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INCI Name Cas No. w/w% i
Mineral Oil 8042-47-5 69.1 7% A
Diisostearyl Malate 81230-05-9 12.0 R A
Simmondsia Chinensis 5.0 . N
, , 61789-91-1 T
(Jojoba) Seed Qil
Quaternium-18 Bentonite 68953-58-2 4.0 ZEE Fr ) A
Butylene/Ethylene/Styrene
viene/Ethylene/Sty 68648-89-5 3.9 Ak A
Copolymer
Ethylene/Propylene/Styrene
viene/Propylene/Sty 66070-58-4 3.8 AR E I
Copolymer
Fragrance - 1.0 B
Calcium Titanium .
- 65997-17-3 0.53 B ou A
Borosilicate
Tocopheryl Acetate 7695-91-2 0.5 iy A
Titanium Dioxide 13463-67-7 0.076 ¢ %
Tin Oxide 18282-10-5 0.004 3 U |
Iron Oxides 1309-37-1 0.09 ¢ %
Total 100.0
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Declaration of Conformity
AEF/ARZ AL PRSP EY FARL RS BELUEERN A ST

| hereby declare that the products described below manufactured in conformity with

Cosmetic Good Manufacturing Practice

- R
Manufacturer's Name

~ B R A

[

Manufacturer's Address
ﬁl r)l{l ““
Product forms

=~ (TEEP

W

The process of operations
M EPETEEIZRNF T REIFNETAMZRETE 0 A E
AR VAR E TSN -

Where violations of this‘declaration occur, | agree to take the legal responsibilities.

EmpE A (Signature) ¢ ;ﬁ“}&ﬁ
Applicant :%: A i
B '%'L AT SRS (Signature)
Person in charge g -?}- A g

— B RN ETE RA AR
Company Tax ID No. / ID Number
o2 L
Address:

o A R & » p
Date year month day
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i Trade name
INCI name Cas No. w/w%
. | (Product Name)
Mineral Qil (90%) 8042-47-5
Butylene/Ethylene/Styrene
Y | Ny o Y 68648-89-5
1 | Versagel® M 750 Copolymer (~5%) 76.8
Ethylene/Propylene/Styrene
y /Propy /Sty 66070-58-4
Copolymer (~5%)
2 | COSMOL 222 Diisostearyl Malate 81230-05-9 12
JOJOBA OIL Simmondsia Chinensis (Jojoba)
3 ) 90045-98-0 5
GOLDEN Seed Qil
4 BENTONE® 38 Quaternium-18 Bentonite 68953-58-2 4
5 - Fragrance - 1
DL-alpha-
6 | Tocopheryl Tocopheryl Acetate 7695-91-2 0.5
Acetate
Calcium Titanium
N 65997-17-3
Glare® Glitter Borosilicate(80%)
7 il
RedGL-7401E Titanium Dioxide(19%) 13463-67-7 0
Tin Oxide(1%) 18282-10-5
Calcium Titanium 65997-17-3
3 Glare® Brilliant Borosilicate(70%) 03
Russet GL-6600K '), Oxides(30%) 1309-37-1
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1. Trade name (Product name) : VERSAGEL® M 750

INCI name : Mineral Oil (and) Ethylene/Propylene/Styrene Copolymer

(and) Butylene/Ethylene/Styrene Copolymer

Mineral oil
Modify Date: 2022-01-11 13:13:40

Common Name Mineral oil

8042-47-5 (/en/baike/11986

CAS Number 62.html)

Density 0.877

Molecular

N/A
Formula

MSDS

® Chemical & Physical Properties

Density

Molecular Weight

Flash Point

Appearance of Characters
Index of Refraction

Storage condition

0.877
23.9979
220°C

light oil | white
1.476-1.483

-20°C

Molecular
Weight

Boiling Point

Melting Point

Flash Point

BUTYLENE/ETHYLENE/STYRENE COPOLYMER

Modify Date: 2022-01-11 18:13:21

Common Name

68648-89-5 (/en/baike/155

CAS Number 2980 html)

Density N/A

Molecular

Formula C34H13Cu2NgNag017S4

MSDS N/A

14

Molecular
Weight

Boiling Point

Melting Point

Flash Point

23.997

N/A

N/A

220°C

BUTYLENE/ETHYLENE/STYRENE COPOLYMER

1129.84
8

N/A

N/A

N/A



® Chemical & Physical Properties

Molecular Formula C34H1gCusNgNaj017S4

Molecular Weight 1129.848

Exact Mass 1127.779419

polystyrene-block-poly(ethylene-ran-butylene)-block-

CAS Number

polystyrene
Modify Date: 2022-01-13 11:56:41

Common polystyrene-block-poly(ethylene-ran-butylene)-block-polysty

Name rene

66070-58-4 (/fen/baike/ Molecular
83051.html) Weight

Density 0.91 g/mL at 25°C(lit.) Boiling Point

Molecular Melting

Formula (CeHa CaHg)x Point

MSDS Flash Point
USA

® Chemical & Physical Properties

Density

Boiling Point

Molecular Formula
Molecular Weight
Flash Point

Exact Mass

LogP

Appearance of Characters

0.91 g/ml at 25°C(lit.)

145.2°C at 760 mmHg

(CgHg CaHg)x
158.24000
31.1°C
158.11000
3.68800

powder

15

158.24000

145.2°C at 760
mmHg

N/A

31.1°C



Certificate of Analysis

PO Number; Order Number: 824519
Product: VERSAGEL® M 750 Shipping Date:  Jun 29, 2021
Cust. Mat. No: Date of Mfg: May 18,2021
Product Code: 300537125002 Qty: 16 DR
Lot Number: 2105180028
Carrier: 0060001343-A CUSTOMER TRUCK
Billing: Shipping To: Shipping From:
SPECIFIC GRAVITY @ 25/25°C 04052 0.8395
COLOR, SAYBOLT D156 27 30
APPEARANCE, CLEAR P/F VISUAL PASS PASS
VISCOSITY @ 25°C cPs D2983 67000.0¢ 83000.00 77600.00

Suggested retest date is 3 years from the Date of Manufacture.

Itis hereby guaranteed that the product is produced from substances that are not carcinogens according te the EU Dangerous
Substances Directive and of which the full refining history is known.

Caution: For manufacturing, processing, or repacking.

Analysis Certified By : Laboratory Manager
Printed Name Title

Lab Signature/Loader

All sales of Products by and its subsidiaries and affiliates are subject to the applicable terms and
conditions of sale at hitp//www.calumetspecialty.com/customerservice/terms-of-sale, which are incerporated herein by reference.

Printed: 07/02/2021 06:29:13 AM Page:1/1
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2. Trade name (Product name) : COSMOL 222

INCI name : Diisostearyl Malate

Diisostearyl malate

Modify Date: 2022-01-24 12:58:25

Common Diisostearyl malate
Name v
81230-05-9 (/en/baik Molecular
CAS Numb 639.044
Umber - . 11506170.html) Weight

- . .
Density 0.9:0.1 g/em3 Boiling 676.3+35.0°C at76

Point 0 mmHg

Molecular Melting
Formula CaoH7e05 Point /A
MSDS N/A Flash Point 185.0£19.4 °C

® Chemical & Physical Properties

Density

Boiling Point
Molecular Formula
Molecular Weight
Flash Point

Exact Mass

LogP
Vapour Pressure

Index of Refraction

0.9+0.1 g/lem3

676:3+35.0 "C at 760 mmHg
CqpH7805

639.044

185.0£19.4 °C

638.584900

16.87
0.0£4.7 mmHg at 25°C

1.466

17



Certificate of Analysis

PRODUCT NAME: COSMOL 222
LOT NUMBER: X=4-G
DATE OF MANUFACTURE: 24th Apri! 2020
EXPIRE DATE (BEFORE OPEN).  24th April 2023 PACKING: 18 Kg /90 C/N
DATE OF ISSUE: 3rd July 2020 QUANTITY: 1440 Kg
Test Name Result Sp=oification Analytical Method
Appearance Pass Colodess or light yellow liquid, ododess or { JSQle
2 faint charscteristic odor
ldentification Pass Absorbance at 2850cm~1, 1740cm~1, JSOL [R-~Liquid fim method
1420~1485cm~1, 1366cm~1 and
175em-1
Specific Gravity 0314 0.910~-0315% JSQL Method 11, 20°C/20°C
Refractive [ndex 1.461 1445~1.465 Jsai, 20°
Viscoslty (mPa*s) 1674 180C~2200 JSQL Method 11, BM type, rotor 8o.3 30mm,
80se0, 30°C
Freezing Polnt (°C} 50 =-30 Jsal
Acid Value (mgKOH/g) 0.3 =10 JSQI, Method I, 3¢
Saponification Value 1734 185.0~180.0 Jsat
{megKOH/¢g)
Hydroxy| Value (mgkOH/g) | 849 75.0~90.0 JSOI. 2.5¢. 0.5mel/L KOH-Etharol
locine Valuve (g12/100g) 0.0 =20 Jsal, 105
Purity (1) =10 =1c Jsal
Heawy Metals (ppm)
Purity (2) = ] =1 Jsal
Arsenie (pom)
Loss on Drying %) 0.2 <20 J50l, 24, 105°C. Zhe
Residue on Ignition (&) <010 S0.10 JSQI, Method Il 5g
Color 20 S0 The JOCS«* Standard Methods for the Analysis
: of Fats. Qils and Related Materials, APHA Method

REMARKS: *JSQlThe Japanese Standards of Quasi-drug Ingredients 2006 by Ministry of Health, Labour and Welfare
. *xJOCS-Japan Oil Chemists' Society
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3. Trade name (Product name) : JOJOBA OIL GOLDEN
INCI name : Simmondsia Chinensis (Jojoba) Seed QOil

Jojoba oll

Modify Date: 2022-01-15 15:58:59

Common Name Jojoba ol

61789-91-1 (/en/baike/146 Molecular
CAS Numb . N/A
HMRET 5582 htmi) Weight
Density 0.87 g/mL at 20 °C Boiling Point  N/A
Molecular
N/A Melting Point  N/A
Formula
MSDS USA Flash Point N/A

$ Chemical & Physical Properties
Density 0.87 g/mL at 20 °C
Index of Refraction n20/D1.466

Storage condition 2-8°C

19



JOJOBA OIL (GOLDEN)
INCLE SIMMONDSIA CHINENSIS (JOJOBA) SEED OIL

Appearance: Amber Colored Liquid, Clear & Transparent, no sediment or turbidity at 25 degrees Centigrade.

Typical Properties Method

lodine Value AOCS Cd 1-25

Melting Point AOCS Cc 18-80 °G
Refractive Index@40°C AOCS Cc 7-25 n
Saponification Value AOCS Cd 3-25

Specific Gravity @ 25°C AOCS Cc 10a-25 .
Triglyceride Content AOCS Ci 2-91
Specification Values

Acid Value AOCS Ci 4-91

Color AOCS Cc13b-45

Odor AOCS Cg2-83

Peroxide Value AOCS Cd 8b-90

Additives: None Shelf Life: 3 Years

Units

g/100g

mgKOH/g
wt%

mg KOH/g
Gardner

meqg/kg

Range

Min. Max.
79 86

12 15
1.458 1.460
90 95
0.8400 0.8650

Less than 0.5

Less than 2

10 Maximum
Characteristic/Slight
Less than 5

Pesticide Residue Analysis Results (ppm) (N.D. = none detected)
D/ <0.25

Alpha BHC: N.

Gamma BHC: N.D.
Beta BHC: ND.
Delta BHC: N.D.
Heptachlor: N.D.
Heptachlor Epoxide: N.D.
Aldrin: ND.
Endosulfan | N.D.
Endosulfan II: ND.
Endosulfan Sulfate: N.D.
P.p DDE: N.D
P.p DDD: N.D
P.p DDT: N.D
Dieldrin: N.D
Endrin: N.D
Endrin Aldehyde: N.D

20

<0.25
<025
<025
<025
<0.25
<0.25
<0.25
<0.25
<0.25
2<0.25
.<0.25
.<0.25
.<0.25
.<0.25
.<0.25



4. Trade name (Product name) : BENTONE® 38
INCI name : Quaternium-18 Bentonite

Bentone 38
Modify Date: 2022-01-15 16:39:01

Common Name Bentone 38

12001-31-9 (/fen/baike/463
CAS Number 132 html)

Density N/A

Molecular

Formula HLiMgNaO14Sig

MSDS N/A

$ Chemical & Physical Properties
Molecular Formula HLIMgNaO14Sis
Molecular Weight / 343.57900
Exact Mass 342.85000

PSA 170.68000

21

Molecular
Weight

Boiling Point

Melting Point

Flash Point

343.579
00

N/A

N/A

N/A



Certificate of Analysis

Customer:
RMaterial: 10796AIE0025KGCBG
Customer Part:
Description BENTONE® 38
Customer Order: Customer Specification:
Our Order: 8hip From:

Lot Number: 1007 X25601
Date Mfg: 13 SEP 2021

Ship Date: 27 OCT 2021

Quantity Shipped: 80.000 EA
Date Exp: 12 SEP 2025

~Tost——" i e e e T oM~ “Min- - Max Property’ - v+ - ‘Method -
% Drying Loss 159 0.10 3.00 X-101
% Loss of ignition 38.79 26.50 89.50 X-922, X-922A
% Thru 200 Mosh Sleve 96.82 £5.00 100.00 X8341
Viscosity 2% in Toluene 352 mPa.s 220 9999 X-0155
Daie: 27 QCT 2021 Tme: 11:67:01 Page: 1.0 1
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5. Fragrance

IFRA CONFORMITY CERTIFICATE
Essential Oil

Product Name:

PEPPERMINT OIL

We certify that the above product is in compliance with the Standards of the INTERNATICNAL
FRAGRANCE ASSOCIATION (IFRA - 50th Amendment / published June 2021), provided it is used

in the following category(ies) at a maximum concentration level of:

IFRA class(es) Maximum Level IFRA class(es) Maximum Level
of use (%) of use (%)
Category 1 20.000 Category 7A 3.900
Category 2 6.000 Category 78 3.900
Category 3 2.000 Category 8 1.300
Category 4 59.000 Category 9 18.000
Category 5A 20.000 Category 10A . 18.000
Category 58 3.900 Category 103 43.000
Category 5C 5.900 Category 11A 1.300
Category 5D 1.300 Céategory 118 1.300
Category 6 66.000 Category 12 100.000
Regulated Substance Max Concentration (%) Limiting Substance
Carvene 1.0 Yes
Lifmonene 4.0 No
Linalool 1.0 No

The essential oil of F*Sgplrmint onvits own,is not impacted by the IFRA code for its use in perfuming

compositions, howgver/the components listed above are impacted.

The IFRA Standards regarding use restrictions are based on safety assessments by the Panel of
Experts of the RESEARCH INSTITUTE FOR FRAGRANCE MATERIALS (RIFM) and are enforced by
the IFRA Scientific Committee. Evaluation of individual Fragrance ingredients is made according to the

safety standards contained in the relevant section of the IFRA Code of Practice.

This certificate is based on statistical analytical data and is not carried out on each batch. The stated use
levels relate to this specific material alone and may not be valid when used in combination with other
restricted materials. It is the ultimate responsibility of our customer to ensure the safety ofthe final product

(containing this fragrance) by further testing if need be.

Lssue date 13 October 2021

Page 1/5

23




List of IFRA categories and subcategories with corresponding product

IFRA category for
{FRA Certificate of
Conformity of
I:?&g;m? Sub-category | Flavour use Phototoxicity "agm:cvco
mixtures with
IFRA Standards
Category 1
Lip Products of all types (solid and liquid lipsticks, balms, clear or YES Applicable (leave-on Category 1
colored, etc.) products)
Children’'s toys YES Applicable (leave-on Category 1
products)
Category 2
Deodorant and antiperspirant products of all types including any Applicable (leave-on
product with intended or reasonably foreseeable use on the axillae or labelled products)
as such (spray, stick, roll-on, under-arm, dec- cologne, etc.) NO Category 2
Applicable (leave-on
products)
Body sprays [including bady mist) NO Categery 2
Category 3
Eye products of all types (eye shadow, mascara, eyeliner, eye Applicable (leave-on
make-up, eye masks, eye pillows, etc.) including eye care and moisturizer NO products) Category 3
Facial make up and foundation NO Applicable (leave-on Category 3
products)
Make-up remover for face and eyes NO [Applicable (leave-on Category 3
products)
Nose pore strips NO Applicable (leave-on Category 3
products)
Wipes or refreshing tissues for face, neck, hands, body NO [Applicable (leave-on Categery 3
products)
Applicable (leave-on
Body and face paint (for children and adults) NO products) Category 3
Facial masks for face and around the eyes = NO Applicable (leave-on Categoery 3
‘ products)
W W
Hydroalcoholic and non-hydroalc fine fragrante of all types Applicable (leave-on
(Eau de Toilette, Parfum, Cologne, solid peffume, fragranging cream, products)
aftershaves of all types_ etc.) NO Category 4
Fragranced bracelets NO Applicable (leave-on Category 4
products)
Ingredients of perfume kits and fragrance mixtures fof cosmetic NO Applicable (leave-on Category 4
Kits products)
Scent pads, foil packs NO Applicable (leave-on Categery 4
products)
Scent strips for hydroalcohalic products NO Applicable (leave-on Categoery 4
products)
Category 5
Body creams. ails, Iotions of all types A NO Applicable (leave-on Category 5A
products)
Foot care products (creams and powders) A NO Applicable (leave-on  [Category 5A
products)
Insect repellent (intended to be applied to the skin) A NO Applicable (leave-on Categoery 5A
products)
All powders and talc (excluding baby powders and taic) A NO Applicable (leave-on Categoery 5A
products)
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6. INCI name : Tocopheryl Acetate

Tocopheryl acetate
Modify Date: 2022-01-12 09:42:09

Common
Tocopheryl acetate
Name P

7695-91-2 (/en/baike/ Molecular
CASNUMBOF: | 4o onav D waight | #7218

Boiling 485.3+0.0°Cat76

i 0.9+£0.1 g/cm3
Density 0.9£0.1 g/cm Point 0 mmHg

Molecular Melting .
Formula 3115203 Polnt | 20 ©
MSDS Flash Point 235.6224.7 °C

#$ Chemical & Physical Properties
Density 0.9+£0.1 g/cm3
Boiling Point  485.3+0.0 °C at 760 mmHg
Melting Point -28°C
Molecular Formula  C31H5203
Molecular Weight 472.743
Flash Point = 235.6+24.7 °C
Exact Mass 472.391632
PSA 35.53000
LogP 12.07

Vapour Pressure 0.0+1.2 mmHg at 25°C

25



DL-A-TOCOPHERYL ACETATE

CERTIFICATE OF ANALYSIS

Productcode :
Lot No. :
Analysis No. :
Test Resuit Limits / Dimension
Specifications / Units
Appearance clear viscous oil clear viscous oil
visual
Colour almost colourless colourless
visuat almost colourless
slightly yellow
slightly greenish yellow
Identity corresponds COrresponds
GC
Optical rotation -0.00 -0.01 to +0.01 e
Ph.Eur,
Heavymetals corresponds” max. 10 ppm
ICP-MS
Lead corresponds” max. 2 ppm
ICP-MS
Arsenic corresponds* max. 1 ppm
ICP-MS
Mercury corresponds™ max. 0.1 ppm
ICP-MS
Cadmium corresponds*® max. 0.5 ppm
iICP-MS
Residual Solvents
- Pyridine corresponds”™ max. 200 ppm
GC
- Toluene corresponds™ max. 890 ppm
GC
Acidity 0.0 max. 1.0 m| 0.10N
Titration / USP NaOH
Related Subst. (Ph.Eur.)
- Impurity A 0.1 max. 0.5 %
GC
- Impurity B 06 max. 0.6 %
GC
- Impurity C (free tocopherol) 0.2 max. 0.5 %
GC
- Impurity D and E 03 max. 1.0 %
GC
- Any other impurity, each 0.12 max. 0.25 %
GC
- Total 17 max. 2.5 %
GC

1/2
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DL-A-TOCOPHERYL ACETATE

CERTIFICATE OF ANALYSIS

Productcode :
Lot No. £
Analysis No. :
Test Result Limits / Dimension
Specifications / Units
Assay Tocopherylacetate (Ph.Eur.) 99.1 965 t0 102.0 %
GC
Assay Tocopherylacetate (USP/FCC) 982 96.0 to 102.0 %
GC

*) checked at regular intervals

This lot was analysed and released by our authorized Quality Control Department and was found 10 meet the

specifications as given above.

The product meets all requirements of the following valid compendia when tested accordingly:

USP, FCC, Ph.Eur.

The Quality Assurance Manager

212
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7. Trade name (Product name) : Glare® Glitter Red GL-7401E

INCI name : Calcium Titanium Borosilicate (and) Tin Oxide (and)

Titanium Dioxide

Fiber Glass Wool

Modify D_ate: 2022-10—2_7 08:10:30 .
(INCI : Calcium Titanium Borosilicate)

Common Name

CAS Number

Density

Molecular
Formula

MSDS

# Chemical & Physical Properties
Density 1.1 g/mL at 25 °C(lit.)
Boiling Point. 1000 °C
Melting Point | 680.°C
Molecular Formula CaNaOg4P
Molecular Weight 158.039

Exact Mass 157.905777

Fiber Glass Wool

65997-17-3 (/en/baike/142
3821.html)

1.1 g/mL at 25 °C(lit.)

CaNaO4P

Storage condition Storage temperature: no restrictions.
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Molecular
Weight

Boiling Point

Melting Point

Flash Point

158.03

1000 °

680 °C

N/A



Common Name

titanium dioxide
Modify Date: 2022-09-27 11:40:49

titanium dioxide

13463-67-7 (/fen/baike/80

CAS Number 4872.htmi)

Density 4.26 g/mL at 25 °C(lit.)

Molecular

Formula ol

USA

OOP

GHS05, GHS07, GHS08 (/G
HS jsp#_pict)

MSDS

Symbol

® Chemical & Physical Properties

Density
Boiling Point

Melting Point

Molecular Formula
Molecular Weight

Flash Point

Exact Mass

PSA

Appearance of Characters
Index of Refraction
Storage condition

Water Solubility

4.26 g/mL at 25 °C(lit.)
2900 °C

1840 °C

O2Ti

79.866
2500-3000°C
79.937775
34.14000
powder

2.61

-20°C

insoluble
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Molecular
Weight

Boiling Point

Melting Point

Flash Point

Signal Word

79.866

2900 °C

1840 °C

2500-300
0°C

Danger



Stannic oxide
Modify Date: 2022-10-27 18:38:25

Common Name Stannic oxide

18282-10-5 (/fen/baike/89

CASNUMBET" | o il

Density 6.95 g/mL at 25 °C(lit.)

Molecular

Formula SnO2

MSDS

®» Chemical & Physical Properties

Density

Boiling Point
Melting Point
Molecular Formula

Molecular Weight

Flash Point
PSA
Index of Refraction

Water Solubility

6.95 g/mL at 25 “C(lit.)
1800-900°C

127 °C

SnO2

150.69

1800-1900°C
34.14000
1.9968

INSOLUBLE
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Molecular
Weight

Boiling Point

Melting Point

Flash Point

150.69

1800-900°
Cc

1127 °C

1800-190
0°C



PRODUCT SPECIFICATIONS

Product Name:
Trade Name:

Manufacturer:

Date Prepared:

Glare™ Glitter Red G1.-7401K

1. Appearance:

Sparkle Silver White, Free-flowing Powder

2. Ingredients and Composition

INCI Name Composition By Weight (%) ‘ CAS No. EINECS
Calcium Titanium Borosilicate | - 74 - 85 65997-17-3 266-046-0
Tin Oxide Sn0O, 0 -1 | 18282-10-5 242-159-0
Titanium Dioxide TiO, 15 R 25 13463-67-7 236-675-5
D10 | - | D90 |

3. Particle Size (¢m): Mean Diameters = \ 1 (By Malvern Mastersizer 20008)
4. pH: 7.0-11.0 ‘ (10% Acueous Sugpension)

5. Loss on Drying: 0.5 % max.

6. Toss on Ignition: 2.0 % max.

7. Water Soluble Substances: 0.3 % max.

8. Acid Soluble Substances: 2.0 % max

9. Trace Elements:

Mercury (Hg)

1 ppm max.

Arsenic (As) | 1 ppm max.
Lead (Pb) 3 ppm max.
Cadmium (Cd) ‘ 1 ppm max.
Barium (Ba) | 30 ppm max.

Antimony (Sh)

1 ppm max.

Copper (Cu)

? 30 ppm max.

Chromium (Cr)

| 30 ppm max.

Nickel (Ni)

10 ppm max.

Intemal Method

10. Microorganisms:

100 CFU/g max.

No Pathogens

* Note : The suitability of Glare® product for any special cosmetic application has not been established,

and the responsibility belongs to the end uscr.
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8. Trade name (Product name) : Glare® Brilliant Russet GL-6600K

INCI name : Calcium Titanium Borosilicate (and) Iron Oxides

Ferric oxide
Modify Date: 2022-10-13 18:24:56

Common Name Ferric oxide

1309-37-1 (/fen/baike/9656

CAS Number 34.html)

Density 5.24

Molecular

F
Formula ©203

USA

SO

GHS02, GHS05 (/GHS.jsp#_
pict)

MSDS

Symbol

#$ Chemical & Physical Properties

Density
Melting Point

Molecular Formula

Molecular Weight
Flash Point
Exact Mass

PSA
Stability

Water Solubility

5.24

1538°C

Fez03

159.688

>230°F

159.854630

43.37000

Stable.

INSOLUBLE
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Molecular
Weight

Boiling Point

Melting Point

Flash Point

Signal Word

159.68
8

N/A

1538°C

>230°F

Danger



PRODUCT SPECIFICATIONS

Product Name:
Trade Name:

Manufacturer:

Date Prepared:

Glare” Brilliant Russet GI-6600K

1. Appearance:

Lustrous Reddish, I'ree-flowing Powder

2. Ingredients and Composition

INCI Name Composition By Weight (%) CAS No. EINECS
Calcium Titanium Borosilicate | - 67 - 7 ' 65997-17-3 266-046-0
Iron Oxides Fe,04 3 - 33\ 1309-37-1 215-168-2
D10 |- D90 |

3. Particle Size (xm): Mcan Diamcters - ) e | (By Malvern Mastersizer 20008)
4. pH: 7.0-11.0 | (10% Aqueous Suspension)

5. Loss on Drying: 0.5 % max.

6. Loss on Ignition: 2.0 % max.

7. Water Soluble Substances: 0.3 % max.

8. Acid Seluble Substances: 2.0 %o max

Mereury (Hg)

| 1 ppm max.

