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Introduction 

The novel technology for PET Functional barrier was notified as required under Article 10(2) and 

10(3) of Commission Regulation (EU) 2022/1616 on 15th September 2023.  

Article 13 of Commission Regulation (EU) 2022/1616 States the following:  

“a recycler operating a decontamination installation in accordance with Article 11 of the regulation 

shall monitor the average contaminant level on the basis of a robust sampling strategy which sam-

ples the plastic input batches and the corresponding plastic output batches”.  

The enclosed report provides a summary of the data forthcoming from the monitoring, based on the 

latest information from all installations using the novel technology received in accordance with para-

graph 3 along with the information required by Article 13(5) of the Regulation.  

This report should be read in conjunction with the Novel Technology notification dossier referred as 

“PET materials and articles in which the recycled plastics is used behind a Functional Barrier”, sub-

mitted on 5 April 2023.  

It is important to note that the safety and integrity of these materials is usually determined by ex-

traction and/or migration and not by direct analysis of the polymer. The latter, although required by 

Regulation 2022/1616, is known to pose numerous technical problems in terms of obtaining reliable 

and reproducible results, it can generate substances that cannot be distinguished from contaminants 

and has therefore not been commonly used and has not been subjected to proficiency testing as re-

ported in the scientific literature (Nerin et al., 2022)1 

The results presented in this report are subject to further investigation for accuracy due to the large 

inter-laboratory and inter-sample variation observed. Significant sample degradation during analysis 

cannot be excluded at this time.  

 

The data presented in this report are based on the measurements performed by third-party laborato-

ries, which were contracted by the members of the Functional Barrier (FB) Consortium formed by PET-

CORE-EUROPE and EuPC.. The data provided is the property of the FB consortium and cannot be cop-

ied, reproduced, or distributed without their prior written consent. The FB consortium is not responsi-

ble nor liable for any errors or inaccuracies that may have occurred during the measurement process 

by the third-party laboratories. The data are provided for informational purposes only and do not 

constitute any endorsement or recommendation by FB Consortium.  

 

 

 
1 (PDF) Guidance in selecting analytical techniques for identification and quantification of non-inten-
tionally added substances (NIAS) in food contact materials (FCMS) (researchgate.net) 

https://www.researchgate.net/publication/358134915_Guidance_in_selecting_analytical_techniques_for_identification_and_quantification_of_non-intentionally_added_substances_NIAS_in_food_contact_materials_FCMS
https://www.researchgate.net/publication/358134915_Guidance_in_selecting_analytical_techniques_for_identification_and_quantification_of_non-intentionally_added_substances_NIAS_in_food_contact_materials_FCMS


 

 

Forewords  

The present document constitutes the report of the 3rd monitoring period for the Novel Recycling 

Technology “PET materials and articles in which the recycled plastic is used behind a Functional 

Barrier” for which a notification has been filed on April 5, 2023. 

The present document is delivered in order to fulfil the requirements of Article 13: “Monitoring and 

reporting of contamination level”.  

In addition of the original notification dossier and the subsequent 1st and 2nd monitoring reports, the 

present monitoring report contains, among others,  

1. An updated calculation of the potential migration of surrogate contaminants, replacing those 

reported in the paragraph entitled “Calculation of migration through a Functional Barrier”, of 

the original notification dossier, carried out with the use of the commercial migration 

modelling software AKTS 365SML, Version 6.7 (AKTS- Sierre, Switzerland); 

2.  An updated list of the first 20 most occurring substances in the input materials, along with 

the decontamination efficiency calculated for selected representative substances; 

3. The calculated specific migration in simulant D2 (95% ethanol) at time/temperature 

conditions of 10 days at 20°C, 10 days at 40°C and at 365 days 25°C, for three of the above 

mentioned most occurring substances, and two substances considered representative of the 

contamination, calculated with the above mentioned migration modelling software. The 

selected substances are: benzene (CAS N 71-43-2), limonene (CAS N 138-86-3), 2,2-Bis(4-

hydroxyphenyl)propane (aka BPA) (CAS N 80-05-7),  Terephthalic acid bis(2-ethylhexyl) ester 

