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TOWARDS DISRUPTIVE SAFETY?

SA
FE

TY

TIME

Disruptive innovation = an innovation that creates a newmarket by providing a different 

set of values, which ultimately (and unexpectedly) overtakes an existing market (e.g., the 

lower-priced, affordable Ford Model T, which displaced horse-drawn carriages)
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IS IT SAFE TO USE A COMPUTER INSTEAD OF DOING EXPERIMENTS?

• In the law (EU, US) and in the practices

for plastics materials and their applications

including recyclability

• Very few requirements and limitations
– No more requirement on “generally recognized diffusion model”

– Scientific-sound

– No distinction between a virtual experiment reproducing a lab one (food 

simulant) or a real food

– Conservative assumptions = maximizing the amount released in food

• Known issues
– Insufficient guidance and training, it requires interdisciplinary education 

(polymer science, mass transfer, packaging technology, food science 

and engineering)

– No “universal” software (open-source available)

– Dependent on research results

Compliance of FCM tested extensively by calculations in EU (≥50%)
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Directive

90/128/EEC

2002/72/EC

10/2011/EC
1935/2004/EC

89/109/EEC

HOW MODELING WAS INTRODUCED IN THE LAW

“…including modelling, other and analysis, 
and scientific evidence or reasoning if these 
render results which are least as severe as 
the migration testing.”
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IS MODELING A TRUSTED SCIENCE ?
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“We have reviewed the proposed recycling 

process as well as the information you 

obtained from surrogate testing and 

migration modeling, which were submitted to 

demonstrate the capability of the proposed 

recycling process to remove potential 

contaminants from PCR-PET.

Based on our review of these data, we 

have determined that the proposed 

recycling process, as described in the 

subject submission, ….”

https://www.fda.gov/Food/IngredientsPackagingLabeling/

PackagingFCS/RecycledPlastics/default.htm

3,529 results for"modelling" in EFSA J.

>5
0

0

retrieved on Sep 30th, 2018
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HINRICHS, K., PIRINGER, O. G., 2001. Evaluation 

of Migration Models. Final Report of the EU-

project contract SMT-CT98-7513, Brussels

BANER, A. L., FRANZ, F., and PIRINGER, O., 1994, Alternative 

methods for determination and evaluation of migration 

potential from polymeric food-contact materials. Deutsche 

Lebensmittel-Rundschau, 90(5), 137-143 and 90(6), 181-185.



http://publications.jrc.ec.europa.eu/rep

ository/handle/JRC98028

https://publications.europa.eu/en/publication-detail/-

/publication/e0845ae1-1b60-11e7-aeb3-01aa75ed71a1

Dispute, controversy, misunderstanding or complementarity ?



11Crit. Rev. Food Sci. Nut. 2017, 57(2), 275-312



WITH TIME THE SCOPE OF MODELING HAS 

BEEN STRONGLY EXPANDED?



monolayer with barrier to diffusion multilayer

MIGRATION: SOME TYPICAL CASES, 𝐹𝑜 =
𝐷𝑃𝑡

𝑙𝑃
2 =dimensionless time



Interactions with food radionuclides
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WITH TIME THE SCOPE OF MODELING HAS 

BEEN STRONGLY EXPANDED?
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Regulation EC 2023/2006 - Good 

Manufacturing Practice for materials and 

articles intended to come in contact with food+VOLUNTARY APPROACHES & LOCAL ORDINANCES 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32006R2023


Risk of 

contamination 

by a photo-

initiator in UV-

curing printing 
ink





AIChE J. 2013, 59(4), 1183-1212

CF

Setoff (max. 100 
days@25°C)

HotFilling (max. 
10 mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)

CF

HotFilling
(max. 10 
mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)



tie layer = EVA

=292=186 (better)

=115
(almost acceptable)

=124
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MOLECULAR MODELING CAN BE APPLIED TO ANY SUBSTANCE:

• INTENTIONALLY-ADDED

• NON-INTENTIONALLY-ADDED

• WELL CHARACTERIZED OR NOT
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IS THE RECYCLED 

MATERIAL AS SAFE AS 

THE ORIGINAL ONE ?

