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Abstract
PFASs are defined as substances that contain at least one fully fluorinated methyl (CF3–) or methylene (–CF2–) carbon 
atom. The excellent technical properties of members of the PFAS group have led to their use in a wide range of applications. 
The substance group comprises more than 10,000 individual compounds. A variety of adverse effects has been described 
for single substances. For the majority of the PFASs, neither toxicokinetic data nor effect data is available. Hence, because 
of the small number of PFASs for which a full toxicological profile is available, grouping based on the existing data is not 
feasible. A critical problem of PFASs and their degradation products is the very high persistence, which clearly fulfils the 
criterion for the substance property Very Persistent (vP) according to Annex XIII of the REACH Regulation. Because of 
this property the European Commission is planning to take action. Defining suitable subgroups appears to be a scientifically 
based approach. However, to reach this goal, large data gaps would have to be closed which would take up to centuries, a 
time-frame, which is not defendable with respect to potential irreversible harm. Because of the time pressure resulting from 
the potential irreversible harm, the precautionary principle has been selected as an appropriate tool to handle PFASs and in 
the restriction proposal PFASs are treated as one group. This approach is justified in the view of the advisory committee of 
the German Society for Toxicology. ECHA’s proposal received a lot of attention in the public. However, communication so 
far has obviously led to the misunderstanding of a proven health hazard for all PFASs. Communication should explain the 
justification of the broad inclusion of substances as being based on the precautionary principle. Data gaps versus current 
knowledge need to be clearly communicated; communication should also include the possibility for derogation of essential 
use. It should address the issue of suitable substitutes to avoid unintended health consequences; and it should mention that 
existing persistent environmental contamination calls for developing innovation in remediation techniques.

Introduction

The European Commission (EC) is planning to phase out 
most uses of per- and polyfluoroalkyl substances (PFASs) 
in the EU as a part of its Chemicals Strategy for Sustain-
ability (CSS) (European Commission 2020a). In this con-
text, the European Chemicals Agency (ECHA) has recently 
published a proposal under the EU chemicals regulation 
REACH to restrict the manufacture, use and placing on the 
market (including import) of PFASs. The proposal, pub-
lished in late March 2023, obtained considerable attention 
in public media, mostly with the notion of PFASs as “forever 
chemicals” (ECHA 2023). The Advisory Committee of the 

German Society for Toxicology would like to contribute to 
the discussion, seeing the importance of precautionary strat-
egies in risk management under conditions of uncertainty. 
The currently available knowledge on PFASs indicates a 
possibility of harm to human health and the environment. 
In order to balance opportunities to solve problems of soci-
ety by using PFASs versus any irreversible impact of PFASs 
on health and environment, a normative risk evaluation is 
needed. To accomplish this goal, it is decisive how the com-
munication evolves between all interested groups and how 
criteria can be set that will guide policy making.

In fact, a critical problem of PFASs and their degradation 
products is the very high persistence, which very clearly 
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fulfils the criterion for the substance property Very Persistent 
(vP) according to Annex XIII of the REACH Regulation. 
PFASs parent compounds and their degradation products1 
may persist for extended periods of time contaminating the 
environment non-reversibly. This is due to the property of 
the uniquely strong covalent bond between carbon and fluo-
rine atom.

PFAS properties and toxicology

The OECD defines PFASs as fluorinated substances that 
contain at least one fully fluorinated methyl or methylene 
carbon atom (without any H/Cl/Br/I atom attached to it), 
i.e., with a few noted exceptions, any chemical with at least a 
perfluorinated methyl group (–CF3) or a perfluorinated meth-
ylene group (–CF2–) is a PFAS (OECD, Environment Direc-
torate Chemicals and Biotechnology Committees 2021). By 
this definition, on which the restriction proposal is based, 
the substance group of PFASs comprises more than 10,000 
individual substances.

PFASs are chemicals of anthropogenic origin that are 
widely used in consumer products, technical applications 
such as medical devices, and in industrial processes owing 
to chemical inertness and water-, grease- and dirt-repellent 
properties. PFASs can enter the environment during phases 
of manufacture, use, and waste disposal. They have been 
detected as ubiquitous pollutants in the environment, for 
example in soil, groundwater, and drinking water, and in 
human biomonitoring studies. Human exposure occurs via 
food and drinking water as well as other routes including 
dusts and gases in indoor and ambient air. It is to be expected 
that without limiting PFASs emissions, humans will be 
exposed to steadily increasing levels of PFASs up to expo-
sures exceeding human health thresholds. For some PFASs, 
adverse health effects have been observed in experimental 
animals and humans.

Currently, toxicity data are available only for few PFASs, 
primarily legacy PFASs such as perfluorooctanoic acid 
(PFOA) and perfluorooctane sulfonate (PFOS). So far, a har-
monized classification and labelling according to the CLP 
regulation is available for six PFASs, perfluorooctanoic acid 
(PFOA), ammoniumpentadeca- fluorooctanoate (APFO), 
perfluorononan-1-oic acid (PFNA), nonadecafluorodeca-
noic acid (PFDA), perfluorooctane sulfonic acid (PFOS), 
and perfluoroheptanoic acid (PFHpA).

