present in the input materials it’s PVC.

Table 7 below shown the most present physical contaminant materials, PVC content is performed indirectly by
determining the difference between the total chlorine content and the chlorine content in ionic form.

Table 7: physical contaminants in the input material

Contaminant Number of sample analysis Average content (ppm)

PVC 16 360,25

The content of food grade PS in the plastic waste input is 295%.

13(5)(e) Origin of the Contaminant

The origin of the contaminants of paragraph 13(5)(c) are showed in above Tables 3-6a

The origins of the contaminant of the letter 13(5)(d) are post-consumer waste polymer mixed with the post-
consumer PS
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13(5) (f) a measurement or estimation of the migration levels to food of contaminants present in
the recycled plastic materials and articles;

To estimate the migration levels of all contaminants from screening tests into food, a toxicological risk
assessment was conducted using the Threshold of Toxicological Concern (TTC) approach. This was applied to all
substances lacking a Specific Migration Limit (SML) (mg/kg) listed in Annex | of Regulation (EU) 10/2011 and/or
RS 817.023.21 of Switzerland.

The toxicological risk assessment began with the maximum concentration (ppm) of each substance found in five
sheet samples. A worst-case scenario was calculated by assuming complete migration of all the content of each
substance from a 6 dm? Contact surface into 1 kg of food.

Table 8 Shown the weight of 1 dm? and 6 dm? used in the Worst-Case Scenario Calculations.

Weight of 1 dm2 Weight of 6 dm2 Weight of 6 dm2
(g) (g) (kg)
Sample | 2,6 15,6 0,0156
5
Sample | 2,9 17,4 0,0174
6
Sample | 4,2 25,2 0,0252
7
Sample | 4,3 25,8 0,0258
8
Sample | 2,7 16,2 0,0162
9

Volatile Substances Toxicological Risks Assessment

Table 9 Shown the Worst-Case Scenario Calculations of the maximum content of each VOLATILE substance
compared with the SML or TTC.

S/V=6
volatile substances in Sheets | cas no. Max Worst SML TTC
Content | case (Reg.10/2011) | ppm/person/day
in5 ppm or(RS
tests 817.023.21)
ppm ppm
ISOBUTANE 75-28-5 1275,63 | 19,900 60
BUTANE (D) 106-97-8 1375,57 | 22,280 | 60
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BUTANE, 2-METHYL- 78-78-4 128,56 | 2,083 60
PENTANE 109-66-0 2,64 0,046 60
FORMIC ACID 64-18-6 0,94 0,015 60
BUTANE, 2,3-DIMETHYL- 79-29-8 0,49 0,008 - 1,80
ACETIC ACID 64-19-7 1,14 0,029 60
CYCLOHEXANE 110-82-7 4,11 0,067 1
TOLUENE 108-88-3 3,09 0,054 1,2
ETHYLBENZENE 100-41-4 19,04 0,491 0,6
M-XYLENE AND/OR P-XYLENE | 108-38-3 1,48 0,038 - 1,80

AND/OR

106-42-3
STYRENE 100-42-5 106,67 | 2,750 60
O-XYLENE 95-47-6 0,9 0,023 - 1,80
BENZENE, 98-82-8 5,79 0,149 - 1,80
(1-METHYLETHYL)-
BENZENE, PROPYL- 103-65-1 4,5 0,116 - 1,80
BENZALDEHYDE 100-52-7 2,52 0,041 60
ACETOPHENONE 98-86-2 0,67 0,011 - 1,80
BENZENE, 1,1'-(1,2 20071-09-4 2,81 0,072 - 0,09
CYCLOBUTANEDIYL)BIS,
TRANS- Dimer St2
1-PENTENE, 2,4,4- 107-39-1 0,86 0,015 - 1,80
TRIMETHYL-
ALPHA. METHYLSTYRENE 98-83-9 0,42 0,011 0,05
BENZENE 71-43-2 0,8 0,020 - 0,09
1-OCTENE 111-66-0 0,38 0,010 15
BENZENE, 2-PROPENYL- 300-57-2 0,33 0,009 - 1,80
BENZENE, (1- 135-98-8 0,93 0,024 - 1,80
METHYLPROPYL)-
D-LIMONENE 5989-27-5andor | 1,56 0,040 - 1,80
AND/OR LIMONENE 138-86-3
BENZENEACETALDEHYDE 122-78-1 0,41 0,011 - 1,80
BENZENE, 1,3-DIETHYL- 141-93-5 1 0,026 - 1,80
AND/OR and/or105-05-5

BENZENE, 1,4-DIETHYL-

and/or 135-01-3
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AND/OR BENZENE, 1,2-
DIETHYL-

UNSATURATED -- 0,38 0,010 - -
ALIPHATIC

HYDROCARBON
HEPTANE, 2,2,4,6,6 13475 82-6 0,44 0,007 - 1,80
PENTAMETHYL
NONANAL 124-19-6 1,28 0,021 - 1,80

In the worst-case scenario, all volatile substances are below their respective Specific Migration Limit or
the Threshold of Toxicological Concern (TTC) for their Cramer Class.

