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PREFACE

Three appendices concerning information requirements (appendices to IR&CSA Guidance
Chapters R7a, R7b and R7c) have been developed in order to provide advice to registrants for
use when preparing REACH registration dossiers that cover “nanoforms”:.

The advice provided in this document focuses on specific recommendations for testing
materials that are nanoforms of substances?. As most of the guidelines and publications are
referring to nanomaterials or nanoparticles, also the terms ‘nanomaterial’ and ‘nanoparticle’
are used. Annex VI defines the terms “nanoform” and “set of similar nanoforms”? and
establishes the requirements for characterisation of the identified nanoforms/sets of similar
nanoforms of the substance.

Part of the advice provided is not strictly nanoform specific and may for instance also be
applicable to other particulate forms of substances (e.g., relevance of dissolution rate).
However, when such advice has been included, it is because it is considered especially relevant
for nanoforms and should be part of the nanoform specific guidance.

In the absence of availability of any suitable specific provision (either because the endpoint is
not relevant for nanoforms, because the guidance already provided is considered to be equally
applicable to nanoforms as to non-nanoforms, or because more research or adaptation is
needed before developing advice) no additional guidance for the information requirement has
been included in this appendix.

This appendix intends to provide advice specific to nanoforms and does not preclude the
applicability of the general principles given in Chapter R.7c [1] (i.e., the parent guidance).
Moreover, when no advice has been given in this appendix for a specific endpoint the advice
provided in the parent Guidance should be followed.

Please note that this document (and its parent guidance) provides specific guidance on
meeting the information requirements set out in Annexes VI to XI to the REACH Regulation.

General information for meeting the information requirements such as collection and
evaluation of available information, and adaptation of information requirements is available in
Chapter R.2 to R.5 of Guidance on IR&CSA.

Moreover, when considering the use of data already available, "Guidance on information
requirements and chemical safety assessment -Appendix R.6-1 for nanoforms applicable to
the Guidance on QSARs and Grouping of Chemicals” [2] may be useful as it provides an
approach on how to read-across the hazard data between nanoforms (and the non-nanoform)
of the same substance.

! ECHA Guidance ‘Appendix for nanoforms applicable to the Guidance on Registration and Substance Identification
https://echa.europa.eu/regulations/nanomaterials

2 See Annex VI of the REACH Regulation (EU) 1907/2006, as amended by Commission Regulation (EU) 2018/1881 to
address nanoforms of substances.

3 In this document often the term “set of nanoforms” is used instead of “set of similar nanoforms”, but it should be
always interpreted as “set of similar nanoforms”, as defined in Annex VI.
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1 RECOMMENDATIONS FOR ECOTOXICOLOGICAL
ENDPOINTS for NANOMATERIALS:

1.1 Specific advice for endpoints

When following the endpoint specific advice provided by this guidance, please take into
account that the advice regarding sample preparation provided in section 2.1.1 of Appendix
R7-1 to ECHA Guidance R.7.a and the general advice on ecotoxicity and fate testing provided
in section 1.1 of Appendix R7-1 to ECHA Guidance R.7.b are also applicable for this guidance.

1.1.1 Aquatic bioaccumulation

In the parent guidance, section R.7.10.2 describes the REACH Annex IX information
requirements for aquatic bioaccumulation and the use of alternative information when
measured data are not available. However, the prediction techniques described in the parent
guidance and the use of surrogate information (e.g., the octanol-water partition coefficient
Kow), applicable for many classes of organic substances, may not be applicable to predict
bioaccumulation potential of nanoparticles. In the case of nanomaterials, it is not normally
possible to make log Kow or solubility estimations since nanomaterials are dispersed and not in
solution. However, measurement of n-octanol/water partition coefficient may still be of value
for organic nanomaterials that are water soluble and have a high dissolution rate.

1.1.1.1 Non-testing data
Section R.7.10.3.2 of the parent guidance concerns non-testing data, e.g. quantitative
structure-activity relationships (QSARs), bioconcentration factor (BCF) models based on log
Kow and grouping approaches for assessing aquatic bioaccumulation. The use of in silico models
for nanomaterials has yet to be established or accepted and therefore, when used, needs to be
thoroughly reported and justified. With regard to nanoparticles, it is often not possible to make
bioaccumulation estimations based on log Kow or solubility, as explained above and in Appendix
R7-1 to ECHA Guidance R.7.a [3] Sections 2.2.1, 2.2.2 and 2.2.4. Nevertheless, non-testing
methods and parameters such as those listed in Appendix R7-1 to the ECHA IR&CSA Guidance
chapter R.7.a, could be useful for this endpoint when considered as part of a weight of
evidence approach.