Arscnic (As) 1 ppm max.
Lead (Pb) ' 3 ppm max.
Cadmium (Cd) ' 1 ppm max.
9. Trace Elements: Barium (Ba) 30 ppm max. Intcral Mcthod
Antimony (Sb) ; 1 ppm max.
Copper (Cu) 30 ppm max.
Chromium (Cr) | 30 ppm max.
Nickel (Ni) | 60 ppm max.
10. Microorganisms: 100 CFU/g max. No Pathogens

* Note : The suitability of Glare®” product for any special cosmetic application has not been established,

and the responsibility belongs to the end user.
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1. INCI name : Mineral Oil

*

A4 440 Ao JR(%F 12 OECD401) ~ & J§ (#F iz OECD 402)frex » (5f
7 OECD 403):& (Fends i A2 3 ¥ » ¥30 3 RF R g b - 22 v
PRl X B e JR LDso > 5000 mg/kg bw ; 24t forpd & e r H F
7% 2. LDso  ** 5mg/L (5000 mg/m?3); &4+ forpdt 4 3 4§ LDso
> 2000 mg/kg/bw - 1
TAMEIL CMRBEC RSB 0 -8 2 X BRI ES 1/
R L HF 7 (Trimmer % 4 > 2004)i% %4 & %7 0~ 60~ 120 ~
240 & 1200 mg/kg/day #| & 1% B AF A #H 4~ b P7OH fo P1OOH » 72
% i+ & GLP 2 3% P& OECD 453 iRl3#dp 31:& {7 ° P70H fv P100H & f&
CEPRRAp s AERHET FEIARPE T AR
X R4 B AP M ePTRsk 27 % 0 NOAEL = 21200 mg/kg bw/day » #7
TRTEERGEN DB EF RGBS 24 B2 LG REES SR
'ri% too B o~ £AFF M 0 S84 ik Bk » F7 7 (Dalbey ¥
A 5 1991)14 OECD 412 Rl & BH R Th4~ b fo— 6 T - 3%
JER 5 0505220 fo 1000 mg/m?3 » 9 *t5% & § K 40 0 PR E S
T &AM x RGO NOEL 5 50mg/m? & LOEL 3 210mg/m?» i&fd
Pl e i R g X A 7 - TEA IE e fY
Kk Bk S o t— 78 80SUS ¥ #ib i i 4 7 (Mobil 1988) 4
FER Y e~ WA 4 BuL0 - 125 ~ 500 & 2000 mg/kg (| £ ‘9 3
133 (5 X/iF) e BT WA K a7 AP e BF A
B~ R HE o e L TR % o BB AR 0 S 500 fr'
2000 mg/kg bw/day szt it feepld « BAMEE T o AR A e
RETREFARERLE S F TRk P B
EENTRAECE Y AFRE B RPREF TR AR
FETRFINAMIPEFIZTFR L LTREAR B ERY
' % &30 b 15 e NOAEL 2 2000 mg/kg bw/day (OECD 411) = %
BY - EFHP Y ed o A28 X EFRELFS P

B

N

I =

\\\Xr
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3o Bl R L {re MR g i 54 (2 (0ECD 410) » # <
NOAEL % 1000 mg/kg bw/day - !
R RA Tttt - A KT g dzefded & &1 P13 R
MR > B d BEE o B A B DRERERE B 05
mL AfFfRend Hid 24 P - kG0 BT (824 072
P4 L T gciE (7324 (Draize) inle s e R P K o #7738 menT 33

o KT L 5L 0.0 A F RHE R OFH I B ARG -
RS D el
Pefljpold - BRI EFL A1 R RGBS e d o
% i S8(OECD 405) » % & % ** 0.1mL A FFfF civhie b o > M3
Btk engh e b $ 4 S PREER TR o TS A TR R ST A (24-72
JPE)E 0220 @ T 3E &N ol A S 0(24-72 ) FF) o AT bt
BRI T AL S R E T ot
RERAAW -8 A K RIFET P 220 % 2 R AT 3 ok
HRsk P B FRREA AL TR R T L ﬁﬂazw oFA T iE
BETAEERIEAR R R 0 0 Hhie B AL KRR -
RfplE 2 & X AR RS B/ REMEE EA Y (Trimmer % 4
2004) %5 7m % BAF W crhpe b 3§ 1B T YRR 3R (OECD 453) 5
WA RRBEAAT b (¥ 75ul) FFaF N kA
C3H | Bleng B FH L2 104F &% o il ¥ * (FABHE
R4 Fenfil (Chasey and McKee, 1993) - & * 3 i Rl
P iFa g AR 0 LK R OF 2 F T E !
REPE/E B At Ames BI3EY » FILEB BB OH
Poob ¥4 ST A1 (4F 02 OECD471) » ekl b Lot bz 4 4 B8
WREHKY 0 AR F S H e 55/60 Pale Oil iz r A E
'rig%\?:‘*ﬁﬁ PP BF e 5 (OECD 473) o o fl *hof 5L d5 4~ m”eéﬂf\

TESHT B AMHRPHS S A £ KRR % I(OECD 476) -

4 ;gf, t 11987 E R E BRAFRBGS W (6 T )IHE T o KW
*> OECD 415 # * ch#| € % 0~ 125 ~ 500 f~ 2000 mg/kg/day > %
CACESIERIESES K Sy F S e NS - S - E SR i)
FREERH N PP ER S ARIBRF TR 0 F R
A 7 Hcd ﬁ{%ﬂiﬁ%’?l&l LR o PR AN 5 NOAEL + 2h &t ¥
%+ 2000 mg/kg bw/day -

AT 52 PRRBE R TG 53.25%F b Ay eopE L F ik (7en
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A RAT/ AT B L PIER S At 147 X EEY YRE T PR

T BERSe B MALL S4B 0 52 FRFH AT AN KRR % &

KATE R o

CYEESEEE T TR A FALE SR EE T E e

LRFEN >« PR ARSI R LR 0 R - e 1]

R AR o &AL NG B AP G fol T A S

Yot > E iR s Fpt o d 7 ut_,ri)*v;uiz ALY AR e s gl

P el ? € ¥R % mu;f}%ﬁ:,k b oo

&L 4 B Lw&v’ wEhd Af 4 BT RET 6 B

B L me kR MY KPR (0.16 ug/mg) © £ T A 1

rmmgm%a%%ﬂTu% ATE R T o U S ¥
7 &% £ B (Fischer 344 £ Sprague-Dawley = Bl £ %] 4p vt

B4 ) RS E R RS RE o

BFT O BV RE I RS AR A T {e MLN Kl

LR BN A

ARl A R B A MRRET -

H ot > TR R 7 4 (CAS No. 8012-95-1 or 8042-47-5) & & A #F

WEDE TP o R AF e L e B Ao A

HEDAEL BT FR LA E S d EF ST EE M frfi il

g o f AT 5 BB C15 3 C50 F'“méﬁr e Tn

%+ & (g/Mol) 230-700 » Log Kow >t 7.7-24.2 -
55 TR
1. White mineral oil (petroleum) Registration Dossier. ECHA % k.

W

https://echa.europa.eu/registration-dossier/-/registered-
dossier/15514/7/1

2. Final Report on the Safety Assessment of Petroleum Distillate.
JACT 5(3):225-248, 1986.

3. Review of data on the dermal penetration of mineral oils and

waxes used in cosmetic applications. Toxicol Lett. 2017;280:70-78.
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2.

INCI name : Diisostearyl Malate

*

APBA % B> OECDTG401 e RA&M ST d By @ i §
vRE A2 A H SoB £ 5000 mg/kg bw o % % E TRE A EPR %
BRI EAF A= » £ 0 LDs  * 5000 mg/kgbw ° %P8 Di
C12-13 Alkyl Malate (CAS 149144-85-4) 1+ R & 1+ 4 & 4 1 3%% > 4
K HE 5 2000 mg/kgbw > AR FHF LG HF AT T ARR
IR & 'ri;i J LDso = ** 2000 mg/kg bw ©
A £ 4 1 ¢ & Diisostearyl Malate crficdg © < % %R % Fischer
344 < & ¥ 2 1600 ~ 3100 ~ 6300 ~ 12500 = 25000 ppm :Fd| & %+
Bis(2-ethylhexyl) adipate (CAS 103-23-1) i£ {7 £* OECD 408 % »% 190
ALRBECIPFT ALY ARRI E I hd i
for= D rg B e S RIEF R IDAF I LF o BT
s+ B e NOAEL % 6300 ppm » 48 % ** 630 mg/kg bw/day - ¥t
& 17 NOAEL % 25000 ppm » 48 % * 2187 mg/kg bw/day - *
A R A/l o — 7887 OECD TG 404 5 »cerdfi p 4 il jpcr™
TP M 05S mMLBES T L HP S N ed e hehp L 4
REAPPEREA G 306 % 181524548 fo 72 [ pFird <R
A AL LR 3 R R Y (1 ) 4R E
R A B B A o R T RGE R P TGRS AR
LS RYP J Ehe
PR s 1 — 78 22 OECD TG 405 % »zerp fljcA= 7 ¢ > 0.1 mL i)
PRFrZ 2P ed o L oopRpr? B ER 5 R TR ok
PR ITHR o AP T 1395 Draize 3™ A ALt 1 1~ 24 -
48 fr 72 | PEHR L EFA B AP LHE > AT B0 @
BIRP T8 BHAF AN o o &6 % 1] PR S o ook
JE*t 24 P PERN R 2 o PRSP ARG HRERE T ot
AR 1 - ¥ OECD TG 429 %£»c¥ 4 & GLP thh I0H = %
P (LLNA)3#Sk 11 CBA/) -] BB {7 4§ RATRIGE » *0 7 fir /1 9
(41 vV be il kR 5 122551040 25% > & % .8 %
F RIE G RN 5Lz X o R ArG RRIEERT R
B FAENRA RS - kRS 12255210 fr 25% P
38 g (S A B 5 1.21~1.14~1.32~0.87 f= 1.39(% /] ¥
3) o i Bt RIERIEE T RIS TR NRA K RAAMG o1
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2

OB AR WA T B

RESE/EBE P ARG R P A F 1 TAIS - TAL00 - TAIS3S
e TA1537 ¥ > i * w44 R ¥ # %47 7 Diisostearyl Malate 3£ ¥ 78 7]
RS > JEA 312.5 625~ 1250 ~ 2500 fr 5000 mg/L 4= T i
RIS &R P R PR B R R RR R 2

4 A m A M AT Hchy o

%A {0 E AR WA Hch o

& g wofzt & Diisostearyl Malate #4p B 72 3 #cdg > ¥ > Diisostearyl
Malate 4+ £ £ % 639.06 g/mol +log Pow >10 fr-k i3 £ <1 mg/L
SHEM S T RE R A F R o !

472 N 4 B @& Diisostearyl Malate &4 B 7= 1 $icdy o 134547
B 7 * =i Diisostearyl Malate A #8724 H 4% B4
3R R TR A R e PAETHELSER FIZE T
Diisostearyl Malate sk f# A = o ¥ iv & i 4P - ¥ jzzbq 5 2
A A FRP A GRS P 6 L R o]
A RBdcHE ¢ - JE 1251 ;Eljdﬂz i£ {7 Diisostearyl Malate (100% ; 0.2
mL > 0.2 g)1 HRIPT 385 » %5 3 A A g P B XA RB I AL K

1. Registration Dossier. ECHA 3 k.
https://echa.europa.eu/registration-dossier/-/registered-
dossier/17702/7/1

2. Safety Assessment of Dialkyl Malates as Used in Cosmetics. UT
34(Suppl. 1):5-17, 2015.
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3. INCI name : Simmondsia Chinensis (Jojoba) Seed Oil

*

ABA P BA X RAEF &4 RE [ (LDso % >t 5.0g/kg) °

TAHMEF L HFURFT ML RMEAE S HE%RY o @ 32
EDH 2845454 8 4 8rpp/e)R(s o 2 Bk w
% jaim T i 02597 0.5g/kg > Fi¥ 6 X £ 20 ¥ % * Nt g
BRE -V 2BHRBELLER 05g/kgfﬁ%§zé AL R QT G
EER RS RL O WEATPLRRG LR Y AR
ZIEBE 2 ALK G IR endf i o Verschuren (1989) 4k &
Simmondsia Chinensis (Jojoba) f&+ ¥ (2.2~ 4.5 §r 9%%?'%?’#:i ¢ o)zed
et SPF Wistar ~ BU (FiLpF 6 ¥+ ) 4% > #75 = BUL3 )
B = effk gk ot @ % 4 2 10 & 2244 Sprague-Dawley =+ E3&
FHEUFFT T RAM HP A e E X - kG 5 F 052 1.0
g faiF T b A AH P (S g/ FETL T X 0 BHAR 2 B E X bk
XFF 208 30g T R AHPEIFFALR - kS 1.0g D
5 &4 &lfrdkd 20 fr3.0g Fr * BP BRI F MG 0 i3
feeh 2 X495 10% A& 8 0.5 s j fe T b ehk B G < o(Hamm
1984) - 2
A Dl Ul L dE T b (100%) s ] gl iRk Y o
* 10 GzElhe L2 2R -"M‘ff%ﬁidr Frds 5 48 7l 17 5 ¥R 0 -
LE gl 0.5 ml RS AR L L PR 15X 0 T B dp
A2 45 530 ® {39 Draize £ 44 L E ABRRIFFT W
o+ s %ﬁfﬁi«é PEF -t
Pt D ik F PRIV AR Y 0 5 fiéﬂfw—;fr%a? H*
S e T RiF Rt 1] P AT 3 g i e 0 24 ] RS
3 )"%g ;‘3-!% o3
AR R AFFR AT T b R 4 2 R Y AR
FIP B end TR s o b (VREEY 5 A 10.0%0F i I
AR PR 20 S forpid e L2 B ABRBIIRTF o

KRB D ERBE R oL
REFE/EBI P Ames 2% 7 > fmfm T frd jasm ¥ WaR
b B T e e R T R KRR
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& FAdAM:EdARETE NS B

A - EF 200% 4T b kR T A kA gk
10 & 2T TRAT W o L1 0.2 g iplR e 520 T
TAEER R 24 P BE S FIT - L RPEA 2w AR B o A RETHR
St AR LA B e RF AR BRE A A RIEE

4

RFEIN 2 PR B4 15 A 45 UVA & (F] £ = 4,400 pW/cm?) » (B S 5 10
S R PR SEEH RN R RS L 4E A B B o T RS L1 24
% 48 | PE¥TF 1’?%*51%’31/?4%&»\:?"“‘51@ A& R
kF ol
® 54 3T i Yaron (1987)% 4 Gk KA B2 1A% F % 4meq
EE¢MM@MM$QZ~%@§%Eé1+%ﬁ67¢’ﬁﬁ%
AR E.%.‘«?#%E IR BERIEILE
& A HF 4 E 2051 1.69mg/l0g Ak &3S A ] Bl
PRRBIFIFEET W T R T RERERA K B E o BT A
£ f o JF i T A Brij96 2 Capmul fe 40%-k gt i vt G2 AR
{ % g i ATA ) B K R Fluconazolee ¥ 3 5 & btk
i e T AR L T A S0 o] RPN ARSI I P 2 S g
fpuq‘—@ﬁ Py ?:frfrs/,,\ ?oo B BURE PN LSt e e gm T s o
Bk a2 e AT - & A s W o B Bl q%‘ra ol
® CREIR 7 0.5%F T et b A BAr 3§ 20.0% 4 7 T W
SR T A ARG G R A R Tl et R 0 A w28 1
L} e AR LR Y ARBTIH AR P hRR R
T o3
ERE &i1'cmm&£w%mh¢-&£#ﬁﬂﬁ%ﬁ%%
fv )k B > % % P % Simmondsia Chinensis (Jojoba) Seed Oil,
Simmondsia Chinensis (Jojoba) Seed Wax, Hydrogenated Jojoba Oil,
Hydrolyzed Jojoba Esters, Isomerized Jojoba Oil, Jojoba Esters,
Simmondsia Chinensis (Jojoba) Butter, Jojoba Alcohol 2 & = £ Jojoba
Oil * ¥+ it g ok & B pefro L
* FEFH:
1. Final Report on the Safety Assessment of Simmondsia Chinensis
(Jojoba) Seed Oil, Simmondsia Chinensis (Jojoba) Seed Wax,
Hydrogenated Jojoba Oil, Hydrolyzed Jojoba Esters, Isomerized

Jojoba Oil,Jojoba Esters, Simmondsia Chinensis (Jojoba) Butter,
Jojoba Alcohol, and Synthetic Jojoba Oil. CIR, 09/23/2008.
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2. Preparation and evaluation of trialcoxytricarballylate,
trialkoxycitrate, trialkoxyglycerylether, jojoba oil, and sucrose
polyester as low calorie replacements of edible fats and oils. J.
Food Sci. 49:419-428, 1984.

3. Final Report on the Safety Assessment of Jojoba Qil and Jojoba
Wax. JACT 11(1):57-74, 1992.
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4. INCIl name : Quaternium-18 Bentonite

*

L K 2R 2R R 4 *

2

Eibddh 0 8g/kg B R M-F4EB-18 W I RIF I 4R RF
? RS 20 R B RELAFP AF LS o r]%f,:h&ﬁﬁﬁ
PR R A LS R R o G Bcdp ki LDso * *t 8g/kg °
TAHMEIL F e 12 LErm < R4S 53 1% 5% 25%F 4%
W18 WL ks 12 3 0 A B AP u‘z,smﬁd%k‘a&ﬂ\ £ g T iTEH
o123k id¥Ty B 2 F BT LE - ~ WHREF - iR
BERAGEAIMF 2 AV IETESAEAL ER IR
PRA 4 o1
LB A3 P INH L (1518 em) T 3P T & BT 058 F44%-18
WoEd P & X 6 PEEFH 90 X (7 7 5 333 mg mg/kg/day) © I B
B LLHBEF - RBELAFCT - X & B 4P 1395 Draize %
Bt BTG (7378 03 i i F o WIS o0
¥ o BHCR LS BT R R e o $ R e AR e TR
TRERAR R 0 ’;‘ﬂi:’ﬁi&—ﬁ S18 LR Y ek NS > P F
o !
AR flgctt D 058 AR ALR-18 B L w2t
B eor A 5 A kB o6 pprdds5x 2 (5ki10=%E
BASA S $ERFHERF B R:PEFTLEED !
ARRATHIVA P AT S RA R A2 RATF o B3 12
& X 2 4= 4073 51 0.05 mlR R 5 (0.1% 4 TG oK) - s =
R AL AH 3 01mlo 2 kLAF - B 1516 0.05ml
SR AE G RFEREDE B AEREDF B BT AR
JERAivH o1
B cfd D -0.1ml 10%50 2 T B R iR F ~ 10 & & F pepre o
FL24 ) PR SR S EM L
ﬁ%ﬁt@ﬁ&pf&%o
RRAFE/AB3 M gip Mg Bdy
AEA M gAKMo

k3L mAp MY By
BRI FAEB-18WIE Y T 4B -18 B chE B A o M
L A R o
FREHE 4 F L g MP dy o
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*

*

CREMCHR 150 LA BT nd R S TS A4 & 4.0% F4

W18 R L )T AF AR AA SR BT A K Tk

SR YR o TRk SRR R L T 41% AT (7 a0 d AL g S pe

> 5-10% 7% B = & o 1

4 FH

1. Final Report on the Safety Assessment of Quaternium-18,
Quaternium-18 Hectorite, and Quaternium-18 Bentonite

Quaternium. JACT 1(2):71-83, 1982.
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5. INCI name : Butylene/Ethylene/Styrene Copolymer

® LHAPI-FERCRIBFTFRIFCF/PF/FLHER
1~ (Ethylene/Propylene/Styrene Copolymer) (4~15%){=~ /¢ ":T’s/‘{
& ' % J 4~ (Butylene/Ethylene/Styrene Copolymer) (0.1~ 2%):7% &
MEP o ZRE L Ff%vJ A% e forpd X B B E 2 EM v R
LDso > 5,050 m /kg °
4 é‘j”f?ﬂ]; 14 1 & Butylene/Ethylene/Styrene Copolymer crificd o %
fﬁ(Styrene)H F B X (70560 X EAFHE & HE%R 0 A
J,u # F o A2 0-~200-400 & 600 mg/kg bw/day =2 b iE
4§ 200 mg/kg/day H|® APLERI|F L F o RRIBHE B ER
Pllen 3P 3 A MR mR AR L 2 ek
B IRPECE B0 TR BRI R Ao ] MR
4vo AF2 7 ¢ erANOAEL 5 200 mg/kg/day > LOAEL % 400 mg/kg/day-
R0 i s SRR £ R EPA S SRR F L %
i 5 o & & %4 # £ (RfD) = 1 mg/kg/day °
& A F e /g d v 435 2 F Ethylene/Propylene/Styrene
Copolymer(4~15%)4= Butylene/Ethylene/Styrene Copolymer(0.1~ 2%)
2B BR L AL BTy B %R 20 B g K g
oo AR EPA dpa & 815 B ZR EF 5 “REMCTIp 2 &
T A BV BT 0 5 EPA L g 104 g o
€ B fl gt e itk 3% Z 3 Ethylene/Propylene/Styrene

\

Copolymer (4~15%) 4~ Buterne/Etherne/Styrene Copolymer (0.1~ 2%)
2T GRS PP IRe c AT Y BRI L 20 B 3R

¥ > @ 1295 EPA #ﬁa % 81-4 5L %R L ¥id ki fo A kil en
PP “hlpoiidRo )T BB T mﬁ&f‘»{t@? FeAT 3 ehd ARE IV AR
& EPA PL3R ] &f—mﬁx AR .

€ 4§ skagis & Butylene/Ethylene/Styrene Copolymer enicdy o %
Styrene/AcryIates Copolymer i OECD 406 i& {7 X & RRATFEL*
2 2EIRATH] o ¥ 44 Styrene e X L R A L VB 0 PR AN
A%+ 10% (w/v) Styrene ~ £ 3835 * 20% (w/v) Styrene frz 2% (w/v)
Styrene N[ fF 3R EE 0 AE R L REE S HOABRBRIA K AT
m@’%%béiﬂﬁﬁ%ﬁ°l

€ &1L & Butylene/Ethylene/Styrene Copolymer ey o

\\\?{r

RS
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# 12 8 21 4|(NTP)>* Fischer 344 + &l {vB6C3F1 -] &li& {7 Bf >+ Styrene
T PRI PRI 0 AF e A IR A 7 Styrene s BB ) B
PR RN ed kBT Styrene cha A A F M T @ kA
B2 A A 0 15 DNA 4o £ 4 feidl B A Tk T
dv o TP 4245 NTP > Styrene ¥ #8ALFEH 5 A SR B4 17 £ ECHA
PR F B ATHIR T A A PR F o TF GRS BIER G ¢ 3T
B o R o LR W E S A BPRGTEIR A P Styrene ¥4 5L
}HE SRR o2

RE %M/ @3 ¥ 0 & Butylene/Ethylene/Styrene Copolymer ehiic
P o 5% Styrene ¥ * R b P B % AR B PIRE KLY (¢ 4E
Ames B|iEferf ﬁbé%%,wé PR b A R o4k L H AR
F#F7 7)o Styrene Rt R £ - Tk @A PIEA A ZEET
& NBE (iR 5 styrene OXIde) ik B R B R E
B AT IRIeER R A E XA AR R A>3 Bk
B & &8 e Styrene 5 0 MR 4L 4 B B ol B R S AE T
P B LS AGIRTEIR R P Styrene A FE G RR M 02

4 78 & |4 ! & Butylene/Ethylene/Styrene Copolymer =hficdy o %
Styrene = E;l'fré’u HvF T & BTy 0 2~ 500ppm ¢ ’,T“.». * €5l
AeFTAHEEM 0 ¥ - 38 58 2 # COBS (SD) BR + & |+ 3 |+
FLE o pAr koK e xde 250 ppm Styrene s B 5% & PR Bana f oy
;é@iﬁﬁﬂ*ﬁ»@#?w&x@ LR R EET
B> T NTP CERHR % o] 28 1 2% > Styrene % § 7 % #
PEagTadaa ol

k3D mAPMAT T By o

& sz ¢ & Butylene/Ethylene/Styrene Copolymer crficdy o — 38
wa&§&%$m&%$%’9 HEERY B e R R
Styrene ® % & 10 & 30 4 48 > Bcdp i+ Styrene e T is (L 5w
feF % 60pug/cm?/h) -

# 79 R ds 4 F 1 & Butylene/Ethylene/Styrene Copolymer sficdy -
A f#icdp © 7 7 Ethylene/Propylene/Styrene Copolymer (4~15%)fx
Butylene/Ethylene/Styrene Copolymer (0.1~ 2%)c17 &2 & 4712 117
%%éﬁ@ﬁ&w€ﬁﬁ%ﬁ%$% BERALP A LT LR
H A AR L

# i % > F# © Butylene/Ethylene/Styrene Copolymer(™ % /2 /%
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LR RS E T e e GHMEEL LB LR E S
& %R R o OR 0% 2R F 2R E ST ¥ Y
e ' (Styrene)fr e 5 B 4] ¥ ¢ “F (Vinyl-type Styrene) & R 4~ ch% 2
tAp b TR ’@g:&/’,\ﬁw DNl 1 T IRk
WOR) 0 A RO AR 2R F AT B RS e o
FRBE ISP LTI RERR)ERLEF A EGAR| F S
GEA BT R A PR L L R B R
Lpw i Reng M EAAS ik B o) 20D BRI
Ryt 35 BEe fAe F AR Fe GRS (LY 2 3

\

Buterne/Etherne/Styrene Copolymer) & B & i* #E & ¢ ehié * fojk
BAEE e

ST

1. Safety Assessment of Styrene and Vinyl-type Styrene Copolymers

as Used in Cosmetics. CIR Final Report 09/09/2014.
2. Registration Dossier. ECHA & #k:

https://echa.europa.eu/registration-dossier/-/registered-
dossier/15565/7/8
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6. INCI name : Ethylene/Propylene/Styrene Copolymer

® LHAPI-FERCRIBFTFRTFCG/PF/FLHER
¥~ (Ethylene/Propylene/Styrene Copolymer) (4~15%)Ff= ™ ‘J\’TJF/L ":fﬁ/‘{

& ' & F 4~ (Butylene/Ethylene/Styrene Copolymer) (0.1~ 2%) 7% &
ﬁ@%oﬁwb#uﬂm Bk el e Bl BB 2 AT R

LD50 > 5,0 mg/kg o

& Zii#HE 414 & Ethylene/Propylene/Styrene Copolymer ificdy o
2% ¥ Tﬁ(StyrenE‘) A& X BT 560 X EAF R E F Rk

&g e AR 0200 ~ 400 £ 600 mg/kg bw/day i 2 i
7 & 200 mg/kg/day FE ABEERI|F LE B LB HE B B
ZIin? 3 HEEH A e RFUAR S L 2R e
ek IR R BRSO T AR B BT AR S e ) MR
W 4eo AT Y ¢ 9 NOAEL = 200 mg/kg/day’ LOAEL % 400 mg/kg/day°
BT g e SRR B £ W EPA ¢ SRR L F L
SR ST & B %% & £ (RD) 5 1 mg/kg/day ¢ ?

