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Helsinki, 02 July 202I

Addressees
Registrants of titanium dioxide listed in the last Appendix of this decision

Registered substance subject to this decision ('the Substance')
Substance name: titanium dioxide
EC number: 236-675-5
CAS number: 13463-67-7

Decision/annotation number
Please refer to the REACH-IT message which delivered this communication (in format SEV-
D-XXXXXXXXXX-XX- XX/ F)

DECISION ON SUBSTANCE EVALUATION

Under Article 46(L) of Regulation (EC) No 7907/2006 (REACH), you must submit the
information listed below:

Intratracheal instillation study combined with comet assay in rats on 11 forms
of Titanium dioxide (TiOz).

This intratracheal (IT) instillation study must fulfil the following requirements as further
detailed in Appendix A:

r For each form tested, the protocol of the intratracheal instillation study in rats must
comprise 3 different concentrations, followed by 3 post-exposure observation times
(2-6 h, 1 day and 28 day post exposure);

. The lowest concentration must produce little or no evidence of toxicity and the highest
concentration must result in a clear level of toxicity but not inducing overload where
feasible;

r 2 instillations must be performed at 24 h interval (at 0 and 24 h). The same test
protocol must be used for each tested form of the Substance;

. 5 male rats must be included in each group and observation time;

. Observations and examinations at each post-exposure observation times (2-6 h, 1 day
and 28 day post exposure, unless otherwise explicity mentioned) will be used to gather
data on traditional endpoints together with early and sensitive markers of toxicities as
follows:

1. The pulmonary response, including bronchoalveolar lavage fluid (BALF) and
histopathology of the lung must be performed; as required in the OECD
Guidance Document no39 (GD39) on inhalation studies (2018b), the mandatory
BALF parameters are lactate dehydrogenase (LDH), total protein or albumin,
total leukocyte count, absolute cell counts, and calculated differentials for
alveolar macrophages, lymphocytes, neutrophils, and eosinophils.
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2' Oxidative stress by measuring reactive oxygen species (ROS) and reactive
nitrogen species (RNS) by fluorimetric probes (e.g. DCFDA/H2DCFDA, mitoSox
and dihydroethidium (DHE)), malondialdehyde (MDA) by HpLC and Haeme
oxygenase 1 activity in the lung must be made. These measurements must not
be performed at 28 days post-exposure.

3. Histopathology of liver, kidney, testis and brain.

4' Cardiovascular function by measuring at least nitrogen oxide (NO) content,
endothelial nitrogen oxide synthase (eNOS) activity and high sensitivity C
reactive protein (hs-CRp) content in the serum.

5. Comet assay on lung tissues must be performed according to the OECD TG 489
with and without specific modification to detect oxidative damage.

The test must be performed on the following 11 forms of the Substance selected to
cover the about 300 TiOz forms of the registration dossier:

1. uncoated mixed phase nano,

2. uncoated nano anatase (5 nm),

3. uncoated pigmentary rutile,

4' pigmentary rutile coated with alumina and 1,1,1-Trimethylolpropane (TMp).
5. pigmentary rutile coated with alumina, zirconia and TMp,

6. nano rutile coated with alumina and hydrophobic organic,

7. pigmentary rutile coated with high Specific Surface Area (SSA) silica and
alumina (4Om2/g),

B. nano rutile coated with silica (40m2lg),

9. pigmentary rutile coated with aluminium phosphate,

10. pigmentary uncoated anatase (E171), and

11. nano anatase containing tungsten in its coatingl.
Note: the physico-chemical characterisation of each test material must be reported
(See Appendix A, section 5),

Deadline to submit the requested information
Since the requested study is non-standard and includes a large set of testing materials, a
large number of animals to be tested, and may require somi developmeni of analytical
methods, ECHA has granted additional time.

The information requested must be generated and provided by 3O months2 (see also
Section A,B for details).

Conditions to comply with the information requested
To comply with this decision, you must submit the information in an updated registration
dossier, by the deadlines indicated above. The information must comply with the IUCLID

1 In your comments, you proposed to add this form to the test.
2 The final deadline includes the 90-day period addressed in Article 53(1) of REACH and the seven-
day period addressed in point 9(d) of the terms and conditions of REACH-IT.
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robust study summary format. You must also attach the full study report for the
corresponding study/ies in the corresponding endpoint of IUCLID.

You must update the chemical safety report, where relevant, including any changes to
classification and labelling, based on the newly generated information.

Appendices

The justifications of this decision and any further test specifications of the requirements
are set out in Appendix A. The procedural history is described in Appendix B, Further
information, observations and technical guidance as appropriate are provided in Appendix
C. Appendix D contains a list of the addressees of this decision.

Appeal

This decision can be appealed to the Board of Appeal of ECHA within three months of its
notification. Please refer to http://echa.europa.eu/regulations/appeals for further
information.

Failure to comply

If you do not comply with the information required by this decision by the deadline
indicated above, ECHA will notify the enforcement authorities of your Member State.

Approved3 under the authority of Christel Schilliger-Musset, Director of Hazard Assessment

3 As this is an electronic document, it is not physically signed. This communication has been approved
according to ECHA's internal decision-approval process.
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Basis for substance evaluation

The objective of substance evaluation under REACH is to allow for the generation of further
information on substances suspected of posing a risk to human health or the environment
('potential risk').

ECHA has concluded that further information on the Substance is necessary to enable the
evaluating Member State Competent Authority (MSCA) to clarify a potential risk and
whether regulatory risk management is required to ensure the safe use of the Substance.

The ECHA decision requesting further information is based on the following:

(1) There is a potential risk to human health via inhalation, based on a combination of
hazard and exposure information;

(2) Information is necessary to clarify the potential risk identified; and
(3) There is a realistic possibility that the information requested would allow improved

risk management measures to be taken.

The Appendices entitled 'Reasons to request information' describe why the requested
information are necessary and appropriate.
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Appendix A - Reasons to request information to clarify the potential risk
related to repeated dose toxicity via inhalation

Based on the evaluation of all relevant information submitted in the chemical safety report
on titanium dioxide (TiOz; the Substance) and other relevant information available in the
scientific literature, further information is required to enable the evaluating Member State
competent authority (eMSCA) to complete the evaluation of whether the Substance,
including its nanoforms, constitutes a risk to human health. To answer your comment that
the "DD completely disregards the overall evidence presented in the dossier...", an effort
has been made to identify the information coming from the latest update of the registration
dossier (dated 03 March 2O2O).

A.1 The potential risk - human health
1. Potential exposure

According to information in the registration dossier, the chemical safety report and the
scientific literature, the Substance is used as a pigment and an opacifying agent. It has
resistance to chemical attack, thermal stability, resistance to UV degradation (UV blocker)
and photocatalysis potential. Due to its photocatalytic properties, when the size of the
particle is reduced to the nanoscale in one or more dimensions, nano TiOz is also used for
water and surface treatment. The Substance is very widely used in industrial/professional
settings and is included in numerous products and articles used by industrials,
professionals and consumers. All existing process categories (PROC), environmental
release categories (ERC), product categories (PC) and articles categories (AC) are claimed
in the registration dossier. The uses of the Substance depend on its properties that are
determined by the crystallinity, the size, the shape and surface chemistry of the TiOz
particle. Based on the very wide uses for various purposes, human exposure, including
inhalation route, cannot be excluded.

You commented that exposure of general population is not likely to occur, especially when
focusing to the unbound respirable TiOz. Giving the fact that consumers can be exposed
to the Substance via many sources, ECHA considers that exposure is likely to occur,
Indeed, the Substance is present in food, pharmaceuticals, and cosmetic products,
including cosmetics powder, skin protecting cream, natural white moisture protection
cream, powder make-up, and various other cosmetic cream products. The Substance has
applications in coatings, such as in plastics, foods packing material, and in printing inks.
It is used in aerosol paints. In addition, the Substance has also applications in
photocatalysts, UV-resistant materials, antibacterial materials, sewage treatment, and
self-cleaning glass and ceramics. It is also used in metallurgical, paper, and astronautics
industry.
Further, workers and/or consumers can be exposed to unbound powder used in some of
the applications mentioned above. In addition, one should also consider that the aging of
material is mostly unknown. As demonstrated for sunscreens, the organic coating present
at the surface of the nanomaterial may be disaggregated or being removed by mechanical
interaction and thus expose humans to the core of the material (Auffan et al., 2010; Labille
et a|.,2010). The eMSCA acknowledges that reliable data, measurement methods and
strategies for the estimation of consumer and environmental exposure are still under
development and validation, and precise estimations are not possible. It is apparent that
dermal consumer exposure to the Substance occurs. Also, the eMSCA believes that
inhalation of different forms of the Substance cannot be excluded and that there is a
potential risk for workers and consumers. Under this substance evaluation process, the
eMSCA has decided to focus on the inhalation route.
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The Substance is used in cosmetics and personal care products according to the Regulation
(EC) No 1223/2009 on cosmetic products, As noted above, there are also uses under
REACH. ECHA's factsheet4 on the interface between REACH and Cosmetics Regulations,
developed jointly with the European Commission, provides that Registrants of substances
which use the Substance also for non-cosmetic uses (i.e. mixed-use substances) are
required to perform as a last resort, studies for all endpoints requiring vertebrate testing.
As is apparent from the Commission Communication of 11 March 2013 on the animal
testing and marketing ban and on the state of play in relation to alternative methods in

the field of cosmetics (COM(2013)135), such testing would not trigger the testing and
marketing bans under the Cosmetics Regulation as the testing is to be performed for the
purposes of meeting the requirements of REACH.

2. Potential hazard of the Substance after repeated exposure via inhalation.

The available information suggests that different forms of the Substance tested, including
nanoforms (TiOz-NPs), ffioy cause adverse effects and toxicity after repeated exposure via
inhalation: pulmonary inflammation and effects on the cardiovascular system, central
nervous system , liver, kidney and testis as well as weak genotoxicity (effects are detailed
in sections 2.2. and 2.3, below).

A detailed explanation of the available evidence is provided below substantiating the
potential risks that the Substance may cause by repeated inhalation exposure:

. Potential pulmonary toxicity

. Potential systemic organ toxicity

. Potential oxidative stress and genotoxicity

2.t. Potential pulmonary toxicity
2.1.1. Evidence for repeated dose toxicity

Six repeated-dose toxicity studies, from 5 days to 13 weeks exposure, performed by
inhalation route with several concentrations of the Substance were identified (Bermudez
et al.,2OO4; Ma-Hock et a|.,20O9; Lansiedel et al.,2OI4; Yu ef al.,2Ot5; Oyabu et al.,
2O!7; BAuA report F2364,2018). All but one (BAuA report F2364,2018) were submitted
in the registration dossier.

You provided the BAuA report (F2364, 2018) in your comments as additional information
on repeated-dose toxicity by inhalation, which the eMSCA has taken into account. In this
study, TiOz-NPs (P25, to which the test material form number 1 as specified in the request
seems to be the closest) increased polymorphonuclear (PMN) leukocyte recruitment by
3O-45o/o which persists after 28 days even in the low dose group, increased clearance half-
life in the lung with increase in concentration. This was not observed in the case of
exposure to microsized-TiO2 Bayertitan T. The above mentioned studies (6) focused
mainly on pulmonary response (mainly inflammation) to TiO2-NPs exposure.

In comparison, the OECD TG 413 (subchronic inhalation toxicity study) will provide a list
of about 40 organs to be investigated.

Moreover, the six repeated dose toxicity inhalation studies were performed on different
forms of the Substance (e.9. different crystal phases, coated or uncoated), with different
durations of exposure (see Table 1), rendering the comparison of the results difficult if not

4 https://echa.eurooa.eu/documents/10162/13628/reach cosmetics factsheet en.pdfl2fbcf6bf-
cc7 8 - 4 a2c-83f a - 43ca87 cf b3 I 4

2.1
2.2
2.3
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impossible. However, all the provided studies indicate adverse pulmonary effects. The
results of these studies are presented in Table 1.

Table 1. Description of the existing repeated-dose toxicity studies by inhalation
performed with various forms and concentrations of TiOz-NPs.

Reference Material
tested

Concentra
tions

Duration of
exDosure

Characterisation Results

Bermudez
et dl.,
2004*

P25 0.5, 2.0,
or 10
mglm3

6 hlday, 5
days/week
for 13
weeks

21 nm
Information from
OECD: about B0o/o
anatase/2Oolo rutile;
surface area: about
5O mz/g

Lung toxicity with
hyperplasia/
hypertrophy in rats
NOAEC = 0.5 mglm3

Respiratory effects in
mice
NOAEC = 2.O mg/m3

No respiratory effect
in hamster

Ma-Hock ef
al.,20O9x

Uncoat
ed TiOz
with
hydrop
hobic
su rface

2.0, 10 or
50 mglm3

5 days 95.Io/o TiOzi I4o/o
rutile, 860/o anatase;
25.I + 8.2 nm;
surface area: 51.1 *
0.2 m2/g

Transient
inflammation; lung
hypertrophy/
hyperplasia
LOAEC = 2 mglm3

Lansiedel ef
al.,2OI4*

T-Lite
SF

0.5,2 et
10 mglm3

5 days Dimethicone coated
rutile TiOz
B2o/o TiOz and 10o/o
Al(oH):)
24 nm

Transient pulmonary
inflammatory
reaction
NOAEC = 0.5 mg/m3

Yu et dl.,
2015x

nTiOz 2.5, 5, LO

mglm3
4 weeks 19.3t5.4 rffi,

information
crystallinity
coating

no
on
or

Lung inflammation,
hyperplasia and
haemorrhage in the
lung, elevations of
markers of liver and
kidney toxicity
LOAEC = 2.5 mq/m3

Oyabu ef
al., 2077*

MT-
1sOAW

0.50 +
0.26 and
I.B4 I
o.74
mglm3

4 weeks rutile spindle-
shaped; 12x55 nm;
average
agglomerated
particle size: 44.9
nm; purity =
99.5o/o; surface area
= LtI m2/o

Some alveolar
macrophages with
pigment-like material
deposition in the
alveoli
NOAEC = ]-B4
mglm3

BAuA, 2018 P25
and p-
TiOz
Bayerti
tan T

28 and 85
mg/m3 for
pTiOz (low
and high
concentra
tions) and
9.7 and
29.7

6
hou rslday,
5
days/week
for 2 weeks
and
sacrifice at

p-TiOz: p: 4.3
98,t7o/o TiOz
99,5o/o Rutile
BET: L,9 m2lgi
EGME: 2t,7 m2/g
p-TiOz; MMGD: 1,8
um

At high
concentration, effect
on PMN levels at 3
and 28 days for P25,
inflammatory effects
of the high dose of
P25 at day 3 and
normalisation at day
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Hazard after inhalation are described but the available studies are not appropriate to
characterise it properly.

New studies according to OECD TG 413 should be conducted in the Tier 2 on appropriate
forms selected based on the current decision (see Section A,3).

2.1.2. Studies showing that the physicochemical properties of the Substance can
affect the potency of the different forms of TiO2-NPs in inducing various
pulmonary toxicities

n.b. based on your comments, this title was modified to strenghten the justification that
it is important to add different parameters in the initial Tier 1 study: to ensure proper
identification of the TiOz forms covered by the joint submission to be further tested in
Tier 2, and also to allow, later on, prediction of the toxicity of the TiOz forms that will not
be tested.

The impact of crystal phase on the pulmonary toxicity of TiOz-NPs was shown by
different authors but with contradictory conclusions. For example, Aragao-Santiago
et al. (2OL6) noted a distinct inflammatory potential, between anatase and rutile
TiOz-NPs, the latter not inducing inflammatory response. In contrast, Rahman ef
al. (2OL7) and Numano et al. (2014) reported a higher overall biological response
of the lung with rutile compared to anatase.

r u *0p€A f.r c htfr M I cdL g AG€ l.l{ Y
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Roursgaard et al. (2011) described a higher inflammatory response for rutile form
when compared to anatase and amorphous TiOz-NPs. In addition, they identified
amorphous polymorph TiOz-NPs as the most potent form in regard to acute tissue
damage, based on the level of total protein in bronchoalveolar fluid. Okada et al.
(2016) found that mixed-crystal phase and amorphous TiOz-NPs lead to the most
severe fibrosis compared to the one resulting from treatment with anatase and
rutile forms. Warheit et al. (2007) also observed a more pronounced inflammation
with mixed-crystal phase.

