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ABSTRACT
This paper presents a comprehensive review of European Union (EU) legislation addressing the
safety of chemical substances, and possibilities within each piece of legislation for applying
grouping and read-across approaches for the assessment of nanomaterials (NMs). Hence, this
review considers both the overarching regulation of chemical substances under REACH
(Regulation (EC) No 1907/2006 on registration, evaluation, authorization, and restriction of chem-
icals) and CLP (Regulation (EC) No 1272/2008 on classification, labeling and packaging of sub-
stances and mixtures) and the sector-specific pieces of legislation for cosmetic, plant protection
and biocidal products, and legislation addressing food, novel food, and food contact materials.
The relevant supporting documents (e.g. guidance documents) regarding each piece of legisla-
tion were identified and reviewed, considering the relevant technical and scientific literature.
Prospective regulatory needs for implementing grouping in the assessment of NMs were identi-
fied, and the question whether each particular piece of legislation permits the use of grouping
and read-across to address information gaps was answered.

ARTICLE HISTORY
Received 8 March 2018
Revised 2 August 2018
Accepted 11 August 2018

KEYWORDS
Nanomaterials; grouping;
read-across; EU legislation;
chemicals legislation; food
legislation; cosmetics;
pesticides; biocides

1. Introduction

The European Commission views nanotechnologies
as Key Enabling Technologies (EC 2005), emphasiz-
ing the importance of also developing and estab-
lishing methodologies for assessing the safety of
NMs. Risk assessment is based on the paradigm
that risk can be expressed by combining informa-
tion about hazard and exposure. A large number of
NMs may share the same chemical composition but
differ, for example, in particle size distribution,
shape, and surface chemistry as suggested by the

European Chemicals Agency, ECHA (ECHA 2017a),
possibly resulting in different exposure, toxicoki-
netic and hazard profiles. Hence, regulators are dis-
cussing how to implement nanospecific grouping
concepts within existing legislation, and guidance is
needed on when and how to apply grouping to
nanoforms (’nanoforms’, see section 3.1). In current
European Union (EU) chemicals legislation (EC
2006), adequately justified grouping and read-across
between chemical substances is accepted for fulfill-
ing information requirements for risk assessment. In
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general, research has improved the understanding
of the type of NM characteristics, and other relevant
issues for the grouping and read-across of NMs that
are needed for a scientifically sound grouping
(Sellers et al. 2015), also when it is aimed at ena-
bling risk assessment (Dekkers et al. 2016).
However, scientifically based grouping and read-
across methods have not yet been fully established
or accepted for NMs, though several science-based
approaches for grouping NMs have been suggested
(e.g. Arts et al. 2014; Arts et al. 2015; ECHA 2016a;
Hund-Rinke, Nickel, and K€uhnel 2017). As a first
step, ECHA has proposed guidance relevant to NMs
for grouping and read-across within one substance
registration (ECHA 2017b).

Grouping and read-across of NMs may be per-
formed for various other purposes in addition to
that of filling data gaps and use in weight-of-evi-
dence approaches (Arts et al. 2014; OECD 2016a),
such as (a) supporting prioritization and selection of
NMs for further testing; (b) enabling ranking of NMs
according to selected endpoints; and (c) justifying
waiving of specific tests for individual NMs.
Establishing sound grouping concepts also
improves the understanding of structure/property-
activity relationships for NMs, and thus supports
more targeted testing and risk assessment.
Grouping may also be introduced into a Safe(r)-by-
Design concept for design and manufacturing proc-
esses, thereby facilitating and targeting safety
assessment at the design stage.

The NanoReg2 project, entitled ‘Development and
implementation of Grouping and Safe-by-Design
approaches within regulatory frameworks’, aims to
develop scientifically based grouping approaches for
NMs relevant for regulatory purposes and to establish
a Safe(r)-by-Design approach for NMs.

Based on information gathered within NanoReg2
from peer-reviewed publications, websites of the
European Commission including the Official Journal
(OJ) of the European Union, European Agencies and
Authorities, national governments, and national
and international organizations (especially the
Organisation for Economic Co-operation and
Development, OECD), this paper presents a compre-
hensive overview of the possibilities, within differ-
ent EU legislation addressing chemicals, for
applying grouping and read-across for assessing
NMs. Legislation addressing chemicals in the EU

may either broadly cover almost all chemicals (hori-
zontal legislation, e.g. REACH), or cover a specific
use of chemicals (sector-specific legislation), see
Table 1. Sector-specific legislation may also have to
fulfill requirements from horizontal legislation. Each
piece of legislation may have different requirements
for applying grouping and read-across.

The concepts of grouping and read-across as
defined and used by OECD and by ECHA (see
below) are presented in this paper.

The paper highlights the following issues regard-
ing each piece of legislation:

i. whether NMs are explicitly included in this spe-
cific piece of the legislation,

ii. whether it is considered appropriate to apply
grouping and read-across to fulfill information
requirements on a substance,

iii. whether it is considered appropriate to apply
grouping and read-across for fulfilling informa-
tion requirements on NMs, and

iv. what the specific needs for applying grouping
and read-across to NMs are.

2. General considerations by OECD and ECHA
on the grouping of chemicals

Grouping of chemicals is well established and
widely applied. Specific guidelines and informative
documents are available from the OECD (OECD
2014) and ECHA (ECHA 2008, 2012a, 2013a, 2014a,
2017a, 2017b, 2017c). The guidance defines two
approaches for grouping and read-across between
different substances: the analog and the category
approach (definitions given in Box 1).

Box 1. Definitions of analog and category approach by the
OECD and by ECHA

A) Analogue approach
The OECD definition (OECD 2014):
‘When the focus of the assessment is on filling data gaps for one
specific chemical, empirical data from one or more similar
chemical(s) (“the analogue(s)”) or “source” chemical(s)) can be
used to predict the same endpoint for the “target” chemical,
which is considered to be “similar”. This analog approach is use-
ful when the target and source chemicals share a known com-
mon mode (and/or mechanism) of action, and the adverse
effects resulting from this mode (and/or mechanism) of action
is evaluated. The analog approach could also be used in the
absence of effects or when no specific mode (and/or mechan-
ism) of action is expected and toxicokinetic behavior is not
expected to differ significantly. In such case, more evidence, or
more lines of evidence, should support the assessment’.

The ECHA definition (ECHA 2017b):
‘The term “analog approach” is used when read-across is
employed between a small number of structurally similar
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substances; there is no trend or regular pattern on the proper-
ties. As a result of the structural similarity, a given toxicological
property of one substance (the source) is used to predict the
same property for another substance (the target) to fulfill a
REACH information requirement’.

