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Beyond food packaging

❑ Article 17 - REGULATION (EC) No 1223/2009 

OF THE EUROPEAN PARLIAMENT AND OF

THE COUNCIL of 30 November 2009 on cosmetic product

❑ 2013/674/EU: Commission Implementing Decision of 25 November 2013 on Guidelines on Annex I to Regulation (EC) No 

1223/2009 of the European Parliament and of the Council on cosmetic products Text with EEA relevance

❑ COSMETICS EUROPE - ADVISORY DOCUMENT: Information exchange on cosmetic packaging materials along the value 

chain in the context of the EU cosmetics regulation EC 1223/2009



BEYOND FOOD PACKAGING
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REACH: Regulation (EC) No 1907/2006

5

https://en.wikipedia.org/wiki/Toxic_Substances_Control_Act_of_1976
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Background & overview

MIGRATION ISSUES

CURRENT REGULATIONS & RECOMMENDATIONS
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MASS TRANSFER FROM THE PACKAGING MATERIAL
(ADDITIVES, MONOMERS AND OLIGOMERS, NIAS…)

monolayer with barrier to diffusion multilayer

1⋙ INTRODUCTION/ MASS TRANSFER PHENOMENA AS OBJECT OF STUDY

DIRECT CONTACT

𝐹𝑜 =
𝐷𝑃𝑡

𝑙𝑃
2
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OTHER MASS TRANSFER

from the food in contact contamination from environment

1⋙ INTRODUCTION/ MASS TRANSFER PHENOMENA AS OBJECT OF STUDY
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What is migration ?
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FOOD PACKAGING INTERACTIONS
Example of sterilized product
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PRINCIPLES OF FOOD INERTIA: A LONG HISTORY

Le règlement de 1908: « …aucune substance alimentaire ne doit contenir de produit nuisible, produits chimiques… »

olivier.vitrac@agroparistech.fr / QUINZEME RENDEZ-VOUS DES MANAGERS DE LA QUALITE
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REGULATION = TRANSFER OF RESPONSABILITIES

olivier.vitrac@agroparistech.fr / QUINZEME RENDEZ-VOUS DES MANAGERS DE LA QUALITE

e.g. regulation 10/2011/EC (current: 6th amendment)



https://ec.europa.eu/food/safety/chemical_safety/food_contact_materials_en
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EU REGULATION
OVERVIEW
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Risk assessment vs risk management
502 substances (including 230 monomers and 272 additives) among the 937, which are 
positively listed in EU directives on plastics in contact with food, are subjected to (SML) 
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SPECIFIC RULES FOR PLASTICS
COMPLIANCE ISSUES
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SPECIFIC EU RULES FOR PLASTICS FOR FOOD CONTACT

list of substances

purity standard for substances

overall migration limits: OML
(60 mg/kg or 10 mg/dm2)

specific migration limits: SML

other rules ensuring safety and inertness

compliance, sampling, analytical 
methods, migration modeling

traceability

declaration of compliance

exclusively plastics

Plastic multilayers or layers tied with 
adhesives

Plastic layers, coatings forming gaskets

Plastic layers in multi-materials

Materials can be regulated 

alone or in combination with 

other materials

Plastic materials

LOW MIGRATION

PRINCIPLES

LOW TOXICITY
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VOLUNTARY APPROACHES & LOCAL ORDINANCES (SWISS, GERMAN)

Exclusion/Negative lists

Recommended substances

Purity/traceability requirements

Migration (less than 10 ppb for non 
evaluated substances) and risk 
assessments

Inks prepared according to GMP

No-direct contact with food

No “visible’ Set-off in stacks and reels

No recycled paper or paperboard

No MOSH below C20, migration <2 ppm for 
C20-C35

Migration of MOAH (C16-C35)<0.5 ppm

List of raw materials and production aids

No holding/reheating above 90°C

No microwave uses

With internal bag

PRINTING INKS
(EUPIA guidelines to be revised)

MINERAL OILS



CASE STUDY: Mineral oil hydrocarbons (MOH)

MOSH

MOAH

_02
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Mineral oil hydrocarbons (MOH)

• MOH are derived by physical separation 
(such as distillation or extraction) and 
chemical conversion processes (cracking, 
hydrogenation, alkylation, isomerisation, etc.) 
from crude oils and/or synthetic products 
derived from liquefaction of coal, natural gas 
or biomass.