ECHA considers that, at least TiOz forms L,2,3, B and 10 (as specified in the
request) will allow to evaluate the influence of crystal phase on pulmonary toxicity
and on the early and sensitive markers to toxicity.

Regarding the size, nanoparticles are expected to be more reactive than bulk
materials with an increase of the pulmonary response due to a delayed clearance,
longer biopersistence and deeper penetration into interstitial regions of alveoli. In
particular, in a general study on particles, Drew et'al, (2OL7) found that metrics
related to the particle size (such as density, surface area and diameter) appeared
to be the most predictive for estimating potency of a nanomaterial in eliciting

mg/m3 for
P25 (low
and high
concentra
tions)

3 and 28
days

MMAD: 0.90 and
1.37 pm

P25: p: 4.3 - pAgg:
1.6
BET: 60 m2lg
Anatase/Rutile
B0o/o/2Oo/o
MMAD : 0.57 and
0.58 um

28

a
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pulmonary inflammation. A similar conclusion - the smaller the particle size, the
greater the inflammatory response - is also reached by several authors when they
compared the lung toxicity (gene expression response, examination of
bronchoalveolar lavage fluid (BALF), and lung histopathology) after an intratracheal
(IT) exposure to various forms of the Substance (Halappanavar ef al., 2015;
Hashizume et al.,2Ot6; Kobayashi et al., 2009; Rahman et a|.,2077). Noel ef a/.
(2013) hypothesized that the lower cytotoxicity observed for the larger TiOz-NPs
could possibly be due to their less efficient penetration into cells. Contr:asting with
these findings, other authors did not evidence a direct association between particle
size and inflammatory potential of TiOz-NPs after intratracheal (Li et al., 2007;
Roursgaard et a|.,2011) or inhalation administration (Rossi et a|.,2009).

ECHA considers that, at least TiOz forms 2,4, B and 10 (as specified in the request)
will allow to evaluate the influence of particle size on pulmonary toxicity_and on the
early and sensitive markers to toxicity.

The presence of a coating can affect the behavior of nanoparticles in the medium,
production of reactive oxygen species (ROS) and reactive nitrogen species (RNS)
or interaction with macromolecules. Moreover, the coating may itself also release
toxic material (Charles et a1.,2018). Even if coated forms of TiOz-NPs are rarely
tested in toxicological studies, some publications emphasize that it is essential to
take into account surface coating in risk assessment. Hashizume et al. (2O16)
reported that Al(OH)i-coated TiOz-NPs induced a greater pulmonary inflammatory
response than non-coated particles. Halappanavar et a/. (2015) also noted that
changes in the surface characteristics, such as the addition of positively charged
amino groups, can further enhance the inflammatory potential of TiOz-NP.
Similarly, Rahman et al. (2017) demonstrated an exacerbation of the pulmonary
response when animals were exposed to TiOz-NPs covered with a hydrophilic
coating, compared with no or hydrophobic coating. Among different forms of TiOz-
NPs tested, Rossi et al. (2O09) found that only Si-coated rutile TiOz-NPs elicited
clear pulmonary inflammation compared to uncoated TiOz-NP.

ECHA considers that, at least TiOz forms 3,4,5,7, B and 9 (as specified in the
request) will allow to evaluate the influence of coating on pulmonary toxicity and
on the early and sensitive markers to toxicity.

The different shapes of TiOz-NPs such as nanospheres, nanobelts, nanorods,
nanodots, needles, tubes, fibers-like, can influence the lung toxicity. For example,
Hamilton et al. (2009) demonstrated that alteration of TiOz nanomaterial into a
fibre structure of greater than 15 pm creates a highly toxic particle and initiates an
inflammatory response by alveolar macrophages. Similar conclusion was reached
by Porter etal. (20L3) and Silva etal.(2Ot3) who reported moresevere pulmonary
responses with nanobelts compared to nanospheres. In addition, Danielsen ef a/,
(2020), detailed below following your comment on the impossibility to perform the
requested assay in the same animal, reported a high inflammatory response with
nanotube TiOz and a moderate inflammatory response with nano cube-like or nano
sphere-like TiOz in the lung of mice at the same concentration in an IT instillation
study (all anatase, which TiOz form 2, as specified in the request seems to be the
closest). They also reported a lesser neutrophils recruitment with nano cube than
other shapes tested. The most prominent neutrophil influx was observed with the
TiOz tube. In contrast, Warheit et al.(2OO6a) did not find any significant differences
in the pulmonary responses to anatase nanodots versus anatase nanorods, despite
a sixfold difference in surface area properties. Sager and Castranova (2009)
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propose severe agglomeration as an explanation for these results, but this has to
be confirmed in a proper study since these comparisons were not made for all
shapes of the Substance.

ECHA considers that all TiOz forms, 1-11 (as specified in the request) will allow to
evaluate the influence of shapes on pulmonary toxicity and on the early and
sensitive markers to toxicity,

Many of the publications cited above are available in the registration dossier (updated in
March 2O2O), although "disregarded due to major methodological deficiencies" without
further details.

Finally in your comments, you indicated that there is a need to add an additional 11th form
of the Substance due to sufficiently different characteristics compared to the other 10 TiOz
forms you initially proposed to be studied. ECHA agrees with your proposal to test also the
additional 1lth form of the Substance and amended the decision accordingly. This will help
to evaluate the influence of the various parameters of the different TiOz forms on toxicity
and allow to clarify the concerns raised by the above-mentioned publications.

2,2. Potential for systemic organ toxicity
The study by Yu et al. (2015) presented in Table 1 also provides evidence that the toxicity
of T|O2-NPs is not restricted to local lung effects but can also include systemic toxicity
after repeated exposure. Effects on the cardiovascular system, the central nervous system,
the liver and kidney were reported after exposure to the Substance via inhalation route.
Thus, inhalation of TiOz-NPs may induce effects in other organs than lungs. However, from
the available database, it is not clear (i) at which the level these effects may occur,
compared to the occurrence of lung effects, and (ii) what is the different potency of
different forms of TiOz causing these effects.

2.2.1. Cardiovascularsystem

Effects of TiOz-NPs on cardiovascular system were noted in several studies after a single
and repeated exposure, and consist mainly of microvascular dysfunction. Many of these
studies are available in the registration dossier, though you have disregarded them due to
"major methodological deficiencies" without further details. The effects on cardiovascular
system were reported in non-pregnant rats after a single exposure to P25 by inhalation
(Nurkiewicz et a|.,2008 & 2OO9, LeBlanc et a|.,2009 & 2010, Knuckles et a|.,2012) but
also in pregnant rats and their foetuses when TiOz-NPs were administered by inhalation
during gestation (Stapelton et a1.,2013 & 2015).

You commented that "possible cardiotoxic effects will most likely be manifested after 90
days of exposure, which can then be observed in histopathological examinations of the
heart. However, such effects were not observed in sub-chronic inhalation toxicity studies
conducted in rats, hamster or mice using the same test material as used by Nurkiewicz
and LeBlanc up to concentrations of 10 mg/m3 (Bermudez et al. 2004). According to the
study protocol, the heart was histopathologically examined and no effects indicating any
kind of cardiotoxicity were reported after 90 days of exposure or up to 52 weeks of
recovery". If you refer to the Bermudez et al. (20O4) study, the Materials and Methods
section clearly states that: "Hisfopathology. Paraffin-embedded left lung tissues were
sectioned at 5 pm and stained with Masson's trichrome. The trichrome-stained lung
sections were evaluated for particle-induced histopathological changes." It is therefore
clear that the heart was not histologically examined in this study.
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Based on your comments, the eMSCA clarified that the cardiovascular function rather than
cardiotoxicity should be investigated. In particular NO (nitric oxide), eNOS (endothelial
nitric oxide synthase) activity and CRP (C Reactive Protein) have previously been shown
to be sensitive biomarkers to TiOz-NPs in studies by inhalation (Nurkiewicz ef al.2O08,
Nurkiewicz etal.2OO9, LeBlanc etal.2009, LeBlanc eta|.2070, Chen eta|,,2013).

Initially, the determination of the amount of SAA3 (serum amyloid A3), another positive
acute phase protein, was requested. Following your comment, the request was modified
to include the determination of high-sensitivity CRP (hs-CRP) but not SAA3 (see section
A5 for rationale).

The above-mentioned markers allow to evaluate risk factors for a cardiovascular disease
to occur after inhalation exposure to the Substance. Furthermore, low levels of
translocation of TiOz-NPs to heart were observed after a single IT instillation in mice when
analysed at 24 hours post-exposure (Husain et al. 2015).

The eleven forms of the Substance to be tested will allow you to identify whether some
parameters impact cardiovascular functioning. Later, it will help you to predict the
cardiovascular toxicity of all forms of the Substance included in the registration dossier.

2.2.2. Central nervous system

Some studies also investigated effects of various TiOz-NPs on the central nervous system
and identified deleterious effects on the brain neurochemistry and histopathology (in
particular in the hippocampus) after repeated exposure by inhalation (Disdier etal.,2Ol7,
four weeks exposure, one high concentration) or after intra-nasal instillation for up to
30 days (Wang et a1.,2008 a & b; Zhang et a1.,2011). The findings by Disdier et al. (2OL7)
indicated dysregulation of blood brain barrier (BBB), neuroinflammation and impact on
neuronal acitivity after exposure to nanoforms of the Substance via inhalation in rats.
This study did not provide evidence of translocation of TiOz-NPs to the brain after inhalation
exposure. However, Pujalt6 et al. (2OL7) observed a slight translocation of TiOz-NPs to the
olfactory bulb and the brain after a 6-hr exposure by inhalation in rats.

2.2.3. Liver and kidney

Concerning hepatotoxicity, oedema and loose cytoplasm of liver cells were found in rats
exposed to TiOz-NPs by instillation twice a week, for four consecutive weeks (Chang et al.,
2015). After inhalation exposure, translocation of small amounts of T|O2-NPs to liver was
observed in rats after acute exposure for 6 hours (Pujalt6 et al.2Ot7) and after 4 weeks
exposure (Gat6 et al. 2017). In addition, Husain et al. (2015) showed low levels of
translocation of TiO2-NPs to liver when analysed 24 hours after a single iT instillation in
mice. After exposure of female mice to TiO2-NPs by a single IT instillation at a maximum
dose of L621tg/mice, translocation from lung to liver can lead to detection of the Substance
in liver 180 days after the end of exposure (Modrzynska etal., 2018a, b).
Renal fibrosis was induced in mice receiving TiOz-NPs by instillation once per week for four
weeks (Huang et a|.,2015). Pujalt6 et al. (2OI7) showed that low-levels of TiOz-NPs
translocate to the kidney after a 6 hour exposure via inhalation in rats.

2.2.4. Testis

The possible effect of the Substance after translocation to testis is illustrated in several
experiments available in the open literature. In mice and rats, the Substance was found
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in testis or epididymis after oral exposure. It was associated with several adverse effects
such as an effect on seminal vesicle, sperm motility, increase in abnormal and total number
of spermatozoid, increase in ROS production, negative effect on tissue histology and
decrease in testis weight (NCI, 1979, Song et a|.,2017, Tassinari et al.,2Ot4, Jafari et
a|.,2020).
In your comments on the PfAs, you noticed that the stud b H et al., 2015 is cited
As indicated under section A7, publication from the
and this reference was removed.

was not considered

Conclusion on potential systemic organ toxicity

The eleven forms of the Substance to be tested will allow you to identify whether some
physico-chemical characteristics in TiOz forms impact the histopathology of the brain, liver,
kidney and testis. Histopathological examination can also provide indirect evidence on the
potential translocation of some TiOz forms to these organs. Later, it will help you to predict
the potential systemic organ effects of all forms of the Substance covered in the
registration dossier.

2.3. Potential oxidative stress and genotoxicity

In addition to, or as a consequence of, inflammation, the potential genotoxicity hazard is
also identified for the Substance. Some TiOz-NPs have been shown to be weak genotoxic
agents, with positive results mainly obtained in comet and micronucleus assays in vitro
and rn vivo (Charles et al.,2OlB; Larsen et al.,2OL6; Relier et al.,2Ot7; Wallin et al.,
2Ot7).

In your comments you argued that the draft decision disregards the overall evidence
presented in the registration dossier. Contrary to your comment, ECHA considers that the
analysis as presented below is in line with your registration dossier and literature, where
potential genotoxicity was observed as a consequence/ or as a concomitant mechanism,
of inflammation (Carriere ef a|.,2020). Among all the publications you reported in your
registration dossier or available in the literature, the paragraph below highlights the
findings indicating a potential hazard for genotoxicity. This analysis is not conducted to
assess genotoxicity in a "weight of evidence analysis" as you commented, but rather to
point out existing alerts justifying to perform a comet assay.

In your comments on the PfAs, you repeated your concern regarding the analysis of the
available data, not considered in a weight of evidence approach according to you.
However, your comment is out of scope of the submitted PfAs and is therefore not
considered.

2.3.1. In vitro studies

Regarding in vitro genotoxicity of T|O2-NPs, most of the published results refer to anatase
as well as mixture of anatase and rutile (generally P25). Very few studies assessed the
genotoxicity of coated T|O2-NPs or rutile forms. The requested study, in particular when
comparing the effects of TiO2 forms 3, 4, 5,7, B, 9 and 11 (as specified in the request)
will allow assessing if coating affects the potential genotoxicity of the Substance.

According to Charles et al. (2OLB) and in line with the registration dossier, both negative
and positive results are reported in the in vitro genotoxicity assays. Most of the positive
results were found at high doses in micronucleus and comet assays, with a dose-response
relationship. Inconsistencies observed among the studies may be the result of differences
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in test materials (e.9. size, crystallinity, coating) as highlighted previously for repeated
dose-toxicity by inhalation and after acute instillation exposure. It remains difficult to
highlight which parameter(s) could drive these differences. Those inconsistencies could
also be explained by the various test conditions used, including dispersion of the material,
concentrations and exposure duration, cells/organs examined and parameters assessed.
Therefore, it is not easy to compare the studies available so far, In particular, a case study
on grouping and read-across for nanomaterial performed by OECD (2018a) on in vitro
genotoxicity of T|O2-NPs taken as example, demonstrated differences in the genotoxic
potential depending on the forms of TiO2-NPs.

2.3.2. In vivo studies

Regarding in vivo genotoxicity of TiOz-NPs, ANSES performed a review of the available rn
vivo studies (2016) with the following statements: "Several in vivo studies with different
protocols, tested materials, routes of exposure are available with TiOz-NP. Most of the
studies referred to the anatase form. Thirty-eight experiments over the 125 identified
reported positive results, Most of the positive results were found in comet assay+ B-oxodG
tests and H2Ax phosphorylation assays". Similarly to the in vitro data, the results from in
vivo studies are inconsistent and positive results are provided mainly by comet assays at
high doses. It is again not possible to identify the reasoning behind the inconsistencies
(e.9. different protocols, different forms of TiOz-NPs).

Also, and as pointed out in the registration dossier, most of the in vivo studies are
associated with several methodological limitations (lack of positive control, no proof of
target organ exposure, insufficient characterisation of the tested material, non-
physiological route of administration, etc.). The data are sufficient to raise a concern but
not to conclude on genotoxicitv (emphasis added following your comment on the necessity
to take into account the existing data).

For example, in your comments you criticised the study by Modrzynska ef al. (2078a)
regarding the relevance of performing a comet assay 28 days after the end of the
instillation procedure: in this study, female mice (n= 324,9 females per group) were
exposed to TiO2-NPs by a single IT instillation at maximum dose of t62 pglmice. At 180
days post-exposure/ the comet assay on the lung tissue was positive, but negative in the
liver although TiO2-NPs were shown to translocate to this organ. In this study, the test
material was NanoAmor (primary particle size of 10,5 nm, DLS (dynamic light scattering)
median size of 68 nm, no information in crystallinity was provided) to which the test
material form number 2 of the request seems to be the closest. Danielsen etal, (2020), a
study you also criticised, performed also an IT instillation study in female mice of the same
strain and exposed them to a single dose of four types of anatase TiOz-NPs at maximum
dose of L62 Vg/mice. The comet assay was performed at various post exposure times on
BALF, lung and liver. Some significant increases, but also decreases, in DNA strand breaks
were observed. These were considered by the authors to be chance findings.

