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Appendix R8-15:
Recommendations for
nanomaterials

1. INTRODUCTION

This appendix has been developed in order to provide advice to registrants preparing their
registration dossiers for nanomaterials. The content of the appendix implements the advice
provided by the REACH Implementation Project on Nanomaterials 3 (RIP-oN 3) on exposure
assessment and risk characterization.

The final report of the project contains a large amount of information including applicability of
the methods, research gaps etc. This appendix implements only the agreed outputs (i.e. the
recommendations for guidance update).

For further information (e.g. research & development requirements or reasoning behind the
advice provided for guidance, the reader can refer to the final report of RIP-oN3.
(http://ec.europa.eu/environment/chemicals/nanotech/index.htm).
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2. RECOMMENDATIONS ON CHARACTERISATION OF
DOSE/CONCENTRATION-RESPONSE FOR HUMAN HEALTH ARISING
FROM RIP-oN 3 for NANOMATERIALS

The parent guidance provides advice to enable the generation of no-effect levels for human
health based upon the integration of all available hazard data generated. The approach for
generation of derived no effect levels (DNEL(s)) or derived minimum effect levels (DMEL(S))
considers the following steps:

STEP 1: Gather typical dose descriptors and/ or other information on potency

STEP 2: Decide on mode of action (threshold or non-threshold and which next steps(s) to
choose

STEP 3: Derivation of effect levels [(DNEL (step 3-1) or DMEL (step 3-2)] or the use of a
qualitative approach (step 3-3).

STEP 4: Select the leading health effect

Due to the complexity of the parent guidance, this Appendix has been structured considering
the 4 steps, even when no change was applicable, to allow the user a clear view of each step
within the process.

2.1 General remarks

2.1.1 Metrics

Section R.8.1.2 summarizes the aspects to be taken into account when deriving a DNEL/DMEL,
one of those aspects is the units used (see Section R.8.1.2.7). Specifically, Table R. 8-1
(DN(M)ELs that may need to be derived, and examples on the nomenclature), gives as
footnotes the relevant units to be used depending on the case. Regarding nanomaterials it
should be noted that metrics such as surface area concentration (cm?/m?® and number
concentration (number/m®) might also be relevant. Taking the former into account and also
the fact that dust properties change under different conditions, the footnotes 1 and 2 to Table
R. 8-1 should be modified as follows:

1 Units for systemic exposure are mg/m®, cm?/m?® (relevant for nanomaterials) and
nanoparticle number/m* (especially relevant for fibres) for inhalation, and mg/kg bw for oral
and dermal exposure. Other metrics may also be used if this is scientifically justified and a
comparable exposure metric is available to enable a risk characterisation ratio to be derived.
In addition, when expressing metric information it should be stated on what the size
distribution is based e.g. as-produced, as-exposed or as-interacted.

2 Units for local effects are mg/m3, cm?/m?® (relevant for nanomaterials) and number/m?
(especially relevant for fibres) for inhalation; and for dermal exposure: mg/cm?,
mg/person/day. Other metrics may also be used if this is scientifically justified and a
comparable exposure metric is available to enable a risk characterisation ratio to be derived.
In addition, when expressing metric information it should be stated on what the size
distribution is based e.g. as-produced, as-exposed or as-interacted.

2.1.2 STEP 1: Gather typical dose descriptors and/ or other information on
potency

No specific recommendations have been made for this Step, either because the content is
considered equally applicable for nanomaterials or no new information for nanomaterials is
available or the text is generic and the recommendation are included in other parts of the
documents.
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2.1.3 STEP 2: Decide on mode of action (threshold or non-threshold) and
which next step(s) to choose

2.1.3.1 Mode of action (threshold/non-threshold)

Section 8.3 covers the second step of the dose-response characterisation process: deciding
whether the effects caused by the substance have a threshold or not. In this respect it should
be noted that substances may exert carcinogenic/ mutagenic effects either via direct
mechanisms or via mechanisms secondary to a threshold effect (e.g. threshold induction of
chronic inflammation leading to genotoxicity and/ or carcinogenicity). Carcinogenic/mutagenic
effects occurring secondary to a threshold stimulus such as inflammation could also be
considered threshold in nature and as such a DNEL can be derived (e.g. induction of lung
overload in experimental animals exposed to poorly soluble low toxicity (nano)particles leading
to chronic inflammation, oxidative stress and culminating in lung tumour formation).

