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Project summary

At STOPP, we're pioneering a transformative initiative to revolutionize the way
we approach food packaging by working with all the stakeholders in the value
chain to promote the "5 Rs": Refuse, Reduce, Redesign, Reuse, and Recycle

Our main aim is to drastically reduce the environmental impact caused by
plastic waste in food packaging, aligning closely with the EU's Packaging and
Packaging Waste Directive. Our collaborative efforts encompass every facet
of the food packaging value chain.

We're set on creating circular strategies that not only appeal to plastic
production and processing but also drive awareness through a multi-actor
network. Our strategic actions include analysing plastic waste impact,
monitoring current usage, designing sustainable business models, boosting
recycling efforts, and understanding consumer attitudes through an in-depth
study.
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CA

DSC

EC

EU
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PAA

PAH

PET

PHS

PP

voC
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Non-Intentionally Added Substances
Polyaromatic Amine

Polyaromatic Hydrocarbon

Polyethylene Terephthalate
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1. Introduction

As Europe scales up its circular economy ambitions, improving the quality and
safety of recycled plastic materials has become a strategic priority. In this
context, the STOPP project focuses on advancing the understanding and
performance of plastic packaging recycling systems across Europe. This
report presents the progress made on two key tasks: (1) optimising collection
systems and sorting, and (2) developing and assessing recycling processes
for polyolefin-based food packaging waste with the aim of enabling safe use
in food-contact applications.

The first part of the report addresses how different collection practices at
national and regional levels—specifically home-separated (HS) and post-
home separated (PHS) systems, affect the composition and quality of
collected plastic packaging. Through a detailed survey and experimental
sorting and recycling trials, the task seeks to identify which systems yield
higher purity and lower contamination in recyclates, ultimately contributing to
higher-value applications.

The second part focuses on evaluating the potential of recycled
polypropylene (PP) to be safely reintroduced into the food packaging value
chain. In line with the requirements of Regulation (EU) No 2022/1616, which
governs the use of recycled plastics in food contact materials, the project
explores  different  feedstocks, pre-processing techniques, and
decontamination technologies. Extensive testing, including both technical
performance and screening for non-intentionally added substances (NIAS),
aims to establish whether selected recycling streams and processes meet the
stringent criteria for food-contact safety.

Together, these two work streams aim to build a more coherent and evidence-
based understanding of how collection, sorting, and processing conditions
influence recyclate quality and compliance, an essential step toward scaling
closed-loop recycling of food packaging plastics across the EU.
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2. Optimising collection systems and
sorting

This section of the progress report outlines the advancements within the scope
of the task " Optimising collection systems and sorting". The overall aim is to
assess and improve the efficiency and quality of plastic recycling by focusing
on the critical stages of collection and sorting. The intention is to bridge the
gap between collection methods and the production of high-quality
recyclates that meet industry specifications. In detail, the task focuses on
assessing the effect of different collection methods, at regional and national
level. For instance, two different finnish regions, i.e., Helsinki metropolitan area
and Tampere region, were included in the study. Plastic packaging has two
main collection types, meaning it can be:

- Home-separated (HS): The consumer, when discarding the plastic
packaging waste, puts such waste in a specific and separate bag/bin;
please note that the material is considered HS even if in such bin there
are other packaging types (e.g. cans, drinking cartons), while other
materials such as organic waste, are collected separately in other
bags/bins.

- Post-home separated (PHS): the consumer, when discarding the plastic
packaging waste, puts such waste altogether with the other waste
(organic, paper, mixed,etc.); so, at the household level there is just 1 bin,
which is then separated into different fractions at Material recovery

facilities.

It is known that the efficiency of the plastic packaging collection systems and
sorting practices plays a key role in producing high quality recyclates (e.g., for
food-contact applications). It is thus pivotal to optimise these systems on
national and EU level to meet the increased recycling rates while ensuring
compliance with the food contact legislation for recycled plastic materials
(e.g. Article 6 of Regulation (EU) No 2022/1616). To this end, in this task
experiments were designed and are specifically aimed at evaluating and
improving sorting performance under real-world conditions. The outcome will
be the determination of which collection methods enable the highest purity
(and less contamination) and vyield of target materials (PP) during the
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recycling phase.

