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Abstract 

Due to the lack of trust of the consumer market about the plastic packaging and the health risk that these 

may present, Logoplaste – plastic packaging producer company – having, as one of his main values, the 

assurance and supply of products with the highest quality available, decided to evaluate a system for 

monitoring the migration of substances from plastics to food products, and realize if this system could 

replace the current slow and expensive laboratory tests required by legislation. Thus, this work had as 

objective the evaluation of a mathematical model, using computer software – AKTS – which simulates the 

process of migration. This model predicts a migration value for each specific case and helps to verify the 

compliance with the legislation. Various simulations were made for different families of Logoplaste 

packaging, using different substances. All the simulations were performed taking into account the 

experimental conditions imposed by legislation – 40ºC and a contact time of 10 days – and also the shelf-

life of each package. To conclude, it is possible to assure that in the majority of the cases, this model, 

through the AKTS, is valid and can replace the laboratory tests. There are some exceptions, such as low 

capacity packaging produced with HPDE; when the molecular weight of the substances to analyse is less 

than 200g/mol; or in PP packaging when the substances to analyse are part of a specific group of 

chemical molecules. Concerning the food risks, this study demonstrated that today no longer makes sense 

to see the plastic as a dangerous material that undermines the quality of the packaged food products or 

the human health. 
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Introduction  

Plastic materials – PET (Polyethylene 

Terephthalate), PP (Polypropylene), HDPE (High 

Density Polyethylene), and so on– intended to 

come into contact with foodstuff may contain a 

variety of substances resulting, for example, from 

the polymerization reaction and additives added to 

the plastic (e.g. plasticizers, antioxidants). All these 

compounds can be transferred from the plastic 

material into the food during processing and 

storage, a process known as migration. Depending 

on their concentration level in foodstuffs and on the 

toxicological properties of the substances 

concerned, they may endanger consumers’ health. 

Migration, therefore, is an important food safety 

concern. 

Aware of this problem, the European Union (EU) 

established a regulation for all the materials and 

articles intended to come into contact with food, 

including plastic material and articles. The aim of 

this regulation is to guarantee, not only a high level 

of protection of human health and the interests of 

the consumers, but also to ensure the effective 



functioning of the internal market in relation to the 

placing on the Community market of these 

materials. All materials intended to come into 

contact with foods should be manufactured in 

compliance with good manufacturing practices so 

that under normal conditions of use, they do not 

transfer their components to food in amounts that 

can represent a danger to human health or could 

cause an unacceptable change in the composition 

or a deterioration in the organoleptic characteristics 

of foods. 

In order to limit the levels of migration of plastic 

components into food, there are restrictions of use 

of these substances. These limits are basically 

twofold:  

• Overall migration limit (OML) establishes 

the maximum amount of substances that the 

material can release to foods; this is 60 mg of 

substance/kg of foodstuff.  

• Specific migration limit (SML) is applied to 

individual substances and is generally based on 

the toxicological nature of the substance 

concerned.  

To verify that these established migration limits are 

met, it is necessary to carry out migration tests. 

These tests are performed in foods (for SML only) 

or in food stimulants, which are selected according 

to the nature of the food being tested. Since the 

phenomenon of migration is strongly dependent on 

the time and the temperature of contact between 

plastic and food, migration tests must be performed 

under the worst foreseeable conditions of contact 

time/temperature. Although this approach is the 

accepted way of checking SML levels, they are 

time-consuming and expensive; moreover, due to 

technical reasons of the analysis, it is not always 

possible to use foods to test plastic materials. 

Thus, another way to check the compliance with 

existing regulations is to estimate the extent of 

migration in a particular situation. The EU 

Commission accepts this approach as long as a 

valid model based on scientific evidence is applied 

(European Commission 2002). This saves 

experimental testing, time and economic resources 

for both the food industry and the legislating 

organizations, and should allow greater confidence 

in the safety of foodstuffs. 

