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Abstract

Objectives: Per- and polyfluoroalkyl substances (PFASs) are
a large class of synthetic chemicals widely used for their
unique properties. Without PFAS, many medical device and
in vitro diagnostic technologies would not be able to perform
their intended purposes. Potential health risks associated
with exposure to PFAS influence their use in IVD applica-
tions. This paper aims to assess the current situation con-
cerning PFAS, including regulations and legislations for their
use. It is important to know what happens to (PFAS) at the
end of their lives in medical laboratories.

Methods: A survey was conducted in March 2023 to collect
information on the potential emission and end-of-life of
PFAS-containing medical technologies in the medical labo-
ratories of the EFLM member societies. A series of questions
were presented to the EFLM national societies and the re-
sults were documented.

Results: Eight respondents participated in the survey, rep-
resenting EFLM member societies in seven different coun-
tries including hospital laboratories, university laboratories,
and private laboratories.

Conclusions: PFAS uses in MD and IVD are influenced by
several factors, including evolving regulations, advances in
technology, safety and efficacy of these substances. Ad-
vancements in analytical techniques may lead to more sen-
sitive and precise methods for detecting and quantifying
PFAS in biological samples, which can be essential for IVD
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applications related to biomarker analysis and disease
diagnosis. Collaboration among regulatory agencies, in-
dustry, research institutions, hospitals, and laboratories on a
global scale can aid in establishing harmonized guidelines
and standards for the use of PFAS, ensuring consistency and
safety within their applications.
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stances; REACH; in vitro diagnostic devices; medical devices

Introduction

Per- and polyfluoroalkyl substances (PFASs) are part of a
vast family of non-polymer and polymeric fluorinated
compounds. They all contain carbon-fluorine bonds, which
are one of the strongest chemical bonds in organic chem-
istry. The PFAS family consists of thousands of known and
developed compounds, but in general they all include a
carbon chain of varying length, studded with fluorine
atoms. This chemical structure makes them inherently
inert substances, as the bond between carbon and fluorine
is so strong, that it is not easily degradable and therefore
can bioaccumulate. PFASs have a wide range of different
physical and chemical properties. They can be gases, lig-
uids, or solid high-molecular weight polymers. PFASs are
widely used as they have unique desirable properties.
Products containing PFAS have been used for decades in
industrial and consumer products to make them non-stick
and water-resistant, including in firefighting foams. They
are stable under intense heat. Many of them are also sur-
factants and are used, for example, as water and grease
repellents.

Due to these characteristics, perfluorinated compounds
have raised concerns regarding their environmental
persistence and bioaccumulation in animals, as well as for
their toxicity, including human toxicity. In fact, environ-
mental exposure to perfluorinated compounds (PFCs) is
widespread and various PFCs are commonly found in hu-
man blood. It has been shown that these chemicals have a
relatively long half-life (ranging from 3.8 to 8.5 years) which
means that the PFAS can bioaccumulate in the human body,



2 —— Ozben et al.: An updated review and survey on PFAS

and therefore begin to impact the health of the population.
To understand the full extent of exposure to PFAS, in the US
alone, over 95 % of adolescents and adults have measurable
serum levels of various PFAS chemicals [1-3]. Additionally,
the migration of these compounds into food has been
demonstrated to occur [4].

Per- and polyfluoroalkyl substances (PFASs) are highly
persistent synthetic chemicals, some of which have been
associated with cancer, developmental toxicity, immuno-
toxicity, and other health effects. PFASs in grease-resistant
food packaging can leach into food and increase dietary
exposure [5-9]. Epidemiological and in vivo studies in ani-
mal models have identified concerns for persistence in
serum, other body fluids, and in the environment, as well as
potent systemic and reproductive toxicity for perfluorinated
compounds of eight carbons in length or greater (C8-PFCs)
[7-9]. Specifically, perfluorooctanoic acid (PFOA) and per-
fluorooctane sulfonate (PFOS) can accumulate and persist in
the human body for long periods of time, and evidence from
animal laboratory studies and human epidemiology studies
indicate that exposure to PFOA and/or PFOS can cause can-
cer, reproductive, developmental (e.g., low birth weight),
cardiovascular, liver, kidney, and immunological effects.

