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EXPOSURE X HAZARD RISK

Several case studies including FCM
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2 Background: FCM 5

|I~ Food contamination

N
HAZARD g AIM: Combine information on exposure collected R
related to FCM substances with MERLIN EXPO with information on hazards
collected with VEGA to support risk assessment of
\_ FCM compounds )
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Background: FCM - vermeer

FCM Types
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Background: FCM - vermeer

Q

EU Commission
Regulation 10/2011

¢ J

Plastic FCM: positive list (Annex | of Regulation 10/2011) (only
starting substances such as monomers and additives)

Annex | provides overview of authorized substances to be used in plastic FCM
(with corresponding SML, if available)

(1) (2) (3 (4} (5 1] M (8] 9 (100 (11}

Use as mono-

rer of other

' starting SML(TY
Use as addicive
} substance or - [mgfkg] Motes on
suhsE::h!:‘.:!e No Ref. No CAS No Substance narme p:fdﬁ!?:nm.:jd macromolecule FREh?fgils;b]E [ﬂf;?l&ﬂ {Group Restrictions and specifications ve_riﬂum_jnn of
. obtained from restriction compliance
(yes/no) microbial No)
fermientation
(s o)
1 12310 0266309-43-7 | albumin no yes no
2 12340 —_ albumin, coagulated by formal- no yes no
dehyde
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Background: FCM "
S )
£U Commission | | Plastic FCM: positive list (Annex | of Regulation 10/2011) with
Regulation 10/2011 authorized substances favailable (only starting substances such as
a | monomers and additivps)

All other FCM-types: no lists available!

\
Procedure to include substance in positive list
1. Industry should submit dossier 2. Evaluation of dossier by EFSA 3. Formulation of recommendations by EFSA to EC
iy ( -
— * * 4k
FCIM — X\ ef
e1Sadm

European Food Safety Authority
13/04/2022 -
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k Background: FCM 5

Toxicological requirements

Described in Notes for Guidance for the preparation of an application for the

| safety assessment of a substance to be used in plastic FCM (EFSA 2008 — updated
in 2017
FCM )
Migration threshold Toxicological data required

X < 0.05 mg/kg food * Genotoxicity data

0.05 < X <5 mg/kg food * Genotoxicity data
e Subchronic oral toxicity data (90-day study)
* Data to demonstrate absence of accumulation potential in man

5 mg/kg < X < 60 mg/kg food * Genotoxicity data

* Subchronic oral toxicity data (90-day study)

e Toxicokinetic data

e Data on reproductive and developmental toxicity

» Data from long term toxicity/carcinogenicity studies
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Background: FCM vermeel
S )
EU Commission | | NIAS (non-intentionally added substance): an impurity in the
Regulation 10/2011 substances used or a reaction intermediate formed during the
a ) production process or a decomposition or reaction product

4

Presence of NIAS in the final plastic article is permitted, but:

» manufacturer should assess NIAS in accordance with international recognised
scientific principles on risk assessment;

» supplier has to guarantee the safety of the final product in accordance with Article 3
of the European Framework Regulation 1935/2004.

Guidance on how NIAS should be analysed is missing!

13/04/2022 Life Vermeer Project 8
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VERMEER FCM: Migration model AJvermeer

~

Development of a model for migration for plastic FCM
—p| + Validation of the model using experimental migration data

h E R L ‘ ﬂ % \ + Integration of the model in MERLIN-EXPO y
_— O

MIGRATION ||~ Food contamination

-,
3 Plastic FCM 1 Consumption
= __ EXPOSURE
v %
@N

HAZARD Migration model is currently being extended from
related to FCM substances plastic FCM to other FCM types!

13/04/2022




TNAD e (s
- ENV/TT/000167
\

4 -
R =Y life
VERMEER FCM: Migration model {Qermeer

FCM

Food

* One FCM layer (model not adapted for multi-layers FCM)

o o
|o°o o o

* One dimensional (1D) diffusion model between the FCM layer and Food

aC; d%C;
Fick’s law: — =D, —
ot P 0x?