These models may have as objective the 

assessment of compliance with regulatory specific 

migration limits, or to describe the concentration 

change of migrating species with time, in either the 

polymer or in the food, for reasons that depend on 

the species under evaluation. A considerable 

amount of work has been devoted to the modelling 

of the transfer of substances used in the production 

or conversion of the materials, such as monomers 

and particularly additives like antioxidants and 

stabilizers. The advantages of mathematical 

modelling in the prediction of migration have long 

been recognised by researchers and this has also 

been acknowledged by policy makers. Existing 

legislation includes the use of a deterministic 

migration model as a tool for enforcement 

authorities (Peterson et al., 2005). 

 

Mathematical models may follow a deterministic, 

empirical, stochastic or probabilistic approach, 

including uncertainty and variability. Deterministic 

models, case study, are models based on a theory 

describing a physic-chemical phenomenon. These 

models consider that variables assume a single 

and constant value, leading to a single output value 

of migration, and are based on the assumption that 

the mass transfer from the packaging material into 

the food is a diffusion process that can be 

described by Fick’s 2nd law (Equation 1). Given the 

dimensions and formats of most packages, the 

case of diffusion in one dimension and from a 

plane may be assumed. 
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Equation 1 

 

Where C represents the concentration of the 

migrating specie A in the packaging material P, t 

represents the time, x the linear dimension of 

migration and DA is the diffusivity of A in the 

packaging material. 

In the absence of chemical reaction or evaporation, 

the general mass balance equation gives: the initial 

amount of A present in the packaging materials is 

equal to the sum of the total amount that migrates 

into the food after time t, plus the amount 

remaining in the packaging. This is valid at any 

instant and, thus, at the equilibrium. Then, 
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Or, 
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If α and KP, are defined as: 
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Where KP represents the partition coefficient of A in 

the system packaging material/food.  

Therefore the mass balance can be written as 

follow: 
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Equation 6 

 

In terms of initial conditions, the initial 

concentration of the migrant in the food is 

considered zero and is homogeneously distributed 

in the packaging material matrix. This depends on 

the production process and package design, but for 

most monolayer packages is a good 

approximation. Aging effect of packages stored for 

long periods of time can lead to considerable loss 

of migrants, especially low molecular weight 

migrants, near the interface. In these cases, the 

migrant is no longer homogeneously distributed in 

the material, as assumed in the theory, and results 

in an overestimation in modelling. 

The boundary conditions establish that there is no 

transfer at the outer surface of the packaging 

material, which may be assumed if the migrant is of 

low volatility. The boundary condition at the surface 

of the packaging material in contact with the food 

depends on whether kinetics limitations at interface 

must be considered. There are different types of 

situations:  the case of well stirred liquid food, with 

no resistance at the interface and where the 

migration process is controlled only by the diffusion 

of the migrant through the packaging material and 

the migrant is well distributed in the food; the case 

where kinetic limitations at the interface must be 

considered and the convective mass transfer 

coefficient (Kc) is not infinite (Verganud, 1998; 

Reynier, 2002; and Vitrac and Hayert, 2005); The 

situation in which solid or semisolid foods are 

considered, the transfer of migrants is influenced 

also by the diffusion in the food itself, and a 

diffusion coefficient in the food, DA
F, must be taken 

in account; and, the more complicated case in 

mathematical terms, migration considering 

interaction between the food simulant and the 

packaging material. 

The behavior at packaging/food interface also 

depends on whether partition effects must be 

considered. In some practical cases, the ratio of 

food volume/packaging volume is high (>10) and if 

KP<1, like for hydrophobic migrants migrating into 

fat foods, then α>>1 and it can be assumed that 

the total amount of A migrates; if KP>1, like for 

aqueous foods, then only part of the initial amount 

present at the packaging material migrates into the 

food. These two border cases correspond to the 

two extremes of polarity of the food simulants 

defined in the EU regulations for migration tests: 

KP<1 for non-polar fat simulants, like olive oil and 

KP>>1 for polar aqueous simulants (Piringer, 

1994). 

 

Migration predictions require data for two 

fundamental constants: the diffusion coefficient 

(DA) and the partition coefficient (KP/F). The first is a 

measure of “how fast” the migrant travels in the 

matrix and the second describes the relation 

between the concentration in the packaging 

material and in the food, at equilibrium, or “how 

much” migrant is transferred to the food. 

