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Introduction

Over the past decades, there has been an unprecedented 
regulatory drive in public health protection in the Euro-
pean Union, making large-scale toxicological incidents or 
mass poisonings such as, e.g. the thalidomide disaster of 
the 1950s–60s or the Seveso incident in 1976 an issue of the 
past. Although this is rarely perceived by the media and the 
general public, the implementation of a complex and inter-
dependent network of regulations for chemical substances, 
including industrial chemicals, plant protection products, 
biocides, or chemicals in food and feed has minimised toxi-
cological risks and has continuously increased public health 
and wellbeing in the EU. Moreover, although this framework 
already provides one of the most advanced regulatory sys-
tems worldwide, it is constantly pressed for improvement 
by scientific progress as well as an ever-increasing public 
awareness. From the perspective of a governmental authority 
in charge of consumer protection, this continuous evolution-
ary process is in fact key for safeguarding that consumers are 
protected according to state-of-the-art scientific knowledge 
and that the respective regulatory processes are optimised 
with respect to both their efficiency and effectiveness.

In December 2019, the European Commission (COM) 
announced their political vision for sustainability, the “Euro-
pean Green Deal” (European Commission 2019). As part of 
this vision, the COM called for “a zero pollution ambition 
for a toxic-free environment”. In October 2020, this aspect 
was further elaborated in the COM’s “Chemicals Strategy 

for Sustainability Towards a Toxic-Free Environment” (the 
“CSS”, as it is now commonly known), accompanied by 
an action plan and so-called “Staff Working Documents” 
(SWDs) on selected aspects of the CSS (European Commis-
sion 2020b; c, d, e, f, g). With these publications, the COM 
has started an implementation process of remarkable speed 
and ambition, in particular when considering that until now, 
with the exception of a few public consultations on very 
general roadmaps (European Commission 2020a,2021a; e), 
the COM has sought scientific input almost exclusively from 
its own services and agencies.

The complex scientific, economical, and societal ques-
tions related to the CSS demand a broad discussion with 
all parties involved in, or affected by, the regulatory risk 
assessment of chemicals in the EU. Recently, the COM 
installed a so-called “High-Level Roundtable” (HRT) on 
the implementation of the CSS composed of industry repre-
sentatives, NGOs, academic institutions, and international 
organisations with the mission “to realise the objectives of 
the Chemicals Strategy and to monitor its implementation in 
dialogue with the stakeholders concerned. Discussions will 
focus in particular on how to support the transition to safe 
and sustainable chemicals and to a toxic-free environment” 
(European Commission 2021b). It will be key to the success 
of the CSS that the parties represented in the HRT establish 
a common high-level (sic!) understanding of the main meas-
ures needed to improve consumer and environmental health 
and to streamline the regulatory processes. Nevertheless, it 
is also obvious that the HRT cannot be the forum where the 
many and complex scientific questions surrounding the CSS 
are discussed in-depth, all the more so, since the EU Mem-
ber States (MS) are not represented in the HRT beyond the 
one MS currently holding the presidency over the Council 
(rotating every 6 months).
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However, the nature and number of the open scientific 
questions surrounding the CSS demand a much broader as 
well as deeper scientific discussion to achieve its goals of 
sustainability and improved consumer health protection in 
a scientifically adequate, appropriate, and resource-efficient 
way. In particular, this process should involve those MS sci-
entific institutions, which currently perform the major share 
of the European Union’s risk assessment groundwork on 
industrial chemicals and product safety. Many of these insti-
tutions, like the German Federal Institute for Risk Assess-
ment (BfR), have a decade-long record of both practically 
applying and further developing the principles and methods 
of the science of regulatory risk assessment for consumer 
health protection in the EU. As both, renowned research 
and regulatory institutions, it is one of their foremost tasks 
to safeguard that scientific rigour is applied as the corner-
stone of chemical risk assessment, to allow for unbiased and 
proportionate risk management by the risk managers and 
policy makers. In addition, MS risk assessment authorities 
are deeply rooted in the international risk assessment com-
munity, being at the forefront of progressing risk assessment 
methodology both in terms of research and practical imple-
mentation at the international level, e.g. under the umbrella 
of the Organization for Economic Co-Operation and Devel-
opment (OECD) or the World Health Organization (WHO).

In the view of the authors of this commentary, it is exactly 
this expertise, which is needed to make the strategy a suc-
cess by helping to avoid potential failure due to inherent 
scientific shortcomings:

1.	 The justification for the measures proposed by the CSS 
often lacks rigour with respect to the critical, systematic, 
and unbiased review of the available scientific evidence 
required for such a project. This not only inappropri-
ately belittles the effectiveness1 of the current system 
of chemicals legislation, it also bears the risk of strong 
interpretational bias. At best, such an approach is likely 
to face subsequent scientific scrutiny and the need for 
tedious readjustments; at worst, it runs the risk of merely 
amplifying arbitrary concerns instead of following an 
evidence-based approach to focus the overall limited 
resources on pressing issues that matter (see “Is the 
current system effective enough to protect EU citizens 
sufficiently against inadequately controlled risks arising 
from exposure to chemicals?“).

2.	 The CSS and its associated documents clearly aim at 
improving the efficiency2 of the existing system. In light 

of the often painstakingly long time currently needed 
to achieve regulation of substances of concern, this ini-
tiative is highly welcome. Nevertheless, this delay is 
most prominently caused by the frequent lack of crucial 
information to perform reliable risk assessment and by 
the slow and tedious administrative procedures involved 
(European Commission 2018). There is an unarguable 
need for improving data quality and availability as well 
as to significantly shorten and streamline the respective 
administrative and legal procedures. It appears neverthe-
less questionable whether proposed approaches such as, 
e.g. the hazard-based “generic approach to risk manage-
ment” or the “Mixture Assessment Factor” (MAF) can 
serve these purposes. On the contrary, the more “prag-
matic” but at the same time less scientifically sound such 
proposals are, the more can they be expected to create 
conceptual incompatibilities and severe problems for 
downstream regulation later on. In the end, this might, 
therefore, do more harm than good (see “Measures pro-
posed by the COM to improve the efficiency of the cur-
rent system”).

