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Introduction

The actual discussion on circular economy gi-
ves pressure to the packaging industry to recycle
their packaging polymers. Nearly all big players
andindustrial federations published their recollec-
tion and recycling goals for 2025 and beyond. PET
is the most promising packaging polymer for a
closed-loop recycling of post-consumer waste into
new packaging applications. Recycling of post-
consumer PET mineral water and soft drink bottles
were established in Europe since two decades.
However, also PET trays should be recycled or
should contain a significant amount of post-con-
sumer recyclates. At the moment, in Germany PET
trays are classified as not recyclable by the "Stif-
tung Zentrale Stelle Verpackungsregister”. This is
due to the fact that PET trays are often not sorted
out of the post-consumer packaging streams and
are not recycled into new PET products. However,
recycling of packaging waste is not only a questi-
on of circular economy, efficiencies of sorting and
recycling processes. It is also a question of food
safety and consumer protection. Ten years before
the European Commission published their circular
economy claims; the Recycling Regulation
282/2008 came into force. According to this regu-
lation, every recycling process which produces re-
cyclates for direct food contact applications from
post-consumer waste must be individually appro-
ved by the European Food Safety Authority (EFSA).
To show the consumer safety of the recycling pro-
cesses is definitively necessary, but is also a big
work package which slows down innovation pro-

cesses. On the other hand, two decades of PET re-
cycling showed no significant problems or risks in
PET closed-loop recycling. So it's time to think
about the evaluation of EFSA regarding post-con-
sumer PET in food contact.

EFSA Evaluation Criteria

The EFSA evaluation of the suitability of post-
consumer PET for food contact (or packaging poly-
mers in general) is based on three criteria:

Input concentration of post-consumer subs-
tances in recollected and washed PET flakes
Cleaning efficiency of the applied super-clean
recycling process

Exposure of the consumer towards residual
post-consumer substances depending on the
packaging application

Inthe first step, the input concentration of any
post-consumer substances is evaluated. Post-
consumer substances in recyclates include also
degradation products of the polymers or additives
during recycling steps. For post-consumer PET bot-
tle flakes, EFSA assumes a maximum concentrati-
on of 3 mg/kg. This value was determined on a sta-
tistical basis within the European "Recyclatbility”
Project [1]. In the second step EFSA is evaluating
the cleaning efficiency of the applied super-clean
recycling process. The cleaning efficiency is deter-
mined by artificial contamination of post-consu-
mer PET flakes. The contaminated flakes are sub-
sequently processed within the recycling process.
The cleaning efficiencies for each tested subs-

Table 1: Application of PET recylates (assumed 100%) and testing conditions according to EFSA [1,2]

Application of PET recyclate

PET trays (all kind of applications)
PET trays (meat)

PET trays (fruit)

PET soft drink and mineral water bottles

Conditions for migration calculation
365dat25°C[2]

365dat25°C[2]

10dat20°C[5]

10dat40°C

Real storage conditions
shelf life of 1 yearatRT
shelf life of 1 yearatRT
upto30dat6°C

upto30datRT

Target limit

0.10 pg/L (infant scenario)
0.15 pg/L (toddler)

0.15 pg/L (toddler)

0.15 pg/L (toddler)

RT = room temperature

56 | VerpackungsRundschau | 4/2019

www.verpackungsrundschau.de

Quelle:



Forum Wissenschaft
I

100
& 80 s 5318 i
i n v e
T = L N
P o \ ._ 'll ] N ——PET bottle fo bottie
-i T.\ ” ——PET bottie to tray (all food)

40 \ 1 -PET bottle to fruit trays
E ;‘: : ——PET bottie o meat trays
’E 10
0

i ;'.
AN
200

300

400 ol 600

molecular weight [gimol]

Figure 1: Minimum cleaning efficiencies of the super-clean recycling processes necessary for different applications of the post-con-

sumer recyclate (calculated for 100% recyclate content). Solid lines calculated with the AP model applied by EFSA [2,5]. Dashed lines

calculated with realistic diffusion coefficients [6].

tance can be calculated from the difference bet-
ween the concentrations before and after the recy-
cling steps. The last step in the evaluation process
is the exposure scenario for infants, toddlers and
adults. This exposure scenario towards post-con-
sumer substances is based on the food consump-
tion versus their body weight of the different
groups. Due to the fact, that also unknown post-
consumer substances might sporadically occurin
the input material of recycling processes, EFSA
takes also genotoxic substances into account. For
genotoxic substances EFSA assumes that exposu-
reto 0.0025 pg of a substance per kg body weight
per day is harmless to human health. For mineral
water applications EFSA considers that an infant
withabody weight of 5 kg drinks 0.75 L water from
a PET bottle made of 100% recyclate. This results in
a maximum migration of any post-consumer sub-
stance at the end of shelf life of 0.1 ug/L [2]. Due
to other body weight and consumption behaviours
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Abstract

Polyethylenterephthalat (PET) ist das
vielversprechendste Verpackungspolymer
fur das ,closed-loop” Recycling (geschlos-
sene Produktkreislaufe) von Altabfillen zu
neuen Verpackungen. Die von der EFSA
verdffentlichten Bewertungskriterien zur
Lebensmittelsicherheit sind unabdingbar
fir den Schutz der Verbraucher. Die Werte
sollten jedoch realistisch bleiben, um die
Wiederverwertung im Verpackungssektor
zu erleichtern.

