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PREAMBLE
In November 2007, OECD’s Working Party on Manufactured Nanomaterials (WPMN) launched the
Sponsorship Programme for the Testing of Manufactured Nanomaterials (hereafter the Testing
Programme). The objective was to conduct specific tests, relevant to human health and environmental
safety endpoints, on a variety of manufactured nanomaterials (MN). The outcomes of the Testing
Programme were intended to assess the applicability of the existing test guidelines1 to nanomaterials, as
well as to provide useful information on any intrinsic properties of MNs, which are different from the
same bulk material with greater external dimensions. Understanding the properties of NMs is crucial to
choose appropriate strategies for hazard identification, risk assessment or risk management measures. The
Testing Programme involved delegations from OECD member countries, some non-member economies
and other stakeholders. The broad international representation, from a range of delegations enabled the
programme to pool expertise and resources without which this programme would not have been possible.
Before launching the Testing Programme, the WPMN first identified a broad list of possible
nanomaterials, and the list was later adjusted to a final selection of eleven MNs for testing2. This list
comprised: i) fullerenes (C60); ii) single-walled carbon nanotubes (SWCNTs); iii) multi-walled carbon
nanotubes (MWCNTs); iv) silver nanoparticles; v) titanium dioxide; vi) cerium oxide; vii) zinc oxide;
viii) silicon dioxide; ix) dendrimers; x) nanoclays; and xi) gold nanoparticles. One fundamental criterion
for selecting these materials was that they should be either in commercial use at the time or expected to be
in the near future. At the same time, other considerations were also given attention, such as the production
volume of the materials, the likely availability of such materials for testing and the existing information
that would readily be available on the materials.
It was also agreed that 59 endpoints would be addressed3 for each material corresponding to the following
categories: i) nanomaterial information/ identification; ii) physical-chemical properties and material
characterisation; iii) environmental fate; iv) toxicological and eco-toxicological effects; v) environmental
toxicology; vi) mammalian toxicology; and vii) material safety. These endpoints were judged to be most
important based largely on the general experience of testing chemicals, while taking into account the
potentially different or new properties of nanomaterials. It is worth noticing that it was not expected that
testing for all of the listed endpoints would be necessary for each of the selected MNs.
To assist with the Testing Programme, the WPMN developed two documents: i) a Preliminary Review of
OECD
Test
Guidelines
for
their
Applicability
to
Manufactured
Nanomaterials
[ENV/JM/MONO(2009)21]; and ii) Guidance Manual for the Testing of Manufactured Nanomaterials:
OECD's Sponsorship Programme (Guidance Manual) in 2009, which was subsequently updated in 2010
1

The OECD Test Guidelines are a collection of internationally agreed test methods used by government, industry and
independent laboratories. They are used to determine the safety of chemicals.
http://www.oecd.org/chemicalsafety/testing/oecdguidelinesforthetestingofchemicals.htm
2

Originally Iron nanoparticles, Aluminium, Carbon black, and Polystyrene were suggested but later withdrawn and replaced by
gold nanoparticles.
3

As specified in the Guidance Manual, “address” includes the term “completed” which provides that all dossiers will contain the
identified endpoint information. Note that for some endpoints (for example, solubility) it is specified that the endpoint must be
“completed”. In such instances “completed” means that all Dossiers will be providing this endpoint information.
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[ENV/JM/MONO(2009)20/REV]4. The objective of this Guidance Manual was to guide sponsors5 in the
testing of the materials while ensuring that the information collected was reliable, accurate, consistent and
therefore also comparable. The Guidance Manual addressed a whole range of issues including the
organisation of the work.
The Guidance Manual contains detailed information on the selected endpoints for testing and
recommendations on sample preparation and dosimetry.
The Guidance Manual also described the development of Dossier Development Plans (DDPs). These
plans were prepared by Lead sponsors, Co-sponsors together with contributors to describe the specific
plan for the testing of each nanomaterial including when and where the testing will be undertaken and by
whom. The DDPs also included information on the materials to be tested as well as information on issues
such as sample preparation and dosimetry. Each of the DDPs was prepared and reviewed by the WPMN
before testing work began.
Based on the lessons learned during the Testing Programme, the WPMN also developed Guidance on
Sample Preparation and Dosimetry for the Safety Testing of Manufactured Nanomaterials
[ENV/JM/MONO(2012)40]. This latter document is an update of an earlier text first published in 2010.
The work on OECD’s Testing Programme was completed by the end of 2013. In June 2014 the WPMN
agreed that for each nanomaterial the dataset would be published in IUCLID printed format6 7. The
document will include the protocols and methods to allow their wider use (regulators and researchers).
The dataset in this document has been declassified and made publicly available and it is expected
regulators and researchers will wish to use it. Due to a broad dissemination of the data and the exploratory
setting in which they were developed there are a number of limitations in using the data of which
potential users should be aware. The programme focused on answering scientific questions in the field of
the OECD test guidelines but not to provide conclusions on the hazard or risk of the materials selected.
The data contained within these dossiers is raw data and has not been evaluated by either the programme
sponsors or the WPMN. Any conclusions found within these dossiers are under the responsibility of the
researchers who made them. The absence of data for some endpoints may be a gap for some endpoints but
for other end points there may not if the data was not considered necessary. Although the programme
ensured a broad participation of many stakeholders it was not intended to arrive at any pre-defined
regulatory datasets requirements or risk assessment decisions. It was recognised from the beginning that
4

It is worth noting that while the Guidance Manual for Sponsors was primarily intended as a guide to WPMN’s Testing
Programme, it is also expected that it will be of value to anyone involved in testing NMs.
5

The Guidance Manual noted, for example, that there could be three levels of participation to the programme. Lead sponsors,
who would assume responsibility for conducting or coordinating all of the testing, determined to be appropriate for each of the
endpoints for a specific nanomaterial. In some cases, “joint lead” arrangements were developed. Co-sponsors conducted some of
the testing determined to be appropriate and feasible to address the endpoints for a specific listed nanomaterial. Contributors
provided test data, reference or testing materials or other relevant information to the lead and co-sponsors.
6

IUCLID is a software programme for the administration of data on chemical substances. Although it was originally developed
to fulfill requirements in the EU for the evaluation and control of the risks of existing chemical substances, it is used by many
others.
7

SIAR = SIDS Initial Assessment Report (SIDS = Screening Information Data Set)
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the exploratory nature of the work would require subsequent follow-up work for example to review the
specific needs that may arise when performing risk assessment of nanomaterials. In this context, the
programme's ultimate goal, to add to the knowledge of the properties of nanomaterials, would form a
cornerstone.
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FOREWORD
As part of its Programme on the Safety of Manufactured Nanomaterials, OECD launched the Sponsorship
Programme for the Testing of Manufactured Nanomaterials (hereafter the Testing Programme). The
objective was to conduct specific tests, relevant to human health and environmental safety endpoints, on a
variety of manufactured nanomaterials (MN). The Testing Programme mainly aimed to assess the
applicability of the existing test guidelines to nanomaterials, as well as to provide useful information on
any intrinsic properties of MNs, which are different from the same bulk material with greater external
dimensions.
This document presents the Dossier of the Titanium Dioxide (TiO2) manufactured nanomaterials which
was prepared under the leadership of France and Germany. TiO2 has been tested for a number of
endpoints for: i) Nanomaterials Information / Identification; ii) Physical-Chemical Properties;
iii) Environmental Fate; iv) Environmental Toxicology; v) Mammalian Toxicology; and vi) Material
Safety. The data is presented in an IUCLID8 style format and includes the protocols and methods used
(see Preamble).They are resulting from scientific literature and testing following harmonised guideline or
protocols (like OECD Guidelines for the Testing of Chemicals)9, or not
France and Germany led the Testing Programme on nano-TiO2. This included the determination of data
from the tests already completed using nano-TiO2, a number of new tests from dedicated research project,
as well as coordinating inputs provided and tests performed by other participating countries and
stakeholder from Austria, Canada, Denmark, Spain, Japan, Korea, United Kingdom, United States,
European Union, and the Business and Industry Advisory Committee to the OECD (BIAC).
Aeroxide®P 25 (P25) was chosen as principle material meaning that all the relevant endpoints have been
addressed for this material.


Aeroxide®P 25
o

provided and delivered by Degussa/Evonik, Lot-Nr.: 4168112198

o

provided and delivered by EC/JRC, Lot-Nr.: 4168031098 (called NM105)

o

US-NIST used the certified material SRM 1898, which was synthesised by NIST with the
same properties than P25

At the same time, it was recognised that the nano-TiO2 placed on the market presents high variability in
its composition. With this in mind, additional materials were selected for performing a selected number of
endpoints that could allow some comparability. As a consequence this allowed testing a broad range of
material’s characteristics and covering a broader range of exposure scenarios to human and the
environment. These materials were:
8

IUCLID is a software program for the administration of data on chemical substances. It was originally developed to
fulfil requirements in the EU for the evaluation and control of the risks of existing chemical substances. It is
specifically relevant in the context of an international programme for the initial assessment of chemical substances.
9

http://www.oecd.org/env/testguidelines
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PC105 (JRC no. NM102)
o



Hombikat UV 100 (Sachtleben) identified as NM-101 Titanium Dioxide
o



provided and delivered by EC/JRC, Lot-Nr.:808001

UV TITAN M262 (Sachtleben) (JRC no. NM103)
o



provided and delivered by EC/JRC, Lot-Nr.: 10780048

UV TITAN M212 (Sachtleben) (JRC no. NM104)
o



provided by Cristal Global10 and delivered by EC/JRC, Lot-Nr.: 6292000312

provided by EC/JRC, Lot-Nr.:933002

Tiona AT-1 (non-nano reference) (JRC no. NM100)
o

provided by Cristal Global11 and delivered EC/JRC, Lot-Nr.: 6111007957

The materials were delivered to the participating laboratories including: i) product information; ii)
certification of analysis; iii) storage conditions; and iv) Safety Data Sheet.
Material provided by EC/Joint Research Centre was bought from the commercially available sources or
provided by the manufacturer. To assure the traceability, the materials delivered by the EC/JRC were
homogenised, sub-sampled and kept under inert atmosphere according to paragraph 42 of the Guidance
Manual for Sponsors before the delivery to the participating laboratories.
Finally, a literature review on TiO2 was performed to gather all the available information on the selected
nanomaterials, even though it was not necessarily from the same batches.
Due to the large amount of information generated throughout the OECD Testing Programme on TiO 2, the
Dossier has been split in 6 parts, as follows:







Part 1: NM 105 (P25)
Part 2: NM 100 (Tiona AT-1 (non-nano reference))
Part 3: NM 101 (Hombikat UV 100)
Part 4: NM 102 (PC105)
Part 5: NM 103 (UV TITAN M262 (Sachtleben))
Part 6: NM 104 (UV TITAN M212)

Each part includes Annexes.

10

Cristal Global handed over its material to EC/JRC at a later stage of the test programme.

11

Cristal Global handed over its material to EC/JRC at a later stage of the test programme.
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This document is an addendum to the Titanium dioxide dossier ENV/JM/MONO(2015)17/ADD1. It
presents an overview of tests carried out on Titanium dioxide materials that were not originally envisaged
by the Testing Programme.
This document is published under the responsibility of the Joint Meeting of the Chemicals Committee and
Working Party on Chemicals, Pesticides and Biotechnology of the OECD.
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Substance: non OECD TiO2 Materials
1. GENERAL INFORMATION
1.1 Identification
Substance identification
Chemical name non OECD TiO2 Materials

1.2 Composition
1.3 Identifiers
1.4 Analytical information
1.5 Joint submission
1.6 Sponsors
1.7 Suppliers
1.8 Recipients
1.9 Product and process oriented research and development

2. CLASSIFICATION AND LABELLING
2.1 GHS
2.2 DSD - DPD
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3. MANUFACTURE, USE AND EXPOSURE
3.1 Technological process
3.2 Estimated quantities
3.3 Form in the supply chain
3.4 Identified uses and exposure scenarios
3.5 Uses advised against
3.6 Waste from production and use
3.7 Exposure estimates
3.8 Biocidal information
3.9 Application for authorisation of uses

4. PHYSICAL AND CHEMICAL PROPERTIES
4.1 Appearance/physical state/colour
4.2 Melting point/freezing point
4.3 Boiling point
4.4 Density
4.5 Particle size, size distribution
Endpoint study record: MT-150AW
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Rationale for reliability
Unpublished data measured in AIST Japan.

Data source
Data access
data submitter is data owner
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Data protection claimed
yes, but willing to share

Materials and methods
Methods
other: powder X-ray diffraction

Principles of method if other than guideline (including perfocmance, material limits, other
limits)
Average particle diameter was estimated using Scherrer formula.

Details on methods and data evaluation
Measurement was performed on 10 samples.

Data gathering
Instruments
Rigaku UltimaⅣ

Calibration
Reference peak width was measured using NIST SRM640d.

Reproducibility
Six measurements (= 2 times x 3 days) of FWHM of reference material NIST SRM640d was resulted to
be 0.105 deg with standard deviation of 0.0022.

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

State of test material
dry bulk

Results and discussions
Mean diameter
ca. 17 nm

Endpoint study record: MP-1133
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Rationale for reliability Unpublished data measured in AIST Japan.
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Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Methods
other: powder X-ray diffraction

Principles of method if other than guideline (including perfocmance, material limits, other
limits)
Average particle diameter was estimated using Scherrer formula.

Details on methods and data evaluation
Measurement was performed on 10 samples.

Data gathering
Instruments
Rigaku UltimaⅣ

Calibration
Reference peak width was measured using NIST SRM640d.

Reproducibility
Six measurements (= 2 times x 3 days) of FWHM of reference material NIST SRM640d was resulted to
be 0.105 deg with standard deviation of 0.0022.

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

State of test material
dry bulk

Results and discussions
Mean diameter
ca. 20 nm
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Endpoint study record: MT-100TV
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Rationale for reliability
Unpublished data measured in AIST Japan.

Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Methods
other: powder X-ray diffraction
Principles of method if other than guideline (including perfocmance, material limits, other limits)

Average particle diameter was estimated using Scherrer formula.
Details on methods and data evaluation

Measurement was performed on 10 samples.

Data gathering
Instruments
Rigaku UltimaⅣ

Calibration
Reference peak width was measured using NIST SRM640d.

Reproducibility
Six measurements (= 2 times x 3 days) of FWHM of reference material NIST SRM640d was resulted to
be 0.105 deg with standard deviation of 0.0022.

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

State of test material
dry bulk
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Results and discussions
Mean diameter
ca. 17 nm

Endpoint study record: JMT-150IB
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Rationale for reliability
Unpublished data measured in AIST Japan.

Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Methods
other: powder X-ray diffraction

Principles of method if other than guideline (including perfocmance, material limits, other
limits)
Average particle diameter was estimated using Scherrer formula.

Details on methods and data evaluation
Measurement was performed on 10 samples.

Data gathering
Instruments
Rigaku UltimaⅣ

Calibration
Reference peak width was measured using NIST SRM640d.

Reproducibility
Six measurements (= 2 times x 3 days) of FWHM of reference material NIST SRM640d was resulted to
be 0.105 deg with standard deviation of 0.0022.

Test materials
Test material identity
Identifier

IUPAC name
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Identity titanium(IV) oxide

State of test material
dry bulk

Results and discussions
Mean diameter
ca. 17 nm

4.6 Vapour pressure
4.7 Partition coefficient
4.8 Water solubility
4.9 Solubility in organic solvents / fat solubility
4.10 Surface tension
4.11 Flash point
4.12 Auto flammability
4.13 Flammability
4.14 Explosiveness
4.15 Oxidising properties
4.16 Oxidation reduction potential
4.17 Stability in organic solvents and identity of relevant degradation
products
4.18 Storage stability and reactivity towards container material
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4.19 Stability: thermal, sunlight, metals
4.20 pH
4.21 Dissociation constant
4.22 Viscosity
4.23 Additional physico-chemical information
4.24 Agglomeration/aggregation
4.25 Crystalline phase
4.26 Crystallite and grain size
4.27 Aspect ratio/shape
4.28 Specific surface area
Endpoint study record: MT-150AW
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Rationale for reliability
Unpublished data measured in AIST Japan.

Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Test guideline/method
Qualifier according to
Guideline other guideline: ISO 9277
Deviations

Methods
BET
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Details on methods and data evaluation
Specific surface area was determined by multi-point analysis of nitrogen adsorption using volumetric
apparatus. Degassing was carried out at 120°C for 20 min in vacuo.

Data gathering
Instruments
Belsorp mini II

Calibration
The measurement system was validated by measuring a reference material (BAM P-105).

Reproducibility
Ten measurements of BAM P-105 showed maen value of 197.5 m2/g with standard deviation of 0.63.

Compliance with standard (ISO/CEN/other)
no

Test materials
Test material equivalent to submission substance identity
yes
Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity BAM P-105

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

State of test material
dry bulk

Results and discussions
Specific surface area
Mean
122.9 m²/g
Standard deviation
0.57

m²/g

Remarks on results including tables and figures
Measurement on 10 samples of the substance.

Endpoint study record: MP-1133
Administrative Data
Purpose flag
Study result type

( ) robust study summary ( ) used for classification ( ) used for MSDS
experimental result
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Rationale for reliability

Unpublished data measured in AIST Japan.

Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Test guideline/method
Qualifier according to
Guideline other guideline: ISO 9277
Deviations

Methods
BET

Details on methods and data evaluation
Specific surface area was determined by multi-point analysis of nitrogen adsorption using volumetric
apparatus. Degassing was carried out at 120°C for 20 min in vacuo.

Data gathering
Instruments
Belsorp mini II

Calibration
The measurement system was validated by measuring a reference material (BAM P-105).

Reproducibility
Ten measurements of BAM P-105 showed maen value of 197.5 m2/g with standard deviation of 0.63.

Compliance with standard (ISO/CEN/other)
no

Test materials
Test material equivalent to submission substance identity
yes

Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity BAM P-105
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Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

State of test material
dry bulk

Results and discussions
Specific surface area
Mean 10.47 m²/g
Standard deviation

0.18 m²/g

Remarks on results including tables and figures
Measurement on 10 samples of the substance.

Endpoint study record: MT-100TV
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Rationale for reliability
Unpublished data measured in AIST Japan.

Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Test guideline/method
Qualifier according to
Guideline other guideline: ISO 9277
Deviations

Methods
BET

Details on methods and data evaluation
Specific surface area was determined by multi-point analysis of nitrogen adsorption using volumetric
apparatus. Degassing was carried out at 120°C for 20 min in vacuo.

25

ENV/JM/MONO(2015)17/ADD1

Data gathering
Instruments
Belsorp mini II

Calibration
The measurement system was validated by measuring a reference material (BAM P-105).

Reproducibility
Ten measurements of BAM P-105 showed maen value of 197.5 m2/g with standard deviation of 0.63.

Compliance with standard (ISO/CEN/other)
no

Test materials
Test material equivalent to submission substance identity
yes

Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity BAM P-105

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

State of test material
dry bulk

Results and discussions
Specific surface area
Mean 55.98 m²/g
Standard deviation

0.22 m²/g

Remarks on results including tables and figures
Measurement on 10 samples of the substance.

Endpoint study record: JMT-150IB
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Rationale for reliability
Unpublished data measured in AIST Japan.
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Data source
Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Test guideline/method
Qualifier according to
Guideline other guideline: ISO 9277
Deviations

Methods
BET

Details on methods and data evaluation
Specific surface area was determined by multi-point analysis of nitrogen adsorption using volumetric
apparatus. Degassing was carried out at 120°C for 20 min in vacuo.

Data gathering
Instruments
Belsorp mini II

Calibration
The measurement system was validated by measuring a reference material (BAM P-105).

Reproducibility
Ten measurements of BAM P-105 showed maen value of 197.5 m2/g with standard deviation of 0.63.

Compliance with standard (ISO/CEN/other)
no

Test materials
Test material equivalent to submission substance identity
yes

Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity BAM P-105

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide
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State of test material
dry bulk

Results and discussions
Specific surface area
Mean 75.63 m²/g
Standard deviation

0.2 m²/g

Remarks on results including tables and figures
Measurement on 10 samples of the substance.

4.29 Zeta potential
Endpoint study record: Zeta potential.002_Sukgyung
Administrative Data
Purpose flag key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period 2010
Reliability
3 (not reliable)

Data source
Reference
Reference type
study report
Author
Ministry of Education, Science and Technology, Korea
Year
2010
Title
The Report on "Development of Nano-materials Safety and Characterization Techniques" (KRISS)
Data access

data submitter is data owner
Data protection claimed

yes, but willing to share

Materials and methods
Principles of method if other than guideline
Media: Distilled water or 5 mM aqueous pH-buffered solutions Method/guideline followed: The procedure for zeta
potential measurement was as follows (3 batches of TiO2 nanoparticle suspensions were measured independently): Measure the UV/Vis absorption spectrum of a 150 μL aliquot of the suspension between 200 and 800 nm against
solvents (DW or pH-buffered solution) as a baseline using a spectrophotometer (UV-1700, Shimadzu). - Measure
the DLS size of a 1 mL aliquot of the suspension using a particle analyzer (ELS-Z, Otzuka Electronics Co. LTD.).
Perform 15 runs/measurement X 5 measurements and average 5 independent data points. - The instrument
performance was qualified using a nanoparticle size reference (Gold Nanoparticle, RM 1980 – NIST). - Measure the
zeta potential of a 1 mL aliquot of the suspension using an electrophoretic mobility analyzer (Zetasizer Nano Z,
Malvern). Perform 20 runs/measurement X 5 measurements and average 5 independent data points. - The
instrument performance was qualified using a vendor-supplied -50 mV transfer standard referred to SRM 1980.
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Details on methods and data evaluation
Dilution water source: Distilled water or 5 mM aqueous pH-buffered solutions Stock and test solutions
and how they are prepared: TiO2 nanoparticle suspension preparation in distilled water or 5 mM aqueous
buffer solutions. The sample suspension preparation was as follows: a) Protocol for TiO2 nanoparticle
suspension preparation in DW (3 batches of TiO2 nanoparticle suspensions were prepared independently)
- Weigh 10 mg of TiO2 powder in a 20 mL vial (Φbottom = 25 mm). - Add 10 mL of distilled water
(DW; Cat. No. HC940516, Merck). - Stir the solution at 900 rpm for 1 h at RT using a magnetic bar (22
mm in length). - Take a 1 mL aliquot of the solution while stirring. Add the aliquot into 9 mL of DW in a
20 mL vial (Φbottom = 25 mm). - Stir the solution at 900 rpm for 24 h at RT using a magnetic bar (22
mm in length). - Transfer a 9.5 mL aliquot of the solution into a 15 mL conical tube (Cat. No. 50015, SPL
Lifesciences). - Maintain the solution at RT for 24 h. - Take 9 mL of the supernatant and immediately
measure the properties. b) Protocol for TiO2 nanoparticle suspension preparation in pH-buffered solutions
(3 batches of TiO2 nanoparticle suspensions were prepared independently) - Weigh 10 mg of TiO2
powder into a 20 mL vial (Φbottom = 25 mm). - Add 10 mL of pH-buffered solution (pH 3 - 11) into the
vial (pH 3 - 6, 6 - 8 and 8 - 10: 5 mM acetate buffer, phosphate buffer and carbonate buffer, respectively).
- Stir the solution at 900 rpm for 1 h at RT using a magnetic bar (22 mm in length). - Take a 1 mL aliquot
of the solution while stirring. Add the aliquot to a 20 mL vial (Φbottom = 25 mm) containing 9 mL of the
same pH-buffered solution. - Stir the solution at 900 rpm for 24 h at RT using a magnetic bar (22 mm in
length). - Take 9 mL of the supernatant and immediately measure the properties. c) Protocol for
suspension pH measurement - Divide a 6 mL aliquot of the suspension into 4 aliquots of 1.5 mL each and
transfer them into 2 mL microcentrifuge tubes. Centrifuge the solutions at 10,000 rpm for 20 min (HM150IV, Hanil Science Ind.). - Add 1.3 mL aliquots of the supernatant from the 4 microcentrifuge tubes to
a 50 mL conical tube (Cat. No. 50050, SPL Lifesciences). - Measure the pH of the DW and the
supernatant using a pH meter (Orion 3 star pH Benchtop, Thermo Electron Co.) according to the
following procedure. After each measurement, wash the pH electrode with DW. • Measure the solution
pH (DW or supernatant) in a 50 mL conical tube (3 times). • Measure the pH of a pH 4.01 standard buffer
solution (Orion 910104) (3 times). • Measure the solution pH (DW or supernatant) in a 50 mL conical
tube (3 times). • Measure the pH of a pH 10.01 standard buffer solution (Orion 910110) (3 times). •
Measure the solution pH (DW or supernatant) in a 50 mL conical tube (3 times). - The instrument
performance was qualified using standard pH buffers of pH 4.01 (Orion 910104), pH 10.01(Orion
910110) and pH 7.00 (Orion 910107). Stability of the test chemical solutions: not described Exposure
vessel type: not described Test temperature range: not described

Used Protocols: attached files
Table 2.9.2. DLS size and Zeta potential of TiO2 nanoparticles in DW suspension
DLS size

pH

(nm)

Solvent (DW)

Suspension

1

297 ± 35

9.26 ± 0.07

7.00 ± 0.09

- 30.2 ± 5.0

2

217 ± 7

9.26 ± 0.07

7.07 ± 0.07

- 30.6 ± 5.0

3

313 ± 17

9.26 ± 0.07

7.04 ± 0.07

- 30.8 ± 5.0

Mean

276 ± 26

9.26 ± 0.07

7.03 ± 0.10

- 30.6 ± 5.0

Batch

Zeta potential (mV)
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Fig. 2.9.1. (a) Zeta potential of TiO2 nanoparticles in buffer solutions and

(b) TiO2 nanoparticles DLS size in in buffer solutions.