& G e/ gt e 4= 7 5 Ethylene/Propylene/Styrene
Copolymer (4¥15%)4= Butylene/Ethylene/Styrene Copolymer(0.1~ 2%)
2.H BRE e Bl Py 8% R 2L & angd f§ Tk
oA EPA dp @ % 815 5L 2R £ F 5 “REMCTIpe” 2 &

T AF AR 5 VAR 0 5 EPA ALJE it A phagn] o

& =l e it A3 7 % Ethylene/Propylene/Styrene
Copolymer (4715%) - Butylene/Ethylene/Styrene Copolymer (0.1~ 2%)
2P BIR L P BRI o Ty B R IR L2 B PRI
P o @ 1345 EPA #ga; % 81-4 5L %R L ¥id ki fo A kil en
PR “Tlpctds ) " o LR mﬁ&z{%ﬂ«%fm" Hoenm AR S IV A
% EPA PR jeend (M [HAE N o

& A kagis @ & Ethylene/Propylene/Styrene Copolymer shificdy -

“_ \\?@r

% Styrene/Acrylates Copolymer % OECD 406 i& {7 e % & R RATR S
B L ZERATH o ¥ 44 Styrene sX 2 R LR 0 Rl 2 A
P LS 10% (w/v) Styrene~ & $8%5 * 20% (w/v) Styrene fr 2 2% (w/v)
Styrene enp ik 3 R R LiZ P R FR PP BARRI A K B0
BRI ad R Rag !

\\\?{r

€ XJEML 1 & Ethylene/Propylene/Styrene Copolymer shiicdy o 5+ B
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& T H 3 4)(NTP)** Fischer 344 + £ 4c B6C3F1 -] & i& {7 B
Styrene v PRI M2 F Bl 20 A § oA Pp & 7 Styrene s B
Bl R EG REM o md & E3 Styrene h1 A BT FIRM T i@
Bk SURpE e = & é%),%i?ig 4v o 10 Z DNA 4r & Fqoif @ A 7]
KT 4r 0 F] L 495 NTP > Styrene B REALTEHP 5 A SE R4 15 1
ECHA 1345~ S ATHIp X A L PR F ¢ S M pmh 'a > @
M B o B R LG AL A BIRIGRE R A P Styrene ¥
AAEE G OB F R BEEA o2

R R %M/ @3 4 & Ethylene/Propylene/Styrene Copolymer i
¥g o %% Styrene ¥ * PRECM R TLH F AR LRI KR (745
Ames BlzEfosf 516 4 fmie ¢ B b I R Bl dE 4 d H R
F#F7 7)o Styrene bR & 5 - ek @S PIEA A ZEEF
B RS (4B 5 styrene oxide) o e Bk Bl f B/ B¢ i
Bor U RN RS E S EAT R BT R il r A Bk
B 2 W & 3 Styrene {8 0 RPN L ¢ M ot g S A 0 T

Ly am b4 i%FJiérré’ﬁ%z\»p@ Styrene A HFE § RREM o2
78 4

o

X

4 74 4 & Ethylene/Propylene/Styrene Copolymer hficdy o %
Styrene & ~ E;z«fré’u VT & ATy o B~ 500 ppm F ¢ ’TF EAY
Az T A L F M, ¥~ 38 5 H) 2 & COBS (SD) BR + R 43 4
TF o AACH LP x4 250 ppm Styrene > Bk A PR s iy
AAMER R PP TMBE X 2 AP FS Y
- _‘ﬂﬁ“ NTP CERHR & R 218 31 %% » Styrene 7 € ¥ 9 % &
PESFTAAAEL !

4ﬁ:§w%P2&%°
& @ szt & Ethylene/Propylene/Styrene Copolymer sidicdy ° — 3
RITA B ofeF A %> 9 LI MHIFEHR- 2R R
Styrene ® % #% 10 & 30 4 45 > ﬂdfi&;‘"r Styrene ek T i (T Farx
e % 60pg/cm2/h) -
# 79 ds 4 H L& Ethylene/Propylene/Styrene Copolymer srficdy -
A f8 ¥y ¢ 77 Ethylene/Propylene/Styrene Copolymer (4~15%)4r
Butylene/Ethylene/Styrene Copolymer (0.1~ 2%) 07 &2 & 47 11 117
?%ﬁiﬁﬁ&wiﬁﬁ%ﬁ%ﬁﬁ BERFZREF A LEREZ
F AR ERILE A KK
# i % > F A Ethylene/Propylene/Styrene Copolymer (2 /[ %/
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CFERI) G R G rE e FEMIG L B DR E S

B h 2R AEH] o CIR e 2R L R E &Y B % hF
& % (Styrene)fr 2 % A 3] ¥ ¢ ' (Vinyl-type Styrene) & R 4~ % 2
MAPBE T E T o pl s BCF R ahrt g G BARR] A e S
WE A F e FAE 2R Y F R R RPN o b
Y RIDE R LS TFE LT E %’i\f‘ﬂ}]ﬁgﬂp TR EGAB R T
BEABACDT R AN E BRREE R R ETR LR
E e LR nE 2R s ik gf?\' IR A
2R ATES 35 EF e fre FAAUFL FEREF (R ¢ 3
Ethylene/Propylene/Styrene Copolymer) & p = it #}i&«“ g * foik

\

BA% pino !
$4 T
1. Safety Assessment of Styrene and Vinyl-type Styrene Copolymers

as Used in Cosmetics. CIR Final Report 09/09/2014.
2. Registration Dossier. ECHA & #k:

https://echa.europa.eu/registration-dossier/-/registered-
dossier/15565/7/8
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7. INCl name : Calcium Titanium Borosilicate

® LHHAM T LRAP DL K FEER H20% £ FA
KBRS AHPFRET E4Eed g ALK 0 A K LDso 5
£ >2000 mg/kg(# % BIE £ ) o L A2 fL 4T Sprague Dawley CD + &
T PR R (30%3 1% 7 AS e E 3 R) %% % Har JRLD
50 > 5000 mg/kg - *

€ LA AE A m kg LI A S (E-glass microfibre) ik B G T & G
REMERT F e MMM RGREF R~ Rik 38k
4 % (104E) 547 7 (1000 WHO S a/ml 2 4 » 7 [ F/% » #54 1~
38814 =% ; 15-50 £ 150 Ba/ml 7§ % % 6] F > &
S5XOFF3IBY ) BEHEP O AR APARE AW INGIAL
EFEod WEKRPBMART EFLFF R F BABE 3B
e BV IR W g F R P LOAEC 5 1SWHO & /ml 7 5 <2

& A A/ Tl L M fR4T(05 g & 05 mL & Bok)w e
G AR ARIAR  EFRETHEE24 L B
(630~ 4bfr a8 | P> R AN A K hF il L3 - B%
P AT PIRR e AR W AT P R BB E hiepr o2 B
P oA Bap L B IR D SRR B 72 ) PR A
R e B R RRAT AL G L R ATl o !

& Al i ® pE(n=31)¢ > & X &% 75 S3%FEF ELATH D
R A b RRBYFLLEET 20 aRPes o XRFEY
F 21 A PG G ORGP B LE BIERL S AT ﬁ‘—’\'vfi%éﬁi’a
T F oo 77 31%FEF Fa4T AR R P R2E {7 o0 Epiocular £ 4 ko

B PR R AT E P T ot

€ A ERATH D AXHPTH GG P RS (53%; O.2g) P K P
FiFOA LA G sapbi#% (HRIPT, n=98)¢ » 13 BZI|{
BRI oo X HFT G AR r&ﬁﬁp\ (60% 97%; ¥ * 0.2
g) it b Feh HR|PT(n=104)a$5éE“’ D BB R AT
%o 7 F FRR BLATAE (31% 5 0.2g) s RpLF mHRIPT(n 105):&
v o LG BRI AR A LG RECEY

® RFpMEIERBPAREDDLERE > ARABIE AT D
(1000 WHO % &/ml)& = 7 pF > 53 5% » &£ 12 B » 2 1
A EhE 12 B il  FrETAERBABKREY FEL R
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L K R 2R 2R 4

IR ’hjl:}é’;fr%‘*ﬁ\%

RESME/E GBI M5 FLRAP LA G Ames R 0 B LT

(1g/mL) &Zig % DMSO ¥ i o & M-t i 1L &Ui§ =) P = ‘p%]"(TAloo‘

TA98~TA1535 §r TA1537) & (7S - B % &1 & N ¥aid &
FiRpAR R ]

4 E A MAT T Bk

kF D mAp M AT T By o

EAB T P RBSS IR A ERFREAR !

FRAEH A F D gAY By o

AR L L AT HE P PR BRAT 4N (53%; 0.2 g)k R PR RLiE

7 A B8 E AR SRR SR (HRIPT; n=98)% > XF BEI TS RT

G0 X IPE T F G R rfrxf@ﬁ}i(GO% 97% : & * 0.2 g)shit i

& e HRIPT (n-104)\:$5é§“’ P BLETDIA K Tligcs RAacept % o

EEHFT 73 ﬁ‘&ﬂ!ﬂi(53 5%;0.2 g) e it it 57 HRIPT(n = 103)

L Ew»zlj | et RATTPEG o 7 5 FBF E&ﬁv@ﬁg(ﬂ% ;0.2g)e0

B AP RN HRIPT(n = 105)3@ 5% ® 2 25 BRI F Lk ir 23 A

K Ragegpy ot

His % >RSP 6 R FLAT AN S FRE FRARAT ~ PR R

SX4T ~ PER AUt B E PP BRI S s o PP R A

B TEAK] G A B B B R PR

A ET R F R BE R ATGE e Lt 2 o1 Gk

BB R EEL 700°C N > pRICEEBLIPEHFTEL S

WA A MR > FIP B R G o R e R ML o 2

By T

1. Safety Assessment of Borosilicate Glasses as Used in Cosmetics. UT
32(Suppl. 3):65-72, 2013.

2. Registration Dossier. ECHA & #k:
https://echa.europa.eu/registration-dossier/-/registered-
dossier/15936/7/1

=k
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8.

INCI name : Tocopheryl Acetate

*

AMA AT B EA oA B oL S it
BF s REMEr 3 B 7 %% ¢ JR LDso > 10000 mg/kg bw » -
Hfrd F &0 JR LDso 4 %] & >4000 §->2000 mg/kg bw (%F iz OECD
401)> 7 e PR LDso>14.4 g/kgbwe A& 5 & & 14p]3# (%8 i1 OECD
402)7 plEELETI A K LDso>3000 mg/kg » &= o RlRP FiE A
% h {8 24-48 o) pF ARSI ARdE M FR kB B 0 el i & L)
Fa 3R BEAE EPRE G o 1
AR E AP - X 90X EAFLE(C IR )T L EH
£ 5 125~ 500 §- 2000 mg/kg > % A B ¢ B eip 075 E E A F A
4v ;2000 mg/kg bw/day zE Bl Z #p B slden R HF g o 15 £
PRI E X FE SRR T IR 0 L F 5 % xR %‘r e
FHEFRTAEFA P AEPAPETL P G BFRGERFE A
3t & 500 mg/kg BF 5 5 APTT (@34 4 > @ PT ’ff"gf\« wE-v BB F H
4v > #7127 NOAEL 3% Z_% 500 mg/kg bw/day -
AR A/t 0 KRBT LR (& A K Pl - iz OECD
404 st F gy ? o3 B R F(2 Bl 1 Bep )R B
4 T e fhfig o 3t 2448 ﬂfr 72 o] Pt s o R AR (A 0 AT
EEF”Q&m—Iij T % 0.0
Fe it AR D7 2 F (&P %) o & OECD 405 it {7 ep%
PR ? 384 F1 &P 2 Erp )R g A TR B
g o » 2448 fr 72 [ FE¥FEP B - 0~ B Lo iR R (T
Ao Timemaruli 0020.0-0240.001
R IRATE iR CTRA % 2pl3#4p s ™ 30 Sepd2(20 &ipli#dr 10
G E B oerBER L BR (T4 TS L Fhfiy ik RATES o
T RA A AR TR e ffia S A Pl 8em? el R
Bo(wh 4 g e R AR TR e) 0 2R {8 BRI
=% B> 1.8)/cm?2UVB 4o 10J/cm?UVA BRét > fzfh e 2 33 P
EAF A FHRE S A N 2R FERLE ZFRR S
100% ( * #f% ) ~ 75% ~ 50%fr 25%(F-ff ik tee fh ¥ ) > 2R (8 ke
i fe %27 10 J/em? UVA BB SF( = ))& K BB S (% 1)) o *t e & &
is 2448 'fr' 72 | BERER mmfok Ml B R s o LR T 20 &)
Bt d A &N miEichim d FF 0 Bl fe R Bo A R 5t
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RIFFINE2Z B R T - R BEF LR -
KM h- 4 5 ¢ 45 4 & 500 ~ 1000 + 2000 mg/kg bw
A T fifipE 104 k0 Ay @ g dk R By il R IF
F oo 1
KR M/ GBS Ames :E5% (OECDA71 > GLP) 1 T BB i R i)
)RR F PR (TAL535 ~ TA97 ~ TA98 ~ TA100 fr TA102)it {7 ff &
BAHE I PERT 2 Y s flfia T R E /};eligr%] = 50 1
5000 g/ tF o« SR TRFETHEERLG P EH o BH-2 T L
Plfig it B f RIFET A RRE !
AR A RAAAREFPFY Y 0 Rt Al 2R
o 5N F T o NOAEL 2 800 mg/kg bw/day (48 & * 2%) » 7
Rfcd F+ thikvd (447 7 @ (%502 OECD 414) » ¥R oot ipl ke 2. fF¥ b
WAL BEFLR > S A NOAEL 5 >1600 mg/kg bw/day -
AM I NEB PRI SR T T 5L gk RAGES%
S gk RATH oL
S st ARt AL sofiRsk (88 17 OECD 428 > 2L GLP) ¥ > B
W3 g AR T 2 Ve fE RS TN T R odl4
g ALK hiEA) o A5 et Prlin PR A K B8 F PR~ fe
G R R BFLR o 1] PF 6 {18
JPE R B P RGE 3 A I BRI (B ] 5%)ELE T .3§;Av1vlit+_ 1.1
~4.2 % o 1
AIMAHE S 6T 108 4 HE v R a2 T B ad
T e fifigfs 356212524 2 48 | PF 0 BB Rl [P 0k
S A 8 R 7S a-d TR AR a-F T e iy
Yok < ﬁfif—k}% pEAR N L A 5:11 R E N PG Bk e g o BRI T e
Jots £ i 48 P PEPN KL R Y BBAY F B :HIHK 5 ik e B
a-# ¥ fi= i (a-tocopheryl quinone) - @ % %~ H;TU‘ ciEis i B it &
A AR d T T ENERT
B EHT - iy ol
ARy #1203 LA 2R BB & 17 Draize R MAEE L T C
Fafip ¥ A B el § RATHEA - LA HEER > X pé"!z E2EPN TR
BT 100% w2 FE A FRLPELELATEH 320 F - o
HEW DT S e 1 0.076/% 3¢ 4 (n=203) L F XK T
B 1 el E s AP RIFE(N=203)i R B R ol

=

3 Bﬂ,@,.‘?‘« é_.sai % E ik
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O HUFTR2FHIATHEA TR BAEFRLL LT 2hE g
A (GRAS)» @ i BE S * HReh> P R BIFF 4B S H R F D
% 2% cFAO/WHO e & Sk e R & & RA f § F& L DLo-2 ¥ fin
fr D-a-2 T ik - Ept et i p i~ £5 0153 2
mg/kg ° 2

S SR

1. Registration Dossier. ECHA k.

*

\\\Xr

https://echa.europa.eu/registration-dossier/-/registered-
dossier/13377/7/1

2. Safety Assessment of Tocopherols and Tocotrienols as Used in
Cosmetics. UT 37(Suppl. 2):61-94, 2018.
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9.

INCI name : Titanium Dioxide

*

)3

ERapd iRy g Er Ay A BY B o 24 gl
Bdzims § Y453 25,000mg/kgbw {8 0 i F v R H @ F g
oo UBPEREE G 2 BN R% - § 1 4ih LDso 5 >5,000 mg/kg bw ;
o F e (i e oA ) chE s s 3 BT P 0 < RehEg
WMIrfFEAFE 682 mg/l L F YRR 4 L RFATY
By a2 = o B < B » 1Cs0>6.82mg/L 7 %‘;& E
‘}l’ﬁ ERMOEMARI ROV RAEL NI ITRERE ]“i;-}i
2B d BN A A R R T IR
ESERASEES L E FCITE NIRRT TR N ARt S

EAEHE 4 [ 1 JECFA Y 1970 # #=&% Lehmann {- Herget ¥ 4 %

—\\

=
Tx

s

Hof sk » 2 B2 RH-a 84 F 5 &jfo- &4
1 ¥ F L4x(Z B299%):E390 % ofk4 G A X 9 R

(4p % >* 900 mg/kg bw/day) ~ % + & » 5 1170 s.(4p % *> 1.5 g/kg
bw/day) ~hdE»~ 3 /X (4p % >N 1.5 g/kg bw/day)~ * 2 & » 0.6
7. (49§ Y 800 mg/kg bw/day) » ¥ ¢t B AR E X 3 g - F b4k
> E] 175 2 - 300 % o BEAL VR b HHBEEERE A
R K o R SR S Ao feaed IR B0 3T B mg egk o 2
A A/ T 1945 OECD 404 $ta & v & &7 X 44 sapk
W AREI e RN S B AR T !
P 1 j5ctt © 995 OECD 405 ¥t ff o 4 187 &0 TRl > &
?ﬂw#;ﬁﬁ?%ﬁol
3 /?wezk* DAZMn § it 452 OECD 429 4p 3 i) BUR 3834~ R4k
| (LLNA)[3&k B 52550 % 100% > B2 3| #rF i cdn #c (SI)
3 3.0 mETE AT ER T RIRER ;ﬁ_&n EC3 & > ¥ - 1/
OECD 406 i {7 ¢ % B Buehler = 2 » % % &k ¥ aif E BRI
BRGE e (5 24 0 48 1) p.f, G RS RS L )
Fooo FIPt o F it gk 2B RATH| o
KB 0 1979 # % B NCI 7 Fischer 344 + &4 B6C3F1 -] (50 &
B0 [ 5])iE (7 ROR AT Y o & B6C3FL /] &
Er(445Th 0 Adg TR 0 B A 98%) 0 HE 5 0~ 25,000 fr 50,000
mg/kg 45 (48 % 4244 0 ~ 3250 ~ 6500 mg TiO2/kg bw/day friti
0 ~ 4175 ~ 8350 mg Ti02/kg bw/day) » 3%47 § i& {7 103 ik ¥+ 104 ¥

Wi

mfr‘aﬁl ‘iﬂ’
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WPy o P SWm U RS § V4 B B6C3F1 ) K ¥ 7 R o &
Fischer344 + &1/ fr 4% & Vi {7 (49§ ¥t 2242 0~1125~2250mg /kg
bw/day > ¢ 0 ~ 1450 ~ 2900 mg/kg bw/day) » & % Bl3E 4 L 7
PREP P A R EF 2 L E T Bed 2 T HFR
W REAT o FH BT RS F 140 Fischer 344 & BUZLF
T (T % o495 i538 77 5 EFSAPanel -] 4% ¥ NOAEL 3 50000 mg/kg
bw &L 5 4p g 2 2250 fergdd 2900 mg/kg bw/day > A %] R
Bk B A E 24 BEF 10 50 o 250 mg/ md s § i gk
A-24 3 7 > ABBRE P DR @k e o 3
REAFP/EBF P 2§ Mo fv R REE%K WP ATR
Rird ¢ WETHAFEKR M B F%RY BT IEBETIELE !
A WA S F A I £ SRR r+/i><}$,]v}pﬂ SEECET S A
ARFABAFEFLOpMHE LT EHhE o F V& 3RS
A AT
kF o iz OECD432 i 174 f = § i 45 T805(F % &, A/R,PSMA 1
type) ~ T817 (# % &, A/R, PSMA 1 type) % P25 (& % & )efisk 4 33
B > T805 v T817 f- & iE 100mg/L ek B T 1§ Mm% 4 142 k3
HoP25(E 4 )b B ER TN e d M RS LR w0 T
7% % % 50 mg/L o 100mg/L A %] %% 14 82%Fr 44%- P25 %f Balb/c3T3
wie g kR AT REFF N D F kIR &P 1
M BT ik OECD 428 i {7 picim§ 1Y 43 4r= § (L 45 B A JE o
b @S ? o RIGEER S M Amg/om LA R B 2T 1em® ke
B E 24 [ pE o % R 2R T GH(w o 86-100%) ~ X R T
HE L 0%m LK BELT STHE 5 0.1-05% (F ¢ 34 5 B+ 4
W) 2TXBPT AN TEFREETA 1
&g@iﬁw BvRZF 4 REHY G BTG E
AR CHEF I KT ENEPEFRARSEAMAR > T -
FOOAUEBARMA R NE Lo it et
A %gﬁwg D SCCS % 3T R LIFRA ¥ 3R 578 A RS 4 Tk
5o T RE AT F MRS AR P e AL
-

abg %1% 7 mﬂ@]m

S
=
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FOAWEEARLRREIEFADURERSE L Aot F
G- ?Ké‘t:,iéi'léiéém’?é%; ° 4

WA RFHISCCS X 2mhip NARERAF AR HAS
kR G 25%hd & - 3‘? Lax (TiO) L F 4 &8 5 57 %
FEow ARINIB T N RETR R Y O BB R R 25% R
SF AP RRAR 2 L BR AN AT R A
2 zﬁﬁﬁrf&ﬂv’v(ﬁ@k%)mh T § AT 2R 0 A TR
LE S HEr HAEEY VR LSRR (TR R
Alfrds ko A) S B R B AR S F M n*v;z@ﬂﬂ i
P ERREEM FIL LR A AT R o F kR
F R A 052 § 1t 4k TiOy(CL77891) 5 £ [&]%%fr%q‘%%ﬂ_% 9
WIS B T X NEEE T AR A B o
Bt s fo A I A & TR T PR &E 2R IV (E171)
FIT o AR MRS F AR UG A I A R EIET @

¥ 6,

Pl
2
(B
S

S5 T
Reglstratlon Dossier. ECHA A& zk:

https://echa.europa.eu/registration-dossier/-/registered-
dossier/15560/7/1

2. Re-evaluation of titanium dioxide (E 171) as a food additive. EFSA
ANS Panel, 2016.

3. SCCNFP/0005/98- SCCNFP Opinion on Titanium Dioxide (S75),
2000.

4. SCCS/1516/13-SCCS OPINION ON Titanium Dioxide (nano form),
2014.

5. SCCS/1617/20-OPINION on Titanium dioxide (TiO2) used in
cosmetic products that lead to exposure by inhalation, 2020.

6. “HE&HS F it UL (FIR S F % 1091605373 5.)

[EY
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https://echa.europa.eu/registration-dossier/-/registered-dossier/15560/7/1
https://echa.europa.eu/registration-dossier/-/registered-dossier/15560/7/1

10.INCI name : Tin Oxide

*

L K R R R K K 2

EEA ) Bfet B(BE foFfk A 5P ) Tin Oxide sh& (v JR
LD50 3 >20 g/kg » "R Vi % chdk 14 LDso>6.6 g/kg o 1

EAMELPL D A RA&SFF 0%~ 0.03% -~ 0.10% ~ 0.30% 1.0%
Tin Oxide & 28 * » AL BRI M 7 LK i o 2

AR A wwm* CEARM AT T B o

e flpeld @ L AR (CAM) 2§ R 2% (CAMVA-14 = e & 3
g RArd B4 (BCOP)RIFITR 7 7 1.11% Tin Oxide ehp% B crip%
flpctt > 2B 1 0.6% - 0.2%k & P d (2% 325 IR © 31 £ X 32
FF PR G 0.3%Tin Oxide e 5 » 4 3k (5 PRI r Jis o
Réﬁ%ﬁﬁ&Wiﬁﬁéﬂﬁﬁﬁﬁ%vﬂ%ﬂmgaﬂ’NS

%K) S BA(0.35% 0 108 L% oK) » PR (0.3% 0 98 %
JF’f)’ﬂ ?’(13%’209 r)»pé )fﬂ%ﬁ]ﬂ\ﬁ»fﬂ&réﬁﬂﬂ*%&ﬁ%ﬂ
HL o 1

x® DEAPM AT T By e

y fEa
REBH/E @A R AN T
A E AP M ] Bl -
kA mAp A Bcdy o
FAG mAP M AT ] Bl o
F MRS 4F L E AP T By o
A ﬂ?ﬁﬁ’x-‘}fg\ 31 &% Fi“—*‘ﬂ Pig* 773 03%TinOxide sp% > > 4 &
(62 €l AR o A MEAFH G pbid i r TR (7
0.5% 103 %% Ffé )~ B 42(0.35% > 108 &% 38 %) ~ P45 (0.3% >
98 & kK ) FH1.3% > 209 &% 3% 4 )50k 514 L F T it
MR R AT o
His % 2341 5 (V47 Sn0y it fES» 'Ffﬂlﬁf A~ R e
kF o AR A SR EREBE 04%0 BT A A K 3 iE
1.3%°CIR % Tl ipd1Sn02 5 7 B kg & H i EH 0 7 &
ESEVIT ST ¥ 3 ﬁ%%mmiﬁ%ﬁ”ﬂﬁiﬁ’ﬁngﬁg
EhSGHp vt fokR A% 2o
TR
1. Safety Assessment of Tin(IV) Oxide as Used in Cosmetics. UT
33(Suppl 4):40-46, 2014.