FOOD GRADE

GARBAGE

(POST-CONSUMER 

MATERIALS)

COLLECTION WITH 

NON-

FOOD GRADE

MATERIALS

SUPER

CLEANING

POSSIBLE

MISS-USE

FILLING WITH FOOD 

AGAIN



TRANSPORT

diffusion coefficients 𝑫
and their activation 𝑬𝒂

THERMODYNAMICS

chemical affinity

(Flory-type isotherms)

Worst-case

approaches (arbitrary)

For compliance testing
(Piringer’s equation)

𝐾𝐹/𝑃 = 1 𝑜𝑟 10−3

Group contribution 

methods (fitting)
Decision tree

UNIQUAC, UNIFAC, Flory—Huggins

Theory from first 

principles

(statistical physics)
F
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Full atomistic

simulation

or coarse-grained

(no assumptions)
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Journal of Chemical Physics. 2010;132:194902.

Journal of Applied Polymer Science. 2006;101:2167-86.

Food Additives and Contaminants. 2005;22:73-90.

JRC Scientific and Technical Reports EUR 27529 EN.

Ispra (Italy): European Commission; 2015.

European Polymer Journal. 1998;34:797-803.

Kontogeorgis & Folas. Thermodynamic Models for 

Industrial Applications: From Classical and Advanced 

Mixing Rules to Association Theories: Wiley; 2009.

Industrial & Engineering Chemistry Research. 2010;49:7263-80.

Prausnitz, Lichtenthaler & de Azevedo. Molecular Thermodynamics 

of Fluid-Phase Equilibria: Pearson Education; 1998.

Suggestion of reading

Frenkel & Smit. Understanding Molecular Simulation: From Algorithms to Applications. Academic Press 2002.
27



TIME SCALES ACCESSIBLE TO BRUTE FORCE MOLECULAR MODELING



adding one C ⇒
𝐷
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𝐷 𝑀, 𝑇, 𝑇𝑔

= 𝐷0exp −
𝐸𝑎

𝑏𝑙𝑜𝑏

𝑅𝑇

× exp −
𝐸∗ 𝑀 − 𝐸𝑏𝑙𝑜𝑏

∗

𝑅𝑇

𝑀

𝑀𝑏𝑙𝑜𝑏

−𝛼 𝑇,𝑇𝑔

𝐷0
0 Τ𝐷0

0 8 Τ𝐷0
0 64

same reduction

Macromolecules 2013, 46(3), 874-888



𝐾𝑖, Τ𝐹 𝑃, 𝛾𝑖,𝑘
𝑣

𝑘=𝐹,𝑃
P = POLYMER

F = FLUID, FOOD

𝐾𝑖, Τ𝐹 𝑃 =
𝐶𝑖,𝐹
𝑒𝑞

𝐶𝑖,𝑃
𝑒𝑞 =

1

1 − 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦

𝛾𝑖,𝑃𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠

𝑣

𝛾𝑖,𝐹
𝑣

𝑲𝒊, Τ𝑭 𝑷= 1/50 50

50 × more chemical affinity for P 50 × more chemical affinity for F

30



"It is incredible that such defenseless beings as 
babies should face such serious risks in a 
product as widely used as milk" 



Migratio
n
In water

Fat
simulant

acceptable
SML

M=241 g·mol-1

210-270 µg∙L-1

Food Additives and Contaminants, 2009, 26(12), 1556-1573.
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APPROACHES DEVELOPED FOR THE INDUSTRY
OVERVIEW

𝜇𝑖,𝑘
𝑒𝑥𝑐𝑒𝑠𝑠

𝑘=𝑃,𝐹
= ln𝛾𝑖,𝑘

𝑣 = 1 −
1

𝑟𝑘
𝜙𝑘 + 𝜒𝑖,𝑘𝜙𝑘

2

2𝑘𝐵𝑇𝜒𝑖,𝑘 = ℎ𝑖+𝑘 𝑇 + ℎ𝑘+𝑖 𝑇 − ℎ𝑘+𝑘 𝑇 − ℎ𝑖+𝑖 𝑇

𝐾𝑖, Τ𝑃 𝐹
𝑠𝑒𝑚𝑖−𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒

≈
1 − 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦

𝜙𝑖,𝐹
𝑠𝑎𝑡exp 1 + 𝜒𝑖,𝑃

34



PARTITION COEFFICIENTS WITH AIR
OVERVIEW

>> FMECAKairP acetophenone
LOAD_CHEMSPIDER extraction of ChemSpiderID=7132 ('acetophenone') completed in 10.26 s
LOAD_CHEMISPIDER: updated cache

