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The SPECIFIC MIGRATION LIMITS Software (SML) allows the specific migration assessment for complex
materials with different geometries and any multi-layer structure. Simulation of the migration process is based
on Fick’s 2nd law of diffusion under consideration of partitioning between adjacent layers or contact media in
closed systems. The software contains a database of more than 20'000 chemicals and offers comprehensive
estimation procedures for diffusion and partitioning coefficients. In case of missing required parameters, the
software marks the method in red and indicates which parameters are missing. The end-user can add these
parameters manually (if known) or has to choose another method.
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The use of SPECIFIC MIGRATION LIMITS Software (SML) can proceed in four steps:
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4. Legislation 3. Calculated
Conformity Outputs

The workflow has therefore four main steps:
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Define the package by creating the different articles of the package and introduce their properties.
Predict the migration using different temperature profiles (iso, non-iso, worldwide climate, etc.).

Analyse the calculated outputs.
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Check the conformity of the results with corresponding legislations.
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PACKAGE STRUCTURE

A packageisagroup of different articles, each having different layers properties. For instance, a bottle
can be treated as two articles: the bottle cap and the bottle body. An article is composed of one or
more layers of different sizes and properties.
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Article 1 (cap)

Article 2 (bottle)

FIG. 1 - A package can be composed of multiple articles.
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FIG. 2 - Click on ‘Start SML' to start the work with the software.
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SML v 6.20
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FIG. 3 - Opening screen of SML
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New Package

Create a new empty package.

A package is a group of different
articles.
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FIG. 4 - Selection of a new package.
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FIG. 5 - Selection of the package geometry (e.g. rectangular).
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FIG. 6 — The package can contain one or more articles (e.g. bottle body and its lid).
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FIG. 7 - Construction of an article by adding layer
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FIG. 8 - Introducing a number of layers.
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FIG. 9 - The properties of the polymer layer can be selected from the database.
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FIG. 10 — For the search of polymer properties the several options can be applied (e.g. CAS number, name,
etc...).
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FIG. 11 - Searching the polymer by name or by specific properties
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(in this example, the searching key words are “low density”).
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FIG. 12 - The results of the search: selection of the polymer.
° »
) v —FREROBER
E-LEARNING

WEBNAR



", o L B SML v 6.20 - ]
Package Properties Output Calculation - g
=4 New Package & Duplicate Package ey Save All Packages [ New Article @SEVEAm:\E ’t’{' Prediction on This Article 1
[ Open Package @8 Close Package [ Open Article ]| Duplicate Article
Import Initial 5
() sove Packsge | Save Package As B Pockage Detals Import Article [ Close Article o tration | Frediction on All Adicles | o)
Package Article Prediction File
v {5 Package 1 Surface (cm”2) - - m] X A
i-{"] LDPE-Ethandl 10% v
Artide . . lﬁ
= Selecting Layer Material(s) ..
Browse Database ~
1 Layer (|
o] X
(?) Fill Missing Parameters
Log Pow not available in the database Required for
Please enter log Pow D Estimation of partition coefficients with Polarity scale
xCanoeI
Layer Details
Molecular Weigh|
Log Pow:
Material specifi
@ Uppd
O real
< >
< Previous Layer ) Next Layer x Close
620 | 32-bit
FIG. 13 - Enter missing parameters (if known). In this example the log Pow is missing.
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FIG. 14 - Introducing thickness of the polymer layer.
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FIG. 15 — The name of the layer can be changed (if requested).
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FIG. 16 - Introducing materials specific constants required for estimation of the diffusion coefficients by

Piringer method with ‘upper limit' or ‘realistic case’ calculation.
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FOOD GROUP / SIMULANT
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FIG. 1 - Selection of the next layer, ‘layer 2'.
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FIG. 2 — For the layer 2 the change from ‘polymer' into a ‘contact medium' is required.
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FIG. 3 - Defining the contact medium by searching in the Food Group
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FIG. 4 - Selection of the requested food group (in English and Deutsch).

ERE NIV~ T OBIR GEFEE FA VB .

E-LEARNING
WEBNAR



= o L B SML v 6.20 - m] X
Package Properties Output Calculation -

N 1 "

8 New Packege ¥ Duplicate Package bl Save All Packages | New Article @SavaAmc\e {_{l Prediction on This Article
en Package ose Package en Article [/ Duplicate Article
[ Open Packag Close Packag (& Open Articl Dupl Articl
Import Initial 5 i i
fiml Save Package b4 Save Package As & Package Detalls Import Article [§ Close Article Cnnp(entrat\nn 4 Prediction on All Articles ®
Package Article Prediction File c>
© 0 radage ¢ st 2
i..[] LDPE-Ethanal 10%
Artide LDPE
POLYETHYLE... User Defined
Thickness (um) 1000 1.667E04
. ‘Concentrat\on ‘Diﬁusinn Coefficient |Par‘titinn Coefficient |Snluhihty | .“—\@
a Add Migrant(s) ﬁél. iPrediction Set-Off
/T Layer (Contact Medium 0) [ 3 [ |
( > x Copy From... Reset Layer
Type: () Polymer (®) Contact Medium
Thickness (um): 16667

