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General comments and answers to specific information requests

Specific information requests:

1. Sectors and (sub-)uses: Please specify the sectors and (sub-)uses to which your comment applies according to the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9). If your comment applies to several sectors and (sub-)uses, please make sure to specify all of them.

2. Emissions in the end-of-life phase: The environmental impact assessment does not cover emissions resulting from the end-of-life phase. To get a better understanding of the extent of the resulting underestimation, (sub-)use-specific information is requested on emissions across the different stages of the lifecycle of products, i.e. the manufacture phase, the use phase and the end-of-life phase. Please provide justifications for the representativeness of the provided information. In particular:
a. Please provide, at the (sub-)use level, an indication of the share of emissions (as percentages) attributable to these three different stages. An indication of annual emission volumes in the end-of-life phase at sector or sub-sector level would also be appreciated.
b. If possible, please provide for each (sub-)use what share of the waste (as percentages) is treated through incineration, landfilling and recycling. Please provide information to justify the estimates as well as information on the form of recycling referred to.

3. Emissions in the end-of-life phase: With respect to waste management options, additional information is requested on the effectiveness of incineration under normal operational conditions (for different waste types, e.g. hazardous, municipal) with respect to the destruction of PFAS and the prevention of PFAS emissions.

4. Impacts on the recycling industry: To get an understanding of the impacts of the proposed restriction on the recycling industry, information is requested on:
a. The impacts that the concentration limits proposed in paragraph 2 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) have on the technical and economic feasibility of recycling processes (together with a clear indication on the waste streams to which the described impacts relate).
b. The measures that recyclers would need to take to achieve the proposed concentration limits.
c. The costs associated with these measures.

5. Proposed derogations – Tonnage and emissions: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) include several proposed derogations. For these proposed derogations, information is requested on the tonnage of PFAS used per year and the resulting emissions to the environment for the relevant use. Please provide justifications for the representativeness of the provided information.

6. Missing uses – Analysis of alternatives and socio-economic analysis: Several PFAS uses have not been covered in detail in the Annex XV restriction report (see uses highlighted in blue and orange in Table A.1 of Annex A of the Annex XV restriction report). In addition, some relevant uses may not have been identified yet. For such uses, specific information is requested on alternatives and socio-economic impacts, covering the following elements:
a. The annual tonnage and emissions (at sub-sector level) and type of PFAS associated with the relevant use.
b. The key functionalities provided by PFAS for the relevant use.
c. The number of companies in the sector estimated to be affected by the restriction.
d. The availability, technical and economic feasibility, hazards and risks of alternatives for the relevant use, including information on the extent (in terms of market shares) to which alternative-based products are already offered on the EU market and whether any shortages in the supply of relevant alternatives are expected.
e. For cases in which alternatives are not yet available, information on the status of R&D processes for finding suitable alternatives, including the extent of R&D initiatives in terms of time and/or financial investments, the likelihood of successful completion, the time expected to be required for substitution (including any relevant certification or regulatory approvals) and the major challenges encountered with alternatives which were considered but subsequently disregarded.
f. For cases in which substitution is technically and economically feasible but more time is required to substitute:
i. the type and magnitude of costs (at company level and, if available, at sector level) associated with substitution (e.g. costs for new equipment or changes in operating costs);
ii. the time required for completing the substitution process (including any relevant certification or regulatory approvals);
iii. information on possible differences in functionality and the consequences for downstream users and consumers (e.g. estimations of expected early replacement needs or expected additional energy consumption);
iv. information on the benefits for alternative providers.
g. For cases in which substitution is not technically or economically feasible, information on what the socio-economic impacts would be for companies, consumers, and other affected actors. If available, please provide the annual value of EU sales and profits of the relevant sector, and employment numbers for the sector.

7. Potential derogations marked for reconsideration – Analysis of alternatives and socio-economic analysis: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) include several potential derogations for reconsideration after the consultation (in [square brackets]). These are uses of PFAS where the evidence underlying the assessment of the substitution potential was weak. The substitution potential is determined on the basis of i) whether technically and economically feasible alternatives have already been identified or alternative-based products are available on the market at the assumed entry into force of the proposed restriction, ii) whether known alternatives can be implemented before the transition period ends (taking into account time requirements for substitution and certification or regulatory approval), and iii) whether known alternatives are available in sufficient quantities on the market at the assumed entry into force to allow affected companies to substitute.

A summary of the available evidence as well as the key aspects based on which a derogation is potentially warranted are presented in Table 8 in the Annex XV restriction report, with further details being provided in the respective sections in Annex E.

To strengthen the justifications for a derogation for these uses, additional specific information is requested on alternatives and socio-economic impacts covering the elements described in points a) to g) in question 6 above.

8. Other identified uses – Analysis of alternatives and socio-economic analysis: Table 8 in the Annex XV restriction report provides a summary of the identified sectors and (sub-)uses of PFAS, their alternatives and the costs expected from a ban of PFAS. More details on the available evidence are provided in the respective sections in Annex E.

For many of the (sub-)uses, the information on alternatives and socio-economic impacts was generic and mainly qualitative. In particular, evidence on alternatives was inconclusive for some applications falling under the following (sub-)uses: technical textiles, electronics, the energy sector, PTFE thread sealing tape, non-polymeric PFAS processing aids for production of acrylic foam tape, window film manufacturing, and lubricants not used under harsh conditions.

More information is needed on alternatives and socio-economic impacts to conclude on substitution potential, proportionality, and the need for specific time-limited derogations. Therefore, specific information (if not already included in the Annex XV restriction report or covered in the questions above) is requested on alternatives and socio-economic impacts covering the elements listed in points a) to g) in question 6 above.

9. Degradation potential of specific PFAS sub-groups: A few specific PFAS sub-groups are excluded from the scope of the restriction proposal because of a combination of key structural elements for which it can be expected that they will ultimately mineralize in the environment. RAC would appreciate to receive any further information that may be available regarding the potential degradation pathways, kinetics or produced metabolites in relevant environmental conditions and compartments for trifluoromethoxy, trifluoromethylamino- and difluoromethanedioxy-derivatives.

10. Analytical methods: Annex E of the Annex XV restriction report contains an assessment of the availability of analytical methods for PFAS. Analytical methods are rapidly evolving. Please provide any new or additional information on new developments in analytics not yet considered in the Annex XV restriction report.
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	General Comments:
Sansho Shoji Co., Ltd. is a trading company in Japan. We appreciate the opportunity to submit comments about the proposed restriction. We handle PTFE membranes, and our main customers are EDLC manufacturers and alkaline ionized water apparatus manufacturers in Asia. The amount of PTFE we sell is about 0.5 tons per month, and it accounts for not small percentages of our whole sales.
Our customers have tested several materials to find alternatives to PTFE membranes but proved that none of them are really useful. Besids, the PTFE membrane manufacturer, has no clue about the alternatives. Considering the current situation, we believe that 5 or 16 years is too short to develop alternatives for PTFE membranes. At this point, no other material than PTFE membrane can fulfill our customers' requirements, which means our customers' products would not work without PTFE membrane, and it would cause serious economic damage for us and our stakeholders.


	
	
	Answer to specific info request 1:
food contact materials and  medical devices, and electronics
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	General Comments:
The Swedish Defence Industry Association (SOFF) represents 200 defense companies of various sizes. We've observed that the dossier submitters have not taken into account the utilization of aeronautic, space, security, and defense (collectively referred to as aerospace and defense) sectors. The proposed restriction option 2 (RO2) has been developed without considering the unique characteristics of our sector. The current proposed restriction would have severe consequences as it would halt aviation, space, and defense activities, including production, imports, and maintenance, just 18 months after its implementation.
In our comments, we emphasize the necessity of incorporating the specific needs of our sector in the proposed restriction options by the dossier submitters. Aerospace and defense products encompass both civilian and military aeronautics (comprising various aircraft and associated ground equipment), a range of security and defense products (including naval vessels, armored vehicles, weapon systems, and munitions), and space equipment such as satellites, launchers, and communication systems. These products share the common requirement of operating under extreme conditions and adhering to stringent safety and reliability standards.
Formal quality management systems, like AS9100, are in place to ensure compliance with these standards throughout the manufacturing, operation, and maintenance (Maintenance, Repair, and Overhaul or MRO) processes. Any changes to product design are subject to rigorous formal change management procedures. MRO activities must use parts and components manufactured according to the approved design.
Regarding the use of PFAS chemicals in aerospace and defense products, we address this in our response to Q6. PFAS chemicals play an integral role in the production, operation, and MRO of these products. We provide 20 illustrative case studies, each outlining the application, the role of PFAS chemicals in performance, the availability of alternatives, and the impact of the proposed restriction on the application. Notably, fluoropolymers, used widely as seals, sealants, gaskets, lubricants, bearings, and more across these products, lack immediate drop-in alternatives due to stringent performance requirements. Substitution timelines depend on the identification, commercialization, and industrialization of new alternatives, which may take years.
We emphasize that the scale of substitution required is unprecedented, affecting thousands of parts, components, systems, etc., essential for production, operation, and MRO across aerospace and defense products. The economic impact extends beyond manufacturing jobs, potentially leading to the cessation of civilian aircraft production in the EEA, outsourcing of scheduled maintenance, and dependence on aging fleets. Defense forces would face critical challenges, including an inability to maintain existing products, procure new ones, or replenish weapon stocks, jeopardizing Europe's sovereignty.
Due to these reasons, we request that the dossier submitters modify their restriction proposal to explicitly consider our sector and its unique requirements. We ask them to take into account:
• Formal quality management systems, particularly stringent certification processes (e.g., AS9100 and NATO standards).
• The absence of suitable alternatives meeting safety and reliability standards.
• The lengthy substitution process.
• The extensive R&D activities needed.
• The complexity of products manufactured from numerous parts via global supply chains.
• Interdependencies across products.
• The need for adequate derogation coverage.
• The inadequacy of a 12-year derogation period.
• The necessity of a review clause.
• The prevalence of fluoropolymers in aerospace and defense products.
• The reporting requirements and administrative burden.
Specifically, we propose:
• Excluding fluoropolymers from the restriction.
• Implementing a sector derogation for non-polymeric PFAS chemicals.
• Exempting PFAS chemicals used for MRO.
• Providing a time-unlimited derogation for specific PFAS chemicals used in fire suppression systems.
Our sector's reliance on materials from various industries necessitates these measures to prevent widespread obsolescence and supply chain disruptions.
We argue that a blanket ban on fluoropolymers is disproportionate given the focus on conditions of use and risk management at manufacturing sites and end-of-life, not their inherent properties. There are more proportionate risk management options available, such as specific obligations under the Industrial Emissions Directive.
A blanket ban on PFAS chemicals carries significant implications for the European Defence Technological and Industrial Base (EDTIB). This ban has the potential to undermine the EDTIB's capacity to manufacture and maintain critical defense materials and capabilities. Several EU Member States, including Sweden, as well as NATO allies and the EU itself, have placed orders and rely on the EDTIB to develop, produce, and deliver these essential defense assets.
The EDTIB is currently grappling with unprecedented challenges in its supply chain and production processes. These challenges are particularly pressing as the EDTIB is actively working to provide critical equipment and materials to support Ukraine in its defense against Russia and to replenish depleted stocks. A PFAS ban would impede the EDTIB's ability to meet these demands, thereby placing the security of EU Member States and the EU itself at risk.
Furthermore, the adoption of a PFAS restriction in line with ECHA's recommendations could potentially lead to an increase in the import of defense material and equipment from third countries with lower environmental and health standards. Additionally, such a restriction may hinder the development of new European technologies and capabilities. This would put the EDTIB and EU Member States at a disadvantage when competing in the global market. These challenges are especially concerning at a time when the EU is actively seeking to reduce its reliance on third countries, promote innovation, enhance competitiveness, and foster economic growth.
Fluoropolymers possess unique properties ideal for high-performance applications with stringent safety and reliability requirements. Banning them compromises safety standards in aerospace and defense, as well as other industries.
Regarding fire suppression, PFAS chemicals are essential alternatives to Halon, particularly in aircraft. A time-unlimited derogation is requested to maintain ongoing activities without disruptions.
Lastly, we point out that reporting requirements, especially for ppb levels in articles, are impractical for aerospace and defense products, as they would necessitate testing thousands of components, which is not feasible given the current state of testing methods.
In summary, we seek an inclusive and tailored approach that considers the specific needs and challenges of the aerospace and defense sector in any restriction proposal involving PFAS chemicals.

	
	
	Answer to specific info request 1:
The dossier in Table 9 did not encompass the usage within the aerospace and defense sector adequately. The listed applications fail to comprehensively consider the distinctive needs and requirements of aerospace and defense applications concerning safety and reliability. SOFF, therefore, urges the inclusion of aerospace and defense as a distinct sector, with specific attention given to their use of PFAS chemicals within the restriction dossier. The aerospace and defense sector comprises various end-products, including: • Commercial aircraft for passenger and cargo transportation, encompassing fixed-wing aircraft and helicopters. • Military aircraft, ranging from fast jets to training aircraft, large transports, and helicopters. • Naval vessels, such as surface ships (including aircraft carriers) and submarines. • Land vehicles, including tanks, armored vehicles, communication vehicles, weapons launchers, and military personnel and munitions transport vehicles. • Weapons, munitions, and ammunition. • Space launchers, satellites, and associated ground-based support equipment. • Other defense and security systems, such as radars, communication systems, cameras, Command & Control systems, protection, and surveillance systems. Further details on the aeronautics, defense, and space sub-sectors are provided below: Aeronautics: Aeronautics products encompass fixed-wing and helicopter aircraft, involving various technologies for wing controls, propulsion, communications, flight controls, cabin equipment, fuel systems, hydraulics, oil systems, and electrical systems. It also includes ground equipment, such as air traffic control and maintenance/inspection equipment. The stringent safety and reliability requirements in this sector subject the production, operation, and MRO of products to regulatory and industry standard controls. Defense & Security: This category encompasses military aeronautics and various other capabilities vital for national and European defense and security. It includes ships, submarines, munitions, land vehicles (tanks, artillery, armored personnel carriers), air defense systems, military aircraft, as well as ground platforms for surveillance, communication, critical infrastructure protection, and ground support equipment and maintenance/inspection equipment. Due to its sensitive nature, this sector operates under strict data security controls, especially concerning technology and materials. These controls are formalized through technology export controls and security classification, preventing information disclosure except under highly regulated conditions. This consultation response, therefore, cannot disclose sensitive details of PFAS uses in military products or their operation unless these technologies overlap with non-military applications. SOFF underscores that a case-by-case defense exemption mechanism, as defined in REACH Article 2(3) for each Member State, would not be practical for a restriction of this scope, as it would necessitate thousands of exemptions in each member state. Defense exemptions also pose limitations for applications with dual uses, such as shared supply chains with non-defense-related aeronautics, and cross-border supply. Space: The EEA boasts a robust space industry involved in satellite manufacturing, launch services, and space technology development. The space sector holds strategic importance for the EEA in terms of technological independence, supporting public policies, all economic sectors, and Europe's autonomous access to space.  PFAS chemicals play a fundamental role in the production, operation, and maintenance of aerospace and defense products, including the manufacture of component parts, sub-assemblies, and formulations within the aerospace and defense supply chains. Their unique properties render them well-suited for applications operating in harsh or extreme conditions with stringent requirements for reliability, performance, and safety over extended service lives. Comprehensive details regarding the widespread uses of PFAS chemicals within the aerospace and defense sector are provided in our response below.

	
	
	Answer to specific info request 2:
Timeframe Concerns: SOFF expresses profound concerns regarding the proposed transition period and the absence of derogations for our intricate products and production equipment. Substituting PFAS compounds in our sector presents exceptional complexities, primarily driven by the imperative to employ certified and qualified materials to ensure the safety and reliability of products during their operational phase.  Considering the extensive and diverse applications of PFAS across thousands of articles within our society, with ongoing data collection efforts, it is imperative to allocate sufficient time for the qualification of PFAS-free alternatives. The vast number of PFAS-containing articles and materials that necessitate replacement, coupled with stringent qualification and certification requisites, demands an extended timeframe. This applies not only to older product designs but also to ongoing design and production projects.  The combination of the absence of derogations, the proposed transition periods, and the intricate verification and certification procedures specific to our sector creates an untenable situation where compliance with the draft regulatory text, if adopted as proposed, becomes nearly impossible.  Importance of Differentiated Consideration: In light of the crucial role PFAS play in our industry, it is imperative that their usage remains permissible as long as their associated risks can be effectively managed, or in instances where suitable alternatives are not readily accessible. Consequently, any legislation aimed at restricting substances should not be implemented without a differentiated assessment of their uses and the resultant implications.  SOFF advocates for a differentiated regulatory approach that aligns with Article 68(1) of REACH, focusing on risk-based considerations, and Article 69 of REACH, which is substance-based. Such an approach would enable a more nuanced and balanced approach to the regulation of PFAS compounds, taking into account their diverse applications and the complexities associated with their substitution.

	
	
	Answer to specific info request 6:
The dossier submitters have overlooked the aerospace and defence sector, and the current restriction proposal inadequately addresses the uses within this sector. While some aerospace and defence uses might fall under proposed or potential derogations, the scope and duration of these derogations are deemed insufficient. Many aerospace and defence applications remain uncovered by any proposed or potential derogations. Therefore, we have provided insights into our sector's wide-ranging applications, along with information on alternative availability and socio-economic impacts, in the attached document. A summary of the key points is presented below.  PFAS chemicals play an extensive role in the production, operation, and maintenance of aerospace and defence products (refer to Table 1). Among PFAS types, fluoropolymers are the most commonly used, serving as parts (e.g., seals, cables, hoses), surface treatments (e.g., paints, coatings, sealants), and components of mixtures (e.g., lubricants). Our assessment of derogations reveals that there is limited coverage for the vast majority of aerospace and defence applications. Consequently, it becomes evident that the non-use scenario's impacts, as stipulated in the current draft, would become apparent as early as 18 months after implementation, given that roughly half of our reported application areas lack coverage under proposed or potential derogations.  We emphasize that the defence sector presents unique characteristics that warrant the dossier submitters' consideration. These include stringent safety and reliability requirements, the exceptionally high performance standards demanded of parts, components, systems, etc., due to harsh operational conditions, and the qualification and certification prerequisites in place to ensure safety and performance throughout a product's service life. Aerospace and defence products are also highly complex, consisting of numerous parts, components, sub-systems, and systems. A single major platform, such as an aircraft or ship, can comprise millions of parts, many of which are intricate assemblies (e.g., engines, landing gear, brake systems, fuel systems). These products boast extended service lives, necessitating the availability of spare parts consistent with the original design for decades. These sector-specific attributes render regulatory mandates for chemical substitution exceedingly challenging. In this context, the requirement to replace PFAS-containing materials would impact thousands of parts, components, formulations, and materials across diverse aerospace and defence products. Presently, there are no alternatives available that meet the stringent performance criteria demanded by these products. The list of potential alternatives presented in the restriction report (Annex E) is unsuitable for our sector, as the dossier submitters did not consider the specificities of our industry in their alternatives assessment. For example, the section outlining alternatives for the "transportation" sector does not account for varying performance requirements. Innovating new chemicals, formulations, and materials is necessary, followed by a lengthy qualification and certification process to ensure safety and reliability. For existing products, introducing new materials necessitates product redesign and recertification. To illustrate, in the case of a gas turbine engine, hundreds of PFAS-containing components would need replacement, requiring an alternative for each component before launching the recertification process for the redesigned engine. Adding to the challenge is the uncertainty surrounding R&D programs' ability to identify suitable alternatives, particularly for fluoropolymers, which are currently the sole materials possessing the requisite properties for aerospace and defence applications. It is improbable that a one-to-one alternative can be found for all current uses of PTFE, for instance. Considering the diversity of aerospace and defence products, it is crucial to recognize that the scale of the substitution requirement is unparalleled in our sector. Estimates suggest that a smaller short-haul commercial aircraft may contain approximately 400,000 - 500,000 PFAS-containing components (primarily fluoropolymers), while larger aircraft could have in excess of one million such components.  Regarding RO2, which entails a ban on all PFAS chemicals with time-limited derogations for specific sectors/applications, the impact hinges on the adequacy of derogations covering PFAS uses required for the production, operation, and MRO of aerospace and defence products. If derogation coverage is incomplete or derogation periods are misaligned, the impact can be as severe as RO1. Our use and derogation mapping demonstrates that the coverage is incomplete, and the derogation periods, when provided, are insufficient for our sector.  To shed light on the wider economic consequences of non-use scenarios, we refer to recent authorization applications submitted for continued use of a limited number of hexavalent chromium compounds in specific surface treatments of parts/components/systems/products by the aerospace and defence sector. This assessment provides an illustrative understanding of the economic ramifications of non-use scenarios (see Table 13 of the ASD response). Given the number of chemicals within scope and their pervasive use in aerospace and defence product production, operation, and MRO, the impact of RO2 would be catastrophic. RO2 would halt the production of new products, disrupt MRO of existing products, impede the import of products, components, and parts, and result in far-reaching economic consequences beyond job loss. For instance, considering civilian aviation, aircraft could operate within the EEA but could neither be produced, serviced, nor imported in the EEA. Similarly, in terms of national security, existing defence products (aircraft, naval vessels, land vehicles, munitions, weapons) could operate but not be serviced due to a lack of spare parts. Once existing stocks are depleted, replenishment would be impossible. New products/parts could neither be produced nor imported within the EEA, rendering defence forces unable to address security threats. It is implausible for these non-use scenarios to become a reality.  Based on our assessment, it is evident that the scale of the substitution requirement, coupled with the unique characteristics of our sector, has not been duly considered by the dossier submitters. Their proposed RO2 does not encompass our sector and is therefore incomplete. Consequently, we urge the dossier submitters to revise their proposal to include our sector and take into account our considerations and requests as outlined in our general comments.
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<redacted>
	General Comments:
I have no general comments, only answers for Specific Information Requests

	
	
	Answer to specific info request 1:
Fluoropolymers and fluororubbers are contained in many plant components in the plants we operate for energy generation and disposal (energy and waste management). PFASs are contained in particular in mechanical seals, pipe and equipment seals, and stuffing box packings. They are thus used in a wide range of equipment and machinery such as valves, pumps, agitators, pipes and containers. PFASs are also used as lubricants and components of corrosion protection systems or for internal coatings. Furthermore, fluoropolymers are also used in refrigerants in the systems we operate for building air conditioning and process cooling.

	
	
	Answer to specific info request 2:
We ensure that in normal operation PFAS is not released into the environment from the disposal and energy supply facilities we operate. Waste and waste water are of course disposed of in accordance with the relevant regulations. At the end of their service life, the plants are disposed of in accordance with the state of the art and recycled as far as possible. This also applies to the refrigerants used. Waste containing PFAS, such as sealed gaskets or cables that need to be replaced, is also recycled or disposed of properly. As a rule, this waste can be safely disposed of in our own incineration plants, which are operated according to the state of the art. Of course, the waste of all companies located in Industriepark Höchst can also be disposed of there.

	
	
	Answer to specific info request 3:
A recent study involving, among others, the Institute for Technical Chemistry (ITC) at Karlsruhe Institute of Technology (KIT) and Pro-K confirms that fluoropolymers do not produce measurable PFAS emissions at the end of their life when incinerated in representative European incinerators (as our own residual waste plant) and under representative conditions and therefore do not pose a risk to human health and the environment. This demonstrates that no relevant emissions are produced in the end-of-life phase when incinerated properly. Study The study "Pilot-Scale Fluoropolymer Incineration Study: Thermal Treatment of a Mixture of Fluoropolymers under Representative European Municipal Waste Combustor Conditions" is attached under "SECTION IV. Non-confidential attachment".

	
	
	Answer to specific info request 4:
Recycling plants are already in operation for the recycling of PFAS.  Our company is aware of a recycling plant operated by the company Dyneon in Gendorf, which was developed by the research institute InVerTec (University of Bayreuth) together with the Dyneon as part of a project funded by the Deutsche Bundesstiftung Umwelt (German Federal Foundation for the Environment) to process PFAS by means of a depolymerisation process.  On 26 March 2015, Dyneon GmbH opened this world's first fluoropolymer upcycling plant together with the cooperation partners Deutsche Bundesstiftung Umwelt, the University of Bayreuth and the Research Institute for Innovative Process Engineering (Invertec) in Burgkirchen. The plant is the world's first fluoropolymer upcycling plant that uses a chemical recycling process to turn old products into new ones without compromising on quality. The plant can process up to 500 t of fluoropolymer waste annually. This plant thus makes a relevant contribution to the realisation of a circular economy for fluoropolymers. (https://www.invertec-ev.de/projekte/umwelt-ressourcen-schonung/ptfe-recycling/).  The process used in the plant enables significant CO2 savings in fluoropolymer production and is the first example of a true circular economy for fluoropolymers. The process was developed with funding from the BDU, the German Federal Environmental Foundation, and the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety.  In the meantime, Dyneon plans to phase out the production of PFAS and thus also decommission this plant. This means for the Chemical Park Gendorf that with the shutdown of this plant and all subsequent productions, about 1000 jobs will be lost. (https://www.chemietechnik.de/markt/dyneon-bleibt-die-pfas-produktion-in-gendorf-doch-erhalten-594.html)  Finally, on the subject of recycling, we would like to refer to the article "Strategies for Closing the Material Cycles in the Recycling of Fluoropolymers" from "Wiley Online Library": https://doi.org/10.1002/cite.202300039). See also Non-Confidential Attachment. The article shows different processes for recycling fluoropolymers and describes their possible application to close the fluorine cycle by mechanical, chemical or raw material recycling.

	
	
	Answer to specific info request 6:
PFAS compounds are ingredients of various components or equipment in the plants we operate. Not all uses relevant to us are described in Annex XV of the Restriction Report. Therefore, we would like to present here the other relevant applications of components with PFAS in our view and finally the socio-economic effects of a ban.  For the following components or materials relevant to us, we do not recognise any classification in Annex XV: Seals mechanical bearings and sliding bushes linings of pipelines and vessels Hydraulic and other hoses Paints for surface treatment of metallic objects e.g. as corrosion coating Insulation of power cables Transformers These components require special properties such as high abrasion resistance, chemical resistance, sliding properties or temperature resistance and others. The requirements that the currently used components meet are a prerequisite for safe operation in many of the components we use, such as engines, generators, turbines, filters, pumps, compressors and apparatus such as valves or flaps, and are therefore indispensable.  We started testing alternative components that do not contain PFAS at an early stage. For some of the components used, alternative materials such as ceramics or UHMW-PE are already available. However, for many applications, such as seals containing PTFE, there is no comparable alternative available today or in the foreseeable future. Therefore, we cannot operate our plants without these components or materials in an estimated period of at least 10 years. Alternatives to PFAS are also considered in the following report: https://www.k-zeitung.de/pfas-diskussion-alternativen-zu-ptfe The planned ban on the use of PFAS would mean that we would no longer be able to operate our facilities for the supply and disposal of Industriepark Höchst. We are endeavouring to examine and use alternatives to PFAS, but do not see any substitute solutions to meet our requirements in the foreseeable future. Shutting down our plants would have far-reaching consequences for our customers in Industriepark Höchst, who produce vital medicines or chemicals, for example. In "SECTION IV. Non-confidential attachment" we have attached a table with the PFAS-containing components and alternatives we have considered and their properties relevant to us. In "SECTION V. Confidential attachment" we have attached a table with the socio-economic impacts considered.

	
	
	Answer to specific info request 7:
As new technoloiges will come, we should reconsider the usage of alternatives in about 15 Years. We estimate that it will take at least 15 years for modern hydrogen technology to do away with PFAS.

	
	
	Answer to specific info request 8:
In "SECTION IV. Non-confidential attachment" we have attached a table with the PFAS-containing components and alternatives we have considered and their properties relevant to us. In "SECTION V. Confidential attachment" we have attached a table with the socio-economic impacts considered. In addition to our consideration, we would like to refer to the following article : https://www.k-zeitung.de/pfas-diskussion-alternativen-zu-ptfe
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	General Comments:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 1:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 2:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 3:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 4:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 5:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 6:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 7:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 8:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 9:
Please have a look to the enclosed confidential pdf

	
	
	Answer to specific info request 10:
Please have a look to the enclosed confidential pdf
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Privacy statement:
Given the technology is still being developed, for competitive and confidentiality reasons, we are currently unable to publicly disclose certain information, as this would undermine our commercial interests. We have therefore attached all the requested information in the confidential attachment. Where possible, we have provided information in the non-confidential sections.
	General Comments:
[Non-confidential response – please review confidential attachment for more details]

Our organization, a leader in mitigation and capture of harmful CO2 emissions using high performance membrane systems, welcomes the European Union's proposal for regulating PFAS-containing materials. We recognize the imperative need for comprehensive regulation in the interest of public health and environmental well-being.

While it is crucial to address and regulate certain PFAS compounds due to their well-documented environmental and health concerns, it is equally important to recognize that not all PFAS materials are created equal. Fluoropolymers have uniquely beneficial properties for CO2 capture and mitigation and have minimal impact on health and the environment. Therefore, these materials merit a separate classification within regulatory efforts when used for critical applications that support the European Union’s decarbonization goals.

In this response, we make the case that the use of fluoropolymers for use in high performance membranes for CO2 mitigation should receive a time-unlimited derogation.

Given the technology is still being developed, for competitive and confidentiality reasons, we are currently unable to publicly disclose certain information. We have therefore attached all the requested information in the confidential attachment. Where possible, we have provided information in the non-confidential sections.

	
	
	Answer to specific info request 1:
None of the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9) align well with the proposed applications, we therefore seek the creation of a new sector and (sub-)use category.  The closest sectors and (sub-)uses currently listed are: ● “Textile, upholstery, leather, apparel and carpets (TULAC)”, which includes “technical textiles”, which itself includes “high performance membranes”. However, the description of “high performance membranes” has too many qualifiers: "textiles for the use in filtration and separation media used in high performance air and liquid applications in industrial or professional settings that require a combination of water- and oil repellence". This definition therefore does not align well with the proposed applications. ● “Petroleum and mining”, which includes "fluoropolymer applications". However the examples given for fluoropolymer applications do not include membranes. Additionally, whilst membranes can be used in petroleum and mining applications, they can also be used in numerous other industries.  We therefore propose the creation of the following sub-use: “Fluoropolymers for use in high performance membranes for CO2 mitigation”. We propose that this sub-use be applicable to a broad sector called “heavy industry”, which should include (but not be limited to): Steel & Iron, Cement & Kiln processes, Oil & Gas, Petrochemistry, Chemicals, Pulp & Paper, Glass, Power Generation, Transport.

	
	
	Answer to specific info request 2:
[Please review confidential attachment for more details]  Manufacturing phase With appropriate controls, membrane module manufacture can be done using processes that are entirely free from PFAS emissions.  It is also public knowledge that all major fluoropolymer manufacturers have committed to responsible manufacturing practices in the production of fluoropolymers. This includes Chemours that plan to ‘eliminate at least 99% of PFAS air and water emissions from [their] manufacturing processes by 2030’ (see reference 1) and Solvay, which are phasing out, by 2026, the use of fluorosurfactants (see references 2 and 3), one of the largest sources of PFAS emissions in the fluoropolymer manufacturing process.  Use phase Fluoropolymers exhibit a markedly different chemical structure compared to other PFAS compounds. It is well known that their strong carbon-fluorine bonds render them inert and non-reactive in most environmental conditions, which is why they have such exceptional thermal and chemical stability, the very reason they are so popular. This stability significantly reduces the likelihood of release of harmful breakdown products and therefore of harmful emissions during the use phase. This is supported by several papers.  One paper by Henry et al (reference 4) concludes as follows: “This paper brings together fluoropolymer toxicity data, human clinical data, and physical, chemical, thermal, and biological data for review and assessment to show that fluoropolymers satisfy widely accepted assessment criteria to be considered as “polymers of low concern” (PLC). This review concludes that fluoropolymers are distinctly different from other polymeric and non polymeric PFAS and should be separated from them for hazard assessment or regulatory purposes. Grouping fluoropolymers with all classes of PFAS for “read across” or structure–activity relationship assessment is not scientifically appropriate.”  A later paper by Korzeniowski et al (reference 5) expands on Henry et al’s study and concludes that fluoropolymers “satisfy the widely accepted polymer hazard assessment criteria to be considered polymers of low concern (PLC). [...] Further, the study results demonstrate that fluoropolymers are a distinct and different group of PFAS and should not be grouped with other PFAS for hazard assessment or regulatory purposes”.  In the proposed applications, fluorinated products are deployed exclusively in industrial applications, and therefore operated in controlled environments by trained personnel. It is therefore highly unlikely that they would be mis-used in a way that could damage or degrade them so as to lead to harmful releases of PFAS-containing materials.  End-of-life phase In the proposed applications, fluorinated products are deployed exclusively in industrial applications and therefore are easy to track, control, and be properly decommissioned.  Several studies (references 6 and 7) have confirmed that incineration at standard conditions and using existing processes and equipment (e.g. municipal incineration) is an acceptable way to dispose of fluoropolymers with no associated harmful emissions.  Reference 1: https://www.chemours.com/en/pfas-advocacy/responsible-manufacturing  Reference 2: https://www.solvay.com/en/press-release/solvay-phase-out-use-fluorosurfactants-globally  Reference 3: https://www.solvay.com/sites/g/files/srpend221/files/2022-06/Solvay NFS roadmap Factsheet.pdf  Reference 4: Henry, B.J., Carlin, J.P., Hammerschmidt, J.A., Buck, R.C., Buxton, L.W., Fiedler, H., Seed, J. and Hernandez, O. (2018), A critical review of the application of polymer of low concern and regulatory criteria to fluoropolymers. Integr Environ Assess Manag, 14: 316-334. https://doi.org/10.1002/ieam.4035  Reference 5: Korzeniowski, S.H., Buck, R.C., Newkold, R.M., kassmi, A.E., Laganis, E., Matsuoka, Y., Dinelli, B., Beauchet, S., Adamsky, F., Weilandt, K., Soni, V.K., Kapoor, D., Gunasekar, P., Malvasi, M., Brinati, G. and Musio, S. (2023), A critical review of the application of polymer of low concern regulatory criteria to fluoropolymers II: Fluoroplastics and fluoroelastomers. Integr Environ Assess Manag, 19: 326-354. https://doi.org/10.1002/ieam.4646  Reference 6: Krasimir Aleksandrov, Hans-Joachim Gehrmann, Manuela Hauser, Hartmut Mätzing, Daniel Pigeon, Dieter Stapf, Manuela Wexler, Waste incineration of Polytetrafluoroethylene (PTFE) to evaluate potential formation of per- and Poly-Fluorinated Alkyl Substances (PFAS) in flue gas, Chemosphere, Volume 226, 2019, Pages 898-906, ISSN 0045-6535, https://doi.org/10.1016/j.chemosphere.2019.03.191.  Reference 7: “Pilot-Scale Fluoropolymer Incineration Study: Thermal Treatment of a Mixture of Fluoropolymers under Representative European Municipal Waste Combustor Conditions”

	
	
	Answer to specific info request 3:
[Please review confidential attachment for more details]  Several studies (references 1 and 2) have confirmed that incineration at standard conditions and using existing processes and equipment (e.g. municipal incineration) is an acceptable way to dispose of fluoropolymers with no associated harmful emissions.  Reference 6: Krasimir Aleksandrov, Hans-Joachim Gehrmann, Manuela Hauser, Hartmut Mätzing, Daniel Pigeon, Dieter Stapf, Manuela Wexler, Waste incineration of Polytetrafluoroethylene (PTFE) to evaluate potential formation of per- and Poly-Fluorinated Alkyl Substances (PFAS) in flue gas, Chemosphere, Volume 226, 2019, Pages 898-906, ISSN 0045-6535, https://doi.org/10.1016/j.chemosphere.2019.03.191.  Reference 7: “Pilot-Scale Fluoropolymer Incineration Study: Thermal Treatment of a Mixture of Fluoropolymers under Representative European Municipal Waste Combustor Conditions”

	
	
	Answer to specific info request 6:
[Please review confidential attachment for response]
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<redacted>
	General Comments:
Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 1:
Electronics and semiconductors. Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 2:
Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 3:
Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 5:
Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 6:
Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 7:
Further information is provided in the Non-Confidential Attachment in Section IV.

	
	
	Answer to specific info request 8:
Further information is provided in the Non-Confidential Attachment in Section IV.
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<redacted>
	General Comments:
We are aware of the public concern for health and the environment and our company provides full collaboration for this issue.
Our company manufacture Peptides as Active Pharmaceutical Ingredients (APIs) for human and veterinary use. In the manufacture, Trifluoroacetic acid is used under containtment conditions.
Presently, over 80 peptide-based drugs are available in the market for the treatment of an array of diseases, including cancer, chronic pain, endocrine therapies, Hospital emergencies, diabetes, HIV infection, multiple sclerosis and osteoporosis. Some of them are included in the list of essential drugs by WHO and FDA.
Further, since 2017, more than 10 peptide-based drugs have been approved by the USFDA or EMA. Of these, LupkynisTM and Zegalogue® were recently approved in 2021, while ImcivreeTM, Victoza®, LUPRON DEPOT®, Zoladex®, Sandostatin® and Somatuline® received approval in 2020. Peptides are known for their high selectivity and efficacy while still being relatively safe and well-tolerated. As a result, peptides are receiving more attention in pharmaceutical research and development (R&D), with approximately 140 peptide therapeutics currently undergoing clinical trials that could lead into new drug entities for different therapies.
For the manufacture of Peptides, an essential substance is Trifluoroacetic Acid (TFA) that is used in the synthesis and purification processes and for analitical procedures. For Peptide synthesis, TFA is essential to separate the peptide chain from the polymeric support where it has been synthesized. For more than 50 years, a substitute for TFA has been searched without success. Some substances that could have similar properties are pfa’s with longer carbon chain or with more than one -CF3 groups.
For Peptide purification and analysis by high performance liquid chromatography (HPLC), TFA is used as an additive to the mobile phase (same use than for medical devices. See A.3.10.1.14 PFAAs and PFAA precursors described in Annex A). The mobile phase usually has a TFA concentration between 0.1-1% (it's around 4% of the total quantity used in peptides manufacture).
In the restriction Proposal it is remarked that When looking specifically at human health endpoints considered of most concern following long-term exposure of humans (i.e. carcinogenicity (Carc.), mutagenicity (Muta.), reproductive toxicity (Repr.) including effects on or via lactation (Lact.), and specific target organ toxicity (STOT RE)), 357 PFASs have a classification for at least one of these five endpoints, of which 41 are harmonised classifications (Q4 2020), see Annex B.3. for more information. Regarding the environmental hazards (hazardous to the aquatic environment and hazardous to ozone layer) 1 129 PFASs have a self-classification. According to the trifluoroacetic acid (TFA) REACH registration dossier and Chemical Safety Report (CSR), this substance does not fulfil the criteria for a PBT or vPvB substance under Annex XIII REACH. Neither does it raise equivalent levels of concern under Article 57(f) REACH. Form the above listed 7 hazards mentioned in the restriction proposal, TFA only fits among those dangerous to aquatic life, nor as PBTs, so we support that this restriction proposal should not apply to all PFAs equally. Within the PFA group, subgroups should be made according to their hazard and TFA must be out of banned uses.



