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Beyond food packaging price 17

Traces of prohibited substances

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

OF THE EUROPEAN PARLIAMENT AND OF The non-intended.presence Qf a sr.rlf:lll quantity of a prohibitgd
: substance, stemming from impurities of natural or synthetic
THE COUNCIL of 30 November 2009 on cosmetic product ingredients, the manufacturing process, storage, migration from

packaging, which is technically unavoidable in good manufactur-
ing practice, shall be permitted provided that such presence is in
conformity with Article 3.

O 2013/674/EU: Commission Implementing Decision of 25 November 2013 on Guidelines on Annex | to Regulation (EC) No
1223/2009 of the European Parliament and of the Council on cosmetic products Text with EEA relevance

3.4.3. The relevant characteristics of packaging material

Packaging material means the container (or primary packaging) that is in direct contact with the formulation. The
relevant characteristics of packaging materials in direct contact with the final product are important for the safety
of the cosmetic product. Reference to Regulation (EC) No 1935/2004 of the European Parliament and of the
Council (¥ could be useful.

0 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

For plastic food contact materials the rules for migration testing are clearly stipulated in the
Commission Regulation EU 10/2011. (e.g. the OML is set at 60mg/kg food, or 10 mg/dm? of the
contact material). For many other materials like paper & board, metals, rubbers or migration of
printing inks through substrates, the rules for migration testing have been established in national
regulations or in industry guidelines.

Migration results to demonstrate compliance with these limits can be obtained in food itself, or
in food simulants, or can originate from migration modelling or worst case assumptions (i.e.
assuming that 100% of the substance would migrate into the food).

Migration can also be estimated based on worst-case assumptions or conservative modelling.
More detailed assessments and/or tests are only necessary when these assumptions proof to be
overly conservative. If compliance has been based on modelling or worst case calculation, there
is no need to further evaluate migration through testing.



BEYOND FOOD PACKAGING
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Regulation EC No 1223/2009
‘Cosmetics regulation’

L~ |

Regulation EC
‘Framework Regulation’

/ Food Contact Regulations

| Commission Regulation EU No 10/201

‘Plastics Regulation’

Regulations for Cosmetics - Regulation' EC No '1907/ 2006
and Detergents Packaging REACH

Y

\.

Commission Regulation EU 2022/1616
‘Recycled Plastics Regulation’

and packaging waste

Directive 94/62/EC on packaging

Proposal for a regulation on

packaging and packaging waste
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REACH: Regulation (EC) No 1907/2006

- 2.Ewvaluation

= Pre-register to benefit = Authorization it

Other inventories

tfirrﬁgérbﬁgﬁ"gfna' cartrolled riskfor a
registration = European Central paticularpurpose in
e Agency (inFrance eachcase limitedin
. REGLIRED. for placing MED DTN ARSSED, tirme
TSCA - US Toxic Substances Control Act o the EL market EISRAL] = Restriction: Ban

»Evaluation of partial or total

DSL - Canadian Domestic Substances List
NDSL - Canadian Non-Domestic Substances List

registration dossiers

= Azzezament of priority

substances undsr

cortinuous action plan

.Authorization

ENCS (MITI) - Japanese Existing and New Chemical Substances
AICS - Australian Inventory of Chemical Substances

KECL (Korean ECL) - Korean Existing Chemicals List

ICCS - Philippine Inventory of Chemicals and Chemical Substances

Entry into force
ofole . . . . Start A
Giftliste (old Swiss list of toxic substances, repealed in 2005) T
\
Reglstratlon.g'[ Registration of Chemlcals]M ::;:f:.maﬁon ::::p ﬁdbm
. . P nd A 100to N:R50-53 100-1000 t 10-100t
SVHC Identification i Gy |
Evalualinn.‘{m Pre-registration
1June — 30 Nov 2008
{cnasantin) —
Authorizationr Authorization Process ;lo"s?, ;Lolgg NO;OO :nober ;g ;l ; 2J0U 1I'I 89

Authorization List

Restrictiol Restriction of Chemicals

Authorized Economic Operators l

Obligations:—-[ Inform Customers about SVHC > 0.1wt% h

Economic Operators
Obligations;—{ Provide Safe Handling Guidanoeh

Obligations;—-[ Produce Safety Data Sheetsh
Recyclers as Manufacturers h——Obligationsr—-[ Inform about SVHC > 0.1w1%h

Obligations;—-l Establish Limits for Substances and Impurities ]l



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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Is it safe?
How to assess it?
How to grant it?










MASS TRANSFER FROM THE PACKAGING MATERIAL
(ADDITIVES, MONOMERS AND OLIGOMERS, NIAS...)

DIRECT CONTACT

monolayer with barrier to diffusion multilayer

r

Fo=0 Fo=0

SCIENCE & IMPACT 1>> INTRODUCTION/



OTHER MASS TRANSFER

from the food in contact contamination from environment

Fo=0

Fo Fo

1>> INTRODUCTION/



What is migration ?

Concentration

Plasticize and
swell the polymer
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Additives, monomers,
residues, solvents,...

\ Contaminate the

food in contact

position



FOOD PACKAGING INTERACTIONS

Example of sterilized product
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PRINCIPLES OF FOOD INERTIA: A LONG HISTORY

200 LA CONSERVE ALIMENTAIRE

I’ART DE CONSERVER, |

82 AnnEr. — N° 19

JuiLLer 1910

PFLA CONSERVE ALIMENTAIRE

Rulletin mensuel de Vulgarisation Théorique et Pratique de Fabrication

PARAISSANT LE 15 DE CHAQUE MOIS

Beigé par un groupe e Habricants-Lndustriels of xe Chefs h'qmpluis e cebfe Tnduskrie

TOUTE
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Nicolas APPERT
(1730-1841

KEcole Nationale

D'INDUSTRIE ALIMENTAIRE

Nicolas Appert

COMITI: DE DIRECTION
Bourse du Commerce
— Paris —

Lidée de Ja evéation de cette école donl nous
avons ¢lé les plus fervents propagandistes
vienl d'étre mise délinilivement au point par
un groupe de praticiens, de chimisles et d'agro-
nomes distingués qui vont en assurer le lone-

L'enseignement sera loul i la fois théorique
el pralique.

Dans la voie pratique, le Comilé de Direc-
lion se propose, non pas d'organiser une usine
de fabrication de conserves et de produils ali-
menlaires divers, destinée & concurrencer
I'industrie libre, mais de créer des laboraloires
d'essais el d'enseignement que dirigera un
praticien qualifi¢ oL ot chaque fabricaul pourra
venir se documenter ¢l concourir aux progris
de la science alimenlaire

Lex essais héoriques seronl dirigés par un
technologue éminent, M. Crousors, chel de
laboratoire a I'Institut Pasteur.

Une trés large place sera réservée, dans
I'enseignement 4 la question des machines,
appareils et uslensiles employés par I'Indusirie
alimentaire. Un ingénieur diplomé, M. Ravy-
moxn Mowot, des usines de Diélrich, est chargé
d'organiser celle partie du programine.

M. Moritar ne Britvans, le dislingué sous-
directeur du laboratoire . municipal, a bien
voulu se charger de I'enseignement si impor-
tant de la chimie appliquée i Falimentalion.

Enfin M. Ep. JacQueT, ingéuienr-agronome,
administrateur de Péeole, oceupera la chaire
de professeur d' « Alimentation Commerciale ».

Ajoutons que nolre bulletin transformé en

revue bi lle & laquelle collaboreront

désormais les personnalilés ci-dessus, devient
Ie Bulletin Officiel de I'Ecole.

En un mot el suivant Fexemple d'aulres
pays, une Universilé nouvelle et bien moderne
vient de nailre en France, celle de I'Industrie
Alimentaire. Cette industrie quitte ainsi, défi-
nitivemenl, le domaine empirigne pour rentrer

tionnement.

Le reglement de 1908:

Jdans celui des sciences exacles, on elle avail

sa place déja marquée par les exigences et le
progrés sans cesse grandissanls de la vie
conlemporaine.
Pour le Comité de Direction :
Aug. CorTnay.

S

Gauserie Professionnelle

par Nicolas APPERT

Méfions-nous des Conserves
Etrangéres

Nous donnons ci-dessous la traduclion d'un
exlrail du passage que M. Hamel consacre i la
Iégislation el Tinspection des conserves ali-
menlaires au Canada, dans le traité qu'il publie
en ce moment. (Modern practice of canning
meats) :

« Comparés avec les réglemenis qui ré-
gissenl linspection des conserves alimenlaires
aux Elals-Unis el en Europe, ceux du Canada
sonl encore A I'élat embryonnaire.

Pour protéger les fabricants Canadiens contre
la concurrence des Elals-Unis, il ¢lait néees-
sgaire de eréer unc Iégislation, au moins sur le
papier.