\\\Xr
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11.INCI name : Iron Oxides

*

EMHAE - A LAY (Bayer 1977 #)3F 2 < B v PRF Y48
iz (Fe203)e17 LDso % *+ 10g/kgbw » ¥ — 7 {8 * § (L4 et BT 7
(Ramm » 1986 &) » LDso & ** 5 g/kg bw
EAHEA M 2K F “ 4 (Fe203-30 nm) fraicst § Y4k &
(Fe203-Bulk)sn~ & 28 = Iy &4 v PR 4:&8¢7 0 ~ 30 ~ 300 £ 1 000
mg/kg bw/day vt i o B g ZCHCK KA d F it4E S 30 2 300
mg/kgbw/day eh% F § 4Bk BP0 BERIIME T
GELG R RFERIERPA RN G
AAF Mt RARIMEHESE TR LY 2
ME AL Sfen— }';L 1RO BRI R e L B @F\;:
v o FE Tk ¥ 148 5= v NOAEL % 1000 mg/kgbw/day » 3 if|
ik B M E o ¥ - 1395 OECD TG 408 1/ Sprague-Dawley =~ &l ¢ 4
% 5k 1 4 4z (Fe,0s » 60-118 nm)#| £ 250 ~ 500 # 1000 mg/kg
bw/day > #F4§ 13 i¥ > 2% k7 TR IR Fer03 3 F 3 L*ﬁ« &
AP rE A 2K F Y4 NOAEL 5 1000 mg/kg bw/day °
AR AT p =g e ’Flibi OECD 404 %tv 1t # & 7 srphid » 4 o
Brlles o P AR S B ALK T -2
B ] gctd @ §395 OECD 4054t & ff v 4 & (7 1% f1gpl 0 F~
TGS 5 Rt o2
A RAgt D IUCLID #cdp < 248 & 420 & Maurer (1979)# * %
Rehif e 3RA0:3% > 2 ¢ » 2 d § Y 4i(Fe03)fr 2 4 § 1 48
(FEO-Fe,03)3a 5 1 F B o 1
REPIHEDEIPIeRFBE 108 H 1T 9RDF LY 570
mg/F(4p %32 1.25 g/kg &' > 0.312 mg /kg bw /19 % )&k & 7 F ¥
L 48 ¥ ¢ A(Rdp it & )ikl & p 2 8 B3+ 5 428mg/fy
AL G RE o RE &&F‘ 1 (IARC)E Fdp &1 > g & 7
AT (d F ) ez 3 iﬁ«(%a‘ﬁﬂgm'“b*’”)ﬁﬁ*ff" PR
Hptr o @ g4 A\Emﬂ%'ﬁﬁﬁgﬂ & e
REBFE/REF 2 d (Fe03)fr 2 ¢ (FeO-Fea03)% it 48 »
A3 AR A A (2B 5 7-30 nm {>100 nm) 0 & Vﬁ;f
P R R E rn;a%;c* BT R o B¢ 35 DNA 4a%F
AT BRI 2 8 Jofioh @ Fehied § 1V daflip v JREE

- %

P

\“‘b

Ak

“i"“ “.%ﬁ
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2

Bk Blaga ke RAalAe @A i g BT BRI
Sficdy o d WEIRE UG T F gD EE AT R F LR RRE D
Mz FEEHER R GRRT TRt Bl
Moo 1
A A - 7 A 4 7 (JECFA » 1983 £) 0 10 & 244 4r 3

Lopdiokp B AR e T 0.75%NF I 4(Adp it £ 4
BEIRA A Ffoft B HRep e TP ffre Srpld
“hueFe o §geeR o B PliRA (165 X )FREI A TR
oo LS FEfeA L F > ARBRDE PR o]

F M mAPM AT B
SAGAT T BAPM AT Bdg o
4 70 (X Hhe 4 B 0 12 OECDA17 ** Crl:CD(SD) + & r R Sicovit Red 30
E172 e7:&5% > 11 1000 mg/kg bw #| & ¥ =t © pX Sicovit Red 30 E172
to Eim 2 N B e SO A TR RIETE AR R (T G L 8 e
BLE F % o seliforpit < BLO D 720h pRa Y Cmax & %] 5
3.17 ug Fe/g - 4.39 ug Fe/g o B2 42 7% L EAp L » T JRIEF (S48 03
2P RS 0.22%/0.23% (R /ipf) 336 e A S g o
P HE AP TR F o a S aas Ry
PRHREDFEFIN o Ft o F B F 4 B o E DG 2 )
* }iTﬂtL FOUAAR A RTeR o KA B ISRk p REY b

g A #«f | % B Eo] BIF L LvE 2 2 o

‘*Eﬁi#ff}-* Fr FREFA Y2 R 2 A R et ch1 AP § AR
FREWIRE G TV R s A B X3 iﬁ—h 16,742 £ % &
fr959 FH TR FRAG R Kk BFAPFT R Fadi s A
EFRM B SH AT RERT CBER R SR T AT

T o2

rm

I A
B

His & >34 11980 # JECFA #£ Z_ADI % 0.5 mg/kg bw/day o ' i«
d iﬁi L4 Fex03 (C177491): 2 W& &8 ST F LA L300

AR/ IR WHEI AR RGN oRE RS
mnuﬂzr-rfmﬁ AR A R RBP4 BE SR R 2 IV (EL72)F e
AR HESRS F AR UG R FIL o TG L EEIET R 3.

® FEFH:

1. Scientific Opinion on the re-evaluation of iron oxides and
hydroxides (E 172) as food additives. EFSA Journal

2015;13(12):4317.
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2. Registration Dossier. ECHA & zk:
https://echa.europa.eu/registration-dossier/-/registered-
dossier/15552/7/1

3. Egd B A A LA L (S8 T F 1091605373 5
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> 2}
(11) & 5% 2 EHKFEL
WABRIEG DEER S F ok pH AR BA L F s 2 H R
PEFT6RT A&HT TR SEHNTDER RIFFRGFE e P2 LY

% RE

P AAER T
4 %H’?’ ABS ~ PET ~ PETG ~ PE
B % 0" 5102 % 3B % 6 B2
40 °C 40 °C 40 C 40 C
BRI P 75 %RH 75 %RH 75 %RH 75 %RH
*hR A e § A e § LTS S LTS S
Br e d Fzpkp | SEFREE | Lo dskkp | d Fkp
e A A i % R
AL (at 25 °C) 38,630 mPa-s 37,520 mPa-s 40,240 mPa-s 39,550 mPa-s
% B (at 25 °C) 0.95 g/cm3 0.94 g/cm? 0.96 g/cm? 0.98 g/cm3
R R B S A A A A
" ﬁ?}ﬁ_ EEE ~d SR EWE S SR |EWE SR S K| ERE %S S F
B2 N2 BG | B IEHIIRY | B EHZRG | B2 BN
ny sz W WEF W W
’ [1# &% L1? &% [1# &+ [1# &+

¥ B 2

ISO/TR 18811 Cosmetics-Guidelines on the stability testing of cosmetics
products,2018. %% 532 F%k2 R Z REEF i X T RRK

wRIAR/B

(GH& &5 4 p#)

(GH& &5 4 p#)

HWPAR/P ¥

(& &5 4 p9)

(GH& &5 4 p#)
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(12) #c 2 $ # iPI3R 2

ARLH 2EERR

p ook ok IT22080F

AW p o 111.08.06

¢ X F ABS ~ PET - PETG ~ PE WP ¥ 111.08.12

W RIE P B #% &Rl % F S 2

o TR e g e A

2 A& <100 cfu/g # 3 wAAETIIN S &
(<10 cfu/g) ¥4 ¥ 12 % 109.07.28

CHRA EEh e ) 2 111.04.21 2 # £ 3%

Bt 3 @ ot o) WSk k-1 R

E3 7 W M AN me s AL B

P RRE T xfgdy R

FEAT W 7 &t

BRIAB/PH |GHE L2t B )

WHAR/PH |GFE cxt p i)
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(13) F* B3z i%

e

¥ 5 LA

(Sample Name)

iB|2& P #F (Date Tested): 111.05.03~06.15

35k 3%+ i# (Method Code): #r@#% & H§ 110.05.13 22 2 1§ S-1F A il 35k 45 3]

#13# F#& (Microbial strains)

A R/P W

AYEEE [ ABBE | &5 TERE | FRRF 0 ¢ A%KE | RAF
(Assay Time) | Escherichia | Staphylococcus Pseudomonas | Candida Aspergillus
coli aureus aeruginosa albicans brasiliensis
(ATCC 8739) | (ATCC 6538) (ATCC 9027) (ATCC 10231) | (ATCC 16404)
(CFU/g or ml) | (CFU/g or ml) (CFU/g or ml) (CFU/g or ml) (CFU/g or ml)
% 0% 9.2x10° 9.6x10° 8.5x10° 8.4x10* 9.3x10*
7= <10 <10 <10 4.3x102 4.8x103
% 14 = <10 <10 <10 <10 1.2x10?
% 28 % <10 <10 <10 <10 <10
HiRl < R /P (& 241 p o)
(;r& &34t pip)
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R Rl T il xlié_rr%'iﬁ—x Ao P& E-Ap R ;_—T_;)‘(;“_:'F;”\,*

(15) 2 & 3 ff2 ¢ EHFT TR

A&EE 10ml

PR ¢ EHT

ABS (Acrylonitrile Butadiene Styrene)

FY, j{ C,'{B

OTHER

PET (polyethylene terephthalate) +.5% =<

N\,
ol A £ L‘IA

PET

PE (polyethylene)

r & L%

P

PE (polyethylene)

Fy b L%

PE
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REERRFPARRBEFE

%4 2023 # 5" gH2ZHmREHF ﬂ& > F L R ¢ (Scientific Committee
on Consumer Safety, SCCS) f* 5= & Rl3# 2 B & 2 M= p3l % 12K
(SCCS/1647/22) » ik * & ~ i ~MFEFTAKKBETE o

i
Tiagg & 60 kg
I foe 3R
Stk Laae gy o
&P 2/day
& * % &% #(cm?) 4.8
Y ¥+ 1.00

& B ﬂ- }? %gi(Eproduct)
$T AR R 0 5% 2023 & 50 5 F 2 SCCS A SR A

H 2P dp9l 5 12 % (SCCS/1647/22)% 3A > & # B4k p L K
R
Estimated Relative | Retention Calculated Calculated
daily daily factor? daily relative
amount amount exposure daily
Product type applied applied* exposure?
(9/d) (mg/kg (g/d) (mg/kg
bw/d) bw/d)
Make-up
Liquid foundation 0.51 7.90 1.00 0.51
Lipstick, lip salve 0.057 0.90 1.00 0.057 0.90

MOS —‘,L g ¢ % # r‘rJJ!- P Rﬁ% ’EL é 09mg/kng/dBY°
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2EERT L 34 MoS B E

35 % 2 A 2 Margin of Safety (MoS) % 2> ™% 4T 4 !

SED= Eproduct (* P & J§ J #% £ )xC/100(fie * 7 /4 +* )xDap/100( & /§ 1z &)
MoS = PODs,s/SED

SED (mg /kg bw/day) = > ¥ % & ®| & ; Eproduct (mg /kgbw/day) = * P L £ % & £
C(%) = fie > F ~ 't ; Dap(%) = A J§ ¥ fc 5 ; PODsys — 4% * NOAEL fz & o

SCCS - ARl 2 % 23R 451 % 12 %% (SCCS/1647/22) # %
90 = v JRAPRBR LS AR AEHHEL R F TS
£ 12 ¢h 90 % A7 F KPP FEenE p o v @ E & i 2E(Point of Departure,
POD)P¥F SCCS € #4 J& M3%A 13- % MoS» ¥ H L4 B3 h 4t
B Z A 90 X FF e PoD PF o BIZREY A AR TS ke o 5T
TS BGERE R 0 s R A 2 NOAEL A Jg & Bl chd TR S if 2 15 &

FFERF]F R FRE o MR 152 NOAEL fEzt 5 & % 4o

e E | AF™ | NOAEL SED
INCI name Al o (mg/kg | (mg/kg MoS
C(%) DAR(%) bw/day) | bw/day)
Mineral Qil 69.1 10 1428.6 0.0622 22968
Diisostearyl Malate 12.0 10 315.0 0.0108 29167
Simmondsia Chinensis
) i 5.0 100 - 0.0450 -
(Jojoba) Seed Qil
Quaternium-18
) 4.0 10 333.0 0.0036 92500
Bentonite
Butylene/Ethylene/
3.9 10 200.0 0.0035 57143
Styrene Copolymer
Ethylene/Propylene/
3.8 10 200.0 0.0034 58824
Styrene Copolymer
it IFRA #
Fragrance 1.0 100 - 0.0090
RER S
Calcium Titanium
- 0.53 10 - 0.0005 -
Borosilicate
Tocopheryl Acetate 0.5 10 250.0 0.0005 500000
Titanium Dioxide 0.076 10 2250.0 0.0001 | 22500000
Tin Oxide 0.004 10 - 0.0000 -
Iron Oxides 0.09 10 155.6 0.0001 1556000
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INCI name NOAEL & i+ .
13:F#:1F 5 % 0+ B A K 3 11 5+ NOAEL 5 2000
Mineral Oil mg/kg bw/day » ¥ G #F % X #k2 F FET_F]F

2000*5/7 =1428.6 mg/kg bw/day -

Diisostearyl malate

2} %P Bis(2-ethylhexyl) adipate =790 % * & i
Mg e & By # 4 NOAEL 5 630 mg/kg
bw/day:>% g v JRA 3+ ¥ * & 50%2. H FE T_F]F >

630*50% =315 mg/kg bw/day -

Quaternium-18 Bentonite

#F190 R £4FRA K F HE% o NOAEL X 3
333 mg mg/kg/day °

2R %P8 Styrene 1560 % E£AFHE F LB
Butylene/Ethylene/Styrene B 5

¥ & NOAEL % 200 mg/kg bw/day » 3 § %= (@
Copolymer ,

FoA A R TLF] R A e

2R %P8 Styrene 11560 % j £4FHE F %
Ethylene/Propylene/Styrene 3 5

i 5 NOAEL 5 200 mg/kg bw/day » * 5 { %= &
Copolymer ,

AR FEE TS BT o

90 % < & v JR & 4 {¥ 5+ NOAEL % 500 mg/kg

Tocopheryl Acetate

bw/day: ¥ g T R4 $ ¥ ¥ F 50%2 F Fx Z_F]F o
500*50% =250 mg/kg bw/day -

Titanium Dioxide

S B 103 iF < ¢RI EES T 4 NOAEL = 2250
mg/kg bw/day > }* 5 { F B A F FEE TS e

T o

Iron Oxides

28 % % B v PR3 ¥ & NOAEL 5 1000 mg/kg
bw/day’ % g T PRA ¥ * F 50%% F5% X B E
FE E_F]+ > 1000*50%*28/90 =155.6 mg/kg bw/day °
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REEEE

&

% 2 RHM
/V\’f‘r”rp e e

oo T RFER T AT

2 A& HAMEEE ST

23 S

FREFfor » 0P

RS R e EAR/RA LRI T E L e Y mp
R Lt SRR I R

RAIRER AR ORI R BFF RATAR FTBLR

REEEROF 2EFRAE A 4 hE B PFRT R AR L A RS

#icdy o

1. ZAFLP S l“%&w';é"’@lxgﬁgiw Firfrd AR%Y 44 > TETH
AP S FERMZ fiE 2=

2. ?"é_r%’]ww dF o BEARICMEST FAARE UL LR -

3. RHBAAS AR ERT 2 PSP/ BEM X T RERRL
M2 PR 2 PR i @ %L > S5d il A R0 SRR

BT TAREREI AR & KRR B PR 2
d 2 B2 AR T RRAP A SN ERPTEFTET PR
o P 7 & B & MR AL o

4 Bt FHRRIFL 5 PEARCMEHEI P FEARELE R p ok
WIRSRAR 2 BT 1 L R0 8 #F % 110.05.13 2 2 2 itk &R AL 3R
AR A AT ASKE P ARG PR VREASELR
Pl S F A2 R o o

5. A S % 2. & HHF 5 ABS ~ PET ~ PETG % PE > {353 dfiufe 2
yéﬁiﬁwgﬁ’?%&éﬁﬁﬁbﬁfii

6. 1345 SCCS k&= m RlE 2 B & 2= dpsl % 125 3+ R itk &
ﬂé&#é%*@ﬁ%gﬂ&oﬁﬁém@w%%g’#W@%@#
FSCCSH MU N ERFASZLBERBENGELE 2PEERE
(MoS) -

7. 0% 2 A4 & WY A R ¢ 152 (IFRA 50th Amendment) » & # * & 38
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A&l b ER S 20% 0 %i%é?%%%:iflt%c 1%% 4 » ap 3 2 4 B X

Simmondsia Chinensis (Jojoba) Seed Oil ~ Calcium Titanium Borosilicate %
TinOxide > RyFHF R EHP 2 72 3 P FA7 T R
LN WENE Y RN EIEQ (PR i

Papt A& ANIRE LR BfrhcE ? 2 F o 4G 2 LR Bk E A
LF et b F A § R FRELIRFREF R EAER A S
2 Z M LR AEETIRE o

R be s FraEm = @
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el A N2 AN A2 PR L BT

I AP ERERY - a2 PP FEE TR T FERE
FlEe 7977 WEDZASE P 78 r2 FFRESESL
2_# B 3F % (Certificate of Analysis, COA) ~ % 2 7 #! % (Safety Data
Sheet, SDS) ~ Sk R N E% > 2 EATREE P 2 P F oo #
L REHEPF AT ©
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INCI name : Titanium Dioxide

SAFETY DATA SHEET

1. Identification of the substance or mixture and of the supplier

A_ GHE product identifier Glare® Glittsr Red GL-T401E

B. Recommended use of the chemical and restrictions on uss
Recommended use Cosmatic
Raesfrictions on use Mot availabla

C. Manufacturars

2. Hazards identification

A_ GHE classification of the substance/midure
Mot classified
B. GHS labsl slemants, ingluding precautionary statements
Piotogram and symbe! - WMot epplicabls
Signal word ° Mot applicabls
Hazard statemants © Mot aoplicabls
Precautionary statements
Precaution - Mot spplicable
Treatment : Mot eoplicabls
Storage © Mot applicabls
Disposal - Motepplicabls
C. Other hazard information not included in hazard olassification {MFPA)
Health O
Flammability Mot aveilabls
Reaotivity Mot availabls

3. Composition/information on ingredients

Chamical Mame (INCI Mama) CAS number | EC number | Contant (%)

Calcium Titanium Borosilicats B5897-17-3 266-046—0 74 - B5
Tin Oxide (Cl 77BE1) 18282-10-5 242-158-0 0-1

Titanium Dicxide (Cl 77881) 13463-67-7 236—675-5 15-25

4. First aid measures

A. Eye oontact

- In cass of contact with substance, immediatsly flush syes with running watsr at lsast
20 minutes.
B. Skin oontact

- In cass of contact with substance, immeadiatsly flush skin with running water at least
20 minutes.

72



- Remove and isolate contaminatsd clothing and shoss.
- Wash contaminated clothing and shoss before reuss.
- Get immediate medical advice/attention.
C. Inhalation
- Bpecific madical treatment is urgent.
- Movs victim to fresh air.
- Give artificial respiration if vietim is not bresthing.
— Administar oxygsn if breathing is difficult.
D. Ingestizn
- Do not Ist him/her sat anything, if uncenscious.
- Get immediate medical advics/attention.
E. indication of immediate medical attention and notes for physisian
- Ensurs that medical personnel are aware of the materials) invoived and taks
pracautions to protect themsehves.

5. Fire fighting measures

A Suitable {and unsuitable) extinguishing madia
- Buitabls sxtinguishing media’ Dry sand. dry chemical, alcohal-resistant foam. watsr
spray. regular foam, CO2
- Unsuitabls sxtinguishing media’ High pressure watsr streams
B. Specific hazards arising from the ohemioal
- If inhaled, may be harmful.
C. Bpecial protective eguipment and precautions for fire—fightars
— Dike fire—contngl water for latsr disposal. donot scattar the matarial
— Maowe containers from diréarsa if you can do it without risk
= Firg imvolving Tanks: Cool contginers with flooding quantitise of water until well after
firs is out.
= Firg involving Tanks. Withdrew immediatsly imcasse of rising sound from venting
safsty dewices@r discoloration of tank.
- Fire invalving Tanks: Always stay away from tanks engulfed in firs.

6. Accidental release measures

A_ Personal precautions, protective sguipment and emergenoy procedures
- Bliminate all ignition sourcs.
— Stop leak if you can do it withouwt risk.
- Plzass nots that materials and conditions to avoid.
- Ventilats the arsa.
— Do not touch or walk through spilled matsrial.
= Prevent dust cloud.
B. Environmental precautions and protective proocadures
= Pravent entry ints waterways, sewsrs, bassments or confined arsas.
C. The methods of purificetion and remaowval
- Bmall Spill; Flush area with flooding quantitiss of water. And taks up with sand or
other non-combustible sbsorbent material and placs into containers for later disposal.
- Largs Spill Dike far ahead of liguid spill for later disposal.
- With clsan shovsl place matsrial inte clean, dry container and cowver loossly. mowve
containers from spill area.
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7. Handling and storage

A Precautions for safe handling
- Plzass nots that materiale and conditions to avoid.
- Wash thorgughly aftar handling.
— Plaass work with refarence to enginesring controls and personal protective sguipment.
— Bs carsful to high temperaturs.
B. Conditions for safe storage
— Btore in a closed container.
— &tore in cool and dry placse.

8. Exposure controls/personal protection

A_ Dpoupalional Exposurs limits
Horea regulation
Titanium Dioxide TWA = 10 mg/m*
ACGIH raguletion
Titanium Dioxide TWA 10 mg/m*
Biological sxposure index © Mot available
COEHA regulation
Caloium Titanium Borosilioate TWA = 15 mgfm* (total dust) TWA = 5 mg/m®
{Respirable fraction)
Titanium Dicxide TWA =15 mg/m*
HIOEH regulation
Caloium Titanium Borosilicate TWE = 3 fibers/cm® [fibers = 3.5 ym in diamster & =
10 um in Jength) TWA = 5 mg/m® (fotal dust)
Tin Oxide TW& = 2 ma/m* {as Sn)
EU regulation . Mot aveilabls
Other
Tin Oxide Belgium: TWA = 2 mgfm® (as Sa) Canada: TWA = 2 mg/m* (a5 5n) Finland:
TWA = 2 mg/m* {as Sn] Spain, TWA =2 mg/m* (as 5n)
Titanium Dioxide Agstria® TWA = 10 mg/m* France: TWA = 10 ma/m* (&= Ti) ltaly:
TWA = 10 mg/m* United Kingdom: TWA = 10 mg/m* FAussia: TWA = 10 mg/m*
B. Appropriate engineering contrals
— Provids local exhaustwentilation system or other enginesring controls to keep the
airborns concentrations of vapors below their respective threshold limit valus.
C. Parsonal protective sguipment
Respiretory protection
- Wear NIOSH or Eurcpean Standard EM 148 approved full or half face pisce (with
goggles) respiratory protective sguipment when necsssary.
- In caes sxpossd to particulats material. the respiratory protsctive sguipments as
follow ars recommendsd. facepiscs filtering respirator or air-purifying respirator,
high—efficiency particulats aifHEPA) filker media or respirator squipped with powersd
fam, filter madia of uss(dust, mist, fums)
- In lack of cxygen(< 18.5%), wear the supplisd—air respirator or sslf-contained
breathing apparatus. oxygen
Eye protection
- Weaar facepisce with gogalss to protect.
- An eye wash unit and safety showsr station should be availabls nearby work placs.
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- Weaar breathebls safety goggles to protsct from particulats material causing ays
irritation or othsr disorder.
- An eys wash unit and safsty showsr station should be availsbls nearby work placs.
Hand protection
- Weaar chemical resistant gloves.
— Weaar appropriate protsctive glovss by considering physical and chemical propertiss
of chamicals.
Body proteotion
— Wear appropriate protsctive chemical resistant clothing.
— Wear appropriate protective clothing by considering physical and chemical
properties of chamicals.

|9_ Physical and chemical properties

A Appsarance
Dresoription Powder
Colar White
B. Odor Mo odor
C. Odor threshold Mot available
D.pH7 - 11
E. Melting point/freezing point Mot availabls
F. Initial boiling point and boiling range Mot availabls
G. Flash point Mot aveilabls
H. Evaporation rete Mot availabls
|. Flammability (solid, gas) Mot applicabls
J. Upperflowsr flammability or sxplosive limits Mot availabls
K. Vapor pressurs Mot available
L. Solubility (ies) Mot available
M. Vapor density Mot aveilable
M. Bpecific gravity 2.5 = 2.0 g/cm®
0. Partition coefficient. n—ocotancl/water Not availabls
P. Auto ignition temperature Mot availatbls
Q. Decomposition temperaturs Mot aveilabls
A. Visoosity Mot available
5. Moleoular weight Mot evailabls

[10. Stability and reactivity

A. Chemioal stability and Possibilty of hazardous reactions:
= If inhaled, may be harmful.
B. Conditions to aveid:
- Haat. sparks or flames
C. Incompatible materials:
- Combustibles
D. Hazardous decomposition produots:
= Mot available

11. Toxicological information

A Information of Health Hazardous

75



Aoute toioity
Cral * Mot classifisd
— Caloium Titanium Borosilicate - Rat LDz > 2.000 mg/kg (Fead across, 1317-36—
B)CECD TG 423, GLP)
— Tin Cdide © Aat LDsy > 5,000 ma/ka
— Titanium Dicxide - Rat LD=n > 5,000 mo/ka (OECD Guideline 425, EPA OPPTS
BT0.1100)
Dermmal - Mot aveilabls
Inhalation © Mot classified
- Tin Oxide : Aat LCsq > 5 mg/L/4hr (OECD TG 403, GLP)
- Tianium Dicxide . Rat LCsy > 6.82 ma/L/4hr
Bkin corresion/ imitation - Mot classified
— Calgium Titanium Borosilicate | In test on skin frritation with rabbite, skin imtations
ware not observed. (Asad across. 1317-36-8)(CECD TG 404, GLP)
- Tin Oxide - Skin irritation test using rabbit, not skinisritation. (OECD TG 404)
- Titanium Dicxide - In test on skin irritation with rabbite, skin irritations wers not
observed. (DECD Guidsline 404)
Serious eye damags/ imitation - Not classified
- Calgium Titenium Borosiicate | In test on syes imitation with rabbits, syes irtations
ware not observed (Asad across. 1317-36-8OECD'TG 405, GLF)
- Tin Owide | The test substance was not imitating to the rabbit syves. (DECD TG 405)
- Titanium Dicxide : In test on eys imritation with rabbits, sy imritations wsrs not
obsarved. [QECD Guidsline 405, EU Msthod B.5/EPA CPPTS 570.2400)
Respiratory sensitization © Mot classifisd
- Titanium Dicxide - Titanium oxids doas.not show respiratory sensitizing propertiss in
animal studiss or in exposurse related obsamvstions in humans.
Bkin sensitization : Mot classifisd
— Calgium Titanium Borosdicats | In the test on guinea pigs. the test substance was not
considerad tobs a dermal sensitizer in guinsa pigs.{R=ad across. 1317-36-8)(CECD
TG 4086, GLP)
— Tin Owide - Mo activation of the lymph nodes of mice wers observad in the LLMNA
parformed with the test materisl. (OECD TG 420)
— Titanium Diccdidad In test on skin sensitization with guinea pig. ekin sensitizations
ware not cbsesved. (OBECD Gideline 405, EU Msthod B.6, EPA OPP 81-8, GLF)
Carinogenigity - Mot classifisd
Mutegenicity - Mot classified
- Calgium Titanium Borosiicate & in the mammalian cell gense mutation eseay, the result
of the assay was pasitivel [DECD TG 476, GLP) But we can't classify as genstic toxicity
becauss nwive mutagenicity test is not availabls.
= Tin Owide - MNegatve reactions were observed in thase in vitro genotoxicity
studies(bacterial rewerss mutation assay(e.g. Ames test)(gens mutation)(CECD
Guidseline 471), mammalian call gene mutation assay(OECD Guideline 476). mammalian
cell micronucleds test(OECD Guidsline 487)).
- Titanium Dicxide - Megative reactions wers obsarved in in vitre (mammalian cell gens
mutation test(CECD Guidsline 476, GLP), mammalian chromosoms absrration
test{OECD Guidsline 473, GLP), bacterial reverse mutation assay(OECD Guidsline 471))
and in in vive {micronucleus assay).
Reproductive toxicity © Mot classifised
- Titanium Dicxide - Based on the weight of evidencs from the availabls lomg—tarm
toxizity/carcinogenicity studies in redents and the relewant information on the
toxicokinetic bshaviour in rats it is concludsed that TiO2 doss not present a reproductive
toxizity hazard.
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Speoific target organ toxioity (single sxposure) - Mot availabls

Speoific target organ toxioity (repeat exposure) - Mot classified

- Tin COwide ° Mo toxicity related symptoms were obeerved in the 13—wsek repeat oral
administration toxicity test using rats. (NOAEL = 10000 mg / kg)

- Titanium Dicxide : Titanium dioxids did not ehow any advsrss sffects whatsoever in a
chronic oral repeated dose toxicity study in rats, with a NOAEL of 3500 mo/kg bw/day.
Titanium dioxids is not absorbed to any rslevant extent through human skin, thus no
toxic sffects can be expectsd via the darmal routs of exposura. Titanium dicxide
showed fibrogenic effects in a chroniz inhalation repeated doss toxicity study inrats
with a NOAEC of 10 mg/m3.