Data gathering
Instruments
Zetasizer (Nano Z, Malvern, UK)

GLP compliance
no

Test materials
Test material identity
Identifier CAS name
Identity Titanium Dioxide
Identifier CAS number
Identity 13463-67-7

State of test material
dispersion

Results and discussions
Remarks on results including tables and figures
The zeta potential of TiO2 nanoparticles in DW suspension was - 30.6 ± 5.0 mV. The uncertainty in the
measured zeta potential originated from the uncertainty in the standard values for the reference material
and the 0.63 mV uncertainty from the measurement repeatability. Effect of solution pH on zeta potential:
The zeta potential was 3.2 ± 5.8 mV at pH 6.0 (iso-electric point) when acetate ions were used as the pH
buffer ion. However, the value was - 42.6 ± 5.7 mV when phosphate ions were used as the pH buffer ion
(Fig. 2.9.1(a)). The TiO2 nanoparticle DLS size in aqueous suspension was also buffer-ion-dependent
(Fig. 2.9.1(b)). The zeta potential increased to positive values with decreasing suspension pH but was
constant within - 46.8 ± 5.7 mV at pH values higher than 6.

30

ENV/JM/MONO(2015)17/ADD1

Applicant's summary and conclusion
Conclusions
The zeta potential of TiO2 nanoparticles in DW suspension was - 30.6 ± 5.0 mV. The zeta potential was
both pH- and buffer-ion-dependent. Even at pH 6, the iso-electric point of TiO2 nanoparticles, the zeta
potential was - 42.6 ± 5.7 mV when phosphate ions were used as the pH buffer ion.

4.30 Surface chemistry
4.31 Dustiness
4.32 Porosity
4.33 Pour density
4.34 Photocatalytic activity
Endpoint study record: Photocatalytic activity.002_Sukgyung
Administrative Data
Purpose flag
key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Study period
2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
2e-Study well documented, meets generally accepted scientific principles, acceptable
for assessment

Data source
Reference
Reference type
study report
Author
N.A. Lee, S.J. Kim, B.-J. Park, H.M. Park, M. Yoon, B.H. Chung and N.W. Song
Year
2010
Title
Development of Multiplexed Analysis for the Photocatalytic Activities of Nano-particles in Aqueous
Suspension
Reference type
study report
Author
Ministry of Education, Science and Technology, Korea
Year
2010
Title
Development of Nano-materials Safety and Characterization Techniques

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share
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Materials and methods
Methods
other: s spectrophotometer(Multispec-1501(shimadzul))

Principles of method if other than guideline
Media: pH-buffered solution with 5 mM ion concentration Method/guideline followed: The
photocatalytic activity of TiO2 nanoparticles in suspension was measured by observing the rate of NADH
oxidation with constant UV light illumination. To monitor the NADH concentration decrease using
fluorescence intensity monitoring, 200 μL of the NADH solutions in the absence or presence of TiO2
nanoparticles were plated in a 96-well plate (30096, SPL Co. LTD.). The fluorescence intensity from each
well was monitored by a fluorescence microplate reader (Gemini EM, Molecular Devices Co. LTD.) with
340 ± 5 nm excitation and 460 ± 5 nm detection. The fluorescence intensity from each well was recorded
in top-read mode such that the fluorescence intensity measurement was not influenced by the bottom
cover slip of the well plate. The UV light illumination to the reaction mixture was supplied by a singlewavelength trans-illuminator (WUV-M20, 8 W × 6 lamps, Daihan Scientific Co. LTD.) whose light
source exhibited a maximum intensity at 312 nm. The position of the 96-well plates on the transilluminator was set using position blocks to maintain consistent light intensity on individual wells for
each run. The fluorescence intensity of each well was recorded prior to and every 1 min after UV
irradiation to monitor the decrease in fluorescence intensity upon the reaction of NADH with
photogenerated ROS. The well plate was agitated (3 s) prior to every fluorescence reading to homogenise
the reaction mixture and replenish molecular oxygen. A more detailed description of this method can be
found in Ref. [1].

Details on methods and data evaluation
Dilution water source: pH-buffered solution with 5 mM ion concentration Stock and test solutions and
how they are prepared: TiO2 nanoparticles were supplied from Evonic Co. LTD. in powder form
(Aeroxide Degussa P25®) and used without further purification. To obtain a stable suspension of TiO2
nanoparticles, 40 mg of TiO2 powder was mixed with 10 mL of an aqueous NaOH (S8045, >98%,
Sigma-Aldrich) solution at pH 10 in a 20 mL glass vial (Φ = 26 mm). The solution was stirred at 900 rpm
for 24 h using a 22 mm magnetic bar, and the suspension was maintained for an additional 24 h without
stirring to sediment large particles. Next, 5 mL of the supernatant was sampled for further analysis. The
concentration of the TiO2 nanoparticle suspension was determined as 2.1 g/L by measuring the weight of
the 1 mL suspension aliquot after dehydration and comparing its UV absorbance at 310 nm with that of
highly concentrated suspensions. The stock solution of NADH for the PCA probe was prepared by
dissolving 33 mg of NADH (Cat. No. 43423 Fluka Co. LTD.) in 10 mL of deionised water (DIW> 18
MΩcm) obtained from a Milli-Q reference water system production unit (Millipore Co.). The solution
was then diluted by a factor of 5 - 80 to adequately adjust the concentration for the experiment. Acetic
acid/sodium acetate, sodium phosphate monobasic/sodium phosphate dibasic and sodium
carbonate/sodium bicarbonate solutions of equal concentration were used to prepare buffers of pH 5 - 6, 6
- 8 and 9 - 11, respectively. All of the reagents for the preparation of buffers were purchased from SigmaAldrich as ACS reagent grade. Stability of the test chemical solutions: not described
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Used Protocols: attached files
Fig. 2.11.1. (a)TiO2nanoparticle concentration dependence of NADH photo-oxidation rate at constant pH and
NADH concentration. (b )Substrate concentration dependence of the NADH photo-oxidation rate at constant pH
and TiO2 concentration

Fig. 2.11.2. (a) pH dependence of the photocatalytic activity of TiO2nanoparticles in 5m Maqueous buffer
solutions.Photo-oxidation rate of NADH in the presence(■) andabsence(●) of TiO2 nanoparticles. (b)
Dependence of the photocatalytic activity of TiO2 nanoparticles in aqueous buffer solutionson phosphate buffer
ion concentration (atpH8). NADH photo-oxidation rate in the presence (●) andabsence (■) of TiO2
nanoparticles.

Data gathering
Instruments
Fluorescence microplate reader (Gemini EM, Molecular Devices Co. LTD.)

33

ENV/JM/MONO(2015)17/ADD1

GLP compliance
no

Test materials
Test material identity
Identifier CAS name
Identity Titanium dioxide
Identifier CAS number
Identity 13463-67-7
State of test material
dispersion

Results and discussions
Remarks on results including tables and figures
Photo-oxidation rate of the NADH substrate by the photocatalytic activity of TiO2 nanoparticles in
aqueous buffer solution exhibited a linear dependence on the concentration of TiO2 nanoparticle in a
limited range. (Fig. 2.11.1(a)) The deviation from the linearity of photo-oxidation rate on the
concentrations of TiO2 nanoparticle was caused by the reduced light intensity in the middle of the
solution as the nanoparticle concentration increased due to scattering or absorption. Furthermore, the
substrate concentration must be adjusted within the range where the photo-oxidation rate is independent
of the substrate concentration (Fig. 2.11.1(b)). The photocatalytic activity of TiO2 nanoparticles in
aqueous buffer solution was dependent on the pH and buffer ion concentration (Fig. 2.11.2). In the
observation of pH dependence, photocatalytic activity was minimal at pH 7. The photocatalytic activity
decreased when the buffer concentration increased from 1 to 50 mM and then increased again when the
buffer concentration increased from 50 to 200 mM. The photocatalytic activity was not buffer-iondependent at pH 6. [1]

Applicant's summary and conclusion
Conclusions
The photocatalytic activity of TiO2 nanoparticles in aqueous suspension was dependent on the
concentrations of the TiO2 nanoparticles, substrate (NADH) and buffer ions and on the suspension pH.
Photocatalytic activity did not change with the composition of the buffer ion when using acetate and
phosphate ions. The valid concentration ranges for TiO2 nanoparticles and substrates for photocatalytic
activity measurements must be determined to obtain accurate measurement results.
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5. ENVIRONMENTAL FATE AND PATHWAYS
5.1 Stability
5.2 Biodegradation
5.3 Bioaccumulation Error! Bookmark not defined.
5.4 Transport and distribution
5.4.1 Adsorption / desorption
5.4.2 Henry's Law constant
5.4.3 Distribution modelling
5.4.4 Other distribution data
Endpoint study record: transport in porous media by McGill University
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Reference
Reference type
publication
Author
Adamo Riccardo Petosa, Spencer John Brennan, Faraz Rajput, Nathalie Tufenkji
Year
2012
Title
Transport of two metal oxide nanoparticles in saturated granular porous media: Role of water
chemistry and particle coating
Bibliographic source Water Research 46 (2012) 1273-1285
Testing laboratory Department of Chemical Engineering, McGill University, 3610 University St., Montreal,
Quebec, Canada H3A 2B2

Data access
other: performed and provided by McGill University, Canada

Materials and methods
Principles of method if other than guideline
See “Suspension Preparation” section above for information regarding the nTiO2 suspensions employed.
Before all transport experiments, the required mass of sand was soaked in electrolyte for a minimum of
16 hrs. To ensure uniform packing, sand was wet packed into glass columns using gentle vibration
yielding a packed-bed porosity of 0.37. To further condition the collector surfaces, at least ten pore
volumes (PVs) of electrolyte (at the desired pH and IS) were pumped through the packed column prior to
injecting the NP suspension. A UV-visible spectrophotometer (1 cm flow-through cell, Agilent 8453) was
used to obtain real-time influent (C0) and effluent (C) particle concentration measurements. The presence
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of a polymer coating altered the wavelengths at which NPs could be monitored. While bare nTiO2 was
observed at λ=550, polymer-coated NPs were observed at λ=250. At least three PVs of the NP suspension
were injected into the column to allow observation of initial particle breakthrough and any timedependent changes in NP elution behavior. The flow rate for all deposition experiments was 0.5 mL/min
(equivalent to an approach or Darcy velocity of 3.6 m/day). Deposition data was highly reproducible and
each breakthrough curve (see publication listed below) is the average of 3 column experiments.
Analytical monitoring: UV-Visible Spectrophotometer, inductively coupled plasma atomic emission
spectroscopy (ICP-AES) for select conditions. Soil type: high purity fine quartz sand (-50 +70 mesh size,
d50 = 256 µm)

Test materials
Details on test material
Bare nTiO2 (5 nm by transmission electron microscopy (TEM)) and polymer-coated nTiO2 (3e4 nm by
TEM). The crystalline form of the NPs was anatase for the nTiO2.
Any other information on materials and methods incl. tables
Bare and polymer-coated particle stock suspensions were prepared using (with minor alterations) the
Protocol for Nanoparticle Dispersion provided by the PROSPEcT Global Nanomaterials Safety
partnership: http://www.nanotechia-prospect.org/managed_assets/files/prospect_dispersion_protocol.pdf.
Briefly, 0.1 g of nanoparticle (NP) powder was weighed into a 250 mL beaker containing a few drops of
deionized (DI) water. The NPs were then mixed with a stainless steel spatula, and the beaker filled to 200
mL with DI water, stirred, and then ultrasonicated for 60 sec (90% amplitude, 4A, 50/60 Hz, Hielscher
UP200S Ultrasonic Processor), yielding a 0.5 g/L stock suspension. All stock suspensions were kept for a
maximum of two days at 4C. nTiO2 suspensions for experimentation (30 mg/L concentrations) were
prepared by diluting the stock suspensions in sodium nitrate (NaNO3, Sigma-Aldrich) with ionic
strengths (IS) ranging from 0.1 – 1000 mM. Polymer-coated nanoparticle suspensions were also
examined in solutions of 1 – 10 mM CaCl2 (Sigma-Aldrich). The pH of nTiO2 suspensions was
maintained at 7 using 1 mM MOPS (3-(N-morpholino)propanesulfonic acid, Sigma-Aldrich). NP
suspensions were stored for ~20 hrs (in the dark) prior to conducting characterization and transport
experiments. Immediately prior to each experiment, suspension flasks were gently inverted manually and
then analyzed. Remarks: In this study, several complimentary particle sizing techniques were used to
characterize the nTiO2 suspensions and powder. Although all NP suspensions used in this study were
prepared from powders having small nominal sizes, SEM imaging clearly demonstrates high
polydispersity within the bare particle suspensions, with micron-sized and nano-sized aggregates present.
TEM images of the bare NP powder demonstrates that many particles aggregated even prior to suspension
preparation (images show the formation of densely packed aggregates). This is likely due to the strong
van der Waals force in the solid state. In addition to the SEM and TEM imaging, DLS and NTA particle
sizing signal the presence of large aggregates in certain bare NP suspensions, whereas polymer-coated
particles are far more stable (see reference listed below for complete characterization details).

Results and discussions
Remarks on results including tables and figures
This study demonstrates that in the absence of a polymer coating, nTiO2 particles aggregate rapidly,
yielding polydisperse suspensions. While bare nTiO2 deposition onto sand surfaces is generally high, it
can also be dynamic, with changes in elution behavior over time observed for selected conditions. The
suspension stability and transport behavior of the polymer-coated NPs is quite different from their bare
counterparts due to electrosteric stabilization. Polymer-coated nTiO2 is stable at IS exceeding 100 mM
NaNO3, with nearly all of the polymer-coated NPs eluting from the sand packed columns (up to 300 mM
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IS). The surface modified nTiO2 is also more stable than the bare NPs in the presence of a divalent salt.
Whereas transport experiments could not be conducted with bare nTiO2 in CaCl2 solutions, the polymercoated NPs are moderately mobile at low concentrations of the divalent salt. Overall, this data suggests
that upon release into the aquatic environment, bare nTiO2 may experience limited mobility due to
aggregate formation. Moreover, such particles will likely be effectively removed by water filtration
techniques such as slow sand and riverbank filtration. However, given that a majority of commercially
and industrially employed NPs will be surface-functionalized, stabilized, or matrix-embedded, various
derivatives of basic metal oxide NP types may exhibit far greater mobility upon release and be more
difficult to remove using contemporary water treatment approaches. Note: The detailed results are
published in reference

Overall remarks, attachments
Attached background material
Diameters of Nanoamor Tio2 (1mg/l) as determined by fluorescence correlation spectroscopy and
electrophoretic mobility.

Applicant's summary and conclusion
Cross-reference to other study
"Aggregation of titanium dioxide nanoparticles:role of calcium and phosphate" R. F. Domingos et al.,
Environ. Chem. 2010, 7, 61–66. doi:10.1071/EN09110 "Aggregation of Titanium Dioxide Nanoparticles:
Role of a Fulvic Acid" R.F. Domingos et al. ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL.
43, NO. 5, 2009 "Deposition of TiO2 Nanoparticles onto Silica Measured Using a Quartz Crystal
Microbalance with Dissipation Monitoring" J. Fatisson et al. Langmuir 2009, 25(11),6062–6069

5.5 Environmental data
5.6 Other relevant information
Endpoint study record: Stability of Al(OH)3 Coated Titania in Swimming Pool
Water (US-EPA)
Administrative Data
Purpose flag key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Study period
2011
Reliability 2 (reliable with restrictions)
Rationale for reliability
Testing was completed under a U.S. EPA, Office of Research and Development
research plan inlcuding a quality assurance project plan and in acordance with EPA QA/QC guidance. Standard
USEPA or OECD harmonized guidelines (with modifications) were used where available.

Data source
Reference
Reference type
publication
Author
Virkutyte, Jurate; Al-Abed, Souhail R.; Dionysiou, Dionysios D
Year
2012
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Title
Depletion of the Protective Aluminum Hydroxide Coating in TiO2-based Sunscreens by Swimming
Pool Water Ingredients
Bibliographic source Chemical Engineering Journal

Data protection claimed
yes, but willing to share

Materials and methods
Principles of method if other than guideline
2g/L of sunscreen lotion (SSL) were dissolved in swimming pool water (SPW) with varying
concentrations (0.2, 0.4, 0.7, 3.5 and 7ppm) of hypochloric acid (an active ingredient in SPW). The
control was run with 2 g/L of SSL suspended in DI water. The experiements were done in the presence of
flourescent light which is hypothesized to have a nelgible effect o nthe protective layer on the titania.
Stock solutions of the SSL were analyzed using FEI XL30 E-SEM equiped with EDS. X-Ray diffraction
patterns were recorded using PANnalytical X'Pert Pro XRD. The morphology and sctructure of the TiO2
NPs were evaluated with HR-TEM. XPS was also performed. Quantification of OH radical was
performed. Prepared 10 mL suspensions (0.4 mM TPA and 0.667 g/L titania) were irradiated under the
artificial solar light for 0, 5, 10, 20, 40, 60, and 90 minutes. Photocatalytic activity was measured.

Test materials
Details on test material
Titania coated with Al(OH)3 coatings were donated by Presperse Inc (Somerset, NJ). Non-coated Titania
were purchased from Nanostructured and Amorphous Materials (Houston, TX).

Results and discussions
Remarks on results including tables and figures
XRD showed presence of rutile TiO2 as the predominant polymorph in SSL. NPs were elliptical in shape
surrounded by amorphous matrix of SSL organics andthe Al(OH)3 coating. Addition of chlorine affected
the uniformity of the coating later and increased the zeta potential.

6. ECOTOXICOLOGICAL INFORMATION
6.1 Aquatic toxicity
6.1.1 Short-term toxicity to fish
Endpoint study record: Pimephales promelas by HydroQual
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: performed and provided by HydroQual, Canada
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Materials and methods
Test guideline
Qualifier according to
Guideline
other guideline: on Environment Canada Test Method – Biological test method: test of
larval growth and survival using fathead minnows, 1992, Environment Canada, EPS 1/RM/22 (amended
2008)
Deviations

Test materials
Details on test material
Titanium (IV) oxide from Sigma Aldrich (Cat #: 634662.25g). Nanopowder, mixture of rutile and
anatase, <100 nm particle size (BET), 99.5% trace metals basis, noting impurities and their
concentrations.
Details on sampling
Made up stock solution in 20L carboys using City of Edmonton dechlorinated tap water. Stock solutions
were allowed to mix for 30 minutes on a stir plate.

Test organisms
Test organisms (species)
Pimephales promelas
Details on test organisms
Test organism source: Fathead Minnows (24 hours ± 3 hours post hatch) Aquatox (Hot Springs,
Arkansas, USA); No pretreatment; control group used (Bulk control and blank control); Fish fed brine
shrimp nauplii twice daily as per method Age at study initiation: 1 day old

Study design
Test type
semi-static

Total exposure duration
7d

Remarks

Test conditions
Test temperature
Mean: 25.0°C max 25.1°C
pH
Mean: 7.63 max 7.88
Nominal and measured concentrations
1, 2, 4, 8, and 16 g/L
Details on test conditions
Exposure Test conditions: vessels used: uncovered 250 cups; Lighting: 8 h dark and 16 h light
photoperiod; 100-500 lux at water surface Recommended to be full-spectrum fluorescent bulbs
Temperature: 25 ± 1oC (daily extremes can range from 23 to 27oC). The dilution control/water and
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reference toxicant solution must be at 25 ± 1oC before use Aeration: If the dissolved oxygen levels are
<40% or >100%, samples should be pre-aerated. In practice, samples will be pre-aerated only if the
sample is <40% saturated. Pre-aeration must not exceed 100 bubbles/min until dissolved oxygen is
between 40%-100% saturation; pre-aeration must not extend beyond 20 minutes; the sample can also be
aerated with gentle mixing. Loading: 10 fish per replicate; four replicates per treatment level Dissolved
Oxygen in control: 8.34 ±0.32 mg/L Very low levels of fish mortality were observed despite using
concentrations as high as 16 g/L – at 16 g/L DO was 8.94 ± 0.45.

Results and discussions
Details on results
LC50 – however, because very low levels of mortality (≤12.5%) LC50 values could not be calculated for
either the bulk or nano titanium dioxide tested. The mean percent survival of fish at the end of day seven
was not significantly different from that of the control fish.

Overall remarks, attachments
Overall remarks
Full scale fathead minnow chronic toxicity test of bulk TiO2 and nano TiO2 resulted in very low levels of
fish mortality, despite concentrations ranging as high as 16g/L. Because of these low levels of mortality
(≤12.5%) LC50 values could not be calculated for either bulk or nano TiO2. The mean percent survival of
the fish exposed to all bulk TiO2 and nano TiO2 concentrations did not differ significantly from the
control fish at Day 7. Titanium dioxide was not found to significantly affect the growth of the exposed
fish in either bulk or nano powder form, as measured by the average dry weight per surviving fish
(P>0.05). Most fathead minnow exposed to both bulk and nano TiO2 had TiO2 adherence visible on their
bodies – future studies could include SEM to better examine this possible adhesion and other potential
effects not measured currently in this protocol. It is also important to note, as with many nanomaterials
examined, titanium dioxide had very low solubility in the media used, as a result although slight agitation
of the test vessel quickly resuspended the particles, particles settled back to the bottom of the vessel
within a couple of hours. As a result, the actual concentration of material within the water column that the
fish were exposed to was likely far lower than the ‘mass per volume’ concentrations used.

Endpoint study record: fish embryo by University Alberta.001
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: performed and provided by Unversity of Alberta

Materials and methods
Test guideline
Qualifier according to
Guideline other guideline: OECD fish embryo toxicity test
Deviations
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Test materials
Details on test material
TiO2 by Vive Crop Protection and Polyacrylate coated nanoparticles (NPs) manufactured by Vive Crop
Protection (formerly Vive Nano Inc.).
Details on test solutions
10g/L TiO2 NP in deionized water

Test organisms
Test organisms (species)
Danio rerio
Details on test organisms

wild type AB source: University of Alberta, 1 female : 2 males Age at study initiation: 1-2 hours post
fertilization

Study design
Test type
static

Total exposure duration
72 h Remarks

Test conditions
Hardness
general water hardness 160 ppm, and carbonate water hardness 90 ppm
Test temperature
28.5°C
pH
7.57
Salinity
168 μS/cm,
Nominal and measured concentrations
1, 10, 50, 100, 200, 400, 800, 1200, 1600, 2000mg/L
Details on test conditions
Exposure vessel type Costar 6 well plates, 1 well per treatment Dilution water source: de-chlorinated
Edmonton tap water from aquatics’ facility at University of Alberta 14h light, 10h dark >6 replicates, 180
zebrafish embryos per replicate death, hatch and morphological impairment at 24, 48 and 72 hours post
fertilization

Results and discussions
Reported statistics and error estimates
One-way ANOVA followed by post-hoc Dunnett’s tests
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6.1.2 Long-term toxicity to fish
6.1.3 Short-term toxicity to aquatic invertebrates
Endpoint study record: Hydra and Daphnia by Wilfrid Laurier University.001
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Reference
Reference type
Author
Costa, Emily-Jane and McGeer, James
Title
manuscript in preparation

Year 2012

Data access
other: performed and provided by Wilfrid Laurrier University

Materials and methods
Test guideline
Qualifier according to
Guideline OECD Guideline 202 (Daphnia sp. Acute Immobilisation Test)
Deviations
Qualifier no guideline followed
Guideline
Deviations

Principles of method if other than guideline
Hydra toxicity tests were similar to procedures described in Trottier et al., (1997).

Test materials
Details on test material
Vive Nano., Toronto, ON
Details on test solutions

The test solutions were made as 25 ml aliquots by spiking RSW with the appropriate amount of metal,
prepared from a stock solution (Vive Nano., Toronto, ON).

Test conditions
Details on test conditions

Hydra and Daphnia cultures were maintained in reconstituted soft water (RSW). The RSW was made by
dissolving 0.18 mM CaSO4, 0.14 mM MgSO4, 0.14 mM NaHCO3, and 0.03 mM KCl into 50 L of
deionized water (salts purchased from Sigma-Aldrich Inc. St. Louis, MO). The pH of the RSW was 7.0
(Radiometer PHM240 meter with pHC2701-8 electrode), and the dissolved organic carbon (DOC) was
0.655 mg C/L (5050A TOC Analyzer, Shimadzu). Hydra toxicity tests were similar to procedures
described in Trottier et al., (1997). Toxicity tests were carried out for 96h in 12-well microplates, with
each well containing 5ml of test solution and 10 hydra (lacking buds). Testing was done in duplicate and
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each test series consisted of an unexposed control and several metal exposures using a serial dilution. The
test solutions were made as 25 ml aliquots by spiking RSW with the appropriate amount of metal,
prepared from a stock solution (Vive Nano., Toronto, ON). In all tests, individual hydra were given a
morphological score, with 5 being the highest score corresponding to a normal appearance. For each
concentration, the average morphological score was determined as the test endpoint. Daphnia toxicity
tests were carried out according to OECD guidelines (OECD test 202, 1984). The tests were done in 100
ml polyethylene beakers containing 40 ml of test solution and 10 neonates (Daphnia < 24 old). Each test
had 1 control and several metal exposures (using a serial dilution) done in duplicate. After 48 h,
immobilization was measured as the test endpoint. If in any test the control exposure had more than 10%
mortality, then the toxicity test was discarded. Tests were carried out for nano-TiO2 and Ti2+.