Section R.7.10.3.4 of the parent Guidance describes other indicators for bioaccumulation
potential. This includes a screening approach where potential bioaccumulation can be
estimated from the value of the n-octanol/water partition coefficient (Kow). Furthermore,
REACH Annex IX 9.3.2 column 2 states that, for instance, a value for log Kow < 3 could be used
as a waiving argument to justify omitting the testing of bioaccumulation in aquatic species.
This approach is not necessarily appropriate for nanoparticles, as prediction techniques based
on equilibrium partitioning do not strictly apply to undissolved nanoparticles - as explained in
Appendix R7-1 to chapter R.7a of the ECHA IR&CSA guidance Sections 2.2.1, 2.2.2 and 2.2.4.
As outlined in OECD 40 [4], the Kow value is often not suitable for predicting bioaccumulation
for nanomaterials.

Taking into account the above, waiving the information requirement for bioaccumulation in
aquatic species based on log Kow, log Koc or other screening methods is in most cases not
appropriate for nanomaterials.

1.1.1.2 In vivo tests for aquatic bioaccumulation

The parent guidance section R.7.10.3.1 describes OECD TG 305 "Bioaccumulation in Fish:
Aqueous and Dietary Exposure” [5] as an appropriate in vivo test method to fulfil the
information requirement set for bioaccumulation in aquatic species in Annex IX 9.3.2. Further
information on bioaccumulation testing strategies can be found in Chapter R.11 of the
Guidance on IR&CSA, concerning PBT assessment.
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OECD TG 305 is partially applicable for nanomaterials. It is applicable when the dietary
exposure route is followed; the aqueous exposure route resulting in a bioconcentration factor
(BCF) is not applicable for most nanomaterials if they remain as nanoparticles. For organic
nanomaterials that are water soluble and/or would have a high dissolution rate, a BCF study is
applicable via the aqueous route. However, there may be a need for additional considerations
and testing for bioaccumulation of the particular form of such nanomaterials. The BCF is the
ratio of the concentration of a substance in an organism to its concentration in water, once a
steady state has been achieved. For nanoparticles, a BCF cannot be calculated as no
thermodynamic equilibrium will be reached between the organism and the water phase [6] and
a stable aqueous concentration cannot be maintained. Nevertheless, uptake and depuration
rate as kinetic data can be assessed instead for nanomaterials and particles. Therefore
provided these kinetic parameters are used and estimated, the flow-through method can still
be applied for estimation of the nanomaterial’s bioaccumulation potential ( [4], [7], [8] and

[91).

A new OECD Guidance for assessing the apparent accumulation potential for nanomaterials is
under development. This guidance, when available, will provide information on how to test
nanomaterials via the dietary exposure and on how to measure and quantify the accumulation
potential in fish. In the meantime, the existing draft GD on dietary exposure can give
information on that exposure method* .

Other In vivo tests for bioaccumulation could be also used, apart from the testing in aquatic
media, such as bioaccumulation in sediment and soil. OECD TG 315 Bioaccumulation in
Sediment dwelling Benthic Oligochaetes [10] and OECD TG 317 Bioaccumulation in Terrestrial
Oligochaetes [11] are in principle applicable for nanomaterials, but expert judgement will be
required for performing the bioaccumulation tests and interpreting the results ( [9], [12]).

The results of applying these TGs (OECD TG 315 and OECD TG 317), taking into account the
current challenge in testing bioaccumulation of nanomaterials in fish, may be used as weight of
evidence in bioaccumulation assessment. Soil and sediment compartments are considered
potential sinks for nanomaterials and therefore they are also relevant when considering
nanomaterial fate in the environment.

In order for them to be considered reliable, whenever tests for bioaccumulation in aquatic or
sediment and soil organisms are performed, the recommendations on sample preparation and
ecotoxicity and fate testing given in Appendix R7-1 to chapter R7a, section 2.1.1. (Sample
preparation) and Appendix R7-1 to R7b, section 2.1 (General advice on how to perform
nanomaterials ecotoxicity and fate testing) should be followed. In addition, test concentrations
should be monitored throughout the whole test duration to account for concentration-specific
changes in dispersion and agglomeration/ aggregation characteristics, using a mass metric and
nano-specific metrics such as surface area, particle number, when relevant ( [9], [11]).

1.1.2 Effects on terrestrial organisms

1.1.2.1 Non-testing data

In the parent guidance (Chapter R7c), Section R.7.11.3.1, the possibility of using non-testing
approaches e.g. QSAR, grouping and the equilibrium partitioning method (EPM) to estimate
soil and terrestrial toxicity is explained.

With respect to nanomaterials, estimates based on “partitioning” are limited to distribution of a
substance in molecular form (excluding ionic forms as explained in parent guidance). In the
case of nanoparticles, the partitioning method may underestimate exposure in soil and
sediment environments and overestimate the exposure in water. If the particle size is small,

4 Available at: http://www.oecd.org/env/ehs/testing/draft-guidance-review-documents-monographs.htm
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distribution via air may also occur. There are no estimation methods available for particle
distribution, so this has to be dealt with on a case-by-case basis.

1.1.2.2 Testing data

Regarding testing for effects on terrestrial organisms, the methods described in the parent
guidance Section R.7.11 are, in principle, also applicable for testing nanomaterials.