• Because of their complexity it is not possible 
to resolve MOH mixtures into individual 
components for quantification.

• Food grade MOH products are treated in 
such a way that the MOAH content is 
minimized. Technical grades of MOH 
typically contain 15-35 % MOAH.

• Absorption of alkanes may occur through the 
portal and/or the lymphatic system. For n-
and cyclo-alkanes the absorption varies from 
90 % for C14-C18 to 25 % for C26-C29.

• Major sources of MOH in food are food 
packaging and additives, processing aids, 
and lubricants.

• Analytical capacity to distinguish the different 
MOAH subclasses in food is limited. For this 
purpose, GCxGC appears to be the most 
effective method. Due to the complexity and the 
variable composition of MOH mixtures, it is not 
possible to define certified standards of general 
applicability.

• Occurrence data on dry foods which could be 
attributed to the use of recycled paperboard 
packaging were available from two different 
surveys. Mean concentrations of MOH were up 
to 32 mg/kg for MOSH found in creme/pudding 
mix and 4.5 mg/kg MOAH found in noodles. 
Maximum occurrence values were 100 
mg/kg in semolina and 17 mg/kg in noodles, 
for MOSH and MOAH, respectively.

• All MOH are mutagenic unless they are treated 
specifically to remove MOAH. The mutagenicity 
of MOH is caused mainly by 3-7 ring MOAH, 
including non-alkylated PAHs.

• A significant source of dietary exposure to MOH 
may be contamination of food by the use of 
recycled paperboard as packaging material.

mineral oil saturated hydrocarbons (MOSH) mineral oil aromatic hydrocarbons (MOAH)

https://www.efsa.europa.eu/en/efsajournal/pub/2704
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Mineral oil hydrocarbons (MOH)
Typical chemical structures Typical content

EFSA (2012): Scientific opinion on Mineral Oil Hydrocarbons in Food. EFSA Journal (10): 2704



non-specifically regulated materials, dry and 

aqueous food falsely considered safe

CONTAMINATION OF NODDLES BY RECYCLED 
FIBERS OF SECONDARY PACKAGING

After 65 days of contact, 6.1 mg/kg of paraffins found in noodles
stored in boxes in top and bottom positions. Estimated migration at
shelf life (2 years) : 10 mg/kg

(Biedermann et al., 2011;  Packaging Technol & Sci 2011, 24, 281-290)

CONTAMINATION OF FRESH FRUITS
BY PRINTED TABLE NAPKIN

Migration of o-anisidine (primary aromatic amine): printed 
paper 17.5 µg/l→ kiwi: 5.3 µg/l (migration rate: 17 %)

(Helling, 2011)



"It is incredible that such defenseless beings as 
babies should face such serious risks in a 
product as widely used as milk" 
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MODELING WOULD HAVE BEEN ABLE TO PREDICT ITX VALUES IN FOOD?

Migration
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.

POOR RULES CREATED A CRISIS



IS FOOD PACKAGING SAFE ?
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MOH SURVEY
FOOD WATCH – October 2015

http://www.foodwatch.org/fr/presse/communiques-de-presse/page-detail-

communiques-de-presse/des-hydrocarbures-dans-nos-assiettes-

foodwatch-tire-le-signal-dalarme/
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HETEROGENEOUS EU REGULATIONS
Variable concepts

Paper & board, 1935/2004/EC
Adhesives, 1935/2004/EC
Metals
Plastics, 10/2011/EC
Printings, 1935/2004/EC
Coatings, 1935/2004/EC

POSITIVE LIST (LOW TOXICITY: 
monomers, additives)
LOW MIGRATION

GENERAL REQUIREMENT:
MUST NOT ENDANGER 
HUMAN HEALTH

17 groups of materials listed in Annex 1 of regulation 1935/2004/EC are still not covered by specific measures.

