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Products & Services mdctec systems DG & H#—E'X

IT Solutions

» complianceBASE (compliance management database)
AVTSATOREET—FR—X

» comBASE (communication in the supply chain)
HisFr—2IicBlTdaz=2a7— 3y

» chemprofiler (substance inventory & regulations)
chemprofiler B D& L L 5k & 3R

» SML Software (migration modeling)

SML5/6 V7 b XT7 (BITETIVIZKBEE)

CAKTSS
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Content t S F—EERNE

» Interaction Packaging <> contact medium ZEzEHEEER<>EAEA
» Legal Background ENER

» Migration Modelling / Law of Diffusion BATETILETEALADRE
» Functional barrier RN T

» Experimental determination of diffusion coefficients (Dp) &
partition coefficients (Ky,)
ILERE(Dp) & DERBREB(Ko ) DEERT—FIZ& HRE

» Estimation of diffusion coefficients (Dp) & partition coefficients (Kp,)
HLERRE (Dp) & NELREU(Kp ) DHETE

» SML Software RIEAE

CAKTSS
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Interaction packaging <> contact medium
(food/pharmaceuticals/cosmetics)

BFHRARDEEEE <> EMEAL
(B gl ERdgl 1E#agcosmetics)

CAKTSS
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Interaction packaging food - mass transfer

s BIADHEAER E=85
source ft < > sink gy

driving force Eg A :

concentration difference between materials and media in direct contact to each
other (difference in chemical potential)

BEWVCEMTIVELERBOREEZ EFRTUIYILDE)

— to be considered for each substance !
FTNEFNOYMENEBEINSC &

= It is not the question if migration occurs but only
to which extent !

BITNEED L LT, EQOBRICRSANESHRETH D,
SAKTSZ
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Diffusion process

» temperature induced random walk of molecules
MEICEESNIDFOI A LIEGES
» driving force is the difference in chemical potential

EFRTUOYIILDEICLDIRE S
e ,00 4, 000

o %00, i 250
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Mass Transport EBEDEE

» Permeation (passing through) =& &viki+3)

> Transport of a substance through the packaging: #MEMNREZE Y k(T T#E
- from environment into filled good IRENOFRIESA-EHEA
- from filled good into environment FRESh-EHab oIREA

» Migration #47

» Transport of a substance #ME®D®T
- from packaging into filled good
- from filled good into packaging my
BEMOFESNE=BEHRN
REIN-EB&EHLBERHBA
E - environment
P - packaging
F - filled good

E

[ 3K
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Examples

» Permeation of oxygen from the environment into the
packaging, e.g. beer

> BRENALCBEADEZEDRE Hl: E—IL

» Permeation of CO, from the packaging into

environment, e.g. soft drinks
IRENOAEADRKBARDEE Hl: VIKFYLY

» Migration of low molecular mass packaging
components into filled good, e.g. additives, plasticizer,

oligomers, etc. with molar mass < 1000 g/mol
BEMBDEIFENERYDRIERMADIZIT
il - AmF. BEFl. A I —0Mm1000g/EILULTORFEDYE

CAKTSS
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Examples

» Migration of aroma components from the filled good in
the packaging or the environment, e.g. loss of aroma
from soft drinks and coffee or loss of active component
from pharmaceuticals

> RERBGMNLIRIBVLAEMI L FEVORIT
Bl: VIR IOMLDEYDIEK

EESMNLFEEMEINEK

CAKTSS
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Color change due to interaction

e.g. Lycopin from paprika in sealing
S—=IVIZNT U h (B&R) oYU IEY (BR) N

II-;> red colored sealing due to similar polarity
BIBHIC &Y S— LD FREIZH D, I

[ 23
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Color change due to interaction (#z#/E/-t 3 &%)

natural dye (fat soluble) B# 25 EsE ")

Lycopin:  red dye in paprika and tomatoes
JaEY: KREZHE KTUH®RIRZEBERD)

15'
~ Lycopin

B-Carotin: yellow/orange dye in carrots
B-hOFr: HEBALUICBENR (WERFYIZEEND)

HzC -
HaC CHs CHs CHs e T T
= -

-
...... CHs

P—Carotin

CAKTSS
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No color change due to interaction (#z#@Es%-> Tt EBERLL)

e.g. chlorophyll from spinach in packaging (Board/PE)
RE(BIR/PE)FDIEZ>NAENASI OB T 1)L

"- no green colored PE layer due to opposite
polarity RiEHD=-HOPEBILEEIZH 5L,

[ 23
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Color change due to interaction

natural dye (water soluble) B#zH (KEH)

Chlorophyll :green dye in spinach 7ra7 L&z (25h4%)

.