Non-Volatile Substances Toxicological Risks Assessment

Table 10 Shown the Worst-Case Scenario Calculations of the maximum content of each NON-VOLATILE
substance compared with the SML or TTC.

Samples | S/V=6
Max SML
. e — Worst (Reg.10/2011) TC
non-volatile substances cas no. in 5 tests | €35€ or(RS m/person/da
ppm 817.023.21) | PP™/P y
ppm
ppm

BENZENE, 1,1'-(1,3
PROPANEDYL)BIS- 1081-75-0 49,63 | 0,804 - 0,09
CIS 1,2DIFENILCICLOBUTANE 7694-30-6 83,37 1,35 - 0,09

16606-47-
2,4 DIPHENYL -1-BUTENE 6 387,04 6,27 - 0,09
BENZENE, 1,1'-(1,2
CYCLOBUTANEDIYL)BIS-, 20071-09-
TRANS- 4 856,53 | 13,87 - 0,09
NAPHTHALENE, 1,2,3,4
TETRAHYDRO-1-PHENYL- 3018-20-0 34,9 0,56 - 0,09
NAPHTHALENE, 1,2 DIHYDRO-1- 16606-46-
PHENYL- 5 23,65 0,38 - 0,09
NAPHTHALENE, 1-PHENYL- 605-02-7 31,18 0,486 - 0,09
2-[1-(4-CYANO-1,2,3,4
TETRAHYDRONAPHTHYL)] 57964-39-
PROPANENITRILE 3 36,99 0,93 - 0,09
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3-[1-(4-CYANO-1,2,3,4
TETRAHYDRONAPHTHYL)] 57964-40-
PROPANENITRILE 6 34,38 | 0,598 - 0,09
18964-53-

2,4,6-TRIPHENYL-1-HEXENE 9 4489,85 | 72,73 - 0,09
1 PHENYL -4-(1 PHENIL ETHYL) 26681-79-
TETRALINA SUM OF ISOMER 8 13096,55 | 212,16 -
STYRENE TRIMER -- 808,17 | 13,092
PHENOL, 2,4-BIS(1,1 31570-04-
DIMETHYLETHYL)-PHOSPHITE (3:1) | 4 76,37 1,191 60
BENZENEPROPANOIC ACID, 3,5-
BIS(1,1 DIMETHYLETHYL)-4
HYDROXY-, OCTADECYL ESTER 2082-79-3 105,47 1,709 6
TRIS(2,4-DI-TERT BUTYLPHENYL) 95906-11-
PHOSPHATE 9 451,54 | 7,315 - 0,09
BENZALDEHYDE 100-52-7 23,11 0,374 60
HEXANEDIOIC ACID, BIS(2
ETHYLHEXYL) ESTER 103-23-1 64,35 1,622 18
STYRENE TETRAMER - 390,93 6,333 -
STYRENE PENTAMER -- 661,81 10,721 -
1-PROPENE-1,2,3 TRICARBOXYLIC
ACID, TRIBUTYL ESTER 7568-58-3 9,46 0,238 - 1,8
2-[1-(4-CYANO-1,2,3,4
TETRAHYDRONAPHTHYL)]PR
OPANENITRILE- ISOMERS == 42,34 1,067 -
TRIBUTYL ACETYLCITRATE 77-90-7 45,85 1,155 60
ACETOPHENONE 98-86-2 18,13 0,294 1,8
BUTYLATED HYDROXYTOLUENE 128-37-0 49,77 0,806 3

Regarding the non-volatile substances, the theoretical migration in the worst-case scenario for certain
substances (highlighted in red) was above the TTC for their respective Cramer Class.

For these substances, migration modelling was conducted using AKTS SML software to obtain a
realistic migration value based on a worst-case scenario sheet conformation, specifically considering
thickness.
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Table 11 Shown the Conditions of calculation Set-up

etOH

Simulant 95%
Contact Conditions 10d 20°C

Thickness of Sheet

B 3400 um

Al 30 um

Ap'* -1

Piringer

Diffusion Coefficients Equation.