The currently available toxicokinetic data clearly show 
large differences. Striking substance specific, but also inter-
species and strain specific differences in toxicokinetics have 

been found for rats in which seven PFASs were investigated 
(PFBA, PFHxA, PFHpA, PFNA, PFDA, PFBS, PFHxS) 
and for mice in which eight PFASs were studied (PFBA, 
PFHpA, PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA, 
PFTeDA) (Schrenk et al. 2020). In humans, the kinetics of 
12 PFASs were studied from which the half-life of PFBA 
was the shortest (2.5 days, range 1.6 to 6.3 days) and PFHxS 
the longest (25 years, range 1.6 to 182 years). In cases where 
clearance data are available, the values differed widely, rang-
ing between 4.33 mL/kg per day for PfHxA and 0.027 mL/
kg per day for PFHxS (Schrenk et al. 2020). Thus, large 
differences in their potential to accumulate were observed 
for the limited number of investigated PFASs. These wide 
inter-species, inter-strain, and substance-specific variations 
pose a significant challenge for risk assessment.

Epidemiological studies have suggested associations 
without clear causal relationships between exposure to spe-
cific PFASs and a variety of health effects. Concordance 
with experimental animal data exists for some of the effects 
(Fenton et al. 2020).

In experimental animals, alterations in immunologi-
cal parameters and liver (non-alcoholic fatty liver disease 
(NAFLD)) represent the most sensitive adverse effects 
(Brunn et al. 2023; Jin et al. 2020; Schrenk et al. 2020). 
Additionally, developmental toxicity has been discussed for 
some PFASs. In contrast, a prospective human observational 
study on birth weight and development through the first two 
years of life showed no effect of PFOA, PFOS, PFNA, and 
PFHxS (Shoaff et al. 2018).

Until now, only a few PFASs (PFOA, PFOS, PFDA, 
and PFNA) have been harmonized classified as suspected 
human carcinogens according to the CLP classification 
system mandatory in the EU (Hazard category “Carc. 2”, 
hazard statement H351). No mutagenic effect was demon-
strated for PFOS and PFOA, despite their potential to induce 
oxidative stress. However, in EFSA’s assessment (Schrenk 
et al. 2020) it is stated that structurally similar PFNA and 
PFDA have been tumour promoting in a trout liver model 
with questionable relevance for humans, whereas a long-
term rat study with PFHxA did not give any evidence for 
carcinogenic effects.

A variety of adverse effects has been described for single 
substances. For the majority of PFASs neither toxicokinetic 
nor effect data are availble and hence because of the small 
number of PFASs with a full toxicological profile, group-
ing based on the existing data is not feasible. For the com-
munication of the state of the knowledge a differentiated 
description of the health effects of PFASs is required, which 
will resolve the biased public perception unfortunately trig-
gered by misunderstandings. The challenge for risk assess-
ment arising from the actual combination of unique cova-
lent bond strength and resulting persistence, vast data gaps 
on hazard endpoints across the group as well as seemingly 

1  Sometimes named as ‘arrowhead substances’, if terminal degrada-
tion products of precursors are obtained.
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contradictory findings, and last but not least a ubiquitous 
occurrence in the environment and humans, can be adressed 
by applying the precautionary principle.

The proposal

Arguing that PFASs have a non-negligible potential to harm 
the environment and human health, the European Chemicals 
Agency has identified the need to follow the precautionary 
principle as a state objective of environmental protection 
laid down in Article 191 of the Treaty of the Functioning of 
the European Union. The submitted proposal cannot apply 
classical hazard and risk assessment strategies because for 
most of the PFASs necessary data on harmful properties 
are not available nor are expected to become available in 
the near future.

In the proposal, the vast number of PFASs (see above) is 
considered as one chemical group, comprising individual 
substances as well as homologues, oligomers and polymers. 
Among the possible regulatory risk management alterna-
tives, a restriction with possible derogations was chosen as 
preferred approach. This Restriction Option 2 (RO2) will 
lead to a phased restriction in some cases, with specific time-
limited exemptions for certain uses. RO2 also provides some 
indefinite derogations for exceptional cases. The restriction 
covering all PFASs as an integrative group is aiming at to:

–	 limit as many uses as practically possible and thereby 
minimize emissions and human and environmental expo-
sures to PFASs;

–	 include currently unknown PFASs and PFAS uses; and
–	 prevent regrettable substitution of restricted PFASs with 

other PFASs with similar concerns.

Restriction Option 2

In contrast to a complete ban as in Restriction Option 1 that 
reduces PFASs emissions most comprehensively after a 
transition period of 18 months, Restriction Option 2 as rec-
ommended by the proposal allows for derogations from the 
restriction. For certain PFASs uses derogations (proposed 
or for reconsideration) would be possible for up to 12 years 
(5 years and 12 years, respectively, after the end of a transi-
tion period of 18 months). Here, the availability of techni-
cally and economically feasible PFAS-free alternatives on 
the market is the most important criterion to be considered 
in proposing derogations. RO2 includes a few time-unlim-
ited derogations, e.g., for PFASs used as active substances in 
Plant Protection Products (PPP), Biocidal Products (BP) and 
human and veterinary Medicinal Products (MP), as these are 
addressed under their respective regulations.