7132.mat 21-sept.-2015 21:37:19 77.6 kBytes
C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider

CHEMSPIDER reuses cached data for 'acetophenone' (date=21-sept.-2015 21:37:19)

ans =
9.1995e-06

>> FMECAKairP ethylbenzene
LOAD_CHEMSPIDER extraction of ChemSpiderID=7219 ('ethylbenzene') completed in 11.9 s
LOAD_CHEMISPIDER: updated cache

7219.mat 21-sept.-2015 21:42:34 107.1 kBytes
C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider

CHEMSPIDER reuses cached data for 'ethylbenzene' (date=21-sept.-2015 21:42:34)

ans =
2.2485e-04

>> FMECAKairP 'benzoic acid'
LOAD_CHEMSPIDER extraction of ChemSpiderID=238 ('benzoic acid') completed in 5.746 s
LOAD_CHEMISPIDER: updated cache

238.mat 21-sept.-2015 21:45:01 41.2 kBytes
C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider

CHEMSPIDER reuses cached data for 'benzoic acid' (date=21-sept.-2015 21:45:01)

ans =
1.3674e-08

Food Additives and Contaminants 2017, 34 (10), 1703-1720

AIChE Journal 2013, 59, 1183-1212

https://github.com/ovitrac/FMECAengine 35



CONCLUSIONS

poor design and GMP

weak regulation rules

poor training Risk of

contamination

𝑖𝑔𝑛𝑜𝑟𝑎𝑛𝑐𝑒 =
𝐼𝑇

𝑊𝐻𝐴𝑇 𝐴𝐵𝑂𝑈𝑇 𝐼𝑇

36
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Food Research International 2017, 88, Part A, 91-104. 38



Evaluating and preventing the migration from mineral oil

39
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42.0

http://modmol.agroparistech.fr/Ma

sterEU2017/

• ONLINE TOOLS

http://modmol.agroparistech.fr/

• MY LECTURES AT MSU (MI,USA): 

http://www.fshn.msu.edu/events/event/Vitrac

• DIFFUSION

https://mediaspace.msu.edu/media/dr.+olivier+vitrac+presentsa+

diffusion+coefficients+of+organic+solutes+in+polymersa/1_zz20d

gt9

PARTITIONING

https://mediaspace.msu.edu/media/Dr.+Olivier+Vitrac+presentsA

+An+atomistic+Flory-

Huggins+formulation+for+the+tailored+prediction+of+activity+and

+partition+coefficients/1_uzi6h91k

SAFETY MANAGEMENT

https://mediaspace.msu.edu/media/WorkshopA+Prediction+of+th

e+migrationA+beyond+conventional+estimates*/1_won1m7aw

• RISK ASSESSMENT (EFSA)

https://www.youtube.com/watch?v=7LMnc4czpuY

http://modmol.agroparistech.fr/LaSalle/
http://www.fshn.msu.edu/events/event/Vitrac
https://mediaspace.msu.edu/media/Dr.+Olivier+Vitrac+presentsA+Diffusion+coefficients+of+organic+solutes+in+polymersA/1_zz20dgt9
https://mediaspace.msu.edu/media/Dr.+Olivier+Vitrac+presentsA+An+atomistic+Flory-Huggins+formulation+for+the+tailored+prediction+of+activity+and+partition+coefficients/1_uzi6h91k
https://mediaspace.msu.edu/media/WorkshopA+Prediction+of+the+migrationA+beyond+conventional+estimates*/1_won1m7aw
https://www.youtube.com/watch?v=7LMnc4czpuY