These two studies performed in the same conditions (same dose, same strain of mice,
same type of treatment, same post-exposure time, and comet assay on BALF, lung and
liver) but with different T|O2-NPs tested lead to different outcome , indicatinq the need to
perform testino on several forms of the Substance (emphasis added following your
comment on the necessity to consider each result in a weight of evidence approach). These
uncertainties and variabilities were also observed by Mgller et al. (20L7) in their review of
the literature, detailed after your comments on whether the comet assay is able to detect
different genotoxic potential of TiOz forms. You also discussed the 2 studies by Saber ef
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al. (2OL2a, b) and concluded that "rnsfff/ation of TiOz caused pulmonary inflammation but
no genotoxicity". The first study from Saber et al. (2O72a) is clearly positive for DNA
damage on BALF cells after exposure to 2 out of 3 forms of the Substance tested. The
authors explained that "fhe magnitude of DNA damaging potency and the inflammatory
response did not correlate well for the different materials: The FineTiOz and NanoTiO2 were
DNA damaging but only NanoTiOz induced inflammation. On the other hand, PhotocatTiOz
and Printex 90 (Carbon Black), which were the most potent inducers of inflammation, did
not induce DNA damage. Similarly, w€ have previously reported inflammation and DNA
damage is unrelated (Saber et al. 2005; Bornholdt et al. 2007). Obviously there is no
simple correlation between inflammation and DNA damage." On the contrary, in the
second study (Saber et al.2Ol2b), the only comet positive result is observed on the liver
tissue, at the highest dose, and only one day post-exposure. The discrepancies between
these two studies show the difficulty in identifying which form of the Substance should be
considered as a worst case for future testing based on the existing knowledge, pleading
for additional data to be provided.

In addition, the testing programme you proposed to conduct (see Section A.3.), which is
included in this decision, gives the opportunity to compare all forms of the Substance
covered in the registration dossier. It is a much broader approach than in the existing
programmes such as Nanogenotox (see below for further details) but in line with the
responsibilities of the registrant under REACH.

Contrary to what you have commented, this decision does not aim at exhaustively
displaying all the scientific literature but to point at the uncertainties arising from some of
them. These uncertainties raise a concern.

3. Identification of the potential risk to be clarified

The identification of a potential risk is based on a combination of exposure and hazard
information. There is sufficient evidence from the available data to justify that consumers
and workers may be exposed by inhalation to the Substance, including TiOz-NPs. As well
there is evidence that different TiOz-NPs may cause adverse health effects, such as
inflammation in the lungs, as well as other systemic organ toxicity after repeated dosing.
In addition, there is evidence for potential genotoxicity, direct, indirect or secondary to
oxidative stress.

You commented that "fhis is in conflict with the RAC opinion in which the mode of action
analysis on the carcinogenicity of titanium dioxide in rats describes that "high particle
volume loading of macrophages is considered responsible for the elicitation of alveolar
chronic inflammatory reactions with oxidative stress, formation of reactive oxygen species
(ROS) and cytotoxicity. As a consequence, secondary mutagenicity is likely to occur"".
The eMSCA considers that this remark of the RAC is aligned with its view where"oxidative
stress, formation of reactive oxygen species (ROS) and cytotoxicity" occur concomitantly
to lung overload. Lung overload is not the sole mechanism driving the different toxicities
which can be observed in the available data, and this was acknowledged by the RAC in the
statement it made.

Furthermore, the information you provided in the registration dossier together with the
existing literature do not allow to identify the potency, i.e. which forms of the Substance
are the most toxic via inhalation, but also those that would be less toxic.
Therefore, the available data do not allow to ensure a safe use of all the forms of the
Substance when the exposure occurs via inhalation.
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The request of this decision is the first step of a tiered approach for clarifying the potency
of various forms of the Substance and potential risk on repeated dose toxicity after
exposure via inhalation. It is based on the strategy proposed by the TiOz Manufacturer
Association Consortium (IT instillation study on 11 forms of the Substance) in which also
the examination of early and sensitive parameters have been incorporated to:

o choose which forms of the Substance should be further tested in Tier 2
o generate data to predict the toxicity of various forms of the Substance that will not

be (further) tested.

A.2 The possible risk management measures - human health
The Substance already has a harmonised classification as Carc.2 (H351) by inhalation.
You commented that "OECD has identified instillation studies as a rapid and inexpensive
way to screen particles for hazard identification for further investigation. However, this
technique is not a substitute for inhalation toxicity studies (OECD 2018b). Therefore, the
instillation study itself cannot be used to develop improved risk management measures".

ECHA agrees with your argument. However, the study requested in this decision
represents the Tier 1 of a tiered approach. This step will enable to select a smaller number
of TiOz forms to be tested in the next steps of the tiered approach as per your initial
proposal. Based on the early and sensitive markers of toxicity, which have been added to
your initial proposal, you will be able to gather information on the forms of the Substance
to be furthertested, but also on some of the non-tested forms included in the registration
dossier. it will allow you to systematically predict the toxicity of all registered forms of the
Substance by comparing these early markers of toxicity. Based on the new data generated
during the whole process including the other tiers after Tier 1, improved risk management
measures are a realistic possibility.

Therefore, only the results obtained after the entire testing proaramme mainly based on
a proposal by the TiOz Manufacturer Association Consortium (i.e. when having the results
requested in the substance evaluation decisions that will be produced later in Tier 2 and
possibly in Tier 3) could possibly lead to:

o A lower DNEL for all or some forms of the Substance, possibly resulting in more
stringent risk management measures than currently in place.

o Additional/different classifications for some or all forms of the Substance. You
commented that the entire testing strategy could possibly lead to a different
classification between TiOz forms. Indeed, a differentiated classification between
some forms, or new classifications (e.9. germ cell mutagen, STOT RE, toxic for the
reproduction) of some forms of the Substance is foreseeable. A declassification of
certain forms of the Substance is not excluded.

o The possible new classifications will have several impacts according to EU
downstream legislations, leading to improved protection of workers and the public.

o A need forfurther regulatory risk management, such as a restriction under REACH.

s ECHA guidance, Introductory Guidance on the CLP Regulation,v 2.1, section 22, p.8O-82, August
2015: https://echa.europa.eu/documents/10162/23036412/clp introductory en.pdflb65a97b4-
8ef7 - 4599 -b 722-7 57 5f 6956027
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A.3 Explanation of the testing strategy - human health

In the course of the substance evaluation process, the Titanium Dioxide Manufacturer
Association Consortium (TDMA/TDIC) contacted the eMSCA to present a testing
programme for a large number of different TiOz materials. You proposed that different
forms of the Substance will be fully characterised physico-chemically and then assessed
in a series of short-term IT instillation studies as a first step. In the next steps subchronic
and if necessary chronic studies would follow on some forms of the Substance representing
the toxicologically most potent registered forms, The eMSCA has considered the proposed
testing programme and agrees that for risk assessment purposes the approach you
proposed is appropriate to investigate the potential risk posed by the Substance. In
addition, this first step serves as means for you to gather enough sensitive toxicity
biomarkers to predict the long-term toxicity of the TiOz forms that will not be tested,

The information requested in this decision constitutes the Tier 1 of a testing strategy to
clarify the potential risk of the Substance following repeated exposure via inhalation: an
IT instillation screening study aiming at discriminating the parameters driving the potential
toxicity of the different forms of the Substance. As emphasized in your comments, this
exposure technique offers an easy way to rapidly screen and rank the hazard of solid
materials (OECD, 2018b), even if this is not a substitute for inhalation toxicity studies (as
the upper respiratory tract is bypassed). In your comments, you agreed with ECHA on the
general purpose of the Tier 1 study.

The 11 forms of the Substance you have proposed to test have been selected by you to
cover all the registered forms of the Substance available under the joint submission. These
11 forms of the Substance must be tested under the same test conditions to define a
smaller number of forms to be tested in a Tier 2 (see below). In addition, the number of
parameters and endpoints included in this IT instillation study screening programme need
to be broad enough to be informative on systemic and long term toxicity. They will also
be used as a basis to predict the toxicity of the untested forms of the Substance.

Therefore, the difficulty in the Tier 1is to identify endpoints and biomarkers that are
sensitive enough to differentiate between the toxicity of the tested forms of the Substance.
Indeed, the toxicity profile of different forms of the Substance is expected to significantly
vary depending on their physico-chemical characteristics and the endpoints and
biomarkers assessed (see section A.1). In addition to local pulmonary effects, the
markers of toxicity requested need to be relevant also for systemic toxicity after
a longer repeated exposure. You proposed "fhe instillation study programme as an easy
way to screen the lung toxicity of 70 different representative forms of titanium dioxide and
use the results to select appropriate candidates for testing in subsequent OECD guideline-
conform inhalation toxicity studies on particles demonstrating mild to moderate lung
effects as measured by percent increase in polymorphonuclear leukocytes compared to
control". However, solely the effects on the number of polymorphonuclear leukocytes
compared to control cannot be a sufficient marker of the parameters driving the toxicity.
The additional markers requested in this decision are early markers reflecting the toxicity
parameters measured in the studies according to OECD TG 413.

In your comments, you argued that ECHA transforms "an inexpensive way to screen
particles for further testing [...] into an experimental research programme [...] for the sole
purpose of testing hypotheses presented by other researchers investigating
nanoparticles". Under substance evaluation, the requested information/studies (or
additional parameters) in the decision need to be justified based on the identified concerns
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arising from data available and presented in the registration dossier, as well as in the open
literature. The available data (rather than hypotheses as you commented) produced by
the scientific community was therefore presented to explain and justify what to request in
this screening test in Tier 1. The decision relies on the original screening programme you
proposed, which is to test representative forms of the Substance. These are expected to
represent the large number of TiOz forms covered by the registration dossier (more than
300 chemical compositions).

Therefore, biomarkers are included to inform on the cardiovascular function, and the
histopathology of liver, kidney, testis and brain. Effects observed in histopathological
examination can also indirectly indicate systemic translocation of the Substance.
Examination of local pulmonary response includes the measurement of the production of
ROS and RNS to inform on oxidative stress.

These early markers (used as screening and discriminating means) will also allow to refine
the design of the Tier 2 testing with the final goal to better identify differences in the
toxicity between the various forms of the Substance covered by the joint submission.
Indeed, the foreseen Tier 2 study is a subchronic inhalation toxicity study (OECD TG 413)
in which the additional investigations proposed in the current guideline, "stJch as
toxicokinetics, and/or systemic toxicity evaluations (e.9., immune, hepatic, neurologic
and/or cardiovascular effects evaluations) to better characterise the overall toxicity of a
test chemical" would most probably be warranted.

To further investigate the role of oxidative stress, the comet assay (standard and enzyme-
modified) is requested because it is a sensitive and suitable method to detect oxidative
DNA damage, which can result from the excessive production of ROS and RNS (Charles
et a|.,2018). Therefore, as there are many parameters potentially driving the adverse
effects of the Substance (see section 2.7.), many endpoints need to be included in this
screening study as requested. It is the most efficient and targeted way enabling you to
later reduce animal testing for long term repeated dose toxicity studies. The strength of
the request is to perform a strongly controlled comparison of the different forms of the
Substance with a specific test design. The number of parameters and endpoints need to
be broad enough to be informative for Tier 2 testing.

The comet assay can easily be combined with the IT instillation study allowing testing
multiple parameters in a single setup, You commented that "Ihe assertion that comet
analysis can be combined with IT instillation, biomarker assessment, and histopathology
is an over-simplification of a large and complex experiment that requires strict control of
variation to produce valid, interpretable results" or "Ihe comet assay is frequently
described as being a quick, simple, sensitive technique fo assess DNA damage. This often
leads to the assumption that it can be easily integrated into larger toxicology studies with
no adverse impact. However, whilst the assay is in principal simple to perform it requires
stringent control of numerous variables to ensure robust and valid data are obtained. The
complex nature of the proposed instillation study [...] raises significant concerns.
Furthermore, the analysis of 10 different NM, at three dose levels, in at least 2 but possibly
3 tissues, with and without enzyme-modifications is highly likely to generate some
spurious increases in DNA strand breaks that are simply chance occurrence, with no
bioIog icaI releva nce".

The addition of the comet assay to an inhalation study (OECD TG 413) is recognised and
validated in the OECD TG 489, paragraph 7. In addition, the combination of the two studies
has been adopted at least in another ECHA's substance evaluation decision on potassium
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titanium oxide (EC number 432-240-0) (ECHA, 2019). Technically, there is no additional
difficulty to add the comet to the IT instillation study instead of an inhalation study. The
non-physiological route of exposure (instillation) to the Substance will be the same for all
the forms tested and controls. Performing a comet assay with and without enzyme-
modification, when animals have already been exposed, treated and sacrificed should not
impact the outcome of the other examined endpoints and biomarkers. As they are all
separate examinations following the death of the treated animals, ECHA considers that
performing the requested analysis will not have an impact on the outcome of each
requested endpoints and biomarkers.
You commented that "given the uncertainties and expected obstacles in this proposed set
of studies, there are significant concerns that the primary objectives (i.e. to identify a
smaller set of TiOz samples to be tested in Tier 2) are unlikely to be achieved". ECHA
emphasises that if any bias, uncertainties and obstacles arise from the design of the study,
it would apply to all eleven forms of the Substance, not impairing the goal of the request,
i.e. comparing the tested forms.

Your comment reinforces the fact that the 11 forms of the Substance have to be tested
under the same experimental conditions in order (i) to remove the uncertainties generally
arising from the analysis of the exisiting data (performed in different laboratories, under
different protocols and/or experiments, with different animal species/strains, performed
with variable equipments and chemicals) and (ii) to test the oxidative potency of each of
them to allow a proper comparison and selection of TiOz forms for the Tier 2, as many of
them have never been tested for the potential to cause oxidative damage. Indeed,
narfnrminn tho nnmaf rccav at thic cfeno a imc rl. anmnrrina l-lra rliffarant farmc af tha

Substance among each other.

You commented that "Addition of a comet assay is not appropriate for this requested
instillation study. It violates ECHA's mandate to reduce testing of vertebrate animals".
Indeed, by requesting an additional timepoint to your initial proposal, the number of
animals to be treated has increased (detailed justification of this additional timepoint
provided in section A.5.):

The combined performance of the IT instillation test with the comet assay will imply
the treatment of 15 additional animals compared to an instillation study without
comet assay (510 vs 525 animals) for positive control mainly (see Table 3, section
A.6.).These 15 animals can be saved if ex-vivo positive control generation is
performed. This can be performed by taking a piece of lung from negative control,
homogenising this tissue and exposing the cells to a known genotoxic substance
for generating a positive control. This procedure has already been applied in the
substance evaluation decision on potassium titanium oxide (EC number 432-240-
0) (ECHA, 2019) for external positive control generation.
If the standard exposure for positive control generation is performed, the extra 15
animals are a strictly a minimal increase in the number of animals in comparison
to performing the IT instillation test and the comet assay in separate experiments:
an additional 500 animals would then be needed.
The enzyme modification procedures for the comet assays, or the performance of
a comet assay in combination with the IT instillation tests, do not increase the
number of animals needed at all.

Therefore, it is judged to be proportionate and does not violate ECHA's mandate on animal
welfare and reduction in animal testing.

a

a
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You commented several times that the comet assay appears to be an unnecessary
duplication of previously conducted studies, and especially with regards to the
Nanogenotox program: "Ihe eMSCA has already sponsored the conduct of a comet assay
on five different nanoforms of titanium dioxide. No statistical effect was noted on
genotoxicity. The results were in line with another eMSCA sponsored study where
instillation caused pulmonary inflammation but no genotoxicity (Saber et a|.,2012).
Therefore, the LR deems the Comet Assay an unnecessary repetition of a previously
conducted study"; and "Slnce it may be assumed that the Nanogenotox experiments were
conducted in compliance or equivalent to accepted guidance, the lead registrant questions
for which purpose these experiments require a repetition. In particular as Article 26 (3) of
the REACH regulation prohibits the repetition of studies involving vertebrate animals".
Contrary to your comment, the Nanogenotox (2013) program raised a question
concerning the genotoxicity of the Substance (scarce data, only NM-105 induced DNA
damage in BALF cells; two other forms of the Substance, NM-102 and NM-103, produced
equivocal dose reponse in liver, indicative of a potential larger positive outcome: following
gavage, some genotoxic effects were also observed with the comet assay with the
Substance in spleen, intestine (NM-103), colon (NM-102 and -105)).