The proposed RO2 approach means that derogations 
can be established solely through the inventory of the most 
important uses and technical processes involved in the pro-
duction of PFASs and the weighting of the existence or the 
non-existence of technically and economically feasible alter-
natives. RO2 has not yet addressed the issue of essential uses 
of PFASs. As early as 2020, the Commission recommended 
to develop a policy document on the concept of essential 
uses of PFASs (European Commission 2020b).

In our view, considering essential versus non-essential 
uses would lead to a stronger focus on specific substances 
in the huge class of PFASs, for which restriction is urgently 
needed. The EC should now adopt their policy document 
immediately in the context of PFASs restrictions.

Grouping

The grouping approach applied in the restriction proposal 
is substantially different from established practices under 
CLP and REACH for e.g. classification. PFASs in scope of 
the restriction proposal are handled as one group, because 
they share the persistency of the perfluorinated moieties as 
main concern. Thus, the group of PFASs encompasses a 
wide range of different chemical entities for which a com-
mon hazard and risk is supposed by the proposal. For the 
purpose of the restriction proposal, PFASs are defined as 
substances that contain at least one fully fluorinated methyl 
(CF3–) or methylene (–CF2–) carbon atom, without any 
hydrogen, chlorine, bromine, or iodine attached to it. This 
definition is used similarly to OECD’s definition of PFASs 
(OECD, Environment Directorate Chemicals and Biotech-
nology Committees 2021) and in this respect determines 
the inclusion or else the exclusion of certain PFASs subcat-
egories to be considered. This means that the persistence 
characteristic of an individual PFAS member structurally 
falling under the definition of the group might be sufficient 
to be regulated under the proposed restriction, e.g., unless 
derogation criteria are fulfilled.

In the view of the U.S. EPA and of Anderson and col-
leagues, persistence alone is not sufficient for grouping 
PFASs aiming to assess human health risk. Rather defin-
ing suitable subgroups appears to be a more appropriate 
approach (Anderson et al. 2022; U.S. Environmental Pro-
tection Agency, Office of Water and Office of Research and 
Development 2021).

Regulatory measures

The restriction proposal alone will not result in zero pol-
lution for the postulated derogations and attenuation of 
existing contamination. Therefore, health-based guidance 
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values (HBGV) are required that should be derived for spe-
cific PFAS chemical subgroups. These HBGV are necessary 
for the monitoring of PFAS emissions, their control in con-
sumer products as well as the planning for the remediation 
of already existing environmental contaminations.

Currently, the regulation of PFASs in the EU is mainly 
carried out within the POP Regulation and REACH. The 
EU POP Regulation (European Union 2019) currently only 
covers PFOS and PFOA. Under REACH, PFASs restrictions 
(European Union 2021) and SVHC dossiers (Substances of 
Very High Concern) have been processed for 14 substances 
or substance groups so far. The PFOS and PFOA restrictions 
were transferred from REACH to the EU POP Regulation 
in 2006 and 2020, respectively. In ECHA’s classification 
and labelling notifications database, human health endpoints 
considered of most concern following long-term exposure 
of humans (i.e., carcinogenicity, mutagenicity, reproductive 
toxicity including effects on or via lactation, and specific tar-
get organ toxicity), 357 PFASs are self-classified for at least 
one of these five endpoints; however, harmonized classifica-
tions are available for only 41 PFASs, as already pointed out 
above. (ECHA 2023).

PFASs are also subject to other regulations outside 
REACH and the EU POP Regulation with precise HBGV 
or limit values, e.g., in the field of water policy (PFOS), 
for water intended for human consumption (sum of PFAS 
2), under COMMISSION REGULATION (EU) No 10/2011 
(European Union 2011) on plastic materials and food contact 
materials (PFOA). In addition, regulations on specific areas, 
such as soil protection, groundwater, surface water, already 
exist at national level in some member states.

As outlined in the restriction proposal, the approach is 
now different if compared to previous hazard and risk assess-
ments. The derivation of DNELs/DMELs3 is not considered 
relevant, since PFASs should be treated as non-threshold 
substances for the purposes of risk assessment like PBT/
vPvB substances under REACH, although a science-based 
justification for this approach is not available (ECHA 2023). 
Therefore, any exposure to PFASs can be regarded as an 

unacceptable risk to human health. Since the non-threshold 
approach requires minimisation of exposures or releases, 
a quantitative comparison of the exposure values to effect 
thresholds (i.e., DNEL or DMEL values) is not necessary/
feasible (ECHA 2023). To solve the seeming regulatory 
dilemma of an imperfect scientific basis and a pressing need 
for regulation due to the threat of irreversible harm applying 
the precautionary principle is an appropriate approach.

In the absence of the precautionary principle in US 
legistation, US EPA's PFAS Strategic Roadmap (2021) is a 
comprehensive approach addressing research, restriction and 
remediation. It shows a distinct way to assess health risks of 
PFASs. It includes the establishment of an evidence base on 
individual PFASs, defining categories of PFASs, improve-
ment of the scientific understanding of the universe of PFAS, 
sources of environmental contamination, exposure pathways, 
and human health as well as ecological effects.