B) Category approach
The OECD definition (OECD 2014):
‘Chemicals whose physical-chemical, toxicological and ecotoxico-
logical properties are likely to be similar or follow a regular pat-
tern as a result of structural similarity may be considered as a
group, or “category” of chemicals. The assessment of chemicals
by using this category approach differs from the approach of
assessing them on an individual basis, since the properties of
the individual chemicals within a category are assessed on the
basis of the evaluation of the category as a whole, rather than
based on measured data for any one particular chemical alone’.

ECHA definition (ECHA 2017b):
‘The term “category approach” is used when read-across is
employed between several substances that have structural simi-
larity. These substances are grouped together on the basis of
defined structural similarity and differences between the sub-
stances. As a result of the structural similarity, the toxicological,
ecotoxicological, or environmental fate properties will either all
be similar or follow a regular pattern. Predictions should cover
all parameters as required in the respective REACH information
requirements. It may be possible to make predictions within
the group for the target substance(s) on the basis of a demon-
strable regular pattern. Alternatively, whenever there is more
than one source substance in the category and no regular pat-
tern is demonstrated for the property under consideration, the
prediction may be based on a read-across from a category
member with relevant information in a conservative manner
(worst case). The basis for the prediction must be explicit’.

According to the OECD (OECD 2014), the rationale of the analog
or the category approach may be based on the following:

� Common functional group(s) (e.g., aldehyde, epoxide, ester,
and specific metal ion);

� A common mode or mechanism of action or adverse out-
come pathway;

� Common constituents or chemical classes, e.g. similar carbon
range numbers. This is frequently applied with complex sub-
stances often known as ‘substances of unknown or variable
composition, complex reaction products or biological materi-
al’ (UVCB substances);

� The likelihood of common precursors or breakdown products
via physical or biological processes that result in structurally
similar chemicals (e.g. the ‘metabolic pathway approach’ of
examining related chemicals such as acid/ester/salt); or

� An incremental and constant change across the category
(e.g. a chain-length category), often observed in physical
chemical properties, for example, boiling point range.

According to ECHA (ECHA 2017b), structural similarity is a pre-
requisite for any grouping and read-across approach under
REACH. These similarities may be due to a number of factors
(REACH, Annex XI, 1.5):

� Common precursors or likelihood of common breakdown
products via physical and/or biological processes which result
in structurally-similar degradation products (i.e. similarity
through bio-transformation); or

� A constant pattern in the changing of the potency of the
properties across the group (i.e. of physico-chemical or bio-
logical properties).

Ideally, a category of substances should be based
on more than one common feature to increase con-
fidence in the validity of the category. Within a cat-
egory, data gaps can be filled by, for example,

trend analysis, (quantitative) structure-activity rela-
tionship, models, or read-across. The category
approach can improve the assessment of com-
pounds compared with the individual assessment of
each compound while avoiding testing.

Scientifically valid and robust read-across requires
a clear rationale for the grouping. The selection of
analogs needs to be justified by general (i.e., phys-
ico-chemical) similarity and/or endpoint-specific
considerations (e.g., biological similarity). When indi-
cations of an adverse effect are observed, grouping
is more reliable if based on an at least partially
known mode of action underlying that effect.
Toxicokinetic information provides valuable mech-
anistic insights, and thus can be used to support
grouping approaches. At present, concepts are
being developed to improve the integration of
mechanistic information, such as the adverse out-
come pathways concept, which help to identify key
steps in the chain of events leading to the effect
(Kleinstreuer et al. 2016). Key events are applicable
to alternative test methods, such as in vitro-based
high-throughput screening, and may serve as indi-
cators of adverse effects (Grafstr€om et al. 2015).
ECHA held a Topical Scientific Workshop on New
Approach Methodologies in Regulatory Science
with the objective of initiating a dialog on how
New Approach Methodologies can support regula-
tory acceptance of grouping and read-across (ECHA
2016a); New Approach Methodologies data
includes, for example, high-throughput screening
and omics data, and it may be used as a rationale
and to confirm the mechanistic hypotheses for
read-across.

3. General considerations on grouping of
nanomaterials

ECHA recently published a guidance document on
the grouping of NMs (ECHA 2017c). OECD is cur-
rently developing principles and guidance for
grouping of NMs (OECD 2016b) based on the rele-
vant OECD guidance for chemicals (OECD 2014).

According to ECHA, either overall similarity (all
tests for one form are representative of the other
form(s)) or similarity regarding a specific endpoint,
property or test result can be claimed between
nanoforms and, where applicable, non-nanoform(s).
The current ECHA discussion focusses on the
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grouping of nanoforms within the same substance
registration.

There are multiple reviews of the state of the art
for the grouping of NMs (Arts et al. 2014, 2015;
ECHA 2016a). Arts et al. (2014) focussed on human
health aspects (specifically, inhalation), and pro-
posed that the apical toxic effects of NMs are
directed by intrinsic material properties and extrin-
sic properties (Arts et al. 2015), that is, properties
that depend on the surroundings. However, neither
the exact correlation(s) of properties and effects nor
the interdependence of some material properties
are yet established; thus, the grouping of NMs
should not rely on intrinsic material properties
alone. Also extrinsic properties (which remain to be
validated) could be important, for example, bio-
logical interactions, dissolution under relevant
(physiological) conditions, biokinetics, uptake and
distribution, early and apical biological effects of
the NMs (e.g., in vitro), and life-cycle aspects as well
as specific uses and exposure scenarios.

The OECD has organized two expert meetings to
develop grouping approaches for NMs, giving an
overview of existing approaches (OECD 2016a). The
background information included a survey (OECD
2016c) to assess whether and how concepts of
grouping, equivalence, and read-across based on
physico-chemical properties have already been used
in hazard assessment of NMs under different regula-
tory frameworks. The second expert meeting (OECD
2016b) aimed at a common understanding of
aspects to be considered when applying grouping
and read-across in the regulatory hazard assessment
of NMs, and to provide initial input for a future
update of Section 6.9 of the OECD Guidance
(OECD 2014).

3.1. Registration, evaluation, authorisation and
restriction of chemicals (REACH)

REACH (EC 2006) defines substance as ‘a chemical
element and its compounds in the natural state or
obtained by any manufacturing process, including
any additive necessary to preserve its stability and
any impurity deriving from the process used, but
excluding any solvent which may be separated
without affecting the stability of the substance or
changing its composition’. Also NMs fall under this
definition. The current text of REACH does not

explicitly address NMs, nor does it state any specific
requirements for NMs; amendments to the REACH
Annexes to specifically address information
requirements for NMs have been agreed upon
(EC 2018), and an update of the regulatory defin-
ition of NMs to be applied in EU legislation is
under discussion.

