[ ]
universite

PARIS-SACLAY

SAFEMAT

MATERIAUX AU CONTACT
DES ALIMENTS

LIN=

LABORATOIRE NATIONAL
E METROLOGIE ET D'ESSAIS

INRAS 2

gro Parislech

INSTITUT DES SCIENCES ET INDUSTRIES DU VIVANT ET DE LENVIRONNEMENT
PARIS INSTITUTE OF TECHNOLOGY FOR LIFE, FOOD AND ENVIRONMENTAL SCIENCES

7

Nimes Jan 30-31, 2020

The fate of food packaging
substances: cross-contaminations,
migrations, etc. a main challenge for

the 215t century

Olivier Vitrac, olivier.vitrac@agroparistech.fr

University of Paris-Saclay, INRAe, AgroParisTech

UMR 0782 SayFood “Food Processing and Engineering of Paris-Saclay"
UMT SafeMat “Safe Food Contact Materials" between AgroParisTech/INRAe and LNE
1 rue des Olympiades, 91300 Massy, France

DECRYPTAGE

ALIMENTAIRE

les défis du 21eme siecle

Technologie de conservation de I'aliment, I'emballage a pour
fonction de protéger, transporter et stocker les denrées périssables.
Il contribue a réduire les pertes et gaspillages et lutte contre les
risques sanitaires et microbiens. Toutefois, il est accusé de
contaminer I'aliment et polluer I'environnement. Quels sont les défis
arelever et que peut-on attendre des innovations?
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Consomment des ressources et de
I'énergie non-renouvelables et sont
issus de formulations complexes.

+90% 20%
s consommation
mondiale de
confondus issus dc ressources fossiles
ressources fossiles d'ici a 2050

USAGES

L'emballage est une source de
contamination de I'aliment. |l reste
suffisamment longtemps en contact avec
I'aliment pour permettre la migration de
substances.

Substances retrouvées dans les
aliments
o BPA présent dans les contenants
o résidus d’encre d’'impression

DECHETS

tion, collecte, tri et
insuffisants, les déchets
s’accumulent dans nos sols et océa

72% 14%

de plastique non de plastique

récupéres sur les recyclé sur les

78Mde tonnes récupérés et
produits/an 4% perdus

MATERIAUX

Constitués de matiéres 1ére
renouvelables via un procédé de
fabrication peu cotteux en énergie.

améliorer le role minimiser

de réduction des + I'impact
pertes et environemental
déchets négatif

@7 USAGES

Prop adapté a conservation
de la qualité et de la sécurité de
I'aliment

Emballage Emballage
actif intelligent

atmospheére détecte et informe
interne modifiable | les acteursde la
pour une meilleure chaine sur la

conservation qualité du produit

DECHETS

Biodégradables ou recyclables a faible
colt économique et environnemental

qui doivent s'imposer sur le marché de
I'emballage.

EMBALLAGES INNOVANTS

La conception et le choix de nouveaux emballages reposent sur une approche
privilégiant un ou deux aspects (ex. recyclabilité) au détriment de beaucoup
d‘autres (ex. aptitude a la conservation, consommation d'énergie, disponibilité
concurrentielle des matiéres premiéres, acceptabilité par les consommateurs
etc.) et sans intégration du systéme « aliment/emballage ».
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La malbouffe
et les additifs,
progres ou
danger pour
le futur ?

Archive INA

https://www.youtube.com
watch?v=aZcNzalxHSk
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https://fitness.agroparistech.fr/fitness/external/IHEST
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> 60% of Compliance Contaminations
ingested Chemicals (contaminations) from non-plastic
are coming from of 70% of plastics Materials not
Packaging tested by considered
(exposome) Modeling

CIRCULAR
ECONOMY
VS

SAFETY

Fo
1

\' Workshop “Predicting the safety of food contact articles” - New science and digital opportunities
Packaging | 4 October 2018, Zurich, Switzerland
Forum https://www.foodpackagingforum.org/events/predicting-the-safety-of-food-contact-articles-new-science-and-digital-opportunities

Safety of food confact maferials

p. 6
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AVR. PHILIP. THEOPH

« Ce grand homme a mon avis merite détre prefere a
tous les autres.. il a etabli une doctrine fondee sur des
raisons physiques et palpables sans se servir des
enigmes inintelligibles qui font tourner la téte plutot que
dinstruire »

Francois-Marie-Pompée Colonna - Abrege de la
doctrine de Paracelse et de ses Archidoxes - Paris,
1724.
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> The conventional description of migration

Observational evidences

Concentration

INRAZ

Food Risk — Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac
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Add.itives, monomers, Contaminate the
residues, solvents,... 'ood in contact
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Plasticize and
swell the polymer
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> The conventional description of migration

The level of contamination depends essentially on the fatty character of the food in contact

50 x more chemical affinity for P 50 x more chemical affinity for F
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> Food inertia: a long history ‘
.Ceuegfewwneceewos. « WWWMWW&MMWMMW »

I’ART DE CONSERVER,

PENDANT PLUSI<URS ANNEES,
TOUTES LES SUBSTANCES ANIMALES ET VEGETALES;
Duvnace soumis au Bureau consultatif des Arts et

Manufactures, revitu de ‘son approbation, et publié
sar l'invitation de S. Exc. le Ministre de 'intérieur.

Pan APPERT,

Dropriétaire & Massy , Département de Seipe et Oise ,
ancien Confiscur et Distillateur , éléve de la bouche de
la Maison ducale de Christian IV,

« J'ai pensé gue votre découverte méritait
» un témoignage particulicr de la bicaveillance
» du Gouvernement ».
Lettre de 8. Exc. le Ministre da
Lintéricar.

A PARIS,

Cusz PATRIS rr Ci¢ InpriMeurs -TIonaines |, Quar
NAPOLKOX , AU COIN DE LA RUE DE 1A CoLomse , n° 4,

R e T S VN

1810

Food Risk —Jan 30-31, Nimes - The fate of food pack
2020-01-16 / IHST / Olivier Vitrac
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JuiLLer 1910

LA CONSERVE ALIMENTAIRE

Rulletin mensuel de Vulgarisation Théorique et Pratique de Fabrication

PARAISSANT LE 15 DE CHAQUE MOIS

Revigé par un groupe he Pabricaunfs-Lndustriels of de Chefs B'Gmplnis e cobfe Tnduskrie

Nicolas APPERT
(1750-1841)

KEcole Nationale

D'INDUSTRIE ALIMENTAIRE

Nicolas Appert

COMITE: DE DIRECTION
Bourse du Commerce
— Paris —

Liidée de Ja evéation de celte école donl nous
avons ¢1é les plus fervents propagandistes
vient d'dtre mise définitivement au point par
un groupe de praticiens, de chimistes ot d'agro-
nomes distingués qui vont en assurer le lone-

tionnement.

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

Dans la voie pratique, le Comilé de Direc-
lion se [ll'O]\OSC, non pas d.Ol'ganiS(‘l' une llSinC
de lfabrication de conserves el de produils ali~
menlaires divers, destinée A  concurrencer
I'industrie libre, mais de créer des laboraloires
d'essais el d'enseignement que dirigera un
praticien qualifi¢ ol ot chaque fabricant pourra
venir se documenter ¢l concourir aux progrés
de la seience alimenlaire

Les essais [héorigues seronl dirvigés par un
technologue éminenl, M. Crousos, chel de
laboratoirve a4 I'Institut Pasteur.

