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Summary

The ECHA restriction proposal on per- and polyfluoroalkyl substances (PFAS) seeks to ban both the use and
production of all PFAS to reduce any risks these substances pose to humans and the environment. Considering this
proposal, the scientific literature on per- and polyfluoroalkyl substances since 2021 was systematically reviewed by
means of a scoping review in the Scopus and PubMed databases. The most important (recent) findings on risks to
humans and the environment were summarized. In short, PFAS constitute a wide class of chemicals that can pose
risks to both human health and the environment. PFAS have been detected in a variety of media and pathways of
PFAS toxicity have been described in recent literature. Treatment options to remove PFAS from water exist but are
not applied at sufficiently large scales to mitigate risks of PFAS in water. Restrictions of chemicals show promise in
reducing the risks of PFAS to humans and the environment.

Fluoropolymers, such as polytetrafluoroethylene (PTFE), are a specific type of PFAS that are high-molecular-weight
solid plastics and are considered, by some authors, as chemically inert materials. A key article by Henry et al. (2018)
argues that fluoropolymers should be separated from other polymeric and nonpolymeric PFAS because they
constitute a harmless class of compounds. In response, others have argued that all PFAS, including fluoropolymers,
give rise to emissions of harmful PFAS at some stage of their life cycle. Therefore, these authors support the broad
definition of PFAS used in the restriction proposal and the resulting ban on fluoropolymers and other PFAS alike.

In this report, we illustrate both abovementioned lines of reasoning underlying the two different positions,
supported by substantial research efforts and data. Multiple publications have argued for either of the rationales,
often coming from the same authors. It was noted that the authors supporting the exemption of fluoropolymers
from a ban represent or are affiliated with PFAS-producing companies. This is a conflict of interest. For
fluoropolymers, substantial data gaps on the full life cycle still exist, and it can be argued that there is currently
insufficient (public) data to definitively qualify their life cycle as safe for human and environmental health.



{WR

Contents

Summary
Context
11 Context
2 Research questions and Approach
2.1 Research Questions
2.2 Approach
3 Outcome of the literature review
3.1  Summary of selected papers
3.1.1 Exposure, hazards and risks of PFAS
3.1.2 PFAS lifecycle and mitigation options
3.2 Scientific positions on the in- or exclusion of
fluoropolymers from a PFAS restriction
3.2.1 Definition of PFAS
3.2.2 PFAS as a single chemical class
3.2.3 Fluoropolymers as a distinct class of PFAS
3.2.4 Inresponse to the paper by Henry et al.
3.2.5 Reported scientific rationales
4 Conclusions
4.1 Current limitations and future recommendations
5 References
Appendix
Appendix |

Appendix I

N

N OO o o

O O 00 N

11
11

12
15
16
24

Pagina
2/26



Pagina
3/26

1 Context

1.1 Context

A proposal for a European restriction on per- and polyfluoroalkyl substances (PFAS) was published by the European
Chemicals Agency (ECHA) on 7 February 2023. The details of the proposed restriction of around 10 000 PFAS are
available on ECHA’s websitel. In this, the Dutch government worked on this proposal together with Denmark,
Germany, Norway and Sweden. The proposal is currently under public consultation (see Figure 1).

13 January 2023 22 March 2023 Opinions of ECHA's

Restriction proposal Start of a six-month ECHA committees’ committees sent to the
submitted to ECHA open consultation evaluation European Commission
7
7 February 2023 5 April 2023 ECHAs committees

Proposal made Online in adopt their opinions

available on
ECHA's website

Figure 1 Timeline of the PFAS restriction proposal by ECHA (as taken from ECHA website).