The aim of this paper is to assess the current situation
concerning PFAS, including both existing regulations and
recent developments. Additionally, it initiates the collection of
data from a recent survey regarding how laboratory members
of the EFLM are addressing the issue of PFAS presence.

PFAS in medical and in vitro
diagnostic devices

PFAS are either a component of the final medical device or
IVD, or a device part of an integral drug-device combination,
or a processing aid used during upstream manufacturing.
PFAS substances are often key to achieving the required high
performance and durability of the products [1].

Blood contact invasive devices — e.g., grafts/covered
stents, catheter tubings for infusion of medication and IV
fluids and drug-eluting stents (DES) — blood flow within/
between arteries and veins and for DES to control drug
release to inhibit the vessel from re-narrowing are some
examples of how PFAS are used in medical devices. Medi-
cation contact components that minimise drug-device in-
teractions and surgical sutures with pledgets made of
polytetrafluoroethylene — Teflon (PTFE) that serve as suture
abutments when suturing soft tissue represent other con-
texts where these materials are used. Additionally, PFAS are
essential in heart valve operations [1].
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PFAS are also present in IVD testing kits for hemostasis
products that detect blood coagulation and heat-transfer
agents in IVD clinical chemistry diagnostic testing in-
struments that are essential to the functioning of the in-
strument. Surfactant properties in in vitro diagnostic assays
due to the containment of PFAS allow measurement of
various parameters such as magnesium concentration in
serum, plasma and urine. Fluoropolymers like PTFE and
Polyvinylidene fluoride (PVDF) are used in several compo-
nents for analytical instruments for coating on the dispense
tip, tubing and tubing connectors, distributors, seals and
gaskets, syringe pump valves, O-rings and sealants [1].

The latest developments in REACH,
CLP and PFAS regulations

The existing EU legal framework on chemicals, in particular
the REACH and Classification, Labelling and Packaging (CLP)
Regulations, are the strictest legislation in the world, regu-
lating chemical substances, affecting industries throughout
the world. The Chemicals Strategy suggests that they should
be reinforced with targeted revisions of both Regulations to
ensure that there is sufficient information on chemicals
manufactured or imported into the EU.

Implementation and enforcement of European chemicals
legislation is needed to ensure compliance for the whole life
cycle of chemicals: production, placing on the market, release,
and disposal. Currently almost 30 % of the alerts on dangerous
products on the market involve risks due to chemicals. Also,
only one third of the registration dossiers of the chemical
substances registered by industry under REACH are fully
compliant with the information requirements.

The Commission will carry out audits on the enforce-
ment systems of the Member States and make proposals to
further strengthen the principles of ‘no data, no market’ and
the ‘polluter-pays’.

Substances identified as of very high concern under
REACH as well as those listed in Classification, Labelling and
Packaging (CLP) Regulations as having chronic effect on
health and the environment.

In order to prevent negative long-term effects, the
exposure of humans and the environment to these sub-
stances of concern should be minimised and substituted as
far as possible. The most harmful ones should be especially
banned from consumer products and allowed only for
proven essential societal use and where no acceptable
alternative exist.

The authors of the hazardous chemicals module of the
EFLM Task Force-Green and Sustainable Laboratories
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(TF-GSL) collected information on the potential emission and
end-of-life of medical technologies containing Per- and poly-
fluoroalkyl substances (PFASs). This information is relevant
for preparing to meet the reporting requirements outlined
in the upcoming PFAS pre-publication and can be valuable
throughout the subsequent 6-month public consultation
period [1].

The recent information on the advancements in the EU
Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH), Classification, Labelling and Packaging
(CLP) and PFAS regulations is shared with the EFLM member
societies and in vitro diagnostic (IVD) and medical devices
(MD) industries. This includes updates on changes in regu-
lations, guidelines on compliance, and best practices for
managing chemical substances in in vitro diagnostic and
medical devices.