The application technique in e.g. sample preparation and spiking has been shown to have an
effect on the availability of the nanomaterial and its level of ecotoxicity in soil [7]. Therefore it
is essential that the sample preparation and spiking method applied are well justified and
reported in detail, and that the recommendations set out in the OECD Guidance manual for the
testing of manufactured nanomaterials: OECD’s Sponsorship Programme; first revision [13]
(OECD, 2009), Guidance Notes on Sample Preparation and Dosimetry for nanomaterials [14]
and OECD 40 [4] are followed.

When performing the test, the test material needs to be homogenously dispersed in the soil.
OECD 40 [4] describes different spiking methods; particles can be dispersed as aquatic
dispersion into soil (wet spiking) or directly into test media (dry spiking), or put onto a carrier
e.g. silica sand or spiked food. The optimal spiking method depends on both the test material
and the test method. It will depend on the physicochemical properties of the nhanomaterial, the
target concentration, the medium, and the bioassay method selected, and preliminary data
gathered prior to the test. For example, ZnO nanoparticles can be introduced to soil as
aqueous dispersions prepared in the soil extracts to achieve homogenous distribution [15] and
satisfactory spiking homogeneity can be achieved with Ag nanoparticles using soil as a solid
carrier [7].

Unless the use of the mass metric only can be justified, nano-specific metrics such as particle
number and surface area should in principle be used whenever relevant. Using multiple metrics
allows retrospective correlation of the measured response with different dose metrics, (see
Section 2.1.1 of Appendix to Chapter R7.b). If e.g. only the mass metric is recorded during the
test, conversion between metrics increases the uncertainty in interpretation of the test results
and therefore measurement of multiple metrics during testing is recommended (as highlighted
in section 2.1.1 of Appendix R7-1 to ECHA Guidance R.7.a).

In addition to these recommendations, it should be considered that measurements of the
nanomaterial’s concentration (using different metrics, e.g. particle number, surface area, or
mass concentration) should be monitored throughout the test at all test concentrations to
account for concentration-specific changes in dispersion and agglomeration/aggregation
characteristics if possible ( [10], [12].
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Appendix R7-2 to Chapter R.7c

2.1.3 Guidance on Toxicokinetics

In the revised Annex VIII, Section 8.8.1. of REACH, a new requirement has been inserted in
Column 2: "“For nanoforms without high dissolution rate in biological media a toxicokinetics
study shall be proposed by the registrant or may be required by the Agency in accordance with
Article 40 or 41 in case such an assessment cannot be performed on the basis of relevant
available information, including from the study conducted in accordance with 8.6.1.

The choice of the study will depend on the remaining information gaps and the results of the
chemical safety assessment”.

The parent guidance R.7c (Section 7.12) [1] provides the general guidance on toxicokinetics
and gives a general overview on the main principles of toxicokinetics for (dissolved
molecular/ionic) substances. The advice provided in the parent guidance should be followed
together with the recommendations given in this section when relevant. The advice in this
section/appendix specifically applies to nanoforms without a high dissolution rate in biological
media as described in Appendix R7-1 for nhanomaterials applicable to Chapter R.7a Endpoint
specific guidance, section 2.1.1.

It is acknowledged that the OECD TG 417 for toxicokinetics [16], generally intended for the
oral route, does not contain specific provisions for nanomaterials. Neither does it contain
specific advice for administration of nanomaterials via the inhalation route. Furthermore, for
dissolved chemicals the tissue distribution is concentration dependent, and an equilibrium is
generally obtained between blood and organ concentration, whereas nanoparticles are rapidly
removed from the circulation by cells of the mononuclear phagocytic system (MPS) [17].
Therefore, plasma is usually not a suitable sample to monitor NP exposure and plasma kinetic
parameters such as plasma AUC are generally not relevant. Therefore, OECD TG 417 is not
applicable to nanomaterials. Once a new test guideline applicable to nanomaterials is available,
it should be used.

A standard project submission form (SPSF) for a new test guideline (TG) on toxicokinetics,
specific to nanoforms, has been approved in April 2020. The TG is expected to be finalized by
2025. Until then, it is recommended to follow the advice given in this document and for
example in the updated OECD GD 39 [18], OECD TGs 412 [19] and 413 [20], and in the ISO
technical Report on toxicokinetics of nanomaterials [17].