__.-"'CH'\-\,__.-' E{H
H.Q { |"-J “ \\ CH.
“\w-” """" %  Chlorophyll {Chl)

8%,
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» Migration Modeling / legal background EU
Annex V to Regulation (EU) No 10/2011

e%.
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EU Reqgulations for FCM (Regulations & Directives)

(incl. supply chain)

EC 1935/2004 ¢ zoz:s/z@

Plastics Ceramics Rubbers Coatings Cellulose Gaskets
84/500/EEC 93/11/EEC EC 1895/2005 2007/42/EC EC 372/2007

incl. supply chai
(incl. supply chain) - = 3 1/EC EC 597/2008

EC 282/2008 EC 450/2009

(individual case assessment)

Varnlshes " S Metals&AIons 3 Paper& Board ‘. 3 Wood 3 Prlntlng mks .‘ 3 Textiles ..‘
* &coatmqs o ve® .

°'Ion exchange s : Glass .'3. Cork ..' :$ Silicones ..' : Adhesives ..'
... ReSIns o’. ....I......... ..'Ooc...00°.. ... d ..‘o

CAKTSS

[ 23

e mdctec systems



EU Regulations - specific regulations EU##/- ##L %P

» Framework Regulation (EC) No 1935/2004,
GMP (EC) No 2023/2006 and specific measures (Regulations &
Directives)

» e.g. Plastics Regulations (EU) No. 10/2011 7525 v 4 #1738l
- positive list (limitations) K74 TU X+ (HIER)
- functional barrier WREMENY T
- specific migration (SM)  #E#T=E
- overall migration (OM)
- screening approaches (e.g. migration modeling)

- migration testing 17 ER
e food simulants BBy
e time / temperature RE/FE EIRE

» if a component from the material in contact with food is not covered
by the positive list, a petition at EFSA(Fri & &% £#E8) is required

RimmE#EMRT SMED

CAKTSS
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Important national regulations zzz#<omEzH4

* DE: BfR Reccomendation ¥ : BfR sy x4 sEli#i -
- XXXVI Paper & board
- XV Silicones
- XXI Rubber

e FR: 14
- Circulaire no 176  Pigments Bx
- Brochure no.1227 (summary food contact legislation & fiEfESOEE)

* NL: Warenwet £
- Coatings
- Rubbers

* IT: D.M. 21-3-1973 (Ex

CAKTSS
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Other references for evaluation #opFFHEE

Opinion of the Bundesinstitut fur Risikobewertung (BfR)
e.g. mineral oil (2009) @) R BB D R AR

Opinion of the European Food Safety Authority (EFSA)
e.g. ITX (2005) PR B RETE%ED RiE

Guidelines of the EU-Commission EUZE£DOHA KSq4 Y
e.g. Migration Modelling  #TETILICKDEE

Guidelines from Industry Associations ZHREEDHA K54 >

Standards e He

Toxicological evaluations (TDI) #t4:¥{fiTolerable Daily Intake— B i 75 {E B &

etc.

CAKTSS
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EU legislation — Reg. (EU) No 10/2011, Annex V

2.2 Screening approaches X5 VU—=—245~0E#HH
2.2.3. Migration modelling BITETIVICKSEE

To screen for specific migration the migration potential can be

calculated based on the residual content of the substance in
the material or article applying generally recognized diffusion
models based on scientific evidence that are constructed such

kas to overestimate real migration. )

MEPHAPEEICEDE, RRDBITELY L BRICBRITEZHEIT HL I CEBR SN
WAL ETILAREICEMENTUVEFET,

P residual amount / initial concentration of migrant
needs to be known !

BITHEODNRRERFENHIBAL TS Z EARE

CAKTSS
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Guideline on migration modelling

JRC TECHNICAL REPORTS

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

In support of Regulation [ELT)
No 1072011 on plastic food
contorot moteriols

i mmlumﬂ[m].rtummnnmnna 1
| Dequatre, Peter Morces, Maria-Rosaria Milana, |
1 Angda Suhrmer, Xenla Trier, Diivier Vimac |
| Annette Schiler and Catherine Simoneas

