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SPHERA

Towards substitution:

1. Identification of the risky substances

2. Identification of possible substitutes

3. Application to 6 case studies

Integrating VEGA, ToxRead, MERLIN-

Expo, and ERICA in a platform for risk 

assessment and substitution of

risky substances
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LIFE VERMEER project - Case studies

Food Contact Materials

Biocides

Oil fractions

Solvents

Dispersants

Cosmetics



Background: aim of Life-VERMEER

EXPOSURE       X        HAZARD        =         RISK

Several case studies including FCM

VERMEER



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)
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VERMEER FCM: Migration model

Food

FCM



VERMEER FCM: Migration model – Analytical solution
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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)



• 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?



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



VERMEER FCM: Hazard models

Selection out of the 95 VEGA models those addressing 

endpoints relevant for FCM



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

VERMEER FCM: Hazard models

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)



VERMEER FCM: Information





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



General information

Modelling parameters

Reporting

Substance & Food

Polymer & Regulatory

Time-Temperature conditions

Specifications of each parameter

MERLIN-Expo – VERMEER FCM



Case study – Yoghurt container

Migration of Tinuvin P (CAS: 2440-22-4)
2-(2-Hydroxy-5-methylphenyl)benzotriazole

Empty container made of polystyrene 

intended for milk products

Specifications of the FCM and food were available



Select compound
Tinuvin P

Add new compound



Select food or simulant

Yoghurt – 50% Ethanol

Add new food: specify Food ethanol equivalent under parameters!



Use default parameters for the diffusion/partition
versus

measured (in house) parameters

Measured parameters

Diffusion coefficient in FCM: 4,31E-14 cm²/s

FCM-Food Partition coefficient K: 1



Select polymer type

Polystyrene (PS)



Regulatory information (cfr. Context)
Regulation (EU) No. 10/2011

Specific Migration Limit (SML): SML(T): 30 mg/kg



Add time-temperature conditions
10 days @ 20°C



For several parameters: 

Best estimates (or default) values proposed by VERMEER 

FCM – Value can be changed to own value 

Probability Density Function (PDF): 

Optional, to be used when parameters are uncertain

(probabilistic approach)



Automatically calculated by 



Automatic determination

Quantitative/qualitative 
value of the prediction

Indication of 
confidence related with 

prediction







Start simulation

In case of errors, they will be listed here



Result: 0.550 mg/kg

Results table

Pdf reports can be generated



The result obtained with 
VERMEER FCM is similar compared 

to the other results

0.550 mg/kg 0.686 mg/kg 0.701 mg/kg



Tinuvin P predicted as mutagenic but with low reliability

Mutagenicity

Carcinogenicity

Carcinogenic potential of Tinuvin P unkown

Extra guidance on how hazard data need to be interpreted will 

be added to the VERMEER FCM tool



Which type of migration data do we need?

1. Experimental migration values + info on associated parameters

• Parameters describing geometry of the system

➢ Contact area between FCM and food

➢ Density of FCM

➢ Thickness FCM layer

➢ Volume Food

• FCM parameters

➢ Nature of FCM  (default values for diffusivity parameter & Specific contribution of the polymer 
matrix to the diffusion activation energy)

• Chemical parameters

➢ Initial concentration in FCM

➢ Molar mass

• Food parameters

➢ Density of the food

Further validation of VERMEER FCM



Which type of migration data do we need?

2. FCM material to perform migration tests + information on different parameters

Further validation of VERMEER FCM

If you are willing to contribute, don’t hesitate to contact us!



• 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



Future of VERMEER FCM

Development of a semi-automated workflow including (Q)SAR models to support the risk 
assessment of non-evaluated food contact material substances

C. Streel , I. Van Overmeire , G. Selvestrel, A. Roncaglioni, E. Benfenati, E. Van Hoeck and B. Mertens

SILIFOOD

VERMEER FCM

Available toxicological data in a (non)-FCM context
- Endocrine disrupting activity
- Genotoxicity and carcinogenicity data
- Health based guidance values (HBGV)
- Reference points (RP)
- Cramer classifications (cf. TCC approach)

Regulatory information HAZARD EXPOSUREX
RISK ASSESSMENT

In silico predictions using



Future of VERMEER FCM

Funded by: SILIFOOD
RF 21/6349

Partners:

Development of a semi-automated workflow including (Q)SAR models to 
support the risk assessment of non-evaluated food contact material substances

C. Streel , I. Van Overmeire , G. Selvestrel, A. Roncaglioni, E. Benfenati, E. Van Hoeck and B. Mertens

SILIFOOD

Timing: 1/10/2021-31/03/2023



https://www.life-vermeer.eu/
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emilio.benfenati@marionegri.it
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