The OECD TG 412 (Subacute Inhalation Toxicity: 28-day Study) [19] and the OECD TG 413
(Subchronic Inhalation Toxicity: 90-day Study) [20] have specific provisions for nanomaterials
and are also suggesting additional investigations that may aid in the understanding of the
toxicokinetics of the test substance. OECD TGs 412 and 413 require the measurements of lung
burden when a range-finding study or other information demonstrates that poorly soluble
particles (PSPs) are likely to be retained in the lung. For chemicals that accumulate in the lung
or translocate/accumulate into specific organs following repeated exposures, a toxicokinetic
investigation is recommended as the accumulated dose is partly a function of clearance. The
updated OECD GD 39 [18] provides assistance on the conduct and interpretation of inhalation
studies. In addition, it provides some advice on how to include toxicokinetic measurements in
an inhalation toxicity study. The ISO technical Report on toxicokinetics of nanomaterials [17]
provides useful considerations for performing toxicokinetic studies with nanomaterials. These
include considerations on which factors may influence the toxicokinetics of nhanomaterials,
what are the analytical challenges regarding detection limits or quantification of nanomaterials
in biological samples or what are the issues relevant for dosing conditions.

One particularity that differentiates the nanomaterials from the non-nanoform counterpart is
the potential ability for some of them to translocate from the respiratory tract to secondary
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target organs [21], [22]. Certain nanomaterials occur in the form of larger
aggregates/agglomerates, and their behaviour in the body may not be too different from the
bulk counterpart. However, other nanomaterials may become systemically available.
Depending on size and surface modifications, the nanomaterials are prone to lymphatic
transport mostly via the mononuclear phagocytic system [23] but they may also be directly
translocated from the respiratory system into the blood [24], [21], [25], [26], [27], [28]. As
lung burden, also secondary organ burden is dependent upon the transport of nanomaterials
to, and clearance from, the respective organs. Subsequent to pulmonary deposition,
translocation of hanomaterials was seen in secondary organs such as the liver, heart, spleen,
or kidney [29]. In an acute inhalation study with gold nanoparticles in human volunteers [30],
[31], gold was detected in the blood and urine within 15 min to 24 h after exposure, and was
still present 3 months after exposure. Levels were greater following inhalation of 5 nm
(primary diameter) particles compared to 30 nm particles. These authors also showed that the
gold particles accumulated at sites of vascular inflammation. Since almost all types of
nanoparticles, and especially those with small size, are very likely to be cleared through
kidneys, they may therefore accumulate in the kidneys, causing some adverse effects [32],
[33]. The nanoparticles deposited on the nasal mucosa of the upper respiratory tract (URT)
may translocate to the olfactory bulb of the brain and also via the trigeminus (URT neuronal
route) as has been shown in rats [34]. Nanoparticles deposited in the lower respiratory tract
(LRT) may cross the air-blood-barrier into blood and enter the brain across the blood-brain-
barrier or take a neuronal route from enervated tracheo-bronchial epithelia via the vagus
nerve [34].

In ISO TR 22019 [17] the liver, spleen, lung, brain, kidney, lymph nodes at the organ of entry
and bone marrow are considered relevant organs for the toxicokinetics of nanomaterials. The
examples above imply that data obtained in the past for larger particles of these materials may
no longer be valid for the nanoform [35]. It is acknowledged that nanoforms’ properties may
alter the ADME (absorption, distribution, metabolism, and excretion) behaviour in comparison
to non-nano-sized forms.

The toxicokinetic profile of nanomaterials may depend on several physicochemical parameters,
e.g. composition, size, shape, surface area, agglomeration/aggregation state, surface
properties (including surface charge), hydrophobicity dissolution and biotransformation (see
section 2.1.1.1. in Appendix R.7-1 for nanomaterials applicable to the Chapter R.7a).
Therefore, nanomaterials may be able to reach parts of the body that are otherwise protected
from exposure to particulate materials by biological barriers [36]. Specifically, it is noted that
nanomaterials can have high potential for accumulation. Hence, in case of accumulation,
determination of kinetics becomes an important indicator for a potential health risk. In
addition, toxicokinetic information provides insights into potential target organs and organ
burden that ultimately may lead to toxicity.

It is noted that detecting and quantifying nanoparticles in biological tissue(s) is still analytically
and technically challenging. Therefore, it is recommended that the methods used and their
limitations are adequately documented.

Finally, toxicokinetic information may be used to evaluate if a nanomaterial behaves differently
from a similar nanomaterial or a corresponding non nanoform.

Investigation of systemic availability is important information for the assessment of health
effects of chemicals. In the case of PSPs, it is therefore relevant to determine whether or not
they may cross biological barriers. Translocation may be further influenced by the properties
listed in Section 2.1 of Appendix R.7-1 for nanomaterials applicable to the Chapter R.7a.

In vivo information on the possible behaviour of the nanomaterials can be supplemented with
in vitro and in silico predictions based on physicochemical and other data. This information
may for example be used for grouping nanomaterials and to justify the use of toxicological
data between different forms of a substance (Appendix R.6-1 for nanomaterials applicable to
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the Guidance on QSARs and Grouping) [2]. However, information on toxicokinetics alone
cannot be used to waive any required toxicity study.