Aspiration Hazard - Mot availabls

12. Ecological information

A. Ecological toxieity
— Acuts toxicity * Mot classified
— Chronic toxicity - Mot classifisd
Fish
- Titanium dicxide © S6hr—-NOEC{@RBorhynohus mykiss) > 180 mgfL [CECD Guidsline
203)
onestacean
- Caloium Titanium Borosilicate - 48hr—NOEC (Mytilus, galloprovincialis) =0.232 mg/L
[Read across. 10088-74-8){GLF)
Algas
— Caloium Titanium Borosilicate - 96hr—MOEC [Skelstonsma costatum) =0.0227 mg/L
(Read across. 10085-74-8)(GLP)
- Titanium diexide - 72hr—ECz: {other) = 61 mg/L, T2hr—MNOEC(Pssudckirchnerslla
subcapitata) =927 mo/L
B. Persistence and degradability
Parsistenos
— Tin oxide - Low persistsncy [log Kow is less than 4 sstimated ) (Log Kow = 1.28)
[estimiatad)
- Titaniom diexide - Low persistency (log Kow is less than 4 sstimated.) (Log How =
2.23) (estimated)
Degradability © Mot availabls
C. Bicacoumulative potential
Bicaocumulation
- Tin oxide - Sioaccumulsation is expected to be low according to the BCF < 500 (BCF
= 100) [estimatad)
- Titanium diccide - Bicacoumulation is sxpected to be low according to the BCF <
500 (BCF = 13.73) (estimated)
Biodegradation
— Tin oxide - not readily biodegradabls {estimated)
- Titanium dioxide - not readily bicdsgradable (estimated)
0. Mobility in soil
- Tin oxide - Low potency of mobility to soil. (Koo = 13.18) [sstimated)
- Titanium dioxide - Low potency of mobility to soil. (Koo = B6.1) (sstimated)
E. Other hazardous sffect | Mot availabls
F. HAZARDOUS TO THE OZ0ONE LAYER © Mot classified

13. Disposal considerations
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A. Disposal method

Wasts must be dispoesd of in accordancs with fedsral. state and local snviromnmental
contrel regulations.

B. Disposal precaution

Consider the requirsd attentions in accordance with waste treatmsent managemsnt
regulation.

14. Transport information

- UM Mumber Mot applicable

UM Proper shipping name Mot applicable
. Traneport Hazard olass Mot applicable

. Paoking group Mot applicabla

- Marine pollutant Mot spplicabls
IMDG/IATA/ICAD Mot applicabls

Bpecial precautions

in cass of fire Not applicabls

in oass of leakage Mot epplicable

Mmoo 0 me

15. Regulatory information

A. Oooupational Safety and Health Regulation
Calgium Titanium Beresilicate - Occupstional sxposurs limits listed
Caloium Titanium Boresilicats - Work snvironment monitoring listed {dust 8 months)
Tim Oxide - Work snvirenment monitoring listed (5 months)
Tin Cxide - Administration subject listed
Titanium Dioxide © Administration subject listed
Titanium Dhexide - Cccopational exposurs limits listed
Titanigm Dioxide - Wark envirenment monitoring listsd (6 months)
B. Chemical Control Aot
Caloum Titanium Boresilicate - Existing Chemical Substance [KE-17630)
Tim codde - Existing Chemical Substance [KE-33848)
Titanium dioxide - Existing Chemical Substanzs KE-33800
C. Dengsrous Matarial Bafety Managsment Regulation
Tim cxdde - Cengerows Maberial Safaty Managsmsant Regulation
Titanium diexids - Dangarcus Material Safety Management Regulation
C. Wastes Control Act
Calgium Titanium Berosilieate - Wastes Control Act Controlled Wastse
E. Other regulation (intsrnal and external)
Intarnal information
Persistant Organio Pollutants Acts - Mot regulated
(! Forsign Regulatory Information
External information
EU classification|classifioation)
Caloium Titenium Borosilicate - Mot classifisd
Tin oxide © Mot classifisd
Titanium dicxide - Mot classifisd
EU classification(risk phrases)
Caleium Tienium Borosilicate © Mot applicabls
Tin exide © Mot applicable

78



Titanium dicxide - Mot applicabls
EU clessification(safety phrases)
Caleium Titanium Borosilicats © Mot applicabls
Tin axide © Mot applicable
Titanium dicxide - Mot applicabls
EU BVHC list - Mot regulated
EU Authorisation List © Mot regulated
EU Restriction list © Mot ragulated
U_5.A managsment information (O8HA Regulation) - Not regulatsd
U_5.A managsment information (CERCLA Regulation) - Mot regulated
U_5.A managsment information (EPCRA 302 Regulation) . Mot regulated
U_5.A managsment information (EPCRA 304 Regulation) . Mot regulated
U_8_A management information (EPCRA 313 Regulation) | Mot regulsted
Substanos of Aoterdams Protoosl © Mot regulated
Substance of Stockholme Protocol © Mot regulated
Substancs of Montreal Protocol - Mot regulated
Foreign Inventory Status
Caleium Titanium Borosilicats
U.5_A management information Section B{b}drventary (TSCA): Pressnt
Japan management information Existing and Mew Chemical Substances (ENCS)
[1)-180
China management information Imeentory of Existing Chemical Substances
[IECEC): Pressnt[04720]
Canada management information Domestic Substances List (DSL)K Pressnt
Australia managsmant information Inventory of Chemical Substances (AICE)
Presant
MNew Zealand management information Inventory of Chemicals (NZlaC)- May be
used as & singls component chemical under an spprapriate group standard.
Philippines management information Imventory @f Chemicals and Chemical
Substances {PICCS). Prasent
Tin oxide
U.B_A mansgemsnt information Saction B(b) Inventory (TSCA) Pressnt
Japan management information Existingand Msw Chemical Substances (ENCS)
[1)=551
Japan management infarmation ISHL Harmful Substances Whoss Mamss Ars o
bs Indigated on the Laosls = 1% wieight
Japan managamant information IBHL Motifiable Substances: = 0.1% weight
China managemeant information Imventory of Existing Chemical Substances
(IECSC): Pressnt 37645
Canada management information Domestic Substances List (DSL)- Present
Australia managamsnt information Inventory of Chemical Substances (AICS):
Presant
Mew Zzaland managemaent information Inventory of Chemicals (NZloC). HENO
Approval. HERODZ305
Philippines management information Imventory of Chemicals and Chemical
Substances (PICCE) Present
Titanium dicxide
U.5_A mansgement information Section 8(b) Inventory (TSCA) Pressnt
Japan management information Existing and Mew Chemical Substances (ENCE]
[5)-5225. (1)-558
Japan management information ISHL Harmful Substances Whose Mames Ars o
bs Indicated on the Labsl 2 1% weight
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Japan management information ISHL Metifiable Substances” = 0.1% weight
China management information Inventony of Existing Chemical Substances
[IECSC). Pressnt 11377

Canada managsment information Domestic Substances List (DSL) Pressnt
Australia managsment information Inventory of Chemical Substances (AICE]:
Prazsnt

MNew Zsaland managemant information Inventory of Chemicals (NZloC): May be
used as a single component chemical undsr an appropriate group standard.
Philippines management information Imventory of Chemicale and Cheamical
Substances (PICCS). Presant

16. Other information

A Information source and references

B.

Emergsncy Responss Guidebook 2008,

http:/{ohmsa. dot. gov/staticfiles/PHMSA/DownloadableFiles/ Files/erg2008_sng. pdf
U.5. National library of Madicine{NLM) ChemIDplus. hitp://toxnatinlm.nih.gov/cgi—
bin/sis/htmigen?CHEM

Horsa Occupational Health & Safsty Agency: hitp’/ /www kosha. nst

EPISUITE v4.11: http-//www_spa.govfopt/sxposurs/ pubs/episuitad] htmi

Ministry of Public Bafsty and Becurity-Korsa dangerous matsrial imventory managsmesnt
systam. http://hazmat mpss_kfi or_krfindex_do

IARC Monographs on the Evaluation of Carcinogsnic Risks to Humans:
hitp://monographs iarc. fr

TOMES-LOUY, hitp: féwww.rightanswerknowledga.com/loginRA_asp

MNational Chemicals{Information Systam. hitp~//ncismisr.go.krneis/

Waste Contral Act enforcement regulation ‘attached [1]

BEACH information@n registersd substances. hitps!//echa. surcpa su/information—on—
chemicals/registsrad—-subsiances

Amerigan Conferance of Governmental Industrial Hygienists TLVs and BEls.

NIOSH Pockst Guids: hittp://www.edc.gov/miosh/npa/npgdeas. html

Mational Taxicology Program. hitps/fnto_nishs.nih.gov/results /dbsearch)
InternationalWniform Chemical Information Detabass(ILCLID)

Korsa Maritima Dangsrous Goods Inspection Center. http://www. komdi_or. krfindex_html
EU CLP: https’//echasuropa.sufinformation—on—-chemicals/cl-inventory—databass
Issuing date 13-03-2006

C. Revision number and date

revision number 2
date of the latest revision 01-03-2022

D. Others

* Since the ussr's working conditions ars not known by us, the information supplied on
this eafsty data shest ie based on our current level of knowledos and on national and
community regulaticns.

* Tha product must not be wsed for any purposss other than those specified undsr
heading 1 without first obtaining written handling instructions.

= It iz at all timas the responsibility of the user to takse all necsssary measurss to comply
with lagal requirements and local regulations.

* Tha information given on this safsty data shest must be regardsd as a dsscription of
the safsty reguirements releting to cur product and not a guarantes of its propertiss.
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INCI name : Titanium Dioxide

Re-evaluation of titanium dioxide (E 171) as a food additive. EFSA ANS Panel, 2016.

-

e EFSA Journal
SCIENTIFIC OPINIOCN J

ADOPTED: 28 June 2016

doi: 10.2903/j.efsa.2016.4545

Re-evaluation of titanium dioxide (E 171) as a food
additive

EFSA Panel on Food Additives and Nutrient Sources added to
Food (ANS)

Abstract

The present Opinion deals with the re-evaluation of the safety of titanium dioxide (TiO,, E 171) when
used as a food additive. From the available data on absorption, distribution and excretion, the EFSA
Panel on Food Additives and Nutrient Sources added to Food concluded that the absorption of orally
administered TiO is extremely low and the low bioavailability of TiO; appears to be independent of
particle size. The Panel concluded that the use of TiO, as a food additive does not raise a genotoxic
concern. From a carcinogenicity study with TiO, in mice and in rats, the Panel chose the lowest no
observed adverse effects levels (NOAEL) which was 2,250 mg TiO,/kg body weight (bw) per day for
males from the rat study, the highest dose tested in this species and sex. The Panel noted that
possible adverse effects in the reproductive system were identified in some studies conducted with
material which was either non-food-grade or inadequately characterised nanomatenal (i.e. not E 171).
There were no such indications in the available, albeit limited, database on reproductive endpoints for
the food additive {E 171). The Panel was unable to reach a definitive conclusion on this endpoint due
to the lack of an extended 90-day study or a multigeneration or extended-one generation reproduction
toxicity study with the food additive (E 171). Therefore, the Panel did not establish an acceptable daily
intake (ADI). The Panel considered that, on the database currently available and the considerations on
the absorption of TiO,, the margins of safety (MoS) calculated from the NOAEL of 2,250 mg TiO,/kg
bw per day identified in the toxicological data available and exposure data obtained from the reported
use/analytical levels of TiO, (E 171) would not be of concem. The Panel concluded that once definitive
and reliable data on the reproductive toxicity of E 171 were available, the full dataset would enable
the Panel to establish a health-based guidance value (ADI).

© 2016 European Food Safety Authority. EFSA Journaf published by John Wiley and Sons Ltd on behalf
of European Food Safety Authority.

Keywords: titanium dioxide, E 171, anatase, rutile, food colour
Requestor: European Commission

Question number: EFSA-Q-2011-00348
Correspondence: fip@efsa.europa.eu
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R luation of titanium dioxide (E 171) as a food additive

Summary

Following a request from the European Commission to the European Food Safety Authority (EFSA),
the Scientific Panel on Food Additives and Nutrient Sources added to Food (ANS) was asked to deliver
a scientific opinion re-evaluating the safety of titanium dioxide (TiO;, E 171) when used as a food
additive,

TiO; is a food colour authorised as a food additive in the European Union (EU). It was previously
evaluated by the Scientific Committee on Food (SCF) in 1975 and 1977, by the Joint FAO/WHO Expert
Committee of Food Additives (JECFA) in 1969. In 1969, JECFA allocated an acceptable daily intake
(ADI) 'not limited except for good manufacturing practice’. In 1975, the SCF did not establish an ADI
for TiO,, whereas in 1977, the SCF included TiO; in the category ‘colours for which an ADI was not
established but which could be used in food’. The Panel is aware that the European Chemical Agency
{ECHA) is carrying out an evaluation for a proposal for harmonised dlassification and labelling (CLH) on
TiO,, for which the French Agency for Food, Environmental and Occupational Health and Safety
(ANSES) is the Rapporteur on behalf of the French Member (State Competent Authority. ANSES
prepared a report in which concluded that TiO, should be considered as being potentially carcinogenic
to humans when inhaled and thus be dassified Carc. Cat 1B - H350i. However, it also concluded that
there was no carcinegenic concern after oral or dermal administration. A public consultation on this
report is currently underway.

In nature, TiO, exists in different crystalline forms; anatase and rutile are the two most important
natural forms. The food additive TiO, (E 171) is awhite to slightly coloured powder and it is insoluble
in water and in organic solvents (Commission Regulation (EU} No 231/2012).

The Panel noted that, according to the data provided by interested parties and from the literature,
TiO, (E 171) as a food additive would not be considered as a nanomaterial according to the EU
Recommendation on the definition of a nanomaterial (i.e. ‘a natural, incidental or manufactured
material containing particles, in an unbound state or as an aggregate or as an agglomerate and
where, for 50% or more of the particles in the number size distribution, one or more external
dimensions is in the size range 1-100 nm").

The Panel was aware of the extensive database on TiO, nanematerials, however, most of these
data were not considered relevant to the evaluation of TiO, as the food additive (E 171) in this
opinion. Therefore, the Panel considered these data could not be directly applied to the evaluation of
the food additive.

From the available data on absorpticn, distribution and excretion, the Panel concluded that:

the absorption of orally administered TiO- is extremely low;

the bioavailability of TiO, (measured either as particles or as titanium) is low;

the bivavailability measured as titanium appearéd to be independent of particle size;

the vast majority of an oral dose of TiO, is eliminated unchanged in the faeces;

a small amount {maximum of 0.1%) of orally ingested TiO, was absorbed by the
gut-associated lympheid tissue (GALT) and subsequently distributed to various organs and
elimination rates from these organs were variable.

s s & s e

The Panel further concluded that there were significant and highly variable background levels of
titanium in animals and humans, which presented challenges in the analysis at the low levels of
titanium uptake reported and could complicate interpretation of the reported findings.

The Panel conduded that, based on the available genotoxicity database and the Panel’s evaluation
of the data on absorption, distribution and excretion of micro- and nanosized TiO, particles, orally
ingested TiO, particles {micro- and nanosized) are unlikely to represent a genotoxic hazard in vivo.

The Panel noted that possible adverse effects in the reproductive system were identified in some
studies conducted with material which was either non-food-grade or inadequately characterised
nanomaterial (i.e. not E 171). There were no such indications in the available, albeit limited, database
on reproductive endpoints for the food additive (E 171). The Panel was unable to reach a definitive
conclusion on this endpoint due to the lack of an extended 90-day study as in the Guidance for
submission of food additives (EFSA ANS Panel, 2012) or a multigeneration or extended-one generation
reproduction toxicity study with the food additive (E 171). Therefore, the Panel did not establish an ADI.

From a carcinogenicity study with TiO, in mice and in rats, the Panel chose the lowest no
observable adverse effect level (NOAEL) reported which was 2,250 mg TiO;/kg body weight (bw) per
day for males from the rat study, the highest dose tested in this species and sex.

www.efsa.eurapa. eufefsajournal 3 EFSA Journal 2016;14{9):4545
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R luation of titanium dioxide (E 171) as a food additive

For the safety assessment of TiO, used as a food additive, based on information reported in the
examined literature and information supplied following calls for data taking inte account the following
considerations:

« the food additive E 171 mainly consists of microsized TiO, particles, with a nanosized
(< 100 nm) fraction less than 3.2% by mass;

e the absorption of orally administered TiO, partides {micro- and nanosized) in the
gastrointestinal tract is negligible, estimated at most as 0.02-0.1% of the administered dose;

« no difference is observed in the absorption, distribution and excretion of orally administered
micro- and nanosized TiO, particles;

+« no adverse effect resulting from the eventual accumulation of the absorbed particles is
expected based on the results of long-term studies which did not highlight any toxicity up to
the highest administered dose;

+ the uncertainties in the toxicological database arising from limitations in the available
reproductive toxicity studies;

The Panel considered that an ADI should not be established, and that a margin of safety (MoS)
approach would be appropriate (EFSA ANS Panel, 2012).

To assess the dietary exposure to TiO, (E 171) from its use as a food additive, the exposure was
calculated based on: maximum levels of data provided to EFSA (defined as the maximum fevel
exposure assessment scenario) and reported use levels (defined as the refined exposure assessment
scenario) as provided by industry and the Member States,

Based on the available dataset, the Panel calculated two refined exposure estimates based on
different assumptions: a brand-loyal consumer scenario, in which it is assumed that the population is
exposed over a long period of time to the food additive present at the maximum reported
use/analytical levels for ‘one food category and to a mean reported use/analytical level for the
remaining food categories; and a non-brand-loyal scenario, in which it is assumed that the population
is exposed over a long period of time to the food additive present at the mean reported use/analytical
levels in all relevant food categories:

For the maximum level exposure assessment scenario, at the mean, the exposure estimates ranged
from 0.4.mg/kg bw per day for infants and the elderly to 10.4 mg/kg bw per day for children. At the
95th percentile, exposure estimates ranged from 1.2 mg/kg bw per day for the elderly to 32.4 mg/kg
bw per day forchildren,

For the refined estimated exposure scenario, in the brand-loyal scenario, the exposure estimates
ranged, at the mean, from 0.4 mg/kg bw per day for infants and the elderly to 8.8 mg/kg bw per day
for children. At the 95th percentile, exposuré estimates ranged from 1.1 mg/kg bw per day for the
elderly to 30.2 mg/kg bw per day for children. In the non-brand-loyal scenario, the exposure estimates
ranged, at the mean, from 0.2 mg/kg bw per day for infants and the elderly to 5.5 mg/kg bw per day
for children. At the 95th percentile, exposure estimates ranged from 0.5 mg/kg bw per day for the
elderly to 14.8 mg/kg bw per day for children.

In the case of TiO,, the Panel did not identify brand loyalty to a specific food category and
therefore the Panel considered that the non-brand-loyal scenario covering the general population was
the more appropriate and realistic scenario for risk characterisation because it is assumed that the
population would probably be exposed long term to food additives present at the mean reported
use/analytical levels in processed food.

The Panel noted that the lowest MoS calculated from the NOAEL of 2,250 mg TiOy/kg bw per day
identified in the available toxicological data and exposure data obtained from the reported
use/analytical levels of TiO, (E 171) considered in this opinion is above 100. In the Guidance for
submission of food additives (EFSA ANS Panel, 2012), the Panel considered that, for non-genctoxic
and non-carcinogenic compounds ‘a MoS of 100 or more between a NOAEL or BMDL and the
anticipated exposure would be sufficient to account for uncertainty factors for extrapolating between
individuals and species’. Consequently, the Panel considered that on the database currently available
and the considerations on the absorption of TiO; the margins of safety calculated from the NOAEL of
2,250 mg TiOy/kg bw per day identified in the toxicological data available and exposure data obtained
from the reported usefanalytical levels of TiO, (E 171) considered in this opinion would not be of
concern.

The Panel concluded that once definitive and reliable data on the reproductive toxicity of E 171
were available, the full dataset would enable the Panel to establish a health-based guidance value
(ADI}.
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The Panel recommended that:

« In order to enable the Panel to establish a health-based guidance value (ADI) for the food
additive TiO, (E 171), additicnal testing could be performed. An extended 90-day study or a
multigeneration or extended-one generation reproduction toxicity study according to the
current OECD guidelines could be considered. Such studies should be performed with TiO,
(E 171) complying with the EU specifications and additionally including a characterisation of
the particle size distribution of the test material. However, in deciding on actual testing,
considerations of animal welfare need to be balanced against the improvement in the
toxicological database within a tiered testing approach.

¢« The EU specifications for TiO, (E 171) should include a characterisation of particle size
distribution using appropriate statistical descriptors (e.g. range, median, quartiles) as well as
the percentage (in number and by mass) of particles in the nanoscale (with at least one
dimension < 100 nm), present in TiO, (E 171) used as a food additive. The measuring
methodology applied should comply with the EFSA Guidance daocument {EFSA Scientific
Committee, 2011).

« The maximum limits for the impurities of the toxic elements (arsenic, lead, mercury and
cadmium) in the EU specification for TiO, (E 171) should be revised in order to ensure that
TiO, (E 171) as a food additive will not be a significant source of exposure to those toxic
elements in foods.

w
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Background as provided by the European Commission

Regulation (EC) No 1333/2008" of the European Parliament and of the Council on food additives
requires that food additives are subject to a safety evaluation by the European Food Safety Authority
(EFSA) before they are permitted for use in the European Union (EU). In addition, it is foreseen that
food additives must be kept under continuous observation and must be re-evaluated by EFSA.

For this purpose, a programme for the re-evaluation of food additives that were already permitted
in the EU before 20 January 2009 has been set up under the Regulation (EU) No 257/2010%. This
Regulation alse foresees that food additives are re-evaluated whenever necessary in the light of
changing cenditions of use and new scientific information. For efficiency and practical purposes, the
re-evaluation should, as far as possible, be conducted by group of food additives according to the
main functicnal class to which they beleng.

The order of priorities for the re-evaluation of the currently approved food additives should be set
on the basis of the following criteria: the time since the last evaluation of a food additive by the
Scientific Committee on Food (SCF) or by EFSA, the availability of new scientific evidence, the extent
of use of a food additive in food and the human exposure to the food additive taking also into account
the outcome of the Report from the Commission on Dietary Food Additive Intake in the EU? of 2001.
The report ‘Food Additives in Europe 2000™ submitted by the Nordic Council of Ministers to the
Commission, provides additional information for the prioritisation of additives for re-evaluation. As
colours were ameng the first additives to be evaluated, these food additives should be re-evaluated
with a highest priority.

In 2003, the Commission already requested EFSA to start a systematic re-evaluation of authorised
food additives. However, as a result of adoption of Regulation (EU) 257/2010, the 2003 Terms of
References are replaced by those below.

Terms of Reference as provided by the European Commission

The Commission asks EFSA to re-evaluate the safety of food additives already permitted in the
Union before 2009 and to issue scientific opinions on these additives, taking especially into account the
priorities, procedures and deadlines that are enshrined in the Regulation {(EU) No 257/2010 of
25 March 2010 setting up a programme for the re-evaluation of approved food additives in accordance
with the Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food
additives.

Assessment

1. Introduction

The present Opinion deals with the re-evaluation of the safety of titanium dioxide (TiO,, E 171)
when used as a food additive.

TiO; (E 171)is authorised as a food additive inthe EU in accordance to Annex with Annex 11 to Regulation
(EC) No 133372008 in both anatase and rutile forms (Commission Regulation (EU) No 231/2012°).

TiO, (E 171) has been’ previously evaluated by the EU SCF in 1975 and 1977, by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) in 1969 (JECFA, 1970) and by EFSA in 2004. It
has also been reviewed by TemaNord in 2002.

The Panel noted the Scientific Committee on Consumer Safety (SCCS) Opinion on TiO; (nanoform)
(SCCS, 2013a,b), and the recent commentary on this Opinicn (SCCS and Chaudhry, 2015). However,
the Panel noted that the aim of these reports was to provide an answer to the question of the

! Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives.
01 L 354, 31.12.2008, p. 16-33.

2 Commission Regulation (EU) No 257/2010 of 25 March 2010 sctting up a programme for the re-evaksation of approved food
additives in accordance with Regulation (EC) No 1333/2008 of the Europesn Parlisment and of the Council on food additives.
01 L 80, 26.3.2010, p. 19-27.

3 Report from the Commission on Dietary Food Additive Intake in the European Union, Brussels, 1.10.2001, COM (2001) 542
final.

*# Food Additives in Europe 2000, Status of safety assessments of food additives presently permitted in the EU, Nordic Council of
Ministers, TemaNard 2002:560.

S Commission Regulation (EU) No 231/2012 of 9 March 2012 laying down specifications for food additives listed in Annexes
Anncxes 11 and 111 to Regulation (EC) No 133172008 of the European Parliament and of the Council. ©J L 83, 22.3.2012, p. 1.
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European Commission on whether the use of TiO; in its nanoform as an ultraviolet (UV) filter in
cosmetic products (e.g. sunscreens), at a concentration up to a maximum of 25.0% (250 g/kg
product), was safe for consumers. Therefore, the Panel considered that the conclusions of the report
cannot be extrapolated to the safety evaluation of TiO, (E 171) as a food additive.

The Panel on Food Additives and Nutrient Sources added to Food (ANS) was not provided with a
newly submitted dossier and based its evaluation on previous evaluations, additional literature that had
become available since then and information available following public calls for data.’’ The
Panel noted that not all of the original studies on which previous evaluations were based were
available for this re-evaluation.

2 Technical data

2.1. Identity of the substance

TiO, {E 171), Chemical Abstracts Service (CAS) Registry number 13463-67-7, European Inventory
of Existing Commercial Chemical Substances (EINECS) number 236-675-5 and Colour Index (C.I.)
number 77891, is an inerganic substance with the molecular formula TiO; and a molecular weight of
79.88 g/mol. The titanium atom is coordinated octahedrally with oxygen, but the position of the
octahedral structure differs in the different crystalline forms (Diebold, 2003).

In nature, TiO; exists in different crystalline forms, anatase and rutile being the twa most important
natural forms: anatase (tetragonal, CAS Registry number 1317-70-0), rutile (tetragonal, CAS Registry
number 1317-80-2) and brookite (erthorhombic, CAS Registry number 12188-41-9). Rutile is the
thermodynamically stable form of TiO, (Kuznesof, 2006). TiO; also exists in an amorphous form
(Mathews, 1976). Anatase rapidly transforms to rutile at a temperature > 700°C. Rutile melts at
temperatures between 1,830 and 1,850°C (Kirk-Othmer, 1997, 2006).