In short, the restriction proposal consists of these findings:

e All PFAS are either highly persistent themselves or degrade to other persistent PFAS

e  Persistence is due to the strength of the carbon-fluorine bond

e  PFAS are used in high tonnages in a variety of applications

e Emissions occur in all life cycle stages

e Monitoring data show ubiquitous presence of PFAS in the environment and in humans

e PFAS have adverse effects on environment and human health

e PFAS are difficult to remove once released into the environment
PFAS are regarded as “forever chemicals”, as they remain in the environment for decades. Furthermore, it states
that if releases are not minimised, adverse effects are inevitable. Hence, the proposal has the aim to reduce
emissions with 95% and has several elements:

e |ttargets a broad group of PFAS

e (Time-limited) derogations for certain uses, and industry effort is needed to switch to alternatives

e Stakeholders are invited to provide input during consultation

Vewin, the Association of Dutch drinking water companies, is responding to this public consultation and has
commissioned KWR to provide an overview of recent scientific literature on risks of PFAS to the environment and
drinking water.

Lhttps://echa.europa.eu/-/echa-publishes-pfas-restriction-proposal
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2 Research questions and Approach

2.1 Research Questions

For this review, KWR has taken into consideration the following research questions when evaluating new scientific
literature in a systematic review:

1. What are the implications of the findings for the risks of PFAS for human- and environmental health, in
addition to the restriction proposal?

2. What are the implications of the findings for the whole life cycle of PFAS, including production and end of
use’?

3. Do any (potential) conflicts of interest arise from authorship by researchers employed either directly or
indirectly by the fluorochemical industry?

2.2 Approach

The scientific literature on PFAS from 2021 was systematically reviewed by means of a scoping review in both
Scopus and PubMed databases. The search strategy is outlined in Table 1. It was tailored to obtain the available
scientific literature on the topic of PFAS in general and risks to humans and the environment. Keywords with
relevance to the ECHA proposal for the restriction of PFAS were added to the search query in a stepwise manner
(‘water’, ‘health’, ‘harmless’ and ‘harmful’) and only publications published since 2021 were selected, as this was
the moment the restriction proposal was finalized. The final query (No. 9) was applied as it provides a sufficient
number of papers as well as representing the most important keywords.

Subsequently, the papers were included in the systematic review only if they support in answering the research
questions outlined in paragraph 2.1. To do so, the following inclusion criteria were applied:

- The paper provides new insights compared to the restriction proposal

- The paper provides information on PFAS regulation or the restriction proposal

- The paper describes specific human health aspects of PFAS exposure

- The paper describes life cycle aspects of PFAS including removal

Papers that met these criteria were marked as “relevant” (Appendix |). The outcomes of the systematic literature
review are reported in Section 3.1.

Considering a potential total ban on PFAS, scientific debate has arisen on whether a particular subclass of PFAS, the
fluoropolymers, are harmless and should be excluded from a restriction. Therefore, alongside the systematic
literature review, a focused investigation was done into the rationales provided in the scientific literature for the in-
or exclusion of the subclass of fluoropolymers in the restriction. The starting point for this is a paper by Henry et al.
(2018) that argues for the exclusion of fluoropolymers from restrictions on production and use. For the focused
investigation, this paper and the papers that were written in response to this or closely related to the topic are
summarized and their relevance to the restriction proposal is discussed. The outcomes of the focused investigation
are reported in Section 3.2.
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Potential conflicts of interest for authors of the reviewed papers were evaluated by i) screening the “Conflict of
Interest” statements provided in the publications, ii) asserting whether the authors are either directly or indirectly
(e.g. as external consultants) employed by the fluorochemical industry, and iii) confirming whether the funding
source of the paper includes fluorochemical producers.

Table 1 Systematic review strategy for recent literature on PFAS risks to humans and the environment from Scopus and PubMed.