	
	
	Answer to specific info request 1:
Manufacture of Active Pharmaceutical Ingredients for medicinal products (Peptides)

	
	
	Answer to specific info request 6:
Sector: Manufacture of active substances for Medicinal Products. PFCA used: Trifluoroacetic acid (TFA ; CAS 76-05-1). CF3-COOH. Emissions: All processes are performed in conditions of containment. Furthermore, the exhaust vapours are conducted towards abatement treatments according to the EU regulation (Directive 2010/75/EU). To comply with Directive 96/61/EU, companies anually carry out a material balance that for TFA shows that the emission to the atmosphere is practically zero and that the whole amount of TFA, after process steps of peptides manufacture, is manage as waste and in its end of life, complying with the EU legislation, it is subject to hazardous-waste incineration so in the manufacture process there is no significant emission of TFA to the environment. Key uses: Synthesis, purification, and analysis of peptides as active pharmaceutical ingredients. Alternatives/substitution: Currently, technically there aren't alternatives. Synthesis of peptides exists for more than 50 years. During this period, substances that have proven capable of being substitutes with some processes have been other PFAs with longer carbon chains or more -CF3 groups. All attempts to find different alternatives to PFA’s didn’t succeed. In the purification step, many peptides only can be purified with TFA as additive in the mobile phase (0.1-1% of concentration that only represents de 4% of manufacturing consumption). Furthermore, for each of the peptides, the change in its manufacturing process must be informed and approved by the regulatory authorities of the different countries. Which is not accepted if quality levels equivalent or higher than the current one are not achieved. Socio-economic impacts of the ban: Due to the lack of alternatives, the result of a ban on the use of TFA for the manufacture of peptides (API) would be the disappearance of peptides from the portfolio of European manufacturers. This would cause a shortage of drugs on the global market used for a wide range of hospital treatments (oncological, fertility, endocrine, hospital emergencies, diabetes, HIV infection, multiple sclerosis, osteoporosis, etc...). Many of this API’s are included in the list of essential drugs by the WHO and by the FDA. Also, would disappear peptides that are being used in the development of new drugs, causing the impossibility that many new drugs reach the market. Regarding the economic impact, Peptide manufacturers will have to close their facilities or move them to other foreign countries, causing the loss of thousands of direct jobs. For synthesis of peptides, the global market size for 2023 has been 601 millions of euros. Europe ranks second behind the United States, but projections predict that the gap will narrow in the next 10 years. Due to the ban of use for TFA, the level of losses for Europe is estimated in hundreds of millions of euros. Regarding to therapeutics peptides drugs, it is a global growing market that in 2022 represented a market size of 43.11 USD billions and projections performed by different agencies (included Bloomberg) are that the business will increase by 78% in ten years, reaching 76.83 USD billions. Peptides European manufacturers sell its products around the world. The stoppage of manufacturing by European companies would mean losses of millions globally. At this time, given the lack of availability of alternatives for the use of TFA in the synthesis, purification and analysis of peptides and the socioeconomic impact that its prohibition would generate in Europe and around the world, an unlimited derogation for such uses is required.
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	General Comments:
Our company is thankful for member states providing information and restriction proposal on hazardous materials to protect the environment.
Yet, with this Comment we intent to problematize the blanket restriction to prohibit PFAS in the Electronics Industries without due considerations for the nature and class of products and whether technological advances are realistic within foreseeable future.
Our company is a developer and manufacturer of a special class of measurement microphones called 'Electret Microphones'. These types of microphones are especially used for measurements where traceability to the International Measurement System (SI) is needed.
An electret microphone is an electrostatic capacitor based microphone that uses a permanently charged material (the electret) instead of a polarizing power supply.
Without any comparison then FEP is the material of choice for electrets for microphones. Despite research in candidates for replacement materials then a substitution material is not expected in the foreseeable future. Hence a ban on specifically FEP will have huge implications for measurement microphones.


	
	
	Answer to specific info request 1:
Electronics and Semiconductor

	
	
	Answer to specific info request 2:
Stock: The FEP material is received in powdered form and stored in sealed bins at applicable storage area with very low risk for emission to the environment.  Manufacturing: The FEP powder is mixed with a carrier paste and typically sprayed on a metal or ceramic backplate. This application is performed in dedicated protected cabinets with separate drains into sealed tanks. The tanks are collected by companies specialized in treating chemical waste according to country legislation. In-Use: For a finished electret microphone the electret part (with applied FEP) is sealed and emission to the environment is not possible with foreseeable misuse. The lifetime of an elected microphone is typically decades.  End-of-Life. Microphones are categorized and is applicable in the EU for the WEEE directive. The microphones must be discarded according the country and EU legislation.  Emission and yield: Each electret microphone includes a 20 microns thick FEP layer on the microphone backplate. The annual consumption for a company such as ours is less than 10 kg of FEP powder annually . Due to the nature of the process of applying a thin layer to the microphone  backplate then a substantial amount of FEP is lost and collected in the sealed tanks rather than being applied.

	
	
	Answer to specific info request 5:
For our company then quantity of FEP is less than 10kg annually. A substantial part is not applied to the microphone backplate during the application process, but is collected via separate drain in sealed tanks. During this collection process then there is no emission to the environment. The tanks are collected by companies specialized in treating chemical waste. The information regarding subsequent processes (incineration, landfilling) is not maintained by our company but follows country legislation.  For the end-of-life then microphone products are within scope of the WEEE directive in the EU and must be scrapped accordingly. The information regarding incineration or landfilling during end-of-life is not maintained by our company. As the microphones are sealed during the use phase, then there is not emission to the environment during this phase.  Hence as the chemical waste from in-manufacturing  is collected by specialized companies  and the end-of-life scrapping follows WEEE directive in the EU then there are opportunities to control general emission to the environment during the life cycles from incoming goods receival (FEP level) to end-of-life scrap (microphone level)

	
	
	Answer to specific info request 6:
a) Covered in section 5 above. b) The FEP is used as the electret material in the special class of measurement microphones as described in the 'General Comments' sections above.  For an electret microphone then the electrical charge is stored in a thin (20 microns) layer of electret material on a metal surface inside the microphone. This charge is supposed to remain in the electret layer indefinately, though high temperature and humidity can gradually reduce the charger stored in the electret layer.  Currently, then FEP is by orders of magnitude the best candidate for an electret material. Currently, there are no other known materials that inherently has the same ability to maintain the electrical charge over time and at elevated temperature and humidity. Thus for the special applications for measurement microphones then no electret material alternatives currently exists.  c) There are approximately 20 companies worldwide that manufactures measurement microphones.  d) Currently, there are no alternatives available for electret material with physical/chemical properties that is comparable with FEP. e) R&D activities to identify and characterize replacement materials for FEP as electret has been ongoing for many years and results or advances have been presented and shared on industry level via ISE conferences (International Society on Electrochemistry). Currently, no candidates with similar properties have been identified as a replacement to FEP . f) See section e) above. g) In the event that PFAS is generally prohibited in the electronics industry then the impact on measurement microphones will be significant. If a change to other options is required by legislation then this will impact the short and long term stability of the measurement microphones. Hence the numbers of measurement errors made by users will increase. Likewise the expected lifetime of the measurement microphone will drastically decrease. This will impact the overall cost for the users of the measurement microphone. A high quality FEP electret microphone can last for decades where measurement microphones made from other electrets than FEP can currently only last for less than one year.

	
	
	Answer to specific info request 7:
The products used as electrets in measurement microphones are not manufactured and sold as electret materials. The amount of electret material used worldwide is extremely small compared to other uses of the relevant materials

	
	
	Answer to specific info request 8:
As explained in the sections above then the technological issue at hand is that at the moment then no other electret candidate that by orders of magnitude has similar physical/chemical properties as FEP as electret has been identified.  Despite of research into the matter then it is not expected that a material that can substitute the current FEP electret material can be identified/developed within the foreseeable future, let alone the timeframe that is mentioned for time limited derogations. As alternatives then an exemption on grounds of unique physical/chemical properties for FEP as electret within the microphone industries with potentially a limit on the annual usage
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The Two-Phase Immersion Cooling fluids currently being sourced from the UK are vital to our High Performance Computing business needs. There are no known alternatives that can achieve the same level of efficient cooling, therefore off setting the concern around GWP. The direct carbon and water off sets are substantial and should be considered when evaluating the Two-Phase Immersion Cooling solutions.

	
	
	Answer to specific info request 1:
Data Center Two-Phase Immersion Cooling fluid solutions and a sub use is direct to chip applications.

	
	
	Answer to specific info request 2:
We have worked closely with our vendor/partner in the UK and USA that have well established End-of-Life phase.

	
	
	Answer to specific info request 3:
The specific Two-Phase Immersion Cooling fluids were carefully selected and to not pose a toxic health threat to animals or humans based on the information obtained from our vendor partners in the UK and USA.

	
	
	Answer to specific info request 6:
I am currently unaware of any Cooling fluids that provide the high density and efficiency of the Two-Phase Immersion Cooling fluids. There are currently no know fluids that could handle the capacity of > 100KW per tank, especially when the new chip sets are increasing beyond 700W per CPU/GPU.

	
	
	Answer to specific info request 7:
The use of traditional air cooling of large High Performance work loads, such as found in Science and Industry facilities could be more detrimental to the environment than the PFAS cooling fluids which will soon have a lower GWP. The Carbon and Water off sets (23 Million liters of water for a 1MW traditional air cooled environment compared to no chilled water plant requirement for the Two-Phase Immersion cooled environments. This is huge reason why we need to explore alternative cooling methods that allow us to manage a number of environmental factors safely.

	
	
	Answer to specific info request 10:
We have established an Edge Data Center Research Center in Dalton, GA, USA. It is here where we intend to prove specific benefits of the Two-Phase Immersion Cooling fluids that we are currently testing from the UK and the USA. We are happy to share findings with National Research Laboratories and other similar work groups.
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	General Comments:
We admire the EU's continuous efforts in promoting environmental protection legislation, and we have sincerely complied with the requirements of EU chemical regulations, such as Regulation (EC) No 1907/2006 (REACH). We also conscientiously implement the relevant EU regulations related to POPs, Regulation (EU) 2019/1021 on persistent organic pollutants (POPs). But we have the following questions or different opinions regarding this PFAS proposal and hope to receive a response: 1：Please clarify the definition of PFAS substance range: Per and polyfluoroalkyl substances (PFASs) refer to perfluorinated and polyfluoroalkyl substances (PFASs). The definition of the substances involved in the bill is unclear, the jurisdiction of the bill is unclear, and it is not known how many substances are covered (approximately 10000 on February 7th at a press conference; public opinion on April 5th stated that there will be more than 10000). How many substances are they? We need a clear and clear definition. The proposal now refers to thousands, how many are they? The press conference said there were about 10000, but communication would say there were over 10000. How many were there? PFASs are used by multiple scientists, organizations, and countries to refer to different ranges of substances. The use of Per and polyfluoroalkyl substances and PFASs in EU legislation in such situations can cause confusion among the public, requiring the use of clearer and more explicit language and expressions. It is necessary to redefine and clarify the substances involved in the bill. Supporting Document 1 Content: A total of 360 organic fluorine drugs were studied and screened according to their structure, compared to 9 PFAS definitions Buck et al. defined in 2011 that 8 organic fluorine drugs met this definition (2.2%); According to the OECD (2018) definition, 5 organic fluorine drugs meet this definition (1.4%); According to the OECD (2021) definition, 107 organic fluorine drugs meet this definition (30%); 4. Gl ü ge et al. (2020) defined that 22 organic fluorine drugs met this definition (6.1%); 5. According to TURA (2021a) definition, six organic fluorine drugs meet this definition (1.7%); 6. According to TURA (2021b) definition, four organic fluorine drugs meet this definition (1.1%); 7. According to the US EPA OPPT (2021) definition, 5 organic fluorine drugs meet this definition (1.4%); 8. ≥ 1% perfluorocarbon atom definition, 337 organic fluorine drugs meet this definition (94%); 9. All organic fluorine definitions, 360 organic fluorine drugs meet this definition (100%). 2.Risks： This Annex XV report covers the risks to the environment and human health caused by the use of perfluorinated and polyfluoroalkyl substances (PFASs), and provides the enforcement effectiveness, feasibility, and effectiveness of two limiting options (ROs) as the most suitable risk management option (RMO) under REACH regulations for the identified risks Assessment of monitorability and socio-economic impacts. PFASs are a group of thousands of substances primarily manufactured by humans, applied in many fields in Europe. These applications include textile industry applications, (food) packaging, lubricants, refrigerants, electronics industry, construction, and many more fields. These substances are used as their own state (non aggregated or aggregated), as components of mixtures, and as complex (articles) products for consumption, specialized, and industrial purposes. What are the specific risks mentioned in the report, what are the environmental risks, and what are the risks to human health? Does each substance have the same risk? The PFASs mentioned in the bill do not have a specific list indicating which risks are, and we believe it is not serious. Do you have any testing reports on the risks of PFASs to the environment and human health? Have you conducted a randomized double blind controlled trial? What PFASs substances pose specific risks to which group of people? 3. Persistence: The main concern for all PFASs and/or their degradation products within the scope proposed in this restriction is the very high persistence, which greatly exceeds the very persistent standard (vP, very persistent) specified in Annex XIII of the REACH regulation. PFASs and their degradation products may persist in the environment, longer than any other human made chemicals. Further supportive concerns are their bioaccumulation, mobility, long range transport potential, plant accumulation in plants, global warming potential, and ecological toxicological effects. PFASs enter the environment through emissions during production, use, and waste stages. What is the relationship between persistence and risk? Is there always a risk when there is persistence? Is worry a sufficient reason for restriction? Are these substances all possessing these negative characteristics? Is the persistence of all substances the same? Persistence alone is not sufficient to unify PFAS into a group and evaluate its risks to human health. Abstract：An expert panel was convened to provide insight and guidance on per- and polyfluoroalkyl substances (PFAS) grouping for the purposes of protecting human health from drinking water exposures, and how risks to PFAS mixtures should be assessed. These questions were addressed through multiple rounds of blind, independent responses to charge questions, and review and comments on co-panelists responses. The experts agreed that the lack of consistent interpretations of human health risk for well-studied PFAS and the lack of information for the vast majority of PFAS present significant challenges for any mixtures risk assessment approach. Most experts agreed that “all PFAS” should not be grouped together, persistence alone is not sufficient for grouping PFAS for the purposes of assessing human health risk, and that the definition of appropriate subgroups can only be defined on a case-by-case manner. Most panelists agreed that it is inappropriate to assume equal toxicity/potency across the diverse class of PFAS. A tiered approach combining multiple lines of evidence was presented as a possible viable means for addressing PFAS that lack analytical and/or toxicological studies. Most PFAS risk assessments will need to employ assumptions that are more likely to overestimate risk than to underestimate risk, given the choice of assumptions regarding dose-response model, uncertainty factors, and exposure information. Part 5 Conclusion：Most of the applied assumptions (e.g., dose-additivity, equal potency) are more likely to overestimate risk than to underestimate risk (i.e., will err on the side of caution). Many experts agree that 'all PFAS' should not be classified together, and durability alone cannot be sufficient to classify PFAS into a group for evaluating human health purposes. Defining appropriate subgroups can only be done on a case by case basis. Many expert group members agree that it is inappropriate to assume that differentiated PFAS group substances have the same toxicity/virulence. Most of the assumptions used now have the problem of overestimating risks (erring on the side of being too cautious). 4.Low temperature mineralization problem： Original text: When these substances and their degradation products continue to be released into the environment, the environmental concentration will increase, as PFASs within the scope of this limitation proposal do not undergo mineralization under natural conditions. Once present in the environment, removing PFAS from surface water, groundwater, soil, sediment, and biota as much as possible is technically extremely difficult and costly. Environmental testing of PFASs indicates their widespread presence in the environment, including organisms and drinking water sources and food crops, as well as remote and primitive areas, which inevitably and irreversibly exposes contemporary and future generations. Human biological monitoring shows that PFASs are widely present in the human body, with high exposure communities showing the highest levels. Due to persistence and continuous emissions, as the environmental concentration of PFASs continues to increase, human exposure and the environment of these substances will inevitably lead to negative effects. Moreover, exposure to PFASs has high potential for intergenerational effects. Some scientists say that the geographical limitations of PFASs have been exceeded, and human biological monitoring studies have shown that mixed exposure to PFASs caused by partial leaks from different sources (such as food, drinking water, PFAS-containing products, dust, air) in the general population may already pose health risks. Low temperature mineralization can degrade perfluoroalkyl carboxylic acids, which can be extended to degrade other perfluorinated and polyfluoroalkyl substances. The degradation rate is fast, and under mild conditions, defluorination will fundamentally solve the environmental problems of fluorinated substances. The thermal decomposition mechanism of perfluoroalkyl ether carboxylic acid and short chain perfluoroalkyl carboxylic acid demonstrates the effectiveness of pyrolysis degradation of PFAS.
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Request for excemption of flouropolymers due to essential use applications. Details in confidential attachment,
	General Comments:
-

	
	
	Answer to specific info request 6:
Request for excemption of flouropolymers due to essential use applications. Details in confidential attachment,
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Privacy statement:
-
	General Comments:
I think this undifferentiated approach of group regulation is incorrect. Fluorinated polymers as safety materials ("PLC"=low concern polymers) and the materials required for their production should be exempt from PFAS regulations or usage restrictions. The stability of fluoropolymers can be directly translated into unique and durable performance properties in many applications. For the new megatrends such as green hydrogen, 5G data transmission or e-mobility, fluoropolymers represent the suitable basis on which these innovations become possible in the first place.  Fluoropolymers should be exempted from all regulatory activities under the REACH restriction. Fluoropolymers can be classified as PFAS based on their molecular structure. However, their toxicological and eco-toxicological profile is essentially different from the majority of PFAS substances. Fluoropolymers that meet the OECD criteria of PLC ( = polymer of low concern) are non-toxic, non-bioavailable, non-water soluble and non-mobile molecules and are judged to have no significant impact on the environment and humans.
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European Safety Federation
Org. country:
Belgium
Attachment:

 
<redacted>
	General Comments:
The European Safety Federation (ESF) was founded in 1991 by national organisations each representing the manufacturers and suppliers of Personal Protective Equipment (PPE) in their country, to represent them at government level of the European Union and other European institutions and instances (ESF is member of the PPE Expert Group at DG GROW and an accredited stakeholder at ECHA). ESF focusses on PPE designed for professional use, without ignoring the consumer market.
Today, ESF represents over 600 companies (manufacturers, importers, distributors and service providers), of which at least 70% are SMEs. The members of ESF and the enterprises that affiliate to the national federations are dedicated and committed to provide compliant CE certified and high quality PPE. Moreover, they link quality and service by giving expert advice and assistance in the process of risk assessment and analysis as well as training and advice in all aspects related to PPE. Supporting a safety conscious way of life is a common interest to all of us.
Sustainability in all its aspects is high on the agenda of the Federation and its members, obviously without jeopardising the primary function of PPE : protecting the wearer against risks for his/her health or safety. Specifically for PFAS we continue to work with our members and the complete supply chain to raise the awareness on and understanding of the topic and encourage actions to investigate alternatives.

We do understand the reasoning behind the proposal and support the intention to restrict substances that have a proven negative effect on the health of citizens and by extension to the environment. Scientific knowledge about substances is evolving over time and obviously new insights have to be taken into account. However, careful considerations should be taken into account when it comes to proof of risks as well as to alternative solutions. It is certainly not acceptable that alternative solutions are being promoted that have not proven to be effective (as well on the functionality of the product as on the economic viability as on the sustainability.

ESF wants to emphasise that our response is not only in the interest of our members and the PPE sector in general, but also in the interest of the society as a whole, as the appropriate protection of the health and safety of citizens, both in professional and in private life, is an essential function of the concerned products.

Some further considerations :

- PPE are typically regulated under the PPE Regulation (EU)2016/425. However, a number of products/applications are excluded from the scope of the Regulation , even if the function of these exceptions is the same or similar. The exceptions are not related to the function, but rather to other applicable legislation for these specific applications or products.

- PPE represent a wide range of products and applications :
o From sports to do-it-yourself to visibility vests and (electric) bicycle helmets in daily traffic (non-exhaustive list of private uses) or climbing equipment and helmets
o From visibility to heat and flame to chemical to biological to mechanical to electrical to cold to noise (non-exhaustive list of types of risks for health and safety of individuals)
o Chemical industry, utilities supply, renewable energy production, construction sector, textile industry, but also first responders and healthcare sector (non-exhaustive list of professional sectors where PPE are needed)
o PPE specifically designed for police (maintenance of law and order) and military, even if for these applications, the products are excluded from the scope of the PPE Regulation , including use in private security services, they still have the same function and should therefore be treated in the same way.
o As for the previous point, PPE for exclusive use on seagoing vessels or aircrafts are also excluded from the PPE Regulation .
o Respiratory protection such as the from COVID well known FFP2 and FFP3 masks to full face masks with air supply.
o Firefighting and emergency response protective clothing and equipment for both professional and volunteer forces dealing with fires, accidents, floods, landslides and other disasters.
o A wide range of materials (textiles, plastics, metals, …) and components (seals, electronics, …) are used in PPE

- The PPE Regulation requires manufacturers to take the state of the art into account . The state of the art is reflected in the requirements in European (harmonised) standards. The PPE Regulation Guidelines  clarifies that “Manufacturers of PPE cannot be expected to use solutions that are still at the research stage or technical means that are not generally available on the market. On the other hand, they must take account of technical progress and adopt the most effective technical solutions that are appropriate to the PPE concerned when they become available for a reasonable cost.”. This clearly obliges manufacturers to make sure that the most effective solutions are used, irrespective of whether restrictions exist or not. This legal obligation for PPE manufacturers must be taken into account in the of any substance to avoid contradiction with the PPE product legislation.

- Manufacturers of PPE are often also manufacturing similar protective equipment for military and maintenance of law and order. But also manufacturing Medical Devices  (e.g. medical garments, surgical drapes, medical masks and gloves, …), workwear and other types of related products.

- Given the wide range of materials and components, as well as the number of SMEs in the supply chain, the dependence of suppliers is huge in the sector. A good part of the components are not only used in PPE but also in other types of products. An example of this would be seals that are essential in some PPE, but also in many other products.

- In terms of turnover, the PPE sector is small compared to many other. Research on the effects of and on alternatives for PFAS is focussing in first instance on the bigger application fields, not so much on PPE specifically. This also results in very limited availability of scientific studies on the impact of PFAS in PPE, as well on the side of the dossier submitters as on the side of the PPE supply chain.

- However, PPE are essential for the protection of the health and safety of citizens and lack of appropriate PPE will generate huge costs for the society, due to accidents or long health issues.

- The dossier submitters chose to group products. However, this leads to some products not being considered in the proposal. Indeed PPE are not to be limited to the TULAC group (Textiles, Upholstery, Leather, Apparel and Carpets) as was done in the preparation phase. Also the other considered groups did not take PPE into consideration.
o Dossier submitters only considered textiles (TULAC – Swedish authorities), even if ESF did inform them about other types of PPE (see earlier submissions and papers  -  ). So, it is clear that uses and products are included in the submission without any evidence.
o PPE is linked to the Regulation (EU)2016/425 which excludes a number of sectors that use PPE, but are not considered in the proposal, such as
 Military – armed forces : this may include military fire fighters, but also other clothing that have similar properties as other PPE, such as chemical or ballistic protection. CBRN applications are also to be considered.
 Police – maintenance of law and order : private security personnel will also use some of the same equipment (e.g. ballistic protection), but also other types of PPE that have similar properties as PPE covered in the proposal
o Some PPE are covered by both PPE and Medical Device Regulations. This became clearly visible during the COVID-crisis. However, this specific situation has not been taken into account in the current proposal.

- Level playing field / fair competition between EU production and imports
o Without strong enforcement, a restriction makes no sense. Indeed imported PPE and materials/components will continue to contain PFAS while PPE or materials/components made in the EU will not. This results in  unfair competition for the local industry, and ultimately to the disappearance of the PPE production in the EU.
o The recent health crisis showed the need for local production of PPE. So the sector needs at least protection from unfair competition. We cannot believe that the aim of the restriction is to make it more viable to import from non-EU (EEA) countries, than to produce in the EU.
o If in other global regions similar restrictions as the ones in the EU are not in place, the EU suppliers will already face export difficulties as EU production with PFAS containing materials/components will no longer be possible and thus EU production will face higher costs and/or less performing products.

- EU autonomy in supply chains : in view of the above remarks concerning fair competition there is a strong fear in the PPE supply chain that without derogations, it will become as good as impossible for the PPE supply to continue to work in the EU and certainly not to increase the autonomy of the EU for PPE that are critical for health or geopolitical crises.

- Enforcement of the restriction is crucial. This also includes the need to clear methods and interpretations of PFAS content in products.
o Analytics methods (see also Question 10)
o We see cross-contamination in production and testing (materials not containing PFAS contaminated by PFAS in e.g.
• the tubing systems in the production machines,
• PPE in use contaminated with PFAS, e.g. when used in activities involving products with PFAS (e.g. end-of-life treatment),
• After finding PFAS in products that are not supposed to contain PFAS, a manufacturer made further analysis and came to the conclusion that the samples tested were contaminated with PFAS due to the fact that the water in the laboratory contains PFAS. So leading to false positives.

- Consequences for society if effective PPE are not available :
o direct consequences for health and safety of users of less effective PPE and thus for society as a whole (e.g. healthcare costs, but also effects on mental health and wellbeing in general).
o But also : if e.g. firefighters, first responders, police, military cannot be efficiently protected against the risks they might encounter, this will lead to not operating in unsafe situations and thus higher risks for the population that need urgent help.
o Is it acceptable for society to take a step back in terms of protection of health and safety of individuals and to what cost ? this is also valid for industry and healthcare

- PPE manufacturers fear that if PFAS is widely restricted, producers of PFAS will decide not to produce anymore or make them no longer available in the EU. Even with a justified exemption for certain PPE, that would still mean that materials/components would no longer be available and therefore make the needed PPE no longer available.

- Current existing or proposed restrictions for specific types of PFAS take already to some extend the specificity of PPE into account.
o Chemicals list in Annex A (elimination)
 PFOA (C8) – derogation for PPE ended 4/7/2023
 PFHxS (C6) – no specific derogation for PPE
o Chemicals list in Annex B (restriction)
 PFOS (C8) – no specific derogation for PPE
o Chemicals proposed for listing
 Long chain PFCAs (C9-C21)
o Commission proposal for restriction of PFHxA (C6) – PPE derogations are included in the proposal

- The total life cycle of PPE has to be taken into account :
o Efforts are made by PPE manufacturers to offer the highest level of durability for many of the products, of course taking into account the expected use of the PPE. Durability is a key element for sustainable PPE and thus cannot be ignored.
o Depending on the type of PPE and the type of PFAS used, it might be necessary to re-activate/re-apply a finish to guarantee the needed protection level during the complete life cycle. This means that it is essential that the necessary products remain available for this step, not also during the derogation period, but even for an additional period. If that is not the case, the derogation period is de facto shortened as it will be impossible to maintain the protective characteristics of the PPE during the use phase.
o The same remark is also valid for spare parts containing PFAS. Often the components containing PFAS need at some point a replacement during the life cycle. If these spare parts would no longer be available due to the PFAS restriction, that would mean that PPE that would still be functional for a longer period, would have to be disposed of, thus leading to unnecessary burden for the environment.
o Contamination during the production phase of materials/components is a factor that needs to be taken into account.
o During the use phase of PPE, it is very well possible that there is contamination with PFAS. This leads to challenges for the cleaning/decontamination process during the use, but certainly also for the end of life processing of the PPE. The contamination is not always predictable, which means that either all PPE where there is suspicion of PFAS contamination need to be treated separately or easy cost-effective methods must be available to test the presence of PFAS before the end of life processing.
o Research is necessary to fully understand all effects on e.g. the ageing and the evolution of the protective properties during the life cycle of the PPE when using alternatives

- The PPE suppliers are committed to work towards solutions – research within the complete supply chain is ongoing, but needs more support and time to arrive to acceptable alternatives for all applications. In order to encourage this, ESF is working together with other associations such as e.g. FPP4EU/Cefic (chemical industry), Euratex (textile and clothing), ETSA (textile services), CEC (footwear). The contributions of those trade associations need to be considered as complementary to our own.

- Several companies from our sector participated in Ricardo study commissioned by CEFIC “Economic analysis of the impacts of a REACH restriction on the manufacture, placing on the market and use of per- and polyfluoroalkyl substances”. The results of this study should be considered as complimentary to this ESF contribution.

- Obviously, also individual companies active in the PPE sector submitted feedback to the consultation, often including confidential information. These are not necessarily repeated in the ESF contribution, but certainly contain additional information.



	
	
	Answer to specific info request 1:
- Only in the TULAC sector (including professional apparel, technical textiles, leather), PPE have been considered. However, PPE are not limited to the TULAC sector. This means that some PPE products have not been considered at all.  o See Question 6 below for the missing uses. o PPE are not limited to professional use, but are also used by consumers to protect themselves in e.g. do-it-yourself or leisure activities. See definition of PPE in the PPE Regulation (EU)2016/425 and the earlier general comment.  o In communication with the dossier submitters, we already indicated that not all PPE fit in the TULAC sector. This information was knowingly ignored by the dossier submitters. See documents submitted earlier in annex - Textiles o The term ‘textiles’ is not clearly defined, which will lead to potential differences in interpretation. E.g. in the PPE segment of protective textiles, these should not be limited to woven or knitted fabrics but more broadly also to :  Non-woven  Coated  Laminated  Ropes – braided or constructed otherwise (e.g. used in PPE against falling from heights) o An important number of PPE products or combinations could be seen as hybrid because they contain textiles and or other materials/components (e.g. plastics, electronics) that may contain PFAS needed for the protective function. The wording of the derogation needs to be clear on the terminology to ensure that all PPE are meant and not only those included in the TULAC group.  Assembly e.g.:   Visors for heat & flame protection (e.g. electric arc flash protection, firefighting, foundry workers)  Footwear including textiles  Helmets including textile to be able to fix the helmet on the head or providing padding.  CBRN protective equipment  Ensemble e.g.  Chemical protective garment e.g. with/without incorporated visor, with/without (connectors for) gloves, with/without connectors for respiratory protective devices, with/without footwear or bootees.  Layered clothing system  Helmet with or without visor  Smart PPE including electronics  PPE with integrated electronics (e.g. hearing protectors with integrated communication system) - Care should be taken to include in derogations all concerned products. Not only those CE marked to the PPE Regulation (EU)2016/425, but also those products that are excluded from the scope (e.g. military, maintenance of law and order, seagoing vessels and aircrafts). Also a note needs to be made that the PPE Regulation foresees the possibility for PPE without CE marking, this is e.g. the case for products in the design phase that are for wearer trials, for demonstration or used for testing/certification procedures. These must be treated in the same way as fully CE marked PPE.

	
	
	Answer to specific info request 5:
- Care should be taken to include in derogations all concerned products, not just textile materials. Not only those CE marked to the PPE Regulation (EU)2016/425, but also those products that are excluded from the scope (e.g. military, maintenance of law and order, seagoing vessels and aircrafts). Also a note needs to be made that the PPE Regulation foresees the possibility for PPE without CE marking, this is e.g. the case for products in the design phase that are demonstrated or used for testing/certification procedures. These must be treated in the same way as CE marked PPE.  - See documents in annex with feedback to Swedish authorities dated 17/10/2021 which contain proposals.  - Appendix A.3.3. (table A.78) of the proposal only contains protective clothing, gloves (as dealt with in the CEN TC 162) and some footwear. This strengthens the uncertainty concerning the definition of textiles in this context as also other PPE are made of or contain textiles. A known example are the single use FFP masks.  - The proposed derogation is limited to category III (a) and (c). However, as demonstrated, oil repellence is crucial for the protection against other risks, not only in category III for use in industry (welding, heat and flame, electric arc, chainsaw, …), but also in military and police applications (see e.g. CBRN, Molotov cocktails, ballistic protection) and also for protection against cuts from chainsaws (category III (j)) and in all heat and flame protection as well as in visibility clothing. In the last examples, the effect of oil repellence is indirect, but essential. Indeed the properties of the materials will be severely negatively influenced by possible absorption of oily substances and therefore require protection against these oily substances. Till today, this is only feasible using PFAS at least C6 (mostly based on PFHxA)  containing finishes or materials. See confidential information provided to ESF by individual companies on repellence testing on fire fighter garments, which is also valid for other types of garments where repellence for chemicals is a requirement.  - For textiles (garments, gloves and even footwear) the major needs for PFAS, be it as finish are as one of the layers in the system, are repellence and barrier to penetration. - Chemical and biological agents o See earlier provided information for specific PFAS restriction (e.g. C8 versus C6 chemistry). o CEN TC 162 WG 2 provided material specifically for firefighter equipment. o Even with the transition from C8 to C6 chemistry for the finish of textiles, the repellence and penetration performance with butan-1-ol and o-xylene are diminished. Non-C6 based repellence finishes have so far proven to be effective for water, water based chemistries (such as weak acids and bases) but not effective against oils, alcohols and other organic solvents or chemical (including gasoline and other petroleum products). o Alternative PFAS free solutions manage to obtain acceptable repellence/penetration levels for relatively weak acids and bases, but not for concentrated acids and bases, as well as for solvents or oily substances. Even when it is possible to claim type 6 chemical protection with these PFAS free alternatives, the needs for a part of the industry (and certainly for firefighters) are not met with these finishes. o If a protection against a wide range is needed, PFAS are even more critical to achieve the required level of protection. In the case of protective gloves a remark must also be made concerning dexterity and mechanical resistance. Even if alternatives would offer a similar level of protection than the current PFAS solution, if dexterity and mechanical resistance is lower (which is currently the case for the alternatives that are being considered), the gloves are not suitable for use. Indeed less dexterity means that the wearer is not able to perform the job as required and less mechanical resistance means that chances that the glove will tear or get punctured during use is unacceptably high, leading to safety risks. - Oil repellence and penetration : see above  - Water : no need for PFAS, alternatives are available  - Situations where combination of repellence/penetration with heat and flame retardance is necessary, are even more critical for the use of PFAS solutions to ensure that the heat and flame retardancy, which is the primary protection is not compromised by soiling from oil, petroleum products or other flammable solvents.   - For the alternatives, durability has to be a key element. Shorter life time of PPE leads to higher volumes of waste, which of course has to be avoided as creating new risks and challenges.  - Remark : while we recognise that referring in the text of the proposal to (European) standards can be useful to clarify the products involved, it should be avoided in final proposals as standards do evolve (newer versions, different references, …), which in the longer term could lead to interpretation issues. It also has to be taken into account that the requirements in the standards are primary requirements, secondary levels of protection are usually not included.    - Proposal for text for derogation : - By way of derogation, paragraphs 1 and 2 shall not apply to:  b. Personal protective equipment (PPE) as well as textiles and other materials and components used in PPE intended to protect users against risks as specified in Regulation (EU) 2016/425, Annex I, and where the functionality (protection of the wearer of the PPE and/or protection of the protective function of the PPE) requires the use of PFAS as part of their (i) manufacturing process, (ii) finishing or repellence, or (iii) components or parts,  until 13.5 years after EiF;  c. Personal protective equipment (PPE) as well as textiles and other materials and components used in PPE in firefighting activities intended to protect users against risks as specified in Regulation (EU) 2016/425, Annex I, Risk Category III (a) - (m), until 13.5 years after EiF;  d. similar to the articles referred to in paragraph 5b and 5c, the articles with similar function but excluded from the scope of the PPE Regulation (EU)2016/425. This includes PPE specifically designed for maintenance of law and order and armed forces (including private or semi-private security personnel) and for exclusive use on seagoing vessels or aircrafts, until 13.5 years after EiF; e. similar to the articles referred to in paragraph 5b and 5c and 5d, these articles in the design phase, e.g. samples for testing, wear trials or demonstrating, until 13.5 years after EiF; f. impregnation agents for re-impregnation and spare parts of articles referred to in paragraph 5b, 5c, 5d and 5e until 13.5 years after EiF (note : this point might require a longer period to allow for the products to be used till the end of the expected life.