Moreover, only few forms of the Substance were tested, far from what you proposed in
the testing programme (11 TiOz forms representing nano- and non-nano forms, coated
and non-coated forms with inorganic and organics coatings, in order to cover the entire
compositions of the Substance available in the joint submission). The route of exposure
and the number of TiOz forms to be tested in the assay as requested in this decision will
not be "a mere repetition of existing studies".

Concerning the use of the requested parameters for the selection of TiOz forms for Tier 2
testing, you commented "The comet assay extends the initially proposed instillation study
beyond the intent to identify particles for further testing. It is unlikely the results could be
used to identify a smalbr selection of samples to be tested in Tier 2" or "It is therefore
difficult to understand how ECHA will utilize protein marker data and effects on reactive
species and endogenous nitrogen oxide production to facilitate decisions regarding the
criteria upon which particles would move forward to a Tier 2 analysis". This comment
contradicts another one stating that "fhe LR proposes to defer the suggested Comet assayl
extensive organ histopathology, blood and plasma analysis to facilitate during the Tier 2
studies proposed by ECHA to be conducted on particles demonstrating a moderate effect."
By not performing any of these requested examinations in Tier 1, it is not clear how those
"moderate effects" used for ranking "the particles" forTier 2 will be obtained as essential
information is lacking, especially with regards to oxidative mecanisms or potential
systemic effects indicating possible translocation of the Substance (as detailed in section
A.1, point 2.2 and 2.3).

The eMSCA aims to give a priority to the form(s) with a positive result in the (modified)
comet assay on lung for further testing in the Tier 2. This is based on the consideration
of the biological significance of the oxidative stress mode of action for (sub)chronic toxicity
and the possible indication of direct contact of the Substance with internal cell components.
In addition, the measurement of ROS/RNS by fluorescent probes and HPLC concomitantly
with the comet assay will allow the eMSCA to evaluate if potential adverse effects are
arising from direct contact of the Substance with cells and/or DNA or they are occurring
only after the diffusion of ROS/RNS inside the cells: For example, if ROS/RNS are
measured by fluorometric probes while the comet assay is negative, it will provide
evidence that the TiOz-form tested is able to generate oxidative species without impacting
DNA. On the other hand, if no ROS/RNS are detected by fluorometric probes but the



C'Sl,irI*f r.iT3,AL 20 (60)

f HCHA
EUROPEAi{ C'-iEM ! CAL$ AG FNC Y

enzyme- modified comet assay is positive, it will indicate that the TiOz-form is able to
generate direct oxidative damage to DNA. This is particularly important as the mechanisms
of genotoxicity of the Substance are described in the literature as either primary or
secondary, and when primary, mostly indirect, even if a direct contact between the
Substance and DNA is not excluded (Carriere et a|.,2020). Moreover, measurement of NO

content and eNOS activity at the three doses for each form of the Substance in serum will
allow to compare effects on the cardiovascular function. Indeed, it is important to rank the
different forms of the Substance not only based on their local toxicity but also on their
potential systemic toxicity. These examinations will also help to determine which forms
will be the most appropriate to be tested in the sub-chronic toxicity studies (Tier 2), In
addition, the parameters requested will help to compare effects, if any, between acute and
long term exposure (when subchronic data will be available for a smaller number of
selected TiOz forms) with the same form of the Substance, and to fully determine the
potential effects of each material on lung and other organs.

Finally, the BALF parameters informing on the potency on the local pulmonary response
and the potential histopathological effects as an indication of systemic toxicity (indicating
potential of TiOz form to translocate) will be balanced with the ability to generate oxidative
stress. The forms of the Substance estimated to have the overall most prominent effects
will be given the highest priority to be tested in Tier 2.

In your comments on the PfAs, you questioned whether fluorometric probes can
differentiate between reactive species generated by the particle itself (as intrinsic
property) or by the immune cells. This comment is out of the scope of the submitted PfAs
and is therefore not considered.

When the results from the Tier 1 screening study are available, the eMSCA will review:

The data generated, taking into account all the parameters investigated. ECHA
agrees that "infratracheal instillation screening should not be utilised to generate
hazard data sufficient for a risk assessrnent". The requested IT instillation study
combined with a comet assay should still be seen as "an inexpensive way to screen
particles for further testing" avoiding unnecessary animal testing later in Tier 2;
Your proposal for a ranking of the tested forms of the Substance according to the
toxicity potential based on the local pulmonary and systemic effects;
Your reasoned and justified proposal for the selection of a smaller number of
toxicologically relevant forms of the Substance to be further tested in Tier 2, as
they are set to represent the large amount of forms/compositions of the Substance
covered by the registration and because it is your responsibility to demonstrate it;
Your confirmation whether some additional parameters are needed to clarify the
identified risk in the Tier 2 testing (subchronic 90-day toxicity study via inhalation)
"such as toxicokinetics, and/or systemic toxicity evaluations (e.9., immune,
hepatic, neurologic and/or cardiovascular effects evaluations) to better characterise
the overall toxicity of a test chemical" if warranted; e.g. if translocation is
suggested by systemic effects in histopathological examinations, a toxicokinetics
investigation may be warranted.

Thereafter, the eMSCA will review the information from the Tier 2, and evaluate if
further information should be requested in Tier 3.

Regarding all the tests that will be avoided in Tier 2, the IT instillation study combined
with a comet assay requested by ECHA in the Tier 1 should still be seen as "an

a

a

a
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inexpensive way to screen particles for further testing" avoiding unnecessary animal
testing later.

A.4 Why new information is needed

As already explained under section A.3, the requested IT instillation study combined with
comet assay is needed as the first step in Tier 1 to clarify the potential risk because it:

. allows the comparison of the toxicity potential of the various forms of the Substance
under the same test conditions in a cost effective way;

. allows to make a justified selection of the TiOz forms for the subsequent testing in
Tier 2, i.e. at least subchronic inhalation toxicity study (OECD TG 413) in which,
the additionnal investigations proposed in the current guideline, "stJch as
toxicokinetics, and/or systemic toxicity evaluations (e.9., immune, hepatic,
neurologic and/or cardiovascular effects evaluations) to better characterise the
overall toxicity of a test chemical" could be warranted based on the data gathered
in parameters investigated in Tier 1, For instance, if systemic effects suggest
translocation, a toxicokinetics investigation may be warranted, or if there is a
substantial modification of CRP, full histopathology, including heart together with
additional parameters informing on cardiovascular effects may be requested in
Tier 2; and

. may also clarify the potential physico-chemical characteristics driving the
genotoxicity of some TiOz forms.

Independent studies focusing either on lung, or e.g. cardiovascular system, or
neurotoxicity or liver have shown adverse effects. Most of the available studies on the
Substance were performed by instillation exposure, and provided useful information.
However, alone, they are not sufficient for the purpose of a risk assessment as (i) they
are not representative of normal inhalation (the upper respiratory tract is bypassed), (ii)
most were performed with only one high concentration (not allowing to establishing a
dose-response relationship or to inform on the effects at low concentrations), and (iii) the
form of the Substance tested varied (with its specifications not always clearly
characterised),

The intrinsic physico-chemical properties of the Substance, such as particle crystallinity,
size, surface area and surface modification, can influence its reactivity and behaviour. In
the absence of a clear understanding of which property drives the toxicity and how, there
is a risk that the toxicity is not properly estimated when extrapolating the results of a
study on one form of the Substance to untested forms.

Therefore, and based also on the strategy you proposed, different forms of the Substance
must be properly tested under similar experimental conditions as a first step in order to
understand the relationship between physico-chemical characteristics and the strength of
toxicity (potency) before testing in any longer-term studies and to ensure that the test
results can be used for other non-tested forms of the Substance.

To conclude, the lack of proper studies according to OECD TG 413 represents a significant
drawback to evaluate different toxicities driven potentially by different forms of the
Substance. Therefore, it is not possible to evaluate the potential systemic toxicity of the
Substance, including its nano forms, based on the available information and conclude
whether the lungs are the only target organ after exposure by inhalation.
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A.5 Considerations on the test method

1. Specifications of the requested study

The protocol you initially envisaged consisted of an acute single-dose IT instillation study
in rats exposed to at least 11 forms of the Substance at 3 different concentrations, followed
by BALF analysis at 2 different time points (1 day and 28 day post exposure) and
histopathology of the lung.

1.1. Study design: Combination of an IT instillation and a comet assay

The requested study is an IT instillation combined with a comet assay performed on 5 male
rats per dose group and observation time.

You commented that "if is highly questionable whether obtaining BAL samples and tissue
for histopathology and comet analysis can be achieved in the same animals". The eMSCA
has discussed the feasibility of the request with 2 public research centers and 2 CROs. All
confirmed that the performance of the requested assays on a single animal (rat) is
possible:

. On the left pulmonary lobe, the BALF can be harvested

. Afterwards, the lung tissue can be used to perform the comet assay and ROS/RNS
analysis;

. The right and caudal lobe can be used for histopathological examination

. The rest of the three lobes can be used to characterise deposition and dosing of
the Substance.

You can also refer to the study by Gat6 et al. (2OL9) on multi-walled carbon nanotubes,
where this methodology was applied (BAL was performed on the left lung [...] The right
caudal lung lobe was used for histopathology analysis. For the comet assay, the left lung
was dissociated by enzymatic technique 1.../). Further exemples are available in literature
(Pothmann et al., 2O1,5; Magnusson et a1.,2019).
In your comments on the PfAs, you raised questions on the possibility to perform all
requested measurements on one animal/organ. This comment is not in the scope of the
submitted PfAs and is therefore not considered.

1.2. Number of forms tested

Different forms of the Substance must be tested under the same test conditions in order
to obtain basic information on the relationship between physico-chemical characteristics
and the strength of toxicity (potency) and to ensure that the test results can be applied to
other non-tested forms of the Substance.
Eleven (11) forms, at least, of the Substance must be selected, representing all the
registered forms covered by the boundary composition set out in the registration dossier.
Your comment on the number of forms to be tested has been taken into account6:

. uncoated mixed phase nano,
o uncoated nano anatase (5 nm),
. uncoated pigmentary rutile,
. pigmentary rutile coated with alumina and 1,1,1-Trimethylolpropane (TMP),
. pigmentary rutile coated with alumina, zirconia and TMP,
. nano rutile coated with alumina and hydrophobic organic,

6 based on the proposal made by the TiOz consortium during Substance Evaluation (TDMA Science
programme for titanium dioxide, 2018)
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pigmentary rutile coated with high specific surface area (SSA) silica and alumina
(40m2/g),
nano rutile coated with silica (40m2lg),
pigmentary rutile coated with aluminium phosphate,
pigmentary uncoated anatase (E171)
nano anatase containing tungsten in its coating

You have proposed these forms of the Substance because you explained that they
represent the best way to investigate the forms of the Substance covered in your TiOz
registration dossier:

5 forms to be tested are TiO2-NPs (and represent around 2o/o of the total TiO2
market)
6 pigmentary (non-nano sized material) forms of the Substance to be tested
cover the rest of the forms available on the EU market.

This proposal is not challenged. However, it is your responsibility to ensure that these
forms cover the boundary composition of the joint submission.

In your comments on the PfAs, you discussed the test item characterisation. This is out of
the scope of the submitted PfAs and is therefore not considered.

Testing on these 11 forms of the Substance is required because they will inform how the
intrinsic physicochemical properties, such as crystal structure, particle size, surface area
and surface modification (coated, uncoated and type of coating) of the particles can
influence the reactivity and behaviour. As indicated in the previous sections, these
properties are associated with the differences in toxicity potency between different forms
of the Substance. Therefore, different forms of the Substance must be tested under the
same test conditions in order to obtain basic information on the relationship between
physico-chemical characteristics and the toxicity potency and to ensure that the test
results can be applied to other non-tested forms of the Substance.

You must substantiate the representativeness of the selected parameters to cover the
different registered forms of the Substance with an explanation on why the tested forms
cover all the forms of the REACH registration dossier, and how they cover each form which
was not tested. This characterisation must be performed shortly before testing.

The following physico-chemical key parameters must be reported on the 11 forms of the
Substance, in order to interpret the toxicological findings:

a

a

a

a

a

a Detailed description of the number-based particle size distribution with an
indication of the number fraction of constituent particles in the size range within
1 nm - 100 nm, and how it has been measured. To achieve this, a particular
attention must be paid for the choice of the dispersing medium. The method and
measurement protocol(s) used to characterise the particle size distribution must
also be detailed.
Details on the shape of the particles, their aspect ratio, aggregation and any other
morphological characteristics (details of the crystal structure, e.g. rutile, anatase,
mixed phase xo/o of rutile and xo/o of anatase). The validation of the methods used
to measure the size of primary and constituents particles may depend on their
shape. Such characteristics indicate also which techniques are preferable for

a
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particle size distribution measurement, especially for deriving a number of particles
with size from a mass distribution.
Details on any surface treatment or functionalization (identity and amount in molar
ratio of the agents, weight-by-weight contribution, percentage of coverage, and
the manufacturing process used): any functionalization of the surface or any
coating process which is part of the manufacturing process of the test materials
must be reported.
Quantitative information on the specific surface-to-volume ratio or the surface-to-
weight ratio: Asthe Substance is practically insoluble in water, its biological activity
is essentially due to surface chemistry, and therefore varies with the specific area
in contact with the biologicalfluids and tissues. The specific surface-to-volume ratio
or the surface-to-weight ratio (and zeta potential) must be reported as it may cause
d ifferent toxic effects.
Quantitative information on the chemical composition of each form of the
Substance in the request and not only physical characterisation: As the impurity
profile may also contribute to the overall response, and because this parameter
may also vary among the chosen test items, a precise and quantitative chemical
characterisation must be reported.

1.3. Number of instillations to be performed

ECHA considers that instead of a single-dose instillation as you initially proposed,
performing 2 instillations at 24 hours interval (at 0 and 24 h) at the defined
concentrations will increase the sensitivity of the requested study. First, 3 instillations were
requested in order to ensure avoiding overload conditions, but following your comments,
the protocol was modified and the requested study must be performed with 2 instillations,
The same test protocol must be used for each tested form of the Substance. The
recommandations provided in the OECD (2018b) guidance document No. 39 on inhalation
toxicity studies (Appendix VI. Instillation and aspiration studies) must be considered in the
design of this screening test.
You commented on the unnecessary performance of 3 instillations as proposed by the
eMSCA. You argued that a three-fold instillation would be highly unusual, would generate
a problem with the historical control database, and would induce a stronger method-
related background inflammation of lungs. In addition, you argued that instillation as such
is a manipulation that causes substantial stress to the animals and therefore unnecessary
manipulation of the test animals should be avoided.

You also assured that a two-fold instillation would "already ensure an adequate distribution
of granular particles in lung lobes." As indicated in the open literature and after discussion
with the eMSCA, there is a need to avoid generation of overloading condition and
saturation of the lung by particles with an exposure by IT instillation. Overloading is also
the main argument you raised for disregarding many of available studies in the literature.
The defined concentrations should be sufficient to ensure that no bolus effect occurs. The
same test protocol must be used for each tested form of the Substance. Therefore, 2
instiflations must be performed at 24 hours interval (at 0 and 24h).

1,4. Post-exposure observation times

The protocol of the IT instillation study in rats must comprise each form of the Substance
tested at 3 different concentrations, followed by 3 post-exposure observation times (2-6 h,
1 day and 28 day post exposure). You questioned the relevance of these three timepoints.

a
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1.4.1. Comments on post-exposure observation times related to pulmonary effects

mented that "based onYou com
industry

ce both from the performing laboratory and within
we had foreseen BAL and histopathology to

be performed at 3, 14 and 28 days p.a. [...]. The LR would appreciate a reasoning for the
choice of fthese] observation times, or alternatively an approval of the time points as
suggested in the draft protocol by TDMA, in particular because we do not expect any
relevant inflammatory response at 2-6h and 7d p.a.". The laboratory director you
consulted also commented on the fact that requesting the 2-6 hr and 24 hr time points
will lead to an overlap of the animal handling.

More specifically, concerning inflammation, you noted that a sampling time point at least
24 hr post-exposure (but not 2-6 hr) should be selected to ensure that inflammation
caused by the IT instillation procedure does not confound the results, plus a second time
point to be foreseen at 28 days post-exposure.