2.1.4 Recommended approach for gathering toxicokinetics information on
nanomaterials according to REACH

A toxicokinetics study can be required under REACH under the conditions that a nanoform does
not have a high dissolution rate in biological media, and that the available information is not
sufficient to assess the toxicokinetic behaviour of the nanoform. As for all other forms of
substances, the standard information requirements defined by the REACH regulation can give
useful information to help make a judgement about the toxicokinetic properties of nanoforms
(See Section R.7.12.2.1 in Chapter R.7c Guidance on Information Requirements and Chemical
Safety Assessment) [1]. The revised Annex VIII, Section 8.8.1., Column 2 contains three
elements to be considered:

e The dissolution rate of the nanoform in biological media,

e Toxicokinetic information that can be obtained in connection with a 28-day (or 90-day)
inhalation study (Annex VIII, Section 8.6.1.),

e The choice of a toxicokinetics study depends on the information gaps and the results of
the chemical safety assessment.

Firstly, data on solubility and dissolution rate in relevant biological fluids and testing media is
an essential starting point in understanding a particle’s behaviour and ADME properties and to
set boundaries for considering a nanoform as "poorly soluble" (See Section 2.1.1 of Appendix
R.7-1 for nanomaterials applicable to the Chapter R.7a.). Determination of the dissolution rate
provides an insight into how a specific particle may interact with its biological environment
[37]. Physico-chemical parameters like agglomeration may have an impact on the dissolution
rate. Dissolution may be seen as a kinetic parameter as until dissolution occurs, the
toxicokinetics of nanomaterials are governed by the particulate nature, whereas after
dissolution, it is the (dissolved) ions of molecules that determine the toxicokinetics [17].

General advice regarding dissolution for nanoforms is given in Appendix R.7-1 for
nanomaterials applicable to Chapter R7a, Section 2.1.1.

Secondly, toxicokinetic information can also be obtained from an adequate 28-day or 90-day
repeated dose toxicity inhalation study (OECD TG 412 or 413) where the test material is well
characterized.

In order to minimize animal use it is highly recommended to collect as much toxicokinetics
data as possible from the experiments required under REACH. For example, when dose range
finding studies or repeated dose, reproductive or genotoxicity studies are performed, for poorly
soluble nanoparticles, several additional toxicokinetics investigations could be considered such
as:

e Organ and tissue burden: in the current context, toxicokinetic information is limited to
information on the potential for accumulation in tissues (which is related to persistency
and elimination), rather than a full set of toxicokinetic parameters. Therefore, testing
should focus on determining (possible increase in) concentrations in different organs.
Lung burden is discussed in section 2.2.2. of Appendix R7-1 for nhanomaterials
applicable to Chapter R7a and in this section under distribution and accumulation in
2.1.4.2.2.

e Sampling at several time points in different organs to monitor the fate and
accumulation of the particles in the body (data from range-finding studies could be
used to determine the appropriate sampling times).

e For gaining insight in toxicokinetics, in line with the recommendations in OECD TG 412
and TG 413, a minimum of three time points post-exposure are recommended to
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estimate the post-exposure clearance kinetics and hence the potential for accumulation
in several relevant organs [18]. Consequently, in case of a sub-acute or sub-chronic
inhalation study (OECD TG 412 and TG 413), samples (e.g., organs and tissues) for
toxicokinetic information can be collected from the animals already required for these
studies when these PEOs are included. The duration of a repeated dose toxicity study is
considered sufficient if an equilibrium between deposition and clearance of particles
[38] has been reached in tissue concentrations. In case there is indication that relevant
tissues have not yet reached equilibrium between deposition and clearance of particles
[38] at the last day of exposure, there may be a need for longer exposure durations.
For some nanoforms, persistency and bioaccumulation may be such that longer
exposure durations may not be sufficient for the development of any adverse effects
that may occur in humans. If this is the case, an assessment based on internal tissue
concentrations could be an alternative.

e Urine sampling and nanoparticle content determination. If particles or ions are found in
the urine, it is a proof that some level of systemic uptake has occurred.

Thirdly, the choice of a study and the study design depends on the information gaps and the
results of the chemical safety assessment. This means that it depends on the one hand on the
type of data available for the toxicokinetics assessment and on the other hand on how well the
hazard, and exposure have been characterised. The quality of hazard characterization is
directly linked to the quality of the data available for the toxicological endpoints. Exposure
characterization is key in the context of determining the most appropriate route of exposure.
As explained also in section 2.2.2. of Appendix R7-1 for nanomaterials applicable to Chapter
R7a, for the repeated dose toxicity, especially for workers (and in some cases for consumers,
e.g., in case of sprayable products), inhalation is the most likely route of exposure to
(nano)particles present in nano aerosols and dust. Column 2 of sections 8.6.1. and 8.6.2. of
REACH Annexes specify that “Testing by the inhalation route is appropriate if exposure of
humans via inhalation is likely taking into account the vapour pressure of the substance and/or
the possibility of exposure to aerosols, particles or droplets of an inhalable size”. However,
there may be cases where there is convincing information (e.g., uses, dissolution rate, etc.)
that justifies another route.