BITETIDICRICESZBHERITEZ
HET H-ODRAMHA FS51 >

JRC & [ Joint Research Centre

MMNEESOEERERMZEY —ERMER & LT,

HEHARE V2 — (URC)DEFFIL EUDBURIZIIL
MTEIEICECBZE LU RITWIEZEBERY A
IIZhEY—8 LTRHET S ETHS,

BRB LB (DG) EFEICH AT HIRC (FEEL
HENETILEAEXNRE T D ER BFIZ. Ff-GAHE.
Y—ILRREEDRFE., BHEBOED/ I/ JOEUM
BE. ﬂ%%:H:L T4 —VEERENIRELE L DH
B BLTEHZHEL TS,

JRC_Japan®WHP & Y k¥

___________________________________________________________
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P Migration Modelling / Law of Diffusion

BITETIV | ik

CAKTSS
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Mass transfer =&

Diffusion YiEX
Convection XTI
Reaction
Evaporation mFE .
Reaction =t

Partitioning 5B

P ~

Evaporation

>>> change of concentration with time

FfE & EDISRENELRT S

e%.
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Transport equation &=z

oc o’c  0°c 62 oc oc  ac
—— =-D +—+ + V, —+V,—+V,— [+k " +K.o
Ot |iota ox> oy’ oz’ "ox oy ez

[ 23
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Migration process #g#7Oo+X

Migration ~ Diffusion
®17 (8H) HERR

—» simplifying
assumption

fErgie L=k 5E
|
Diffusion [ Partioning

—— e —

[ 2]
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Migration (mass transport processes)

FHEM 7Ot (EEEHTO0+X)
Migration ~ Diffusion #{T~3LEX

® Diffusion process is determined by:

- mobility of the polymer Ry <—n#&H
(Ap, polymer specific constant) A, RUv—EEEH

- size of the migrant BHETVEDOYA X
(M., molecular weight) Mr AxtaFE
- temperature im

(T, temperature)

Ap value :  Ap'- polymer specific constant (Piringer)

CAKTSS
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Mass transport = Migration ~ Diffusion

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

OCe _ D. 0°Cy
ot OX*

¢ - concentration [mg/kg] (food/packaging)

® migrant t - time [s]
x - distance [um]
P - polymeric material D - diffusion coefficient [cm?/s]
M - contacting medium m

[ 23
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Diffusion models

® migrant

» monolayer materials
(monolayer) &=

D/K

» multilayer materials
(multilayer) EE

(D/K),,
» general diffusion model
(D/K), /D¢

D.K - mass transfer constants
HEERETEMN = AKTS=

[ 3K
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Migration in Multilayer Materials

do 07 ,dy
Dtot Dl I D2 I I D

n

ink OPP

Dink  Dope Dp=co
Kinkorr  Koppr

CAKTSS
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Diffusion coefficient

» Arrhenius relationship - “how fast” upicE< fgs2zmn2
(temperature dependence)

D - Diffusion coefficient [cm?/s]

B EA D, - pre-exponential factor
RT E, - activation energy [J]
D — DO * e R - gas constant [8,314 J/ImolK]
T -temperature [K]

» Piringer equation (estimation of diffusion coefficients)

R-10454

Dp=Doexp(AP—0-1351°Mr2/3+0.003°'\/'r‘ ROT5 j
Piringers\ (JERURBDHETE) A Mmr a9 R

SAKTSS
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Partitioning

packaging food

Cpro

O Migration>

Cro=0 Cpo

cF,oo

AKTS

[ 23
%e mdctec systems




Partition coefficient (in closed systems)

» equilibrium related - "how much*

FHRET EndDLOBN?BITIH?

PF — e
CI\/I ,00 SI\/I

K - Partition coefficient K S2E&R¥
c -concentration [mg/I] C BE

P - packaging

F -filled good

CAKTSS
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» Functional Barrier

[ 3K
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Functional barrier

» absolute barrier HEBETE/ N 7
glass and metals may ensure complete blockage of
migration. #HSRPEEEIBTEZTLICHILETEES.

» functional barriers
plastics materials can act as an effective barrier which reduces
the migration of specific substance below a SML or a limit of
detection

=> efficiency depends on:
- material type
- material thickness
- size of molecule
- time & temperature

CAKTSS
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Functional barriere

P&B FB Food

Des
o . . 0
e.g. mineral oil 0  -lag time [s] i
d - thickness
D - diffusion coefficient [cm?#/s]
K

- partition coefficient m

[ 23
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» Experimental determination of diffusion coefficients
(Dp) and partition coefficients (K )