« Je ne parle pas ici de linspeclion des
viandes fraiches qui esl soumise & un groupe
de savanls et de vélérinaires de valeur,

« Mais I'acheteur éclairé de conserves ali-
mentaires quelles quelles soient, viandes,
poissons, [ruits on légumes est loin d'avoir
oblenu la mém. séeurilé.

«Leréglement en date de 1908 qui régit 1'ins-
peclion des conserves alimentaires nous dit :

Aucune substance alimenlaire ne doil conlenir
de produdl nuisible, produils chimiques, colo
rants ou anlisepliques, cl plus loin on noug
dit © /Il sera fourni aux Inspecteurs par leg
soins du Ministére de I'Agricullure les noms
des anlisepliques el colorants inoffensifs dond
l'emploi est permis. L'addition de loul aulrd
empéchera le produil de recevoir [éliquetld
constalanl Uinspeclion,

«Nous comprenons bien que les chimistes du
Ministére sont la pour condamner tout produit
alimentaire o I'analyse révélerait la présence
d'un produit chimique dangereux, mais pour
ceux qui sonl au courant des discussions cn
cours enlre les hygiénisles les plus distingués
du monde entier au sujet de la plus ou moins
grande nocivilé de tel ou tel antiseplique, Ja
salisfaclion esl maigre.

« Je réptle que le fabricant de conserves en
boltes n'a pas besoin dantisepliques pour
assurer la conservalion indéfinie de ses pro-
duits. La stérilisation lui suffit.

« Pourquoi donc ne pas faire comprendre
au monde enlier que les mols « CANADA
APPROVED » del'éliquette signifient absence
entitre de susbstances nuisibles, aussi bien
dans les conserves que dans les viandes
fraiches.

« Que siquelques antisepliques sonl consi-
dérés comme inoffensifs par le Ministére de
P'Agriculture, pourquoi ne pas faire connailre
au public comme aux fabricants le nom de ce
qui est permis et do ce qui est prohibé?

« Le reglementde 1908 ne prend nullement
en considération la qualité de la soudure
employée, pas plus que celle de l'acide, el il
semble que sur ce point les japonais sont bien
en avance sur nous lorsqu'ils donnent les
commandes pour leur armée.

« Pour en finir, il semble que des instructions
plus complétes auraient été pour le plus grand
intérét dn fabricant lui4méme, en donnant au
public consommaleur une garantie parfaite de
séeurité, La consommalion en aurail éLé acerue
en regagnant la confiance des consommateurs
qui sonl peu confiants dans les conserves,
généralement sans raisons, d'ailleurs. »

G. T. HaMEL, ingénieur.

L’auleur Jaisanl une «uvre purement tech-
lémique est évid 1

nique el non de
tréf modéré. Mais pour qui lit entre les lignes
el pour nous qui savons combien sonl rares
parmi le personnel de inspection les gens
compélents, loules les places ¢tant prises par
les poliliciens, nous ne nous sentons pas rassu-

«. une substance alimentaire ne doit contenir de produit nuisible, produits chimiques

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



REGULATION = TRANSFER OF RESPONSABILITIES
e.g. regulation 10/2011/EC (current: 6th amendment)
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Food Contact Materials

Food comes into contact with many materials and articles during its production,
processing, storage, preparation and serving, before its eventual consumption. Such
materials and articles are called Food Contact Materials (FCMs). Food contact materials
are either intended to be brought into contact with food, are already in contact with food,
or can reasonably be brought into contact with food or transfer their constituents to the
food under normal or foreseeable use. This includes direct or indirect contact.
Examples include:

.

containers for transporting food

machinery to process food

.

packaging materials

kitchenware and tableware
The term does not cover fixed public or private water supply equipment.

FCMs should be sufficiently inert so that their constituents neither adversely affect
consumer health nor influence the quality of the food. To ensure the safety of FCMs, and
to facilitate the free movement of goods, EU law provides for binding rules that business
operators must comply with.

The EU Rules on food contact materials can be of general scope, i.e. apply to all FCMs or
apply to specific materials only. EU law may be complemented with Member States
national legislation if specific EU rules do not exist.

The safety of FCM is evaluated by the European Food Safety Authority (EFSA). At
EFSA's website you can search for opinions on substances to be used in food contact
materials.

The safety of Food Contact Materials is tested by the business operators placing them on
the market, and by the competent authorities of the Member States during official
controls. Scientific knowledge and technical competence on testing methods is being
maintained by the European Reference Laboratory for Food Contact Materials
(EURL-FCM). Its website provides guidelines and other resources concerning the testing
of food contact materials.

Principles for EU legislation
Union legislation on food contact materials at EU level aims to:

= Protect consumers' health
= Ensure the effective functioning of the internal market

Contacts

SANTE-fcm @ec.europa.eu

National authorities A=| = -]

European professional organisations

European Reference Laboratory on Food Contact Materials (EURL-FCM)
European Food Safety Authority

.

.

.

Training

For government officials engaged in food and feed safety inspection of selected countries
training on food contact materials is provided free of charge under BTSF. Also refer to the
European Training Platform for Safer Food.

l:: Share
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Active and Intelligent Materials

https://ec.europa.eu/food/safety/chemical_safety/food contact_materials_en

Legislation

I. General legislation
The framework Regulation

Regulation (EC) Mo 1935/2004 provides a harmonised legal EU framework. It sets out the
general principles of safety and inertness for all Food Contact Materials (FCMs).

The principles set cut in Regulation (EC) No 1935/2004 require that materials do not:

+ Release their constituents into food at levels harmful to human health
» Change food composition, taste and odour in an unacceptable way

Morecver, the framework provides:

= for special rules on active and intelligent materials (they are by their design not
inert)

« powers to enact additional EU measures for specific materials (e.g. for plastics)

« the procedure to perform safety assessments of substances used to manufacture
FCMs involving the European Food Safety Authority

« rules on labelling including an indication for use (e.g. as a coffee machine, a wine
bottle, or a scup spcon) or by repreducing the appropriate symbol. For more
information, please refer to the following document on Symbols for labelling food
contact materials.

« for compliance decumentation and traceability
Regulation on Good Manufacturing Practices

Regulation (EC) Mo 2023/2006 ensures that the manufacturing process is well controlled
so that the specifications for FCMs remain in conformity with the legislation:

« premises fit for purpose and staff awareness of critical production stages

« documented quality assurance and quality control systems maintained at the
premises, and

= selection of suitable starting materials for the manufacturing process with a view to
the safety and inertness of the final articles

Good manufacturing rules apply to all stages in the manufacturing chain of food contact
materials, although the production of starting materials is covered by other legislation.

I1. EU legislation on specific materials

In addition to the general legislation, certain FCMs — ceramic materials, regenerated
cellulose film, plastics (including recycled plastic), as well as active and intelligent
materials — are covered by specific EU measures. There are also specific rules on some

starting substances used to produce FCMs.
‘ ? [Expand All]

i Plastic Materials

Recycled Plastic Materials

i Ceramics

| Regenerated Cellulose Film

III. Other Legislation
Legislation on Specific Substances

* Regulation 1895/2005/EC - restricting use of certain epoxy derivatives in materials
and articles intended to come into contact with food

« Directive 93/11/EEC - release of M-nitresamines and N-nitrosatable substances
from rubber teats and soothers



EU REGULATION

OVERVIEW (EC) No
19352004

Framewaork

1935/2004/EC
“framework”

. !/

|
1 0/2011/EC “p]as‘t]c” Plastic ,\rllatcrials

2023/2006/EC “GMP”

2023/2006/EC
Good Manufacturing
practice

e, (@PPlicable to all Food
* Contact Marerials)

I

(EC) No 450/2009
Active and intelligent
materials

Elastomers and

\ = Coatings Rubbers

2007/42/EC 84/500/EEC
Regenerated Ceramics
Cellulose Film |
2005/31/EC

1* amendment

| I 3722007EC

2002/72/EC Transitional migration

2004/19/EC
2" amendment

|
2005/79/EC
3™ amendment
2007/19/EC
4" amendment

2008/39/EC
5 amenfmcnt

(EC) No 975/2009
6" amendment

Monomers TR/142EEC limits for plasticizers in I
Additives Vinyl Chloride gaskets in hds
2004/1/EC

1" amendment 80/766/EEC

VC in PVC analysis

81/432/EEC
VC in food analysis

- —\

']
= o Z
(EC) No 2822008 1895/2005/EC 93/ 1'1EE
Recyeled Plastics  BADGE/BFDGE/  Nitrosamines
i 38 55 NOGE

82/711/EEC
Migration Testing

93/8/EEC
1" amendment
|
97/48EC
2* amendment

85/572/EC
List of simulants

[ | [ |

Paper and Board Glass

i? e
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Adhesives
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Waxes
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Printing inks  Silicones Varnishes and

coatings



Risk assessment vs risk management

EFSA: Risk Assessment
ADI = NOEL/100 (per kg body weight)

DG SANCO: Risk Management
SML= 60 * ADI (mg intake per person per day
from an assumed 1 kg packaged food)