Results and discussions
Effect concentrations
Duration

48 h

Endpoint

EC50

Effect conc.

11.5 mg/L

Nominal/Measured
Conc. based on

Basis for effect

Remarks (e.g. 95% CL)

Daphnia

Duration

48 h

Endpoint

other: UCL

Effect conc.

15.9 mg/L

mobility

Nominal/Measured
Conc. based on

Basis for effect

Remarks (e.g. 95% CL)

Daphnia

Duration

48 h

Endpoint

other: LCL

Effect conc.

8.3 mg/L

mobility

Nominal/Measured
Conc. based on

Basis for effect

Remarks (e.g. 95% CL)

Daphnia

Duration

48 h

Endpoint

EC50

Effect conc.

0.3 mg/L

mobility

Nominal/Measured
Conc. based on

dissolved Ti

Remarks (e.g. 95% CL)

Daphnia

Duration

48 h

Endpoint

other: UCL

Effect conc.

0.4 mg/L

Basis for effect

Nominal/Measured
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Conc. based on

dissolved Ti

Remarks (e.g. 95% CL)

Daphnia

Duration

48 h

Endpoint

other: LCL

Effect conc.

0.3 mg/L

Basis for effect

mobility

Nominal/Measured
Conc. based on

dissolved Ti

Remarks (e.g. 95% CL)

Daphnia

Duration

96 h

Endpoint

IC50

Effect conc.

20.1 mg/L

Basis for effect

mobility

Nominal/Measured
Conc. based on

Basis for effect

Remarks (e.g. 95% CL)

Hydra

Duration

96 h

Endpoint

other: UCL

Effect conc.

21.3 mg/L

morphology

Nominal/Measured
Conc. based on

Basis for effect

Remarks (e.g. 95% CL)

Hydra

Duration

96 h

Endpoint

other: LCL

Effect conc.

18.5 mg/L

morphology

Nominal/Measured
Conc. based on

Basis for effect

Remarks (e.g. 95% CL)

Hydra

Duration

96 h

Endpoint

IC50

Effect conc.

2.5 mg/L

morphology

Nominal/Measured
Conc. based on

dissolved Ti

Remarks (e.g. 95% CL)

Hydra

Duration

96 h

Endpoint

other: UCL

Effect conc.

2.5 mg/L

Basis for effect

morphology

Basis for effect

morphology

Nominal/Measured
Conc. based on

dissolved Ti

Remarks (e.g. 95% CL)

Hydra
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Duration

96 h

Endpoint

other: LCL

Effect conc.

2.5 mg/L

Nominal/Measured
Conc. based on

dissolved Ti

Remarks (e.g. 95% CL)

Hydra

Basis for effect

morphology

Details on results
Measured EC50s (with 95% upper and lower confidence limits) for the effect of metal-oxide
nanoparticles and dissolved metals on hydra and daphnia. All concentrations are in mg/L and are
expressed as measure total metal in solution. Dissolved metals were tested as the sulphate salt for Zn and
from diluted atomic absorption standards for Ti and Fe. The sensitivity ratio comparing the 50% effect
concentration for hydra and daphnia. Daphnia were 2 – 12 x more sensitive than hydra. TiO2-NP
sensitivity ratio 1.8 Ti-ions sensitive ratio 7.4

6.1.4 Long-term toxicity to aquatic invertebrates
Endpoint study record: Hyalella azteca by Institute for Water Science
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Reliability
2 (reliable with restrictions)
Rationale for reliability
author: The results would be better with measure concentrations of titanium.

Data source
Data access
other: performed and provided by Institute for Water Science, Canada

Materials and methods
Principles of method if other than guideline
Environment Canada: modified methods of: 1. Norwood et al 2006. Saturation models of arsenic, cobalt,
chromium and manganese bioaccumulation by Hyalella azteca. Environmental Pollution 143, 519-528. 2.
Norwood et al. 2007. Chronic toxicity of arsenic, cobalt, chromium and manganese to Hyalella azteca in
relation to exposure and bioaccumulation. Environmental Pollution 147, 262-272.

Test materials
Details on test material
Anatase Nano powder (TiO2) Titanium 4 Oxide (nano zinc <25nm) from Sigma-Aldrich

Details on sampling
Stock mixture was prepared weekly just prior to treatment renewals. Stock was prepared by adding 400
mg TiO2 to a 2L glass volumetric flask. Slowly, DeChlor water (see below) was added while the mixture
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was constantly stirred until final volume was achieved. The stock mixture was then sonicated for 30
minutes. DeChlor = dechlorinated, City of Burlington (Ontario, Canada) tap water (same water as used
for the culturing of the test organism – Hyalella azteca). This stock suspension was fairly stable over a 3day period (nano material stayed in suspension) but by 5 days a majority of the nano material had settled
to the bottom of the container (both in the stock mixtures as well as in the test treatments).
Details on analytical methods
Samples were collected at the beginning and end of each renewal time from rep 1 of each treatment
(Therefore 8 samples per treatment to represent the exposure concentration).

Test organisms
Test organisms (species)
other aquatic crustacea: Hyalella azteca
Details on test organisms

Original source – Valens Conservation Area, Ontario Canada, pretreatment – reared in same source water
as used in the tests. Breeding method – Continuous culture with separation of young from adults weekly.
Age at study initiation – 2 to 9 days Control group used.

Study design
Test type
semi-static

Total exposure duration
28 d Remarks

renewal every 7days

Test conditions
Hardness

123 mg/L (as CaCO3)
Test temperature

Mean(±SD) = 25±0.6°C, max 26°C
pH

Mean = 8.2, Max = 8.8, Min=7.3, N=90
Nominal and measured concentrations

(mg Ti/L): 0 (regular control), 0.671, 1.20, 2.16, 3.84, 6.71, 10.8, 12.0, 19.2, 33.6, 59.9, 107, 190.
Details on test conditions

Exposure vessel type: 500 ml plastic (PE) wide mouthed, straight walled containers containing 400 ml of
test mixture. The containers were open with a light sheet of plastic draped over the top to prevent any
contamination, but allowing air exchange. 4 replicates were tested per treatment. Dilution water source:
dechlorinated, City of Burlington (Ontario, Canada) tap water originating from Lake Ontario (mean±95%
confidence interval: dissolved organic carbon (DIC) 1.30±0.107 mg L-1, dissolved inorganic carbon
(DOC) 17.8±0.969 mg L-1, Alk 87±0.95 mg L-1, Cl 728±24.6 μmol L-1, SO4 424±25.9 μmol L-1, SiO2
16±1.7 μmol L-1, Ca 872±12.5 μmol L-1, Mg 357±4.81 μmol L-1, Na 599±15.9 μmol L-1, and K
130±73.3 μmol L-1) Lighting: fluorescent lighting, 400 lux, 18hr light, 6 hr dark cycle in a temperature
control incubator kept at 25C. Water chemistry in test: DO (mg/L): mean 8.2, min. 6.4, N = 173 across
all treatments. Survival and growth (mass, wet wt and dry wt at day 28)
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Results and discussions
Effect concentrations
Duration

28 d

Endpoint

LC50

Effect conc.

66.3 mg/L

Nominal/Measured

nominal

Conc. based on
Basis for effect
Remarks (e.g. 95% CL)

STDEV ± 39.9 ; mean ± 95% CL

Duration

28 d

Endpoint

other: LC25

Effect conc.

21.4 mg/L

Nominal/Measured

nominal

Conc. based on
Basis for effect
Remarks (e.g. 95% CL)

STDEV ± 15.9; mean ± 95% CL

Details on results
Mean Control survival was 88.9±7.38 % (±Std), N=14.The nTi did not remain suspended for prolonged
periods of time (i.e. by 5 days a majority of the material had settled to the bottom. One strength of the test
was the use of Hyalella azteca which is an epi-benthic organism; hence the organisms spent a majority of
time on the bottom of the container where the nTi had settled. H. azteca usually live on sediment and
actually ingest sediment particles. It could be clearly observed that the animals had ingested the nTi (the
material is white and could be clearly seen in the gut of the animal. After 24hr gut clearance at the end of
the experiment, the animals did clear their gut of the visible nTi.
Results with reference substance (positive control)
The nTi was not very toxic compared to other metals and the ionic form of Ti was more toxic then the
nano form, and had lower LC50s (see reports)
Reported statistics and error estimates
Lethal concentrations were determined by nonlinear regression of exposure concentrations to mortality
rate using a mortality model as outlined by “Norwood et al. 2007. Chronic toxicity of arsenic, cobalt,
chromium and manganese to Hyalella azteca in relation to exposure and bioaccumulation. Environmental
Pollution 147, 262-272”. The exposure concentration to mortality rate model was fit by nonlinear
regression with a mean corrected R2 (1-residual/corrected) = 0.627
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6.1.5 Toxicity to aquatic algae and cyanobacteria
Endpoint study record: Pseudokirchneriella subcapitata by NRC
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: performed and provided by NRC, Canada

Materials and methods
Test guideline
Qualifier according to
Guideline other guideline: Environment Canada. Biological Test Method: Growth Inhibition Test using a
Freshwater Alga. 2007, EPS1/RM/25.
Deviations

Test materials
Test material identity
Identifier Common name
Identity NAM 5 by NanoAmor Lot# 5420-040907
Identifier Common name
Identity NAM 10 by NanoAmor Lot# 5425-092607
Identifier Common name
Identity MTI-5 by MTI
Identifier Common name
Identity Hombitan LW-S by Sachtleben Lot# 1130234/120
Identifier Common name
Identity Sig-Bulk 1 by Sigma Aldrich Lot# 10029PH
Identifier Common name
Identity Sig-Bulk 2 Sigma Aldrich Lot# 11508KH
Identifier Common name
Identity NAM 30 by NanoAmor Lot# 5485-041707
Identifier Common name
Identity NAM 10x40 by NanoAmor Lot# 5480-040808
Identifier Common name
Identity MTI30 by MTI
Identifier Common name
Identity Sig-10x40 by Sigma Aldrich Lot# 05529HE

Test organisms
Test organisms (species)
Pseudokirchnerella subcapitata
Details on test organisms
from University of Texas Cultivation in laboratory temperature and light controlled under sterile
conditions
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Study design
Test type

static
Total exposure duration
96 h
Remarks

Test conditions
Test temperature
24°C
pH

6.5-8.5
Nominal and measured concentrations
Concentrations from 0.01 to 100 mg/L (nominal) are used. These nominal concentrations are then
confirmed with a TiO2 extraction procedure coupled with ICPMS. Concentration of reference toxicant
(Zinc) were between 10µg/L to 100µg/L.
Details on test conditions
Macro-element Concentration (mg/L) NaNO3 25.5 MgCl2.6H2O 10 CaCl2.2H2O 4.42 MgSO4.7H2O
14.7 K2HPO4 1.04 NaHCO3 15 Micro-element Concentration (µg/L) H3BO3 185.5 MnCl2.4H2O 415.6
ZnCl2 3.28 CoCl2.6H2O 1.43 FeCl3.6H2O 160 Na2MoO4.2H2O 7.26 Na2EDTA.2H2O 300
Any other information on materials and methods incl. tables
4000-4500Lux 3 to 5 replicates per concentration 96-wells microplate

Results and discussions
Remarks on results including tables and figures
Using light microscopy, particle agglomerations/aggregations were observed with algae sedimentation
(test were done without shaking). Size of TiO2 aggregates in the algal incubation media was about the
same as the aqueous TiO2.

Overall remarks, attachments
Attached background material
Name

Source
Lot #

Crystal type

Purity information (from
the supplier)

Sizes
(measured BET)

NAM 5

NanoAmor
5420-040907
NanoAmor
5425-092607
MTI

Anatase

99%

13.2

Anatase

99%

16.2

Anatase

99%

5.9

SACHTLEBEN
1130234/120
SigmaAldrich
10029PH

Anatase LW-S

ND

169.4

Anatase

99.8%

179.8

NAM 10
MTI-5
Hombitan
Bulk
Sig-Bulk 1
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Sig-Bulk 2

SigmaAldrich
11508KH

Anatase

>99%

185.2

NAM 30

NanoAmor
5485-041707
NanoAmor
5480-040808
MTI

Rutile

98%

68.9

Rutile filament-like

98%

12.6

Rutile

98%

163.5

SigmaAldrich
05529HE
SigmaAldrich
01119MX

Rutile filament-like

ND

15.5

Rutile

ND

Not enough for
analyses

NAM 10x40
MTI 30
Sig-10x40
Sig-Bulk 3

6.2 Sediment toxicity
6.3 Terrestrial toxicity
6.3.1 Toxicity to soil macroorganisms except arthropods
Endpoint study record: Toxicogenomics C.elegans by Uni Alberta
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: performed and provided by University of Alberta

Cross-reference to same study
Preliminary results will be presented at the “7th International Conference on the Environmental Effects of
Nanoparticles and Nanomaterials“, September 10-12, 2012, Banff, Alberta, Canada (see attachment)
Final publication in preparation

Materials and methods
Principles of method if other than guideline
Gene expression using cRNA whole-genome hybridization (Agilent, 2008) RNA extraction using Trizol
(Lopez and Bohuski, 2007) Two-color microarray based gene expression protocol (Agilent, 2008)

Test materials
Details on test material
see attachment
Details on sampling
nano-TiO2 and bulk TiO2 were diluted in demineralized water and homogenized at 5000 rpm for 5 min
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Test organisms
Test organisms (species)
Caenorhabditis elegans
Details on test organisms
CEINT C. elegans age synchronization for nanomaterials (2010) CEINT C. elegans lethality assays for
nanomaterials (2010)

Test conditions
Nominal and measured concentrations
0, 0.01, 0.1, 1 mg/L
Details on test conditions
Test design: gene expression comparisons between nano-TiO2 and negative control, between bulk TiO2
and negative control, and between nano-TiO2 and bulk TiO2 Number of replicates: 3 biological replicates
including 2 technical replicates (Cy3/Cy5 dye swaps) Positive control: Juglone Negative control:
demineralized water at pH 6.0 Solvent: demineralized water at pH 6.0

Results and discussions
Reported statistics and error estimates
Quality control: Quality of RNA was verified using the 260/280 ratio (NanoDrop) and the RNA Integrity
Number (RIN) ratio (Agilent Bioanalyzer). RNA samples spiked with internal standards Minimum
performance criteria: 260/280 ratio = 2.0 RIN > 6

Overall remarks, attachments
Overall remarks
Preliminary results will be presented at the “7th International Conference on the Environmental Effects of
Nanoparticles and Nanomaterials“, September 10-12, 2012, Banff, Alberta, Canada (see attachment)
Final publication in preparation 1) Bulk or nano TiO2 is only slightly toxic to control nematodes (i.e.
mg/L range) 2) Anatase shows similar reproduction effects between Bulk and nano forms, while nano
Rutile has a greater toxic effect than bulk Rutile. 3) Each TiO2 compound displays a unique differential
expression profile as seen by the different functional GO categories. 4) Reproduction assay data is
insufficient to correlate well with the array data. May need to assess TiO2 exposure at a higher level of
resolution (motility, larval size, sex differentiation, etc). 5) C. elegans is a good genomic model for
nanoparticle toxicity assessment. The array will be useful to develop low cost, higher throughput
methodology (e.g. qRT-PCR) to assess nano-particle toxicity.

Attached background material
0319Banff Poster-Celegans genomics_lc [Read-Only] [Compatibility Mode].pdf (see annex)

51

ENV/JM/MONO(2015)17/ADD1

6.3.2 Toxicity to terrestrial arthropods
6.3.3 Toxicity to terrestrial plants
Endpoint study record: terrestrial plants by Canada.001
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: performed and provided by Canada (Wong)

Cross-reference to same study
[ASTM] American Society for Testing and Materials. 2003. Standard Guide for Conducting Terrestrial
Plant Toxicity Tests. Annual Book of Standards E 1963-02. West Conshohocken, PA. April, 2003.

Materials and methods
Test guideline
Qualifier according to
Guideline other guideline: ASTM E1963-02 Section A2 (Root Elongation)
Deviations yes not specified

Test materials
Details on test material
Stock solutions were kept in the fridge (dark, 4°C). The day before seedling set up, the solutions were
sonicated for 30 min in an Aquasonic 150D ultra sonicator. They were then diluted from the 10,000 mg/L
stock solution using Fisher micropipettes and stored in 50 mL centrifuge tubes (VWR 89039-660)
overnight in the fridge. Prior to aliquoting, the samples were sonicated again for 30 min.
Details on test substrate
Fisherbrand 100 mm x 15 mm petri dishes (0875712) and Fisherbrand filter paper P8 (09-790-12C) were
used

Study design
Study type
laboratory study

Test duration type
short-term toxicity

Substrate type
filter paper
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Total exposure duration
5d
Remarks

Test conditions
Test temperature
During sample preparation, sonication was at room temperature, but could reach up to 27°C. During the
study, incubation was set to 24°C.
Nominal and measured concentrations
50 mg/L, 5 mg/L, and 0.5 mg/L.
Details on test conditions
-Milli-Q water used instead of Deionized water as a dilluant and control -Dilution Series of positive
control (Boric Acid) done during preliminary tests, but not with each data set -5mL of solution was used
per petri-dish -A total of 30 seeds were used per treatment -Damp towels were not placed beneath the
petri dishes. Parafilm was used to seal the replicates in order to contain moisture and test solution

Any other information on materials and methods incl. tables
Light intensity was set to 0000 μMol, however, 0002 μMol was measured Information on test organisms:
Buttercrunch Lettuce (OSC lot 11-3064) and Alfalfa (OSC lot 11-5850) Ontario Seed Company, stored in
darkness at 4°C Study started with seeds. Control group: Boric acid (Fisher A74-500, lot 076325) at
~1280 mg/L (positive control) Preliminary studies included: ~80 mg/L, ~160 mg/L, ~320 mg/L, ~640
mg/L, and 1280 mg/L Milli-Q water (negative control)

Results and discussions
Details on results
Not possible to determine the EC50 The average root length of germinated seeds in each dish was
determined (N= 3 per treatment) and evaluated through an ANOVA (Tukey’s test, p>0.05). There was no
observed effect of treatment on root length. Authors are considering use of other statistical analyses such
as non-linear regresssion, but do not expect the results to change. Biological observations: Some lettuce
seeds had two roots. Some lettuce seeds turned the filter paper pink Boric acid did cause leaves to become
white Sometimes small amounts of mold were present in the petri dish

Applicant's summary and conclusion
Cross-reference to other study
[ASTM] American Society for Testing and Materials. 2003. Standard Guide for Conducting Terrestrial
Plant Toxicity Tests. Annual Book of Standards E 1963-02. West Conshohocken, PA. April, 2003.
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6.3.4 Toxicity to soil microorganisms
6.3.5 Toxicity to birds
6.3.6 Toxicity to other above-ground organisms

7. TOXICOLOGICAL INFORMATION
7.1 Toxicokinetics, metabolism and distribution
7.2 Acute Toxicity
7.2.1 Acute toxicity: oral
Endpoint study record: Acute toxicity: oral.001_Sukgyung
Administrative Data
Purpose flag
key study (X) robust study summary (X) used for classification (X) used for MSDS
Study result type
experimental result
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE), Korea
Year
2010
Title
Acute oral toxicity study of TiO2 nanoparticles in rats.
Testing laboratory KCL(Korea Confirmity Laboratory)
Owner company Ministry of Knowledge and Economy (MKE), Korea

Data access
data submitter is data owner
Data protection claimed

yes, but willing to share

Materials and methods
Test type
acute toxic class method

Test guideline
Qualifier according to
Guideline OECD Guideline 423 (Acute Oral toxicity - Acute Toxic Class Method)
Deviations no
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GLP compliance
yes (incl. certificate)

Test materials
Test material equivalent to submission substance identity
yes

Test material identity
Identifier Common name
Identity TiO2 Nanoparticles

Details on test material
Purity : 99.99%
Remarks : Manufactured by Sukgyung Co., Ltd. (Korea)

Test animals
Species
rat

Strain
Sprague-Dawley

Sex
female
Details on test animals and environmental conditions

TEST ANIMALS
- Age at study initiation: 8-9 week old

Administration / exposure
Route of administration
oral: gavage

Vehicle
water
Details on oral exposure

Doses per time period: Not applicable Volume administered or concentration: 10 mL/kg body weight

Doses
Doses: 300, and 2,000 mg/kg body weight. A starting dose was 300 mg/kg, resulting in no observable
symptom. Therefore, the dose was increased up to 2,000 mg/kg.

No. of animals per sex per dose
No. of animals per sex per dose: Six
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Control animals
yes
Details on study design
- Duration of observation period following administration: 14 days
- Necropsy of survivors performed: yes
- Other examinations performed: clinical signs, body weight,organ weights
Statistics

Results and discussions
Preliminary study (if fixed dose study)
A starting dose was 300 mg/kg, resulting in no observable symptom.

Effect levels
Sex
female
Endpoint LD50
Effect level
> 2000 mg/kg bw
95% CL
Remarks

Mortality
Mortality was not observed

Clinical signs
Clinical signs was not observed
Gross pathology
Necropsy findings, included doses affected, severity and number of animals affected: Not determined
Other findings
Not applicable

Applicant's summary and conclusion
Interpretation of results
not classified

Criteria used for interpretation of results
OECD GHS

Conclusions
Single, oral administration of TiO2 nanoparticles did not induce any signs of toxicity up to 2,000 mg/kg
body weight.
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7.2.2 Acute toxicity: inhalation
Endpoint study record: MT-150AW
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period From 11/11/2010 To 05/04/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The study was desinged on the basis of scientific article (Kobayashi et al. Toxicology
264, 110-118, 2009) and communication with the authors.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Intratracheal administration study of titanium oxide nanoparticles into rats
Testing laboratory DIMS Institute of Medical Science, Inc.
Report no. 1028
Owner company AIST Japan
Company study no. 1028

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Cross-reference to same study
The study was performed concurrently with three other materials (MP-1133, MT-100TV, and JMT150IB) and Aeroxide P25 as a positive reference.

Materials and methods
Test type
other: Intratracheal instillation

GLP compliance
no Animal husbandly, procedures, data handling, etc., were carried out in accordance with in-house
SOPs.

Test materials
Test material equivalent to submission substance identity
yes
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Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity Aeroxide P25; NM105

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MT-150AW
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder

- Analytical purity: 99.5%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.: #91
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded.
- Other:

Test animals
Species
rat

Strain
other: Crl:CD(SD) SPF

Sex
male
Details on test animals and environmental conditions
TEST ANIMALS
- Source: Charles River Laboratories Japan Inc.
- Age at study initiation: 8 weeks
- Weight at study initiation: 296-351 g
- Fasting period before study:
- Housing: rat cage (plastics, W257xL426xH200 mm)
58

ENV/JM/MONO(2015)17/ADD1
- Diet (e.g. ad libitum): solid pellet, ad libitum
- Water (e.g. ad libitum): tap drink water, ad libitum
- Acclimation period: 8 days
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 20.0-24.0
- Humidity (%): 47-70
- Air changes (per hr): more than 10 times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Administration / exposure
Route of administration
other: instillation: liquid dispersion

Type of inhalation exposure
other: single-dose intratracheal instillation

Vehicle
other: 30 mM phosphate buffer with 2 mg/mL Tween 80
Details on inhalation exposure
Test solution was prepared by suspending the test substance in 30 mM phosphate buffer solution
containing 2 mg/mL of Tween®80 (MP Biomedicals) in concentrations of 1 and 5 mg/mL for a higher
and lower doses, respectively. The test solution was sonicated with ultrasonic bath (Elmasonic S30H,
37kHz, 280W) for 30 minutes to achieve homogeneous dispersion. For the instillation, a disposable
syringe and a DIMS intratracheal administration tube (R-1) were connected using a Luer bulb. Under
isoflurane (Escain®, Mylan Inc.) anesthesia, 1.0 mL/kg of the test solution was intratracheally
administered to rats. Test solution was administered only once at the start of the experiment.

Concentrations
1 mg/kg (lower dose group) and 5 mg/kg (higher dose and positive control group)

No. of animals per sex per dose
20

Control animals
yes
Details on study design
- Duration of observation period following administration: 13 weeks
- Frequency of observations and weighing: twice a day for general status, and once a week for weighing.
- Necropsy of survivors performed: yes
- Other examinations performed: clinical signs, body weight,organ weights, histopathology, other: BALF
analysis (cell fraction, LDH, and micro TP)
Statistics
The control groups and the test substance groups were compared to determine whether differences
between them were statistically significant. Results were interpreted using a significance level of 5% (P <
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0.05) or 1% (P < 0.001). F-tests were performed using the Bartlett method at a significance level of 5%
on the mean body weight, mean organ weight, and mean values for the BALF parameters. If the variance
was homogeneous, a two-tailed test using the parametric Dunnett s method was performed. If the variance
was not homogeneous, a two-tailed test using the non-parametric Steel method was performed. F-tests
were performed to compare body weight, organ weight, and the values of BALF parameters between
Group Nos. 1 and 2. If homogeneity of variance was confirmed, a two-tailed Student’s t test was
performed. If homogeneity of variance was not confirmed, a two-tailed Welch test was performed. To
compare differences in the frequency of macroscopic pathological findings or histopathological changes,
each substance group was compared against the control group using Fisher' s exact probability test (onetailed). Comparisons of the severity of graded lesions was performed using the Wilcoxon test (twotailed). No statistical analysis was performed on observations of the general status.