For the sake of space and readability, this commentary 
will focus on key aspects of consumer health protection in 
the context of chemical and product safety. Aspects of occu-
pational or environmental health (e.g. general air pollution 
from energy production, industrial processes, or traffic), or 
ecotoxicity as such, will not be touched upon. The same 
holds for other important elements of the CSS, such as the 
production of “safe and sustainable by design” chemicals or 
the circular economy, which are nevertheless acknowledged 
as important issues of the future. It is also explicitly noted 
that the views expressed herein are exclusively those of the 
BfR and not (necessarily) those of other German govern-
mental agencies or ministries.

Is the current system effective enough 
to protect EU citizens sufficiently 
against inadequately controlled risks arising 
from exposure to chemicals?

A bird’s‑eye view on the level of protection of the EU 
population against chemical risk

Risk assessment for consumer safety in all major EU chemi-
cal legislation systems aims at safeguarding the health of 
the general population, including sensitive sub-populations 
such as children or the elderly. The CSS itself acknowledges 
that the EU “already has one of the most comprehensive 
and protective regulatory frameworks for chemicals, sup-
ported by the most advanced knowledge base globally. This 
regulatory framework is increasingly becoming a model for 

1  This term shall be used here to describe whether the system is able 
to effectively protect the health of the EU population.
2  This term shall be used here to describe whether the system is able 
to achieve its goals with a minimum of resources.
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safety standards worldwide. The EU has been undeniably 
successful in creating an efficiently functioning internal mar-
ket for chemicals, in reducing the risks to humans and the 
environment posed by certain hazardous chemicals, such 
as carcinogens and heavy metals, and in providing a pre-
dictable legislative framework for companies to operate in.” 
(European Commission 2020g, p. 1). Inter alia, the various 
overarching and sector-specific regulations (e.g. REACH or 
the Plant Protection Product and Biocidal Product Regu-
lations) address this using safety factors, sub-population-
specific reference and exposure values, or adapted exposure 
scenarios.

Still, in various places, the CSS highlights a necessity 
for further improving the protection of “vulnerable groups”. 
However, without a detailed assessment of which risks are 
currently deemed to be insufficiently addressed, it is hard to 
establish whether additional regulation might be necessary 
or existing regulation might need to be improved, and for 
which part of the population. On p. 4, the CSS goes so far 
as to state a need to “restore human health and environment 
to a good quality status” with respect to “substances of con-
cern”, thereby insinuating that this quality is currently not 
“good”. This not only contrasts the above appraisal of the 
overall status of protection of the general population in the 
EU against chemical risks; also, the CSS does not present 
further evidence in support of that claim.

Without doubt, the overall level of protection of human 
health in the EU against possible risks arising from the expo-
sure to chemicals is high, in particular when compared to 
other regions of the world. Neither Eurostat statistics on life 
expectancy in the EU (European Commission 2021d), nor 
healthy life year statistics (European Commission 2021c) 
give rise to particular concern that—in the EU—chemical 
risk is an important, or even growing, detrimental factor 
to human health (aside from self-intoxication by smoking, 
drinking alcohol or drug abuse, which are not the subject of 
this commentary). On the contrary, both endpoints (i.e. life 
expectancy and healthy life years), while varying between 
EU Member States, have been rising more or less constantly 
for many years. Excluding genetic anomalies, and not cor-
rected for the increase of parental age at birth, the prevalence 
of anomalies in the newborn in the EU has been practically 
constant (at around 200/10,000) for the past 40 years.3 More-
over, the fact that the world population has almost tripled 
since 1950 (with even faster population growth in areas of 
the world commanding only little or no chemical control at 
all) does not seem to point at a fundamental reproduction 
crisis of mankind.

The CSS prominently and repeatedly justifies the 
need for action by referring to public concern: “84% of 

Europeans are worried about the impact of chemicals pre-
sent in everyday products on their health, and 90% are 
worried about their impact on the environment” (Euro-
pean Commission 2019). Furthermore, with respect to the 
need to act on endocrine disruptors (EDs), stakeholder 
responses seem to have contributed substantially to the 
agenda envisaged in the CSS. Such input is certainly 
important for identifying political areas of concern as well 
as political issues to act upon, but translating such notions 
into regulatory action requires careful scientific scrutiny. 
For example, 61% of the quoted respondents considered 
themselves less protected from EDs than from other toxic 
chemicals, such as carcinogenic or mutagenic substances, 
or substances toxic to reproduction. Scientifically, this 
is debatable, as most of the currently identified human 
health-related EDs of concern are in fact carcinogenic 
and/or toxic to reproduction and are already covered by 
existing regulations. To be sure, existing concerns in the 
population have to be taken seriously, but it is the moral 
and professional obligation of scientific governmental 
authorities to address such concerns by acting on facts 
and evidence, clearly distinguishing them from anxieties 
or beliefs. By putting the latter into perspective, regula-
tory toxicology can also make a valuable contribution to 
(EU-wide) risk communication.

Regulatory action based on perceived risks or on biased 
and flawed assessments is scientifically ill-advised and 
ultimately has to fail with regard to delivering sustainable 
solutions. Such an agenda will inherently miss to live up to 
any promises made. Scientifically this is a situation utterly 
to avoid, not only for reasons of possible disappointment, 
or time and effort wasted, but for being able to ultimately 
deliver on a goal everyone shares—improved protection of 
public health and the environment.