ECHA applies the definition of NM recommended
by EC (EC 2011) and has developed a ‘best practice’
document to define the term ‘nanoform’ (ECHA
2017a) for the purposes of REACH and CLP, to dis-
tinguish different NMs of the same chemical com-
position. The agreed amendments of the REACH
Annexes include this term and defines ‘nanoform’

as a form of a substance that fulfills the definition
of a NM and that is further distinguished from other
forms based on differences in size distribution,
shape, surface area, and surface chemistry (EC
2018). By 4 June 2018, ECHA’s website indicated 26
substances having a nanoform (ECHA 2016b). This
low number is probably partially due to regulatory
uncertainty, as there is currently no legal require-
ment to state whether a substance registration
includes nanoforms.

REACH registration is based on the ‘one sub-
stance, one registration’ principle; thus one registra-
tion dossier contains data on one substance, and
the information provided should be adequate for
assessing the risk of all form(s) of the substance
(e.g. non-nanoforms, nanoforms).

In 2012, ECHA published appendices updating
some chapters of the Guidance on Information
Requirements and Chemical Safety Assessment with
information relevant to NMs (ECHA 2012b, 2012c,
2012d). A further update in 2017 (ECHA 2017c,
2017d, 2017e, 2017f) provided specific recommen-
dations for NMs on how to meet the REACH infor-
mation requirements and use relevant hazard data,
including specific recommendations on grouping
and read-across for NMs (ECHA 2017c). It also pro-
motes an enhanced scientific understanding of the
hazard and risk assessment of NMs. ECHA has also
updated the International Uniform Chemical
Information Database, IUCLID, and its user manual
(ECHA 2017g) according to OECD Harmonized
Templates 101–113, available at https://www.oecd.
org/ehs/templates/, which are designed to collect
information specifically relevant to NMs, and
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enabled registrants to explicitly report composition
and test results for nanoforms.

Several unresolved issues remain, in particular
the adequate physico-chemical characterization of
nanoform(s) (Rasmussen et al. 2018). Furthermore,
clarification is needed regarding what specific data
for NMs is necessary to fulfill the (new) REACH
information requirements. In parallel, the suitability
of test guidelines for NMs needs to be confirmed
and, if necessary, test guidelines need to be
adapted to NMs, or new ones may have to be
developed (OECD 2009). Other challenges include
issues of substance identity and the coverage of
morphological variants of nanoforms in registra-
tions, the impact of surface modification on sub-
stance identity, and how core-shell constructions or
doped materials should be addressed. Recently,
requirements for NMs were agreed upon in the
amendments of the REACH Annexes (EC 2018).

Alternative methods, including grouping and
read-across, are encouraged under REACH. Annex
XI, 1.5 of REACH specifically refers to grouping and
read-across between substances, which may be
considered ‘when substances have structural similar-
ities and results are adequate for the purpose of use,
have adequate and reliable coverage of the key
parameters addressed in the corresponding test
method, cover exposure duration comparable to or
longer than the corresponding test method, and are
adequately and reliably documented’. Applying these
methods under REACH is supported by the guid-
ance for grouping of chemicals for registration pur-
poses (ECHA 2008) and the Read-Across Assessment
Framework (ECHA 2017b) for the consistent evalu-
ation by ECHA of the scientific aspects of read-
across. The role of the Read-Across Assessment
Framework in assisting the application of New
Approach Methodologies for weight-of-evidence
approaches and in decreasing uncertainty in read-
across is currently being explored (ECHA 2016a)
and further addressed in the agreed amendments
of the REACH Annexes (EC 2018).

As REACH covers NMs, grouping and read-across
for fulfilling information requirements for NMs is
applicable in principle. ECHA has published a ‘best
practice’ document for the identification and char-
acterization of NMs (ECHA 2017a), which partly
builds on two previous ‘best practice reports’ (ECHA
2013b, 2014a) from the ECHA Group Assessing

Already Registered Nanomaterials (GAARN). These
reports recommend applying the general similarity
rules (i.e. ‘criteria’) mentioned in Annex XI of REACH
to NMs but suggest that in addition to chemical
composition, more information about physico-
chemical parameters (e.g. aspect ratio, shape, solu-
bility, surface area, charge, and surface treatment) is
needed to support claims of similarity (or differen-
ces) between nanoforms or nano and non-nano
form(s). The agreed amendment of the REACH
Annex XI follows this line, stating that ‘for grouping
different nanoforms of the same substance the
molecular structural similarities alone cannot serve
as a justification’ (EC 2018). As with other chemicals,
the grouping of NMs should be justified by more
than one basis or criterion. The endpoint(s) and
route(s) of exposure addressed and whether the
grouping allows quantitative or only qualitative
assessment need to be specified. Furthermore, it is
recommended to obtain knowledge of the nano-
forms’ biokinetics to establish grouping of NMs.

The appendix to the Guidance on Quantitative
Structure-Activity Relationships and Grouping, pro-
viding recommendations for NMs (ECHA 2017c),
proposes performing grouping and read-across of
NMs only within one substance identity. The out-
lined iterative procedure comprises the following
steps: (i) identifying nanoforms of a given substance
considered relevant for the grouping, (ii) establish-
ing a grouping hypothesis, performing an initial
grouping and identifying the nanoforms within the
group, (iii) collecting all available information in a
data matrix, and (iv) assessing the group, and iden-
tifying and filling data gaps. Importantly, the
robustness of the grouping and the validity of the
grouping hypothesis must be assessed at this stage.

A main building block (ECHA et al. 2016) for the
above-mentioned guidance describes a strategy for
read-across for NMs. It notes that similarity claims
should be based on physico-chemical parameters
and that a read-across hypothesis should be scien-
tifically justified, for example, by substantiating how
the physico-chemical parameters affect toxicokinetic
behavior so that less of the target nanoform
reaches the target site, or by substantiating that the
target nanoform is less hazardous (ECHA et al. 2016,
Oomen et al. 2015). The document summarizes the
parameters relevant for describing the physical and
chemical identity of NMs and their (eco)toxicity,
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toxicokinetics, and environmental fate. The parame-
ters used to demonstrate similarity can vary among
different NMs, and properties may change during
the life cycle of the material. Several physico-chem-
ical parameters are interconnected, and some of
them influence toxicity directly, others indirectly
through toxicokinetics.

So far, when registering nanoforms, data from
the registration dossier referring to the non-nano-
form of the substance or other nanoforms have
been used to fill data gaps. The 2018 registration of
substances (at 1–100 t/y) is, under the assumption
that a large proportion of NMs and substances with
nanoforms are manufactured or imported at this
tonnage level, expected to increase the number of
registered nanoforms.