EFLM and its functional units related to the regulations
and legislations represent the interests of its member soci-
eties and Corporate members in discussions with regulatory
authorities, such as the European Chemicals Agency (ECHA),
to ensure that the regulations are practical and feasible for
the IVD and MD industry. As the end stage users of chem-
icals, and representing medical laboratories in Europe,
EFLM can advocate for clear guidance on how to comply
with REACH and address PFAS concerns effectively.

A close collaboration between EFLM and IVD/MD In-
dustry aims at developing safer and more sustainable ma-
terials and chemicals for in vitro diagnostic and medical
devices. This can involve partnerships with academic in-
stitutions and research organizations to explore alternatives
to PFAS and other potentially harmful chemicals.

Compliance and Reporting: IVD and MD companies can
work with EFLM to develop reporting mechanisms and
compliance strategies to meet REACH requirements, especially
in cases where it is challenging to replace certain substances
and chemicals used in vitro diagnostic and medical devices.

EFLM, also in collaboration with IVD and MD industry,
intends to organize training sessions and workshops to
educate EFLM members about the intricacies of REACH and
PFAS regulations, concurrently promoting environmentally
responsible practices and encouraging the reduction, recy-
cling, or proper disposal of materials that may contain PFAS
or other hazardous substances.

Methods

PFAS are used in medical technologies; however, there is little infor-
mation available to the industry about what happens to these medical
technologies that use PFAS in hospitals and laboratory settings. It is
important to know what happens to Perfluoroalkyl and Polyfluoroalkyl
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Table 1: Survey on per- and polyfluoroalkyl substances (PFASs).

Survey questions and responses

Response ID

Date submitted

Last page

Start language

Seed

Your Name and Surname

Your Laboratory, Institution, City

Select your Country

How are PFAS-containing products treated at the end of life? For
example, are they disposed of as clinical waste, are they reused, incin-
erated, or end up as landfill?

Are there arrangements for PFAS-containing technologies to be taken
back by the manufacturer or recyclers?

What are the quantities or volume of PFAS that are collected in labora-
tories at the end of life of those technologies?

What measures are taken to dispose safely the PFAS-containing
technologies?

What measures are taken to control or reduce the emissions of PFAS?
How are workers protected from potential emissions of PFAS during their
use phase?

Substances (PFAS) at the end of their lives in medical laboratories.
Therefore, from the 1st to the 31st of March of 2023, a survey was con-
ducted to collect information on the potential emission and end-of-life of
PFA-containing medical technologies in the medical laboratories of the
EFLM member societies. A series of questions were made available to
the national societies affiliated with EFLM and the results were docu-
mented. Questions included information about the type of respondent,
country of origin, and treatment and disposal of PFAS, as well as mea-
sures to safely dispose of, reduce emissions, and protect workers from
these chemicals (Table 1).

Results

Eight respondents participated in the survey, representing
EFLM member societies in seven different countries as
depicted in Figure 1: Hungary, Italy, Macedonia, Slovakia,

Country of origin
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Figure 1: Survey respondents’ country of origin.
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Type of survey respondent

University

Private Laboratory

Hospital

0 1 2 3 4 5

Figure 2: Type of institution of the survey respondents.

Turkey, Belgium, and Germany. These respondents were
affiliated with various institutions, including hospital labo-
ratories (four respondents), university laboratories (two
respondents), and private laboratories (one respondent), as
illustrated in Figure 2.

End-of-life treatment strategies for PFAS in
laboratory settings

When considering the disposal of PFAS-containing products
at the end of their lifecycle, the majority of respondents (n=>5)
reported discarding them as clinical waste, while one
respondent disposed of them as chemical waste, and two
opted for incineration. Notably, all respondents unani-
mously mentioned that they did not have any arrangements
in place for these chemicals to be returned to the manufac-
turer or to be recycled, except for one respondent who did
not utilize PFAS-containing products.

Strategies for volume disposal of PFAS at
end-of-life

The general perception regarding the volume of PFAS
disposal was notably limited. Four survey participants
indicated that it was unknown, while two respondents
mentioned that it was a low quantity but did not provide
specific volume details.

