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Abstract
In Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) the criterion for deciding the studies that 
must be performed is the annual tonnage of the chemical manufactured or imported into the EU. The annual tonnage may be 
considered as a surrogate for levels of human exposure but this does not take into account the physico-chemical properties 
and use patterns that determine exposure. Chemicals are classified using data from REACH under areas of health concern 
covering effects on the skin and eye; sensitisation; acute, repeated and prolonged systemic exposure; effects on genetic 
material; carcinogenicity; and reproduction and development. We analysed the mandated study lists under REACH for each 
annual tonnage band in terms of the information they provide on each of the areas of health concern. Using the European 
Chemicals Agency (ECHA) REACH Registration data base of over 20,000 registered substances, we found that only 19% of 
registered substances have datasets on all areas of health concern. Information limited to acute exposure, sensitisation and 
genotoxicity was found for 62%. The analysis highlighted the shortfall of information mandated for substances in the lower 
tonnage bands. Deploying New Approach Methodologies (NAMs) at this lower tonnage band to assess health concerns which 
are currently not covered by REACH, such as repeat and extended exposure and carcinogenicity, would provide additional 
information and would be a way for registrants and regulators to gain experience in the use of NAMs. There are currently 
projects in Europe aiming to develop NAM-based assessment frameworks and they could find their first use in assessing low 
tonnage chemicals once confidence has been gained by their evaluation with data rich chemicals.
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trigger is a pragmatic but clearly imperfect surrogate for 
potential human exposure, based on the premise that the 
higher the tonnage the greater the probability of more peo-
ple being exposed to higher amounts of chemical. It also 
ties in with the economic reality that low tonnage products 
are unlikely to be able to bear the costs of extensive testing 
programmes. The studies required for each annual tonnage 
band in REACH are shown in Table 1.

Health concerns to be addressed

In the process of mandating a list of studies for each ton-
nage band, it is easy to lose sight of the origins of the 
mandated studies as, in reality, being designed to address 
specific potential health concerns. These health concerns 
can be expressed in a series of questions:

• What are the effects if the chemical gets into someone’s 
eyes or on their skin?

• Can the chemical cause allergic dermatitis/respiratory 
sensitisation?

• What are the systemic effects of short-term exposure?

Table 1  REACH study requirements for each tonnage band (TG represents an OECD Test Guideline)

a In vivo study is only permitted if classification of the substance is not possible based on the in vitro results

Study requirements  < 1 tpa 1–10 tpa
Annex VII

10–100 tpa
Annex VIII

100–1000 tpa
Annex IX

 > 1000 tpa
Annex X

In vitro skin irritation/corrosion TG 431, TG 439 −  +  +  +  + 
In vitro eye irritation TG 467 −  +  +  +  + 
In vitro skin sensitisation TG 442E −  +  +  +  + 
In vitro gene mutation in bacteria TG 471 −  +  +  +  + 
In vivo acute toxicity: oral TG 401 −  +  +  +  + 
In vitro mutagenicity study in mammalian cells or in vitro micronucleus study 

TG 487, TG 490
− −  +  +  + 

In vitro gene mutation in mammalian cells TG 476 − −  +  +  + 
In vivo skin  irritationa TG 404 − −  +  +  + 
In vivo eye  irritationa TG 405 − −  +  +  + 
Testing proposal for in vivo genotoxicity (if one of the in vitro tests is positive) − −  +  +  + 
In vivo acute toxicity: inhalation TG 403 − −  +  +  + 
In vivo short-term repeated dose toxicity (28-day) TG 407 − −  +  +  + 
In vivo screening for reproductive/developmental toxicity TG 421, TG 422 − −  +  +  + 
In vivo sub-chronic toxicity (90 days) TG 408 − − −  +  + 
In vivo pre-natal developmental toxicity in one species TG 414 − − −  +  + 
In vivo extended one-generation reproductive toxicity (if triggered) TG 443 − − −  +  + 
In vivo long-term repeated dose toxicity (≥ 12 months) (if triggered) TG 453 − − − −  + 
In vivo developmental toxicity in a second species TG 414 − − − −  + 
In vivo extended one-generation reproductive toxicity TG 443 − − − −  + 
In vivo carcinogenicity if triggered TG 451, TG 453 − − − −  + 

Introduction

Over the last 80 years there has been growing understand-
ing of the potential for chemicals to cause adverse health 
effects—their toxicity. Originally this was focused on severe 
effects following accidental poisoning with single high 
doses but as knowledge increased the range of potential 
adverse effects widened to include effects which might be 
seen following long-term exposure or to exposure during 
sensitive periods of development. An ever-growing list of 
experimental studies has been developed since the 1970s 
to assess the effects of chemicals and these studies have 
become incorporated into regulations on how the safety of 
chemicals should be assessed. Most of the studies use labo-
ratory animals given high doses of chemicals to maximise 
the probability of detecting potential adverse effects. In 
many cases, the regulations take the form of lists of studies 
that must be done when certain triggers are met. In the case 
of the Registration, Evaluation, Authorisation and Restric-
tion of Chemicals in the European Union (EU) regulation 
(REACH; ECHA 2022), the triggers are based on the annual 
tonnage produced or imported into the EU; the higher the 
tonnage, the more studies that must be done. The tonnage 
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• What are the systemic effects of repeated exposure for 
a period of months?

• What are the systemic effects of exposure for many 
years?