The present practice under REACH shows a need
for reducing regulatory uncertainty regarding the
application of grouping and read-across to NMs. A
general concept for grouping nanoforms is available
(ECHA 2017c), but further practical experience and
guidance are needed to apply robust regulatory
grouping and read-across between different nano-
forms or non-nanoform(s) and nanoform(s) of a sub-
stance. Currently, addressing substance identity
issues under REACH, including the identification
and characterization of the different nanoforms
within a registration, is particularly challenging.
Besides structural similarity, relevant and unequivo-
cal criteria (and guidance) for claiming similarity
between different nanoforms or between nano-
form(s) and non-nanoform(s) of a substance are
needed. ECHA has recently established well-defined
criteria for distinguishing different nanoforms within
a single dossier (ECHA 2017a). A number of proof-
of-principle case studies are needed to gain further
insight into these issues.

3.2. Classification, labelling and packaging (CLP)

The definition of ‘substance’ under CLP (EC 2008a)
is identical to that under REACH; therefore, NMs are
also covered by CLP. According to its article 5, CLP
applies to substances and mixtures in all physical
states and forms and recognizes that different
forms of a substance or mixture may require differ-
ent classifications. The ‘Guidance on the Application
of the CLP Criteria’ (ECHA 2017h) does not explicitly
address NMs, but the influence of relevant

properties on test results for fine powders (e.g. par-
ticle size, specific surface area, and shape) is dis-
cussed for each endpoint, thus implicitly addressing
the classification of NMs. For substance classifica-
tion, some physico-chemical data must be provided,
but regarding (eco)toxicity information, only the
existing information is needed. Data may be gener-
ated by using test methods advised by REACH.

The Nanomaterials Informal Correspondence
Group under the United Nations is currently discus-
sing nanomaterial-related amendments at United
Nations level. This includes topics such as whether
‘dust’, ‘particles’, and ‘powders’ in the Globally
Harmonized System adequately cover NMs, which
units/metrics for classification and cutoff values are
applicable to NMs, and which non-testing
approaches are applicable and needed. Other topics
include the adequate reporting of nanoforms in
Safety Data Sheets and the appropriateness of
group entries for NMs.

CLP states that manufacturers, importers, and
downstream users of a substance must identify the
relevant available information for determining
whether the substance causes a physical, health, or
environmental hazard, including ‘any other informa-
tion generated in accordance with section 1 of Annex
XI to Regulation (EC) No 1907/2006 (REACH)’. This
REACH Annex describes the ‘General rules for adap-
tation of the standard testing regime set out in
Annexes VII to X’, including definitions for grouping
of substances and read-across approaches.
Accordingly, grouping and read-across is applicable
to NMs under CLP. Different nanoforms of the same
substance may be classified differently depending
on their specific hazard profile (EC, 2008a).

When applying grouping and read-across under
CLP, the REACH provisions apply. Thus, the chal-
lenges and needs identified for REACH should be
considered. The ‘Guidance on the Application of
the CLP Criteria’ (ECHA 2017h) may require nano-
specific adjustments, which are currently discussed
at United Nations Globally Harmonized System
level and by the Nanomaterials Expert Group
at ECHA.

3.3. Food contact materials

The framework regulation on food contact materials
(FCMs) (EC 2004) does not specifically address NMs.
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However, the regulation on plastic materials and
articles intended to come into contact with food
(EU 2011a) refers to engineered NMs in the recitals
(see Table 1). Substances in nanoform are only
allowed in plastic FCMs if they are explicitly author-
ized and entered onto the positive list, which cur-
rently includes titanium nitride nanoparticles (FCM
No 807 (CEF 2012)) and carbon black (FCM No 411
(EU 2011a)). The specifications of kaolin (FCM No
410 (EU 2015a)) and silanated SiO2 (FCM No 87 (EU
2016, CEF 2014a)) are extended to substances in
the nanoform, and four co-polymers in nanoform
(FCM No 859, 998, 1016, and 1043) are included,
based on the rationale that no release has been
detected (EU 2015a, CEF 2014a, 2014b). The
European Food Safety Authority (EFSA) has also
published an opinion on ‘zinc oxide, nanoparticles’,
which are soluble, leading to an initial concern that
the daily intake of zinc may be exceeded; however,
‘zinc oxide, nanoparticles’ have been authorized as
FCM No 1046 (coated) and 1050 (uncoated) (EU
2016, CEF 2016a).

Food may also be protected by multi-layer FCMs
containing functional barrier layers that ensure, for
example, a reduction in the migration or no detect-
able migration of substances from the packaging
material into food. If the functional barrier is in con-
tact with the food, specific substance migration
requirements have to be met. According to
Regulation 10/2011 (EU 2011a), the functional bar-
rier may protect the food from contact with chemi-
cals. This barrier is a layer within FCMs or articles
preventing the migration of substances from
behind that barrier into the food. Behind a func-
tional barrier, non-authorized substances may be
used. This, however, does not apply to NMs (recital
27, Article 14).

The FCM regulation (EC 2004) does not exclude
applying alternative methods to evaluating human
health hazards of chemicals used in FCMs, and thus
it should be possible to use grouping approaches
and read-across in toxicological assessments. To
date, read-across has been applied to certain end-
points for only a few non-nanoforms of substances
(e.g. genotoxic potential of ethylene glycol dipalmi-
tate and dipentaerythrol stearate) (CEF 2015a,
2015b 2016b).

EFSA guidance (EFSA 2011), which is currently
being updated, states that the risk assessment of

NMs in FCMs may use relevant information
obtained by read-across from other manufactured
NMs or non-nanoforms (i.e. larger-sized, molecular,
and ionic forms). To date, however, all NMs have
been evaluated case by case, as limited information
is available on how the specific properties of NMs
affect their release from FCMs or their toxicokinetic
and toxicological profiles (EFSA 2016).

In general, article 9 of the regulation on plastic
FCMs (EU 2011a) specifies that ‘Substances in nano-
form shall only be used if explicitly authorized and
mentioned in the specifications in Annex I’. This
excludes grouping and read-across for NMs until
more information is available about such new tech-
nology; consequently, risks of FCM substances in
the nanoform must be assessed case by case
by EFSA.

Grouping and read-across for the toxicological
evaluation of NMs present in FCMs requires broad
knowledge on how specific physico-chemical prop-
erties affect the migration or transport, toxicokinetic
behavior, and toxicity of the material, which
reduces the uncertainty related to toxicological
evaluations based on grouping of NMs. EFSA has
proposed guidance on the toxicological assessment
of NMs (CEF 2016b), which may help to implement
read-across approaches. For plastic FCMs, the regu-
lation would need to be amended to
allow grouping.