2.1. Survey on collection practices in the
EU

A survey was launched within the STOPP consortium with the aim of collecting
data regarding the European collection and sorting practices at national and
regional level among the STOPP partners. Data were gathered regarding the
type of collection of the plastic packaging, along with its composition, with the
final goal of mapping the collection for regions from various locations and
within the consortium. Given the number of participating partners (that can
be grouped in 8 countries: Finland, France, Germany, Spain, Slovenia, Belgium,
ltaly), it is advisable to take these results mainly as a mapping exercise and
not as statistically relevant as larger surveys would be. Countries were
selected based on their geographic location to ensure a wide EU mapping. The
majority of countries stated that they separately collect the plastic waste
(home separation), as shown in Figure 1. Some separate collections were also
indicated for their relevance in selected plastic packaging types only (e.g.
deposit return systems for PET bottles). Three out of the 8 countries indicated
that in some regions the plastic packaging is also collected alongside other
residual waste (post home separation or commingled).

QID43 - How is the plastic packaging collected? - Selected Choice
20
20

5 3
1
Separate collection Deposit Return System  Commingled (altogether with  Other (please specify) EPR (Extended Producer
(DRS) (please specify which the rest of the waste) Responsibility) Scheme
below)

Choice Count

Figure 1. Types of plastic packaging collection across the countries of the STOPP consortium.

To further investigate the collection practices in place in the different
countries, it was asked, via the survey, which materials are allowed in the

plastic container, when the collection of it is separate. Data shows a wide
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range of plastics materials actually acceptable in the separate collection,
mainly non-food packaging, drinking cartons and metal packaging:

Q55 - Which of the following materials is allowed in the plastic bag/bin*? *This means all materials that can be collected alongside
the plastic packaging in your collection scheme. - Selected Choice

18
20
15 11 12
10
3 3

5 0 0 0

Food Plastic Paper Metal Drinking Wood Ceramics Food Other (please Non-food

packaging packaging cartons specify) plastic
packaging

Choice Count

Figure 2. Types of plastic packaging materials allowed in the separate collection systems across the

participants to the survey launched within the STOPP consortium.

When the data from the survey participants are grouped per country, the
following results are obtained:

Materials allowed to be collected in the plastic bag/bin

Food plastic Paper Metal packaging Drinking cartons Non-food plastic Other
packaging packaging

Figure 3. Types of plastic packaging materials allowed in the separate collection systems across the
countries of the STOPP consortium.

To gather a last set of dataq, the survey asked which materials are not allowed
to be collected in the plastic bag or bin when the collection of packaging is
done separately. The results obtained are reported below":

'In reading these results, is important to acknowledge that this question was, in the
survey, asked as an open entry question.
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Materials not allowed to be collected in the plastic bag/bin

Glass

Paper

Food/organic waste
Chemicals and dangerous goods
Cardboard

Metal

Electric and electronics
Special packaging
Batteries

Bioplastics

Wood

Ceramics

Pl HRON BRON RO BCoN RSl RS B B fov a0l Fool 160

Textiles

7

Toys

Figure 4. Types of materials not allowed in the separate collection systems across the countries of the
STOPP consortium.

One key result is that Glass, Paper, and Food/Organic Waste resulted overall
not allowed in the plastic bin, with all 8 countries agreeing on their exclusion,
followed by Chemicals and Dangerous Goods.

The data suggest a strong consensus across countries on excluding items that
clearly do not belong with plastic packaging waste, while less harmonisation
is present on materials like bioplastics, textiles, and toys, reflecting most likely
different national practices.