	
	
	Answer to specific info request 6:
- See information provided to Swedish authorities (annexes “Responses to questions – meeting with PPE companies (protective clothing)”, dated 17/10/2021 and “Contribution 2nd consultation on a restriction for PFAS”, dated 17/10/2021 - PPE other than those included in the TULAC group were not at all or only partially considered so far. For PPE, protection against risks given in the following list need to be considered, not only in the TULAC group. o the risks as in the PPE Regulation annex I for cat III :  substances and mixtures which are hazardous to health – only considered for TULAC  atmospheres with oxygen deficiency – only considered for TULAC  harmful biological agents – only considered for TULAC  ionising radiation – only considered for TULAC  high-temperature environments the effects of which are comparable to those of an air temperature of at least 100 °C – only considered for TULAC  low-temperature environments the effects of which are comparable to those of an air temperature of –50 °C or less – only considered for TULAC  falling from a height – only considered for TULAC – PFAS not essential  electric shock and live working – only considered for TULAC  drowning – only considered for TULAC  cuts by hand-held chainsaws – only considered for TULAC  high-pressure jets – only considered for TULAC  bullet wounds or knife stabs – only considered for TULAC  harmful noise – only considered for TULAC. o Other risks / products than category III, as well as those PPE excluded from the PPE Regulation (see also general comments on this aspect) – none of those were considered by the dossier submitters  Static electricity  Mechanical action • Vibrations • Friction • Impact with other persons or objects (e.g. falling objects, sports applications such as different types of protectors for e.g. bicycle or horse riders) • Superficial mechanical injury • Rescue equipment and similar such as anti-avalanche airbags  Motorcycling equipment (including helmets)  High visibility equipment – partly considered for TULAC  Protection against UV radiation  Swimming/diving goggles and masks  Ski goggles / helmets  Equipment for different types of leisure activities (e.g. cycling)  Welders equipment (including welding screens)  Protection against insects / animals (e.g. tick bites, beekeeper equipment, …)  Weather conditions / adverse atmospheric conditions  Anti-slip footwear  CBRN protection  Respiratory protection, see e.g. COVID protection up to full face masks. Not all of the above require PFAS, however some do. Further research is necessary for all the applications. See also the general comments provided.  - PFAS free PPE might get contaminated with PFAS during the production and  use phase – see general comments provided  - Proposal for text for derogation : - By way of derogation, paragraphs 1 and 2 shall not apply to:  b. Personal protective equipment (PPE) as well as textiles and other materials and components used in personal protective equipment (PPE) intended to protect users against risks as specified in Regulation (EU) 2016/425, Annex I, and where the functionality (protection of the wearer of the PPE and/or protection of the protective function of the PPE) requires the use of PFAS as part of their (i) manufacturing process, (ii) finishing or repellence, or (iii) components or parts,  until 13.5 years after EiF;  c. Personal protective equipment (PPE) as well as textiles and other materials and components used in personal protective equipment (PPE) in firefighting activities intended to protect users against risks as specified in Regulation (EU) 2016/425, Annex I, Risk Category III (a) - (m), until 13.5 years after EiF;  d. similar to the articles referred to in paragraph 5b and 5c, the articles with similar function but excluded from the scope of the PPE Regulation (EU)2016/425. This includes PPE specifically designed for maintenance of law and order and armed forces (including private or semi-private security personnel) and for exclusive use on seagoing vessels or aircrafts, until 13.5 years after EiF; e. similar to the articles referred to in paragraph 5b and 5c and 5d, these articles in the design phase, e.g. samples for testing, wear trials or demonstrating, until 13.5 years after EiF; f. impregnation agents for re-impregnation and spare parts of articles referred to in paragraph 5b, 5c, 5d and 5e until 13.5 years after EiF (note : this point might require a longer period to allow for the products to be used till the end of the expected life.

	
	
	Answer to specific info request 10:
- Single material or single product : PPE contain several materials, it needs to be clarified how the PFAS content has to be determined in such cases. - Multiple articles can be made available on the market as a single PPE product (e.g. complex chemical / CBRN suits). Also for these cases, clarity on how to determine the PFAS content is necessary. - Degradation / contamination during production or use of PPE products : at what time in the life cycle must the PFAS content be determined ?  - It is necessary to consider the source of PFAS measured in/on products. The manufacturer of the PPE is not necessarily the source – see cross contamination but also contamination in testing facilities that can have an influence on the measurement. See confidential test reports in annex - Further clarification on the accuracy of testing of thousands of PFAS substances in thousands of different products is necessary. - The analytical methods are key for the enforcement of any restriction. If it is impossible to measure correctly, a restriction only leads to frustrations at all levels of society. o A PFAS report by the US National Science and Technology Council also acknowledges the issue with analytical methods when it comes to PFAS testing and outlines a series of actions in order to address research gaps See : https://www.whitehouse.gov/wp-content/uploads/2023/03/OSTP-March-2023-PFAS-Report.pdf o A report commissioned by the Norwegian Environment Agency looked into the available analytical methods for 17 specific uses/ matrices and showed the current limitations of the standard methods available for measuring PFAS. It concluded, amongst others, that: (i) no standards available for total organic fluorine methods or the total organic precursor assay, (ii) Total fluorine methods will not provide concentration for single substances,  (iii) no standard methods found to measure specific PFAS in some uses (e.g. electronics and electronic equipment incorporating semiconductors, F-Gases and refrigerants, medical devices and medicinal products, cosmetics, oil gas and mining, metal plating, flame retardants and resins), (iv) etc.  See : http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1642999&dswid=-5818
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	General Comments:
As a manufacturer of compressors, refrigerated compressed air dryers and compressed air filters for industrial use, we would be massively affected by a comprehensive PFAS restriction with regard to all our product groups.

We fully support the consultation contributions submitted by the manufacturers' association Pneurop, in the preparation of which we were involved, in particular the consultation contributions of Pneurop PN2 - Compressors and Pneurop PN14 - Air Treatment, which are particularly relevant for our product groups.

The impacts of a comprehensive PFAS restriction identified in these Pneurop consultation submissions are all applicable to our product range, with the strongest impacts expected in the following areas:

1) Restriction of the use of fluoropolymers (e.g., PTFE, FPM, PVDF, FEP, PFPE) as a base material, component or coating of machine elements such as seals, bearings, and hoses.
2) Restriction of the use of PFAS as a component in lubricants for compressors.
3) Restriction of the use of F-gases, which fall into the PFAS category, in refrigeration circuits of refrigerated compressed air dryers.

In this regard, we would like to provide the following information in addition to Pneurop's consultation comments. This contribution relates to fluoropolymers in machine elements such as seals, plain bearings and hoses.

For cost reasons, such machine elements made of/with fluoropolymers are only used for particularly demanding applications in which a long service life, good dimensional stability, high elasticity and/or permanently good sliding properties must be achieved under the influence of high temperatures, high oxygen partial pressure, aggressive chemical impurities in the air to be compressed and/or high mechanical stresses (e.g. as a result of pressure and pressure cycling). For less demanding service conditions, less expensive polymers that do not fall into the PFAS category are used anyway.

No alternative materials with the same properties available:

Currently, there are no alternative materials available for such machine elements that cover this range of applications, especially in the combination of stresses and requirements, even approximately with the same service life and reliability.


Small proportion by weight, but of high importance:

The machine elements in our products, which are made of fluoropolymers, account for only a very small proportion of the total weight (indicatively well below 0.0005 w/w), but have a high significance for reliability, availability, durability and minimization of maintenance requirements.


Negative impact on service life, reliability, maintenance intervals and competitiveness:

These machine elements are deeply integrated into our products, which means that, unlike typical maintenance parts, they are not easily accessible or easy to replace. On the contrary, replacing these components usually requires extensive disassembly and reassembly of major subassemblies. This is inherent and could only be changed to a small extent by extensive and costly redesign of the products.

A significantly shortened service life of these machine elements, as would occur if materials with significantly poorer properties were to be used due to comprehensive restrictions on PFAS, would therefore not only result in shorter maintenance intervals, but also in a significant increase in the maintenance effort per maintenance cycle.

In industrial plants, which are our most important customers, the availability of compressed air in the required quantity and quality plays an essential role because production can come to a standstill if the compressed air supply is disrupted. The reliability and availability of products, especially compressors, therefore plays an essential role.

In the event of a comprehensive restriction of PFAS, our products would not be competitive in markets outside the EEA, where the above-mentioned machine elements may continue to consist of or contain PFAS.


Improving recycling as a better alternative instead of restriction:

Almost all of our products are subject to the Waste Electrical and Electronic Equipment (WEEE) Directive 2012/19/EU. This regulatory framework provides good conditions for collecting, safely disposing of or recycling the machine elements containing PFAS at the end of their service life.

Furthermore, our products consist to a large extent of valuable and easily recyclable materials (e.g. steel, copper, aluminum), so that there is an economic interest in recycling at the end of the service life.

We therefore recommend not to restrict the use of fluoropolymers for machine elements such as seals, plain bearings and hoses for use in compressors, refrigerated compressed air dryers and compressed air filters, but to introduce additional measures to improve labeling, traceability and recycling of such machine elements.


Time required for qualification of alternatives:

For us as a machine manufacturer, machine elements made of/with fluoropolymers are mostly purchased parts. There are several stages in the supply chain between material production and use in our products.

The development of alternative machine elements without PFAS starts with material development. This is followed by the development of the machine elements. We assume that several years are already required to bring possible alternatives this far.

After that, these machine elements must be qualified for use in our products. Tests in the laboratory or test field have only limited significance in this respect. Accelerated tests under artificially aggravated operating conditions alone are not meaningful. Ultimately, comprehensive field tests in real products, under numerous different real operating conditions and over long periods of time are required.

We assume that at least 5 years after the availability of machine elements made of alternative materials are required before meaningful results from field tests are available. And meaningful results are not necessarily a confirmation of suitability; the opposite is equally possible.

If the use of fluoropolymers for machine elements such as seals, plain bearings and hoses for use in compressors, refrigerated compressed air dryers and compressed air filters is not permitted to remain, we therefore recommend transition periods of at least 10 years.


	
	
	Answer to specific info request 6:
Fluoropolymers in machine elements such as seals, plain bearings and hoses used in compressors, refrigerated compressed air dryers and compressed air filters for industrial use.
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	General Comments:
THIS IS A REPEAT SUBMISSION AS NO FORMAL CONFIRMATION (VIA EMAIL) WAS RECEIVED FOR THE SUBMISSION MADE ON THE 22ND SEPTEMBER.

The current proposal contains no derogations and a transition period of 18 months for coil coating applications of the PTFE fluoropolymer.
ECCA requests that this fluoropolymer is excluded from the proposed PFAS restriction on the basis that:
(a) PTFE additives coatings are used in coil coated products to provide the required levels of formability and surface hardness. These properties facilitate the use of the products in the supply chain and reduce waste and rework.
(b) Whilst there are some alternative additives products e.g., polyolefins that could be used to replace these fluoropolymers in some applications. There are no cost-effective alternative products that will meet the performance of PTFE in demanding market applications e.g., building facades.
(c) A restriction on the use of PTFE in coil coating applications will require the paint companies and coil coaters to undertake a large (greater than 10,000 products) programme of reformulation and revalidation to establish the appropriate alternatives that could be used to provide an equivalent level of performance.  This programme will consume high levels of technical resource and divert this invaluable resource away from other important topics such as decarbonisation.  This reformulation programme would not be completed within 18 months proposed in the restriction.
(d) The PTFE-containing products are recycled at the end of life through established supply chains which result in the organic coating (and the fluoropolymer additive) being incinerated at high temperatures in primary metal manufacturing processes.  These processes are subject to the Industrial Emissions Directive, and they deploy extensive abatement technologies to deal with a wide range of hazardous substances.  The incineration and abatement technologies eliminate fluoropolymer or PFAS emissions from the recycling of these prepainted metals.
This request is consistent with the UK Government who have recently published their detailed RMOA on the restriction of PFAS chemicals following detailed consultation with the various stakeholders.
Should ECHA decide to retain fluoropolymers within the proposed restriction then ECCA requests that a 10-year (+18 months) derogation is granted to this application of PTFE.  This will provide the industry with a suitable period time in to develop new paint formulations systems that meet the technical performance of the current PTFE-containing products.


	
	
	Answer to specific info request 1:
The comments in this document apply to the coil coating sub-sector of the construction sector as defined in Table 9 of the Restriction Proposal. Coil coating is also defined as a sub-use sector of the metal industry sector in Table A.57 with section A.3.14 (Construction Products of Annex A). Coil coating is discussed in section E.2.13 (Construction Products) of Annex E in the section titled “coil coating” on page 405. The comments apply specifically to coil coated products containing PTFE additives for the construction, appliance, and other markets. Where PTFE = polytetrafluoroethylene.
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Pilot-Scale Fluoropolymer Incineration Study: Thermal Treatment of a Mixture of Fluoropolymers
under Representative European Municipal Waste Combustor Conditions

Dr. Gehrmann, Hans-Joachim?®; Dr. habil. Bologa, Andrei’; Dr. Aleksandrov, Krasimir!; Bergdolt, Philipp;
Dr. Taylor, Philip?; Dr. Schlipf, Michael®; Dr. Ameduri, Bruno*; Gunasekar, Priyanga®; Kapoor, Deepak®

Institute for Technical Chemistry (ITC) at Karlsruhe Institute of Technology (KIT); 2P Taylor & Associates, LLC, USA; 3 Pro-K, Germany;
41CGM, University of Montpellier, France; > Gujarat Fluorochemicals

Significance and Motivation

A recent study by Conversio, a consultancy based in Germany, has shown that at its end-of-life
approximately 85% of all fluoropolymers end up in waste-to-energy recovery incinerators. A subsequent
question of regulators was: Do fluoropolymers get fully incinerated without any formation of short chain
or long chain PFAS? Arecent project executed by the Karlsruhe Institute of Technology (KIT) in cooperation
with Société Générale de Surveillance (SGS) was conducted to assess the same.

Experimental Parameters

Main applications of the four highest volume fluoropolymers (PTFE, PVDF, PFA and FKM) representing more
than 80% of commercial fluoropolymer production based on data from Pro-K (German association of
polymers processors) were considered. Post-use samples from these applications were incinerated as a
mixture under standard operating conditions for municipal and industrial waste incineration. Figure 1
presents the experimental conditions. Experiments were conducted under two sets of conditions over a
period of 9 days. The first experiments were conducted at a process setting of 860°C and 2.0 s residence
time. These experiments were conducted in three stages. Initially, background tests were performed using
natural gas and 100 kg/h wood chips. This was followed by the same fuel conditions with the addition of
320 g/h of fluoropolymer. The final test involved switching back to background conditions. The duration of
each of these tests ranged from 9 — 13 hrs. A second set of experiments was conducted at a process setting
of 1100°C and 2.0 s residence time. These tests were conducted in the same sequence as the first set of
tests. The feed rates for the wood chips and the fluoropolymer mixture were identical to the tests at 860°C
and 2.0 s residence time. The test duration for this second set of tests also ranged from 9 — 13 hrs.
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number of HF and

duration

Material Mass fraction
[wt.-%]
PTFE tubes 63,00
PTFE tape 7,00
PVDF 18,00
PFA 6,00
FKM rubber 6,00

test parameters PFAS samplin locations [hrs] RUN date / remarks day
start-up with natural gas and oil 24 25223, 10a.m. day 1
. _ and 2
starting solid feeding (wood chips) 24 26.223; 10 a.m.
3 11 1 27.22023;9 am
day 3 Monday
feeding of fluoropolymers
solid fuel: woodchip (100 no Top of post- 9 over night
Trco: 860 °C b o
kg/h) + 320 g/h FP together | Tree hCO”l‘) US("EOW"b)
with oil and natural gas 20s chamber
9 3 after bailer, stack " 2 28.22023;9 am
day4 | Tuesday
J stop feeding flouropolymers
no 13
stion ber with in the evening
ural gas and 100
d chips 3 11 3 01.03.2023; 9 am
day 5 |Wednesday
Change of temperature post combustion chamber 12 over night
3 " 4 02.03.2023; 9 am
day 6 | Thursday
feeding of fluoropolymers
solid fuel: woodchip (100 B no Top of post- 9 gover nlgf?t v
kg/h) + 320 g FP together Tpcc;gOO C hwr:,bus(t;nb)
with oil and natural gas s chamber
9 3 after boiler, stack 1 5 03.03.2023; 9 am
day 7 Friday
v kiln / stop feeding flouropolymers
y K no 13
er with in the evening
oil, natural gas and 100
kg/h wood chips 3 11 6 04.03 2023, 9 am day 8 Saturday
shut down 24 day 9

Figure 1: Experimental setup

The fluoropolymers were fed as a mixture at relative proportions that correspond to the mass fractions
sold in the European marketplace. These data are also shown in Figure 1. Suspension and emulsion
polymerized PTFE application samples represented about 70 mass percent of the fluoropolymer feed rate.

The main operational parameters for the two sets of tests are summarized in Figure 2. The temperature of
the flue gas outlet exiting the rotary kiln was in the range of 800-900°C. The temperature of the flue gas
post-combustion chamber outlet was very close to the targets for these tests (860°and 1100°C in the
combustion chamber for setting 1 and 2, respectively). The O, and CO measurements for setting 1 and 2
varied somewhat. For setting 1, the values were 11.2 vol % dry and 0.2 mg/m?, respectively, while for
setting 2 the O, measurements were somewhat lower (7.0 % with an increase in the CO concentration (1.2
mg/m?3). The water vapor concentration as measured in the boiler exit ranged from 6.2% in setting 1 to

8.49% in setting 2.
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setting S1 setting S2
unit RUN 1, 2, 3 RUN 4,5, 6
mass flow wood chips kg/h 98 98
main air my/h 418 423
c mass flow heating oil kg/h 61 46
< |volume flow natural gas my/h 4 4
% volume flow combustion air mN3/h 872 753
é inclination ° 2
rotation speed rev p.m. 0.2 | 0.4
temperature flue gas outlet °C 800 - 900
thermal power MW 1.1 | 0.9
_ volume flow natural gas to burner D4.1 my/h 22 35
2 sum of volume flow combustion air to burner D4.1 mN3/h 671 429
E volume flow natural gas to burner D4.2 my/h 22 35
; sum of volume flow combustion air to burner D4.2 my/h 671 428
2 residence time S 2
§ temperature flue gas post-combustion chamber outlet (with control) °C 860 1095
£ |CO (level E2) mg/m® 0.2 1.2
8 |0, (level E2) Vol.-% dry 11.2 7.0
thermal power MW 0.46 0.72
total thermal power rotary kiln and post combustion chamber MW 1.59 1.67
— o |Vvolume flow my’/h 3958 3238
5 % 0, Vol.-% dry 11.9 9.0
82 |co mg/m® 1.35 1.64
water vapour Vol.-% wet 6.20 8.49

Figure 2: Main operational parameters at two experiments

There were multiple sampling locations for this study. Flue gas was sampled near the exit of the combustion
chamber (location 1), at the exit of the boiler (location 2), and at the entrance to the stack (location 3),
while liquids and residues were also sampled and analyzed after each RUN (see Figure 3, Test facility
sampling locations).

The test facility BRENDA comprises a rotary kiln with a post-combustion chamber, a boiler for heat recovery
and a flue gas cleaning system, which complies with German emission regulations (17 BlmschV). The
thermal power of the rotary kiln is of maximum 1.5 MW, while that of the post-combustion chamber is
about 1 MW, which results in a total thermal output of BRENDA of maximum 2.5 MW.

The fluoropolymers mixture after blending with wood chips and consequent weighing was delivered to the
rotary kiln. To secure optimal combustion conditions, natural gas and heating oil were supplied additionally
to the rotary kiln, while the post combustion chamber was supplied with natural gas only.

The mass flow of the fluoropolymers mixture was set at 320 g/h, which corresponds to a pure Fluorine
mass flow of 230 g/h. This level increases the fluoropolymer ratio to fuel, while at the same time keeps the
Fluor-concentration below the total halogen limit of 1%, as set by the legislature.

The combustion gases of the rotary kiln enter the post combustion chamber (PCC). It contains two natural
gas burners staggered in an antiparallel manner, with a slight shift to each other. The temperature and the
residence time in PCC were adjusted mainly with the help of the above mentioned burners, supported by
a slight shift of about 200 kW into the post combustion chamber.
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Rotary Combustion Waste Spray Fabric Flue Gas Scrubber SCR Stack

Kiln Chamber Heat Drier Filter Scrubber 1 Scrubber2  Catalyst
Fuel Boiler
Process Steam
Air
. ®

Camera

Thermal power

Ammonia Overall
Liquor 25 MW
Rotary kiln

Gas Burner 4 5w

Loaded NaOH Post-combustion

i Salts, Adsorbent Induced chamber
: Flue Dust = ‘ Draught 1 MW
Air Boiler Ash
. (H) Slag \ Flue gas cleaning
i i iqui 17 BiImSchV
o 9 0 PEAS sampling fluegas SGS PFAS Sampling residues & liquids (SGS)

Figure 3: Test facility-BRENDA at KIT

The minimum residence time is calculated according the methodology of the German Technical Supervision
Agency (“TUV”) from 2007. The data which were published in the report were re-calculated and then
adapted to the operational conditions in this study (Setting 1 and Setting 2). Figure 4 presents the layout
of the post combustion chamber with the geometry relevant for the determination of the residence time.

1 E2 gas sampling

BN L]
- | EtbPEAS samping___

B B poriprgn
E1b

Start post-combustionzone
(+7.65 m)

l

Rotary kiln

Fig. 4: BRENDA layout with details relevant for the residence time
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Table 1 shows the detailed values for the design of the settings.

The volume flow of the required flue gas amount to reach the two seconds was calculated with a target

value search.

Table 1. Parameters calculated for the residence time in the PCC

PFAS Project, Level Elb

setting 1 setting 2
Start post combustion
zone [m] 1 meter above 7.65 7.65
the burners
Temperature in the post
combustion chamber 860 1100
(PCC) [°C]
Volume flow Vace [my*/h 3947 3957
wet] after boiler
Cross section PCC [m’] 2.82 2.82
Volume flow Vpce [M3/h] 16,382 16,382
Height h [m] level E1b 10.88 10.88
Residence time from start
PCC zone to level E1b [s] 2.00 2.00

The two seconds are the residence time of flue gas from start of post-combustion zone until PFAS sampling
point E1b, calculated with calibrated temperature measurements on the top of post combustion chamber
(PCC).

The flue gas was sampled for both short-chain and long-chain PFAS in addition to organic and inorganic
fluoride. Volatile organic Ci1-C4 fluorocarbons were also sampled using a tedlar bag at all three sampling
locations. At location 2, gas-phase HF was measured in near real-time using a tunable diode laser (TDL).
The purpose of the three gas-phase sampling locations was to assess the potential emissions of PFAS at
different locations in the system and to use this data to assess potential sources of PFAS in this system.
PFAS sampling of residues and liquids is also shown in Figure 3. In addition to these three sampling points,
flue gas scrubber water upstream of the SCR catalyst was collected and analyzed for PFAS.

Table 2 provides a list of analytes measured in this study and the Limit of Quantification (LOQ). In addition
to PFAS and fluoride ion, volatile C1-C4 fluorocarbons and trifluoroacetic acid (TFA) were also measured.
The C4-C4 fluorocarbons were measured by gas chromatography coupled to mass spectrometry (GC-MS).
Adsorbable organic fluoride (AOF) was measured using Combustion lon Chromatography (CIC) and
inorganic fluorine in impinger samples were measured by lon Selective Electrode. TFA was measured using
lon chromatography (IC) and long chain PFAS from impinger samples were measured using Ultrahigh-
Performance Liquid Chromatography coupled to tandem Mass Spectrometry (UPLC-MS/MS). HF was also
measured at the post-combustion zone location using TDL spectroscopy.

Appendix 1 presents a list of long-chain PFAS measured in this study.
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Table 2. Analytes and reporting limits

Analyte LOQ
Volatile C1-C4 Compounds 5-30 ug/m?3
(CF4, CHF3, C2F6, C2HF5, CF2=CF-CF3, cy-C4F8)

Adsorbable Organic Fluorine 2 ug/L
Inorganic Fluorine 0.1 ug/L
Trifluoroacetic Acid 0.02 ug/L
PFAS (see Appendix for list of compounds measured) 0.02 ug/L

Note: LOQ for AOF, Inorganic fluorine, TFA, and PFAS are for agueous samples.

Experimental Results

Fluorine Recoveries

Fluorine recoveries ranged from 69 to 84% using the TDL (at sample location 2). The variability in these
data from run to run was low. In contrast, the impinger data analyzed at the same sample location showed
about 10 to 20% lower fluorine recoveries. The data are summarized in Table 3. The TDL data provide strong
evidence for complete mineralization of fluoropolymer feed mixture.

Table 3: Fluorine Recovery (TDL Measurement)
volume flow volume
@standard wet . Fluorine
Run Settings HF (TDL) conditions ﬂowo(g_)270 Fluorine Recovery
mg/ms? wet Gas [mn3/h] [ms3/h] g/h %
860°C, > 2s, oil + 23.50 3,956 7,866 175.64 76%

2 nat. gas + wood 23.93 3,952 7,859 178.62 78%
chips + 230 g/h F 25.80 3,943 7,841 192.16 84%
1100°C, > 2s, oil + 25.44 3,299 6,560 158.53 69%

5 nat. gas + wood 26.58 3,231 6,424 162.23 71%
chips + 230 g/h F 26.93 3,217 6,397 163.64 71%

Long-chain PFAS

A large majority of the PFAS measured in impinger samples were near or below reporting limits (>98% of
data collected at 860°C and >96% of data collected at 1100°C). Table 3 presents PFAS data for 4 compounds
where measurements exceeded reporting limits in several cases. Of particular note is a HFPO-DA
measurement which exceeded reporting limits by a factor of 47. Maximum PFBA, PFBS, and 6:2 FTS
measurements exceeded reporting limits by much lower factors, ranging from 9 —12.

These data was re-analyzed to assess the veracity of data. The results are also presented in Table 4. The
results indicate that the high measurement values for HPFO-DA could not be reproduced. The results for
PFBA and PFBS were also lower when re-analyzed. The lack of reproducibility of data and the lower
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measurement values upon re-analysis suggests that cross-contamination is a possible reason for high
measurement values for HPDO-DA, PFBA, and PFBS in the initial analysis.

PFAS analyses of wastewater and ash residue samples indicated a large majority of the samples were below
reporting limits. One notable exception was a deslagger water bath sample where HFPO-DA was a factor
of 16 above the report limit.

Table 4. PFAS Analysis of Impinger Samples

Initial Analysis

PFAS Compound RL (ng/m?3) # >RL ng/m3 (max)
PFBA 2.8 5 35.8
PFBS 1.4 22 19.5

6:2 FTS 1.4 17 12.5
HFPO-DA 1.4 31 66.3
Re-Analysis

PFAS Compound RL (ng/m3) # >RL ng/m? (max)
PFBA 2.8 0 2.8
PFBS 1.4 7 10.7

6:2 FTS 1.4 11 16.2
HFPO-DA 1.4 16 25.2

Note: For each data set, the total number of measurements equal 54: 27 for each combustion
condition.

Short-chain PFAS

TFA was non-detect for all 76 impinger samples analyzed, at a reporting limit of 14 pug/m3 (ppb).

Volatile Fluorocarbons (FC)

Tetrafluoromethane (CF4) was the only volatile FC detected in the GC-MS analysis. Values of CF4 at stack
were near detection limits (20-27 ug/m?3) and detected in 2 of 14 samples. The results are considered
guestionable because CF4 was only detected in one post-combustion sample. There is no plausible reason
for larger CF4 values downstream of the combustion unit unless a non-combustion source is considered.

Discussions

There is one prior published pilot-scale study of the combustion of PTFE (Aleksandrov et al. 2019).
Combustion tests were performed at two conditions: 870°C and 4 s residence time and 1020°C and 2.7 s
residence time and wood chips were used as the supplemental fuel. The prior study burned 0.3 wt % PTFE.
Sampling was performed at a single location, downstream of the waste heat boiler. Thirty-one PFAS
compounds were sampled and analyzed (see Table 1 of Aleksandrov et al. for a list of PFAS measured).
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Fluorine recoveries were determined indirectly via IR water vapor measurements. The fluorine recoveries
ranged from 56 to 78%, with three of the four tests yielding recoveries less than 70%. Eleven PFAS
compounds were detected from the combustion and/or control samples and each at a level above 100
ng/m? in at least one sample. PFOA was detected in all but one sample and at values as high as 2.7 ug/m?3
(see Table 3 of Aleksandrov et al.).

The current study differs from the prior test in two important ways. The fluorine recoveries in this study
were determined from direct spectroscopic measurements and were above 70% in five of the six tests.
Secondly, PFAS reporting limits were on the order of 1 ng/m? or less and a large majority of samples (>98%)
were at or below reporting limits. The current study provides strong evidence that incinerating a mixture of
fluoropolymers under representative municipal waste combustion conditions leads to complete
mineralization of the C-F bonds, no significant emissions of long-chain PFAS, and no significant emissions of
TFA or light fluorocarbons such as CF4 or CoFs. The prior study did not provide evidence that the PFAS
detected were from sources other than the combustion of PTFE.

Conclusions

The study clearly demonstrated that fluoropolymers are converted to inorganic fluorides and carbon
dioxide. The inorganic fluorides detected were hydrogen fluoride. A large majority of samples indicated
that long-chain PFAS were below levels of 1 ng/m? (> 99% of samples associated with 860°C condition and
> 98% of samples associated with 1100°C condition). There were no short chain PFAS detected post
incineration. TFA was non-detectable in all samples with a reporting limit of 14 pg/m?. The results confirm
that fluoropolymers at their end of life when incinerated under representative European municipal
incinerators conditions do not generate any measurable levels of PFAS emissions and therefore pose no
risk to human health and the environment.

The main reason to include fluoropolymers in the EU PFAS restriction proposal was persistence (resistance
to degradation in the environment) in the environment. The absence of organic fluorides and more
specifically PFAS in tests representative of municipal waste incineration confirms complete mineralization
of fluoropolymers and provides critical data in support for exempting Fluoropolymers from the EU REACH
PFAS restriction proposal.
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Appendices

1. List of long-chain PFAS analytes analyzed in this study

Common Name* Abbreviated CAS" Registry | Isotopic Pre-
MName Number Extraction
Pair
Perfluoroalkylearboxylic acids (PFCAs)
Perfluorobutanoic acid'*4 PFBA 375224 3C4-PFBA
Perflucropentanoic acid'** PFPeA 2706-90-3 3C4-PFPeA
Perfluorchexanoic acid'-+ PFHx A 307-24-4 BC,-PFHxA
Perflucrcheplanoic acid' -+ FFHpA 375-85-9 B ,-PFH pA
Perfluorooctanoic acid -+ PFOA 1315.67-1 ';l’:_,_ PFOA
Perfluorononanoic acid '+ PFM A 1754951 "=['?- PFMA
Perfluorodecanoic acid'—+* PFDA 335-T6-2 Bes-PFDA
Perfluoroundecanoic acid> PFUnDA 2058-94-8 BCs-PFUndA
Perfluorodedecanoic acid™** PFDoA IN7-55-1 BC-PFDoA
Perfluorotridecanoic acid>+ PFTrDA 72620-94-8 BC.-PFDoA
Perfluorotetradecanoic acid™* PFTeDA 376-06-7 B3C,-PFTeDA
Perfluoro-n-hexadecanoic acid PFHxDA GTH5-19-5 BC,-PFHxDA
Perfluoro-n-octadecanoic acid PFODA 16517-11-6 "=l’:_u PFDoA
Perfluorinated sullonic acids {PFSAs)
Perfluoro- | -butanesulfonic acid™+ PFES 375735 I3C,. PFBS
Perfluoro- 1 -pentanesulfonic acid"? PFPe5 2706914 3, PFHxS
Or
LCy-PFBS
Perfluoro-1 -hexanesulfonic acid'**? PFHxS 155 46-4 ’0.-PFHxS
or
Be,-PFHxS
Perflucro- 1 -heplanesul fonic acid'? PFHpS 375-92-8 B,-PFHpA
Perfluoro- | -octanesulfonic acid '3 PFOS 1763-23-1 B -PFOS
Perfluoro- | -nonanesul fonic acid® PFMS GEIS0-12-1 B PFOS
Perfluoro- | -decanesulfonic acid® PFDS 135-77-3 3C-PFOS
Perfluorododecane sulfonate PFDoS T9780-30-5 3C4-PFOS
Perfluorinated sulfonamides (FOSAs)
Perfluoro- | -octanesul fonamide ™ FOSA T5491-6 '-:[',; FOSA
N-Meihylperfluorooctanesul fonamide * MeFOSA 31506-32-8 d3-MeFOSA
N-ethylperflusrooctanesul fonamide * EtFOSA 4151-50-2 d5-EtFOSA
Perfluorinated sulfonamidoacetic acids (FOSAAs)
N-methyl perfluorooctanesulfonamidoacetic acid™? MeFOSAA 2155319 di-MeFOSAA
M-ethyl perfllusrooctanesulfonamidoacetic acid®? ElFOSAA 2091-50-6 d5-EtFOSAA
Fluorotelomer sulfonates (FTS)
1H, 1 H,2H,2H-Perfluorchexane sulfonic acid"* 4:2 FTS 757124-72-4 M2-4:2 FTS
1H,1H,2H,2H -Perfluoroociane sulfonic acid’ 6:2 FTS 27619-97-2 M2-6:2 FTS
1H,1H,2H,2H -Perfluorodecane sulfonic acid' 8:2 FTS I9108-14-4 M2-8:2 FTS
1H.1H.2H.2H-perfluorododecane sulfonate {10:2) 10:2 FTS 120226-60-0 M2-10:2 FTS
Fluorinated Replacement Chemicals
4,B-Dioxa-3H-perflluorononanoic acid ADONA' Q19005-14-4 BC-PFOS
Hexafluoropropylene Ouide Dimer Acid HFPO-Da 13252-13-6 BC.-HFPO-DA
(GenX)'
Additional Targets
D-:v;:aﬂuum-tl—[p{:nluﬂuum-:l:h}-'lh:_vrluhc.'xan-:z;ulfunat-:]" | PFecHS | 67584-42-3 | 5.-PFHxS
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Fluorinated Replacement Chemicals

G-Chlorchexadecafluoro-3-oxanonane- | -sulfonic acid SCI-PFIONS T56426-58-1 BC,-PFOS
(F-53B Major)!
1 1-Chloroeicosafluoro-3-oxaundecane-| -sulfonic acid LICl-PF300LdS Ta305]-92-9 3C,-PFOS
OR (F-33B Minor)'
1 I-Chloroeicosaflluoro-3-oxaundecane- | -sulfonate* 83320809
Perfluorinated sulfonamide ethanols (FOSEs)
. i d7-M-
Ly N Tmim . T g 3 . - I 7 0.7
2-(N-methylperfluoro- | -octanesul fonamidoy-ethanol N-MecFOSE 2444 8-05-7 MeFOSE
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Comments on the Annex XV REACH restriction report

Restriction on the manufacture, placing on the market and use of PFASs

Submission deadline: September 25, 2023

SECTION 1. Personal information

We may contact you about your comment and to request additional information.
* First Name : | Preslava |
* Family Name : \_Dilkova |
* Email: | pdilkova@jonesday.com |
* Country :
| Belgium |
Phone :
Any personal data submitted is subject to ECHA’s data privacy rules.

SECTION II. Organisation

I am submitting information:

IOn behalf of an organisation or institution

Type of organisation/institution
Company)

Country where the organisation or institution is legally established:

| Belgium

Name of Organization:

| Jones Day

Select one of the following options : *

1 agree to the disclosure of the name of my organisation/institution to the public

I want to keep the name of my organisation/institution confidential

Note: the type and country of your organisation/institution will always be disclosed.

SECTION III. Non-confidential comments

It is possible to provide both general comments on the Annex XV restriction report subject to
this Consultation and answers to the specific questions posed. In both cases, it is necessary to
provide supporting evidence to allow ECHA’s Committees to take your comments into account.
It is important not to leave the submission of any socio-economic information until the

consultation on SEACs opinion but already submit relevant comments at this stage.
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General Comments

Select the relevant boxes that cover the content of your comments and provide your non-
confidential comments below, (maximum 9 000 characters)

Scope or restriction option analysis

Hazard or exposure

Environmental emissions

Baseline

Description of analytical methods
Information on alternatives

Information on benefits

Other socio economic analysis (SEA) issues

Ll S Sl R

L« X T

Transitional period
Request for exemption

1]

I understand that it is my responsibility not to include confidential information in responses
to general comments and in any responses to requests for specific information (e.g. company
name, email addresses, phone numbers, signatures etc.). ECHA will not be held liable for any
damages caused by making non confidential responses publicly available.

Please provide your general comments in the box below:

This submission is made by Jones Day on behalf of a confidential client (“Client”). The Client
is a technology company that designs and manufactures semiconductors.

The Client is a member of the semiconductor industry’s “PFAS Consortium,” as well as a
member of European Semiconductor Industry Association (“ESIA”) and SEMI. The Client
endorses and incorporates by reference the submissions, comments, and derogation requests
made by ESIA, SEMI, and the German Electrical and Electronic Manufacturers' Association
(“ZVEI”), as well as related papers made available by the PFAS Consortium, in relation to the
various uses of PFAS materials throughout the semiconductor manufacturing cycle.

Those papers and submissions accurately document the needs for substantially expanded
derogations for the semiconductor industry’s various PFAS uses, and include detailed
information and alternatives information regarding PFAS uses in photolithography, in plasma
etch and deposition, as an anti-bleed agent in die attach epoxy, in heat transfer fluids in
semiconductor manufacturing equipment, in various pumps, fluids and lubricants used for
semiconductor manufacturing, and other uses in semiconductor manufacturing equipment.
Each of these issues is addressed in detail in the submissions and related papers made available
by the PFAS Consortium, at this link:
https://www.semiconductors.org/pfas/#:~:text=AND%20SEMICONDUCTOR%20PROCESS
ING%20%3E-,Technical%20Papers,-The%20Semiconductor%20PFAS.

For purposes of these comments, however, we focus only on providing additional information
on certain non-replaceable uses of, and the necessity of derogations for, PFAS in a narrow but
critically important subsector of the semiconductor sector: semiconductor devices known as
microelectromechanical systems (“MEMS”) devices.

MEMS comprise components between 1 and 100 micrometers in size and usually include a
central processor and several components that interact with other devices such as microsensors.
As detailed in the PFAS Consortium’s White Paper on Packaging: “MEMS have widespread
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applications including as inkjet heads, pressure sensors, microphones, accelerometers,
gyroscopes, magnetometers, inertial combs, thermopiles, microbolometers, optical MEMS,
microfluidics, radio-frequency MEMS, oscillators and environmental sensors. MEMS markets
include consumer, automotive, industrial, medical, telecommunications, and defense and
aerospace. The unintentional adhesion of MEMS surfaces is detrimental to performance within
the limits of the MEMS actuation and is one of the more pervasive problems with MEMS device
fabrication, packaging and handling. (....)” See PFAS-Containing Materials Used in
Semiconductor Manufacturing Assembly Test Packaging and Substrate Processes,
Semiconductor PFAS Consortium Assembly, Test, Packaging and Substrates Working Group
(June 2, 2023).