April 2025

Table 12 Shown the Results of the specifical migration calculations of each substance

non-volatile substances cas no Max Content in | TTC ppm migrated on
. ’ layer B ppm ppm/person/day | etOH 95%

BENZENE, 1,1'-(1,3 1081-75-

PROPANEDYL)BIS- 0 49,63 0,09 <0,09

CIS 7694-30-

1,2DIFENILCICLOBUTANE 6 83,37 0,09 <0,09
16606-

2,4 DIPHENYL -1-BUTENE 47-6 387,04 0,09 <0,09

BENZENE, 1,1'-(1,2

CYCLOBUTANEDIYL)BIS-, 20071-

TRANS- 09-4 856,53 0,09 <0,09

NAPHTHALENE, 1,2,3,4 3018-20-

TETRAHYDRO-1-PHENYL- 0 34,9 0,09 <0,09

NAPHTHALENE, 1,2 16606-

DIHYDRO-1-PHENYL- 46-5 23,65 0,09 <0,09

NAPHTHALENE, 1-PHENYL- 605-02-7 20,38 0,09 <0,09

2-[1-(4-CYANO-1,2,3,4

TETRAHYDRONAPHTHYL)] 57964-

PROPANENITRILE 39-3 36,99 0,09 <0,09

3-[1-(4-CYANO-1,2,3,4

TETRAHYDRONAPHTHYL)] 57964-

PROPANENITRILE 40-6 34,38 0,09 <0,09
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18964-
2,4,6-TRIPHENYL-1-HEXENE | 53-9 4489,85 0,09 <0,09
TRIS(2,4-DI-TERT 95906-
BUTYLPHENYL) PHOSPHATE | 11-9 451,54 0,09 <0,09

The results of all migration modelling are lower than the TTC of the considered Cramer Class (0.09
ppm/person/day).

These migration results were obtained through direct
contact of the Sheets with the food simulant EtOH
95%. Migration calculations for each substance listed
in Table 12 considering the entire production process
from sheets to trays are currently in progress

13(5)(g) Description of the Strategy for sampling and Lot identification

rPS Lot identification and Lot sample

Each batch consists of 100 tons of homogeneous material.

The homogeneity of the product is guaranteed by continuous and repeated mixing of 1-5 cm flakes starting
from grinding and continued in the following processing steps: separation, washing, drying, extrusion and
storage in homogenizing silos before bagging. For purpose of tracing and quality identification of finished
product (granules), each Lot is subject to the following actions:

o Identification with a unique tracing number,

. Identification of a sample representative of the Lot. During the entire Lot production, every 3 hours
individual samples are taken, the Lot Sample is obtained by mixing all the individual samples

rPS Lot identification tracing number

Each batch of granules is identified with an 11-digit alphanumeric code as described below:
Lot: AA BBBB CCCCC

AA: Foreverplast Production Line
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BBBB: Year of production

CCCCC: progressive production number

In order to allow optimal management of goods handling, each lot may be further divided into sub-lots which
identify the individual trucks.

13(5)(h) Description of the Applied method for the Volatile and non-volatile Substances in the
Granules

1. HEAD SPACE GC-MS ANALYSIS - SEMIQUANTIFICATION OF VOLATILE COMPOUNDS

A note amount of sample, has been put into glass vials with hermetical closures. The vials have been
conditioned at 1252C for 30 minutes. At the end of the conditioning about 1 cc of the free space has been taken
automatically by autosampler from the vial and injected in gas-chromatograph connected with mass-
spectrometer. The detected compounds are semi-quantified by using external standard consisting of a Toluene
solution. The extended measurement uncertainty associated with the test is 27 %. LoQ: 0,30 mg/kg for single
compound related to the sample analysed.

2. GC-MS ANALYSIS - SEMIQUANTIFICATION OF NOT VOLATILE COMPOUNDS

A note amount of sample was extracted with hexane/ethyl acetate with internal standard (Methyl
heptadecanoate) for 30 min in ultrasonic bath. The solution was analysed with GC-MS technique for the
identification and semi-quantification of the compounds present. The extended measurement uncertainty
associated with the test is 31 %. LoQ: 1,0mg/kg

3. LC-QTOF ANALYSIS

A known amount of sample was treated in ultrasonication bath with isopropanol for 30 minutes for the
quantification (target) and semiquantification (untargeted) of the compounds listed in CS120240507 library by
LC qTOF. LoQ: 0.5 mg / kg
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13(5)(i) Explanation of any observed discrepancies between expected contaminant levels in the
material input plastic and in the output of the plant

The output analysis of the sheets revealed the presence of typical volatile hydrocarbons used as
expanding gases in their extrusion process. Specifically, these volatile substances are isobutane,
butane, pentane, and 2-methylbutane.

As expected, the amount of volatile compounds in the finished product (sheets) is largely decreased
compared to the input flakes and pellets. On the other hands, oligomers, especially trimers and
tetramers, remain the main components both in the input materials and in the finished products.

In the finished products, compounds of naphthalene may be attributed to degradation of polystyrene
with rearrangement and hydrogenation of aromatic rings.

The largest amount of substances detected corresponds to dimers, trimers and tetramers of various PS
grades; substances containing nitrogen derive from styrene-acrylonitrile copolymers.