CAKTSS
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Certified Reference Materials for the specific migration testing

of plastics for food packaging

BESEFRY v—OBERTETR M BIFFENE

’V"l

\
\

PROJECT G6RD-CT-2000-00411 X
W\
PARTNERS :
Fraunhofer Gesellschaft D (IVV)
Pira International UK (PIRA)
MAFF-CSL UK (CSL)
FABES Forschungs-GmbH D (FABES)
BIT-FCA B/EU (FCA)

CAKTSS
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Migration testing & HER

» migration cell
BRI

8%,
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Polymer matrix :

HDPE
type 1:

type 2:

HDPE

p =0,948

d=1043 um

migrants: Irganox 1076 (antioxidant)
Irgafos 168 (antioxidant)

p =0,933

d =356 um

migrants: Chimassorb 81 (UV-absorber)
Uvitex OB (optical brightener)

CAKTSS
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Structure of migrants

CH, HsC

H,C CH,
HaC
HyC CH, CH,
o
CH,
P
o o
CH,
HaC
H,C CH,
HsC CHs

HeC ci.  |rgafos 168

CHj;

Chimassorb
DRPN

CHy OH Hyc

H3C CHg
CH3

Irganox 1076

3 ) s ¢ o Uvitex
HyC " ° CHa OB

%e mdctec systems



Experimental considerations

migration cell (one sided)

area, A = 48 cm?
volume, V =10 ml

[ 3K
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Modelling of Irganox 1076 migration

Cpo = 890 ppm (8404 ug/dm?) o O

HaC CH,

4000

3500 -

3000 B 40°C(exp.A)
- O 40°C (exp.B)
£
% 2500 - 40°C (calc.)
2 e 60°C(expA)
S 2000 - o 60°C (exp.B)
.g ——60°C (calc.)
8 1500 4 A 80°C(expA)
8 1000 A 80°C (exp.B)

——80°C (calc.)

500 -

0

12

time [days]
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Modelling of Irgafos 168 migration
Cpo = 917 ppm (5112 pg/dm?)

CH, HaC
HsC. CHs
HaC
HaC CH, ° CH,
o
| CH,
3
N
cH, O o
HaC.
HsC CHs
HaC CHy
HsC CHj
CH,

800

700 -

600 B 40°C (expA)
= O 40°C(exp.B)
£
% 500 | 40°C (calc.)
= ¢ 60°C(exp.A)
S 400 | o 60°C (exp.B)
.g ——60°C (calc.)
8 300 A 80°C(expA)
[ °

A 80°C(exp.B
S 500 (exp.B)
L o ——80°C (calc.)
100
= n
O T T
6 8 10 12

time [days]
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Modelling of Chimassorb 81 migration

Cpo = 935 ppm (3106 ug/dm?)

concentration [pg/dm?]

3500

3000 -

N
[62]
o
o

2000 -

1500 -

-
o
o
o

500

m  40°C(exp.A)
O 40°C(exp.B)
40°C (calc.)
& 60°C(exp.A)
& 60°C (exp.B)
———60°C(calc.)
A 80°C(exp.A)
A 80°C (exp.B)
—80°C (calc.)

6 8 10 12
time [days]

CH,
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Modelling of Uvitex OB migration

Cpo = 471 ppm (1564 ug/dm?)

1200
1000 -
B 40°C (exp.A)
IS O 40°C (exp.B)
5 800 1 40°C (calc.)
(2]
= ¢ 60°C(exp.A)
S 600 o 60°C (exp.B)
.g ———60°C (calc.)
§ 400 A 80°C(exp.A)
8 A 80°C (exp.B)
——80°C (calc.)
200 -
0 T T T T T
0 2 4 6 8 10 12
time [days]
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Mass transfer constants

Fitting procedure by variation of the diffusion coefficient, Dp
and the partition coefficient, K¢ gives for the best fit:

Migrant Diff.coef Part.coeff
40°C 60°C 80°C 40°C 60°C 80°C
Irganox 1076 3,9E-11 4,3E-10 3,3E-09 15,0 3,0 0,1
Irgafos 168 2,1E-12 7,2E-11 4,5E-10 80,0 50,0 3,0
Chmiassorb 81 5,0E-10 2,7E-09 1,9E-08 0,1 0,1 0,1
Uvitex OB 4 5E-11 4,5E-10 4,7E-09 1,0 1,0 0,1
SAKTSS
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» Estimation of diffusion coefficients (Dy) and
partition coefficients (K )

HEER IR (Dp) and HERIRE(Ky ) DHETE

8%,
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Estimation of diffusion coefficients

» Diffusion coefficients (Dp)
Arrhenius DP=f DO,EA,T)