More information on lung overload can be found in Section 3.1.1 of Appendix R7-1 to Chapter
R7a of the Guidance on IR & CSA.

2.1.4 STEP 3: Derivation of effect levels (DNEL (step 3-1) or DMEL (step 3-2)
or the use of a qualitative approach (step 3-3).

2.1.4.1 Route to route extrapolation

Section R.8.4.2.explains the use modification of dose descriptors when necessary. This
includes the route to route extrapolation, when no relevant data are available for the relevant
route of exposure, while Appendix R.8-2 gives examples and more detailed information on
route to route extrapolation.

In this respect it should be taken into account that the use of a route-to-route extrapolation in
determining health hazards for nanomaterials may not be considered suitable at this time as
the use of this approach has yet to be established for nanomaterials. Therefore the use of
route-to-route extrapolation for nanomaterials must be scientifically justified on a case-by-case
basis.

2.1.4.2 Assessments factors

Section R.8.4.3.1. deals with the assessment factors used to extrapolate experimental data to
human situation. Such as inter- and intra-species variation or exposure duration.

2.1.4.2.1 Interspecies differences

Regarding nanomaterials considering interspecies differences for extrapolation the following
should be considered:

In deviating from the default assessment factor during the derivation of a DN(M)EL for
(nano)particles, a calculation of the actual lung dose could be performed. However as there
are considerable differences in ventilation rates, deposition patterns, and clearance rates
between humans and animals, all of these factors should be taken into account.

If performing an extrapolative calculation based upon physiological parameters such as
ventilation rates, this should be assessed against other calculations performed in the derivation
of a DN(M)EL. This is to address potential for duplication of calculations. For example in the
calculation of the inhaled dose rate, a species respiratory volume and duration of exposure is
taken into account and as such, a starting point modification for these parameters would not
need to be performed.

When considering lung deposition, the aerodynamic diameter [and not the true (stokes)
diameter] dictates the fractional deposition of a (nano)particle (see Miller 2000 for further
explanation of lung deposition). When calculating the deposited dose, this may also be
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performed for the zone within the lung showing signs of adverse effects or particle
accumulation (e.g. alveolar region) and this could be supported with histopathological findings.

When considering the clearance rates it should be noted that clearance half times refer to
insoluble particles and as such these values should not be used for soluble particles.

Once a calculation of the retained dose within the lung has been made for an experimental
animal, this can be normalised to a physiological parameter. Sufficient consideration should be
given to the use of alternative physiological parameters to body weight, e.g. lung weight, lung
surface area or the surface area of the proximal alveolar region (Donaldson et al. 2008).
However the use of alternative parameters should be scientifically justified. In addition the use
of additional exposure metrics such as (nano)particle surface area or number concentration
(especially for fibres) should be considered when performing analysis which should also be
scientifically justified.

2.1.4.2.2 Intraspecies differences

Regading intraspecies differences, relevant substance-specific information on intraspecies
variations should always be used to adjust or substitute the default factors. In the case of
(nano)particles, the consideration of lowering the default assessment factor due to perceived
sensitivities/ insensitivities within a population must be scientifically justified.

2.1.4.2.3 Differences in duration of the exposure

Section R.8.4.3.1. deals with the assessment factors used to extrapolate experimental data to
the human situation. When considering differences between the experimental exposure
duration and the exposure for the population and scenario under consideration, Table R.8-5
gives default assessment factors for duration extrapolation. However, it is recommended that if
substance specific information is available, it should be used to modify the default upwards or
downwards.

When considering the use of a higher factor (for instance, if there is indication of potential
accumulation), it should be taken into account that for the case of inhalation of poorly soluble,
low toxicity (PSLT) particles, exposure at high doses can lead to accumulation within the
alveolar spaces, lung interstitium and lung associated lymph nodes which may result in a
further increase in toxicity following long term exposure (Morrow, 1988). For further
information see Section 3.1.1. of Appendix R7-1 (Recommendations for nanomaterials) to
Chapter R.7a.