Pure TiO; is a white powder that gives a white background colour. TiO, particles reflect light
(pearlescent) over the majority of the visible spectrum and achieve opacity (i.e. making products
impenetrable to light) by causing multiple reflections and refractions.

The food additive TiOs {E171}) is a white to slightly coloured powder (Commission Regulation (EU)
No 231/2012). It is insoluble in water and organic solvents. It dissolves slowly in hydrofluoric acid and
in hot concentrated sulfuric acid [JECFA, 2009; Commission Regulation (EU) No 231/2012].

Several synonyms.exist for the different crystalline forms of TiO,. Some of the more common
synonyms for the pigment are: C.I. Pigment White 6, C.I. No 77891, Titania, INS No. 171, titanium
white and titanium (IV) oxide [TARC (International Agency for Research on Cancer) (2010)].

2.1.1. Particle size@and particlésize distribution of TiO,

Interested parties provided analytical data on the particle size characteristics of TiO; (E 171;
anatase or rutile) used as<a food/feed additive (Doc. provided to EFSA n. 6; Doc. provided to EFSA
n. 15; Doc. provided to EFSA n. 9; Daoc. provided to EFSA n. 12; Doc. provided to EFSA n. 19). The
particle size distributions were determined using different analytical methods (dynamic light scattering
(DLS), X-ray disc centrifugation (XSDC), transmission electron microscopy (TEM) and scanning electron
microscopy (SEM)) and details of the analytical procedures were provided. The data are shown in
Tables 1 and 2.

S call for scientific data on food colours to support re-evaluation of all food colours authorised under the EU legislation.
Published: 8 Decemnber 2006. Available online: http: //www.efsa.europa.eu/en/datacksed/call/afc061208 htm

7 Call for food additives usages level andfor concentration data in food and beverages intended for human consumption.
Available online: http://www.cfsa.curopa.cu/on/dataciosed/call/130327.htm
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According to CEFIC (2011a; Doc. provided to EFSA n. 5):

'data on the particle size distribution of titanium dioxide will always vary depending on the
measurement method. Optimum light scattering (i.e. whitening power) requires a primary particle
size of approximately half the wavelength of the light to be scattered (j.e. half of 400 700 nm for
visible light). Preducts with a mean primary particle size in the nano range (< 100 nm} would not be
suitable and would not be supplied for this application’.

This statement from CEFIC is in line with Wang et al. {2007b) who reported that TiO, became
transparent when its particle size was < 100 nm. In addition, CEFIC (Doc. provided to EFSA n. 5)
reported that:

‘There has been no significant change in the particle size of products supplied for the food market,
however, as with other particulate materials, there will be a distribution of primary particle sizes
around the average value and it is possible that a small fraction of the primary particles would be
below 100 nm. It is indicated that in practice any products supplied would be aggregated so the
actual particle size would be larger than the primary particle size® (Doc. provided to EFSA n. 5)

CEFIC (2011b) provided information on the measured average particle size of 11 commercial
samples of TiO, (E 171) in dispersions, using different methods of dispersion (ultra Turrax, ultrasenic
probe, high-shear/high-speed mixer) and different measurement methods (laser diffraction, spinning
disc centrifuge, TEM). The results showed an average particle size of 169-680 nm; the smaller particle
sizes were reported from application of the TEM measurement technigue. The weight percentage of
particles with a size < 100 nm ranged between 0.0% and 3.2% (Dec. provided to EFSA n. 6; Table 2).

Limited information from anatase and rutile (E 171) samples was submitted by Interested party 1
{2012; Doc. provided to EFSA n. 15, Table 1).

Colorcon (2015; Doc. provided to EFSA n. 9) provided information on cne sample of anatase
(E 171) analysed by DLS, XSDC and TEM. The Panel noted that, when using XSDC, the median particle
size (dsp) value was significantly lower than that obtained with DLS. However, using the former
method and even after sonication of the suspension, « 1% of the particles had a size below 100 nm.
As regards the data obtained with TEM, it was noted that dispersed TiO, showed an aggregated
morphology with very few individual particles observed. At higher magnification, the diameters of the
discrete particles within the aggregate were predeminantly in the range of 80-180 nm. The dsq of
these discrete (but aggregated) particles was found to be 113 nm and - 36% had a diameter of
< 100 nm.

TDMA (2015; Doc. provided to EFSA n. 19) provided a report on the analysis of commercial E 171
and pigmentary TiO- (Table 1).

The Panel noted the difficulty of comparing the data available from different sources of information,
resulting from the use of different analytical methodologies. Therefore, the results from the TDMA
2015 report (Doc. provided to EFSA n. 19) were considered to be most appropriate for assessing the
possible presence of the hanoparticle fraction in titanium dioxide (E 171) for the following reasons: six
samples of six ‘anonymised’ commercial products of the food additive E 171 were analysed; all
samples had at least some methods of dispersion of the particles in common; four of the samples
were analysed with DLS hydrodyhamic diameter (HD), XSDC HD, X-ray disc scanning centrifugation
area equivalent circular diameter (XSDC AECD), SEM and TEM, and two of them by XSDC HD,
XSDC AECD and TEM. The Panel noted that the results on the percentage of nanoparticles by number
for each sample were lower when DLS HD (from non-detected to 12%) and XSDC HD (from
non-detected to 9%) were used, whereas the maximum percentage of nanoparticles by number were
reported when TEM (from 11% to 39%) or XSDC AECD (from 3% to 32%) were used.

Additional information on the particle size characteristics of ‘food-grade’ TiO» gathered from the
public literature is given in Table 3.

www.efsa.eurapa. eufefsajournal 12 EFSA Journal 2016;14{9):4545
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Table 3: Data on the particle size of food-grade TiO, from the literature
¥ Athinarayanan et al.
Peters et al. (2014) g‘:f:)'“a“" etal.  yangetal. (2014) Weir et al. {2012) (2015) - Periasamy
et al, (2015)
Samples™ "«  Food-grade TIO, o KRONOSKL171a e Food-gradeTiO»  Food-grade ¢ Food-grade TiO,
materials {E 171) food-grade (E171) 5 TiO, {E 171) {E 171)
7 samples pigment with an samples 1 sample * Food products
* 24 food products anatase structure e  Synthetic IO, e  Synthetic TiO» (confectionary)
e 3 personal care = KRONOS K2360 a (P 25) {P 25)
products pigment with a o Consumer
rutile structure for products
use in coatings
and paints
Analytical e SEM ¢ SEM « TEM e SEM e TEM
method(s) e Flow field-flow e PALS e DLS e DLS
used fractionation
{combined with
inductively
colipled mass
spectrometry)
« Single-particle
inductively
ooupled mass
spectrometry
Results ¢ Size distribution »  Equivalentcircle ¢ | Average « Mean particle *  Spherical particles
(SEM/TEM) in the range of diameter: 146 nm diameters: size: 110 nm with a diameter of
30 600 nm ®  Minimum Feret 106 132 nm {range 30 250 nm
*  10% particles. diameter: 133 nm ¢ 17 35% 30 400 nm)
< 100 nm particles « ' 36% particles
< 100 nm < 106 nm
Results e Mcan e Mcan diamcter: *  Average size of
(DLS/PALS) hydrodynamic 150 nm with a TG, particles:
size! primary peak at 152 nm®™
127 504 nm 225 nmbuta e Average size of
* (0% particles shoulder at TiO, particles:
< 100 nm (four 37 nm 42 nm®
samples) and
29% particles
< 100 nm (one
sample)
Comments e  Limitation: e Primary
particles below particles
20 nm are aggregate in
excluded ultrapure water
(DLS/PALS)

SEM: scanning electron microscopy; TEM: transmission electron microscopy; DLS: dynamic light scattering; PALS: phase analysis light scattering.
(a): Results are reported only for the food-grade samples.

(b): Athinarayanan ct al. (2015).

(c): Periasamy et al. (2015).

Weir et al. (2012) used TEM to analyse one single batch of food-grade TiO, and reported that at

least 36% of the partidles (it was not specified whether this refers to the weight or the number of
particles) had a particle size < 100 nm.

Using SEM analysis of seven TiO, E 171 types, Peters et al. (2014) reported that ~ 10% of the

particles had a size < 100 nm.

tha

Theissmann et al. (2014) used a microscopic imaging methodology (similar to TEM) and determined
t the dsp primary particle size of anatase TiO, food-grade was in the range of 133-146 nm.
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Yang et al. (2014) analysed five different samples of food-grade TiO, using TEM and DLS. Four of
the samples contained TiO, in the anatase form, whereas one sample contained both rutile and
anatase, TEM was used to determine the number-based particle size distributions and the average
diameters were shown to be in the range of 106-132 nm. The five samples contained 17-35%
nanosized particles, based on the size distribution with a confidence level of 95%. However, when
suspended in water, the mean hydrodynamic sizes of the five samples were in the range of
127 504 nm, as determined by DLS. The hydrodynamic diameter distributions of four samples showed
that all particle sizes were = 100 nm, whereas in one sample, 29% of particles were = 100 nm.

Athinarayanan et al. (2015) and Periasamy et al. (2015) reported the results of the characterisation
by TEM of TiO; from twe different food products (confectionary) and a commercial TiO,, (E 171). The
TEM images of titanium dioxide from the food products or commercial E 171 showed the presence of
spherical partides with a diameter range from 30 to 250 nm. Athinarayanan et al. (2015) also reported
that the analysis by DLS showed an average partide size of TiO, of 152 nm, whereas Periasamy et al.
(2015) reported that the average particle size of TiO, was 42 nm.

The Panel noted that determination of the fraction of TiO, nanoparticles in the food additive
(E 171) is method-dependent, In addition, the Panel noted that according to the data provided by
industries and from the literature, TiO, (E 171) as a food additive would not be considered as a
nanomaterial according to the EU Recommendation on the definition of a nanomaterial.®

For the sake of comparison, the particle size characteristics of the substances used in the major
toxicological studies described in ‘Section 3" are given in Table 4.

Overall, the Panel noted that the great majerity of the data indicates that in aqueous media, TiC; is
present in the form of agglomerates and/or aggregates.

The Panel noted that the information on the percentage of nanoparticles by mass was limited (Doc.
provided to EFSA n. 6 and 19). According to CEFIC (2011b; Doc. provided to EFSA n. 6), the weight
percentage of particles with a size below 100 nm ranged from 0% to 3.2% (maximum value analysed
by TEM). The percentage ©f particles by mass with a size below 100 nm was also provided in the
TDMA (2015) report (Doc. provided to EFSA n. 19) when DLS HD and XSDC HD were used (from
non-detected to 2%).

For the purpose of estimating the exposure to TiO; nanoparticles from the use of TiO, (E 171) as a
food additive, the Panel considered that the highest reported percentage value of 3.2% of
nanoparticles (< 100 nm) by mass, could reasonably be used to address in a conservative way a
preliminary estimate.

2 In Commission Recommendation of 18 October 2011 on the definition of nanomaterial, 2011/696/EU nanomaterials are defined
as follows: *Nanomaterial’ means a natural, incidental or manufactured material containing particles, in an unbound state or as
an aggregate or as an agglomerate and where, for 50%: or more of the particles in the number size distrbution, one or more
external dimensions is in the size range 1-100 nm.
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dioxide (E 171) as a food additive

2.2,

Specifications

ej .EFSA Joumal

Specifications have been defined in Commission Regulation (EU) No 231/2012 laying down
specifications for food additives and by JECFA (2012).
The purity of TiO, (E 171), on a dry basis, is specified as not less than 99% on an alumina
(aluminium oxide)- and silica (silicon dioxide)-free basis; the total content of aluminium oxide and/or
silicen diexide is not more than 2%, either alone or combined [Commission Regulation (EU) No 231/2012;

JECFA, 2012].

Table 5 shows the specifications for TiO, (E 171) according to Commission Regulation (EU) Ne 231/2012
and JECFA (2012).

Table 5:

JECFA (2012)

Specifications for TiO, (E 171) according to Commission Regulation (EU) No 23172012 and

Commission Regulation (EU) No
231/2012

JECFA (2012)

Definition

Assay

Description
Identification
Solubility

Colour reaction

www.efsa.eurapa. eufefsajournal

Titanium dioxide consists essentially of pure
anatasc and/or rutile titanium dioxide, which
may be coated with small amounts of alumina
and/or silica to improve the technological
properties of the product

The anatasc grades of pigmentary titanium
dioxide can only be made by the suffate
process, which creates a large amount of
sulfuric acid as a by-praduct. The rutile grades
of titanium dioxide are typically made by the
chloride process

Certain rutile grades of titanium dioxide are
produced using mica (also known as potassium’
aluminium silicate) as a template to form the
basic platelet structure. The surface of the
mica is coated with titanium dioxide using a
speclalised patented process

Rutile titanium dioxide, platelct form is
manufactured by subjecting titanium dioxide
(rutile)-coated mica nacreous pigment to
extractive dissolution in acid followed by an
extractive dissolution in-alkali. All of the mica is
removed during this process and the resulting
product is a platelet form of rutile titanium
dioxide _

Content not less than 59% on an alumina and
silica-free basis

Insolubledn water and organic solvents.
Dissolves slowly in hydrofluoric acid and in hot
concentrated sulfuric acid

Produced by either the sulfate or the chloride
process. Processing conditions determine the
form (anatasc or rutile structure) of the final
product

In the sulfate process, sulfuric acid is used to
digest iimenite (FETIOs) or ilmenite and
titanium slag. After a series of purification
steps, the isolated titanium dioxide is finally
washed with water, calcined and micronised
In the chloride processes, (@) titanium-
containing mineral is reacted with chlorine gas
under reducing conditions to form anhydrous
titanium tetrachloride, which is subsequently
purified and converted to titanium dioxide
either by direct thermal oxidation or by
reaction with steam in the vapour phase;

{b) titanium-containing mineral is reacted with
concentrated hydrochloric acid to form a
solution of titanium tetrachloride, which is
further purified and hydrolysed to get titanium
dioxide. The compound is filtered, washed and
calcined. Commercial titanium dioxide may be
coated with small amounts of alumina and/or
silica to improve the technological properties of
the product

Not less than 99.0% on the dried basis and on
an aluminium oxide and silicon dioxide-free
basis

White to slightly coloured amorphous powder

Insoluble in water, hydrochloric acid, dilute
sulfuric acid and organic solvents. Dissolves
slowly in hydrofluoric acid and hot
concentrated sulfuric acid

Add 5 mL sulfuric acid to 0.5 g of the sample,
heat gently until fumes of sulfuric acid appear,
then cool. Cautiously dilute to about 100 mL
with water and filter. To 5 mL of this clear
filtrate, add a few drops of hydrogen peroxide;
an orange-red colour appears immediately
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Commission Regulation (EU) No

231/2012 JECFA (2012)
Purity
Loss on drying Not more than 0.5% (105°C, 3 h) Not more than ¢.5% (105°C, 3h)
Loss on ignition Not more than 1.0% on a volatile matter-free  Not more than 1.0% {800°C) on the dricd
basis {800°C) basis
Aluminium Total not more than 2.0% Not more than 2%, cither singly or combined
oxide and/or
silicon dioxide
Acid-soluble Not more than 0.5% on an alumina and silica- Not more than 0.5%); Not more than
substances/ free basis and, in addition, for products 1.5% for products containing alumina or silica
matter soluble  containing alumina and/or silica, not more than Suspend 5 g of the sample in 10 mL of &.5 N
in 0.5 N HC 1.5% on the basis of the product as sold hydrochloric acid and place on a steam bath
for 30 min with occasional stirring. Filter
through a Gooch crucible fitted with a glass
fibre filter paper. Wash with three 10 mL
portions of 0.5 N hydrochloric acid, cvaporate
the combined filtrate and washings to dryness,
and ignite at a dull red heat to constant
weight
Water-soluble  Not more than 0.5% Not more than 0.5%
matter
Antimony Not more than 2 mg/kg after an extraction Not more than 2 mg/kg (impuritics soluble in
with 0.5 N HCI 0.5 N hydrochloric acid)
Arsenic Not more than L mg/kg after an extraction Not more than 1 mg/kg (Impuritics soluble in
with 0.5 N HC| @.5 N hydrochloric acid)
Cadmium Not more than 1 mg/kg after an extraction Not more than 1 mg/kg (impurities soluble in
with 0.5 N.HC| @.5 N hydrochloric acid)
Lead Not more than 10 mg/kg after an extraction . Not more than 18 mg/kg {impurities soluble in
with 05 N HCI - 8.5 N hydrochloric acid)
Mercury Not more than 1 mg/kg after an extraction Not more than 1 mg/kg (impurities soluble in
with 0.5 N HCI 0.5 N hydrochloric acid)

The International Agency for Research in Cancer (IARC, 2010) stated that natural rutile and
anatase centain impurities of up to - 2% including iron, chremium, vanadium, aluminium, niobium,
tantalum, hafnium and zirconium. It further stated that, as most commercial titanium dioxide is
manufactured from natural material by dissolution of the parent mineral and reprecipitation as fine
particles with the structure of anatase or rutile, most but not all of these chemical impurities are
generally removed (IARC, 2010). However, the Panel recommends that limits for these elements
should be included in the EU specifications for TiO, (E 171). JECFA specifications for TiO, were set in
2012 (JECFA, 2012). The JECFA specifications in 2004 referred only to the sulfate process for the
production of TiO,, whereas both the sulfate and chloride processes are mentioned in the 2006, 2009,
2010 and 2012 specifications (JECFA, 2006a, 2009, 2010, 2012).

The Panel noted that, according to the EU specifications for TiO, (E 171), impurities of the toxic
elements arsenic, lead, mercury and cadmium are accepted up to concentrations of 1, 10, 1 and
1 mg/kg, respectively. Contamination at those levels could have a significant impact on the exposure
to these metals, for which the intake is already close to the health-based guidance values established
by EFSA (EFSA CONTAM Panel, 2009a,b, 2010, 2012).

The Panel noted that there are no set limits for the particle size of TiO in the EU specifications
(Commission Regulation (EU) No 231/2012), and therefore characterisation of the particle size in the
food additive E 171 should be included ameng the specifications, The full characterisation should
include the particles size distribution, together with determination and quantification of any
nancparticulate material.

The Panel noted that the manufacturing process for powdered or particulate food additives resulted
in material with a range of sizes. Although the median size of the partides is generally significantly
greater than 100 nm, a small fraction will always be, and has been, with at |least one dimension below
100 nm. The material used for toxicological testing would have contained this nancfraction. The test
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R luation of titanium dioxide (E 171) as a food additive

requirements stipulated in the current EFSA guidance documents and the European Commission
guidelines for the intended use in the food/feed area apply in principle to unintended nanoforms, as
well as to engineered nanomaterials. Therefore, the Panel considers that, in principle, for a specific
food additive containing a fraction of particles with at least one dimension below 100 nm, adequately
conducted toxicity tests should be able to detect hazards associated with this food additive, induding
its nanoparticulate fraction. The Panel considers that for the re-evaluation of food additives, this
procedure would be sufficient for evaluating constituent nanoform fraction in accordance with the
recommendation of the EFSA Nano Network in 2014 (EFSA, 2015).

2.3. Manufacturing process

The principal raw materials for manufacturing TiO, include ilmenite (iron titanium oxide, FeTiOs),
naturally occurring rutile (TiO5) or titanium slag. TiO; (E 171) is manufactured to obtain either the
anatase or the rutile crystal structures (Commission Regulation (EU) No 231/2012).

Titanium pigment is extracted from the raw material via either the sulfate process or the chloride
process.

« In extraction via the sulfate process, there are three main stages. The ore (usually iimenite) is
dissolved in sulfuric acid to form a mixture of sulfates. Mest of the TiO; from the ore is
solubilised as a titanium oxysulfate. Iron is removed from the solution in view of the required
white colour of the final product. The titanyl oxysulfate is then hydrolysed in selution to give
insoluble, hydrated TiO,. The isalated TiO; is washed with water, calcined and micronised.
However, due to environmental issues (i.e. the production of a large amount of sulfuric acid as
a by-product) and alse cost issues associated with the sulfate process, currently, the chloride
process predominates {Kirk-Othmer, 1997, 2006).

« In extraction via the chloride process, there are two main stages. In a first step, the dry ore is
reacted with chigrine to produce titanium tetrachloride. In a second step, titanium tetrachloride
is oxidised by burning it in oxygen with another combustible gas (often carbon monoxide). By
adding seed crystals, the TiO; is formed as a fine solid in a gas stream and is filtered out of
the gases, The reaction products are cooled by mixing with chlorine gas. The preduct is further
washed, calcined, milled and coated (Kirk-Othmer, 1997, 2006).

Both anatase and rutile TiO> can be produced by the sulfate process depending on the specific
processing conditions. To'produce anatase specifically, titanium oxysulfate is hydrolysed and neutralised
under alkaline conditiens. Rutile is-typically produced by the chloride process (Kirk-Cthmer, 2006).

The rutile form can be formed inte platelets on a mica (petassium aluminium silicate) template,
which is removed by extractive dissolution in acid and then alkali. The specific properties of the TiO,
are determined by the thickness of the TiO; layer and the process used to coat the mica substrate
(EFSA, 2005).

2.4. Methodsyof analysis in food

Leone (1973) used a spectrophotometric method described by Kolthoff and Sandell (1952) to
determine TiO- in cheese.

Hamano et al. (1990) described a colorimetric procedure for the determination of small amounts of
TiO, (10-100 mg TiOy/kg) in processed cheese, chocolate and chewing gum.

Lomer et al. (2000) used inductively coupled plasma optical emission spectrometry to determine
TiO, in 25 foodstuffs, including confectionery, cheese, chewing gum, sauces and dressings, mustard
and beverage whiteners, The limits of detection were 2 7.5 ng/kg, depending on spectral integration
times, and the signal was linear up to 5 mg/kg.

Scotter (2011) describes a number of metheds for the determination of TiO, in foed and feed, but
stresses that there are very few literature references to the determination of TiO; in foods.

2.5. Reaction and fate in food

TiO, (E 171) is highly stable to heat, light, oxygen and pH, making it unaffected by almost any
food processing (Scotter, 2011). In any food application, its role is as an insoluble whitening agent
(Emerton, 2008).
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2.6. Case of need and proposed uses

Maximum levels of TiO, (E 171) have been defined in Annex II to Regulation (EC) No 1333/2008 on
food additives, as amended. In this document, these levels are named maximum permitted levels (MPLs).

Currently, TiO, (E 171} is an authorised food additive in the EU at quantum satis® (QS) in all
51 foods. TiO, (E 171) as such is permitted to be used in seaweed-based fish analogues, in fish paste
and crustacean paste, in precocked crustaceans and in smoked fish. TiO, (E 171) is also included in
Group II of food colours authorised at QS.

Table 6 summarises foeds that are permitted to contain TiO, (E 171) and the corresponding MPLs
as set by Annex I to Regulation (EC) No 1333/2008.

Table 6: Maximum permitted levels of TiO, (E 171) in foods according to Annex II te Regulation
(EC) No 1333/2008

Food E-number/ MDL (gL

category Food category name Restrictions/exceptions or mg/kg as

number grovp appropriate)

014 Flavoured fermented milk products Group I Qs
including heat-treated products

01.5 Dehydrated milk as defined by Group II Except unflavoured products Qs
Directive 2001/114/EC

01.6.3 Other creams Group II Only flavoured creams Qs

01.7.1 Unripened cheese, excluding products! Group II Only flavoured unripened Qs
falling in category 16 | cheese

01.7.3 Edible cheese rind Group II Qs

0174 Whey cheese Group II Qs

01.7.5 Processed cheese Group Il | Only flavoured processed Qs

| cheese

01.7.6 Cheese products, excluding products  Group II Only flavoured unripened Qs
falling in category 16 _ products

018 Dairy analogucs, including beverage  Group II Qs
whiteners

a3 Edible ices Group II Qs

04.2.4.1_ Fruit and vegectable preparations, Group II Only mostarda di frutta Qs

- excluding compote

04.2.4.1 | Fruit'and vegetable preparations, E 171 Only scaweed-based fish roe QS
excluding compote analogues

04.253 Othersimilar frdit or vegefable spreads Group II Except créme de pruneaux Qs

05.2 Other confectionery including breath~ Group II Qs
refreshening microsweets

05.3 Chewing gum Group II Qs

05.4 Decorations, eoatings and fillings, Group II Qs
except fruit-based fillings covered by
category 4.2.4

06.3 Breakfast cereals Group II Only breakfast cereals other Qs

than extruded, puffed and/or
fruit-flavoured breakfast cereals

06.5 Noodles Group II Qs

06.6 Batters Group II Qs

6.7 Precooked or processed cereals Group I Qs

07.2 Fine bakery wares Group II Qs

08.2.3 Casings and coatings and decorations Group II Except edible external coating QS
for meat of pastourmas

S Article 3 (2) of Regulation (EC) No 1333/2008 ‘quantum satis’ shall mean that no maximum numerical level is specified and
substances shall be used in accordance with good manufacturing practice, at a level not higher than is neosssary to achieve
the intended purpose and provided the consumer is not misled”
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Food MPL {(mg/L
category Food category name E-number;/ Restrictions/exceptions or mg/kg as
number rbrpld appropriate)
09.2 Processed fish and fishery products,  Group II Only surimi and similar products QS
including molluscs and crustaceans and salmon substitutes
09.2 Pracessed fish and fishery products, E 171 Only fish paste and crustaccan QS
including molluscs and crustaceans paste
09.2 Processed fish and fishery products, E 171 Only precooked crustacean Qs
including molluscs and crustaceans
09.2 Pracessed fish and fishery products, E 171 Only smoked fish Qs
including molluscs and crustaceans
9.3 Fish roe Group II Except sturgeons’ eggs {caviar) QS
12.2.2 Seasonings and condiments Group II Only scasonings, for example QS
curry powder, tandoori
12.4 Mustard Group II Qs
12.5 Soups and broths Group I Qs
12.6 Sauces Group II Excluding tomato-based satices QS
12.7 Salads and savoury-based sandwich  Group II Qs
spreads
12.9 Protein products, excluding products  Group II Qs
covered in category 1.8
13.2 Dictary foods for special medical Group II Qs
purposes defined in Directive 1999/
21/EC, excluding products from food
category 13.1.5
13.3 Dietary foods for weight control diets Group II Qs
intended to replace total daily food
intake or an individual meal {the
whale or part of the total daily diet)
134 Foods suitable for people intolerant to Group II Qs
gluten as defincd by Regulation (EC)
No 41/2009 Y 7
14.1.4 Flavoured drnks Group 11 Excluding chocolate milk and Qs
malt products
14.2.3 Cider and perry Group II Excluding cidre bouché Qs
14.2.4 Fruit winc and'made wine Group IL Excluding wino owocowe Qs
A . markowe
14.2.5 Mecad Group II Qs
14.2.6 Spirit drinks as defined in Regulation Group AT Except spirit drinks as defined QS
{EC) No 110/2008 in Article 5(1) and sales
denominations listed in
Annex II, paragraphs 1 14 of
Regulation (EC) No 110/2008
and spirits {preceded by the
name of the fruit) obtained by
maccration and distillation,
Geist (with the name of the
fruit or the raw material used),
London Gin, Sambuca,
Maraschino, Marrasquino or
Maraskino and Mistra
14.2.7.1  Aromatised wine-based products as  Group II Except Americano, bitter vino QS
defined by Regulation (EEC) No 1601/
91
14.2.7.2  Aromatised wine-based drinks Group II Except bitter soda, sangria, Qs
claria, zurra
14.2.7.3  Aromatised wine-product cocktails Group II Qs

www.efsa.eurapa. eufefsajournal
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Food MPL {mg/L
category Food category name E;::"'berl Restrictions/exceptions or mg/kg as
number rbrpld appropriate)
14.2.8 Other alcoholic drinks including Group II Qs
mixtures of alcoholic drinks with non-
alcoholic drinks and spirits with less
than 15% of alcohol
15.1 Potato-, cereal-, flour- or starch-based Group II Qs
snacks
15.2 Processed nuts Group II Qs
16 Desserts, excluding products covered Group II Qs
in categories 1, 3 and 4
17.1 Food supplements supplied in a solid ~ Group II Qs
form, including capsules and tablets
and similar forms, excluding chewable
forms
17.2 Food supplements supplied in a liquid Group IT Qs
form
17.3 Food supplements supplied in a Group II

syrup-type or chewable form

MPL: maximum permitted level, QS: guantum satis.