A “zero pollution ambition for a toxic‑free 
environment”

The “zero pollution ambition for a toxic-free environment” 
is at the heart of the CSS and the discussions surrounding 
it. Notably, precise definitions of the terms “pollution” and 
“toxic-free” are missing from the CSS. While the COM is 
certainly aware of the existence of natural toxins and of Par-
acelsus’ fundamental paradigm (“All things are poison and 
nothing is without poison; only the dose makes a thing not a 
poison”), the term “toxic-free” nevertheless deserves further 
attention. The original and slightly more intuitive phrasing 
used by Goldenman et al. (2017) was “non-toxic”, and they 
defined a “non-toxic environment” as follows: “A non-toxic 
environment should be understood as an environment that 

3  https://​eu-​rd-​platf​orm.​jrc.​ec.​europa.​eu/​euroc​at/​euroc​at-​data/​preva​
lence_​en.

https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en
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is free of chemical pollution4 and of exposures to hazardous 
chemicals at levels that are harmful to human health and 
to the environment. This target would take into considera-
tion the need to provide vulnerable groups with as much 
protection as possible, to take account of potential delays 
between exposure and disease expression, to prevent accu-
mulations of very persistent substances, and to ensure the 
quality of the material flows foreseen as part of the Circular 
Economy.” (Goldenman et al. 2017)

If the new term “toxic-free” were still defined in the same 
way, then a “zero pollution ambition for a toxic-free envi-
ronment” refers to an effort to limit the release of danger-
ous substances to the environment to levels at which they 
are not harmful, i.e. at which they do not cause damage to 
human health or the environment. Conversely, (at most) 
emitting “safe” (non-harmful, non-toxic) levels of danger-
ous substances to the environment would be consistent with 
this concept, as in the established risk-centred approach of 
current chemicals legislation. The concept of “toxic-free” 
(if interpreted as above) is, therefore, nothing new. In fact, 
it aligns well with the existing REACH paradigm of “ade-
quately controlled risk”, which already today implies that 
people should not be exposed to dangerous substances at 
harmful levels.

In this context, it is trivial yet important to clearly distin-
guish between hazard, exposure and risk, as only the latter 
provides information on whether something is harmful (i.e. 
actually causes harm) or not. Amalgamating the terms “haz-
ard” and “risk” leads to conceptual misunderstandings, with 
the consequence of fostering muddled conclusions and per-
ceptions. For example, and again trivial to the readers of this 
journal, the fact that chemicals with hazardous properties 
can cause harm does not mean that they indeed do so at all 
doses or by all exposure routes. It would, therefore, be wrong 
to conclude that just because a chemical has hazardous prop-
erties it is a threat to human health (as partly insinuated in 
the public discussion as well as the CSS and SWDs). If this 
were so, many of our everyday foods (e.g. coffee, soy prod-
ucts, chocolate, many vegetables, meat, alcohol or sugar) 
as well as widely used natural substances (e.g. essences, 
oils, soaps) and chemicals or products (e.g. stainless steel, 
cosmetics, jewellery) would be deemed inacceptable for use.

From a strict toxicological point of view, there can be 
no such thing as an inherently safe chemical, as literally 
every substance, including water, will cause harm if present 
at the right dose in a particular organ or environment (“All 
things are poison…”). The key to any effective (and effi-
cient) toxicological regulatory action, therefore, necessarily 
is controlling risk, not hazard. Trying to address questions 

of chemical safety solely based on the latter would not only 
often be overprotective, but inherently arbitrary and thus 
open to scientific and legal challenge. The understanding 
that chemicals with hazardous properties can in principle 
be used safely has been one of the cornerstones of modern 
developed societies, in fact of civilisation as such. In terms 
of the number of chemicals with hazardous properties con-
tained, e.g. mobile communication devices, personal com-
puters, and cars are “a toxicologist’s nightmare”. But is it 
scientifically sound to generically assume that these products 
put people at risk (in terms of chemical safety, and notwith-
standing that individual products may)? It is also noted that 
most, if not all of the technologies needed to bring about the 
change towards sustainability at the core of the CSS require 
the use of hazardous chemicals. The list of uses for hazard-
ous chemicals that may be called “essential” by society is, 
in fact, virtually endless.

Acting in the face of uncertainty

In the current regulatory system, ideally a significant risk 
should be demonstrated to justify the need for action. How-
ever, this is not always possible due to the lack of available 
information. There are generally two ways of dealing with 
this situation. One can (a) generate/gather the information 
necessary to make a well-founded decision or, where this is 
not deemed possible or appropriate, (b) refer to precaution-
ary action in spite of the uncertainties. Application of the 
precautionary principle, however, depends on certain con-
ditions. For instance, principle 15 of the 1992 Rio declara-
tion stated that “…where there are threats of serious or 
irreversible damage, lack of full scientific certainty shall 
not be used as a reason for postponing cost-effective meas-
ures to prevent environmental degradation” (United Nations 
1992), also underscoring the requirement of proportional-
ity for any regulatory action. In contrast to this statement, 
the precautionary principle is now frequently called upon 
in the absence of demonstrated risks. Banning or regulating 
substances without the need for in-depth assessment would 
without doubt speed things up tremendously. Moreover, it 
would be a readily available tool for comforting any hazard-
triggered anxieties or unease. Yet, it would also be unscien-
tific, prone to misjudgement and arbitrariness.

The COM itself in their Communication from the year 
2000 noted that measures under the precautionary principle 
should be “proportional to the chosen level of protection, 
non-discriminatory in their application, consistent with 
similar measures already taken, based on an examination 
of the potential benefits and costs of action or lack of action 
(including, where appropriate and feasible, an economic 
cost/benefit analysis), subject to review, in the light of new 
scientific data, and capable of assigning responsibility for 
producing the scientific evidence necessary for a more 

4  Notably the term “pollution” itself is, again, not defined in that 
report.
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comprehensive risk assessment.” (European Commission 
2000). In contrast, however, the CSS uses precaution on 
some occasions to justify an envisaged action in the absence 
of demonstrated risks. Some of these actions have severe 
consequences, e.g. substances could be banned from con-
sumer products because the “generic approach to risk man-
agement” (see “Implications of regulating hazard instead 
of risk“) is applied, or it is decided to, “while the generic 
approach to risk management is not in place, prioritise all 
the above-listed substances [i.e., carcinogenic, mutagenic, 
or reprotoxic (CMR) or ED substances] for restrictions for 
all uses” (European Commission 2020g, p. 10). However, 
the CSS does not yet define criteria for deciding on the ade-
quacy, proportionality, and commensurability of such meas-
ures and this will be a key task for the COM in the coming 
months. From a scientific perspective, such criteria cannot 
be reliable unless rooted in a thorough risk assessment in 
the first place.