Diffusion in polymers is influenced by several 

factors: related to the polymer and to the 

manufacturing process, such as molecular weight 

distribution, density, cristallinity, orientation, 

solubility parameters; migrant factors, such as 

molecular size and shape; polymer-migrant 

interaction factors, such as plasticization effect; 

and temperature factors: polymer glass transitions 

and melting temperature (Limm and Hollifield, 

1996). 

An empirical relationship, among others, of 

diffusion coefficient and molecular weight of 

migrant and temperature, based in published 

results, was established for LDPE (Low Density 

Polyethylene), HDPE and PP (Piringer, 1994; 

Baner, 1996) and later improved and extended to 

other plastics (Brandsch et al., 2002): 
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where T is the temperature in ºK, B, C and D are 

constants and AP is a polymer dependent constant, 

according to: 
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The equation 7 is applicable to migrants of 

molecular weight Mw ranging from 100-800 g/mol. 

Some of the factors that influence the partition 

behavior of the system are the specific properties 

of the migrant, of the food and of the material: the 

chemical structure and molecular size of the 

migrant, the pH and fat content of the food phase, 

the packaging material properties and the storage 

temperature (Tehrany and Desobry, 2004). In the 

absence of specific data, the partition coefficient is 

commonly taken as KP=1, which means that the 

migrant is very soluble in the food phase (Begley et 

al., 2005). This assumption leads to the highest 

migration values at equilibrium and it is commonly 

used in mathematical models intended to the 

assessment of compliance with migration limits 

established by legislation (Piringer, 1994; Baner et 

al., 1996; O’Brien et al., 2001, 2002; Helmroth et 

al., 2002). If with this conservative assumption the 

migration limits are not exceeded, the safety is 

assured and no experimental work is required. 

Brandsch and his co-workers (Brandsch et al., 

2006) proposed a log-linear relationship of the 

partition coefficient of migrants between the plastic 

and the food (KP) and the partition coefficient of the 

migrants in a octanol/water system (Ko/w), this later 

being the standard parameter to characterize the 

hydrophobicity/hidrophilicity of a molecule (Tehrany 

and Desobry, 2004). 

 

log(K() = A. log(K. /⁄ ) − B Equation  9 

Polyolefins (LDPE, LLDPE – Linear low density 

polyolefin, HDPE and PP) are the group of 

packaging plastics more often used in migration 

studies for mathematical modelling. Comparing to 

polyolefins, the quantity of available migration and 

diffusion data is much smaller for PET, PS 

(polystyrene) and PA (polyamide). The inherent low 

diffusivity in these polymers produces numerous 

migration experiments with non-detectable results 

(Begley et al., 2005). Polyolefins are in the ou a 

rubbery state at their temperature of use (Tg ~ -

20ºC) and, additionally, are non-polar materials. In 

contact with non-polar simulants, for many 

additives which are hydrophobic, polyolefins yield 

low partition coefficients that result in high values of 

migration of the additives at the equilibrium.  

PET shows very low levels of global migration 

(Castle et al., 2004) due to the low diffusivity of 

most migrants. The determination of diffusion 

coefficients in PET requires long time experiments. 

In addition, for manufacturing PET bottles, for 

example, usually very low amounts of additives are 

added. The diffusion properties of PET, which is 

glassy at room temperature, are expected to be 

strongly influenced by the liquid in contact (as 

kinetics is controlled by swelling), as well as by the 

nature and the concentration of migrants 

(Pennarun, 2004). Begley et al. (2004) found 

interactions between ethanol solutions and PET, 

both polar, causing diffusion to be faster than into 

isooctane, a non-polar simulant. 

In studies for model development, the model 

migrating substance should be selected taking into 

consideration the stability under 

migration/extraction conditions, properties well 

known (polarity, volatility, molecular weight, etc.) 

and analytical methods for quantification in either 

the polymer or in the food simulant. 