They must be produced according to Good Manufacturing Practices (Regulation  2023/2006/EC)

incl. 3 pillars: quality assurance system, quality control system, documentation.
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Chain of responsability along the supply chain
Material vs Information flux (1935/2004/EC)

Information on composition

Information on final use

Upstream

Converters

e.g. Adhesive
industry

Packaging 
filler

Retailer

Consumer

traceability

Q
uality

C
ontrol

Q
uality

C
ontrol

Trigger

initiation/update

Trigger

initiation/update
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Coupled mass transfer
between the food product and the packaging material
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CROSSED-MASS TRANSFER
BETWEEN MATERIALS

BEFORE 

CONTACT

WITH FOOD

DURING 

CONTACT

WITH FOOD
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CHAINED STEPS, COMBINED MATERIALS
Supply chain

Cap

Lid

Bottle body



Polyolefins : PE – PP 

PE (linear, HDPE)
High Density Polyethylene

PE (branched, MDPE)
Medium Density Polyethylene

ramifications
très exagérées

PE (very ramified, LDPE)
Low Density Polyethylene

ramifications
très exagérées

PP (atactic)
Polypropylene

PP (isotactic)
Polypropylene



POLYOLEFINS



PVC
polyvinyl chloride

PS (atactique)
polystyrene

EVOH
polyvinyl alcohol

POLYVINYLS



PET
Polyethylene terepthalate



CONTROVERSY ON THE SAFETY OF PACKAGING MATERIALS
Nat. Rev. Endocrin.

6 (2010), 237

Water Research

46(2012), 571-583

[…]

Genotoxic and estrogenic activities in PET-
bottled water have been reported. 
Chemical mixtures in bottled water have 
been suggested as the source of these 
toxicological effects. […]

Formaldehyde, acetaldehyde and 
antimony are clearly related to migration 
from PET into water. However, several 
studies have shown other theoretically 
unexpected substances in bottled water. 
The origin of these compounds has not 
been clearly established (PET container, 
cap-sealing resins, background 
contamination, water processing steps, 
NIAS, recycled PET, etc.).

[….]



ESTROGENIC COMPOUNDS FROM PET??

2 RECENT STUDIES (Italian and German) on drinking water

1) involving a recombinant yeast−based in vitro assay (March 2009 in

International Journal of Hygiene and Environmental Health)➔estrogenic activity was
assessed in 30 PET−bottled mineral water samples. Ninety percent of
the samples tested negative for estrogenic activity. Of the remaining
samples, most showed measurements corresponding to a range of 14–
23 ng/L estradiol equivalents—similar to the estrogen burden posed
by treated drinking water derived from groundwater and river water
(15 and 17 ng/L estradiol equivalents, respectively).

2) Involving mud snails (Potamopyrgus antipodarum) (10 March 2009,

Environmental Science and Pollution Research) ➔ PET-housed snails produced up
to twice as many embryos as glass-housed snails..

Reference = glass bottle water with same water.
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Polyurethane based 
Sylil terminated polyether based 
Butyl rubber based 
Natural rubber water-based adhesives 
Carboxylated-SBR water-based adhesives

Epoxies 
Modified acrylics 
Cyanoacrylates

Component
Formulation

level

Exposed 

contact surface

Interaction 

with food

Contamination

risk

Plastic layer in contact

withfood
+++ +++++ + to +++ +++++

Layer non-intented to be in 

contact with food
+++ +++++ - +++

Cap, lid +++ ++ - to + ++

Gasket +++++ + - to + + to ++

Varnish +++ to +++++ +++++ - +++

Ink +++++ + to +++ - + to +++



Laminates



Polyurethane adhesive



MIGRATION FROM LAMINATES



CONTAMINATION WITHOUT DIRECT CONTACT

WITHOUT BARRIER

WITH BARRIER

_03
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MIGRATION PATHWAYS

Through the gas phase

Via permeation

Lorenzini et al. Food Additives & Contaminants, Part A 2013, 30(4), 760-770

board air food

board air plastic food

board air Plastic Air food
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KINETICS OF MIGRATION IN REAL FOOD

Pasta Cereals

4°C

20°C

30°C

40°C

60°C

Lorenzini et al. Food Additives & Contaminants, Part A 2013, 30(4), 760-770

Board desorption

Food sorption
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CONTAMINATION FROM CARDBOARD+PRINTING INK

HOW TO ASSESS THEM ?