Une trés large place sera riéservée, dans
I'enseignement 4 la question des machines,
appareils et ustensiles employés par I'Induslirie
alimentaire. Un ingénieur diplomé, M. Rav-
moxn MonoT, desusinesde Diélrich, est chargé
d'organiser celle partie du programme.

M. Monritar. e Brizvans, le dislingué sous-
divecteur du laboratoire . municipal, a bien
voulu s¢ charger de U'enseignement si impor-
tant de la chimie appliquée i Falimentation.

Enfin M. Ep. JacQuET, ingénienr-agronome,
administratenr de Pécole, occupera la chaire
de professeur d' « Alimentation Commerciale ».

Ajoutons que notre bulletin transformé en
revue bi-mensuelle a laquelle collaboreront
désormais les personnalilés ci-dessus, devient
Ie Bulletin Officiel de I'Eeole.

En un mot el suivanl Fexemple d'aulres
pays. une Universilé nouvelle et bien moderne
vient de naitre en France, celle de I'Industrie
Alimentaire. Cette industrie quilte ainsi, défi-
nitivemenl, le domaine empirigne pour rentrer
dans celui des sciences exacles, on elle avail

200 LA CONSERVE ALIMENTAIRE

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

———— e

Gauserie Professionnelle

par Nicolas APPERT

Méfions-nous des Conserves
Etrangéres

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

« Comparés avec los reglements qui ré-
gissenl 'inspeclion des conserves alimenlaires
aux Elals-Unis el en Europe, ceux du Canada
sonl encore & I'état embryonnaire.

Pour protéger les fabricants Canadiens contre
la concurrence des Elals-Unis, il ¢lait néces-
saire de créer une législalion, au moins sur le
papier.

« Je ne parle pas ici de Uinspeclion des
viandes fraiches qui es

souwmise & un groupe
de savanls et de vélérinaires de valeur,

« Mais I'acheteur éclairé de conserves ali-
menfaires quelles qu'elles soient, viandes,

poissons, [ruits ou légumes esl loin davoir
oblenu la mém.: séeurilé.

« Le réglement en date de 1908 qui régit I'ins-
peclion des conserves alimenlaires nous dil :

ucune substance alimenlaire ne doid conlenr
de produdl nuisible, produils chimiques, colo-
rants ou anlisepliques, el plus loin on nous
dit : 1l sera fourni aux Inspecteurs par les|
soins du Ministére de U'Agricullure les noms
des anlisepliques el colorants inoffensifs donl
Uemploi est permis. L'addition de loul aulre
empéchera le produil de recevoir Uéliquetle

constalant linspeclion.

«Nous comprenons bien que les chimistes du
Ministére sont la pour condamner tout produit
alimentaire oit Fanalyse révélerait la présence
dun produit chimique dangereux, mais pour
ceux qui sonl au couranl des discussions en
cours enlre les hygiénisles les plus distinguds
du monde entier au sujel de la plus ou moins
grande nocivité de tel ou tel antiseplique, Ja
salisfaclion esl maigre.

« Je répéte que le fabricant de conserves en
boltes n'a pas besoin d'antisepliques pour
assurer la conservation indéfinie de ses pro-
duits. La stérilisation Iui suffit.

« Pourquoi donc ne pas faire comprendre
au monde entier que les mots « CANADA
APPROVED » del'éliquette signifient absence
entiére de susbstances nuisibles, aussi bicn
dans les conserves que dans les viandes
fraiches.

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

« Le réeglementde 1908 ne prend nullement
en considération la qualité de la soudure
employée, pas plus que celle de I'acide, et 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
intéret du fabricant lui4méme, en donnant au
public consommaleur une garantie parfaile de
séeurité, La consommalion en aurail é4é accrue

en regagnant la confiance des consommateurs
qui sonl peu confiants dans les conserves,
généralement sans raisons, d'ailleurs. »

G. T. HaMEL, ingénieur.

L’auleur faisanl une «uvre purement tech-
o A

nique cl non de ique est év
tréf modéré. Mais pour qui lit entre les lignes
el pour nous gui savons combicn sonl rares
parmi le personnel de I'inspection les gens
compélents, loules les places ¢tanl prises par

| les politiciens, nous ne nous sentons pas rassu-
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can coatings for direct food contact.
Current Biology 2003, 13, 546
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Current Biology, Vol. 13, 546-553, April 1, 2003, ©2003 Elsevier Science Ltd. All rights reserved. DOI 10.1016/S0960-9822(03)00189-1

Bisphenol A Exposure Causes Meiotic Aneuploidy

in the Female Mouse

Patricia A. Hunt,"* Kara E. Koehler,’

Martha Susiarjo,' Craig A. Hodges,'

Arlene llagan,' Robert C. Voigt,>* Sally Thomas,®
Brian F. Thomas,* and Terry J. Hassold'
Department of Genetics

2Animal Resource Center

Case Western Reserve University

Cleveland, Ohio 44106-4955

3Thoren Caging Systems

Hazleton, Pennsylvania 18201

“RTI Interational

Research Triangle Park, North Carolina 27709-2194

Summary

Background: There is increasing concern that exposure
to man-made substances that mimic endogenous hor-
mones may adversely affect mammalian reproduction.
Although a variety of reproductive complications have
been ascribed to compounds with androgenic or estro-
genic properties, little attention has been directed at
the potential consequences of such exposures to the
genetic quality of the gamete.

Results: A sudden, spontaneous increase in meiotic
disturbances, including aneuploidy, in studies of oco-
cytes from control female mice in_our laboratory coin-
cided with the accidental expos
environmental source of bisphe
estrogenic compound widely u
polycarbonate plastics and epo:
damaged caging material as the
as we were able to recapitulate
ties by intentionally damaging c:
In subsequent studies of female
daily oral doses of BPA to dir
that low levels of BPA disrupt female meiosis. Ourresults
demonstrated that the meiotic effects were dose depen-
dent and could be induced by environmentally relevant
doses of BPA.

Conclusions: Both the initial inadvertent exposure and
subsequent experimental studies suggest that BPA is
a potent meiotic aneugen. Specifically, in the female
mouse, short-term, low-dose exposure during the final
stages of oocyte growth is sufficient to elicit detectable
meiotic effects. These results provide the first unequivo-
cal link between mammalian meiotic aneuploidy and an
accidental environmental exposure and suggest that the
oocyte and its meiotic spindle will provide a sensitive
assay system for the study of reproductive toxins.

Introduction

An estimated 10%-25% of fertilized human oocytes are
aneuploid; thus, numerical chromosome abnormalities

*Correspondence: pah13@po.cwru.edu
5Present address: Lab Products, 742 Sussex Avenue, P.O. Box 639,
Seaford, Delaware 19973.

are the leading cause of miscarriage, congenital defects,
and mental retardation [1]. Because almost all such an-
euploidy derives from meiotic errors, considerable effort
has been directed at identifying factors that increase
meiotic nondisjunction. A number of potential risk fac-
tors, including irradiation (e.g., [2, 3]), smoking or drink-
ing (e.g., [4, 5]), oral contraceptives and fertility drugs
(e.g., [4, 6]), and environmental pollutants/pesticides
(e.g., [7]), have been suggested. However, significant
effects have been small and difficult to verify or dis-
puted, making positive associations hard to establish.
In part, this may reflect difficulties in detection. For ex-
ample, the extraordinary effect of maternal age on aneu-
ploidy may obscure less obvious associations. Further,
previous studies may have focused on the “wrong” pop-
ulation; that is, most utilized livebomns, although virtually
all aneuploidy terminates in miscarriage. Thus, the con-
tribution of environmental insults to meiotic chromo-
some errors remains unknown.