No. Search string (SCOPUS, Search within title, abstract, Number of documents
keywords)

1 TITLE-ABS-KEY ( pfas ) 4759

2 TITLE-ABS-KEY ( pfas OR perfluor* OR polyfluor*) 59910

3 TITLE-ABS-KEY ( ( pfas OR perfluor* OR polyfluor*) 13435
AND water*)

4 TITLE-ABS-KEY ( ( pfas OR perfluor® OR polyfluor*) 1529
AND water®* AND health)

5 TITLE-ABS-KEY ( ( pfas OR perfluor* OR polyfluor*) 58
AND water* AND health AND harmful)

6 TITLE-ABS-KEY ( ( pfas OR perfluor* OR polyfluor*) 1
AND water® AND health AND harmless)

7 TITLE-ABS-KEY ( ( ( pfas OR perfluor* OR polyfluor*) 138
AND health AND ( harmless OR harmful)))

8 TITLE-ABS-KEY ( ( pfas OR perfluor* OR polyfluor*) 59
AND water* AND health AND ( harmless OR
harmful ) )

9 TITLE-ABS-KEY ( ( ( pfas OR perfluor* OR polyfluor*) @ 34

AND water® AND health AND ( harmless OR
harmful ))) AND (LIMIT-TO ( PUBYEAR, 2023 ) OR
LIMIT-TO ( PUBYEAR , 2022 ) OR LIMIT-TO ( PUBYEAR

, 2021))
No. Search string (PubMed) Number of documents
1 (pfas OR perfluor* OR polyfluor*) AND water* AND 30

health AND ( harmless OR harmful )

[Filters applied: from 2021/1/1 - 2023/6/20]
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3 Outcome of the literature review

The literature search resulted in 34 papers within Scopus, which were then manually scrutinized based on their
abstracts considering their relevance to PFAS risks to human- and environmental health in the context of water.
The same search string was applied to the PubMed database, which resulted in 30 papers. From this, 19 papers
overlapped with the search results from Scopus, and 11 papers were unique. When combining both the Scopus and
PubMed search results, 45 unique papers were found in total.

Of these 45 papers, 28 were identified that met the inclusion criteria (i.e., they support in answering the research
questions outlined in paragraph 2.1). Of these 28 papers, several provide novel scientific findings, while some of the
review papers provide general information regarding PFAS. The total list of publications with their relevance to the
present literature review, a short summary (when relevant), and an evaluation of a potential conflict of interest are
provided in Appendix |. These 28 selected papers are summarized below.

3.1 Summary of selected papers

3.1.1 Exposure, hazards and risks of PFAS

Some of the papers included in the systematic review only summarized the information already included in the
restriction proposal rather than presenting new findings. For example, multiple papers highlighted that PFAS are
anthropogenic chemicals commonly known for their strong persistence (Kang et al., 2023; Verma et al., 2023;
Zarebska & Bajkacz, 2023). It was also reconfirmed that PFAS accumulate in both the environment and aquatic
organisms (Koban & Pfluger, 2023; D. Liu et al., 2023; Zarebska & Bajkacz, 2023).

The estimation of industrial PFOA and its salts (PFO) showed that China released about 38.19 tons PFOA/PFO into
the atmosphere through industrial activities in 2019, 97 % of which originated from the production of
fluoropolymers (Du et al., 2023). This is of relevance to the discussion in section 3.2, in which the life cycle impact
of fluoropolymers is discussed further.

Exposure routes of consumers to PFAS through the use of cosmetics were described (Whitehead et al., 2021) and
the consumption of freshwater fish (Barbo et al., 2023). The adsorption to micro- and nanoplastics was also
described as a potential exposure route of PFAS to organisms (Zhang et al., 2022). Adverse effects of PFAS exposure
on human health were also found, in line with the restriction proposal. One review paper highlighted that PFAS
toxicity data for humans remain highly variable, and that the extrapolation from animal to human studies is
complex and inconclusive because adverse outcome pathways to PFAS differ among species, sexes, and life stages
(Espartero et al., 2022). Furthermore, the review showed that emerging PFAS can induce toxicity like legacy PFAS
like PFOS and PFOA. A review of omics based PFAS exposure studies revealed that the “pentose phosphate shunt”
is a common biochemical response pathway to PFAS, which partly contradicts the findings by Espartero et al. that
response pathways to PFAS are strongly divergent (Beale et al., 2022). Another review paper demonstrated that
PFAS such as perfluorooctanoic acid (PFOA) have been shown to accumulate in kidneys and can cause
nephrotoxicity and other negative effects on kidneys in humans (D. Liu et al., 2023). An in-silico study showed a
novel finding, that 14 PFAS are predicted to have a strong competitive binding affinity to the human vitamin D
receptor (Azhagiya Singam et al., 2023). This receptor is important for immune and endocrine homeostasis, which
may explain some of the adverse health effects observed for PFAS in humans. Indeed, epidemiological studies
indicate that exposure to PFAS appears to have infrequent but statistically significant associations with cancer and
reproductive hazards (Naz et al., 2022).
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3.1.2  PFAS lifecycle and mitigation options