The observation timepoints defined in the current decision were set up in order to link all
the investigated parameters, i,e. pulmonary effects, cardiovascular function, oxidative
stress, histopathology and (oxidative) DNA damage. Different scientific data tend to prove
that l day post administration (p.a.) will allow detecting translocation and physiological
effects, which may not be the case at 3 days p.a as you proposed in your comments.
Performing 3 observation timepoints at 2-6hr,1day and 28 day post-exposure will allow
evaluating acute effects together with longer-term effects in order to select proper forms
of the Substance for sub-chronic toxicity testing.

As in the study you provided (Kreyling et al.,2O77b), a large amount of the Substance
was retained in the lung very early after IT instillation: more than 95olo of the Substance
in the lungs + BALF at t hr p.a. and 99o/o at 4 hr p.a. These values were consistently
increasing from t hr to 24 hr p.a. when focusing only on lungs (without BALF; in the BALF
it increased from 43o/o to 670/o) and then slightly decreased at 24 hr p.a. (below 2olo

decreased, reaching 97o/o of the Substance), Therefore, the timing of the termination at
2-6 hr,24 hr and 28 days post-exposure seems to be very important. Restricting the post-
exposure timepoints here will not ensure a proper evaluation of the toxicity potency of the
tested material, thus impairing the choices made on the forms of the Substance for the
testing in Tier 2.
In an acute instillation study (therefore comparable to the sreening study here, Saber ef
a|.,2013), the strongest response in increased expression of SAA3 mRNA was seen at
early time points (day 1 in this study). In another study by instillation, TiOz-NPs were
already detected in the liver and heart as early as 24 hr post-exposure (Husain et al.,
2015). Concerning lung effects, increase in PMN leukocytes was observed as early as 6 hr
post exposure after instillation in rats and mice (Oberdorster et al., 2000).

The data from Oberdorster et al., (2000) and Kreyling et al., (2O17b) described above
show that it is possible to perform sampling and dosing at 24 hr interval and that this
delay in time point is sufficient to ensure that no overlapping in sampling and handling
occurs. Moreover, it is important to remind that the 24 hr time point is recommended in
different OECD TGs (e.9.489 and 413, although not requested in this decision) that are
internationally validated in inter-laboratory comparison. It shows that this type of
combined design can be conducted with the requested time points. As indicated in the
website of the chosen test laboratory facility 7, the laboratory is able to perform studies

Thttps://www. item.frau n hofer.de/en/services-exoertise/chem ical-safety-
assessment/toxicolog ical testi nglgenetische-toxi kologie. html #cop 1)
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according to OECD TG 489 and OECD TG 413. This shows that the facility chosen has the
ability to perform more intensive and complicated combination that the study requested
in this decision. Therefore, the chosen facility will be able to perform the requested Tier 1

study. More generally, the chosen testing facility advertises that they know how to manage
animals to ensure quality of the study according to the requested requirements ensuring
animal welfare, international regulation and GLP guidelines. The handling of the animals
is related to the IT instillation study you initially proposed. Procedures are commonly used
in stages in such facilities to ensure that there is no overlapping in handling of animals
(e.9. treatment and sampling).

1.4.2. Specific comments on post-exposure observation times related to comet
assay

According to you, the only relevant timepoint for performing the comet assay is after 2-6
hr post exposure. You consider that subsequent comet assays at 24 hr and 28 days post
exposure cannot be expected to yield any meaningful information and therefore should be
omitted.
The OECD TG 489 states that "a suitable compromise for the measurement of genotoxicity
is to sample at 2-6 h after the last treatment for 2 or more treatments", as it is the case
here. Therefore, time points at2-6 hr p.a. and at 24 hr p.a. (as justified above) are added
to the 28 days p.a. observation time usually used in IT instillation assays.

The OECD TG 489 also indicates that depending on the administration route, kinetics of
the substance and target tissue, necropsy time point could be adjusted. Moreover, as
detailed in the study by Hartman et al.,2OO3, providing recommendation for the
realisation of the in vivo comet assay "In relation to the time of test substance
administration, tissue/organ samples are obtained at 2-6 and 16-26 h after dosing. The
shorter sampling time should be sufficient to detect rapidly absorbed as well as unstable
or direct acting compounds; the late sampling time is to detect compounds which require
time to be absorbed, distributed and metabolized" (study in which one of your consulted
expert participated).

Moreover, you commented that it seems acceptable to perform a comet assay in BALF
instead of lung tissue at 2-6 hrs. This proposal seems contradictory with your claim that
the comet assay is not useful and that there is no interest in performing this assay at this
sampling time. Wallin et al. (2077) have shown that after a single instillation exposure,
comet assay on lung tissue was positive at 28 days p.a. Moreover, Modrzynska et al.
(2018a) have shown that comet assay was positive as far as 180 days p.a. Therefore,
regarding these two studies, requiring the comet assay also at 28 days p.a. in the
requested study appears justified and relevant.

The timepoints for the comet assay are therefore compatible with detecting effects
informative for the identification of the most (and the least) potent forms of the Substance
in relation to the other endpoints to be evaluated and the evolution of the parameters
tested along different timepoints.

After considering all your comments on post-exposure observation times for comet assay,
the request is unchanged.

In you comments on the PfAs, you questioned the time point for the IT instillation and
comet assay at2 - 6 h post exposure. Your comment is out of the scope of the submitted
PfAs and is therefore not considered.
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1.5. Considerations on the doses of each form of the Substance

The lowest concentration must produce little, or no evidence of toxicity and the highest
concentration must result in a clear level of toxicity but not inducing overload where
feasible. The doses must be expressed in mass as well as surface area metrics. How the
doses are calculated and measured when performing the assays must be substantiated in
the results.

In your comments on the PfAs, you made a remark on dosage selection. This comment is
out of the scope of the submitted PfAs and is therefore not considered.

l.6.Considerations on the sex of the animals tested
Five (5) male rats must be included in each group and observation time

You commented on the gender of animals used, and that you prefer to perform the assays
on female (huge historical database at Fraunhofer institute, more sensitive sex: tumours
elicited by overload of inert particles of the Substance observed only in female rats in
studies quoted by ECHA's RAC). However, male rats are more suitable for this screening
program, which does not aim at evaluating tumor formation. Indeed, as you mentioned
male rats will allow a higher deposition of material in the lung. Moreover, using male rats
will allow to have a bigger lung size, weight, respiratory capacity to perform all requested
assays in one animal only, It is not uncommon to perform instillation study on male rats
(Yokohira et a|.,2008, Warheit et al.,2OO6a, b), as developed and detailed in the
Nanogenotox project, available in open literature. The use of male rats will also allow to
examine testis histopathology (see below).

1.7. Considerations on the number of the animals tested
You commented that 30 animals per group would be necessary instead of the 5 to obtain
the required sensitivity to detect elevated lesions sought by the enzyme modification
procedures (i.e. 7,8-dihydro-B-oxoguanine (B-oxoGua)) of the comet assay, You
apparently based this estimation on the work published by Moller et al. (2075). This is a
review investigating the measurement of oxidative damage to DNA in nanomaterial
exposed cells and animals. The authors compiled the available data generated with
nanomaterials and comet assay with regards to the B-oxo-7,8-dihydroguanine-2'-
deoxyguanosine (B-oxodG) as a DNA nucleobase oxidation product. in that context, they
reassessed the difference between baseline level of oxidatively damaged DNA in
unexposed cells or animals, agreed by the ESCODD (the European Standards Committee
on Oxidative DNA Damage) of being approximately 1 lesion per million unaltered guanines
and that normal values were typically between 1 and 5 lesions/106 dG in cultured cells. In
their review, they concluded that "fhe level of BoxodG in unexposed cells or animals
should be less than five lesions/706 dG. Measurement of BoxodG that are higher than this
threshold in unexposed cells or tissues are likely to be flawed because of spurious oxidation
of DNA during processing of samples [ESCODD 2003a; Collins et al., 2004], The same
applies to other types of oxidatively damaged DNA nucleobase lesions because B-oxodG is
one of the most abundant lesions in cellular DNA. Measurement of more than five
lesions/106 dG of BoxodG in unexposed cells or tissues has been considered not
informative in the present review".In relation to this observation, they concluded that
"Based on this assessment, it would be statistically unlikely to detect elevated levels of B-
oxodG with baseline levels above 10 lesions/106 dG in any of the published studies because
it would require approximately 30 animals/group or 30 independent experiments in cell
culture studies."
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This estimate is statistical, mainly based on in vitro data. Moreover, as the basal level of
oxidative lesions will be below the maximal threshold evocated in this review (between 1-
5 lesions/l06 dG, less oxidative damage generated in in vivo than in in vitro experiment),
the optimal need highlighted in this review is not necessary and envisaged. Also, the
requested study will be a comparative study and do not require the quantififcation of
lesions to be detected.

This comment allows ECHA to restate that all quality criteria and advice provided along
this decision and in the corresponding guideline should be followed to ensure the high
quality of the requested assays. Johansson et al. (2010) also demonstrated that enzyme-
modified comet assay, in a calibration exercice, is able to detect as low as
0.2 lesions/106 base pairs (gamma radiation-induced lesions in 4549 cells treated with
Ro198022 + light), corresponding to 0.29 strand breaks/l0e Daltons DNA. Therefore the
enzyme-modified comet assay will be sensitive enough to detect the potential oxidising
adverse effect of the Substance. Actually, the enzyme-modified comet assay has been
performed with several test materials in vivo as detailed by Collins et al. (2020).

According to your comment and if you wish to increase the animal number to ensure that
low signals are detected, the eMSCA does not object to this proposal, but still believes
that 5 animals per group is sufficient in the framework of this screening study.
Increasing the number of animals per group always increases the sensitivity of a study.

However, it should be balanced with the feasibility of handling a higher number of animals
and the principle of animal testing reduction. Again, it should be kept in mind that the
requested screening study will allow to minimise animal testing in longer-term studies by
testing representative forms of the Substance covering the entire registration dossier. You
also commented that"Ulle can properly process approx. 10 animals per day forthe comet
analysis of two organs (liver and lung)", which is also a main argument for you in the
impossibility for performing the requested study. As the comet assay on liver and gonads
was removed, the limitation highlighted in your comment is considered obsolete as only
the lung will have to be processed at each sampling timepoint.

1.8. Considerations on the inclusion of several parameters at each post-
exposure time (2-6 hr, 1 day and 28 days) unless otherwise explicitly
mentioned

1.8.1. Examination of the pulmonary response, including bronchoalveolar lavage
fluid (BALF) and histopathology of the lung

As required in the OECD GD39 on inhalation studies, the mandatory BALF parameters are
lactate dehydrogenase (LDH), total protein or albumin, total leukocyte count, absolute cell
counts, and calculated differentials for alveolar macrophages, lymphocytes, neutrophils,
and eosinophils. Those were the parameters you initially proposed, as standard
parameters of the IT instillation study. The rationale of these parameters are developed
in section A.1.2.1.

1.8.2. Measurement of oxidative sfress by measuring reactive oxygen species
(ROS) and reactive nitrogen species (RNS) by fluorimetric probes,
malondialdehyde (MDA) by HPLC and Haeme oxygenase 7 activity in the lung

Different oxidative stress markers must be measured in the lung as it is a suspected mode
of action of toxicity of the Substance. This will enable to get information on the toxicity
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potency of different forms of the Substance. To measure oxidative stress and based also
on your comments, the markers above have been selected as relevant markers as they
are well defined, sensitive and methodologies are easily available. However, you proposed
also glutathione as a marker. It was not selected because it appears to have no added
value compared to the other requested markers. Regarding your comment concerning the
necessity of measuring these parameters at all doses/animals, cell preparations from lung
tissue for the various requested examinations can be prepared at the same time.

These cell preparations could be used for determination of ROS/RNS by fluorometric
probes (e.g. DCFDA/H2DCFDA, mitoSox and dihydroethidium (DHE)), and
malondialdehyde (MDA) by HPLC and measurement of Haeme oxygenase 1 activity, which
all must be measured in the lung. However, these measurements must not be performed
at 28 days post exposure.
Therefore, this approach does not induce any extra preparation steps for tissue
preparation. After that each protocol can be proceed separately. Finally, you commented
that it was not specified why"ROSIRNS shall be quantified in this testing programme - no
reliable scientific evidence was provided that conclusively shows that titanium dioxide
exposure is the primary cause for an increase of reactive oxygen species [...] ft is therefore
unclear how the additional investigation for reactive oxygen and nitrogen species is
justified". Therefore, you suggest to omit these measurements due to the lack of scientific
relevance.

As detailed in Section A.1.2, the Substance shows photocatalytic properties, which implies
that it releases reactive oxygen species when exposed to light - even laboratory light -
(Carriere et al.,2O2O). Surface reactivity with production of free radicals under UV-light,
natural light and also in the dark are reported among scientific literature. Fenoglio ef a/.
(2009) showed direct evidence that TiOz-NPs are active in the generation of free radicals,
including oxygenated free radicals and carbon-centered radicals, causing cleavage of C-H
bonds in a model organic molecules. These reactions can occur even in the dark and could
serve as the first step of oxidative damage of biological molecules.

With regards to mammalian/human cell studies, it was shown that, even in the dark, TiOz-
NPs induce oxidative stress-mediated toxicity in many cell types (Gurr et a|.,2005; Wang
et al.,2OO7; Hussain et a|.,2070; Shukla et al.,2OLt; Meena et al,,2OL2; Saquib et al.,
2012) and lipid peroxidation, In human bronchial epithelial cell line (BEAS-2B) , Gurr et al.
(2005) reported that in the absence of photoactivation, the anatase TiOz-NPs (10 and 20
nm) can induce an increase in the cellular MDA level, oxidative DNA damage, and
hydrogen peroxide levels. Shukla et al, (2011) showed that TiOz-NPs can induce
micronucleus formation, significant reduction in glutathione with a concomitant increase
in lipid hydroperoxide and ROS generation in exposed human epidermal cells. Indeed,
TiOz-NPs are photocatalytic when exposed to UV light (Brezovd ef al.,2OO5; Reddy et al.,
2007) and can cause oxidative stress and cell damage in the ambient environment.

In your comments on the PfAs, you raised discussion on technical point regarding oxidative
biomarkers. These comments are out of the scope of the submitted PfAs and are therefore
not considered.

1.8.3. Histopathology of liver, kidney, testis and brain to inform on the systemic
availability
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Based on your comments discussing the "exfensive multiorgan histopathology", it is
reminded that these parameters are requested because they have been shown to be
sensitive to exposure to the Substance (see A1.2. above for further details).

You commented on the impossibility to ascertain the performance of comet assay on frozen
germ cells, together with the risk you pointed out "of obtaining a mixture of somatic and
germ cells". Therefore, the request for the comet assay on the male gonadal cells was
removed but histopathology on testis is requested instead. Consequently, you must store
the testis and perform histopathological examination on it. Potential effects could be
regarded as an indication of the presence of the Substance in this organ. This type of
evidence may be relevant for the overall assessment of possible organ damage.

In your comments on the PfAs, you made some remarks on the fact that "to verify the
presence of TiO2 in this organ, we would think that instead the analytical verification of
titanium content in festes fissue should be sufficient." However, the potential
histopathological adverse effects in the testes would be missed if only analytical
verification of the presence of the Substance is performed, Due to these limitations, losses
of information and for animal welfare, and having the most relevant information after
animal testing, the histopathological examination of the testis is requested.

In your comments on the PfAs, you made some remarks on the "choice of type of study
and route of administration for hazard identification" and"histopathological examination".
You raised questions that studies where the Substance was administrated by oral route
(intragastric administration) were used to raise concern regarding translocation and effects
to organs including testis in male rat and that no inhalation study was used instead. As
explained in the decision, when possible, oral route should not be used for hazard
identification after inhalation but it raises concerns whether the adverse effects observed
after oral exposure would occur also after inhalation. Indeed, based on the data obtained
by different routes, it is relevant to question if the Substance will also translocate and
cause systemic effects while exposed via other routes than oral. This is particularly
relevant for testes.