Client’s MEMS devices are sold in the European Union (“EU”) into the following non-
exhaustive list of markets for end products: medical devices, industrial, automotive, personal
electronics, communications equipment, and enterprise systems. These products are essential
to the functioning of the EU’s, as well as the world’s, modern economy, security and society.

EU authorities have, in the recently adopted Chips Act, already noted the systemic risks that
supply chain and other business interruptions to the semiconductor sector pose to the EU’s
economic health and sustainability objectives. As the recitals to the Chips Act state:
“Semiconductors are at the core of any digital device and the Union’s digital transition: from
smartphones and cars, through critical applications and infrastructures in health, energy,
communications and automation to most other industry sectors. As semiconductors are central
to the digital economy, they are powerful enablers for the sustainability and green transition,
contributing thus to the Green Deal objectives. While semiconductors are essential to the
functioning of our modern economy, defence, security and society, the Union has witnessed
unprecedented disruptions in their supply, the consequences of which are significant.”

The importance of the semiconductor sector and the supply chain deficiencies in the EU are
also stressed in a recent report of the Joint Research Center (“JRC”) - ‘Supply chain analysis
and material demand forecast in strategic technologies and sectors in the EU’. Available at:
https://publications.jrc.cc.europa.cu/repository/handle/JRC132889. The Report recognizes
that semiconductors are fundamental to all digital technologies and are illustrative of the
international nature of the market and supply chains. According to the JRC, there is a lack of
public investment to support the manufacture of advanced technologies, when compared with
the US and Asia, that has discouraged semiconductor industry development within the EU (EC,
2020). There are also supply risks at all stages of the value chain, from the poorly diversified
production of certain critical raw materials such as rare earths and noble gases to the EU’s
limited manufacturing capacity of highly strategic processed materials and components, such
as advanced logic and memory semiconductor chips. The Report states that China has the
biggest share of most of the raw materials in digital technologies by 47% of share, followed by
Africa as continent (12%). The EU share is approximately 3%. “The higher supply risk for raw
materials is associated with the manufacturing of the semiconductor, magnet and battery.”
(page 103).

The use of PFAS in the semiconductor sector is not mentioned in the JRC Report. However,
PFAS are referred to as “process materials” for the production of other key technology products
(i.e. fuel cells, electrolysers).

The PFAS REACH Restriction Proposal as it presently stands would present yet another, but
in scale unprecedented, disruptive impact to the semiconductor sector and the products that
depend on semiconductors, including MEMS, for EU society’s health, safety and sustainable
well-being. This disruption will be felt not just in Europe, but globally should the REACH
PFAS Restriction Proposal be adopted in its current version without realistic and meaningful
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derogations for semiconductors and their value chain. This global impact will, as well, amplify
the adverse impacts in the EU.

We are pleased to provide this supplemental information on our MEMS devices in order to
provide ECHA, the Dossier Submitters, and the European Commission with additional
information about the critical function that PFAS plays in the operation and functionality of
these MEMS devices, the de minimis PFAS emissions in the EU associated with those uses, the
importance of these MEMS devices in a wide range of end products that cross many different
applications with significant socioeconomic values, and the lack of available alternatives for
PFAS for these applications at the current time and for the foreseeable future.

This submittal also proposes language for the derogation necessary to avoid the unprecedented
disruptive impacts the PFAS restriction proposal would create if finalized in its current form.

For the reasons described in greater detail below, a derogation for this use is both clearly
warranted and fully consistent with REACH’s risk-based decision-making standards for Annex
XVII restrictions. The absence of such a derogation, conversely would lead to a deeply non-
proportional outcome, with severely adverse socio-economic impacts and negligible (and
perhaps even undetectable) environmental benefits.

Where necessary to ensure the protection of confidential business information, we supplement
the information in this public submission with more detail in our confidential attachment
submitted under Section V below. We will identify with reference numbers the points where
our public information is supplemented with additional information in Section V.

We would be pleased to meet with any ECHA or Member States officials to discuss any of the
issues addressed in this submission in more detail and address any questions. We appreciate
ECHA’s attention to this submission.

1. Sectors and (sub-)uses: Please specify the sectors and (sub-)uses to which your comment
applies according to the sectors and (sub-)uses identified in the Annex XV restriction report
(Table 9). If your comment applies to several sectors and (sub-)uses, please make sure to
specify all of them.

Electronics and semiconductors.

2. Emissions in the end-of-life phase: The environmental impact assessment does not cover
emissions resulting from the end-of-life phase. To get a better understanding of the extent of
the resulting underestimation, (sub-)use-specific information is requested on emissions across
the different stages of the lifecycle of products, i.e. the manufacture phase, the use phase and
the end-of-life phase. Please provide justifications for the representativeness of the provided
information. In particular:

a. Please provide, at the (sub-)use level, an indication of the share of emissions (as
percentages) attributable to these three different stages. An indication of annual emission
volumes in the end-of-life phase at sector or sub-sector level would also be appreciated.

b. If possible, please provide for each (sub-)use what share of the waste (as percentages) is
treated through incineration, landfilling and recycling. Please provide information to
justify the estimates as well as information on the form of recycling referred to.

Key Points

Page 4 of 17






As described in more detail below and in our response to Question 7, an irreducible minimum
amount of PFAS is required for reliable operation of certain MEMS devices. These substances
are sealed inside certain of the client’s MEMS devices for the duration of their use phase.

The quantity of PFAS at issue in MEMS devices is minute: only a very small amount of PFAS
(<900ppm, or <0.09% w/w) of PFAS is used in each device, and client continues to make
incremental technology improvements to enable a lower total PFAS concentration for specific
products/applications in those devices. The absolute amount of PFAS that is placed on the
market in the EU, by virtue of being embedded in these MEMS devices, is extremely low.
Client places on the global market a total of <lkg per year PFAS substances contained in
MEMS devices; it is therefore highly likely that the absolute annual totals of PFAS used in
these applications in products that are placed onto the market in the EU does not exceed 0.5 kg
per year. Indeed, our estimate is that roughly 20% of the end products that contain these MEMS
devices end up on the EU market.

Accordingly, we estimate that the absolute total of PFAS used in these applications in the
EU does not exceed 0.2 kg per year. In, sum, therefore, the answer to Question 2
regarding PFAS emissions at the end-of-life phase is that such emissions from MEMS
devices are likely at or near zero.

That de minimis result is a function of several factors, including:

a. the very low absolute volumes of PFAS that are placed on the EU market in the first
place in MEMS devices;

b. the controls on emissions from electronics waste management that flow from
compliance obligations imposed by Directive 2012/19/EU on waste electrical and
electronic equipment (“WEEE”), which will apply to most if not all of the final
equipment applications of products that contain MEMS devices; and

c. the obligations of waste treatment facilities to apply best available techniques (“BAT”)
under the Industrial Emissions Directive 2010/75/EU with respect to any incineration
of waste fractions resulting from the waste processing.

Background -- Emissions in the Production Phase

All MEMS production by the Client takes place at a single production facility, outside the
EU/EEA. There are, accordingly, no PFAS emissions in the EU from the Client’s MEMS
production.

That manufacturing process (which, again, sits outside of Europe) is essentially a closed loop
under strictly controlled conditions. Releases of PFAS from MEMS manufacturing operations
occur in very small quantities that may be released as air emissions or in wastewater discharges.
We provide more confidential information about the production process in Section V (see part

[2D).

The manufacturing process collects most of the PFAS that are not ultimately embedded in the
MEMS device wafers themselves and then transfers them for thermal destruction. The process
equipment that applies PFAS during the manufacturing phase has internal cold trap filters that
are designed to remove PFAS residues from the exhaust stream. The Client is currently
undertaking a review of the cold trap filter design and chiller capabilities to maximize PFAS

removal efficiency from the manufacturing process equipment, which again is located outside
the EU/EEA.

All PFAS waste collected from the condenser or otherwise captured during the manufacturing
phase is collected for off-site thermal destruction located outside the EU/EEA. This includes
waste consumables used in the manufacturing process and from maintenance activities. The
solvent containing collected PFAS and consumable waste is destroyed by a government-
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licensed industrial waste incineration facility using high temperature thermal oxidation for
industrial waste.

All waste handling practices and procedures at each step described above are designed to avoid
occupational exposures to these residual PFAS.

Background -- Emissions in the Use Phase

The MEMS devices at issue in this submission are components that are used in a wide variety
of end devices. They are marketed and sold to enterprise customers in several key market
segments in the EU, including medical and safety applications, where they are further
embedded into complex electronic articles, i.e., end products, on the EU market.

The tiny fraction of PFAS in the MEMS device is never designed to be released during the use
phase of the end product. In fact, the device is specifically designed to avoid release of PFAS
during the use phase of the product, because any release of PFAS during product use would
cause rapid degradation and eventual failure of the MEMS device, and therefore of the affected
component or end product.

Moreover, the MEMS devices at issue here are not accessible or replaceable by end users of
the complex articles in which they are incorporated as components. Needless to say, the minute
amount of PFAS that is incorporated in those devices is likewise inacessible to end users, and
there are no consumer or occupational exposures at issue in connection with this important but
limited use case.

Detailed Information on Emissions in the End-of-life Phase
Emissions from Waste Recycling -- WEEE Directive

The complex articles into which these MEMS devices are integrated are typically processed at
end-of-life as scrap electronics to reclaim valuable materials contained within them, and where
such processing occurs in the EU, in accordance with national implementation of the WEEE
Directive. Such operations are carried out consistent with the minimum quality standards for
environmental protection as specified in Article 8(5) of the WEEE Directive. It is unknown
how much MEMS end-of-life processing occurs in the EU/EEA. As noted above, we estimate
that roughly 20% of these MEMS produced will end up on the market in the EU/EEA.

With respect to the MEMS devices at issue in this submission, given that the total absolute
quantities of PFAS in these MEMS devices are already insignificant in the EU/EEA (i.e.,
roughly 0.2 kg/year), the potential releases to the environment that are attributable to these
releases should be considered de minimis. To the extent such releases may occur, moreover, a
restriction on PFAS uses in MEMS devices in order to mitigate those de minimis environmental
emissions is not a proportional regulatory response. Those emissions could instead be regulated
via other EU legislation, and not through REACH. EU authorities have already explicitly
acknowledged that alternative options are available, as explicitly stated in the PFAS working
document (SWD(2020) 249 final) accompanying the Chemicals Strategy for Sustainability:

“Waste treatment facilities are covered by the IED and these can emit PFAS. The BAT
conclusions for waste treatment address PFOA and PFOS, but not other PFAS.
Permits given to waste treatment plants have to implement the obligations within four
years of BAT conclusion publication. Authorities can consider emissions limits for all
other PFAS as well as for PFOS and PFOA. Based on this, there is scope to better
address PFAS as a chemical class under the IED”. (Emphasis added)
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In any event, some proportion of the already small quantity of PFAS found in the fraction of
total waste MEMS devices actually processed in the EU/EEA will be captured and destroyed
during the subesequent phase of WEEE processing. The output streams of such WEEE
processing generally comprise two primary waste fractions: aqueous solutions of precious
metals (which may contain PFAS surfactants), and high-inorganic content solid waste.

- With repect to the aqueous solutions, the precious metal content is removed by
precipitation. PFAS can be sequestered from the resulting effluent by (concentration,
absorption on porous media, novel remediation techniques, etc.).

- With respect to the solid waste, this fraction typically comprises main group elements
and their oxides as well as PFAS- and non-PFAS containing organic polymers. This
waste fraction is typically subjected to incineration. Solid waste subjected to
incineration in a hydrocarbon-rich environment is unlikely to produce short-chain
PFAS, as discussed further below. The primary fluorine-containing by-product will
be HF, which is expected to be mineralized as fluoride-containing salts and minerals
by reaction with the inorganic components in the waste stream.

Emissions from Incineration of WEEE Waste Fractions

When assessing emissions from waste incineration, BAT should be taken into account. BAT
encompasses the current technological standard for EU waste incineration facilities and is
required to be applied at such facilities.

BAT is not necessarily applied in other countries, which may lead to higher emissions. As such,
only EU studies should be analyzed in order to assess the potential PFAS emissions into the
environment from waste incinerators located in the EU.

We have performed a literature search to make that assessment, which is summarized below.
In the relevant publications, waste incinerators in the EU were sampled and analyzed for PFAS,
or experiments on the potential emissions arising from PFAS incineration were reported.
Various different kinds of ash and water and in one case the flue gas were sampled.

- Sandblom (2014) sampled slag, fly ash, condensate and wastewater from four different
waste incineration facilities in Sweden. The authors also state that the facilities are
operating in agreement with the European and Swedish laws and as such it can stated
that BAT are applied in these facilities. The study found individual PFAS
concentrations in the fly and bottom ash of up to 6.63 ng/g. In the condensate and water,
the individual PFAS concentrations reached up to 9.71 ng/L. The author concludes that
“waste incineration plants in Sweden are unlikely to contribute significantly to
environmental emissions of PFAAs” (Perfluoroalkyl acids).

- In another Swedish study Kullh & Clark (2020), the slag and water condensate from
the gas scrubber from two different incineration facilities in Sweden were analyzed for
their PFAS content. It can be assumed that the incinerators comply with EU law and
hence with BAT. In the slag samples no PFAS could be detected (Limit of detection
between 0.4 and 2 ng/g depending on substance). In the water samples PFAS
concentrations of up to 3.6 ng/L could be found for individual PFAS. According to the
authors, these results “are comparable to or lower than measurements from background
lakes in Sweden” and as such are not a significant source of PFAS into the environment.

- Another Swedish study from Wohlin (2020) also analyzed the fly and bottom ash from
eleven different waste incineration facilities in Sweden. The samples were taken in
2005 and may not represent the possible current emissions from waste incineration. In
the bottom ash samples, individual PFAS concentrations of up to 1.6 ng/g were found.
In the fly ash, the individual concentrations were lower with concentrations reaching
up to 0.26 ng/g. The author concludes that long chain PFAS molecules “may degrade
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into shorter PFAS due to the incineration treatment” and that these PFAS can pose a
problem when landfilled as they may leach out over time.

- A Dutch study from the ministry of infrastructure and water management
Rijkswaterstaat (2020) analyzed the waste water and bottom ash from various Dutch
incinerators. It can be assumed that the incinerator complies with EU law and hence
with BAT. In the wastewater samples a PFAS concentration above the limit of
detection (1 — 25 ng/L depending on substance) was found only in one out of two
samples (Perfluorobutanesulfonic acid: 1.1 ng/L). In the ash PFAS could be detected
more frequently (three out of four samples). The highest found concentration was 4.9

ng/g.

- A German study from Aleksandrov et al. (2019) analyzed the combustion of
Polytetrafluoroethylene (PTFE) and assessed whether or not PFAS can be found after
the incineration. This was done at a university incineration facility at the KIT in
Karlsruhe, which complies with EU emission regulations.  Only minimal
concentrations of PFAS could be found from which the authors conclude that “no
significant evidence that the PFAS studied were created during the incineration of
PTFE could be found”.

- A study from the Danish Environmental protection agency Geertinger et al. (2019)
analyzed the behaviour of persistent organic pollutants during laboratory incineration.
One of the analyzed substances was Perfluorooctanesulfonic acid (PFOS), which at
900 °C decomposed to 99.95% from which the authors conclude, “that more than 99 %
of PFOS will be destroyed by co-incineration at a conventional waste incineration
plant”. It is, however, also stated that the fluorine may transform into hydrogen fluoride
(HF), fluorinated dioxins and furans or simple short chain fluorinated gases such as
CF4, CHF3, C2H2F2 and C2F6.

In sum, all studies analyzed here conclude that little to no PFAS are formed during waste
incineration in the EU, and that waste incineration is not a significant source of PFAS into the
environment.
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3. Emissions in the end-of-life phase: With respect to waste management options, additional
information is requested on the effectiveness of incineration under normal operational
conditions (for different waste types, e.g. hazardous, municipal) with respect to the destruction
of PFAS and the prevention of PFAS emissions.

See our reply to Question 2 above.

4. Impacts on the recycling industry: To get an understanding of the impacts of the proposed

restriction on the recycling industry, information is requested on:

a. The impacts that the concentration limits proposed in paragraph 2 of the proposed
restriction entry text (see table starting on page 4 of the summary of the Annex XV
restriction report) have on the technical and economic feasibility of recycling processes
(together with a clear indication on the waste streams to which the described impacts
relate).

b. The measures that recyclers would need to take to achieve the proposed concentration
limits.

c. The costs associated with these measures.

We don’t have information on this topic.

5. Proposed derogations — Tonnage and emissions: Paragraphs 5 and 6 of the proposed
restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction
report) include several proposed derogations. For these proposed derogations, information is
requested on the tonnage of PFAS used per year and the resulting emissions to the environment
for the relevant use. Please provide justifications for the representativeness of the provided
information.

Please see our reply to Question 2 above and Question 7 below.

6. Missing uses — Analysis of alternatives and socio-economic analysis: Several PFAS uses
have not been covered in detail in the Annex XV restriction report (see uses highlighted in blue
and orange in Table A.1 of Annex A of the Annex XV restriction report). In addition, some
relevant uses may not have been identified yet. For such uses, specific information is requested
on alternatives and socio-economic impacts, covering the following elements:

a. The annual tonnage and emissions (at sub-sector level) and type of PFAS associated with
the relevant use.

b. The key functionalities provided by PFAS for the relevant use.

¢. The number of companies in the sector estimated to be affected by the restriction.

d. The availability, technical and economic feasibility, hazards and risks of alternatives for
the relevant use, including information on the extent (in terms of market shares) to which
alternative-based products are already offered on the EU market and whether any shortages
in the supply of relevant alternatives are expected.

e. For cases in which alternatives are not yet available, information on the status of R&D
processes for finding suitable alternatives, including the extent of R&D initiatives in terms
of time and/or financial investments, the likelihood of successful completion, the time
expected to be required for substitution (including any relevant certification or regulatory
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approvals) and the major challenges encountered with alternatives which were considered
but subsequently disregarded.

f. For cases in which substitution is technically and economically feasible but more time
is required to substitute:

i. the type and magnitude of costs (at company level and, if available, at sector
level) associated with substitution (e.g. costs for new equipment or changes
in operating costs);

ii. the time required for completing the substitution process (including any
relevant certification or regulatory approvals);

iii. information on possible differences in functionality and the consequences for
downstream users and consumers (e.g. estimations of expected early
replacement needs or expected additional energy consumption);

iv. information on the benefits for alternative providers.

g. For cases in which substitution is not technically or economically feasible, information
on what the socio-economic impacts would be for companies, consumers, and other
affected actors. If available, please provide the annual value of EU sales and profits of the
relevant sector, and employment numbers for the sector.

PFAS use in the MEMS devices is not adequately recognized or addressed in the Annexes with
regulatory background material accompanying the PFAS Annex XV REACH Report.

Please see our reply to Question 7 below for details.

7. Potential derogations marked for reconsideration — Analysis of alternatives and socio-
economic analysis: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting
on page 4 of the summary of the Annex XV restriction report) include several potential
derogations for reconsideration after the consultation (in [square brackets]). These are uses of
PFAS where the evidence underlying the assessment of the substitution potential was weak.
The substitution potential is determined on the basis of 1) whether technically and economically
feasible alternatives have already been identified or alternative-based products are available on
the market at the assumed entry into force of the proposed restriction, ii) whether known
alternatives can be implemented before the transition period ends (taking into account time
requirements for substitution and certification or regulatory approval), and iii) whether known
alternatives are available in sufficient quantities on the market at the assumed entry into force
to allow affected companies to substitute.

A summary of the available evidence as well as the key aspects based on which a derogation is
potentially warranted are presented in Table 8 in the Annex XV restriction report, with further
details being provided in the respective sections in Annex E.

To strengthen the justifications for a derogation for these uses, additional specific information
is requested on alternatives and socio-economic impacts covering the elements described in

points a) to g) in question 6 above.

Introduction & Essential Background

Introduction
The use of PFAS in the MEMS devices is not covered by derogations under the proposed
restriction. We therefore provide in this non-confidential section information that corresponds

to each of the elements described in points (a)-(g) above, namely:

- Essential background on the MEMS devices;
- Annual tonnages and emissions of PFAS associated with this use;
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- The use of PFAS in MEMS devices and the use of MEMS devices in end products, and
the key functionalities provided by PFAS;

- The number of companies in this sub-sector that will be affected,

- The Client’s analysis of alternatives and its work to identify a substitute;

- The socioeconomic impact of the PFAS REACH Restriction Proposal that would occur
in the absence of a derogation.

The Client concludes its response to this section with the proposed text of the derogation request
that is required in order to preserve these uses.

Where necessary to ensure the protection of confidential business information, we supplement
this information with more detail in the confidential submission under Section V below.

Essential Background: What is a MEMS Device and Why Are They Important?

The inventory of PFAS uses assembled by the the Dossier Submitters in Annex A to the Annex
XV REACH Report overlooks the unique application of PFAS in MEMS devices,
notwithstanding extensive information that has previously been supplied to the Dossier
Submitters. This is admittedly a highly specialized and narrow set of applications, but one that
has widespread applications today and is essential to enabling further innovation in many socio-
economically important sectors.

MEMS devices are a subset of the semiconductor sector that, unlike other semiconductor chips
and LEDs, involve moving parts. MEMS comprise components between 1 and 100
micrometers (um) in size and usually include a central processor and several components that
interact with other devices such as microsensors. Please see Section V, part [1], for more
information on the Client’s MEMS devices.

The Client’s MEMS devices are sold in the EU into the following non-exhaustive list of markets:
medical devices, industrial, automotive, personal electronics, communications equipment, and
enterprise systems. They are incorporated by our customers into end products for medical
devices such as endoscopes, specialized medical display devices such as holotomographic
devices and dental 3D scanners, flight simulators & pilot trainers, structured light patterning,
3D printing, video projection, spectroscopy, automotive equipment, optical switching,
holotomography, 3D image creation, projection mapping, direct imaging lithography,
augmented reality, and industrial automation, among other end applications. Additional detail
on the Client’s devices and end applications is included in the confidential attachment.

The functionality of these tiny moving parts (5 to 13 micrometers) also requires the use of
chemicals to facilitate and enable their rapid and reliable movement, up to 10,000 times per
second. Those same subtances must also be capable of withstanding exposure to significant
electromagnetic energy imparted by lasers, LEDs, phosphors, or other UV or infrared sources.
PFAS alone provides that functionality, as described further below.

a. How Much PFAS is Used in the EU in these MEMS Devices?

An irreducible minimum amount of PFAS is required for reliable operation of certain MEMS
devices. These substances are sealed inside the MEMS devices for the duration of their lifespan,
which varies by end application but are required to meet 10 years of component service life in
some end applications. Product life cycles are typically 10 to 15 years and often extend longer,
consistent with many customers’ requirements. In addition, replacement parts must be available
for maintenance and repair throughout the life span of these products.
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The quantity of PFAS at issue in these MEMS devices is minute. First, only a very small
amount of PFAS (<900ppm, or <0.09% w/w) is used in each device, and the Client continues
to make incremental technology improvements to enable a lower total PFAS concentration for
specific products/applications in those devices. Second, the absolute amount of PFAS that is
placed on the market in the EU, by virtue of being embedded in these MEMS devices, is
extremely low. Client places on the global market a total of <lkg per year PFAS substances
contained in MEMS devices; it is therefore highly likely that the absolute annual totals of PFAS
used in these applications in products that are placed onto the market in the EU does not exceed
0.5 kg per year. Indeed, our estimate is that roughly 20% of the end products that contain these
MEMS devices end up on the EU market. Accordingly, we estimate that the absolute total of
PFAS used in these applications in the EU does not exceed 0.2 kg per year.

Please see the confidential attachment in Section V, part [2], for additional information on that
substance. While the search for alternatives continues, the alternative PFAS replacement
substance is the only alternative that has proven promising after nearly 20 years of research.

b. Key Functionalities: Why are PFAS Essential for MEMS Devices?

MEMS devices should be understood as a distinct and unique category of PFAS uses that
straddles the semiconductor and electronics sector. PFAS are applied to MEMS devices during
the semiconductor production phase, and then used (with no substitutes) during the
semiconductor device’s use phase; these MEMS devices (which rely on PFAS for their
functionality) are ultimately used in a wide variety of end-product electronic applications.

- Production Phase: PFAS is applied as surface coating (akin to a lubricant) to MEMS
parts during semiconductor wafer-level processing, as part of the semiconductor
packaging manufacturing process. (For more detail on semiconductor packaging, see
PFAS-Containing Materials Used in Semiconductor Manufacturing Assembly Test
Packaging and Substrate Processes, Semiconductor PFAS Consortium Assembly, Test,
Packaging and Substrates Working Group (June 2, 2023).) This PFAS application
step occurs prior to capping the MEMS wafer, which seals the PFAS within the MEMS
micro-environment for the lifespan of the MEMS.

- Use Phase: That sealed PFAS then performs its function in the MEMS device during
the use phase of the MEMS device in end-products, as detailed further in the entry
below, which could be added as a supplement to Table A.49 of Annex A to the Annex

of

XV REACH Report.
Use Category Sub-Use Properties Examples
PFAS

PFAS MEMS Device MEMS devices require the See
contained  in use of PFAS as a type of | confidential
Semiconductor | Contact of the MEMS highly specialized surface attachment in
Devices structures during operation is | treatment substance | Section V,
(Articles) --  intentional and essential to (similar to a lubricant) to part [2].
Use Phase the MEMS function for the enable the repeated

Client’s devices. operation of moving parts

within a microelectronic

MEMs are made up of device during the use phase

components 1-100 of the product.

micrometres in size and

usually are made up of a PFAS provide anti-stiction

central  processor  and and surface energy

several components that modification  properties
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interact with the that cannot be achieved

surroundings like with other substances or
microsensors. MEMS chips materials. Specifically,
are often packaged together PFAS provide (1)
with an application-specific extremely low  surface
integrated  circuit  chip energies in microsystems
stacked together inside the where surfaces are
plastic package, so that one repeatedly made to contact
package has the sensor and at very high pressures; and
the circuitry, saving space 2) resistance to
and cost. degradation under

extraordinary levels of
electromagnetic radiation
and flux density.

For additional context on why PFAS are irreplaceable, it is essential to understand that key
elements of our MEMS devices move, rub, and contact each other over 10,000 times each
second during device operation. In addition, each MEMS device must have an extended
operational lifetime, in some cases up to and exceeding 10 years. Compromising the surface
energy of these microscopic parts - either through contamination or loss of the ultra-low energy
surface -- will cause one or more of the moving elements to stick in place, rendering the device
inoperable. Those forces — stiction (unintentional adhesion) and wear — will cause failures
unless the MEMS device is treated with a protective interface (analogous to a coating or
lubricant) that modifies the surfaces of the moving parts. See PFAS-Containing Materials Used
in Semiconductor Manufacturing Assembly Test Packaging and Substrate Processes,
Semiconductor PFAS Consortium Assembly, Test, Packaging and Substrates Working Group
(June 2, 2023), at section 1.3.13.

As explained in more detail in the Analysis of Alternatives section below, there are no
alternative substances or materials that provide this functionality other than PFAS.

c¢. Number of Companies in Affected Sector

Please see the confidential attachment in Section V (part [3]) for details on this question.

d. Analysis of Alternatives

As noted above, our Client’s MEMS devices involve repeated contact of the MEMS structures
throughout the product’s use phase. This property is an unusual characteristic of our Client’s
MEMS devices, which means that not only are there no current alternatives, but also that these
devices may not benefit from broader industry R&D efforts to develop alternatives in the future,
due to the unique features of this application.

We provide a detailed and comprehensive analysis of alternatives as a confidential
attachment in Section V (part [4]). This attachment provides substantially more detail (with
confidential business information) about the technology involved, the end applications, the role
of PFAS in enabling the technology, and our Client’s efforts to identify alternatives. In this
section, we summarize the key non-confidential elements of that analysis. In short, there is no
alternative to PFAS that is currently available, or currently foreseeable.

The Client has itself been and continue to be engaged in an extensive R&D effort spanning
nearly 20 years. Please see the confidential attachment in Section V (part [4]) for more detail.
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That work involves engagement with the larger scientific community through sponsored
research programs that employ PhD scientists specializing in these and related disciplines, who
continue to investigate the physics and chemistry of micro- and nano-scale contacting surfaces
and seek and evaluate acceptable alternatives.

None of the other perfluorinated, partially fluorinated or nonfluorinated alternatives that we
evaluated provide the requisite performance, reliability, and functionality necessary to satisfy
our customers in various fields of application such as medical, instrumentation, and automotive.

For example, experimental evidence suggests that the surface energies present in these MEMS
devices are approximately 6-8 mJ/m2. Due to the very small nature of these devices -- with
moving elements only a few micrometers in length that are actuated electrostatically — higher
surface energies for alternative materials create an energy barrier that could not currently be
overcome. Higher electric fields, which might overcome the higher adhesion, cause
interference between moving elements, dielectric breakdown within gaps separating elements
with opposite polarity, irrecoverable charge injection, and other failure mechanisms that render
the devices inoperable.

Put simply, many of the contact area reduction schemes published in the last decade are either
not robust to mechanical wear or continue to rely on PFAS for surface properties. Indeed, our
testing has found that unacceptable degradation takes place even for a partially fluorinated
surface coating. Even within the universe of fluorinated materials, only a narrow set of
molecular structures confer all of the necessary functions to ensure reliability in the myriad
complex products built around these MEMS devices.

The Client has not limited their alternatives analysis to chemical alternatives to PFAS for
MEMS devices. The Client has also explored options to replace or supersede the current
technology. However, such a change would require invention and development of new non-
contact or solid-state technologies, which would take decades and tens of millions of EUR.
Current alternatives to the MEMS device technology are either immature or use even more
fluorocarbons unable to provide comparable functionality in end products, and, therefore,
unlikely to be accepted by the market. Any new technologies using non-fluorinated chemistry
would first need to overcome the physics problems such as high flux densities, electromagnetic
spectrum (UV, IR) energy, and accompanied heat development; would need to guarantee
reliability over a commercially relevant operating and service lifetime under operating
conditions; and would need to deliver comparable product performance (e.g. image quality).
These results are not achievable today without PFAS, and cannot be achieved in the foreseeable
future without PFAS absent an invention.

The Client is committed to explore and develop new and potentially promising non-PFAS
related alternatives to currently state-of-the-art MEMS device technology. However, this is
clearly unexplored territory and the technologies are still in their infancy. Further, based on the
current knowledge, it cannot be estimated if such alternative technologies could replace all
PFAS used in end-products in the marketplace.

e. Timeline Required

The Client will continue their internal work and external partnerships with the broader scientific
community in efforts to advance science and technology in this regard.

The Client’s experience to date with similar transition efforts in the semiconductor sector (e.g.,
PFOS and PFOA), however, is that the substution timeline for this sector — even with ambitious
investments and enterprise-level commitments to transitions -- entails a minimum of 15-20
years once an alternative is identified.
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At this point, as explained above, despite significant effort, we know of no substance or
alternative material that would provide the essential functionality that PFAS, particularly the
replacement substance identified in the confidential attachment to Section V, confers in order
to enable MEMS technology. The Client’s own internal research and survey of the last 20 years
of published research reveals that fundamental discoveries and inventions of new topologies or
new chemistries will likely be required in order to provide acceptable performance in our
applications.

f. Cases where substitution is feasible: Section (f) is not applicable to this use case.

g. Socio-economic analysis

As explained above, unlike the conventional uses of PFAS in the semiconductor production
process, where PFAS are used to build circuits that have no moving parts, these MEMS devices
require the use of PFAS to enable the repeated operation of moving parts within a
microelectronic device during the use phase of the product. PFAS, as a component of the
MEMS device, thus enables the functionality of the many end products that contain such
devices.

As such, PFAS plays an essential role across the entire operational lifetime of the affected
devices. As explained above, there is no substitute for PFAS at the current time, and there is
no obvious pathway for the future identification of a substitute. Therefore, without the ability
to incorporate PFAS to perform this highly specialized lubrication function in the MEMS — and
without the related ability to import, trade and use the products that contain those devices with
such intentionally added (albeit minute) amounts of PFAS -- product lines and businesses that
rely on these MEMS devices will no longer exist.

Numerous unique or superior applications that depend on MEMS devices that require PFAS as
a lubricant or anti-stiction agent do not have PFAS-free substitute technologies or do not
provide comparable functionality. Please see our confidential attachment in Section V for
examples of end applications.

Please see the confidential attachment to Section V (part [5]) for more information about the
estimated direct and indirect economic effects, if PFAS are not allowed to be used in MEMS
devices. In addition, many of the end product applications described above contribute
significantly to social welfare — such as in medical, automotive safety, and other similar
applications. Because there are no alternatives to MEMS devices to enable the same
functionality of those end products, and because PFAS is required for the operation of MEMS
devices, the loss of PFAS would result in the cessation of their production and the social welfare
benefits of those products would consequently be lost too, with incalculable costs.

Also, please note the specific impacts identified by the Semiconductor Industry Association
PFAS Consortia’s “Initial Report— The Socio-economic Impact of a Potential PFAS Restriction
on the Semiconductor Value Chain in Europe” found at
https://www.semiconductors.org/pfas/#:~:text=AND%20SEMICONDUCTOR%20PROCESS
ING%20%3E-,Technical%20Papers,-The%20Semiconductor%20PFAS.

Conclusion and Derogation Request

On the basis of the above, taking into account (a) the extremely low risk of environmental

releases associated with this technology, and (b) the extremely high socioeconomic value of
these applications, and because the use of PFAS in MEMs devices is not clearly covered by a
derogation, we request an additional derogation to cover these uses.
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That derogation could be added either by amending the scope of the current derogation 5[ee],
i.e. “the semiconductor manufacturing process which includes Semiconductor Manufacturing
and Related Equipement, Semiconductor Manufacturing Infrastructure Equipment and the
consumables used to produce semiconductors and in semiconductors used in final electronic
products including MEMS”, or by inserting “in semiconductors used in final electronic
products including MEMS” as a separate derogation. A broader reference to semiconductors
used in final electronic products would also capture derogations that are being requested for
other semiconductor applications, e.g., use in semiconductor “packaging” requirements, which
are being requested by SEMI, ESIA and others, and which we would endorse.

The derogation will need to extend for atr least 13.5 years after entry-into-force of the
future PFAS REACH Restriction. Indeed for the reasons noted above, we believe that
this derogation could be fully justified for inclusion as one of the non-time-limited
derogations.

8. Other identified uses — Analysis of alternatives and socio-economic analysis: Table 8 in
the Annex XV restriction report provides a summary of the identified sectors and (sub-)uses of
PFAS, their alternatives and the costs expected from a ban of PFAS. More details on the
available evidence are provided in the respective sections in Annex E.

For many of the (sub-)uses, the information on alternatives and socio-economic impacts was
generic and mainly qualitative. In particular, evidence on alternatives was inconclusive for
some applications falling under the following (sub-)uses: technical textiles, electronics, the
energy sector, PTFE thread sealing tape, non-polymeric PFAS processing aids for production
of acrylic foam tape, window film manufacturing, and lubricants not used under harsh
conditions.

More information is needed on alternatives and socio-economic impacts to conclude on
substitution potential, proportionality, and the need for specific time-limited derogations.
Therefore, specific information (if not already included in the Annex XV restriction report or
covered in the questions above) is requested on alternatives and socio-economic impacts
covering the elements listed in points a) to g) in question 6 above.

Please see our reply to Question 7 above.

9. Degradation potential of specific PFAS sub-groups: A few specific PFAS sub-groups are
excluded from the scope of the restriction proposal because of a combination of key structural
elements for which it can be expected that they will ultimately mineralize in the environment.
RAC would appreciate to receive any further information that may be available regarding the
potential degradation pathways, kinetics or produced metabolites in relevant environmental
conditions and compartments for trifluoromethoxy, trifluoromethylamino- and
difluoromethanedioxy-derivatives.

We don’t have information on this topic.

10. Analytical methods: Annex E of the Annex XV restriction report contains an assessment
of the availability of analytical methods for PFAS. Analytical methods are rapidly evolving.
Please provide any new or additional information on new developments in analytics not yet
considered in the Annex XV restriction report.

| We don’t have information on this topic.
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SECTION IV. Non-confidential attachment

If needed, attach additional non-confidential information (data available in excel format, reports,
etc.) below. Do not attach the same information already provided in section III here. If part of
the information is confidential, please use section V to share it.

We don’t have information on this topic.

If you would like to submit more than one document, please create a compressed archive where
you include all files and upload the compressed file as attachment. Maximum file size is 20
MB.

* I have removed/blanked the information I wish to keep/I have claimed confidential from
all the attachments in section IV (e.g.: company name, company logo, personal names, email,
signatures, other confidential business data). [ understand that ECHA will not be held liable for
any damages caused by making the attachments publicly available.
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SUMMARY OF GLOBAL PEPTIDES MARKET


Peptides therapeutics drugs is a global growing market that in 2022 represented a market size of 43.11 USD billions and projections performed by different agencies (included Bloomberg) are that the business will increase by 78% in ten years, reaching 76.83 USD billions.
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Regarding the manufacture of peptides (API), by region, Europe is the second manufacturer but the projection shows that the distance with respect to the first will decrease in the next 15 years.
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The demand of peptide-based drugs is increasing every year:
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Therapeutic peptides, small proteins –less than 50 amino acids – are having a dramatic impact on the drug market. In the last five years industry has made a heavy investment in these drugs, thanks in part to the improvements in chemical synthesis techniques and a decrease in production costs. The number of peptides authorised by the U.S. Food and Drug Administration, the North American agency that approves new medicines, is increasing at an annual rate of 8%.








Factors Driving The Global Peptide Drug Conjugate Market


Increasing Prevalence Of Chronic Diseases


Chronic diseases such as cancer, diabetes, and autoimmune disorders are often difficult to treat with traditional drugs due to their complex nature and the difficulty in targeting specific cells or tissues. Peptide drug conjugates offer a more targeted approach to treatment, delivering the drug payload more precisely and reducing the likelihood of side effects. The increasing prevalence of chronic diseases is driving the development and use of peptide drug conjugates in several ways. According to the WHO, chronic diseases account for approximately 71% of all deaths worldwide, with cardiovascular diseases alone responsible for 17.9 million deaths per year. Similarly, the American Hospital Association reports that approximately 133 million Americans, which is nearly 50% of the population, have at least one chronic illness such as heart disease, hypertension, or arthritis. This figure has increased by 15 million over the past decade, and it is projected to rise to 170 million by 2030.