NOEL LOEL LOAEL

100
ADlI = Acceptable Daily Intake NOEL = No Observed Effect Level
SML = Specific Migration Level LOEL = Lowest Observed Effect Level

LOAEL = Lowest Observed Adverse Effect Level

=INRA

= SCIENCE & IMPACT




SPECIFIC RULES FOR PLASTICS

low migration 0-[05 medium migration > high migration 6|0 d‘@ -~ ’
_ = mg/kg
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SPECIFIC EU RULES FOR PLASTICS FOR FOOD CONTACT

Materials can be regulated
alone or in combination with
other materials

m list of substances
m purity standard for substances

m overall migration limits: OML
(60 mg/kg or 10 mg/dm?)

m specific migration limits: SML
m other rules ensuring safety and inertness

m compliance, sampling, analytical
methods, migration modeling

m traceability
m declaration of compliance

—  SCIENCE & IMPACT

Plastic materials

m exclusively plastics

m Plastic multilayers or layers tied with
adhesives

m Plastic layers, coatings forming gaskets

m Plastic layers in multi-materials

LOW MIGRATION
PRINCIPLES

.OW TOXICITY



VOLUNTARY APPROACHES & LOCAL ORDINANCES (SWISS, GERMAN)

m No recycled paper or paperboard
®m No MOSH below C20, migration <2 ppm for

m Exclusion/Negative lists C20-C35
B Recommended substances m Migration of MOAH (C16-C35)<0.5 ppm
= Purityltraceability requirements m List of raw materials and production aids
= Migration (less than 10 ppb for non ® No holding/reheating above 90°C
evaluated substances) and risk m No microwave uses
assessments ¢

. m With internal bag e
Inks prepared according to GMP "

m No-direct contact with food
No “visible’ Set-off in stacks and reels

—= SCIENCE & IMPACT



CASE STUDY: Mineral oil hydrocarbons (MOH)

MOSH
MOAH

= IN?A
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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

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

Mineral oil hydrocarbons (MOH)

« 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.

Al 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.

« Asignificant source of dietary exposure to MOH
may be contamination of food by the use of
recycled paperboard as packaging material.

= |N?A https://www.efsa.europa.eu/en/efsajournal/pub/2704
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Mineral oil hydrocarbons (MOH)

alkanes

N

normal octane

X~

2.2.3-trimethyl-pentane
(iso-octane)

2-methyl-heptane

naphthenes

A o O QD OO

mono-naphthenes di-naphthenes

& & o @

¢ g Qg O0g

00 60+ 6 O

di-aromatics

. o8
o eoe B S

tri-aromatics penta-aromatics

Proportion of rice concerned (%) 8

o

/\

Environment

Harvesting  Paperboard packing

Jute bags Antidusting
Spraying
T r >
1 10 100 1000

Estimated concentration (mg/kg)

processing aids/
food additives

I contamination I

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 CONTAMINATION OF FRESH FRUITS
FIBERS OF SECONDARY PACKAGING BY PRINTED TABLE NAPKIN
After 65 days of contact, 6.1 mg/kg of paraffins found in noodles Migration of o-anisidine (primary aromatic amine): printed
stored in boxes in top and bottom positions. Estimated migration at paper 17.5 pg/l = kiwi: 5.3 pg/l (migration rate: 17 %)

shelf life (2 years) : 10 mg/kg (Helling, 2011)
elling,

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

Cocoa powder in box from fresh fibers —
+ internal paper bag: 210 mg/kg
(no longer on market in 2010)

100
assumed limit: 0.6 mg/kg

=]

100 x limit

P 8 o

10 x limit

3

B
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MOSH + MOAH in food (mglkg)
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"It is incredible that such defenseless beings as
babies should face such serious risks in a
product as widely used as milk"

Italian police seize contaminated Nestle baby milk
ZZ2 Moy 2005 1645009 GMT
Source: Reuters

REUTERS P AlertNet

FOUNDATION

€ PREVIOUS | NEXT &

Forest Ranger officials chedk 3 padiage
of baby milk made by Swiss food group
Mestle in a supermarket in ltaly
Mowvember 22, 2005, ltalian police
seized around 30 million litres of baby
milk produced by Mestle on Tuesday
after tests showed traces of ink, and the
company said it was recalling the infant
food in four Eurcpean countries.
REUTER S/HO

{#dds Tetra Pak comment in
paragraph 11}

By Massimiliano O Giorgic and |sabel
Strassheim

ROMESZURICH, Nov 22 {Reuters) -
Italian police seized arcund 30 millicn
litres of baby milk preduced by Swiss
food giant Mestle <MESN.WX= on
Tuesday after tests showed it was
contaminated with traces of ink used in

the padiaging.

Mestle said the chemical substance was
not harmful, but announced it was
recalling the infant food in four
Eurcpean countries, including ltaly,
because of the problem, which related
to Tetra Pak cartons.

Italian Agriculture Minister Gianni
Alemanno demanded tests to see if
babies given the contaminated milk
over a proloenged pericd faced health
risks.

"It is incredikble that such defenceless

beings as babies should face such sericus risks in &8 product as widely used as milk,™

Alemanno said in a statement.

Italian officials said they had already seized about 2 millicn litres of Mestle baby
milk earlier this month after finding traces of isopropylthickanthone (ITX), an ink
component used in the offset printing process of the Tetra Pak cartons.

They broadened their net on Tuesday, sweeping hundreds of padeets of milk off
supermarkat shelves and cut of depots arcund Italy. Police said they also searched
loaries in their effort to root cut the four Mestle produdts under investigation.

Mestle, the worlds biggest food company, said it had decided to recall all liguid
infant formula milks padeed in offset printed cartons in ltaly, France, Spain and

Portugal.




MODELING WOULD HAVE BEEN ABLE TO PREDICT ITX VALUES IN FOOD?

o‘ Migrant

.t Homologous migrantt not available N ©
» . Polymer LDPEt o b T T
UGS notation (unit) y
Thickness Ip (um) 50 simulant / M=241 g-mol

Volume dilution ratio Lep(-) 360 —
Biot mass number Bi () 108 | =

Contact Time t (days) 90 @ 10 acceptable

Temperature (°C) 4 ) SML

Likely initial concentration® | EErESEX(I{sR ()] 100 + 10 >

Conservative initial o Y b (ma-ka! —4 i i

envaivo inial YN EILTY 300 £ 10| Migration
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Conservative d(m2.s 401 =~ -6
diffusion coefficient! DS el O 10} ¢ @

Likely T, 14-10° ik

partition coefficiente werp () |37 0z0I581R10:2]
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case change
6. 08/09/2005 2005.631 ITALY food contact materials
migration of isopropyl thioxanthone (250 from packaging of milk for babies from
RASFF Portal ma 28 LS £
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SCIENCE & IMPACT Food Additives and Contaminants, 2009, 26(12), 1556-1573.
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4-methyl benzophenone

=3 Contact

g Accueil > Actu, France = Lidl a rappelé des milliers de boites de céréales en février

Lidl a rappelé des milliers de boites de céréales en février

9 02/04/2009 55 Allez aux commentaires Ca Commenter

Des milliers de paguets de céréales pour le petit
déjeuner “muésli” ont &té retirés en février des
rayons des 1 400 magasins Lidl de France, suite
a la contamination de ces céréales par une
composante toxique utilisée dans I'encre des
emballages, indique, jeudi 2 avril, Lidl.

"Mous avons été informés le 6 février par notre
maison-mére qu’il fallait retirer de la vente deux
références, des muesli au chocolat et des muesli
aux fruits. Les marchandises ont été retirées le
9 février”, déclare Jéréme Gresland, directeur
des achats de Lidl pour la France, confirmant
une information du Canard enchainé. Des sites
comme 60 millions de consommateurs ou
rappelsproduits.fr permettent aux
consommateurs s'informer sur les produits — steaks hachés avariés, circuits hydrauligues
de voiture défectueux, saucisson contenant des salmonelles — rappelés par les
constructeurs et fabricants.

Le signalement de la maison-meére était consécutif @ une alerte du systéme d’alerte
européen pour les denrées alimentaires {(RASFF), aprés qu'un contrdle sanitaire a mis en
évidence en Allemagne la présence de 4-méthyle benzophénone (4-MBP) dans des
céréales, a précisé M. Gresland. L'EFSA a fait savoir le 4 mars que "la consommation
réguliére de produits fortement contaminés” par la molécule incriminée pouvait présenter
“dans des cas extrémes un risque pour certains enfants”. La branche francaise de Lidl a
décidé de son propre chef de retirer les produits de ses rayons, "par précaution”, a
souligné M. Gresland.

"A aucun moment la Direction générale de la concurrence, de la consommation, et de la
répression des fraudes {(DGCCRF) ne nous a demandé de procéder a un rappel des
produits™ déja vendus, a-t-il dit. "La DGCCRF a pris contact avec nous début mars, trois
semaines aprés le retrait des produits de la vente”, a-t-il.

v




IS FOOD PACKAGING SAFE ?