Measures for the safe disposal, emission
reduction, and worker protection from PFAS

In addition to the disposal methods mentioned earlier,
which included clinical or chemical waste disposal and
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incineration of PFAS-containing products, only one respon-
dent suggested an approach involving the gradual phase-out
and replacement of existing PFAS with shorter-chain alter-
natives as a means of safe disposal.

In efforts to minimize PFAS emissions, two respondents
indicated a shift toward using alternative materials with
similar chemical properties. However, two survey partici-
pants did not have any specific strategies in place to control
emissions. Notably, one institution mentioned actively
engaging with the manufacturer to address this concern.

Regarding the protection of workers from potential PFAS
emissions during product use, none of the respondents pre-
sented a dedicated protocol for handling PFAS. One respondent
justified this by highlighting that PFAS exposure is not limited
to occupational settings but extends throughout the entire food
chain, necessitating a comprehensive approach. Three of the
respondents mentioned adherence to general laboratory safety
precautions, such as the use of gloves and goggles.

Discussion and exploring insights
with literature review

Toxicological evaluation of PFAS: unraveling
potential health impacts

Most published studies on this topic have predominantly
centered around PFOA and PFOS, primarily due to their
widespread usage. Even though these two chemicals are no
longer made in the US, and their use is prohibited in Europe
(apart from specific uses where they may not be effectively
replaced), people can still be exposed to them.

The International Agency for Research on Cancer (IARC)
classified PFOA as “possibly carcinogenic to humans” (Group
2B), based on limited evidence in humans that it can cause
testicular and kidney cancer, and limited evidence that it can
cause cancer in lab animals [10-12].

Monomers and oligomers may migrate from the poly-
mer substance and determine the hazards associated with
that polymer substance [13]. The potential toxicity of the
polymer is then related to the released fragments [14].

A comprehensive technical report on short-chain Poly-
fluoroalkyl Substances (PFAS), excluding PFOS and PFOA,
hasbeen meticulously crafted. This report is the culmination
of an extensive literature review, addressing human health
effects as well as the environmental fate and impact of short-
chain PFAS [15]. The publication examines the strategy of
uses and applications, exposure and impact on human
health and the environment, providing additional informa-
tion on short-chain PFAS. The objectives of this study have
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been to review thoroughly the open literature on short-chain
PFAS, assessing their potential impacts on human health and
the environment in comparison to long-chain PFAS.

Application of low-concern criteria and
regulatory standards to fluoropolymers

It is noteworthy that the toxicological evaluation of the PFAS
family has been often performed through a read-across
approach (i.e., studies performed for a specific PFAS are
considered valid for any other PFAS) [16].

High molecular weight (MW) polymers possess a unique
combination of properties and unmatched functional perfor-
mance critical to the products and manufacturing processes
they enable and are irreplaceable in many uses. Concurrently,
fluoropolymers have documented safety profiles demon-
strating thermal, biological, and chemical stability. They are
negligibly soluble in water, non-mobile, non-bioavailable, non-
bioaccumulative, and non-toxic and they show low to no
leachable compounds. While fluoropolymers fall within the
PFAS structural definition, they exhibit distinct physical,
chemical, environmental, and toxicological properties when
compared to other PFAS [17, 18].

Polytetrafluoroethylene (Teflon, PTFE, CAS 9002-84-0) is
an inert, acid- and heat-resistant and multi-state available
material for medical applications. There is inadequate evi-
dence for carcinogenicity of Teflon in humans and animals.
Therefore, the overall evaluation for the compound is Group
3: the agent is not classifiable as to its carcinogenicity to
humans [10]. Based on the ample available literature, there
is no evidence of toxicological concern for PTFE. Considering
the long history of the use of PTFE, and its various applica-
tions in the medical field, it can be concluded that it is safe to
use it for medical applications.