2.2. Sorting and recycling experiments

As a core part of the task 5.1, the sorting and recycling experiments are
designed to explore how collection systems influence the quality of plastic
recyclates. The objective is to determine which collection methods enable the
highest purity and yield of target materials during the mechanical recycling
phase. This involves experiments with plastics packaging waste as input
feedstock, coming from project partners and their national sorting centers,
which then would undergo a ‘simulation’ of the mechanical recycling process
(i.e., laboratory scale mechanical recycling processing), whose output (i.e,
plastics pellets) would then be analysed to assess their technical quality and
level of contamination. Specifically, the evaluation of the differences and
efficiency of the two main plastic packaging collection systems (home
separated and post home separated) for the PP rigid waste stream is being

Confédération suisse Education and Research EAER
Confederazione Svizzera State Secretariat for Education,
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carried out. The comparison of the feedstock from the two different collection
types will be carried out at two levels: at the regional level, by comparing
results of input materials coming from 2 different Finnish regions (to
evaluate/assess possible regional differences within the same country), and
then, on country level, where results for the material from Finland will be
compared to the ones from Germany.

This feedstock represents the input material to the ‘simulation’ of the recycling
line and as such is being processed to finally be compared by carrying out
different analyses. The assessment of the recyclates’ quality will involve
technical performance (MFR & mechanical tests) and contamination
analyses (NIAS). More details can be found in the next section.

2.2.1. Material selection

PP rigid waste was selected as feedstock and collected from different regions
in Finland and Germany? directly at the sorting centres, from the two different
collection types. A detailed split of the input materials is given below in the
scheme:

INPUT MATERIAL 1 (Origin: Finland) INPUT MATERIAL 2 (Grigin: Germany)
Region #1 “uRegion #2 )
EKOF & PJH HSY “
pd S rd \“‘4
\ PROCESSING &
ANALYSES
Comparison #1 “ |

\ ' 4

Comparison #2

HS=Home Separated; The consumer, when discarding the plastic packaging waste, puts such waste in a specific and separate bag/bin;

PHS= Post Home Separated; the consumer, when discarding the plastic packaging waste, puts such waste altogether with the other
waste, which is then separated Into fractions at Material recovery facilities.

Figure 5. Flowchart of feedstock employed in task 5.1 (and 5.2).

The material was received as unwashed waste bales. From the total amount
received from each region and only for the home-separated materials, half of
the amount was kept to be processed for Task 5.1 and the other half in Task 5.2.

2 At the time of writing, this feedstock has not yet being received. However, it is
expected to be delivered by the beginning of June 2025.
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For the half to be used in 5.2: 1) a separation between food and non-food
materials was carried out by hand and 2) only the food contact materials will
be processed through the line with the decontamination unit for task 5.2.

Image X: From a home-separated PP fraction, non-food packaging (left) and food packaging (right)

2.2.2. Experiment plan

The sorted PP waste will be processed at laboratory scale following state of the
art mechanical recycling, as reported in the RecyClass® protocols, meaning

the following:

7 R il A 2 S -

ATION |
INPUT BhFDING WASHING | SEPRRATION!  \iNDSIFTING FLAKES EXTRUSION  GRANULATES
oL (RIGIDS)

Feedstock: Preparatory Separation of
PP rigid ste!)s to ensu’re |rT_1pur|t|es (labels, Output: PP
waste a ‘smoother fines) and other recycled
recycling plastics types granulates ?

Figure 6. Exemplary chart of the recycling process according to the RecyClass protocols.

® A non-profit, cross-industry initiative facilitating the transition toward a circular
plastic future. More information at: About RecyClass - RecyClass.
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These processing steps will be followed in the exact same manner for both
collection types (and for both regions) so that an effective comparison can be
ensured. As such, it is deemed critical for the study that the same unwashed
bales (input) enter the processing line and are ground and washed in such
line. This processing will be carried out in a timely manner, meaning home
separated material 1 from region 1 and post home separated material 2 from
region 1 shall be processed in a similar time frame (e.g., one week after the
other).

So far, the progress on the materials processing is, that all home- and post-
home separated material from the Finnish regions has been obtained and
ground. Next, the Finnish and German materials will be cold-washed and
processed as per the RecyClass protocol. The produced regranulates will then
be analyzed by VTT and NIC.