 When only one FCM layer is considered, mass-balance equation based on Fick's
law = analytical solution (Crank, 1975 ; Piringer et al, 2008)




VERMEER FCM: Migration model — Analytical solution

PFCM - & 2a.(1 + ) q2
MEoeq (1) = mFCM,O-( [ 2 1 5 exp |\ —Dgcpy-t. 2"

/ l PFood T PFCM + a + a?q? dZcy
| |
Mass of the Initial mass of the  Density of Food Diffusion Contact time between Food and FCM
targeted chemical fcargeted chemical and FCM coefficient of the
in food at timet i chemical in FCM
_— Vrood dFood Roots of the trigonometric identity

Vicem-Krem Food dFCMFFCM i

Thickness of the FCM and Food layers  —> Partition coefficient of the
chemical between Food and
FCM




VERMEER FCM - Migration model: diffusion coefficient

* Piringer’s model (2007)

DFCM = f(AFCMI chemical 7 Temp)

H \_l — Jemperature

Conductance of the FCM Molar mass of the migrating chemical

* Huang’s model (2017)

Decng = f(Brcpss Mepemicar» T€MP)

H \_l — Jemperature

FCM-specific parameter Molar mass of the migrating chemical

—_—

Largely used, but
calibrated only for plastic
FCMs

More recent, but
calibrated for a wider
range of FCMs (not only
plastics)



" ® VERMEER FCM — Migration model: partition coefficient -

KFCM,FDD{JE — (

PrcM-CECM )
PFood-CFood equ

* Huang’s model (2019)
KFC/VI,FOOd=f(KOW’ EtOHfoodI Temp)

H H — Jemperature

Octanol-Water partition Ethanol-equivalent (food proxi)
coefficient (lipophilicity)

13/04/2022
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Calibrated for a wide
range of FCMs (not only
plastics)
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VERMEER FCM: Migration model — Input data & endpoints

Target chemical FCM Food
°0
SMILES code Type of FCM Type of Food
Initial concentration in FCM (LDPE, HDPE, HIPS, PA, PEN, PEN, PP, PS (e.g. water, oil,
(in mg chemical/kg FCM) + Other FCM if you have specific data) chocolate, etc)
. Thickness of FCM layer Volume of Food
Molecular weight
Contact area Temperature
\ J
Y

Concentration of the target chemical in food at time t gu ..........
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"® VERMEER FCM — Migration model: validation

* Experimental data from Begley et al., 2005

LIFEa6
ENV/IT/000167

* Simulated concentration vs Experimental concentration for LDPE, HDPE, HIPS, PP, PA, PS,

PET, PEN

Table IV.I. Migration data from LDPE.
PM/reference CAS Additive M, dp p,0 T t Mg, Ap Polymer:
number number (cm) (mg kg71) (@) (mg kgfl) exp. remarks’
68320 (1) 2082-79-3 Irganox 1076 531 0.05 930 40 10 days 2.6 7.0 LLDPE;
0.91
68320 (2) 2082-79-3 Irganox 1076 531 0.2 220 40 1 day 0.85 9.7 0.918
2 days 1.26 9.8
4 days 1.74 9.8
10 days 2.75 9.8
95200 (2) 1709-70-2 Irganox 1330 775 0.2 585 40 1 day 1.13 10.1 0.918
2 days 1.55 10.1
4 days 2.20 10.1
10 days 3.56 10.1
74240 (2) 31570-04-4 Irgafos 168 646 0.2 760 80 1h 3.20 10.2 0.918
2h 4.54 10.2
3.5h 5.87 10.1
6h 7.86 10.1
Table IV.II. Migration data from HDPE.
PM/reference CAS number Additive M, d cpo T 1 M, Ap Polymer:
number (cm) (mgkg ]) Q) (mgkg ') exp. remarks!
74240 (2) 31570-04-4 Irgafos 168 646 0.2 1070 80 lh 0.89 11.3 0.946
2h 1.26 11.3 0.946
3.5h 1.70 11.4 0.946
74240 (2) 31570-04-4 Irgafos 168 646 0.2 1070 80 6h 2.36 11.5 0.946
68320 (2) 2082-79-3 Irganox 1076 531 0.2 2000 40 4 days 3.84 11.9 0.948
10 days 6.06 11.9 0.948
20 days 8.70 11.9 0.948
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,  Diffusion coefficient calculated by the Piringer's relationship |l
Partition coefficient calculated by the Huang's QPPR ki
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VERMEER FCM: Migration model — Link with Regulation?{vcrmeer

Objective of the prediction: to estimate if the concentration in food exceeds a given threshold (e.g.
0.05 mg.kg* food)

(a)

False e 3 i
alarms (e A 3, 2% % . Hits

. Correct
negatives ; Misses

Predicted concentration in food (in loglmg/kg))

4 3 2 1 0 1 2
Experimental concentration in food (in log(mg/kg)) - Life Vermeer Project




0.05 mg.kg* food)

° VERMEER FCM: Migration model - Link with Regulation?%

Objective of the prediction: to estimate if the concentration in food exceeds a given threshold (e.g.