We recently experienced an inadvertent environmen-
tal exposure in our mouse colony to 2,2-(4,4-dihydroxy-
diphenol)propane, or bisphenol A. Bisphenol A (BPA) is
the monomer that is polymerized to manufacture poly-
carbonate plastic products and resins, such as those
used to line cans containing food and b and

those found in dental sealents. The exposure was ac-
companied by highly significant increases in meiotic
bnormalities, including nondisjunction;
| A was implicated as a potent disruptor
e ability to experimentally recreate the
lowed us to verify our initial observations
ose-response studies.

A Sudden Increase in Meiotic Abnormalities Is
Correlated with Damage to Caging Materials
We recently reported meiotic studies of mouse mutants
with defects in the alignment of the chromosomes on the
first meiotic (MI) spindle [8]. This meiotic abnormality,
which we have termed congression failure (Figure 1), is
of particular relevance to humans because it is an age-
related feature of human oocytes and has been postu-
lated to be causally related to the well-known increase
in aneuploidy associated with advancing matemal age [9].

In the course of meiotic studies of mouse oocytes
conducted in 1998, we observed a sudden and dramatic
change in congression failure levels. The first wave of
follicles that initiate growth in the sexually immature
ovary provides access to a large cohort of oocytes, and,
typically, only 1%-2% of oocytes from control females
exhibit congression failure at metaphase | [8]. However,
in experiments conducted in August 1998, congression
failure levels suddenly spiked, and approximately 40%
of control oocytes exhibited this phenotype or more
severe aberrations (Figures 1 and 2).

At the same time that these studies were being con-
ducted, we were also using the animal facility to house

Current Biology

Replacement Bisphenols Adversely
Affect Mouse Gametogenesis
with Consequences for Subsequent Generations

Tegan S. Horan,! Hannah Pulcastro,’ Crystal Lawson,' Roy Gerona,? Spencer Martin,? Mary C. Gieske,’

Caroline V. Sartain,” and Patricia A. Hunt-%."

1School of Molecular Biosciences, Center for Reproductive Biology, Washington State University, Pullman, WA, USA
2School of Medicine, University of California, San Francisco, CA, USA

3Lead Contact
*Correspondence: pathunt@wsu.edu
https://doi.org/10.1016/j.cub.2018.06.070

SUMMARY

20 years ago, accidental bisphenol A (BPA) expo-
sure caused a sudden increase in chromosomally
abnormal eggs from our control mice [1]. Subse-
quent rodent studies demonstrated developmental
effects of exposure with repercussions on adult
health and fertility (e.g., [2-9]; reviewed in [10-17]).
Studies in monkeys, humans, fish, and worms sug-
gest BPA effects extend across species (e.g.,
[18-30]; reviewed in [31-33]). Widespread use hasre-
sulted in ubiquitous envirg e
and human BPA exposure.
sulted in “BPA-free” produc|
turally similar bisphenols t
environmental and huma
[34-41]). We report here st
changes mirroring our pre
and implicating exposure t
replacement) from damaged Y X
Like with BPA [1, 2, 5], our data show that exposure

Results and Discussion

In the course of meiotic studies in male and female mice, we
observed variation in meiotic recombination (measured by the
number of MLH1 foci in pachytene stage meiocytes), with levels
in some controls reaching values characteristic of BPA-exposed
animals [2, 5]. Although the change in pooled data was subtle,
variation among litters was striking (Figure 1). Given our previous
experience with BPA leaching from polycarbonate cages and
water bottles [1], damaged materials were an obvious suspect.
When white residue was evident on the surface of some polysul-
fone cages in our facility (Figure 2A), we suspected that exposure
to chemicals leaching from the damaged polymer was eliciting

S.
ted Contaminant

comprised of BPA and diphenyl sulfone (Fig-
, we suspected that these were the contaminants
quid chromatography-tandem mass spectrometry
analysis of a methanol extraction of damaged ca-
r, demonstrated the presence of both BPA and
2C—-2F). Because polymeric aromatic ethers, like
eric counterparts, cannot undergo nucleophilic sub-
stitution to generate an unsubstituted aromatic ring at the reac-
tion site, degradation results in the formation of a phenolic group.

B Bisphenol S (BPS)

HO
H;
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c
O
I
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CH,
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CH;
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Diphenyl sulfone

Current Biology 28, 1-7, September 24, 2018 © 2018 Elsevier Ltd. 1
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Food and Feed borne crises Nestle
throughout the food chain Good Food, Good Life

destroy consumer‘s confidence in food
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Italian police seize contaminated Nestle baby milk
22 Mo 2005 160457 ST
Source: Reuters

{Adds Tetra Fak comment in
paragraph 11)

By Massimiliano 0N Giorgioc and |sabel
Strassheim

ROMEZURICH, Mov 22 (Reuters) -
Italian police seized arcund 30 millicn
litres of baby milk produced by Swiss
food giant Nestle <MESH. W= on
Tuesday after tests showed it was
contaminated with traces of ink used in

the padiaging.

Mestle said the chemical substance was
ot harmful, but announced it was
recalling the infant food in four

€ PREVIOUS | NEXT & Eurcpean countries, including Italy,

4= Forest Ranger officials chedk a padkage because of the problem, which related
@ of baby milk made by Swiss food group | {0 Tetra Pak cartons.
% Mestle in a8 supermarkst in Italy
S i e e bl ltalian Agriculture Minister Gianni
— seized around 30 million lires of baby | ajamanno demanded tests to see if
< "‘f't:‘rp'ﬂ'dufd by ":E“E “:_T:“—"“:};h babies given the contaminated milk
after tests showed traces of ink, an = ;
: owver a prolonged icd faced health
iﬂ company said it was recalling the infant| . 5 5 goad
¥ food in four Eurcpean countries.
4 0 REUTERS/HO
w |‘-'* "It is inredible that such defenceless
l- g beings a5 babies should face such serious risks in a product as widely used as milk,"
: Z Alernannao said in a staterment.
w2
m E Itzlian officials said they had already seized about 2 million litres of Nastle baby

rmilk E-E.I|IE' this month after flndlng traces of |5npm|::].rlth|nxanthnne {ITX), an ink

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

Outside
package

Inside
package
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Polyethylene ————

Aluminium

Polyethylene

Paperboard

Polyethylene
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Legislation
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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 foed, 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 wsed 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 censumers' health
= Ensure the effective functioning of the internal market
Contacts

= SANTE-fcm@ec.europa.eu

« National authorities A=/ =0 )

= European professional organisations

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

Trai

ing
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.