De 'encre dans le muesli

Branle-bas de combat sanitaire a U’échelle européenne ! Des céréales contiennent de U’encre toxtque
provenant de leur emballage. Mais les consommateurs n’ont pas éteé prévenus.

N contréle, un simple

contréle de routine. Le

2 février dernier, les au-
torités allemandes découvrent
de la 4-méthylbenzophénone (4-
MBP), un dérivé de la benzo-
phénone (BP), dans des paquets
de céréales muesli au chocolat.
Facheux, quand on sait que la-
dite substance chimique donnée
pendant des mois en pitance a
des rats de laboratoire leur a
flingué les reins et provoqué des
tumeurs du foie et des leucé-
mies...

Le systéme d’alerte européen
pour les denrées alimentaires
(Rasff) est aussitot actionné.
L’enquéte montre que le muesli
provient d'une usine belge qui
appartient & I'un des plus gros
fabricants européens de céréales
pour le petit déjeuner. La 4-
MBP est un composant de
I'encre d'impression (d'origine
suisse) qui a été appliquée sur
les cartons dans l'usine néer-
landaise d’'un géant mondial de
I'emballage. Elle serait tout bon-
nement, par accident, passée du
contenant au contenu, et aurait
atteint le muesli en traversant
le carton et le sachet de protec-
tion.

Dans les dix-sept pays euro-
péens concernés, dont la France,
on retire des rayons en urgence
les produits contaminés. Mais
pas question d’affoler le consom-
mateur. Motus et bouche cou-
sue sur les marques concernées !
Comme I'a découvert « Le Ca-
nard », les fameuses céréales a
I'encre toxique ont été distri-
buées sous la marque Lidl dans
les grandes surfaces du méme
nom. Questionné, le directeur
des achats de Lidl pour la
France reconnait avoir été
averti, le 6 février, par la mai-
son mére en Allemagne, que des
paquets de muesli au chocolat

et aux fruits étaient ainsi pol-
lués. Plus de cent tonnes ont été
retirées dare-dare des 1 400 ma-
gasins en France et renvoyées
au fabricant belge Mulder Na-
tural Foods a partir du 9 fé-
vrier... soit une semaine aprés
le déclenchement de l'alerte eu-
ropéenne, lequel fabricant af-
firme au « Canard » les avoir
brilés. Combien de paquets de
muesli parfumés a la 4-MBP et
4 la BP ont atterri dans les bols
des consommateurs ? A la Ré-
pression des fraudes (DGCCRF),
on s'emméle un peu les
cuilleres : « Au moment de
lalerte, il n'y avait plus en vente
de produits concernés depuis
trois mois. » On se demande
donc bien ce que Lidl a pu reti-
rer de ses rayons a partir du
9 février | Cette encre a-t-elle
servi en France sur les embal-
lages d’autres produits alimen-
taires 7 Du bout des lévres, la
Répression des fraudes recon-
nait avoir bloqué cing contai-
ners remplis d'encre. Et identi-
fié un cartonnier francais qui en
faisait usage. Lequel 7 « Pour
des raisons juridiques, il n’est
pas possible de révéler le nom. »
Quels sont les clients dudit car-
tonnier ? Méme réponse. A-t-on
trouvé des aliments contaminés
autres que les céréales?
« Des enquétes d’identification
sont en cours. » Circulez, y a rien
a voir.

Deux mois apres l'alerte, les
résultats d’analyses sur les
échantillons prélevés en France
ne sont toujours pas disponibles.
Alors qu'en Belgique, dés le
16 février, I'Agence fédérale
pour la sécurité de la chaine ali-
mentaire révélait des teneurs
effarantes trouvées dans les cé-
réales jusqu'a 3,7 milli-
grammes par kilo pour la
4-MBP et jusqu’a 4,2 mg/kilo

INRA

pour la BP. Soit 6 a 7 fois ce que
tolére la réglementation euro-
péenne pour les matériaux au
contact d'aliments. Et cette
agence de lancer I'alerte : cette
contamination « peut comporter
un danger pour les enfants ».
Pis : la teneur en 4-MBP et BP
« pourrait étre encore plus éle-
vée » : plus le paguet séjourne
dans le placard, plus lesdites
substances migrent dans les ali-
ments. En France, les autorités
nont pas eru bon de saisir
I'Afssa, 'Agence frangaise de sé-
curité sanitaire des aliments...

De son cété, I'Efsa, son ho-
mologue européenne, reste
vague sur les risques de cette
contamination : sa « connais-
sance » de la 4-MBP étant « [i-
mitée », « d’autres données et
analyses sont nécessaires ».
Certes la 4-MBP est « suscep-
tible d’étre cancérogéne, mais ne
devrait pas soulever de préoc-

cupations en matiére de géno--

toxicité ». Ouf, nous voila ras-
surés.

Perplexe, la Commission eu-
ropéenne lui a donc demandé de
lui rendre, d'ici a fin mai, un
avis scientifique plus costaud.
En attendant, elle enjoint les in-
dustriels de ne plus utiliser
I'encre coupable sur les embal-
lages alimentaires a moins de
les protéger par un sac en plas-
tique ou en aluminium. Ca
urge : le 24 mars dernier, la
Gréce a prévenu le réseau
d’alerte européen qu’elle venait
de trouver des tacos industriels
plombés a la 4-MBP. Tacos ven-
dus aussi 4 Chypre et aux Pays-
Bas...

De son coté, 'Association
européenne des producteurs
d’encre vient de pondre une note
a ses clients pour leur conseiller
d’employer une encre alimen-
taire « a faible migration et

faible odeur ». Oui, il existe des
encres dites « alimentaires » qui,
comme l'explique une directive
européenne, ne gont pas censées
refiler a I'aliment emballé « des
constituants en quantité sus-
ceptible de présenter un danger
pour la santé humaine ». Bref,
des encres qui ont le droit de
« migrer » en paix.

Depuis quand I'encre amie du
muesli est-elle utilisée et a
quelle échelle ? Pourquoi toutes
les encres nesont-elles pas « ali-
mentaires » ? Parmi toutes les
encres non alimentaires utili-
sées pour décorer barres choco-
latées, paquets de riz ou de bis-
cuits, combien et lesquelles
contiennent des substances
toxiques qui peuvent atterrir
dans notre assiette 7 En atten-
dant les réponses, on évitera de
se faire un sang d’encre...

Professeur Canardeau

Le Canard

enchaime

Journal satiriaue naraissant le mercredi

1 avril 2009, page 5
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Cereal box health warning after recycled cardboard study

Breakfast cereal manufacturers are to stop using recycled cardboard in packaging after
a study indicated that current boxes could pose a cancer risk.

Share: [ -

K1 Recommend - 450

3 Tweet 96
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News » UK News »
Health »
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Cereal packaging“safe’

Link to this video
8:25AM GMT 08 Mar 2011

Jordans - whose brands include Country Crisp and Crunchy Oats - has
already stopped using recycled cardboard, while Kellogg's and Weetabix
say they are taking steps to reduce the risk to human health.
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The alert was sparked when researchers in Switzerland found that
mineral oils in printing ink from recycled newspapers used in cardboard
can get into foods - even passing through protective inner plastic bags.

Brands of pasta and rice which are packaged in recycled cardboard
could also pose a risk.

Dr Koni Grob, of the Food Safety Laboratory in Zurich, said toxicologists
had linked the oils to inflammation of internal organs and even cancer,
though he stressed that individual meals would contain only a tiny dose
of the chemicals.

The BBC reported that cereal firm Jordans has stopped using recycled

The end of BSE
cardboard while other manufacturers are reducing levels of mineral oils btk 31



MOH SURVEY

SOURCES DE CONTAMINATION DES ALIMENTS
PAR LES HUILES INERALES

Test 10/2015

http://www.foodwatch.org/fr/presse/communiques-de-presse/page-detail-
communiques-de-presse/des-hydrocarbures-dans-nos-assiettes-
foodwatch-tire-le-signal-dalarme/




HETEROGENEOUS EU REGULATIONS

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

* Paper & board, 1935/2004/EC

e Adhesives, 1935/2004/EC
e Metals GENERAL REQUIREMENT:

— Plastics, 10/2011/EC MUST NOT ENDANGER
—e Printings, 1935/2004/EC HUMAN HEALTH

SCIENCE & IMPACT



n-1 Chain of responsability along the supply chain
Material vs Information flux (1935/2004/EC)

traceabilit
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Coupled mass transfer

between the food product and the packaging material

- HEADSPACE (gas)

gases
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CROSSED-MASS TRANSFER
BETWEEN MATERIALS

//éEFORE <\\
CONTACT
WITH FOOD

DURING

D B conmact

Final packaging WITH FOOD
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CHAINED STEPS, COMBINED MATERIALS
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Polyolefins : PE — PP