2.7. Reported use levels or data on analyfical lévels of TiDg (E\171) in
food

Most food additives in the EU are authorised at a specific MPL. However, a food additive may be
used at a level lower than the MPL. Therefore, information on actual use levels is required for
performing a more realistic exposure assessment, especially for those food additives for which no MPL
is set and which are authorised according to QS.

In the framework of Regulation (EC) No 133372008 on food additives and Commission Regulation
(EU) No 257/2010 regarding the re-evaluation of approved food additives, EFSA issued a public call for
concentration data (usage and/or analytical data) on TiO, (E 171).”

In responsé to this public‘call, updated information on the actual use levels of TiO, (E 171} in foods
was made available to EFSA by industry'and the Member States (MSs).

2.7.1. Summariseddata on reported uselevels in foods provided by industry

Industry provided EFSA with data.on use levels (n = 61) of TiO, (E 171) in foods for 14 of the
51 food categories in‘which TiO, is authorised.

Updated information on the actual use levels of TiO, in foods was made available to EFSA by
FoodDrinkEurope (FDE) (Doc. provided to EFSA n. 10), the Internaticnal Chewing Gum Association
(ICGA) (Doc. provided to EFSA n, 13), the Association of the European Self-Medication Industry
(AESGP) (Doc. provided to EFSA n. 1) and Capsugel (Doc. provided to EFSA n. 3).

Appendix A provides data on the use levels of TiO; (E 171) in foods, as reported by industry.

2.7.2. Summarised data on concentration levels in foods from the Member
States

In total, 28 analytical results were reported to EFSA by one country (Austria) for foods intended for
particular nutritional uses (FCS Category 13) and food supplements (FCS Category 17). Foods were
sampled between 2007 and 2012. Complete information on the methods of analysis (e.g. validation)
was not made available to EFSA, but all samples were derived from accredited laboratories.

Foods classified in the FCS 13 (n = 2) were described as foods for sports people without further
detail, and could not be used in the current assessment.

Appendix B shows the analytical results for TiO, (E 171) in foods as reported by MSs (full set of
reported data and positive samples only).
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2.8. Summarised data extracted from the Mintel GNDP database

Mintel’s Global New Products Database (GNPD) is an online database, which menitors product
introductions in consumer packaged goods markets worldwide. It contains information of over two
million food and beverage products of which more than 800,000 are or have been available on the
European food market. Mintel started covering the EUS food markets in 1996, having 20 out of its
28 member countries presented in the GNPD.™®

For the purpose of this Scientific Opinion, GNPD'" was used for checking the labelling of products
containing TiO, (E 171) within the EU's food products as GNPD shows the compulsory ingredient
information presented in the labelling of products.

According to Mintel, TiO, (E 171) is labelled on more than 6,500 preducts. The use of TiO, increased
constantly until 2014. In the last 5 years, TiO, has been labelled on mere than 3,500 foods or drinks,
mainly in chewing gums, cakes and pastries, and confectionary (pastilles, gums, jellies and chews).

Appendix C presents the percentage of food products labelled with TiO, (E 171) between 2011 and
2015, out of the total number of foed preducts per foed subcategaries according to Mintel food
classification.

2.9. Information on existing authorisations and @valuations

TiO, was evaluated by JECFA in 1969 (JECFA, 1970), the SCF in 1975 and 1977, and by EFSA in
2004. 1t was also reviewed by TemaNord in 2002. The/British Industrial Biological Research Association
(BIBRA) issued a toxicity profile on TiO in<1990.

In 1969, JECFA did not establish a limit on the intake of TiO, (anatase and rutile forms were not
distinguished), considering that the available information indicated *.. .that it is free from toxic effects
on account of its insolubility and inertness’. An acceptable daily intake (ADI) ‘not limited except for
good manufacturing practice,” was allocated (JECFA, 1970).

In 1975, the SCF did not establish an ADI for TiO; because they ‘felt able to accept the use of this
colouring matter for the surface and mass colouring of sugar confectionary only, without the need for
further investigations’. In'a later SCF evaluation (1977), it was indicated that new information on other
potential uses and specifications had been presented to the Committee, and subsequently, they
included TiO; in the category ‘colours for which an ADI was not established but which could be used in
food”.

In 2004, the EFSA Scientific'Panel on Food Additives, Flavourings, Processing Aids and materials in
Contact with ‘[Food (AFC Panel) evaluated the safety in use of platelet forms of rutile TiO, as an
alternative to the permitted anatase form. The AFC Panel concluded that the bioavailability of these
forms was essentially the same, that the toxicological database would, therefore, be applicable to
either form and that the platelet forms of rutile TiO; could be used to replace anatase TiO; in any of
its current applications (EFSA, 2005).

In 2000, the Scientific Committee on Cosmetics and Non-Food Products (SCCNFP)'? evaluated TiO,
as a cosmetic product. The SCCNFP concluded that TiO; is photocatalytic in UV light, but that it did
not give rise to concern for human use (SCCNFP, 2000). The SCCS issued an Opinion on TiO; (nano
form) in 2013, and a commentary on this Opinion was released in 2015. The aim of these reports
were to provide an answer to the question of the European Commission on whether the use of TiO; in
its nanoform as a UV filter in cosmetic products (e.g. sunscreens), at a concentration up to maximum
25.0%, was safe for the consumers.

In 2002, TemaNord reviewed TiO, and concluded that ‘the available data do not currently meet
requirements. However, the inertness of the substance and the lack of absorption and tissue storage
does not warrant further testing or a re-evaluation of the safety in use of this compound".

In the USA, a platelet form of rutile TiO, is currently permitted for use in aqueous film coating
systems for food and drug use under Code of Federal Regulations Title 21CFR73.575. This regulation
states that TiO, may be used as a food colour provided that it does not exceed 1% of the weight of
the food (Food and Drug Administration (FDA), 2002). In 2006, the FDA amended the colour additive
regulation to allow the use of TiO;-coated mica-based pearlescent pigments (identified as the colour
additive ‘formed by depositing titanium salts onto mica, followed by heating to proeduce TiO; in mica”)

10 Missing Bulgaria, Cyprus, Estonia, Latvia, Lithuania, Luxembourg, Makta and Slovenia.
1 http: //www.gnpd.com/sinatra/home/ accessed on 19/5/2016.
12 presently called *Scientific Committee on Consumer Products (SCCP)Y
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as a colour additive for foods (FDA, 2006). TiO,-coated mica-based pearlescent pigments are
authorised for use up to 1.25% by weight in the following foed categeries: ‘cereals, confections and
frostings, gelatin desserts, hard and soft candies (including lozenges), nutritional supplement tablets
and gelatin capsules and chewing gum’ (FDA, 2006).

In Japan, TiO, is used without limitations other than for certain food categories in which it is not
permitted (JECFA, 2006b). In India, TiO; is only authorised for use in chewing gum and bubble gum at
not mere than 1%, and in powdered concentrate mixes for fruit drinks at not mere than 100 mg/kg
{Kuznesof, 2006).

In 2010, JARC re-evaluated TiO, and revised the classification as “possibly carcinogenic to humans
(Group 2B)’ based on an excess incidence of lung tumours in inhalation studies, It was stated that ‘No
increases were observed among mice and hamsters exposed intratracheally, Other studies that used
different routes of administration did not observe excesses in tumour incidence’ (IARC, 2010).

In 2015, the Organisation for Economic Co-operation and Development (OECD) published different
Series on the Safety of Manufactured Nanomaterials, among which there is a dossier on titanium
dioxide (TiO;) manufactured nanomaterials. Detailed information on results and tests performed can
be found in the technical dossiers of the particular TiO, nanomaterials (OECD, 2015).

In the very recent Scientific Report by the Food Standard Agency of New Zealand (FSANZ) (2016)
on ‘The potential health risks associated with nanotechnologies in existing food additives), it is reported
that all forms of TiO, (nano- and microsized) in the diet are poorly absorbed from the gastrointestinal
tract. There are few studies investigating the texicity of TiO, by dietary exposure (grade or particle
size not specified) reporting no evidence of carcinogenicity or systemic toxicity, Nevertheless, there is
some evidence that oral exposure to nano-TiO; (non-food-grade) by gavage c¢an result in small
increases in tissue titanium potentially associated with a range of tissue effects. Overall, this review
concluded that there is limited information available to suppert a contemporary risk assessment of
nano-TiO; in food. There are no epidemiology studies available regarding possible associations with
adverse health outcomes. However, the long history of use has not given rise to reports of adverse
effects.

The Panel is aware that the European Chemical Agency (ECHA) is carrying out an evaluation for a
proposal for harmonised classification and labelling (CLH) on TiOy, for which the French Agency for
Food, Environmental and Occupational Health and Safety (ANSES) is the Rapporteur on behalf of the
French Member State Competent Autharity. ANSES prepared a report in which concluded that TiO,
should be considered as being petentially carcinogenic to humans when inhaled and thus be classified
Carc. Cat 1B — H350i. However, it also concluded that there was no carcinogenic concern after oral or
dermal administration. A public consultation on this repert is currently underway.'?

2.10. Exposure

2.10.1. Food constumption data used for exposure assessment
2.10.1.1. EFSA Comprehensive European Food Consumption Database

Since 2010, the EFSA Comprehensive Eurcpean Food Consumption Database (Comprehensive
Database) has been populated with national data on food consumption at a detailed level, Competent
authorities in European countries provide EFSA with data on the level of food consumption by the
individual consumer from the mest recent national dietary survey in their country {cf. Guidance of
EFSA on the 'Use of the EFSA Comprehensive European Food Consumption Database in Exposure
Assessment’; EFSA, 2011a). New consumption surveys recently added to the Comprehensive Database
were also taken into account in this assessment.!"'*

The food consumption data gathered by EFSA were collected using different methodologies and
thus direct country-to-country comparisons sheuld be interpreted with caution. Depending en the foed
category and the level of detail used for exposure calculations, uncertainties could be introduced owing
to possible subjects’ underreporting and/or misreporting of the consumption amounts. Nevertheless,
the EFSA Comprehensive Database represents the best available source of food consumption data
across Europe at present,

13 http: //echa.europa.eu/harmonised-classification-and-labelling-consultation/-/substance-rev/13832/term; http://echa.europa.eu/
web/guest/harmonised-dassification-and-labeling-consultation

* Available online: http://www.efsa.europa.eu/en/press/news/150428.htm

15 available online: http://www.efsa.europa.cu/en/food-consumption/comprehensive-database
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Food consumption data from the following population groups, infants, toddlers, children,
adolescents, adults and the elderly, were used for the exposure assessment. For the current
assessment, food consumption data were available from 33 different dietary surveys carried out in
19 European countries (Table 7).

Table 7: Population groups considered for the exposure estimates of TiO; (E 171)

Countries with food consumption surveys

Population Age range covering more than 1 day
Infants From more than 12 weeks up to  Bulgaria, Denmark, Finland, Germany, Italy, UK
and including 11 months of age
Toddlers From 12 months up to and Belgium, Bulgaria, Denmark, Finland, Germany,
including 35 months of age Italy, the Netherlands, Spain, UK
Children®® From 36 months up to and Austria, Belgium, Bulgaria, Czech Republic,
including 9 years of age Denmark, Finland, France, Germany, Greece, Italy,
Latvia, Netherands, Spain, Sweden, UK
Adolescents From 10 years up to and Austria, Belgium, Cyprus, Czech Republic,
including 17 years of age Denmark, Finland, France, Germany, Italy, Latvia,
Spain, Sweden, UK
Adults From 18 years up to and Austria, Belgium, Czech Republic, Denmark,
including 64 years of age Finland, France, Germany, Hungary, Ircland, Italy,
Latvia, Netherlands, Romania, Spain, Sweden, UK
The elderky® From 65 years of age and older ~ Austria, Belgium, Denmark, Finland, France,
Germany, Hungary, Ircland, Italy, Romania,
Sweden, UK

(a): The terms “children” and "the elderly” correspond, respectively, to “other chikdren’ and the merge of ‘elderly” and *very elderly’
in the EFSA guidance on the *Use of the EFSA Comprehensive European Food Consumption Database in Exposure
Assessment’ (EFSA, 20114).

Consumption records were codified according to the FoodEx classification system (EFSA, 2011b).
Nomenclature from the FoodEx classification system has been linked to the food categorisation system
(FCS) as presented in Annex II of Regulation (EC) No 133372008, part D, to perform exposure
estimates. In practice, FoodEx food codes were matched to the FCS food categories.

2.10.1.2. Food categories considered for the exposure assessment of TiO,

The food categories in avhich the use of TiO, (E 171) is authorised were selected from the
nomenclature of the EFSA Comprehensive Database (FoodEx classification system food codes), at a
detailed level (up toFoodEx Level 4) (EFSA, 2011b).

Some food categories are not referenced in the EFSA Comprehensive Database and therefore could
not be taken into account in the current estimate. This might result in an underestimation of the
exposure. The food categories that were not taken into account are described below (in ascending
order of the FCS codes):

+ 01.7.3. edible cheeserind,

¢ 01.7.6. cheese products (excluding products falling in category 16), only flavoured unripened
products,

« 04.2.4.1. fruit and vegetable preparations, excluding compote, only mostarda di frutta,

¢ 04.24.1. fruit and vegetable preparations, excluding compote, only seaweed-based fish
analogue,

« 05.4. decorations, coatings and fillings, except fruit-based fillings covered by category 04.2.4,

only decorations, coatings and sauces, except fillings and only fillings,

06.6. batters,

06.7. precooked or processed cereals,

08.2.3. casings and coatings and decorations for meat,

14.2.4. fruit wine and made wine,

14.2.5. mead.

It has to be mentioned that these food categories could be country-spedific products (mostarda di
frutta) or could be included in other food categories taken into account with the EFSA Comprehensive

e & & & o
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Database (edible cheese rind with the ripened cheeses) or should represent minor food consumption
amounts (seaweed-based fish analogue, batters, mead, etc.).

In addition, food categories for which no or inadequate reported usefanalytical levels were available
were not considered in the exposure assessment. This concerns 25 food categories, which are
presented in Appendix C.

The Panel noted that if TiO, is nevertheless used in those food categories for which reported
use/analytical levels were not available, the calculated refined exposure assessment might result in an
underestimation of the exposure to TiO,. The current exposure assessment takes into consideration a
percentage of the foods in which TiO, is authorised and that is dependent on the individuals. The
Panel calculated that between 60% and 80% of food (by weight), authorised to contain TiO;
according to Annex II, was reported to potentially contain TiO, as a food additive

Overall, during the current exposure estimate, 10 out of 51 food categories were not taken into
account because they are not referenced in the EFSA Comprehensive Database and 25 food categories
were not included in the exposure assessment due to a lack of data. Thus, in the current exposure
estimate, 35 out of 51 food categories are not taken into account.

2.10.2. Exposure to TiO; (E 171) from its use as a food additive

The Panel estimated chrenic exposure to TiO, (E 171) for the follewing population groups: infants,
toddlers, children, adolescents, adults and the elderly. Dietary exposure to TiO; (E 171) was calculated
by multiplying TiO; (E 171) concentrations for each food category (Appendix D) by their respective
consumption amount per kilogram of body weight (bw) for each individual in the Comprehensive
Database. The exposure per food category was subsequently added to derive an individual total
exposure per day. These exposure estimates were averaged over the number of survey days, resulting
in an individual average exposure per day for the survey period. Dietary surveys with enly 1 day per
subject were excluded as they are considered as not adequate to assess repeated exposure.

This was carried out for all individuals per survey and per population group, resulting in
distributions of individual exposure per survey and population group (Table 7). Based on these
distributions, the mean and 95th percentiles of exposure were calculated per survey and per
population group. High percentile exposure was calculated only fer those pepulation groups in which
the sample size was sufficiently large to allow calculation of the 95th percentile of exposure (EFSA,
2011a). Therefore, in the current assessment, high levels of exposure for infants from Italy and for
toddlers from Belgium, Italy and Spain were not included.

Assessment of exposure to TiO> (E-171) was carried out by the ANS Panel based on the maximum
levels of data provided to EFSA (defined as the maximum level exposure assessment scenario), and
reported use levels (defined as the refined exposure assessment scenario), as provided by industry
and the MSs.

2.10.2.1. Maximum level exposure assessment scenario

The regulatory maximum level exposure assessment scenario is based on the MPLs as set in Annex II
to Regulation (EC) No 133372008 and listed in Table 6. As TiO (E 171) is authorised according to QS in all
food categories, a ‘maximum level exposure assessment’ scenario was estimated based on the maximum
reported use levels provided by industry or high level of analytical data provided by the MSs, as described
in the EFSA Conceptual framework (EFSA ANS Panel, 2014), whichever was highest or available. This
exposure scenario can consider only food categories for which data were available to the Panel.

The Panel considers the exposure estimates derived following this scenario as the most
conservative as it is assumed that the consumer will be continuously (over a lifetime) exposed to TiO;
(E 171) present in food at maximum reported use levels/high level of analytical data.

2.10.2.2. Refined exposure assessment scenario

The refined exposure assessment scenario is based on reported use levels by industry and
analytical results submitted to EFSA by the MSs. This exposure scenario can only consider food
categories in which the above data were available to the Panel.

Appendix D summarises the concentration levels of TiO, (E 171) used in the refined exposure
assessment scenaric. Based on the available dataset, the Panel calculated two estimates based on
different model populations:
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1) The brand-loyal consumer scenario: It was assumed that a consumer is exposed long term to
the food additive present at the maximum reported usefanalytical levels for one food category.
This exposure estimate is calculated as follows:

. combining food consumption with the maximum of the maximum reported use levels
or the maximum of the analytical results, whichever was highest or available, for the
main contributing food category at the individual level;

. using the mean of the typical reported use levels or the mean of analytical results,
whichever was highest or available, for the remaining food categories.

2) The non-brand-loyal consumer scenario: It was assumed that the population is exposed
long term to the food additive present at the mean reported usefanalytical levels in food.
This exposure estimate is calculated using the mean of the typical reported use levels or the
mean of analytical results for all food categories.

In the two refined exposure assessment scenarios, the concentration levels considered by the
Panel were extracted from the whole dataset (i.e. reported use levels and analytical results). To
consider left-censored analytical data (i.e. analytical results below the limit of detection (LOD) or below
the limit of quantification (LOQ)), the substitution method as recommended in the ‘Principles and
Methods for the Risk Assessment of Chemicals in Food” {(WHO, 2009) and the EFSA scientific report
‘Management of left-censored data in dietary exposure assessment of chemical substances’ (EFSA,
2010) was used. In the current Opinion, analytical data below LOD or LOQ were assigned half of LOD
or LOQ, respectively (medium bound). Subsequently, per food category, the mean or median,
whichever is highest, medium bound concentration was calculated.

If both reported use levels and analytical results were available for the same food category, the
most reliable value was used.

2.10.2.3. Dietary exposure to TiO, (E 171)

Table 8 summarises the estimated exposure to TiO, (E 171) from its use as a food additive for all
six population groups (Table 7}, Detailed results by population group and survey are presented in
Appendix E.

Table 8: Summary of dietary exposure to TiO, (E 171) from its use as a food additive using the
maximum level exposure assessment scenario and refined exposure scenarios, in six
population groups (min max across the dietary surveys in mg/kg bw per day)

Infants Toddlers Children  Adolescents Adults The elderly

(1112:::;:’;)- (12-35 months) (3-9 years) (10-17 years) {18-64 years) (- 65 years)
Maximum level exposure assessment scenario
Mean 0419 1.2 9.2 1.8 104 0.8 6.7 06 68 3.4 45
45th 14 9.6 4.0 19.3 49 324 3.1 235 2.2 15.0 1.2 10.7
percentile
Refined estimated exposure scenario
Brand-loyal scenario
Mean 04 1.8 1176 1.5 8.8 0.7 5.9 0557 ¢4 3.9
95th 1292 3.6 147 4.1 30.2 25212 19 136 1192
pereentile
Non-brand-loyal scenario
Mean 0.2 0.8 0.6 4.6 0.9 5.5 0.4 4.1 03 4.0 0228
95th 0.7 3.9 2.0 6.8 2.4 148 1.3 10.8 1197 0.5 7.0
pereentile

For the maximum level exposure assessment scenario, at the mean, the exposure estimates ranged
from 0.4 mg/kg bw per day for infants and the elderly to 10.4 mg/kg bw per day for children. At the
95th percentile, exposure estimates ranged from 1.2 mg/kg bw per day for the elderly to 32,4 mg/kg
bw per day for children.

For the refined estimated exposure scenario, in the brand-loyal scenario, the exposure estimates
ranged at the mean from 0.4 mg/kg bw per day for infants and the elderly to 8.8 mg/kg bw per day
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for children. At the 95th percentile, exposure estimates ranged from 1.1 mg/kg bw per day for the
elderly to 30.2 mg/kg bw per day for children.

For the refined estimated exposure scenario, in the non-brand-loyal scenario, the exposure
estimates ranged at the mean from 0.2 mg/kg bw per day for infants and the elderly to 5.5 mg/kg bw
per day for children. At the 95th percentile, exposure estimates ranged from 0.5 mg/kg bw per day for
the elderly to 14.8 mg/kg bw per day for children.

For the purpose of providing an indicative estimate of nanoparticles of titanium dioxide from the
use of E 171 as a food additive, the Panel considered that the highest reported weight percentage
value of 3.2% of nanoparticles by mass could reasonably be used in a conservative way to address
this issue. Table 9 summarises the estimated exposure to nancparticles from the use of TiO; as a foed
additive for all six population groups.

Table 9: Summary of exposure to nanoparticles (present at a level of 3.2% by weight in TiO;
(E 171)) from the use of TiO, as a food additive using the maximum level exposure
assessment scenario and refined exposure scenarios in six population groups (min-max
across the dietary surveys in mg/kg bw per day)

Infants Toddlers Children  Adolescents Adults The elderly

(lllzn‘:";::)' (12-35 months) (3-9 years) (10-17 years) (18-64 years) (- 65 years)
Maximum level exposure assessment scenario
Mean 0.01 0.06 0.04 ¢.30 0.06 0.33 0.03 0.21 0.02 0.22 . 0.01 0.14
95th 0.04 0.31 0.13 0.62 0.16 1.04 0.1¢ 0.75 0.07 0.48 0.04 0.34
percentile
Refined estimated exposure scenario
Brand-foyal scenario
Mean 0.01 006 / 0.03 0.24 005028 002019 002018 001012
95th 0.04 0.29 0.11 0.47 0.13 0.97 0.08 0.68 0.06 0.44 0.03 0.28
pereentile
Non-brand-loyal scenario A
Mean 0.01-0.03 0.02 0.15 0.03 0.18 001 0.13 0.010.13  0.01 0.09
95th 0.02 0.13 0.06 0.22 0.08 047  0.04 0.35 0.04 031 0.2 0.23
peroentile

For the maximum level exposure assessment scenario, at the mean, the exposure estimates to
nanoparticles ranged from 0.01 mg/kg bw per day for infants and the elderly to 0.33 mg/kg bw per
day for children. At the 95th percentile, exposure estimates ranged from 0.04 mg/kg bw per day the
infant and elderly to 1.04 mg/kg bw per day for children.

For the refined estimated exposure scenario, in the brand-loyal scenario, the exposure estimates
ranged at the mean from 0.01 mg/kg bw per day for infants and the elderly to 0.28 mg/kg bw per day
for children. At 95th percentile, exposure estimates ranged from 0.03 mg/kg bw per day for the
elderly to 0.97 mg/kg bw per day for children.

For the refined estimated exposure scenario, in the non-brand-loyal scenario, the exposure
estimates ranged at the mean from 0.01 mg/kg bw per day for infants, adolescents, adults and the
elderly to 0.18 mg/kg bw per day for children. At the 95th percentile, exposure estimates ranged from
0.02 mg/kg bw per day for infants and the elderly to 0.47 mg/kg bw per day for children.

2.10.3. Main food categories contributing to exposure to TiO, (E 171) using the
maximum level exposure assessment scenario

Table 10 summarises the main food categories contributing to exposure to TiO, (E 171) using the
maximum level exposure scenario for all six population groups.
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Table 10: Main food categories contributing to exposure to TiO, (E 171) using maximum levels (> 5% to the
total mean exposure) and number of surveys in which each foed category is contributing

Food Range of % contribution to the total exposure (number of surveys)(®
:.;:t:‘g::y Faeds Infants Toddlers Children Adolescents Adults The elderly
03 Edible ices 20.9 (1) 57 149(7) 63 29.9(18) 53 31.1{12) 51 182(7) 9 13.8(2)
05.2 Other confectionery,  14.3 (1) 7.3 374(8) 5561.2(18) 7.2 71.9(15) 5.2 38.8(10) 5.2 254 (7)

including breath-

refreshening

microsweets
05.3 Chewing gum 6.7 9.6 (3) 72 13.3(3) 129(1) 10.6 (1)
07.2 Fine bakery wares 56 813{4) 75434(8) 6.134.0(16) 5.5 28.1(15) 5.2 20.5(13) 5.9 20.3 (13)
125 Soups and broths 40.0 (1) 5.2 105(3) 8788 1N7.7(1) 72 11.6(3) 6.7 177 (6)
12.6 Sauces 18.0 66.6 (5) 12.8 58.9 (9) 11.6 53.4 (16) 6.4 58.1 (17) 12 58.3(17) 11 57.8 (14)
12.7 Salads and savoury- 78 44.9 (4) 10.2 41.6 (3) 53 544 (6) 6 48.1(3)

based sandwich

spreads ]
14.1.4 Flavoured drinks 13.6 (1) 58 124(5) 5.6 11.8(12) 58 228(12) 51 164(9) 57 13.2(3)
15.2 Processed nuts 56 24.6(3) 7244(4) 54/1.8(8) 51 144 (11) 55 54.1(16) 5.9 50.9 (12)
16 Desserts, excluding 79 15.6 {2) 5.3 12.5(3) 53 56(2)

products covered in
categories 1, 3 and 4
17 Food supplements as 7.5 81.0(3) 7.9 50.5(4) 54 9.8 (@) 6.5 (1) 6.0 21.0 (8) 11.9 42.4(6)
defined in Directive
2002/46/EC, excluding
food supplements for
infants and young
children

(a): The total number of surveys may be greater than the total number of countries as listed in Table 7 because some countries submitted more
than one survey for a specific populbation.