However, the discussion concerning possible human
toxicity for high molecular weight PFAS is open. Lohman
et al. reported that fluoropolymer particles of Teflon pow-
ders vary in size. Teflon polymers may contain both high and
low molecular weight fractions, potentially containing haz-
ardous residual monomers and oligomers [19]. Fluoropol-
ymers are made of one or several types of monomers. During
the synthesis, incomplete polymerization will result in re-
sidual monomers and oligomers, and smaller ‘polymers’
with up to about 100 monomer units. These and other syn-
thesis by-products are not bound to the polymers and may be
released to air upon heating during manufacturing and
processing (including sintering) and to water through
wastewater streams. Many ultrashort-chain fluorinated by-
products are highly volatile, and therefore difficult to
remove in filters or liquid scrubber baths. Fluoropolymer
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particles vary in size, and may contain and transport re-
sidual monomers/oligomers long distances from their
emission sources. The production of many fluoropolymers
still requires the use of PFAS as surfactants or as monomers,
which causes releases to the environment during manufac-
ture, and thus may pose a risk to human health and the
environment. Polymer nanoparticles have membrane
crossing capabilities. There is no sufficient evidence to
consider fluoropolymers as being of low concern for envi-
ronmental and human health. The group of fluoropolymers
is too diverse to warrant a blanket exemption from addi-
tional regulatory review. Their extreme persistence and the
emissions associated with their production, use, and
disposal result in a high likelihood for human exposure as
long as uses are not restricted. Concluding that some specific
fluoropolymer substances are of low concern for environ-
mental and human health can only be achieved by narrowly
focusing on their use phase.

Regulatory legislations concerning PFAS

Regulatory actions have been initiated by several agencies.
The FDA and US Environmental Protection Agency (EPA)
reached voluntary agreements with industry to phase out
some short-chain perfluorinated compounds from all uses,
particularly those involving direct contact with food. In the
US EPA agreement, the industry pledged to eliminate C8-
-PFCs from emissions and products by 2015. In 2013, the FDA
reached a voluntary agreement with the manufacturers of
five perfluorinated food contact substances (FCSs) to elimi-
nate the production of these compounds [15, 20, 21].

Since the early 2000s, laws, policies, and regulations have
been implemented with the aim to reduce the prevalence of
PFAS in the environment and exposure to PFAS [15, 17, 22, 23].
EPA has published a strategic roadmap document concerning
stricter regulation and out-phasing of some PFAS [24, 25].

European Chemicals Agency (ECHA) has an open pro-
cedure for PTFE registration [26, 27], while the monomer
(tetrafluoroethylene) used in the synthesis of fluorinated
ethylene propylene (FEP) is registered as having chronic
toxicity and carcinogenicity, including findings from human
epidemiological studies [28]. ECHA currently maintains an
ongoing procedure for the restriction on the manufacture,
placement on the market, and use of PFASs [29].

United States Environmental Protection Agency (EPA)
proposed to designate two per- and polyfluoroalkyl sub-
stances (PFAS) — perfluorooctanoic acid (PFOA) and per-
fluorooctanesulfonic acid (PFOS), including their salts and
structural isomers — as hazardous substances under the
Comprehensive Environmental Response, Compensation,
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and Liability Act (CERCLA), also known as Superfund, in late
2022 [30, 31]. EPA rulemaking endeavors to enhance trans-
parency regarding the release of these harmful chemicals,
empowering the agency to hold polluters accountable for the
cleanup of their contamination. The rulemaking requires
entities to immediately report releases of PFOA and PFOS
that meet or exceed the reportable quantity to the National
Response Center, state or Tribal emergency response com-
mission, and the local or Tribal emergency planning com-
mittee (local emergency responders). Entities would not be
required to report past releases of PFOA or PFOS as they
were not yet listed as hazardous substances.

The Interstate Technology and Regulatory Council
(ITRC) is a state-led coalition dedicated to minimizing bar-
riers to the adoption of innovative environmental technol-
ogies and approaches. Its mission is to reduce compliance
costs, maximize clean-up efficacy, and operate as a program
under the US Environmental Research Institute.