CONTAMINATION KINETICS OF REAL DRY FOOD PRODUCTS

Manufacturing

date

Unknown

Sampling from local

German market

04/2010

08/2010

Analysis

of 2nd sample
08/2011

Analysis

of 3rd sample

Biedermann et al. (2013) 

119 dry food products

(3 samples/category)
1st analysis

Request of 

BfR

4 months
12 months

Contact time

𝑴𝑷𝑬 =
𝒎𝒊,𝑭

𝑷𝑬(t0, t1 et t2)

𝒎𝒊,𝑷
𝒕=𝟎

𝑴𝑷𝑷 =
𝒎𝒊,𝑭

𝑷𝑷(t0, t1 et t2)

𝒎𝒊,𝑷
𝒕=𝟎

PE film

PP film

➔
𝑴𝑷𝑬

𝑴𝑷𝑷
∝
𝑫𝒊,𝑷𝑬

𝑫𝒊,𝑷𝑷

53
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CONTAMINATION TROUGH THE GAS PHASE

EXAMPLE OF DRY FOOD packed within a 50 µm thick BOPP and exposed to a cardboard 

material formulated with 15 surrogates

54

Experimental 
results 

at 60°C, i=1…15

Detailed 
modeling

with FMECAengine

Simplified 
modeling

Solute independent

𝑪𝑭 𝑻, 𝒕, 𝒊
i = 1..15 solutes

at any 

temperature

෪𝑪𝑭 𝑻, 𝒕,𝑴
simplified

at any 

temperature

SURROGATES (I)

Decane (C10)

Tetradecane (C14)

Hexadecane (C16)

Octadecane (C18)

Eicosane (C20)

Tetracosane (C24)

Octacosane (C28)

Dibutyl phthalate (DBP)

Bis(2-ethylhexyl) phthalate (DEHP)

Benzylbutyl phthalate (BBP)

Benzophenone

4-methyl benzophenone (MBP4)

Isopropyl-9H-thioxanthen-9-one

Anthracene

Naphthalene

Food Additives and Contaminants 2017, Doi: 10.1080/19440049.2017.1315777.



PREDICTIONS vs EXPERIMENTS

𝑚𝑖,𝐹
𝑡

𝑚𝑖,𝑃
0 =

𝑉𝐹

𝑚𝑖,𝑃
0
න

0

𝑡

𝐶𝑖,𝐹
𝑡
𝑑𝜏

Card-
board Air PP Air Tenax

0 to 120 days

Experimental
results

at 60°C, i=1…15

Detailed
modeling

with FMECAengine

https://github.com/ovitrac/FMECAengine

Nguyen et al. 2016,  submitted to I&EC, FAC

https://github.com/ovitrac/FMECAengine


PREDICTIONS vs EXPERIMENTS

𝑚𝑖,𝐹
𝑡

𝑚𝑖,𝑃
0 =

𝑉𝐹

𝑚𝑖,𝑃
0
න

0

𝑡

𝐶𝑖,𝐹
𝑡
𝑑𝜏

Card-
board Air PP Air Tenax

0 to 40 days

Experimental
results

at 60°C, i=1…15

Detailed
modeling

with FMECAengine

https://github.com/ovitrac/FMECAengine

Nguyen et al. 2016,  submitted to I&EC, FAC

https://github.com/ovitrac/FMECAengine


P4

Card-
board

P3

Air
P2 

PP
P1 

Air
F

Tenax

P4

Card-
board

P3

Air
P2

PP
P1

Air
F

Tenax

Type 2 : diffusion through the PP layer

Type 1 : desorption in gaseous phase 

(exponential without delay)

𝑚𝑖,𝐹
𝑒𝑞

𝑚𝑖,𝑃4
𝑡=0 = 1 +

𝑗=1

4

1

𝐾𝑖, Τ𝐹 𝑃𝑗

𝑙𝑃𝑗
𝑙𝐹

−1

tlag

𝑑𝑚𝑖,𝐹 𝑡

𝑑𝑡
|𝑡→0 ∝ 𝑃𝑖

𝑣𝑠𝑎𝑡(𝑇)

TWO EXTREME CASES

𝐶𝑖,𝑃4
𝑡=0 − 𝐶𝑖,𝑃4 𝑡

𝐶𝑖,𝑃4
𝑡=0 − 𝐶𝑖,𝑃4

𝑒𝑞

𝑡→0

𝑷𝒊
𝒗𝒔𝒂𝒕 𝑇 𝑉𝑖𝛾𝑖,𝑃4

𝑣 𝑇 ℎ𝑒

1 − 휀𝑃4 𝑅𝑇𝑙𝑃4
1 + 𝐾 Τ𝑃4 𝐹𝐿 Τ𝑃4 𝐹 𝑡
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LONG TERM BEHAVIOR

Food Additives and Contaminants 2017, Doi: 10.1080/19440049.2017.1315777.