• Can the chemical cause damage to genetic material?
• Can the chemical cause cancer?
• Can the chemical cause effects on fertility, the unborn 

child or the developing child?

The concerns relating to systemic effects reflect the 
three exposure durations identified by Ball et al. (2022) 
in their proposal to categorise exposures: short term (sin-
gle or 1-day exposure), intermediate (repeat exposure for 
months), and extended (repeat exposure for many years). 
The health concerns are mirrored in the classification sys-
tem (CLP) used in the EU (ECHA 2017), which is based 
on the Globally Harmonised System (GHS) system for 
classification and labelling (United Nations 2019). Both 
the REACH and GHS information requirements are based 
primarily on identifying potential hazards associated with 
a chemical. However, for this information to be of use in 
safety decision-making, the doses associated with caus-
ing these hazards, and the doses without effect, must be 
used in the context of the levels of the chemicals to which 
humans are actually exposed (locally and systemically). 
Thus classification schemes which do not take into account 
dose levels provide limited information (Doe et al. 2021).

Analysis of health concerns addressed 
at each REACH tonnage band

Table 2 shows the health concern which is addressed by 
each study that is required in one or more of the REACH 
tonnage bands. An alternative way to look at each of the 
tonnage bands is to consider what health concerns are being 
addressed by the list of mandated studies for each band and, 
importantly, which health concerns are not addressed. The 
results of this analysis are shown in Table 3. The end result 
of an assessment in REACH is to provide a classification, 
health-based guidance values (HBGV—in the REACH 
regulation the HBGV is called a Derived No-Effect Level 
[DNEL]), and an exposure assessment (required for sub-
stances at > 10 tpa and fulfilling certain hazard categories or 
assessed as persistent). Consideration of the relevant list of 
mandated studies allows the status of each health concern for 
each tonnage band to be placed into one of three categories:

None: no information is available to address the human 
health concern.
Some: enough information on the health concern is 
available to identify substances with clear activity or 
no activity, but leaving some substances without defini-

tive classification and/or DNELs/HBGVs for use in risk 
assessment.
Full: sufficient information on the health concern to allow 
definitive classification according to CLP/GHS crite-
ria and/or provide HBGVs for use in risk assessment that 
are considered to be broadly protective.

There are no mandated studies in REACH for chemicals 
with annual tonnage of less than 1 tonne and, therefore, no 
evaluation can be made. In the 1–10 tonnage range, the focus 
appears to be on the effects following short-term exposure. 
It is possible to classify for skin and eye damage, and for 
dermal sensitisation. There is some evidence about the 
effect on genetic material, in vitro bacterial mutation which 
may trigger more studies, and some evidence on short-term 
exposure, from an acute oral study that has mortality as its 
primary endpoint. This study is unlikely to detect most non-
lethal effects.

Some evidence about the effects of intermediate repeated 
exposure (28-day study) and the potential for effects on fer-
tility and development (reproductive/developmental toxicity 
screening study which may trigger further studies) is gained 
in the 10–100 annual tonnage band. A DNEL/HBGV can 
be derived with additional uncertainty factors. These stud-
ies can also provide first evidence of effects on endocrine 
systems and potential carcinogenicity, but the level of con-
fidence provided by these studies is not high enough for 
regulators to conclude absence of these effects, although 
genotoxic carcinogenicity can be excluded.

In the 100–1000 annual tonnage band, more evidence 
is added on intermediate exposure with a 90-day study to 
allow classification and derivation of DNEL/HBGV. Addi-
tional evidence on effects on development and fertility is 
added with a pre-natal developmental toxicity study in one 
species and a one-generation reproductive toxicity study (if 
triggered).

Over 1000 tonnes per annum, evidence can be provided 
on the effects of dosing for extended periods of time if a 
chronic toxicity/carcinogenicity study is triggered and on 
pre-natal development and fertility with an extended one-
generation reproductive toxicity study and second species 
developmental toxicity. These studies allow classification 
and the derivation of DNELS/HBGVs for risk assessment. 
These studies can also confirm the presence or absence of 
an adverse effect on the endocrine-sensitive endpoints, but 
additional mode of action data would be required to confirm 
that an effect is mediated by an endocrine mode of action.
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Implications of the analysis: large number 
of substances with significant knowledge 
gaps

REACH demands a relatively meagre level of knowledge 
about many of the health concerns that may be associated 
with a chemical until annual tonnage is high. This appears 
to be based on the assumption that low tonnage chemicals 
need only to be assessed for health concerns associated with 
short-term exposure. Given the relatively low production 
volume, it is indeed unlikely that significant portions of the 
human population will be exposed to high quantities of low 
volume chemicals for an extended period of time. It could 

also be a consequence of the way toxicology studies are done 
in a sequential manner with the results of one study being 
used to set doses in the next study. It is a reality that there is 
increasing cost and complexity of the studies associated with 
providing evidence for longer term exposure and effects on 
development and reproductive toxicity.