Compliance monitoring

The restriction option RO2 is intended to apply to products 
and applications unless otherwise specified (Chapter 2.5). 
Discrete concentration limits (named limit values) for 
products and applications are mentioned in the proposal as 
follows:

–	 25 ppb for any PFAS (except polymeric PFASs) (equals 
to 25 µg/kg),

–	 250 ppb for the sum of PFASs (equals to 250 µg/kg), 
optionally with prior degradation of precursors, and

–	 50 ppm for PFASs, including polymeric PFASs (equals 
to 50 mg/kg).

The limit value of 250 ppb is intended to address the risk 
for combined effects of co-occurring PFASs that may need 
to be taken into consideration (without any single PFAS 
exceeding the limit value of 25 ppb). Whether an opening 
of the scope of application of the concentration limits to 
single substances and mixtures beyond products is intended 
(Chapter 4, Conclusion) is difficult to judge. The previously 
mentioned limit values to apply to products and applica-
tions are mentioned in the overall conclusion according to 
chapter 4 in the context of “PFASs on their own, in another 
substance, as a constituent, in mixtures or in articles placed 
on the market”. Monitoring of PFASs will be a challenge.

The limit values proposed in Chapter 2.5 are not related 
to any health concern. With regard to the limit values men-
tioned in the restriction proposal, harmonization has to be 
considered with the existing regulations such as COMMIS-
SION REGULATION (EU) 2021/1297 (European Union 
2021).

2  The following substances shall be analysed: Perfluorobutanoic acid 
(PFBA), Perfluoropentanoic acid (PFPA), Perfluorohexanoic acid 
(PFHxA), Perfluoroheptanoic acid (PFHpA), Perfluorooctanoic acid 
(PFOA), Perfluorononanoic acid (PFNA), Perfluorodecanoic acid 
(PFDA), Perfluoroundecanoic acid (PFUnDA), Perfluorododecanoic 
acid (PFDoDA), Perfluorotridecanoic acid (PFTrDA), Perfluorobu-
tane sulfonic acid (PFBS), Perfluoropentane sulfonic acid (PFPS), 
Perfluorohexane sulfonic acid (PFHxS), Perfluoroheptane sulfonic 
acid (PFHpS), Perfluorooctane sulfonic acid (PFOS), Perfluoronon-
ane sulfonic acid (PFNS), Perfluorodecane sulfonic acid (PFDS), Per-
fluoroundecane sulfonic acid, Perfluorododecane sulfonic acid, and 
Perfluorotridecane sulfonic acid.
3  DNEL: Derived No-Effect Level; DMEL: Derived Minimal Effect 
Level.



Archives of Toxicology	

1 3

We agree that it will not be possible to set a safe level 
for the PFASs group overall, given the vast number of sub-
stances covered. The literature which has been published is 
addressing the health effects particularly of perfluoroalkyl 
carboxylic acids (PFCAs) and perfluoroalkane sulfonic acids 
(PFSAs), especially PFOA and PFOS. Other PFASs are less 
well researched, but scientific attention and available infor-
mation on hazards is increasing (ECHA 2023).

Recently, a tolerable weekly intake (TWI) of 4.4 ng/kg 
bw per week was established for PFOA, PFNA, PFHxS and 
PFOS (Schrenk et al. 2020), which is lower compared to 
the CONTAM Panel’s TWI of 13 ng/kg body weight (bw) 
per week for PFOS and 6 ng/kg bw per week for PFOA 
from 2018. However, a constellation in which some well-
studied PFASs show effects at lower levels than previously 
assumed and that existing limit values are exceeded is not 
sufficient to justify a non-threshold approach. It should be 
considered that the non-threshold approach ultimately means 
that any exposure to a PFAS, even at very low doses, is 
associated with a health risk. This is certainly not true for all 
compounds of the PFAS substance group. A basic principle 
of regulatory practice is that in the case of non-genotoxic 
carcinogens the risks can be quantified. In addition, latest 
knowledge is used to demonstrate that quantitative consid-
erations can also be applied to the assessment of genotoxic 
substances which are currently treated as non-threshold sub-
stances (Menz et al. 2023).

Aspects of (bio)chemical analytics–the 
question of measurability of PFASs

Effective compliance monitoring depends on comprehensive 
quantitative analytical methods. The quantification of PFASs 
in biological/environmental matrices is complex and labour-
intensive. Following liquid–liquid or solid phase (micro)
extraction, PFASs are separated using gas or liquid chroma-
tography and analytes are typically detected and quantified 
by mass spectroscopy or tandem mass spectroscopy (Jalili 
et al. 2023). With regard to structural diversity of the various 
PFASs for a given methodology, the lower limit of quanti-
fication (LLOQ) may vary considerably by up to several 
orders of magnitude ranging from 0.35 up to 26 ng/L for 
aqueous environmental samples (Coggan et al. 2019) and 
more pronouncedly from 0.086 ng/L up to 260,000 ng/L 
for human serum and placental tissue (Kaiser et al. 2021). 
At present, quantification is not possible for every single 
substance. Targeted PFASs analysis currently covers about 
40 different PFASs (limited by the availability of reference 
standards) (ECHA 2023). It seems unlikely that for a chemi-
cal group such as that of PFASs, with more than 10,000 
compounds, sufficiently sensitive analytical methods will be 
available for each individual substance in the short term. In 

such cases, non-targeted analysis using high resolution mass 
spectroscopy for the screening of unknown PFASs offers 
the possibility to estimate the ‘total’ PFASs concentration 
(Li et al. 2023). The PFAS sum parameter analysis measur-
ing total fluorine (TF), extractable organic fluorine (EOF), 
and adsorbable organic fluorine (AOF) are other methods. A 
targeted analysis, however, should be the preferred method 
whenever possible.