Notably, this is a plea for the responsible use of the pre-
cautionary principle, not a plea against its use at all. For 
example, Art. 1 (3) installs the precautionary principle 
under REACH and a “generic approach” is already in place 
(REACH Annex XVII, entries 28–30) to restrict the supply 
of CMR substances (of CLP Cat. 1) as such or in mixtures 
to the general public. This appears proportionate, as direct 
exposure of the general population to CMR substances 
could otherwise be expected with high likelihood. On the 
other hand, dangerous substances in consumer articles may 
in fact be perfectly safe for consumers due to lack of any 
direct contact and/or negligible migration rates. Arguably, 
also the identification of Substances of Very High Concern 
(SVHC) under REACH Title VII constitutes a precaution-
ary, hazard-based regulatory measure obliging registrants to 
substitute SVHC wherever possible in technical, economic, 
and societal terms. However, where this is not easily possi-
ble, commensurability is achieved by means of a mechanism 
allowing registrants to obtain an authorisation if they can 
demonstrate that risks from the substance are adequately 
controlled (again, the “safe use” paradigm) or that the socio-
economic benefit outweighs the expected level of risk.

Regulating chemical hazard instead of risk creates serious 
problems, which are further discussed in “Implications of 
regulating hazard instead of risk“.

Combination effects

A full review of the detailed documentation in the SWDs 
would go far beyond the scope of this commentary. Hence, 
this analysis is confined to unintentional/coincidental mix-
tures, since intentional/foreseeable mixtures are already 
explicitly addressed in some of the EU’s major regula-
tory programs (e.g. pesticides and biocides). The applica-
tion of the science-based concepts used there (Cumulative 

Assessment Groups (CAGs), Hazard Indices (HI) etc.) could 
be easily extended to other regulatory domains. Instead, 
here the implicit claim of the CSS that exposure to uninten-
tional/coincidental chemical mixtures constitutes a major 
and generic health problem requiring immediate regulatory 
action, such as the impromptu introduction of a hazard-
driven generic MAF (European Commission 2019), shall 
be investigated.

One of the most prominent references cited by the COM 
to support their claim of a high and imminent risk of generic 
mixture toxicity in this context is the report of Golden-
man et al. (2017). The CSS quotes this report by stating 
“Combined prenatal exposure to several chemicals has led 
to reduced foetal growth and lower birth rates”. However, 
while the original report indeed contains the very same 
statement, it does not provide data or further evidence to 
support this claim, which is unfortunate, considering the 
severity of the decisions derived from it.

Exposure to developmental toxicants during pregnancy is 
undoubtedly among the highest-ranking regulatory concerns 
in chemicals regulation; in fact, inter alia the thalidomide 
crisis of the 1960s was a major driver for establishing a 
more effective system of drugs as well as chemicals regula-
tion in Europe. However, robust evidence for a wider health 
concern due to such exposures taking place as a result of a 
general ineffectiveness of the current regulatory framework 
is scarce. Most toxicological studies on this issue are rather 
specific case or proof-of-concept studies (Heise et al. 2018; 
Knebel et al. 2019; Wittkowski et al. 2019), while epide-
miological or biomonitoring studies face inherent concep-
tual issues with respect to clearly establishing toxicological 
cause-effect relationships (Tralau et al. 2021).

Scientific progress in analytical chemistry allows an ever 
more refined and sensitive detection of chemical analytes 
and biomarkers in environmental and human matrices. This 
has empowered exposome and (bio)monitoring studies to 
detect a wide range of substances with higher throughput 
and at lower levels of detection/quantification (LOD/LOQ) 
than ever before, allowing for more comprehensive assess-
ments on which substances we are exposed to and to what 
extent. Importantly, the detection of substances usually does 
not allow for conclusions regarding their origin or toxicolog-
ical relevance, whereas targeted analyses are normally only 
performed retrospectively. Reliable conclusions on increas-
ing or decreasing chemical burden, therefore, require reli-
able historical controls and references measured under com-
parable conditions. This severely limits the often-assumed 
indicative use of such studies, e.g. with regard to conclusions 
on an increasing toxicological burden due to unintentional/
coincidental mixtures. The value of these measurements so 
far rather lies in the assessment of known and established 
body burdens and their development over time, e.g. for fol-
lowing the success of implemented regulatory measures. It 
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is thus questionable to which extent such data can currently 
support the respective statement in the CSS that “human bio-
monitoring studies in the EU point to a growing number of 
different hazardous chemicals in human blood and body tis-
sue, including certain pesticides, biocides, pharmaceuticals, 
heavy metals, plasticisers and flame retardants.” (European 
Commission 2020g, p. 2).

Likewise, the SWD on mixture effects falls short of pro-
viding sufficient and well-founded evidence for the CSS’s 
claims regarding combination effects. Based on two proof-
of-concept studies, the SWD makes a principal case for the 
existence of combination effects as such (European Commis-
sion 2020d; Kortenkamp et al. 2009; Kortenkamp and Faust 
2018). This being undisputed (and again trivial to the readers 
of this journal), the subsequent conclusions are difficult to 
follow [“Scientific evidence of the strengthened toxicity of 
[…] mixtures is mounting […]. The total risk related to the 

exposure to a combination of chemicals typically exceeds the 
risk related to the exposure to each of the individual chemi-
cals in the mixture on their own, at their respective concen-
tration in the mixture. Therefore, exposure to a mixture can 
give rise to adverse health and environmental effects, even 
at levels of exposure which are considered ‘safe’ for the indi-
vidual chemicals on their own…”, European Commission 
(2020d)]. However, the impression that people exposed to 
mixtures of chemicals will always experience higher toxicity 
than when exposed to the same chemicals alone is not fur-
ther supported by the references cited in the SWD. Moreo-
ver, it does not reflect the current state of science or that of 
previous regulatory assessments, e.g. the Scientific Opinion 
of the COM’s Scientific Committees from 2012 (European 
Commission 2012). From a regulatory perspective, the lat-
ter document actually still subsumes the main points on this 
issue well:

"1. Under certain condi�ons, chemicals will act jointly in a way that the overall level of toxicity is 

affected. 