Table 3 shows the number of substances registered in 
REACH at each tonnage band (data from ECHA 2023). 
Comparing the numbers and percentages with the number of 
health concerns with none, some or full evidence is illumi-
nating; 39% of chemicals only have full evidence (as defined 
earlier) on skin and eye irritation and on dermal sensitisation 
health concerns; 81% do not have full evidence on extended 

Table 2  The health concerns addressed by studies required by REACH (+ indicates the study is required, ± indicates it may be required)

a In vivo study is only permitted if classification of the substance is not possible based on the in vitro results

Studies Gene damage Short 
term 
exposure

Skin/eye 
damage

Sensitisation Inter-
mediate 
exposure

Extended 
exposure

Cancer Developmental 
and reproduc-
tive

In vitro skin irritation/corrosion TG 
431, TG 439

 + 

In vitro eye irritation TG 467  + 
In vitro skin sensitisation TG 442E  + 
In vitro gene mutation in bacteria TG 

471
 +  + 

In vivo acute toxicity: oral TG 401  + 
In vitro mutagenicity study in mam-

malian cells or in vitro micronucleus 
study TG 487, TG 490

 +  + 

In vitro gene mutation in mammalian 
cells TG 476

 +  + 

In vivo skin  irritationa TG 404  + 
In vivo eye  irritationa TG 405  + 
Testing proposal for in vivo genotoxicity 

(if one of the in vitro tests is positive)
 +  + 

In vivo acute toxicity: inhalation TG 403  + 
In vivo short-term repeated dose toxicity 

(28-day) TG 407
 + 

In vivo screening for reproductive/devel-
opmental toxicity TG 421, TG 422

 + 

In vivo sub-chronic toxicity (90 days) 
TG 408

 +  ± 

In vivo pre-natal developmental toxicity 
in one species TG 414

 + 

In vivo extended one-generation repro-
ductive toxicity (if triggered) TG 443

 +  + 

In vivo long-term repeated dose toxicity 
(≥ 12 months) (if triggered) TG 453

 +  ± 

In vivo developmental toxicity in a 
second species TG 414

 + 

In vivo extended one-generation repro-
ductive toxicity TG 443

 + 

In vivo carcinogenicity if triggered TG 
451, TG 453

 +  ± 
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exposure, cancer, or development and reproductive health 
concerns.

It would be important to investigate the physico-chemical 
properties and uses of the > 20,000 REACH registered sub-
stances to determine whether there is evidence on the health 
concerns which would be relevant for their use patterns. This 
might reveal that there are substances where there is pro-
longed exposure although production is in one of the lower 
tonnage categories, meaning these substances may not have 
sufficient data from REACH to be appropriately assessed. 
The opposite might also be true, there may be high ton-
nage substances where only short-term or very low levels 
of human exposure result from their use. It is inevitable that 
there are a large number of substances with mismatched 
exposure and knowledge.

Implications of analysis: guidance for use 
of NAMs

The concept of addressing human health concerns rather 
than mandating a list of animal studies underlines the 
realisation that developing new approach methodologies 
(NAMs) on a study-by-study basis to replace specific ani-
mal studies will not be successful (Knight et al. 2021). 
Different lines of evidence from a variety of methods 

need to be drawn together. This is the rationale behind the 
development of Defined Approaches using a set of studies 
and interpretations and Integrated Approaches to Testing 
and Assessment (IATA) where information from different 
lines of evidence is brought together using weight of evi-
dence approach. OECD has been developing this approach 
(OECD 2021). IATAs based on in silico and in vitro evalu-
ations have been developed for skin (OECD 2017) and 
eye irritation (OECD 2019) and skin sensitisation (OECD 
2016) where there is an established adverse outcome path-
way (AOP) towards a specific health concern. There are 
also established frameworks for assessing mutagenicity 
(ECHA 2017). At the moment, schemes are addressing 
specific endpoints where it is possible to use specific lines 
of evidence to address stages in an AOP and contain fixed 
ways of integrating the evidence, although IATAs allow 
the different lines of evidence to be used.

The fixed approach raises two issues. Firstly, it is prov-
ing to be more difficult to address the broader health 
concerns such as intermediate and prolonged exposure, 
carcinogenicity and reproductive and developmental tox-
icity where many AOPs may operate. It will be difficult 
to base a scheme on a specific AOP or AOPs for broader 
health concerns, the current animal tests are designed to 
answer an open question (what effects can occur?) rather 
than a closed question (does a specific effect occur?). 

Table 3  Analysis of information available for each REACH tonnage band

Health Concern <1t
1-10t
Annex 
VII

10-
100t
Annex 
VIII

100-
1000t
Annex 
IX

>1000t
Annex 
X

Can the chemical cause damage to genes? None Some Full Full Full

What are the effects of short-term exposure? None Some Full Full Full
What are the effects i f the chemical gets into someone’s 
eyes  or on their skin? None Full Full Full Full
Can the chemical cause allergic derma��s/respiratory 
sensi�sa�on*? None Full Full Full Full
What are the effects of dosing for intermediate periods of 
�me? None None Some Full Full

What are the effects of dosing for extended periods of �me? None None None Some Full

Can the chemical cause cancer? None Some Some Some Full**

Can the chemical cause effects on fer�lity, the unborn child 
and the developing child? None None Some Some Full

Number (and Percentage) of REACH registered substances
(from ECHA, 2023) 4901

(39%)
2857
(23%)

2346
(19%)

2335
(19%)