𝑚𝑖,𝐹
𝑡

𝑚𝑖,𝑃
0 =

𝑉𝐹

𝑚𝑖,𝑃
0
න

0

𝑡

𝐶𝑖,𝐹
𝑡
𝑑𝜏
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ISO-TIME: CONTAMINATION X TEMPERATURE X M

22

Migration rate

Example: benzyle butyle phtalate (M = 313 g·mol-1)

ISO-MIGRATION: TIME X TEMPERATURE X M



TRANSPORT PROPERTIES WHICH CONTROL 

MIGRATION
MOLECULAR MECHANISMS

_04
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MIGRATION ISSUES
CROSSED MASS TRANSFER OF FOOD CONTACT 

MATERIALS AND FOOD CONSTITUENTS

Plasticization, swelling
Induced-crystallization
Induced-reactions

partition wetting
adsorption

tracer diffusion
mutual diffusion

A
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co
ns

tit
ue

nt
sboundary layer

61

blooming

additive

food constituent
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t0 = 0 hour

t1 = 10 hours

t2 = 30 hours

D small

𝜕C

𝜕𝑡
=

𝜕

𝜕𝑥
𝐷
𝜕𝐶

𝜕𝑥

D large
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Molecules are 

represented as 

jumping beads. 

They have equal 

probabilities to 

hop to left and 

right directions.

The direction of  

the next hop at 

microscopic 

scale is indicated 

by the direction 

towards beads 

are staring.
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Interpretation of the net flux J (first Fick Law) as the microscopic exchange of molecules 

at frequency ν between states 1 and 2 separated by a distance dx.

Mutual diffusion of additive
Among polymer segments
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DIFFUSION IN POLYETHYLENE (0.5 NS SIMULATION, T=298 K)

10 molecules of helium 10 molecules of methane

D ≈
1

6

𝜕

𝜕𝑡
𝒙𝑪𝑴 𝑡 − 𝒙𝑪𝑴 0 2



ANISOLE 
108 gmol-1

RUBRENE
532 gmol-1

DECANE
142 gmol-1

66
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DIFFUSION OF ANISOLE IN POLYETHYLENE (T=298 K)

0.5 ns at 298 K (details) 20 ns full trajectory



Decane

68



Rubrene

69
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SCALING D WITH SOLUTE SIZE
STIFF DIFFUSANTS

From: A. R. Berens, Pure Appl. Chem., 1981, 53, 365
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CHOOSING THE RIGHT BARRIER POLYMER
DIFFUSION COEFFICIENTS OF ADDITIVES

Journal of Chemical Physics 2010, 132, 194902.
Journal of Applied Polymer Science 2006, 101, 2167-218

Journal of Food Engineering 2007, 79, 1048-1064.

𝐷(𝑀, 𝑇)

𝐷(𝑀0, 𝑇)
∝

𝑀

𝑀0

−𝛼 𝑇,𝑇𝑔
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WHY DISSIMILAR MOLECULES HAVE SIMILAR D values?

IRGANOX PS800 (PS218) in LDPE

Drobust

m2∙s-1

stand. 
dev.

m2∙s-1

n
class size

Dmin

m2∙s-1

Dmedian

m2∙s-1

Dmax

m2∙s-1

2.83∙10-

14
1.14∙10-

13 24 1.38∙10-

15
3.75∙10-

14 5.4∙10-13

Full uncertainty range (pr>97.5%)
without any approximation of the true
distribution. Based here on 24 Di,P values
obtained on 14 molecules homologous for
diffusion.

likely
value

uncertainty index
to be used with

MIGRARISK

J. Applied Polym. Sci. 2006, 101(4), 2167-2186 
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SCALING ACTIVATION ENERGY
VARIOUS DIFFUSANTS IN VARIOUS POLYMERS

Ea 𝑀
≈ Ea 𝑀0

+ 𝑙𝑛 𝑀/𝑀0

Critical Reviews in Food Science 

and Nutrition 2017, 57, 275-312.
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EQUIVALENCE BETWEEN 𝐓 − 𝑻𝒈 AND SIZE (𝑴) EFFECTS

■ “HEATING” PP

Critical Reviews in Food Science and Nutrition 2017, 57, 275-312.