- activation energy (Arrhenius)
- temperature [K]
' - polymer specific constant

Piringer

Brandsch Dp=f
- diffusion coefficient M,,
- pre-exponential factor M,
(Arrhenius) M

(Piringer)

- polymer specific temperature

constant (Piringer)

(
=f(

Interpolation T DP =f(Ap' tau,Mr,T, Tg)
(T

- molecular weight of migrant [g/mol]
- molecular weight of polymer [g/mol]
- relative molecular weight

- glass temperature of polymer [K]

- melting point of migrant [K]

CAKTSS
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Estimation of diffusion coefficients based on Ap-values

(Piringer equation) AplEIZ k& B FH DT

23 R-10454
D, =D, exp| A, —0.1351-M.>° +0.003-M_ —
R-T
Dp - Diffusion coefficient (D, = 10* cm?/s) 1IN CE S
Ap=Ap-t/T - material specific constant MERTE R
(t - material specific temperature constant) #E#ERERS
M, - relative molar mass of migrant in Dalton BATHE DX &
T - temperature in K PSRN 4
E, - reference activation energy EEFHEIRILY—

(=R-10454 = 86,9 kJ, R = 8,314 J/K-mol)

CAKTSS
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Upper limit Ap*-value (HDPE) / mean Ap-values

gen nﬁ

35 A

30 ~

25

20 -

15

10 ~

A D_LIRE L FLIE (BTEHGA, 1E)

[ J—
=113 Ap* =14,5
"realistic" upper limit"
(mean value) ‘

4 5 16
no. values: 134 Ae-value
mean value Ay = 11,29
standard deviation = 1,76
confidence interval (95%) = 7,85- 14,74 (=MW % 1,96*STABW) m

[ 23
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Estimation of Diffusion Coefficients based on T@J

Ap*-value (upper limit)

¢ upperlimit ® mean ——Linear (upper limit) ——Linear (mean)
14,00
12,00 %
10,00 = \HBP\
* E y =-0,0549x + 5,14

8,00 PP R2=0,9773

6,00

4,00 .

y = -0,0603x + 1,9664 PAB,6
2,00 R? = 0,9582 i
0,00
i PEN
-2,00
reference temperature 60°C =
-4,00
'6,00 T T T T l
-150,00 -100,00 -50,00 0,00 50,00 150,00

glass transition temperature [°C]

NS RAEBREE Tg

mdctec systems



Estimation of partition coefficients SEHHFHD#TE

» Partition coefficients (Kpy) #E&H%
worst case K=1, (Vp<<V))
solubility K=Sp/Sy

Brandsch K=f(S
(Sw) }smwmt;tz&#ﬁm%&ihfﬂﬁ‘é

K=f(Pow)
Kew - partition coefficient SERE
V, - volume of polymer R T —0O&FIE
V,, -volume of medium BEARRIR
Syw - solubility of migrant in contact medium {EfAE D OBITME OBRE
S, - solubility of migrant in polymer R IT—hOBITHEDBRE
Sy - solubility of migrant in contact medium EEEDDBITHEDAREE
Pow - octanol/water partition coefficient of migrant #{T¥1E O O/WH B R E

CAKTSS
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Estimation of Partition Coefficients $EHHEHDHET

According to Guideline on migration modelling: B{TETFILOHA FSA4 vicEhlE

»  if the migrant is soluble in the food or food simulant
BITHELFEGRELFERERISETSLGLE
- e.g. water soluble migrant in aqueous food or simulant
- e.g. fat soluble migrant in fatty food or simulant

K=1 (,worst case” because Vp << V) BREY—RXE8TE

» if the migrant is not soluble in the food or food simulant

(e.g. aqueous foods)
BITHENBERFLFERERICTETHLIE

- e.g. water soluble migrant in fatty food or simulant
- e.g. fat soluble migrant in aqueous food or simulant

K =1000

> real partition coefficients between packaging and food are in the range of;
K=10~100 ERDOAE L BRBEODEFRIITIK=10~100

%
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Correlation between Partition Coefficients Polymer/Food Simulant, K; ., and Octanol/Water,
Log P,,, — a New Approach in support of Migration Modeling and Compliance Testing

Asako Ozaki'Z, Anita Gruner?, Angela Stormer?, Rainer Brandsch®
and Roland Franz**

RY I — R ERDAEFEEK £ 2 8/ —ILIKDLogP,,, & DRI

BITETIVEEDH L LWAEREBGHER

£33 : OZAKI Asako (Osaka City Inst. Public Health and Environmental Sci., Osaka, JPN),