 

AKTS-SML Software 

 

AKTS-SML Software is available as a freeware for 

monolayer materials and as a licensed version for 

materials up to 10 layers. It employs Finite Element 

Analysis (FEA) to solve the model equations 

(Roduit et al., 2005). Calculation of the diffusive 

process is based on Fick’s law. It considers the 

Arrhenius equation and the last version of the 

Piringer model, with refined Ap constant for the 

estimation of the diffusion coefficients. Diffusion 

and concentration distributions in the package layer 

can be calculated for migrants leaving and for food 

components entering packaging. The software 

AKTS-SML is a joint development of the Swiss 

Federal Office of Public Health (SFOPH) and the 

company Advanced Kinetics and Technology 

Solutions AG (AKTS AG). 

 

Materials and Methods 

To start a simulation several data need to be 

provided to the program: size and format of 

packaging, number of layers, properties of the 

layers (thickness, density, initial concentration of 



the substance, the partition and diffusion 

coefficients), and temperature and contact time. To 

introduce the format of the package there are two 

possibilities: to select the geometry of the 

packaging (rectangular, cylindrical, spherical, etc.) 

and its characteristic dimensions (length, width, 

height, diameter, etc.); or omit the geometry and 

give only the surface area of all the packaging and 

volume of food present in each case. 

Thus, the methods for all packages, regarding the 

format, were: 

1. Simulate selecting a geometry and applying the 

maximum dimensions, that is, for bottles were used 

the maximum diameter found and the total height 

of the package; for butter tubs were used the 

maximum length, height and width – Simulation 1. 

It should be noted that all dimensions were taken 

from the 2D final drawings of packages, which are 

in the database of the company. 

2. Simulate by means of the surface area and 

volume of the packaging of food. The surface area 

value used in these simulations was always the 

one referred in the database of the company for 

each package, and this surface area was 

calculated using the 3D  packaging design program 

– Simulation 2. 

3. Simulate using also  the surface area and the 

volume of food, but with the surface area value 

calculated from Equation 10 – Simulation 3. 

Knowing the weight of the package (fixed and not 

variable) and density of the material, and applying 

a thickness, the value of the surface area is 

calculated. 
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Equation 10 

 

The surface area in Simulation 2 is the real surface 

area and the surface area in Simulation 3 is the 

theoretical surface area. 

As for inputs regarding the layer properties of 

monolayer packaging, the density was always 

considered a balanced density between the 

constituents of the layer and their rate of 

incorporation; the thickness was set at the 

minimum, if this value was available, an average 

value if there was available the minimum or 

average value, a value considered representative if 

there was a study of the thickness profile of the 

package; the initial concentration of the 

constituents was calculated using information 

obtained from suppliers; the partition coefficient 

was considered equal to one, thus assuming the 

total solubility of the migrant in the food - worst 

case scenario; the diffusion coefficient was always 

calculated by the program through the Piringer’s 

model; the temperature was set as 40ºC. For the 

contact time, first was used the time indicated in 

the legislation - 10 days - and then was also 

calculated the time after which the concentration of 

migrant in food stabilized. 

The multilayer packaging data were entered using 

the same assumptions, except for the thickness of 

each layer. These values were set based on 

dimensional analysis performed on the products in 

question. In these cases, all partition coefficients 

were considered one, for the reason mentioned 

above. The density of each layer corresponds to 

the density of its constituents. 

 Concerning the results, the values of migration can 

come in mass, in two different units of 

concentration,, mg of substance / kg of food or mg 

substance/dm2 of surface area of the material, and 

in the form of percentage. The percentage of 

migration is calculated by calculating the ratio 

between the migrated mass and the mass initially 

present in the plastic material. 

After gathering all the information available, was 

decided to perform simulations only to certain 

families of packages. A family of water bottles – 

PET bottles – that includes, in terms of volume, 

bottles commonly used in the market - 0.33 L, 0.5 

L, 0.75 L, 1.5 L, 3L and 5L. A range of yogurts – 

bottles made of HDPE –covering two different 

families with very similar capacities - 90mL, 185mL, 

500mL and 85mL, 180mL and 200mL. These two 

families were compared with a 97mL package 

Simulations were also performed for a family of 

milk bottles – HDPE bottles – all with the same 

capacity (1L), but with different number of layers - 

1, 3 and 6 layers. For butter and margarine 

containers made of PP – there was a study for 

different packages, but some with the same 

capacity - 1 tub of 125gr, 3 tubs of 250gr and 1 tub 

of 500gr. Therefore this study covers a great part of 

the packaging produced by Logoplaste and the 

results obtained are representative and can be 

extrapolated to all other packaging. 

