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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.

SPECIFIC MIGRATION LIMITS SML

SML

The use of SPECIFIC MIGRATION LIMITS Software (SML) can proceed in four steps:

SPECIFIC MIGRATION LIMITS SML 4
1. Defining 2. Temperature/
Package Migration
o
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4. Legislation 3. Calculated
Conformity Outputs

The workflow has therefore four main steps:

1. Define the package by creating the different articles of the package and introduce their properties.
2. Predict the migration using different temperature profiles (iso, non-iso, worldwide climate, etc.).
3. Analyse the calculated outputs.

4. 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.

1 Article

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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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.
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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
. ' . '
(click on ‘Not Defined' to select the food group).
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620 | 32-bit

FIG. 4 - Selection of the requested food group (in English and Deutsch).
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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

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.
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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”.
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FIG. 6 - Missing parameters, here the Molecular Volume, can be added (if known)
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FIG. 7 - Layers of the article and migrant are defined.
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— MIGRANTS PROPERTIES (CONCENTRATION, DIFFUSION —
AND PARTITION COEFFICIENT

For the prediction of the migration process, it is necessary to introduce the key parameters of the
migrant:

o The concentration

o The diffusion coefficient
o The partition coefficient
O
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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
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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.

JRC 2
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/ kpF = 1000
POW log POW log kpF
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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. Run_Prediction

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).

o 7] L B 150(20°C,10d) (Package 1) - SML v £.20 - O x
Package Properties Output Calculation - x
5 Mew Package &% Duplicate Package W] Save All Packages [ New Article [ Save Article . Prediction on This Article E il
[ Open Package 38 Close Package [ Open Article | 77 Duplicate Article
Import Initial 3 i i
@Sava Package ki Save Package As & Package Details Import Article Close Article C ::_'EHUEHDH £+ Prediction on Al Articles ®
Package Article Prediction File -~
v =) Package 1 @ QlE v *| = ™ || Duplicate Article
~ [7] LoPE-Ethanol 10%
|{] 1s0(20°C , 10d) Createa c\o.ne of the currently
Temperature : 20 (°C) Display unit |mag/kg selected article. + draw concentration at 0
% of thickness from surface
El Grid Lol
m Article [1 ore Contact Medi...
POLYETHYLE... Ethanol 10%
Thickness (am) 1000 1.667E04
B Migrant1 OCTADECYL ...| 500 4,719E-03
‘Concentrat\on ‘Dlﬁusmn Coefficient |Partition Coefficient ‘So\ublllty ‘
<(t) - LDPE-Ethanol 10% - Iso(20°C,10d)
El fx,t) - LDPE-Ethanol 10% - Iso(20°C ,10d)
O] — Migrant 1
5.0E+2
4.5E+2
T 4.0E+2]
]
E 3.5E+2
< 3.0E+2
? 2.5E+2
T 2.0E+24
@
© 1.5E+2
G
@ 1.0E+2
5.0E+1
LE
T T T T T
0 500 1,000 1,500 2,00
Layer Thickness {(pm) w
¥ 10(days)
6.20 | 32-bit

FIG. 5 - Apply the option ‘Duplicate Article’ to modify the article properties in a new simulation.
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FIG. 8 - Searching for ‘polypropylene’.
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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. 12 - Layer abbreviation changed to ‘PP’
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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

automatically updated if estimation procedure is available.
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FIG. 15 - Migration calculation (click Run P
[ 1

rediction).

E-LEARNING
WEBNAR



M 0 L B PP-Ethanol 10% (Package 1) - SML v 6,20

- O X
Package Properties Output Calculation - x
=5 Mew Package & Duplicate Package B Save All Packages (&3 New Article @SEVEAm:\E (tl“l' & Prediction on This Aticle
-~
[ Open Package 8 Close Package [ Open Article ]| Duplicate Article ~
i Import Initial 5 i
flmlSave Package b4 Save Package As & Package Details Import Article Close Article Cnnp(entratinn ~® Prediction on All Articles @
Package Article Prediction File &
v/ x| A
,.,55 Predictions
er(s)
Temperature Profiles
Iso Hon-Iso Step I Shock Worldwide STANAG Ci i d Use
Isothermal Conditions Time Max day v | |Ff
(®) without Statistics
I Temperature = E Dl:I (O Monte Carlo Runs