(CAS N 6422-86-2), and Phthalic acid bis(2-ethylhexyl) ester (CAS N 117-81-7). Benzene and 

BPA were chosen as substances with high hazard profile, limonene represents a common 

contaminant from food, while, Terephthalic acid bis(2-ethylhexyl) ester and Phthalic acid 

bis(2-ethylhexyl) ester are indicators of contamination from plastics other than PET (e.g. PVC) 

4. The actual specific migration of the above mentioned five substances in simulant D2 (95% 

ethanol), from sheets containing 100% RPET in the B layer and having A/B/A ratio of 

7.5%/85%/7.5%, at time/temperature conditions of 10 days at 20°C, 10 days at 40°C and 10 

days at 60°C 

The paragraphs below contain the information required by Article13(5) of Regulation (EU) 

2022/1616, covering the period from 10th April 2024 to 10th October 2024. 

Description of the Novel Recycling Technology- Art. 13(5)(a) 

No modifications occurred in the Novel Recycling Technology, as it was described in the original 

notification dossier.  

The Novel Recycling Technology, consists in the use of recycled PET (RPET) as central layer of 

structures A/B/A, where layer B is composed by RPET or blends of RPET with virgin PET, and layers A 

consist of virgin PET.  

The manufacturing of A/B/A structures include a combination of some of the following processes: 



 

 

• A drying and crystallization phase of the washed flakes, which is operated usually under stir-

ring and air flow, at temperature of 140-160°C, generated by friction or IR, for a residence 

time up to 6 hours.  

• An extrusion phase, where flakes are melted to produce the rPET B layer with or without ap-
plication of vacuum. The temperature profile is usually 270-290°C. When vacuum is applied, 

the vacuum conditions are typically below 100 mbar.  

• The coextrusion step, in which the A layers are applied in a die2. In this case the rPET of the 

future B layer comes in contact with the virgin PET (or mixture between virgin and  mechani-

cally recycled PET originated from a process that was object of a positive opinion delivered 

by EFSA) of the future A layers, at a temperature of typically 275-290°C. A 3-layer sheet 

(A/B/A) comes out from the coextrusion process and it is cooled down in a rolled stack press. 
• The final thermoforming phase, in which the sheet is converted into trays. The sheet is 

heated in an oven to a temperature of 120-130°C, and the tray is formed through the appli-

cation of pressure and vacuum in a mould. The total cycle takes 2-3 seconds. The tray is then 

immediately cooled down to an average temperature of around 30°C.  

The following configurations (reported in Table 1) of processes are covered by the Novel Technology 

dossier: 

Table 1: configurations of the equipment covered by the notification. 

 

 

In all the processes operating the equipment reported in Table 1, washed and dried RPET flakes are 

supplied to converters, accompanied by suitable specifications, and are co-extruded to produce the 

A/B/A structures with different A/B/A ratio and different thickness.  

In case more information on the process is needed we suggest consulting the original notification 

dossier at https://www.petcore-europe.org/functional-barrier.html  

Capability of the process to produce safe materials - Art. 13(5)(b) 

In the original notification dossier the data of decontamination capability calculated from challenge 

tests carried out in actual processes representing the equipment configurations of Table 1, were used 

to determine the maximum concentration of RPET in the B layer at which the safe level of migration 

of surrogates is met.  

 
2 Kostic, Milivoje & Reifschneider, Louis. (2006). Design of Extrusion Dies. Encyclopaedia of Chemical Pro-
cessing. (PDF) Design of Extrusion Dies (researchgate.net) 

https://www.researchgate.net/publication/242260110_Design_of_Extrusion_Dies


 

 

The above mentioned commercially available migration simulation software AKTS365SML Version 6.7 

was used for that purpose. In this 3rd report we have updated that calculation by operating the 

following improvements: 

1. The number of structures on which the migration simulation was made increased from 3 to 5 

(adding the total thickness of 120 micron and 700 micron) 

2. The A/B/A ratio of 7.5/85/7.5 was added 

3. The percentage of 30% of RPET in the B layer was added 

4. The density of PET in the melt during the migration simulation was set at 1.2 g/cm3 (instead 

of 1.4 g/cm3 as in the original notification dossier). This was done because the density of 

