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a b s t r a c t

The grouping of substances serves to streamline testing for regulatory purposes. General grouping
approaches for chemicals have been implemented in, e.g., the EU chemicals regulation. While specific
regulatory frameworks for the grouping of nanomaterials are unavailable, this topic is addressed in dif-
ferent publications, and preliminary guidance is provided in the context of substance-related legislation
or the occupational setting. The European Centre for Ecotoxicology and Toxicology of Chemicals Task
Force on the Grouping of Nanomaterials reviewed available concepts for the grouping of nanomaterials
for human health risk assessment. In their broad conceptual design, the evaluated approaches are consis-
tent or complement each other. All go beyond the determination of mere structure–activity relationships
and are founded on different aspects of the nanomaterial life cycle. These include the NM’s material prop-
erties and biophysical interactions, specific types of use and exposure, uptake and kinetics, and possible
early and apical biological effects. None of the evaluated grouping concepts fully take into account all of
these aspects. Subsequent work of the Task Force will aim at combining the available concepts into a
comprehensive ‘multiple perspective’ framework for the grouping of nanomaterials that will address
all of the mentioned aspects of their life cycles.
� 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
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1. Scope and background: the need to assess nanomaterials by
criteria related to conceivable risks

As more and more nanotechnological products enter the mar-
ket, the importance of adequately assessing nanomaterial (NM)
exposure, biokinetics, hazard and risk is now widely recognized.
Worldwide, different governments, authorities, international orga-
nizations and other institutions are developing policy frameworks
and guidance documents relating to nanotechnology, as such, and,
specifically, to the safe development, handling and use of NMs.
Generally, the following aspects are addressed as potentially influ-
encing NM hazard: The properties and biophysical interactions of
NMs, their specific types of use and exposure, uptake and kinetics,
and possible early and apical biological effects (Fig. 1; Oomen et al.,
2014a,b). However, the specific alignments and contents of guid-
ance documents for the hazard and risk assessment of NMs differ
from country to country or jurisdiction to jurisdiction.

It is expected that the safety of a substantial number of NMs
will have to be assessed. This is mainly a consequence of the very
broad definitions for ‘nanomaterial’ as they have been laid down,
e.g., by the EU Commission (2011) or the United States – Canadian
Regulatory Cooperation Council (RCC-NI, 2013a). Further taking
into account the abundance of NM modifications in regard to par-
ticle size, shape, or surface properties, the need to perform sepa-
rate or additional safety assessments of NMs as compared to
their respective bulk material counterparts could result in full-
blown testing programs for each individual NM. In terms of testing
capacities, their realization would not be accomplishable within a
reasonable timeframe. Additionally, ‘tick-box’ testing schemes are
not justifiable on scientific grounds since they inevitably lead to
the collection of large amounts of unnecessary data instead of

focusing on relevant studies. Such testing schemes also contravene
the need to restrict animal testing in line with the 3Rs principle to
replace, reduce, and refine animal testing (Russell and Burch, 1959)
that has been implemented in European legislation (EP and Council
of the EU, 2010). Concordantly, the provisions of the EU REACH reg-
ulation on the registration, evaluation, authorization and restric-
tion of chemicals prescribe that animal testing may only be
undertaken as a last resort (EP and Council of the EU, 2006).

The so-called ‘grouping of substances’ (or category approach)
has been recognized as an important means to avoid unnecessary
new testing: In this approach, closely related chemicals are consid-
ered as a group, or category, rather than as individual chemicals. . . [so
that] not every chemical needs to be tested for every endpoint. Instead,
the overall data for that category should prove adequate to support a
hazard assessment. . . [and] must enable an estimate of hazard for the
untested endpoints (OECD, 2014). For chemicals in general, techni-
cal guidance documents on grouping are available, e.g. from the
Organization for Economic Cooperation and Development (OECD)
or the European Chemicals Agency (ECHA, 2008, 2012a, 2013a,
2014; OECD, 2014). This grouping concept implies that some, if
not all, information on the hazard of a NM can be derived from
the respective bulk material, from molecules or ions of its constit-
uents, or from similar NMs.

By contrast, to date, there is little experience with the specific
grouping of NMs. Whereas molecules in solutions or vapors are
usually distinct definable species, NMs and particles generally do
not exist as distinct species. Instead, they are a population of pri-
mary particles and, preponderantly, aggregates and agglomerates
of various sizes and different surface coatings. The composition of
the NM surface and of the molecules adsorbed onto it influences
the biokinetic and toxicological properties of the respective NM,

Fig. 1. Source-to-adverse-outcome pathway to derive the relevant physico-chemical (blue), exposure (yellow), biokinetics (green) and hazard (red) endpoints (from: Oomen
et al., 2014b; reprinted with the permission of the authors).
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