OZAKI Asako (Fraunhofer Inst. Process Engineering and Packaging, Freising, DEU),
GRUNER Anita (Fraunhofer Inst. Process Engineering and Packaging, Freising, DEU)
STOERMER Angela (Fraunhofer Inst. Process Engineering and Packaging, Freising, DEU)
BRANDSCH Rainer (Macrodynamic Chemical Technol. Ltd ZN Gilching, Gilching, DEU )
FRANZ Roland (Fraunhofer Inst. Process Engineering and Packaging, Freising, DEU)

#&#l4 : Deutsche Lebensmittel-Rundschau # : 106 & : 4 R—< : 203-208
FITHE : 20105048
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Estimation of Partition Coefficients based on P,
9%/ —IVIKDLogP,,, ZEEBEET HHEERDHETE

O 50%eathanol

4 10%athanol

+ olive oil

0 5 10 15 20
Log Pow

. . Ethanol 10% y =1.07-x-1.82
Fig. 3 Correlation between log P, and log K,. 42001 50% V= 0.389 x -1.02

Ethanol 95% y = 0.052 -x -0.807
Olive oll y = 0.054 -x -1.22

AKTS
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» Migration Modeling with SML software

[ 3
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Software Tools

» must solve the diffusion equation numerically

(partial differential equation, PDE)
LR RBZHE (RS AEX)TRAT ILELHY FI,

— the analytical solution of the diffusion equations

serves as reference for validation
VR ZEZRAESTT—3 M oRODBEICKY, NYT—3Y
DRELLET,

— validation required, i.e. experimental examples must

be reproduced correctly
RO BILEHABRRKENY T—2 a3 UDERSNET,
Bl Z IR T — 2 ETBRENERSINET,

CAKTSS
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Numerical solution of the diffusion equation

» » numerical solution HEICKBEREDA Y Y b

- for multilayer materials g@EEIcxtmTEE
- concentration profile available gEafmTo7 74k

- exchange cycles / repeated use can be simulated

JH A ILDYIaL— 3 ORI ATRE
SML6 #i#He Repeated use cycle function

— see standard textbooks for Numerical Mathematics
e.g. Finite Elements and Finite Differences algorithms

CAKTSS
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Migration modeling (Diffusion Law) B#FEF/L (#HH:%5)

» 1. step

» 2.step

» 3. step

» 4. step

Solution of the diffusion equation (numerical mathematics)
HLER R 2L D % R

Packaging geometry (contact area, food volume)
BEMOBRZER (BEMT) 7. BRAR)

Packaging structure (number of layers = n +1 for food)
- specify polymer type (from database or user defined)

BEMBE (BORIBRBO1BZMA T+l LEER)

Migrants of concern #{T¥EIZBIL T
- specify substance(s) (from database or user defined)

MEZRET S (T—EIN—RFERFRI—HVITLIESR)

CAKTSS
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Migration modeling (Diffusion Law) #&#FE7r #gata)

» 5.step Initial concentration for each migrant in each layer (cp ()
- known from recipe/composition

- from experiment by extraction study
INTNDORBIZE T2 EN TN OB ITYEONREELERTE
- BRME/BRERND
- HEMRICKDIERBRERIDS
» 6.step Estimation procedure for mass transport parameters:
- diffusion coefficient of migrant in each layer (Dp)
- partition coefficient of migrant between layers (Kpp & Kiy)
MERIT/INTA—RIZLHEEFIR
- ENENDRIZE T EBITHE DILAE # (DP)
- BREICEITH5BITYEDDERER (Kep &Ko)
» 7.step Modelling calculation - estimation of migration for:
- any time and temperature
BITETIVIZKDEEHE
-FRIEBEEDEEHICLIBTE (BHE) DT

CAKTSS
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1. step Solution of the diffusion equation
(numerical mathematics)

SML Software

SML5.231

@@ SMLv 5.231

File Activatio

Confédiration su

Confederaziun s

n ?

systems

isse
Confecerariong Svizeera
]

.?i AKTS-SML Software
Prediction of specific migration from multilayer pacl}

W
MDCTec systems GmbH - Germans
S
rl]
U Schwelzerische Fldgenossenschaft Federal Food SafEt}r and Veterinag