Results and discussions
Mortality
No deaths occurred in any group throughout the duration of the study.
Clinical signs
Crepitus was noted in all animals following test substance administration, but it disappeared on the next
day. Thereafter, no significant changes were observed.
Body weight
No statistically significant difference from the vehicle control group was observed.
Gross pathology
One to many white spots/areas were found in the lungs of rats. However, no differences in the areas or
numbers of these spots were determined among the test substances, and no relationship was found
between the white spots/areas and other parameters.
Other findings
- Organ weights: An increase in the absolute or relative weight of the lung was observed at Day 3 and
Week 1 in rats treated with a high dose. However, these values returned to a level comparable to the
values observed in the vehicle control group at 4 Weeks.
- Histopathology: Inflammatory changes were observed at Day 3 in rats from all substance groups. In
both the low- and high-dose groups, a clear relationship was noted between the dose and the results of
histopathological examination. The inflammatory response was not considered strong because no
granulation or fibril formation was observed in any rat. This is consistent with the data of other
parameters, including BALF analysis and biochemical tests.
- Other observations: From Day 3, changes in WBC counts and cell fractions of the BALF, suggestive of
an inflammatory response, were observed in all treatment groups. The values of the inflammatory
parameters were less marked than the values observed in the positive control group. These mild changes
returned to a level comparable to the values observed in the vehicle control group at Week 4. Moreover,
in the rats administered a high dose of the substance, high levels of micro-proteins were detected at Day
3, as compared with the vehicle control group.

Overall remarks, attachments
Attached full study report
Acute pulmonary dat look at annex

60

ENV/JM/MONO(2015)17/ADD1

Applicant's summary and conclusion
Conclusions
Acute-subacute (3 month) pulmonary responce was examined by intrataracheal instillation technique.
Administration of a high dose (5 mg/kg) of the substance in rats caused an inflammatory response in the
lung, however, the severity were milder than those observed in the rats treated with a high dose of the
positive control substance (AEROXIDE P25). In rats treated with a low dose (1 mg/kg), the severity of
the inflammation was comparable to that of the vehicle control group; however, alveolar macrophages
were observed even at 13 weeks after test substance administration.

Endpoint study record: MP-1133
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period From 11/11/2010 To 05/04/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The study was desinged on the basis of scientific article (Kobayashi et al. Toxicology
264, 110-118, 2009) and communication with the authors.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Intratracheal administration study of titanium oxide nanoparticles into rats
Testing laboratory DIMS Institute of Medical Science, Inc.
Report no. 1028
Owner company AIST Japan
Company study no. 1028

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Cross-reference to same study
The study was performed concurrently with three other materials (MT-150AW, MT-100TV, and JMT150IB) and Aeroxide P25 as a positive reference.

Materials and methods
Test type
other: Intratracheal instillation
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GLP compliance
no Animal husbandly, procedures, data handling, etc., were carried out in accordance with in-house
SOPs.

Test materials
Test material equivalent to submission substance identity
yes

Reference Material/Nanomaterial and Sample identification number
Identifier
Identity

Reference Material/Nanomaterial
Aeroxide P25; NM105

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MP-1133
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity:
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.: #91
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded.
- Other:

Test animals
Species
rat

Strain
other: Crl:CD(SD) SPF
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Sex
male

Details on test animals and environmental conditions
TEST ANIMALS
- Source: Charles River Laboratories Japan Inc.
- Age at study initiation: 8 weeks
- Weight at study initiation: 296-351 g
- Fasting period before study:
- Housing: rat cage (plastics, W257xL426xH200 mm)
- Diet (e.g. ad libitum): solid pellet, ad libitum
- Water (e.g. ad libitum): tap drink water, ad libitum
- Acclimation period: 8 days
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 20.0-24.0
- Humidity (%): 47-70
- Air changes (per hr): more than 10 times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Administration / exposure
Route of administration
other: instillation: liquid dispersion

Type of inhalation exposure
other: single-dose intratracheal instillation

Vehicle
other: 30 mM phosphate buffer with 2 mg/mL Tween 80
Details on inhalation exposure
Test solution was prepared by suspending the test substance in 30 mM phosphate buffer solution
containing 2 mg/mL of Tween®80 (MP Biomedicals) in concentrations of 1 and 5 mg/mL for a higher
and lower doses, respectively. The test solution was sonicated with ultrasonic bath (Elmasonic S30H,
37kHz, 280W) for 30 minutes to achieve homogeneous dispersion. For the instillation, a disposable
syringe and a DIMS intratracheal administration tube (R-1) were connected using a Luer bulb. Under
isoflurane (Escain®, Mylan Inc.) anesthesia, 1.0 mL/kg of the test solution was intratracheally
administered to rats. Test solution was administered only once at the start of the experiment.

Concentrations
1 mg/kg (lower dose group) and 5 mg/kg (higher dose and positive control group)

No. of animals per sex per dose
20

Control animals
yes
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Details on study design
- Duration of observation period following administration: 13 weeks
- Frequency of observations and weighing: twice a day for general status, and once a week for weighing.
- Necropsy of survivors performed: yes
- Other examinations performed: clinical signs, body weight,organ weights, histopathology, other: BALF
analysis (cell fraction, LDH, and micro TP)
Statistics
The control groups and the test substance groups were compared to determine whether differences
between them were statistically significant. Results were interpreted using a significance level of 5% (P <
0.05) or 1% (P < 0.001). F-tests were performed using the Bartlett method at a significance level of 5%
on the mean body weight, mean organ weight, and mean values for the BALF parameters. If the variance
was homogeneous, a two-tailed test using the parametric Dunnett s method was performed. If the variance
was not homogeneous, a two-tailed test using the non-parametric Steel method was performed. F-tests
were performed to compare body weight, organ weight, and the values of BALF parameters between
Group Nos. 1 and 2. If homogeneity of variance was confirmed, a two-tailed Student’s t test was
performed. If homogeneity of variance was not confirmed, a two-tailed Welch test was performed. To
compare differences in the frequency of macroscopic pathological findings or histopathological changes,
each substance group was compared against the control group using Fisher' s exact probability test (onetailed). Comparisons of the severity of graded lesions was performed using the Wilcoxon test (twotailed). No statistical analysis was performed on observations of the general status.

Results and discussions
Mortality
No deaths occurred in any group throughout the duration of the study.
Clinical signs
Crepitus was noted in all animals following test substance administration, but it disappeared on the next
day. Thereafter, no significant changes were observed.
Body weight
No statistically significant difference from the vehicle control group was observed.
Gross pathology
One to many white spots/areas were found in the lungs of rats treated with the test substance. However,
no differences in the areas or numbers of these spots were determined among the test substances, and no
relationship was found between the white spots/areas and other parameters.
Other findings
- Organ weights: No statistically significant difference was observed between the vehicle control group
and the test substance groups.
- Histopathology: Inflammatory changes were observed at Day 3. In both the low- and high-dose groups,
a clear relationship was noted between the dose and the results of histopathological examination. The
inflammatory response was not considered strong because no granulation or fibril formation was observed
in any rat. This is consistent with the data of other parameters, including BALF analysis and biochemical
tests.
- Other observations: Only mild changes were observed at Day 3 and Week 1 in the rats administered a
high dose. These mild changes returned to a level comparable to the values observed in the vehicle
control group at Week 4. Moreover, in the rats administered a high dose of the substance, high levels of
micro-proteins were detected at Day 3, as compared with the vehicle control group.
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Overall remarks, attachments
Attached full study report
Acute pulmonary data look at annex.zip

Applicant's summary and conclusion
Conclusions
Acute-subacute pulmonary responce was examined by intratracheal instillation techniquie. Inflammatory
changes observed in rats treated with a higher dose of the substance were nearly comparable to those of
the vehicle control group. In rats treated with a low dose of any of the test substances, the severity of the
inflammation was comparable to that of the vehicle control group; however, alveolar macrophages were
observed even at 13 weeks after test substance administration.

Endpoint study record: MT-100TV
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period From 11/11/2010 To 05/04/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The study was desinged on the basis of scientific article (Kobayashi et al. Toxicology
264, 110-118, 2009) and communication with the authors.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Intratracheal administration study of titanium oxide nanoparticles into rats
Testing laboratory DIMS Institute of Medical Science, Inc.
Report no. 1028
Owner company AIST Japan
Company study no. 1028

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Cross-reference to same study
The study was performed concurrently with three other materials (MT-150AW, MP-1133, JMT-150IB)
and Aeroxide P25 as a positive reference.

Materials and methods
Test type
other: Intratracheal instillation
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GLP compliance
no Animal husbandly, procedures, data handling, etc., were carried out in accordance with in-house
SOPs.

Test materials
Test material equivalent to submission substance identity
yes

Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity Aeroxide P25; NM105

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MT-100TV
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state:
- Analytical purity: 81.6%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded
- Other: Surface coated with fatty acid group
- Storage condition of test material:
- Other:

Test animals
Species
rat
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Strain
other: Crl:CD(SD) SPF

Sex
male
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Charles River Laboratories Japan Inc.
- Age at study initiation: 8 weeks
- Weight at study initiation: 296-351 g
- Fasting period before study:
- Housing: rat cage (plastics, W257xL426xH200 mm)
- Diet (e.g. ad libitum): solid pellet, ad libitum
- Water (e.g. ad libitum): tap drink water, ad libitum
- Acclimation period: 8 days
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 20.0-24.0
- Humidity (%): 47-70
- Air changes (per hr): more than 10 times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Administration / exposure
Route of administration
other: instillation: liquid dispersion

Type of inhalation exposure
other: single-dose intratracheal instillation

Vehicle
other: 30 mM phosphate buffer with 2 mg/mL Tween 80
Details on inhalation exposure
Test solution was prepared by suspending the test substance in 30 mM phosphate buffer solution
containing 2 mg/mL of Tween®80 (MP Biomedicals) in concentrations of 1 and 5 mg/mL for a higher
and lower doses, respectively. The test solution was sonicated with ultrasonic bath (Elmasonic S30H,
37kHz, 280W) for 30 minutes to achieve homogeneous dispersion. For the instillation, a disposable
syringe and a DIMS intratracheal administration tube (R-1) were connected using a Luer bulb. Under
isoflurane (Escain®, Mylan Inc.) anesthesia, 1.0 mL/kg of the test solution was intratracheally
administered to rats. Test solution was administered only once at the start of the experiment.

Concentrations
1 mg/kg (lower dose group) and 5 mg/kg (higher dose and positive control group)

No. of animals per sex per dose
20
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Control animals
yes
Details on study design
- Duration of observation period following administration: 13 weeks
- Frequency of observations and weighing: twice a day for general status, and once a week for weighing.
- Necropsy of survivors performed: yes
- Other examinations performed: clinical signs, body weight,organ weights, histopathology, other: BALF
analysis (cell fraction, LDH, and micro TP)
Statistics
The control groups and the test substance groups were compared to determine whether differences
between them were statistically significant. Results were interpreted using a significance level of 5% (P <
0.05) or 1% (P < 0.001). F-tests were performed using the Bartlett method at a significance level of 5%
on the mean body weight, mean organ weight, and mean values for the BALF parameters. If the variance
was homogeneous, a two-tailed test using the parametric Dunnett s method was performed. If the variance
was not homogeneous, a two-tailed test using the non-parametric Steel method was performed. F-tests
were performed to compare body weight, organ weight, and the values of BALF parameters between
Group Nos. 1 and 2. If homogeneity of variance was confirmed, a two-tailed Student’s t test was
performed. If homogeneity of variance was not confirmed, a two-tailed Welch test was performed. To
compare differences in the frequency of macroscopic pathological findings or histopathological changes,
each substance group was compared against the control group using Fisher' s exact probability test (onetailed). Comparisons of the severity of graded lesions was performed using the Wilcoxon test (twotailed). No statistical analysis was performed on observations of the general status.

Results and discussions
Mortality
No deaths occurred in any group throughout the duration of the study.
Clinical signs
Crepitus was noted in all animals following test substance administration, but it disappeared on the next
day. Thereafter, no significant changes were observed.
Body weight
No statistically significant difference from the vehicle control group was observed.
Gross pathology
One to many white spots/areas were found in the lungs of rats treated with the test substances. However,
no differences in the areas or numbers of these spots were determined among the test substances, and no
relationship was found between the white spots/areas and other parameters.
Other findings
- Organ weights: An increase in the absolute or relative weight of the lung was observed at Day 3 and
Week 1 in rats treated with a high dose of the substance. However, these values returned to a level
comparable to the values observed in the vehicle control group at 4 Weeks. - Histopathology:
Inflammatory changes were observed at Day 3 in rats. In both the low- and high-dose groups, a clear
relationship was noted between the dose and the results of histopathological examination. The
inflammatory response was not considered strong because no granulation or fibril formation was observed
in any rat, but a relatively strong response was observed in the rats treated with a high dose of the
substance, as compared with the positive control group. This is consistent with the data of other
parameters, including BALF analysis and biochemical tests. - Other observations: From Day 3, changes
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in WBC counts and cell fractions of the BALF, suggestive of an inflammatory response, were observed in
all treatment groups. Notably, the values obtained from rats treated with a high dose of the substance were
comparable to values obtained from rats treated with the positive control substance. However, 13 weeks
later, these values returned to a level almost equivalent to that of the vehicle control group. Moreover, in
the rats administered a high dose of the substance, high levels of micro-proteins were detected at Day 3,
as compared with the vehicle control group.

Overall remarks, attachments
Attached full study report
Acute pulmonary data look at annex

Applicant's summary and conclusion
Conclusions
Acute-subacute (3 months) pulmonary response was observed. Intratracheal administration of a high dose
(5 mg/mL) of the substance in rats caused an inflammatory response in the lung, with a severity of
inflammation comparable to that of the positive control substance (Aeroxide P25). The severity, however,
gradually decreased over time.

Endpoint study record: JMT-150IB
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period From 11/11/2010 To 05/04/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The study was desinged on the basis of scientific article (Kobayashi et al. Toxicology
264, 110-118, 2009) and communication with the authors.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Intratracheal administration study of titanium oxide nanoparticles into rats
Testing laboratory DIMS Institute of Medical Science, Inc.
Report no. 1028
Owner company AIST Japan
Company study no. 1028

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share
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Cross-reference to same study
The study was performed concurrently with three other materials (MT-150AW, MP-1133, and MT100TV) and Aeroxide P25 as a positive reference.

Materials and methods
Test type
other: Intratracheal instillation

GLP compliance
no Animal husbandly, procedures, data handling, etc., were carried out in accordance with in-house
SOPs.

Test materials
Test material equivalent to submission substance identity
yes

Reference Material/Nanomaterial and Sample identification number
Identifier Reference Material/Nanomaterial
Identity Aeroxide P25; NM105
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA JMT-150IB
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: > 80%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.:91
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded
- Other: Surface modified with isobutyl moiety (hydrophobic)
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Test animals
Species

rat
Strain

other: Crl:CD(SD) SPF
Sex

male
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Charles River Laboratories Japan Inc.
- Age at study initiation: 8 weeks
- Weight at study initiation: 296-351 g
- Fasting period before study:
- Housing: rat cage (plastics, W257xL426xH200 mm)
- Diet (e.g. ad libitum): solid pellet, ad libitum
- Water (e.g. ad libitum): tap drink water, ad libitum
- Acclimation period: 8 days
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 20.0-24.0
- Humidity (%): 47-70
- Air changes (per hr): more than 10 times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Administration / exposure
Route of administration
other: instillation: liquid dispersion

Type of inhalation exposure
other: single-dose intratracheal instillation

Vehicle
other: 30 mM phosphate buffer with 2 mg/mL Tween 80
Details on inhalation exposure
Test solution was prepared by suspending the test substance in 30 mM phosphate buffer solution
containing 2 mg/mL of Tween®80 (MP Biomedicals) in concentrations of 1 and 5 mg/mL for a higher
and lower doses, respectively. The test solution was sonicated with ultrasonic bath (Elmasonic S30H,
37kHz, 280W) for 30 minutes to achieve homogeneous dispersion. For the instillation, a disposable
syringe and a DIMS intratracheal administration tube (R-1) were connected using a Luer bulb. Under
isoflurane (Escain®, Mylan Inc.) anesthesia, 1.0 mL/kg of the test solution was intratracheally
administered to rats. Test solution was administered only once at the start of the experiment.

Concentrations
1 mg/kg (lower dose group) and 5 mg/kg (higher dose and positive control group)
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No. of animals per sex per dose
20

Control animals
yes
Details on study design
- Duration of observation period following administration: 13 weeks
- Frequency of observations and weighing: twice a day for general status, and once a week for weighing.
- Necropsy of survivors performed: yes
- Other examinations performed: clinical signs, body weight,organ weights, histopathology, other: BALF
analysis (cell fraction, LDH, and micro TP)
Statistics
The control groups and the test substance groups were compared to determine whether differences
between them were statistically significant. Results were interpreted using a significance level of 5% (P <
0.05) or 1% (P < 0.001). F-tests were performed using the Bartlett method at a significance level of 5%
on the mean body weight, mean organ weight, and mean values for the BALF parameters. If the variance
was homogeneous, a two-tailed test using the parametric Dunnett s method was performed. If the variance
was not homogeneous, a two-tailed test using the non-parametric Steel method was performed. F-tests
were performed to compare body weight, organ weight, and the values of BALF parameters between
Group Nos. 1 and 2. If homogeneity of variance was confirmed, a two-tailed Student’s t test was
performed. If homogeneity of variance was not confirmed, a two-tailed Welch test was performed. To
compare differences in the frequency of macroscopic pathological findings or histopathological changes,
each substance group was compared against the control group using Fisher' s exact probability test (onetailed). Comparisons of the severity of graded lesions was performed using the Wilcoxon test (twotailed). No statistical analysis was performed on observations of the general status.

Results and discussions
Mortality
No deaths occurred in any group throughout the duration of the study.
Clinical signs
Crepitus was noted in all animals following test substance administration, but it disappeared on the next
day. Thereafter, no significant changes were observed.
Body weight
No statistically significant difference from the vehicle control group was observed, except for a
significant increase at Week 12 and Week 13 in rats treated with a high dose of the substance.
Gross pathology
One to many white spots/areas were found in the lungs of rats treated with the test substances. However,
no differences in the areas or numbers of these spots were determined among the test substances, and no
relationship was found between the white spots/areas and other parameters.

Other findings
- Organ weights: No statistically significant difference from the vehicle control group was observed. Histopathology: Inflammatory changes were observed at Day 3 in rats from all substance groups. In both
the low- and high-dose groups, a clear relationship was noted between the dose and the results of
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histopathological examination. The inflammatory response was not considered strong because no
granulation or fibril formation was observed in any rat. This is consistent with the data of other
parameters, including BALF analysis and biochemical tests. - Other observations: From Day 3, changes
in WBC counts and cell fractions of the BALF, suggestive of an inflammatory response, were observed in
all treatment groups. The values of the inflammatory parameters were less marked than the values
observed in the positive control group. These mild changes returned to a level comparable to the values
observed in the vehicle control group at Week 4.

Overall remarks, attachments
Attached full study report
Acute pulmonary data look at annex

Applicant's summary and conclusion
Conclusions
Acute-subacute pulmonary response was examined by intratracheal instillation study. Inflammatory
changes observed in rats treated with a high dose (5 mg/kg) of the substance were milder than those
observed in the rats treated with the positive control substance (Aeroxide P25) and gradually decreased
over time.

Endpoint study record: Acute toxicity: inhalation.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
2011
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE)
Year
2011
Title
Acute inhalation toxicity study of TiO2 nanoparticles in rats
Testing laboratory KCL(Korea conformity Laboratory

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Test type
acute toxic class method
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Test guideline
Qualifier according to
Guideline OECD Guideline 403 (Acute Inhalation Toxicity)
Deviations no data

GLP compliance
yes (incl. certificate)

Test materials
Test material equivalent to submission substance identity
yes

Test material identity
Identifier Common name
Identity Titanium dioxide naoparticles

Details on test material
- Name of test material (as cited in study report): Titanium dioxide nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data

Confidential details on test material
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Isomers composition: no data
- Other: no data

Test animals
Species
rat

Strain
Fischer 344
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Sex
male/female
Details on test animals and environmental conditions
- Age at study initiation: 9 week old

Administration / exposure
Route of administration
inhalation

Type of inhalation exposure
no data

Vehicle
no data
Details on inhalation exposure

no data

Analytical verification of test atmosphere concentrations
no data

Duration of exposure
6 h Remarks

Concentrations
0, 0.10㎎/m3, 0.97㎎/m3, 9.93㎎/m3.

No. of animals per sex per dose
5

Control animals
Yes
Details on study design
no data

Results and discussions
Effect levels
Sex
male/female
Endpoint LC50
Effect level > 9.93 ㎎/m^3
95% CL
Exp. duration 6 h
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Remarks
Mortality

Mortality was not observed.
Clinical signs

Clinical signs were not observed.
Gross pathology

Necropsy findings, included doses affected, severity and number of animals affected: Not observed.
Other findings

no data

Applicant's summary and conclusion
Interpretation of results
not classified

Criteria used for interpretation of results
OECD GHS

Conclusions
LC50 of acute inhalation exposure was>9.93㎎/m^3.

7.2.3 Acute toxicity: dermal
Endpoint study record: Acute toxicity: dermal.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study (X) robust study summary (X) used for classification (X) used for MSDS
Study result type
experimental result
Study period
2010
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE),
Year
2010
Title
Acute dermal toxicity study of TiO2 nanoparticles in rats
Testing laboratory KCL(Korea conformity Laboratory)

Data access
data submitter is data owner
Data protection claimed
yes, but willing to share
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Materials and methods
Test type
standard acute method
Test guideline
Qualifier according to
Guideline OECD Guideline 402 (Acute Dermal Toxicity)
Deviations no data

GLP compliance
yes (incl. certificate)

Test materials
Test material equivalent to submission substance identity
yes
Test material identity
Identifier Common name
Identity Titanium dioxide

Details on test material
- Name of test material (as cited in study report): TiO2 nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data
Confidential details on test material
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components:no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Isomers composition: no data
- Other: no data

Test animals
Species
rat
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Strain
Sprague-Dawley
Sex
male/female
Details on test animals and environmental conditions
- Age at study initiation: 8 weeks old for male and 11 weeks old for female

Administration / exposure
Type of coverage
no data
Vehicle
water
Details on dermal exposure
no data

Duration of exposure
24hs

Doses
0 and 2,000 mg/kg body weight/day.

No. of animals per sex per dose
5

Control animals
yes
Details on study design

- Duration of observation period following administration: 14 days
- Frequency of observations and weighing: no data
- Necropsy of survivors performed: yes
- Other examinations performed: clinical signs, body weight,organ weights, histopathology
Statistics

Not applicable

Results and discussions
Effect levels
Sex
male/female
Endpoint LD50
Effect level
> 2000 mg/kg bw
95% CL
Remarks

Mortality
Mortality was not observed.
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Clinical signs
Clinical signs were not observed.
Gross pathology
Necropsy findings, included doses affected, severity and number of animals affected: not applicable
Other findings
no data

Applicant's summary and conclusion
Interpretation of results
not classified

Criteria used for interpretation of results
OECD GHS

Conclusions
The acute, dermal exposure to TiO2 nanoparticles did not induce any sign of toxicity up to 2,000 mg/kg
body weight.

7.3 Irritation / corrosion
7.3.1 Skin irritation / corrosion
Endpoint study record: MT-150AW
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test was performed by GLP-certified laboratory as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute dermal irritation/corrosivity test of titanium dioxide nanoparticle A in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10187
Owner company AIST Japan
Company study no. H-10187

Data access
data submitter is data owner
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Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
Guideline OECD Guideline 404 (Acute Dermal Irritation / Corrosion)
Deviations no

Principles of method if other than guideline
The protocol stipulated that the primary skin irritation index (P.I.I.) was to be calculated by first
combining the scores obtained for erythema and edema at 24 and 72 hours after patch removal, and then
dividing the total by [the number of animals × the number of tests performed (3 × 2 = 6)]. However, in
the actual study, the primary skin irritation index (P.I.I.) was calculated by first combining the scores
obtained for erythema and edema at 24, 48, and 72 hours after patch removal, and then dividing the total
by [the number of animals × the number of tests performed (3 × 3 = 9)].

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MT-150AW
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state:
- Analytical purity: 99.5%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.: #91
- Expiration date of the lot/batch:
80

ENV/JM/MONO(2015)17/ADD1
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-prevented
- Other:

Test animals
Species
rabbit

Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Kitayama Labes co ltd
- Age at study initiation: 20-21 weeks
- Weight at study initiation: 3.18-3.53 kg
- Housing: Individually housed in aluminum rabbt cage
- Diet (e.g. ad libitum): Solid pellets, ad libitum
- Water (e.g. ad libitum): Drink tap water, ad libitum
- Acclimation period:
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.8-20.5
- Humidity (%): 45.6-62.1
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Type of coverage
occlusive

Preparation of test site
shaved

Vehicle
water
Amount/concentration applied
0.1 g of the test material was instilled in the conjunctival sac.

