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1. Who we are

2. Green Deal

3. Safety assessment

4. Computational 
engineering

5. Summary

Presentation outlook



p. 4
12

Metro 18

final move July 2022
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SayFood  Illustrations
application to deep-frying
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Safemat project
AXIS 1

FOOD GRADE 

RECYCLATES

AXIS 2

AGING OF

RECYCLED MATERIALS,

REUSED, REEMPLOYED,

COMPOSTABLE

AXIS 3

ENGINEERING

INTEGRATING THE COUPLE

PACKAGING-PRODUCT

Mission of public interest, support the evolution of regulations, reconcile safety and performance
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TURNING GREEN

TOMORROW EVERYTHING SHOULD BE 
REUSABLE, REFILLABLE, RECYCLABLE

We are sleeping on a volcano... A wind of 
revolution blows; the storm is on the horizon. 
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Back to the past
Is there a lesson we can learn from history?
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Google Trends / Bisphenol A: (Worldwide)
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# M +1 Substances

(originated from the resin)

1 359 BADGE·H2O

2 341 BADGE

3 643 BADGE(n=1)·H2O

4 569 Cyclo-DiBADGE

5 625 BADGE(n=1)

6 927 BADGE(n=2)·H20

7 491 BADGE·tBuPh*

8 909 BADGE(n=2)

9 775 BADGE(n=1)·tBuPh

10 641 BADGE·2tBuPh

11 477 BADGE·H2O·BuEtOH**

12 403 BADGE·EG*** (+)

13 459 BADGE·BuEtOH

14 509 BADGE·H2O·tBuPh

15 577 BADGE·2BuEtOH

16 687 BADGE(n=1)·EG (+)

18 743 BADGE(n=1)·BuEtOH

19 609 BADGE·BuEtOH·tBuPh

20 971 BADGE(n=2)·EG (+)

* tBuPh    tert.-Butylphenol (chain stopper)

** BuEtOH    Butoxyethanol

*** EG            Ethyleneglycol

(+) Further confirmations are necessary

LOI no 2012-

1442 du 24 

décembre

2012 
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y 
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18

, 
28

,1

REGULATION 

2018/213/EC

2003 2018
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2003 2018
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Expanded PS 

containers are 

not allowed

Promote bulk 

to reduce 

packaging
Recycling bins

in supermarkets

Cardboard and 

packaging to be

sorted

Inform on endocrine 

disruptors

ze
ro

d
is

p
o

sa
b

le
p

la
st

ic

Prohibition of 

the mention 

biodegradable
No cups, plates 

or cotton swabs 

allowed

Disposable 

dishes in fast-

food restaurants 

prohibited

Mixed deposit 

for reuse and 

recycling
Environmental

and societal

labelling

Ban plastic 

containers 

for heating 

food for 

infants and 

young 

children.

Disposable 

cutlery, straws 

and swizzle sticks 

banned in 2021

Plastic confetti 

banned in 2021

free plastic toys 

banned in 2021

Mandatory

water fountains

Banning packaging around 

fruit and vegetables in 2022

Plastic tea bags 

banned by 2022

Five-year 

ecodesign 

plans

A polluter-pays 

system for 

hygiene textiles 

from 2024
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Cap attached

to the bottle
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RECYCLED PLASTICS
+Food-contact

ENFORCED REGULATIONS
China, EU, US

FULL COLLECT
(new usages)

REUSED, EDIBLE PLASTICS
(new supply food supply chains)

NO PLASTICS
(new organizations)



p. 16

Circularity
by design
by recycling
by alternative feedstocks
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Food type

Maximum level of 

contamination by

mineral oils

Origin Reference

Chocolate and

chocolate products
>100 mg⋅kg-1 Cardboard (Lorenzini, 2010)

Baby milk 10-80 mg⋅kg-1 Cardboard (Droz, 1997)

Cereal Products 30 mg⋅kg-1 Cardboard and

printing inks
(Biedermann, 2013)

Pasta 10 mg⋅kg-1 cardboard box (Biedermann, 2011)

Edible oil 100-1000 mg⋅kg-1 Containers (Wagner, 2001)
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CCM

inhalation

ingestion

skin absorption

FCM
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Safety Assessment
How to evaluate many new sourcing, 
materials, applications and practices.



p. 24

BADGE,BPA

be
nz

op
he

no
ne

s

diisocyanate

ITX

MOA

biocides
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Packaging

substances

Hazard Analysis vs Risk assessment
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Food inertia: a long history
Le règlement de 1908:  « …aucune substance alimentaire ne doit contenir de produit nuisible, produit chimiques… »
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https://www.plasticseurope.org/a

pplication/files/2615/2933/0926/T

he_Role_of_Food_Packaging_20

18.pdf

https://www.plasticseurope.org/application/files/2615/2933/0926/The_Role_of_Food_Packaging_2018.pdf
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1 2 3 4 5 6 7 8 9 10

Hazardous

Occurrence

Management
Regulated

Least 
important

Most 
important

Contradictions and risk scale

Plastics

Printing inks

Adhesives

Solvents, 
polymerization aids

Biocides

Coatings

Paper and board
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The cascade of risk assessment and management 
Risk Tradeoff

Risk 
balancing

Conflicts

Scientific risk 
assessment

Conflict:

evaluative

cognitive, 

evaluative, 

normative

Routine Conflict: 

cognitive

Targets: Targets:DG

SANCO, 

industry 

stakeholders

Target:

industry

Target: 

professional

associations

Discourse:

internal

Discourse: 

cognitive

Discourse: 

reflective

Discourse: 

participatory

Outcome: 
simple

Outcome: 
complex

Outcome: 
uncertain

Outcome: 
ambiguous
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foodpackaging (material)

« others »
(streams)

massification of risks 
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massification des risques

𝑟

foodpackaging (material)

« others »
(streams)

Cause =  transfer without contact (via air, water)

Coord. O. Vitrac
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Plastic wastes

Food-grade recycled plastics
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Plastics can be mechanically recyled 9 
times with a mandatory
decontamination step at each cycle?