In relation to this comment, you emphasised that "the validity of our comments and
referenced studies arguing on the absence of systemic toxicity in an oral 9)d-toxicity study

- 

2011) and two chronic toxicity studies (NCI, 1979; Bernard, 1989)" should be
considered. Furthermore, you referred to the toxicokinetic investigation of TiOz-NPs
performed by Kreyling et al. (2077 a and b) that compared the absorption and
translocation to various organs (including liver, spleen, heart, brain, kidney) via IT
instillation and oral administration by gavage where the resulting organ levels of the
Substance were actually quite similar.
Regarding the two studies by Bernard et al. (1990) and NCI (1979), you scored them as
not reliable (Klimisch score 3) in the registration dossier. No information is available in the
registration dossier on effects on the testis in Bernard et al. (1990). In the study by NCI
(L979), some indications of effects on the testis are observed in exposed male rats
compared to control. Indeed, alterations in seminal vesicles (SV) were observed: incidence
72o/o (low dose) and 2Oo/o (high dose) compared to 0olo in controls. Also indication of testis
atrophy was observed: incidence 10olo (low dose) and 74o/o (high dose) compared to 60/o

in controls. Even if the effects in the testes are within the historical control (HC) range in
the low dose group and only slightly above the HC data in the high dose group, these
findings indicate potential effects of the Substance in the testes (reference reported in
section A.1, point 2.2.1 after your comment).



C#fifXDf i\'iTfi*,i- 31 (60)

f HCh*A
F li F{ lJ pE AN C ll E tv1 I C A l.-5 AG E l.J C Y

In respect to the lack of data on effects of the Substance in rodents via inhalation, the
available data after oral administration were investigated in a detailed manner. The alerts
arising after oral administration cannot be ignored especially when the aim is to identify
the most relevant forms of the Substance to be tested in a tiered approach to represent
all the forms covered by the registration dossier. Moreover, adverse effects in the testis,
such as effects on seminal vesicles, sperm motility, increase in abnormal and total number
of spermatozoid, increase in ROS production, negative effect on tissue histology and
decrease in testis weight were observed in male mice and rats after oral exposure to the
Substance (see section A.1 point 2.2.4 and Jafari et al. , 2020, Song ef al., 2OI7 , Jia et al. ,
2014, Tassinari et al., 2Ol4 and Shahin and Mhamed, 2Ot7). Based on these observations
and the fact that adverse effects have been identified in the testis after oral administration,
the histopathological assessment of the testis after IT instillation is requested. The
potential effects of the Substance in the testes can depend at least on the physico-chemical
characteristics of TiOz forms. This substantiates the need for a ranking study.

1.8.4. Examination of cardiovascular function by measuring at least NO
concentration, eNOS activity and hs-CRP content in the serum

These are standard parameters requiring non-invasive methods to be determined. Proper
justification must be provided on the selected methodology.

Initially, the measurement of SAA3 protein was requested. You questioned the relevance
of the SAA3 protein as a marker in rat. The eMSCA acknowledges that there are
uncertainties about the expression of this isoform in the rat, although ELISA kits are
available to measure this isoform in rats. Therefore, you must measure another acute
phase protein, the high sensitivity C-reactive protein (hs-CRP) instead of SAA3. Indeed,
recent studies have shown that an intraperitoneal (IP) exposure (Rizk et a|.,2020) and
instillation exposure (Chen et a|.,2013) to TiOz-NPs increased the CRP in mice. Similar
observations were made in male rats after oral exposure (Fadda et a|.,2018). The hs-CRP
is a well-known and described factor of atherosclerosis in humans also (Koenig et al.,
2006). ELISA kits exist and are available to determine the rat hs-CRP.

You commented that "nifric oxide (NO) and endothelial nitrogen oxide synthase (eNOS)
activity in serum should be measured as well. However, it is unclear why the NO content
and eNOS activity should be measured in serum when the examinations done by
Nurkiewicz and LeBlanc (referenced by ECHA) were pefformed using the exteriorized
spinotrapezius. The complex operative procedure can obviously not be performed on the
same animals used for all other parameters, which is probably why ECHA wants us to
measure the parameters in serum, but it raises the question whether the methods and the
results will be comparable to those of Nurkiewicz and LeBlanc."

Nurkiewicz ef a/. (2008) and Lebla nc et al. (2009) were cited for demonstrating the interest
of measuring NO content and eNOS activity after an acute exposure. However, ECHA
agrees that an identical protocol cannot be performed in the Tier 1. These results are
supported by the findings Chen ef al. (2013) observed in mice after repeated exposure.
In this study, the results (amount of NO and activity of eNOS in the serum) were
comparable with those of Nurkiewicz et a/. (2008) and LeBlanc et al. (2009). Therefore,
you must measure the NO content and eNOS activity in the serum.

You commented on the need to measure the amount of NO and activity of eNOS
simultaneously: "if is questionable why the activity of eNOS, which produces NO, and the
NO content should be measured at the same time. The activity of eNOS should be reflected
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by the presence of NO. [...] This clearly shows that a simultaneous measurement of both
parametery eNOS activity and nitric oxide, is definitely not necessary". Csonka et al.
(2015) summarised the methods available, direct and indirect, and they discussed the
advantages and limitations of all of them:

. First, the authors confirmed that "measurement of NO is technically difficult, due
to its rapid chemical reactions with a wide range of biomolecules and its very short
half-life of approximately a few seconds". Contrary to your claim "it should be
considered that NO is highly reactive and can only be measured by using an indirect
method", Csonka et al. (20t5) confirmed that a direct measurement is possible,
citing 3 different methods, and even concluding that "fhe use of direct NO detection
methods as first choice should be considered".

. Secondly, according to the authors, a limitation of the measurement of NOS activity
is that it does not take into account the non-enzymatic NO formation.

. Finally, in line with the request, they concluded that "a series of methods to follow
NO synthesis, NO content, molecular targets and reaction products of NO are
recommended to get meaningful insights into the role of NO in a certain
physiological or pathological process".

Therefore, it is proportionate to request both the measurement of the amount of NO and
the activity of eNOS.

In your comments on the PfAs, you expressed that "cardiovascular function is commonly
assessed by measuring either (i) physiological parameters such as heart rate, arterial
pressure, cardiac output, stroke volume etc., or (ii) electrocardiographic parameters such
as duration p-wave/T-wave, P-wave amplitude efc."Although they are not requested in
this decision, you may consider measuring them.

You also commented on the relevance of measuring serum hs-CRP. This protein seems to
be sensitive to the Substance. The request is based on the studies with Substance (as
described above) where the markers, including NO and eNOS, were used to highlight
cardiovascular/microvascular function impairment as a consequence of the exposure to
the Substance, In addition, they are well known and well established parameters,
particularly in humans, as detailed in the literature. CRP for instance is considered as "one
of the strongest predictors of risk of cardiovascular disease via inflammation" (Zoltani,
2019). The hs-CRP, an inflammatory biomarker, is involved in the development of
cardiovascular disease (Ridker,2001). It can promote leukocyte adhesion and
transendothelial migration to the vascular wall, and may therefore exert effects on
atherosclerosis, plaque angiogenesis and deposition, and cause the infiltration of
macrophages and development of atherosclerotic lesions (Hubbard and Rothlein, 2000;
Yousuf et al. , 2013; Golia ef al. , 2014).

You also expressed some concerns in your comments on the PfAs regarding the fact that
CRP can react to a"wide variety of conditions, from infection to cancer". The rat models
used in the requested short-term study are not expected to develop neither cancer nor
any infection. Therefore, effects on CRP will indicate the potential inflammation induced
by the treatment. We agree with you that the potential effects in the CRP levels will not
indicate specifically cardiovascular impairment yet, but could predict the capability of the
tested forms of the Substance to induce inflammation. If the exposure becomes chronic,
it could lead to cardiovascular effects. Again, the aim of measuring the hs-CRP, in addition
to NO content and eNOS activity, is to anticipate longer-term toxicity. You also questioned
whether any relevant changes in CRP could be seen in the requested short-term study as
it"is known to rise in response to chronic systemic inflammation".
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Although CRP has been described to be modified after repeated dose studies only (but in
different publications after various routes and in two species, showing its sensitivity),
SAA3, another positive acute phase protein, was significantly increased in an acute
instillation study in mice (Saber et a|.2073). SAA3 was initially requested but for the
reasons explained above, CRP was finally requested. Taken together, these elements lead
the eMSCA to believe that CRP could be modified also after short-term exposure via IT
instillation. Taking on board your reservation, it also justifies the measurement to take
place at the 28 day timepoint as well. To counterbalance the short exposure duration, it
emphasizes the need to have doses high enough to produce toxicity without lung
overload.

In your comments on the PfAs, you also stated that transcriptional induction of the CRP
gene is mediated by inflammatory cytokines,interleukin 6 (IL-6) in particular, in
hepatocytes in liver, and thereforef an increase in this cytokine is expected. You argued
that some publications show no modification of the level of inflammatory cytokines after
exposure to the Substance (e.9. Elgrabli etal. (2015)). According to you, this raises the
question why CRP should be increased to any relevant degree after acute instillation of
the Substance. However, other studies show increase in cytokines, such as the study by
Park ef al. (2OO9): mice were exposed by a single IT instillation with 3 doses of TiOz-NPs
(5 mg/kg, 2O mglkg, and 50 mg/kg), and the level of blood IL-6 was significantly
increased in a dose dependant manner 1,3,7 and 14 days after the exposure. In this
study, tumour necrosis factor alpha (TNF-o) was also significantly increased, If you
believe this is relevant to strengthen the conclusions regarding the capability of each
form to induce inflammation, you could also add cytokines measurement, such as IL-6,
TNF-o, interferon gamma (IFN-y, but this is not requested in the decision.

In your comments on the PfAs, you also commented on the relevance of measuring serum
NO and eNOS, and raised a concern regarding your capacity to measure NO and eNOS.
These comments are out the scope of the submitted PfAs and are therefore not considered.
However, as you pointed out, nitric oxide plays a pivotal role in physiopathology of the
cardiovascular system.

2. Specifications for the comet assay

A comet assay must be performed at each post-exposure timepoint on lung tissues
according to the OECD TG 489 including the following:

2.1. Conduct of the comet with and without the addition of DNA repair
enzymes

Regarding your comment on the relevance of the enzyme-modified comet assay, using
Fpg (formamidopyrimidine [fapy]-DNA glycosylase) or human oxoguanine DNA
glycosylase (hOGG1), in order to investigate a mode of action linked to direct genotoxic
damage or oxidative DNA damage secondary to oxidative stress, DiBucchianio et al. (2Ot7)
highlighted that the enzyme-modified comet assay is able to detect an increase in Fpg-
sensitive sites (markers of oxidative damage) in vitro in BEAS-2B cells after 3 or 24 h
exposure to the Substance (NM100, NM101 or NM103) dispersions at concentrations of 1,
5 or 15 U9lml (0.2-3.15 ltglcm2), The review by Collins et al. (2O20) detailed the use of
the enzyme-modified comet assay to detect oxidative lesion in vivo in various organs
following exposure to a large variety of chemicals.

You commented that that "There is currently a shortage for the hOGGI enzyme supply,
which may hamper the execution of these experiments considering the extreme large
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number of samples. It is not recommended to use different batches of the enzyme, as this
would complicate comparability between samples. The use of Fpg is not recommended, as
this method is not very specific for oxidised bases and also has endonuclease activity and
thereby generates strand breaks in undamaged DNA (see Speit et al. 2075)."

It is at your discretion to choose between hOGGI and Fpg enzymes, but you must justify
the selection having in mind that these enzymes have their own specificities. Generally,
both enzymes are suitable to detect potential oxidising effects of the Substance on DNA in
lung cells. Moreover, as detailed below, the Fpg enzyme is considered a valid choice. We
strongly encourage you to use this enzyme as the preferred option in the performance of
the enzyme-modified comet assay taking into account the potential shortage of hOGGI
enzyme supply.

2.2. Inclusion of a positive control (e.g. KBrO3 or Ro19-8O22 + light for
enzyme-modified comet assay, and KBrO3, MMS or EMS for standard
comet assay).

You questioned the use of some positive control for the requested assay. Positive controls
can be obtained by treating the comet assay slides prepared by agarose embedding of the
cells isolated from negative control animals prior to lysis. The treatment can be performed
e.g. with (R)- 1-(( 1O-Chloro-4-oxo-3-phenyl-4H-benzo(a)qu inolizin- 1-yl)carbonyl)-2-
pyrrolidinemethanol (RO 19-8022) followed by light induction (Collins et a|.,2014). This
would also decrease the total number of the treated animals in the whole study. For more
details, you can see Nanogenotox project (2013), Di Bucchianico ef al.(2O77), Kain ef
al.(20L2), Asare et al.(2016) and Moller et al.(2OL5,2017 a and b).

You commented on the use of potassium bromate (KBrOs) as a positive control. When
performing the comet assay, alkylating agents are frequently used for the Fpg-modified
comet assay or even for hOGG1-modified assay because these agents are recommended
in the OECD TG 489 as positive controls for DNA strand breaks. However, alkylating agents
are not the best choice for enzyme-modified comet assays due to the variation in lesions
that they can cause. KBrO: has been shown to induce both B-oxodG and Fpg-sites in
Chinese hamster (V79) lung cells, in peripheral blood mononuclear cells (PBMCS), in mouse
lymphoma cells, in human bronchoalveolar cells, in the kidney of mice and rats, with little
concurrent generation of DNA strand breaks.

KBrO: appears to be a suitable positive control for the Fpg- and hOGGl-modified comet
assay because it produces high levels of oxidatively damaged DNA (MOller et a1.,2018),
KBrOs is genotoxic via a mechanism whereby glutathione activates bromate to bromine
radicals or oxides, which cause oxidation of guanines in the DNA. Fpg concentration and
incubation time are critical in the Fpg-modified comet assay. The concentration of Fpg
should be high enough to detect the maximum amount of lesions present in the cells
(ideally all of them) without exhibiting non-specific breakage activity. The time of
incubation is also critical. The ESCODD protocol recommends to expose samples for a

maximum of 30 min in order to achieve the expected DNA repair enzyme activity (Mgller
et a1.,2018).

For the standard comet assay in vivo, the recommended positive assay control, for
example ethyl methanesulfonate (EMS) or methyl methanesulfonate (MMS), can be used
as they are recommended for the lung tissue.
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2.3. Considerations regarding the request to evaluate the effects of each
parameter that can affect the outcome of the comet assay

You must describe in details the procedure and steps used during the performance of the
comet assay.

2.3.1. Controls (positive, negative and assay controls)

When performing the comet assay on lung tissue, you have to test proper positive and
negative controls, and if possible assay controls, along the Substance tested. You
commented on the number of control groups by indicating that it will be difficult to carry
out the assays concurrently. Consequently, the number of animals in the control group
was adjusted. This modification is emphasized in Table 3 (below).

You also commented on the necessity to assess the day-to-day variability of the comet
assay "In case the testing programme is executed with staggered exposure and sacrifice,
this would require an additional 60 negative control groups, i.e. additional 300 animals.
Additional control groups are required to control for the day-to-day variability of the comet
assay". ECHA acknowledges that if you decide to use staggered exposure of the animals,
an increase in the number of animals will probably occur. Nevertheless, this increase is
not caused by the combination of instillation study and the comet assay, but by the high
number of TiOz forms to be examined in order to represent all the forms of the Substance
covered by the registration dossier. Taking this into account, the eMSCA estimated that if
an additional group (corresponding to a control group for each form of the Substance) is
needed, it would lead to an increase of approximatively 150 animals and not 300 as per
your estimate. This increase will also occur to ensure the estimation of the day-to day
variability, even if the comet assay is not requested contrary to what you argued.

In your comments on the PfAs, you made some remarks on the day-to-day variability
when performing the comet assay. Your comment is out of the scope of the submitted
PfAs and is therefore not considered.

You requested additional information on the assay control. It is defined as'Samples that
are included in every comet assay experiment within the same laboratory (preferably
cryopreserved samples that have been exposed to a DNA damaging agent)'(Moller etal.,
2018). Assay controls are prepared from a single batch of cells (or pooled samples), either
untreated (negative standard) or treated with an appropriate DNA damaging agent
(positive standard), frozen slowly as a large number of aliquots in freezing medium and
stored at -B0oC. Assay controls must be included in each electrophoresis run during the
whole study and may be combined with the tested samples if they can be distinguished
from each other during the scoring to even better control the performance of the assay,
Assay controls will guarantee that intralaboratory variability is properly controlled and are
also essential for inter-laboratory comparison. The implementation of these assay controls
enables the detection of possible abnormal values (excessively low or high) if compared
to historical controls, and also gives the opportunity to normalize data in order to minimize
technique-associated variability and consequently allow a meaningful comparison of data
(Esteves et a|.,2020).