Duration of treatment / exposure
Exposed to the skin for 3, 60, and 240 hours in the initial test, and for 240 hours in the confirmatory test.
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Observation period
1, 24, 48, and 72 hours after removal of the test patch.

Number of animals
One for the initial test and two for the confirmatory test.

Control animals
not required
Details on study design

TEST SITE
- Area of exposure: 2.5 x 2.5 cm
- % coverage:
- Type of wrap if used: The test material was evenly distributed onto a lint patch. After moistened with a
small amount of water to ensure good contact, the patch was applied to the skin. The lint patch was
covered with a 3.5 x 3.5 cm cut elastic adhesive bandage and held onto the position by wrapping the trunk
of the animal using Silkytex and surgical tapes in an occlusive manner.
REMOVAL OF TEST SUBSTANCE
- Washing (if done): After patch removal, residual test material was removed by gently wiping with an
absorbent cotton ball soaked with water for injection.
- Time after start of exposure:
SCORING SYSTEM: Grading of skin reaction (OECD TG 404) and primary skin irritation index (P.I.I.)

Any other information on materials and methods incl. tables
Sample preparation was carried out under yellow light to prevent photocatalytic activity.

Results and discussions
Irritation / corrosion results
Irritation parameter

erythema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

edema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

primary dermal irritation index (PDII)
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Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks

Irritant/corrosive response data
See attached background material.

Overall remarks, attachments
Attached background material
H-10187_Results.xls
Irritant response data for each animal at each time point
Observation time point (hours)
Animal
Erythema
Edema
1
Other
Total
Erythema
Edema
2
Other
Total
Erythema
Edema
3
Other
Total
Erythema
Mean score
Edema

1

24

48

72

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0
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Total
P.I.I. ： 0.0

0,0

0,0

0,0

0,0

(Non irritant）

Applicant's summary and conclusion
Interpretation of results
not irritating

Criteria used for interpretation of results
other: Draize skin irritation criteria

Conclusions
No skin irritation was observed at any of the observation time points.

Endpoint study record: MP-1133
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test wad conducted by GLP-certified laboratory as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute dermal irritation/corrosivity test of titanium dioxide nanoparticle B in rabbits
Testing laboratory Experimental Medical Research Institute Co., Ltd.
Report no. H-10189
Owner company AIST Japan
Company study no. H-10189

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo
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Test guideline
Qualifier according to
Guideline OECD Guideline 404 (Acute Dermal Irritation / Corrosion)
Deviations no

Principles of method if other than guideline
The protocol stipulated that the primary skin irritation index (P.I.I.) was to be calculated by first
combining the scores obtained for erythema and edema at 24 and 72 hours after patch removal, and then
dividing the total by [the number of animals × the number of tests performed (3 × 2 = 6)]. However, in
the actual study, the primary skin irritation index (P.I.I.) was calculated by first combining the scores
obtained for erythema and edema at 24, 48, and 72 hours after patch removal, and then dividing the total
by [the number of animals × the number of tests performed (3 × 3 = 9)].

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MP-1133
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity:
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100% - Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.: #91
- Expiration date of the lot/batch: - Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded
- Other:
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Test animals
Species
rabbit

Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Kitayama Labes co ltd.
- Age at study initiation: 15-16 weeks
- Weight at study initiation: 2.98-3.19 kg
- Housing: individually housed in an alminum rabbit cage
- Diet (e.g. ad libitum): solid pellets, ad libitum
- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period: 2 weeks
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.9-20.7
- Humidity (%): 44.5-62.4
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Type of coverage
occlusive

Preparation of test site
shaved

Vehicle
water
Amount/concentration applied

TEST MATERIAL
- Amount(s) applied (volume or weight with unit): 0.5 g
- Concentration (if solution):
VEHICLE
- Amount(s) applied (volume or weight with unit): a small amount
- Concentration (if solution):
- Lot/batch no. (if required):
- Purity: a water for injection (specified in Japanese Pharmacopoeia)

Duration of treatment / exposure
Exposed to the skin for 3, 60, and 240 hours in the initial test, and for 240 hours in the confirmatory test.

Observation period
1, 24, 48, 72 hours after removal of the test patch.
86

ENV/JM/MONO(2015)17/ADD1

Number of animals
One for the initial test and two for the confirmatory test.

Control animals
not required
Details on study design
TEST SITE
- Area of exposure: 2.5 x 2.5 cm
- % coverage:
- Type of wrap if used: The test material was evenly distributed onto a lint patch. After moistened with a
small amount of water to ensure good contact, the patch was applied to the skin. The lint patch was
covered with a 3.5 x 3.5 cm cut elastic adhesive bandage and held onto the position by wrapping the trunk
of the animal using Silkytex and surgical tapes in an occlusive manner.
REMOVAL OF TEST SUBSTANCE
- Washing (if done): After patch removal, residual test material was removed by gently wiping with an
absorbent cotton ball soaked with water for injection.
- Time after start of exposure:
SCORING SYSTEM: grading of skin reaction (OECD TG 404) and primary skin irritation index (P.I.I).

Any other information on materials and methods incl. tables
Sample preparation was carried out under yellow light to reduce photocatalytic activity.

Results and discussions
Irritation / corrosion results
Irritation parameter

erythema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

edema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

primary dermal irritation index (PDII)

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0
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Max. score

0

Reversibility
Remarks

Irritant/corrosive response data
See attached background material.

Overall remarks, attachments
Attached background material
H-10189_Results.xls
Irritant response data for each animal at each time point

Observation time point (hours)
Animal
Erythema
Edema
1
Other
Total
Erythema
Edema
2
Other
Total
Erythema
Edema
3
Other
Total
Erythema
Mean score

Edema
Total

1

24

48

72

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0
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P.I.I. ： 0.0

(Non irritant）

Applicant's summary and conclusion
Interpretation of results
not irritating

Criteria used for interpretation of results
other: Draize skin irritation criteria

Conclusions
No skin irritation was observed at any of the observation time points.

Endpoint study record: MT-100TV
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test was conducted by GLP-certified laboratory as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute dermal irritation/corrosivity test of titanium dioxide nanoparticle C in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10191
Owner company AIST.Japan
Company study no. H-10191

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
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Guideline OECD Guideline 404 (Acute Dermal Irritation / Corrosion)
Deviations

Principles of method if other than guideline
The protocol stipulated that the primary skin irritation index (P.I.I.) was to be calculated by first
combining the scores obtained for erythema and edema at 24 and 72 hours after patch removal, and then
dividing the total by [the number of animals × the number of tests performed (3 × 2 = 6)]. However, in
the actual study, the primary skin irritation index (P.I.I.) was calculated by first combining the scores
obtained for erythema and edema at 24, 48, and 72 hours after patch removal, and then dividing the total
by [the number of animals × the number of tests performed (3 × 3 = 9)].

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide
Details on test material

- Name of test material (as cited in study report): TAYCA MT-100TV
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: 81.6%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.: #91
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded.
- Other: Surface coated with fatty acid group.

Test animals
Species
rabbit
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Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions
TEST ANIMALS
- Source: Kitayama Labes co ltd.
- Age at study initiation: 19 weeks
- Weight at study initiation: 2.94-3.78 kg
- Housing: individually housed in an alminum rabbit cage
- Diet (e.g. ad libitum): solid pellets, ad libitum
- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period: 2 weeks
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.9-20.7
- Humidity (%): 44.8-62.4
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Type of coverage
occlusive

Preparation of test site
shaved
Vehicle
water
Amount/concentration applied
TEST MATERIAL
- Amount(s) applied (volume or weight with unit): 0.5 g
- Concentration (if solution):
VEHICLE
- Amount(s) applied (volume or weight with unit): a small amount
- Concentration (if solution):
- Lot/batch no. (if required):
- Purity: a water for injection (specified in Japanese Pharmacopoeia)

Duration of treatment / exposure
Exposed to the skin for 3, 60, and 240 hours in the initial test, and for 240 hours in the confirmatory test.

Observation period
1, 24, 48, and 72 hours after removal of the test patch.

Number of animals
One for the initial test and two for the confirmatory test.
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Control animals
not required
Details on study design

TEST SITE
- Area of exposure: 2.5 x 2.5 cm
- % coverage:
- Type of wrap if used: The test material was evenly distributed onto a lint patch. After moistened with a
small amount of water to ensure good contact, the patch was applied to the skin. The lint patch was
covered with a 3.5 x 3.5 cm cut elastic adhesive bandage and held onto the position by wrapping the trunk
of the animal using Silkytex and surgical tapes in an occlusive manner.
REMOVAL OF TEST SUBSTANCE
- Washing (if done): After patch removal, residual test material was removed by gently wiping with an
absorbent cotton ball soaked with water for injection.
- Time after start of exposure:
SCORING SYSTEM: Grading of skin reaction (OECD TG 404) and primary skin irritation index (P.I.I.).

Any other information on materials and methods incl. tables
Sample preparation was carried out under yellow light to prevent photocatalytic activity.

Results and discussions
Irritation / corrosion results
Irritation parameter

erythema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

edema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

primary dermal irritation index (PDII)

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
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Remarks

Irritant/corrosive response data
See attached background material.

Overall remarks, attachments
Attached background material
H-10191_Results.xls
Irritant response data for each animal at each time point
Observation time point (hours)
Animal
Erythema
Edema
1
Other
Total
Erythema
Edema
2
Other
Total
Erythema
Edema
3
Other
Total
Erythema
Mean score

Edema
Total

P.I.I. ： 0.0

1

24

48

72

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

(Non irritant）
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Applicant's summary and conclusion
Interpretation of results
not irritating

Criteria used for interpretation of results
other: Draize skin irritation criteria

Conclusions
No skin irritation was observed at any of the observation time points.

Endpoint study record: JMT-150IB
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test was conducted by GLP-certified laboratory as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute dermal irritation/corrosivity test of titanium dioxide nanoparticle D in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10193
Owner company AIST Japan
Company study no. H-10193

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
Guideline OECD Guideline 404 (Acute Dermal Irritation / Corrosion)
Deviations
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Principles of method if other than guideline
The protocol stipulated that the primary skin irritation index (P.I.I.) was to be calculated by first
combining the scores obtained for erythema and edema at 24 and 72 hours after patch removal, and then
dividing the total by [the number of animals × the number of tests performed (3 × 2 = 6)]. However, in
the actual study, the primary skin irritation index (P.I.I.) was calculated by first combining the scores
obtained for erythema and edema at 24, 48, and 72 hours after patch removal, and then dividing the total
by [the number of animals × the number of tests performed (3 × 3 = 9)].

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA JMT-150IB
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity:
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date: - Lot/batch No.: #91
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded
- Other: Surface modified with isobuthyl moiety.

Test animals
Species
rabbit
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Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Kitayama Labes co ltd.
- Age at study initiation: 12-13 weeks
- Weight at study initiation: 2.96-3.04 kg
- Housing: individually housed in an alminum rabbit cage
- Diet (e.g. ad libitum): solid pellets, ad libitum
- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period: 2 weeks
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.9-20.7
- Humidity (%): 44.5-62.4
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Type of coverage
occlusive

Preparation of test site
shaved

Vehicle
water
Amount/concentration applied
TEST MATERIAL
- Amount(s) applied (volume or weight with unit): 0.5 g
- Concentration (if solution):
VEHICLE
- Amount(s) applied (volume or weight with unit): a small amount
- Concentration (if solution):
- Lot/batch no. (if required):
- Purity: a water for injection (specified in Japanese Pharmacopoeia)

Duration of treatment / exposure
Exposed to the skin for 3, 60, and 240 hours in the initial test and for 240 hours in the confirmatory test.

Observation period
1, 24, 48, 72 hours after patch removal.

Number of animals
One for the initial test and two for the confirmatory test.
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Control animals
not required
Details on study design
TEST SITE
- Area of exposure: 2.5 x 2.5 cm
- % coverage:
- Type of wrap if used: The test material was evenly distributed onto a lint patch. After moistened with a
small amount of water to ensure good contact, the patch was applied to the skin. The lint patch was
covered with a 3.5 x 3.5 cm cut elastic adhesive bandage and held onto the position by wrapping the trunk
of the animal using Silkytex and surgical tapes in an occlusive manner.
REMOVAL OF TEST SUBSTANCE
- Washing (if done): After patch removal, residual test material was removed by gently wiping with an
absorbent cotton ball soaked with water for injection.
- Time after start of exposure: SCORING SYSTEM: Grading of skin reaction defined in OECD TG 404
and primary skin irritation index (P.I.I.).

Any other information on materials and methods incl. tables
Sample preparation was carried out under yellow light to prevent photocatalytic activity.

Results and discussions
Irritation / corrosion results
Irritation parameter

erythema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

edema score

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
Irritation parameter

primary dermal irritation index (PDII)

Basis

mean

Time point

1, 24, 48, 72 hours after removal

Score

0

Max. score

0

Reversibility
Remarks
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Irritant/corrosive response data
See attached background material.

Overall remarks, attachments
Attached background material
H-10193_Results.xls
Irritant response data for each animal at each time point
Observation time point (hours)
Animal
Erythema
Edema
1
Other
Total
Erythema
Edema
2
Other
Total
Erythema
Edema
3
Other
Total
Erythema
Mean score

Edema
Total

P.I.I. ： 0.0

1

24

48

72

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0

0

0

0

0

0

0

0

－

－

－

－

0

0

0

0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

(Non irritant）

Applicant's summary and conclusion
Interpretation of results
not irritating
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Criteria used for interpretation of results
other: Draize skin irritation criteria

Conclusions
No skin irritation was observed at any of the observation time points.

Endpoint study record: Skin irritation / corrosion.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
2011
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE), Korea
Year
2011
Title
Acute skin irritation/corrosion study of TiO2 nanoparticles in rabbits
Testing laboratory KCL (Korea conformity Laboratory)

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
Guideline OECD Guideline 404 (Acute Dermal Irritation / Corrosion)
Deviations no data

GLP compliance
yes (incl. certificate)

Test material equivalent to submission substance identity
yes
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Test materials
Test material identity
Identifier Common name
Identity Titanium dioxide

Details on test material
Purity : 99.99%

Confidential details on test material
no data

Test animals
Species
rabbit

Strain
New Zealand White
Details on test animals and environmental conditions
Sex : male

Test system
Type of coverage
occlusive
Preparation of test site
shaved
Vehicle
other: 1.0% citration solution
Amount/concentration applied
Dose : Control (0) and 0.5 mL/6cm2 Test material was used without dilution.

Duration of treatment / exposure
4hs

Observation period
1, 24, 48 and 72 hrs after application

Number of animals
3

Control animals
yes
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Details on study design
A small area, approximately 6 cm2, on the back was shaved 24 hrs before testing. The Test substance was
applied to a gauze patch, and, then to the skin. For control group, vehicle, 1.0% citrate solution was
applied to the skin instead of the test material. Erythema and eschar formation and oedema formation
were assessed 1, 24, 48 and 72 hrs after application.

Results and discussions
Irritation / corrosion results
Irritation parameter
Basis
Time point
Score
Max. score
Reversibility
Remarks

primary dermal irritation index
(PDII)
mean
0
0

Irritant/corrosive response data
Erythema, eschar formation or oedema formation was not observed in all the treated animals.

Overall remarks, attachments
Overall remarks
Erythema, eschar formation or oedema formation was not observed in all the treated animals.

Applicant's summary and conclusion
Interpretation of results
not irritating

Criteria used for interpretation of results
not specified

Conclusions
TiO2 nanoparticles were not an irritant to skin of New Zealand white rabbit.

7.3.2 Eye irritation
Endpoint study record: MT-150AW
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test wad conducted by GLP-certified laboratory as a non-GLP study.
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Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute ocular irritation/corrosivity test of titanium dioxide nanoparticle A in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10188
Owner company AIST Japan
Company study no. H-10188

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
Guideline OECD Guideline 405 (Acute Eye Irritation / Corrosion)
Deviations no

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MT-150AW
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: 99.5%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
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- Lot/batch No.: #91
- Expiration date of the lot/batch:
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded.
- Other:

Test animals
Species
rabbit
Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions
TEST ANIMALS - Source: Kitayama Labes co ltd
- Age at study initiation: 20-21 weeks
- Weight at study initiation: 3.18-3.53 kg
- Housing: individually housed in aluminum rabbt cage
- Diet (e.g. ad libitum): solid pellets, ad libitum
- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period:
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.8-20.5
- Humidity (%): 45.6-62.1
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Vehicle
unchanged (no vehicle)
Amount/concentration applied
0.1 g of the test material was instilled in the conjunctival sac.

Duration of treatment / exposure
After the instillation of the test material into the conjunctival sac, the upper and lower lids were gently
held together for about 1 second.

Observation period
1, 24, 48, and 72 hours after the instillation

Number of animals
One for the initial test and two for the confirmatory test

Control animals
yes, concurrent no treatment
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Details on study design
REMOVAL OF TEST SUBSTANCE
- Washing (if done): none
- Time after start of exposure:
SCORING SYSTEM: Mean Total Score (MTS) in accordance with the Kay & Calandra classification for
eye irritation.
TOOL USED TO ASSESS SCORE: hand-slit lamp

Any other information on materials and methods incl. tables
Sample preaparation was carried out under yellow light to reduce photocatalytic activity.

Results and discussions
Overall irritation / corrosion results
Irritation parameter
Basis
Time point
ca. 4
Max. score
Reversibility
Remarks
Irritation parameter
Basis
Time point
ca. 0
Max. score
Reversibility
Remarks

overall irritation score
mean
1 hour
4

overall irritation score
mean
24, 48, 72 hours
0

Irritant/corrosive response data
See attached background material.

Overall remarks, attachments
Attached background material
H-10188 response data

Applicant's summary and conclusion
Interpretation of results
other: Minimally irritating: M1
Criteria used for interpretation of results

other: Kay & Calandra, J. Soc. Cosm. Chem.,281-289, 1962.

Endpoint study record: MP-1133
Administrative Data
Purpose flag
Study result type

( ) robust study summary ( ) used for classification ( ) used for MSDS
experimental result
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Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test was conducted by GLP-certified laboratory as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute ocular irritation/corrosivity test of titanium dioxide nanoparticle B in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10190
Owner company AIST Japan
Company study no. H-10190

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
Guideline OECD Guideline 405 (Acute Eye Irritation / Corrosion)
Deviations no

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MP-1133
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
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- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White, solid powder
- Analytical purity:
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded
- Other:

Test animals
Species
rabbit

Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Kitayama Labes co ltd.
- Age at study initiation: 16-17 weeks
- Weight at study initiation: 3.13-3.25 kg
- Housing: individually housed in aluminum rabbit cage
- Diet (e.g. ad libitum): solid pellets, ad libitum
- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period:
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.8-20.5
- Humidity (%): 45.6-62.1
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Vehicle
unchanged (no vehicle)
Amount/concentration applied

0.1 g of the test material was instilled in the conjunctival sac.
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Duration of treatment / exposure
After the instillation of the test material into the conjunctival sac, the upper and lower lids were gently
held together for about 1 second.

Observation period
1, 24, 48, and 72 hours after the instillation

Number of animals
One for the initial test and two for the confirmatory test

Control animals
yes, concurrent no treatment
Details on study design
REMOVAL OF TEST SUBSTANCE
- Washing (if done): none
- Time after start of exposure:
SCORING SYSTEM: Mean Total Score (MTS) in accordance with the Kay & Calandra classification for
eye irritation.
TOOL USED TO ASSESS SCORE: hand-slit lamp

Any other information on materials and methods incl. tables
Sample preparation was carried out under yellow light to reduce photocatalytic activity.

Results and discussions
Overall irritation / corrosion results
Irritation parameter

overall irritation score

Basis

mean

Time point

1 hour

ca. 2
Max. score

2

Reversibility
Remarks
Irritation parameter

overall irritation score

Basis

mean

Time point

24, 48, 72 hours

ca. 0
Max. score

0

Reversibility
Remarks

Irritant/corrosive response data
See attached background material.
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Overall remarks, attachments
Attached background material
H-10190 response data

Applicant's summary and conclusion
Interpretation of results
other: Practically nonirritating:PN

Criteria used for interpretation of results
other: Kay & Calandra, J. Soc. Cosm. Chem.,281-289, 1962.

Endpoint study record: MT-100TV
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test was conducted by GLP-certified laboratoey as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute ocular irritation/corrosivity test of titanium dioxide nanoparticle C in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10192
Owner company AIST Japan
Company study no. H-10192

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier according to
Guideline OECD Guideline 405 (Acute Eye Irritation / Corrosion)
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Deviations no

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MT-100TV
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White, solid powder - Analytical purity: 81.6%
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch: - Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temeprature, light-shielded
- Other: Surface coated by fatty acid group

Test animals
Species
rabbit
Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions
TEST ANIMALS
- Source: Kitayama Labes co ltd
- Age at study initiation: 20 weeks
- Weight at study initiation: 2.94-3.81 kg
- Housing: individually housed in aluminum rabbit cage
- Diet (e.g. ad libitum): solid pellets, ad libitum
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- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period:
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.8-20.5
- Humidity (%): 45.6-20.5
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Vehicle
unchanged (no vehicle)
Amount/concentration applied

0.1 g of the test material was instilled in the conjunctival sac.

Duration of treatment / exposure
After the instillation of the test material into the conjunctival sac, the upper and lower lids were gently
held together for about 1 second.

Observation period
1, 24, 48, and 72 hours after the instillation.

Number of animals
One for the initial test and two for the confirmatory test.

Control animals
yes, concurrent no treatment
Details on study design

REMOVAL OF TEST SUBSTANCE
- Washing (if done): none
- Time after start of exposure:
SCORING SYSTEM: Mean Total Score (MTS) in accordance with the Kay & Calandra classification for
eye irritation.
TOOL USED TO ASSESS SCORE: hand-slit lamp

Results and discussions
Overall irritation / corrosion results
Irritation parameter

overall irritation score

Basis

mean

Time point

1 hour

ca. 2
Max. score

2

Reversibility
Remarks
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Irritation parameter

overall irritation score

Basis

mean

Time point

24, 48, 72 hours

ca. 0
Max. score

0

Reversibility
Remarks

Irritant/corrosive response data
See attached response data

Overall remarks, attachments
Attached background material
H-10192 response data

Applicant's summary and conclusion
Interpretation of results
other: Practically nonirritating: PN

Criteria used for interpretation of results
other: Kay & Calandra, J. Soc. Cosm. Chem.,281-289, 1962

Endpoint study record: JMT-150IB
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
From 04/11/2010 To 25/01/2011
Reliability
2 (reliable with restrictions)
Rationale for reliability
The test was conducted by GLP-certified laboratory as a non-GLP study.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Year
2011
Title
Acute ocular irritation/corrosivity test of titanium dioxide nanoparticle D in rabbits
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-10194
Owner company AIST Japan
Company study no. H-10194

Data access
data submitter is data owner
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Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo

Test guideline
Qualifier
Guideline
Deviations

according to
OECD Guideline 405 (Acute Eye Irritation / Corrosion)
no

GLP compliance
no

Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA JMT-150IB
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White, solid powder - Analytical purity:
- Impurities (identity and concentrations): As<1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile type
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions: Stable
- Storage condition of test material: At room temperature, light-shielded
- Other: Surface modified with isobuthyl moiety.

112

ENV/JM/MONO(2015)17/ADD1

Test animals
Species
rabbit

Strain
other: Japanese White rabbit (Kbs:JW, Healthy)
Details on test animals and environmental conditions

TEST ANIMALS
- Source: Kitayama Labes co ltd
- Age at study initiation: 13-14 weeks
- Weight at study initiation: 2.8-3.2 kg
- Housing: individually housed in aluminum rabbit cage.
- Diet (e.g. ad libitum): solid pellets, ad libitum
- Water (e.g. ad libitum): drink tap water, ad libitum
- Acclimation period:
ENVIRONMENTAL CONDITIONS
- Temperature (°C): 19.8-20.3
- Humidity (%): 47.8-63.1
- Air changes (per hr): more than ten times
- Photoperiod (hrs dark / hrs light): 12 hours light
IN-LIFE DATES: From: To:

Test system
Vehicle
unchanged (no vehicle)
Amount/concentration applied
0.1 g of the test material was instilled in the conjunctival sac.

Duration of treatment / exposure
After the instillation of the test material into the conjunctival sac, the upper and lower lids were gently
held together for about 1 second.

Observation period
1, 24, 48, and 72 hours after the instillation.

Number of animals
One for the initial test and two for the confirmatory test.

Control animals
yes, concurrent no treatment
Details on study design

REMOVAL OF TEST SUBSTANCE
- Washing (if done): none
- Time after start of exposure:
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SCORING SYSTEM: Mean Total Score (MTS) in accordance with the Kay & Calandra classification of
eye irritation.
TOOL USED TO ASSESS SCORE: hand-slit lamp

Any other information on materials and methods incl. tables
Sample preparation was carried out under yellow light to reduce photocatalytic activity.

Results and discussions
Overall irritation / corrosion results
Irritation parameter
Basis
Time point
ca. 0
Max. score
Reversibility
Remarks

overall irritation score
mean
1, 24, 48, 72 hours
0

Irritant/corrosive response data
See attached background material.