Number of Isotherms = Indude Sobol Runs

(O Fast Distribution

Final Temperature = 20 = (O Family Approach

el save... [ Load...
Mumber of steps for this output: x Cancel

H et All to Default Value? Apply Same Mode to Al Layers and Migrants

FIG. 16 - Prediction of migration of migrant (Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl propionate)
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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. 19 - Changing the contact medium.
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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. 23 - Selection of ‘vegetable oil' as a food simulant.
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FIG. 24 - Evaluation of diffusion coefficient by Piringer method.
o 7] L B SML v 6.20 - O >
Package Properties Output Calculation - x
5 Mew Package &% Duplicate Package uSaveAII Packages [ Mew Article @SavaAmc\e . Prediction on This Article
en Package ose Package en Article 7] Duplicate Article
[ Open Packag Close Packag, [ Open Articl Duplicate Articl
Import Initial 3 i i
@Sava Package ki Save Package As & Package Details Import Article Close Article Cunpcentratmn paledctononil At
Package Article Prediction File -~
Sy=pan r—— A
v [7] LoPE-Ethanol 10%
Ii{] 1s0(20°C , 10d) Article PP Conttact Medi... []DJ
hd D PP-Ethanol 10% POLYPROPYL... Vegetable oil .
L 1so(z0¢ , 10d) Thickness (um) 1000 166704 (i e
Comparison - 1 Migrant 1 OCTADECYL ...
PP-olive oil
Concentration |Diffusion Coefficient IPamtlon Coefficient ISolubihty
&) ~devigrantts) /,535 Run Prediction. .
I!II Layer (Contact Medium 0) r.; Migrant (Migrant 1) /ﬁ Data (Partition Ce ient) ]

<

Set All to Default Value?

>

Partition coefficient (Kp)

O Known Pow Calculation Parameters
O Solubility Kef(3) = 10 & *+A “loaPow(])
() Van't Hoff Food A ]
(@ Pow Food B: 2
(O Polarity scale Migrant Log Pow: 13.41

MNote: The estimation of Kpf based on Pow is limited to temperature below 60°C

Apply Same Mode to All Layers and Migrants

620 | 32-bit

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:

o The results grid

o Thec(t) chart

o Thec(x, t) chart

o Comparison Output

o Sum Output

o Compliance Certificate

0
Oct
Oc x t
O
0
O
BoOorK - Output - SML v 6.20 _ o x

Package Properties Output Calculation - x
=7l New Comparison Output sl F
WM ¥ A L 2 o o @

E Mew Sum Output

~ . Save Delete Import Export Import Export Compliance  Report
=1 New Global Comparisen Qutput Output  Cutput Migration ct)  Migration c(t) Concentration cx,t]  Concentration c(x,t)
Outputs Migration Profile Concentration Profile Compliance &
v = Package 1 @\Q|§'}’ ”Z\&L|®|l|‘;‘m
v -[[] LoPE-Ethandl 10%
o efl) 1so(20°C , 10d) ) ) ) )
v D PP-Ethanal 10% Tempera?ure : 20 (°C) Display unit | mg/kg v (@) cft) : draw mean concentration () cft) : draw concentration at 0
L] 1sa(20°C , 10d) % of thickness from surface
El Grid
m Article dee Contact Medi...
POLYPROPYL... Ethanol 10%
Thickness (um) 1000 1.667E04
B Migrant 1 OCTADECYL ... 500 4,643E-08

|C0ncentration |Diﬂ’usi0n Coefficient |Partition Coefficient |So|uhi|ity |

cft) - PP-Ethanol 10% - Iso{20°C ,10d)
= efx,t) - PP-Ethanol 10% - Iso(20°C ,10d)
— Migrant 1

-
=

500
450
400
350
300
250
200
150
100

50

Concentration (ma/kg)

- - - - - - - - - - - - - - - -
0 500 1,000 1,500 2,001
Layer Thickness (pm)

' 10 (days)

6.20 | 32-bit

FIG. 1 - Selection ‘Output calculation’.
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FIG. 2 - The ‘comparison output’ allows the comparison between migration profiles of
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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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POLYPROPYLEME, homopolymer (PF)
Simulation type : Upper limit
Contact Medium 0 :

Thickness (pm): 1.667E04
Density (gfom*3): 0.92
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Molecular weight (g/mal) : 530.88
POW : 13.41
Initial concentration
PP : 500mg/kg
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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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| = Migrant 1 /7.078E-01 ma/kg | 433 / 0002082-79-3 / OCTADECYL 3-(3,5-DI-tert-BUTYL-4-HYDROXYPHENYL) PROPIONATE
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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.

7.078e-01 mg / kg SML 6mg/kg
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