<: Share

RELATED LINKS

© Food Contact Materials
Database

© pulti-languaae versions of
brochures and guidance

RELATED DOCUMENTS

© EU guidelines on conditions
and procedures for the import
of polyamide and melamine
kitchenware originating in or
consigned from China and
Hong Kong @

© EU Guidance to the
Commission Requlation (EC]
No 450/2009 on active and
intelligent materials and
articles intended to come into
contact with food @

7A Rapid Alert for Food and
Feed (RASFF)

+1 Health and food audits
and analysis
P

°  European Food Safety
Authority (EFSA)

Better Training for Safer

X &

Food (BTSF)
‘ﬁ‘ E-News
Events
ﬁ videos

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)

EU LEGISLATION ON

« the procedure to per
FCMs involving the E

« rules on labelling inc
bottle, or a scup s
information, please r
contact materials.

« for compliance doecun
Regulation on Good Manu

Regulation (EC) No 2023/2|
so that the specifications fo

« premises fit for purpc

« documented quality
premises, and

+ selection of suitable ¢
the safety and inertn

Good manufacturing rules @
materials, although the pro

]
|Not in place for 13/17 materials|

I
| Inks, Coatings

I
| Paper & board I

I
| Rubber, Adhesives |

I1. EU legislation

In addition to the general
cellulose film, plastics (ini
materials — are covered by
starting substances used to

i Plastic Materials

III. Other Legislation

Legislation on Specific

» 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

=



Least Most

i ______ i
important iImportant

Hazardous

Occurrence

Management
Regulated

A
s
)

POSITIVE LIST (LOW TOXICITY:
Plastics monomers, additives)

Paper & board, 1935/2004/EC LOW MIGRATION

Printing inks o Adhesives, 1935/2004/EC
_ Adhesives — o Metals “ GENERAL REQUIREMENT:
e Plastics, 10/2011/EC MUST NOT ENDANGER
Solvents, —« Printings, 1935/2004/EC HUMAN HEALTH

polymerization aids

Biocides

Coatings

Paper and board

p. 20



SUBSTANCE AUTHORIZATION

APPLICATION AUTHORIZATION

EU regulation 10/2011/EC

oy

low migration high migration 60

L = ’)\"b—¥ mg/kg

005 medium migration 5

—— food simulant
material to be tested

in vitro
(bacteria)

chronic
toxicity

in vivo/vitro @
S

b‘ peroxisomes

(mammalian

cells) & Y

o

=, | proliferation absorption/distribution

B metabolism/excretion

mutations chromosomal l e o7/p intestinal carcinogenicity, toxicity
aberration | i absorption for reproduction

tératogenicity

mutations immune system

neurotoxicity
20

ONLY IF
on-carcinogenic,
utagenic
non-toxic-”
for reproduction

MAXIMAL

adulte
)3 ACCEPTABLE“ ;

E il -
60 kg EXPOSURE

MAXIMAL T

BSERVABLE —01 8,
ACCE PTABLE

ADVERSE

EFFECT EXPOSURE ) .
mg/day/kg animal mg/day/kg body weight = mg/day/adult
NOAEL=100 TDI=1 TDI=60
1
MAXIMAL (X DRF X FRF | Scimetante. A & MAXIMAL
MIGRATION 4 MIGRATION

(legal) — (in food)

mg/dm’ packaging mg/dm’ packaging

SML =10

SPECIFIC RULES FOR PLASTICS

Plastvics‘Europe

3 MIGRATION OF SUBSTANCES _
INTO FOOD OCCURS S
WITH ALL PACKAGING

Migration s a physical process and happens whenever
packaging — of any type — comes into contact with
food. It is natural. The key point is ensuring the level

of migration remains safe.

O PLASTICS ARE RIGOROUSLY
TESTED TO MAKE SURE
THAT MIGRATION - IF ANY - IS SAFE

THE TESTS SHOW?

The tests show how migration ocours in different
food types under various conditions. i
The tests anable us to determine i a plastic
packaging can be used for given food and
conditions of use.

For example, it may be beneficlal for long-term
storage, unless they are suitable for high
temperature. The tests are designed to exaggerate
the real use scenario and therefore

to make sure there is a safety margin, ‘
©.g. by assuming that all the food

s In contact with the packaging

and by exaggerating levels of consumption.

These testing conditions ensure that migration —
if any — Is far below the safety level

WITH ALL THESE DATA, WE CAN ENSURE THE SAFE USE OF THE PACKAGING

INSIDE FOOD PIas:icsEt.nDpe
CONTACT MATERIALS

NINE GOLDEN RULES OF ENSURING SAFETY THROUGHOUT
THE SUPPLY CHAIN:

Q WHO ENSURES THE SAFETY OF FOOD CONTACT MATERIALS?

Al of the different parties Involved are required to is:
@ -

ﬁ <) /.
Food packers as

PROCESS
users of food

Packaging
producers

FOLLOWS o
EFSA'S RISK  \GRATERiy
ASSESSMENT film, preform...)
PRINCIPLES

material

Final packed

90
distribution

ALL THIS ENSURES SAFE FOOD CONTACT MATERIALS

https://www.plasticseurope.org/application/files/2615/2933/0926/The Role of Food Packaging 2018.pdf

p. 21
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Recycling.
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https://doi.org/10.1021/acs.estlett.9b00626
https://pubs.acs.org/toc/estlcu/0/0

IS THE RECYCLED

MATERIAL AS SAFE

AS THE ORIGINA
ONE ?

POSSIBLE
MISS-USE

GARBAGE

FILLING WITH (POST
FOOD AGAIN )
N \ CONSUMER
78 MATERIALS)

COLLECTION
WITH NON-
FOOD GRADE
MATERIALS

oy O

REGULATION 282/2008/EC

EFSA has issued upward of 140 positive scientific
opinions on the safety of processes to recycle plastics for
use in food contact material.

ONLY recycled PET is authorized in EU.

500 M€ have been invested in plants capable of converting
recycled plastic materials into materials suitable for
packaging and food contact applications

In 2014, more than 50% of the recycled PET in Europe
was used in food contact applications.

The lack of harmonisation amongst Member States
generates legal uncertainty and unnecessary burden for the
industry using recycled materials.

It also sets up obstacles for the Circular Economy

p.25



Misuse issues (post-use contaminations) of Polyethylene
terephthalate (PET) can be easily handled : glassy polymer,
it is'mainly contaminated by small contaminants which can be
removed by a devolatilization step above T,

Octanal TIC: E130
Menthatriene ||& 1‘.?'::3:

Myrecene TIC 1Al 2 - Terpinene
p-Cyméne 1503

;/ Terpinolene
\513 L 18.99 20 up/

il F|II|ng and use of HDPE milk bottles

2. Recollection

imonene

«=5

Polyolefins are rubber polymers
which can be easily contaminated

by high molecular weight
contaminants after use. el aediiad
d_o of cIproo e
& & s @
‘¢ 0 ov oo . .
certhoes Paper and board contains large amount of residues
s from printing inks: aromatic (carcinogenic) and aliphatic

P o k mineral oils can be transferred without contact and

. lead to cross-contamination between materials
CARDBOARD Oy | oy O S
RECYCLING [CRegivesy J. of Chromatography A. 2013;1293:107-19.

