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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.

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

1. Defining 2. Temperature/
Package Migration
a

-
e
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 packageis a group 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.

Article 1 (cap)

Article 2 (bottle)

FIG. 1 - A package can be composed of multiple articles.
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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 layers.
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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
H H H " H 1
(in this example, the searching key words are “low density").
BOO® K - SML v 6.20 - o X
Package Properties Qutput Calculation - x
. , . ' =
B New Package & Duplicate Package Hed Save All Packages B New articie @SWEA"M‘E r*‘:il Prediction on This Article [
en Package ose Package en Article [/ Duplicate Article
&5 Open Packag Close Packag [ Open Articl Duplicate Articl
= i Import Initial 3 i
G Save Package b Save Package As B Package Details Import Article [ Close Article Cunpcentratmn Ebedcionon ARl ®
Package Article Prediction File &
v & Package 1 surface (on~2) | gy - o x A
*.[7] LDPEEthancl 10%
Artice . . |
= Selecting Layer Material(s) .
Browse

Il Layer (|

< > Type: POLYMER 4
Type: Clear Filters Filter
Thickness (um): MasterDB (3) I UserDE (0) |
Density {gfom~3)| [Name CAS Number Reference Mumber  FCM

POLYETHYLEME, LOW DENSITY (PE) 0009002-88-4 76950; 80000 49
Layer Abbreviatio |poy YETHYLENE, LINEAR LOW DENSITY 0008002-83-4  76951; 76950; 80..,
Materials Ultra-high molecular weight siloxane polymer dispe...
Layer Details|
Molecular Weigh|
Log Pow:
Material specifi
® Upps
O Reali
< >
( Previous Layer ) Mext Layer I Assign I x Close

620 32-bit

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
B ‘ . '
(click on ‘Not Defined' to select the food group).
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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:

» The concentration
» The diffusion coefficient
| 2

The partition coefficient
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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). In this example the Welle equation is marked in red

because its use is impossible d

ue 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). 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 =1 if
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.

The predictions of the migration can be performed for different temperature profiles:

Isothermal
Non-lsothermal
Stepwise
Modulated
Shock
Worldwide
STANAG
Customized

vV V.V vV v v vV

. 7] L B LDPE-Ethanol 10% (Package 1) - SML v 6.20 - O *
Package Properties Output Calculation - x
&5 New Package & Duplicate Package Hed Save All Packages [ New Article @SaveAde ’tl:'[' & Prediction on This Article
-~
[ Open Package {8 Close Package (&5 Open Article ] Duplicate Article ~
= i Import Initial 5 1
i Save Package | Save Package As Package Details Import Article Close Article Cn:(entratinn & Prediction on All Articles @
Package Article Prediction File &
v = Package 1 Surface (cm”2) A
:{7] LDPE-Ethanal 10%
Artde LDPE ContactMedi... [u
POLYETHYLE... Ethanol 10% " o
Thickness {um) 1000 1.667E04 R A
Migrant 1 OCTADECYL ... ~
G
‘Concentrat\on ‘Diﬁusion Coefficient |Pantitiun Coefficient ‘So\ubility ‘ ’I'_‘d
- Set-Off
a Add Migrant{s) | /"-@; Run Prediction. .. |
Jil Layer (Contact Medium 0) 4  Migrant (Migrant 1) ‘& Data (Partition Coefficient) |
Partition coefficient (Kp)
Pow Calculation Parameters

(O Kknown lcula

(O Solubility Kpf(-) = 10 B+ A “log(Pow(3)