Advancements In Peptide Synthesis Technologies


Over the years, there have been significant advancements in peptide synthesis technologies, which have led to the development of more complex and diverse peptide drugs. For instance, solid-phase peptide synthesis (SPPS) is a widely used method for synthesizing peptides. It involves the use of a solid support (usually resin) to which the first amino acid is attached. Subsequent amino acids are then added one at a time, building up the peptide chain. SPPS has become the gold standard for peptide synthesis due to its speed, efficiency, and scalability.


Increasing Research And Development Activities


The pharmaceutical industry is investing heavily in research and development of peptide drugs, which is leading to the development of new and innovative drugs. For example, in 2020, the FDA approved 12 peptide drugs for clinical use. Major pharmaceutical companies are investing significant amounts of money into research and development of peptide drug conjugates. For instance, in 2020, AstraZeneca announced that it would invest $125 million in the development of peptide-based drugs. Similarly, in 2019, Novo Nordisk announced that it would invest $500 million in the development of peptide-based drugs for diabetes and obesity.
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Example Highlights
Owing to the fact that peptide-based drugs are being used progressively for the treatment of various diseases,
the demand is indubitably rising and expected to grow at annualized rate of over 10% in the near future
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OVERVIEW OF THE GLOBAL TFA MARKET





Related with the TFA global market, projections show that the main use will be in Medical Intermediates (see the graphic below). This data supports to the fact that the prohibition of the use of TFA in its manufacture would produce a disruption in the production of medicines at a global level.
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If we analyse the global TFA market by regions (see the graph below), Europe has had a great weight in the market. However, analysis reports show that the European TFA market will be decrease within 10 years. North America, Asia-Pacific and Middle East-Africa will be the largest consumers.
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FIGURE 8 GLOBAL TRIFLUOROACETIC ACID (TFA) MARKET, BY APPLICATION, 2019 & 2030 (USD MILLION)
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FIGURE 10 GLOBAL TRIFLUOROACETIC ACID (TFA) MARKET, BY REGION, 2019 & 2030 (USD MILLION)

1,000.0

900.0
800.0
700.0
600.0
500.0
400.0
300.0
200.0
100.0

0.0

2019 2020 2021 2030
= North America ~ mEurope  wAsia-Pacific ~ =Latin America  m Middle East & Africa

(USD Million)

‘Source: Industry Expert, Secondary Research, and MRFR Analysis











image4.emf
ref_9056_public.pdf


ref_9056_public.pdf
iIScience

¢? CellPress

OPEN ACCESS

Implications of PFAS definitions using fluorinated

pharmaceuticals

Chemical
Substructures

Fluoxetine (Prozac) F
Sitagliptin (Januvia) ©/
Atorvastatin (Lipitor) ) =

=[P
Ciprofloxacin (Cipro) /C\ E

Organofluorine Pharmaceuticals (360)

Fluticasone Propionate (Flonase)

.\m

Screening Against
9 PFAS Definitions

v 4
J Vv
v

Emily Hammel,
Thomas F.
Webster, Rich
Gurney, Wendy
Heiger-Bernays

eghammel@bu.edu

Highlights

Nine PFAS definitions
were evaluated and used
to screen 360
organofluorine drugs

Broad definitions include
many top prescribed
pharmaceuticals, e.g.,
Prozac and Lipitor

Implications for
fluorinated
pharmaceuticals depend
on intended use of the
definition

Findings necessitate
discussion of possible
exemptions for
pharmaceuticals

Hammel et al., iScience 25,
104020

April 15, 2022 © 2022 The
Author(s).
https://doi.org/10.1016/
j.isci.2022.104020




mailto:eghammel@bu.edu

https://doi.org/10.1016/j.isci.2022.104020

https://doi.org/10.1016/j.isci.2022.104020

http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2022.104020&domain=pdf



iIScience

Implications of PFAS definitions
using fluorinated pharmaceuticals

Emily Hammel,"** Thomas F. Webster," Rich Gurney,” and Wendy Heiger-Bernays'

SUMMARY

There are 9,000+ per- and polyfluoroalkyl substances (PFAS) in existence, which
makes studying and regulating PFAS individually, or even as small mixtures, infea-
sible. Multiple PFAS definitions based on structure have been proposed, yet
these definitions do not consider the implications for the full suite of organofluor-
ine chemicals. For example, organofluorine pharmaceuticals, whose use may be
essential and are found in human serum and wastewater, are not uniformly iden-
tified across all definitions. Using nine definitions prepared by various stake-
holders, we screened the 360 organofluorine pharmaceuticals approved and
used globally between 1954 and 2021. Definitions ranged in their inclusion of or-
ganofluorine pharmaceuticals (1%-100%). The most inclusive definitions include
several top prescribed pharmaceuticals, e.g., Prozac and Lipitor. This analysis
provides a framework against which organizations can make decisions about
how best to proceed when defining PFAS.

INTRODUCTION

Since manufacturing began in the 1940s, per- and poly-fluoroalkyl substances (PFAS) have been widely
used in textile manufacturing, food packaging, cookware, pesticide applicators, medical equipment,
and other commercial products (Glige et al., 2020). To date, upward of 9,000 PFAS have been identified
(USEPA, 2027a). Many are toxic, persistent, and widely detected in the environment and human serum,
prompting global discussion around their cost and benefits (Cordner et al., 2021), essential uses (Cousins
et al,, 2019), and effective strategies for regulation.

The large number of PFAS and the substitution of legacy compounds such as PFOA and PFOS by newer
compounds—about which less is known although they may turn out to be just as problematic—has promp-
ted movement away from the traditional chemical-by-chemical regulation toward regulation of these com-
pounds as a class in both the U.S. (116th Congress, 2019; Kwiatkowski et al., 2020; Balan et al., 2021) and
Europe (ECHA, 2021). Several agencies, non-governmental organizations, and other groups have adopted
class-based PFAS definitions for regulatory and non-regulatory purposes (Tables 1 and 2). Notably, the U.S.
National Defense Authorization Act (NDAA) includes the PFAS Act of 2019, which adopts a structural defi-
nition classifying PFAS as any compound with at least “one fully fluorinated carbon” (116th Congress, 2019).
The act authorizes funding for Department of Defense (DoD) initiatives related to PFAS remediation in
areas impacted by military activities and sets restrictions on the use of PFAS in firefighting foam, personal
protective equipment for firefighters, and food packaging used in military meals. Importantly, the act also
sets requirements for environmental monitoring for PFAS in surface and groundwater and biomonitoring
for PFAS among military personnel.

Recent work describes the advantages and disadvantages of different grouping strategies of PFAS based
on their persistence and toxicity (Cousins et al., 2020; Wallington et al., 2021), yet relatively little work has
been done to understand the differences between specific PFAS definitions and what set of compounds
they will include. We focus here on organofluorine pharmaceuticals: they present an opportunity to assess
the implications of PFAS definitions for a diverse but well-defined set of chemicals used globally. Organic
fluorine was first introduced to the pharmaceutical industry in 1954 and is useful in altering the physiochem-
ical properties of a drug to achieve a desired pharmacological effect (Inoue et tl., 2020). Pharmaceuticals
represent a class of regulated chemicals whose use might be deemed at least partially “essential” for med-
ical purposes. They are also of interest to environmental scientists for a number of reasons. For example,
pharmaceutical waste enters the wastewater treatment systems (Kolpin et al., 2002), where metabolites are
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Table 1. Organizations, proposed and adopted definitions of PFAS, listed by year, evaluated in this analysis

Organization Year Regulatory?  Intended purpose

Buck et al. 2011 No Establish clarity around the nomenclature of PFAS, including
classifications based on molecular structure

OECD 2018, 2021 No Characterize the universe of PFAS based on structural
similarities between compounds containing fully fluorinated
methyl or methylene moieties

Gluge et al. 2020 No Understand major use areas; support work being done to
address essentiality and feasibility of PFAS-free

replacements

TURA Program, 2021a, 2021b Yes Establish new toxic substance category on toxic use
Massachusetts inventory list in Massachusetts
U.S. EPA OPPT 2021 Yes Lists chemicals for review under the Toxic Substances

Control Act (TSCA) to evaluate risks to human health and the
environment

NDAA, WA, CA, 2019, 2020, Yes Applications vary across agencies; reporting of PFAS in

VT, ME?® 2021 media impacted by military activities, ban of PFAS used in
“>1 Fully firefighting foam and equipment, and biomonitoring of PFAS
Fluorinated in military personnel (NDAA); reporting and eventual ban of
Carbon” PFAS used in firefighting foam and firefighting equipment

(CA); firefighting foam and food contact materials (WA);
firefighting foam and products used in rugs/carpets/food
packaging/ski wax (VT); any product containing intentionally
added PFAS (ME).
NGOs” 2021 No Environmental advocacy; reflects organizations’ broader
“All mandates to protect constituents and the environment

Organofluorine”

?Authorities whose legislation defines PFAS as a class of fluorinated organic chemicals containing at least one fully fluorinated
carbon atom.
PNGOs that advocate for broader definitions of PFAS to include all organofluorines.

either discharged back into the receiving waters, or are found in the biosolids after treatment (Massey and
Waldron, 2011). While the degradation products of many pharmaceuticals remain unknown, active pharma-
ceutical ingredients and their metabolites are measurable in wastewater effluent (Yu et al., 2006). Models to
predict biodegradability suggest some organofluorine pharmaceuticals may degrade into metabolites
with trifluoromethyl groups and thus are likely to persist in the environment given the strength and dura-
bility of the CF3-R functional group (Neuwoehner et al., 2009).

Definitions of PFAS are developed for multiple purposes, also referred to as “working scopes” (OECD,
2021), and can be both regulatory and non-regulatory. Regardless of its intended purpose, a useful defini-
tion requires clear, unambiguous language that is interpretable by stakeholders. In this analysis, we
describe nine definitions of PFAS and examine some potential ambiguities in their language. We use
each definition to screen a comprehensive list of organofluorine pharmaceuticals to determine which
pharmaceuticals are included. Finally, we discuss some implications of these definitions given their
intended purpose for use in regulatory or non-regulatory initiatives. Similar analyses could be performed
for other groups of compounds.

RESULTS

Definitions of PFAS and their intended uses

Tables 1 and 2 show the nine PFAS definitions and their intended purpose. These include definitions devel-
oped by Buck et al. (2011), the Organisation for Economic Co-operation and Development (OECD), Glige
et al. (2020), the Toxic Use Reduction Act (TURA) Program of Massachusetts, U.S. EPA Office of Pollution
Prevention and Toxics (U.S. EPA OPPT) (USEPA, 2021b), the NDAA (116th Congress, 2019) and
laws from the states of Washington (2021), Vermont (2021), Maine (2021), and California (2020), and
several non-governmental environmental advocacy organizations (e.g., Sierra Club of Massachusetts)
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Table 2. Definitions of PFAS included in analysis

Definition Formal definition verbatim from organization

Informal interpretation

Buck et al. (2011) "Aliphatic substances containing one or more C atoms on which all
the H substituents present in the nonfluorinated analogues from
which they are notionally derived have been replaced by F atoms,
in such a manner that PFASs contain the perfluoroalkyl moiety
CnF2ni="

OECD (2018) “PFASs, including perfluorocarbons, that contain a perfluoroalkyl
moiety with three or more carbons (i.e. -C,F2,—,n > 3) ora
perfluoroalkylether moiety with two or more carbons (i.e.
—C,F2,OCFom—, nand m > 1)."

OECD (2021) "PFASs are defined as fluorinated substances that contain at least
one fully fluorinated methyl or methylene carbon atom (without any
H/Cl/Br/l atom attached to it), i.e. with a few noted exceptions, any
chemical with at least a perfluorinated methyl group (-CF3) or a
perfluorinated methylene group (-CF,-) is a PFAS.”

Gluge et al. (2020) In addition to substances containing C,F2,.1, where n > 1, it also
“includes (i) substances where a perfluorocarbon chain is
connected with functional groups on both ends, (i) aromatic
substances that have perfluoroalkyl moieties on the side chains,
and (iii) fluorinated cycloaliphatic substances. Additionally,
"polymeric PFAS with the —-CF,— moiety and non-polymeric PFAS
with the —CF,~CF,— moiety ... [excluding] non-polymeric
substances that only contain a -CF3 or —CF,— moiety, with the
exception of perfluoroalkylethers and per- and
polyfluoroalkylether-based substances. For these two PFAS
groups, substances with a -CF,OCF,— or -CF,OCFHCF,— moiety
are also included.”

TURA (2021a) “Those PFAS that contain a perfluoroalkyl moiety with three or
more carbons (e.g., -C,F2n—, n > 3; or CF3-C,Fz—, n > 2) ora
perfluoroalkylether moiety with two or more carbons (e.g.,
-C,F2,OCFor,— or -C,F,,0OC,,Fri=, nand m > 1).”

TURA (2021b) "Certain PFAS not otherwise listed includes those PFAS that
contain a perfluoroalkyl moiety with three or more carbons (e.g.,
-CF2n— n = 3; or CF3~C,F2.—, n > 2) or a perfluoroalkylether
moiety with two or more carbons (e.g., -C,F2,OC,,,F2m— or
—-CF2nOCrhFrn, nand m > 1), wherein for the example structures
shown the dash () is not a bond to a hydrogen and may represent
a straight or branched structure, that are not otherwise listed.”

U.S. EPA OPPT “... a structure that contains the unit R-CF,-CF(R’) (R”), where R, R/,

(2021) and R” do not equal "H" and the carbon-carbon bond is saturated
(note: branching, heteroatoms, and cyclic structures are
included).”

Compounds that contain at least one carbon atom that
is bound to three fluorine atoms (-CF3). The structure
must be saturated with no double or triple bonds (the

only definition with this restriction).

Compounds with at least three carbons on which all of
the hydrogens have been replaced by a fluorine atom,
so as to form a three-carbon unit with the subunits of
(-CF2-). It also includes compounds with an oxygen
placed between two carbon atoms on which all of the
hydrogens have been replaced by a fluorine atom, so
as to form a carbon-oxygen-carbon unit with the
subunits (-CF,OCF,-)

Compounds containing at least one carbon that has
three fluorine atoms attached (-CF3). Also includes
compounds that have at least one carbon attached to
two fluorine atoms (-CF5-). In both cases, the carbon
atom cannot be attached to a hydrogen, chlorine, or
bromine atom. It still includes compounds whose
carbon-fluorine units are attached together by an
oxygen (-CF,OCF,-). These structures can contain
rings or be arranged in a chain

Does not include compounds with a single -CF,— or
—CF3, but can include compounds with two or more
—CF,— or —CF3 groups. Compounds can contain rings
or be arranged in a chain. Also includes compounds
that contain two carbon atoms next to each other, each
containing at least two fluorine atoms (-CF,~CF,-). The
two fluorinated carbons can be attached together by
an oxygen atom (-CF,OCF - or -CF,OCFHCF,-).

Key to this definition is that the compound must
contain a string of at least three carbon atoms, each
containing two or more fluorine atoms.
Perfluoroalkylethers are compounds that contain two
—-CF,—-groups connected by an oxygen. Includes linear,

branched, cyclic compounds and aromatic rings

Clarifies that in TURA 2021a the (—) does not include a
bond to hydrogen

Compounds that contain a string of two adjacent
carbon atoms, with one of them containing at least two
fluorine atoms and the other containing at least one

fluorine atom, and neither carbon bound to a hydrogen

(Continued on next page)

iScience 25, 104020, April 15, 2022 3





¢? CellPress iScience
OPEN ACCESS

Table 2. Continued

Definition Formal definition verbatim from organization Informal interpretation
>1 Fully Fluorinated Organic chemicals containing “at least one fully fluorinated carbon A compound with at least one carbon on which all of
Carbon® atom.” the hydrogen atoms have been replaced by fluorine

atoms. The number of bonds on the carbon is not

specified
All Organofluorine® All organic compounds containing at least one fluorine atom Any compound whose structure contains a carbon
should be classified as PFAS. attached to a fluorine atom

®Authorities whose legislation defines PFAS as a class of fluorinated organic chemicals containing at least one fully fluorinated carbon atom (WA, VT, ME, CA,
NDAA).
PNGOs that advocate for broader definitions of PFAS to include all organofluorines.

(Massachusetts Executive Office of Energy and Environmental Affairs, 2021). We consider two definitions
proposed by the OECD, one from 2018 (OECD, 2018) and the update in 2021 (OECD, 2021). We also eval-
uated two definitions proposed by the TURA Program Administrative Council to the Massachusetts Depart-
ment of Environmental Protection (MassDEP): the original definition developed by the TURA Science Advi-
sory Board, represented as TURA (2021a) (Administrative Council on Toxics Use Reduction, 2021a), and an
amended version clarifying the definition, represented by TURA 2021b (Administrative Council on Toxics
Use Reduction, 2021b).

Screening organofluorine pharmaceuticals

Using the publicly available KEGG drug database (KEGG, 2021), 363 pharmaceuticals approved in the U.S.,
Japan, and Europe are identified including two over-the-counter drugs. Three compounds were excluded
from analysis: the insecticide novaluron, the veterinary pharmaceutical dirlotapide, and sulfur hexafluoride
(Lumason) which does not contain organically bound fluorine. The remaining 360 pharmaceuticals
were included in the analysis: the complete list of chemical structures, therapeutic use areas, chemical
identifiers, and numbers of prescriptions (where available) are provided in the supplemental information
(Data S1).

Organofluorine pharmaceuticals can be organized by substructures within the compound. Figure 1 pre-
sents the frequency of substructures identified among the 360 fluorinated pharmaceuticals; 50% of organo-
fluorine pharmaceuticals contain a single fluorine; 35% contain a single aromatic fluorine; 10% contain more
than three fluorine atoms. Only four pharmaceuticals were fully or nearly fully fluorinated aliphatic com-
pounds. There were 88 compounds containing at least one trifluoromethyl moiety (R-CF3) where R is not
hydrogen, 15 of which contained two trifluoromethyl moieties.

Table 3 summarizes the proportion of organofluorine pharmaceuticals that meet each of the nine structural
definitions, disregarding for now their intended applications. The most inclusive is the “all-organofluorine”
definition, including 100% of organofluorine pharmaceuticals. The revised TURA 2021b definition is least
inclusive and captures the fewest (1.1%). We will now discuss each PFAS definition in roughly in the order
in which they were proposed.

PFAS identified by Buck et al.

Buck et al. (2011) provided one of the earliest and most widely used of the PFAS definitions, replacing
earlier terminology. According to Buck et al., PFAS are “aliphatic substances containing one or more C
atoms on which all the H substituents present in the nonfluorinated analogs from which they are notionally
derived have been replaced by F atoms, in such a manner that PFASs contain the perfluoroalkyl moiety
CnFoni1—" Arestatement in less technical language is given in Table 2. Importantly, this definition excludes
aromatic compounds (structures containing unsaturated hydrocarbon rings with double and single bonds).
Based on this definition, 8 (2.2%) fluorinated pharmaceuticals would be classified as PFAS. An example of a
fluorinated pharmaceutical compound meeting the definition outlined by Buck et al. is perflubron, a
contrast imaging agent previously used in magnetic resonance imaging (MRI) scans which is now being
investigated as liquid oxygen used to stabilize hemorrhage during major surgery (Figure 2A). While the
Buck et al. definition is not regulatory, it has been adopted by the California Biomonitoring Program
(OEHHA, 2021).
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Figure 1. Substructures identified among organofluorine pharmaceuticals

PFAS identified by the Organisation for Economic Co-operation and Development (OECD)
The OECDoriginally defined PFAS as structures “that contain a perfluoroalkyl moiety with three or more
carbons (i.e. -C,Fp,—, n > 3) or a perfluoroalkylether moiety with two or more carbons (i.e.
~C,F2,0C,For,—, nand m > 1)" (OECD, 2018). Unlike Buck et al., this definition includes aromatic com-
pounds. The OECD released a revised definition in 2021 including “fluorinated substances that contain
at least one fully fluorinated methyl or methylene carbon atom (without any H/CI/Br/I atom attached to
it), i.e. with a few noted exceptions, any chemical with at least a perfluorinated methyl group (-CF5) or a
perfluorinated methylene group (-CF,-)" (OECD, 2021). The revised definition reduced the number of car-
bons that must contain fluorine, but is clearer about the other atoms to which those carbons can be
bonded. The 2018 OECD definition includes 5 (1.4%) organofluorine pharmaceuticals; the revised 2021
OECD definition includes 107 (30%) organofluorine pharmaceuticals. An example of a substance captured
by the 2018 OECD definition but not Buck et al. is enflurane (Figure 2B). Included in the 2021 OECD defi-
nition but not Buck et al. are the cancer drug alpelisib (Figure 2C) and the widely used antidepressant fluox-
etine (Prozac) (Figure 2G): the perfluorinated methyl groups warrant inclusion under the 2021 OECD defi-
nition, but the aromatic ring excludes them from Buck et al.

PFAS identified by Gliige et al.

The definition of Gliige et al. (2020) is broader than Buck et al., but narrower than the revised OECD 2021
definition (see Table 2 for the precise definition). Glige et al. include aromatic compounds, similar to the
OECD definition, yet does not include compounds with a single -CF3 or -CF,—, providing contrast to Buck
et al. The antidiabetic medication gemigliptin meets the Gluge et al. definition because it is an aromatic
substance that contains two perfluoroalkyl moieties on the side chains (Figure 2D). The Glige et al. defini-
tion includes 22 (6.1%) organofluorine pharmaceuticals.

PFAS identified by the TURA Program of Massachusetts

The TURA Program originally defined PFAS as a compound containing "a perfluoroalkyl moiety with three
or more carbons (e.g., -C,F2,—, n > 3; or CF3-C,F,—, n > 2) or a perfluoroalkylether moiety with two or
more carbons (e.g., =C,,F2,0C,,Fom— or -C,F2,0C,Fr—, n and m > 1)” (Administrative Council on Toxics
Use Reduction, 2021a). The slightly revised definition (Table 2) clarifies that the “~" excludes bonding to
hydrogen. The original definition was ambiguous about this point and could be interpreted to include
enflurane (Figure 2B) while the revised definition would not. Both would include perflexane (Figure 2E).
The TURA 2021a definition includes six (1.7%) organofluorine pharmaceuticals while the revised definition
includes four (1.1%).

PFAS identified by the U.S. EPA Office of Pollution Prevention and Toxics (OPPT)

The U.S. EPA OPPT defines PFAS as “... a structure that contains the unit R-CF,-CF(R’) (R”), where R, R’, and
R” do not equal "H" and the carbon-carbon bond is saturated” (USEPA, 2021b). It also indicates that
branched structures, heteroatoms, and cyclic structures are included. This definition is unambiguous,
recognizing five (1.4%) organofluorine pharmaceuticals as PFAS. There were no compounds included
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Table 3. Number of pharmaceuticals included under different definitions of PFAS (% of 360)

Definition Number (%) organofluorine pharmaceuticals
Buck et al. (2011) 8(2.2)

OECD (2018) 5(1.4)

OECD (2021) 107 (30)

Glige et al. (2020) 22 (6.1)

TURA (2021a) 6(1.7)

TURA (2021b) 4(1.1)

U.S. EPA OPPT (2021) 5(1.4)

>1 Fully Fluorinated Carbon® 337 (94)

All Organoﬂuorineb 360 (100)

?Authorities whose legislation defines PFAS as a class of fluorinated organic chemicals containing at least one fully fluorinated
carbon atom (NDAA, WA, ME, VT, CA).
ENGOs that advocate for broader definitions of PFAS to include all organofluorines.

under the OPPT definition that were not also captured by the 2021 OECDdefinition. Perflutren (Optison) is a
contrast agent used in MRI and positron emission tomography (PET) imaging technology (Figure 2F). Per-
flutren meets all nine PFAS definitions examined as it is an aliphatic structure with three fully fluorinated
carbon atoms (two perfluorinated methyl moieties and a perfluorinated methylene moiety).

PFAS identified by authorities as including at least one fully fluorinated carbon

The U.S. NDAA defines PFAS as any substance containing “at least one fully fluorinated carbon” as do
certain laws of the states of Washington, Vermont, Maine, and California (specific applications are dis-
cussed below). The NDAA defines a fully fluorinated carbon as “a carbon atom on which all of the hydrogen
substituents have been replaced by fluorine” (116th Congress, 2019). However, the definition does not
specify whether the fully fluorinated carbon is saturated or unsaturated (saturated compounds only contain
single bonds). We therefore interpreted it to mean that the carbon could have single, double, or even triple
bonds. This interpretation includes compounds containing a single fluorine atom attached to a benzene
ring. As written, this definition captures 337 (94%) organofluorine pharmaceuticals. It includes the choles-
terol-lowering medication atorvastatin (Lipitor), the top prescribed drug in the U.S. (Figure 2H) with
112,104,359 annual prescriptions (Table 4), as well as ciprofloxacin, a critical antibiotic (See Data S1). The
ambiguity of the term “fully fluorinated carbon” is worth further consideration. If it had instead been inter-
preted to mean a trifluoromethyl group (R-CF3) where R is not hydrogen, similar to Buck et al. (but without
the latter definition’s restriction to aliphatic compounds), neither Lipitor nor ciprofloxacin would be
included, but Prozac (Figure 2G) would.

PFAS identified by non-governmental organizations: “all-organofluorine”

Some NGOs (Table 1) advocate for a broader definition of PFAS as any substance containing organofluor-
ine. This definition is unambiguous and includes all 360 (100%) organofluorine pharmaceuticals, including
widely used cancer chemotherapy drugs as well as Prozac and Lipitor discussed earlier.

DISCUSSION

The large number of PFAS listed by U.S. EPA and OECD suggests that research and regulation on a com-
pound-by-compound basis is not practical. Multiple groups have devised definitions of PFAS to facilitate
research into the prevalence, usage, and health effects of these substances, as well as serve as the basis for
regulatory actions. Our analysis shows that the definitions have a very large range in the percent of organo-
fluorine pharmaceuticals included. For this group of compounds, the definitions offer different and often
conflicting views of what is and is not “"PFAS”. The framework we used is consistent with the systematic
approach described in the OECD report (OECD, 2021) that provides practical guidance on characterizing
PFAS based on molecular structure, and is similarly in line with the strategies described by (Wang et al.,
2021) to facilitate unambiguous communication around PFAS. The cited examples serve to illustrate why
PFAS definitions must be clear and that seemingly straightforward language—e.g., “fully fluorinated car-
bon"— can have multiple interpretations. Without specifying saturation (i.e., saturated compounds contain
only single bonds), the fully fluorinated carbon definition can be interpreted to include any compound with
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Figure 2. Examples of organofluorine pharmaceuticals that meet the nine PFAS definitions

A) Buck et al. includes the contrast agent, perflubron (CAS No. 423-55-2).

B) 2018 OECD and TURA 2021a both include the general anesthetic enflurane (CAS No. 13838-16-9).

C) The 2021 OECD definition includes the antineoplastic alpelisib (CAS No.: 1217486-61-7).

D) Gluge et al. includes the antidiabetic medication gemigliptin (CAS No. 911637-19-9).

E) The TURA 2021b definition includes the cardiac ultrasound imaging agent perflexane (CAS No. 355-42-0).
F) U.S. EPA OPPT includes the ultrasound contrast agent Perflutren (CAS No. 76-19-7).
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(G) The =1 fully fluorinated carbon definition includes the antidepressant fluoxetine (Prozac) (CAS No. 54910-89-3).
(

a single aromatic fluorine, as well as other cases. While the definition was presumably intended to be clear
and easy to interpret by stakeholders, it illustrates the importance of using specific and non-ambiguous lan-
guage and being explicit in describing the context for which a definition shall be used.

To avoid confusion, it would ideally be useful to have a clear, universally agreed upon definition of PFAS.
However, the appropriateness of a PFAS definition, or the possible need for exceptions in certain applica-
tions, may depend on the mandate of the group using the definition and its purpose. Of the nine definitions
we have reviewed, five—Buck et al., OECD 2018 and 2021, Gliige et al., and “all organofluorines”—are non-
regulatory at this time. The OECD, while not a regulatory institution, developed its own PFAS definition
which may have regulatory implications if it is adopted by regulatory organizations, like the Registration,
Evaluation, and Authorization of Chemicals (REACH) in the EU (European Commission, 2020). Five
European countries (Germany, Netherlands, Denmark, Norway, and Sweden) announced their intention
to develop a REACH restriction proposal for the European Commission that would cover all non-essential
uses of PFAS in the EU (European Commission, 2020). Though not yet established at the time of this writing,
this definition, if similar to the OECD, 2021 definition, may present important regulatory implications for the
pharmaceutical industry and other producers of organofluorine chemicals.

Biomonitoring and environmental monitoring (e.g., of air and water) are critical surveillance aspects of envi-
ronmental health. For example, biomonitoring of environmental chemicals is important for examining time
trends (effectiveness of interventions, emerging problems, etc.) as well as geographical and demographic dis-
parities and more. The definition used for PFAS has a potentially important role for biomonitoring, providing
problem scoping, although there are practical limitations such as sample sizes, cost, availability of standards,

¢? CellPress

OPEN ACCESS

o CFs

Gemigliptin
CAS No. 911637-19-9

CF

Atorvastatin (Lipitor)
CAS No. 134523-00-5

H) The "“all-organofluorine” and > 1 fully fluorinated carbon definitions include the cholesterol lowering medication atorvastatin (Lipitor) (CAS No. 134523-00-5).
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Table 4. Classification of organofluorine pharmaceuticals that rank in the top 500 U.S. prescribed drugs from 2019 and global sales in USD

Global >1 Fully
Therapeutic ~ Total Ry Drug sales 2018 All- fluorinated OECD TURA  TURA  Gluge Buck OECD U.S.EPA
Drug name Brand name class (2019)® rank? (millions)© organofluorine carbon (2021) (2021a) (2021b) et al (2018) OPPT
Flecainide Tambocor Tachyarrhythmia 2,318,516 215 296 X X X X X
Fluoxetine Prozac, Sarafem antidepressant 27,110,302 20 945 X X X
Celecoxib Celebrex NSAID; arthritis 6,595,235 102 3,980 X X X
Levofloxacin lquix, Levaquin  Antibiotic 3,202,649 182 432 X X X
Dexlansoprazole  Dexilant proton pump 2,290,526 218 3,831 X X X
inhibitor
Leflunomide Arava rheumatoid 1,057,644 324 420 X X X
arthritis
Sulindac Clinoril NSAID 318,884 408 30 X X X
Atorvastatin Lipitor cholesterol 112,104,359 1 7,414 X
lowering
agent
Pantoprazole Protonix proton pump 28,880,217 16 569 X X
inhibitor
Fluticasone Flonase glucocorticoid 27,893,102 18 791 X X
propionate (OTC)
Escitalopram Lexapro antidepressant 27,510,958 19 1,282 X X
Rosuvastatin Crestor cholesterol 27,041,319 21 n/a X
lowering agent
Citalopram Celexa antidepressant 21,546,700 30 n/a X X
Sitagliptin Januvia antidiabetic 8,866,811 88 24,250 X
Triamcinolone Aristocort; corticosteroid 6,320,751 107 n/a X
Trianex
Ezetimibe Zetia cholesterol 6,221,674 108 8,865 X X
lowering agent
Ciprofloxacin Cipro Antibiotic 5,878,441 113 488
Fluconazole Diflucan antifungal 5,149,547 133 371 X
Risperidone Perseris Kit, antipsychotic 4,285,907 149 2,795
Risperdal
Clobetasol Clobex corticosteroid 3,226,423 180 1,485 X
Nebivolol Bystolic antihypertensive 3,061,887 191 2,800 X X
agent
Ticagrelor Brilinta anticoagulant 2,299,436 216 3,007
Ofloxacin Floxin antibiotic 2,051,823 232 153

(Continued on next page)
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Table 4. Continued

Global >1 Fully
Therapeutic ~ Total Rx Drug sales 2018 All- fluorinated OECD TURA  TURA  Gluge Buck OECD U.S.EPA

Drug name Brand name  class (2019)? rank® (millions)® organofluorine carbon (2021) (2021a) (2021b) et al etal (2018) OPPT
Canagliflozin Invokana antidiabetic 1,373,540 290 4,327 X X
Betamethasone  Celestone, corticosteroid 1,311,106 296 n/a X X

Alphatrex
Betamethasone corticosteroid 1,311,106 296 498 X X
dipropionate
Fluocinonide Lidex corticosteroid 1,290,749 300 555 X X
Travoprost Izba, Travatan glaucoma 1,264,924 303 2,722 X X
Difluprednate Durezol corticosteroid 717,461 356 587 X X
Dexamethasone  Decaderm, corticosteroid 711,271 359 381 X X

Decadron
Moxifloxacin Avelox antibiotic 666,288 363 n/a X
Fluorouracil Adrucil, antineoplastic 642,441 364 447 X X

Carac, Efudex
Fluorometholone Oxylone, Flarex corticosteroid 434,531 389 161 X X
Fluocinolone Flucinolone, corticosteroid 313,715 410 153 X
acetonide Capex
Flurbiprofen Ansaid NSAID 21,338 477 6 X X
Emtricitabine Emtriva antiretroviral 3,632 501 5,457 X X
Paroxetine Paxil antidepressant 9,783,755 78 741 X
Lansoprazole Prevacid propton pump 2,772,218 200 963 X

inhibitor

Diflunisal Dolobid NSAID 116,622 441 20 X

#Annual prescription data for organofluorine pharmaceuticals are available from ClinCalc DrugStats database for the top 500 prescribed drugs in the U.S. for 2019.

®Drug Rank represents the rank order by frequency prescribed within a calendar year in the U.S.; data were compiled from the ClinCalc DrugStats database.
“Global sales data reported by PharmaCompass include prescriptions covered under Medicaid.
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detection limits, etc. Biomonitoring programs may not be interested in organofluorine pharmaceuticals (e.g.,
the widely used Lipitor) themselves, except perhaps to try to close some of the gap between currently
measured PFAS in serum vs. extractable organic fluorine (Yeung et al., 2008). Instead, biomonitoring pro-
grams would be more likely to examine the trends of known PFAS and add emerging compounds as they
are discovered. California Biomonitoring currently uses the Buck et al. definition of PFAS (which would include
very few organofluorine pharmaceuticals) (OEHHA, 2021). As discussed earlier, the PFAS definition included
in the NDAA—which requires biomonitoring for PFAS among all military firefighters during their annual
exam—uses the very broad and ambiguous “fully fluorinated carbon” definition, which includes over 90%
of organofluorine drugs. Both of these applications may consider exempting such compounds.

On the other hand, monitoring of surface water, wastewater, biosolids, and other environmental media may
be more interested in organofluorine pharmaceuticals as well as more traditional PFAS. Here, the definition of
PFAS could well have regulatory implications and the choice of definition and possible exceptions would
need to be carefully considered. For example, the NDAA applies the “fully fluorinated carbon” definition
to environmental monitoring of PFAS in surface and groundwater by the United States Geological Survey
(116th Congress, 2019). Recent efforts to measure total organic fluorine (TOF) in surface water (Ruyle et al.,
2021) and in animal serum (Yeung et al., 2009) show that only a fraction of extractable organic fluorine
(EOF) can be explained by known (targeted) PFAS, leaving a substantial portion of unidentified fluorine
from other sources. Given the fate of organofluorine pharmaceuticals in wastewater, it is likely that these
compounds would contribute to EOF measured in wastewater, and authorities that use the "fully fluorinated
carbon” definition to measure or regulate PFAS will need to consider the implications for organofluorine
pharmaceuticals. Alternatively, if the U.S. EPA OPPT definition were used, only a handful of organofluorine
pharmaceuticals would be included. As a result, most pharmaceutical compounds, for which very little is
understood on the biodegradability and recombination of breakdown products, would not be measured.

Four of the definitions we have considered—TURA 2021a/b, U.S. EPA OPPT, and the “fully fluorinated car-
bon" definition used by several states and the NDAA—have regulatory implications. There are important
challenges around clarity and feasibility of regulating substances as a class. Ambiguities in how a definition
is interpreted and applied can lead to misinterpretations by stakeholders, raising the likelihood of legal
ramifications and ultimately slowing the process, potentially defeating the original goal of accelerating
regulation through assessing PFAS on the basis of classes rather than individual chemicals. Earlier, we dis-
cussed the ambiguity in the “fully fluorinated carbon” definition and how it dramatically increased the num-
ber of organofluorine pharmaceuticals included. This would likely be true of other groups of organofluorine
compounds not classified as PFAS under many of the other definitions.

Legislation in Washington, Vermont, California, and Maine (as well as the NDAA discussed above) each
define PFAS as any compound containing at least one fully fluorinated carbon, but the applications differ.
In California, the fully fluorinated carbon definition applies specifically to PFAS used in firefighting equip-
ment and aqueous film forming foam (AFFF) (California, 2020). In Washington, this definition is applied to
AFFF and food contact materials (Washington, 2021). Vermont applies the definition to AFFF as well as
products added to rugs, food packaging, and ski wax (Vermont, 2021). When applied in these cases, the
definition would not include organofluorine pharmaceuticals. Maine applies the fully fluorinated carbon
definition in its legislation banning the selling or importing of any product containing intentionally added
PFAS (Maine, 2021). The language of this legislation recognizes product categories in which the use of
PFAS is currently unavoidable, which may include pharmaceuticals. Maine would also exempt pharmaceu-
ticals because they are already regulated under federal law. Without this recognition, this law would
include 94% of organofluorine pharmaceuticals.

The Massachusetts Toxic Use Reduction legislation provides an interesting example of exceptions. Certain in-
dustrial sectors are exempt from reporting toxic substances (MassDEP, 2018), including hospitals that may
generate waste containing fluorinated contrast agents or other organofluorine pharmaceuticals used during
hospital-based activities (e.g., surgical procedures, ventilation, etc.). Another approach to exceptions relevant
to organofluorine pharmaceuticals is whether such products are deemed essential (Cousins et al., 2019).