2.1.4.1. Detection methods of nanoforms in tissues and organs

Optical- or electron microscopic qualitative determination of the presence of nanoparticles in
the relevant tissues when (technically) feasible. Alternatively, other methods such as
multiplexed imaging by use of laser desorption/ionization mass spectrometry LDI-MS, Time-of-
Flight Secondary Ion Mass Spectrometry (TOF-SIMS), laser-ablation-ICP-MS etc. could be used
[39], [40]. It should be noted, however, that as with all imaging techniques, these are
qualitative or semi-quantitative methods that have limitations in terms of organ burden or
organ tissue distribution. Specific labelling of nanomaterials to follow their fate in vivo can be
done by using radioactive isotopes as radiolabels or fluorescent dyes. A disadvantage of
specific labelling is that the label can detach from the nanomaterial. By using isotopic labeling,
Raman spectroscopy, and fluorescence spectroscopy many carbon nanomaterials were
subjected to pharmacokinetic and biodistribution evaluations both quantitatively and
qualitatively [41].

Inductively coupled plasma mass spectrometry (ICP-MS) is a common technique for absolute
quantification of the cellular uptake of metal or metal oxide nanoparticles [42]. However, this
procedure reveals an average nanoparticle mass concentration only and it will not allow to
differentiate between single particles and agglomerated or ionic species. Also, it will not give
information about the sizes of nanoparticles. A more specific method for the quantitative
analysis is single particle inductively coupled plasma mass spectrometry (spICP-MS) [43]. In
spICP-MS each signal corresponds to a single particle, and the frequency of ICP-MS signals can
be used to estimate the NP number concentration. However, the intensity of signals is related
to the amount of the chemical element and thus to the sizes of the respective nanoparticles.
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Using laser ablation ICP-MS (LA-ICP-MS) it is possible to detect even smaller nanoparticles
above background levels, which may not be possible with spICP-MS [42]. The current
analytical methodology and techniques developed for the quantification of the ADME processes
of nanomaterials/nanoparticles in vivo, focusing on those used for quantification in different
biomatrices, such as blood, tissues, organs, and biomedical processes have been reviewed in
detail [44]. ICP-MS based techniques can be challenging in some cases, and still need
improvement. For example spICP-MS, while a very promising method, is not yet widely used
and is expensive.

To help to determine the concentration of nanoparticles in tissues and excreta, data from the
OECD WPMN project “"Guidance on the determination of concentrations of nanopartocles in
biological samples for (eco)toxicity studies” is expected to become available by the end of
2021.

It is useful to keep the samples to allow later analysis (e.g. storage by freezing or tissue
fixation for microscopy [45], freezing for burden analysis [46], [47]). Use of extra animals for
the additional analyses should be avoided, where possible, and additional animals should only
be included when scientifically justified. However, it is important to balance between
performance of additional analyses and demonstration of toxicity. It is noted that according to
OECD TG 412 and TG 413, option B, animals of satellite groups can be used for organ burden
analysis. If satellite animals are used for lung burden, the same animals should be used for
any other organ burden assessment deemed necessary by the study director.

The physical-chemical properties of nanoparticles might change in different environments, e.g.
as pristine material, in dosing medium, body fluids, and in tissues. Therefore, physical-
chemical characterization may need to be determined at various stages of the toxicokinetic
testing [17].

2.1.4.2. Possible types of data and scenarios to be considered

2.1.4.2.1. Cases where there are existing data available on repeated dose
toxicity or other high tier studies

In these cases repeated dose toxicity (RDT) studies via inhalation route (OECD TG 412 or 413)
or RDT studies via the oral route (OECD TG 407 or 408) and/or a screening study (OECD TG
421, 422), a pre-natal developmental toxicity (PNDT) study (OECD TG 414) and/or Extended
one generation reproductive toxicity study (EOGRTS) (OECD TG 443) performed via oral or
inhalation route are available. It needs to be determined if the data generated by these studies
contain information useful for toxicokinetics investigations as described above and if the
substance on which the data are available is representative for the registered substance.

e In cases where the test material is not well characterized (e.g., no information on the
particle size or surface area, no info on surface treatment) or when the test result is
generated on the non-nanoform, even if high tier or toxicokinetic data are available,
these data cannot be considered relevant for nanoform/sets of nanoforms and new data
is needed.

e In cases where the test material is well characterized but the studies do not include the
toxicokinetics investigations described above, additional investigations can be
performed to make a toxicokinetics assessment (specific investigations such as
dissolution rate in relevant biological media, translocation studies, in vitro tests, physic-
chemical properties, and modelling). If it cannot be argued that the duration of the
toxicity study is sufficient to address the potential hazard of nanoforms or potential
organ burden, further studies are required along with the investigations described
above. The determination of the dissolution rate in biological fluids provides an insight
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on how a certain particle may interact with its biological environment [37]. Therefore,
this is an important parameter in toxicokinetics evaluation, which should also be used
for grouping and read-across.