The plastic granulates obtained from such processing will then undergo pellet
tests, which include the following methods, as specified by RecyClass: Melt
flow rate (MFR), content of ash, Gas, moisture and volatiles, visual inspection
for impurities and appearance as well as quantified analysis of PP in PE or vice
versa (FTIR). An overview of the pellet testing analysis is given below:

Test Definition Method/standard

Meltflowrate  MFR or MFl is a measure of the ease  MFR according to
of flow of the melt of athermoplastic NS-EN ISO1133-1:2011
polymer. It is defined as the mass of
polymer, in grams, flowing in
through a capillary of a specific
diameter and length, by a pressure
applied via prescribed alternative
gravimetric weights, for alternative
prescribed temperatures,
measured in seconds. Results given
in [g/10minutes].

Ash content % or ppm ash of total mass of the Ash — According to
sample ISO 3451-1

Water content Determination of water content in Determination  of
(KF) solid sample. A vaporization method water content
using heating oven and dry nitrogen According to [SO
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gas to evaporate the water from the
sample, followed by a Karl Fischer
coulometric titration of the collected
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156512-2008
Determination of
water

water.
content.
Gas content Gas content measured as weight Gas content and
and volatiles  loss at 120°C. Volatiles measured as  Volatiles (wt%)
weight loss on 10g air-dried pellets measured as a
exposed to 180°C for 10 minutes. weight loss after
storage in hot air
oven
Quantitative Infrared  spectroscopy is a Fourier Transform
analysis of PP spectroscopic technique that uses Infrared
in PE and PE in the infrared region Spectroscopy,
PP (FTIR) . according to
of the electromagnetic spectrum .
internal method
(25 to 25um). FTIR provides an and calibration
absorption spectrum with bands at
characteristic wavenumbers
corresponding to chemical bonds in
the sample material. The spectrum
can be used for qualitative and
quantitative analyses.
Quantification To  determine the  polymer
of polymeric composition of the  output

impurities via recyclates, and to spot the presence

DSC of impurities, pellets of the
respective  samples  will  be
subjected to thermal analysis such
as DSC (differential scanning
calorimetry).

Table 1. List of pellet testing analysis.

Moreover, food safety analysis for the screening of Non-intentionally added
substances (NIAS) will be conducted by mapping the substances via GCMS or
LCMS or/and via migration testing. Even though, a full food safety risk
assessment will not be performed, analysis of NIAS will give relevant
information on potential contamination that would have occurred during the
collection. The results will be used to gain insight into the potential differences
between the collection systems in terms of producing recyclates for high-end
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applications, such as food contact. This represents a non-target analysis
approach where a wide range of substances can be efficiently screened.
Further details are available below:

- Migration procedure: Migration — Specific — Based on EN13130. Migration
is the quantity of material, in this case plastic, which can be transferred
to foodstuffs in contact with the plastic and which is likely to constitute
a danger to human health and alter the composition of the foodstuffs
in an unacceptable manner.

- GC-MS procedure: Gas Chromatography with an MS detector. The GC
separates the chemical mixture and the MS identifies and quantifies the
chemicals based on their structure.

- Screening of volatile organic compounds (VOCs): Screening of VOCs
allows to identify substances which were not detected in the non-target
screening, as they may have evaporated together with the simulant (95
% ethanol or isooctane). Thermal Desorber (TD) followed by GC-MS
analyses is usually used.

- Target analysis: This analysis allows to quantify Polyaromatic amines
(PAA), Polyaromatic hydrocarbons (PAH) and mineral oil aromatic.