In the systematic review, a substantial number of papers was identified that describe removal options to reduce
PFAS concentrations in water, even though the search query was not directly targeted towards this. However,
removal is of relevance to the research questions considering the whole life cycle of PFAS, and it highlights that a
lot of research effort is being put towards the mitigation of the growing impact of PFAS on humans and the
environment. Since the removal of PFAS from water is challenging owing to their mobility, attempts have been
made which can potentially drastically reduce the presence of PFAS in drinking- and surface water (Kavusi et al.,
2023). Multiple papers describe the use of novel materials or chemical processes to aid in the removal of PFAS from
water. A recent study showed that MOF-808 (Metal-Organic Framework) is effective in adsorbing PFOS from water
(Chang et al., 2022). Another study showed that perfluorohexanesulfonic acid (PFHxS) can be removed from water
using membrane filtration (Liu et al., 2023). Next, a paper discusses a technique that can remove PFAS from tap
water by implementing a household point-of-use water purifier that uses coconut shell-derived activated carbon
(He et al., 2022). Mantripragada et al. (2022) reviewed and demonstrated the efficient adsorption of the short-
chained PFAS GenX (hexafluoropropylene oxide dimer) from water using nanofibrous filter material obtained by
electrospinning. Another paper describes the peroxymonosulfate activation by iron self-doped sludge-derived
biochar for degradation of PFOA (Fu et al., 2022). Mulabagal et al. (2022) describe that biochar derived from
biomass can be effective in sequestering PFAS from the environment. Another study demonstrated that the use of
a multifunctional magnetic adsorbent, cerium-incorporated ferrite decorated polyaniline hybrid composite can
efficiently and selectively sequester PFOS and PFOA (Elanchezhiyan et al., 2021). Besides sequestration, the
degradation and mineralization of PFAS has been described. This has a preference over mere removal, as these
‘forever chemicals’ are notoriously difficult to degrade, and their persistence is one of the major concerns also
highlighted in the restriction proposal. In a paper that received substantial attention in the media, Trang et al.
(2022) describe the low-temperature mineralization of perfluorocarboxylic acids. A review paper summarized the
currently known degradation mechanisms of PFOS and PFOA by different chemical methods (Deng et al., 2021).
Two other papers discuss various PFAS removal or degradation processes such as electrocoagulation,
bioremediation, foam fractionation and photocatalysis (Leung et al., 2022; Meegoda et al., 2022). Many of the
reported methods have the potential to efficiently remove PFAS from water. Nevertheless, it should be noted that
these findings are novel and sometimes promising, but it remains yet unclear if their implementation on a large
scale is feasible.

Besides the removal of PFAS, mitigation can also come from the prevention of emissions of PFAS. A recent paper
describes how the implementation of the Stockholm Convention on persistent organic pollutants in China has
resulted in the decrease of PFOS and perfluorooctane sulfonyl fluoride (PFOSF) concentrations in water bodies
(Zhang et al., 2022). This illustrates that the restriction of PFAS can indeed result in lower exposure and thus risks to
humans and the environment. Similarly, the inclusion of PFAS sum parameters in the revised European Union
Drinking Water Directive may serve as an impetus to reduce emissions of PFAS in order to reduce the
concentrations in drinking water sources (Dettori et al., 2022).