Recycled PET for food contact is authorized (282/2008/EC)

R b o@ @8'7-% e Copiial Recycled polyolefins are authorized only in Germany

Recycled paper and boards is source of recurring crises in EU. p.26



> How to used recycled recycled materials

Within multilayer and/or
multimaterial

No-clear guidance, specific rules
case-by-case

r

Behind a functional barrier
Within monolayer materials rule of 10 ppbfor non—carcmogenic,
Rule of TTC {Total Threshold of Concern) non-mutagenic, non-reprotoxic

Fo=0

Fo=0 Fo=0

1 FO + 1 1 1 1 lfo 1 1 1 1 1 FO

INRAZ

Food Risk —Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac

p.27



CHEMICAL > Cirewlarity
INNOVATIONS g0

R by recycling
1 Plastics In a
Circular Economy

Rl h .\ ‘
S ][ POLYMERS  PLASTIC
ENERGY =  BLOCKS , 9 ARTICLES

- Production chain

» Recycling technologies

Grinding, washing, compounding

DESIGN
PHASE

con -degradation
* Secondary raw materials Life Cycla Thinkiog RAW
). MATERIALS -

For more information about the Chemical
industry's commitment to the circular economy
please check our website www.cefic.org

Follow us on social media: @Cefic

OTHER

é’%"ce fic %iﬁ H ! cmmﬂ

Source: Cefic p. 28



>

Current researches

MATERIAL DESIGN

* Longer lifetime
* Decrease material usage
* Improve sorting, separation, recyclability

Trigger biodegradability
ARTICLE DESIGN

* Design for dismantling

* Decrease material usage

 Digital design for reuse

* Digital development of biobased
RECYCLING

e Mechanical

e Chemical

* Thermal and thermomechanical

Multimaterial, multilayer

FEEDSTOCKS
* Plastic waste based

* Food waste based
* CO/CO, based

INRAZ

Food Risk — Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac

The recycling journey

HOW IT WORKS

WASTE

Repeatedly recyclable polymers
Zhu et al. report production of a plastic that can be recycled repeatedly through chemical methods
without loss of function. Blending of the two enantiopure polymers yields a plastic that can withstand higher
temperatures, expanding its usefulness further.
Fused rings

Enantiopure monomers with Five-membered
opposite stereochemistry me ¥- butyrolactone

Cyclohexyl ring with
O defmed stereochemistry
éO

Yy

Enantlopure polymers w:th
opposite stereochemistry

p. 29
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Probabilistic descriptions

eterministic descriptions

Distributions
(contamination,
consumer exposure)

Probabilistic
equations

Concentrations
Bulk observations
Relaxation times

Kinetic S S S

LLENG

equations

tHow to assess the relvace potentiad |

Diffusion coefficients / / |
Excess chemical-potentials ﬁpam motec 7 B
Free-volume fluctuations j a ar strue lures :
Rate constants b |
Thermal
averaging

Transition probabilities,
cross-sections,
eigenvalues

Dynamic
equations

Interatomic and st
Electronic ~ molecular forces 1
Schridinger p”

Electronic
interactions

INRAZ
Food Risk — Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac Food Research International 2017, 88, Part A, 91-104.



TRANSPORT THERMODYNAMICS

diffusion coefficients D chemical affinity P
and their activation E, (Flory-type isotherms)

A

T C

. . A -3 ,. LS dn. db db 4 |
Worst-case For cgmphance testing Kr/p =101 10 9 Aj@:ﬁﬁ:
’ H = [ iPE N
Q approaches (arbitrary) (Piringer’s equation) JRC Scientifc and Technical Reports EUR 27529 EN. P I PP =/
E Food Additives and Contaminants. 2005;22:73-90. Ispra (Italy): European Commission; 2015. 1!“] ’>.J
(@) ] w
o Group contribution UNIQUAC, UNIFAC, Flory—Huggins o —
methods (fittin g) Decision tree Prausnitz, Lichtenthaler & de Azevedo. Molecular Thermodynamics
Journal of Applied Polymer Science. 2006,101:2167-86. of Fluid-Phase Equilibria: Pearson Education; 1998.
specific
c;) volume c /
v g = @
Theory from first S 8 > - v
. oS i o O
statistica sics v 5 © +
( pny ) i 8 few ponmers documented H_—' Kontogeorgis & Folas. Thermodynamic Models for
== g Industrial Applications: From Classical and Advanced .

Mixing Rules to Association Theories: Wiley; 2009.

4 How to assess the relsace potentiol

(from mobecalar slractures 7 !

Full atomistic
simulation

or coarse-grained
(no assumptions)

detailed

INRAZ

Food Risk —Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac



Ki,F/P

> Molecular modeling challenged the choice of food simulants

MISSING
MARGIN
OF SAFETY

m\\ SR
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> Prediction of partition coefficients (NIAS, water)

MD simulation

. All-atomic model |

®

Full information
M (but limited scale)

Coarse-graining —
| simplified model

Effective potentials
for selected sites
Al R,

AREAHE b
Increase .

GHRRRRP [ T

NG00

Boltzmann inversion RDFs for selected
U(r) « kyTIn[RDF(r)]|  degrees of freedom

Effective

s Properties on a larger
potentials

length/time scale

Partition coefficient calculator

LOX

- :iﬁ

2kpTyxij = (higidr + (hicridr — (Piesredr — (higidr

@i

(has)r = (€asBZasp)T = (€a4B)7(Zas5)

Solute in the list

Food Simulant -

Polymer 1 v

Plasticizer
concentration

no plasticizer

crystallinity
Polymer 2 x Plasticizer A
Plasticizer ioh C
concentration Flastcgggss %
no plasticizer
browse estimate
values

Plasticizer A

Plasticizer B

temperature

40 | =

crystallinity

2 )
R

excess

{.ui,k

— v _
}k=P,F = Iny =

Tk

L2009, 45 (17}, 5785 5301,

cesine 2010, 8,

1 2
1——|¢r + Xi Pk

2kpTxik = (hizidr + (hpsidT — (hiesridT — (higid T

0,19 (18}, 7763 7280
o 2007, 56(3), 774 787,

Ki, PE/water

o [t ! 4& ¢

\

é-
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I,water

10"

semi—crystalline
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1 — crystallinity
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. 1-naphthol

: 2-naphthol

: 2-nitroaniline
: 3-nitroaniline
: 4-nitroaniline
. 2-nitrophenol
. 3-nitrophenol
: 4-nitrophenol
: 2-nitrotoluene

: 3-nitrotoluene
. 4-nitrotoluene
- Acetophenone
: Benzoic acid
. Benzonitrile
: Benzophenone
: Benzyl alcohol
: Nicotine
: Nitrobenzene
: Pyridine

lik

L = likely
% peLipE for all solutes

e FPE KiPE
in water (y

i,P
kel¥ for an ideal solute
:1)

i,water

/%\ EU rules
* Observed bounds
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> Hazard Analysis vs Risk assessment

la7zrc — healh

|
Ris¢ — occurrence

Foodborne
Bacteria 4

L2 ; Packaging
' substances
INRAZ

Food Risk — Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac
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> The cascade of risk asiessment and management

LAmnic exaosdra .
Risk Tradeoff

Risk Conflicts

| luman exsosome

balancing

THE HUMAN

IS Scientific risk Conflict: cognitive,
. evaluative,
assessment evaluative normative
s Targets: Targets:DG
Consume m
Conflict: a4 7V B'FR SANGO,