- Odour Analysis: Odour characteristics and intensity are to be
determined according to VDA 270. This characterisation is the tendency
of materials to release volatile substances with a perceptible sourness
after storage at the specified temperature and climate. The VDA 270 is
suitable for controlling the odour perception of a component, its
individual components, as well as the entire component.
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3. Recycling  polyolefin-based  food
packaging waste back into food
contact

3.1. Regulation (EU) No 2022/1616

On 10 October 2022, Regulation (EC) No 282/2008 on recycled plastic materials
and articles intended to come into contact with food was repealed and
replaced by Regulation (EU) No 2022/1616, which expands and updates the
previous regulation.

Over the past decade, the plastics recycling industry has developed a range
of new processes and technologies for recycling plastics intended to be used
in contact with foods. These advancements outpaced the limited scope of
Regulation (EC) No 282/2008, eventually making it impossible to approve new
processes, as they fell outside the framework's ability to assess their safety.

Regulation (EU) No 2022/1616 establishes updated rules for:

¢ Placing recycled plastic food contact materials on the market.

e Developing and operating recycling processes that produce plastics
suitable for food contact.

¢ Using recycled plastics in applications involving food contact.

¢ Manufacturing materials and articles where recycled plastic is used
behind a functional barrier.

The Regulation introduces two approval pathways for food contact materials:

e Suitable technology: for processes that have already been evaluated.
e Novel technology: for processes that have not yet undergone

assessment.

This section of the deliverable is designed to support a better understanding
of the Regulation and the subsequent information shared in this document.
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It is recommended to consult the full text of the Regulation alongside this
section for a more complete understanding. The Regulation can be accessed
via the following link.

The Regulation primarily focuses on the decontamination process, and both
its definitions and overall assessment are framed from this perspective. Pre-
processing activities—such as comminution, cleaning, and washing—prepare
the material known as the plastic input, which is then fed into the
decontamination unit. Under the Regulation, recycled plastic refers specifically
to the output of the decontamination process.

A technology is classified as suitable when sufficient evidence demonstrates
that the plastic input has been effectively decontaminated and that the
resulting recycled plastic complies with Regulation (EC) No 10/2011 and
Regulation (EC) No 1935/2004. Based on assessments carried out by the
Authority under Regulation (EC) No 282/2008, two types of recycling processes
are currently considered suitable: mechanical PET recycling and product loops
within closed and controlled chains. These suitable technologies are listed in
Annex | of the Regulation.

Any recycling technology not yet recognized as suitable is classified as novel.
Novel technologies require additional data to confirm whether their
decontamination processes can produce recycled plastics that comply with
the above-mentioned regulations.

Once a novel technology undergoes full evaluation and receives a positive
opinion, it is reclassified as a suitable technology. The list in Annex | is then
updated to reflect its inclusion.

For the development of the PP recyclates intended to come into contact with
foods, the path of novel technology will be used. To start the process, a
notification report must be submitted to the European Commission and to the
Competent Authority. The report must demonstrate the ability of the recycling
process to sufficiently decontaminate the plastic input to produce recycled
plastic in compliance with Regulation (EU) No 10/2011. The Regulation requires
the generation of data on contaminants that might be present in the plastic
input and recycled plastic (i.e. input and output of the decontamination unit).
The mapping should include contaminants between 0 and 1000 Da (see
section 3.5) and a root-cause analysis related to their presence. Once the EC
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and the CA have approved the notification report, the recycled plastic can be
placed on the market as a food contact material. Then follows the monitoring
phase. Every 6 months, the recycler must provide data on the monitoring of
the contaminants, as well as a reasoning on the overall safety of the recycled
plastic. This phase can last from 2 to 7 years.

3.2. Material selection

The following materials have been selected:

Table 2: Sample selection

Material Partner Quantity Purpose
PP caps from the German RE 30 kg It will be
deposit return  systems processed  with
(flakes, not washed, only the same steps.
shredded) Concluding
whether hot-
PP CCIPS from the German RE 30 kg washing is
y | T nocessary 10
g— achieve food
o contact.
PP separately collected and HSY & 25kg Compare the
manually sorted with only EKOF& different feedstock
food packaging PJH coming from
c Finland or
2 PP food packaging waste RE 30 kg Germany.
g from post-consumer
E household collection in
@ Germany — manually sorted
2 with only food packaging,
?l,- unwashed
(7]
g PP cold-washed flakes from RE 30 kg Compare the
-E post-consumer household effect of hot-
& collection in Germany washing on
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separately