3.2 Scientific positions on the in- or exclusion of fluoropolymers from a PFAS restriction

3.2.1 Definition of PFAS

The restriction proposal calls for a ban on “all” PFAS. This has become a point of debate, and, therefore, it is
relevant to consider the definition of PFAS that is used generally and in the restriction proposal specifically.
Scientific deliberation on the appropriate definition of PFAS has been ongoing (Wang et al., 2021), with the first
clear structural definition of PFAS provided by Buck et al. (2011). Since then, the definition of PFAS has been
expanded to include newly identified PFAS and the most recent report on the terminology of PFAS was published in
2021 under the framework of the Global PFC Group (OECD, 2021). The ECHA restriction proposal seeks a ban on
both the use and production of PFAS to reduce the risks these substances pose to humans and the environment.
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The proposal defines PFAS as “any substance that contains at least one fully fluorinated methyl (—CF3) or
methylene (—CF2-) carbon atom (without any H/CI/Br/I attached to it)”, in line with the most recent Global PFC
Group definition. A total ban on PFAS would include all chemicals that fit this definition, presently approximately
10,000 substances, with the rationale that restricting the entire class of PFAS “is the most appropriate and effective
option to adequately control such a large and complex group of substances which are used in numerous
applications”. Interestingly, recent research has highlighted that this new OECD definition includes up to 7 million
chemicals in the open chemical database PubChem, posing an even larger challenge to researchers and
computational workflows alike in the risk assessment of these chemicals (Schymanski et al., 2023).

3.2.2  PFAS as a single chemical class

The justification for managing PFAS as a single chemical class to reduce PFAS-related risks is provided in the
scientific literature (Kwiatkowski et al., 2020). Therein, it is argued that a class-based approach can be implemented
to eliminate non-essential uses of PFAS more effectively, develop safer alternatives, and clean up highly
contaminated areas. Ultimately, this should reduce and prevent further accumulation of these hazardous chemicals
in people and the environment and avoid replacing them with other related and harmful substances. However,
members of the chemical industry appear to be pushing back against the broad definition of PFAS used in the
restriction proposal because they fundamentally disagree with the inclusion of all PFAS within a single broad
chemical class with common properties. In multiple scientific publications, scientists working for or in collaboration
with the fluorochemical industry argue that this definition is too broad to allow effective, science-based assessment
and regulation of chemical compounds as an entire group and that certain subclasses of PFAS with chemical,
physical, thermal and biological properties pose little to no harm to human and environmental health. Indeed,
based on the available scientific literature, many PFAS have serious health and environmental concerns (Panieri et
al., 2022; and systematic literature review above), but substances in the PFAS family have very different properties
and risks. Some subgroups, such as fluoropolymers, appear to pose minimal direct risk to human health, while
other substances, such as PFOS and PFOA, have well-understood negative impacts on health. Fluoropolymers, such
as polytetrafluoroethylene (PTFE; commonly known under the brand name Teflon), are high-molecular-weight solid
plastics and are considered by some authors as chemically inert materials (Ameduri, 2023).

OECD Polymer of Low Concern (PLC) Criteria

%J v

v

A

Figure 2 OECD polymer of low concern (PLC) criteria (copied from Korzeniowski et al. 2022). Checkmarks indicate that the fluoropolymers
discussed in the paper by Korzeniowski et al. fulfil the PLC criteria according to the authors.
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3.2.3  Fluoropolymers as a distinct class of PFAS