- \s\“”o’ff ind UStl’y

y P t
Specific
external
| environment |
| |

e cognitive ’) S
N 4 g MGG | Stakeholders
6 acoty environment 4 assessrg\ent anses i
Water ¥ FOOD
| STANDARDS
c A7 i E | OlQ Target: Target: N __%AGENCY
€ e 2 industry professional  |"-. _efs Am
‘ Vir'?‘ Gggteer?rl;al \ T ""l.,\:: aSSOCIatlonS Furopean Food Safety Authority
] environment | Metabolomics . . . :
l;. Jo_@ o, | e N Discourse: Discourse: Discourse: Discourse:
\ .. 9 o internal cognitive reflective participatory
8\ & Oufcome: Oufcome: Oufeome: Oufeome:

. Life course dimension |}
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solar UV electron

> OUTGASSING DATA " proon o

charged contaminant
by plasma
NASA and ESA maintain lists of materials with low-outgassing properties suitable for use in spacecraft, as outgass ~ @mironment
o - outgassed ionized contaminant
products can condense onto optlcal elements, thermal radiators, or solar cells and obscure them I_cna sl neutral reattracted to negatively
IIGERS 2 BENIE seenoush g tht e scnles te rite e with - Jusm | i sCier U 1 Sontsme charged venicle
S e the masT Cormmon sour : : - - -

Figure 2-14. Electrostatic reattraction of ionized contaminants.

https://outgassing.nasa.gov/ http://esmat.esa.int/services/outgassing data/outgassing data.html

his website is for information only and
pages are no longer maintained.

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
European Space Agenty
£ Outgassing Data for Selecting Spacecraft Materials Online SME E
——
The materials used for space systems shall be selected based upon low outgassing criteria. CONTENTS
The outgassing criteria are based upon the micro-VCM test (ECSS-Q-70-02), and shall take
== into account the location of the outgassing source and its mass. Click on the link to bring up the search
Data Last Updated: 0410 2018 window
Searches done GENERAL REQUIREMENT FOR OUTGASSING: ]
since 8 Jan 2008: Ll The general requirement for materials outgassing is RML<1.0% and CVCM < 0.1 % as per D6s seaml\afs:}%gnﬁﬁgllor
wsA ECSS-Q-70 manufacturer or product type or chemical
MORE STRINGENT I FOR OUT nature. A few letters of the name are

The acceptance limits can be made more stringent if the materials concerned are used in required to bring up a list of materlals,

= 2 critical areas. The use of materials that are deemed acceptable according to the general Areraalnchon cfr:::g:;m it arel
System Description requxrement does not ensure that the spacecraft system or component remains diolavad
" c functional, and qualification test bl
unc q
shall be used where appropriate to ensure that the materials performance continues to be
Categorical Listing Search satisfactory.
The Table provides a recommendation for outgassing requirements based on good design Mass of material CVCM(%)'RML(%)
pramce for applications around sensmve |tems (e.g. optics, detectors and cryogenic eoncamad‘_(‘rams)
Alphabetical Listing Advenosd Search ). For a specific i 1, the ition of the s i requlrements shall >1000 <0,01 <
take into account quantity of material concerned and specific al (e.g. 100-1000 <0,01 <
available volumes and temperatures) 10-100 20,01 <
Low Outgassing Manutacturer ACCEPTABLE HIGH TML OUTGASSING i=tD 003l
The water vapour release (WVR) can be calculated as follows: WVR = TML - RML. <1 <0,1 <
The TML data for water absorbing materials such as polyamides, polyimides and For stringent CVCM requirement one shall consider that
Report Documertation Page Download polyurethanes is often above 1.0%. Water absorption is in most cases reversible and can be the CVCM detection limit for a standard micro-VCM test is
controlled by purging of critical hardware with dry gases. Often the water absorption of around 0.02% because of both material vaniance ands and
materials is not harmful with respect to contamination. Materials with high TML outgassing measuring errors. For cases where CVCM <0.05% or less
Data Ref and acceptable RML (RML <1.0%) and acceptable CVCM (CVCM<0.1%) may be accepted is required, improved sensitivity CVCM shall be
for the normal cases where following is applicable: implemented. such as use of quartz crystal micro-balance
-When no equipment at temperatures below -100°C is involved; leoﬂ"hco”octqrplatoolmnnimﬁonolmmby
For further infor ion about the gassing data, please contact Jeremy Knipple: Jeremy.T.Knipple@nasa.gov -When)the water desorption is fast (e.g. in case of polyimide films and polyurethane infrared transmission data.
it > s paints);
~When no high voltage equipment is involved;
/ﬁ -When dry gas purging controls the water re-absorption during ground life up to launch
SA.M = + Privacy Policy and Important Notices @ NASA Official: Charles E. Powers

Last Updated: 04/10/2018

NASA Site Admin: Stephen Waterbury MITIGATION:

Mltlgatlon techniques, such as baking, application of protective coating or shielding, can be applied in order to protect against or remove residual
process c and handling contaminants.

INRAZ

Food Risk — Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac P.37


https://outgassing.nasa.gov/
http://esmat.esa.int/services/outgassing_data/outgassing_data.html

Request of  Sampling from local
BfR German market

(\ Manufacturing
,i, date
Unknown _—-.’(_ BfR 04/2010F 4 months

%\/ ;ikenerksnnsn—Gssundhahschﬁ(zsn 12 months >
119 dry food products 15t analysis 08/2010
(3 samples/category) Analysis v
Biedermann et al. (2013) of 2 sample

08/2011
Analysis
of 3" sample

-200 0 200 400

Relative time {days)

ﬁ . e . .

Contact time

p.38



> CONTAMINATION TROUGH THE GAS PHASE

TENAX packed within a 50 um thick BOPP bag and exposed to a cardboard material formulated with 15

surrogates

ba b : 60°C

0.6 $ T g
:
Decane (C10) € .. p L
Tetradecane (C14) £ .
Hexadecane (C16) 02 - (t) ¢
Octadecane (C18) ’ p— m; g Ve ®)
Eicosane (C20) ) I 0 ~— o j Cypdr
Tetracosane (C24) — mip Mp
Octacosane (C28) °er v

Dibutyl phthalate (DBP) /
Bis(2-ethylhexyl) phthalate (DEHP) S /

Benzylbutyl phthalate (BBP) . f " Naphihaiene
Benzophenone g0 7
4-methyl benzophenone (MBP4) [
Isopropyl-9H-thioxanthen-9-one o2f
Anthracene [ ; oep
| DEHP ¥  Anthracene
Naphthalene ol : , o e . .  * Mphiuleos
o] 50 100 150 200 2680 50 100 150 200 250
Time (days) Time (days)

Experimental Detailed . ) Simplified .
at 60°C, =1...15 with FMECAengine i=1.15 solutes Solute independent Simplitie
atany at any
temperature temperature

Lommmt i fAe L,
FOCO AJQiTVas and Lonhia

AR

nants. 701/:34:1/03 70, P39




> CONTAMINATION TROUGH THE GAS PHASE

TENAX packed within a 50 um thick BOPP bag and exposed to a cardboard material formulated with 15
surrogates