 

 

  



Results and Discussion 

Yogurts 

 

For the yogurt’s study, the substance chosen – 

Substance A – has a SML of 15 mg/kg and is 

incorporated, in this case, in the HDPE polymer. 

The results obtained are shown in Table 1. 

A comparison of all studied packages was 

performed and the results were as expected: small 

packages are considered the most critical and with 

the increase in capacity become less critical.  

These results occur through the ratio between the 

volume of food and the surface area of each 

package. The lower this ratio, the greater the 

concentration of a substance in food. Also the 

lower the ratio the smaller the package. In practical 

terms, and roughly, we could assume that smaller 

packages (smaller volume) have higher 

concentrations of substance than those of larger 

volume. In other words, in containers of smaller 

volume can be said that the containers’ walls are in 

contact with almost any food contained by it, while 

in the packages with higher volume, there is a 

greater amount of food that is not in contact with 

the walls, causing a lower concentration of the 

substance. 

We also conclude from the simulation results that, 

in terms of migration percentages, changes from 

packaging to packaging are not large, i.e., the 

substance, in proportional terms, always migrates 

similarly, and with identical rate: for the same 

contact time, the amount of migrated substance 

compared with its initial amount does not differ 

significantly with the volume or surface area of 

packaging. It is also interesting to observe that, 

when all equilibriums are reached in any 

simulation, the order of the migration curves is 

exactly as mentioned before, i.e., smaller packages 

have higher migration concentrations. An important 

factor for this occurrence is that the thickness of 

these packages does not differ much from each 

other. 

Comparing the results obtained via simulation with 

the laboratory results, we conclude that the 

simulation results were always above the 

experimental data results. However, in most cases, 

this difference is not substantial. It would be 

expected that the results of the simulations were 

overstated, given all that has been explained in the 

Introduction chapter of this work, but the fact is that 

for this estimate was not exaggerated, and 

therefore the results are accepted as valid. 

Therefore, we can say that for these packages, 

these simulations are "real" and can replace the 

laboratory tests. It should be noted that these 

comments are only for this substance or 

substances with high molecular weights. As 

mentioned in the introduction chapter, one of the 

factors influencing migration is the size of 

molecules, and with this study, it appears that the 

mathematical model used is applicable to large 

molecules. And, the approaches adopted, as the 

coefficients used, are correct, or at least do not 

give false results. 

For substances with low molecular weights, we can 

conclude that for packages with small volumes (85 

and 90ml), the program is not appropriate. With the 

simulation of the migration of a substance in a 

package of 90mL – Substance X – an error was 

detected on the program,  which led to the 

conclusion that for packaging and for relatively 

small substances (up to 200g/mol, approximately), 

this mathematical model should not be used. In 

these cases, the migration percentage exceeds 

100% and, after some days, the percentage 

decreases by 10%. No explanation was found by 

the model for this fact, and, although one of the 

responsible for the program has been contacted, 

the reason for this occurrence was undetermined. 

However, it is thought to be an intrinsic program 

error and, not related to the mathematical model 

itself. The model never assumes chemical 

reactions between substances, or evaporation, in a 

way to prevent the consumption or production by a 

determined substance both in food and polymers. 

Table 1 – Migration results for yogurt’s packages, 40ºC and 10 days.

Package   Simulation 1 Simulation 2 Simulation 3 

90 mL 

A mass (mg) 0,476 0,403 0,345 

[A] on food (mg/kg) 3,57 4,48 3,83 

                  (mg/dm2) 0,306 0,305 0,306 

Migration percentage, % 27 26,9 26,9 



 
 
Due to this imprecision, such types of simulations 

are totally rejected since there is always a big error 

associated to the migration values, even for the 

first contact time. The overstatement in prediction 

is high, indicating a constant and repetitive error 

whatever the contact time chosen for the 

simulation. The values obtained through simulation 

were compared with the values from laboratorial 

tests and the discrepancy between the two was 

quite significant. Even so, the values never 

exceeded the limit allowed, meaning that these 

simulations can be valid for the verification of 

legislation compliance. Despite that, it’s necessary 

an experimental verification due to the imprecision 

of the simulation. 