Importantly, the list of organofluorine pharmaceuticals is dynamic and new drugs containing fluorine are

developed each year. In fact, five organofluorine pharmaceuticals were approved during the final months
of 2021, including Pfizer's new drug Paxlovid, the first protease inhibitor for treatment of SARS-CoV-2
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(Pfizer, 2021). Pfizer signed a licensing agreement in November 2021 that will enable qualified manufac-
turers to produce and distribute the drug globally in order to reach a wider range of the global population
(Pfizer, 2021). Paxlovid is an organofluorine pharmaceutical that meets the criteria of the revised OECD
definition, the all-organofluorine definition, as well as the fully fluorinated carbon definition.

Moving forward with a useful framework

The definitions may be characterized by three attributes: clarity, inclusion, and specificity. Clarity may be
interpreted as the degree to which a particular definition is open to conflicting decisions on whether a given
PFAS structure meets the stated definition. Next, inclusion may be interpreted as the extent to which a defi-
nition would label any organofluorine compound as “PFAS”, which we have illustrated here with pharma-
ceuticals. By specificity, we mean usefulness for its intended purpose. Specificity may be of particular
importance to monitoring and regulatory bodies, which may need to consider exemptions for certain types
of organofluorines if broad PFAS definitions are used. While consideration of these factors is important as
we move forward, the real danger is not adopting any definition, for fear of not having a perfect definition,
and the consequential delay in decision making.

Limitations of the study

This analysis considers nine available definitions of PFAS, yet new definitions may be developed for unique
purposes, and previously established definitions may be revised in the future. Only those definitions avail-
able in the public space were included in this analysis. We include a comprehensive list of organofluorine
pharmaceuticals approved between 1954 through June 1, 2021, including compounds that have been
withdrawn. New therapeutics containing organofluorine approved after June 1, 2021 are not included.
Our analysis is limited to human pharmaceuticals and does not include pharmaceuticals used in animals.
Finally, available data on annual prescriptions are limited to the most widely prescribed drugs.

GLOSSARY

Aliphatic: saturated organic compounds in which the carbon atoms may form an open chain or closed rings

Alkyl group: a portion of a compound made up by carbon and hydrogen atoms arranged in a chain and whose
structure follows the formula C,Hon 41

Aromatic: organic compounds containing a planar unsaturated ring of atoms that is stabilized by an interaction of the
bonds forming the ring. Such compounds are typified by benzene and its derivatives

Ether: organic functional group typified by an oxygen atom connected to two carbon atoms, which may be aliphatic,
olefinic, or aromatic.

Methyl group: a small molecule consisting of one carbon and three hydrogen atoms —-CH3
Methylene group: a small molecule consisting of one carbon attached to two hydrogen atoms —-CH2-
Moiety: a portion of a molecule with its own functional group

Olefinic: unsaturated organic compounds in which the carbon atoms may form an open chain or closed rings, including
carbons that are double or triple bonded to another carbon.

Perfluorinated: a term to describe a hydrocarbon chain in which all of the hydrogen atoms are replaced by fluorine
atoms

PFAS: per- and poly-fluoroalkyl substance
Polyfluorinated: a hydrocarbon chain in which multiple but not all hydrogen atoms are replaced by fluorine atoms

Polymer/polymeric: a class of compounds composed of macromolecules, usually consisting of multiple, repeating
units called monomers
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Other

Chemical Structures and identifiers National Library of Medicine PubChem Database https://pubchem.ncbi.nlm.nih.gov/
Drug Database KEGG Drug Databaste: Krypto Encyclopedia of Genes and Genomes https://www.genome.jp/kegg/drug/
Prescription Drug Data ClinCalc DrugStats Database https://clincalc.com/

Global Sales Data PharmaCompass Database https://www.pharmacompass.com/
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the lead
contact, Emily Hammel (eghammel@bu.edu).

Materials availability

This study did not generate new materials.

Data and code availability

This paper analyzes existing, publicly available data. The data generated in this manuscript are supplied in
a supplemental table. Any additional information required to reanalyze the data reported in this paper is
available from the lead contact upon request. This paper does not report original code.

METHOD DETAILS
Identifying PFAS definitions

We selected and reviewed nine adopted definitions of PFAS that were available at the time of writing devel-
oped by both regulatory and non-regulatory organizations, presented in Table 1. Selection was based on
the availability of a PFAS definition and a traceable description of the purpose for the development of the
definition as it fits into the organizations’ mandates or working scope. We present the organizations chro-
nologically based on when the definition of PFAS was developed. For the purposes of direct comparison,
we present the updated definitions for two of the organizations together with the originally developed
definition.

Organofluorine pharmaceutical database

To establish a comprehensive list of organofluorine pharmaceuticals registered globally to date, we
extended the work by Inoue et al. (2020), which included pharmaceuticals approved between 1954 and
2019, by querying the KEGG Drug database (Release version 99.1) for new organofluorine drugs approved
between January 1, 2020 and June 1, 2021 (KEGG, 2021). KEGG Drug Database is a publicly available
repository of approved drugs in the U.S., Europe and Japan, their chemical properties, and molecular
structure, and other identifiers for prescription and over-the-counter (OTC) pharmaceuticals, including
organofluorine pharmaceuticals that have been withdrawn either due to lack of demand or risk to patients.

The organofluorine pharmaceuticals identified from the KEGG Drug Database were queried using
PubChem for the drug names, available synonyms, CAS registry number, molecular structure, chemical for-
mula, InChl key, and therapeutic use area (Kim et al., 2019). Drug name refers to the generic pharmaceutical
name; available brand names the pharmaceutical is sold under are listed separately as synonyms. Where
available, the most recently collected data from 2019 on the number of U.S. prescriptions and the rank
order by frequency prescribed within a calendar year were compiled from the ClinCalc DrugStats database
(ClinCalc DrugStats Database, 2019) and are presented in Table 4 in addition to being made available in an
Excel worksheet (Data S1). Drug utilization data from ClinCalc DrugStats was generated via the Agency for
Healthcare Research and Quality’s most recent Medical Expenditure Panel Survey (MEPS) from 2019, ac-
cessed in January 2022 (Agency for Healthcare Research and Quality, 2019). MEPS is a large-scale nationally
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representative survey of households and medical care providers across the U.S. and includes information
on household-reported prescription drug use.

We also compile data on global sales and revenues from PharmaCompass, where available, on the organo-
fluorine pharmaceuticals that rank in the top 500 prescribed drugs (PharmaCompass, 2021). “Blockbuster”
drugs are defined as those whose global sales exceed $1B annually. Revenues can change from year to year
based onwhether a drug’s patent is expired, and the availability of generics. It is more useful and consistent
with the available data to compare the total number of prescriptions in a calendar year as a measure of how
widely a drug is used. The pharmaceutical name and CAS registry number refers to the non-ionic form of
the drug, unless the ionic equivalent is necessary for identification in which case both forms are included.
lonic equivalents are presented primarily for corticosteroids in which case multiple ionic forms of the
compounds have distinct clinical uses. For example, fluoxetine hydrochloride is presented simply as fluox-
etine whereas fluticasone propionate and fluticasone furoate are presented separately since they are
different drugs with unique pharmacological activity.

Quantitative and qualitative analysis

Each of the identified organofluorine pharmaceutical structures were reviewed against the nine definitions.
The definitions were ranked from most to least inclusive with the most inclusive definition containing the
largest number of compounds. We describe ambiguities in some definitions with examples.
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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Lesa Aylward An expert panel was convened to provide insight and guidance on per- and polyfluoroalkyl substances (PFAS)

grouping for the purposes of protecting human health from drinking water exposures, and how risks to PFAS

Keywords: mixtures should be assessed. These questions were addressed through multiple rounds of blind, independent
Pef' and polyfluoroalkyl substances responses to charge questions, and review and comments on co-panelists responses. The experts agreed that the
Mlxmres lack of consistent interpretations of human health risk for well-studied PFAS and the lack of information for the
Risk assessment L. c e . .

Grouping vast majority of PFAS present significant challenges for any mixtures risk assessment approach. Most experts

agreed that “all PFAS” should not be grouped together, persistence alone is not sufficient for grouping PFAS for
the purposes of assessing human health risk, and that the definition of appropriate subgroups can only be defined
on a case-by-case manner. Most panelists agreed that it is inappropriate to assume equal toxicity/potency across
the diverse class of PFAS. A tiered approach combining multiple lines of evidence was presented as a possible
viable means for addressing PFAS that lack analytical and/or toxicological studies. Most PFAS risk assessments
will need to employ assumptions that are more likely to overestimate risk than to underestimate risk, given the
choice of assumptions regarding dose-response model, uncertainty factors, and exposure information.

Hazard index

1. Introduction information on PFAS toxicity and human exposure that precludes an

chemical-specific evaluation of the vast majority of PFAS; (3) most

Per- and polyfluoroalkyl substances (PFAS) are a large and diverse
group of fluorine containing organic compounds that have been used in
industrial and commercial applications since the 1940s. Chemically and
physically, PFAS differ widely. Human health risk assessment for PFAS is
complicated by a number of factors, including but not limited to: (1)
there is not a clear understanding of which PFAS may be relevant for
potential human health risk assessment and no consensus definition of
what is or not a substance within the PFAS family; (2) there is sparse

human exposures will be to an unknown mixture of PFAS; and (4) results
of toxicity tests often lack concordance among assays in animals and
observations in humans, and extrapolation from animal data to human
relevance (for example, due to species-specific pharmacokinetics and
pharmacodynamics and/or mechanisms of action) is highly uncertain.
An appropriate grouping approach for PFAS is the first step necessary
for both informing regulatory agencies and assessing risk to the general
population from legacy and/or current and future, replacement, PFAS.
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Several component-based approaches for assessing PFAS mixtures have
been developed or proposed (for example see discussion by (Goodrum
et al, 2021), and (USEPA, 2021a)). These schemes require
chemical-specific information or application of “read-across,” which
involves making assumptions regarding a chemical’s toxicity based on
extrapolated properties from a structurally similar chemical. However,
developing a practicable and technically sound grouping approach for
the purposes of performing a human health risk assessment for varying
mixtures of individual PFAS remains a challenge. Cousins et al. (2020a)
discussed the challenges in developing a meaningful grouping strategy
for PFAS and for risk assessment. These challenges include: 1) the cur-
rent lack of agreement on a common mode of action (MOA) for PFAS; 2)
the likelihood that MOAs are species- and/or tissue-specific; 3) the lack
of sufficiently detailed knowledge of pharmacokinetics and pharmaco-
dynamics that may vary among individual PFAS; and 4) the prospect
that multiple grouping approaches may be required for different pur-
poses or exposure scenarios.

Science peer review through the use of blinded, expert panels can
support the advancement of complex scientific challenges (Kirman et al.,
2019). Such an expert panel was convened to provide insight and
guidance on key questions in PFAS risk assessment. Specifically, given
the current state of the science, what are the best approaches:

(1) to grouping PFAS relevant to drinking water exposures for the
purposes of protecting human health; and then

(2) for assessing potential hazards from drinking water exposures to
the defined PFAS mixture group (potentially comprised of
persistent legacy PFAS and modern “replacement chemistries'*)
for risk assessment purposes?

The use of independent expert elicitation was used to compile in-
formation to address: how PFAS should be defined for purposes of
human health risk assessment and regulatory decision making; how
PFAS should be grouped to inform potential mixtures effects; and what
information is most technically sound and feasible to inform potential
human health risks to exposure to PFAS in drinking water.

2. Background

Existing approaches to predicting the effects of chemical mixtures
include dose addition, response addition, and consideration of non-
additive effects of mixture components (e.g., synergism, a greater than
additive effect — and, antagonism, a less than additive effect). The WHO/
IPCS has a tiered framework for combined exposure to multiple chem-
icals (Meek et al., 2011). Rotter et al. (2018) provided a summary of
mixtures risk assessment methods and approaches used in various Eu-
ropean regulations and the recent European Food and Safety Authority
(EFSA) Scientific Committee has also issued guidance (EFSA, 2019). The
USEPA and ATSDR also have guidance on mixtures chemical assessment
and site-specific risk assessment approaches (for example (USEPA,
2007), and (ATSDR, 2018)). USEPA recommends dose-additivity as the
default option for mixtures for which the modes of action (MOAs) of the
various chemical components remain unknown (USEPA, 2007, 2000,
1986). USEPA recently released the “Draft Framework for Estimating
Noncancer Health Risks Associated with Mixtures of Per- and Poly-
fluoroalkyl Substances” (PFAS) (USEPA, 2021a). Yet these guidance
documents and PFAS specific examples are predicated on the avail-
ability of well-established chemical specific information, a clear defi-
nition of the “mixture” in question, and/or assumptions regarding

L Buck et al. (2021) define replacement chemistries as “fluorinated alterna-
tives with more favorable environmental and toxicology profiles, [which] were
registered and commercialized, e.g., “short-chain” alternatives such as per-
fluorobutane sulfonyl products and 6:2 fluorotelomer products, fluorinated
ether carboxylic acid polymerization aids, and oligomeric fluoropolyethers”.
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read-across or extrapolation of potential risk to data-poor PFAS or un-
defined PFAS mixtures.

Critical gaps in our understanding of PFAS chemistries, mixture
compositions and toxicities challenge the application of standard mix-
tures risk assessment approaches. Even within the various PFAS classes,
subclasses and subgroups or subfamilies (Buck et al., 2011), PFAS vary
substantially in their physicochemical properties and may include
polymers and non-polymers; solids, liquids, and gases; volatile and
non-volatile compounds; compounds that are water soluble and water
insoluble substances; and so on. The diversity of PFAS chemical struc-
tures and their associated physicochemical properties, as well as dif-
ferences in their uses and releases to the environment, results in a
complex conceptual model of exposure and potential human health ef-
fects to be assessed in support of reasonable risk management strategies.
Some scientists have suggested that any risks from PFAS should be
assessed by considering all PFAS as a single chemical class (Kwiatkowski
et al., 2020). Others have suggested various groupings for a range of
specific purposes based on structural diversity, toxicokinetic properties
in both humans and animals, and types of adverse endpoints (Buck et al.,
2011; Cousins et al., 2020a; Goodrum et al., 2021; Henry et al., 2018;
Patlewicz et al., 2019). Additionally, some regulatory agencies have
used “read-across” approaches, whereby the same hazard potential is
attributed to other members of a PFAS subfamily without toxicity in-
formation, perhaps with modifying factors to account for differences in
potential elimination half-life differences (Health Canada, 2019; TCEQ,
2016), and some regulatory agencies used relative potency factors
(RPFs) for a subset of PFAS (Bil et al., 2021; Hawaii Department of
Health, 2021; Zeilmaker et al., 2018). For other chemical families that
are comprised of mixtures of similar compounds (e.g., polychlorinated
dibenzodioxins and dibenzofurans (PCDD/PCDF), PCBs, polycyclic ar-
omatic hydrocarbons (PAHs)), they have generally been managed by
deriving toxicity equivalent factors (TEFs) or RPFs for the individual
isomers/congeners, used for those classes of chemicals with known
common MOA (see for example, (USEPA, 2010a; 2010b). Current pri-
mary challenges for PFAS risk assessment are the toxicological concor-
dance between the groupings, defining the MOA(s), and how data gaps
and overall uncertainties are handled.

When summarizing toxicological effects attributed to PFAS, it is
necessary to avoid overgeneralized statements, and instead indicate
when statements apply to individual PFAS only (e.g., perfluorooctanoic
acid (PFOA) and cancer risk), to specific subgroups, or to PFAS as a
general category. The ATSDR Toxicological Profile for Perfluoroalkyls
provides a comprehensive review of a few PFAS for which toxicological
data are available (ATSDR, 2021). The reported health effects of some
PFAS are varied in both humans and animals and the concordance of
these effects, both between humans and test species and between
different PFAS, is often inconsistent (ATSDR, 2021; Fenton et al., 2021;
Steenland et al., 2020; Zodrow et al., 2022). Even between the most
well-studied PFAS, perfluorooctane sulfonate (PFOS) and PFOA, a
consensus as to what adverse human health effects or disease may be
associated with their exposure, has not yet been widely achieved
(ATSDR, 2021; Australian National University, 2021; Fenton et al.,
2021; Steenland et al., 2020). The understanding of potential human
health concerns for PFAS is dynamic and the subject of considerable
on-going research. The lack of consistent interpretations of human
health risk for well-studied PFAS, and the lack of information for the vast
majority of PFAS present significant challenges for any mixtures risk
assessment approach.

3. Methods

Scientists with expertise in PFAS and/or mixtures risk assessment
were identified from a variety of sources including: (1) SciPinion’s in-
ternal database of users; (2) searches for authors of recent publications
on the topic of interest in online databases (e.g., Pubmed; Google
Scholar); (3) searches of profiles on social media databases (i.e.,
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LinkedIn); (4) general internet searches; and (5) referrals from other
scientists. Candidates were invited to apply to this expert panel oppor-
tunity via a web app (https://app.scipinion.com). Eleven panelists and
one topic expert lead were selected from the available applicants based
upon a consideration of objective expertise metrics (e.g., number of
publications, years of experience). The 12 experts selected for this
project originate from four different countries (Australia, Canada,
Sweden, and the United States), with combined expertise of 12 advanced
degrees (12 PhDs), approximately 316 years of post-degree experience,
and more than 1750 publications (Table 1).

The expert panel represent various stakeholder groups including
academia, regulators, and consultants, with expertise in PFAS chemis-
try, PFAS toxicology, general mixtures risk assessment and tox-
icokinetics. As shown in Table 2, the experts self-rated their own
expertise on a score of 1 (lowest) to 10 (highest) and according to the
self-ranking, our panelist expertise is fairly evenly split between PFAS
chemistry (mean score of 5.6), PFAS toxicology (mean score of 7.4),
general mixtures risk assessment (mean score of 7.8) and general tox-
icokinetics (mean score of 6.7).

To minimize potential participation and selection bias and to limit
potential group-thoughts, the panelists were blinded to the review
sponsor, and to each other during the course of the review. All partici-
pation in this review was performed online via a web application (https:
//app.scipinion.com). The review was structured using a modified
Delphi format that consisted of five rounds of participation, occurring
from approximately August through December of 2021. All 11 panelist
participated in each round, with the topic expert lead providing tech-
nical review, oversight, and input on each round’s questions and format.

e Round 1 - During Round 1, the panelists worked independently. The
panel was tasked with reviewing a summary document (Appendix A)
and answering initial charge questions. To minimize potential scope
bias, the panelists were also asked to submit a charge question of
their own for their fellow panel members to answer in Round 3.
Round 1 was approximately three and a half weeks, held from 08/
18/2021 through December 09, 2021.

e Round 2 — During Round 2 the panelists were permitted to interact
anonymously (e.g., as “Expert 17, “Expert 27, ...” Expert 117; with
numbers assigned randomly to each panelist). The panel was tasked
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Table 2
Self-rated level of expertise by topic area (1 = lowest, 10 = highest).
Panelist PFAS PFAS Mixtures Risk Toxicokinetics
Chemistry Toxicology Assessment
Expert 1 3 8 5 9
Expert 2 9 5 7 7
Expert 3 4 5 9 5
Expert 4 7 8 8 7
Expert 5 4 6 10 8
Expert 6 1 10 6 8
Expert 7 10 6 8 2
Expert 8 6 10 10 8
Expert 9 6 9 7 6
Expert 10 4 5 7
10
Expert 3 2 10 7
11
mean 5.6 7.4 7.8 6.7
sd 2.9 2.0 1.7 2.1

with reviewing each other’s answers to Round 1 charge questions
(provided as a downloadable pdf report and via online access). They
were given the opportunity to interact with one another by submit-
ting comments on each other’s answers, and rating (thumbs up or
down) each other’s comments during the round. Round 2 was
approximately two and half weeks, held from December 09, 2021
through January 10, 2021. A total of 79 comments and 48 comment
ratings were submitted during this round (Appendix A).
e Round 3 — During Round 3 the panel was tasked with working
independently in answering new charge questions, including those
provided by fellow panel members in Round 1. Round 3 was
approximately two and half weeks, held from approximately January
10, 2021 through approximately October 19, 2021.
Round 4 — As with Round 2, the panelists were permitted to interact
anonymously. The panel was tasked with reviewing each other’s
answers to Round 3 charge questions (provided as a downloadable
pdf report and via online access). The panelists commented on each
other’s answers and rated (thumbs up or down) each other’s com-
ments during the round. Round 4 was approximately a week and a
half, held from 10/19/2021 through 10/28/2021. A total of 88

Table 1
Summary of panel participants for PFAS grouping.
Role Name Country Affiliation Degree Area of Expertise Years Experience Publications
(post-degree)
Topic Dr. Janet Anderson United States of  GSI Environmental Inc PhD Risk Assessment, Toxicology 14 19
Lead America
Panelist Dr. Ronald Brecher Canada Independent Consultant PhD Public Health, Toxicology 34 50
Panelist Dr. Ian Cousins Sweden Stockholm University PhD Environmental Science, Fate & 23 176
Transport
Panelist Dr. Jamie DeWitt United States of East Carolina University PhD Toxicology, Immunotoxicology, 17 80
America Neurotoxicology
Panelist Dr. Heidelore Fiedler Sweden Orebro University PhD Environmental Chemistry, Risk 36 300
Assessment
Panelist Dr. Kurunthachalam United States of New York University PhD Environmental Chemistry, Risk 27 740
Kannan America School of Medicine Assessment
Panelist Dr. John Lipscomb United States of Lipscomb and Associates PhD Risk Assessment, Toxicokinetics 30 89
America
Panelist Dr. Paul Price United States of  University of Iowa PhD Exposure Assessment, Risk 9 78
America Assessment
Panelist Dr. Brian Priestly Australia Independent Consultant PhD Risk Assessment, Toxicokinetics 53 69
Panelist Dr. Rita Schoeny United States of ~ Rita Schoeny LLC PhD Risk Assessment, Regulatory 44 89
America Toxicology
Panelist Dr. Jennifer Seed United States of  Independent Consultant PhD Risk Assessment, Regulatory 34 44
America Toxicology
Panelist Dr. Marc-Andre Canada Université de Montréal PhD Toxicokinetics, Risk Assessment 9 44
Verner
Total: PhD 330 1778

12)
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comments and 38 comment ratings were submitted during this
round.

e Round 5 — During Round 5 the panel was tasked with working
independently to revise all previous answers, as needed, and answer
final charge questions developed by SciPinion leads and the panel
project lead. Panelists had 9 days to complete Round 5, between 10/
28,2021 through approximately June 11, 2021.

4. Results

Select input from the expert panel is summarized below. For com-
plete results collected from the panel for all five rounds of participation,
the reader is referred to Appendix A.

4.1. PFAS definition and problem formulation

One of the challenges in developing recommendations for PFAS
grouping for risk assessment purposes begins with the confusion over
the definition of what constitutes a substance within the PFAS family.
Table 3 provides example definitions recommended in the literature and
amongst regulatory agencies. The expert panel was asked to select a
PFAS definition that would serve as a transparent and pragmatic starting
place for grouping PFAS and/or assessing mixtures.

The Organisation for Economic Co-operation and Development
(OECD) recent guidance “Reconciling Terminology of the Universe of
Per- and Polyfluoroalkyl Substances: Recommendations and Practical
Guidance” (OECD, 2021) purposefully provides a very broad revised
definition for “PFAS”. OECD, however, also states that the term “PFAS”
should only be used when actually talking about all of the substances
included in the broad definition; otherwise, use of the non-specific term
introduces ambiguity and factual errors in statements. The OECD rec-
ommends the following:

“... that users always ask the following two questions when drafting a
statement: (1) Am I referring to all PFASs or not? (2) If not, what term
(s) would mostly clearly describe the substance(s) that my statement
is referring to?”

Experts agreed that a broad definition, such as the OECD 2021 PFAS
definition, may be a useful starting place, but that the definition needs to
be refined for specific risk assessment goals. The refined definition
should include subgroupings and the ability to group PFAS into more
defined lists based on the problem formulation and regulatory context.
The OECD report also states this: “regulatory definitions (subgroupings)
of PFAS will need to be devised for individual regulatory purposes.” All
panelist agreed that the PFAS definition or “group” needs to be fit for
purpose (USEPA, 2014) and may change based on regulatory or public
health initiative.

In the absence of a clear problem formulation (i.e., regulatory
context, purpose and scope of the assessment, see (USEPA, 2014)),
panelists were unable to define or agree on a grouping strategy for PFAS.
Different strategies would be needed to support various risk manage-
ment options such as restrictions in manufacture and use, setting
drinking water regulations, and assessing potential human health risks
at a contaminated site. It was acknowledged that problem formulations
involve regulatory and statutory considerations that often are outside of
the scientific realm. The panel noted challenges in grouping PFAS for the
purposes of setting a drinking water standard (e.g., a maximum
contaminant limit (MCL)). No consensus could be reached on a problem
formulation that would sufficiently encompass the necessary scientific
and regulatory scope for drinking water regulation support. Experts
suggested that specific PFAS would need to be identified, and confir-
mation of the specific PFAS occurrence in drinking water would need to
be conducted. However, technical feasibility and scientific uncertainties
were seen as limitations in developing a grouping approach.
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Table 3
Example definitions for PFAS.

Author

Definition of PFAS

Buck et al. (2011)

OECD (2018)

ITRC (2021) PFAS, Naming Convention
Considerations®

MI PFAS Action Response Team, 2020
(found within the
“Perfluoroethylcyclohexane Sulfonate
(PFECHS): Current Knowledge of
Physiochemical Properties,
Environmental Contamination and
Toxicity, Whitepaper™”)

“highly fluorinated aliphatic
substances that contain 1 or more C
atoms on which all the H substituents
... have been replaced by F atoms, in
such a manner that they contain the
perfluoroalkyl moiety C,Fan1—
(Note when n = 1 then F = 3, thus a
substance is a PFAS only if it contains
at least one CF3— group.)

“including perfluorocarbons, that
contain a perfluoroalkyl moiety with
three or more carbons (i.e. -C,Fon—, n
> 3) or a perfluoroalkylether moiety
with two or more carbons (i.e.
~CyF2,0CFom—, nand m > 1).”
“PFAS include only fluorinated
aliphatic (carbon chain) substances.
PFAS do not include fluorinated
compounds that contain aromatic
(carbon ring) features in their
structures (for example, active
pharmaceutical ingredients, crop
protection agents, or
chlorofluorocarbons [refrigerants]).”
A chain of two or more adjacent
carbon atoms with a charged
functional group head attached at one
end. For a linear or branched aliphatic
tail, this structure can be written as:
CnF2n+1-R where “CnF2n+1"
defines the length of the

perfluoroalkyl chain tail, “n” is > 2,
and “R” represents the attached
functional group head. The tail may
be linear or branched, or contain a
cyclic portion, but it always contains
adjacent fluorinated carbon atoms in
a CnF2n+1 - moiety (with n > 2). The
functional group may contain one or
more carbon atoms, which are
included in the total number of
carbons when naming the compound.
“fluorinated substances that contain
at least one fully fluorinated methyl or
methylene carbon atom (without any
H/Cl/Br/1 atom attached to it), i.e.
with a few noted exceptions, any
chemical with at least a
perfluorinated methyl group (-CF3)
or a perfluorinated methylene group
(—CF2-) is a PFAS.”

“R-(CF2)-C(F) (R)R” wherein none of
the R groups can be hydrogens.”

OECD (2021)

US EPA 2021 Pre-publication Notice for
Rulemaking, TSCA Section 8(a)(7)
Reporting Requirements

2 https://pfas-1.itrcweb.org/2-pfas-chemistry-and-naming-conventions-his
tory-and-use-of-pfas-and-sources-of-pfas-releases-to-the-environment-overvi
ew/Accessed July 21, 2021.

b https://www.michigan.gov/documents/pfasresponse/Current_Know
ledge_of Physiochemical_Properties_Environmental Contamination_and_Toxici
ty_of PFECHS_Whitepaper_702591_7.pdf Accessed July 21, 2021.

4.2. USEPA OPPT “working definition” and TSCA toxicity grouping
strategy

During panel deliberation, USEPA released the “National PFAS
Testing Strategy: Identification of Candidate Per- and Polyfluoroalkyl
substances (PFAS) for Testing) (USEPA, 2021b). This document relies
upon the prior USEPA TSCA definition for PFAS:

“a structure that contains the unit R—-CF,-CF(R’)(R’’), where R, R/,
and R’ do not equal "H" and the carbon-carbon bond is saturated
(note: branching, heteroatoms, and cyclic structures are included).”
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The USEPA working definition eliminates many of the pharmaceu-
tical and agricultural chemicals that would be otherwise defined as a
PFAS based on the OECD (2021) definition, due to the formation of
trifluoracetic acid as a degradation product. USEPA references trifluor-
acetic acid as “a well-studied non PFAS”, although TFA belongs to the
PFAS family according to the OECD definition. USEPA further removes
from consideration chemicals for which vapor pressure cannot be
calculated, which would presumably remove most, if not all, polymeric
PFAS. The agency also excludes free radicals, bare anions, salt forms of
the compounds (retaining the counterion), and multicyclic or macro-
cyclic ringed structures. USEPA states that this definition is helpful
because it “provides focus on PFAS of concern based on their persistence
and potential for presence in the environment and human exposure.”
(USEPA, 2021b).

The result is a list of 6504 PFAS, which were then sorted into nine
“Primary Structural Categories” as follows (see Fig. 1 from (USEPA,
2021b)):

e PFAS derivatives

e Perfluoroalkyl acids (PFAAs)

e Perfluoro PFAA precursors

e Non-PFAA perfluoroalkyls

e Perfluoroalkane sulfonamide (FASA)-based PFAA precursors
e Fluorotelomer PFAA precursors

e Silicon PFAS

e Side-chain fluorinated aromatic PFAS

e Other aliphatic PFAS

e Other PFAS

USEPA then subdivided the chemicals into “Secondary Structural
Categories” based on volatility, defined as greater than 100 mmHg vapor
pressure, to address exposure routes. Non-volatiles were then sub-
divided based on carbon chain length (greater than or equal to 8, versus
less than 8). No details were provided by the Agency on the composition
of these groupings.

The degree of similarity within each category was then assessed
based on “Morgan fingerprints” or small molecular fingerprints within
the chemical structure, which may be used to predict chemical charac-
teristics (Morgan, 1965). USEPA has not yet provided further details
regarding the “Tertiary Structural Categories” based on the Morgan
fingerprints, but their analysis results in a total of 70 terminal categories,
14 of which have existing toxicity data and 56 of which lack toxicity data
for at least one PFAS member of the category (USEPA, 2021D).

Most expert panelists agreed that the USEPA TSCA (USEPA, 2021b)
definition and approach for grouping PFAS is pragmatic and generally is
a good starting place for human health risk assessment. However, some
panelists were concerned about the exclusion of some PFAS categories in
the TSCA definition, and the panel did not reach consensus that USEPA’s
proposed grouping strategy would be appropriate for defining groups
with similar toxicity profiles. Some panelists believed that categorizing
PFAS with similar structures was inadequate without consideration of
the toxic MOAs, dose-response relationships, and potencies. USEPA did
not provide the information necessary for panel members to assess
whether PFAS within the same final groups might share toxicological
profiles. Panelists noted that the selected representative PFAS may not
be a good sentinel chemical for the given subgroup and may or may not
be the most toxic member of the subgroup. Several experts suggested
that empirical evidence would be needed to validate any assumptions on
read-across, and that further subcategories may be derived once addi-
tional toxicity and pharmacokinetic information are available. Overall,
the majority of panelists considered that USEPA’s definition and
grouping strategy is a pragmatic approach that represents a testable
hypothesis for generating additional information (USEPA’s intended
purpose) and making conservative initial grouping decisions but would
not be sufficient for health-based regulatory approaches.
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4.3. Grouping strategies to define mixtures for human health risk
assessment

The expert panel was asked whether and how PFAS mixtures in
drinking water should be assessed for human health risks — as a single
homogenous group or divided into different subgroups. Experts gener-
ally agreed that use of a broad definition for PFAS (i.e., “all PFAS™)
should not be considered as a group for the purposes of risk assessment.

When asked to rank grouping strategies based on scientific merit and
feasibility, characteristics such as physical-chemical properties, toxicity
and MOA, and exposure were deemed important considerations. Overall
production/use was determined to have the lowest scientific merit as a
means for grouping unless it was demonstrated to be an appropriate
surrogate for potential exposure. One expert noted that risk does not
scale predictably with production/use, as risk is related exclusively to
hazard and exposure. Additionally, production/use does not consider
environmental persistence and bioaccumulation. See Fig. 1 for how the
expert panel ranked various ways of grouping PFAS.

4.3.1. MOA/AOP information is crucial to understanding how to group
PFAS for risk assessment purposes

The expert panelists credentialed in human health toxicology and
risk assessment consistently affirmed that human health risk assessment
must be based on the principles of hazard and exposure. These experts
agreed that compound-specific MOA or adverse outcome pathway
(AOP) information is “the gold standard” critically necessary for
grouping of PFAS for the purposes of human health risk assessment.
Ideally, PFAS groupings should be based only on common toxic MOAs
and/or target organs. Only those PFAS that affect the same target organ/
tissue/system should be grouped and assessed for dose additive or
response additive approaches. Unfortunately, these data are the least
likely to be available for the majority of PFAS. Added complexity noted
is that individual PFAS are likely to have different MOA/AOP across
tissues/organs.

Grouping compounds with similar physical-chemical properties and
structures can be a first step for read across or other approaches. But the
assumption that this grouping relates to similar MOA and dose addi-
tivity, must be acknowledged as well as the contingent uncertainties.
Experts acknowledged that quantitative structure activity relationships
(QSAR) have not been well-developed for PFAS although QSAR findings
to date seem to indicate that even subtle molecular structural differences
can substantially impact predictions of toxicity. High throughput
toxicity data are becoming more readily available and additional studies
are underway (primarily at the USEPA and U.S. National Toxicology
Program) (Houck et al., 2021; Patlewicz et al., 2019). It is anticipated
that these data may help inform grouping based on common molecular
targets. In the absence of chemical-specific data, the experts agreed that
all available tools, including high-throughput data, QSAR, and general
read-across may be used to fill data gaps for a risk assessment purpose,
but these should include transparent discussion of assumptions, un-
certainties, and the level of confidence in the assessment.

4.3.2. Physical-chemical properties and exposure

As shown in Fig. 1, the expert panelists felt that certain physical-
chemical properties are potential predictors of both hazard and expo-
sure and could be used to group PFAS when PFAS-specific information
were lacking (i.e., lack of toxicity studies, lack of occurrence information
or inability to monitor with current analytical standards). It was deter-
mined that physical-chemical properties may be used to help approxi-
mate the potential for human exposure and/or to screen or prioritize
PFAS of potential concern. However, it was noted that these properties
are not sufficient in and of themselves for informing either exposure or
potential hazardous effects and additional knowledge on toxicological
effects and dose-response is necessary for risk assessment. For example,
some physical-chemical properties may inform exposure route such as
presence of PFAS in drinking water or food versus air; thus, there might
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Chemical Grouping (Panel Mean Ratings for Feasibility vs Scientific Merit)
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Fig. 1. Mean Ratings for Feasibility versus Scientific Merit, according to panel mean ratings.

be merit in grouping by these potential exposure media, since regulatory
risk management actions are often media-specific. Further, PFAS may be
de-prioritized based on combinations of physical-chemical properties
that make exposure unlikely. This would need to be determined on a
case-by-case basis and would be specific to the purpose and scope of the
assessment and/or regulatory action. Such information should take into
account potential biotransformation and metabolites of the parent
compounds. Panelists were unable to and did not support a generalized
grouping and/or prioritization without a clear purpose and problem
formulation (see above).

4.3.3. Persistence generally not deemed scientifically valid way to group
“all PFAS” for the purposes of assessing human health risk

The “p-sufficient” approach to group all PFAS, initially put forth by
Cousins et al., in 2019 (Cousins et al., 2019) as a basis for management
of chemicals based on high persistence alone, was proposed by two
experts, but generally was not supported by the rest of the panel, spe-
cifically for drinking water exposures. It was acknowledged that
toxicity, bioaccumulation, toxicokinetics, and exposure profiles would
vary among PFAS and therefore, those characteristics should be
considered when assessing human health risk. Grouping all PFAS
together as “persistent” was not supported as practical nor appropriate
for assessing human health. Some PFAS are mineralizable (e.g., a CF3
attached to a heteroatom (O, S, N)) and are not persistent (Cousins et al.,
2020b; Singh and Papanastasiou, 2021). The application of “persis-
tence” as a means of grouping PFAS seemed to be best supported when
applied to a regulatory context of restricting manufacture and use. One
panelist cautioned that even this application of the p-sufficient approach
is highly uncertain and may result in the exclusion of “innocuous com-
pounds whose economic importance may be fairly high.” Additionally,
several experts expressed concerns over the possibility that
non-persistent PFAS may have exposure and toxicity that warrant a
potential human health concern. Overall — the concept of “persistence”
to group PFAS was not accepted by most panelists as surrogate for risk or
to set human health-based regulations. The toxicological effects and
potential for exposure levels of concern are the “optimal means” for
grouping and assessing mixtures of PFAS.

4.4. Methods for assessing potential PFAS mixtures effects

Once the mixture is identified, the key next step is to determine the
toxicological similarity of the component compounds, based on MOA,
sensitive effect endpoints, dose-response curves, potency estimates,
and/or physicochemical similarities. Generally, dose addition is a
default assumption that is used when component chemicals share a
similar AOP and molecular targets. Commonly, there is a concept of
tiered dose-additive approaches for selecting the mathematical way of
assessing or combining risk from multiple chemicals, starting with the
most common hazard index (HI) approach, to a more complex and data-
dependent approach of relative potency, and then to use of a physio-
logically based pharmacokinetic model for the mixture.