■ “WETTING” PA6

CONNECTION WITH FREE-VOLUME THEORY

Iso- D values
of n-alkanes

Iso- D values
of n-alkanes
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INTUITIVE DEFINITION OF PARTITION COEFFICIENTS

𝐾𝐹/𝑃 =
𝐶𝐹
𝑒𝑞

𝐶𝑃
𝑒𝑞=1

𝐾𝐹/𝑃 =
𝐶𝐹
𝑒𝑞

𝐶𝑃
𝑒𝑞 < 1

thermodynamical equilibrium

initial state
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EFFECT OF PARTITION COEFFICIENT ON MIGRATION

𝐾𝑖, Τ𝐹 𝑃 =
𝐶𝑖,𝐹
𝑒𝑞

𝐶𝑖,𝑃
𝑒𝑞 =

1

1 − 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦

𝛾𝑖,𝑃
𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠

𝑣

𝛾𝑖,𝐹
𝑣

𝑲𝒊, Τ𝑭 𝑷= 1/50 50

50 times for chemical affinity for P 50 times for chemical affinity for F



Preventives approaches

PERSPECTIVES FROM RESEARCH

_05
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Dosis facit venenum.
Low dose effect

Oestregenic effect

Endocrinian disruptors

PARACELSUS PARADIGM
NEW TRENDS



ACUTE TOXICOLOGY

79



80Endocrine Reviews, 2012, 33(3):378–455

800 studies



Is it possible we are right or wrong?

81
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TOWARDS NEW CONCEPTS
PREVENTIVE APPROACHES OF FOOD SAFETY

Regulation EC 2023/2006 - Good 

Manufacturing Practice for materials and 

articles intended to come in contact with food

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


1. Filling and use of HDPE milk bottles
2. Recollection
3. Sorting

Foodgrade HDPE milk bottles

Recycling

NEW RISKS: non-authorized

83
INRA
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poor design, GMP
weak regulation rules

poor training

HUMAN RISK

𝑖𝑔𝑛𝑜𝑟𝑎𝑛𝑐𝑒 =
𝐼𝑇

𝑊𝐻𝐴𝑇 𝐴𝐵𝑂𝑈𝑇 𝐼𝑇
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TOWARDS NEW CONCEPTS
DEVELOPING COOPERATION BETWEEN STAKEHOLDERS
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TOWARDS NEW CONCEPTS
DEVELOPING COOPERATION BETWEEN STAKEHOLDERS
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MIGRATION MODELING
AUTHORIZED IN EU, US, China

At each stage of manufacture, supporting 
documentation, substantiating the declaration 
of compliance, should be kept available for the 
enforcement authorities. Such demonstration 
of compliance may be based on migration 
testing. As migration testing is complex, costly and 

time consuming it should be admissible that 

compliance can be demonstrated also by 

calculations, including modelling, other analysis, and 

scientific evidence or reasoning if these render 

results which are at least as severe as the migration 
testing. Test results should be regarded as valid 
as long as formulations and processing 
conditions remain constant as part of a quality 
assurance system.

To screen for specific 
migration the migration 
potential can be calculated 
based on the residual content 
of the substance in the 
material or article applying 
generally recognised diffusion 
models based on scientific 
evidence that are constructed 
such as to overestimate real 
migration.