2.1.4.2.4 Quality of the whole database

The guidance considers the quality of the whole database to be another parameter to take into
account, to cover added uncertainty due to deficiencies of the database. When looking at the
quality of the whole database used to calculate a DNEL, an extra assessment factor can be
applied to account for deficiencies within the data set - including gaps, inconsistencies between
studies, or deficiencies in study design. The application of such extra assessment factors is
also applicable to nanomaterials and may be particularly relevant due to the general paucity of
information surrounding nanomaterials.

One of the aspects to be considered when assessing the quality of the database is consistency.
This requires a critical evaluation of the entire body of available data for consistency and
biological plausibility. In addition the availability of chronic data (in particular addressing
carcinogenic endpoints), and data addressing absorption, systemic availability and
accumulation would be seen as reducing uncertainty.
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Additionally, when assessing the consistency and biological plausibility of study data against
the wider body of literature for nanomaterials, the use of data on the bulk or other forms of
the material in place of nano-specific data must be scientifically justified on a case-by-case-
basis and may be associated with additional uncertainty.

2.1.4.3 Deriving the DMEL for a non-threshold carcinogen/ mutagen, without
adequate cancer data

Section 8.5.3 discusses possible alternatives when no carcinogenicity data are available, such
as read across or use of subchronic studies.

Regarding nanomaterials, the use of a read across approach in addressing data gaps for
nanomaterials may not be considered suitable at this time as the use of such approaches for
nanomaterials has yet to be established. Therefore the potential use of read-across and other
non-testing approaches for nanomaterials in deriving an assessment of hazard for humans
must be scientifically justified on a case by case basis.

2.1.5 STEP 4: Select the leading health effect(s)

When considering the critical DN(M)EL the recommendations of (the existing) guidance appear
equally suitable for nanomaterials. This also applies to the use of the general limits for dust
(i.e. if the DN(M)EL derived is above the general limit for dust, this limit should be used
instead of the DN(M)EL).

Note that DNELs derived based on substance specific data can never be adjusted upwards
based on the general dust limits and that the dust limits can not be used as a surrogate DNEL
when there is no data to set a substance-specific DNEL.

2.1.6 Other issues

2.1.6.1 Acute toxicity

DNEL derivation for acute toxicity is explained in Appendix R.8-8. Figure R. 8.5 (and the
explanations following them) which show a strategy tree for setting an acute inhalation toxicity
DNEL that includes the possibility of using read across. In this respect, it should be noted that
the use of non-testing data such as read-across, grouping or (Q)SAR approaches in addressing
data gaps for nanomaterials is very limited at this time. In addition to this the use of such in-
silico models for nanomaterials has also yet to be established. Therefore the potential use of
non-testing approaches for nanomaterials in deriving an assessment of hazard for humans
must be scientifically justified on a case by case basis.

2.1.6.2 DNEL derivation when a community/national occupational exposure
limit (OEL) is available.

Appendix R.8-13 outlines the approach taken in relation to developing a DNEL in situations
where an occupational exposure limit already exists, specifically in the case of an EU indicative
occupational exposure limit (IOEL), EU binding occupational exposure limit (BOEL) and a
nationally adopted occupational exposure limit.

In the case of nanomaterials, when considering the use of an IOEL as a DNEL, the registrant
should consider not only whether the route and duration of exposure are the same, but also
whether (particle) physico-chemical characteristics, such as particle size distribution, shape
and surface area are also the same. The reason for this is that for nanoparticles alterations in
physico-chemical attributes such as size, crystallinity, shape (e.g. spherical or fibrous), and
surface functionality/ attributes may impact on the relative toxicity of materials of the same
chemical composition. As such, the use of an IOEL in place of a DNEL is only suitable where
the material physico-chemical attributes are the same as that of the material in question. In
situations where such physicochemical characteristics are not the same and read-across is not
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scientifically justified, a DNEL should be generated for the same form/material that reflects the
true physico-chemical properties of the substance.
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