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— Calculation of modelled Cmod contamination in recycled PET
BAEPETORATET I "Cmod”(CLBEREETE

In the European Union, the safety evaluation of a PET recycling process is performed by comparing the residual concentration of each
contaminant in recycled PET (Cres) to a modelled concentration (Cmod) in PET [1].
This Cmod is calculated using generally recognized conservative migration models and it corresponds to a migration which cannot

give rise to an unsafe dietary exposure
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This application note describes how to apply the AKTS-SML software to calculate Cmod for a contaminant I E I
used in a challenge test performed for the determination of the cleaning efficiency.
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[1] EFSA Panel on food contact materials, enzymes, flavourings and processing aids (CEF); 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 Journal 2011;9(7):2184. [25 pp.]
doi:10.2903/j.efsa.2011.2184.
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Evaluation principles L AKTS=

Migration criterion

In the safety evaluation, EFSA considers that a contaminant il
present in recycled PET should not give rise to a migration in - ——
food which could result in a dietary exposure higher than

0.025 pg/ kg bw/day.

LZRMEFHUE(CSWT, EFSAlE, YA ZILPETICIFIET 3754 E N L ol
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Three exposure scenarios are considered. For the infants, °
the population group the most at risk, the exposure limit is _
respected if the concentration in water is lower or equal at 0"” ) ™\ 7 ‘e @
0.1 pg/ kg (modelling over-estimation factor of 5 included). ).
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Cmod is the concentration in recycled PET that leads to a migration
equal to 0.1 pg/kg food, using migration modelling.

Cmod (&, BATET IV EEMBLT, BFH0.1 po/kg (CELWEBITEERST _
UH44)l PET DIEETY, Backwards calculation
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Evaluation principles EAKTSS

For the Cmod calculation (infant scenario), EFSA requires the following parameters to be applied in the modelling:

Cmodst&E (FLMIRSFUA)DIZE. EFSATIE. T JELTRDINSA—H%EA T 2ENHDFT

Contact time: 12 months
Contact temperature: 25°C
Thickness of PET package: 300 um
Density of PET material: 1.375 g/cm3
Packaging geometry: EU-cube (V=11, S=6dm?)
Diffusion coefficient, D: estimated with Piringer model
(Ap' = 3.1, Tau = 1577, worst case for T < 70°C)
Partition coefficient, K, ¢ 1.0 (good solubility)

AKTS SA , Technopole 1, 3960 Sierre, Switzerland | © 2024 AKTS SA



Solving problem step by step - AKTS=

1) Create the traditional “EU cube” package (volume of 11, surface of 600 cm?), one layer PET of 300 um
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Define the characteristics of the PET layer in the tab “set to User Defined” (alternatively, material type can be selected and assigned using the database)
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3) Select one migrant using the database (note: benzophenone is a common surrogate in challenge test of PET recycling process)

—_

— IR AL TIATIIE B BIRLES (ALY T BT ST ANT— IR T
T —AR-2ERL TBITMEZEIRUEI CE AV IT) & PETUSA O TOCADFvL > F AT — AR RIBY)EETI)
Q ® 8 - Article 1 (Package 1) - SML v 6.62
Package Properties  Output Calculation
2 Save Package ¥ Save Package As E2 Save Article O O ®
Duplicate Package [ Save All Packages Duplicate Article a ‘ x
Mew Open . Mew Open . Import Initial Prediction on  Prediction on Close All Close
Package Package % ClosePackage Package Details Article  Article % Close Article Concentration This Article All Articles Articles A s Al
Package Article Prediction File
v & Package 1 -8 3 Close wizard
------ Article 1 3)
1. Surface r 2. Layers /0 3. Migrants r 4, Data r 5. Run prediction
(: Previous Step MNext Step )
Mumber of migrants: o
Migrants
Define all migrants
s - O
Surface (cm~2) 600 H H H
Selecting material for migrants
Article PET Contact Me...
Not Defined  User Defined .~/ Browse Database
Thickness (p.. 300 1.66TE04
BENZOPHE... 0 0 Reference Mumber: Name:
Concentration |Diffusion Coefficient |Partition Coefficient |Solubility CAS Number: Molecular Weight:
Add Migrant(s) FCM number: Type: ALL "
| | O wriee [T 1@y |
~ v x Copy From... ResetMigrant b Set to User Defined MasterDB (35) T UserDE (1) ]
Copy To User Database
Migrant Abbreviation: Migrant 1
Mame CAS Number Reference Mumber FCM MNumber  Molecular Weight {g... Density (gfcm...T
Migrant: BENZOPHENONE 4,4-DIFLUOR OBENZOPHENCNE 0000345-92-6 15820 337 218.20 1.3393 i ||
T 4,4 -DIHYDROXYBENZOPHEMOME 0000611-99-4 15970; 48720 359 214,22 1.302 .
=< = 4 HYDROXYBENZOPHENONE 0001137-42-4 13885 198.22 ]
Molecular Weight (gfmaol): 152,22 Melting Point (°C): 47.8 ENZOPHENONE 0000119-61-9 38240 286 182,22 1.1108 I 1
. N 4,4-DIFLUOROBENZOPHENONE-HYDROQUINONE. .. 00296 55262 48470
Dot ingsl Lios | 2.4-DIHYDROXYBENZOPHENONE 0000131556 48640 318 214.22 0.694993275
Malecular Volume (+3): 174.44 Log Pow: 3.18