C 4 ) trés exagérées

PE (linear, HDPE)
High Density Polyethylene

PE (very ramified, LDPE)

¥ 'ff‘.r .
?-h . I ramifications Low Density Polyethylene
‘i;jf‘f“ % ‘ trés exagérées

PP (atactic)
Polypropylene

Lo /A

PE (branched, MDPE)

Medium Density Polyethylene PP (|sotact|c)

Polypropylene




POLYETHYLENE

WY
YOLEFINS™ ..~

polyethylene)  ® Mouldability ¢ Tearability
o Flexibility e Excellent

stretchability e Sterilisation

o Chemical inertness

o Transparency o Tacnle effect

Y

o Vapour barrier
(High Density ~® Mouldability ® Rigidity
Polyethylene)  (for mechanical testing) ® Impact

resistance ® Chemical inertness
e Resistance to stress-cracking
o Sterilisation ® Suitable for

freezing (-40°C) e Opaqueness

e Rigidity (Resistance to sterilisation)

(Polypropylene) e Resistance to cold e Vapour barrier

e Chemical inertness

o Suitable for freezing (-40°C)

e Low density
o Resistant to stress-cracking
e Resistant to folding ® Thermal

packing ¢ Contact transparency

= Clarified PP
« OPP (oriented PP)
« EPP (expanded polypropylene:

resistance to rcpcated impact)

e Sma]l bags ° Tubes

e Large drums

e Suitable for micro-waves (+120°C)

. Reusable wrappmg

o Stretchable and retractable
films for bundling (multiple-unit
packs) and palletting e Bortles

e Stopper seals ® Carrier bags

e Screw or clip tops

e Bottles

o Crates and cases ® Covers

o Films for postal dispatch

e Flasks ® Drums and reusable

containers @ Pots e Tubes

‘s Alveolate material ® Tray containers
e Screw and clip tops

o Reusable crates and cases ® Covers

e Thermoforming sheets

o Transparent films and bags

e Bottles

e Reheatable plates e Pots

e Tubs e Tubes

e Flasks

¢ Films




POLYVINYLS

(Polystyrene) ~ Compact: = Crystal PS: Transparencyiy o Tray containers

e Brilliance * Rigidity with stretch film)

PS (ata Ct i q u e) = PS impact: opaque e Egg containers ® Stoppers
polystyrene & impact-resistance e Covers ® Thermoforming sheets,
e Brilliance @ Cleavability pots for dairy products,
Direct gassing: © Light cups for automatic drink machines

o Heat sealable ® Warm touch o Plates/trays

N
C

v

o Inertia ® Good stretchability e Tray containers ® Boxes

polyvinyl chloride (Polyvinyl * Machinability

e Bortles ® Flasks
chloride) e Excellent memory e Blister packs
o Resistance to stress-cracking e Sheets for thermoforming

4 e Transparency e Food-contact films

T Structure adapted to application: o Flexible and rigid packaging
(Combination ~ complementary properties with special barrier properties
of materials using e Barrier to aroma, e Closures for heat sealing
PE, PR PVC,  perfume and gas e Tubes
PET, EVOH, e Packing in modified
PVDC, alumin- atmosphere or vacuum
polyvinyl alcohol  ium, paper or

cardboard).



(Polyethylene
terephthalate)

= (A)PET (amorphous):

e Transparent o Perfume compatible
e Shiny e Impact resistant

° Resistant o interna' PreSSllre

o Resistant to stress-cracking

e Gas barrier

# (OPET (crystallised):
e same properties as (A)PET
but not transparent

o Temperature resistant to 220° C

# PETG (glycol): amorphous,
same properties as (A)PET

e Tray containers ® Boxes e Bottles
e Lids
® Thermoforming sheets

e Films o Flasks e Pots

e Oven trays (220°C)
e Blister packs e Bottles
e Films e Flasks e Pots

e Tray containers ® Lids

e UV barrier

¢ Thermoforming sheets

+ e Gas barrier

PET

Polyethylene terepthalate

o Bottles

e Flasks



CONTROVERSY O kiviews

Nat. Rev. Endocrin.
6 (2010), 237

Editorial

Nature Reviews Endocrinology 6, 237 (May 2010) |

Subject Category: Epidemiology

The perils of plastic

Vicky Heath About the author

A 'round-robin' spam e-mail that is circulating on servers worldwide claims that drinking bottled water
that has been left in a warm car can cause breast cancer. Is this warning just an urban myth or does it
hold a grain of truth? The FDA, it seems, is erring on the side of caution; earlier this year, the
organization revised its position on the safety of bisphenol A (BPA), a chemical used in the
manufacture of plastics. Previously deemed safe for food-contact use, the FDA has now expressed

“some concern” about the potential health risks that BPA poses to fetuses, infants and young children.

E6The plastics industry has a responsibility to ensure that its products are safe...3

Is society compromising its health for the conveniences of modem living? Industrial chemicals, such as
BPA, are literally everywhere: in homes, in the workplace, even the great outdoors. They cannot
possibly all be avoided. Given the current recommendations of the FDA and the Endocrine Society, a
multidisciplinary approach is clearly needed—one that involves scientists, clinicians, policy makers and
the chemicals industry—with the aim of gathering reliable data to form the basis of national and
international public-health policies. In the meantime, the use of plastics and other man-made substances
should be closely monitored in groups known to be at the greatest risk. Perhaps that e-mail is not spam
after all.

Water Research
46(2012), 571-583

il

OF PACKAGING MATERI/ ey

RESEARCH

[...]

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??
.. LRecherche

2 RECENT STUDIES (Italian and German) on drinking water

ocriniens : restons vigilantsy

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.

?

bésité dans les populations occidentales.

™ ™ ™ 7
epidemiologist at the University of Rochester School of Medicine and Dentistry in New York.

Plusieurs centaines de substances sont actuellement classées parmiles
"This is coming at a good time because the use of bottles for consuming water is getting very bad press now perturbateurs endocriniens.
because of its carbon footprint," she says. "it's just another nail in the coffin of bottled water, the way | see it." /:;}s.

P Ol les trouve-t-on ?

Wagner and a colleague used genetically engineered yeast to analyse 20 samples of mineral water. Nine
samples came out of glass bottles, nine were bottled in PET plastic and two were in cardboard, juice-like boxeg!

Eg , ‘ Ces molécules sont principalement détectées dans leau, puis dans
ST

toute la chaine alimentaire. De plus, comme viennent de le montrer
“Martin Wagner et Jorg Oehlmann de Funiversité Goethe de Frankfort
[1]. peut-&tre aussi dans le plastique des bouteilles d'eau minérales en
Overall, Wagner says, levels of these compounds in the water were surprisingly high. polyéthylene téréphtalate (PET).

The specialised yeast, which change colour in the presence of estrogen-like compounds, revealed estrogenic
activity in seven of the nine plastic bottles (and both cardboard samples), compared with just three of the nine
glass ones.




CONTAMINATION
SOURCES

Polyurethane based

Sylil terminated polyether based

Butyl rubber based

Natural rubber water-based adhesives
Carboxylated-SBR water-based adhesives
Epoxies
Modified acrylics
Cyanoacrylates

-. ‘— Tade# f"; ” au;.m
' mmﬂi““' - —

Formulation Exposed Interaction  Contamination
Component . .
level contact surface with food risk
Plastic layer in contact
. +++ +++++ + to +++ +++++
withfood
Layer non-intented to be in
. +++ +++++ - +++
contact with food

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

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

Ink +++++ + to +++ - + to +++
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P C Legend PU adhesive network
ocn- ] Nco : diisocyanate monomer
HOL : trifunctional polyol
H

: urethane linkage

e

A : allophanate (biuret) linkage
» .
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Side chain  Main chain Allophanate depolymerization
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CONTAMINATION WI;I'HOUT DIRECT CONTACT

WITHOUT BARRIER
WITH BARRIER
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MIGRATION PATHWAYS

air food
air plastic food
air Plastic Air food

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

SCIENCE & IMPACT



KINETICS OF MIGRATION IN REAL FOOD

PaSta air food Cereals air plastic  food

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




CONTAMINATION FROM CARDBOARD+PRINTING INK
HOW TO ASSESS THEM ?