2. Chemicals with common modes of ac�on will act jointly to produce combina�on effects that are 

larger than the effects of each mixture component applied singly. These effects can be described by 

dose/concentra�on addi�on.  

3. For chemicals with different modes of ac�on (independently ac�ng), no robust evidence is available 

that exposure to a mixture of such substances is of health or environmental concern if the individual 

chemicals are present at or below their zero effect levels. 

4. Interac�ons (including antagonism, poten�a�on, and synergies) usually occur at medium or high 

dose levels (rela�ve to the lowest effect levels). At low exposure levels, they are either unlikely to 

occur or are toxicologically insignificant. 

5. In view of the almost infinite number of possible combina�ons of chemicals to which humans and 

environmental species are exposed, some form of ini�al filter to allow a focus on mixtures of poten�al 

concern is necessary. [...] 

7. If no mode of ac�on informa�on is available, the dose/concentra�on addi�on method should be 

preferred over the independent ac�on approach. Predic�on of possible interac�on requires expert 

judgement and hence needs to be considered on a case-by-case basis. [...]" (European Commission 

(2012); emphasis added by the authors of this commentary). 
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Given that the mechanistic and quantitative requirements 
for additive (or synergistic/antagonistic) effects are well 
established, the occurrence of combination effects should 
not be a default assumption, unless there are data supporting 
such mechanisms to be potentially relevant. In these cases, 
recent reviews show that if combination effects occur, they 
generally concur in size with the prediction made by the 
dose/concentration addition model rather than exceeding it 
(Cedergreen 2014; Martin et al. 2021).

Since the publication of the Scientific Committees’ opin-
ion, a number of research projects and publications have 
looked deeper into the subject, largely confirming their con-
clusions. Some of these documents are cited by the SWD 
(Bergman et al. 2019; Bopp et al. 2016; Larsen et al. 2017). 
These papers (or sources cited within) have repeatedly con-
firmed that under laboratory conditions chemicals with com-
mon/interlinked modes of action (MoAs) can act additively 
in a mixture. However, this is often achieved using non-stand-
ardised or not independently validated in vitro assays, or when 
theoretically modelling mixture toxicity based on data from 
the published literature under the assumption of dose/concen-
tration addition (DA/CA). Bergman et al. (2019) report a pos-
sible association of concentrations measured in human body 
fluid samples with an adverse outcome in humans in vivo. 
However, from the documentation provided [including the 
underlying publication by Bornehag et al. (2019)], it is impos-
sible to judge the statistical significance of these findings, the 
influence of potential confounders, or whether true mixture 
effects, not covered by a risk assessment of the individual 
mixture components one by one, were present.

To the best knowledge of the authors of this commentary, 
there is not a single report that would indicate adverse mix-
ture effects due to coincidental mixtures of chemicals present 
at dose levels below their individual regulatory thresholds to 
be of wider relevance for humans in vivo. On the other hand, 
it is acknowledged that providing such data is principally dif-
ficult: to convincingly demonstrate this for chronic and long-
term effects in a scientifically robust way, resource-intensive 
prospective epidemiological cohort studies are required. 

Maybe in the future better data will become available, e.g. 
from cohorts such as the one described in Kyhl et al. (2015). 
Moreover, the absence of such studies is of course no proof 
for the absence of a problem. Yet, in absence of evidence 
indicating an immediate need for action, the preferred way 
forward would be to assess the available limited evidence 
systematically and in an unbiased way. This should then be 
followed by the initiation of targeted research to close the 
existing knowledge gaps, as is planned e.g. within upcoming 
research projects under the Horizon Europe framework, in 
which also the BfR will be actively engaged.

Toxicologically speaking, for an adverse mixture effect 
currently not covered by the existing regulatory system to 
become relevant in terms of regulatory risk assessment, the 
following aspects need to come together:

1.	 To act together via DA/CA, chemicals need to have com-
mon/interlinked MoAs.

2.	 The hazard posed by the individual components must 
be of high concern. This primarily involves substances 
with CMR properties or Specific Target Organ Toxicity 
after Repeated Exposure (STOT RE) properties, includ-
ing those acting via ED-related MoAs.5

3.	 Humans must be exposed to each individual mixture 
component below their individual regulatory thresholds 
(otherwise the scenario is already covered by the exist-
ing system), and in combination a toxic level must be 
reached.

4.	 These levels have to remain more or less constant (not 
above the individual thresholds, not below an overall 
toxic level of the mixture) over the whole time-window 
relevant for the effect (shorter for reproductive effects, 
longer for STOT RE and cancer).

Table 1   Estimated number of 
substances for which potential 
adverse combination effects 
could need to be considered 
based on REACH registration 
data

a Data from the ECHA dissemination website Accessed on 05 Oct 2020
b Filtered for “consumer use” OR “article service life”
c Harmonised or self-classified in any of the listed hazard classes

Number of 
substancesa

(% of 
registered 
substances)

REACH-registered 23 001 (100)
With expected consumer exposureb 7 307 (31.8)
With relevant hazard (CMR 1A/1B/2 incl. Lact., STOT RE 1/2)c 2 969 (12.9)
With expected consumer exposure AND relevant hazard classification (CMR 1A/1B/2 

incl. Lact., STOT RE 1/2)c
924 (4.0)

5  Interestingly, the CSS considers only substances on the SVHC Can-
didate List or in Annex VI of the CLP Regulation; it is not fully clear, 
why substances self-classified by the Registrants for such properties 
should not be included as well.
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These preconditions define a very limited and thus acces-
sible chemical space. For the sector of consumer uses under 
REACH, a rough estimate on the number of substances that 
could be (but not necessarily are) potentially relevant (as of 
October 2020, Table 1) was performed.

