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> Hosting academic institutes

INRAE

National Research Institute for Agriculture, Food and the
Environment (INRAE)

Staff: 12,000 - 200 laboratories - >1000 PhD students

https://www.inrae.fr/en

AgroParisTech

National Research Institute for Agriculture, Food and the
Environment (INRAE)

Staff: 833 - 20 laboratories, 275 PhD students - 18,000 alumni

AgroParislech

Talents for a sustainable planet

https://www.agroparistech.fr
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> Sa#fooce group modeling and computational engineering
research axis: Concurrent multiscale modeling

B Zoom in on details down to
molecules within the same
simulation (food, packaging)

m Breakthrough approaches:
integration of chemical and
structural information, image-
based modeling, chemical
reactions.

B Public-private partnership

SayFood

two or more scales are described and
coupled in the same simulation

SPH, SMD
sesvé.adeg:éy

y / /) 1)
e
/}

e J /) V /, J
ORDICIALOY D ORI AN)
Uk J iy

=

Work with Cargill

N =Wl Physics of
c . J. i fluids 2021.
“+ 4 33:085105.

0
78060 660 80 & w0
-008 -0.06 -0.04 -002 0 002 004 0068 0.08
Y (m)

volatile scission products

P N

oxygen atom
density

vertical nosition

elementary volume at the extreme surface



> U conmumon Befween LNE and UMR SayFood
UMT ACTIA 22.07 SAFEMAT « Safe Materials for Food Contact »
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SAFEMAT

SAFETY
OF PACKAGING

m accredited by the French ministry of Agriculture and
Food (since 2017)

m Competent organization for EFSA (for both LNE and
INRAE) on food contact materials

m LNE = national reference laboratory for food contact
materials

m Complementarity of means (computation, analytical
chemistry), two groups of SayFood involved

B 24 persons (10 full-time eq.)
B Administrative coordinator Jean-Mario Julien (LNE)
W Scientific coordinator Olivier Vitrac (INRAE)
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> LNE: MEASUREMENTS AND STANDARDS

B 8sites
France (Paris, Trappes, Saint-Denis, Nimes, Saint-Etienne, Poitiers)
USA (Washington DC)
China (Hong Kong)

B Resources

v 750 staff Health
55,000 m? of laboratory space and Safety
v Extensive network of partners Environmental
v'77.2 M€ revenue including 55,6 M€ sales impact /
v'25 M€ investment over last five years "”’*"’a?f
v'25% of budget allocated to R&D \"\’
public sector qIF—==
Non-profit Performance

associations/

control

Reliability

LABORATOIRE
NATIONAL .
DE METROLOGIE
ET D’ESSAIS I

Research

Technical
assistance

Tests
Calibration

Certification Training
Information
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> LNE: EXTENSIVE SCIENTIFIC AND TECHNOLOGICAL EXPERTISE

Research

Tests and Torque

calibration

standards
temperature mathematics

mechanics  compositon
" chemistry
physics

dimensions e

vibration  @lectronics
management biology

. regulations acoustics
“iess  Statistics mass

| Py pressure €energy
Certification ¢

Technical
assistance

flow

Training
Information

LABORATOIRE
NATIONAL

DE METROLOGIE
ET D’ESSAIS
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. UMT SAFEMAT

SHARED EQUIPMENTS AND PLATFORMS

« High performance computer Molecular mode”ng

* Multiphysics modeling :
Material characterization ThermOdynamIC
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Is it safe &
Canwe make it
u]gr, Lighters
recyelable !

> 3 AXIS R&D (food industry, packaging)
PREDICT, MEASURE, DISSEMINATE & COMMUNICATE

Consolidation and validation of knowledge on
' MOLECULAR PHENOMENA, contamination
<——= pathways, barrier properties, means of controlling

Analytical
+spectroscopic

them Applied Mathematics techniques
s ete.)

Develop ad-hoc METROLOGY of thermodynamic and St
transport properties, high throughput ANALYTICAL e
CHEMISTRY, ad-hoc test benches (flow, aging)

DISSEMINATION to the industry of tools, safe design =~ v R v e
concepts of substances, materials, packaging

System operational
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> OUR STRATEGY
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Services and training for food industry and distributors (LNE)
H2020 program (ex. MyPack)

ERASMUS+ program (e.g. FITNess)

Collaboration agreement with the chemical industry
Methodological transfer to related sectors (cosmetics, etc.)
Synthesis works (in progress)

Communications (MATBIM, ACS...)