PFAS: current restrictions

Various regulations and restrictions are applied to PFAS sub-
stances in both the EU and the US (Table 2). In 2017, the Swedish
Chemicals Agency (KEMI) and the German Environment
Agency (UBA) jointly proposed the restriction of six PFAS var-
iants under REACH. This recommendation stems from their
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association with various health concerns, extremely slow
degradation, and significant bioaccumulation potential. This
marked the initiation of efforts to regulate their use, culmi-
nating in the EU’s final decision in February 2023 to phase out
200 PFAS through a ban, in phases. While the ban specifically
targets six long-chained PFAS chemicals, characterized by
molecules containing between 9 and 14 fluorinated carbon
atoms, the overall restriction encompasses 200 PFAS variants.
This is because they can all be broken down into one of the
banned six substances [32].

The EU-wide restriction on specific perfluorocarboxylic
acids (C9-C14 PFCAs), a subgroup of per- and polyfluoroalkyl
substances (PFAS), has come into effect starting February 25,
2023. After that date, PFCAs are prohibited from being placed
on the market or used in most applications. “Certain uses
have been granted extended transition periods [33]. The
restriction will reduce or prevent exposure of people and the
environment to PFCAs and avoid the regrettable substitution
of PFOA, which has been globally banned since July 2020. It is
in line with the EU’s aspirations to phase out all non-
essential uses of PFAS under the Chemicals Strategy for
Sustainability. Canadian authorities have also proposed to
list long-chain PFCAs as persistent organic pollutants (POPs)
under the Stockholm Convention [34].

Furthermore, in March 2023, the US Environmental
Protection Agency (EPA) proposed a PFAS drinking water
regulation. The legally enforceable Maximum Contaminant

Table 2: Regulations and restrictions applied to PFAS substances in EU and USA.

PFAS substance

EU

US EPA

PFOS (Perfluorooctane sulfonic acid and its
derivatives) (CAS No. 1763-23-1)

PFOA (Perfluorooctanoic acid, its salts and
related compounds) (CAS No. 335-67-1)
PFHXS (Perfluorohexanesulfonic acid, its salts
and related compounds) (CAS No. 355-46-4)

PFCA (Perfluorinated carboxylic acids [C9-14],
its salts and related substances)
PFCA (Perfluorinated carboxylic acids [C9-21])

PFHXA (Perfluoro-n-hexanoic acid, its salts
and related substances) (CAS No. 307-24-4)

PFNA (Perfluorononanoic acid) (CAS No.
375-95-1)

PFBS (Perfluorobutanesulfonic acid) (CAS No.
375-73-5)

Restricted under EU Persistent Organic
Pollutants (POPs) Regulation (EU) 2019/1021
(restricted use allowed until 2025)

Banned under Regulation (EU) 2020/784,
amending Annex I to Regulation (EU) 2019/1021
Included in the Stockholm Convention to
eliminate their use. PFHxS will be restricted in
the EU by the POPs Regulation

Restricted in EU/EAA from February 2023

Being considered for inclusion in the
Stockholm convention and consequent global
elimination

European Commission is currently working on
an amendment of Annex XVII to REACH to
restrict this group of substances

Restricted as part of PFCAs

Regulated under REACH Annex III, Directive
98/24/EC and Directive 94/33/EC, highlighted
by ECHA

Maximum contaminant level (MCL) limit in national drink-
ing water regulation: 4.0 parts per trillion

Maximum contaminant level (MCL) limit in national drinking
water regulation: 4.0 parts per trillion

“Group” MCL for PFHxS, PFNA, PFBS and GenX® chemicals
at 1.0 (unitless)

Long-chain PFCA, such as PFOA restricted as noted above;
While persistent in the environment, PFCA chemicals with
fewer than eight carbons, such as perfluorohexanoic acid
(PFHxA), are stated by EPA to be generally less toxic and
less bio- accumulative in wildlife and humans

“Group” MCL for PFHxS, PFNA, PFBS and GenX® chemicals
at 1.0 (unitless)

GenX chemicals are part of PFAS; it is a trade name used for the processing aid technology to make high-performance fluoropolymers.
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Level (MCL) for the six PFAS variants is set between 1.0 and
4.0 parts per trillion (or 4.0 ng/L) [35].