4.4.1. Assumption of dose additivity acceptable as a conservative initial
screening step

The expert panel was evenly split as to whether the assumption of
dose additivity is justified for PFAS based on the available data and,
therefore, whether a quantitative mixtures risk assessment could be
conducted.” The panelists in favor of assuming dose additivity suggested
that this was a conservative and pragmatic approach with some limited
support in the scientific literature. Other panelists felt that the toxico-
logical effects and potential MOAs were too uncertain. Most experts
agreed that the HI dose additivity assumption for screening (i.e., deter-
mine if no risk or if further analysis is needed) may be a viable option
considering current data gaps. The lack of health effects data and
extensive extrapolations that would be required were well acknowl-
edged by the panelists, but with different degrees of comfort; for some,
the data gaps result in a high degree of uncertainty that would result in
an unreliable estimate of risk and unacceptable low level of confidence
in the risk assessment.

A challenge with the HI approach is the need for acceptable daily

2 It is acknowledged that dose additivity is the default assumption used in
chemical mixtures risk assessment by several US Federal Agencies, including
the USEPA. Important data that are not available to enable the dose additive
approach include data describing the potency of many of the individual PFAS,
as well as the dose/concentration of many PFAS.
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dose levels for each PFAS component in the assessment group. Read-
across methods to derive acceptable daily dose levels for PFAS
without sufficient chemical-specific information may be attempted, but
is highly uncertain, as discussed above. As noted in guidance documents
on the use of HI, the method will likely result in an overestimate of
hazard but could be a useful initial screen (see USEPA 2007; EFSA 2019;
ATSDR 2018 for more detailed discussion).

4.4.2. Lack of consensus regarding use of TOF as an initial screening step

The use of total organofluorine (TOF) methods was proposed by
some panelists as a potential method to “screen” a given exposure sce-
nario (TOF measured in a drinking water source, for example). The
expert panel was asked if a screening level risk assessment could be
conducted by conservatively assuming the total adsorbable/extractable
organic fluorine concentration is equal to the concentration of a known
toxic PFAS (e.g., PFOA). No consensus on this approach could be
reached. This screen would be based on the assumption that all of the
fluorine was in the form of a toxic PFAS reasonably expected to occur in
the media/biomonitoring sample. If the total organic fluorine was less
than a risk-based threshold concentration for PFOA, for example, one
would conclude that any PFAS in the sample would pose no risk. If TOF
concentrations were greater than the screening criteria, however,
additional risk assessment and evaluation would be necessary. It is un-
clear what would constitute the higher tiered approach, and several
panelists reflected that one would need to proceed with targeted anal-
ysis, an available chemical-specific health-based criterion, and the HI
method. Some panelists expressed concerns that approach could lead to
substantial over-regulation. Furthermore, some experts expressed con-
cerns that use of this method, even for a screen, ignores the fundamental
differences in PFAS toxicity profiles.

Using TOF assays was generally supported by the expert panelists for
the purpose of screening potential human exposure (not risk). Moreover,
it was acknowledged by many panelists that the TOF approach should
not be used by regulatory agencies and has very limited usefulness for
risk assessment. Limitations include:

e Lack of information to move to next tiered approach if TOF deemed
“unacceptable”

e Lack of standardized/harmonized and validated methods®

e Lack of availability in commercial laboratories

e Questionable data quality resulting in potentially unreliable data

e Potential for bias due to non-PFAS organic fluorine, associated with
incorporating measurements from insoluble organic compounds that
contain fluorine, fluorine-based polymers that are not bioavailable,
organic fluorine containing pesticides and/or pharmaceuticals

e Potential to result in over-regulation

A similar approach using an extractable organic fluorine method is
being evaluated in Sweden (Karrman et al., 2021), and therefore,
additional information and guidance may be forthcoming. As more ex-
amples using TOF methods in this manner become available, insights
regarding the concerns listed above may be gleaned.

4.4.3. Whole mixtures studies not likely useful or feasible

The experts could not agree that a whole mixtures approach would
be practical. It was noted that there are too many “whole mixtures” to
feasibly test for toxicity. The composition of any given PFAS whole
mixture will be highly variable and likely highly uncertain. The panel
did not suggest that additional research or scientific focus should be on
whole mixture studies, given the variability and challenges with

% It should be noted that EPA mentioned in the Strategic Roadmap(https://
www.epa.gov/system/files/documents/2021-10/pfas-roadmap_final-508.pdf)
that they will draft a method for TOF in 2022. Therefore, we can expect some
methodological harmonization for TOF soon.
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extrapolating a given whole mixtures to a “sufficiently similar” mixture.
5. Conclusions

Most experts agreed that “all PFAS” should not be grouped together,
persistence alone is not sufficient for grouping PFAS for the purposes of
assessing human health risk, that subgroups are appropriate, and that
the nature and definition of the subgroups can only be defined on a
situation-dependent and case-by-case manner. No single grouping
strategy was agreed on that would be sufficient for all regulatory or
public health risk assessment purposes.

Most panelists agreed that it is inappropriate to assume equal
toxicity/potency across the diverse class of PFAS for human health risk
assessment. Currently, robust assessment of potential human health risk
to a representative mixture of PFAS is not feasible. The concept of using
a screening or tiered approach, and for combining multiple lines of ev-
idence was presented by the panelists as a possible viable means for
addressing PFAS that lack analytical and/or toxicological studies and for
assessing human health risks to a mixture of PFAS.

The expert panelists identified the following data gaps that would
need to be filled to conduct a PFAS mixtures risk assessment effectively
and efficiently for drinking water exposure:

e Consensus on the relevant critical effects for multiple PFAS

e Mechanisms of toxicity for PFAS such that sub-groups can be con-
structed with common toxicological endpoints and mechanisms/
modes of action

Potency (dose-response) information for the PFAS of concern

Data to test the dose additivity assumption

The role of precursor PFAS and biotransformation pathways

The contribution of exposure to PFAS from drinking water relative to
other routes of exposure

The most critical data gaps identified were (1) exposure, (2) dose-
response, and (3) mode of action studies. The panel recommended
that future studies focus on these data gaps for individual PFAS. Future
steps identified by the panel included the use of exposure information to
guide the prioritization of testing PFAS with unknown toxicity profiles.
This would also allow prioritization of PFAS sources that are resulting in
potentially harmful exposures. Additionally, studies explicitly aimed to
define the modes/mechanisms of action of key PFAS are necessary to
inform grouping strategies with the assumption of additive risk. Finally,
the panel concluded that while whole mixtures for PFAS are likely
highly variable, whole mixture studies compared to index compounds
could provide valuable information on relative risk.

The expert panel generally supported the following proposed tiered
approach for development of PFAS drinking water standards for PFAS
grouping.

Step 1. Define a PFAS assessment group based on potential (or
measured) presence in drinking water (based on analytical data or
assumed presence, but not production/use, and excluding PFAS that
do not have the physical characteristic that will allow them to
contaminate surface or ground water supplies)

Step 2. Define subgroups of PFAS based on shared similar physical-
chemical properties, and carbon chain length/chemical structures
(e.g., functional groups)

Step 3. Assess potential risk (hazard and exposure) for each sub-
group, based on best available data on each component and on
assumed dose additivity using established mixtures methods, such as
HI. Uncertainties, subjectivity, and limitations need to be clearly
documented.

Step 4. Determine scientific feasibility for assessing potential mix-
tures interactions between subgroups. The panelists recognize that
the default assumption of dose additivity between subgroups may be



https://www.epa.gov/system/files/documents/2021-10/pfas-roadmap_final-508.pdf

https://www.epa.gov/system/files/documents/2021-10/pfas-roadmap_final-508.pdf
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necessary, as information regarding interactions between subgroups
may not be available nor feasible.

The majority of panelists considered that this was a pragmatic so-
lution and interim approach that would need to be more refined as more
data emerges on toxicological effects and mode of action for a broader
range of PFAS. Concerns that emerged include the practicality of
defining which PFAS might be present in drinking water given analytical
challenges, the uncertainty related to grouping PFAS based on shared
similar physical-chemical properties rather than common toxicological
profiles and mode(s) of action, assumptions regarding assessing poten-
tial risk on a subgroup basis rather than based on chemical toxicity, and
lack of information to assess potential mixture interactions between
subgroups.

Given the current state of knowledge and data gaps, most PFAS risk
assessments will need to employ substantial assumptions and defaults;
these and the resulting uncertainties will require thorough and clear
discussion. Most of the applied assumptions (e.g., dose-additivity, equal
potency) are more likely to overestimate risk than to underestimate risk
(i.e., will err on the side of caution). Some panelists expressed concerns
that these assumptions are often multiplicative and can lead to over-
estimates of both potency and exposure, and therefore, over-regulation.
Overall, the lack of knowledge about exposure, dose/body-burden-
response relationships, relevant health effects, mode(s) of action, and
potential interactions, does not allow for a science-based grouping of
PFAS for the purposes of human health risk assessment.
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Contribution 2" consultation on a restriction
for PFAS

Date : 17/10/2021

The European Safety Federation (ESF) welcomes the opportunity to contribute to the
2"d consultation on a restriction for PFAS. As European organisation representing
suppliers of PPE (Personal Protective Equipment), we are committed to protecting
the health and safety of all citizens.

PPE is about protecting the health and safety of users. Suppliers have it in their DNA
to look at that functionality as absolute priority. The PPE Regulation (EU)2016/425
has as one of the, logical requirements for PPE (annex Il 1.2.1.1) : “The materials of
which the PPE is made, including any of their possible decomposition products, must
not adversely affect the health or safety of users”. Continuous efforts to substitute
potentially dangerous substances and develop new PPE are made by manufacturers
and research institutes, while protection of health and safety must remain at the
highest possible level.

For PPE, a strict conformity assessment system is in place. This takes time
additionally to the development of products. This also means that every (small)
change in the product must be evaluated and possibly leads to re-testing and re-
certification of the complete product. The vast majority of PPE need at least type
examination by a notified body, so time to market also depends on external
assessment.

PPE include a huge variety of products (from firefighter equipment to earplugs to
safety shoes, to masks) and applications (healthcare, industry, first responders, ...).
Also a number of related products that are not in the scope of the PPE Regulation
but typically associated with PPE, are produced and/or distributed by the same
companies : surgical masks and medical gloves and textiles (covered by the medical
device legislation); community face coverings (covered by the general product safety
legislation); specific personal equipment for ‘law and order’ (police, army, rescue);
workwear; professional skin care; measurement equipment used to warn for risks
(gas detection, ...) or to check the efficiency of the PPE (e.qg. fit testing for respiratory
protection). At the same time, users confronted with a huge variety of risks (chemical,
heat and flame, cold, visibility, falling from height, biological, radioactive, ...), often
also combined, need adequate protection by PPE. We have the impression that not
all PPE or related products are covered by the reports that are made so far. We
would also like to draw the attention to the following :

- The increased awareness on health risks (e.g. chronic diseases, cancers) can
lead to an increased use of repellents (see e.g. firefighters). An increased
awareness is certainly a positive evolution, while creating the need to higher
levels of protection.
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- PPE are frequently conceived to protect against multiple risks, e.g. chemical
and heat and flame (e.qg. for firefighters, industry workers, rescue personnel)

- Not only garments, but also other types of PPE need to be considered in the
preparation work for the possible restriction of PFAS : gloves — footwear —
respiratory protection — eye and face protection — hearing protection — fall
protection — head protection. At this stage it is known that certainly in some of
those PPE, the presence of PFAS (often also as polymer) is essential to
guarantee the required protection level. This is e.g. the case where the
following is present :

o Everywhere where a big variety of chemicals can cause a hazard

o Heat and flame protection

o CBRN suits and chemical protective ensembles (e.g. also seals
between different parts or visors on e.g. gastight garments)

- Protecting the characteristics needed for the protection of the wearer — see
e.g. rainwear, visibility clothing, chain saw protection, bullet proof vests,
CBRN, riot protection, ... Even if the concerned standards do not always
require repellency as such, without proper repellency, it is impossible to keep
the protective properties for the lifecycle of the product.

- Some PPE include electronic components. It is not uncommon that these
contain PFAS coatings. It also needs to be remarked that when used in PPE,
these electronic components must be adequately protected to ensure their
functioning in the foreseeable use of the PPE.

- In some cases, PFAS can be in small but critical parts of a PPE : e.g. seals,
tubing, bearings. If these do not withstand the foreseeable use conditions (e.g.
heat, exposure to chemicals), the PPE will not function correctly in the most
dangerous situations for the user.

PPE manufacturing, supplying, and servicing is not an economic sector on its own.
The companies active in this field are part of different economic sectors, but then
always as a niche in those sectors. However, in cases like this exercise, PPE need to
be considered as whole, and not only those parts that fit nicely in an economic
sector. This also makes it difficult to get correct and complete data (e.g. no specific
custom codes as typically used in statistics).

We would also like to draw the attention to the importance of enforcement : many
PPE or related products (including materials used for the production of final products)
are imported from third countries. If the same rules do not apply to those imports
and/or the imports are not strictly controlled, a competitive disadvantage for the EU
industry will be created. The recent experience with shortages of certain types of
PPE and related products during the COVID crisis only shows the importance of a
viable production industry in the EU. Creating additional burdens for EU industry that
are not equal or are not strictly enforced for imports, will result in an even less
controlled use of PFAS in products and thus have an adverse effect. And of course,
will also lead to further job loss in the EU.

The PPE sector is typically an SME sector (in manufacturing of PPE, but also in
importing/distribution). Only a few bigger international companies are active in some
products, but for instance the protective garment production is for the majority done
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by SMEs. This is also the case for distribution and services. While SMEs are certainly
dedicated to comply with the applicable legislation, a specific approach is necessary
to support their efforts.

Manufacturers of PPE are only a small part of the complete supply chain. See e.g.
the chain for protective garments : fibre and/or fabric manufacturer — manufacturer of
other parts (e.g. closure systems, reflective tapes, ...) — manufacturer of garment (=
the actual PPE manufacturer) — distribution — textile service (laundry). PFAS may be
used or applied by one of the suppliers of the PPE manufacturer and by the textile
service company. Changing a small aspect of the PPE may require retesting and
recertification by the PPE manufacturer of the whole PPE or assembly of PPE. The
industry understands the responsibility to bring more transparency to all parties in the
supply chain, this for the primary function of PPE, but also to be able to further
improve sustainability and substitute potentially hazardous substances.

Also economic aspects need to be taken into account. If certain types of PFAS that
are critical for the PPE (and related) products are banned for general use, chances
are that, given the relatively small amounts needed for the PPE sector, these PFAS
will no longer be available or at an extremely high cost. The impact for the availability
of these PPE or on the cost of them for the users could have a negative effect on the
protection of the health and safety of the EU citizens. This aspect cannot be ignored
and needs further investigation.

As for all products, also sustainability is a concern for the PPE suppliers :

- When looking for alternatives, also the total life cycle has to be considered. If a
substitute for PFAS shortens the lifetime of a product, this has an influence on
the sustainability and needs to be taken into account in the total balance.
Shorter lifecycle means more waste, which in case of PPE can be
contaminated with hazardous substances.

- Not only the product in itself, but e.g. for clothing, also the cleaning cycle
needs to be taken into account. E.g. if a product without repellent finish needs
to be washed at a higher temperature and/or the amount of (washing)
chemicals needs to be increased to get the needed hygienic level, this also
has an impact on sustainability and potential hazardous situations.

Some considerations for textiles specific :

- see also the contributions of e.g. Euratex and ETSA. Here we specifically want
to refer to the Euratex contribution to the SEAC public consultation of the 7t of
September 2021. This contribution contains several pieces of evidence valid
for PPE.

- On textiles, silicone, wax or paraffin finishes could be an alternative for
fluocarbon finishes. But at this moment there are issues with chemical
protection, static electricity and flammability, which can cause new risks for the
wearer or even during the application. Further research is necessary to ensure
that the alternatives offer the same level of protection, preferably without
additional harm to the environment.
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- Not only finishes on fabrics, but also coatings and laminates are necessary to
provide the required level of protection. Also for those, the industry is working
with research laboratories to develop alternatives.

- ESF has answered to the questionnaire from KEMI on protective clothing —
this contains more details.

As sector organisation, we will continue to work on the awareness of the presence of
PFAS in PPE and related products and will support R&D in their search for
substitutions. Our members are dedicated to provide the best possible protection,
compliant with all applicable EU legislation and this taking into account sustainability.

Conclusion : at this stage a general ban for PFAS for PPE and related products
would create a situation where the protection against health and safety risks can no
longer be guaranteed. Therefore, we ask for an exception for these products that
have an essential function for the society. At the same time, further research and
development must take place at all levels to make substitutes possible, guaranteeing
the adequate protection levels based on the risks encountered by the wearer and
taking into account the sustainability issues. With proven efficacy for substitutes,
certain applications of PFAS for PPE (and related products) can be banned step by
step in the future.

About ESF:

The European Safety Federation (ESF) was founded in 1991. National organisations each
representing the manufacturers and suppliers of PPE (Personal Protective Equipment) in their country
decided to group and unite the European manufacturers, importers, distributors and service providers
of PPE and to represent them at government level of the European Union and other European
institutions and instances.

Today, ESF represents over 700 companies, of which at least 70% are SMEs. The members of ESF
and the enterprises that affiliated to the national federations (that are a member of ESF) are dedicated
and committed to provide compliant CE certified and high-quality PPE. Moreover, they link quality and
service by giving expert advice and assistance in the process of risk assessment and analysis as well
as training and advice in all aspects related to PPE. Supporting a safety conscious way of life is a
common interest to all of us.

As all citizens (be it as employee, as self-employed or in his/her free time) use PPE to protect him/her
against risks for his/her health or safety, the ESF members have an essential role in the protection of
the population.

ESF is registered in the EU Transparency Register (91447653655-65) and is a member of the PPE
Expert Group of DG GROW. See www.eu-esf.org for more information or contact Henk Vanhoultte,
Secretary General (henk.vanhoutte @eu-esf.org).
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Responses to questions — meeting with PPE
companies (protective clothing)

Date : 17/10/2021

Introduction

PPE can include items such as safety helmets, gloves, eye protection, hazmat suits, high-visibility
clothing, safety footwear, safety harnesses, ear plugs, ear defenders and respiratory protective
equipment (RPE). This document focuses on protective clothing.

The responses included in this document are a compilation of responses received from
different companies. The replies from a company are under one bullet point. A different bullet
point indicates reply from a different company.

Please see also document ‘contribution 2"¢ consultation on a restriction for PFAS’ dated
17/10/2021. This document includes also other types of PPE that are not protective clothing. As
in the consultation the mentioned sectors do not include all types of PPE, it is essential that
this is taken into account.

The Euratex contribution to the SEAC public consultation of the 7th of September 2021,
contains several pieces of evidence valid for PPE (several of our common members have
contributed to this paper).

- To the best of our knowledge none of the TCs in CEN/CENELEC have been directly contacted

nor has the CEN-CENELEC PPE sector forum.
The agenda below focuses too much on clothing rather than PPE in general. Many of these
PPE are not covered by CEN TC162, but by other TCs under CEN or CENELEC:

- CEN TC 158 Head protection

- CEN TC 159 on hearing protection

- CEN TC 160 on fall protection

- CENTC 161 on foot and leg protection

- CENTC 79 on respiratory protection

- CENELEC TC 78 on live working
All these TC are responsible for standard not unlike CEN TC 162 for which PFAS may be
directly required to meet requirement or are indirectly so that the PPE meet the longevity
needed for the uses and applications. Also many ensembles containing combination of
different PPE may be covered by more than one standard and contain multiple component
that are not necessarily tested individually but rather must meet a number of requirements
whether from a chemical, heat and flame, or mechanical perspective that would require
different PFAS products in the PPE from ranging from repellency, visors, o-rings in RPD and
other connections in an ensemble, etc.

- As ageneral comment we believe fluoropolymers (plastics and rubbers) should receive less
strict legislation and/or longer phase-out period or be subject to exceptions compared to the
other more environmentally problematic PFAS substances, in general or at least for special
and demanding PPE applications as discussed here i.e. high level chemical protection
including applications where heat and flame retardancy may also be required. In this area they
are very difficult to replace. Also, their use in these applications allows for positive

environmental aspects such as re-usability and longer product life. Moreover, these polymers
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do not create the same issues related to leaching that short molecule PFAS do. Also, this
may be speculation but another aspect may be that these advanced PPE products for
demanding applications typically receive a high degree of attention in terms of care and
maintenance from their users and knowing this, it is probably easier to point the user towards
proper disposal at the end of the product lifetime i.e. avoiding landfill.

We would also like to refer to the replies from Euratex and ETSA.

Agenda point 1 - Critical properties (performance) for protective
clothing

Questions
1. Please describe quantitatively critical properties (performance) for protective clothing, see
table 1, in the form of comparable measurements / studies between performance for
fluorochemistry and alternative non fluorochemistry?

- The standards in Table 1 are incomplete from a garment PPE perspective (see comments
in Table 1 and the table below), there are many other textiles used in PPE. From the
garment perspective, the fluorochemistry (for repellence or fluoropolymers) is used on the
one hand for repellency, but also has an effect to increase longevity of the PPE and other
textiles used (e.g. boots, fall protection harnesses or ropes).

The repellency chemistry may have an effect on other properties (e.g. antistatic) or may
make the protection more durable where contamination through chemicals effects the
protection (e.g. chainsaw protection).

Based on the alternative and completed table 1 (see directly under the original table 1),
PPE in garments, very frequently use fluorochemistry (for repellence or fluoropolymers)
but also to review the whole supply chain for the PPE is impossible to ascertain where
fluorochemistry may be used or not.

Military (including civil defence) and police (law enforcement), public rescue teams are
frequently exempt from the PPE regulation but use similar standard from a repellency or
other protection frequently require to use fluorochemistry (for repellence or
fluoropolymers) to ascertain their protection from a bullet-proof, cut and stab, in additiona
to heat and flame, chemical, biological or particulate perspective.

- We have only recently started to look at alternative fabric finishes. We do not have any
test data to date that we can compare.

Our fabrics use fluorocarbons for a number of reasons:

1. To enable us to pass certain standards eg: EN343 Rain Protection, Chemical
Protection mainly EN 13034.

2. We cannot pass EN13034 using C6 chemistry for all 4 chemicals. C6 does not have
enough carbon chain and does not have a stable molecular structure.
The stronger molecular structure also offers better adaptability to dyeing and flame
resistance finishing.

3. Under EN343 standard 5.5, fabrics are subjected to pre-treatments including cleaning,
abrasion and with fuel and oil in accordance in ISO 1817 for Class 2 and Class 3.
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Without C6 chemical, fabrics will not pass so manufacturers will not be in a position to
claim EN343 Class 2 or 3.

4. To ensure colour fastness stability, in particular on Hi-Vis garments where this is a
very important property. Most of our Hi-Vis garments we claim 50x washes - using
these finishes allows us to achieve this.

5. To prevent soiling — stain prevention Not having this finish will increase the
maintenance required on the product. It will limit the lifetime of the garment.

6. It will reduce the sustainability element — garments will have to be replaced more
often.

7. Adhesion of Coatings: PFAS are also essential for coating of textiles- to prevent the
coating paste from penetrating the fabric.

C6/C8 fluorinated polymers are used as auxiliaries in the coating process to prevent
the coating paste from penetrating the fabric”. PFAS is not used to claim a

certain functionality but rather as a “process” chemical. In fact this use should

also be claimed as an “essential use” for textiles (coating).

In case we cannot use C6 based finishes, the 1ISO13034 and EN469 will be influenced.
The ban on C6 will imply that resistance to oily based chemicals will decrease in case the
industry moves to silicone or parafinn based finishes. For water based repellency and
penetration, less problems are expected.

For the 1ISO13034, this means:

- Repellency to water based chemicals (probably PASS on Sulphuric Acid and Sodium
Hydroxide)

- Repellency to O-Xylene and 1-Butanol will probably be a FAIL.

EN469: all chemicals listed require PASS to fulfill the norm
EN13034: only 2 out of 4 chemicals require PASS to fulfill the norm.

Oppervlakte Finish (mN/m) Vervuiling (mN/m)
energie niveau
(mN/m)
>70 Water 73
40-70 Koffie 42
30-40 Parafine (-CH,-) 31 | Wijn 40
20-30 Siliconen (-Si-CHs) 24 | Diesel 24
Dendrimeren (-CH,) 24 | Ethanol 22
Bezine 20
10-20 Fluorcarbon (niet optimaal N-hexaan 18
geactiveerd) (-CF,-) 18
<10 Fluorcarbon (optimaal geactiveerd)
(-CF4) 9

Type 1, high chemical protective clothing: Critical chemical barrier properties, not
achievable with as broad spectrum protection with alternative materials. May possibly be
achieved with other combinations of materials, i.e. layered but certainly at the expense of
comfort and ease of movement, as the resulting composite would likely be much heavier
per unit area of material.

It would also have to be factored in to achieve appropriate flame retardant protection,
which is contributed to with fluoropolymers, making finding alternative materials time
consuming, painstaking, with sub-optimal results most likely which in the case of e.g. first
responders to incidents could be detrimental as the product may not perform as well, be
heavier, more difficult to move in, etc. It is important to note the environmental advantages
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i.e. long-term reusability and maintenance of such products and also that these
fluoropolymers are not expected to leech chemicals to the environment (anyway in
polymeric form) as opposed to other technologies.

Reusable protective clothing (chemical and fire protective) which may contain PTFE
membranes as well: less critical overall. The membrane does offer excellent chemical
resistance as you would expect, but mainly to splash and penetration under pressure risks
(the permeation situation being totally different to above Type 1 suits, because whereas
fluoro rubbers (and monolithic fluoropolymer films for example) offer protection to
permeation against a wide range of chemicals, the porous nature of the PTFE membrane
in products like these mean that permeation protection is not typically afforded — certainly
not against volatile solvents and the like. Easier to consider alternative material types here
but not easy to capture the breathability with broad spectrum protection in one material if
not using PTFE. Similarly, to above, reusable products with long term use expected and
fluoropolymer "trapping” the chemicals in the product, essentially.

Limited Use protective clothing: The FPAS surface treatments again offer a significant
enhancement to the splash protection afforded by low end, lightweight materials
(nonwovens for example) typically used in these sorts of products. The treatment allows a
much broader spectrum of protection, for example against oils and certain solvents due to
the ability to repel such that the liquids either run off the material or do not soak in (or soak
in as quickly). It is not easy to consider an alternative treatment allowing the high degree
of air transfer afforded by these types of material, although it is feasible to enhance the
barrier in other ways at the expense of this, while still retaining some degree of comfort.
More of a concern environmentally speaking but limited use — i.e. not to be washed. May
need to consider end of life treatment.

As regard to table 1, it is very important to understand that even if water- or oil repellence
specifications are NOT explicitly foreseen in an EN or ISO PPE standard, that this doesn’t
mean there are no ‘de facto’ oil-repellence criteria for the product ‘under the foreseeable
conditions of use’ and we should also never forget that we are talking of protecting
HUMAN WORKERS against life-threatening risks while doing their daily job !

4/14

European Safety Federation ivzw - Bavikhoofsestraat 190 - 8531 Harelbeke - Belgium
info@eu-esf.org - www.eu-esf.org - T+32 56 70 11 03
VAT BE0454.000.382 — RPR Business Court Gent — Division Kortrijk
EU Transparency Register number : 91447653655-65







The already foreseen derogations are completely justified for:

-EU 2016/425 regulated Cat. Ill PPE (a), (c), (d), €, (f), (g), (h), (I) BUT (j) = cuts by hand-
held chainsaws was missing. The chain is constantly lubricated and the machine oil is
projected at the PPE at speeds of 20m/s, 24 m/s or 28/m/s and several (German)
scientific papers (in footnote 3 of the Euratex 940 document) proof that the protection
drops rapidly in the presence of oil (even if oil repellence is not mentioned in the EN ISO
11393 series.

-0-xyleen is reference chemical used in several standards (chemical protection, firefighting
PPE, ...) and a CEN TC162 WG2 PG has proven (see footnote 4 of the 940 Euratex doc)
that with C4 FLC it is impossible to meet the criteria even before washing; it is even
challenging with C6-FLC chemistry (after washing). Whereas in the past most criteria
needed to be met in ‘as received’ or after 5 washes, let us not forget that the CEN HAS
consultant has now introduced tests as per the recommendations of the manufacturer(s).
The number of claimed washes have become a commercial argument (25x, 50x, 75x,
100x) but there is a difference between washing of new, clean, unused, ... garments in a
laboratory and real life use on the job. This creates safety risks.

Inherently flame retardant fabrics with an LOI (Limited Oxigen Index) of >28 like meta-
aramids (e.g. Nomex ®) will burn like cotton or paper when contaminated with flammable
chemicals, oils, ...

-Also there will be safety & environmental issues with some other PPE cat. Il, eg; hi vis
clothing to EN ISO 20471, ... (not only class 1 but all classes). Workers using this clothing
work with oils, greases, suit, ... and dirty clothing makes them less visible. The need for
more frequent washes, at higher temperatures, with more chemicals, ... will increase the
emissions and footprint; and shorten the life-expectancy of the garments needing to be
replaced increasing the footprint again (= against the EU Green Deal).
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2. Are these data available to us?

- Yes, the above table is publicly available.

- The key performance for PPE clothing or textiles which is made IMPOSSIBLE with today’s
state of the art when PFAS is banned is OIL REPELLENCE and these data are already
know to KEMI and other stakeholders — see Euratex contribution to the SEAC public
consulation of the 7th of September 2021. This contribution contains several pieces of
evidence valid for PPE.

- Benchmarking testing would need to be conducted.

Agenda point 2 — Standards for protective clothing need for PFAS
Questions and remarks
3. Are there comparable quantitative test results between fluorochemistry and non-
fluorochemistry available to us performed with the test standards listed in table 1 (or others,
please specify)?

- See study conducted by CEN TC 162 WG 2 on repellency on the outer layer of fire fighter
garments (EN469) that shows the C6 chemistry barely provides the protection for
chemicals such xylene (surrogate for petroleum, or other solvents) when applied as new.
It needs to be reimpregnated very frequently to maintain protection. Below C-6 chemistry
or with non-fluorinated protection xylene and other chemistries did not pass the
requirement. For woven textiles, oil, alcohol and solvents repellency is not possible
currently without C-6 or C-8 type chemistries. This study can also be used as basis for
other woven garments meeting for example EN 13034.

This study has been shared in the Euratex contribution to the SEAC public consultation
dated 7t of September 2021.

- Cf.CEN TC162 WG2 PG who have proven (see footnote 4 of the earlier mentioned
Euratex document) that with C4 FLC it is impossible to meet the criteria even before
washing; it is even challenging with C6-FLC chemistry (after washing).

We have a case where we fail to meet the NATO AEP-38 criteria on oil-repellency (tested
to 1ISO 14419 or AATCC118), needed to protect against liquid droplets of HD (Mustard
Gas) in Military CBRN clothing, with C6 FLC, which passes with C8-FLC chemistry.
‘Dismounted’ soldiers can be needing to wear CBRN clothing for 12 or 24 hours...; hence
the requirement of open fabrics with air-permeability for thermo-physiological comfort.

4. Please indicate which quantitative measurement results/limits are acceptable for your markets
for the test methods listed in table 1 below (or others, please specify).

- See study conducted by CEN TC 162 WG 2 on repellency of fire fighter garments
(EN469).

- Gloves:
Gloves that are being made from PFAS chemicals are Viton gloves, which are typically
used for high chemical protection against highly corrosive chemicals/acids, aliphatic &
aromatic hydrocarbons as well as chlorinated solvents. Such gloves are to be made
compliant to the EN I1SO 374-1 standards.
Viton gloves will typically protect for > 8 hours of uninterrupted contact against above
mentioned chemicals, whilst current alternative rubber materials will mainly last few
minutes [ user safety issue. Also, the product lifetime and degree of re-usability with
fluoropolymers like Viton can be expected to be significantly higher than for other
technologies.
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Clothing:

See Q1, type 1 clothing. For this type of clothing and in particular the reusable types,
fluoropolymers provide good barriers and broad spectrum protection e.g. as required in
EN 943-2 where Viton and fluoropolymers enables good chemical performance coupled
with durability, chemical degradation resistance which makes for reusability and long
product life, something that is not measured in referenced standards but certainly an

important aspect in this discussion.

Table 1: Critical properties (performance) vs Standards for protective clothing (CEN/TC 162)

Critical properties (performance) | Standards for protective clothing (CEN/TC 162)

Electrostatics EN 1149-5:2018*

Liquid chemicals EN 13034:2005+A1:20092

EN 14605:2005+A1:2009°
EN-16523-1:2015+A1:2018% (this is a test method, not
a product standard)

Protection against chemicals ENISO-17491-3,-4:2008°

EN—ISQ—6539—29958 (these are test methods, not a
product standard)
NATO AEP-38

Liguid and gaseous chemicals, EN-464:1994°

including aerosols and solid

particles EN 943-1:2015+A1:2019

EN 943-2:2019

product standard has been superseded by :

1 EN 1149 series, https://standards.cen.eu/dyn/www/f?p=204:105:0:::::

2 EN 13034:2005+A1:2009,
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:32982,61438&cs=1A0EC67484

2C38EOEA1FF3289F91BC76C
3 EN 14605:2005+A1:20009,
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:32983,6143&cs=1868F123B1

85CBECCA30C484231EB9233
4EN 16523-1:2015+A1:2018
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:67114,61438&cs=1753CA3DD9

D58A4835043F014216B2C1A

5SEN ISO 17491-3, -2008
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

1D:23098,6143&cs=12D3A8D6D3

2D899469296826BC259C835
6 EN ISO 17491-4:2008
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:23099,6143&cs=10D5159907

OE9BD60C8715CAEBF4C7841
7EN 1SO 19918:2017/A1:2021
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:70836,6143&cs=1FO09ABCOAA

D96F9554D60B9F78952CF49
8 EN ISO 6530:2005
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:6778,6143&cs=10DCOA31382

FA3CA906841B78380B3F27
9 EN 464:1994,
https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP

ORG

ID:6659,6143&¢cs=165B04976C3

3240ACDODD3E668DD67408
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https://standards.cen.eu/dyn/www/f?p=204:105:0


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:32982,6143&cs=1A0EC674842C38E0EA1FF3289F91BC76C


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:32982,6143&cs=1A0EC674842C38E0EA1FF3289F91BC76C


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:32983,6143&cs=1868F123B185CBECCA30C484231EB9233


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:32983,6143&cs=1868F123B185CBECCA30C484231EB9233


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:67114,6143&cs=1753CA3DD9D58A4835043F014216B2C1A


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:67114,6143&cs=1753CA3DD9D58A4835043F014216B2C1A


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:23098,6143&cs=12D3A8D6D32D899469296826BC259C835


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:23098,6143&cs=12D3A8D6D32D899469296826BC259C835


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:23099,6143&cs=10D51599070E9BD60C8715CAEBF4C7841


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:23099,6143&cs=10D51599070E9BD60C8715CAEBF4C7841


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:70836,6143&cs=1F09ABC9AAD96F9554D60B9F78952CF49


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:70836,6143&cs=1F09ABC9AAD96F9554D60B9F78952CF49


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:6778,6143&cs=10DC0A31382F43CA906841B78380B3F27


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:6778,6143&cs=10DC0A31382F43CA906841B78380B3F27


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:6659,6143&cs=165B04976C33240ACD0DD3E668DD67408


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:6659,6143&cs=165B04976C33240ACD0DD3E668DD67408





Critical properties (performance)

Standards for protective clothing (CEN/TC 162)

ISO 6529:2013

EN 1073 series and EN ISO 13982-1

Against rain

EN 343:2019%°

Splashes of molten metal

EN-348:1992 (this is a test method, not a product

standard)

For firefighting activities

EN 469:2020"2
ISO 21942
ISO 15384
EN16689, ...

For heat and flame protection

EN ISO 11612:2015
EN ISO 11611:2015
EN ISO 14116:2015

CAST (UK), VPAM(D), N1J0101.06 (USA), ...

High or medium visibility

EN ISO 20471:2013"
EN 17353:2020

Use, care and maintenance

CEN/TR 14560:2018
CEN/TR 15419:2017%
CEN/TR 17330:2019¢

Others?
Cuts against hand held chain saws

EN I1SO 11393 series

(National) Ballistics standards / riot
suits

national standards such as BS7971-10 & protection
against Molotov cocktails specified tender

specifications

table 1 : Alternative arrangement and completed — only for garments ! Gloves and other types of PPE

are not included !