Partnership research with CIFRE theses

ANR FoodSafeBio Pack

Calculation platform, database

Interactions with other industrial technical centers (IPC, CTCPA)

TRL 1

Theses on own funds (chemometrics, life cycle)
Integration for part in CIFRE theses
Collaboration with Fraunhofer, FDA
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> NMew5

SAFEM

SAFETY
OF PACKAGING

¥

Gl

am7
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renewal period 2022-2026

Fublie mission

: Unit SAFEMAT 2.0

K

Reduce

/AN

LOJ ANTI- GASPILLAGE

meéconomiecirculaire

4

» &é/e& lives of the
3% Decree

Support the evolution of
European regulations +
AGEC decrees

pas de
contribution

Supporting the substitution
of materials

Make the product safe and
ensure the performance of
the packaging
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> S-WW built around 3 R&D axis (TRL 1-7)

AXIS T AXIS 2 AXIS 3
FOOD GRADE AGING OF ENGINEERING
RECYCLATES RECYCLED MATERIALS, INTEGRATING THE COUPLE
REUSED, REEMPLOYED, PACKAGING-PRODUCT
COMPOSTABLE

Wairu'i’sm”s He od
’cmdfa j’v\;.:ﬁma; have
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Mission of publle interest, syport the evolution of regutations, reconeite safety and performance 0.12



13 | PhD 2 PhD
LNE 1 (JK) PhD IPC(ND)  ANRFSBP

Post-doc
‘l i i i i PhD LNE 2

Safe recycled plastics
with or without
4\ functional barrier

CITE
LNE* /NRH

Safe paper and cardboard
with or without functional
barrier

0*“ Safe and responsible engineering
Recycled Material Observatory
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> Thermodynamic measurements (e.g. 25 pm thick - PET) Y

uptake: m (mg)
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uptake: m (mag)

m— sorption0 — 0.1

sorption0.1 — 0.2
sorption0.2 — 0.3
sorption0.3 — 0.4
sorption0.4 — 0.5
sorption0.5 — 0.6
sorption0.6 — 0.7
sorption0.7 — 0.8
sorption0.8 — 0.9
sorption0.9 — 1
desorption 1 - 0.9
desorption 0.9 — 0.
desorption 0.8 —+ 0.
desorption 0.7 — 0.
desorption 0.6 — 0.
desorption 0.5 — 0.
desorption 0.4 — 0.
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Sample Reference
cell cell
SOS = ultrasonic Sensor
Purge
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> FUNCTIONAL BARRIERS

Polymer with high cohesive energy and dense, and recyclable: EVOH. ..
Plasma treatments (SiOx), other technologies (MFC)

monolayer with barrier to diffusion

p.17



> Revisiting the principles of safety assessment
Looking for viable strategies

m Traceability of sourcing, managing cross-
contamination during collection, sorting and recycling

m Risk assessment and management of unknown
chemicals (NIAS) via consumer exposure

® Unknown acceptable thresholds (acute toxicity,
endocrine disruptors, cocktail effects)

m The aging of materials needs to be considered

B Functional barrier? virgin/recycled/decontaminated?
which solution? How to evaluate them? Which service life?

® Evaluating migration / exposure below the detection
limit

B Migration modeling is the only viable approach but
which contamination level to consider?

p. 18



> BEYOND FOOD CONTACT

The EU regulation (EC) 1223/2009 of cosmetic products refers to the framework regulation (EC) 1935/2004
of food contact materials (FCM) to manage the risk of contamination of cosmetic contact materials (CCM)

inhalation
ingestion
skin absorption f

PN P19



> Thermodynamic measurements (e.g. 25 pm thick - PET) Y
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TR :> The challenge of NIAS

Propagating uncertainty with the risk that no decision can be reached

exposure
assessment

’('l 6 cand'dates
ege;
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Migration modeling and computational

engineering
OUR WAY OUT
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> Migration modeling and computational

engineerin
g g 1: Setoff »  2: HotFiling —» 3: Storage — 4: OvenHeating, 19+
———r r—r—r—rr T
OUR WAY OUT A S e A E

A —~
'E 1 L 4 L 10 ‘?E
2 o
£ 08 . - . 3 2
Spectral density of%%(llxcu(t) — x¢em(0)]12), denoted S¢p () T 06 L j — — ~5
= I 15 £
O 02 L ] L ] ©
'_fl 0 A — Y e d0
0246 0246 0246 0246
JX(mx0t  x(m)xaot  x(M)x1ot  x(m)x10* N R kT .
10)(10 T T T —TT T T Shu:kz T o TTET |7]n(]7e e TREy
Pooe
8. -