It is important to understand that no information on 
MoAs, individual regulatory thresholds or actual exposure 
levels factored into this analysis, which, therefore, by no 
means constitutes an estimate of the number of substances 
actually suspected of causing combination effects. It sim-
ply summarises for how many substances it would actually 
seem worthwhile from a toxicological point of view to take 
a closer look with respect to MoA and above-threshold expo-
sure. On the other hand, it is acknowledged that this estimate 
does not cover exposure via the environment or from non-
consumer uses. However, for most of the REACH-registered 
substances levels of consumer exposure from these sources 
can be estimated to be very low (and at least partially con-
sidered by other regulatory sectors already, e.g. in the area of 
food safety or air quality regulation). Still, some conclusions 
can be drawn:

•	 As of October 2020, REACH-registered substances with 
direct consumer exposure AND relevant hazard made up 
only 4% of the total number of registered substances.

•	 Adding the additional requirement that co-exposure 
with other chemicals needs to occur at levels causing 
toxicity (only) in combination and constantly so over 
the relevant time windows, the fraction of substances for 
which addressing combination effects is relevant will be 
much smaller in the end. Moreover, in many cases uses 
in products will already be subject to assessment e.g. 
by the COM’s Scientific Committees within other, more 
specific regulatory sectors (cosmetics, food contact mate-
rials, toys, etc.).

•	 Finally, in line with REACH Annex XVII, entries 28–30, 
consumer uses involving CMR Cat. 1 substances will 
be confined to products with much less direct exposure, 
if any, compared to the exposure to neat substances or 
mixtures.

Altogether, the analysis above, with all its associated 
uncertainties, seems to hint at a rather low likelihood that 
EU consumers are currently confronted with significant 
health risks from the exposure to unintentional/coinciden-
tal mixtures. Notwithstanding this general statement, coin-
cidental combinations could of course pose a risk in spe-
cific scenarios. For these to be identified, a strong filter is 
needed to focus available regulatory resources on scenarios 
of real relevance (Tralau et al. 2021). However, the combina-
tion of low incidences and a limited chemical space argues 
against generic shotgun approaches, such as a hazard-based 
generic MAF with all its critical implications. There is a real 

scientific concern that the strong push for such an approach 
as currently promoted by the COM is not sufficiently data-
driven. This is further amplified by the observation that the 
COM already seems determined to implement this approach 
before any thorough impact assessment or analysis of the 
regulatory relevance of this problem has been performed, 
or alternative options, e.g. those discussed in Rotter et al. 
(2018), have been explored.

Endocrine disruptors (EDs)

Same as for potential combination effects, the CSS high-
lights potential hazards posed by endocrine disrupting chem-
icals, rather than providing sound evidence that in general 
potential ED-related risks to human health are not suffi-
ciently covered by the existing regulatory system in the EU. 
In this case, the associated SWD provides a slightly more 
differentiated view, noting that “caution needs to be exer-
cised when using human health and environmental adverse 
effects as direct and reliable indicators of chemicals policy 
performance. This is because of the attribution challenge: 
many of the observed health and environmental adverse 
effects may derive from multiple causes (life-style, genet-
ics, habitat destruction/degradation, etc.) and it is difficult 
to determine to what extent exposure to endocrine disrupt-
ing substances contributes to the observed adverse effects.” 
(European Commission 2020b).

Certain chemicals are able to cause chronic effects medi-
ated via the endocrine system, e.g. reproductive effects, 
toxicity to specific target organ systems, or cancer, and 
this is of high regulatory concern. Accordingly, and for a 
long time already, MS authorities have classified EDs as 
carcinogenic or toxic to reproduction under the “Dangerous 
Substance Directive” 67/548/EEC or the CLP Regulation 
(EC) 1272/2008, and have identified them as SVHC under 
REACH. Over the last years, clear criteria for the identifica-
tion of EDs have been installed based on the widely accepted 
WHO/IPCS definition (Solecki et al. 2017; WHO IPCS 
2002) and the OECD Conceptual Framework for Testing 
and Assessment of Endocrine Disrupting Chemicals (OECD 
2018). For the assessment of active substances in biocides 
and pesticides, guidance (Anderson et al. 2018) is available.

This work undoubtedly needs to be continued. Exist-
ing guidance is in continuous need of adaptation. Eventu-
ally, scientific progress will show that existing testing or 
assessment strategies might need to be further fine-tuned or 
adapted, e.g. with regard to disputed points such as dose-
dependency/thresholds, or additional MoAs different from 
the oestrogen, androgen, thyroid and steroidogenesis (EATS) 
pathways. Moreover, lack of relevant data on hazard and on 
underlying ED modes of action constitutes a major problem. 
Any intention to harmonise and streamline ED identification 
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across different regulatory frameworks is, therefore, highly 
welcomed and explicitly supported.

Nevertheless, it seems that overall the system estab-
lished in the EU over the past years allows to effectively 
identify and regulate industrial chemicals with ED potential, 
at least where data are available and as far as the assess-
ment of carcinogenic and reprotoxic human health effects 
is concerned. However, for substances of all tonnage levels 
registered under REACH mechanistic data are often lack-
ing to identify those candidates in need of clarification with 
respect to whether their adverse effects are mediated by an 
ED mode of action. Under REACH, MS authorities have to 
initiate resource-intensive and highly bureaucratic processes 
(substance evaluation, SVHC identification) to obtain the 
necessary information for clarification and to finally cor-
roborate ED identification (cf. also see “Measures proposed 
by the COM to improve the efficiency of the current sys-
tem”). These problems are not so much related to the lack of 
available concepts, but rather to the general—but highly per-
tinent—problem of data availability. Beyond that, it is, how-
ever, not fully clear why the issue is flagged so prominently 
in the CSS. From a scientific point of view, it also does not 
seem reasonable to pay more attention to certain CMR sub-
stances over other, non-ED CMR substances, just because 
their underlying MoA involves the endocrine system.

As a prominent measure of the CSS, the COM proposes 
to introduce additional classification criteria for EDs into the 
CLP regulation. However, at least as far as the human health 
sector is concerned, the justification for the urgency, with 
which this measure is intended to be implemented is unclear, 
as is its additional benefit for regulatory risk assessment:

•	 Already today, the available CLP classification criteria 
cover all major human health-related adverse effects 
potentially elicited by EDs, e.g. for carcinogenicity and 
reproductive toxicity. Non-carcinogenic, non-repro-
ductive toxicity effects can be classified as STOT RE, 
notwithstanding that the latter might need to be further 
developed in the future to better cover e.g. immunotoxic 
effects, or with a possible need of adaption of the com-
paratively high quantitative guidance values currently in 
place for this criterion.