None: no information is available to address the human health concern. Some: enough information on the health concern is available to identify 
substances with clear activity or no activity, but leaving some substances without definitive classification and/or HBGVs for use in risk assess-
ment. Full: sufficient information on the health concern to allow definitive classification according to CLP/GHS criteria and/or provide HBGVs 
for use in risk assessment that are considered to be broadly protective
*There is no specific assay for respiratory sensitisation, dermal sensitisation results are used to provide guidance
**Depends on whether chronic toxicity/carcinogenicity studies are triggered
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This is a major challenge for NAMs. It is likely that for 
these broader health concerns it will not be possible to 
create fixed processes for generating and evaluating lines 
of evidence as the evidence generation may be guided by 
chemical structure and the results of preliminary assays. 
Secondly, a scheme with a fixed set of tests is likely to 
become out of date as new methods are developed, which 
is a problem shared by traditional animal studies that have 
been mandated in legislation. Schemes should be able to 
evolve as new methods become available. The science 
associated with understanding human safety and the tools 
available to us are progressing with increasing speed. We 
must ensure that safety decisions can be made using the 
most up-to-date and relevant science and not get burdened 
with fixed lists of tests that may be out of date as soon 
as they are published. This will require ongoing review 
and replacement or supplementary processes where a new 
NAM test has advantages within a framework.

Legislation should specify the health concern to be 
addressed and not specify the methods. The types of meth-
ods suitable to address the health concerns depend on fac-
tors such as assay development and domain of applicabil-
ity and thus, should be contained in guidance that can be 
revised as technology and knowledge improves to provide 
certainty of what is required to registrants.

An example of a different approach is the OECD Con-
ceptual Framework for Testing and Assessment of Endo-
crine Disrupters (OECD 2018) which provides a structure 
into which lines of evidence on endocrine disruption can 
be placed and evaluated and into which new study types 
can be integrated as they are developed.

Implications of the analysis: opportunity 
to use NAMs to improve assurance in low 
tonnage areas

The set of study requirements under REACH for > 1000 
tonnage per annum chemicals covers the full range of 
health concerns. However, only 19% of chemicals, cor-
responding to 2335 chemicals, registered in REACH have 
this level of knowledge.

A similar observation has been made in the USA where 
it has been stated that less than 5% of the large number 
of chemicals currently in commercial use (approximately 
50,000) have been fully tested (Fischetti 2010). This has 
highlighted the need for less resource intensive methods 
to be used and is a major driver in the USA where the US 
Environment Protection Agency (EPA) has devoted a large 
amount of resource to develop new technologies such as 
ToxCast (EPA 2022), which generates data and predictive 
models on thousands of chemicals of interest to the EPA.

It is a false assumption to conclude that 81% of chemi-
cals registered in REACH have not been appropriately 
evaluated, but the tonnage driven study lists leave open the 
possibility that some of them may not have been. NAMs 
provide the opportunity for more knowledge about poten-
tial health effects to be gained for more chemicals and be 
related to their use and potential exposure.

The desire, by some, for the results of conventional ani-
mal studies to be predicted using NAMs has been a major 
stumbling block for their uptake and acceptance. The logic 
has been that the results of studies are needed particularly 
for classification and the development of DNELs/HBGVs. 
Thus, there is a movement towards looking for assessment 
methods that can place substances into an appropriate clas-
sification category and derive a protective DNEL/HBGV 
without necessarily having to predict the results of the ani-
mal studies that are currently used for this purpose. If we 
are constrained by trying to predict the outcome of animal 
studies exactly (that we know have their intrinsic biological 
and methodological variabilities), we will never transition to 
more relevant human health protection by being allowed to 
use human-based, rather than rodent-based science.

This approach opens the potential for assessment strate-
gies that can identify the substances of the greatest concern 
and the substances of least concern in tonnage bands where 
there is currently no knowledge for several health concerns. 
39% of substances registered in REACH, corresponding to 
4901 chemicals, are in the 1–10 tonnage band and they have 
little to no information on: effects of dosing for intermediate 
periods; extended periods (including effects on the endo-
crine system); and effects on fertility, the unborn child and 
the developing child. They also only have limited knowledge 
on cancer causation (genotoxicity).

There are indications that NAMs are capable of providing 
some knowledge in these areas and so may allow identifica-
tion of high levels of concern and low levels of concern (Ball 
et al. 2022; Baltazar et al. 2020; Dent et al. 2021; Fentem et al. 
2021; Mahony et al. 2020; Middleton et al. 2022; Moné et al. 
2020; Rajagopal et al. 2022). There is an opportunity to replace 
data gaps with knowledge for substances in the 1–10 tonnage 
band and at the same time develop and gain confidence in 
NAMs towards their eventual use in higher tonnage bands. 
The REACH legislation is clear that animal testing must be 
used only as a ‘last resort’ and that non-animal approaches 
should be used where possible. However, the criteria currently 
outlined within REACH for the use of NAMs:

1. results are derived from an in vitro method whose scien-
tific validity has been established by a validation study, 
according to internationally agreed validation principles;

2. results are adequate for the purpose of classification and 
labelling and/or risk assessment; and
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3. adequate and reliable documentation of the applied 
method is provided;

make it difficult to use them in higher tonnage bands, 
although it has been suggested that the criteria can be met 
with current NAMs (Ball et al. 2022), but there is no such 
restriction for the 1–10 tonnage band where the number of 
mandated studies is so limited. The NAMs are not replace-
ments for traditional animal toxicology studies, but they pro-
vide additional knowledge that may otherwise not be gained. 
There are several projects (ECETOC 2023; Mansouri et al. 
2021; RISK-HUNT3R 2023; Westmoreland et al. 2022) that 
are developing frameworks for the use of NAMs for this pur-
pose using reference chemicals to provide the necessary level 
of confidence.