C(t) (kgm™)

[+ . L=

sl s sl sl s aaaaal

s i + 4 J
10" 10° 102 10" Or . _

f(ps") 0 80100 100.003 101150 200250  300.008 300.01
t (days) t (days) t (days) t (days)

o
SN
o




> Migration modeling is well accepted in the US, Europe and China

Revisions and to extensions to non-plastic materials are pending

US guidance

Methodology for
Estimating the
Migration of
Additives and
Impurities from
Polymeric Materials

QO EPA 560/5-95-015

g Sepiember 1990
I\

METHODS FOR ASSESSING EXPOSURE
TO CHEMICAL SUBSTANCES

Volume 11

Methodology for Estimating the Migration of Additives
and Impurities from Polymeric Materials

by

Arthur D. Schwope
and
Rosemary Goydan
Arthur D. Little, Inc.
Cambridge, MA 02140

and
Robert C. Reid

Massachusetts Institute of Technology
Cambridge, MA 02139

EPA Contract No. 68-D9-0166

Project Officer

Thomas Murray
Exposure Evaluation Division
Office of Toxic Substances
Washington, D.C. 20460

U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PESTICIDES AND TOXIC SUBSTANCES
WASHINGTON, D.C. 20460

(’b https://nepis.epa.gov/Exe/ZyPURL.cqi?Dockey=P100BCMB.TXT

Europe guidance

JRC TECHNICAL REPORTS

Practical guidelines on the application of
migration modelling for the estimation of
specific migration

In support of Regulation (EU)

No 10/2011 on plastic food
contact materials

Eddo . Hoekstra (Ed.), Rainer Brandsch, Claude
Dequatre, Peter Mercea, Maria-Rosaria Milana,
Angela Stérmer, Xenia Trier, Olivier Vitrac
Annette Schafer and Catherine Simoneau

2015

G- _ pCGa=2G1+CL, Fo=0

At h?

e vt st g

IFo

T
Conclusion: The packaging s complisnt with the Regulation (EU) 10/2011

EUR 27529 EN

ab http://publications.jrc.ec.europa.eu/repository/handle/JRC98028 p. 24
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> The five principles of migration modeling

W The first principle ("conservatism”) is that
modeling and related calculations should

overestimate the real migration or contamination.
O PLAST|CS ARE RlGOROUSLY Variables can include:

inci "raliabhilitv”) i i TESTED TO MAKE SURE - -
| The second principle ("reliability”) implies that the T ey -1 SarE | [ e g e

fo resee n m aSS tra n Sfer pathways a n d S u bsta n CeS Testing conditions are specif ed legally, and need to be used by all actors

performing tests in the value chain (from raw materials to packaging ”:.;)ﬁ‘ Contact surface . Food type

obey well-described mechanisms, accepted S e B e e e -

in its end-use.

Cond|t|0ns (e-g-, un|f0rm dIStrIbUtlon), and proper Take a sample Test in contact with Monitor migration Analyse the results
of the plastic a food simulant under standardised to verify that

i m p | ementation i n SOftwa re, ) conditions safety limits are met

) m The third principle ("consistency”) is that inputs in
*/:: #%  the model are known or guessed in a way that ) . .
XhxAY fulfills the requirements of the first principle. B Gt

warst case conditions.
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m The fourth principle ("parsimony”) states that
. . . o Q WHAT DO Migration into food
sophisticated and refined scenarios should be e e
considered only when simpler ones cannot s e s corcors.

The tests enable us to determine if a plastic

demonstrate compliance or safety. Edge o e o

For example, it may be benef cial for long-term
storage, unless they are suitable for high

m The fifth and final principle ("proportionality”) is S e
that non-compliance cannot be demonstrated by Bt SR

Calcu |ation . if any — is far below the safety level.

p. 25



> Parsimony vs. sophistication

During the last decade migration modeling became high throughput, multiscale

and connected to chemometric approaches

What is the goal?

The art of migration modeling consists in building a
sequence of scenarios so that the last scenario provides
a value lower than the threshold of concern while
being large than the real concentration (unknown).