Polyethylene Terephthalate (PET) in its melt state at 280°C typically ranges from 1.15 to 1.35 

g/cm³. At elevated temperatures, like 280°C, PET's density decreases compared to its solid-

state density due to the increased molecular mobility and expansion in the melt phase 3 
5. The density of PET in the solid phase during the migration simulation was set at 1.375 g/cm3 

(instead of 1.4 g/cm3 as in the original notification dossier). This value is in line with the 

most updated parameters suggested by EFSA while conducting migration simulation 

calculations4  
6. The parameters and conditions chosen for the migration simulation are summarized in Table 

2. In this Table, the “realistic” conditions correspond to the choice in the migration software 

of an equation (“Piringer realistic equation”) that does not include overestimation factors. 

This choice was made to avoid excessive and unrealistic overestimation of the diffusion of 

surrogate contaminants during the contact of recycled and virgin polymers in the melt phase. 

On the contrary, the “upper bound” conditions used in Step 5 correspond to the use of an 

equation that includes overestimation3. The thickness used in the migration simulation was 

divided by 2.5 in the step of thermoforming, considering the draw ratio as reported in the 

plot of Figure 2A of the original notification5.  
 

Table 2: conditions under which the simulation of migrations were simulated 

 

 
3 Brandrup, J., Immergut, E. H., & Grulke, E. A. (1999). "Polymer Handbook" (4th Edition). Wiley-Inter-
science 
4 EFSA Scientific Guidance on the criteria for the evaluation and on the preparation of applications for 
the safety assessment of post-consumer mechanical PET recycling processes intended to be used for 
manufacture of materials and articles in contact with food; DOI: 10.2903/j.efsa.2024.8879, 
11.06.2024 
5 Reference is made to Figures 2a and 2b of the original notification (p. 6), which show examples of 
the most common distribution of draw ratios applied to produce thermoforms for protein and bakery 
products, and for fruits and vegetables, respectively 



 

 

Calculations have been made executing Step 1 to Step 5. Then another calculation has been made 

using only step 1 and 5 (omitting steps 2 to 4). The outcomes of the simulation carried out by using 

Step 1 immediately followed by Step 5 do not differ from that the outcomes of the simulation with 

all the steps 1 to 5. Two examples of such an equivalence are provided in Annex I.  

The equivalence between both methods suggests that the omission of Steps 2 to 4 do not 

significantly impact the migration calculation, which may imply these steps are not critical for the 

specific contaminants or materials under study. This also implies that modifications of the storage 

conditions, e.g. extending to 365 days instead of 180 days, would have a negligible impact on the 

final outcomes. 

We have therefore decided to calculate the simulated migration by using Step 1 plus Step 5 instead 

of simulating all steps. 

The charts provided in Annex II show the results of the simulated migration as a function of the total 

thickness of the sheets for different A/B/A structures, different percentage of RPET and different 

packaging conditions. The curves represented in the charts also contain the 2nd grade polynomial 

equation that can be used for the interpolation and extrapolation to different thickness’ values. 

The data presented in the charts have been calculated from an initial concentration of surrogates, 

designed as the “worst-case” scenario of 300 ppm of surrogate. This initial concentration is different 

from the 3 ppm used by EFSA, consequently the limit becomes 15 ppb instead of 0.15 ppb used by 

EFSA. 

The points illustrated in the charts corresponds to the simulated migration of the surrogate 

contaminants showing highest value.  

For the technology Y1Y2 this surrogate corresponds to Benzophenone at all simulated 

time/temperature conditions and for all thickness values. 

For the technology X1X2W this surrogate corresponds to Benzophenone at all simulated 

time/temperature conditions for thickness values less or equal than 700 micron and becomes 

Chloroform at all simulated time/temperature conditions for thickness values higher than 700 

microns. 