PP W—

| ‘ -4
40 80 1200 40 80 120
t (days) t (days)

L I

vyren

c10
C14
C16
c18
c20
C24
c28

DBP
DEHP
BBP

Benzophenone
MBP4
ITX

Anthracene
Naphthalene

5 days

——— 30 days |

= 00 days
= 200 days
=600 days

Migration rate
0.001

T=4°C T=20°C T=40°C T=60°C
@ S - S
O.E: ’ .. )
E 0.6} e
= 1l
£
3 0.4
©
j o
S
"é .
D
S 3 +
4y} °
B 3
“E’ .
i 200 |
2CI)O 4(l)0 6Cl)0 200 400 600 200 460 6Cl)0
M (g-mol™) M (g-mol™) M (g-mol™) M (g-mol™")

wants. J07/.34:1703 70,

Fooa Additives and Contamin

0.01 |

0.1
0.2
05

p. 40



> PARTITION COEFFICIENTS WITH AIR

>> FMECAKairP acetophenone

LOAD_CHEMSPIDER extraction of ChemSpiderID=7132 ('

LOAD_CHEMISPIDER: updated cache

7132.mat 21-sept.-2015 21:37:19 77.6 kBytes
CHEMSPIDER reuses cached data for 'acetophenone' (date=21-sept.
0] ans =
H,C 9.1995e-06
CH >> FMECAKairP ethylbenzene
3

LOAD CHEMSPIDER extraction of ChemSpiderID=7219 ('

LOAD_CHEMISPIDER: updated cache

7219.mat 21-sept.-2015 21:42:34 107.1 kBytes
CHEMSPIDER reuses cached data for 'ethylbenzene' (date=21-sept.
ans =
2.2485e-04

>> FMECAKairP 'benzoic acid'

acetophenone') completed in 10.26 s

C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider

-2015 21:37:19)

ethylbenzene') completed in 11.9 s

C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider

-2015 21:42:34)

LOAD CHEMSPIDER extraction of ChemSpiderID=238 ('benzoic acid') completed in 5.746 s

LOAD_CHEMISPIDER: updated cache

238.mat21-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.

O ans =
HO 1.3674e-08

R I va
! L

Food Additives and Contaminants 201/, 34 (10 176
LiChkJoumal 7013, 59, 1183 1717
qﬁpgijfkuJEQWﬁDU”m£”¢ﬂFEﬁenqiﬁe

e

-2015 21:45:01)

p. 41



Single-use bags felded and packed in a
sealable plastic cver-pouch

PA 6
’e
monomers

g-caprolactam

Over-pouch
= tri layer material

sedusthe

wm& Single-use
bags and
(\systems

~ L
HN NH
smallest
_ P
oligomers

1,8-Diazacyclotetradecane-2, 9-di
(polyamide 6, cyclic dimer)

/—/_\—</°
0. _NH NH
higher { E
oligomers
NH NH O
TR

polyamide 6, cyclic tetramer

Ni

Sterilization by
gamma-irradiation of
bags and systems sealed
within an cver-peuch.

Cross-contamination ,,.f;‘;'??,ﬁﬁiﬁiffff.fch Storage lof
in biotechnological )

Shipping

applications

T s
Y
of | g
K04A

Contaminalion

waccines efe.

Single-use bags and systems



BagsT1 or T2 (P)
STEP 1
STUDY Over packaging
“LOADING” EAE
Aluminum
pouch
OUR SCOPE
Storage before use of over- Storage of over-packaging A and
packaging A (0 — 1 year)
' 4 d
J10O1C
dD L s
Redistribution of contaminant Cross-transfer between over-
within the over-packaging packaging and bag
STEP 2 _. : { Etlhanol (F)
STUDY j 4 & -2 Bag T1 or T2 (P)
MIGRATION Aluminum N gu‘-x-’—‘r“ in m” he Uk gutous ssue o Cross-Mass rarster:
poueh zations tu S 4\~ Lse 5y T'go Moletules 7517 7/! M6/




BagsT1or T2 (P)

STEP 1
STUDY Over packaging
“LOADING” EAE
Aluminum
.~
pouch

STEP 2 anol (F)

STUDY
“MIGRATION"

[Bag T1 or T2 (P)

Aluminum

/pouch

Cross-contamination

in biotechnological
applications

a) Migrant distributions and concentration profiles

A

=3) (=2)

air B

=)

i
n
o
e
o

Value ranging from 5e-08 to 6e-05

¢ too low concentrations to pe visible.

24
4
030

[/ ot plesent W

T

s

2 a9 o
~ [+-] o
T T T

0.6

Migration rate
(=]
(4]

Bag TT - Caprolactam

® ee®y

0.6

4
T

0.9

0.8

0.7

0.5
0.4
0.3
0.2
0.1

Bdg T1-BHT '

Bag Té - Caprolactalln

a
1

0.

Bdg T2-BAT |

% =] L 0.4
2 2 1 Ly X/l 1 0, xil, '
0.3
b) Concentration kinetics of migrants Sy ands_inAandB 02
] Step 1: storage Step 2: contact o
T T
0¢
0.8} IENUS —d (0.8 T 09
i 5, inj=3 _. wd ‘ T
i 5, inj=1 i (0.5) |
02} 15 IS ¥ (0.2 - 50
k(0.13) =
0 L 28— (0.024
c¢) Concentration kinetics of migrants Sp and Sg in F
1 . T
08} . - .
ook i | SNy 1A (0.67)
i not present | i SN 17 (0.48)
0.2}f . - .
U 1 1
0 5 10 0 5 10
112 12 -1 -1/2
Fo =D, , /"] (Fo-Fo ¢
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approaches




How to establish the responsibility of stakeholders? p. 46



Final packaging

PU Adhesive Layer
Polymeric Layer




Developing the coopenation along, the supplly chain

Raw material Part Component Final Retailer Consumer
supplier supplier supplier product

Raw material Part Component Final Retailer Consumer

supplier supplier supplier product
er ——— —
NEG ——— Retailer Consumer

Polymer

flakes fi retailer 1 cons1umer astiC ‘ V i 1
Additives : . retailer 2 I conszumer \ |
| = A Consumer
2

' [N w5 - Retailer
Process | E
4 " M —— b 2
aids : retailer 3 consumer -
3

Catalysts

Material flow Retgiler Consumer
, 3

Information flow fb Multilayers
Iners cardboard materials

Material flow

Information flow




Safety
concepts

3 /Low Toxicity “

?
, Current __'.\"__Future
/ A h
Approaches / . Approaches
|

Low
Consumer
Exposure

Safe-by-Design

Regulation EC 2023/2006 - Good
Manufacturing Practice for materials and

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



http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32006R2023
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> CHAINED STEPS: where is the critical step?

Risk of contamination by a photoiniator in UV-curing printing ink

HOT FILLING

R e L~ LONG-TERM STORAGE MICROWAVE OVEN HEATING .