 

Milks 

 

For the milk bottles’ study, the first substance 

chosen – Substance B (Mw=130g/mol) – has a 

SML of 6 mg/kg and is incorporated, in this case, in 

the white masterbatch (MB). The second 

substance – Substance C (Mw=530g/mol) – has 

also a SML of 6 mg/kg. The results obtained are 

shown in  

Table 2. 

By drawing comparisons between the global 

substances studied for this packaging family , we 

reach the conclusion that, on one hand the smaller 

substances migrate more easily than large 

molecules. In simulations 1, 2 and 3 the amount of 

migrated substance was always higher in the case 

of substance B, in all the packaging; on the other 

hand, we observe that for substances with lower 

molecular weight, increasing the number of layers 

increases the safety of packaging. The increase in 

the number of layers hinders the movement of the 

substances until the food but, in contrast, this 

increase for substance of high molecular weight 

promotes migration. 

 

185 mL 

A mass (mg) 0,769 0,74 0,762 

[A] on food (mg/kg) 2,59 4 4,12 

                  (mg/dm2) 0,279 0,306 0,305 

Migration percentage, % 30,8 33,6 33,6 

500 mL 

A mass (mg) 1,38 1,17 1,15 

[A] on food (mg/kg) 1,86 2,35 2,31 

                  (mg/dm2) 0,273 0,272 0,272 

Migration percentage, % 24,5 24,4 24,4 

85 mL 

A mass (mg) 0,418 0,374 0,363 

[A] on food (mg/kg) 3,58 4,4 4,27 

                  (mg/dm2) 0,298 0,297 0,297 

Migration percentage, % 25,3 25,2 25,2 

180 mL 

A mass (mg) 0,742 0,703 0,763 

[A] on food (mg/kg) 3,09 3,9 4,24 

                  (mg/dm2) 0,307 0,306 0,305 

Migration percentage, % 32,4 32,3 32,3 

200 mL 

A mass (mg) 0,894 0,706 0,68 

[A] on food (mg/kg) 2,15 3,53 3,4 

                  (mg/dm2) 0,274 0,304 0,305 

Migration percentage, % 26 28,9 28,9 

97 mL 

A mass (mg) 0,525 0,461 0,436 

[A] on food (mg/kg) 3,42 4,75 4,5 

                  (mg/dm2) 0,308 0,306 0,307 

Migration percentage, % 33,5 33,3 33,4 



Table 2 – Migration results for milk’s (1L) packages, 40ºC and 10 days.