Risk assessment Division - Switze

Advanced Kinetics and Technolog
AKTS AG - Switzerland

A |

= SML6.0

@ SMLwveD

i File Activation 7

ol AKTS-SML Software

Prediction of specific migration from multilayer packaging material into food

Confederazione Svizzera
Confederaziun svizra

e mdctec systems  Germany

Schwelzeriiche Eldgenosienschalt i
Confédération suisse Federal Food Safety and Veterinary Office FSVO

MDCTec systems GmbH

Risk assessment Division - Switzerland

Advanced Kinetics and Technology Solutions
AKTS AG - Switzerland

= Start SML

P joint development AKTS & MDCTec

CAKTSS
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2. step Packaging geometry
(contact area, food volume)

“{ Article Creation Wizard

& 1. Surface r 2, Layers r 3. Chemicals r 4, Data r 5, Run prediction ]

@8 =vousGien | [ NextStep @
Surface: (m2)

## Close Wizard I
Package
=
Geometry:
Cylindrical R
Contact surface {cm™2): 3727
Volume of contact medium (cm™3): 497.7
Diameter (cm):
Height (cm):
Add Artide

Surface and mass of contact medium by artide

i i Artides  Surfaces (cm2) Mass (g)
R bottle 350
s lid 22.7
:ﬁ_...hll
Y |
Total surface
of all articles (cm™2): 3727
%
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3. step Packaging structure (number of layers = n +1 for food)
- specify polymer type (from database or user defined)

o . . . s
“\ Article Creation Wizard 9 Close Wizard
% 1 Surface _/Vlﬂl 2. Layers r 3. Chemicals r 4, Data r 5. Run prediction ]

QE Previous Step Mext Step E}

Mumber of layers: Last layer is @ “contact medium” layer?

Article PEFIIIN viater i
Polyethyle... Water
Thickness ... 300 1.422E04 Add layer(s) : ,

Concentration /, Diffusion coeffident / Partition coeffident / Solubility [EI”
a Add substance(s) i.,fﬁ - : .
i e o[ 2 & ) Pasis
| Layer (PET & o i d
_ BT ey

<"¢__| w o Copy from... Reset layer = Database Ll'jq Set to user defined

Type: @ Palymer O Contact medium
Thickness (um}: 300

Density (gfom~3): | L4

Layer abbreviation : |PE|'

Material : Palyethylene terephthalate (PET) (modeling all T)
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4. step Migrants of concern
- specify substance(s) (from database or user defined)

%\ Article Creation Wizard

@ L surface r@ 2. Layers /ﬂ 3. Chemicals r 4, Data r 5. Run prediction

{.'E Previous Step Mext Step ﬁ

Mumber of chemicals:

Substances

Define all migrants

3 Close Wizard

Article PET water
Polyethyle... Water
Thickness ... 300 1.422E04
TEREPHTH... 250 0
monomer 2 Ethylenegl... 1000 0

Concentration /, Diffusion coeffident / Partition coeffident /, Solubility

a Add substance(s)

i-:j, Run prediction...
L

LED /_1 Substance (monomer 1) @ ]

i

Add layer(s)

i

Set-off

£ s Fad Copy from...

Database .;Z Set to user defined || Reset substance

Substance abbreviation : |""":""'3'""'Er 1

Chemical :

TEREPHTHALIC ACID

Substance abbreviation : |""'Dm'""Er 2

Chemical :

Ethyleneglycal
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5. step Initial concentration for each migrant
in each layer (cp()

- . : .
“§ Article Creation Wizard | 3 Close Wizard |
# 1 surface r@ 2. Layers r@ 3. Chemicals /ﬂ 4, Data r 5. Run prediction

f:: Previous Step I Mext Step ﬁ» I

For each data, please spedfy :
- Concentration
- Diffusion coeffident

- Partition coeffident

FET water
Polyethyle... Water !
Thickness ...300 1422E04 '
meonomer 1 TEREPHTH... 250 0
menomer 2 Ethylenegl...| 1000 0 - .
"'-lCun::entraﬁun /\Diffusion coeffident /, Partition coeffident J-'ilSu::qubniIi‘q-' ,-"' 1‘5“}\
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6. step Estimation procedure for mass transport parameters:
- diffusion coefficient of migrant in each layer (Dp)

“\ Article Creation Wizard

# 1 Surface rﬂ

2. Layers rﬁi

3. Chemicals /ﬂl

Q‘E] Previous Step

MNext Step [0

For each data, please spedfy ;

- Concentration

- Diffusion coefficient

- Partition coeffident

4.Data |

5, Run prediction

9 Close Wizard

Article

Thickness ...
monomer 1  TEREPHTH...
monomer 2 Ethylenegl...