 

 



 

 

 

 

Most occurring substances - Art. 13(5)(c) 

The analysis of substances with a molecular weight of up to 1000 Dalton has been made by screening 
methods performed by 9 different laboratories. The number of samples has been extended from the 
previous monitoring report. More than 160 samples for input and the correspondent 160 samples 
for output sheet after decontamination have been performed. The screening of the above 
mentioned monitoring has resulted in the development of two lists presented in Annex III, for the 
input material and Annex IVa and IVb for the output materials (respectively for technologies X1X2W 
and Y1Y2. These annexes provide an overview of the substances detected and categorized during 
the screening process, respectively for the incoming material and for the output, as a function of the 
technology configuration. In these Annexes are reported all substances detected with a minimum 
frequency of 3%, substances occurring at a lower frequency have been considered adventitious 
contaminants and not reported in the tables. Furthermore, a newly updated list, detailing the 20 
most frequently occurring substances in input materials, has been developed. This new list highlights 
the occurrences and variations of substances, allowing for a more in-depth understanding of their 
distribution. 

The difference between the newly generated list of substances and the data presented in the second 
monitoring report can be attributed to a significantly larger set of samples tested. This expansion of 
sample size has provided a more comprehensive overview of the distribution of substances within 
the analysed materials.  

By increasing the number of samples, the results become in principle more statistically 
representative of the input and the output materials. This comprehensive approach enables to make 
better assessments of substance occurrence and the behaviour during recycling processes. It also 
improves the ability to compare results between different reports, such as the second monitoring 
report and the current analysis. 

Three distinct types of substances have been identified in the recycled PET material: 

1. Substances that are often introduced into the input material due to the use of PET in food 
contact applications. Examples include substances such as limonene and acetophenone. 
These contaminants enter the material during its initial use phase and can persist to some 
extent through the recycling process. 

2. PET-Related Substances: These are substances inherent to the chemical composition of PET 
or are generated during the recycling process. Examples include acetaldehyde and PET 
oligomers. 

3. Substances originating from contaminating polymers: These substances are formed as 
byproducts when contaminating polymers are subjected to heat or other recycling 
conditions. For example, benzene is generated from residues of PVC, styrene from residues 
of polystyrene, BPA from residues of polycarbonate3  

 

 

 

 



 

 

Decontamination efficiency – Art. 13(5)(c) 

 

The decontamination efficiency of the recycling technologies used was evaluated specifically for 
contaminants in the PET materials. This evaluation was carried out by comparing the concentration 
of contaminants in the input materials to their concentration in the output materials after 
undergoing decontamination processes.  

One of the key challenges in assessing decontamination efficiency by NIAS analysis, method that  is 
not comparable to a challenge test, lies in accurately correlating the variability and dispersion of 
input data with the corresponding variability and dispersion  in output results. This inconsistency is 
largely due to differences in sample collection techniques and the variety of analytical methods used 
across laboratories. Each laboratory has adopted distinct procedures and conditions for measuring 
the concentration of substances, leading to a scattered range of results. Variations in analytical 
conditions can have a profound effect on the concentration readings of substances. Consequently, 
the data may exhibit significant scatter, which makes it difficult to determine clear patterns or trends 
in decontamination effectiveness across different technologies. 

This dispersion of data emphasizes the need for standardized analytical methods. By aligning 
laboratory procedures and adopting a uniform approach to testing, the comparability of 
decontamination data can be improved. As previously outlined, misalignments of laboratory 
practices represented a liming factor in our analysis. 

While the decontamination efficiency has been calculated for contaminants, it has not been 
computed for substances that are either naturally present in PET or generated during the recycling 
process. These polymer-related substances, such as acetaldehyde and PET oligomers are part of the 
intrinsic properties of PET or byproducts of the polymer's breakdown during processing. 

Annex V provides a detailed list of the 20 most frequently occurring substances in the input 
materials, occurrence rates and variation between input and output.



 

 

Contaminating materials in the plastic input - Art. 13(5)(d) 
The contaminating materials present in the plastic input are controlled by the specifications 

delivered by the producers of flakes.  