As migration testing of functional barrier materi-
als is complex and resource intensive, compliance
can be demonstrated also by other means, such as
calculation, including modeling, and scientific evi-
dence or reasoning, which can be software-assisted.
Grouping may help to categorize functional barrier
performances that depend on diffusion or migration
parameters of substances in FCMs.

3.4. Food and novel foods

NMs are addressed in regulations covering novel
foods (EU 2015b) and various types of additives to
food (EC 2008b, 2008c, 2008d), referring either to
the use of nanotechnology or to manufactured
(engineered) NMs. The latter term is defined in the
Novel Foods Regulation (EU 2015b) and used also
in the regulation on Food Information to
Consumers (EU 2011b), which requires that the
labeling of food products indicates the presence of
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manufactured NMs (see Table 1 for further details).
The definition in the Novel Foods Regulation (EU
2015b) is different from the EC recommendation
(EC 2011) and, for example, does not have a thresh-
old for the number of particles at nanoscale,
whereas the EC recommendation suggests a min-
imum content of 50% of the number of particles at
nanoscale for a material to be a NM. In the risk
assessment of substances in food, various alterna-
tive methods are allowed for filling in data gaps for
specific endpoints, and read-across has been
applied for some food additives and flavoring
agents (e.g. methylbenzophenone (CEF 2009)).

The Regulation on Food Additives (EC 2008b)
requires that substances modified through ‘the use
of nanotechnology’ are registered on the list of
approved food additives as new substances.

Substances are assessed case by case, and a
novel food intended for the market must comply
with article 7 of the Novel Foods Regulation (EU
2015b), that is, it must not ‘on the basis of the scien-
tific evidence available, pose a safety risk to human
health’. For novel foods containing engineered NMs,
‘an explanation shall be provided by the applicants of
scientific appropriateness [of the test methods] for
nanomaterials and, where applicable, of the technical
adaptations or adjustments that have been made in
order to respond to the specific characteristics of
those materials’ (recitals of (EU 2015b)). For this rea-
son, and as no specific guidance exists on grouping
or read-across for substances in food and novel
foods, these methods are not commonly used by
EFSA in the assessment of NMs.

Engineered NMs in food and novel foods are
assessed by EFSA on a case-by-case basis; however,
EFSA’s expert panels take all scientifically justified
information into account, including data generated
through grouping and read-across approaches.

In the report by the Scientific Network for Risk
Assessment of Nanotechnologies in Food and Feed,
EFSA informed the food and feed regulators of its
efforts to ‘clarify concept and/or principles on how
nanoforms can be "clustered" into different groups’
(EFSA 2016). Furthermore, in its risk assessment
guidance (EFSA 2011), EFSA states that adequate
characterization is essential for establishing the
identity and the physico-chemical forms of NMs in
food/feed products and under testing conditions.
When a NM completely dissolves or degrades in the

gastro-intestinal tract, hazard identification and haz-
ard characterization can rely on data for the non-
nanoform substance (if available), as long as the
possibility of NM absorption before the dissolution
or degradation stage can be excluded. In the guid-
ance, EFSA emphasizes the importance of physico-
chemical characterization of the pristine material,
test material, and related forms in food matrices as
a contribution to the knowledge base which in the
future can be used for extrapolation or read-
across procedures.

The implementation of grouping and read-across
under the food and novel foods legislation will
depend on the development of reliable method-
ology and its implementation by EFSA for assessing
individual novel foods containing engineered NMs.

3.5. Biocidal products regulation

The Biocidal Products Regulation (BPR) (EU 2012a)
requires a two-step assessment procedure. Firstly,
the active biocidal substances are approved at EU
level and entered on a positive list for a time-lim-
ited period. Secondly, any products containing
listed active substance(s) must be authorized either
at Member State level by the national authority, or
at EU level via ECHA. ECHA maintains an on-line
register of all authorized biocidal products. BPR fur-
ther specifies the conditions for classification, pack-
aging and labeling of biocidal products, referring
also to CLP (EC 2008a). Data requirements under
BPR address both active substances and products
and go beyond the dataset specified in REACH.

BPR was the first legal act to define NMs based on
the EC Definition (EC 2011) (Table 1), applying the
first part of the Definition, that is, limiting the thresh-
old to 50% of the number of particles at nanoscale.

The approval of an active substance does not
cover nanoforms unless explicitly mentioned. Where
NMs are used in biocidal products ‘as active sub-
stance and/or co-formulant, a dedicated risk assess-
ment is needed’. The simplified authorization
procedure for biocidal products is not applicable to
products containing NMs. The name of any NM pre-
sent in a biocidal product must be clearly stated on
the label, together with any specific, related risks.

When test methods for identifying hazards are
applied to NMs or to products containing them,
their scientific appropriateness for NMs and, as

NANOTOXICOLOGY 13



relevant, the technical adaptations or adjustments
made in response to the specific characteristics of
NMs must be explained.

Under the BPR review program, some NMs have
been approved for biocidal use, for example, pyro-
genic, synthetic amorphous, nano, surface treated
silicon dioxide (EC 2017), and silicon dioxide (as a
NM in the form of aggregates or agglomerates) (EC
2014). Silver adsorbed on silicon has been deter-
mined to be a NM (ECHA 2014b) and will be eval-
uated as well.

Annex IV of the BPR establishes the rules for
cases where an applicant proposes to adapt data
requirements, including cases where ‘(a) the data
are not necessary owing to the exposure associated
with the proposed uses; (b) it is not scientifically
necessary to supply the data; or (c) it is not technic-
ally possible to generate the data’. Annex IV, para-
graph 1.5 specifies the rules on grouping and read-
across. The BPR and REACH provisions are almost
identical. Thus, the considerations for REACH (see
section 3.1) seem to apply also to BPR.

In principle, it is possible to use grouping and
read-across for assessing NMs under BPR. However,
the above-mentioned two nanoforms of silicon
dioxide were approved (EC 2014, 2017) after indi-
vidual evaluation based on data, not read-across.

Grouping is therefore possible, also for assessing
the hazards of NMs, but there is no specific guid-
ance for grouping of NMs under the BPR. As under
REACH and CLP, scientifically sound specific
approaches for grouping and read-across of NMs
used in biocidal products remain to be developed.