•	 Introducing such an additional criterion would also raise 
the question of whether existing carcinogenicity, repro-
ductive toxicity, and STOT RE entries in Annex VI of the 
CLP Regulation would need to be revised in retrospect. 
The resulting additional workload (to be shouldered by 
MS authorities and ECHA’s Risk Assessment Commit-
tee, RAC) would be difficult to justify, given the unclear 
benefit of the measure.

•	 Perhaps most importantly, the CLP Regulation imple-
ments the United Nations’ Globally Harmonised System 
(UN GHS) for Classification and Labelling into EU law. 

Therefore, the normal way to implement a new classifica-
tion criterion is via the UN GHS. On the other hand, it 
seems safe to say that an accordingly revised CLP leg-
islation might not be expected before the second half of 
the decade. Theoretically, the COM could bypass the UN 
GHS to introduce a new ED criterion, but this would not 
be a marginal amendment. In fact, it appears question-
able whether the UN GHS would survive a unilateral 
deviation of that dimension in one of its major mem-
ber regions. And even if it would, the idea of a Globally 
Harmonised System would be severely compromised by 
inviting other GHS partners to promote deviations of 
similar dimension in their own legislative regions. Jeop-
ardising the UN GHS as a whole, however, would be in 
direct contradiction with the CSS’s declared objective 
to “promote, together with industry, the implementation 
of the Globally Harmonized System of Classification 
and Labelling of Chemicals (UN GHS) as the means for 
identifying chemical hazards and communicating them 
to operators, workers and consumers” (European Com-
mission 2019).

Seeking other, more efficient and effective—and at the 
same time, prudent—ways to further advance the needed 
harmonisation of ED identification and regulation processes 
across different legislative sectors should, therefore, be con-
sidered, carefully weighing regulatory needs and benefits as 
well as horizontal implications for other regulatory areas and 
downstream legislation.

Measures proposed by the COM to improve 
the efficiency of the current system

Data availability

Non-compliance by industry with the legislative informa-
tion requirements constitutes one of the biggest obstacles for 
identifying substances of concern under REACH. Strikingly, 
this is not so much a failure of the system itself (the infor-
mation requirements are in place), but of its proper moni-
toring and enforcement. It is also a problem of efficiency 
rather than effectiveness, since missing information can be 
obtained by established procedures that, however, are both 
so time- and resource-intensive that they often fail to deliver 
in practice (cf. also “Time-to-regulation“).

This unsatisfactory situation along with its detrimen-
tal effect on risk assessment has been highlighted by MS 
authorities for years, and its dimension has inter alia been 
characterised by the detailed work of the “REACH Compli-
ance” project (Oertel et al. 2018, 2020; Springer et al. 2015). 
The outlined initiative for a “zero tolerance approach to non-
compliance” (European Commission 2019) is thus highly 
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welcomed. In particular, this initiative raises MS authorities’ 
hopes for more support to request relevant use and exposure 
information under REACH in the future. Moreover, not only 
data availability, but also accessibility should be considered 
for improving efficiency. As an example, empowering MS 
to directly access the REACH database with advanced IT-
based analysis tools (currently reserved for ECHA) could 
boost efficiency and at the same time reduce strain on the 
limited resources of the Agency.

Time‑to‑regulation

Shortening the timelines for bringing chemicals under regu-
lation perhaps constitutes one of the most important aspects 
of improving the efficiency of the current system of chemi-
cals regulation in the EU. One of the major shortcomings of 
the current system lies in the fact that it normally takes many 
years from recognising a chemical problem in need of regu-
lation to until that regulation ultimately comes into force. 
In this context, it is worth pointing out that in most cases 
the actual scientific risk assessment takes up only a minor 
fraction of the overall time needed. The major part is spent 
in time-consuming and bureaucratic procedures, requesting 
information that already should have been provided upon 
registration in the first place, or waiting for the next meet-
ing of the regulatory body responsible for the next step in 
the process.

Oddly, the CSS largely fails to acknowledge this rather 
low–hanging fruit for improving efficiency, which, in addi-
tion, would be in the immediate remit of the COM itself. 
Instead, the ideas presented strongly focus on risk assess-
ment, one main proposal being the move towards a hazard-
based “generic approach to risk management”. Other not-so-
new (and in fact, already widely practised) ideas endorsed 
include the increased use of grouping approaches and the 
promotion of “one substance, one assessment” (OSOA). Par-
ticularly OSOA, however, could become an early victim of 
the current proposals, given that too little attention is paid 
to cross-framework compatibility. The latter is a prerequisite 
for the principle of OSOA to work. Moreover, the MAF as 
promoted and the proposed classification of EDs under CLP 
for example only show limited compatibility with the current 
regulatory frameworks of product safety, cosmetics, plant 
protection products, biocides or feed and food.

From the perspective of an MS authority, the current 
processes could be accelerated in many more ways. As one 
example, the two REACH processes of dossier and sub-
stance evaluation could be merged. With both ECHA and 
the Member States entitled to initiate such work at any point 
in time, the EU’s Community Rolling Action Plan (CoRAP) 
could be transformed into a continuous process rather than 
being updated only once a year, etc.

Accelerating the processes alone will, however, not neces-
sarily procure a higher output with respect to the number of 
substances regulated per year. In any case, the corresponding 
regulatory capacity is predominantly limited by the capac-
ity of the EU’s executive regulatory bodies, i.e. ECHA’s 
committees or the REACH committee hosted by the COM 
itself. Further streamlining existing processes to reduce the 
workload per process should, therefore, be aspired and might 
also be possible to some extent. On the other hand, care 
needs to be taken that this is not achieved at the expense of 
scientific quality.