PP hot-washed flakes from RE 30 kg collected material

post-consumer household
collection in Germany

rPP granules (from hot- RE 30 kg Compare the
washed flakes) before decontamination
thermal post-treatment efficiencies at the

different steps of
the process and
between VTT and
RE process set-up.

rPP granules (from hot- RE 30 kg
washed flakes) after
thermal post-treatment

Two streams are studied, the PP caps and the PP from separate collection.
Different pre-processing steps and decontamination options are studied to
allow comparison and find the most appropriate path for Food contact
approval.

All samples have been sent to VTT for further processing or NIC and VERI for

analysis.

3.3. Pre-processing activities

Pre-processing activities have started at both VIT and Remondis. At VTT, first
batch (collected from HSY & EKOF& PJH) has been pre-processed, processed
with the decontamination unit and sent for analysis for NIC and VERI.

Remondis pre-processing:

The recycling process begins with metal separation, sorting, and the sink-float
method. The material is then ground using a wet cutting mill to a particle size
of approximately 12-15 mm. Afterwards, it undergoes a cold washing stage,
during which friction generates heat that remains unused.

At Remondis, hot washing is generally not applied to the recycled
polypropylene (rPP) fraction.

However, when hot washing is employed, the material is treated at
temperatures of around 65-80 °C. During this step, surfactants and caustic
soda are introduced, with the latter being dosed at a rate of 60-90 mi/s. The
material is then mechanically dried through friction before proceeding to
flake-level sorting.
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VTT pre-processing:

Material is first ground with a screen size of 8mm. The flakes are then washed
at 80°C in the presence of surfactant and 1% caustic soda. After washing and
a thorough rinsing of the flakes, density separation is performed and the
sinking fraction removed from the material. The flakes are dried in mild heat,
after which air elutriation takes place. Air elutriation is performed with a lab-
scale device with an airflow of 5,2-5,4 m/s for 90 seconds.

3.4. Decontamination unit

Remondis decontamination:

At Remondis, degassing takes place during the extrusion process under
vacuum. During this phase, volatile contaminants are released from the
plastic surface and efficiently removed by a vacuum pump. Additionally, two
different filters are used to eliminate further impurities from the material.

After granulation, the material is fed into a decontamination unit. There, it
undergoes thermal post-treatment at temperatures between 100 and 120 °C
to remove oudours, VOCs, and other residues. The material remains in the unit
for more than six hours to ensure thorough decontamination.

VTT decontamination:

Decontamination unit here consists of a super-cleaning oven built at VTT and
degassing at the extruder. The super-cleaning oven is a separate device in
which material is treated before being extruded. It consists of a rotating mesh
basket, which is being heated with three infrared lamps in vacuum. The
infrared combined with the rotation of the basket allows for the plastic flakes
to heat evenly and migrate contaminants to the surface. From the plastic
surface, contaminants will volatilize and be removed by the vacuum pump.
After the heat treatment, material will cool down under vacuum to ensure
maximum removal of volatiles. More VOCs are removed at the vacuum

section of a twin-screw extruder in the extrusion step.
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Figure 7: The super-cleaning oven, rotating basket and ir-lamps in the picture

Optimal process parameters for decontamination of PP in the super-cleaning
oven are studied in this work package. Optimal dwell time, temperature profile
and voltage level of the infrared lamps are chosen based on results of the first
decontamination trial and separate oven tests being performed at VTT in the
near future.

3.5. NIAS analysis method

Several methods will be used to analyse NIAS in samples (pellets and flakes):

e Suspect screening analysis

« Target analysis of volatile organic compounds (VOCs)

A work on the sample preparation and analysis procedure has been carried
out in order to be ready for preliminary tests when samples are received. The
protocols are detailed in the following parts.

