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Types and regulation status

@ ENVElab

Regulated Not regulated Not regulated, high
priority

Ceramics Cork Paper and Board
Regenerated Cellulose Film  Adhesives Varnishes & Coatings
Active & Intelligent Materials Silicones Printing inks
Plastics Elastomers & Rubbers
Recycled Plastics Glass

Metal & Alloys

lon Exchange Resins
Wood
Textiles

Waxes
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@ ENVElab

Package Active coating

Outer

Barner layer Inner layer

(C)

Environmental
Engineering
Laboratory
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What is migration

Package/active substance

Migration is a diffusion and
partitioning process depending on:

— The nature of the food contact
material (FCM)

(B) — The nature and concentration of the
Immobilized ; ;
Baciams peeoais ﬂgﬁ:t migrating substance
g, _I — The nature of the foodstuff

o Food — The nature, the extent and the type of
o contact between the food contact
-0 ) .

- material/article and the foodstuff

l

Covalent linkage
(D)
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= Factors affecting
migration

@ ENVELab

* The mass transfer from an external source into food
by sub-microscopic processes

« May impact food in two ways
— Safety — migration of harmful substances
— Quality — migration of substances which impart taint or odour

« Migration occurs from:
— Food packaging

— Materials and articles used in food manufacture, transport and
storage

— Materials and articles used in food preparation and
consumption

>UOKEUOOIa TPOPINWV 17 ®eBpouapiou 2017



Food simulants

Migration assessment experimentally
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@ ENVELab

) ]
"
3 ]| ][ migration exp* ..
3
g 8 o

.

— food contact layer contamination depending
on sample history

— detectable migration of authorised and
permitted substances

— must comply with Article 3 of the framework
regulation (EC) 1935/2004
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Food simulants

Migration assessment experimentally
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@ ENVELab

Simulant Abbreviation Food type
Ethanol 10% (v/v) Simulant A Aqueous foods pH > 4,5
Acetic acid 3% (w/V) Simulant B Acidic foods pH < 4,5
Ethanol 20% (v/v) Simulant C Alcoholic foods
Ethanol 50% (v/v) Simulant D1 milk / milk products
Vegetable Qil Simulant D2 Fatty foods
Modified polyphenylene Simulant E Dry foods

oxides, particle size 60-80
mesh, pore size 200 nm

« Select simulant based on food type
« Select exposure type
« Select exposure conditions — time and temperature
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Environmental

@ ENVElab

Ergnee Food simulants
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Migration assessment experimentally

Sampling
" (e.g. SPME-GC/MS

Glass hood

Barrier layer )
y Food simulant =

MPPO (Tena®)

Thermostated

Sample
P aluminium block

Formaldehyde and glyoxal in water extract
Metals in water extract
Pentachlorophenol (PCP)
Polychlorinated biphenyls (PCBS)
Diisopropylnaphthalens (DIPN)
Michlers ketone and Bensophenone
Monochlorpropanediol (MCPD)
Dichloropropanol (DCP)

Primary aromatic amines (PAA)
MOSH/MOAH

Bisphenol A

Phthalates and adipates
Terephthalic acid

Irganox

BADGE

BHT

Vinylacetate
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== Migration modeling

Migration assessment computationally
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6 ENVELab

Fick's 2nd law of diffusion
(one dimensional):

2
o 8—C=D 6(2:
ot P Ox

C - concentration

° t - time
X - distance
D - diffusion coefficient
P - polymeric material
M - contacting medium
® migrant
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The Future i1s Now

Concept, methods and applications
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@ ENVELab| S5 Connectivity

workflow for exposome studies

Environmental Remote
sensors sensing

Exposure )
modelling . S iy o
> >
> &> > &>
I ta = 1
> {1 » > 1 »
> > >R
] >clie > >ofie o
> T > > T -
S -1 = > -
: > > >G> i
Environmental > > Systems Effects / Community
P o modeling / data <gh < <“gh< Individual exposome Effects / Cohorts
v il management A E r
B / Y - : “ | ——
Environmental ' = /é?*
H |\ =
analysis R TN Epigenetics Cellular/tissue
‘ . b effects
. { ~\
Human % ?
biosampling v ATy
Molecular

ﬂ/ initiating events
Agent based
modelling

Ubiquitous
personal sensors

{

Metabolomics

Fluxomics
(dynamic flux
balance analysis)

Transcriptomics Bioinformatics / Pathway analysis
systems biology
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A
. Hormone
h . Endocrine disruptor
Inhibit
ER Cytoplasm
B

Endocrine disruptor

EDCs from FCM

Dep. of Chemical Engineering
School of Engineering
Avristotle Univ. of Thessaloniki

Cancer effects

C
Cyclin D1 t
ERa
Cancer cell \
proligeration p21 1
Plasma
membrane

on the adipogenic lineage.

