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1. Introduction
Flame retardants (FRs) constitute 13% of global plastic additive production, ranking third by total volume®2. Halogenated flame retardants
(HFRs) account for approximately 36% of the total FR demand. Due to their toxicity and persistence, seven HFR types have been classified
as Persistent Organic Pollutants (POPs) under the Stockholm Convention, mandating their phase-out.
Engineering plastic, which are used in the building and construction (B&C) sector and which can have an average service live of ~40
years34, frequently contain FRs. According to literature data, B&C plastics consume ca. 31% of BFRs and a. 40% of CFRs>®. Therefore, most
of POP-FRs used in the past 50 years in the B&C sector is likely still in stock. In the absence of halogen-selective sorting techniques for
end-of-life B&C plastic streams’, POP-contaminated materials may enter recycling streams, particularly as the B&C sector is the largest
consumer of plastic recyclates8. Pipes and ducts are of particular interest due to service lives exceeding 100 years® and an annual use of
approximately 340 kt of recyclates in Europel9, effectively accounting for 5% of overall plastic recyclate consumption across all sectors.
Additionally, pipes and ducts are collected separately and recycled in most of Europe and might therefore close an undesirable material
cycle. We therefore screened B&C plastics in Austria, including 150 pipes and 140 ducts, using handheld X-ray fluorescence (h-XRF)11,
Bromine was detected in up to 24% of the samples, while no chlorine was found. Using GC-MS, POP-BFRs were found at levels that did
not allow for a clear differentiation between intentional use and recycling-based cross-contamination. Therefore, we decided to extend
our work and collect more sampling materials. Switzerland was selected as additional sampling location because plastic recyclates are
employed in considerably smaller quantities as compared to the rest of Europe and are derived exclusively from packaging waste.
Consequently, the risk of cross-contamination can be considered negligible.
Atotal of 879 kg of pipe and duct materials was collected from mixed construction and demolition waste in Zurich, Switzerland, to examine
whether BFRs had been intentionally incorporated into plastic pipes and ducts. Most of the sampled materials are >20 years old, in which
no bromine was detected. However, around 27% of the sampled materials showed elevated chlorine levels (>2 wt%) together with a high
antimony content (>0.4 wt%). Flame-retardancy testing confirmed the presence of CFRs, for which no previous evidence in pipes or ducts
has been reported. Therefore, this study aimed to (1) improve understanding of the European pipe and duct market through stakeholder
interviews, and (2) analyse samples by handheld X-Ray Fluorescence spectrometer for halogens and synergists (Sb, Mo), to develop a

decision framework for identifying specific CFR groups.

2. Materials and methods
Sample collection and preparation
A total of 879 kg of pipe and duct waste (fraction A) was collected from a treatment facility in the canton of Zurich, Switzerland, between
March and May 2024. The material was coarsely shredded (=14 mm) and cleared of ferrous and non-ferrous components using magnetic
and eddy-current separation (Steinert MTP 40S and Eddy C Fines 4T).
Arepresentative 5 kg subsample (fraction B) was then subjected to density separation in water, yielding 4.1 kg (82%) of floating polyolefin-
rich material. Polymer identification was performed using near-infrared sorting (Unisort Black Eye, Steinert), after which a 1.2 kg
subsample (fraction C) was taken for further analysis. Flame-retardancy was assessed in accordance with DIN EN ISO 11925-2. The floating
fraction was manually sorted into distinct colour groups, representing different applications.
XRF Analysis
For the sample preparation prior to analysis, fraction C was ground using an ultra-centrifugal mill (Retsch ZM 200) with successive sieves

of 3.0, 1.5, 1.0, 0.5 and 0.2 mm. By h-XRF, three randomly selected coarse particles from each colour-separated subsample were analysed,



while finely ground subsamples were measured eight times in both plastics and soil modes for 120s (Thermo Scientific Niton XL3t Gold).
The “Plastics mode” enabled to detect the total chlorine, bromine and antimony content, whereas chlorine, antimony and phosphorous
are detectable using the so-called “Soil mode”. It is noted that, as the sample matrix is plastic, matrix effects may occur through
absorption and enhancement, whereby co-occurring elements suppress or amplify analyte signals depending on sample composition.

These effects must be addressed to ensure accurate results.

3. Results and Discussion
Figure 1 illustrates the workflow, including the fractions assigned to the highlighted separation processes, and shows that ca. 26% of the
samples contained FRs. All numbers relate to percentage of total mass sampled (879kg). The polyolefin fraction was dominated by PE

(95.4%), with PP accounting for 4.6%.
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Figure 1: Material flow diagram of pipe and duct samples in Switzerland, expressed as percentages of the total sampled mass (879 kg).
Chlorine was detected in high concentrations (>2 wt%) in all samples tested positive for flame retardancy along with high antimony
concentrations (>0.4wt%) indicating the presence of chlorinated flame retardants. The presence of these substances correlates with the
colour group and application type and is particularly associated with pipes and ducts used for electrical work (grey, green, red). Because
there is only a limited number of CFRs registered under ECHA?, it is likely that these CFRs relate to POPs. Further analysis is needed to

determine which chemical compounds are present in the sampled materials. Detailed results will be presented at the conference.

4. Conclusion
Material cycles in plastic pipes and ducts exemplify the European Union’s circular economy, with approximately 5% of plastic recyclates
used in these applications. Our previous work identified BFR-POPs in PP pipes?3, while the present study provides strong evidence for CFR-
POPs in the historical stock of Swiss PE pipes. An interview with TEPPFA (The European Pipes and Fittings Association) indicated that
polyolefin pipes are largely produced from imported, ready-made compounds, leaving manufacturers without detailed information on
added FRs. For Austria, these compounds were found to originate predominantly from a single supplier, whereas comparable information
was unavailable for Switzerland. Identifying compound producers that added POP-FRs and the countries to which such materials were
exported to, is therefore key to assessing the extent of POP-FR contamination in European pipes and ducts stocks. Currently, the mixed
PE Waste in Switzerland is not recycled, and halogen-specific sorting techniques would be essential to generate pure and halogen-free

recycling material streams and, consequently, to increase recycling rates in the sense of a functioning circular economy.
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