Implications of regulating hazard instead of risk

Finally, and maybe most importantly, there is the repeatedly 
noted intention of the CSS to move away from a risk-based 
to a hazard-based assessment paradigm. As stated in some of 
the paragraphs before, such a move, tempting as it might be, 
is bound to create a range of problems and will likely result 
in a system that by design would be inherently arbitrary and 
inconsistent:

1. A purely hazard-based regulation does not provide a 
sound basis for judging the proportionality of the proposed 
measure.

2. A “generic approach to risk management” (which 
should rather be termed “generic hazard management”, since 
a real risk assessment is not involved) will create automa-
tisms resulting in societally undesired consequences. With-
out proper risk assessment, how to decide whether titanium 
dioxide, a carcinogen by inhalation in its fine dust form 
[and now also termed “not safe” for use as food additive 
by the European Food Safety Authority, EFSA (Younes 
et al. 2021)], can be safely used in toothpaste or wall paint 
(Riebeling et al. 2020)? How to decide whether ethanol, a 
well-known ED, reprotoxicant, and carcinogen by the oral 
route, can still be safely used for conservation or surface dis-
infection? Furthermore, as the examples of titanium dioxide 
or glass and mineral fibres have shown, such automatisms 
will eventually lead to a situation where the hazard assess-
ment itself is challenged in an attempt to prevent possibly 
ill-founded, unintended and societally unwanted downstream 
consequences.

3. Likewise, it is foreseeable that the introduction of a 
generic, undifferentiated, and solely hazard-based MAF 
under REACH will lead to a purely calculated risk for many 
long-established uses (including active substances in pesti-
cides and biocides) that otherwise would be deemed safe. 
Predictably, this will result in all kinds of unwanted effects, 
such as:

a high investment of resources into refining the exposure 
assessment just to demonstrate that the calculated risk is 
not likely to be real,
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a high workload for the authorities to define a great num-
ber of “essential uses” to be exempted from regulation—
in this context, it is again noted that many technologies 
required to achieve the transition to a green, sustainable 
and climate-neutral society involve the use of hard-to-
replace chemicals associated with hazardous properties;
unwanted substitution of substances bearing a calculated 
risk with less well-investigated (but potentially more 
risky) ones, or
registrants moving their production outside of the EU to 
regions with less stringent chemicals control (despite the 
declared intention of the CSS to create a “level playing 
field”).

Introducing measures such as the “generic approach to 
risk management” or a generic MAF—in their proposed 
generality—will clearly result in a significant quality loss 
of chemical risk assessment in the EU. It is foreseeable that 
in the end this will lead to ill-prepared regulatory proposals, 
the scientific inadequacies of which will eventually have to 
be dealt with at the “green table” in the REACH committee 
or in court and might even result in an overall failure of the 
proposed regulation.

Conclusion and outlook

Thanks to the existing system of chemicals regulation in 
the EU, the current level of protection of its population 
as a whole, including sensitive sub-populations, against 
chemical risk is among the highest in the world. The 
rather bleak picture connoted in the CSS and its associ-
ated SWDs thus appears misplaced. As a prerequisite for 
improving public health protection, where necessary, risk 
assessment methodologies and processes are in constant 
need of adaption to scientific progress. Nevertheless, a 
modern and enlightened society should base its decisions 
on the best scientific knowledge available. In the view of 
the authors of this strategy, available and well-established 
indicators of human health quality do not appear to flag 
a major problem with regard to the general effectiveness 
of the current system of chemicals legislation in the EU. 
However, it is fully agreed that the existing regulatory pro-
cedures should be accelerated and streamlined, albeit not 
at the expense of scientific rigour, and that availability and 
accessibility of the data required for risk assessment still 
need to be improved significantly. These data, by the way, 
should actually be available and accessible already based 
on existing legal requirements. The authors, therefore, are 
in full support of any initiative towards “zero tolerance on 
non-compliance”.

Chemicals are a fundamental part of our daily lives, if not 
to say they are life, literally, as well as evolutionary drivers. 

More so, they are indispensable building blocks of our soci-
ety, be it for food production, health protection, amenities, 
security or as solutions for low-carbon, zero pollution and 
energy- and resource-efficient technologies, materials and 
products. It has been a central paradigm of modern societies, 
supported by long-standing scientific evidence, that not all 
hazards pose actual risks or, if they do, that these risks can 
often be adequately controlled. Risk management decisions, 
therefore, need to be based on risk assessment rooted in the 
best available scientific knowledge available. Not to endan-
ger this principle, changes to the established cross-sector 
risk assessment framework, where considered necessary, 
need to be made with a view to minimising the risk of jeop-
ardising the functioning of that framework as such. In this 
context, it is a central point of the scientific method that the 
fundamental hypotheses at the core of newly proposed meth-
odology need to be falsifiable (or verifiable, for that matter). 
For this reason, the scientific discussion process cannot work 
on the basis of claims alone; instead, convincing evidence is 
needed for this purpose. Promoting unjustified beliefs and 
anxieties for the sake of appeasing public concern in the end 
bears a substantial risk of amplifying this concern. Without 
adequately secured expert advice, it will also lead to ill-
informed decision-making and ultimately foster the erosion 
of the authorities’ scientific credibility.

Given the challenges we are currently facing in terms 
of climate change, sustainable use of industrial and agri-
cultural chemicals, or controlling the Covid-19 pandemic, 
there is more than ever a need for in-depth discussions on 
future concepts as well as for regulatory science. It is, there-
fore, well taken that the COM provides significant funding 
for research related to the goals of the CSS, e.g. under the 
Horizon 2020/Europe programs or the upcoming Partnership 
for the Assessment of Risk from Chemicals (PARC). These 
projects will take their time, as will the ensuing discussions 
in the scientific regulatory community. However, this time 
is needed to safeguard that the “EU Chemicals Strategy for 
Sustainability” is guided by the best science available. In the 
view of the authors of this commentary, this will be a funda-
mental prerequisite for the CSS to become the success story 
it deserves to become: by creating a sustainable chemicals 
market, while at the same time continuing to provide a high 
level of protection for the health of the EU citizens.
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