It should be recognised that this approach would provide 
data on health concerns where there is currently little or no 
information and, therefore, no classification has been made. 
The current lack of knowledge on chemicals in this tonnage 
band restricts their use but could still allow chemicals of con-
cern to be used or conversely could limit the use of substances 
that could improve sustainability. Applying NAM-based 
assessment may subject these chemicals to restrictions they 
would not otherwise be subject to. It would be important to 
establish that the restrictions are justifiable and not excessively 
precautionary by appropriate calibration of the NAM-based 
assessment and to assure that chemicals considered to be of 
low concern can be used with confidence.

Conclusions

The range of concerns over the possible adverse effects 
of chemicals has become extended over the last 50 years, 
starting in the 1970s with concerns over the effects of 
single high exposure on mortality, skin and eye irrita-
tion, and dermal sensitisation. There are now eight areas 
of health concern, with repeated and prolonged systemic 
exposure, the effect on genetic material, cancer, and fertil-
ity and development added to the initial acute concerns. 
Endocrine disruption has recently been added as a hazard 
category although it could be argued that the studies which 
have been used to cover the existing areas of health con-
cern would also identify endocrine related effects; indeed 
to be identified as an endocrine disruptor there has to be an 
adverse effect in a conventional study that can be demon-
strated to be caused by an endocrine mechanism (Anders-
son et al. 2018). Over time, study designs (primarily in 
animals) have been developed and agreed internationally 
(OECD 2009) to assess these areas of concern and these 
studies have become incorporated into regulations aimed 
at ensuring the safe use of chemicals. Within the EU in 
REACH, the criterion for deciding the studies that must 

be performed is the annual tonnage volume of the chemi-
cal which is manufactured or imported into the EU with 
the study requirements increasing with increasing tonnage 
band.

We have analysed the mandated study lists for each 
annual tonnage band in REACH in terms of the infor-
mation they provide on the eight areas of health concern 
(Table 3). We have correlated this analysis with the num-
ber of substances registered in REACH for each tonnage 
band and it is clear that very few substances are likely to 
have complete datasets on all the areas of health concern 
covered by REACH (mandated to have full information on 
all the areas of concern (19%) and 62% are mandated to 
only have information on short-term exposure, sensitisa-
tion and effects on genetic material).

This analysis suggests opportunities for the adoption 
of NAMs into REACH to provide additional knowledge 
to assess the safety of chemicals. It underlines the trend 
in NAM development to move away from study-by-study 
replacement by recognizing that the conventional studies 
are designed to provide information on the relevant health 
concern. Strategies which use combinations of NAMs to 
address particular health concerns are being developed and 
these should be judged on whether they result in equiva-
lent levels of protection in terms of classification category 
and HBGV rather than being able to predict the results 
of the conventional animal studies. Paul Friedman et al. 
(2023) conducted a review of the variability and relevance 
of existing mammalian toxicity tests, specifically when it 
comes to assessing impact on human health. The goal of 
this study is to set data-driven and science-based expecta-
tions for NAMs based on the variability and relevance of 
the traditional toxicity testing models. Qualitative repro-
ducibility of organ-level effect observations in repeat dose 
studies in adult animals was 39–88% (Paul Friedman et al. 
2023) so it is important that NAMs are not held to a higher 
standard. There is emerging evidence that classification 
and HBGVs can be achieved in several areas of health 
concern, such as repeat dose toxicity and cancer, using 
NAMs (Ball et al. 2022).

This analysis has quantified the concerns raised by 
Berggren and Worth (2023) over the paucity of informa-
tion available for substances in the lower tonnage bands, 
especially the 1–10 annual tonnage band. Deploying 
NAMs for health concerns, such as repeat and extended 
exposure and carcinogenicity, would not be as replace-
ments of existing studies but they would provide addi-
tional information relating to these health concerns. There 
would be value even if the NAMs were only capable of 
categorising substances at higher or lower levels of con-
cern, although they have been shown to be able to provide 
HBGVs. This would be consistent with current Euro-
pean Commission considerations on whether changes in 
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standard information requirements and Annex XI could 
be included in REACH revision to identify most harm-
ful substances (Schutte 2023). As suggested by Berggren 
and Worth (2023), employing NAMs at this tonnage band 
would be a way for registrants and regulators to gain expe-
rience in their use and interpretation. It is important that 
NAM-based assessment is appropriately calibrated to pro-
vide appropriate assessments of safe.

Funding This work was part of the European Centre for Ecotoxicol-
ogy and Toxicology of Chemicals (ECETOC) Transformational Pro-
gramme entitled ‘Development of an Integrated Approach for Chemi-
cals Assessment’. J.D. received funding from ECETOC. M.L, was 
supported by CEFIC, the DK-EPA (MST-667-00205), the Land-BW 
(NAM-ACCEPT) and funding by the European Union’s Horizon 2020 
research and innovation program under Grant agreements no 964537 
(RISK-HUNT3R), no. 964518 (ToxFree) and no. 825759 (END-
poiNTs). M.C. was supported by funding by the European Union’s 
Horizon 2020 research and innovation program under Grant agree-
ments no 964537 (RISK-HUNT3R). T.W.G. is partially supported by 
an award from the National Institutes of Health Research; Health Pro-
tection Unit in Environment Exposures and Health held with Imperial 
College London. Other authors contributed as part of their activities 
for the organization to which they are affiliated.

Data availability Data are not available, the purpose of this paper was 
to provide comment rather than data.