CONTAMINATION KINETICS OF REAL DRY FOOD PRODUCTS
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Biedermann et al. (2013) 53



CONTAMINATION TROUGH THE GAS PHASE

L ' '

Decane (C10) .
Tetradecane (C14) 08
Hexadecane (C16)
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Eicosane (C20) 1206
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o
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o
N
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Experimental Detailed —~ . Simplified .
at 60°C, i=1...15 with FMECAengine i=1.15 solutes Solute independent simplified
atany at any
temperature temperature

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



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

O E] Detailed

results mode"ng
at60°C, i=1...15 with FMECAengine
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https://github.com/ovitrac/FMECAengine



https://github.com/ovitrac/FMECAengine

PREDICTIONS vs EXPERIMENTS

Experimental
CHIES

Detailed

modeling

at60°C, i=1...15 with FMECAengine

https://github.com/ovitrac/FMECAengine

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

ﬁ% Type 1 : desorption in gaseous phase
(exponential without delay)
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LONG TERM BEHAVIOR

Food Additives and Contaminants 2017, Doi: 10.1080/19440049.2017.1315777.
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ISO-TIME: CONTAMINATION x TEMPERATURE x M
ISO-MIGRATION: TIME x TEMPERATURE x M

T=4°C T=20°C T=40°C T=60°C
qé_ a) L] n L] L] L] n L] L] L] .I L]
(@] E: ’ .. ®
- (] Y -
é%L
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€ ——— 30days |
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9o
"(B' °

—
2
e +

. o Migration rate
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© I 001 |
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== SCIENCE & IMPACT Example: benzyle butyle phtalate (M =313 g-mol'1)
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TRANSPORT PROF;ERTIES WHICH CONTROL

MIGRATION
MOLECULAR MECHANISMS
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CONTACT MATERIAL

‘ additive

Fg. PRODUCT <
¢

Plasticization, swelling
Induced-crystallization
Induced-reactions

partition
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wetting
adsorption

MIGRATION ISSUES

tracer diffusion
mutual diffusion
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blooming

food constituents
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MOLECULAR DIFFUSION
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MICROSCOPIC RANDOM-WALK

Mutual diffusion of additive
Among polymer segments

i Je 2
: o 2 _ 1 2
N Jea =V Tg= 5V g

Interpretation of the net flux J (first Fick Law) as the microscopic exchange of molecules
at frequency v between states 1 and 2 separated by a distance dx.



DIFFUSION IN POLYETHYLENE (0.5 NS SIMULATION, T=298 K)

10
SCIENCE & WPAC D~ ga Xcm (t) — xCM(O)>2 .065



DECANE
142 g-mol*




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




SCALING D WITH SOLUTE SIZE

10° ey
o © natural
O rubber
10" Q (08 .G
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1078l (.;,:5
o=6
-20 ‘ ; ]
10 10 100 100 200

From: A. R. Berens, Pure Appl. Chem., 1981, 53, 365

—= SCIENCE & IMPACT



CHOOSING THE RIGHT BARRIER POLYMER

-1
M (ngI ) [] Polyvinylidene chloride (PVDC) at 50% RH
10 100 1000 /\ Polyamide (PA)
% Polystyrene (PS)
10—9 % High density Polyethylene pHDPE)
4@ Low density polyethylene (LDPE)
(O Plasticized polyvinyl chloride (PVC)
11 A Dry polyethylene terephthalate (PET or PETE)
10 M Polyethylene terephthalate (PET) in contact with ethanol
<> Polypropylene (PP) in contact with glyceryl tripelargonate
@ Polypropylene (PP) at 40°C
10'13 + Polypropylene (PP) at 70°C
‘?’-\
(%]
. -15
£ 10
R
(@] rubber
tate
.17 5
10
—a(T.Tg)
D(M,T) (M
10 ) )
. /  D(WM,,T) M,
10
glassy
state

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

SCIENCE & IMPACT Journal of Food Engineering 2007, 79, 1048-1064.



|SSIMEEAR-MOLECULES HAVE SIMILAR D values?

_MS version 1.0 .
SIS e HRGANOX PS800 (PS218) in LDPE
.wmcﬁmwmpropw““é}\g, 123284
polymer: LOPE 23°c

D robust statistics (proning level: 43)
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J. Applied Polym. Sci. 2006, 101(4), 2167-2186



SCALING ACTIVATION ENERGY

Ea(M)
~ Ea(M)
+ In(M/M,)

Critical Reviews in Food Science
and Nutrition 2017, 57, 275-312.
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Ea (kJ-mol™?)
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Very low density polyethylene (LLDPE)
Poly(methylene oxide) (PMO)
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EQUIVALENCE BETWEEN T — T, AND SIZE (M) EFFECTS

200
Iso- D values Iso- D values
of n-alkane of n-alkanes
150
O
> 100
n
|_

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

—= SCIENCE & IMPACT



INTUITIVE DEFINITION OF PARTITION COEFFICIENTS

initial state
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EFFECT OF PARTITION COEFFICIENT ON MIGRATION
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Preventives approaches
PERSPECTIVES FROM RESEARCH
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PARACELSUS PARADIGM
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ACUTE TOXICOLOGY
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RESPONSE

100

RESPONSE

REVIEW

I
MTD
/
7 <«— LOAEL
1 1
Safety factors NOAEL
0 >
DOSE

0 >0
ENDOGENOUS EXOGENOUS

0

TOTAL DOSE

800 studies

Hormones and Endocrine-Disrupting Chemicals:
Low-Dose Effects and Nonmonotonic Dose Responses

Laura N. Vandenberg, Theo Colborn, Tyrone B. Hayes, Jerrold J. Heindel,
David R. Jacobs, Jr., Duk-Hee Lee, Toshi Shioda, Ana M. Soto, Frederick S. vom Saal,
Wade V. Welshons, R. Thomas Zoeller, and John Peterson Myers

Center for Regenerative and Developmental Biology and Department of Biology (L.N.V.), Tufts University, Medford,
Massachusetts 02155; The Endocrine Disruption Exchange (T.C.), Paonia, Colorado 81428; Laboratory for Integrative
Studies in Amphibian Bioclogy (T.B.H.), Molecular Toxicology, Group in Endocrinology, Energy and Resources Group,
Museum of Vertebrate Zoology, and Department of Integrative Biology, University of California, Berkeley, California 94720;
Division of Extramural Research and Training (J.J.H.), National Institute of Environmental Health Sciences, National Institutes
of Health, U.S. Department of Health and Human Services, Research Triangle Park, North Carolina 27709; Division of
Epidemiology and Community Health (D.R.J.), School of Public Health, University of Minnesota, Minneapolis, Minnesota
55455; Department of Preventive Medicine (D.-H.L.), School of Medicine, Kyungpook National University, Daegu 702-701,
Korea; Molecular Profiling Laboratory (T.S.), Massachusetts General Hospital Center for Cancer Research, Charlestown,
Massachusetts 02129; Department of Anatomy and Cellular Biology (A.M.S.), Tufts University School of Medicine, Boston,
Massachusetts 02111; Division of Biological Sciences (F.S.v.S.) and Department of Biomedical Sciences (W.V.W.), University
of Missouri-Columbia, Columbia, Missouri 65211; Biology Department (T.Z.), University of Massachusetts-Amherst,
Amherst, Massachusetts 01003; and Environmental Health Sciences (J.P.M.), Charlottesville, Virginia 22902

TABLE 1. Low-dose definiti

ons and cutoff doses: BPA and DEHP as examples

Administered doses
(to animals) that

Estimated range of Doses below the produce blood levels in
Chemical human exposures Doses below the NOAEL LOAEL typical humans
BPA 0.4-5 pg/kg - d (679) No NOAEL was ever established <50 mg/kg - d (38) ~400 pg/kg - d to rodents and
in toxicological studies (38) nonhuman primates (4, 253)
DEHP 0.5-25 pag/kg - d (680) <5.8 mg/kg - d (681, 682) <29 mg/kg - d (681, 682) Unknown

Estimates of human exposure are made from consumer product consumption data but do not take into account that there are unknown sources of these chemicals.

DEHP, Bis(2-ethylhexyl) phthalate.

Endocrine Reviews, 2012, 33(3):378-455 80
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DEVELOPING RELIABLE PACKAGING FOR
CHEMICAL-FREE FOOD

April 9, 2013 0 Comments

Posted in News, Science & Research, Food Safety, Chemicals, Bisphenol A (BPA), International,
Packaging

Sign Up to see what your friends recommend. Print

MASSY, France—Move over NASA. French scientists are developing an open-source software, based on a
method used in aeronautics called Failure Mode Effects and Criticality Analysis (FMECA), to detect every
critical point on the food packaging lifecycle where contamination could occur.

Plastic foed packaging is made of multiple layers designed to act as a

barrier for oxygen or bacteria. Under the SafeFoodPackDesign project
coordinated by Vitrac and funded by the French National Research Agency (ANR), scientists have been
addressing the issue of such potentially harmful molecules diffusing from one layer to the next in food
packaging.

“Each of these layers is made by a different manufacturer. Still, at the end of the chain, the food
manufacturer who sells the packaged product is the sole respensible for food safety,” said Olivier Vitrac, a
researcher at the Genial joint research unit of the National Institute of Agricultural Research (INRA-
Agroparistech).

Food packaging is designed to preserve the content as fresh and safe as possible. Its second function is to
make the product look attractive to customers, using colorful prints. The problem is the approach requires
the use of potentially harmful molecules such as anti-ultraviolet radiations, anti-oxidizers, glue and pigments
from inks. These substances have been suspected—albeit not always proven categerically—of being

B PACKAGING-GATEWAY.COM

Home  Products & Services

Report Store

Company A-Z Projects Features Videos

Latest Industry Updates | Industry News | Company Press Releases

Scientists developing new software for food
packaging detection in France

11 April 2013

A new open-source software is being developed by
scientists in France to detect all critical points on the
food packaging lifecycle where contamination is
expected to occur.