Package Simulation 1 Simulation 2 Simulation 3 

Monolayer 

B mass (mg) 0,508 0,405 0,527 

[B] on food (mg/kg) 0,33 0,405 0,527 

                       (mg/dm2) 0,0627 0,0624 0,062 

Migration percentage, % 97,9 97.5 96,7 

3 layers 

B mass (mg) 0,459 0,389 0,507 

[B] on food (mg/kg) 0,329 0,389 0,507 

                       (mg/dm2) 0,0603 0,06 0,0595 

Migration percentage, % 97,9 97.5 96,7 

6 layers 

B mass (mg) 0,126 0,106 0,139 

[B] on food (mg/kg) 0,0874 0,106 0,139 

                       (mg/dm2) 0,0161 0,016 0,0159 

Migration percentage, % 31,7 31,5 31,4 

Monolayer 

C mass (mg) 0,02 0,016 0,021 

[C] on food (mg/kg) 0,013 0,016 0,021 

                      (mg/dm2) 0,00247 0,00246 0,00246 

Migration percentage, % 42,5 42,3 42,3 

3 layers 

C mass (mg) 0,0219 0,0186 0,0244 

[C] on food (mg/kg) 0,0157 0,0186 0,0244 

                      (mg/dm2) 0,00288 0,00287 0,00286 

Migration percentage, % 47,6 47,5 47,3 

6 layers 

C mass (mg) 0,112 0,0951 0,125 

[C] on food (mg/kg) 0,0779 0,0951 0,125 

                      (mg/dm2) 0,0144 0,0143 0,0143 

Migration percentage, % 68,1 68 67,8 
 
The greater the distance traveled, the greater the 

migration. This can be explained, thinking of the 

"nets" that are created in the polymer matrices. The 

greater the number of layers, the greater the 

number of “nets”, which means that small 

molecules are always readily prey on those “nets”, 

having more alternatives "paths" than the large 

molecules. These have less alternative routes in 

the matrix and therefore have the most direct path 

to the food. The effect of layers on the result of 

migration, comparing small and large molecules is 

very similar to the effect of molecular exclusion 

columns: large molecules are always the first to be 

excluded. 

It was not possible to compare the values with real 

values, i.e., with values determined by laboratory 

tests. However, based on the values obtained and 

its magnitude, can be said that although they are a 

little higher than the actual values, these results 

have real meaning and, therefore, can be accepted 

and replace laboratory tests. 

 

Butters and Margarines 

 

For the simulations carried out for five packages of 

butter and margarine the values obtained were all 

well above the limit. The substance chosen – 

Substance D – has a SML of 1,2 mg/kg and is 

incorporated in the PP polymer. The obtained 

results are shown in Table 3. 

Analyzing the main approaches taken to achieve 

these simulations, and starting with the situation 

regarding the format of the package, there is no 

evidence that is where the error lies. Simulations 

were performed using the three options for data 

entry, beginning with the closest approach (a 

perfect rectangular geometry) and ending with the 

actual weight of the package. For coefficients: the 

partition coefficient, assumed as one, is not the 



source of error, since we are talking about very 

fatty foods and, therefore, quite extractives. The 

diffusion coefficient is calculated by the program, 

modeled on Piringer, but it is the only parameter 

that may induce the largest error in predicting the 

migration. A concrete explanation cannot however 

be obtained, since the value calculated by the 

program for this coefficient in PP did not differ 

significantly from the values found in literature. But 

since this parameter depends on the molecular 

weight of the substance, and because this value is 

not an exact number, resulting from an average of 

several possible molecular structures of the 

substance, it is assumed that the largest 

contribution to those high migration values is the 

diffusion coefficient. 

Another possible reason relates to the high 

concentration of the substance in the polymer. For 

high concentrations, above 10%, this model is not 

meaningful and the diffusion coefficient in the food  

should also be taken into account. This is true for 

semi-solid foods, as butters and margarines. Also, 

these values are considered excessive, not only by 

the fact that significantly exceed the limit, but also 

because, when compared with the laboratory 

results, are at least 50 times higher. Thus, it 

appears that this program is not suitable for 

simulations with this type of substance in this type 

of polymers. 

 

Waters, carbonated and non-carbonated drinks, 

oils and olive oils. 

 

Given the magnitude of the concentration values 

for substances in PET bottles (<0,001 ppb), the 

PET can be confirmed as one of the safest 

materials for the manufacture of plastic packaging,  

providinf safety for the human health. 

Simulations were carried out with an exaggerated 

amount of a substance – Substance E – in a family 

of water bottles, to verify which bottle would be the 

critical packaging of this family. In a short time (10 

days) the 0.5L packaging appears to be the more 

critical and the 0.33 L bottle the less critical. For 

longer periods of contact, for the shelf-life of the 

product packaging, the more critical bottle is the 

0.33 L and the less critical is the 5L, as expected. 

But among all the others, the order does not follow 

any trend. 

As these packages differ slightly in nominal 

thickness, especially the two larger bottles (3 and 

5L), a new simulation was made but with the same 

thickness value for all the bottles (average value). 

With this simulation, the results indicated the 0,75 L 

bottle as the more critical package, in a short-term. 

In a long term, with the average thickness, all the 

packages showed the expected values: the more 

critical is the one that has the smaller volume and 

so on. 

Thus, can be concluded that the thickness has a 

high incidence in the migration values. On one 

hand, lower thickness means less amount of 

substance that can migrate. On the other hand, 

means less resistance to the migrant, because the 

distance traveled by the molecules is smaller. 