Communication

ECHA’s comprehensive technical proposal received a lot of 
attention in the public discussion, which led to misunder-
standings with regard to the justification of the broad inclu-
sion of substances. This is not because of a proven health 
hazard but is based on strategic measures of the precaution-
ary principle. It is necessary to explain that the proposal is 
based on the precautionary principle and the justification 
for this should be disclosed. Meaning and impact of the 
precautionary principle have been clarified in a Communi-
cation of the European Commission in 2000 by the use of 
several criteria, which have essentially been confirmed by 
the European Court (Commission of the European Com-
munities 2000).

It is important to have in mind that the precautionary 
principle is designed with a re-evaluation

follow-up loop when precautionary actions are planned 
by identifying suitable risk management tools. This begins 
with a science-based evaluation of the cause of concern, 
followed by an analysis of the cause of concern against 
benefits, which finally enables a tentative normative assess-
ment. Here, cost–benefit analysis, availability of alterna-
tives, public acceptance of remaining risks and risk context 
is weighed against substance related effects. So measures 
are to be checked for the putative impact with emphasis on 
proportionality, non-discrimination, transparency and coher-
ence of proposed regulatory actions and are open for adapta-
tions (German Advisory Council on the Environment 2011).

Furthermore, communication should consider aspects as 
follows:

Data gaps versus current knowledge need to be clearly 
communicated to allow for an informed risk perception as 
the basis of sound decisions;

In addition, communication should also include:
Essential use cases, such as respirators, dialysis machines, 

seals and gaskets in high-risk chemical plants (e. g. phos-
gene), and electronic devices, which may require continuing 
the use.

Communication should also consider:
to address the issue of suitable substitutes to avoid unin-

tended health consequences;
And lastly, it should be mentioned that.
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already existing persistent environmental contamination 
calls for continuing risk prioritisation and innovation in 
remediation techniques.

Recent reporting on PFASs’ health hazards may have dis-
torted public risk perception. Because risk perception has 
significant impact on the ongoing societal decision-making 
process, we feel the need to provide a more data-driven, bal-
anced view and communication to the public.

Conclusion

PFASs comprise non-polymeric and polymeric compounds 
used as such or as constituents in mixtures and products for 
consumer, professional, and industrial uses. The excellent 
technical properties of many members of the PFASs group 
have led to their use in a wide range of applications over a 
long period of time. PFASs are very persistent themselves or 
can form very persistent PFASs degradations products in the 
environment because of the unique bond strength between 
carbon and fluorine. This is the key hazardous property com-
mon to all PFASs considered by ECHA in the restriction 
proposal. The persistence of PFASs, underlined by their 
ubiquitous occurrence in the environment and humans, is 
the basis of the grouping approach used in the restriction 
proposal. Adverse health effects are only known for a rela-
tively small number of substances from the PFAS group. 
The extrapolation of these known adverse health effects as 
a common property of the whole group goes beyond estab-
lished regulatory practices and sets a precedence.

Risks arising from the production, marketing, and use 
of PFASs are currently not adequately managed. ECHA´s 
proposal to restrict the manufacture, use and placing on the 
market (including via import) of PFASs is commendable and 
challenging in every aspect. For a variety of the essential 
uses of the tremendous number of PFASs, realistic time peri-
ods for the development of alternatives must be available. 
At the same time, appropriate decontamination strategies 
need to be developed in dealing with existing environmental 
contaminations. Both aspects, the temporary continuation of 
PFAS production and application in the cases of essential 
uses and the remediation of existing contaminations of the 
environment, would be subject of established risk assess-
ment methods and requires detailed knowledge of data on 
toxicologically relevant endpoints. Closing data gaps for 
derogated substances, particularly on toxicological effects, 
is therefore of high public interest.

In view of the far-reaching use of PFASs in consumer 
products, adequate public information is required on the 
impact of the planned restriction by ECHA and its rationale. 
Public discussions have often led to oversimplified state-
ments on adverse health aspects of PFASs. Therefore, we 
ask all stakeholders to improve the communication to foster 

a balanced and broad acceptance of the proposal, without 
eliciting exaggerated fears on the risks of the substance 
group.