The software is based on a method used in
aeronautics called failure mode effects and criticality
analysis (FMECA).

A SafeFoodPackDesign project, which is underway,
is coordinated by Vitrac and funded by the French
National Research Agency (ANR). under which the
scientists have been addressing the issue of such
harmful molecules diffusing from one layer to the
next in food packaging, youris.com reported.

National Institute of Agricultural Research (INRA-
Agroparistech) Genial joint research unit researcher

responsible for triggering cancers. They have also besn accused of sndocrine disruption bacause they Olier Vitrac said each of the multiple layers in plastic food packaging is made by a different manufacturer.

contain substances like bisphenol A (BPA), which has recently been banned in France. It has also been the
object of the EU-funded ENDOCEVAL project, which aims at testing new packaging that are free from
bisphenol A.

"Still, at the end of the chain, the food manufacturer who sells the packaged product is the sole responsible
for food safety,” Vitrac said.

As part of the project, the scientists will build tools to help packaging manufacturers evaluate the molecules'
The SafeFoodPack Design project goal is to build tools to help packaging manufacturers assess the diffusion risks. at every stage including transport and storage.
diffusion risks of potentially harmful molecules, at every stage of the packaging’s life; from manufacturing to
final use, including transport and storage. As an example, piling up plastic cups designed to hold, for
example, Chinese soup, results in putting the inked external layer in contact with the inner layer of the cup
immediately underneath. As a result, ink molecules migrate towards the inner layer, which will eventually be
in contact with the food. “In this case, the most critical step regarding chemical risk is with no doubt
storage," Vitrac said.

Initially, a database of materials used for packaging was built by the project team to document their
molecular content, and their diffusion speed is being measured to build predictive models.

Expected to help assess the related risks, SafefoodPackDesign will provide a real increase in safety for
manufacturers and consumers alike.

The first task of the project team has been to build a database of materials used for packaging to document 8 1
_their molecular content. Now, they are measuring the diffusion speed of these molecules, in order to build
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<\ TOWARDS NEW CONCEPTS

Y .
e

-
Raw material Part Component Final Retailer
supplier supplier supplier product

Polymer
retailer 1

flakes 2 |
retailer 2

Additives

Process

retailer 3

Material flow

Information flow

—= SCIENCE & IMPACT

Consumer

consumer

1

consumer
2

consumer
3

.085

24/05/2023



W TOWARDS NEW CONCEPTS
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MIGRATION MODELING

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.

REGULATION 10/2011/EC

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.

SCIENCE & IMPACT



MODELING EXISTS ALSO FOR

5cm LABEL

v
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J
cartesian (m = 0), cylindrical ((m = 1), spherical (m = 2) coordinates I I
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SIMULATION OF MULTILAYER MATERIALS

Functional barrier = barrier to Idem + low chemical affinity for the
diffusion + sorption food
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HOW TO OVERESTIMATE MIGRATION

MODELING CAN DEMONSTRATE COMPLIANCE
BUT NOT NON-COMPLIANCE

our confribution
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| (4] 20 Al
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estimate safety margin

—= SCIENCE & IMPACT



S

=

3

]

L

% Distributions

3 b (contamination,
Ja B EE " consumer exposure
S Probabilistic P )

equations

Concentrations
Bulk observations
Relaxation times

Kinetic

eterministic descriptions

equations
< Diffusion coefficients
\<f Excess chemical-potentials
b Free-volume fluctuations
Rate constants
Thermal
averaging

Transition probabilities,
cross-sections,
eigenvalues

Dynamic
equations

Interatomic and T
Electronic  molecular forces
Schradinger 3

Electronic
interactions

"~ SCIENCE & IMPACT An overview of advanced migration modeling



| FMECA « brique de lait infantile »

Meéethode preventive des risques

de migration

Formulation Design Process Informations Mécanismes
ofis
IIF HESN i i
Formulation design Process Informations Mécanismes décrits
e monomeéres (plastiques, | Deux composants : e production, stockage, identité et nature des matériaux au diffusion & travers des
colles) e corps de la brique (4 assemblage des matériaux sein des assemblages couches
catalyseurs matériaux, 5 couches) |e assemblage et stockage des éléments de formulation des décalque
antioxydants e Dbouchon (1 matériau) composants materiaux (substanggs contamination croisée avec
|ubrifiants Six matériaux impression des fims reglementées spécifiquement ou d'autres matériaux ou avec

biocides (carton, encre)

LDPE, PP (bouchon)

stockage des emballages vides

non)
conditions utilisées pour tester le

I'ambiance de stockage

e huiles minérales,
photoinitiateurs

e monomeéres, catalyseurs,
solvants

e autres résidus

Projet « Conception raisonnée d’emballages sars »

Hiérarchisation
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e carfon

e stockage des composants
o stockage des produits finis
Etapes associées a des
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information vérifiable et/ou
auditable
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informations : réguliére, a
l'occasion de changement,
uniquement a la conception ou a
I'achat,...

huiles minérales (carton) |e feuile daluminium conditionnement aseptique
solvants e carton (origine) stockage et distribution des risque de contamination
photoinitiateurs e «colles» briques de lait conditions de préparation,
autres résidus (NIAS) e encre» e utilisation finale de la brique: conditionnement, stockage,
réfrigerée, ambiant, réchauffé? consor:nmation de laliment
o e mode de consommation (boire emballé -
= au goulot) communication des élements de
t modification de la formulation du
4 design, du process et de I'utilisation
= finale
Fortement concentrée Matériau barriére Etapes associées a des temps information non-documentée ou transferts qui peuvent étre
e antioxydants, lubrifiants, |e feuile d'aluminium longs manquante évalués rapidement par le
biocides Matériaux réservoir de o stockage des matériaux information accessible calcul : en provenance ou

au travers LDPE, PP
transferts qui requiérent des
essais expérimentaux
simples : décalque
transferts qui requiérent une
expertise approfondie :
contamination croisée,
vieillissement
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MODELING EXISTS ALSO FOR

STORAGE "BEFORE USE" : HOT FILLING

Naisr===7

NEis
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CHAINED STEPS

1: Setoff » 2: HotFilling —» 3: Storage — 4: OvenHeating, 19+

" ink " ink " ink " ink
1.2 p_food PP base= food | PP base; food | PP base= food | PP base+

U . 170

Coitinal (kgm”)
Crltial (kgm)

o o o QO

O N AN O @
']
i
1

INRA
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ASSESSING THE SEVERITY OF A SINGLE STEP
CASE OF "SETOFF” STEP

4 Setoff (max. 100
days@25°C)

HotFilling
(max. 10

HotFilling (max. Mi@80°C)

10 mi@80°C)
Long-term
storage (max.
200
Long-term days@25°C)
storage (max. _
200 Sven heatin
days@25°C) (max. 5 g
Microwave min@100°C)
oven heating
(max. 5
min@100°C)

Full methodology described in AIChE J. 2013, 59(4), 1183-1212
Severity(CA:F (step |)) = f Ce. ~C.

152—---—>M M l152—---—M/i ’

=INRA
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comparisonwith stepiremoved




COMPARING THE SEVERITY OF A SEVERAL STEPS,
PACKAGING DESIGNS, SUBSTANCES...

CASE OF "SETOFF” STEP

150

100

[}

(added after filling)

unacceptable —

Severity=100

Severity

50~

<« accepiavie v

"= SCIENCE & IMPACT

dairy or

fat
b products

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

=124

=115

(almost acceptable)




DIFFUSION BARRIERS
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RISK ASSESSMENT

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

Subtitles are available in

English, Henl;h.Gerrnan FOOD CO NTACT MATER'ALS
and ltalian. Click on the

“turn on captions” button in MIGE
the lower right hand corner o

of the screen and select :\" .

your desired language., \(%/ -~ / =
-
v ‘ [_/\" _V,P _substan
U] =
X adeo
Risk balancing Conflicts
e : cognitive,
Scientifc risk Conflict gniti
& ) evaluative,
<% assessment Evaluative :
% normative
Targets: Targets:DG
: 5 SANCO,
. Conflict: Im B'FR .
Routine coanitive v) o | industry
9 » , stakeholders
anses 1
FOOD
— 33&%%¢RDS
arget:
: profes.su_anal efs am
¥ aSSOC|at|OnS European Food Safety Authority
| Discourse: Discourse:
B 2 .
neﬂ},ctlve participatory

I

Outcome - Outcome:
unc tain ambiguous



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

MASS TRANSPORT IN/TROUGH FOOD PACKAGING T
Advanced lectures given at the Michigan State University (MI, USA) '

http://www.fshn.msu.edu/events/event/Vitrac THE SCHOOL OF
PACKAGING
 DIFFUSION MICHIGAN STATE

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

et
O,
a7, 180
o
2000, 201

.,
0.
.