1 2 3 4 5 6 Tier index

estimated
concentration
in food 1

tier 1 tier 2 tier 3
Cr > Crp > Cr

tier 4 tier 5 tier 6
F > Cr > Cr r

CI_E‘T'U.(,’
Compliance cannot be Threshold 2 9
demonstrated: use a of concern: Compliance can Z o
higher tier or test Cihosh be demonstrqted %
experimentally (e.g., SML) Cenresn > CLeT g
compliance /FY ©

More knowledge, more sophistication {\_//

Yan Zhu, Phuong-Mai Nguyen, Olivier Vitrac, Risk Assessment of Migration From Packaging Materials o Food,

Reference Module in Food Science, Elsevier, 2019, https://doi.org/10.1016/8978-0-08-100596-5.22501-8.

modeling

Fo=0

Multiscale modeling

IFo

Population
exposure

+chemometrics

+QSAR

p. 26



> How to manage uncertainty ?

Uncertainty Vs ignorance

“seienfia’ (science) vs odwuo- (belief)

Conventional modeling assumes complete knowledge and
epistemologic transformation of information into knowledge.
How to code “vagueness”, “skeptism”, “error”, “doubt”

. myster| 402> 2 ’L

7 Safety limit, acceptable threshold, SML
o

i )
/ ~
SMiirety -S

_ l_ R _ _upﬂerﬂarcintili(eﬁ, QE”} __________
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Y. Zhu, P.-M. Nguyen and O. Vitrac in: G. Robertson (Ed.): Elsevier Food Science Reference Module, Elsevier, Amsterdam, NL, 2019, pp. 64. %727



> Probabilistic modeling

Probabilistic modeling

Part of best practices

“Mandatory” for risk assessment
Uncertainty # variability, it can be
reduced by additional knowledge or
model details.

Monte-Carlo sampling can be avoided
in several situations to reach almost
real time simulation.

d —x—1

p
for (0) =3 o (o7 -

pocy, @)

FocY,, (U)

0. Vitrac and M. Hayert, Aiche Journal 2005, 51, 1080-1095.
0. Vitrac, B. Challe, J.-C. Leblanc and A. Feigenbaum, Food Additives and Contaminants t 2007, 24, 75-94.
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> Styrene from yoghurt pots: an example of forecast

food, packaging, migrants food products, packaging materials, migrants
Y Y
D, C<zx = f 7 ) p, E<y = g storage conds., uncertainty
product scale storage cond.,uncertainty houschold scale _ _
consumption scenarios
o T N 6122 Households
=0.05 ) — .
i E, = ——=->"%" Fo;,Bi,K,L | 221,190 Purchases
365- 0, 1,930,257 Purchased units
> s high consumers (95" percentile, 20 households)
i i th il . . .
e o e ™ 2 physico-chemical scenarios
memmm Whole population (5330 households)
cdf = cumulative distribution function 1r
95%
0.9} ]
0.8}
0.7}
39 I
5o§ o6
25% Bos 50%
s 0.4t
> 0.3F
0.2}
0.1+ w— H,
— H2
B . .
5 10 15 20
05 1 15 2 25 3 35 05 1 15 2 25 3 35 05 1 15 2 25 3 35 pg-day'-pers.!
. -1. -1
Fo Fo Fo Mg-day'-person

0. Vitrac and J.-C. Leblanc, Food Additives and Contaminants Part a-Chemistry Analysis Control Exposure & Risk Assessment 2007, 24, 194-215. 8%9



W =) |
‘ variation of W and D undera capacity constraint ‘

Market demand, new food products
New regulations (e.g., ban of materials or substances)

Life cycle analysis considerations
First solution from known problem-solving tools (TRIZ, Six Sigma approach, etc.)

—_~
Diagnostic from root cause analysis, seek of preventive actions E
—

premises

Our research

PHENOMENA-ORIENTE|
Multiscale modeling FOOD-ORIENTED, MEDIUM IN CONTACT

Example: redesign of PET bottl ' '
xample: redesign of PET bottl > Integrated engineering

foralcoholic beverages

(optimized shape, recycled

content, reduced weight,
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Feasible solutions
Coptimal or Pareto-optimal)

Minimized waste, migration risk, optimized shelf-life, optimized process and supply chain
Computer-aided engineering (mechanical resistance) and manufacturing (extrusion-blowing)
Additional validation (e.g., consumer acceptance)
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EDUCATION

Three months online curriculum on packaging design
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Computer-aided FMECA applied to mass transfer

Computer-aided approaches facilitate the deployment of FMECA approaches. The lecture illustrates various
situations calculated with the open-source software FMECAengine identification of critical steps, components,
substances - level advanced

Topics: | design || prevention || safe-by-design || migration || risk || safety || modeling

Author: Olivier Vitrac | Institution: INRAE
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COMPUTER-EVOLUTIVE ECO-DESIGN & SAFE-BY-DESIGN

Case of plastic bottles for alcoholic beverages
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