(O van't Hoff Food A 1

@Fow Food E: -3

(O Palarity scale Migrant  Log Pow: 1B.41

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

Set All to Default Value? Apply Same Mode to All Layers and Migrants

620 | 32-bit

FIG. 1 - Prediction of Migration.
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FIG. 2 - Prediction of Migration occurring under isothermal conditions
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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 @ 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. 8 i ‘ '
. 8 - Searching for ‘polypropylene’.
. 7] L B PP-Ethanol 10% (Package 1) - SML v 6.20 - m} *®
Package Properties Output Calculation - x
0 1 .
&5 New Package & Duplicate Package ied Save All Packages [ New Article @SaveAde ’tﬁ' & Prediction on This Article
[ Open Package @8 Close Package [ Open Article ] Duplicate Article
= i Import Initial 5 1
Q) Save Packsge | Seve Package As B Package Details Import Article [ Close Atticle o rafiq |~ Prediction on All Articles | )
Package Article Prediction File &
= Package 1 Surface (cm”2) 5 _ O X A
~-[[] LDPEEthandl 10% S
:
~{1i{] 1s0(20°C , 104) Artice — . . ]
(1] PE-Ethanol 10% = Selecting Layer Material(s) P
Migrant 1 Browse Database -
®
i Reference Number: l:l MName: polypropylene Set-Off
_ o= I oo IS
AT Layer( Type: POLYMER ~
< > Clear Filters Filter
Type: MasterDB (26) I UserDB (0)
TS Name CAS Number Reference Number  Ft A
Density (g/em~3)| |POLYESTERS OF 1,2-PROPANEDIOL AND/OR 1,3-... 75866 7
POLYPROPYLENEGLYCOL ADIPATE 0025101-03-5 80820
Layer Abbreviatio | poy vPROPYLENEGLYCOL AZELATE 0029408-67-1 80845
s BOLYPROBYLENE, homopolymer (PP} 0009003-07-0 80760
METHYL METHACRYLATE-BUTYL ACRYLATE-GRAFT... 0121510-09-6
Layer Details| |POLYPROPYLENE, AMORPHOUS
POLYPROPYLENE GLYCOL PHTHALATE 0037228-86-7
Molecular Weigh) - |po| YPROPYLENE, MALEIC ANHYDRIDE ADDUCT
Log Pow: Siloxanes and silicones, dimethyl, methylhydrogen ...
POLYPROPYLENE, heterophasic copolymer with et.., 0009010-73-1 80760
Material specifiy |POLYPROPYLENE, random copolymer with ethylen... 0003010-79-1 80750
@ Uppel Siloxanes and Silicones, dimethyl, Me hydrogen, p... 0068037-64-9 o
O Reali S 2
< Previous Layer ) Mext Layer x Close
< >
620 | 32-bit
: ‘ ’
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 procedure
is 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 Prediction).
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FIG. 16 - Prediction of migration of migrant (Octadecyl! 3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate) into the contact medium under isothermal conditions (here during 10 days at 20°C).
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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. 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)
. . . . . P . .
propionate over time in ‘vegetable oil'. The significant migration takes place,
note continuous increasing of concentration of migrant in olive oil.
. 7] L B lso(20°C,10d) (Package 1) - SML v 6.20 - O X
Package Properties Output Calculation - x
&5 New Package & Duplicate Package Hed Save All Packages [ New Article @SaveAde & Prediction on This Article
[ Open Package {8 Close Package [ Open Article (]! Duplicate Article X
= i Import Initial 5 1
i Save Package | Save Package As Package Details Import Article {3 Close Article Ccl[:sntraticn & Prediction on All Articles @
Package Article Prediction File &
v [ Package 1 aQle viHEH=s= %L 3|1 & @
v 7] LDPE-Ethanal 10% Stop calculations
{1] 1set20°C , 10d) ) i :
- D PP-Ethanal 10% Temperature : 20 (°C) Display unit | magfkg ~ (®) c{t) : draw mean concentration (C) c{t) : draw concentration at 0
oL H.ll Iso(20°C , 10d) % of thickness from surface
v ] PP-olive ail B Grid
{14l 1sa20%C , 10d)
1] Comparisan - 1 ] Artice Oee Contact Medi...
lul comparisan - 2 POLYPROPYL...  Vegetable ol
Thickness (pm) 1000 1.667E04
B migant 1 OCTADECHL ... 488.1 0.7078

‘Concentrahon ‘D\ﬁusion Coefficient Partition Coefficient ‘So\ubility ‘

c(t) - PP-olive oil - Iso(20°C ,10d)
= c(x,t) - PP-olive oil - Iso{20°C ,10d)
01 — Migrant 1

s0o0
450
400
350
300
250
200 4
1504
100
50

Concentration (mag/kg)

T T
1,000 1,500 2,001
Layer Thickness (pm)