1. Endocrine disruptors regulate major signaling pathway
of differentiation; and they lead to MSCs/progenitor cells

MSCs

Pre-adipocyte

P .
»

Mature adipocyte

2. Endocrine disruptors also act directly
to promote the differentiation of pre-
adipocytes via direct activation of PPARy

3. Endocrine disruptors induce lipogenesis
and inhibit lipolysis in the adipocyte;
consequentially increase fat storage.
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& iz BPA and PAES

molecular/cellular process and disease/disorder

A
Lipid
metabolism
Cell ) ‘ Reproductive
9&'0"“" Celllular \ o/ = system disease
proliferation development “
r Connective tissue
Cell to cell i
ol signaling Genetic disorder disorder
eldes and Molecular
interaction
Gastrointestinal Neurological
G Call disease disease
ene morp
expression howogy
Callul?;& Cardiovascular
assemb
Tissue Organization
morphology 'ga
B
Organ
morphology
Immune cell
trafficking
Cellular
movement
Cell cycle
Inflammatory
Tissue disease
development Metabolic disease
Visual
system Developmental
e Hematopoiesis disorder
Cardiovascular
systom Genetic disorder
d t
bl Nervous
system
development
'"ﬂ:;:’:::’y Cardiovascular

disease
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Laboratory

common genes/proteins

@ ENVELab

123426789  ogpvalue)
g 1. Inflammation_IL-6 signaling through
| . gpi30
2 | | 2. Inflammation_MAPK signaling
8 | | 3. Apoptosis_MAPK cascade (MAPK9)
q 4. Metabolism_CYP's and Fanconi anemia

group proteins

2 i | 5. Inflammation_IL-1 alpha signaling

6 6. Inflammation_|L-1 signaling, AP-1,
| i NF-kB regulation

i i | 7. Chemotaxis_LBP signaling

8 i | 8. Oxidative stress_HNF4 regulation

° 9. Chemotaxis_Ceruloplasmin

10 10. Inflammation_|L-1 beta, IL-1 alpha

signaling, AP-1, NF-kB regulation

‘+Networks
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@ ENVElab

== FCM EDCs exposure

BPA from spot samples

i C——1BPA free plasma (simulated) -
. ——=BPA urine (simulated) i —
] BPA urine (measured) i :I
4 :_ ® Dose (reconstructed) _: 0,8 ?
g - - =
~~ - L
5 » _ o
= | - %
< 3 + Lunch A4 0,6 C_U
Q. T . o
m ] B )
> ] : i
@ e
< 2 i Dinner i 0.4 ,'\
LS
4 - (@)
- i Breakfast ° i —=
| 1st morning | :;
void
1 + + 0,2 n
i - o
_ X O
0 0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Time (hours)
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@ mviab|= FCM EDCs exposure (@]
HBMA4EU - biomonitoring platform
HBMA4EU partners

. EU Member States
B associated States
O Partly Associated States

Sources

/] TN\ 22 EU Member States

Water, Air, Food, Soil, Dust, Sediment, Personal Case Products 3 ASSOCiatEd States
YA AL A 1  Partly Associated State

l AbsorptionfollowingInhalation, Ingestion, Dermal contact

(3 candidates to join in later)

Internal Dose
.J } | 109 Partners
Elimination Distribution  Metabolism === Elimination 41 Participants
=
Target Organ Dose
Pharmacodynamic processes Financial volume: ~ 73 M £€

Biologically Effective Dose

Management Board Member

Effect
-~
HBM4EU science and policy
2 o & for a healthy future
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Omics and pathway
analysis for real-life
mixtures

Exposome analysis starting from biomonitoring data
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ENVELlab | Siemen Real-life mixture

Laboratory

Phthalates and mercury

DEPCSITION DEPOSITION

VOLATILIZATION

AND DEPOSITION VOLATILIZATION

AND DEPOSITION

A

Plasticizer Mercury

Plasticizer
& mercury
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e Real-life mixture

Laboratory
Phthalates and mercury

@ ENVELab

Urine and cord blood samples of pregnant women exposed to
FCM and environmental contaminants (phthalates and HQ)

» Urinary concentrations of phthalates

» Hair Hg
LC MS/MS (Thermo Orbitrap) for metabolites identification
EWAS analysis