Declarations 

Conflict of interest The authors’ affiliations are as shown on the cover 
page. The authors had sole responsibility for the writing and content of 
the paper. The views and opinions expressed in the paper are those of 
the authors, and do not necessarily reflect the views or policies of the 
authors’ current or former employers.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Andersson N, Arena M, Auteri D, Barmaz S, Grignard E, Kienzler 
A, Lepper P, Lostia AM, Munn S, Parra Morte JM, Pellizzato F, 
Tarazona J, Terron A, Van der Linden S (2018) Guidance for the 
identification of endocrine disruptors in the context of regulations 
(EU) No 528/2012 and (EC) No 1107/2009. EFSA J 16:5311. 
https:// doi. org/ 10. 2903/j. efsa. 2018. 5311. ECHA- 18-G- 01- EN

Ball N, Bars R, Botham PA, Cuciureanu A, Cronin MTD, Doe JE, 
Dudzina T, Gant TW, Leist M, van Ravenzwaay B (2022) A 
framework for chemical safety assessment incorporating new 

approach methodologies within REACH. Arch Toxicol 96:743–
766. https:// doi. org/ 10. 1007/ s00204- 021- 03215-9

Baltazar M, Cable S, Carmichael P, Cubberly R, Cull T, Delagrange 
M, Dent M, Hatherell S, Houghton J, Kukic P, Li H, Lee M-Y, 
Malcomber S, Middleton A, Moxon T, Nathanail A, Nicol B, Pen-
dlington R, Reynolds G, Reynolds J, White A, Westmoreland C 
(2020) A next-generation risk assessment case study for Coumarin 
in cosmetic products. Toxicol Sci 176:236–252. https:// doi. org/ 
10. 1093/ toxsci/ kfaa0 48

Berggren E, Worth AP (2023) Towards a future regulatory framework 
for chemicals in the European Union—chemicals 20. Regul Toxi-
col Pharmacol 142:105431. https:// doi. org/ 10. 1016/j. yrtph. 2023. 
105431

Dent MP, Vaillancourt E, Thomas RS, Carmichael PL, Ouedraogo G, 
Kojima H, Barroso J, Ansell J, Barton-Maclaren TS, Bennekou 
SH, Boekelheide K, Ezendam J, Field J, Fitzpatrick S, Hatao M, 
Kreiling R, Lorencini M, Mahony C, Montemayor B, Mazaro-
Costa R, Oliveira J, Rogiers V, Smegal D, Taalman R, Tokura Y, 
Verma R, Willett C, Yang C (2021) Paving the way for applica-
tion of next generation risk assessment to safety decision-making 
for cosmetic ingredients. Regul Toxicol Pharmacol 125:105026. 
https:// doi. org/ 10. 1016/j. yrtph. 2021. 105026

Doe JE, Boobis AR, Cohen SM, Moretto A, Dellarco VL, Fenner-
Crisp PA, Schoeny RS, Seed JG, Pastoor TP, Wolf DC (2021) 
The codification of hazard and its impact on the hazard versus 
risk controversy. Arch Toxicol 95:3611–3621. https:// doi. org/ 10. 
1007/ s00204- 021- 03145-6

ECETOC (2023) Staged assessment: Exemplify the staged assessment 
process by using it to provide more information in low tonnage 
bands. https:// www. ecetoc. org/ task- force/ hh- tp- staged- asses 
sment- exemp lify- the- staged- asses sment- proce ss- by- using- it- to- 
provi de- more- infor mation- in- low- tonna ge- bands/. Accessed 20 
July 2023

ECHA (2017) Guidance on the Application of the CLP Criteria Guid-
ance to Regulation (EC) No 1272/2008 on classification, labelling 
and packaging (CLP) of substances and mixtures. Version 5.0. 
July 2017. https:// echa. europa. eu/ docum ents/ 10162/ 23249 06/ 
clp_ en. pdf/ 58b5d c6d- ac2a- 4910- 9702- e9e1f 5051c c5. Accessed 
20 July 2023

ECHA (2022) REACH Information Requirements. https:// echa. europa. 
eu/ regul ations/ reach/ regis trati on/ infor mation- requi remen ts. 
Accessed 20 July 2023

ECHA (2023) The use of alternatives to testing on animals for the 
REACH Regulation. Fifth report under Article 117(3) of the 
REACH Regulation. June 2023. ECHA-23-R-07-EN. https:// doi. 
org/ 10. 2823/ 805454

EPA (2022) Toxicity forecasting: advancing the next generation of 
chemical evaluation. https:// www. epa. gov/ chemi cal- resea rch/ toxic 
ity- forec asting. Accessed 20 July 2023

Fentem J, Malcomber I, Maxwell G, Westmoreland C (2021) Uphold-
ing the EU’s commitment to “Animal Testing as a Last Resort” 
under REACH requires a paradigm shift in how we assess chemi-
cal safety to close the gap between regulatory testing and modern 
safety science. Altern Lab Anim 49:122–132. https:// doi. org/ 10. 
1177/ 02611 92921 10408 24

Fischetti M (2010) The great chemical unknown: a graphical view of 
limited lab testing. Scientific American. https:// www. scien tific 
ameri can. com/ artic le/ the- great- chemi cal- unkno wn/. Accessed 
20 July 2023

Knight DJ, Deluyker B, Chaudry Q, Vidal J-M, de Boer A (2021) A 
call for action on the development and implementation of new 
methodologies for safety assessment of chemical-based products 
in the EU—a short communication. Regul Toxicol Pharmacol 
119:104837. https:// doi. org/ 10. 1016/j. yrtph. 2020. 104837