Further advise on the use of existing repeated dose studies is given in Appendix R7-1 to
Chapter R.7a, section 2.2.2.

2.1.4.2.2, Cases where new repeated dose toxicity data via inhalation route
needs to be generated (data gap in dossier)

Several parameters with relevance to the toxicokinetics should be investigated when
performing a new repeated dose study (OECD TG 412, 413, 407 or 408, or similar e.g. OECD
421 or 422) in order to answer the following questions:

Absorption

¢ Do the nanomaterials enter organs and tissues of the body?
¢ What can be considered as evidence for systemic absorption?

For the risk assessment of non nanoforms of substances, more detailed information on
absorption is useful for refinement of the route-to-route extrapolation. Because route-to-route
extrapolation for nanomaterials is unknown at present, knowledge on absorption can only be
used in a qualitative manner to identify that a nanomaterial is absorbed. However, it is
important to have insight if there is a potential for accumulation of a nanomaterial in different
target organs. Information on accumulation would also provide insight in the extent of
absorption. The level of absorption may change with the dose. At high doses the nanoform(s)
may agglomerate resulting in absorption of a smaller fraction of the administered dose. The
extent of absorption can be estimated based on the amount of nanoparticles present in key
organs like lungs, liver, spleen and kidneys. Since especially small sized nanoparticles are
likely to be cleared through kidneys, they may therefore accumulate in the kidneys [32].

The presence of nanoparticles in secondary organs (i.e. any organ beyond the portal of entry),
in serum/blood or urine can be seen as evidence for systemic absorption. However, due to
methodological limitations, a non-detection of nanoparticles in secondary organs especially by
microscopic methods cannot be used as evidence to conclude that there is no systemic
absorption. In cases where a validated or widely used methodology (see section 2.1.4.1.) is
utilised to assess the presence of nanoparticles in secondary organs, the evidence of non-
absorption may be considered acceptable. The presence of nanoparticles in serum/blood and
urine in view of evidence of absorption is qualitative in nature.

Translocation studies via ex vivo tissues (skin, intestinal epithelium) and in vitro barrier
systems have still limited precision to be predictive for systemic absorption. Therefore, these
studies can currently not be used to conclude that there is no systemic absorption.

For the non nanoforms of substances, the physicochemical property log P/log Kow provides an
indication of the likelihood for accumulation. However, for nanoforms, this property has no
predictive value. The dissolution rate in physiological media may however give a qualitative
indication of the potential for accumulation. Modelling of absorption and accumulation based
on physicochemical properties is currently not sufficiently advanced.

Determination of organ burdens, especially after limited exposure duration, can be hampered
by the analytical detection limit. Hence, the methodology used needs to be thoroughly
documented and the system validation must be explained.
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Distribution and accumulation
e How to assess distribution of nanomaterials in the body?

The distribution and potential for accumulation in lung and body can be assessed with in vivo
data based on multiple time points. The lung burden determination in OECD TGs 412 and 413
is mandatory at only one post-exposure observation (PEO) period in Option B (at PEO-1).
However, these OECD test guidelines state that a minimum of two lung burden measurements
are necessary when investigating clearance kinetics but recommend three post-exposure time
points. Other organs can also be collected from the animals used in these tests to determine
potential accumulation/burden. The assessments at these time points can be used to estimate
the accumulation and/or half-life of the nanomaterials in specific organs. This information is to
be used to assess the deposition and clearance of particles [38] in the repeated dose toxicity
study. If studies of sufficient duration are not feasible, an assessment based on internal
concentration could be an alternative. The three time-points post-exposure as described in the
OECD TGs are an absolute minimum to obtain insight in the accumulation/elimination rate of
nanoparticles.

The scheduling of the post-exposure time points depends on the expected clearance, and
considerations as described in OECD TG 412 and OECD TG 413 are in place. A period of a few
days is considered too limited to assess the potential for elimination or accumulation in tissues.
More guidance and differentiation between nanomaterials that show differences in dissolution
rate will be developed in the future OECD TG on toxicokinetics for nanomaterials.

Alternatively or in addition, accumulation in organs could be evaluated by measuring organ
burdens at different time-points during exposure.

¢ Which are the relevant organs for accumulation?

In ISO TR 22019 [17] the liver, spleen, lung, brain, kidney, lymph nodes at the organ of entry
and bone marrow are considered relevant organs for the investigation of the toxicokinetics of
nanoparticles. Subsequent to pulmonary uptake, translocation of nanoparticles to secondary
organs such as the liver, heart, spleen, brain, kidney [29] or bone marrow and to local lymph
nodes has been reported [48]. In an inhalation chronic low-dose study with CeO2
nanoparticles, a significant cerium burden could be determined for all time points in all major
non-pulmonary organs (liver, kidneys, spleen), with liver bearing the highest content followed
by the skeleton [48].

Thereby, liver, spleen, lung, brain, kidney, heart, lymph nodes at the organ of entry and bone
marrow, in addition to the organ(s) of entry, represent a relevant set of organs that should be
investigated.