Overall remarks, attachments
Attached background material
H-10194 response data

Applicant's summary and conclusion
Interpretation of results
other: Nonirritating: N

Criteria used for interpretation of results
other: Kay & Calandra, J. Soc. Cosm. Chem.,281-289, 1962.

Endpoint study record: Eye irritation.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
2011
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type

study report
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Author
Ministry of Knowledge and Economy (MKE), Korea
Year
2011
Title
Corrosive and irritations study on TiO2nanoparticles using rabbits
Testing laboratory KCL(Korea conformity Laboratory)

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo
Test guideline
Qualifier according to
Guideline
OECD Guideline 405 (Acute Eye Irritation / Corrosion)
Deviations no data
GLP compliance

yes (incl. certificate)
Test material equivalent to submission substance identity
yes

Test materials
Test material identity
Identifier Common name
Identity Titanium dioxide
Details on test material
- Name of test material (as cited in study report): TiO2nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data
Confidential details on test material
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
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- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Isomers composition: no data
- Other: no data

Test animals
Species
rabbit
Strain
New Zealand White
Details on test animals and environmental conditions
Sex : male

Test system
Vehicle
unchanged (no vehicle)
Amount/concentration applied
0.1mL/eye(=approximately, 0.02 g/eye)
Observation period
Observation was made at 1, 24, 48 and 72 hrs after application
Number of animals
3
Control animals
yes
Details on study design

The test substance should be placed in the conjunctival sac of one eye of each animal after gently pulling
the lower lid away from the eyeball. The lids are then gently held together for about one second in order
to prevent loss of the material. The other eye, which remains untreated, serves as a control.

Results and discussions
Overall irritation / corrosion results
Irritation parameter
Basis
Time point
Max. score
Reversibility
Remarks
Irritation parameter
Basis
Time point
Max. score
Reversibility

cornea score 0
mean
0

conjunctivae score
mean
0
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Remarks
Irritation parameter
Basis
Time point
Max. score
Reversibility
Remarks

overall irritation score
mean
0

Irritant/corrosive response data
Irritation Score (Cornea/Iris): 0; 0 Irritation Score (Conjunctivae; Redness/Chemosis): 0; 0 Overall
Irritation Score: 0

Overall remarks, attachments
Overall remarks
Any ocular reaction was not observed in all the animals. Therefore, the index of acute ocular irritation
was 0.0.

Applicant's summary and conclusion
Interpretation of results
not irritating
Criteria used for interpretation of results
OECD GHS

Conclusions
TiO2 nanoparticles were non irritant to eye of New Zealand white rabbit.

7.4 Sensitisation
7.4.1 Skin sensitisation

Endpoint study record: Skin sensitisation.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
2011
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE), KOREA
Year
2011
Title
Skin sensitization study of TiO2 nanoparticles in guinea pig
Testing laboratory KCL(Korea conformity Laboratory)
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Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of method
in vivo
Type of study
Guinea pig maximization test
Test guideline
Qualifier according to
Guideline
OECD Guideline 406 (Skin Sensitisation)
Deviations no data
GLP compliance
yes (incl. certificate)

Test materials
Test material equivalent to submission substance identity
yes

Test material identity
Identifier Common name
Identity Titanium dioxide nanoparticle

Details on test material
- Name of test material (as cited in study report): TiO2 nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data
Confidential details on test material
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Purity test date: no data
- Lot/batch No.: no data
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- Expiration date of the lot/batch: no data
- Isomers composition: no data
- Other: no data

Test animals
Species
guinea pig
Strain
Hartley
Sex
male
Details on test animals and environmental conditions
Test animals : 4.5 - 5 weeks
Body weight: 348.26 - 436.04 g

Test system
Traditional sensitisation test
Route of induction exposure
intradermal and epicutaneous
Route of challenge exposure
epicutaneous, occlusive

Vehicle
water
Concentration
The volume of the testing material of the testing material was 0.5 mL for induction and challenge.
No. of animals per dose
Ten males for control group, and twenty for treatment group
Details on study design (Traditional tests)
Distilled water was chosen as a vehicle based on the previous study in which dispersion of testing
material was confirmed. The volume of the testing material was 0.5 mL for induction and challenge, a
patch (24 cm2) containing 0.5 mL of test material was applied. Patch was applied for 48 hrs for second
induction and for 24 hrs of challenge. Interval between the inductions was 1 week and, after 2 weeks, skin
was subject to challenge.
Positive control substance(s)
yes 0.1 % 2,4-Dinitrochlorobenzene (DNCB)

LLNA
Vehicle
other: Distilled water
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Positive control substance(s)
no data

Overall remarks, attachments
Overall remarks
One out of seventeen tested animals (5.88%) exhibited grade 1 erythema at 24 or 48 hrs after challenge,
but no other skin reaction was observed in the other animals.

Attached background material
5.4. SKIN SENSITISATION.docx
Step

Concentration

Route

1st induction
2nd induction
3rd induction
Challenge

50%(v/v)
50%(v/v)
50%(v/v)
50%(v/v)

Occulsive patch
Occulsive patch
Occulsive patch
Occulsive patch

Applicant's summary and conclusion
Interpretation of results
not sensitising
Conclusions
TiO2 nanoparticles were a weak sensitizer in Guinea pig.

7.5 Repeated dose toxicity
7.5.1 Repeated dose toxicity: oral
Endpoint study record: Repeated dose toxicity: oral.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Study period
2011
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE), Korea
Year
2012
Title
Subchronic (90-day) oral toxicity study of TiO2 nanoparticles in rats, tested
Testing laboratory KCL (Korea conformity Laboratory)

Data access
data submitter is data owner
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Data protection claimed
yes, but willing to share

Materials and methods
Test type
subchronic
Test guideline
Qualifier according to
Guideline OECD Guideline 408 (Repeated Dose 90-Day Oral Toxicity in Rodents)
Deviations no data

GLP compliance
yes (incl. certificate)

Test materials
Test material equivalent to submission substance identity
yes
Test material identity
Identifier Common name
Identity Titanium dioxide nanoparticle

Details on test material
- Name of test material (as cited in study report): TiO2 nanoparticles
- Substance type: no data
- Physical state:no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations):no data
- Composition of test material, percentage of components:no data
- Isomers composition:no data
- Purity test date: 99.99%
- Lot/batch No.:no data
- Expiration date of the lot/batch:no data
- Stability under test conditions: no data
- Storage condition of test material:no data
- Other:no data
Confidential details on test material
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Purity test date: 99.99%
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Isomers composition: no data
- Other: no data
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Test animals
Species
rat
Strain
Sprague-Dawley
Sex
male/female
Details on test animals and environmental conditions
Age at study initiation : Six weeks old

Administration / exposure
Route of administration
oral: gavage
Vehicle
water
Details on oral exposure
no data
Duration of treatment / exposure
90 Days
Frequency of treatment
Once a day
Doses/concentrations
0, 250, 500 and 1,000mg/kg bw/dya
Basis nominal in diet
No. of animals per sex per dose
10
Control animals
yes
Details on study design
Clinical observations performed and frequency: General clinical observations were performed daily.
Body weight and food/water consumption were measured once a week. Urinalysis was performed at the
last week of treatment. Haematology, blood coagulation study, clinical biochemistry, histopathology were
performed with the blood collected at the necropsy. Ophthalmological examination was made prior to the
grouping of animals and at the termination of the study, using an ophthalmoscope. Organs examined at
necropsy (macroscopic and microscopic): Liver, kidneys, adrenals, testes, epididymis, uterus, ovaries,
thymus, spleen, brain, heart, spinal cord, pituitary, thyroid, parathyroid, thymus, oesophagus, salivary
glands, stomach, small and large intestines, pancreas, trachea, lungs, aorta, gonads, sciatic nerve, prostate,
urinary bladder, lymph nodes, bone marrow, mammary gland, tongue, skin and eyes
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Positive control
Not applicable

Examinations
Observations and examinations performed and frequency
DETAILED CLINICAL OBSERVATIONS: Yes
- Time schedule: daily
BODY WEIGHT: Yes
- Time schedule for examinations: Once a week
FOOD CONSUMPTION AND COMPOUND INTAKE (if feeding study):
- Food consumption for each animal determined and mean daily diet consumption calculated as g food/kg
body weight/day: Yes
WATER CONSUMPTION AND COMPOUND INTAKE (if drinking water study): Yes
- Time schedule for examinations: Once a week
OPHTHALMOSCOPIC EXAMINATION: Yes
- Time schedule for examinations: Prior to the grouping of animals and at the terminiation of the study
HAEMATOLOGY: Yes
- Time schedule for collection of blood: at the necropsy
CLINICAL CHEMISTRY: Yes
- Time schedule for collection of blood: at the necropsy
URINALYSIS: Yes
- Time schedule for collection of urine: at the last week of treatment
NEUROBEHAVIOURAL EXAMINATION: No
OTHER:
Sacrifice and pathology
Organs examined at necropsy (macroscopic and microscopic): Liver, kidneys, adrenals, testes,
epididymis, uterus, ovaries, thymus, spleen, brain, heart, spinal cord, pituitary, thyroid, parathyroid,
thymus, oesophagus, salivary glands, stomach, small and large intestines, pancreas, trachea, lungs, aorta,
gonads, sciatic nerve, prostate, urinary bladder, lymph nodes, bone marrow, mammary gland, tongue, skin
and eyes
Statistics
Chi-Square test or one way analysis of variance (ANOVA) test followed by Duncan test or Dunnett’s T
test

Results and discussions
Effect levels
Endpoint NOEL
Effect level
> 1000 mg/kg bw/day (nominal)
Sex
male/female
Basis for effect level / Remarks

Observations
Clinical signs and mortality
no effects
Body weight and weight gain
no effects
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Food consumption and compound intake (if feeding study)
yes
Food efficiency
no data
Water consumption and compound intake (if drinking water study)
yes
Ophthalmoscopic examination
no effects
Haematology
yes
Clinical chemistry
yes
Urinalysis
yes
Neurobehaviour
no data
Organ weights
no effects
Gross pathology
yes
Histopathology: non-neoplastic
no effects
Histopathology: neoplastic
yes
Details on results
Body weightchanges: Not determined Food/water consumption: Increase in food consumption was
detected in female rats treated with 250 mg/kg body weight after 11 week. Description, severity, time of
onset and duration of clinical signs: Not applicable Ophthalmologic findings incidence and severity: Not
detected Urinalysis: Decrease ofurobilinogen was detected in male rats Haematological findings
incidence and severity: Increase of basophilpercentage in WBC differential count was detected in female
rats treated with 250 and 500 mg/kg. Blood coagulation test: Increase of PT was detected in female rats
treated with 500 and 1,000 mg/kg. Clinical biochemistry findings incidence and severity: Decrease of
A/G ratio was detected in female rats treated with 500 mg/kg. Mortality and time to death: No death was
observed in all treated groups. Gross pathology incidence and severity: Aplasia of left testis and small left
epididymis were detected in a male rat treated with 1,000 mg/kg and yellowish spot in left kidney was
detected in a female rat of control group. Organ weight changes: Not determined Histopathology
incidence and severity: Aplasia of testis and atrophy of epididymis were detected in a male rat treated
with 1,000 mg/kg and inflammatory cell infiltration was detected in the kidney of a female rat of control
group. And inflammatory cell infiltration in prostate of a male rat in control group, inflammatory cell
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infiltration in lung of a female rat in control group, focal hemorrhage in ovary of a female rat in control
group and inflammatory cell infiltration in kidney of a female rat treated with 1,000 mg/kg were detected.
But all findings were not show dose-response relationship.

Applicant's summary and conclusion
Conclusions
NOAEL was more than 1,000 mg/kg body weight and target organ was not detected.

7.5.2 Repeated dose toxicity: inhalation
7.5.3 Repeated dose toxicity: dermal
7.5.4 Repeated dose toxicity: other routes

7.6 Genetic toxicity
7.6.1 Genetic toxicity in vitro

Endpoint study record: Genetic toxicity by Uni Alberta
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: performed and provided by University of Alberta, Canada
Cross-reference to same study
"In vitro cytotoxicity and genotoxicity studies of titanium dioxide (TiO2) nanoparticles in Chinese
hamster lung fibroblast cells" Mahsa Hamzeh, Geoffrey I. Sunahara Toxicology in Vitro 27 (2013) 864–
873

Materials and methods
Type of genotoxicity
DNA damage and/or repair
Type of study
other: Comet Assay

Test materials
Test material identity
Identifier Common name
Identity TiO2 Anatase MTI5; obtained from MTI Corporation (Richmond, CA, USA)
Identifier Common name
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Identity
Germany)
Identifier
Identity
Identifier
Identity

TiO2 Fiber Anatase Homitan LW-S (Bulk); purchased from Sachtleben Chemie (Duisburg,
Common name
Nanofilament (10 x40 nm) supplied by Sigma–Aldrich (Saint-Louis, MO)
Common name
Vive Nano Titania provided by Vive Nano Inc. (Toronto, ON)

Details on test material
Homitan LW-S : 99% TiO2, Anatase with 0.6 % rutile, 0.17 % P and 17 mg/kg Fe particle size : 300 nm
(manufacturer’s specs): 170 nm nominal size measured size distribution as delivered/ in test media/ in
test system: agglomeration/ aggregation: 365 nm measured by DLS Zeta-Potential: -26.2 mV in water, 13 mV (pH 8), -18.9 mV (pH 6.5) Surface Area: 11.5 m2/g (manufacturer’s specs): 9.8 m2/g measured by
BET MTI5: particle size : 5 nm (manufacturer’s specs): 5.9 nm nominal size measured size distribution
as delivered/ in test media/ in test system agglomeration/ aggregation: 460 nm measured by DLS ZetaPotential: -18.5 mV in water, -12 mV (pH 8), -16 mV (pH 6.5) Surface Area: 280.9 m2/g measured by
BET Vive Nano Titania (coated nanot-TiO2) 1-10nm, agglomeration size 600nm, zeta potential (pH8) 19mV

Method
Test concentrations
1, 10, 100 mg/L Dispersion of TiO2 in medium. Sample is dispersed by homogenization (stock solutions
in the range of 400-800 ppm in culture medium) at 5000 rpm for 5 min using a IKA® T25 digital UltraTurrax homogenizer (IKA® Works Inc., Wilmington, NC, USA). Samples were used the same day of
homogenization and vortexed before use to have as homogenious solution as possible, since the sample
will sediment out with time.
Vehicle
For mammalian cells (V79) the medium used was DMEM.
Details on test system and conditions
Chinese hamster lung fibroblast (V79) Exposure duration: 24 and 48 hours The method is comet assay,
there is no guideline available. The comet assay kit was supplied by Trevigen (Gaithersburg, MD) and the
experiment was carried out according to the manufacturer’s protocol. 3 replicates and 3 separate
experiments. Positive groups are cells exposed to hydrogen peroxide (H2O2), and negative groups are
cells in the absence of nanoparticles. P25 and Bulk TiO2 were used as nano-controls. Cells were
evaluated per dose group and per different types of TiO2 exposed group.
Statistics
One way ANOVA followed by a post-hoc test.

Results and discussions
Additional information on results
Our results indicated that the size and the coating of TiO2 particles may have an effect in inducing DNA
damage; lower genotoxic effect was observed in micrometer-sized TiO2 compared to the nano-TiO2 and
no DNA damage was detected in polyacrylate-coated nano-TiO2 model. MTI5, P25, nanofilament nanoTiO2 showed genotoxicity effect significantly compared to the control at 100 mg/L after 24h exposure. In
this condition, low but not significant and no genotoxic effect was observed using Hombitan LW-S
(Bulk) and Vive Nano, respectively.
Remarks on results including tables and figures
see attached publication
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Overall remarks, attachments
Overall remarks
The present study shows the genetic effects of different nano-TiO2 particles on V79 cells using the comet
assay. Our genotoxicity findings agree with earlier studies in the induction of DNA damage in cells after
exposure to nano-TiO2, and a stronger induction was observed in nano-sized anatase compared to rutile.

Attached full study report

Applicant's summary and conclusion
Conclusions
While there is a significant difference between nano-TiO2 and micrometer-sized TiO2 in causing
genotoxicity, there is also a significant difference between coated (polyacrylate)- and uncoated TiO2.

Endpoint study record: MT-150AW
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Reliability 1 (reliable without restriction)
Rationale for reliability
The aforementioned study was conducted in compliance with the Standards For Testing
Laboratories that Implement Tests of New Chemical Substances [PFSB Notification No. 1121003, dated November
21, 2003; METI Notification No. 3, dated November 17, 2003; and EPB Notification No. 031121004, last updated
on July 4, 2008] issued by the MHLW, the METI, and the MOE.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Title
Reverse mutation test of titanium dioxide nanoparticle A in bacteria
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-11014
Owner company AIST Japan
Company study no. H-11014

Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
gene mutation
Type of study
bacterial reverse mutation assay (e.g. Ames test)
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Test guideline
Qualifier according to
Guideline JAPAN: Guidelines for Screening Mutagenicity Testing Of Chemicals
Deviations no
GLP compliance

yes

Test materials
Test material equivalent to submission substance identity
yes
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide
Details on test material
- Name of test material (as cited in study report): MT-150AW
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: 99.5%
- Impurities (identity and concentrations): As <1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions:
- Storage condition of test material:
- Other:

Method
Species/strain
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system
S9 mix

Test concentrations
5000, 2500, 1250, 625, 312.5 μg/plate
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Vehicle
Dispersed in DMSO in concentration of 50 mg/mL with 10-minites sonication and used for the testing
after stepwide dilution.
Controls
Negative controls
Solvent / vehicle controls
True negative controls
Positive controls yes
Positive control substance
Remarks

yes
other: AF-2, SA, 9-AA, and 2-AA

Results and discussions
Test results
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Metabolic activation with and without
Test system all strains/cell types tested
Genotoxicity negative
Cytotoxicity not determined
Vehicle controls valid yes
Negative controls valid no data
Positive controls valid yes
Additional information on results
Precipitation of test substance was observed at 625 μg/plate and higher doses.

Overall remarks, attachments
Attached background material
H-11014 Results

Applicant's summary and conclusion
Interpretation of results
negative

Endpoint study record: MP-1133
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Reliability 1 (reliable without restriction)
Rationale for reliability
The aforementioned study was conducted in compliance with the Standards For Testing
Laboratories that Implement Tests of New Chemical Substances [PFSB Notification No. 1121003, dated November
21, 2003; METI Notification No. 3, dated November 17, 2003; and EPB Notification No. 031121004, last updated
on July 4, 2008] issued by the MHLW, the METI, and the MOE.

Data source
Reference
Reference type

study report
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Author
Kohei Mizuno
Title
Reverse mutation test of titanium dioxide nanoparticle B in bacteria
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-11015
Owner company AIST Japan
Company study no. H-11015
Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
gene mutation
Type of study
bacterial reverse mutation assay (e.g. Ames test)
Test guideline
Qualifier according to
Guideline JAPAN: Guidelines for Screening Mutagenicity Testing Of Chemicals
Deviations no

GLP compliance
yes

Test materials
Test material equivalent to submission substance identity
yes
Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MP-1133
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: 99.5%
- Impurities (identity and concentrations): As <1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile
- Purity test date:
- Lot/batch No.:
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- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions:
- Storage condition of test material:
- Other:

Method
Species/strain
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system
S9 mix
Species/strain

E. coli WP2

Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system S9 mix

Test concentrations
5000, 2500, 1250, 625, 312.5 μg/plate
Vehicle
Dispersed in DMSO in concentration of 50 mg/mL with 10-minites sonication and used for the testing
after stepwide dilution.
Controls
Negative controls
Solvent / vehicle controls yes
True negative controls
Positive controls yes
Positive control substance other: AF-2, SA, 9-AA, and 2-AA
Remarks

Results and discussions
Test results
Species/strain
Metabolic activation
Test system
Genotoxicity
Cytotoxicity
Vehicle controls valid
Negative controls valid
Positive controls valid
Species/strain
Metabolic activation
Test system
Genotoxicity

S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
with and without
all strains/cell types tested
negative
not determined
yes
no data
yes
E. coli WP2
with and without
all strains/cell types tested
negative
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Cytotoxicity
Vehicle controls valid
Negative controls valid
Positive controls valid

not determined
yes
no data
yes

Additional information on results
Precipitation of test substance was observed at 625 μg/plate and higher doses.

Overall remarks, attachments
Attached background material
H-11015 Results

Applicant's summary and conclusion
Interpretation of results
negative

Endpoint study record: MT-100TV
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Reliability 1 (reliable without restriction)
Rationale for reliability
The aforementioned study was conducted in compliance with the Standards For Testing
Laboratories that Implement Tests of New Chemical Substances [PFSB Notification No. 1121003, dated November
21, 2003; METI Notification No. 3, dated November 17, 2003; and EPB Notification No. 031121004, last updated
on July 4, 2008] issued by the MHLW, the METI, and the MOE.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Title
Reverse mutation test of titanium dioxide nanoparticle B in bacteria
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-11016
Owner company AIST Japan
Company study no. H-11016

Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
gene mutation
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Type of study
bacterial reverse mutation assay (e.g. Ames test)
Test guideline
Qualifier according to
Guideline JAPAN: Guidelines for Screening Mutagenicity Testing Of Chemicals
Deviations no

GLP compliance
yes

Test materials
Test material equivalent to submission substance identity
yes

Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA MT-100TV
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: 99.5%
- Impurities (identity and concentrations): As <1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions:
- Storage condition of test material:
- Other:

Method
Species/strain
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system
S9 mix
Species/strain
E. coli WP2
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Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system
S9 mix
Test concentrations
5000, 2500, 1250, 625, 312.5 μg/plate
Vehicle
Dispersed in DMSO in concentration of 50 mg/mL with 10-minites sonication and used for the testing
after stepwide dilution.
Controls
Negative controls
Solvent / vehicle controls yes
True negative controls
Positive controls yes
Positive control substance other: AF-2, SA, 9-AA, and 2-AA
Remarks

Results and discussions
Test results
Species/strain S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Metabolic activation with and without
Test system all strains/cell types tested
Genotoxicity negative
Cytotoxicity not determined
Vehicle controls valid yes
Negative controls valid
no data
Positive controls valid yes
Species/strain E. coli WP2
Metabolic activation with and without

Test system all strains/cell types tested
Genotoxicity negative
Cytotoxicity not determined
Vehicle controls valid yes
Negative controls valid no data
Positive controls valid yes
Additional information on results
Precipitation of test substance was observed at 625 μg/plate and higher doses.

Overall remarks, attachments
Attached background material
H-11016 Results
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Applicant's summary and conclusion
Interpretation of results
negative

Endpoint study record: JMT-150IB
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type experimental result
Reliability 1 (reliable without restriction)
Rationale for reliability
The aforementioned study was conducted in compliance with the Standards For Testing
Laboratories that Implement Tests of New Chemical Substances [PFSB Notification No. 1121003, dated November
21, 2003; METI Notification No. 3, dated November 17, 2003; and EPB Notification No. 031121004, last updated
on July 4, 2008] issued by the MHLW, the METI, and the MOE.

Data source
Reference
Reference type
study report
Author
Kohei Mizuno
Title
Reverse mutation test of titanium dioxide nanoparticle D in bacteria
Testing laboratory Nippon Experimental Medical Research Institute Co., Ltd.
Report no. H-11017
Owner company AIST Japan
Company study no. H-11017

Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
gene mutation
Type of study
bacterial reverse mutation assay (e.g. Ames test)

Test guideline
Qualifier according to
Guideline JAPAN: Guidelines for Screening Mutagenicity Testing Of Chemicals
Deviations no

GLP compliance
yes

Test materials
Test material equivalent to submission substance identity
yes
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Test material identity
Identifier IUPAC name
Identity titanium(IV) oxide

Details on test material
- Name of test material (as cited in study report): TAYCA JMT-150IB
- Molecular formula (if other than submission substance):
- Molecular weight (if other than submission substance):
- Smiles notation (if other than submission substance):
- InChl (if other than submission substance):
- Structural formula attached as image file (if other than submission substance): see Fig.
- Substance type: Mono-constituent, inorganic
- Physical state: White solid powder
- Analytical purity: 99.5%
- Impurities (identity and concentrations): As <1; Pb<5; Sb<0.1; Hg<1 /ppm
- Composition of test material, percentage of components: 100%
- Isomers composition: Rutile
- Purity test date:
- Lot/batch No.:
- Expiration date of the lot/batch:
- Radiochemical purity (if radiolabelling):
- Specific activity (if radiolabelling):
- Locations of the label (if radiolabelling):
- Expiration date of radiochemical substance (if radiolabelling):
- Stability under test conditions:
- Storage condition of test material:
- Other:

Method
Species/strain
Species/strain S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system S9 mix
Species/strain E. coli WP2
Details on mammalian cell lines (if applicable)
Additional strain characteristics
Metabolic activation with and without
Metabolic activation system S9 mix

Test concentrations
5000, 2500, 1250, 625, 312.5 μg/plate
Vehicle
Dispersed in DMSO in concentration of 50 mg/mL with 10-minites sonication and used for the testing
after stepwide dilution.