Die Anwendung von PET-Rezyklaten mittels
von der EFSA vorgegebenen Testbedingun-

www.verpackungsrundschau.de

toddlers and adults have higher migration values
of 0.15 pg/L and 0.75 pg/L, respectively. The ac-
ceptable migration into food is calculated by the
use of diffusion modelling based on the AP model
[3]. This allows calculating the minimum cleaning
efficiencies of the recycling processes regarding
the foreseen packaging applications.

Discussion

Until now, EFSA has published around 140
opinions on recycling processes. The huge majori-
tyare on PET recycling processes for the recycling
of post-consumer PET bottles into new PET bottles
as well as PET trays for general food contact. Only
one opinion has been published on PET trays for
meatin the cold chain. One opinion has been pub-
lished on the recycling of HDPE milk bottles into
new fresh milk bottles. Even if application options
are limited, the major principle of the evaluation is
clearand can be used for the prediction of forthco-
ming applications of post-consumer recyclates.

gen haben gezeigt, dass sowohl das
Vorhandensein kritischer Substanzeniin
den Rezyklaten als auch die Migration von
"post-consumer” Substanzenin Lebens-
mittel eindeutig Giberschatzt werden. Mit
den dargestellten Ergebnissen wird fiir
eine Anpassung der EFSA-Kriterien
appelliert,um den derzeit erforderlichen
hohen Reinigungsaufwand sowie die
Einschrankungen bei der Verwendung von
PET-Flakes fur Verpackungszwecke zu
reduzieren.
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Looking into the details of the EFSA evaluation
it becomes obvious that the evaluation criteria for
post-consumer PET in bottle or tray applications
are extremely conservative and unrealistic. For ex-
ample, EFSAassumes that all post-consumer sub-
stances inthe input material of a recycling process
are genotoxic substances, which means that 1 kg
of washed post-consumer PET contains 3 mg of
genotoxic substances. However, the Recyclability
Project clearly shows that the major fraction of
post-consumer substances is a well-known flavor
compounds from soft drinks (limonene). Genoto-
xic compounds were not detected in post-consu-
mer PET flakes [2]. There might be some critical
substances in recyclates, however if any, only in
traces. Assuming that the input material of recyc-
ling processes contains no genatoxic substances
would allow Cramer Class Il with an exposure of
1.5 pg per kg body weight (b. w.) per day instead of
0.0025 pg/kg b. w./ day.

The migration prediction model used by EFSA
presents a second conservatism. Itis well known,
that the applied AP model is highly over-estimating
the migration, especially for higher molecular
weight molecules. This leads to a huge over-esti-
mation of the migration of post-consumer subs-
tances into food and vice versa into high cleaning
efficiencies for the recycling process. Realistic
prediction models have been developed in our sci-
entific team and are available in scientific literature
[4]. The described alternative prediction model is
based on experimentally determined activation
energies of diffusion and results in realistic, only
slightly over-estimative diffusion coefficients. In
order to show the influence of the prediction mo-
dels, the minimum cleaning efficiencies were cal-
culated (Figure 1). The applications and storage
conditions are given in Table 1. As a result, the
highest cleaning efficiencies must be applied for
PET bottle-to-bottle recycling. This is due to the
fact, thatinfants with only 5 kg b.w. are considered
in the exposure scenario and that the shelf life is
up to one year. Recycling of PET bottles to produce
fruit or meat trays results in much lower minimum
cleaning efficiencies due to shorter shelf-life and a
lower specific producttemperature. The calculated
minimum cleaning efficiencies calculated on the
basis of realistic diffusion coefficients are shown
in Figure 1 (dashed lines). It shows a much stron-
ger decline of the necessary cleaning efficiencies
as found for the AP model (solid lines] for the high-
er molecular weight compounds. Recyclate appli-
cations in meat and fruit trays do not need super-
cleaning of the recyclates up to molecular weights
of about 200 g/mol, even under the assumption

thatthe whole input of post-consumer substances
are genotoxic compounds.

Conclusions

EFSAis applying extremely conservative eva-
luation criteria for recycled PET in bottles and trays
because (i) a highly over-estimation prediction
model to calculate the migration is applied and (ii)
itis assumed that the whole amount of post-con-
sumer substances are genotoxic compounds.
Both assumptions are conservative, but both to-
getherlimit the use of post-consumer PET recycla-
tes into new packaging or make the approval pro-
cess expensive. Assuming a realistic percentage
of approx. 2.7% of the post-consumer substances
(0.08 mg/kg instead of 3 mg/kg] are genotoxic
compounds makes a super-cleaning recycling
process superfluous for all applications in Table 1.
On the other hand, assuming the whole amount of
post-consumer substances of 3 mg/kg as genoto-
xic compounds in the input material, but goingto a
realistic prediction model leads to significantly lo-
wer minimum cleaning efficiencies. Volatile post-
consumer substances below 250 g/mol are alrea-
dy efficiently removed from the polymer during re-
cycling. Especially fruit or meat tray applications
with short shelf life or low storage temperatures
are uncritical applications for post-consumer PET
recyclates. Consumer protection and food safety
ismostimportantin packaging recycling, butunre-
alistic assumptions in compliance evaluation
could hinder several essential approaches in
closed-loop packaging recycling. W
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