Mahony C, Ashton R, Birk B, Boobis A, Cull T, Daston G, Ewart 
LT, Manou I, Maurer-Stroh S, Margiotta-Casaluci L, Müller B, 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2903/j.efsa.2018.5311.ECHA-18-G-01-EN
https://doi.org/10.1007/s00204-021-03215-9
https://doi.org/10.1093/toxsci/kfaa048
https://doi.org/10.1093/toxsci/kfaa048
https://doi.org/10.1016/j.yrtph.2023.105431
https://doi.org/10.1016/j.yrtph.2023.105431
https://doi.org/10.1016/j.yrtph.2021.105026
https://doi.org/10.1007/s00204-021-03145-6
https://doi.org/10.1007/s00204-021-03145-6
https://www.ecetoc.org/task-force/hh-tp-staged-assessment-exemplify-the-staged-assessment-process-by-using-it-to-provide-more-information-in-low-tonnage-bands/
https://www.ecetoc.org/task-force/hh-tp-staged-assessment-exemplify-the-staged-assessment-process-by-using-it-to-provide-more-information-in-low-tonnage-bands/
https://www.ecetoc.org/task-force/hh-tp-staged-assessment-exemplify-the-staged-assessment-process-by-using-it-to-provide-more-information-in-low-tonnage-bands/
https://echa.europa.eu/documents/10162/2324906/clp_en.pdf/58b5dc6d-ac2a-4910-9702-e9e1f5051cc5
https://echa.europa.eu/documents/10162/2324906/clp_en.pdf/58b5dc6d-ac2a-4910-9702-e9e1f5051cc5
https://echa.europa.eu/regulations/reach/registration/information-requirements
https://echa.europa.eu/regulations/reach/registration/information-requirements
https://doi.org/10.2823/805454
https://doi.org/10.2823/805454
https://www.epa.gov/chemical-research/toxicity-forecasting
https://www.epa.gov/chemical-research/toxicity-forecasting
https://doi.org/10.1177/02611929211040824
https://doi.org/10.1177/02611929211040824
https://www.scientificamerican.com/article/the-great-chemical-unknown/
https://www.scientificamerican.com/article/the-great-chemical-unknown/
https://doi.org/10.1016/j.yrtph.2020.104837


3083Archives of Toxicology (2023) 97:3075–3083 

1 3

Nordlund P, Roberts R, Steger-Hartmann T, Vandenbossche E, 
Viant M, Vinken M, Whelan M, Zvonimir Z, Cronin MTD (2020) 
New ideas for non-animal approaches to predict repeated-dose 
systemic toxicity: report from an EPAA Blue Sky Workshop. 
Regul Toxicol Pharmacol 114:104668. https:// doi. org/ 10. 1016/j. 
yrtph. 2020. 104668

Mansouri K, Karmaus AL, Fitzpatrick J et al (2021) CATMoS: col-
laborative acute toxicity modeling suite. Environ Health Persp 
129:047013. https:// doi. org/ 10. 1289/ EHP84 95

Middleton AM, Reynolds J, Cable S, Baltazar MT, Li H, Bevan S, 
Carmichael PL, Dent MP, Hatherell S, Houghton J, Kukic P, Lid-
dell M, Malcomber S, Nicol B, Park B, Patel H, Scott S, Sparham 
C, Walker P, White A (2022) Are non-animal systemic safety 
assessments protective? A toolbox and workflow. Toxicol Sci 
189:124–147. https:// doi. org/ 10. 1093/ toxsci/ kfac0 68

Moné M, Pallocca G, Escher S, Exner T, Herzler M, Bennekou SH, 
Kamp H, Kroese ED, Steger-Hartmann T, van de Water B (2020) 
Setting the stage for next-generation risk assessment with non-ani-
mal approaches: the EU-ToxRisk project experience. Arch Toxicol 
94:3581–3592. https:// doi. org/ 10. 1007/ s00204- 020- 02866-4

OECD (2009) Guidance document for the development of OECD 
guidelines for the testing of chemicals. OECD series on testing 
and assessment. Number 1. ENV/JM/MONO(2006)20/REV1. 
OECD, Paris. https:// www. oecd. org/ chemi calsa fety/ testi ng/ 49803 
789. pdf. Accessed 20 July 2023

OECD (2016) Guidance document on the reporting of defined 
approaches and individual information sources to be used within 
integrated approaches to testing and assessment (IATA) for skin 
sensitisation. No. 256. OECD Publishing, Paris. https:// doi. org/ 
10. 1787/ 97892 64279 285- en

OECD (2017) Guidance document on an integrated approach on testing 
and assessment (IATA) for skin corrosion and irritation. OECD 
series on testing and assessment. No. 203. OECD Publishing, 
Paris. https:// doi. org/ 10. 1787/ 97892 64274 693- en

OECD (2018) Revised guidance document 150 on standardised test 
guidelines for evaluating chemicals for endocrine disruption. 
OECD Series on Testing and Assessment. No. 150. OECD Pub-
lishing, Paris. https:// doi. org/ 10. 1787/ 97892 64304 741- en

OECD (2019) Second edition—guidance document on integrated 
approaches to testing and assessment (IATA) for serious eye 
damage and eye irritation, OECD series on testing and assess-
ment, No. 263. OECD Publishing, Paris. https:// doi. org/ 10. 1787/ 
84b83 321- en