If the addition of this type of assay control is feasible, it will (i) help to improve the data
analysis, and (ii) address your comment that "large and complex experiment [...] requires
strict control of variation to produce valid, interpretable results." Indeed, the assay control
is a valid indicator of the DNA damage measurement, although it does not reveal flawed
experimental procedures related to particle exposure or sampling of cells for analysis of
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DNA damage. This type of assay control differs from a positive control. However, the same
substance can be used as both an assay control and a positive control. Data from such
assay controls may also serve to explain differences in response levels and sensitivity
between different studies (Moller et a1.,2015 and 2077a and b).

2.3.2. Lung tissue

You also commented that lung tissue is uncommon in the majority of the comet assays
performed with the Substance, and considered that it isdifficultto collectand process lung
tissue. Therefore, high background damage is likely due to required tissue processing.

However, in the recent studies mentioned earlier in this decision and notably the one from
Wallin etal.(2O17) and Danielsen ef al.(2O2O), the usefulness of analysing the lung tissue
is demonstrated. Moreover, Collins et al. (2020) identified 15 comet assays performed in
vivowith different nanomaterials. The lung was tested more than 10 times. Therefore, the
selection of the lung as a target for evaluating toxicity of the Substance after inhalation is
considered appropriate, and the lung tissue is relevant also in an IT instillation study. You
considered that the comet assay should preferentially be performed on BAL cells, rather
than on the lung tissue. You provided comments and references on the comet assay
performed on BALF, which are partly irrelevant for the present decision. However, as the
respiratory tract and lung are the site of contacts of the Substance after instillation they
are also first targets of the possible adverse effects. Therefore, the lung tissue would be
more sensitive and more appropriate to perform the comet assay.

Moreover, as defensive mechanisms, macrophages may be mobilised from elsewhere in
the body, Performing a comet assay on the cells in the BALF may introduce a bias by
performing the assay on unexposed cells.

However, if you still consider that "alveolar macrophages are instead considered the
cell/tissue type with the highest exposure due to their phagocytic capacity and are also
identified as target tissue/cell type for the tumorigenicity of titanium dioxide in rats" it is
left at your discretion to perform the comet assay on BAL cells as well.

2.4, Further considerations

You mainly questioned the relevance or raised uncertainties related to (1) the use of frozen
tissues, (2) the use of DNA repair enzymes and related uncertainties, (3) the possible
interaction of nanomaterial with the DNA repair enzymes, (4) the time involved for the
comet assay analysis, (5) the non validation in interlaboratory assays of the requested use
of DNA repair enzymes and (6) the use of Fpg and hOGGI enzyme and their sensitivity,
(7) performing a comet assay 28 days after IT instillation, and (B) performing a comet
assay on inorganic poorly soluble particles. You also (9) preferred to use
immunohistochemistry to detect potential oxidative DNA damage (10) and contest the
justification of the comet assay.

1) You commented that "The studies cited by ECHA/eMSCA to support the comet
assay requirement use frozen tissue. OECD guideline 489 confirms no agreement
exists on freeze/thaw methods. Therefore, it is not possible to know the reliability
or reproducibility of results of using frozen tissue".

First, is should be noted that the exact wording of the OECD TG 489 on the use of
frozen material is "Iissues or cell nuclei have been successfully frozen for later
analysis. This usually results in a measurable effect on the response to the vehicle
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and positive control (Recio at al., 2010; Recio at al., 2012; Jackson at al., 2013).
If used, the laboratory should demonstrate competency in freezing methodologies
and confirm acceptable low ranges of o/o tail DNA in target tissues of vehicle treated
animals, and that positive responses can still be detected. In the literature, the
freezing of tissues has been described using different methods. However, currentlv
there is no aoreement on how to best freeze and thaw tissues, and how to assess
whether a potentially altered response may affect the sensitivity of fhe tesf." As a
consequence, the use of frozen tissue by itself does not question the results
obtained. Moreover, Aztequa and colleagues (2019) have recently demonstrated
that performing enzymes-modified comet assays on frozen material is suitable to
detect oxidative DNA lesions.

Second, the requested study design does not suggest to use frozen tissues. Some
studies referred to in this decision used such a frozen-tissue protocol and were able
to raise concerns on the genotoxic potential of the Substance. Therefore, you may
use frozen tissue to perform the comet assay as long as your competence in doing
so is demonstrated, but this is not a part of the request.

2) Regarding the enzyme-modified comet assay, the use of enzyme modification does
not imply to treat and use more animals at all. The protocols of the standard comet
assay and the enzyme-modified comet assay are the same with an exception to
include a single additional step in the protocol during the tissue processing part
(consisting generally of nine steps): The first step consists of collection and
homogenisation of tissues to proceed to obtain a single-cell suspension. The second
step consists of embedding single cells in agarose gels and lysing them in step 3 to
remove membranes and other cellular material. This third step will leave protein-
depleted nuclei with a supercoiled DNA (called "nucleoids"). The modification of the
standard alkaline comet assay occurs at the fourth step, where the prepared slides
undergo incubation of the nucleoids with lesion-specific enzyme including Fpg,
hOGG1, endonuclease III (Endo III) or T4 endonuclease V (T4 Endo V). This step
generally has a duration of 30 min to a maximum of 2 hours. In the fifth step, the
standard alkaline comet assay protocol is followed, and samples are treated in
alkaline solution to convert alkali-labile sites to strand breaks and allow DNA to
unwind. The samples are then subjected to alkaline electrophoresis, resulting in
the formation of single-cell comets (corresponding to the sixth step). After
electrophoresis the samples are rinsed in neutralizing solution (corresponding to
seventh step). The eight step includes staining and visualization of the comets by
fluorescence microscopy. Finally, the last ninth step corresponds to the scoring of
the comets and data analysis. Your comment on the number of animals for reaching
sensitivity in enzyme-modifed comet assay is addressed above.

3) You raised the possibility that NPs may interact with DNA repair enzymes. This
hypothesis cannot be invalidated. However, as the enzymes are used in excess,
there will be sufficient amount of enzymes to react properly with DNA. Thus, as for
any methodology with fluorescence and imaging detection, calibration must be
performed and confounding factors assessed. This will lower the uncertainties and
ensure a proper assessment when interpreting the assay results. Interference of
Fpg with NPs, when using the Fpg-modified comet assay, has indeed been
described in the literature (Kain ef al.,2OL2). However, Kain ef al. (2012) mixed
the NPs with the Fpg leading to the creation of a protein corona effect, which greatly
impacted the ability of the enzymes to repair DNA lesions and affected the enzyme
activity. Other authors have claimed that such interference is unlikely to occur when
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performing the assay correctly (Magdolenova ef al., 2012, Azqueta and Dusinska,
2015, Di Bucchianico et al., 2Ol7). The applicability of the Fpg-modified comet
assay in vitro and in vivo to detect the effects of NPs has been demonstrated with
several nanomaterials (El Yamani et a|.,2017; Iglesias et al.2Ol7a, b; Azqueta ef
al.,2Ot9; Asare et al. 2OL6; Jalili et a|.,2020). The hOGGI has also been used to
detect the genotoxic potential of NPs in vitro and rn vivo (Fernandez-Bertolez et
a|.,2079; Pfuhler et a|.,2017).

4) You commented the effort and time needed to perform the requested comet assay
"it would necessitate the evaluation of 5760 comet slides (12 slides per animal as
described below), corresponding to approx. 264 working days for the slide
evaluation only (!). This does not include the control animals or any other work
associated with the comet assay, such as cell isolation, lysis, electrophoresis. It is
highlighted that the presence of particulate matter interferes significantly with the
automatic slide evaluation so that especially in the high dose animals the comet
slides need to be evaluated manually".

However,:
. following your comment, the comet assays on liver and testis were removed.

This will greatly decrease the number of slides and assays to be performed
. automatisation is largely developed and imaging assisted detection is

routinely applied in laboratories;
. the OECD TG 489 aknowledges that comet assay can be performed in 96

well microplates. The use of automatic reader and 96-well microplates (such
as the system provided e.g. by CometChip and Norgenotech) can drastically
reduce the time to read and assess the comet assay data. Even if some
slides have to be read again due to particles interference or other reasons/
your estimate on time needed for the whole reading of the data seems to
be overestimated (264 working days);

r the enzyme-modified comet assay can be performed in a high-throughput
way using the 12 minigels/slide format, or different numbers of minigels
(following the standard 24,48 or 96 well formats) or the CometChip
technology to significantly reduce the time to perform these analyses;

. the reading can be performed all along the experiments, allowing a longer
delay for performing this task. The possibility to use the automated reader
or the use minigels/slides was evidenced and recognized by the institute
group contacted by you in a recent publication (Kohl et a|.,2020). The
authors recognize that "12 mini-gels per slide, 96 mini-gels on a GelBond
film a special 96-well multi chamber plate (MCP) -allow increased
throughput and analysis of numerous types or modifications of NMs in a
time- and cost-effective manner. "Moreover, this publication acknowledeged
that the use of automatic system allows to decrease the reading from hours
to minute-range "Io improve the very time-consuming DNA damage
eva I uation by ma n ua I microscopic fl uorescence-a na lysi s, severa I a utom atic
systems for image analysis have been developed to help increase the
throughput of the assay for high screening capacity; for instance the fully
automated slide-scanning platform Metafer and the Meta Cyte Comet Scan
software. Using such automated evaluating systems, the analysis duration
is reduced from hour-range to minute-range." This type of platform, and the
one cited by the authors, CometScan can automatically find, acquire, and
analyze Comet assay cells - fully unattended and in up to 800 slides. The
CometAssay software has been used by the identified laboratory (i,e.
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Fraunhofer Institute) in a previously published study (Ziemann et a|.,2009).

This software is able to perform the analysis and extraction of a slide in two
minutess, drastically decreasing the estimated time claimed by you,
especially as being aleady in place at the selected laboratory. The requested
study will generate large amount of data to be processed but this only
results from the high number of TiOz forms to be tested. Accordingly, the
number of slides, which must be assessed will not be as time-consuming as
you indicated. Moreover, information is available regarding the storage of
gels containing treated cells allowing to perform the reading all along the
allowed time ".If is often impracticable to score slides immediately after
performing the comet assay, If the gels are prepared on ordinary glass
slides, they can be dried and stored indefinitely" (Collins, 2OO4).

5) Regarding your comment concerning the lack of inter-laboratory ring tests
(validation) on the hOGG1, the eMSCA acknowledges that the requested study is
notper se a full guideline compliant study. However, it has already been requested
in another ECHA's substance evaluation decision on potassium titanium oxide (EC
432-240-0) (ECHA, 2019). There is still the possibility for you to choose to use the
Fpg enzyme, which is more often used. Fpg is able to detect oxidative lesions and
the protocol and related data are described in the literature (See above).

In your comments on the PfAs, you expressed surprise that "a particular study
design has been requested by another ECHA decision recursively validates a study
design as valid. "This refers to ECHA's substance evaluation decision on potassium
titanium oxide (EC 432-240-0) (ECHA, 2019). You misinterpreted our argument.
Indeed, requesting a non guideline compliant study in a previous decision does not
validate the study design. This reference indicates that non-validated studies can
be and have been requested when necessary.

6) You do not recommend to use Fpg based on the argument that "fhis method being
not very specific for oxidised bases and also has endonuclease activity and thereby
generates strand breaks in undamaged DNA". The choice of the DNA repair enzyme
is left at your discretion even if the Fpg DNA repair enzyme is the preferred one.
hOGGI is the eukaryotic counterpart of Fpg. hOGGI can repair oxidized bases only
when the damaged base is paired with cytosine. Therefore, it is more specific than
Fpg, which recognizes B-oxoGua paired with cytosine, guanine or thymidine.
Nevertheless, hOGGI appears to be less efficient than Fpg (David and Williams,
1998). These two enzymes can increase the sensitivity of the comet assay. Indeed,
Fpg presents some advantages compared to hOGG1. It has been much widely used
and is more easily available. Fpg also allows the detection of more types of DNA
lesions than hOGG1, even though, as you commented, Fpg is less sensitive than
hOGGI to oxidised damage recognition. On the other hand, it is more sensitive as
more Fpg sensitive sites (specific lesions recognised) are produced when cells are
treated with damaging agents, This allows the detection of indirect effects of some
non-alkylating agents, such as bulky adducts. Furthermore, hOGGI does not
recognize AP (apurinic/ apyrimidinic) sites produced from spontaneous
depurination of methylated guanines (Speit et a|.,2004, Smith et a|.,2006,
Muruzabal et a1.,2020). However, the final choice of one or the other enzyme will
rely on the expertise of the laboratory conducting the study. Both enzymes are

8 https://www.instem.com/solutions/genetic-toxicologv/comet-assay.php



C#nlfiTSfi#TIAL 40 (60)

flHflHA
iiUFl{l FFA !\.t L-H EM I f ALE AG E r.l ( Y

suitable to detect potential oxidising effects of the Substance (especially to
measure B-oxoGua in DNA, Collins etal.,2Ot4) on DNA in lung cells. You claimed
that there is variation between laboratories when using Fpg. This is a common
feature for many experimental studies in laboratories corresponding to variations
commonly described in literature. To decrease these variations as much as
possible, the recommendations provided in this decision and in the studies
describing the method should be followed (e.9. Collins et al.,2Ot4, Mgller et al.,
2OL5, Mgller et al., 20I7a, b, Azqueta et al., 2Ol9; recommendation drafted by the
participants of the ECVAG (European Comet assay Validation Group) and ESCODD).

7) You questionned the relevance of performing a comet assay 28 days after the end
of the IT instillation procedure, in particular because you claimed that "any positive
results in the comet assay would be secondary to the sustained inflammation and
not primary (direct and indirect) to the particle exposure".

You cited the Annex VIII, Section 8.6.1, Column 2 of REACH and stated that
secondary genotoxicity is not a concern. Neither the reference nor the statement
is completely clear. Actually, the specific section at Annex VIII you referred to does
not discuss the secondary toxicity but states, as an example, the possibility for the
Agency to request specific toxicological studies in accordance with Article 40 or 47
in case of indications of an effect for which the available evidence is inadequate for
toxicological and/or risk characterisation. So far, the available data do not allow a
proper hazard characterisation. In particular, the 29-day request is justified when
considering that oxidative stress leading to DNA damage can occur also after a long
time after the end of exposure (see Modrzynska et al.,201Ba). Indeed, the 28-day
timepoint will allow clearance to occur in the lung and to see if the potential adverse
effects persist, and can provide indirect evidence whether translocation of the
Substance from the lung to other organs occurs.

The 3 observation timepoints defined in the current decision were set up in order
to link all the investigated parameters, i.e. pulmonary effects, cardiovascular
function, oxidative stress, histopathology and (oxidative) DNA damage. Restricting
the post-exposure timepoints here will not ensure a proper evaluation of the
potency of the tested forms of the Substance. This could impair the subsequent
choice for the forms of the Substance to be tested in the Tier 2.

B) The OECD TG 489 clearly stipulates on page 7, paragraph 26 that "So/id fesf
chemicals should be dissolved or suspended in appropriate vehicles or admixed in
diet or drinking water prior to dosing of the animals. Liquid test chemicals may be
dosed directly or diluted prior to dosing. For inhalation exposures, fesf chemicals
can be administered as gas, vapourt or a solid/liquid aerosol, depending on their
physicochemical properties". This provides indications on how to test inorganic
poorly soluble particles.

9) As hOGGI is specific for the pre-mutagenic oxidative DNA lesion B-oxo-dG, one of
your advisors (Dr. C. Ziemann, study director, Fraunhofer, ITEM) recommended to
assess this type of lesion via immunohistochemistry (IHC). The reason why this
alternative technic to the enzyme-modified comet assay is judged not acceptable
is addressed under section A.6.

10)A comet assay is requested because it can detect also oxidative DNA damage, it
can be performed on a larger number of samples and consequently many problems
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linked to the presence of nanomaterials can be avoided (e.g the scoring of positive
outcome which can be challenging for some tests when aggregates and
agglomerates are present). Moreover, the inclusion of the comet assay in the IT
instillation test will not exert additional manipulations of the animals as it will be
performed post-mortem, avoiding generation of stress. The comet assay will allow
to identify whether some of the TiOz forms tested are able to generate oxidative
stress leading to genotoxicity by causing oxidative DNA damage. Excessive
production of ROS/RNS resulting in oxidative stress is known to be a common
mechanisim of toxicity for many compounds (Auten and Davis, 20O9; Fu et al.,
2Ol4; Abdal Dayem et a|.,2017, Modrzynska et al., 2018). Therefore, indication of
oxidative stress after acute exposure in an IT instillation study may predict also
other adverse effects in addition to oxidative DNA damage after longer repeated
exposure via inhalation. As translocation of the Substance to the liver was observed
in one study by instillation (Husain et a1,,2015), performing histopathological
assessment of the liver, the kidney, the brain and the testis concomitantly to the
lung may allow the eMSCA to confirm which forms of the Substance can translocate
if histopathological changes or presence of TiOz particles are observed in these
organs after instillation exposure. This information is essential to select the forms
of the Substance for the Tier 2 testing to obtain more extensive data on local and
systemic toxicity after subchronic exposure via inhalation.