§ 10(days)
6.20 | 32-bit
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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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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» o ® X - Comparison - 2 (Package 1) - SML v 620 - O x

Package Properties | Output Calculation - x
27 New Comparison Output alt -
3 New Sum Output ! ®' d““ é‘aj:& ek
“ Save  Delete Import Export Impaort Export Compliance | Report
i New Global Comparison Output  Qutput  Output | Migration cff)  Migration cft) ~ Concentration c(x.t) Concentration c(x.t)
Outputs Migration Profile Concentration Profile Compliance ~
~ & Package 1 Compliance Certificate
% 7 Lo -£tsnol 10% Drop outputs here
1] 1soC20°c , 104) Generate a compliance certificate.
] A, To add them into the comparison
~ [ PP Ethanal 10%
1] 1s0(20°C , 10d) _
1J] comparison - 1 PP Ethanol 10% - Iso(20°C , 10d) PP -olive oil - Iso(20°C,10d) | 4 b
v PP -glive oil PP Contact Medi...

il 1so(20°C , 10d) MM migrant 1 (|
4] Comparison -2

Q Q| & == L mok x

(O] | — PP -Ethanol 10% - Is0(20°C ,10d) - Migrant 1 - Contact Medium 0 — PP -olive oil - Iso[20°C ,10d) - Migrant 1 - Contact Medium 0

5
Time {davs)

620 32-bit

FIG. 6 - Click on ‘Compliance’ to generate the compliance certificate according
to legislation conformity.

= o * X = Legislation - SML v 6.20 - O X
Package Properties Qutput Calculation - x
v =) Package 1 Compliance certificate 03/09/2020 SML v 6.20
~ ] LDPE Ethanol 10% Package : Package 1

il 1so(20°C , 10d) Geometry :
~ ] PP -Ethanol 10%

Type: rectanguisr Width (em): 10
¥ c“ Iso(20°C '110”’ Volume (cm~3): 1000 Height (cm): 1
1] Comparison - i !
v DI PP -glive oil Mass (g): . 920 Length {cm): 0
] 1sot20°c 100) Contact surface (an~2): 600
1] comparison - 2 Artidle :
Name : PP -olive ol Country :
Number of substances : 1
Contact medium : Contact Medium 0

Show only the latest regulatory version
Food contact material (structure) :
PP:
Thickness (um): 1000
Density (gfcm~3): 0.91
POLYPROPYLENE, homopolymer (PP)
Simulation type : Upper lmit
Contact Medium 0 :
Thickness (um): 1.667E04
Density (gfam”3): 0.92
Vegetable oi
Simulation type : Upper lmit

Substances :
Migrant 1 / 433 [ 0002082-79-3 | OCTADECYL 3-(3,5-DI-tert-BUTYL-4-HYDROXYPHENYL) PROPIOHATE
Properties
Density (gfem~3) : 0.829
Molecular weight (g/mel) : 530.88
POW : 13.41
Initial concentration
PP : 500mgfkg
Partition Coefficient
PP { Contact Medium 0 : 0.01 (POW based)
Diffusion coefficient at initial temperature
PP : 5.168E-12 cm”~2/s (Piringer based) v

6.20| 32-bit

FIG. 7 - Compliance certificate for the system: polypropylene-olive oil- Octadecyl
3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate.
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- 7] X - Legislation - SML v 6.20 - 0 B

Package Properties Qutput Calculation - x
FUWE 1341 T

V3 "Dad‘age 1 e Initial concentration

v -[7] LDPE Ethanal 10%
PP : 500m
1] 1s0(20°C , 10d) akg
Partition Coefficient

~ 7] PP -Ethanol 10%
1s0(20°C , 10d)
1] comparison - 1

v d 7P -olive oil
“ ] 1s0(20°C , 10d)
1] comparison - 2

620 32-bit

PP [ Contact Medium O : 0.01 (POW based)
Diffusion coefficient at initial temperature

PP : 5,168E-12 cm~2/s (Piringer based)

Contact Medium 0 : 1.000E-04 cm~2/s (Knowr)

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

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

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

sML oM QMa DL ‘
) Switzerland : Regulatory : SR 817.023.21 (2016)

sML oM QMa DL ‘

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

SML QM 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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FOR FURTHER INFORMATION VISIT:
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