Density (g/em~3): |0.98

Layer Abbreviation: |Cunmct Medium 0

Contact Medium Details
Food group (according to Annex III of Regulation (EU) 10/2011 and some more)

Ethanel 10% - food simulant {nen-alcohelic foods or alcoholic foods < 6%:) / Ethanol 10% - Lebensmittelsimulanz (nicht alkohelische Lebensmittel oc ~
Simulant

|User Defined ~ |
User Defined '
Ethanol 10%

@ Upper Limit ~ A: |0 B |0

(O Realistic Case  A: ‘D | B: |D |

620 | 32-bit

FIG. 5 - Selection of the ‘Ethanol 10%' as a contact medium.
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FIG. 6 - Introducing parameters required for estimation of the Octanol / Water
partition coefficient by ‘upper limit’ or ‘realistic case’ method.
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MIGRANTS

BITYE

The migrant properties panel allows defining the properties of the currently selected migrant. When

the migrant is set as user-defined, it is possible to enter its properties manually. Otherwise, if the
migrant is loaded from the database, its properties are filled automatically.

The database allows browsing for known migrants (more than 20'000 chemicals: additives,
monomers, photoinitiators, pigments, solvents, etc.).
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FIG. 1 - Adding migrants.
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FIG. 2 - Introducing number of migrants.
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FIG. 3 - The properties of Migrants can be found in the database.
T—AR=20%h o BITWEOREZ RS L3 TEX T,

E-LEARNING
WEBINAR




Moo r X -

Package Properties Output Calculation

=5 New Package & Duplicate Package
[ Open Package Close Package
P g g

SML v 6.20
W Save All Packages [ Mew Article @SavaAmc\e
en Article [/ Duplicate Article
[E Open Articl Duplicate Articl

anl
&
\

i Save Package M Save Package As

& Package Details Import Article E Close Article

Import Initial
Concentration

& Prediction on This Article

% Prediction on All Articles

File

0

Add Layer({s)

Package Article Prediction
v @ Package 1 Surface (cm”~2) & _ ] %
i..[] LDPE-Ethanal 10%
- Selecting Migrant(s)
Browse Database
Reference Number:  |68320| Mame: l:l
[ii' Type: ALL ~
N v
Migrant Abbrevia MasterDB (24080) I UserDE (3)
Migrant: Name CAS Number Reference Number  Ft A
: | |Abietic Acid 0000514-10-3 10030 3
Migrant Detail |, cera nervoE 0000075070 10060 1
Molecular Weight| |ACETIC ACID 0000064-18-7 10080; 30000; 30... 1
ACETIC ACID, VINYL ESTER D000108-05-4 10120 z
Density (@fem”3} | sceT1c ANHYDRIDE 0000108-24-7 10150; 30280 z
Molecular Volumel | ACETOGUANAMINE 0000542-02-9 10155; 15280
ACETOPHENONE 0000098-85-2 10157
ACETYLENE 0000074-86-2 10210 L
ACIDS, ALIPHATIC, DICARBOXYLIC, LINEAR (C6-.. 10280
ACIDS, FATTY, UNSATURATED(C18), DIMERS, dis... 0061788-89-4 10588/90; 10599... 7
ACIDS, FATTY, UNSATURATED(C18), DIMERS, HY... 0068783-41-5 10599/92A; 1105... 7
ACRYLAMIDE 0000079-06-1 10630 ,
< B et >
‘ Previous Migrant ) Mext Migrant Assign xCIose

620 | 32-bit

FIG. 4 - Searching for the migrant in the database by using the ‘reference number’ option.
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FIG. 5 - Selection of the required migrant by clicking the button “Assign”.