Critaria Formula Fangze | [dsal Motes Piringer’s relationship for Huang's relationzhap for
value diffiasion coefficient - diffusion coefficiant -
Huang's QPPR for partition | Huang's QFPE for parition
coeffirient coefficient
Selacted thresheld (m Zelectad threshald (in
mgkg ) mgks )
003 | 01 05 1 005 01 05 1
i hitz + correct nsgatives - Meamurez the frachion of correct
Accuracy T (0; 1) 1 predictions, 050 | 0BT | 087 | 082 | 087 | 024 | 083 | 080
hits correct nagatives E.E]ﬁsdngﬁﬁfm
Success index (&irs + misses correct negatives + falze :z.rar'm.:-:') (0: 1) 1 - 053 [ OB% | 087 | OB ) 075 | 0.7¢ | 087 | 082
- ccowrrences and no-oecrrences of
= avants
b: o Indicates whether the model has a
Bias score hits + false alarms (0;e0) | 1 | tendency to underestimate (Bias<1) | 0.90 | 089 | 090 | 085 | 099 | 101 [ 136 | 132
hits + misses or overestimate (Bias=1).

Hit rate _ e (1) | 1 | Sensitivetolis butimorefalse | o0 | ey | 83| 072 | 002 | 090 | 097 | 083

kits + mizses alarms.
I! ! i .

False alam _falss alarms (1) | o | Semsitivetofalse alamms butignore | g one | 03 | 008 | 06 | 008 | 011 | 017 | 029

ratio hits + falze alarms mizzas

Table 1 — Metrics for evaluating the performance of the two models for different thresholds

LIFE16
ENV/TT/000167
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° VERMEER FCM: Migration model — Uncertainty analysis

Best estimate of the parameter

4= Information | "=, Model Context | @ Options j Ti

eeeeeeee = TU parameters | [» Simulation | [/ Charts | [ Tables | | i Reports

j;\ Export to Excel {}' Import from Excel -] Database (&) Help Contents

MIGRATION MODEL - A - PARAMETERS DESCRIBING THE GEOMETRY OF THE SYSTEM ~ | Diffusivity parameter of LDPE (B - PARAMETERS CHARACTERIZING DIFFUSION IN THE FCM)

Contact area between FCM and Food 5 This option should be chosen if the FCM is low-density polyethylene (LDPE)

Density of FCM Data

Thickness of the FCM layer o

Volume of food contained in FCM packaging Name Value
MIGRATION MODEL - B - PARAMETERS CHARACTERIZING DIFFUSION IN THE FCM Value 1.17E1| 4
Diffusivity parameter of HDPE PDF norm{mean=11.7,5d=0.64)

Diffusivity parameter of HIPS Unit unitless
Diffusivity parameter of LDPE Min value

Diffusivity parameter of PA Max val

Probability density function of the parameter

Random sampling (Monte Carlo) for each uncertain parameter

10000 (for example) random combinations of uncertain parameters
* 10000 simulations

* 10000 results (i.e. 10000 C,,4(t)) Bl o
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VERMEER FCM: Migration model — Uncertainty analysis"‘bVermeer

Predicted concentration In food (In log(mg/kg))

Predicted concentration in food (in log(mg/xg))
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VERMEER FCM: Migration model — Link with Regulation?yvermeer

Food and Chemical Toxicology

Modeling the migration of chemicals from food contact materials to food: the MERLIN-

Expo/SPHERA toolbox

Order of Authors:

Philippe Ciffroy, PhD
Birgit Mertens

Els Van Hoeck

lise Van Overmeire
Erik Johansson
Boris Alfonso

Diego Baderna
Gianluca Selvestrel

Emilio Benfenati

m) Available soon!