PET water
Polyethyle... Water

200 1 A7 C0A
T T T

—aay

P(3.771E-15) 0.0001

P(I:866E-14) 0.0001

Concenfration / Ditfusion coerfigent ,Partition coeffident / Solubility

a Add substance(s)

i,.:‘fh . Run prediction. ..
=

[]II Layer (PET) r a

Substance {monomer 2)

/&%  Data (Diffusion coefficient)

|

@ »

Diffusion coefficent

O Known

O Interpolation based on Tg
@ Piringer

O Arrhenius

Example temperature (*C):

Example for 20°C {cm~2/s):
P{1.956E-14)

EN

%e mdctec systems



6. step Estimation procedure for mass transport parameters:
- partition coefficient of migrant between layers (Kpr)

“y Article Creation Wizard W o v
# 1 Surface rlﬂ 2. Layers rﬁi 3. Chemicals fﬂ 4, Data r 5. Run prediction ]

{"E Previous Step Mext Step d’-:;

For each data, please spedfy ;

- Concentration
- Diffusion coefficent
- Partition coefficient
Article PET water m]
Polyethyle... Water
Thickness ... 300 1 477E04 Add layer(s) ,
monomer 1  TEREPHTH... 1000 :
monomer 2 Ethylenegl... bl []I”
Concentanan [, D fusan coet naent | Partition coeffident /, Solubility Set-off i
a Add substance(s) \J’H, Run prediction. .. ),
L B e

E:[I Layer {(water) r_'L Substance {monomer 2) /63 Data (Partition coefficient) ]

€@

Partition coefficient (Kp)

@ Known 1
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7. step Modelling calculation - estimation of migration for:
- any time and temperature

Final Temperature = 40 C

& Predictions X
‘ Predictions
Temperature profiles ]
Iso Mon-Iso Step Modulated Shock Worldwide STANAG Customized Repeated use
Isothermal conditions Time max day
(@) Without statistics
Temperature = % () Monte Carlo runs
R o =
Indude Sobol Runs
Mumber of isotherms =
O Fast distribution

O Family approach

Modulo time: 10 i‘

Modulo thickness: | 10 =]

@531.-'&... ﬁLnad...

Ok Cancel
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Simulation Result

~ {2 Package
Article [ ]PET water ~ -] bottle
Polyethyle... Water L] j_| Is0(40°C ,10d)
Thickness... 300 1.422E04 fe [ lid
- monomer 1 TEREPHTH... 248.2 0.05185
- monomer 2  Ethylenegl... 581.8 0.537 |— monomer 1 - water — monomer 2 - water

"'-lCun::enh'aﬁun J-{IZ?liFFusic:un coeffident / Partition u:u::ef'ﬁn:ient,-';

0.5
™ 0,45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

D_

Concentration {mg/k

u] 1 2 3 4 = G 7 a2 9 1c
i time {days)
k

10004
9004
2004
700
G004
5004
400
3004
200
1004

- Rt

S ) i

Concentration {mg/kg)

u] 100 200 300 400 Eoo a0
Layer Thickness (pm) _
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SUMMARY

» simulation of migration from plastic food packaging to food

or food simulants based on diffusion law

MBGERIZERE LT SRAF VIV BRAENCERH DI
Bt~ 0BITIal—ray

» SML software provides numerical solution of diffusion equation
SML5/6Y 7 b T 7 (IS K U RIERITZLEFT,

» simulation requires mass transfer coefficients:
- diffusion coefficient
- partition coefficient

>> not available => use of estimation procedures
VIial—LavIIIMEREHRTHD
LR E B

> SEEH

> L DEEMN/ONGNEEE = W OIDHEFIEEZFERALET,

CAKTSS
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SUMMARY

» migration modeling result may be different from experimental result

- due to overestimation ("upper limit" coefficients)
- estimation procedure for coefficients are not precise enough
- experimental migration does not follow law of diffusion

> BITETIVIZEHABRIERATHKELEL AL LNFEE A,
BE|GHEEEETERT 578 (upper_ limit ER{EDEE)

EHZTHTET DFIEOREN T+ TEN O
RRIZK DT TOAMMEUEAIICRDEWNEE

CAKTSS
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PalMetrics ..
e mdctecsystems % mdctec services ‘e mdctec science

Thank you for your attention !

MDCTec Systems GmbH | MDCTec Services GmbH | MDCTec GmbH
Provinostr. 52 | 86153 Augsburg
Tel.: +49/821/4554910 | e-Mail: rainer.brandsch@madctec.com
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