Declarations 

Conflict of interest  This commentary has been compiled by the Advi-
sory Committee (AC) of the German Society of Toxicology. The AC 
is elected by the members of the German Society of Toxicology and 
consists of representatives from academia, industry and administra-
tion to guarantee a broad range of toxicological competence. Opinions 
expressed are that of the AC and do not represent official statements 
of members’ affiliations. The AC presents and justifies its activities 
to the members of the German Society of Toxicology, for example 
at the yearly plenary meeting. The German Society of Toxicology is 
the largest scientific toxicological organization in Europe, with more 
than 1300 members. In the past 15  years, the Advisory Committee 
has already published review articles about the EU chemicals strat-
egy (Batke et al. 2022), bromate in swimming pool water (Röhl et al. 
2022), hydraulic fracturing (Wollin et  al. 2020), lead in agricultural 
soils (Schupp et al. 2020), inorganic arsenic in food (Gundert-Remy 
et al. 2015), nanotoxicology (Gebel et al. 2014), bisphenol A (Heng-
stler et al. 2011), alternative methods to animal experiments (Lilien-
blum et al. 2008) and REACH (Hengstler et al. 2006). Commentaries 
to PFAS have not yet been published by the AC.

References

Anderson JK, Brecher RW, Cousins IT, DeWitt J, Fiedler H, Kan-
nan K, Kirman CR, Lipscomb J, Priestly B, Schoeny R, Seed J, 
Verner M, Hays SM (2022) Grouping of PFAS for human health 
risk assessment: findings from an independent panel of experts. 
Regul Toxicol Pharmacol 134:105226. https://​doi.​org/​10.​1016/j.​
yrtph.​2022.​105226

Batke M, Damm G, Foth H, Freyberger A, Gebel T, Gundert-Remy U, 
Hengstler J, Mangerich A, Partosch F, Röhl c, Schupp T, Wollin 
KM (2022) The EU chemicals strategy for sustainability: critical 
reflections on proposed regulatory changes for endocrine disrup-
tors and mixture toxicity. Arch Toxicol 96:1133–1135. https://​doi.​
org/​10.​1007/​s00204-​022-​03227-z

Brunn H, Arnold G, Körner W, Rippen G, Steinhäuser KG, Valentin 
I (2023) PFAS: forever chemicals—persistent, bioaccumulative 
and mobile. Reviewing the status and the need for their phase out 
and remediation of contaminated sites. Environ Sci Eur. https://​
doi.​org/​10.​1186/​s12302-​023-​00721-8

Coggan TL, Anumol T, Pyke J, Shimeta J, Clarke BO (2019) A single 
analytical method for the determination of 53 legacy and emerging 
per- and polyfluoroalkyl substances (PFAS) in aqueous matrices. 
Anal Bioanal Chem 411:3507–3520. https://​doi.​org/​10.​1007/​
s00216-​019-​01829-8

Commission of the European Communities (2000) Communication 
from the commission on the precautionary principle

ECHA (2023) Annex XV Restriction Report: Proposal for a Restric-
tion. DOSSIER SUBMITTERS: Federal Institute for Occupa-
tional Safety and Health, Bureau REACH, National Institute for 
Public Health and the Environment (RIVM), Swedish Chemicals 
Agency (KEMI), Norwegian Environment Agency, and The Dan-
ish Environmental Protection Agency VERSION NUMBER: 2, 
DATE: 22.03.2023.

European Commission (2020a) Chemicals Strategy for Sustainability 
Towards a Toxic-Free Environment

https://doi.org/10.1016/j.yrtph.2022.105226
https://doi.org/10.1016/j.yrtph.2022.105226
https://doi.org/10.1007/s00204-022-03227-z
https://doi.org/10.1007/s00204-022-03227-z
https://doi.org/10.1186/s12302-023-00721-8
https://doi.org/10.1186/s12302-023-00721-8
https://doi.org/10.1007/s00216-019-01829-8
https://doi.org/10.1007/s00216-019-01829-8


Archives of Toxicology	

1 3

European Commission (2020b) Commission Staff Working Document: 
Poly- and perfluoroalkyl substances (PFAS)

European Union (2011) COMMISSION REGULATION (EU) No 
10/2011 of 14 January 2011 on plastic materials and articles 
intended to come into contact with food

European Union (2019) REGULATION (EU) 2019/ 1021 OF THE 
EUROPEAN PARLIAMENT AND OF THE COUNCIL - of 20 
June 2019 - on persistent organic pollutants

European Union (2021) COMMISSION REGULATION (EU) 
2021/1297

Fenton SE, Ducatman A, Boobis A, DeWitt JC, Lau C, Ng C, Smith 
JS, Roberts SM (2020) Per- and polyfluoroalkyl substance tox-
icity and human health review: current state of knowledge and 
strategies for informing future research. Environ Toxicol Chem 
40:606–630. https://​doi.​org/​10.​1002/​etc.​4890

Gebel T, Foth H, Damm G, Freyberger A, Kramer P-J, Lilienblum W, 
Röhl C, Schupp T, Weiss C, Wollin K-M, Hengstler JG (2014) 
Manufactured nanomaterials: categorization and approaches to 
hazard assessment. Arch Toxicol 88:2191–2211. https://​doi.​org/​
10.​1007/​s00204-​014-​1383-7

German Advisory Council on the Environment (2011) Precaution-
ary strategies for managing nanomaterials: summary for policy 
makers

Gundert-Remy U, Damm G, Foth H, Freyberger A, Gebel T, Golka 
K, Röhl C, Schupp T, Wollin K-M, Hengstler JG (2015) High 
exposure to inorganic arsenic by food: the need for risk reduc-
tion. Arch Toxicol 89:2219–2227. https://​doi.​org/​10.​1007/​
s00204-​015-​1627-1