If additional toxicokinetics investigations are performed, the assessment of the bone marrow is
also of importance for in vivo genotoxicity testing, in order to verify whether the test
substance reached the target organ. Other organs that may be of relevance for triggering
concern and possible further testing for immune, neurological, cardiovascular and reproductive
effects are the lymph nodes at the port of entry, brain, thymus, heart, testis/ovaries.
Knowledge on the distribution to specific organs can be used to prioritize on which organs (in
addition to the standard requirements for the portal of entry and the liver) further genotoxicity
studies could be performed.

With regard to the PNDT/screening study/EOGRTS the possible accumulation of nanoparticles
in reproductive organs of the parental animals is of interest. In addition, it would be relevant
to obtain information on the nanomaterials present in the placenta and their diaplacentar
transfer. The potential for accumulation of nanoparticles in organs of the pups is also of
interest.
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Moreover different exposure routes/methods of administration can lead to different
biodistribution of the nanomaterials. For example, radiolabelled gold nano particles in different
sizes (1.4-200 nm) administered by intra-oesophageal instillation to healthy adult female rats
resulted in detectable amounts of nanoparticles (ng/g organ) in the stomach, small intestine,
liver, spleen, kidney, heart, lung, blood and brain after 24 h as measured by gamma-
spectroscopy, with the highest accumulation in secondary organs observed with the smallest
particles [49]. When gold nanoparticles were delivered intra-tracheally to rats, the majority of
nanoparticles remained in the lungs (> 95% of the initial dose, ID) with < 1% of the ID
translocated to the kidneys, liver, blood and urine, and < 0.01 of the ID reaching the spleen,
uterus and heart [26].

Existing information suggests that the half-life of nanoparticles can vary in different organs.
For example in a study with CeO2 nanoparticles, following chronic low-dose inhalation, it was
concluded that the liver has a low accumulation rate, whereas kidneys, the skeleton and bone
marrow seem to have a steady increase in nanoparticles burden over time [48]. Furthermore,
translocation between organs, although very low, has been observed [24]. Early studies in
rodents provided rough estimates that <1% mass of administered nanoparticles with a
diameter of <50 nm will translocate [24]. The reported estimates are most frequently around
0.3% or less of the administered dose for a given tissue at 24 h post-exposure [31].

There is a complex distribution pattern that may change over time. However, the inclusion of
three time points post-exposure investigations would give an indication of the potential for
accumulation over time.

e How to follow the distribution and accumulation?

The ISO Technical Report on Toxicokinetics on nanomaterials [17] provides considerations for
performing toxicokinetic studies with nanomaterials and considerations on the analytical
challenges regarding the detection limits or the quantification of nanoparticles in biological
samples or on the issues relevant for dosing conditions. The appropriate analytical method(s)
depend(s) on the nanomaterials. Depending on the nanomaterial, it may be of relevance to
identify whether the nanomaterial is present as constituent particles or as
agglomerates/aggregate and whether there are degradation products as detached labelling,
ions or transformed nanomaterials present. Inclusion of a control group is important to take
potential background exposure into consideration.

Detection of secondary structures formed from the original nanomaterial (e.g. by salt
precipation) may also be relevant to inform on the possible modification of the nanomaterial
and the mechanism of its absorption and distribution.

Elimination/clearance

e Are the nanoparticles cleared from the body?
e How to determine the rate of elimination/accumulation

The elimination/clearance has a direct impact on the organ burden. Therefore, the
measurement of organ burden over time also gives a quantitative estimation of elimination.
The detection of nanoparticles in urine and faeces provides no reliable information on
accumulation and kinetics. However, the nanoparticles presence in urine may serve as an
indication for systemic absorption and elimination.

These investigations may also be performed within a PNDT study (OECD TG 414), a screening
study (OECD TG 421 or 422), or an EOGRTS study (OECD TG 443).

Similar considerations with regard to the toxicokinetics investigations as described for the
studies performed via inhalation route apply in principle for the studies via the oral route.
Detailed advice on how to generate new toxicokinetic information within a repeated dose
toxicity study via the oral route is provided in EFSA Guidance on nanotechnologies in the food
and feed chain [50].
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Dermal route of exposure

Regarding the dermal route, to date only very small nanoparticles (such as quantum dots)
were found to penetrate the barrier compromised (UV radiated) skin of SKH-1 mice in vivo,
thereby reaching the lower epidermal layers and the dermis [51]. However, although the data
on skin penetration of nhanomaterials is inconsistent [52], the properties, surface modification
and structuring of nanomaterials may influence the penetration of the dermal barrier.
Furthermore, skin thickness, skin humidity, temperature, barrier integrity, mechanical flexion
may increase their dermal uptake. Absorption through intact skin has been shown to occur for
nanomaterials smaller than 4 nm, while penetration of nanomaterials larger than 45 nm may
only take place in severely damaged skin [53].
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