3. Summary of test protocol

Table 2 describes the protocol of the IT instillation study

Table 2 : Summary of the protocol of the IT instillation study in Tier 1 when
performed concomitantly for all forms.
Treatment 2 instillations must be performed at 24 hr

interval (at 0 and 24 hr)
Post-exposu re observation 2-6 hours - 1 day - 28 days

Test Performed Histopathology of lung, liver, kidney, brain and
testis
Card iovascu lar fu nction
BALF analysis
Oxidative stress in lung (not measured at 28
days)
Comet assay (standard and enzyme-modified
protocol) on lunq tissue

Neqative controls Yes
Low dose Yes
Mid dose Yes
Hiqh dose Yes
Positive control (for comet assay)10 Yes
Number of qrouDs 5

You must submit full study reports of the Tier 1 study (IT instillation study combined with
the comet assay). Considering the complexity, a complete rationale of the test design and
interpretation of results, as well as access to all information available in the full study

e One single negative control for all forms tested
10 One single positive control for all forms tested
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reports (implemented method, raw data collected, interpretations and calculations
including the statistical analysis, consideration of uncertainties, argumentation, etc.) are
needed.

This will allow the eMSCA to fully assess all provided information, and to make an informed
decision on the next steps of the proposed testing strategy.

A.6 Alternative approaches and proportionality of the request

The request for this study by the IT route is suitable and necessary to obtain preliminary
information on the toxicity and relative potency of different forms of the Substance under
the same test conditions. Therefore, this test is essential to define, which forms of the
Substance shall be tested in the Tier 2 of the testing strategy, It will also allow you to
explain how you compare the non-tested forms with the tested ones while defining their
toxicity via inhalation.

A possible alternative could have been to request directly a subchronic repeated dose
toxicity study and/or chronic study, should it have been clear what are the most suitable
test materials to be tested. Various physico-chemical properties of different forms of the
Substance are reported to impact toxicological properties. Therefore, it is appropriate to
collect information on these forms in a shorter term test first in a test performed under
the same conditions for allthe forms tested. The IT instillation test is a pragmatic approach
allowing an efficient comparison of the toxicity of different forms of the Substance. Finally,
ECHA notes that there are no in vitro or in silico experimental methods available at this
stage that will generate the necessary comparable information without vertebrate testing.

Inclusion of additional parameters to be investigated, in comparison to the test initially
proposed, also allows providing more certainty for the adequate selection of the test
materials to be further tested and a proper comparison to predict toxicity of the untested
ones. Moreover, it will allow to identify the potential adverse effects occurring from
oxidative mechanisms, will allow to observe the potential ability of the Substance to
translocate to other organs based on histopathological observations or an impact on
cardiovascular function, which all will help designing the next studies appropriately.

You commented on the difficulty to integrate the comet assay to the IT study without
compromising the reliability of both results. For your clarification, the comet assay must
be integrated to the IT instillation study as it is intended especially to screen the effects
of 11 forms of the Substance on the oxidative stress potentially leading to genotoxicity. IT
instillation study alone is not sufficient for the selection of the forms to be tested in the
Tier 2 as the parameters initially proposed by you may not be sensitive enough for
selecting the most appropriate forms of the Substance for further testing.

As 5 male rats/group are required, the eMSCA estimated that this combined test protocol
will save up to 500 animals compared to performing the IT instillation study and comet
assay separately (See Table 3).

Table 3 : Calculation of animal saving by combining comet assay and IT
instillation study

Combined
toxicity test +
comet assav

Toxicity
test only

Comet
assay

Number of treated qrouDs per time point 3 3 3
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Number of treated qroups for 3 time ooints 9 9 9
Number of treated groups for 3 time points
and 11 forms of the Substance (A) 99 99 99

Number of control qrouDs per time point 2 1 2
Number of control qroups for 3 time points (B) 6 3 6
Total number of qroups (A+B) 105 ro2 105
Number of animals per qroup 5 5 5
Total number of animals 525 510 525

1035

Instead of using the the enzyme-modified comet assay, you proposed to assess the pre-
mutagenic oxidative DNA lesion B-oxo-dG by immunohistochemistry (IHC) to "allow a
localisation within the lung slides and facilitate the tasks to be conducted at necropsy".
While this technique is a promising tool to assess this premutagnic DNA lesion, especially
the possibility to localize the lesion in cell or tissue, this technique suffers some major
drawbacks detailed below, such as imprecision:

a

a

Each step of IHC might lead to deviations and new challenges.
This method may lead to rather strong background, since cytoplasmic RNA staining
interferes with the DNA-specific quantitation of B-OHdG.
IHC is not very quantitative as the antibodies may not be totally specific for the
lesions of interest: they may cross-react with lesions of similar structure leading to
an overestimation of DNA damages. The specificity of this technique therefore
highly depends on the antibodies used and is a major source of uncertainties in the
outcome of the assay (Korkmaz et a1.,2018). Mgller et al. (2015) also considered
antibody-based methods for detecting B-oxodG or other oxidatively damaged DNA
nucleobase lesions as non-informative measurements, because of the lack of
specificity of antibodies.
To the eMSCA's knowledge, IHC has only been used a few times with
nanomaterials, and even less in the case of the Substance. Armand et al. (2016)
demonstrated that IHC was able to detect slighty more DNA damage than classical
comet assay when using 538P1 foci antibodies, but that the sensitivity of the assay
is much lower than the enzyme-modified comet assay using Fpg.
This semi-quantitative assay requires complex signal density analysis with
extensive operator time in comparison to the standard and enzyme-modified comet
assay.

a

a

Therefore, despite the interest of this technique, there is not sufficient data to validate this
approach so far in this specific case. In addition, the confounding factors may not allow
proper interpretation for selecting the forms of the Substance for further testing.

The eMSCA acknowledges that the enzyme-modified comet assay has not been validated
for regulatory purpose. However, it differs from the standard OECD TG 489 protocol by
only one additional step.

On this basis, the request to investigate oxidative damage using the standard comet assay
and enzyme-modified comet assay is proportionate and the best approach. The enzyme-
modified comet assay is a quite simple, sensitive and specific technique, requiring very
small sample size. The enzyme-modified comet assay is also a robust method with many
years of experience. It has been evaluated and improved by many European groups
including ESCODD and ECVAG.
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A.7 Additional considerations of your comments on the draft decision

Your comments have led to substantial changes in the initial request and to numerous
clarifications (see sections A.1 to A.6).Consequently, the decision was amended
accordingly to reflect your comments. Some specific comments are also addressed below:

You commented that existing data show that one (and maybe more) form of the Substance
does not elicit toxicity below alveolar macrophage overload, requesting to modify the
request to reach "clear level of toxicity (highest test concentration) but not including
overload". As stated in the the request"where feasible", it has not been modified.

You suggested to perform a new range-finding study. However, such a range-finding study
seems to exist already in the study report F2336 (BauA, 2077), which you need to consider
to avoid unnecessary duplication of an (existing) testing. Indeed, this very detailed study,
where the rats were sacrified at 3, 28 and 90 days, will allow you to define the appropriate
dosing for the Tier 1 tesing requested in this decision. It would be disproportionate to
request such a new range-finding study. You commented that the existing range-finding
does not cover all the forms of the Substance to be tested. It is left to your discretion to
consider the need to perform such extra range-finding study to ensure that the information
required in this decision fulfils the requests taking into consideration that this part of the
protocol is the one initially proposed by you. The details on the inhalation study are
described under section A.1, while the details on the IT study can be found in the study
report F2336 (BauA, 2OL7).

You highlighted several sources of data in your comments. The eMSCA has the following
considerations on these data:

o Data from the have no longer been considered (Ze et al., 2073,
2O!4 a, b, c & 2016, Yu ef a\.,2074, Hong ef al. 2Ol5) as uncertainties were raised
regarding possible fraud and quality problems, However, this does not change the
general conclusions as evaluation of publications from other universities/
laboratories highlight the same concerns.

. The concern that triggers this decision (Tier 1) is the repeated dose toxicity by
inhalation. You proposed in your comments to consider data generated by oral
route (NCI , 1979; Bernard et a\.,1990; L 2oII), and based on results of a

study comparing translocation after instillation and oral exposure (Kreyling ef a/.
2OL7 a,b).In absence of sufficient quantitative and qualitative comparative data
regarding route to route extrapolation, studies by oral routes were only considered
for raising a concern on hazard potential but these data cannot be used for the
assessment of hazard properties of the Substance after exposure through
inhalation.

o Your comments emphasised also that "af this point in time TiOz is not formally
classified as a Cat2 carcinogen. In addition, the RAC opinion explicitly states that
this is a particle effect, and not a substance-specific toxicity". This decision aims at
requesting additional data for clarifying the potential risk after inhalation exposure
to different forms of the Substance and does not aim at discussing existing or future
harmonised classifications. The Substance is classified as Cat.2 carcinogen (14th
adaptation to technical progress (ATP) to the CLP Regulation)11. This current
classification covers the Substance "in powder form containing 1 o/o ot more of
particles with aerodynamic diameter < 10 pm" as Carc. 2 by inhalation. This is a
minrmal classification and, depending on the forthcomlng lnformatlon, a more
stringent classification may be needed for some forms of the Substance.
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A.8 Consideration of the time needed to perform the requested study
You commented on the effort and time needed to perform the requested study design.
You stated that is not possible to handle 160 animals per day. The eMSCA acknowledges
that performing the study on all 11 forms of the Substance at one time is a challenge.
Staggered approach in exposure, necropsy, sample processing and analysis is
recommended in order to maintain the quality of the study as high as possible. How to
schedule the testing process for the 11 forms of the Substance (e.9, the exposure and
sampling time) is left at your discretion. Indeed, this difficulty is inherent to the IT
instillation study and not to the addition of the comet assay.

The timeline to provide the requested data takes into account the time that you may need
to agree on the name of the registrant(s) that will perform the required test (according to
Article 50(3))) and includes the time required for developing an analytical method, conduct
of the study, prepare the study report and report the results in IUCLID.

In your comments, you mentioned that the designated test facility will have to apply for
permission with the local animal welfare committee. You anticipated that it will require a
minimum of 3-4 months. You also emphasized on the extent of the testing requested, and
especially the time needed for performing the comet assay slides reading (see section
A.5). Consequently, the deadline was extended accordingly from 24 months to 30 months.

ECHA considers that this deadline is appropriate to conduct and report the requested
stud ies.
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Appendix B: Procedure

This decision does not imply that the information you submitted in your registration
dossier(s) are in compliance with the REACH requirements. ECHA may still initiate a
compliance check on your dossiers.

Titanium dioxide (EC No 236-675-5, CAS RN 13463-67-7,) was first included in the CoRAP
list published on 20 March 2013 based on concerns regarding its properties as a suspected
CMR, sensitiser, PBT/vPvB and due to its wide dispersive use, consumer use, high
aggregated tonnage and exposure of sensitive populations.

The lack of information available on the nanoforms of titanium dioxide reinforced the need
of evaluating this Substance. ECHA performed a compliance check on the Substance
dossier, initiated on 13 November 20t3. The scope of the compliance check was limited
to the standard information requirements of Annex VI of REACH. The compliance check
decision was adopted on 17 June 2014. You appealed on this decision on 16 September
2014 and the substance evaluation was postponed. The Board of Appeal annulled the
contested decision on 2 March 2077.

The substance evaluation was updated to start on 20 March 2018. The Competent
Authority of France (the evaluating MSCA) was appointed to carry out the evaluation.

In accordance with Article 45(4) of REACH, the eMSCA carried out the evaluation based
on the information in your registration(s) and other relevant and available information.

The eMSCA considered that further information was required to clarify the potential risk
identified during the evaluation for repeated dose toxicity via inhalation. Therefore, it
prepared a draft decision under Article 46(1) of REACH to request further information. It
subsequently submitted the draft decision to ECHA on 20 March 2OL9.

Registrant(s)' commenting phase

ECHA notified you of the draft decision and invited you to provide comments. You provided
comments which were submitted to eMSCA in late July 2019. As these comments led to
a substantial modification of the draft decision and it may contain some new elements,
ECHA exceptionally notified you of the modified draft decision and invited you to provide
comments for a second time in June 2020.

ECHA received your comments and forwarded them to the eMSCA without delay. Due to
the current situation with regards to the pandemic, some delays occur in the assessments
of these comments. The eMSCA took the comments, which were sent within the
commenting period, into account and they are reflected in the reasons (Appendix A).

For the purpose of this decision-making, dossier updates made after the date the modified
draft of this decision was notified to you (Article 50(1) of REACH) were not taken into
accou nt.

(i) Proposals for amendment by other MSCAs and ECHA and referral to the Member State
Committee

The evaluating MSCA notified the draft decision to the competent authorities of the other
Member States and ECHA for proposal(s) for amendment.
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Subsequently, the evaluating MSCA received proposal(s) for amendment to the draft
decision and did not modify the draft decision apart from the following considerations:

The proposal for amendments (PfA) were related to the removal of some initially requested
assays based on your comments and addition of new requests (histopathology of testis
and measurement of hs-CRP). Based on a PfA, a reference to the Substance evaluation
decision on Potassium Titanium Oxide (EC number 432-240-0, ECHA, 2019) was added.
Based on the last PfA, the deadline to provide the requested information was set to
30 months to take into account your comment on the necessity for test development to
perform the requested study on 11 forms of the Substance.

ECHA referred the draft decision, together with your comments, to the Member State
Committee.

ECHA invited you to comment on the proposed amendment(s). Your comments on the
proposed amendment(s) were taken into account by the Member State Committee.

In addition you provided comments on the draft decision. Your comments were not taken
into account by the Member State Committee as they were considered to be outside of the
scope of Article 52(2) and Article 51(5).

Most of these comments were already raised during the initial commenting phase and have
been addressed previously (your comments: number 1.1 on study design, 1.2 on dose
selection and dose metrics, 1.3 Markers of oxidative stress, 1.6 Influence of total number
of parameters on the feasibility of gaining all information from one animal, 2.3
Measurement of ROS/RNS/oxidative DNA lesions, 2,4 Technical feasibility of performing
multiple analyses on a single organ/tissue,2.5 Timepoints for administration, 2.6 Number
of test animals required, 3 Test Materials).

In the above-mentioned comments, yoU also requested some further clarifications. As
these were out of the scope of the submitted PfAs, they were not considered. However, if
needed, the eMSCA is willing to provide further clarification following the adoption of the
ECHA decision and would be happy to set up exchanges with you.

(ii) MSC agreement seeking stage

The Member State Committee reached a unanimous agreement in its MSC-74 written
procedure and ECHA took the decision according to Article 52(2) and Article 51(6) of
REACH.

After the deadline set in this decision has passed, the evaluating MSCA will review the
information you have submitted and will evaluate whether further information is still
needed to clarify the potential risk, according to Article 46(3) of REACH.
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Appendix C: Further information, observations and technical guidance

1. This decision does not imply that the information provided by you in the registration(s)
is in compliance with the REACH requirements. The decision neither prevents ECHA
from initiating compliance checks on your dossier(s) at a later stage, nor does it
prevent a subsequent decision under the current substance evaluation or a new
substance evaluation process once the present substance evaluation has been
completed.

2. Failure to comply with the request(s) in this decision, or to otherwise fulfil the
information request (s) with a valid and documented adaptation, will result in a

notification to the enforcement authorities of your Member State'

3. In relation to the required experimental study/ies, the sample of the substance to be
used ('test material') has to have a composition that is within the specifications of the
substance composition that are given by all registrant(s). It is the responsibility of all
the registrant(s) to agree on the tested material to be subjected to the test(s) subject
to this decision and to document the necessary information on the composition of the
test material. The substance identity information of the Substance and of the sample
tested must enable the evaluating MSCA and ECHA to confirm the relevance of the
testing for the substance subject to substance evaluation.


