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Background: aim of Life-VERMEER
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EXPOSURE       X        HAZARD        =         RISK

Several case studies including FCM

VERMEER



Background: FCM
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Consumption

EXPOSURE

Food contaminationMIGRATION

FCM

HAZARD
related to FCM substances

AIM: Combine information on exposure collected
with MERLIN EXPO with information on hazards 

collected with VEGA to support risk assessment of 
FCM compounds



Background: FCM
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EU Commission
Regulation 10/2011 

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

Background: FCM

Annex I provides overview of authorized substances to be used in plastic FCM
(with corresponding SML, if available)
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EU Commission
Regulation 10/2011 

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

Procedure to include substance in positive list

FCM

1. Industry should submit dossier 2. Evaluation of dossier by EFSA 3. Formulation of recommendations by EFSA to EC

All other FCM-types: no lists available!

Background: FCM



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)
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Migration threshold Toxicological data required

X < 0.05 mg/kg food • Genotoxicity data

0.05 ≤ X < 5 mg/kg food • Genotoxicity data
• 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)
• Toxicokinetic data
• Data on reproductive and developmental toxicity
• Data from long term toxicity/carcinogenicity studies

FCM

Background: FCM
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EU Commission
Regulation 10/2011 

NIAS (non-intentionally added substance): an impurity in the 
substances used or a reaction intermediate formed during the 
production process or a decomposition or reaction product

Background: FCM

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!
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Development of a model for migration for plastic FCM                                                

+ Validation of the model using experimental migration data

+ Integration of the model in MERLIN-EXPO

VERMEER FCM: Migration model

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



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

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

Fick’s law:

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

𝜕𝐶𝑖
𝜕𝑡

= 𝐷𝑖 .
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VERMEER FCM: Migration model

Food

FCM



VERMEER FCM: Migration model – Analytical solution
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Mass of the 
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in food at time t

Initial mass of the 
targeted chemical
in FCM

Diffusion 
coefficient of the 
chemical in FCM

Density of Food 
and FCM

Contact time between Food and FCM
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 Roots of the trigonometric identity

Partition coefficient of the 
chemical between Food and 
FCM

Thickness of the FCM and Food layers
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VERMEER FCM – Migration model: diffusion coefficient

• Piringer’s model (2007)

DFCM = f(AFCM , Mchemical , Temp)

Conductance of the FCM Molar mass of the migrating chemical

Temperature

Largely used, but 
calibrated only for plastic 
FCMs

• Huang’s model (2017)

DFCM = f(bFCM , Mchemical , Temp)

FCM-specific parameter Molar mass of the migrating chemical

Temperature

More recent, but 
calibrated for a wider 
range of FCMs (not only 
plastics)
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• Huang’s model (2019)

KFCM,Food = f(Kow , EtOHfood , Temp)

Octanol-Water partition 
coefficient (lipophilicity)

Ethanol-equivalent (food proxi)

Temperature

Calibrated for a wide 
range of FCMs (not only 
plastics)

VERMEER FCM – Migration model: partition coefficient



VERMEER FCM: Migration model – Input data & endpoints

Concentration of the target chemical in food at time t

SMILES code

Initial concentration in FCM 

(in mg chemical/kg FCM)

Molecular weight

Target chemical FCM

Type of FCM

(LDPE, HDPE, HIPS, PA, PEN, PEN, PP, PS 
+ Other FCM if you have specific data)

Thickness of FCM layer

Contact area

Food

Type of Food

(e.g. water, oil, 
chocolate, etc)

Volume of Food

Temperature



• Experimental data from Begley et al., 2005 

• Simulated concentration vs Experimental concentration for LDPE, HDPE, HIPS, PP, PA, PS, 
PET, PEN

VERMEER FCM – Migration model: validation



VERMEER FCM: Migration model - validation



Objective of the prediction: to estimate if the concentration in food exceeds a given threshold (e.g. 
0.05 mg.kg-1 food)

VERMEER FCM: Migration model – Link with Regulation?



Good performance of the model

Objective of the prediction: to estimate if the concentration in food exceeds a given threshold (e.g. 
0.05 mg.kg-1 food)

VERMEER FCM: Migration model – Link with Regulation?



Best estimate of the parameter

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 Cfood(t))

VERMEER FCM: Migration model – Uncertainty analysis



VERMEER FCM: Migration model – Uncertainty analysis



Available soon!

VERMEER FCM: Migration model – Link with Regulation?
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VERMEER FCM: Hazard models

Selection out of the 95 VEGA models those addressing 

endpoints relevant for FCM
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Migration threshold Toxicological data required Models available in Vega

X < 0.05 mg/kg food • Genotoxicity data

 Gene mutations • Mutagenicity (Ames test) CONSENSUS model 
(version 1.0.3)

 Structural and numerical 
chromosome aberration

• In vitro Micronucleus activity  
(IRFMN/Vermeer) (version 1.0.0)

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

• Subchronic oral toxicity data (90-day 
study)

• NOAEL  (IRFMN/CORAL) (version 1.0.0)

• Data to demonstrate absence of 
accumulation potential in man

• LogP model (MLogP) (version 1.0.0) 

VERMEER FCM: Hazard models
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Migration threshold Toxicological data required Models available in Vega

5 mg/kg ≤ X ˂ 60 
mg/kg

• Genotoxicity data
• Subchronic oral toxicity data 

(90-day study)
• Toxicokinetic data

• See above

• Data on reproductive and 
developmental toxicity

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

1.1.0)

• Data from long term 
toxicity/carcinogenicity 
studies

• Carcinogenicity model (Antares) (version 1.0.0)
• Carcinogenicity model (ISSCAN-CGX) (version 1.0.0)
• Carcinogenicity model (CAESAR) (version 2.1.9)
• Carcinogenicity model (ISS) (version 1.0.2)
• Carcinogenicity consensus model
• Carcinogenicity oral classification model (IRFMN) (version 

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

VERMEER FCM: Hazard models
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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)

VERMEER FCM: Hazard models - Interpretation
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Numerical ‘probability of 
toxicity’

Scale 0 (0%) to 1 (100%)

+
Correction by the ADI

Translation of Boolean prediction into a numerical value

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

 Probability of mutagenicity = 0.65

VERMEER FCM: Hazard models - Interpretation



Migration

Hazard

Regulation

Input VERMEER FCM 
Info related to chemical, 
FCM and food

Output VERMEER FCM 
Regulatory info
Migration estimates
Toxicological prediction

VERMEER FCM: The tool

Disable blocks you don’t want to use
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• 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
• … 

Possible applications of VERMEER FCM

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

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



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

Contact: 

birgit.mertens@sciensano.be

els.vanhoeck@sciensano.be

ilse.vanovermeire@sciensano.be

philippe.ciffroy@edf.fr
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