
  

CONTAMINATION DES ALIMENTS EMBALLES

olivier.vitrac@reims.inra.fr



  

WHY ARE THEY SO INDISPENSABLE ?
SHIFTING NEEDS ?



  

Non food grade materials may be recycled with food grade materials.

SOURCES OF CONTAMINATION = PACKAGING MATERIALS
CONTAMINANTS = PACKAGING SUBSTANCES (additives, monomers, residuals)



  



  



  

RISK ISSUES

Risk = f (perception, representation)

Packaging
substances



  



  



  

2 QUESTIONS VERROUS

NOTRE DEMARCHE: UTILISER NOS CONNAISSANCES « PHYSICO-CHIMIQUES »
POUR EVALUER LE RISQUE DE CONTAMINATION DES ALIMENTS EMBALLES ET
L’EXPOSITION DU CONSOMMATEUR

EVALUATION DE L’EXPOSITION DU CONSOMMATEUR A PARTIR DE
DONNEES DE CONTAMINATION SIMULEES
(MULTISOURCES, PRATIQUES DES MENAGES)
Niveau de difficulté: faible à moyen

PREDIRE LES COEFFICIENTS DE DIFFUSION DES ADDITIFS
DANS LES MATRICES PLASTIQUES PAR SIMULATION
DE LA DYNAMIQUE MOLECULAIRE
Niveau de difficulté: moyen à élevé



  

EVALUATION DE L’EXPOSITION DU CONSOMMATEUR
A PARTIR DE DONNEES DE CONTAMINATION SIMULEES

1

Quantité ingérée
kg∙jour-1∙personne-1



  

CONVENTIONAL DESCRIPTION
CONTAMINATION AND CONSUMPTION ARE INDEPENDENT



  

OBJECTIVES: DETAILED RISK ANALYSIS
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OBJECTIVES: DETAILED RISK ANALYSIS



  

INPUT DATA

PURCHASE DATA
(ex. yogurts)

OUR KNOWLEDGE
(physico-chemistry
Scenarios)
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# purchased units
(per year)

delay between purchases
(year)



  

FROM PURCHASE DATA TO CONTACT TIMES
(d

ay
s)

(d
ay

s)

(theoretical)

EXAMPLE:
YEARLY PURCHASE
OF YOGURTS OF
A HOUSEHOLD

no consumption
after the sale-by-date

expected consumption dates

purchase date

expected
contact time



  

FROM CONTACT TIMES TO THE CONTAMINATION PREDICTION
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FROM CONTACT TIMES TO THE CONTAMINATION PREDICTION

See the video: http://h29.univ-reims.fr/virtual/simKeffect.avi 
(more similar videos available at: http://h29.univ-reims.fr  in the “virtual experiments” section:)

http://h29.univ-reims.fr/virtual/simKeffect.avi
http://h29.univ-reims.fr/
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EXAMPLE: EXPOSURE TO STYRENE FROM YOGURTS PACKED IN PS

6122 Households (year 1998)

221,190 Purchases
1,930,257 Purchased units
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For an household k , of size kP , the exposure of the 
“typical” consumer, kE , that consumes kN  yoghurts in pots 
of weight 0M  (typically 0.125 kg), is efficiently calculated 
by factorizing kE  as a sum of kN independent variables: 

Exposure of a population of M=4,671 households (14,649 persons) is finally derived by 
combining the independent distributions of   1...4671k kE   respectively to the weights 
  1..4671k iP  . 
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EXAMPLE: EXPOSURE TO STYRENE FROM YOGURTS PACKED IN PS

k=1

k=M
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95th percentile
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EXAMPLE: EXPOSURE TO STYRENE FROM YOGURTS PACKED IN PS



  

EXAMPLE: EXPOSURE TO STYRENE FROM YOGURTS PACKED IN PS



  



  

EXTENSIONS

>4000 Food Types
>200 Packaging types
>300 Contaminants
Variable industrial practices
Variable household practices

ONLINE SOFTWARES AND
DATABASES (EU VALIDATED)

1

http://www.uenon.ch/img/eu_flag.jpg


  

PREDIRE LES COEFFICIENTS DE DIFFUSION DES ADDITIFS
DANS LES MATRICES PLASTIQUES
PAR SIMULATION DE LA DYNAMIQUE MOLECULAIRE