A starting point of the scientific debate with relevance to the present restriction proposal seems to be the article by
Henry et al. (2018) who argued that fluoropolymers have limited water solubility, these compounds do not undergo
thermal, (photo)chemical, hydrolytic, oxidative, or biological degradation, are not subject to long-range transport
and have limited bioavailability. Based on these properties, they concluded that these compounds constitute a
separate and harmless class of PFAS. By bringing together fluoropolymer toxicity data, human clinical data, and
physical, chemical, thermal, and biological data for review and assessment, the authors demonstrated that
fluoropolymers satisfy assessment criteria to be considered to have insignificant environmental and human health
impacts and, as such satisfy the OECD definition of “polymers of low concern” (PLC; figure 2). Based on those data
the authors conclude that fluoropolymers are distinctly different from other polymeric and nonpolymeric PFAS and
should be separated from them for hazard assessment or regulatory purposes. The paper by Henry et al. (2018)
was published in the reputable journal Integrated Environmental Assessment and Management (IEAM), published
by the Society of Environmental Toxicology and Chemistry (SETAC), which publishes scientific articles that have
been subjected to external peer review. Nonetheless, it is of interest that all the authors on the paper are either
directly or indirectly employed by fluoroproduct manufacturers, giving rise to a conflict of interest which is clearly
mentioned at the end of the paper.

It is important to note here that conflicts or funding by bodies with vested interests may result in (un-)conscious
biases during the entire study, from planning to publication (Samuel et al., 2016). In a critical review like the paper
by Henry et al. (2018), this, for example, could lead to selective outcome reporting (i.e., the reporting of only
selected results, not all results). Whether this or other forms of bias arising from conflicts of interest have occurred
in the papers discussed here is outside the scope of the current review. For the present review, we have only
recorded whether any conflicts of interest are present (see Appendix | & II).

3.2.4 Inresponse to the paper by Henry et al.

In response to the argument made in the paper by Henry et al. (2018), Lohmann et al. (2020) provided a policy
analysis in which they rebuke the low concern for human- and environmental health of fluoropolymers by taking a
life-cycle perspective. This paper argues that although fluoropolymers intrinsically may pose low risks to humans
and the environment owing to their particular properties, the production of some fluoropolymers is intimately
linked to the use and emissions of legacy and novel PFAS as polymer processing aids. There are serious concerns
regarding the toxicity and adverse effects of such fluorinated processing aids on humans and the environment.
Moreover, they demonstrate that a variety of other PFAS, including monomers and oligomers, are emitted during
the production, processing, use, and end-of-life treatment of fluoropolymers. There are further concerns regarding
the safe disposal of fluoropolymers and their associated products and articles at the end of their life cycle. While
recycling and reuse of fluoropolymers are performed on some industrial waste, there are yet only limited options
for their recycling from consumer articles. Lohmann et al. thus argue that there is no scientifically supported
rationale for concluding that fluoropolymers are of low concern for environmental and human health. They
conclude that due to fluoropolymers’ extreme persistence; emissions associated with their production, use, and
disposal; and a high likelihood of human exposure to PFAS, their production and uses should be curtailed except in
cases of essential uses.
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Reported scientific rationales

Since then, multiple publications have argued for either rationale, often coming from the same (groups of) authors

and/or representing the same companies. In summary, these publications collectively make up the following two

positions:

A)

Fluoropolymers constitute a separate class of PFAS with distinct properties and are essential for multiple
uses in daily life (Ameduri, 2023). There are 14 commercially available fluoropolymers that meet the
criteria to be considered PLC, which represent approximately 96% of the global fluoropolymer market
(Korzeniowski et al., 2023). Fluoropolymer manufacturers recently committed voluntarily to responsible
manufacturing principles by continuously improving and/or developing the best available techniques in
line with the objectives of the circular economy (Améduri & Hori, 2023; Korzeniowski et al., 2023).
Fluoropolymers that are manufactured without the use of PFAS polymerization aids should be exempted
from any regulatory initiative, and their uses should be allowed without any restriction (Ameduri et al.,
2023).

PFAS are a group of problematic chemicals owing to their physicochemical, environmental, and
toxicological properties (Kwiatkowski et al., 2020). Environmental contamination by PFAS defines a
separate planetary boundary and this boundary has been exceeded, and it is, therefore, vitally important
that PFAS uses and emissions are rapidly restricted (Cousins et al., 2022). The only answer is a switch to
fluorine-free alternatives for all applications in which PFAS are not essential (Brunn et al., 2023). Industries
consider most fluoropolymers as being PLC, although there is already a considerable environmental
burden and widespread contamination resulting from their production, manufacturing, and use (Lohmann
& Letcher, 2023). There is insufficient public data available on the compositions, and hence the potential
environmental hazards and risks of fluoropolymers remain uncertain, which precludes treating them as a
harmless subclass of PFAS (Lohmann & Letcher, 2023).