Controls
Negative controls
Solvent / vehicle controls

yes
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True negative controls
Positive controls yes
Positive control substance other: AF-2, SA, 9-AA, and 2-AA
Remarks

Results and discussions
Test results
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Metabolic activation with and without
Test system all strains/cell types tested
Genotoxicity negative
Cytotoxicity not determined
Vehicle controls valid yes
Negative controls valid no data
Positive controls valid yes
Species/strain
E. coli WP2
Metabolic activation with and without
Test system all strains/cell types tested
Genotoxicity negative
Cytotoxicity not determined
Vehicle controls valid yes
Negative controls valid no data
Positive controls valid yes
Additional information on results
Precipitation of test substance was observed at 625 μg/plate and higher doses for those without S9 mix
activation and at 1250 μg/plate and higher doses for those with S9 mix activation.

Overall remarks, attachments
Attached background material
H-11017 Results

Applicant's summary and conclusion
Interpretation of results
negative

Endpoint study record: Genetic toxicity in vitro.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study (X) robust study summary (X) used for classification (X) used for MSDS
Study result type
experimental result
Study period
2010
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)
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Data source
Reference
Reference type
study report
Author
National institute of environmental research, Ministry of Environment, Korea
Year
2009
Title
The production of TiO2 nanoparticles hazardous data

Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
gene mutation
Type of study

bacterial reverse mutation assay (e.g. Ames test)
Test guideline
Qualifier according to
Guideline OECD Guideline 471 (Bacterial Reverse Mutation Assay)
Deviations no data
GLP compliance

yes (incl. certificate)

Test materials
Test material identity
Identifier Common name
Identity Titanium dioxide nanoparticles
Details on test material

- Name of test material (as cited in study report): TiO2 nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: 99.99%
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data

Confidential details on test material
no data
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Method
Species/strain
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Details on mammalian cell lines (if applicable)
no data
Additional strain characteristics no data
Metabolic activation with and without
Metabolic activation system
S9 mix
Test concentrations
Tests with S9 mix: 0, 313, 625, 1250, 2500 and 5000 ㎍/plate. Tests without S9 mix: 0, 313, 625, 1250,
2500 and 5000 ㎍/plate
Vehicle
dimethylsulfoxide
Controls
Negative controls
yes
Solvent / vehicle controls
yes dimethylsulfoxide
True negative controls no data
Positive controls yes
Positive control substance sodium azide 2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide(AF-2) (CAS No.
3688-53-7), Sodium azide(NaN3) (CAS No. 26628-22-8)
Remarks
Details on test system and conditions
NUMBER OF REPLICATIONS: 3
Number of metaphases analyzed : Not applicable
Statistics
Not applied

Results and discussions
Test results
Species/strain
S. typhimurium TA 1535, TA 1537, TA 98 and TA 100
Metabolic activation with and without
Test system strain/cell type:
Genotoxicity negative
Cytotoxicity no data
Vehicle controls valid no data
Negative controls valid no data
Positive controls valid yes
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Overall remarks, attachments
Attached background material
Table 5.1. The number of base substitutional revertant colnies for TiO2 nanoparticles in the absence of S9
mix(main test).
Types of Bacteria ( Mean ± S.D.)
TA100
TA1535
WP2uvrA
0
103 ± 15.0
10± 5.0
56± 2.5
313

94 ± 5.6

10± 4.6

56 ± 7.6

625

105 ± 6.9

9 ± 1.5

59± 2.0

1250

98 ± 6.7

10 ± 3.1

58± 4.2

2500

99 ± 9.8

12 ± 3.5

57 ± 0.6

5000 †

109 ± 5.5

7 ± 2.3

56 ± 4.0

Positive control
517 ± 48.31)
359 ± 44.62)
† : aggregation and precipotation of test substance
1) : 2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide(AF-2) 0.01 ㎍/plate
2) : Sodium azide(NaN3) 0.5 ㎍/plate
3) : 2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide(AF-2) 0.01 ㎍/plate

476 ± 26.33)

Table 5.2. The number of frameshift revertant colonies for TiO2 nanoparticles in the absence of S9
mix(main test).
Types of Bacteria ( Mean ± S.D.)
TA98
0
42 ± 7.5
313
61 ± 9.5
625
49 ± 4.7
1250
46 ± 2.1
2500
59 ± 5.3
5000 †
54 ± 6.6
Positive control
620 ± 15.0 1)
† : aggregation and precipotation of test substance
1) : 2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide(AF-2) 0.1 ㎍/plate
2) : 9-Aminoacridine hydrochloride hydrate (9-AA) 80 ㎍/plate
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TA1537
7 ± 2.1
8 ± 0.6
9± 2.6
9 ± 5.1
7 ± 0.6
11 ± 3.0
2597 ± 157.42)
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Table 5.3. The number of base substitutional revertant colnies for TiO2 nanoparticles in the present of
S9 mix(main test).
0

Types of Bacteria ( Mean ± S.D.)
TA100
TA1535
111 ± 6.2
13±3.5

WP2uvrA
68±2.1

313

120±4.6

12±2.0

62±10.6

625

128±18.8

17±7.5

68±7.2

1250

117±14.9

14±4.0

69±4.0

2500

106±6.7

17±1.5

54±3.6

5000 †

109±18.1

14±2.6
1)

Positive control
1579 ± 311.8
† : aggregation and precipotation of test substance
1) : 2-Aminoanthracene(2AA) 1.0 ㎍/plate
2) : 2-Aminoanthracene(2AA) 2.0㎍/plate
3) 2-Aminoanthracene(2AA) 10.0㎍/plate

327± 13.1

61±9.5
2)

258 ± 23.13)

Table 5.4. The number of frameshift revertant colonies for TiO2 nanoparticles in the present of S9 mix(main
test).
Types of Bacteria ( Mean ± S.D.)
TA98
TA1537
0
43±13.2
12±4.0
313
54±9.0
9±2.3
625
51±8.1
8±1.5
1250
55±2.6
7±1.7
2500
58±2.0
10±4.2
5000 †
48±9.3
13±2.0
Positive control
599 ± 18.51)
284 ± 33.52)
† : aggregation and precipotation of test substance
1) : 2-Aminoanthracene(2AA) 1.0 ㎍/plate
2) : 2-Aminoanthracene(2AA) 2.0 ㎍/plate

TiO2 surface charge by zeta potential analysis in distilled water :
Concentration

Blank (mv)

Average repeated 15 times(mv)

0.5mg/100mL

0.00

33.87

1.5mg/100mL

0.00

34.89

2.5mg/100mL

0.00

35.68

3.5mg/100mL

0.00

31.34

5.0mg/100mL

0.00

32.46

Applicant's summary and conclusion
Interpretation of results
negative
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Conclusions
TiO2 nanoparticles did not induce an increase in bacterial colony formation, and thus were not mutagenic
under the test conditions.

Endpoint study record: Genetic toxicity in vitro.002_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study (X) robust study summary (X) used for classification (X) used for MSDS
Study result type
experimental result
Study period
2011
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
Ministry of Knowledge and Economy (MKE), Korea
Year
2011
Title
In vitro mammalian chromosome aberration test of TiO2 nanoparticles using cultured Chinese hamster
ovary (CHO-K1) cells
Testing laboratory KCL (Korea conformity Laboratory)

Data access
data submitter is data owner
Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
chromosome aberration
Type of study
in vitro mammalian chromosome aberration test

Test guideline
Qualifier according to
Guideline
OECD Guideline 473 (In vitro Mammalian Chromosome Aberration Test)
Deviations no data
GLP compliance
yes (incl. certificate)

Test materials
Test material identity
Identifier CAS number
Identity 5949-29-1
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Details on test material
- Name of test material (as cited in study report): TiO2 nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: : 99.0 ~ 102.0 %
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data
Confidential details on test material
- Analytical purity:99.0 ~ 102.0 %
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Purity test date:no data
- Lot/batch No.:no data
- Expiration date of the lot/batch:no data
- Isomers composition:no data
- Other:no data

Method
Species/strain
Species/strain
Chinese hamster Ovary (CHO)
Details on mammalian cell lines (if applicable)
no data
Additional strain characteristics no data
Metabolic activation with and without
Metabolic activation system
S9 mix
Test concentrations
The TiO2 nanoparticles was employed for this test. To determine chromosome aberration test dose level,
Relative Cell Count (RCC) was calculated for all cultures treated with the Test Substances and control
substance at the 8 dose levels (39.06, 78.13, 156.25, 312.5, 625, 1250, 2500 and 5000 μg /㎖). The details
of concentrations are as follows: Tests without S9 mix: 0, 39.06, 78.13, 156.25 μg/mL for 24 hrs
treatment, and 0, 19.53, 39.06, 78.13 μg /mL for 6 hrs treatment and 18 hrs recovery period.
Vehicle
- Vehicle(s)/solvent(s) used: 1.0% citrate solution

Controls
Negative controls
yes
Solvent / vehicle controls
yes Solvent : Sterilized distilled water
True negative controls yes 1.0% citrate solution
Positive controls yes
Positive control substance mitomycin C 0.04 ug/uL (in the absence of S9 mix)
Remarks Positive control 10 ug/uL CyclophosphamideH2O (in the presence of S9 mix)
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Details on test system and conditions
NUMBER OF REPLICATIONS: Two replicate cultures were used for each concentration level
Frequency of Dosing: single treatment
Description of follow up repeat study: Follow up study was performed because metaphasic cells were not
observed in the first test.
Evaluation criteria
Statistical analysis was performed to determine the increase in frequency of aberrant metaphase and
polyploidy. A concentration-related increase or a reproducible increase in the number of cells with
chromosome aberrations was considered to be positive.
Statistics
Chi-Square test for comparison with control and linear logistic regression test for dose-response
relationship
Any other information on materials and methods incl. tables
Statistical Methods: Chi-Square test for comparison with control and linear logistic regression test for
dose-response relationship.

Results and discussions
Test results
Species/strain
Chinese hamster Ovary (CHO)
Metabolic activation with and without
Test system strain/cell type:
Genotoxicity negative
Cytotoxicity yes
Vehicle controls valid no data
Negative controls valid no data
Positive controls valid no data
Additional information on results
Cytotoxic concentration With metabolic activation: 156.25 ug /mL Without metabolic activation: 78.13
ug /mL (6 hrs treatment) and 156.25 ug /mL (24 hrs treatment) Precipitation concentration if applicable:
Test substance precipitation was observed over 312.5 ug /mL for without metabolic activation system.
Mitotic index: Not determined

Applicant's summary and conclusion
Interpretation of results
negative

Conclusions
TiO2 nanoparticles did not induce an increase in chromosomal aberration. Therefore, it is not genotoxic
under the test conditions.

7.6.2 Genetic toxicity in vivo

Endpoint study record: Genetic toxicity in vivo.001_Sukgyung
Administrative Data
[IP] OECD: HPVC
Purpose flag
key study (X) robust study summary (X) used for classification (X) used for MSDS
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Study result type
experimental result
Study period
2010
Reliability
1 (reliable without restriction)
Rationale for reliability
1a - GLP guideline study(OECD)

Data source
Reference
Reference type
study report
Author
National institute of environmental research, Ministry of Environment, Korea
Year
2009
Title
The production of TiO2 nanoparticles hazardous data.

Data access
data submitter is data owner

Data protection claimed
yes, but willing to share

Materials and methods
Type of genotoxicity
chromosome aberration

Type of study
micronucleus assay

Test guideline
Qualifier according to
Guideline
OECD Guideline 474 (Mammalian Erythrocyte Micronucleus Test)
Deviations no data
GLP compliance
yes (incl. certificate)

Test materials
Test material identity
Identifier Common name
Identity Titanium dioxide nanoparticle

Details on test material
- Name of test material (as cited in study report): TiO2 nanoparticles
- Substance type: no data
- Physical state: no data
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Isomers composition: no data
- Purity test date: no data
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- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Stability under test conditions: no data
- Storage condition of test material: no data
- Other: no data

Confidential details on test material
- Analytical purity: 99.99%
- Impurities (identity and concentrations): no data
- Composition of test material, percentage of components: no data
- Purity test date: no data
- Lot/batch No.: no data
- Expiration date of the lot/batch: no data
- Isomers composition: no data
- Other: no data

Test animals
Species
mouse
Strain
ICR
Sex
male
Details on test animals and environmental conditions
TEST ANIMALS
- Source:
- Age at study initiation: Seven weeks old
- Weight at study initiation: Not presented

Administration / exposure
Route of administration
intraperitoneal
Vehicle(s)
Saline
Details on exposure
no data
Duration of treatment / exposure
no data
Frequency of treatment
no data
Post exposure period
no data
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Doses / concentrations
Basis nominal conc. 500, 1000 and 2000 mg/kg body weight
No. of animals per sex per dose
Six per dose. In total, thirty for whole experiments.
Control animals
yes

Examinations
Details of tissue and slide preparation
Body Fluids Sampled: Bone marrow cells in femur were collected 24 hours after treatment. Chemical
analysis: Samples were observed under 400 times magnification or more by blind methods with
fluorescence microscope and optical microscope. In order to count the number of cells containing
micronucleus, around 2,000 polychromatic erythrocytes in good conditions were selected. 200
erythrocytes were selected to determine the presence (or absence) of polychromatic erythrocytes and the
ratio between the two was estimated.
Statistics
One way analysis of variance (ANOVA) test

Results and discussions
Test results
Sex
male
Genotoxicity positive
Toxicity no effects
Vehicle controls valid no data
Negative controls valid no data
Positive controls valid no data
Additional information on results
Compared with vehicle control counterparts, mice with treated TiO2 nanoparticles did exhibit significant
body weight changes in 2000 mg/kg dose group. Polychromatic erythrocytes rates in treated mice with
TiO2 nanoparticles did not show significant suppression of proliferation of bone marrow cells compared
with vehicle control.

Overall remarks, attachments
Attached background material
Table 5.6. The comparison of body weight for test animal.docx
Table 5.6. The comparison of body weight for test animal
Sampling
Groups
Dose
Animal No.
time(hrs)
(mg/kg)

Body weights (gram, Mean±S.D.)
Administration

Sacrifice

24

V.C.

0

6

35.80±1.44

35.98±1.09

TiO2

500

6

36.30±1.09

35.88±1.19

147

ENV/JM/MONO(2015)17/ADD1
nanoparticles

MMC

1000

6

35.93±1.18

34.25±1.39

2000

6

35.14±1.09

32.67±1.96 *

2.0

6

35.27±0.69

34.31±2.99

* Significantly different from the control at P<0.05 (One-way ANOVA)

Table 5.7.docx
Table 5.7. Frequency of PCE/(PCE+NCE)
TiO2 nanoparticles for 24 hrs.
Sampling
Groups
Dose(mg/kg
time(hrs)
)
V.C.
0

TiO2
nanoparti
cles

500

1000

2000

MMC

2.0

ratio in bone marrow of male mouse treated with indicated doses of
Anim
al No.
1

MNPCE/2000
PCEs(Mean±SD, %)
(0.15± 0.13)
0.10

PCE/(PCE+NCE)
(Mean±SD)
0.52
(0.42± 0.02)

2

0.40

0.57

3

0.10

0.61

4

0.10

0.57

5

0.05

0.35

6

0.15

0.63

7

0.15

8

0.15

0.49

9

0.20

0.52

10

0.10

0.50

11

0.05

0.56

12

0.10

0.63

13

0.10

14

0.10

0.56

15

0.15

0.54

16

0.05

0.57

17

0.00

0.44

18

0.10

0.47

19

0.15

20

0.05

0.47

21

0.05

0.49

22

0.05

0.29

23

0.05

0.38

24

0.10

0.39

25

7.55

26

9.45
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(0.13 ± 0.05)

(0.08± 0.05)

(0.08± 0.04)

(8.77±1.24)*
*

0.55

0.40

0.52

0.40
0.50

(0.44 ± 0.08)

(0.40± 0.04)

(0.38± 0.05)

(0.35± 0.03)*
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27

7.95

0.44

28

8.35

0.39

29

10.95

0.47

30

8.35

0.39

V.C.: Vehicle control, MMC: Mitomycin (2.0 mg/mL), PCE: Polychromatic erythrocytes, NCE:
Normochromatic erythrocyte, Vehicle: saline
* significantly different from the vehicle control at P<0.05(One-way ANOVA)
** significantly different from the vehicle control at P<0.01(One-way ANOVA)

Applicant's summary and conclusion
Interpretation of results
negative

Conclusions
There was no statistical difference between the frequencies of MNPCE for TiO2 nanoparticles treated
groups and a vehicle control group.

7.7 Carcinogenicity
7.8 Toxicity to reproduction
7.9 Specific investigations
7.10 Exposure related observations in humans
7.10.1 Health surveillance data
7.10.2 Epidemiological data
7.10.3 Direct observations: clinical cases, poisoning incidents and other
7.10.4 Sensitisation data (humans)
7.10.5 Exposure related observations in humans: other data
Endpoint study record: Exposure related observations in humans: other data.001
Administrative Data
Purpose flag
Study
Reliability

supporting study (X) robust study summary ( ) used for classification ( ) used for MSDS
result
experimental result
2 (reliable with restrictions)

Data source
Reference
Reference type

publication
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Author
Lee JH, Kwon M, Ji JH, Ahn KH, Han JH, Yu IJ
Year
2011
Title
Exposure assessment of workplaces manufacturing nonosized TiO2 and silver.
Bibliographic source Inhalation Toxicology, 23(4): 226-36

Data access
data published

Materials and methods
GLP compliance
no

Test materials
Test material identity
Identifier CAS number
Identity 5949-29-1
Details on test material
Purity : 99.0 ~102.0%
Confidential details on test material
Purity : 99.0 ~102.0%

Method
Ethical approval
other:
Details on study design
Sampling sites: The current study measured the nanoparticle concentrations inside four plants
manufacturing TiO2 in 2009. The information related to each plant is shown in Table 1.
Exposure assessment
measured
Details on exposure
TYPE OF EXPOSURE: Real-time aerosol monitoring
TYPE OF EXPOSURE MEASUREMENT: Personal and area air sampling
DESCRIPTION :Sampling : The air samples were taken by drawing air through mixed cellulose ester
filters in sampling cassettes (37 mm diameter, 0.8 μm nominal pore-size, and 2 in. cowl, open-face)
obtained from Pall Corp (P/N 64678, Michigan USA). The filter samples for personal sampling were
collected in the breathing zone using MSA (Escort Elf pump)-operated sampling pumps at a flow rate of
1.5-2.0 L/min and SKC (Leland Legacy pump)-operated sampling pumps at a flow rate of 6.9-7.3 L/min
when the work duration was short. The sampling holders were also changed during the sampling period to
avoid overload. The sampling with personal samplers was performed during the normal work period by
from 09:30 to 16:00 and typically lasted from 159 to 350 min. The personal samplers were attached to the
workers involved in the manufacturing nanomaterials. Some samples for area samplings were also
collected on the filters by placing the samplers 1-4 meters away from the manufacturing devices, the
suspected emission sources for nanoparticles and several places in the workplace to represent the
workplace. aerosol monitoring: An SMPS combining a differential mobility analyzer (DMA, 4220, HCT
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Co., Ltd, Korea) and condensation particle counter (CPC, 4312, HCT Co., Ltd, 0–108 particles/cm3
detection range) was used to monitor the particle size distribution with the electrical mobility diameter
ranging from 15 to 710.5 nm. Meanwhile, a dust monitor (Model 1.108, Grimm) was used to observe the
particle size distribution with the diameter ranging from 0.3 to 20 µm. The workplace air was sampled at
a low rate of 0.3 and 1.2 L/min for the SMPS and dust monitor, respectively. The SMPS scanned the
particle sizes at a time resolution of 3 min (120 s for up-scan and 30 s for retrace), while the average
times for the dust monitor were 6 sec~1 min. Transmission electron microscopy (TEM) The air samples
were analyzed according to National Institute of Occupational Safety and Health (NIOSH) analytical
method 7402 (1994) and Han et al. (2008). The filter was coated with carbon and mounted onto carbon
coated copper grids (Veco, Eerbeek, Holland) using acetone vapor. Meanwhile, the Ag and TiO2
nanoparticles were morphologically identified using a scanning transmission electron microscope
(STEM; Hitachi 7100, Tokyo) and determined by comparing the elemental composition of the TiO2
nanoparticles using an energy dispersive X-ray analyzer (EDX; KEVEX 7000Q, Foster City, CA) (Han et
al., 2008; Lee et al., 2010)).

Any other information on materials and methods incl. tables
Plant Region Manufactured materials Process Engineering controls PPE use A Seoul (1) TiO2
Manufacturing Chemical synthesis(Pilot test) Fume Hood Half-mask, Lab coat, glove B Seoul (2) TiO2
Manufacturing Chemical synthesis(Mass Production) Enclosure local exhasut system Working clothes
glove box

Results and discussions
Results
TiO2 manufacturing workplaces Workplace A manufactured TiO2 in a powder form. The amount TiO2
produced in the workplace A was 5g/hr. As the reactor used to manufacture the TiO2 was small enough to
be placed in a fume hood, the entire manufacturing process was conducted in the fume hood. The
manufacturing reaction process lasted 4 hrs and the workers were not involved in any operation during
the reaction. The TiO2 powder was collected after the reaction, once the temperature had dropped to
room temperature, and the manufacturing room was separated from the other rooms, as shown in Figure 1
D. Nonetheless, even though the reactor was located inside the fume hood, the workers were at risk of
exposure during the powder collection, which involved the use of a brush and required the workers to put
their head inside the fume hood. The workers wore a lab coat and respirator. The mass concentrations
sampled as shown in Figure 1D during the reactor operation ranged from 0.11702-0.50386 to 0.554024.99251 mg/m3 during the reactor operation and powder collection, respectively (Table 2). Although the
powders were collected inside the fume hood, the area sampling (Area-3 and 6) near the fume hood
showed rather high concentrations of 4.99 mg/m3 and 3.27 mg/m3, respectively, while the personal
sampling showed 0.55 mg/m3. These concentrations were all lower than the occupation exposure limit
(10 mg/m3) provided by ACGIH. The particle number concentrations ranged from a background level of
11,418 at the start of the manufacturing to a peak of 45,889 particles/cm3 with a size range of 15 to 710.5
nm during the reaction (Figure 1 A). However, the concentration decreased quickly to a background level
of close to 14,000 particles/cm3 when the reaction was stopped, indicating that the ultrafine particles
released from the reaction did have an effect on the indoor concentration of particles (Figure 1 A). The
particle number concentrations went up and down repeatedly when the reaction temperature was
increased, whereas the particle concentration decreased during the power-off and pressure-off period
(Figure 1A). The increase in the number of nanoparticles in the workplace after starting the nanomaterial
manufacturing equipment was due to the emission of some nanoparticles from the equipment. However,
the background level was recovered when the manufacturing was stopped. Thus, the results indicated that
nanoparticles can be released from the manufacturing equipment into the workplace air, yet can be
removed from the workplace air by ventilation. Although the particle number concentration of TiO2
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increased slightly during the powder collection, this concentration was still lower than that when
increasing the temperature (Figure 1A). Particles sizes larger than 0.3 ㎛ increased when elevating the
temperature, indicating that the particles were continually agglomerated or aggregated during the
manufacture of the TiO2 (Figure 1A). Furthermore, during the manufacture of the TiO2, there was an
increase in the number of particles smaller than 30 nm and 70-100 nm, and an increase in the number of
particles larger than 100 nm before (10:03) and after the manufacture (15:09) due to agglomeration or
aggregation (Figure 1 B & C). The filter sampled at area 4 during reactor operation (Figure 1 D), prepared
for TEM, showed no individual TiO2 particles but clumped structures, as shown in Figure 2A. Workplace
B was a TiO2 powder manufacturing laboratory that used a large scale reactor surrounded by a vinyl
curtain, and the vessel used to collect the TiO2 powder was located in a glove box (Figure 3 D). The
amount of TiO2 produced in the workplace B was 5 kg/hr. The mass concentrations ranged from 0.09502
to 0.89443 mg/m3, which were lower than the occupational exposure limit 10 mg/m3 set by the Ministry
of Labor or ACGIH (Table 2). As shown in Figure 3 A, the particle number concentrations in the range of
15 to 710.5 nm in size were ranged 8,920-66,695 particles/cm3 during manufacturing, and leveled off to
12,000 particles/cm3 when the manufacturing ended. The operation of the vacuum pump at the start of
the work was also found to increase the particle number, along with two welding operations in other
locations in the lab, indicating that other operations besides the TiO2 manufacturing were involved in
increasing the particle number concentration. As shown in Figure 3 B, the vacuum pump operation
increased the number of particles below 30 nm in size and slightly increased the number of particles 200300 nm in size. The welding also increased the number of particles below 30 nm and 30-50 nm in size.
The removal of the collection vessel or termination of the manufacturing resulted in a low particle
number concentration with no changes in the particle size.