3.6. Plant protection products regulation

The Plant Protection Products Regulation (PPPR (EC
2009a)) applies to plant protection products (PPPs),
which consist of or contain active substances, safe-
ners or synergists, and co-formulants. PPPs are,
among other purposes, intended for protecting
plants or plant products against harmful organisms;
influencing the life processes of plants (e.g. growth),
other than as a nutrient; preserving plant products;
destroying undesired plants or plants parts; or
checking or preventing undesired growth of plants.
PPPR requires a two-step assessment procedure
very similar to that under BPR (see section 3.5):
firstly, active substances are assessed by EFSA’s PPP

Panel and if approved, entered on a positive list
valid at EU level for a time-limited period. Products
containing approved active substances are then
authorized at Member State level or within one of
three pre-defined climate regions. Data require-
ments under PPPR address both active substances
and products and go beyond the dataset specified
in REACH. Co-formulants must not exhibit harmful
effects on human or animal health or the environ-
ment, and unacceptable co-formulants must be
listed in Annex III of PPPR.

PPPR does not explicitly mention NMs. It requires
a case-by-case risk assessment for all active substan-
ces, including those in the nanoform, and for all
products, including products containing NMs.

PPPR does not exclude using alternative methods
for the evaluation of PPPs. For products, toxicity
data for the required endpoints are in practice
often extrapolated from similar products, based on
information on the active substance(s) and the co-
formulants, to reduce the workload and animal test-
ing (Kah et al. 2013).

Grouping and read-across should not replace
conventional risk assessment in the evaluation of
active substances as residues, for example, in food.
These should be assessed prior to product author-
ization using the dossiers including toxicological
tests (EC 2009a).

The risks of substances used in PPPs, including
NMs, are assessed on a case-by-case basis within the
approval and authorization procedures. As described
above, a combination of (quantitative) structure-
activity relationships and read-across models can be
used, but these approaches should not be used as
alternatives to the conventional risk assessment of
residues of active substances occurring, e.g., in food.

The environmental and human health effects of
very few nano-PPPs have so far been evaluated
under PPPR (Aschberger et al. 2015). To implement
grouping and read-across in the hazard assessment
of NMs used in PPPs, guidance is needed, as are
techniques and tools for characterizing the proper-
ties of nano-PPPs. Models addressing properties
and processes relevant to NMs also need to be
developed, since the current environmental expos-
ure and effect models fail to consider particle size,
functionalization, shapes, and surface properties of
NMs or changes taking place in environmen-
tal matrices.
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3.7. Cosmetic products regulation

The Cosmetic Products Regulation (CPR (EC 2009b))
prohibits the marketing of products containing
ingredients or combinations of ingredients that
have been subject to animal testing (unless
obtained before July 2013 or generated for other
legislation). The rules for the human health risk
assessment of substances used in cosmetic products
are laid down in the CPR, and their environmental
risk assessment is performed under REACH.

The CPR from 2009 includes some new rules for
the use of NMs in cosmetic products, e.g., any
intended use of NMs in cosmetic products must be
notified to the Commission at least six months prior
to placing them on the market, except where they
had already been placed on the market before 11
January 2013. In case the use of a NM causes con-
cern, the Commission shall request a scientific opin-
ion from the Scientific Committee on Consumer
Safety (SCCS) on the safety of the proposed specific
use of the NM. The SCCS opinion should be based
on the full information made available by
the applicant.

SCCS has published a Guidance on Risk
Assessment of Nanomaterials (SCCS 2012a), which is
currently being updated, as well as a checklist for
applicants submitting dossiers on NMs as cosmetic
ingredients (SCCS 2017a). The regularly updated
SCCS ’Notes of Guidance for the Testing of
Cosmetic Ingredients and their Safety Evaluation’
also contain a section on NMs, the 9th revision hav-
ing been published in 2016 (SCCS 2016a).

The CPR explicitly addresses NMs, defines
’nanomaterial’ (Table 1), and states a procedure for
the notification, labeling, and risk evaluation of cos-
metic products containing NMs. The CPR NM defin-
ition covers NMs that are intentionally produced
and are insoluble or biopersistent (e.g., metals,
metal oxides, carbon materials), whereas it does not
cover NMs which are either soluble or degradable,
i.e., not persistent in biological systems (e.g., lipo-
somes, oil/water emulsions).

SCCS recognizes that the physico-chemical prop-
erties, biokinetic behavior, and biological effects of
nanoforms of substances may differ from those of
the non-nanoforms. The risk assessment approach
for NMs used in cosmetic products is described in
SCCS (2015a), and more detailed guidance is given

in SCCS (2012a, 2013a). The SCCS has published sci-
entific opinions on several individual NMs (e.g.,
1,3,5-Tirazine, 2,4,6-tris[1,1’-biphenyl]-4-yl (SCCS
2011); zinc oxide (SCCS 2012b); Silica, Hydrated
Silica and Silica Surface Modified with Alkyl Silylates
(SCCS 2015b); titanium dioxide (SCCS 2013b), titan-
ium dioxide in spray (SCCS 2017b), carbon black
(SCCS 2013c), MBBT (SCCS 2015c) and hydroxyapa-
tite (SCCS 2015d)), providing examples of the scien-
tific evidence required in a NM dossier.

The SCCS Guidance on Risk Assessment of
Nanomaterials (SCCS 2012a) emphasizes that for
cosmetic ingredients that are NMs, data is required
from tests carried out especially considering the
nanoscale properties, which includes producing
detailed data on the identity and composition of
the NM (or a justifiably comparable material)
intended for use in the final product. This character-
ization must include measuring the physico-chem-
ical parameters listed in the SCCS Guidance (SCCS
2012a) and needs to be carried out at the raw
material stage, in the cosmetic formulation, and
during exposure for toxicological evaluation. Where
needed and to facilitate risk assessment, the SCCS
may request further information. Furthermore, the
required base set of data on toxicological endpoints
under CPR must be submitted, and depending on
the test results, additional information may
be required.

For the risk evaluation of cosmetic ingredients,
including NMs, all available scientific data (including
that generated by alternative methods replacing
animal tests) are considered, including the physical
and chemical properties, in silico data such as
results obtained from (quantitative) structure-activ-
ity relationship calculations, chemical categories,
grouping, read-across, physiologically-based phar-
macokinetic or toxicokinetic modeling, in vitro data,
and data obtained from in vivo studies (obtained
before July 2013).