]

o SAFETY MANAGEMENT
https://mediaspace.msu.edu/media/\WorkshopA+Prediction*of*the+migrationA+beyond+conven
tional+estimates*/1_won1m7aw . * o o "

‘ . @ : ®
J

&
e *
- ® e o
iy E 3 3 ° - . oy
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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. Gontact ali
milieux complexes. Vol. base dots

Contact alimentaire : évaluation
de conformité. Partie 1

par Olivier VITRAC
Charge do Rachasche IV

Contact alimentaire : évaluation
: de conformité. Partie 2 i
~ Modeélisation du risque

par Ol

r VIT - - 7 "
. o gl@ contamination d’un aliment

« Catherine
"

- “"par son emballage

a7 1. Contaminat

par Olivier VITRAC

Chargé de Recherche INAA

lsurs e emballage et conditionnement

AF1446-3
=03
3
?
2
g 12
oniamination
1
on de 18 contamination par 165 matérisux
- s
24 Rocommandations pour 'appiication dos sconarios A, B, C. O .
3. Evaluation probabiliste du risque de contamination - 2z
31 ' Qanalyse du risaue - 2
32 - =
33 Estimation des sffets d'une combinaison dincartituds
Sur les propriétés 6o transpon - =
34 Recommandations pour I application pratiaus d mithodss
g 2
3 -
a
2
4 2
a 2
a 2 goxpn : 3
a e Taxposition chromiaue au styréns issu
-
5. Extensions et verrous actuels -
Pour en savoir plus. Doc. AF 1446
L & sormet mondiat do 9 on 2002 sur fe durable
2 mis en avant la protection du consommateur et de 'environnement. Cotte

priorité est également reconnue au travers de la proposition de directive REACH
(Registration, Evaluation, Authorisation and Restriction of Chemicals). Cette
derniére devrait & terme imposer que toute nouvelle substance fasse I'objot
d'une décision de type n gestion du risque ». Des régles plus restrictives sont
en vigueur pour les matériaux au contact des aliments. Elles incluent avjourd

hui une obligation de tragabilité au cours de la transformation et formulation
des matériaux au contact des aliments dont les emballages (directive cadre
1935/2004/EC). Pour atteindre de tels objectifs, Ia direction générale de la Pro-
tection de la santé et du consommateur (DG-SANCO, UE] via le réglement 10

iterdhe. - © Edsons T AF1446 -1

Toute mprodction sans sutoriaation




SAFEFOODPACKAGING PORTAL
http://modmol.agroparistech.fr

'_ SFPP3 client/server DIFFUSION_1DFV2n =

S

My Information Archived simulations or templates
acetaldehyde_PET3

Import properties from a previous result file in the current form

[ geometry] [ formulation ] [contact conditions I [transporl prop. ]

Import a concentration profile

Concentration profile

Clear all properties in the current form
Search migrants/data: @ Migrants (M,5ML...)
name/lUPAC [+] \Acetaldehyde

My user: demouser (change user)

My project: common (change project)

My database: common2013a.sfpp3.database.xml
My Application: Diffusion_1DFV2n (change application)

- INRA\SFPP3 - 2013-04-18 22:03:53
© Transport Properties

Contact conditions

Layer selector

(es] (] (2] (2] [t

@ L_FP (100 m3F-m-3P import P

V_F rho_P 1

A_F

K_F/P |01

ho_F 1 import

D_P

F N import Conc. |50

Bi 1000000 import

t 13

months El

import

300

1e-015

Layer 1

pm [~]
kg-m=3 or
g-cm-3

import
import
import

g -]
W [ERT-] [ impor

import | [T

|

Help

Acetaldehyde
Name: Acetaldehyde (Acetic
aldehyde; Ethanal; Ethyl
aldehyde; CH3CHO Acetaldehyd; Aldehyde

| Jcetigue;Aldeide acetica;NCI-C563...)

CAS: 75-07-0

REF: 10050

InChIKey: IKHGUXGNUITLKF-UHFFFAQYSA-N
Formula: C2H40

M: 44.053 g/mol

SML: 6 ppm

EFSA: Group TDI = 0.1 mg/kg b.w. (calculated
as acetaldehyde (including 10060 and 23920)

-

Toxicity profiles similar to methaldehyde. A 2-
year oral rat study and a 3-generation oral rat
study including teratogenicity with
methamethaldehide. The reports on nasal
carcinogenicity after inhalation were
considered without relevance for effects from
oral intake of smaller doses, (adopted at 113rd
SCF meeting)({17-18 September 1998)
http://europa.eu.int/comm/food/fs/sc/scf/out
16 en.html

Fll Renulation: +Pasifive [isr

- "I & _

[ Temperature : | set import

Bin o @ ) e,
Bl et ‘~‘P = CEL L TS e
- ) >n
‘ '.j‘ t" ot * ‘.'t,~0 258 5 Ay
@ § % u W0 0% 0 oy
Save result as: K P S. B
e, . Acceptable threshold or
)-'é«_;' N ':l; ‘J; specific migration limit m ppm
[ Summmary] [ Launch simulation ] g 4 T » \

’ [y Ry
< srPpstalfrSmewart
SAFE Fo’op DAL


http://modmol.agroparistech.fr/

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

-
GltHUb This repository Search Explore Features Enterprise Blog W Sign in
GitHub oo

Explore Features Enterprise  Blog

ovitrac / FMECAengine @ Waich 1

ovitrac / FMECAengine @Watch 1 & Star 1 YFork 2

FMECA software developed in the framework of the project SafeFoodPack Design
hitp fimodmol agroparistech friSFPD.

&1 con 1 o 1ean

B} #ioncn maser- | FMECAengine [ +

. Pbranch master~  FMECAengine / senspatankarC.m

=

& oveac s ' < I
— s $8) ovitrac on 10 May 2014 Major Update - 10/05/2014
= Dhdler m

_— “ o E o b
1 contributon ) # f 4 € ¢ Z_ @

— < 0 ¢ » < -
_; Dl m M y( 1} 'a - F b 1.1
B | Executable File 275 lines (252 sloc)  10.03 kb Raw Blame History &

functicp res = senspatankarC(F,ploten,dispon) - P
rchoe_ backep, WELE.. o8 = - PP KSENSRATANKARNESM Wl 5tes transfery and reactions thrgugh n laf@rs using a modified Pat:ﬁ%.hc‘d lF3=r]
FMECAgpolymer m FMECAznging 05 thaugh not uly tested 5 days ago g the dimensL léfs formulgiilon is_simElagpto SEI'\_sF\ )

" .p-'r :
= ' though ot fuly teskod E all data alg I 0 the _e’ i

Cadeatym IT 15 THE REGROIEY B DII@TSICNLHS HUEEE T
@ wrapper u ;

B FMECAWR m
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https://github.com/ovitrac/FMECAengine

Les outils

OUTILS (Exemples | Avantages et limites

Substances (identité, toxicologie,
substances)

Matériaux

Modes de
fabrication/stockage/utilisation

Les modes de transformation et
conservation, utilisation des aliments
emballés

Diagramme Fault Tree (DFT)
Diagramme Ishikawa (DI)
Diagramme de conception de
'emballage (DCE)

Diagramme des voies de transferts
(DVT)

La modélisation Des outils multiples

centres ACTIA, RMT ProPackFood
techniques

Des nouveaux outils

=INRA

_‘-—r
——  SCIENCE & IMPACT

En cours de développement ou de
transfert

Construits sur une base
volontaire, toujours
incomplets au démarrage, ils
peuvent facilement étre
enrichis.

Les données sont souvent
hétérogénes et incomplétes

Simples a mettre en ceuvre,
intuitifs, visuels,
incrémentables.

lls ne sont pas uniques et
pas toujours standardisés.

Requiert un apprentissage
Services mais dans une
logique de prestations
Requiert une expertise
avancée car ils sont liés a
des bases de données




HOW DO WE MANAGE VOLATILE SUBSTANCES?

>> 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 = }{3(:
9.1995e-06
>> FMECAKairP ethylbenzene CH,
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.ChemSpide
CHEMSPIDER reuses cached data for 'benzoic acid' (date=21-sept.-2015 21:45:01)

ans = o)
1.3674e-08 HO

INRA
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Evaluate the

/ Food Contact

Do migration

Material LAl " chemical affinity .
4 e for the food Ty el
@ J
Barrier material, Low migrating | Did you reach | Do you exceeds . Any critical
source of NIAS substance “._aconclusion? - * a threshold? ol Ak step?

o aity

Choose another |  Change the \ | Addjalbarricriy Sl
) ger Ask an expert (solubility, severity of all
material formulation ‘ diffusion) steps NG
Calculate
criticity

ROADMAP TO USE MIGRATION
MODELING FOR SAFER FCM,
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