PFAS in drinking water

Although PFAS compounds typically have low solubility in
water, their unique chemical properties make them resistant to
removal by conventional drinking water treatment technolo-
gies. As a result, their presence in water is widespread. EPA
researchers have been studying a variety of technologies at
bench-, pilot-, and full-scale levels to determine which methods
work best to remove PFAS from drinking water. Specific
technologies have been identified for effectively removing
PFAS from drinking water, with a focus on perfluorooctanoic
acid (PFOA) and perfluorooctanesulfonic acid (PFOS), the most
extensively studied compounds among PFAS. Those technolo-
gies include activated carbon adsorption, ion exchange resins,
and high-pressure membranes. These technologies are appli-
cable in various settings, including drinking water treatment
facilities, water systems within hospitals or individual build-
ings, and even at the point-of-entry in homes — where water
enters the home — or at the point-of-use, such as in a kitchen
sink or a shower.

High molecular weight fluoropolymers

High molecular weight fluoropolymers, exceeding 100,000 Da,
demonstrate practical insolubility in water and are impervious
to long-range transport. Their molecular size prevents
them from crossing cell membranes, rendering them non-
bioavailable and non-bioaccumulative. This characteristic
is substantiated by toxicology studies, particularly on pol-
ytetrafluoroethylene (PTFE — Teflon). Henry et al. con-
ducted a thorough examination of distinct classes of
fluoropolymers, leading to the conclusion that fluoropol-
ymers are inherently different from other polymeric and
nonpolymeric PFAS. This distinction underscores the need
to separate fluoropolymers for hazard assessment or reg-
ulatory purposes [17]. As highlighted earlier, it is scientifi-
cally inappropriate to group fluoropolymers with all
classes of PFAS for ‘read-across’ or structure-activity
relationship assessment. Clinical studies on patients with
permanently implanted PTFE cardiovascular medical de-
vices reveal no signs of chronic toxicity or carcinogenicity.
Additionally, there is no evidence of reproductive, devel-
opmental, or endocrine toxicity. High molecular weight
fluoropolymers meet widely accepted assessment criteria
to be classified as ‘polymers of low concern’ (PLC).
PTFE-based materials exhibit inertness, with insignificant
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releases of monomers or constituents, and have not been
associated with skin sensitization or irritation [36].

Recent regulations primarily address the monomeric
products of fluoropolymers, specifically highlighting concerns
related to the release of significant monomers such as hydrogen
fluoride, carbonyl fluoride, and perfluoroisobutylene, particu-
larly under high-temperature conditions [25].

PFAS regulations: implications for
medical devices and IVD reagents

How do the imposed restrictions and
proposed maximum contaminant levels
(MCLs) affect medical devices and IVD
reagents?

Numerous medical devices, including In Vitro Diagnostics
(IVD), have coatings of PTFE composed of PFAS. This appli-
cation enhances the hydrophobic nature of the device’s
surface, preventing the adherence of cells, fluids, or blood
components.

In the assessment of medical device safety, a crucial
factor is the evaluation of biocompatibility. Given the short
contact durations often, a comprehensive chemical analysis
is not typically conducted. The risk of chemicals, such as
PFAS, leaching from a device and exposing the patient is
contingent upon the duration of contact. With specific limits
established for certain PFAS compounds, it becomes logical
to consider regulating their exposure in medical devices.
This aligns with the conventional approach to assessing
toxicological risks, relying on established limits provided by
guidance documents or government agencies.

Yet, it is crucial to scrutinize the applicability of these
limits to medical devices, especially concerning substances
like perfluorooctanoic acid (PFOA), one of the six PFAS under
regulation, with an allowable limit of 4ng/L in drinking
water. The question that arises is whether this limit can be
reasonably applied to a medical device with a PFAS coating.
Furthermore, if our primary concern is the environmental
impact, we must determine the appropriate threshold for
acceptable PFAS levels in medical devices in general.