BERINIBITYWEZEIR L2 Assign R2 v %22 ) v 27 LET,

E-LEARNING
WEBNAR

17



& 0 ® < = SML v 6.20 — [m] X
Package Properties Output Calculation - x
5 Mew Package &% Duplicate Package uSaveAII Packages [ Mew Article @SavaAmc\e ’i‘{' . Prediction on This Article
[ Open Package 38 Close Package [ Open Article [T Duplicate Article
Import Initial 3 i i
fim Save Package ki Save Package As & Package Details Impert Article [J Close Article Cunpcentratmn 4 Prediction on Al Articles ®
Package Article Prediction File ad
& Package 1 surfoce (em~2) | gy _ o % *
*-[7] LDPE Ethanel 10%
Article . ) M]
= Selecting Migrant(s) .
Browse Database =
- X
(® Fill Missing Parameters
lecular volume not in the Required for
Please enter molecular volume l:l Estimation of diffusion coeffidents with Welle
Hcancel
Migrant Detail 8
Molecular Weight|
Density (gfcm”3]
Malecular Volume)
< >
‘ Previous Migrant ) Mext Migrant xCInse
620 | 32-bit
FIG. 6 - Missing parameters, here the Molecular Volume, can be added (if known)
3 o= - > *
RELTRB AT A—2, ZZTREAKEEMAE T, (EAEERD D> TR 3HH)
M 0 L B LDPE-Ethanol 10% (Package 1) - SML v 620 - O X
Package Properties Output Calculation - x
&4 Mew Package &% Duplicate Package uSaveAll Packages [} Mew Article @SavaAmc\e ’t“.‘l\' & Prediction on This Article
[ Open Package @8 Close Package (£ Open Article 7] Duplicate Article
Import Initial 3 i i
fim Save Package b Save Package As & Package Details Import Article [§ Close Article Cunp(entratmn 4 Prediction on Al Articles ®
Package Article Prediction File -
~ 3 Padage 1 Surfoce (en2) A
+..[7] LDPE-Ethanal 10%
Artide LDPE Contact Medi... m]
POLYETHYLE... Ethanol 10%
Thickness (um) 1000 LE67ED4 Add Laver(s)
OCTADECYL ... O o
‘Concentrat\on ‘Dlﬁusmn Coefficient |Par‘t|t|on Coefficient |50Iub|hty |
£) Ade Migrant(s) B Run Predicton...
il 3 Migrant (Migrant1) [ |
N v x Copy From... ResetMigrant | M Set to User Defined
Migrant Abbreviation: |M\grant1 |
Migrant:

6.20 | 32-bit

OCTADECYL 3+(3,5-DI-tert-BUTYL-4-HYDROXYPHENYL) PROPIONATE
Migrant Details

Molecular Weight {g/mel):

Melting Point (*C): 241.01
Density (g/cm”3): 0.929 Buttonl
Molecular Volume (B3): N/A Log Pow: 13.41

FIG. 7 - Layers of the article and migrant are defined.
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— MIGRANTS PROPERTIES (CONCENTRATION, DIFFUSION —
AND PARTITION COEFFICIENT

BRI GRE. 158K 3 X U2

For the prediction of the migration process, it is necessary to introduce the key parameters of the
migrant:
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FIG. 1 - Defining the migrant concentration.
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FIG. 2 - Introducing concentration of migrant in mg/kg (ppm).
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FIG. 3 - Selection of diffusion coefficient.
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FIG. 4 - Introducing diffusion coefficient (if known, here Te-11 is a default value) or selection of an estimation

method (e.g. Piringer).

due to the lack of parameters required in this method.
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FIG. 5 - Introducing of calculation parameters (Ap and Tau) required for evaluation of Diffusion Coefficient

based on Piringer method.
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FIG. 6 - Selection of partition coefficient.
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FIG. 7 - Introducing of partition coefficient (if known) or selection of an estimation method
(e.g. Octanol /Water partition coefficient).
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In this example the Polarity Scale is marked in red and is not available because of missing polarity scale
parameters. Generally, two arbitrary selected partition coefficients according to the JRC guideline are used for
upper limit calculations: kpF =1if the migrant is soluble in the food contact material/ simulant

and kpF =1000 if the migrant is not soluble in the food contact material/ simulant.

The ‘POW’ method uses the relationship between log POW (derived from the polarity of the migrant) and log
kpF and provides a more precise partition coefficient.
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FIG. 8 - Partition coefficient based on Octanol/Water method.
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MIGRANTS CALCULATION

When all properties of an article are introduced, it is possible to proceed with prediction calculations
by clicking on the “Run Prediction” button. fEOITXRTD 7 v 74 3EAEh/zb, [Run_Prediction ¥
BlOET]) F2v %22V v 7 LCFHFEZEDZ LB TEET,

The predictions of the migration can be performed for different temperature profiles:
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FIG. 1 - Prediction of Migration.
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FIG. 2 - Prediction of Migration occurring under isothermal conditions (during 10 days at 20°C).
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FIG. 3 - Concentration profile of migrant (Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl propionate)
in the contact medium over time, no migration of migrant to food simulant ‘Ethanol 10%' is found.
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FIG. 4 - Concentration profile of migrant over layer thickness and time (no migration to food simulant).
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FIG. 5 - Apply the option ‘Duplicate Article’ to modify the article properties in a new simulation.
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FIG. 6 - Selection of the polymer layer.
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FIG. 7 - Selecting a new polymer from the database.
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FIG. 9 - Selection of ‘polypropylene’.
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FIG. 10 - Adding of missing parameters (if known).
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FIG. 11 - Layer abbreviation should be accordingly corrected in case of changing the polymer.
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FIG. 13 - Diffusion coefficient will be automatically updated if estimation procedureis available