2

Question de recherche très générale
(incluse au programme de recherche 2006-2010
sur le vieillissement des matrériaux composites industriels
Participants: CNRS-CEA-INRA-EDF-Laborelec-Nexans)



  

Irgafos 168

Ultranox 626

Ultranox 640

Mark PEP 36

Irganox 1330

Irganox 1010

Isonox 129

Irganox 1076

BHT

Irgafos 38

Irganox 3052

Irganox 3114

Irganox MD1024

Irganox PS800

Irganox E201

Irganox 245

PCC
(Benzopyran-carboxylic-acid_oxo-
propenyloxy-propyl_ethylester)

4-Methylumbelliferyl-beta-D-galactopyranoside

Bis(2-ethylhexyl)phtalate = DEHP

Bis(2-ethylhexyl)adipate = DEHA

Tributyl-acetyl citrate

TYPICAL CONTAMINANTS



  

PRINCIPLES OF MOLECULAR DYNAMICS

PERIODIC BOUNDARY CONDITIONSCELL = POLYMER + DIFFUSANT
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CURRENT LIMITATION:
D>10-14 m2∙s-1



  

TRANSLATION MECHANISMS OF MEDIUM-SIZED MOLECULES IN DENSE MEDIA

TRANSLATION
BY REORIENTATION
(RIGID BODY)

TRANSLATION
BY CONTOUR FLUCTUATION
(DEFORMABLE BODY)



  

NON-TRANSLATING FLUCTUATIONS = MICROSTATES

ALL SAMPLED CONFORMATIONS HAVE THE SAME CENTER OF MASS
(NO TRANSLATION)

ANISOLE



  

ENTROPIC TRAPPING IN DENSE MEDIA: INFREQUENT TRANSLATIONS

see the video: http://h29.univ-reims.fr/virtual/MD/Ansiole_inPE_500ps_298K_NVT.avi 

http://h29.univ-reims.fr/virtual/MD/Ansiole_inPE_500ps_298K_NVT.avi


  

residence time (ps⋅Å-3)

t=0 ns

t=25 ns

HOW TO DETECT
A HOP (= TRANSLATION)
IN A FRACTAL TRAJECTORY ? 

2a

2b

HOW TO PREDICT
CONFINEMENT ?
(distribution of waiting times)

see the videos
http://h29.univ-reims.fr/virtual/MD/anisole16_seq.avi
http://h29.univ-reims.fr/virtual/MD/anisole16_resid_rotation.avi 

http://h29.univ-reims.fr/virtual/MD/anisole16_seq.avi
http://h29.univ-reims.fr/virtual/MD/anisole16_resid_rotation.avi
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residence time (ps⋅Å-3)

1 ns

0.5 ns

0.1 ns

0.05 ns
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t=0 ns

t=25 ns
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l
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0.05 ns

HOP IF MSD>MSC

2a

see the videos
http://h29.univ-reims.fr/virtual/MD/anisole16_seq.avi
http://h29.univ-reims.fr/virtual/MD/anisole16_resid_rotation.avi 

http://h29.univ-reims.fr/virtual/MD/anisole16_seq.avi
http://h29.univ-reims.fr/virtual/MD/anisole16_resid_rotation.avi


  

2b

Mt τ−
Mt

TRAPPRING IS RELATED TO PRIVELEGIED DIRECTIONS OF TRANSLATION
IN THE FRAME OF THE DIFFUSANT ?

ORIGIN OF TRAPPING ?

HOW TO EXPRESS MSD IN A MOVING-DEFORMABLE FRAME ????

MSD



  

2b
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see the video: http://h29.univ-reims.fr/virtual/MD/anisolewww_overview.avi 

http://h29.univ-reims.fr/virtual/MD/anisolewww_overview.avi


  

FLYING WITH ANISOLE IN HDPE (25 ns, smoothed trajectories)

NEXT STEP: TO RELATE THE “TUBE SHAPE” TO THE CONFIGURATIONS OF POLYMER  CHAINS

see the video: http://h29.univ-reims.fr/virtual/MD/anisolewww_ontheway.avi

http://h29.univ-reims.fr/virtual/MD/anisolewww_ontheway.avi


  

merci pour votre attention

olivier.vitrac@reims.inra.fr
http://h29.univ-reims.fr