In general, position A is represented by scientists working for or in collaboration with the fluorochemical industry,

while position B is represented by academics supporting a total ban of PFAS.
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4 Conclusions

The general trend emerging from the literature based on the systematic review is that PFAS have documented
adverse effects on human health and the environment, and that (drinking) water is an important exposure route for
humans to PFAS. Both long- and short-chain PFAS cause adverse effects. The newly published papers hence support
the literature used in the restriction proposal but add little new information to either support or rebuke such a
proposal. Recent papers describing the removal of PFAS from water discuss new technologies with high potential
that could mitigate the negative impact on humans and the environment, but they are yet to be implemented on a
large scale and in an efficient manner.

In our focused review of scientific literature on whether the restriction proposal for PFAS should be as broad as
possible (or not) resulted in an overview on different positions. It seems that the diverging scientific debate mainly
focusses on the group of fluoropolymers that, according to one position, should be excluded from the PFAS
restriction, while authors supporting the other position state they should not. Both lines of reasoning seem to be
supported by substantial research efforts and data. Nonetheless, it is important to consider the conflict of interest
of the authors employed by the chemical industry. It is in the interest of their employers for the commercially
important fluoropolymers to be PLCs and, as a result, exempt from a ban on PFAS. This makes it of vital importance
to critically assess the safety of these products, considering their full life cycle.

It was more challenging to answer the implications of the findings for the whole life cycle of PFAS, including
production and end of use. The systematic review elucidated new and promising removal options for PFAS from
water, although their capacities are limited, including those applied in drinking water production. Moreover,
drinking water consumption constitutes only a part of the total PFAS exposure of humans, and there are many
pathways for environmental emissions of PFAS that are not mitigated by water treatment. For fluoropolymers,
substantial data gaps on the full life cycle still exist, and it can be argued that there is currently insufficient (public)
data to definitively qualify their life cycle as safe for human- and environmental health.

A voluntary commitment to responsible manufacturing principles by manufacturers is meaningful. However, it is
not a guarantee that the manufacturing process will not lead to any more emissions of harmful PFAS, and it does
not include other phases of the life cycle. For example, a study that was highlighted in the systematic review
illustrated that 97 % of China’s PFOA/PFO emissions originated from the production of fluoropolymers. Moreover,
in this era of increasing environmental awareness, such a commitment may also be considered a requirement
rather than an asset (Extended Producer Responsibility, 2016). Even with a total ban on PFAS, a phase-out period is
expected, and many products would be phased-out over the course of a considerable period (up to 12 years). In
this period, safe fluorine-free alternatives can be developed. Essential uses could be exempt from the ban,
answering an argument for the essentiality of several products, but also requiring clear criteria for the assessment
of essentiality (Cousins et al., 2019).

4.1 Current limitations and future recommendations

The present systematic and focused literature reviews, although thorough, may have missed recent key
publications. For example, we noted the difference between the systematic literature search and the focused
investigation in which we specifically searched for papers that were part of a scientific debate on whether PFAS
should be regarded as one group of (to be banned) chemicals. To maintain an up-to-date overview of literature
with relevance to a potential ban on PFAS, given the high pace with which new publications appear, it is
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recommended to systematically collect and document publications on a (semi-)continuous basis. This ensures that
no relevant papers are overlooked and facilitates the provision of a contemporary literature overview whenever
the need arises. A list of publications with relevance to a potential ban on PFAS that were encountered during the
targeted investigation of literature is provided in Appendix II. Additionally, it would be valuable to critically assess
the impact of the different definitions for PFAS that are used, gain a better understanding of PLC criteria, develop a
framework to analyse the quality of scientific papers in a structured manner, and to gain insight into what
constitutes essential use of chemicals.
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