Cellulosic materials can be recycled up 
to 30 times without any
decontamination
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Our priorities

Recycle Reduce Reuse

Objectives of
the 3Rs Decree

Objectives
UMT
22.07

Public Service
Mission



p. 36

Substances found in PET bottles originally used for dishwashing products – Molecules 2020, 25(21), 4998
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Manufacturing 

date

Unknown 

Sampling from local

German market

04/2010

08/2010

Analysis

of 2nd sample

08/2011

Analysis

of 3rd sample

Biedermann et al. (2013) 

119 dry food products

(3 samples/category)
1st analysis

Request of 

BfR

4 months
12 months

Contact time

➔
𝑴𝑷𝑬

𝑴𝑷𝑷
∝
𝑫𝒊,𝑷𝑬

𝑫𝒊,𝑷𝑷

Paper and board = prevalent source of chemical contaminants in food
Mineral Oils, Printing inks, adhesives
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Automatic microbalance

SOS = ultrasonic Sensor

time (min)

H

O

H
H

O

H
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𝑇

መ𝐶𝐹

𝑺𝒆𝒗𝒆𝒓𝒊𝒕𝒚 𝑿 = 100 ×

max
𝐶𝐹
𝐴

𝑇𝐴
,
𝐶𝐹
𝐵

𝑇𝐵
,
𝐶𝐹
𝐶

𝑇𝐶
,
𝐶𝐹
𝐷

𝑇𝐷

compound 𝑿 𝑡𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛

all compounds

compound 𝑿 𝑡𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛
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Migration modeling and computational 
engineering
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Migration modeling and computational 
engineering
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US guidance Europe guidance

http://publications.jrc.ec.europa.eu/repository/handle/JRC98028https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100BCMB.TXT

Methodology for 

Estimating the 

Migration of 

Additives and 

Impurities from 

Polymeric Materials

http://publications.jrc.ec.europa.eu/repository/handle/JRC98028
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100BCMB.TXT


p. 46













p. 47

What is the goal?

Multiscale modeling

𝐶𝐹
𝑡𝑖𝑒𝑟 1

estimated

concentration

in food 𝑪𝑭
𝒕𝒊𝒆𝒓 𝟏 𝐶𝐹

𝑡𝑖𝑒𝑟 2 𝐶𝐹
𝑡𝑖𝑒𝑟 3 𝐶𝐹

𝑡𝑖𝑒𝑟 4 𝐶𝐹
𝑡𝑖𝑒𝑟 5 𝐶𝐹

𝑡𝑖𝑒𝑟 6

1 2 3 4 5 6

> > > > >

Threshold
of concern:
𝑪𝒕𝒉𝒆𝒔𝒉

(e.g., SML)

𝐶𝐹
𝑡𝑟𝑢𝑒

Compliance cannot be 
demonstrated: use a 
higher tier or test 
experimentally 
compliance

Compliance can 
be demonstrated
𝐶𝑡ℎ𝑟𝑒𝑠ℎ > 𝐶𝐹

𝑡𝑖𝑒𝑟

N
o

t 
ac

ce
ss

ib
le

 t
o

 
m

o
d

el
in

g

More knowledge, more sophistication

Tier index

+chemometrics
+QSAR
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Uncertainty vs ignorance
► “scientia” “opinio” 
►

►

Y. Zhu, P.-M. Nguyen and O. Vitrac in: G. Robertson (Ed.): Elsevier Food Science Reference Module, Elsevier, Amsterdam, NL, 2019, pp. 64. 48
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Probabilistic modeling
►

►

►

►

E.g., monotonic model
𝐶𝐹

𝐶𝐹
𝑒𝑞

O. Vitrac and M. Hayert, Aiche Journal 2005, 51, 1080-1095.

O. Vitrac, B. Challe, J.-C. Leblanc and A. Feigenbaum, Food Additives and Contaminants t 2007, 24, 75-94.
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6122 Households

221,190 Purchases

1,930,257 Purchased units

µg∙day-1∙person-1

2 physico-chemical scenarios

O. Vitrac and J.-C. Leblanc, Food Additives and Contaminants Part a-Chemistry Analysis Control Exposure & Risk Assessment 2007, 24, 194-215.
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shelf-life=1 
year with 
minimal
weight, higher 
safety
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https://fitness.agroparistech.fr/
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Conclusions  & 
Perspectives
We are sleeping on a volcano... A wind 
of revolution blows, the storm is on the 
horizon. 
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Journal of Hazardous Materials 429(5) May 2022, 128331
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Think
BIG

with engineering
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𝑖𝑔𝑛𝑜𝑟𝑎𝑛𝑐𝑒 =
𝐼𝑇

𝑊𝐻𝐴𝑇 𝐴𝐵𝑂𝑈𝑇 𝐼𝑇

+poor design and GMP

+weak regulation rules
+poor training

=Risk of
Contamination + 
Environmental
impact

Let’s foresight modeling support public decision
and let’s invent our future
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Thank You
For Your Attention

Any questions?olivier.vitrac@agroparistech.fr