OECD (2021) Integrated approaches to testing and assessment. https:// 
search. oecd. org/ chemi calsa fety/ risk- asses sment/ iata/# Proje ct. 
Accessed 20 July 2023

Paul Friedman K, Foster MJ, Pham LL, Feshuk M, Watford SM, Wam-
baugh JF, Judson RS, Setzer RW, Thomas RS (2023) Reproduc-
ibility of organ-level effects in repeat dose animal studies. Com-
put. Toxicol. 28:100287. https:// doi. org/ 10. 1016/j. comtox. 2023. 
100287

Rajagopal R, Baltazar MT, Carmichael PL, Dent MP, Head J, Li H, 
Muller I, Reynolds J, Sadh K, Simpson W, Spriggs S, White A, 
Kukic P (2022) Beyond AOPs: a mechanistic evaluation of NAMs 
in DART testing. Front Toxicol. https:// doi. org/ 10. 3389/ ftox. 2022. 
838466

RISK-HUNT3R (2023) RISK assessment of chemicals integrating 
HUman centric Next generation Testing strategies promoting the 
3Rs" (RISK-HUNT3R) EU Project. https:// www. riskh unt3r. eu/. 
Accessed 20 Sep 2023

Schutte K (2023) REACH revision: changes in standard information 
requirements and Annex XI: status and implications. https:// echa. 
europa. eu/ docum ents/ 10162/ 23930 482/ 20230 531_ nam_ works 
hop_ katrin_ schut te_ com_ en. pdf/ 8b8d9 68a- ef07- fc21- 662d- ad41d 
86739 ae?t= 16855 11393 161. Accessed 20 July 2023

United Nations (2019) Globally harmonized system of classification 
and labelling of chemicals (GHS). Eighth revised edition. United 
Nations, New York and Geneva. https:// unece. org/ filea dmin/ 
DAM/ trans/ danger/ publi/ ghs/ ghs_ rev08/ ST- SG- AC10- 30- Rev8e. 
pdf. Accessed 20 July 2023

Westmoreland C, Bender HJ, Doe JE, Jacobs MN, Kass GEN, Madia F, 
Mahony C, Manou I, Maxwell G, Prieto P, Roggeband R, Soban-
ski T, Schütte K, Worth AP, Zvonar Z, Cronin MTD (2022) Use 
of new approach methodologies (NAMs) in regulatory decisions 
for chemical safety: report from an EPAA deep dive workshop. 
Regul Toxicol Pharmacol 135:105261. https:// doi. org/ 10. 1016/j. 
yrtph. 2022. 105261

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

https://doi.org/10.1016/j.yrtph.2020.104668
https://doi.org/10.1016/j.yrtph.2020.104668
https://doi.org/10.1289/EHP8495
https://doi.org/10.1093/toxsci/kfac068
https://doi.org/10.1007/s00204-020-02866-4
https://www.oecd.org/chemicalsafety/testing/49803789.pdf
https://www.oecd.org/chemicalsafety/testing/49803789.pdf
https://doi.org/10.1787/9789264279285-en
https://doi.org/10.1787/9789264279285-en
https://doi.org/10.1787/9789264274693-en
https://doi.org/10.1787/9789264304741-en
https://doi.org/10.1787/84b83321-en
https://doi.org/10.1787/84b83321-en
https://search.oecd.org/chemicalsafety/risk-assessment/iata/#Project
https://search.oecd.org/chemicalsafety/risk-assessment/iata/#Project
https://doi.org/10.1016/j.comtox.2023.100287
https://doi.org/10.1016/j.comtox.2023.100287
https://doi.org/10.3389/ftox.2022.838466
https://doi.org/10.3389/ftox.2022.838466
https://www.riskhunt3r.eu/
https://echa.europa.eu/documents/10162/23930482/20230531_nam_workshop_katrin_schutte_com_en.pdf/8b8d968a-ef07-fc21-662d-ad41d86739ae?t=1685511393161
https://echa.europa.eu/documents/10162/23930482/20230531_nam_workshop_katrin_schutte_com_en.pdf/8b8d968a-ef07-fc21-662d-ad41d86739ae?t=1685511393161
https://echa.europa.eu/documents/10162/23930482/20230531_nam_workshop_katrin_schutte_com_en.pdf/8b8d968a-ef07-fc21-662d-ad41d86739ae?t=1685511393161
https://echa.europa.eu/documents/10162/23930482/20230531_nam_workshop_katrin_schutte_com_en.pdf/8b8d968a-ef07-fc21-662d-ad41d86739ae?t=1685511393161
https://unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev08/ST-SG-AC10-30-Rev8e.pdf
https://unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev08/ST-SG-AC10-30-Rev8e.pdf
https://unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev08/ST-SG-AC10-30-Rev8e.pdf
https://doi.org/10.1016/j.yrtph.2022.105261
https://doi.org/10.1016/j.yrtph.2022.105261

	Analysis of health concerns not addressed by REACH for low tonnage chemicals and opportunities for new approach methodology
	Abstract
	Introduction
	Health concerns to be addressed
	Analysis of health concerns addressed at each REACH tonnage band
	Implications of the analysis: large number of substances with significant knowledge gaps
	Implications of analysis: guidance for use of NAMs
	Implications of the analysis: opportunity to use NAMs to improve assurance in low tonnage areas
	Conclusions
	References