However, the first observation is considered more 

important, i.e., thinner means less amount of 

substance to migrate. The purpose of lowering the 

thickness and, hence, weight of the package is to 

obtain an improvement in terms of costs and, 

therefore, a direct consequence is an improvement 

also in the migration values. 

After a container is designed and approved by the 

client and once made the molds for these same 

packages, any changes in size cost large thousand 

of Euros. The only possible change, in terms of 

performance, becomes the thickness of the 

package and, thus, realizes the importance of this 

variable in industrial processes. 

 
Table 3 – Migration results for butters and margarine’s (1L) packages, 40ºC and 10 days.

Package Simulation 1 Simulation 2 Simulation 3 

125 gr 

D mass (mg) 8,79 3,26 3,65 

[D] on food (mg/kg) 15,5 11,9 13,3 

                       (mg/dm2) 1,96 1,98 1,98 

Migration percentage, % 62,3 62,7 62,6 

250 gr (1) 

D mass (mg) 8,88 3,26 3,64 

[D] on food (mg/kg) 15,6 11,9 13,3 

                       (mg/dm2) 1,98 1,98 1,98 



Migration percentage, % 62,5 62,7 62,6 

250 gr (2) 

D mass (mg) 8,88 3,26 3,64 

[D] on food (mg/kg) 15,6 11,9 13,3 

                       (mg/dm2) 1,98 1,98 1,98 

Migration percentage, % 62,5 62,7 62,6 

250 (3) 

D mass (mg) 7,58 2,55 3,18 

[D] on food (mg/kg) 16,4 9,31 11,6 

                       (mg/dm2) 1,93 1,95 1,94 

Migration percentage, % 61,6 62,3 62,1 

500 gr 

D mass (mg) 11,1 4,5 36,77 

[D] on food (mg/kg) 12,6 8,19 12,3 

                       (mg/dm2) 1,92 1,94 1,92 

Migration percentage, % 79,6 80,1 79,6 
 
 
Conclusions 

 

The first major conclusion is that in any case this 

model is able to determine the real value of 

migration and, therefore, always gives an 

overestimated value. It is indeed a demonstration 

that the mathematical models are protectionist, 

result of the assumptions and approaches made, 

mainly due to the use of Piringer model. The 

literature states that 95% of cases, using this 

model, the value gives up the real value (O'Brien et 

al., 1999, 2001, 2002, Begley et al., 2005). 

However, there are situations where this over-

provision is not so significant that we can say 

categorically that the values from the program have 

no real sense. With this and with the studies 

performed can also be said that this kind of 

prediction is, in most cases, sufficient to verify 

legislation compliance with plenty margin, of safety 

leaving behind the laboratory tests. 

The second major conclusion is that for small 

packages (up to 95mL) produced in HDPE and if 

the molecule under study is small (up to 200g/mol), 

the estimate is incorrect. In these simulations, an 

almost undetectable failure, but very significant in 

terms of results, occurs in the program, making rule 

out this type of simulations. 

Another important conclusion reached in this study 

was that, for multilayer packaging, the migration 

values are calculated with great approximation to 

the real values and, as expected, for the same 

packaging, substances with lower molecular 

weights or lengths migrate more than substances 

with higher molecular weights or lengths. But it also 

follows that the addition of layers promotes the 

migration of larger molecules, unlike the case of 

smaller molecules. That is, with an increase in the 

number of layers, for a large molecule, there is an 

increase in migration. Migration increases almost 

proportionally to the increase in the number of 

layers. 

For packages produced in PP and for the 

substance D, the work indicated that the 

mathematical modeling of migration is not an 

alternative tool to demonstrate compliance with the 

legislation. PET is then one of the safest plastics 

for food contact packaging: the few additives in its 

formulation have negligible concentrations. 

Thus, we can demystify what is often said, 

concerning the unsafety of plastics. Using quality 

materials and guaranteeing a tight control, plastics 

represent one of the groups of safer materials for 

food contact. It is believed that the plastic is the 

material in the near future, used for all types of 

food packaging, not only because the food safety is 

ensured, but also due to its properties and high 

packaging performance . 
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