REGULATION 10/2011/EC
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MODELING EXISTS ALSO FOR
MULTILAYERS

ARBITRARY COORDINATE SYSTELS

CHAINED STEPS

6cm 1mm 20µm
50µm

LA
B

EL
A

D
H

ES
IV

E

P
O

LY
M

ER

FO
O

D

10cm

5cm LABEL

Henry isotherm: 𝑝 = 𝑘𝐶, 𝑘=Henry coefficient

Diffusive flux: 𝐽𝑗 = −𝐷𝑗 ⋅ 𝜌𝑗 ⋅
𝜕𝐶𝑗

𝜕𝑥
= −

𝐷𝑗⋅𝜌𝑗

𝑘𝑗
⋅
𝜕𝑝𝑗

𝜕𝑥
= −𝛼𝑗 ⋅

𝜕𝑝𝑗

𝜕𝑥

Transport equation: 𝛿𝑗 ⋅
𝜕𝑝𝑗

𝜕𝑡
=

1

𝑥𝑚
𝜕

𝜕𝑥
𝑥𝑚 ⋅ 𝛼𝑗 ⋅

𝜕𝑝𝑗

𝜕𝑥

𝛼𝑗 =
𝐷𝑗 ⋅ 𝜌𝑗

𝑘𝑗
= 𝐷𝑗 ⋅ 𝛿𝑗

cartesian (𝑚 = 0), cylindrical ((𝑚 = 1), spherical (𝑚 = 2) coordinates



SIMULATION OF MULTILAYER MATERIALS

Functional barrier = barrier to 
diffusion + sorption

Idem + low chemical affinity for the 
food

prop Layer 3 Layer 2 Layer 1 Food

C0 0 1 0 0

l/l0 1 1 1 100

D/D0 1 1 0.1 104

k/k0 1 50 1 1

prop Layer 3 Layer 2 Layer 1 Food

C0 0 1 0 0

l/l0 1 1 1 100

D/D0 1 1 0.1 104

k/k0 1 50 1 20



.090

HOW TO OVERESTIMATE MIGRATION
MODELING CAN DEMONSTRATE COMPLIANCE 
BUT NOT NON-COMPLIANCE



.091An overview of advanced migration modeling



Méthode préventive des risques de migration
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FMECA « brique de lait infantile »

Formulation Design Process Informations Mécanismes
P

h
as

e
In

ve
n

ta
ir

e
H

ié
ra

rc
h

is
at

io
n

designFormulation Process Informations Mécanismes décrits

• production, stockage, 

assemblage des matériaux

• assemblage et stockage des 

composants

• impression des films

• stockage des emballages vides

• conditionnement aseptique

• stockage et distribution des 

briques de lait

• utilisation finale de la brique: 

réfrigérée, ambiant, réchauffé?

• mode de consommation (boire 

au goulot)

P
ro

je
t 

«
 C

o
n

ce
p

ti
o

n
 r

ai
so

n
n

é
e 

d
 e

m
b

al
la

ge
s 

sû
rs

 »

• information non-documentée ou 

manquante

• information accessible

• information documentée qui 

accompagne le composant ou le 

matériau

• information vérifiable et/ou 

auditable

• fréquence de mise à jour des 

informations : régulière, à 

l occasion de changement, 

uniquement à la conception ou à 

l achat,...

Deux composants :

• corps de la brique (4 

matériaux, 5 couches) 

• bouchon (1 matériau)

Six matériaux

• LDPE, PP (bouchon)

• feuille d aluminium

• carton (origine)

• « colles »

• « encre »

• diffusion à travers des 

couches

• décalque

• contamination croisée avec 

d autres matériaux ou avec 

l ambiance de stockage

• monomères (plastiques, 

colles)

• catalyseurs

• antioxydants

• lubrifiants

• biocides (carton, encre)

• huiles minérales (carton)

• solvants

• photoinitiateurs

• autres résidus (NIAS)

Fortement concentrée

• antioxydants, lubrifiants, 

biocides

• huiles minérales, 

photoinitiateurs

• monomères, catalyseurs, 

solvants

• autres résidus

Matériau barrière

• feuille d aluminium

Matériaux réservoir de 

contaminants de faibles 

masses

• encre

• colle

Matériaux réservoir de 

contaminants de fortes 

masses

• PP, LDPE

• carton

• transferts qui peuvent être 

évalués rapidement par le 

calcul : en provenance ou 

au travers LDPE, PP

• transferts qui requièrent des 

essais expérimentaux 

simples : décalque

• transferts qui requièrent une 

expertise approfondie : 

contamination croisée, 

vieillissement

Etapes associées à des temps 

longs

• stockage des matériaux

• stockage des composants

• stockage des produits finis 

Etapes associées à des 

températures élevées 

• conditionnement aseptique

• Réchauffage

Étapes pouvant induire à des 

contaminations croisées

• stockage

• impression

• collage / assemblage

• identité et nature des matériaux au 

sein des assemblages

• éléments de formulation des 

matériaux (substances 

règlementées spécifiquement ou 

non)