Medical device manufacturers that abstain from using
PTFE or other PFAS-containing chemicals in their processes
may find compliance with these restrictions to be a
straightforward process, involving a simple declaration that
these substances are not utilized in their devices. For man-
ufacturers utilizing PFAS, additional justification for their
necessity, including their superiority to alternative chem-
icals, may become imperative. This, coupled with the actual
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testing for the restricted PFAS substances, presents a com-
plex challenge. Meeting the MCLs set by the US EPA for
drinking water appears to be exceptionally challenging,
potentially posing difficulties in reaching these analytical
thresholds for medical devices.”

Finding alternatives

Without PFAS, medical technologies would struggle to fulfil
their intended purposes. In some cases, the only viable alter-
native is another type of PFAS. Besides PFAS, it is unlikely that
any alternative would match or surpass their functionalities.
While the unique characteristics of PFAS that make these
substances the preferred choice are the exact ones that impose
a burden on the environment. As an example, a non-PFAS
replacement would likely lead to, e.g., increased incidence of
puncture wounds, no deliverability of the guidewire or cath-
eter to the target lesion or other adverse events and increased
incidence of device malfunction and inabhility of the surgeon to
sufficiently visualize the surgical site. In cases where no
alternative is available, and the impending PFAS restriction
does not offer a derogation, it is likely to result in a shortage of
supply for these essential technologies and services [1, 37].

Many applications of PFAS in medical technologies
contribute to the improvement and, ultimately, the exten-
sion of patients’ lives. Invasive medical technologies, which
come into contact with the human body, are subject to strict
regulations governed by sectoral legislations. Manufac-
turers are obligated to uphold a high standard in risk man-
agement, design, safety, quality, performance, as well as the
assessment and validation of alternatives. Ensuring that
technologies comply with sectoral legislation is a time-
consuming process, and when alternatives require testing
and validation, this further extends the duration. Ample
transitional periods are essential to ensure that alternative
technologies, where technically feasible, can be made
available to users [37].

Even if medical technologies are permitted to continue
using PFAS due to the absence of suitable alternatives, the
medical market may not be large enough for PFAS manufac-
turers to sustain. Any restriction will impact the medical in-
dustry, regardless of timelines, as manufacturers have already
begun discontinuing the production of these materials [1, 36, 37].

Future perspectives

The future perspectives of using PFAS in MD and IVD will
likely be influenced by several factors, including evolving
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regulations, advances in technology, and the ongoing
research on the safety and efficacy of these substances.

FDA, in US, and ECHA and EMA in Europe will introduce
stricter guidelines or restrictions on the use of certain PFAS
in medical devices, including IVDs. This could lead to the
phase-out or replacement of specific PFAS in IVD products.

However, the development of PFAS alternatives may
result particularly difficult. These alternatives should pro-
vide similar performance without the potential health and
environmental risks associated with some PFAS compounds.

Advancements in analytical techniques may lead to
more sensitive and precise methods for detecting and
quantifying PFAS in biological samples, which can be
essential for IVD applications related to biomarker analysis
and disease diagnosis.

Ongoing studies will continue to assess the potential health
risks associated with exposure to PFAS, which can influence the
decision to use these substances in IVD applications.

IVD manufacturers may explore tailored approaches,
using specific PFAS compounds only when necessary for
particular diagnostic tests. This approach could minimize
exposure while still leveraging the unique properties of
PFAS in certain situations.

Environmental considerations

Increasing awareness of the environmental impact of PFAS
may drive efforts to reduce their use in IVD products, as well
as other healthcare applications. Sustainability consider-
ations may encourage the development of more eco-friendly
alternatives. Public Awareness may lead to consumer de-
mand for PFAS-free IVD products. This could influence IVD
manufacturers to prioritize alternatives.

Conclusions

In conclusion, fostering collaboration among regulatory
agencies, industry stakeholders, research institutions, hospi-
tals, and laboratories on a global scale can aid in establishing
harmonized guidelines and standards for the use of PFAS,
ensuring consistency and safety within its applications.
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