Hengstler JG, Foth H, Kahl R, Kramer P-J, Lilienblum W, Schulz T, 
Schweinfurth H (2006) The REACH concept and its impact on 
toxicological sciences. Toxicology 220:232–239. https://​doi.​org/​
10.​1016/j.​tox.​2005.​12.​005

Hengstler JG, Foth H, Gebel T, Kramer P-J, Lilienblum W, Schwein-
furth H, Völkel W, Wollin K-M, Gundert-Remy U (2011) Criti-
cal evaluation of key evidence on the human health hazards of 
exposure to bisphenol A. Crit Rev Toxicol 41:263–291. https://​
doi.​org/​10.​3109/​10408​444.​2011.​558487

Jalili V, Barkhordari A, Paull B, Ghiasvand A (2023) Microextrac-
tion and determination of poly- and perfluoroalkyl substances, 
challenges, and future trends. Crit Rev Anal Chem 53:463–482. 
https://​doi.​org/​10.​1080/​10408​347.​2021.​19643​45

Jin R, McConnell R, Catherine C, Xu S, Walker DI, Stratakis N, Jones 
DP, Miller GW, Peng C, Conti DV, Vos MB, Chatzi L (2020) 
Perfluoroalkyl substances and severity of nonalcoholic fatty liver 
in Children: an untargeted metabolomics approach. Environ Int 
134:105220. https://​doi.​org/​10.​1016/j.​envint.​2019.​105220

Kaiser A-M, Aro R, Kärrman A, Weiss S, Hartmann C, Uhl M, For-
sthuber M, Gundacker C, Yeung LWY (2021) Comparison of 
extraction methods for per- and polyfluoroalkyl substances (PFAS) 
in human serum and placenta samples—insights into extractable 
organic fluorine (EOF). Anal Bioanal Chem 413:865–876. https://​
doi.​org/​10.​1007/​s00216-​020-​03041-5

Li X, Cui D, Ng B, Ogunbiyi OD, Guerra de Navarro M, Gardinali 
P, Quinete N (2023) Non-targeted analysis for the screening and 
semi-quantitative estimates of per-and polyfluoroalkyl substances 
in water samples from South Florida environments. J Hazard 
Mater 452:131224. https://​doi.​org/​10.​1016/j.​jhazm​at.​2023.​131224

Lilienblum W, Dekant W, Foth H, Gebel T, Hengstler JG, Kahl R, 
Kramer P-J, Schweinfurth H, Wollin K-M (2008) Alternative 
methods to safety studies in experimental animals: role in the 
risk assessment of chemicals under the new European chemicals 
legislation (REACH). Arch Toxicol 82:211–236. https://​doi.​org/​
10.​1007/​s00204-​008-​0279-9

Menz J, Götz ME, Gündel U, Gürtler R, Herrmann K, Hessel-Pras S, 
Kneuer C, Kolrep F, Nitzsche D, Pabel U, Sachse B, Schmeisser 
S, Schumacher DM, Schwerdtle T, Tralau T, Zellmer S, Schäfer 
B (2023) Genotoxicity assessment: opportunities, challenges 
and perspectives for quantitative evaluations of dose-response 
data. Arch Toxicol 97:2303–2328. https://​doi.​org/​10.​1007/​
s00204-​023-​03553-w

OECD, Environment Directorate Chemicals and Biotechnology Com-
mittees (2021) Reconciling Terminology of the Universe of Per- 
and Polyfluoroalkyl Substances: Recommendations and Practical 
Guidance. Series on Risk Management

Röhl C, Batke M, Damm G, Freyberger A, Gebel T, Gundert-Remy U, 
Hengstler JG, Mangerich A, Matthiessen A, Partosch F, Schupp T, 
Wollin KM, Foth H (2022) New aspects in deriving health-based 
guidance values for bromate in swimming pool water. Arch Toxi-
col 96:1623–1659. https://​doi.​org/​10.​1007/​s00204-​022-​03255-9

Schrenk D, Bignami M, Bodin L, Chipman JK, Del Mazo J, Grasl-
Kraupp B, Hogstrand C, Hoogenboom LR, Leblanc J-C, Nebbia 
CS, Nielsen E, Ntzani E, Petersen A, Sand S, Vleminckx C, Wal-
lace H, Barregård L, Ceccatelli S, Cravedi J-P, Halldorsson TI, 
Haug LS, Johansson N, Knutsen HK, Rose M, Roudot A-C, van 
Loveren H, Vollmer G, Mackay K, Riolo F, Schwerdtle T (2020) 
Risk to human health related to the presence of perfluoroalkyl 
substances in food. EFSA J 18:e06223. https://​doi.​org/​10.​2903/j.​
efsa.​2020.​6223

Schupp T, Damm G, Foth H, Freyberger A, Gebel T, Gundert-Remy 
U, Hengstler JG, Mangerich A, Partosch F, Röhl C, Wollin K-M 
(2020) Long-term simulation of lead concentrations in agricul-
tural soils in relation to human adverse health effects. Arch Toxi-
col 94:2319–2329. https://​doi.​org/​10.​1007/​s00204-​020-​02762-x