3.5.1. Sample preparation

Before applying the analysis protocols for Suspect screening and VOCs target
analysis, a sample preparation is applied on pellets and flakes.
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Knife grinding (Flakes only): A grinding step is essential to reduce the size of
the flakes, which initially measure approximately 1 cm. This step is particularly
important as the protocol specifies the extraction of 3 g of flakes. Reducing the
volume of the aliquot through grinding is necessary; if the aliquot volume is
too large, it would require an excessively large volume of solvent for the
extraction process. Additionally, smaller flakes allow for a more representative
aliquot (due to the heterogeneity of the flakes). The grinding should be
performed to achieve a consistent particle size of approximately 4 mm,
ensuring an efficient and manageable extraction procedure.

£]

Figure 8. Knife grinder used for the sample prep (RETSCH, SM-2000)

Quartering: The quartering step in the analysis of NIAS in plastic samples is
crucial for ensuring representative sampling. This process involves dividing the
sample into four equal parts, then selecting two opposite quarters to combine
for analysis. This method reduces bias and ensures that the analysed sample
is representative of the entire batch, leading to more accurate and reliable
results. Depending on the initial mass of the sample, the quartering process is
repeated between 2 to 6 times to achieve the desired sample size for analysis.

ﬁ‘

Figure 9. Quartering step

3.5.2. Suspect screening analysis
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Suspect screening is an analytical technique used in mass spectrometry to
identify known compounds (suspects) in a sample. This approach allows for
the retrospective analysis of data to detect the presence of these compounds,
providing a broader understanding of the sample’'s composition. Veolia has
developed an analysis that allows for the screening of 8000 compounds in
samples.

Sample extraction:

Prior to the extraction process, the sample undergoes a grinding procedure to
ensure it is in an optimal form for analysis. Initially, the flakes are subjected to
knife grinding to reduce their size. This is followed by the quartering method to
ensure a representative sample.

For the sample extraction, a solvent quantity to mass of sample ratio of 1 mL
per 1 g was considered. However, due to the larger-than-expected size of the
flakes, this ratio will be adjusted. It is proposed to use approximately 12 mL of
solvent for every 3 g of sample. To maximize the extraction of a wide range of
molecules, two different types of solvents will be used in the extraction process.
This dual-solvent approach is expected to enhance the efficiency and
comprehensiveness of the extraction, ensuring a more thorough analysis of
the sample.

The extraction will be probably conducted as follows:

Extraction 1: 3 g of sample + 12 mL of DCM, 3 days at 40 °C

Extraction 2: 3 g of sample + 12 mL of EtOH (95%), 7 days at 60 °C

After the extractions, the sample collection will involve taking an aliquot of 500
uL from the extracted solution, to which 10 uL of Phenanthrene DIO (at a
concentration of 100 mg/L) will be added as an internal standard.

Equipment:
The equipment used for suspect screening analysis is a GCXGC-TOF MS
(LECO).

Column 1=>Rxi-5 Sil [, 30 m x 250 ym @ x 0,25 pm

Column 2 => Rxi-17,1,1 m x 100 pm @ x 0,1 pm
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Figure 10. GC x GC — TOF MS (LECO)

Analysis:
The analysis consists in a direct injection of the sample (10pL) followed by a
GCXGC-TOFMS analysis.

Data treatment:

The raw data are processed using ChromaTOF software. The results are
obtained following a similarity search of the mass spectra of molecules
between the found peaks and those in the NIST library. Data is then processed
via an internal application. This application facilitates comparisons between
different replicates of each sample. Subsequently, a comparison is made with
the analysis blanks to eliminate any false positives, ensuring the accuracy and
reliability of the results.