- Life Vermeer Project
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VERMEER FCM: Hazard models Kvermeer

MIGRATION ||‘ Food contamination

-,
3 Plastic FCM 1 Consumption
= ~ EXPOSURE
v %
@N

HAZARD

related to FCM substances

\VEG/\EU3

13/04/2022 - Life Vermeer Project 2 2

Selection out of the 95 VEGA models those addressing
endpoints relevant for FCM
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VERMEER FCM: Hazard models 5

X < 0.05 mg/kg food * Genotoxicity data
» Gene mutations * Mutagenicity (Ames test) CONSENSUS model
(version 1.0.3)
» Structural and numerical * In vitro Micronucleus activity
chromosome aberration (IRFMN/Vermeer) (version 1.0.0)

0.05 < X <5 mg/kg food Genotoxicity data * See above

» Subchronic oral toxicity data (90-day NOAEL (IRFMN/CORAL) (version 1.0.0)

study)

* Data to demonstrate absence of * LogP model (MLogP) (version 1.0.0)
accumulation potential in man

13/04/2022 - e
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VERMEER FCM: Hazard models 5

5mg/kg < X< 60 e Genotoxicity data  See above
mg/kg Subchronic oral toxicity data

(90-day study)

Toxicokinetic data

Developmental Toxicity model (CAESAR) (version 2.1.7)
Developmental/Reproductive Toxicity library (PG) (version

Data on reproductive and
developmental toxicity

1.1.0)
e Data from long term e Carcinogenicity model (Antares) (version 1.0.0)
toxicity/carcinogenicity e Carcinogenicity model (ISSCAN-CGX) (version 1.0.0)
studies e Carcinogenicity model (CAESAR) (version 2.1.9)

e Carcinogenicity model (ISS) (version 1.0.2)

e Carcinogenicity consensus model

e Carcinogenicity oral classification model (IRFMN) (version
1.0.0) + Carcinogenicity oral Slope Factor model (IRFMN)
(version 1.0.0)

13/04/2022 -




VERMEER FCM: Hazard models - Interpretation !

Ex. Carcinogenicity ANTARES -

NON-Carcinogen vs Possible Carcinogen vs Carcinogen

Ex. Carcinogenicity CAESAR -

NON-Carcinogen vs Not Predicted vs Carcinogen

-+

For each model >

Applicability Domain Index (ADI from 0 to 1)

13/04/2022 -




VERMEER FCM: Hazard models - Interpretation

Translation of Boolean prediction into a numerical value

If “VEGA result=NON-Tox, then ‘Tox’ =0;

If “VEGA result=Possible NON-Tox, then ‘Tox’ =0.25;
If “VEGA result=Not Predicted, then ‘Tox’ =0.5;

If “VEGA result=Possible Tox, then ‘Tox’ =0.75;

If “VEGA result= Tox, then ‘Tox’ =1.

+
Correction by the ADI

© O O O O

—

—

—

Numerical ‘probability of
toxicity’
Scale 0 (0%) to 1 (100%)

Ex. Substance predicted Mutagenic (= numerical value = 1) with ADI=0.3 (= correction

factor)
— Probability of mutagenicity = 0.65

13/04/2022
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VERMEER FCM: The tool S - vermeer
h- Inﬁ::rrnaﬁnp/ 'n_ Model | " Context | @Dpﬁnns | - Time series | T Parameters | p Simulation | Mcharts | ETables | . ! Reports |
< Manage library... Synchronize with library... (£ Help Contents
BB
- All sub-systems -
Migration Regulation

ON DATA DATA DATA
moDeL | | JLeveLt | fLeverz | JLEvEL 3 '”FT?[';:“A

Hazard

Output VERMEER FCM
Regulatory info
Migration estimates
Toxicological prediction

Input VERMEER FCM
Info related to chemical,
FCM and food

Disable blocks you don’t want to use Bl e poi
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Possible applications of VERMEER FCM Kvérmeer

Model migration of compound of interest to have an indication on type and
amount of toxicological data needed

Evaluate impact of modifications in characteristics of polymer on migration
Model migration of compound for different types of food packed in the FCM

Evaluate possible hazards for compound of interest
Evaluate possible hazards of NIAS

Check quickly whether compound of interest is included in Annex |
Collect info on SML (if available) and restricted use for compound of interest

- Life Vermeer Project 28



https://www.life-vermeer.eu/

Contact:
birgit.mertens@sciensano.be
els.vanhoeck@sciensano.be

ilse.vanovermeire@sciensano.be

philippe.ciffroy@edf.fr

\ :"\' l/(Qd ﬁ/ @) Making Future.
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- Life Vermeer Project
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