Shoaff J, Papandonatos GD, Calafat AM, Chen A, Lanphear BP, Ehr-
lich S, Kelsey KT, Braun JM (2018) Prenatal exposure to per-
fluoroalkyl substances: infant birth weight and early life growth. 
Environ Epidemiol. https://​doi.​org/​10.​1097/​EE9.​00000​00000​
000010

U.S. Environmental Protection Agency, Office of Water and Office of 
Research and Development (2021) External Peer Review Draft 
Framework for Estimating Noncancer Health Risks Associated 
with Mixtures of Per- and Polyfluoroalkyl Substances (PFAS)

Wollin K-M, Damm G, Foth H, Freyberger A, Gebel T, Mangerich A, 
Gundert-Remy U, Partosch F, Röhl C, Schupp T, Hengstler JG 
(2020) Critical evaluation of human health risks due to hydraulic 
fracturing in natural gas and petroleum production. Arch Toxicol 
94:967–1016. https://​doi.​org/​10.​1007/​s00204-​020-​02758-7

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/etc.4890
https://doi.org/10.1007/s00204-014-1383-7
https://doi.org/10.1007/s00204-014-1383-7
https://doi.org/10.1007/s00204-015-1627-1
https://doi.org/10.1007/s00204-015-1627-1
https://doi.org/10.1016/j.tox.2005.12.005
https://doi.org/10.1016/j.tox.2005.12.005
https://doi.org/10.3109/10408444.2011.558487
https://doi.org/10.3109/10408444.2011.558487
https://doi.org/10.1080/10408347.2021.1964345
https://doi.org/10.1016/j.envint.2019.105220
https://doi.org/10.1007/s00216-020-03041-5
https://doi.org/10.1007/s00216-020-03041-5
https://doi.org/10.1016/j.jhazmat.2023.131224
https://doi.org/10.1007/s00204-008-0279-9
https://doi.org/10.1007/s00204-008-0279-9
https://doi.org/10.1007/s00204-023-03553-w
https://doi.org/10.1007/s00204-023-03553-w
https://doi.org/10.1007/s00204-022-03255-9
https://doi.org/10.2903/j.efsa.2020.6223
https://doi.org/10.2903/j.efsa.2020.6223
https://doi.org/10.1007/s00204-020-02762-x
https://doi.org/10.1097/EE9.0000000000000010
https://doi.org/10.1097/EE9.0000000000000010
https://doi.org/10.1007/s00204-020-02758-7


	 Archives of Toxicology

1 3

Authors and Affiliations

Klaus‑Michael Wollin1 · Monika Batke2 · Georg Damm3 · Alexius Freyberger4 · Ursula Gundert‑Remy5 · 
Aswin Mangerich6 · Jan G. Hengstler7 · Falko Partosch8 · Thomas Schupp9 · Anna Sonnenburg10 · Heidi Foth11

 *	 Klaus‑Michael Wollin 
	 klaus-michael.wollin@t-online.de

	 Monika Batke 
	 monika.batke@hs-emden-leer.de

	 Georg Damm 
	 Georg.damm@medizin.uni-leipzig.de

	 Alexius Freyberger 
	 alexius.freyberger@bayerhealthcare.com

	 Ursula Gundert‑Remy 
	 Ursula.Gundert-Remy@charite.de

	 Aswin Mangerich 
	 mangerich@uni-potsdam.de

	 Jan G. Hengstler 
	 hengstler@ifado.de

	 Falko Partosch 
	 falko.partosch@ramboll.com

	 Thomas Schupp 
	 Thomas.schupp@fh-muenster.de

	 Anna Sonnenburg 
	 anna.sonnenburg@bfr.bund.de

	 Heidi Foth 
	 heidi.foth@medizin.uni-halle.de

1	 Formerly Public Health Agency of Lower Saxony, Hannover, 
Germany

2	 University of Applied Sciences Hochschule Emden/Leer, 
Emden, Germany

3	 Department of Hepatobiliary Surgery and Visceral 
Transplantation, University Hospital, Leipzig University, 
Leipzig, Germany

4	 Research and Development, Translational 
Sciences-Toxicology, Bayer AG, Wuppertal, Germany

5	 Institute for Clinical Pharmacology and Toxicology, 
Charité Berlin, Germany

6	 Institute of Nutritional Science, University of Potsdam, 
Potsdam, Germany

7	 Leibniz Research Centre for Working Environment 
and Human Factors (IfADo), University of Dortmund, 
Dortmund, Germany

8	 Ramboll Deutschland GmbH, Essen, Germany
9	 Chemical Engineering, University of Applied Sciences 

Muenster, Steinfurt, Germany
10	 Department Pesticides Safety, German Federal Institute 

for Risk Assessment, Max‑Dohrn‑Str. 8‑10, 10589 Berlin, 
Germany

11	 Foth: Institute of Environmental Toxicology, University 
of Halle, Halle/Saale, Germany


	PFASs–restriction proposal commentary on ECHA’s Annex XV restriction report, proposal for a restriction, March 2023
	Abstract
	Introduction
	PFAS properties and toxicology
	The proposal
	Restriction Option 2
	Grouping
	Regulatory measures
	Compliance monitoring
	Aspects of (bio)chemical analytics–the question of measurability of PFASs
	Communication
	Conclusion
	References