(Methods highlighted in red cannot be chosen because of missing required parameters).
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FIG. 14 - Partition coefficient will also be
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automatically updated if estimation procedure is available.
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FIG. 15 - Migration calculation (click Run P
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FIG. 17 - Concentration profile of migrant (Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl propionate) over

time to food simulant ‘Ethanol 10%'. Note negligible concentration of migrant in food simulant being lower
than 5E-8 mg/kg what indicates that the migration does not occur.
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FIG. 18 - Concentration profile of migrant (Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl propionate)
over layer thickness and time, no migration to food simulant is observed.
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FIG. 20 - Selection of the food group (click on current food group).
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FIG. 21 - Changing the food group from ‘Ethanol 10%' to ‘lipophilic foods'.
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FIG. 22 - Selection of a food simulant.
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FIG. 23 - Selection of ‘vegetable oil' as a food simulant.
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FIG. 24 - Evaluation of diffusion coefficient by Piringer method.
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FIG. 25 - Evaluation of partition coefficient by Octanol/ Water method.
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FIG. 26 - Migration calculation (click Run Prediction).
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FIG. 27 - Prediction of migration under isothermal conditions (here during 10 days at 20°C).
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FIG. 28 - Migration profile of Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate over time in vegetable oil
The significant migration takes place, note continuous increasing of concentration of migrant in olive oil.
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FIG. 29 - Migration profile of Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate over layer thickness
and time in ‘vegetable oil'. Displayed prediction indicates that migration takes place in ‘lipophilic foods'.
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RESULTS / COMPLIANCE CERTIFICATE

The output window shows the results of the simulated predictions. Following results may be
displayed:
» The results grid
The c(t) chart
The c(x, t) chart
Comparison Output
Sum Output
» Compliance Certificate
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FIG. 1 - Selection ‘Output calculation’.
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FIG. 2 - The ‘comparison output’ allows the comparison between migration profiles of
Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate in layers of ‘LDPE’ and ‘PP’
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FIG. 3 - Migration results show no migration of migrant from both polymers (‘LDPE’ and ‘PP’) to food simulant
‘Ethanol 10%'.
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FIG. 4 - Selection of comparison output.
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FIG. 5 - Migration profile over time for ‘vegetable oil’ (in red) and ‘Ethanol 10%’ (in blue).
No migration is observed for ethanol solution.
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FIG. 6 - Click on ‘Compliance’ to generate the compliance certificate according to legislation conformity.
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Substances :
Migrant 1 / 433 / 0002082-79-3 | OCTADECYL 3-(3,5-DI-tert-BUTYL-4-HYDROXYPHENYL) PROPIONATE
Properties
Density {gfem~3) : 0,929
Molecular weight (g/mal) : 530.88
POW : 13.41
Initial concentration
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Partition Coeffident
PP { Contact Medium O : 0.01 {(POW based)
Diffusion coeffident at initial temperature
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FIG. 7 - Compliance certificate for the system:
polypropylene-olive oil- Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate.
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Legislation - SML v 6,20

Package Properties Output Calculation

PUW @ 13,941
Initial concentration
PP : 500mg/fkg
Partition Coefficdent
PP [ Contact Medium 0 : 0.01 (POW based)
Diffusion coeffident at initial temperature
PP : 5.168E-12 cm*25 (Piringer based)
Contact Medium 0 : 1.000E-04 cm2/s (Known)

Time/Temperature conditions :
10 day(s)
Iso 20°C

Migration :
SML {mg kg of contact medium): Specific Migration Limit
QM (mg/kg of packaging) : Quantity Maximum
QMA {mg/dm*2 of packaging): Quantity Maximum per Area
DL {ma/kg of contact medium): Detection Limit
Green : Compliant
Red: Not compliant

| = Migrant 1 /7.078E-01 ma/kg | 433 / 0002082-79-3 / OCTADECYL 3-(3,5-DI-tert-BUTYL-4-HYDROXYPHENYL) PROPIONATE

=l European Union : Regulatory : (EU) Mo 10/2011 amended up to (EU) No 2018/831

SML oM QMA DL

s

=) Switzerland : Regulatory : SR 817.023.21 (2016)

SML QM QMA DL

| CO— - -

=) European Union : Regulatory : 2002/72/EC

SML QoM QMA DL

FIG. 8 - Compliance certificate: Comparison of migration calculation (7.078e-01 mg/kg) and food regulations

(SML: 6 mg/kg) is marked in red. Green colour indicates that specific migration limit is not exceeded.
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