The content of food grade PET in the plastic input is ≥95%. Other contaminants include: 

• PVC ≤ 50 ppm 

• Polyolefins ≤ 100 ppm 

• Other plastics ≤ 50 ppm 

• Metals ≤ 10 ppm 

• Paper and wood fibres ≤ 10 ppm  

• Other inert materials ≤ 5%  

 

Origin of the identified contaminants- Art. 13(5)(e) 

The potential origin of the identified contaminants is under development. It will be reported in the 

next monitoring period.  

Measure or estimation of migration - Art. 13(5)(f) 

ABA sheets containing different percentage of virgin and RPET have been analysed in order to carry 

out a complete screening of intentional and non-intentionally added components. The analysis has 

been carried out on sheets submitted to cryogenic grinding, and subsequently extracted in 

conditions described under the paragraph "Sampling strategy and analytical method”. This allowed 

to detect the concentration of all substances present in the sheets. 

Five most representative substances have been selected, namely 

1. Benzene, substance formed during the degradation of PVC present as a contaminant in the 

input material. It is not excluded, however   that benzene may also be generated by certain 

analytical methods  

2. 2,2-bis(4-hydroxyphenyl)propane (aka BPA), formed from contamination of the input 

material by polycarbonate and also contamination from other sources (e.g. inks, coatings 

etc.) 

3. Limonene, substance present because of contamination by food (juices, soft drinks in PET 

bottles) 

4. Terephthalic acid, bis(2-ethylhexyl) ester, substance used as plasticiser, to replace Phthalic 

acid, bis(2-ethylhexyl) ester. It is the result of a contamination by other polymers (e.g. PVC). 
5. Phthalic acid, bis(2-ethylhexyl) ester while widely replaced is still used as plasticiser, and 

usually represents an indicator of contamination by PVC (most probably by labels). 

For the five substances mentioned above the following analysis have been carried out 

• Simulation of migration with the AKTS software,  

o From an hypothetical monolayer sheet of 300 micron, containing the five substances 

at the concentration measured experimentally in the ground sheets samples 



 

 

containing 100% RPET in the B layer. This calculation does not consider the presence 

of a functional barrier 

o  From ABA structures with various ABA ratio and referring the measured 

concentration of the five substances to the B layer only (i.e. considering that they are 

present as contaminants in the original RPET). This implies a correction of the 

concentration of these substances accounting for the dilution introduced by the A 

layers. This calculation considers the presence of a functional barrier 

The parameters for calculation of migration were: surface-to-volume ratio of 6 sq.dm/1000 

ml, conditions 10 days at 20°C, 10 days at 40°C and 365 days at 25°C. The results are 

reported in Table 3. 

• Experimental migration tests in D2 simulant (95% ethanol) carried out from  two ABA sheets 

respectively of 300 (manufactured by the X1X2W technology configuration)  and 340 micron 

thickness (manufactured by the Y1Y2 technology configuration), with ABA ratio of 7.5/85/7.5 

and 100% of RPET in the B layer, at conditions 10 days at 20°C, 10 days at 40°C and 10 days at 

60°C. The results are reported in Table 5, for the five substances respectively in Table 4.1, 4.2, 

4.3, 4.4 and 4.5 

 

The results of the simulation and of the actual migration are reported in Table 4. For a proper 

interpretation of Table 4, the following should be taken into account: 

1. The data corresponding to “results_nonscaled_output” refers to concentration of the 

substances measured in the sheets, after grinding, with the method described in the 

paragraph "Sampling strategy and analytical method”; 
2. The data corresponding to “results_scaled_output” refers to the same concentration, 

corrected as the substances were in B layer only (considering the dilution caused by layers A) 
3. The results of simulation of migration (ppb)- data from "results_nonscaled_output" have 

been calculated from a sheet of mono-layer with 300 micron thickness, assuming that  the 

concentration of the ground sample is equally distributed in the whole sheet 
4. The results of simulation of migration (ppb)- data from “results_scaled_output” have been 

calculated for sheets of 300 micron thickness, with ABA ratio corresponding to the “ABA 

structures” column. 

The results show that the simulation of migration carried out on sheets having the measured 

concentration in layer B are in line with the experimental measures, except for benzene. 

This requires more investigation, that will be carried out during the next monitoring period. 