In principle, read-across and grouping is possible
under CPR if the underlying data is sufficiently
robust to enable read-across and grouping. The
SCCS has addressed the issue in its Memorandum
on Relevance, Adequacy and Quality of Data in
Safety Dossiers on Nanomaterials (SCCS 2013a),
which states (section 1.8) that ‘Unless there is a close
similarity between different nanomaterials, it is advis-
able to include a complete set of supporting data on
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each nanomaterial, rather than presenting several dif-
ferent nanomaterials in a single, patchy, and data-
poor submission. If more than one nanomaterial is
included in the dossier, the basis for “close similarity”
to allow data read-across between the nanomaterials
must also be provided. This should not only relate to
the chemical composition of the core nanomaterial,
but also the physical/morphological features and
other characteristics, such as surface coating or other
modifications’, and (section 1.4) ‘For example, safety
of a nanomaterial cannot be assumed on the argu-
ment that the bulk form of the materials is safe (and
vice versa), without specific evidence to support it’.

In silico methodology for chemicals has made
great progress in the recent past (Teixeira do
Amaral et al. 2014, SCCS 2016a). For NMs, data are
still limited, and relationships between physico-
chemical aspects and toxicological effects have not
yet been established to allow the development of
reliable and robust in silico models. Accordingly, in
silico methods for read-across and grouping of NMs
are in general not yet considered ready to be
applied for regulatory purposes (SCCS 2012a).

The assessment of the use of titanium dioxide as
an UV-filter in dermal cosmetic products could be
considered an example of applying read-across (see
overall conclusion of (SCCS 2013b, 2016b)).

Considering the current major data gaps, it is
likely that in most cases, experimental data would
be needed to substantiate and justify the use of a
grouping and read-across approach for NMs.

The main barriers to the adoption of in silico
methods for the risk assessment of NMs in cosmet-
ics include the limited understanding of the phys-
ical interaction of NMs with biological systems, the
lack of standardized, validated assays for nanosafety
testing, the limited usefulness of the commonly
available in silico models or systems in assessing
NM toxicity, the development status of in silico
modeling approaches for the prediction of bio-
logical and toxicological responses to NMs in cos-
metics, and data gaps in in vivo behavior and
effects for different groups of NMs.

4. Conclusions and outlook

The EU legislation addressing chemicals includes
overarching legislation addressing chemicals in
general (REACH (EC 2006) and CLP (EC 2008a)) and

sector-specific legislation for specific uses of chemi-
cals. The latter type of legislation operates with
positive lists (i.e. lists of substances approved for a
certain use) and, in some cases, negative lists.
Compared with REACH and CLP, the number of
chemicals addressed by sector-specific legislation is
significantly smaller, although since either the haz-
ard of or human exposure to such chemicals is con-
sidered higher than that of chemicals in general,
sector-specific regulatory information requirements
can be more thorough than those under REACH
(e.g. BPR (EU 2012a) and PPPR (EC 2009a)).

Definition of ’nanomaterial’ in different pieces of
legislation

Table 1 gives an overview of how NMs are
defined and addressed under EU chemicals
legislation.

REACH (EC 2006) does not yet define NMs, but
an agreement has been reached to amend the
REACH annexes and include a definition of
‘nanoform’ (EU 2018), which is expected to take
place during 2018; after this also REACH, and hence
CLP, will define NMs. Regarding the sector-specific
legislation, the BPR (EU 2012a) was the first legal
act to define NMs on basis of the EC Definition (EC
2011); like the BPR, the Novel Foods Regulation (EU
2015b) and the Food Information to Consumers (EU
2011b) apply a definition that differs from the EC
Definition in terms of the threshold for the number
proportion of particles at the nanoscale. The CPR
(EC 2009b) defines NMs as intentionally produced
and insoluble or biopersistent, which differs from
the EC definition (EC 2011). The plastic food contact
materials regulation (EU 2011a) as well as the legis-
lation for various types of additives to food (EC
2008b, 2008c, 2008d) refer either to the use of
nanotechnology or to manufactured (engineered)
NMs, without however giving a definition. The PPPR
(EC 2009a) and the FCM regulation (EC 2004) do
not explicitly mention NMs.

4.1. Possibilities for using grouping and read-
across within the different pieces of legislation

Table 1 gives an overview of the possibilities for
using grouping and read-across under the pieces of
legislation reviewed.

REACH, together with CLP, encourages the use of
alternative approaches, including grouping and
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read-across. Under BPR, the provisions of Annex IV
establish rules for grouping and read-across that
are almost identical to those under REACH; thus in
principle, grouping and read-across can be applied
for assessing NMs under BPR. The PPPR does not
exclude using alternative methods for the evalu-
ation of products and, in practice, toxicity data for
the required endpoints are often extrapolated from
similar products, based on information on the active
substance(s) and co-formulants (Kah et al. 2013).
The CPR lays down the rules for human health risk
assessment of substances used in cosmetic prod-
ucts, whereas their environmental risk assessment is
performed under REACH; read-across and grouping
is in principle possible, if the underlying data are
sufficiently robust to enable this approach (SCCS
2013a). The FCM regulation does not exclude apply-
ing alternative methods for evaluating human
health hazards, and thus it should be possible to
use grouping and read-across in toxicological
assessments.

In the risk assessment of substances added to
food, various alternative methods are allowed for
filling in data gaps for specific endpoints. For novel
foods, substances are assessed case by case, and for
novel foods containing engineered NMs, the scien-
tific appropriateness of the (adaptations of) test
methods used must be justified (EU 2015b); in the
absence of specific guidance on grouping and read-
across, these methods are rarely used for assessing
NMs in novel foods. In plastic FCMs, only NMs that
have been explicitly authorized and entered onto
the positive list are allowed. The authorization pro-
cess excludes using grouping and read-across for
NMs for the time being, and therefore NMs must be
individually assessed. Thus this sector-specific legis-
lation would need to be amended to
allow grouping.

4.2. Availability of guidance for applying
grouping and read-across within the different
pieces of legislation

Regarding REACH and CLP, guidance for grouping
and read-across (ECHA 2008, 2017b), also specific-
ally addressing NMs (ECHA 2017a, 2017c), are avail-
able. There is no specific guidance for grouping of
NMs under the BPR or PPPR, and scientifically sound
approaches and tools for grouping and read-across

of NMs used in biocidal or plant protection prod-
ucts remain to be developed.

EFSA guidance (EFSA 2011; currently being
updated) addressing the application of nanotech-
nology in the food and feed chain states that risk
assessment of NMs used in FCMs may use relevant
information obtained by read-across from other
NMs or non-nanoforms. The guidance emphasizes
the importance of adequate characterization for
establishing the identity of NMs in food/feed prod-
ucts and under testing conditions, for example, as
pristine material, and as test material in food matri-
ces. For NMs that completely dissolve or degrade in
the gastro-intestinal tract, hazard assessment can
rely on data for the non-nanoform (if available), as
long as the possibility of NM absorption before the
dissolution or degradation stage can be excluded.
The implementation of grouping and read-across
under the food and novel foods legislation will
depend on the availability of extensive characteriza-
tion data and the development of reliable method-
ology for assessing individual novel foods
containing engineered NMs. EFSA has proposed
guidance on the toxicological assessment of NMs
(CEF 2016b), which may help to implement read-
across approaches. EFSA is currently working to
’clarify concept and/or principles on how nanoforms
can be "clustered" into different groups’ (EFSA 2016).