• conditions utilisées pour tester le 

risque de contamination

• conditions de préparation, 

conditionnement, stockage, 

consommation de l aliment 

emballé

• communication des éléments de 

modification de la formulation du 

design, du process et de l utilisation 

finale
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MODELING EXISTS ALSO FOR
CHAINED STEPS

STORAGE "BEFORE USE" HOT FILLING FATTY CONTACT

MICROWAVE OVEN HEATINGLONG-TERM STORAGE
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CHAINED STEPS
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ASSESSING THE SEVERITY OF A SINGLE STEP
CASE OF "SETOFF” STEP

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)

Full methodology described in AIChE J. 2013, 59(4), 1183-1212

( )( )
1 2 1 2

ˆSeverity step max ,
M M iF F F F

M M i i

stepialonecomparisonwith stepi removed

C i f C C C
→ → → → → →

  
  

= −  
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COMPARING THE SEVERITY OF A SEVERAL STEPS, 
PACKAGING DESIGNS, SUBSTANCES…

CASE OF "SETOFF” STEP

Full methodology described in AIChE J. 2013, 59(4), 1183-1212

tie layer = EVA

=292=186 (better)

=115
(almost acceptable)

=124
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DIFFUSION BARRIERS
SOLUBILITY VS DIFFUSIONAL BARRIER

P.-M. Nguyen, et al., Industrial & Engineering Chemistry Research 2017, 56, 774–787.



POUR
APPROFONDIR

COURS

LOGICIELS

BASES DE DONNEES

ARBRES DE DECISION

_06



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

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


MASS TRANSPORT IN/TROUGH FOOD PACKAGING
Advanced lectures given at the Michigan State University (MI, USA)

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

• DIFFUSION 
https://mediaspace.msu.edu/media/dr.+olivier+vitrac+presentsa+diffusion+coefficients+of+organ

ic+solutes+in+polymersa/1_zz20dgt9

• 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+the+migrationA+beyond+conven

tional+estimates*/1_won1m7aw

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+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/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://mediaspace.msu.edu/media/WorkshopA+Prediction+of+the+migrationA+beyond+conventional+estimates*/1_won1m7aw


ARTICLES IN TECHNIQUES DE L’INGENIEUR

• Vitrac O, Joly C. Modélisation du risque de contamination d'un aliment par son emballage.  Techniques de l'ingénieur 

Applications des mathématiques. Vol. base documentaire : TIB102DUO: Editions T.I.; 2011.

• Vitrac O, Joly C. Contact alimentaire : évaluation de conformité. Partie 2.  Techniques de l'ingénieur Chimie des 

milieux complexes. Vol. base documentaire : TIB529DUO: Editions T.I.; 2009.

• Vitrac O, Joly C. Contact alimentaire : évaluation de conformité. Partie 1.  Techniques de l'ingénieur Chimie des 

milieux complexes. Vol. base documentaire : TIB529DUO: Editions T.I.; 2008.

•



SAFEFOODPACKAGING PORTAL
http://modmol.agroparistech.fr

http://modmol.agroparistech.fr/


OPEN-SOURCE CODES
https://github.com/ovitrac/FMECAengine

https://github.com/ovitrac/FMECAengine
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Les outils
OUTILS Exemples Avantages et limites

Les inventaires

Substances (identité, toxicologie, 

substances)

Matériaux

Modes de 

fabrication/stockage/utilisation

Les modes de transformation et 

conservation, utilisation des aliments 

emballés

Construits sur une base 

volontaire, toujours 

incomplets au démarrage, ils 

peuvent facilement être 

enrichis.

Les données sont souvent 

hétérogènes et incomplètes

Les diagrammes

Diagramme  Fault Tree (DFT)

Diagramme Ishikawa (DI)

Diagramme de conception de 

l’emballage (DCE)

Diagramme des voies de transferts 

(DVT)

Simples à mettre en œuvre, 

intuitifs, visuels, 

incrémentables.

Ils ne sont pas uniques et 

pas toujours standardisés.

La modélisation Des outils multiples Requiert un apprentissage 

Les centres 

techniques
centres ACTIA, RMT ProPackFood

Services mais dans une 

logique de prestations 

Des nouveaux outils
En cours de développement ou de 

transfert

Requiert une expertise 

avancée car ils sont liés à 

des bases de données

104
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HOW DO WE MANAGE VOLATILE SUBSTANCES?
IMPLEMENTED METHODS

>> 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
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