Overall remarks, attachments
Attached background material
Real-time particle measurement in workplace.jpg
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TiO2 mass conc .jpgTransmission electron micrograph of TiO2 nanoparticles sampled on the area 4
filter..jpg
Real-time particle measurement in workplace B.jpg

Applicant's summary and conclusion
Conclusions
The gravimetric concentrations of TiO2 ranged from 0.10 to 4.99 mg/m3, which were lower than the
occupational exposure limit 10 mg/m3 set by the Korean Ministry of Labor or ACGIH (American
Conference of Industrial Hygienists). The particle number concentrations at the nano TiO2 manufacturing
workplaces ranged from 11,418 to 45,889 particles/cm3 with a size range of 15 - 710.5 nm during the
reaction, while the concentration decreased to 14,000 particles/cm3 when the reaction was stopped. The
particle concentrations at the TiO2 manufacturing workplaces increased during the reactor and vacuum
pump operations, and during the collection of the synthesized TiO2 particles. The TiO2 nanoparticle
concentrations were relatively lower than existing occupational exposure limits.
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7.11 Toxic effects on livestock and pets
7.12 Additional toxicological information
7.13 In vitro toxicological information
Endpoint study record: cyto-toxicity by Uni Alberta
Administrative Data
Purpose flag ( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result

Data source
Data access
other: preformed and provided by University of Alberta, Canada

Cross-reference to same study
"In vitro cytotoxicity and genotoxicity studies of titanium dioxide (TiO2) nanoparticles in Chinese
hamster lung fibroblast cells" Mahsa Hamzeh, Geoffrey I. Sunahara Toxicology in Vitro 27 (2013) 864–
873 Monitoring of potential cytotoxic effects of titanium dioxide using on-line and non-invasive cellbased impedance spectroscopy. K. B. Male, M. Hamzeh, J. Montes, A. C.W. Leung and J. H.T. Luong.
(submitted, Analyst, 2012)

Materials and methods
Type of information
inhibitory/cytotoxic effects

Principles of method if other than guideline
Electric cell substrate impedance sensing: Cells attach to a gold electrode surface pre-coated with a
protein (fibronectin for mammalian cells and Concanavalin A for insect cells) recognized by the cell line.
The test substance (titanium dioxide in different nano forms- see test substance sheets) is added
simultaneously with the cell line chosen and the resistance change is monitored with time and then an
ECIS50 value is determined based on inhibitory/cytotoxic effects. The effect of UV light exposure of
titanium dioxide nanoparticles was also evaluated by the addition of a UV light source to the incubation
chamber of the ECIS system. The methodology has been referenced in the literature numerous times by
the Luong group

Describe the scientific and technical basis of the test method
What biological/cellular model is the method based on?
Chinese hamster lung fibroblast V79 cells (mammalian) 1.5 x 10^6 cells/mL Spodoptera frugiperda Sf9
(insect cells) 3 x 10^6 cells/mL

What biological endpoints/responses does this method address?
inhibitory/cytotoxic effects
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What methods/techniques are used for endpoints/responses determination?
Sample (titanium dioxide) was added as a suspension in culture medium (SF-900 II for insect cells and
DMEM for mammalian cells) along with cell in culture medium to the wells of the ECIS plates.
Nanomaterials may enter the cells or disrupt the adhesion and spreading of the cells on the electrode
surface due to interactions at the substratum level (cell-protein binding). The exposure duration is up to
24 hours. The concentrations of titanium dioxide nanoparticles tested were in the range of 30-400 ppm.
ECIS50 values were determined as SEM (standard error on the mean) for n=3. For each experiment, 6
concentrations of the test substance were run in duplicate. Each test substance was then evaluated 3 times.
Controls are run as follows: The system (wells with protein coated gold electrodes) is pre-run with culture
medium for 1 hour to establish a flat baseline. Controls (4 of 16 well positions for each run) containing
cells without the test substance (titanium dioxide) are run with each experiment. The controls are critical
in order to calculate the ECIS50 values. Ethanol at 2 % is added to the culture medium for trials with
insect cells.

Performance assessment of the method
Test materials
Test material identity
Identifier Common name
Identity TiO2 Fiber Anatase Homitan LW-S (Bulk); purchased from Sachtleben Chemie (Duisburg,
Germany)
Identifier Common name
Identity TiO2 Anatase MTI5 ; obtained from MTI Corporation (Richmond, CA, USA)
Identifier Common name
Identity Titanium (IV) oxide nanopowder in the form of needles (10 nm x 40 nm); purchased from
Aldrich (St Louis MI, USA)

Details on test material
Nano-TiO2 MTI5 (anatase) was obtained from MTI Corporation (Richmond, CA), P25 (anatase/rutile),
and nanofilament rutile was supplied by Sigma–Aldrich (Saint-Louis, MO). Hombitan LW-S (H. Bulk
anatase) was provided by Sachtleben Chemie (Duisberg, Germany), and Vive Nano Titania (–) (rutile)
and Allosperse-A (polymerwithout the nano-TiO2, control) were kindly provided by Vive Nano Inc.
(Toronto, ON). Homitan LW-S : 99% TiO2, Anatase with 0.6 % rutile, 0.17 % P and 17 mg/kg Fe
particle size : 300 nm (manufacturer’s specs): 170 nm nominal size measured size distribution as
delivered/ in test media/ in test system: agglomeration/ aggregation: 365 nm measured by DLS ZetaPotential: -26.2 mV in water, -13 mV (pH 8), -18.9 mV (pH 6.5) Surface Area: 11.5 m2/g
(manufacturer’s specs): 9.8 m2/g measured by BET MTI5: particle size : 5 nm (manufacturer’s specs):
5.9 nm nominal size measured size distribution as delivered/ in test media/ in test system agglomeration/
aggregation: 460 nm measured by DLS Zeta-Potential: -18.5 mV in water, -12 mV (pH 8), -16 mV (pH
6.5) Surface Area: 280.9 m2/g measured by BET Titanium (IV) oxide nanopowder : 99.5% TiO2, Rutile,
may contain up to 5% weight silicon dioxide coating particle size : 10 x 40 nm (manufacturer’s specs):
15.5 nm nominal size (based on sphere) measured size distribution as delivered/ in test media/ in test
system agglomeration/ aggregation: 420 nm measured by DLS Zeta-Potential: -13.6 mV in water, -12 mV
(pH 8), -14.4 mV (pH 6.5) Surface Area: 130-190 m2/g (manufacturer’s specs) 107.4 m2/g measured by
BET Vive Nano Titania (coated nanoTiO2) 1-10nnm, agglomeration size 600nm, zeta potential (pH 8) 19mV

Details on vehicle/medial matrix
For mammalian cells (V79) the medium used was DMEM and for insect cells (Sf9) the medium used was
SF-900 II.
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Sample preparation/conditioning protocol
Sample is dispersed by homogenization (stock solutions in the range of 400-800 ppm in culture medium)
at 5000 rpm for 5 min using a IKA® T25 digital Ultra-Turrax homogenizer (IKA® Works Inc.,
Wilmington, NC, USA). Samples were used the same day of homogenization and vortexed before use to
have as homogeneous solution as possible, since the sample will sediment out with time.

Method
Any other information on materials and methods incl. tables
No significant protocol deviation from methods reported by the Luong group in the literature.

Results and discussions
Remarks on results including tables and figures
Titanium dioxide nanoparticles did not displayed very significant cytotoxic effects with respect to
mammalian cells (Chinese hamster lung fibroblast V79 cells) using electric cell-substrate impedance
sensing (ECIS) as a screening technique. Significant cytotoxic effects were not observed up to 400 ppm
with P25 (TiO2 Aeroxide P25-80% anatase, 20 % rutile: Evonik Industries (Piscataway, NJ, USA)),
MTI5 (TiO2 Anatase MTI5: MTI Corporation (Richmond, CA, USA)) and bulk TiO2 (TiO2 Fiber
Anatase Homitan LW-S: Sachtleben Chemie (Duisburg, Germany)). However, titanium oxide
nanopowder (Titanium (IV) oxide nanopowder-rutile CAS number 1317-80-2: Aldrich (St Louis MI,
USA)) in the shape of needles (10 x 40 nm) showed an inhibitory effect at the extracellular matrix level as
cells on the electrode surface were not able to spread easily as observed microscopically. The ECIS50
value determined was about 250 ppm. Using insect cells (Spodoptera frugiperda Sf9) as an ECIS test
model, inhibitory effects were observed for all TiO2 samples. The ECIS50 values differed depending on
the size and shape of the TiO2 nanostructure. The lowest ECIS50 value (~ 160 ppm) was observed for
titanium oxide nanopowder in the shape of needles (10 x 40 nm), whereas P-25 (34 nm), MTI5 (5 nm)
and bulk (170 nm) titanium dioxide exhibited ECIS50 values of 185, 265 and 385 ppm, respectively.
Exposure of titanium nanoparticles to UV light at either 254 nm or 365 nm had no significant effect on
the ECIS50 value

Overall remarks, attachments
Overall remarks
Description of how the results were used and interpreted to reach the conclusions. In particular, it should
address whether and how any conclusion on "classification or non-classification" for the addressed
endpoint can be derived from this particular study results. ECIS results demonstrated that nano titanium
dioxide did not display significant cytotoxic effects on either mammalian or insect cells attached to
protein coated gold electrodes. Observation of the electrode surface after 24 h indicated the presence of
many viable mammalian cells (not many dead cells were observed as is the case with other potent toxins)
still attached to the electrode surface, however the cells were not as well spread as in the case of the
control (no titanium dioxide nanoparticles). Insect cells on the surface look more spherical compared to
the flattened forms observed with the controls. Inhibitory effects were noted at the substratum level
(adhesion and spreading of cells on the gold surface) resulting in differential changes in the resistance
response which were dose dependent. The ECIS50 values varied for different nano titanium dioxide test
substances, which is likely due to their differences with respect to factors such as: particle size, charge
(zeta potential), particle surface area and composition (anatase vs. rutile). Exposure of the titanium
dioxide nanoparticles to UV light did not alter the ECIS50 values.
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Attached full study report

Applicant's summary and conclusion
Conclusions
Cell-based impedance spectroscopy measurement in combination with Sf9 cells and V79 fibroblast cells
is a simple and reliable tool for screening potentially cytotoxic/inhibitory effects of nanoscale materials.
ECIS results demonstrated that titanium dioxide nanoparticles did not display significant cytotoxic effects
on either mammalian or insect cells attached to the protein coated gold electrodes. This noninvasive and
real-time approach allows quantitative assessment of biocompatibility of lead nanoscale materials such as
titanium dioxide nanoparticles for diversified applications.

Cross-reference to other study
J.H.T. Luong, M. Habibi-Razaei, J. Meghrous, C. Xiao, K.B. Male, and A. Kamen, Anal. Chem., 2001,
73, 1844-1848. C. Xiao, B. Lachance, G. Sunahara, and J.H.T. Luong, Anal. Chem., 2002, 74, 57485753. C. Xiao, and J.H.T. Luong, Biotechnol. Prog., 2003, 19, 1000-1005. K.B. Male, B. Lachance, S.
Hrapovic, G. Sunahara, and J.H.T. Luong, Anal. Chem. 2008, 80, 5487-5493. K.B. Male, Y.K. Rao, Y.M. Tzeng, J. Montes, A. Kamen, and J.H.T. Luong, Chem. Res. Toxicology. 2008, 21, 2127-2133. K.B.
Male, Y-M. Tzeng, J. Montes, B-L. Liu, W-C. Liao, A. Kamen, and J.H.T. Luong, Analyst 2009, 134,
1447-1452. K.B. Male, R. Tom, Y. Durocher, C. Greer, and J.H.T. Luong. Environmental Science and
Technology. 2010 44, 6775-6781. K. B.Male, A.C.W. Leung, J. Montes, A. Kamen, and J.H.T. Luong,
Nanoscale, 2012, 4, 1373-1379

Endpoint study record: US EPA Detection of TiO2 NPs in Human-Derived
Retinal Pigment Cells by Flow Cytometry
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Reliability
1 (reliable without restriction)
Rationale for reliability
Peer Reviewed Publication

Materials and methods
Principles of method if other than guideline
For microscopic observations, ARPE-19 cells (ATCC, Manassas, Virginia) were plated in T75 culture
flasks in a 1:1 mixture of Dulbecco’s Modified Eagle’s Medium and Ham’s F-12 Nutrient Mixture
(DMEM/F-12) with 10% fetal bovine serum (FBS). Cells were grown to confluency, trypsinized, and
plated on chambered glass tissue culture slides (1 ml cell suspension per chamber, 2 3 105 cells/ml). After
plating, cells were incubated for 24 h (378C, 5% CO2) without TiO2, then treated with different
concentrations of TiO2 nanoparticles for a further 24 h before staining and fixation. For flow cytometry,
ARPE-19 cells were plated in seven T75 culture flasks (5 3 104 cells/ml) in DMEM/F-12 with 10% FBS.
Cells in flasks were incubated for 24 h without TiO2, then treated with different concentrations of TiO2
nanoparticles for 24 h. They were then trypsinized while still in proliferative phase growth, centrifuged,
brought up in 2 ml media, and placed on ice before analysis. The NPs had a BET surface area of 22.2
m2/g, corresponding to a primary particle size of about 70.1 nm. By TEM and DLS, the average particle
size was about 57 nm, with 90% of the sample distribution between 36 and 97 nm. Most of the primary
particles were associated with compact aggregates 400–800 nm. By SEM most of the mass was in large
aggregates 5–15 lm. To prepare dosing solutions, the dry TiO2 particles were weighed and suspended in
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DMEM/F-12 with 10% FBS. The suspension was then sonicated (until suspension appeared
homogeneous to the naked eye) and characterized by dynamic light scattering (DLS, Malvern Zetasizer
Nano) and microscopy. FBS in the dispersant was found to provide a relatively stable, monodispersed
particle suspension on DLS evaluation. At a concentration of 3 lg/ml, an average hydrodynamic diameter
of ~800 nm was observed, with a polydispersity index of 0.523, indicating a fairly disperse solution
containing a range of nanosized particles and larger aggregates. ARPE-19 cells were treated with
nanoTiO2 at 0, 0.1, 0.3, 1, 3, 10, and 30 lg/ml. Cellular reactions to nanoparticles were evaluated using a
flow cytometer and an E-800 Nikon microscope containing a xenon light source and special dark field
objectives. Preliminary results suggested that 24-h incubation allowed most of the particles to settle onto
the cells or onto the slide bottom, with larger coarse aggregates appearing under microscopy to form
during the incubation and sediment more quickly than smaller particles. Flow cytometry experiments and
most microscopic observations were done at ne at both 4 and 72 h.

Performance assessment of the method
Test materials
Details on test material
30-40nm TiO2 from NanoAmor

Overall remarks, attachments
Overall remarks
Nanoparticles gradually sedimented onto ARPE-19 cells and passed through the cell membrane. Once the
nanoparticles entered a cell, they appeared to migrate to the endoplasmic reticulum (ER) and surround the
nucleus (Zucker et al., in preparation). In many cells, the nucleus was seen as a distinct object with
nanoparticles outlining it. (Fig. 1) The particles did not appear to penetrate into the nucleus, though some
aggregates may have been in the cytoplasm between the nuclear envelope and the nucleus. This
nanoTiO2 distribution was seen in both live and fixed cells. The particles also appeared to aggregate
within the cytoplasm. This aggregation was dependent in part on the concentration of particles added to
the growing cells. At the highest concentration tested (30 lg/ml), TiO2 showed a minimal decrease in cell
viability (~2%) as measured by PI membrane permeability. NanoTiO2 had a dose-dependent effect on the
cells that was measurable using the FSC and SSC parameters. From the cytogram and histogram analysis,
there were overlapping distributions with the different doses of nanoparticles used on the cells. The
histogram and cytogram distribution between 0.3 and 30 lg/ml showed a monotonic increase in mean
intensity of SSC with increasing dose. The 0.1 lg/ml dose also showed greater SSC than the untreated
control cells (data not shown). There was a 10-fold increase in SSC between control and 30 lg/ml.
Corresponding to this increase in SSC was a dosedependent decrease in the FSC between 3 and 30 lg/ml.
The FSC was not as sensitive to TiO2 as the SSC. As previously shown with human granulocytes, this
FSC value decreased if the SSC signal was great, due to light scattering in all directions and not being
transmitted to the FSC detector. This linear relationship suggests that the amount of nanomaterials inside
the cells is related to the dose applied to the cells. Since the SSC parameter can be measured using a flow
cytometer, it gives us the possibility of correlating cellular nanoparticle content with observable cellular
toxicity and viability effects in future experiments. The uptake of TiO2 by ARPE-19 cells was observed
in a dose-dependent manner with both dark field microscopy and flow cytometry. Low concentrations of
TiO2 resulted in visible individual aggregates, while cells treated with high concentrations showed fine
and coarse aggregates throughout the cytoplasm. In all cases, particles tended to be present in perinuclear
rings, collocating with the ER and the Golgi apparatus. When these TiO2-treated cells were examined by
flow cytometry, the SSC increased and FSC decreased with increasing TiO2 concentrations. The results
from these two techniques were concordant, with more particles visible in cells that showed increased
flow cytometry SSC. The light scattering properties of TiO2 allowed detection and observation by both
flow cytometry and dark field microscopy.
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Endpoint study record: JP-AIST / Cellular influence including cytotoxicity
Administrative Data
Purpose flag
( ) robust study summary ( ) used for classification ( ) used for MSDS
Study result type
experimental result
Reliability
1 (reliable without restriction)
Rationale for reliability
Peer Reviewed Publication

Data source
Reference
Reference type
publication
Author
Horie M, Nishio K, Fujita K, Kato H, Endoh S, Suzuki M, Nakamura A, Miyauchi A, Kinugasa S,
Yamamoto K, Iwahashi H, Murayama H, Niki E, Yoshida Y
Year
2010
Title
Cellular responses by stable and uniform ultrafine titanium dioxide particles in culture-medium
dispersions when secondary particle size was 100 nm or less.
Bibliographic source Toxicol In Vitro. 24(6): 1629-1638.
Testing laboratory AIST

Data access
data submitter is data owner

Materials and methods
Type of information
An in vitro cytotoxicity of TiO2 nanoparticle was evaluated using 10 kinds of cultured cells. Particularly,
cellular influences of human lung carcinoma A549 cells and human keratinocyte HaCaT were closely
examined. The TiO2 medium dispersion was well characterized.
Principles of method if other than guideline
An in vitro cytotoxicity study. To exclude artificial effects, protein adsorption ability of TiO2
nanoparticles was prevented by treatment with bovine serum albumin. And stable TiO2 nanoparticlesmedium dispersions were prepared. TiO2 nanoparticles whose primary particles size were 7 and 20 nm
were dispersed in 10% FBS supplemented DMEM. Cell viability, apoptosis, intracellular ROS level,
induction of oxidative stress and cellular uptake (TEM observation) were evaluated.

Describe the scientific and technical basis of the test method
What biological/cellular model is the method based on?
Human keratinocyte HaCaT cells; Human lung carcinoma A549 cells; Human lung cancer LU99 cells;
Human bronchioalveolar carcinoma NCI-H358 cells; Human lung fibroblast (normal) WI-38 cells;
Human hepatocellular carcinoma Hep G2 cells; Human adenocarcinoma Caco-2 cells; Human pancreatic
cancer KP-3 cells; Human adenocarcinoma HeLa cells; and Human monocytic leukemia THP-1 cells.

What biological endpoints/responses does this method address?
Cellular influence including cytotoxicity
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What specific mechanisms associated with the biological response are targeted?
Oxidative stress and apoptosis

What methods/techniques are used for endpoints/responses determination?
Cell viability: Methyl thiazol tetrazolium (MTT) salt reduction assay Oxidative stress: Intracellular ROS
level: 2', 7'-Dichlorodihydrofluorescin (DCFH) method; Intracellular lipid peroxidation: diphenyl-1pyrenylphosphine (DPPP) assay Apoptosis: Annexin V staining, Caspase-3 activity Cellular uptake: TEM
observation Cells were exposed by TiO2 nanoparticles at concentration of 30-100 μg/ml. Exposure time:
6, 12 and 24 h. Secondary particle size of TiO2 in a medium dispersion: 90-180 nm.

Was the method originally developed for a particular applicability domain (e.g. testing of a
certain class of chemical)?
No.

Are there potential technical limitations of this method for testing nanomaterials?
Yes. These methods are not suitable for evaluation of long term toxicity (e.g. carcinogenesis).

Describe the role of the method in context of hazard assessment for human health
How should the information/results derived from the method be interpreted in relation to
an in vivo response/endpoint?
Short term in vivo examination (intratracheal instillation) were also performed and compared with in vitro
examinations. (Horie et al. Inhal Toxicol. 24:391-400, 2012)

What are specific limitations of this test in terms of predicting hazard to human health?
Relationship of the cellular exposure dose (in vitro) and the NOAEL (in vivo) is unknown.

Performance assessment of the method
Test materials
Details on test material
Ishihara Sangyo Kaisha Ltd.(Japan), anatase TiO2 ST-01 (X-ray diameter: 7 nm, BET surface area: 316
m2/g) ST-21 (X-ray diameter: 20 nm, BET surface area: 66 m2/g) ST-41 (X-ray diameter: 7 nm, BET
surface area: 10 m2/g)
Details on vehicle/medial matrix
Fetal bovine serum (FBS; CELLect GOLD; MP Biomedicals Inc.) Dulbecco's modified Eagle medium
(DMEM; Gibco, Invitrogen, Life technologies)
Sample preparation/conditioning protocol
A stable and uniform dispersion was prepared by pre-adsorption and centrifugation. To prevent the
starvation of cells because of the adsorption of medium components onto the surface of TiO2 particles,
TiO2 particles were dispersed in FBS at a concentration of 80 mg/ml (approximately 1 M). Subsequently,
the dispersion was centrifuged at 16,000g for 20 min. Precipitated TiO2 nanoparticles were washed with
FBS-free DMEM once and re-dispersed in an equivalent volume of fresh DMEM–FBS. The dispersion of
ultrafine particles in 10% FBS supplemented DMEM (DMEM-FBS) was centrifuged at 8000g for 20
min. After discarding the supernatant, the precipitate was re-dispersed in an equal volume of fresh
DMEM–FBS. The resulting TiO2 dispersion was again centrifuged at 4000g for 20 min. The above
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process was repeated until the supernatant collected was a stable TiO2 dispersion. However, the
centrifugal force was reduced gradually from 2000g to 1000g. The dispersion of TiO2 ST-41 particles
was prepared by following the same procedure described above, but with centrifugation performed at
500g. The 4000g and the 1000g fractions of ultrafine TiO2 were used for cellular examinations.

Method
Any other information on materials and methods incl. tables
Characterization of TiO2-medium dispersions In these examinations, "secondary particle" and "average
particle size" were defined as follows. A "secondary particle" is defined as a complex aggregate of
primary particles, proteins from FBS and other medium components. In addition, "average particle size"
is the size of the secondary particles as estimated from light-intensity measurements, under the
assumption that the aggregate is globular. The TiO2–DMEM–FBS dispersion prepared via the
aforementioned method was divided into three parts, and they were used to perform simultaneous
biological examinations and to take TiO2-concentration and particle-size measurements. The secondary
particle size in the TiO2–DMEM–FBS dispersion was measured by dynamic light scattering (DLS).
Details of this experiment are described elsewhere (Kato et al., Toxicol In Vitro. 23: 927-934, 2009).
Total titanium concentration was measured by X-ray fluorescence analysis (XRF). Here, 13 ml of a metal
oxide–DMEM–FBS dispersion was added to 13 ml of a standard solution including 0.1 mg/ml of Fe as an
internal standard element and mixed well. Then, 5 ml of the mixture was dried in the oven at 200 degrees
C for 24 h. A dried sample was grinded in an agate mortar and XRF was performed using the dispersive
X-ray fluorescence spectrometer JSX-3201 (JEOL Ltd., Tokyo, Japan). The amount of titanium was
estimated from the molar ratio of titanium and the internal standard.

Results and discussions
Remarks on results including tables and figures
Neither the primary particle size nor the secondary particle size affected cell viability. Cell viability was
only affected by TiO2 concentration. In HaCaT cells also, neither the primary particle size nor the
secondary particle size affected cellular uptake of TiO2 particles. After at least 24 h of exposure, all kinds
of TiO2 particles were taken into the cells, regardless of primary or secondary particle size. The
internalized TiO2 induced oxidative stress in the cells. An increase of intracellular ROS level
subsequently induced apoptosis.

Applicant's summary and conclusion
Conclusions
The cellular influence of TiO2 nanoparticles in vitro is caused by the following mechanisms: (1)
Secondary particles are formed. TiO2 nanoparticles dispersed in medium immediately form secondary
particles with proteins and salts. (2) Secondary particles are taken up by the cells. The secondary particles
reach the cells by diffusion and/or sedimentation and are taken up by the cells, through endocytosis. (3)
Intracellular reactive oxygen species (ROS) level increases. Internalized secondary particles induce an
increase in intracellular reactive oxygen species levels, although the secondary particles do not break up
in the cell. In the case of TiO2 nanoparticles, the increase of the intracellular ROS level was minimal.
Moreover, the antioxidation system of cells such as glutathione was working. (4) Apoptotic cell death is
induced. An accumulation of oxidative stress activates the apoptotic pathway (such as the caspase-3) and
subsequently induces apoptotic cell death. After 24 h of exposure to TiO2, the percentage of apoptotic
cells was only 6–7%. As a result, although the TiO2 nanoparticles induce some cellular responses, these
cellular responses to TiO2 nanoparticles are weaker than those of other toxic metal oxide nanoparticles,
such as nickel oxide.
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Remarks
Please note that the reference paper "Cellular responses by stable and uniform ultrafine
titanium dioxide particles in culture-medium dispersions when secondary particle size was 100 nm or less" only
addresses the results from the main two types of cells such as Human keratinocyte HaCaT cells and Human lung
carcinoma A549 cells. See http://www.sciencedirect.com/science/article/pii/S0887233310001451
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