3.5.3. Target analysis: volatile

organic compounds

Following the Suspect screening, a targeted analysis is conducted, focusing
on 24 specific Volatile Organic Compounds (VOCs). The following table
provides a comprehensive list of these 24 VOCs, which are the focus of this
targeted analytical method.
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Table 3: List of VOCs

[26]

Name of VOCs CAS Number
Butylheptyl benzene 4537-15-9
Xylene (dimethylbenzene) 95-47-6
a-pinene 80-56-8
camphene 79-92-5
b-pinene 127-91-3
Limonene 138-86-3
Eucalyptol 470-82-6
Camphor 76-22-2
N,N-diethylformamide 617-84-5
Isopropyl myristate 110-27-0
Benzaldehyde 100-52-7
N-hexyl-salicilate 6259-76-3
Trimethylbenzene 95-63-6
2-Chloroaniline 95-51-2
alphalsomethylionone 127-51-5
Isobornyl Acetate 125-12-2
methyinaphtalene 90-12-0
Imethoxy4(Ipropenyl) Benzene 104-46-1
Methoxy naphtalene 93-04-9
Diphenyl ether 101-84-8
Butylated hydroxytoluene 128-37-0
Hexamethyl cyclotrisiloxane 291-50-9
Decamethyl cyclopentasiloxane 541-02-6
Octamethyl cyclotetrasiloxane 556-67-2

Sample preparation:

To prepare pellets and flakes for analysis, the sample undergoes a series of
grinding steps. Initially, flakes are subjected to knife grinding to reduce their
size. Following this, the quartering method is applied to ensure representative
sampling. Subsequently, the sample is processed through a cryogrinding step,
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consisting of two cycles of 1 minute and 30 seconds each, at a frequency of 30
Hz. This results in a fine powder with a granulometry of approximately 20 pm.
Preparation of Thermodesorption Tube: For the analysis, 2 mg of the prepared
sample is carefully introduced into a desorption tube. The sample is positioned
between two pieces of glass wool within the tube to facilitate efficient
desorption during the analysis.

| I

Thermodesorption tube with Thermodesorption tube
TENAX phase to do the with glasswood to analyse
calibration . samples (2mg powder)

, .

Figure 1l. Thermodesorption tube with sample

Equipment:
The equipment used for suspect screening analysis is a GC-MS (Agilent).
Column => RTX - 5MSX, 60 m x 320 pm ¢ x 0,5 pm

Figure 12. GC — MS (Agilent)

Analysis:
The analysis consists in a thermodesorption step followed by a GC-MS
Analysis.
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Calibration:

A calibration curve is carried out for each VOC. The calibration range is 0,05
ug/g to 25ug/g. Calibration curves are carried out with the internal standard
Naphthalene D8.

Data treatment:
Data treatment allows to give 2 types of result:

e For all molecules, data treatment provides an indication of
absence/presence.
e For some molecules, a semi-quantification is performed using

calibration curves, yielding a concentration in /g of the target species.

3.5.4. Next steps

Following the receipt of the samples, the subsequent actions involve
performing preliminary tests to confirm the validity of the protocols, after
which the analysis of the samples will be undertaken.
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4. Conclusion

This progress report highlights the critical interdependence between
upstream collection systems and downstream recycling performance in
achieving high-quality, safe recyclates. Findings from the survey and
experimental work confirm that collection method matters: home-separated
streams tend to offer higher purity and lower contamination, providing a
stronger foundation for high-end recycling applications, including food-
contact use. However, harmonisation across Member States remains limited,
particularly regarding which materials are accepted or excluded in separate
collection systems.

The technical experiments planned are meant to demonstrate that recyclate
quality is not only a function of processing technology but also of input purity,
which is directly influenced by collection and sorting practices. By simulating
mechanical recycling processes and applying rigorous testing protocols, the
project will generate critical data on material performance and safety, aligned
with the evolving regulatory landscape, notably Regulation (EU) No 2022/1616.

The insights gained through this work are instrumental in guiding both policy
and practice. They support evidence-based improvements in collection
schemes, more informed technology selection for recyclers, and clearer
pathways to regulatory compliance for recycled materials intended for food-
contact use. Ultimately, the project contributes to building a robust and
harmonised recycling system in Europe—capable of delivering high-quality
recycled plastics that support both environmental and public health goals.
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