2020-01-16 / IHST / Olivier Vitrac p. 51



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

" ink " ink " ink " ink
1.2 f_food PP__base; food | PP__bage; food | PP__base; food | PP__ bage-
< 5 : 1 I 5 L | : S | : =
£ 1} T o
> ; - -
X< 08} N
g 06} | +— | +— | -
— | 15
a e - | |
© o2p ] 1
0 2 46 0 246 0 2 46 0 2 46
10_4X(m)><*|o4 x (M) x 107 x (M) x 10 x(m) x 10
X
10 L] L] L] L] L] L] L] L]
- Om—
st +4 4 o L -
ST -
R oot

Food Risk —Jan B1, Nim&( TH@@ate DO B ckagimyQdbdter<200 250

2020-01-16 /tH%é/

égl\/fg)wtrac

t (days)

t (days)

300.008 300.01
t (days)

Cellynal (kgm”)

>

CHAINED STEPS

UV-curing printing ink

P. 52



> ASSESSING THE SEVERITY OF A SINGLE STEP

CASE OF "SETOFF”
il mehods ooy desrribes i Ak 7017 5962y Sl R

HotFilling
(max. 10

HotFilling (max. mi@80°C)
10 mi@80°C)
Long-term
storage (max.
Long-term days@25°C)
storage (max. Vicrowave
200 .
days@25°C) z)r\r/]:\(-hseatmg
Microwave min@100°C)
oven heating
(max. 5
min@100°C)
comnaasonwith step @ alung
INRAS Severity (CF(Stepi)) =f (max(Clel_,z_,..._,M — Crp l15255M/is CFl.li))

Food Risk — Jan 30-31, Nimes - The fate of food packaging substances
2020-01-16 / IHST / Olivier Vitrac

COMEaTiso” Wi step @ remoyed 0.53



> COMPARING THE SEVERITY OF SEVERAL STEPS, PACKAGING DESIGNS,

SUBSTANCES...

unacceptable —

Severity=100

100 o

3

severity = £ S

100xE i

X \’
sML @

50}

Severity=33

INRAZ

Food Risk

dairy or

fat
S products

ing)

tie layer = EVA

criticality =
Zall components Zall substances Zall modalities pr(modallty) X severity

O O =115
(almost acceptable)

@ﬁ =124

p. 54



Formulation

Design

> Failure Mode Effects and Criticality Analysis

FMECA « milk for infants stored in a brick »

Process

Informations

Mechanisms

oflis.
II F ==== A

Formulation design Process Informations Described mechanisms

_« [« monomers (plastics, two components: e production, storage, assembly of |*  identity and nature of materials in diffusion across layers

’Q-é adhesives) e brick body (4 materials, materials assemblies set-off

2 catalysts 5 layers) s  assembly and storage of e formulation of materials cross-contamination between

antioxidants e cap (two materials incl. gomponents (substances specifically regulated materials and with the

lubricants the sealing system) *  Prinfing (prining technology, or not) storage ambience

mineral oil (cardboard)

biocides (cardboard, ink)

six materials
e LDPE, PP (cap)

curing/drying....)
« storage of empty packaging
e  aseptic packaging filling

test conditions used to evaluate
the risk of contamination

effects of poor drying and
curing on printing inks

e other residues

Collaborative research project SAFEFOODPACK DESIGN an ' a DE

Hiérarchisation

Materials acting as
reservoir of high
molecular weight of
contaminants

e PP, LDPE

e paper and board

e aseptic filling

¢ oven heating

steps which may lead to cross-
contamination

e sforage

¢ printing

e assembling / laminating

information

frequency of update of
information : regular, when a
change occur, only when the
design is modified,...

solvents *  aluminum foil (temperature, pretreatment...) B conditi?ns ?f _preparation,
photoinitiators e cardboard (origin)  storage and retailing of the bricks packaging filling, storage,
other residus (NIAS) o «ink» filled with milk consumption of packaged food
e ¢ adhesives »  conditions of use or storage by the [®  communication of revisions and
® consumer/end-user: chilled, modifications in la formulation,
.E ambient, oven heating? design, process and in the final use
e ¢  Consumption-type (bottle feed
g with direct contact between the
= mouth and the neck...)
Highly concentrated Barrier material steps associated to long-time * non-documented or missing mass transfer, which can be
e antioxidants, lubricants, e aluminum foil contact information evaluated rapidly from
biocides Materials acting as e storage of materials * accessible information calculations: from, trough
o mineral ails, reservoir of low molecular | e storage of components *  documented information, which LDPE, PP layers
photoinitiatars weight contaminants o storage of finished products follow.each component and mass transfer, which can be
« monomers, catalysts, o ink steps associated to high materials tested experimentally in a
solvents o adhesive temperatures » verifiable and auditable simple manner : set-off

mass transfer, which require
a depth expertise:; cross-
contamination, aging

P.55
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Low agriculture

Streng community spirit (sustainable, safety and quality)

High agriculture

commedity

and foed price

Credits: European
Commission, JRC

Lol the food engineen conributes € Building the fufure.
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THE SCHOOL OF
PACKAGING

MICHICAN STATE
UNIVERSITY

RISK ASSESSMENT
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o cemen - Q0D CONTACT MATERIALS

* This lecture:

http://modmol.agroparistech.fr/mastereU/

MY LECTURES AT MSU (MI,USA):
http://www.fshn.msu.edu/events/event/Vitrac

diffusion
https://mediaspace.msu.edu/media/dr.+olivier+vitrac+presentsa+diffusion+
coefficients+of+organic+solutes+in+polymersa/1 zz20dgt9
PARTITIONING
https://mediaspace.msu.edu/media/Dr.+Qlivier+VitractpresentsA+An+atom
istic+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+migrati
onA+beyond+conventionaltestimates*/1 won1m7aw

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

P. 59


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

]w BENXXd Croatia, France, Germany, Portugal, Spain /Uﬁ Main menu

Fitness Stands fo/rFood'packagmg ope
hi educat‘on and staff of

.

A
gc‘tunes\lreractlve conténts and Quiz
. ntWectu fronvéof’hmon to Speei

Co-funded by the
Erasmus+ Programme

Online lectures of the European Union

Online lectures
Common modules

1. What is food packaging
1.1 Pancrama of food packaging
1.2 Packaging materials and shaping process
1.3 Basic legal framework

2. Properties of food packaging materials
2.1 Thermal, mechanical and barrier properties

3. Packaging and food preservation
3.1 Common physical chemical factors affecting food stability

3.2 Food packaging and shelf life

A About Us SFPP3

/
ourseware for
L ENES

ITNESS

http://fitness.agreparistech.fr

SUBSTANCE CONCENTRATION

Asm COORDINATOR

Al
vITNE_SS . .
: Migration phenomenon of substances coming
from polymers

SiEmals

Material structure

Substance concentration ’

Glass transition temperature

Degree of crystallin
é i h 3 P

L
e
L3

e
e

@y, . —
Substance properties s 2
- oo mmmmmp =
Diffusion and partition = — Material thickness ‘
coefficients < ®
e 9 —~

{ &

| Temperature and time of contact Packaging geometry

~
e
-
o
L
r
C&
A =
£
v
4

Surface area of contact

(Uthor: undef

part 1/1 references extra casestudies howto solutions

Session 4. Mass transfer in food packaging - Unit 4.2. Migration modeling in m onomaterial s

4.3 Modelling for multi-materials, multi-steps process

Migration modeling for multi-materials, multi-steps process, reusable materials - SPECIALIZED TRAININ
MODULES
author: undef
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part 1/1 references extra casestudies howto solutions