Agilent Genespring / Mass Profiler Pro for pathway identification

‘% O /JK\ & ?/ . S //\\
= \\J) = ‘*\\y“
T B &) B

Ty SMade T g

Urine samples

Non-targeted Metabolic Profiling )

Positive ion data
LC-MS/MS
LTQ-Orbitrap

Urine samples —

Negative ion data
\_
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owilab|sew  Real-life mixture
EWAS — motor development

@ =lcohol_during.pregnancy

® Se_plasma_30.34_week_of_pregnncy ng.m|
® Se_plasma_8.12_week_of_pregnancy ifg.ml
@ child_urine_at_two_years of age MBzP.ugl

@ Se_plasma_cord_blood.ng.mi
LO_ — ® mother_urine_30.34_week_of_pregnancy_5.0x0 MEHP_creat..ug.g.creat
—
®  Hy_matemal hair_30.34 week.of pregnancy..ug.o.
@ Prepregnancy mother.s weight
@ Zn_plasma_mothers_at_celivery.mg .
‘q)‘ @ GPx3 812 week of_pregnancy.. je.ml @ Zn_plasma_20.24_wesk_of_pregnancy.mg.|
= o @ 551250 34omeRtDRIDHRINRAG Y deI.HD
[ . — Mntherswew It atthird im ester
= — ; U’éFrS%WE\ atfirstirimester
| ARENARRE B8 -bwo_years_of_age MEP ug @& Cestational age
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—
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O LT R ey oo o oo
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b ® mather_urine_30.34_week_of_pregnancy MBZP_creal ug.gcreat..
o

@ child_urine_at two_years_of_age_5.0¢0.MERP.ug T

® Cu plmma sy r\}uoetEErﬁﬁgi@%ﬂ%ajl_rgp(sqzk_nf_pregnancy_mEHF‘ creat.ug.g.cl
@ Cu plasma_ 2804 CRERMANEreafnby By RRi_07_age_MEHP. gl
@  Cotinine level in.mother.s. s@ihean Bep aTRastEn frish g opye efhiood ug ol
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64
metabolites

metabotites
with good
recovery in
Negative

215 Unique Metabolites
with Good Recovery

Real-life mixture

Metabolite identification

\ | Dep. of Chemical Engineering
/%1 | School of Engineering
=7 | Aristotle Univ. of Thessaloniki

64
metabolites
with good
recovery in
Positive

165
metabolites

215 Unique
Metabolites
with Good
Recovery

31 Unique Metabolites with Good
Recovery and RSD 2 300%
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mwitas|zE Real-life mixture
Pathway identification - phthalates

e

I Lipid
biosynthesis
‘ Butyrate A

Beta oxidation

Acetyl CoA ACL
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ENVELlab | S Real-life mixture

Laboratory

Pathway identification — Hg

Astrocyte

O Promﬂammatory

kines
@ @ cyto

T Glucose T Free Fatty Acids 7
| ]
v

| 1 Mitochondrial ROS 27! Q@ o
recty Macyémolecule Damage ] Impaired
Indirect ® mitochondria
| 1 Oxidative Stress | ROS o 2o 73)0 @) dysf
® 2 9 Pathological
v (2) Mltochondrla ® . tau modifications fleuron
NExB —
T p38 MAPK
T INK/SAPK
- Healthy mitochondria Impaired mitochondria
T Hexosamines -ATP production -Reduced ATP production
| -Normal membrane potential -Decreased membrane potential
v ¥ ¢ -Normal morphology -Fragmented morphology
1 AGE 1 DAG - -Regulated ROS levels -Increased ROS levels
1 Sorbitol 1 1 T Cytokines
REGE % pHe 1 Prostanoids
? 2 7 l_J
— Insulin Resistance B-Cell Dysfunction
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Environmental
Engineering

Conclusions

@ ENVElab

« FCM may be a source of exposure to multiple compounds
« Migration from FCM varies depending on various parameters

« Exposome science can overhaul the current environmental
health risk assessment paradigm and facilitate assessment
of risk due to exposure to chemical mixtures

« High dimension biological connectivity permits the
identification of molecular paths and biological processes
(multi-omics platforms)

* Real-life chemical mixtures should account for the joint effect
of FCM and compounds of environmental origin
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Bertold Brecht’s Life of Galileo:

“The main objective of science is not to open
the door to infinite wisdom but to roll back the
boundaries of infinite error”

@ I\VHab

www.enve-lab.eu

A connectivity perspective to environmental health
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