AKTS SA , Technopole 1, 3960 Sierre, Switzerland |

© 2024 AKTS SA



4)  Assign an initial concentration of benzophenone in the PET material
PETHRIPOAY I OHEFEE 0.3mg/kg ZZEINHETET, m

9 ® < & -

Package Properties Qutput Calculation
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Artide 1 3]
1. Surface r 2. Layers r 3. Migrants /0 4. Data r 5. Run prediction

<: Previous Step Mext Step ) e

Specify for each migrant:

- Concentration
- Diffusion coeffident L. .
- Partition coefficient Note: the initial concentration of
Surface (@n~2) 600 the contaminant is not |mportant
. as it will be fitted backwards.
Article PET Contact Me...
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Add Migrant(s) HEREEZ AL TVET,
Layer (PET) r Migrant (BzF) / Data (Concentration) ]
< 2

Extended Properties
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AKTS SA , Technopole 1, 3960 Sierre, Switzerland | © 2024 AKTS SA



4)

Select the Piringer model for the estimation of the diffusion coefficient, then define the partition coefficient K, equal to 1.0

AR DHETE (" EV> v —ET V" BEIRL. DEREKp/fELTL.0CERLET,

Tau: 1577
Migrant Molecular Weight (g/maol): 182.2

() Customized Equation
() Brandsch Equation
(O welle Equation

() In-Silico

Apply Same Mode to This Layer Set All to Default value

5.2 )
e
1. Surface r 2. Layers r 3. Migrants /0 4. Data r 5. Run prediction
(: Previous Step I Next Step > I 9
Specify for each migrant:
- Concentration
- Diffusion coefficient
- Partition coeffident
Surface (cm~2) 600
Article PET Contact Me...
Mot Defined  User Defined
Thickness (... 300 1.667E04
BzP BENZOPHE... |BiSIESISHN 0.0001
Concentration |Diffusion Coefficient |Partition Coefficient |Solubility
Add Migrant(s)
Layer (PET) r Migrant (BzP) / Data (Diffusion Coefficient)
Diffusion Coefficient Example Temperature (°C): 20
O Known Piringer Calculation Parameters
() Interpolation based on Tg Layer Ap' 3.1

Apply Same Mode to All Layers

8
3]
1. Surface r 2. Layers r 3. Migrants /0 4, Data 5. Run predictiory
Specify for each migrant:
- Concentration
- Diffusion coeffident
- Partition coefficient
Surface (cm~2) 600
Article PET Contact Me...
Mot Defined  User Defined
Thickness (p... 300 1.667E04
BzP BEMZOPHE... T

Concentration |Diffusion Coefficient |Partition Coefficient |Solubility

Add Migrant(s)

Layer (Contact Medium) r

Migrant (BzP) / Data (Partition Coefficient)
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Partition coefficient (Kp)
O Known Known Value
() Solubility Il : I 9
() Van't Hoff
) Pow

(_) Polarity Scale

Set All to Default Value Apply Same Mode to All Layers and Migrants
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6) Enter the density of the contact medium (water) m
EmEMEEREEVTOK)DEBEEZANDLET,

.2
o

1. Surface r 2. Layers r 3. Migrants r 4, Data /0 5. Run prediction l_
<: Previous Step >

Input of article parameters is finished.