For cosmetic products, guidance documents are
available from the SCCS for performing risk assess-
ment of NMs (SCCS 2012a, 2013a, 2015a, 2016a,
2017a). While there is no specific guidance for
grouping, for the risk evaluation of cosmetic ingre-
dients, including NMs, all available scientific data
are considered, including that obtained through
grouping and read-across.

4.3. Actual assessments performed

REACH requires that for substances placed on the
market in quantities above 10 tons per year, a
chemical safety assessment is performed. Any sub-
stance placed on the market must be classified and
labeled according to CLP. While some NMs have
been approved for biocidal use (EC 2017, 2014),
their approval has been based on the evaluation of
test data, not data obtained through grouping and
read-across. Very few nano-PPPs have so far been
evaluated under PPPR (Aschberger et al. 2015).
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Under CPR, the SCCS has published scientific opin-
ions on several NMs (SCCS 2011, 2012b, 2013b,
2013c, 2015b, 2015c, 2015d, 2017b). The assessment
of the use of titanium dioxide as an UV-filter in der-
mal cosmetic products could be considered an
example of applying read-across (SCCS 2013b,
2016b) for an ingredient in a cosmetic product. For
FCMs, grouping approaches and read-across have
been applied for a few non-nano substances for
certain endpoints (CEF 2015a, 2015b, 2016b); all
NMs have so far been evaluated case by case.
Regarding substances added to food, read-across
has been applied to some food additives and fla-
voring agents (CEF 2009), none of them NMs.

4.4. Final comments

Considering the current major data gaps, it seems
likely that in most cases, experimental data are
needed to substantiate and justify the use of a
grouping and read-across approach for NMs.

An additional general challenge to applying
grouping and read-across in assessing the safety of
NMs is that different pieces of legislation define
NMs differently (see Table 1). Industry must be able
to accurately identify ingredients as NMs, as defined
by the relevant legislation, in order to comply
with nanospecific information, testing or labeling
requirements (e.g., EC 2009b, EU 2012a, 2012b).
Once the EC review of the EC definition (EC 2011) is
finalized, a definition harmonized across legislation,
as far as applicable, may be expected.

Since REACH (and CLP) cover nearly all substan-
ces, these pieces of legislation would seem to have
the highest need for alternative testing approaches.
They are the logical starting point for developing
grouping and read-across approaches which, as
relevant, can then be implemented under other
legislation, unless explicitly excluded. Legislation
controlling occupational exposures to chemicals
(e.g., EC 1998) and major accident hazards (EU
2012b) are further areas where grouping
approaches could perhaps be applied.

Another aspect of applying grouping and read-
across is the (un)availability of methods for doing
so. Current concepts for the grouping of NMs for
human health risk assessment (e.g., Arts et al. 2014
and 2015, ECHA et al. 2016) go beyond determining
structure-activity relationships and consider, e.g.,

morphology, surface reactivity, toxicokinetics, bio-
logical effects, and NM life cycle aspects. However,
none of the approaches take all aspects fully into
account, and some are limited to one exposure
route only (e.g. Arts et al. 2015). Thus, different con-
cepts need to be compared, integrated and vali-
dated, for example by applying them to different
case studies. As an example, the main barriers to
the adoption of in silico methods for grouping and
read-across in the risk evaluation of NMs as cos-
metic ingredients include the limited understanding
of the physical interaction of NMs with biological
systems, the lack of standardized, validated assays
for nanosafety testing, the development status of in
silico modeling approaches for the prediction of
biological and toxicological responses to NMs in
cosmetics, and data gaps in in vivo behavior and
effects for different groups of NMs (SCCS 2012a).

The availability of sound principles for grouping
will also support the introduction of Safe(r)-by-
Design concepts into the design and manufacturing
processes of novel NMs by facilitating the assess-
ment of hazard-related properties at different stages
of the manufacturing process (Brehm et al. 2017),
and thus providing effective means to optimize the
safety of the final product and to fulfill regulatory
safety requirements for putting the final product on
the market.

There is consensus (e.g., ECHA et al. 2016, OECD
2016b) that for NMs, particularly nanoforms of the
same chemical composition, grouping and read-
across can help to reduce testing while still obtain-
ing sufficient information to assess their risks.
Specific guidance for implementing grouping and
read-across of NMs for (eco)toxicological and phys-
ico-chemical endpoints still needs to be developed,
both within the EU and the OECD. Under REACH,
ECHA has issued a guidance appendix relevant for
NMs (ECHA 2017c) in addition to its guidance on
the grouping for chemicals (ECHA 2008); OECD,
however, concluded in its latest edition of the
‘Guidance on grouping of chemicals’ that ’at pre-
sent, it seems premature to develop guidance on
grouping specifically for nanomaterials’. (OECD 2014).

Most importantly, criteria are needed for group-
ing nanoforms and distinguishing the different
nanoforms of one substance within a REACH regis-
tration. Guidance is needed for identifying the most
potent, ‘worst case’, or ‘representative’ nanoform
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within a group. Considering the analytical chal-
lenges of the comprehensive characterization of
NMs, standardized implementation instructions are
needed and required also for demonstrating similar-
ity between different nanoforms or between nano-
forms and non-nanoforms of a substance. A future
consideration is read-across also between nano-
forms of different substances.

The existing methodologies for risk assessment
seem to be appropriate for assessing the potential
risks associated with NMs (SCENIHR 2006). However,
for some legislation, nanospecific guidance still has
to be developed. OECD also considers the current
test guidelines and testing strategies in general
appropriate for assessing the risk of NMs, although
they may have to be adapted to the specificities of
NMs. As a first step, test guidelines for inhalation
toxicity have been updated for NMs (OECD 2017a,
2017b), and a new TG on dispersion stability (OECD
2017c) has also been published. Other OECD TGs
are currently being updated or developed for NMs
as well.

An issue specific to CPR is the ban on animal
testing, which means that validated alternative test
methods also need to be validated for NMs.

A consensus seems to emerge that it should be
possible to develop criteria and conditions that
allow the risk assessment of NMs based on a cat-
egory approach rather than on a case-by-case basis.
It also seems relevant to elaborate on the options
for the analog approach to broaden the possibilities
of grouping and read-across of NMs.
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