Type of
fluorochemistry
(repellency/polymer)

(performance)

Critical properties

CENELEC/TC78)

Standards for protective clothing (CEN/TC 162 and

10 EN 343:2019,

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

1D:63371,6143&cs=1B18C11D02

C518D1B6A214EAC88838727
'1EN 348:1992

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

ID:6616,6143&cs=147CE63961D

E2AC855BCE710EC70E8A6D
12 EN 469:2020,

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

ID:63013,6143&cs=1468ACE394

F638F27BB45A2EO03DFBDEC2
13EN 1SO 20471:2013

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

ID:30182,61438&cs=1ECA362937

BADOE8B641C9F80D8E88876
14 CEN/TR 14560:2018

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

I1D:66982,6143&cs=17067BF89B

DSAOB10910D342106B34226
15 CEN/TR 15419:2017

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

ID:65002,6143&cs=18D38E9365

01A138A7COEB6CFFDB7ESFB
16 CEN/TR 17330:2019

https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP

PROJECT,FSP_ORG

1D:39246,6143&cs=1557EDC845

AD3EF1A19867E8E23C7F2EA
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https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:63371,6143&cs=1B18C11D02C518D1B6A214EAC88838727


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:63371,6143&cs=1B18C11D02C518D1B6A214EAC88838727


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:6616,6143&cs=147CE63961DE2AC855BCE710EC70E8A6D


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:6616,6143&cs=147CE63961DE2AC855BCE710EC70E8A6D


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:63013,6143&cs=1468ACE394F638F27BB45A2E03DFBDEC2


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:63013,6143&cs=1468ACE394F638F27BB45A2E03DFBDEC2


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:30182,6143&cs=1ECA362937B4D0E8B641C9F80D8E88876


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:30182,6143&cs=1ECA362937B4D0E8B641C9F80D8E88876


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:66982,6143&cs=17067BF89BD9A0B10910D342106B34226


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:66982,6143&cs=17067BF89BD9A0B10910D342106B34226


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:65002,6143&cs=18D38E936501A138A7C0EB6CFFDB7E8FB


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:65002,6143&cs=18D38E936501A138A7C0EB6CFFDB7E8FB


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:39246,6143&cs=1557EDC845AD3EF1A19867E8E23C7F2EA


https://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_ID:39246,6143&cs=1557EDC845AD3EF1A19867E8E23C7F2EA





Repellency

Protection against
chemicals

EN 13034 (Type 6)

ISO 16602

EN 1073 series (particulate protection)

EN I1SO 13982-1 (particulate protection)

ISO 27065 (Agricultural chemicals)

EN I1SO 374 series (glove chemical and biological
protection)

CBRN standard from national countries or authorities

Biological
protection
(including medical
devices)

EN 14126 (biological)

EN 13795-1: (medical gowns - medical device) — not
PPE but medical devices

Against rain

EN 343 (includes oil test)

Heat and Flame

ISO 14116 (flame protection — chemical and soling
protection)

EN I1SO 11611 (welding protection - protection of
fabrics and soiling)

EN I1SO 11612- reduces metal adherence to textile)
IEC 61482-2 (arc protection - protection of fabrics,
water and soiling)

EN/IEC 62819 (Eye & face protection — head
protection fabric, water and soiling)

Live working

EN 50286 (Electrical insulating protective clothing—
water/stain protection)

IEC 60903 (insulating gloves — water/stain protection)
IEC 60984 (insulating sleeves — water/stain
protection)

IEC 60895 (Conductive clothing— water/stain
protection)

For firefighting
activities

EN 469 (garment - chemical and biological
protection)

EN 1486 (garment with relective outer surface —
stain/oil protection)

EN 659 (gloves — chemical and water protection)
EN I1SO 15384 (wildland garments - water protection)
EN 16689 (rescue — water and biological protection)
ISO 21942 (station uniform — chemical, water and
biological protection)

Other equivalent/similar ISO standards may be
applied

High visibility

EN ISO 20471 (maintenance of high visibility criteria)

Chain saw
protection

EN 381 series (ISO 11393 series) protection of chain
protection

Motorcycle
clothing

EN 17092 series (garments - protection against rain)
EN 13595 series (garments professional - protection
against rain)
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EN 13594 (gloves - protection against rain)

parts of the garment
or potentially fabric
composition)

Repellency Various test EN I1SO 6530 (penetration gutter test)
methods used AATCC118 (oil, water)
without garment EN 1SO 4920 (spray test)
certification to EN ISO 811 (water penetration)
repellency Garment test in EN ISO 17491-3, -4 series spray and
jet test
Polymer Protection against | EN 14605 (Type 4 and 3 clothing)
(maybe found in chemicals ISO 16602

EN 943-1 and EN 943-2

EN 1073 series

EN ISO 13982-1

(Could be part of the fabric material or in parts of
these if garment that have a shield, connection to
boots or gloves, connection to respiratory protection,
etc.)

For firefighting
activities

EN 469 (vapour barrier , water column)

EN 1486 (garment with relective outer surface —
stain/oil protection)

EN 659 (gloves — chemical and water protection)

EN 16689 (rescue — water and biological protection)
Other equivalent/similar ISO standards may be
applied

Heat and flame

EN/IEC 62819 (Eye & face protection — face
protection polymers)

Membranes

Frequently used to enhance water barrier protection
(may need to be of fluoropolymer to avoid
hampering heat and flame protection

CENELEC/TC 78

NOTE 1 : next to standard reference protection and why/how fluorochemistry is applied although
not necessarily a requirement in the standard but additional protection requested

NOTE 2 : some of the standards may appear more than once depending on the situation, and to
meet the requirement may be possible though other methods but for different uses, therefore not
necessarily alternatives.

NOTE 3 : this table does not include non-garment or glove applications outside of CEN/TC 162 or

Agenda point 3 - Potential alternatives to PFAS

In the ongoing restriction work of PFAS in EU/EEA, a range of non-fluorinated alternatives to PFAS

have been identified

¢ Hyperbranched functionalized polymers (dendric polyurethanes)

Other?

Paraffins (hydrocarbons)
Waxes (fatty acid esters)
Silicones (polydimethylsiloxanes abbr. PDMS)

Polymeric compounds such as non-fluorinated (meth)acrylates
Plasma treatment
Graphene structures
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Questions

5.

For these above listed non fluorinated alternatives (and possibly other) to fluorochemistry,
what are the biggest specific challenges to phase in those non fluorinated alternatives that
may be feasible for your applications?

- See study conducted by CEN TC 162 WG 2 on repellency of fire fighter garments
(EN469).
Below C-6 chemistry or with non-fluorinated protection xylene and other chemistries did
not pass the requirement. For woven textiles, oil, alcohol and solvents repellency is not
possible currently without C-6 or C-8 type chemistries. This study can also be used as
basis for other woven garments meeting for example EN 13034.

- Generally also : limited oil repellency, lower wash durability and less possibility of re-
application in wet-cleaning process (ISO15797 based), flammability, charge with static
electricity.

- Cost is the biggest challenge to phasing in any alternatives.

- Biggest challenge will be ensuring we have materials and products that comply with
existing certifications and performances. While this may be achievable, the route to do so
may involve effectively over-engineering the product to end up with something very clunky
in other respects, e.g. may be too heavy, too stiff, not great when it comes to practical
performance which it also has to pass. It’s all very well having something “just about ok”
but if such products replace high performing ones on the market now, this would be a step
backwards and potentially endanger users who are used to products behaving in a certain
way that have done so without issue for many years, particularly for very mature products.
e Hyperbranched functionalized polymers (dendric polyurethanes)
It remains to be seen what the impact here would be on cost, barrier, physical
strength (compared to material thickness etc.), flexibility, and so on. Dendritic
polymer synthesis historically has not been the simplest always, so concerns are
either with respect to uncontrolled or poorly controlled reaction to form the
polymer, or the cost of the material if the synthesis is sufficiently complex to drive it
up.

e Paraffins (hydrocarbons)
No good for chemical barrier compared to articles made from a combination with
Viton suits and gloves to ensure broad spectrum chemical protection

o Waxes (fatty acid esters)
Will be a similar situation no doubt regarding barrier. It’s like a scissors paper rock
situation. You may find different materials which when combined allow to replace
fluoro-types, but very difficult to find a single material to do the job. These fatty acid
ester types may perform well in some areas but will perform poorly in others, and
the same will be true of many "alternatives”.

e Silicones (polydimethylsiloxanes abbr. PDMS)
Same story.

e Polymeric compounds such as non-fluorinated (meth)acrylates
And again. None of these materials are new or novel. If they could have the desired
properties, we would have long since known about it.

e Plasma treatment

11/14
European Safety Federation ivzw - Bavikhoofsestraat 190 - 8531 Harelbeke - Belgium
info@eu-esf.org - www.eu-esf.org - T+32 56 70 11 03
VAT BE0454.000.382 — RPR Business Court Gent — Division Kortrijk
EU Transparency Register number : 91447653655-65







Surface effects only do so much, and are not permanent, so this is not really a viable
solution. To be honest, it is already a consideration for materials in general, where
needed.

e Graphene structures
This is certainly an area of interest for many things including barrier — which would
be the obvious thing served here. However, the research takes time and actually the
long term effects of having graphene in such materials may still not be known.
It must also be noted that small particles of graphene can slice through cell walls for
example. So how it would be used and its propensity to be released from materials
would also have to be carefully considered.

e Other?
It really depends what you are trying to emulate. As per above, difficult to capture all
elements (chemical barrier and flame retardance) in a single material.
Some examples as follows:

e Broad chemical protection requiring multiple rubber layers and film
laminate. If forced to give up fluoropolymer, there will be other options but
simply limiting in some form

e FR—similar.

e Breathable monolithic films do exist which have excellent MVTR properties.
Being monolithic, there would be advantages in terms of protectiveness as
well, so use of PTFE in suits could be challenged with such materials.

- The biggest challenge is OIL REPELLENCE !!!
alternatives do cause other issues:

e influence of Flame retardancy

e making materials more electro-statical (eg. through silicones)

e negative influence of adhesion (& wash resistance) of heat sealed logo’s,
retro-reflectives, ... or laminated membranes (protection against water,
chemicals, blood born pathogens, ...)

e can cause a scratching ‘writing effect’ on the surface of dark colours

e FEtc..

6. Have you evaluated other fluorochemicals / materials as substitutes for the currently used
fluorochemistry? If so, please specify this chemistry.

- Other things are used in other products — precisely because the use of fluoro-materials
differentiates the products they are in by having better/more desirable properties,
particularly the combination of chemical and FR protection with relative comfort (mainly
thinking about RU-GT here but could extend to gloves). There would be no improvement
to be made for fluoroplastics and rubbers since these are already significantly more
environmentally friendly compared to shorter/smaller fluorinated molecules that will easily
leech out and contaminate the environment, something that does not happen with
polymers.

- For some alternatives to PFAS, we would like to raise the fact that many of it are
inflammable and are a risk for PPE against flame and heat. Those alternatives (silicones,
wax, paraffines) cannot be used in our laundries.

- We would need to carry out extensive testing/trials using these to see what works best
and gives the same required results. Our main aim is ensure our products provide the
same level of protection as they always have.
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Agenda point 4 — Quantities of PFAS in protective clothing
Questions
7. What are the quantities of PFAS7 used in protective clothing applications in the EEA?

8. Annex | of the PPE regulation® (EU 2016/425) divides PPEs into three risk categories. What
share of the quantities of PFAS are used in the three risk categories, respectively?

- Allthe PPE mentioned in the table added are CAT IIl with one or two exemptions.

- This is all Category Il basically. This is the highest risk category and as such requires
materials that perform and protect from dangerous chemicals and flames.

9. Do you apply industrial re-impregnation of PFAS in your products? If so, what quantities of
PFAS are used for industrial re-impregnation of your products?

- See also questions 3 and 5

- As fabric producer and finisher, we apply 1x FC finish but with high concentration FC and
proper fixation (left-overs are collected and disposed)
In industrial laundry, reimpregnation is done every cleaning cycle. Problem is that the

fixation is very low as FC reimpregation has low affinity with fabric (no crosslinking). FC
reimpregation concentration is very low (about 10%). Disposal and collection is difficult.

Agenda point 5 — Emissions and waste management

Questions
10. What are the quantities of emissions of PFAS from reimpregnation of your products?

11. What measures can be taken to minimize the emissions from reimpregnation? What are the
costs associated with these measures?

- Re-use and collection of leftovers in production to separate waste-stream disposal.
12. How are your PFAS containing protective clothing dealt with at end-of-life?
- Depending on the use and the contamination these would be discarded.
- Incineration is probably the best way, if done properly. Landfill is obviously not as good an
alternative but it should be noted that the polymers will not leach out into the environment

the way shorter PFAS molecules will.

13. What are the quantities of emissions of PFAS from protective clothing in the waste phase?

17 PFAS here defined as having the following structural formula: X-(-CF2-)n-X’ with n equal to or larger than 1
and X, X’ not being H (thus including X-CF3), meaning fluorinated substances that contain at least one aliphatic
carbon atom that is both, saturated and fully fluorinated, i.e. any chemical with at least one perfluorinated
methyl group (-CF3) or at least one perfluorinated methylene group (-CF2-), ), including branched fluoroalkyl
groups and substances containing ether linkages, fluoropolymers and side chain fluorinated polymers.

18 EU 2016/425, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32016R0425
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- Not known.

14. What measures can be taken to minimize the emissions from the waste phase? What are the
costs associated with these measures?

If we had the answer to this question, that would really help — but there should be a lot of
work to go into determining this. Could be slow to even get off the ground and very costly
if we want to get proper data. Also worth noting that small scale investigations were
written off for incineration waste data because only full scale incinerators recycle the

gases to break everything down properly.
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non confidential/20230924 ESF submission to proposed PFAS restriction.pdf

Submission feedback to proposal PFAS
restriction

Date : 24/09/2023

General Feedback

The European Safety Federation (ESF) was founded in 1991 by national
organisations each representing the manufacturers and suppliers of Personal
Protective Equipment (PPE) in their country, to represent them at government level of
the European Union and other European institutions and instances (ESF is member
of the PPE Expert Group at DG GROW and an accredited stakeholder at ECHA).
ESF focusses on PPE designed for professional use, without ignoring the consumer
market.

Today, ESF represents over 600 companies (manufacturers, importers, distributors
and service providers), of which at least 70% are SMEs. The members of ESF and
the enterprises that affiliate to the national federations are dedicated and committed
to provide compliant CE certified and high quality PPE. Moreover, they link quality
and service by giving expert advice and assistance in the process of risk assessment
and analysis as well as training and advice in all aspects related to PPE. Supporting
a safety conscious way of life is a common interest to all of us.

Sustainability in all its aspects is high on the agenda of the Federation and its
members, obviously without jeopardising the primary function of PPE : protecting the
wearer against risks for his/her health or safety. Specifically for PFAS we continue to
work with our members and the complete supply chain to raise the awareness on and
understanding of the topic and encourage actions to investigate alternatives.

We do understand the reasoning behind the proposal and support the intention to
restrict substances that have a proven negative effect on the health of citizens and by
extension to the environment. Scientific knowledge about substances is evolving over
time and obviously new insights have to be taken into account. However, careful
considerations should be taken into account when it comes to proof of risks as well
as to alternative solutions. It is certainly not acceptable that alternative solutions are
being promoted that have not proven to be effective (as well on the functionality of
the product as on the economic viability as on the sustainability.

ESF wants to emphasise that our response is not only in the interest of our members
and the PPE sector in general, but also in the interest of the society as a whole, as
the appropriate protection of the health and safety of citizens, both in professional
and in private life, is an essential function of the concerned products.

Some further considerations :
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PPE are typically regulated under the PPE Regulation (EU)2016/425. However,
a number of products/applications are excluded from the scope of the
Regulation!, even if the function of these exceptions is the same or similar. The
exceptions are not related to the function, but rather to other applicable legislation
for these specific applications or products.

PPE represent a wide range of products and applications :

o From sports to do-it-yourself to visibility vests and (electric) bicycle helmets
in daily traffic (non-exhaustive list of private uses) or climbing equipment
and helmets

o From visibility to heat and flame to chemical to biological to mechanical to
electrical to cold to noise (non-exhaustive list of types of risks for health
and safety of individuals)

o Chemical industry, utilities supply, renewable energy production,
construction sector, textile industry, but also first responders and
healthcare sector (non-exhaustive list of professional sectors where PPE
are needed)

o PPE specifically designed for police (maintenance of law and order) and
military, even if for these applications, the products are excluded from the
scope of the PPE Regulation?, including use in private security services,
they still have the same function and should therefore be treated in the
same way.

o As for the previous point, PPE for exclusive use on seagoing vessels or
aircrafts are also excluded from the PPE Regulation®.

o Respiratory protection such as the from COVID well known FFP2 and
FFP3 masks to full face masks with air supply.

o Firefighting and emergency response protective clothing and equipment for
both professional and volunteer forces dealing with fires, accidents, floods,
landslides and other disasters.

o A wide range of materials (textiles, plastics, metals, ...) and components
(seals, electronics, ...) are used in PPE

The PPE Regulation requires manufacturers to take the state of the art into
account*. The state of the art is reflected in the requirements in European
(harmonised) standards. The PPE Regulation Guidelines® clarifies that
“Manufacturers of PPE cannot be expected to use solutions that are still at the
research stage or technical means that are not generally available on the market.
On the other hand, they must take account of technical progress and adopt the
most effective technical solutions that are appropriate to the PPE concerned when
they become available for a reasonable cost.”. This clearly obliges manufacturers
to make sure that the most effective solutions are used, irrespective of whether
restrictions exist or not. This legal obligation for PPE manufacturers must be

1 Scope of the PPE Regulation (EU)2016/425 in article 2 / definition of PPE in article 3 (1)
2 PPE Regulation (EU)2016/425 article 2, paragraph 2 (a)

3 PPE Regulation (EU)2016/425 article 2, paragraph 2 (d)

4 PPE Regulation (EU)2016/425 annex Il, preliminary remark 3

5 Available on https://ec.europa.eu/docsroom/documents/54277
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taken into account in the of any substance to avoid contradiction with the PPE
product legislation.

Manufacturers of PPE are often also manufacturing similar protective
equipment for military and maintenance of law and order. But also manufacturing
Medical Devices® (e.g. medical garments, surgical drapes, medical masks and
gloves, ...), workwear and other types of related products.

Given the wide range of materials and components, as well as the number of
SMEs in the supply chain, the dependence of suppliers is huge in the sector. A
good part of the components are not only used in PPE but also in other types of

products. An example of this would be seals that are essential in some PPE, but
also in many other products.

In terms of turnover, the PPE sector is small compared to many other. Research
on the effects of and on alternatives for PFAS is focussing in first instance on the
bigger application fields, not so much on PPE specifically. This also results in very
limited availability of scientific studies on the impact of PFAS in PPE, as well on
the side of the dossier submitters as on the side of the PPE supply chain.

However, PPE are essential for the protection of the health and safety of
citizens and lack of appropriate PPE will generate huge costs for the society, due
to accidents or long health issues.

The dossier submitters chose to group products. However, this leads to some
products not being considered in the proposal. Indeed PPE are not to be
limited to the TULAC group (Textiles, Upholstery, Leather, Apparel and Carpets)
as was done in the preparation phase. Also the other considered groups did not
take PPE into consideration.

o Dossier submitters only considered textiles (TULAC — Swedish authorities),
even if ESF did inform them about other types of PPE (see earlier
submissions and papers’-8). So, it is clear that uses and products are
included in the submission without any evidence.

o PPE is linked to the Regulation (EU)2016/425 which excludes a number of
sectors that use PPE, but are not considered in the proposal, such as

= Military — armed forces : this may include military fire fighters, but
also other clothing that have similar properties as other PPE, such
as chemical or ballistic protection. CBRN applications are also to be
considered.

= Police — maintenance of law and order : private security personnel
will also use some of the same equipment (e.g. ballistic protection),
but also other types of PPE that have similar properties as PPE
covered in the proposal

6 Medical Devices in the sense of the MD Regulation (EU)2017/745

7 See in annex document “Responses to questions — meeting with PPE companies (protective clothing)” dated
17/10/2021

8 See in annex document “Contribution 2nd consultation on a restriction for PFAS” dated 17/10/2021
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o Some PPE are covered by both PPE and Medical Device Regulations. This
became clearly visible during the COVID-crisis. However, this specific
situation has not been taken into account in the current proposal.

- Level playing field / fair competition between EU production and imports

o Without strong enforcement, a restriction makes no sense. Indeed
imported PPE and materials/components will continue to contain PFAS
while PPE or materials/components made in the EU will not. This results in
unfair competition for the local industry, and ultimately to the
disappearance of the PPE production in the EU.

o The recent health crisis showed the need for local production of PPE. So
the sector needs at least protection from unfair competition. We cannot
believe that the aim of the restriction is to make it more viable to import
from non-EU (EEA) countries, than to produce in the EU.

o Ifin other global regions similar restrictions as the ones in the EU are not in
place, the EU suppliers will already face export difficulties as EU
production with PFAS containing materials/components will no longer be
possible and thus EU production will face higher costs and/or less
performing products.

- EU autonomy in supply chains : in view of the above remarks concerning fair
competition there is a strong fear in the PPE supply chain that without
derogations, it will become as good as impossible for the PPE supply to continue
to work in the EU and certainly not to increase the autonomy of the EU for PPE
that are critical for health or geopolitical crises.

- Enforcement of the restriction is crucial. This also includes the need to clear
methods and interpretations of PFAS content in products.
o Analytics methods (see also Question 10)
o We see cross-contamination in production and testing (materials not
containing PFAS contaminated by PFAS in e.g.
e the tubing systems in the production machines,
e PPE in use contaminated with PFAS, e.g. when used in activities
involving products with PFAS (e.g. end-of-life treatment),
e After finding PFAS in products that are not supposed to contain PFAS,
a manufacturer made further analysis and came to the conclusion that
the samples tested were contaminated with PFAS due to the fact that
the water in the laboratory contains PFAS. So leading to false positives.

- Consequences for society if effective PPE are not available :

o direct consequences for health and safety of users of less effective PPE
and thus for society as a whole (e.g. healthcare costs, but also effects on
mental health and wellbeing in general).

o Butalso : if e.g. firefighters, first responders, police, military cannot be
efficiently protected against the risks they might encounter, this will lead to
not operating in unsafe situations and thus higher risks for the population
that need urgent help.
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o Is it acceptable for society to take a step back in terms of protection of
health and safety of individuals and to what cost ? this is also valid for
industry and healthcare

PPE manufacturers fear that if PFAS is widely restricted, producers of PFAS will
decide not to produce anymore or make them no longer available in the EU.
Even with a justified exemption for certain PPE, that would still mean that
materials/components would no longer be available and therefore make the
needed PPE no longer available.

Current existing or proposed restrictions for specific types of PFAS take
already to some extend the specificity of PPE into account.

(@]

o

o

o

Chemicals list in Annex A (elimination)
= PFOA (C8) — derogation for PPE ended 4/7/2023
= PFHXxS (C6) — no specific derogation for PPE
Chemicals list in Annex B (restriction)
= PFOS (C8) — no specific derogation for PPE
Chemicals proposed for listing
» Long chain PFCAs (C9-C21)
Commission proposal for restriction of PFHXA (C6) — PPE derogations
are included in the proposal

The total life cycle of PPE has to be taken into account :

(@]

Efforts are made by PPE manufacturers to offer the highest level of
durability for many of the products, of course taking into account the
expected use of the PPE. Durability is a key element for sustainable
PPE and thus cannot be ignored.

Depending on the type of PPE and the type of PFAS used, it might be
necessary to re-activate/re-apply a finish to guarantee the needed
protection level during the complete life cycle. This means that it is
essential that the necessary products remain available for this step, not
also during the derogation period, but even for an additional period. If
that is not the case, the derogation period is de facto shortened as it will
be impossible to maintain the protective characteristics of the PPE
during the use phase.

The same remark is also valid for spare parts containing PFAS. Often
the components containing PFAS need at some point a replacement
during the life cycle. If these spare parts would no longer be available
due to the PFAS restriction, that would mean that PPE that would still
be functional for a longer period, would have to be disposed of, thus
leading to unnecessary burden for the environment.

Contamination during the production phase of
materials/components is a factor that needs to be taken into account.
During the use phase of PPE, it is very well possible that there is
contamination with PFAS. This leads to challenges for the
cleaning/decontamination process during the use, but certainly also for
the end of life processing of the PPE. The contamination is not always
predictable, which means that either all PPE where there is suspicion of
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PFAS contamination need to be treated separately or easy cost-
effective methods must be available to test the presence of PFAS
before the end of life processing.

o Research is necessary to fully understand all effects on e.g. the
ageing and the evolution of the protective properties during the life
cycle of the PPE when using alternatives

The PPE suppliers are committed to work towards solutions — research
within the complete supply chain is ongoing, but needs more support and time to
arrive to acceptable alternatives for all applications. In order to encourage this,
ESF is working together with other associations such as e.g. FPP4EU/Cefic
(chemical industry), Euratex (textile and clothing), ETSA (textile services), CEC
(footwear). The contributions of those trade associations need to be considered
as complementary to our own.

Several companies from our sector participated in Ricardo study commissioned
by CEFIC “Economic analysis of the impacts of a REACH restriction on the
manufacture, placing on the market and use of per- and polyfluoroalkyl
substances”. The results of this study should be considered as complimentary to
this ESF contribution.

Obviously, also individual companies active in the PPE sector submitted
feedback to the consultation, often including confidential information. These are
not necessarily repeated in the ESF contribution, but certainly contain additional
information.

Question 1 Annex XV — Sector and (sub-) uses

Only in the TULAC sector (including professional apparel, technical textiles,
leather), PPE have been considered. However, PPE are not limited to the TULAC
sector. This means that some PPE products have not been considered at all.

o See Question 6 below for the missing uses.

o PPE are not limited to professional use, but are also used by consumers to
protect themselves in e.g. do-it-yourself or leisure activities. See definition
of PPE in the PPE Regulation (EU)2016/425 and the earlier general
comment.

o In communication with the dossier submitters, we already indicated that not
all PPE fit in the TULAC sector. This information was knowingly ignored by
the dossier submitters. See documents submitted earlier in annex

Textiles

o The term ‘textiles’ is not clearly defined, which will lead to potential
differences in interpretation. E.g. in the PPE segment of protective textiles,
these should not be limited to woven or knitted fabrics but more broadly

also to:
=  Non-woven
= Coated

=  Laminated
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» Ropes - braided or constructed otherwise (e.g. used in PPE against
falling from heights)
o An important number of PPE products or combinations could be seen as
hybrid because they contain textiles and or other materials/components
(e.g. plastics, electronics) that may contain PFAS needed for the protective
function. The wording of the derogation needs to be clear on the
terminology to ensure that all PPE are meant and not only those included
in the TULAC group.
= Assembly e.g.:
= Visors for heat & flame protection (e.g. electric arc flash
protection, firefighting, foundry workers)
» Footwear including textiles
= Helmets including textile to be able to fix the helmet on the head
or providing padding.
= CBRN protective equipment
= Ensemble e.g.
= Chemical protective garment e.g. with/without incorporated visor,
with/without (connectors for) gloves, with/without connectors for
respiratory protective devices, with/without footwear or bootees.
= Layered clothing system
= Helmet with or without visor
=  Smart PPE including electronics
= PPE with integrated electronics (e.g. hearing protectors with
integrated communication system)
Care should be taken to include in derogations all concerned products. Not only
those CE marked to the PPE Regulation (EU)2016/425, but also those products
that are excluded from the scope (e.g. military, maintenance of law and order,
seagoing vessels and aircrafts). Also a note needs to be made that the PPE
Regulation foresees the possibility for PPE without CE marking, this is e.g. the
case for products in the design phase that are for wearer trials, for demonstration
or used for testing/certification procedures. These must be treated in the same
way as fully CE marked PPE.

Question 5 Annex XV — Proposed derogations

Care should be taken to include in derogations all concerned products, not just
textile materials. Not only those CE marked to the PPE Regulation (EU)2016/425,
but also those products that are excluded from the scope (e.g. military,
maintenance of law and order, seagoing vessels and aircrafts). Also a note needs
to be made that the PPE Regulation foresees the possibility for PPE without CE
marking, this is e.g. the case for products in the design phase that are
demonstrated or used for testing/certification procedures. These must be treated
in the same way as CE marked PPE.

See documents in annex with feedback to Swedish authorities dated 17/10/2021
which contain proposals.
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Appendix A.3.3. (table A.78) of the proposal only contains protective clothing,
gloves (as dealt with in the CEN TC 162) and some footwear. This strengthens
the uncertainty concerning the definition of textiles in this context as also other
PPE are made of or contain textiles. A known example are the single use FFP

masks.

The proposed derogation is limited to category Il (a) and (c). However, as
demonstrated, oil repellence is crucial for the protection against other risks, not
only in category Il for use in industry (welding, heat and flame, electric arc,
chainsaw, ...), but also in military and police applications (see e.g. CBRN,
Molotov cocktails, ballistic protection) and also for protection against cuts from
chainsaws (category Il (j)) and in all heat and flame protection as well as in
visibility clothing. In the last examples, the effect of oil repellence is indirect, but
essential. Indeed the properties of the materials will be severely negatively
influenced by possible absorption of oily substances and therefore require
protection against these oily substances. Till today, this is only feasible using
PFAS at least C6 (mostly based on PFHxA) containing finishes or materials. See
confidential information provided to ESF by individual companies on repellence
testing on fire fighter garments, which is also valid for other types of garments
where repellence for chemicals is a requirement.

For textiles (garments, gloves and even footwear) the major needs for PFAS, be it

as finish are as one of the layers in the system, are repellence and barrier to
penetration.
- Chemical and biological agents

o

o

See earlier provided information for specific PFAS restriction (e.g. C8
versus C6 chemistry).

CEN TC 162 WG 2 provided material specifically for firefighter
equipment.

Even with the transition from C8 to C6 chemistry for the finish of
textiles, the repellence and penetration performance with butan-1-ol
and o-xylene are diminished. Non-C6 based repellence finishes have
so far proven to be effective for water, water based chemistries (such
as weak acids and bases) but not effective against oils, alcohols and
other organic solvents or chemical (including gasoline and other
petroleum products).

Alternative PFAS free solutions manage to obtain acceptable
repellence/penetration levels for relatively weak acids and bases, but
not for concentrated acids and bases, as well as for solvents or oily
substances. Even when it is possible to claim type 6 chemical
protection with these PFAS free alternatives, the needs for a part of the
industry (and certainly for firefighters) are not met with these finishes.

If a protection against a wide range is needed, PFAS are even more
critical to achieve the required level of protection. In the case of
protective gloves a remark must also be made concerning dexterity and
mechanical resistance. Even if alternatives would offer a similar level of
protection than the current PFAS solution, if dexterity and mechanical
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resistance is lower (which is currently the case for the alternatives that
are being considered), the gloves are not suitable for use. Indeed less
dexterity means that the wearer is not able to perform the job as
required and less mechanical resistance means that chances that the
glove will tear or get punctured during use is unacceptably high, leading
to safety risks.

- Oil repellence and penetration : see above

- Water : no need for PFAS, alternatives are available

Situations where combination of repellence/penetration with heat and flame
retardance is necessary, are even more critical for the use of PFAS solutions to
ensure that the heat and flame retardancy, which is the primary protection is not
compromised by soiling from oil, petroleum products or other flammable solvents.

For the alternatives, durability has to be a key element. Shorter life time of PPE
leads to higher volumes of waste, which of course has to be avoided as creating
new risks and challenges.

Remark : while we recognise that referring in the text of the proposal to
(European) standards can be useful to clarify the products involved, it should be
avoided in final proposals as standards do evolve (newer versions, different
references, ...), which in the longer term could lead to interpretation issues. It also
has to be taken into account that the requirements in the standards are primary
requirements, secondary levels of protection are usually not included.

Proposal for text for derogation :

- By way of derogation, paragraphs 1 and 2 shall not apply to:
b. Personal protective equipment (PPE) as well as textiles and other materials and
components used in PPE intended to protect users against risks as specified in
Regulation (EU) 2016/425, Annex I, and where the functionality (protection of the
wearer of the PPE and/or protection of the protective function of the PPE) requires
the use of PFAS as part of their
(i) manufacturing process,
(ii) finishing or repellence, or
(iii) components or parts,
until 13.5 years after EiF;
c. Personal protective equipment (PPE) as well as textiles and other materials and
components used in PPE in firefighting activities intended to protect users against
risks as specified in Regulation (EU) 2016/425, Annex I, Risk Category III (a) -
(m), until 13.5 years after EiF;
d. similar to the articles referred to in paragraph 5b and 5c, the articles with
similar function but excluded from the scope of the PPE Regulation (EU)2016/425.
This includes PPE specifically designed for maintenance of law and order and
armed forces (including private or semi-private security personnel) and for
exclusive use on seagoing vessels or aircrafts, until 13.5 years after EiF;
e. similar to the articles referred to in paragraph 5b and 5c and 5d, these articles
in the design phase, e.g. samples for testing, wear trials or demonstrating, until
13.5 years after EiF;
f. impregnation agents for re-impregnation and spare parts of articles referred to
in paragraph 5b, 5c, 5d and 5e until 13.5 years after EiF (note : this point might
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require a longer period to allow for the products to be used till the end of the

expected life.

Question 6 Annex XV — Missing Uses — Analysis of alternatives

- See information provided to Swedish authorities (annexes “Responses to
guestions — meeting with PPE companies (protective clothing)”, dated
17/10/2021 and “Contribution 2nd consultation on a restriction for PFAS”,
dated 17/10/2021

- PPE other than those included in the TULAC group were not at all or only
partially considered so far. For PPE, protection against risks given in the
following list need to be considered, not only in the TULAC group.

o the risks as in the PPE Regulation annex | for cat Ill :

substances and mixtures which are hazardous to health — only
considered for TULAC

atmospheres with oxygen deficiency — only considered for
TULAC

harmful biological agents — only considered for TULAC
ionising radiation — only considered for TULAC
high-temperature environments the effects of which are
comparable to those of an air temperature of at least 100 °C —
only considered for TULAC

low-temperature environments the effects of which are
comparable to those of an air temperature of —50 °C or less —
only considered for TULAC

falling from a height — only considered for TULAC — PFAS not
essential

electric shock and live working — only considered for TULAC
drowning — only considered for TULAC

cuts by hand-held chainsaws — only considered for TULAC
high-pressure jets — only considered for TULAC

bullet wounds or knife stabs — only considered for TULAC
harmful noise — only considered for TULAC.

o Other risks / products than category lll, as well as those PPE excluded
from the PPE Regulation (see also general comments on this aspect) —
none of those were considered by the dossier submitters

Static electricity
Mechanical action
e Vibrations
e Friction
e Impact with other persons or objects (e.g. falling objects,
sports applications such as different types of protectors
for e.g. bicycle or horse riders)
e Superficial mechanical injury
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e Rescue equipment and similar such as anti-avalanche
airbags

= Motorcycling equipment (including helmets)

= High visibility equipment — partly considered for TULAC

= Protection against UV radiation

=  Swimming/diving goggles and masks

= Ski goggles / helmets

= Equipment for different types of leisure activities (e.g. cycling)

= Welders equipment (including welding screens)

= Protection against insects / animals (e.g. tick bites, beekeeper
equipment, ...)

= Weather conditions / adverse atmospheric conditions

= Anti-slip footwear

= CBRN protection

= Respiratory protection, see e.g. COVID protection up to full face
masks.

Not all of the above require PFAS, however some do. Further research is
necessary for all the applications. See also the general comments provided.

PFAS free PPE might get contaminated with PFAS during the production and
use phase — see general comments provided

Proposal for text for derogation :

By way of derogation, paragraphs 1 and 2 shall not apply to:

b. Personal protective equipment (PPE) as well as textiles and other materials
and components used in personal protective equipment (PPE) intended to
protect users against risks as specified in Regulation (EU) 2016/425, Annex I,
and where the functionality (protection of the wearer of the PPE and/or
protection of the protective function of the PPE) requires the use of PFAS as
part of their

(i) manufacturing process,

(ii) finishing or repellence, or

(iii) components or parts,

until 13.5 years after EiF;

c. Personal protective equipment (PPE) as well as textiles and other materials
and components used in personal protective equipment (PPE) in firefighting
activities intended to protect users against risks as specified in Regulation (EU)
2016/425, Annex I, Risk Category III (a) - (m), until 13.5 years after EiF;

d. similar to the articles referred to in paragraph 5b and 5c, the articles with
similar function but excluded from the scope of the PPE Regulation
(EU)2016/425. This includes PPE specifically designed for maintenance of law
and order and armed forces (including private or semi-private security
personnel) and for exclusive use on seagoing vessels or aircrafts, until 13.5
years after EiF;

e. similar to the articles referred to in paragraph 5b and 5c and 5d, these
articles in the design phase, e.g. samples for testing, wear trials or
demonstrating, until 13.5 years after EiF;

f. impregnation agents for re-impregnation and spare parts of articles referred
to in paragraph 5b, 5c, 5d and 5e until 13.5 years after EiF (note : this point
might require a longer period to allow for the products to be used till the end
of the expected life.

European Safety Federation ivzw - Bavikhoofsestraat 190 - 8531 Harelbeke - Belgium
info@eu-esf.org - www.eu-esf.org - T+32 56 70 11 03
VAT BE0454.000.382 — RPR Business Court Gent — Division Kortrijk
EU Transparency Register number : 91447653655-65

11/13







Question 10 Annex XV — Analytical methods

Single material or single product : PPE contain several materials, it needs to
be clarified how the PFAS content has to be determined in such cases.
Multiple articles can be made available on the market as a single PPE product
(e.g. complex chemical / CBRN suits). Also for these cases, clarity on how to
determine the PFAS content is necessary.
Degradation / contamination during production or use of PPE products : at
what time in the life cycle must the PFAS content be determined ?
It is necessary to consider the source of PFAS measured in/on products. The
manufacturer of the PPE is not necessarily the source — see cross
contamination but also contamination in testing facilities that can have an
influence on the measurement. See confidential test reports in annex
Further clarification on the accuracy of testing of thousands of PFAS
substances in thousands of different products is necessary.
The analytical methods are key for the enforcement of any restriction. If it is
impossible to measure correctly, a restriction only leads to frustrations at all
levels of society.
o A PFAS report by the US National Science and Technology Council
also acknowledges the issue with analytical methods when it comes to
PFAS testing and outlines a series of actions in order to address
research gaps
See : https://www.whitehouse.gov/wp-content/uploads/2023/03/0OSTP-
March-2023-PFAS-Report.pdf
o Areport commissioned by the Norwegian Environment Agency looked
into the available analytical methods for 17 specific uses/ matrices and
showed the current limitations of the standard methods available for
measuring PFAS. It concluded, amongst others, that: (i) no standards
available for total organic fluorine methods or the total organic
precursor assay, (i) Total fluorine methods will not provide
concentration for single substances, (iii) no standard methods found to
measure specific PFAS in some uses (e.g. electronics and electronic
equipment incorporating semiconductors, F-Gases and refrigerants,
medical devices and medicinal products, cosmetics, oil gas and mining,
metal plating, flame retardants and resins), (iv) etc.
See : http://norden.diva-
portal.org/smash/record.jsf?pid=diva2%3A1642999&dswid=-5818

For info, no information from ESF for the following questions

2 : emissions in the end-of-life phase

3 : emissions in the end-of-life phase (waste management)

4 : impacts on recycling industry

7 : potential derogations marked for reconsideration (none marked as such for
the PPE derogations included)

8 : other identified uses — analysis of alternatives and socio-economic analysis
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https://www.whitehouse.gov/wp-content/uploads/2023/03/OSTP-March-2023-PFAS-Report.pdf


https://www.whitehouse.gov/wp-content/uploads/2023/03/OSTP-March-2023-PFAS-Report.pdf


http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1642999&dswid=3093


http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1642999&dswid=-5818


http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1642999&dswid=-5818





- 9 :degradation potential of specific PFAS sub-groups - need to be answered
by companies producing PFAS

Annexes
- “Responses to questions — meeting with PPE companies (protective clothing)”,
dated 17/10/2021
- “Contribution 2nd consultation on a restriction for PFAS”, dated 17/10/2021
- Confidential documents
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