The results also show that actual migration of the substances in the tested conditions is almost 

always  “not detectable”, with the exception of benzene at 10 days/40°C and 10 days/60°C . 

As expected, the analytical test does not have a sufficient LOD to detect the substances at the level 

calculated in the simulation of migration.   

 

 

 



 

 

 

 

Table 3: results of migration simulation of the selected substances detected in the sheets 

 

 

 



 

 

 

Table 4 – migration results of the selected substances detected in the sheets 

Table 4.1 - migration results of Benzene  

 

 

 



 

 

Table 4.2 - migration results of limonene 

 

 

 

 



 

 

Table 4.3 - migration results of Bisphenol A 

 

 

 

 



 

 

Table 5.4 - migration results of Bis(2-ethylhexyl) terephthalate 

 

 



 

 

 

 

Table 5.5 - migration results of Bis(2-ethylhexyl) phthalate 

 



 

 

Sampling strategy and analytical method - Art. 13(5)(g) and Art. 13(5)(h) 

The tested samples have been provided by the consortium members, and were selected to represent 

commonly used flakes purchased in the market place and used by converters in the B layer, and ABA 

structures normally supplied to the market. All technologies were represented in the sampling. The 

samples were collected at regular intervals in the period from January to March 2024, and the tests 

were reported and elaborated in the 2nd Quarter of 2024.  

The samples were tested by 9 laboratories located in different EU Countries, by using different  test 

methods.  

The screening analysis was carried out for  

• Volatile substances 

• Semi-volatile substances, and 

• Non-volatile substances  

The laboratories and relevant test methods are summarized in Annex V. 

 

Discrepancies between input and output - Art. 13(5)(i)  

As previously outlined, some substances originate from the contamination of PET that occur in the 

use, disposal and collection phase. These substances are normally removed during the recycling 

process; for these substances a decontamination efficiency can be calculated as a percent difference 

between  output and input material, and the resulting outcome will be a negative number (column z 

“difference_input_output” in the master sheet of Annex I. 

On the contrary, some substances are generated during the processing; they only present in the 

output, or their quantity increases in the output compared to the input   

 

Discussion of differences from previous report- Art. 13(5)(j) 

There are numerous differences introduced by this 3rd monitoring report compared with previous 

reports. 

• An updated calculation of the potential migration of surrogate contaminants, replacing those 

reported in the paragraph entitled “Calculation of migration through a Functional Barrier”, of 

the original notification dossier; 

•  An updated list of the first 20 most occurring substances in the input materials, along with 

the decontamination efficiency calculated for selected representative substances; 

• The calculated specific migration in simulant D2 (95% ethanol) at time/temperature 

conditions of 10 days at 20°C, 10 days at 40°C and at 365 days 25°C,  for five substances 

considered representative of the contamination  

• The actual specific migration of the above mentioned five substances in simulant D2 (95% 

ethanol), from sheets containing 100% RPET in the B layer and having A/B/A ratio of 



 

 

7.5%/85%/7.5%, at time/temperature conditions of 10 days at 20°C, 10 days at 40°C and 10 

days at 60°C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Annex I- Equivalence of simulation approaches 
 

Annex I- Equivalence between simulation of migration made by calculating step 1,2,3 4 and 5 of Table 

2, and by calculating steps 1 and 5 of the same Table 

 

 

 

 

 

 

 

 

 



 

 

Annex II- Simulated migration for different ABA structures



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 

Annex III -Substances with Molecular Weight less than 1000 Da, and 
relevant occurrence, found in the input material. 

 

 



 

 

 

 

 

 



 

 

 



 

 

 

 

 



 

 

Annex IV -Substances with Molecular Weight less than 1000 Da, and 
relevant occurrence, found in the output material. 
 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Annex V: Most occurring substances 

 

 



 

 

Annex VI: Summary of testing methods 
 

Testing laboratories and relevant methods of analysis for volatile substances 

 

 

 

 

 



 

 

Testing laboratories and relevant methods of analysis for semi-volatile substances 

 

 

 

 

 

 

 

 



 

 

Testing laboratories and relevant methods of analysis for non-volatile substances 

 

 