You can now run a prediction on it,

Surface (cm~2) 600

e [ ()
Mot Defined  User Defined

Thickness (p... 300 1.667E04
BzP BENZOPHE... 1

Concentration |Diffusion Coefficient |Partition Coefficient | Solubility

Add Migrant({s)
Layer (Contact Medium}) r r ]
( ) x Copy From... Reset Layer
Type: (") Material © Contact Medium
Thickness (um): 16667

Density (gfcm™3): e

Layer Abbreviation: Contact Medium

Contact Medium Details

Food group (according to Annex III of Regulation (EU) 10,2011 and some more)
Mot Defined
Simulant

User Defined
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7) Run a prediction of the diffusion for the benzop
NVIT) OB D FREEITUET . 25C

henone

FRFEMT 16

.2
(3]
1. Surface r 2. Layers r 3. Migrants r 4, Data /0 5. Run prediction ]
(: Previous 5tep )
Input of article parameters is finished.
You can now run a prediction on it.
Surface (cm~2) 600
Article PET Fanbact bla
No EX
Thickness (u... 300
BzP BENZOPHE... ) H H
& Predictions
Conce
1 Temperature Profiles ]
Add Migrant(s) Iso Non-Iso Step Modulated shock Worldwide STANAG Customized Repeated Use ‘h@ Run Prediction. ..
Layer (Contact Medium) 1sothermal Conditions Time Max
< > X Cop O without Statistics
. | | Temperature = 2 T 9 (") Monte Carlo Runs
Type: () Material
- AT = 20 =C 10
Thidkness (um): 1666 = :I
Density (g/am~3): |1 | Number of Isotherms = 1 Indude Sobol Runs
() Fast Distribution
Layer Abbreviation: Contact Medium Final Temperature = 25 o
Contact Medium Details
Food group (according to Annex III
Not Defined
Simulant
User Defined
Log Pow: M/A
Number of steps for this output: 100
Parameters required for estimation ot partton coetoent based on PowWs
F_1
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9) IRERIENS25°CI365HZDRINAEFDEITE (BHEE) $10.2923mg/kgTHdeZRULTVET, m
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Cmod valueft 0.156¢FHIcNF Uz,
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B wve0EN L MomtEF) Data (Concentration} e
mog 24
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- 4+ Wi N et —
JEIELCOFitting_modulez fERUIRC TESMLODEARFLREICLD. i
N =z =LA LB —7= = o ~n o ~w 77 -\
HFIHRREESTENAIEETT . TmIRR—JD15R-IZ2SHRL TIZEL, —
mod value

AKTS SA , Technopole 1, 3960 Sierre, Switzerland |

© 2024 AKTS SA



Final remarks EAKTS =

This calculation can be adapted to fit different scenarios (i.e. EFSA scenarios for toddler or adult) or to
calculate Cmod of other surrogates used in challenge test of PET recycling process: use the prepared
package “Cmod_calculation” and enter the parameters of the desired migrant.

COFTEF, SFEEFRSIFIAGIRFEKRAMITOEFSAS FIARE)[CEESEESN. PETUSAIILITOCADOFvL>SFTART
fERENBMOYDT - bOCModZETE I 2L IGARTEET !

Elmanrz)\wr—>ICmod__calculation |Z2{ERLT. BRETIBITIIED/NTA-FIZ2 A ILET,
BATEBEOANF10FEREZ Y NI BENTEEYT ., (BRXISTEFEF CTHEERRH)

other than bottles.
e, YImOIEAtEEDREZZEE U T NV OB EE 28 OOVWTHLEURE 23 I 3 EN TEXT

Fitting_moduleDHEEE([FSEBUEN SILEURENZ KD DEN TEDENEALEETT

Data files for SMIL 6.7

M B B B

i migration infant scenann txt migration tod dier scerarn txt i grati on adult soeranin txt
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"i? |

FIEREE0.3mg/kg, 25 C365HERDFHUBHEF ORITE_BHIEEN0.0001917mg/kgTHdEZRLTVET,

25°C365HBDRNBEFORITE (BHIRE) £10.0001mg/kgeBRaeEDHIEIRE X (£?

0.3mg/kg : 0.0001917mg/kg = X mg/kg : 0.0001 mg/kg

BATETIDHA RS (CENE. FCMAROFIEEEN 1 %LUATHNE. HHIEE LEBmELUSHENAD
BATELEBIBRNRII T HESNTVET,

LEBIBFRN 3D EN S ERBITEN L K FNUIZDENSNIN - ([CEFND B TNEOVEIREN
BHTEFHI,

X = (0.3X% 0.0001) / 0.0001917
= 0.156mg/kg

EEILFELETETETCEEI |
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