2.10.4. Mainffood categaries contributing o exposure to TiO; (E 171) using the
refined'@xposure assessment scenarios

Table 11 summarises the main food categories contributing to exposure to TiO; (E 171) using the
brand-loyal refined exposure scenario for all six population groups.

Table 11: Mainfood categories contributing toexposure to TiO; (E 171) using the brand-loyal refined exposure scenario
(> 5% to the total mean exposure) and number of surveys in which each foed category is contributing

Food Range of % contribution to the total exposure {number of surveys)®
e e Infants  Toddlers  Children  Adolescents  Adults  The elderly
03 Edible ices 21.4(1) 74 148(6) 53 329(18) 52345(7) 56 189(5) 77 144{2)
05.2 Other confectionery,  12.6 (1) 6.7 40.2(8) 5.1 70.3{18) 58 8L.5{15) 6.0 424(8) 52 26(7)

including breath-

refreshening

microsweets
05.3 Chewing gum 6 8.5 (2) 6.8 11.4{2) 13.4(1) 11.4 (1)
07.2 Fine bakery wares 8.9 81.8(3) 5.944.0(7) 53 32.8({14) 5.1 26.6{11) 50 184 (8) 5.8 18.3(11)
125 Soups and broths 42.6 (1) 59128(3) 56106(3) 5189(2) 5.0 135(4) 76 19.8(6)
126 Satices 15.2 69.6 {5) 10.5 63.4{9) 9.7 58.3 (16) 6.5 65.0 {16) 10.0 63.2 (17) 8.7 62.3 (14)
12.7 Salads and savoury- 9.0 50.4{4) 11.7 46.7(3) 6.0 59.4(6) 6.3 54.7 (3)

based sandwich

spreads
14.14 Flavoured drinks 13.2 (1) 52 114(3) 5195(11) 6.2 21.2{10) 6.4 145(6) 5.0 11.9(3)
15.2 Processed nuts 57 269(3) 78303{(4) 57123(9 52 165{12) 55 585(15) 52 53.5(13)
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Food Range of % contribution to the total exposure (number of surveys)®
category Food

SbS Ty Frote Infants  Toddlers  Children Adolescents  Adults  The elderly
16 Desserts, excluding 72 158(2) 73 13.7{(2) 5254(2)

products covered in
categories 1, 3 and 4

17 Food supplementsas 7.7 83.9(3) 8.5529(4) 6.8 108(3) 78(1) 6.8 22.2 (8) 12 45.6 {6)
defined in Directive
2002/46/EC, excluding
food supplements for
infants and young
children

(a): The total number of surveys may be greater than the total number of countries as Iisted in Table 7 becausz some countries submitted more
than one survey for a specific population.

Table 12 summarises the main food categories contributing to exposure to TiO, (E 171) using the
non brand-loyal refined exposure scenario for all six population groups.

Table 12: Main food categories contributing to exposure to TiO, (E 171) following the non-brand-loyal exposure
scenario (= 5% to the total mean exposure) and number of surveys in which each food category is

contributing

Food Range of % contribution to the total exposure (number of surveys)®’
ilt.:gbz:y Foasts Infants Toddlers Children Adolescents Adults The elderly
a3 Edible ices 21.8(1) 57 17.3(8) 6.2 30(18) 5231.2(14) 55 173(7) 58 13.2(3)
05.2 Other confectionery 7.1 (1) 5.1242(7) 6.8 46.7(14) 57 61.1{13) 6.2 24.1(5) 10.1 16 (3)

including breath-

refreshening

microswects
05.3 Chewing gum : 5.0 75(2) 7.0(1) 5.4 (1)
07.2 Fine bakery wares 6.2 82.6(4)/ 7.6 50.6(8) 5.4 38.2(16) 6.5284(14) 5.6 19.6(14) 6.0 19.4 (13)
09.2 Processed fish and 6.2 (1) 5.4 (1)

fishery products,

including molluscs-and

crustaceans
125 Soups and braths 9.5593(2) 6621(6) 54185(6) 59 121(6) 74223(6) 80 335(7)
12.6 Sauces 12.8 527 (5) 9.1 467(9) 8.4 44.8(16) 9.5 47.6{16) 8.2 474 (17) 7.5 48.6 (14)
12.7 Salads and savoury- 15.3 56.3(4) 8.0 54.3{4) 6.2 66.3(7) 10.5 61.1(3)

based sandwich spreads
14.1.4 Flavoured drinks 16.3 (1) 54 16.9(7) 57 153(13) 5.6 27.0(15) 5.4 18.3(10) 8.3 15(3)
15.2 Processed nuts 6.1 28.643)  10.2 28.7(4) 6.5 14.2(9) 58 172{12) 5.1 584(16) 5.1 55.9 (13)
16 Desserts excluding 122 228(2) 5519.0(5) 5493(3) 61(1)

products covered in
categories 1, 3 and 4

17 Food supplements as 8.9 85.9(3) 94 537(4) 70168(4) 879.1(2) 75265(8) 13 48.7(6)
defined in Directive
2002/46/EC excluding
food supplements for
infants and young
children

(a): The total number of surveys may be greater than the total number of countries as fisted in Table 7 because some countries submitted more
than one survey for a specific population.
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2.10.5. Uncertainty analysis

Uncertainties in the exposure assessment of TiO, (E 171) have been discussed above. In
accordance with the guidance provided in the EFSA Opinion related to uncertainties in dietary
exposure assessment (EFSA, 2006), the following sources of uncertainties have been considered and
are summarised in Table 13.

Table 13: Qualitative evaluation of influence of uncertainties on the dietary exposure estimate

Sources of uncertainty Direction
Consumption data: different methodologies/representativeness/underreporting/misreporting/no /
portion size standard
Use of data from food consumption survey of a few days to estimate long-term {chronic)
exposure for high percentiles (95th percentile)
Correspondence of reported use levels and analytical data to the food items in the EFSA
Comprehensive Food Consumption Database: uncertainties about which types of food the levels +—
refer to
Food categories selected for the exposure assessment: exclusion of food categories due to
missing FoodEx linkage (n = 10/51 food categories)
Food categories included in the exposure assessment: data not available for certain food
categories which were excluded from the exposure estimates (n'= 35/51 food categories)
Concentration data:

* levels considered applicable for all items within the entire food category,

* not representative of foods on the EU market {coming from @ne Member State) /

+

Maximum level exposure assessment scenario:
— exposure calculations based on the maximum (reported use from industries or analytical +
data from Member States)

Refined exposure assessment scenarios:

— exposure calculations based on the maximum or mean levels (reported use from industrics e
or analytical data from Member States)
Uncertainty in possible national differences in use levels of food categories e
Exposure fo nanoparticlas: uncertainties on the percentage of nanoparticles +

11 uncertainty. with potential to cause over-estimation of exposure; - uncertainty with potential to cause underestimation of
exposure; EU: Eurepean Union.

Overall, the Panel-noted that not all the food categaries in which use of TiO, (E 171) is authorised
were taken into account in the current exposure estimate. The Panel, therefore, considered that the
uncertainties identified would; in general, result in an underestimation of the exposure to TiO, (E 171)
if all food categories according the regulation had the reported uses. The Panel noted that the usage
data submitted by industries for food categories and considered in its estimates were for some of
them confirmed, when camparing with the qualitative information as described in the Mintel database.

The Panel also noted that the uncertainties identified in its estimates of exposure to nanoparticles
that could be present in TiO, used as a food additive, would result in an overestimation because in
these estimates it was assumed that nanoparticles were present in all considered food categories at
the maximum reported percentage value (3.2% by mass).

3. Biological and toxicological data

In their review, Walkey and Chan (2012) indicated that when small particles, such as nanomaterials
enter a physiological environment, they rapidly adsorb proteins from the biological fluids forming a
protein ‘corena’. This protein corona alters the size, aggregation state and interfacial composition of a
nanomaterial, giving it a biological identity that is distinct from its synthetic identity. The biological
identity determines the physiclegical respense, including signalling, kinetics, transport, accumulation,
and toxicity. The structure and composition of the protein corona depends on the synthetic identity of
the nanomaterial (size, shape and composition), the nature of the physiological environment (blood,
interstitial fluid, cell cytoplasm, etc.) and the duration of exposure. The Panel considered that these
elements should be taken into account when interpreting the biological and toxicological data on nano-
and microsized materials after oral intake. However, the Panel wants te emphasise that E 171 is not an
{engineered) nanomaterial. The Panel was aware of the extensive database on TiO, nanomaterials,
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however, most of these data were not considered relevant to the evaluation of TiO, as the food
additive (E 171) in this opinion. Therefore, the Panel considered these data could not be directly
applied to the evaluation of the food additive.

A large number of animal experimental studies (80 publications in PubMed) has been published
from the Medical College of Soochow University (Suzhou, China) describing effects of nanosized TiO,
on various organ systems. The Panel noted that the publications of Gui et al. {2013); Zhao et al.
(2014); Hu et al,, 2011b) were retracted from the journals by the Editor due to deficiencies and
inadequate reporting of the data (Hu et al, 2011a; Gui et al, 2015; Zhao et al, 2015). These
deficiencies were the use of the same 5% standard deviation or standard error for all measured values
and thus the real variation and statistical significance of the results cannot be evaluated. The
Panel noted that the same data handling was also found in other publications on TiO; nanoparticles
from this group (e.g. Hu et al., 2010; Cui et al., 2011; Gui et al., 2011; Gao et al., 2012, 2013; Sheng
et al, 2013, 2014; Sang et al., 2014). The Panel evaluated these publications but did not consider
them as appropriate for risk assessment in the present evaluation.

References of the toxicolegical studies with coated nanoparticles considered by the Panel are given
in Appendix F.

3.1. Absorption, distribution and excretion

Numerous studies on the absorption, distribution and excretion of inhaled TiO, particles from
animal experiments and human exposure are available in the literature. However, the Panel considered
that this route of exposure was not directly relevant to the safety evaluation of TiO; as a food additive
and therefore further details on exposure via inhalation were not considered in this Opinion. The
general consensus is that small amounts of TiO,, when under a nanoform, can enter the systemic
circulation from the lungs (Jin and Berin, 2008).

3.1.1. Absorption

Reports in the literature on studies with animals indicate that a primary port of entry into the body
for orally absorbed micro--and nanoparticulates from the undamaged intestine was the gut-associated
lymphoid tissue (GALT), represented by Peyer’s patches and the follide-associated epithelium overlying
Peyer's patches. Follicle-associated epithelium contains a population of phagocyte cells (M cells) that
are responsible for absorbing particulates. Uptake also takes place, but to a limited extent, across
normal epithelial cells (enterocytes) and by paracellular means. Quantitative models have shown that
particle binding to the apical membrane of M cells was followed by rapid internalisation (Florence,
1997; Hussain et al., 2001; des Rieux et al., 2006; Emond, 2011).

In general, smaller particles, < 1 pm (1,000 nm), lead to higher absorption rates. Particles = 1 ym
were effectively trapped in the Peyer’s patches. At this size, the particles were not translocated into
the systemic circulation. Oral absorption was influenced by different particle characteristics (e.g.
diameter, surface chemistry, surface ligands, shape and elasticity, physical and chemical stability)
(Hussain et al,, 2001). Particles = 3 um (3,000 nm) were phagocytosed and stayed sequestered in the
gastrointestinal tract cells (Emond, 2011).

3.1.1.1. In vitro

In a study by McCracken et al. (2013), TiO» nanoparticles (particle size 21 nm; surface area
35-65 m?/g; purity = 99.5%) were dispersed in simulated digestion media and placed in contact with
a Caco-2 cell monolayer (C2BBel) isolated from a human colon cancer. The nanoparticles were added
to the cells at a dose of 10 pug/cm?. Aggregates of negatively charged particles appeared in the culture
media, but the charge became positive in the presence of pepsin (pH 2). The same particles became
strongly negative in a simulated intestinal digestive solution, whereas a corona made of bile
salts/proteins was identified on the particles. TEM indicated the internalisation of TiO, partides to
occur. The authors indicated that, based on assays on necrosis, apoptosis, membrane damage and
mitochondrial activity, no toxicity was exhibited by TiO» particles suspended in the media at loading
levels of 10 pg/cm?. The authors further indicated that although no toxicity was exhibited,
internalisation of the particles by the epithelial cells may result in the circulation and migration of the
particles to other parts of the body.

In a study by Chaudhry et al. (2013; Doc. provided to EFSA n. 7) (published as MacNicoll et al.,
2015), the potential of microsized TiO, and of TiO; nanoparticles to cross the gastrointestinal-epithelial
barmrier was tested. A coculture of human enterocytes (Caco-2 cells) and M cells was used as test
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model system. Translocation of TiO, nano- and microparticles, dispersed in ovalbumin solution was
studied in a transwell system. For comparison, the smallest particles were also tested without
ovalbumin in the medium in agglomerated form (dispersed by sonication in water). The integrity of the
cell monolayer, the viability of the cells and the translocation of TiO, were determined. The TiO,
particles were characterised using TEM and limited DLS analysis.

Three sizes of TiO, particles obtained from one producer and a 25-nm TiO, nanomaterial from a
second producer were tested.

Table 14: Characteristics of tested TiO; materials (Chaudhry et al., 2013; Doc. provided to EFSA n. 7)

Material Description Measured particle size Use in tests

TiO,-anatase; purity 99.7% Nominal particle size: -~ 15 nm {~ 250 430 nm when In vitro
= 25 nm in agglomerated form)

TiOs-rutile; purity 99.5% Nominal particle size: ~ 40 50 nm {submicron-sized  In vitro and in vivo
< 100 hm when in agglomerated form)

TiO,-rutile; purity 99.5% Nominal particle size: Upto5 pm In vitro and in vivo
< 5,000 nm {< 5 pm)

TiO, mixturc: anatasc Nominal particle size:  ~ 25 nm {- 125 nm when in In vitro

(80%)/rutile (20%); 23.9 nm agglomerated form)

purity 99.5%

The characteristics of the test materials are given in Table 14.

The authors conduded that TiO, nanoparticles are very agglomerative in nature; it was not
straightforward to obtain, or keep, the nanoparticles within narrow size ranges. -The study provided
evidence of a lack of any significant TiO; translocation above the limit of detection across the gut
epithelium model whether it was in the micro- or nanosized forms. The TiC, particles seemed to settle
between or in the cells, because analytical measurements showed titanium in the cell fractions, but not
in the basolateral fraction.

3.1.1.2. In vivo
Studies in the mouse

Gu et al. (2015) orally administered 64 mg microsized TiO,/kg bw per day (> 100 nm in size) to
CD-1 mice, and examined the effects on plasma glucose levels. They showed that titanium levels were
not changed in blood, liver and pancreas. No histopathological changes in liver or pancreas were
observed. The authors concluded that their results indicated that microsized TiO, cannot be absorbed
after oral administration and consequently, cannot affect plasma glucose levels in mice.

Studies in the rat

In a study by Fournier (1950) (cited by JECFA, 1970), rats (species, sex and number of animals not
stated) given a diet of either 0.2, 1 or 2% TiO, (not further specified) (equivalent to 236, 1,180 and
2,360 mg TiO/kg bw per day, respectively)'® for 7 days did not appear to absorb TiO, from the
gastrointestinal tract. In the same study, it was reported that no titanium was found in the blood, liver,
kidney and urine of rats given 660 mg TiO,/kg bw per day for 15 days (sensitivity of analysis 10 ug).

Jani et al. (1994) investigated the uptake of rutile TiO; particles {particle size 500 nm) from the rat
gastrointestinal tract. Six adult female Sprague-Dawley rats (average weight: 150 g; age:
12 14 weeks) were administered 12.5 mg TiOz/kg bw per day (0.1 mL of a 2.5% w/v suspensicn) by
oral gavage for 10 days. Organs and tissues, such as Peyer’s patches, small intestine, colon, mesentery
network and nodes, peritoneal tissue, liver, spleen, heart and kidney, were removed for histological
examination, SEM and spectrometric analysis for titanium using inductively coupled plasma emission
spectroscopy. Histopathological examination showed the presence of particles, proved to contain TiO;
by chemical analysis, in all major tissues of the GALT, and demonstrated that TiO, particles (500 nm)
were translocated to systemic organs such as the liver and the spleen. TiO; particles were also found
in the lung and peritoneal tissues, but were not detected in the heart or kidney. The authors
calculated, based on inductively coupled plasma measurements of titanium levels, that 6.5% of the
total dose of TiO; particles (size range of 500 nm) administered orally over 10 days was taken up. The
authors concluded that the uptake of rutile TiO, particles occurs primarily via Peyer’s patches and that

16 Calculated by the Pancl accarding to EFSA Scicntific Committee (2012).
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the particles subsequently translocate to the mesentery network where they accumulate in the
mesenteric lymph nodes. Some particles then entered the general circulation and were taken up by
the liver and the spleen.

Onishchenko et al. (2012) studied the penetration of TiO, nanoparticles (rutile; physical
characteristics not given) inte enterocytes, after administration of water dispersions of the test materjal
(rutile dispersion; 50 mg/cm?) into an isolated loop of Wistar rat small intestine. Penetration was shown
in vivo using TEM, After 3-h exposure using electron diffraction, rutile nanoparticles were identified in the
apical regions of the cells under plasma membranes and in deeper parts of the cytoplasm as solitary
objects or small aggregations. The data indicated that the rutile TiO; nanoparticles, administered into the
gastrointestinal tract, penetrated the small intestinal epithelial barrier.

In a study by Chaudhry et al. (2013; Doc. provided to EFSA n.7) cited above (published as
MacNicoll et al., 2015), the absorption of TiO, was further studied in rats bred, fed and maintained in
titanium-controlled environment (strain not given; five groups/six rats per type of material) receiving a
single oral dose of TiO; (4.6 mg TiOx/kg bw) in the form of nanosized particles (two anatase and one
rutile) and microsized particles (rutile). The characteristics of the test materials are given in Table 14.
Following oral administration of TiO,, samples of blood, urine and faeces were collected at appropriate
time intervals, When the particles were submitted to pH values mimicking gastrointestinal tract
biological conditions, no appreciable dissolution {titanium release) was observed. No significant
difference in the amounts of titanium in the urine from the control (microsized) and treated
(nanosized) groups was found during the 96 h post-treatment period. The bulk of the titanium (not
quantified) was found in the faeces. Titanium concentrations in blood, urine or tissues were not
significantly increased. It was concluded by the authors that absorption/translocation to blood, urine
and faeces, and distribution to various organs (liver, kidney, spleen, heart, brain; gastrointestinal tract)
was very limited.

Cho et al. (2013) studied the fate of spherical nanoparticles (80% anatase, 20% rutile) after oral
administration to Sprague Dawley rats, The measured particles size (using SEM) was 26.4 + 6.1 nm
and the hydrodynamic particle size was 37.8 + 0.4 nm. Samples were administered for 13 weeks
(7 daysfweek) at doses of 0, 260, 521 and 1,042 mg TiO,/kg bw per day. The durability of the
particles under gastrointestinal-mimicking conditions was demonstrated. Samples of bloed, tissues
(liver, kidneys, spleen and brain), urine and faeces were obtained at necropsy. The absorption of TiO»
nanoparticles was shown to be extremely low. Tissue distribution data showed that TiO, nanoparticles
were not significantly increased in sampled organs, even in the group receiving the highest dose
(1,042 mg/kg bw per day). Titanium concentrations were not significantly increased in the urine. Very
high concentrations of titanium were detected in the faeces.

In a study by Geraets et al. (2014) on the tissue distribution, elimination and oral absorption of
different TiO, nanoparticles in Wistar rats, five different TiO, samples were tested (NM-100, NM-101,
NM-102, NM-103 and NM-104) after oral or intravenous administration. The characteristics of the test
materials used aregiven in Table 15.

Table 15: Characteristics of materials obtained from the JRC Nanomaterials (NM) Repository (JRC, 2011)

. Mean Primary Specific area
NM cade Type of material particle size (nm) particle (nm) {mm?/g)
NM-100 TiO, 267 42 50 10
NM-101 TiO, 38 6 320
NM-102 TiO,, anatase 132 20 9¢
NM-103 TiO, thermal hydrophobic 186 20 60
NM-104 TiO, thermal hydrophilic 67 20 60

Animals were dosed either orally (gavage) or intravenously (injection, tail vein) once (three males
per group, four TiO, nanomaterials and controls) or during five consecutive days {three males per
group, four TiO, nanomaterials and controls); in addition, for the NM-101 test material, three females
per group and controls were dosed.

For the oral route study, the single dose groups received a dose of 2.3 mg TiO,/animal {calculated
by the authors to be equivalent to 6.8-8.6 mg TiO./kg bw depending on the actual weight of the
{male) animals). The repeated dose groups received five consecutive daily doses (day 1 5) of 2.3 mg
TiOz/mL per animal, resulting in a cumulative dose range of 34.1-42.4 mg TiO,/kg bw for males and
54.5-59.9 mg TiO,/kg bw for females.
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The rats were killed and tissue sampling was carried out 24 h after the last exposure (day 2 or 6).
Liver, spleen and mesenteric lymph nodes were selected as target tissues for titanium analysis.

For the intravenous study, the single-dose groups received a dose of 8.4 9.8 or 12.4 14.1 mg
TiOy/kg bw, for male and female animals, respectively. The repeated intravenously treated animals
received five consecutive daily doses {day 1 5) for a cumulative dose range (taking into account the
actual weight of the animals) of 42.3-49.4 and 61.2-71.9 mg TiOx/kg bw for male and female
animals, respectively.

Blood and tissue samples were collected from day 2 to day 90 after administration,

From the data on absorption, it was concluded that titanium levels in liver and spleen could only be
measured above the limit of detectien (30 ng/g tissue) in some rats. Titanium could be detected in the
mesenteric lymph nodes, although the levels were very low. When compared with data from
non-exposed animals it was shown that some minor, but very limited, absorption occurred in the
gastrointestinal tract, No increase in titanium levels was observed in the other tissues.

3.1.2. Distribution
3.1.2.1. Studies in the mouse

Wang et al. (2007b) compared the biodistribution of different sized TiO, particles ((25, 80 and
155 nm (fine) in CD-1 (ICR) mice (40 males/40 females). The ‘animals were randomly divided into four
groups: one control and three experimental groups receiving a single eral (gavage) dose of the
different particles sizes at a level of 5 g TiO, suspension/kg bw. Two weeks after treatment, titanium
concentrations were analysed in different tissue samples from female mice only.

Titanium accumulated mainly in the liver: 3970 = 1670 ng titanium/g in the 80 nm group,
106 = 8 ng titanium/g in the 25 nm group, and 107 + 25 ng titanium/g in the 155 nm (fine) group.
In the kidneys, the titanium concentrations were as follows: - 440 ng titanium/g in the 80 nm
group (statistically significantly different from control; p < 0.05), ~ 375 ng titanium/g in the 25 nm
group, ~ 170 ng titanium/g in the 155 nm (fine) group and - 150 ng titanium/g in the control group.
Titanium concentrations for animals receiving the 155 nm particle suspension were highest in the
spleen (p < 0.05 compared with control), followed by the lung and brain (p < 0.05 compared with
control), In the red blood cell, titanium concentrations were ~ 130 ng titanium/g for the 25 nm group,
~120 ng titanium/g for the 80 nm and 155 nm (fine) groups and ~ 80 ng titanium/g for the control
group.

As regards biodistribution, the experiment showed that TiO, is mainly retained in the liver, spleen,
kidneys and lungs, indicating that TiOs particles can be transported to other tissues and organs after
uptake via the gastrointestinal tract, Furthermore, a basal level of TiO, of 150 ng/qg TiO- in kidney and
80 ng/g in the red blood cell was demonstrated in control animals.

3.1.2.2. Studies in the rat

Lloyd et al. {1955) tested TiO, (particle size not given) as an index material for determining the
digestibility of a rat diet. Albine male rats (n = 30, 60 days old) were fed a diet containing 0.25% TiO,
(equivalent to ~ 295 mg TiQsfkg bw per day) for 6 days.'® Another group of rats (n = 30) were fed a
diet containing 0.25% chromium(III) oxide, but there was no control group. The faeces of 10 of the
30 rats receiving the diet for 6 days were collected individually and daily for 13 days after the initial
consumption. Twenty other rats were divided equally inte four groups and after the 6-day feeding
period; total faeces per group were collected for 7 days (total food consumption was also noted for
this 7-day period). For the 30 rats on the TiO, diet, an average of 92% of the administered TiO, was
recovered. The authors noted that some TiO, (8%) was unaccounted for which they treated as
absorbed and hypothesised that delayed excretion could be due to accumulation of titanium in some
part of the gastrointestinal tract.

West and Wyzan (1963) {as reported in IPCS, 1982) fed male and female rats {no further details
given) a diet containing TiO, (100 g TiOy/kg diet; particle size not given) for - 32 days. A statistically
significant amount of titanium was found only in the muscles (0.06 mg/kg wet weight in males and
0.11 mg/kg wet weight in females); no retention was observed in the liver, spleen, kidney, bone,
plasma or erythrocytes.

A bicavailability study (Colorcon, 2003 as reported by EFSA in 2004) performed in Sprague Dawley
(Cr:CD™ BR) rats using four test substances of TiO, (no information on particle size given): rutile TiO,
(thick platelet), rutile TiO, (thin platelet), rutile TiO; (amorphous) and anatase TiO» (amorphous).
Groups {three animals/sex per time-point, aged 6 10 weeks) were fed ad fibitum either a control diet
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or a diet containing one of the four types of TiO,, which were given at a concentration of 200 mg
TiO,/kg diet (equivalent to ~ 30 mg TiOy/kg bw per day).!” These TiO,-containing diets were fed to
the rats for seven consecutive days and were then replaced by the control diet for a maximum of 72 h
before sacrifice. The control diet administered during the treatment phase contained a mean
concentration of 9 mg TiOx/kg wet weight and the control diet administered after the treatments
contained a mean concentration of 7 mg TiO,/kg wet weight. Groups of animals were killed at 1, 24
and 72 h after withdrawal from the treatment diet, and the titanium contents of the liver, kidneys,
muscle, whole blood, urine and faeces were determined. The main route of titanium excretion was
via the faeces. Faecal excretion in each collection interval (0-24, 24-48, 48-72 h) was similar for all
TiO,-treated groups. The mean total amounts of titanium excreted in the faeces during 0 72 h after
withdrawal of the TiO,-treated diet were in the range of 1.4 2.2 mg/animal for male rats and
1.1-1.3 mg/animal for female rats, accounting for means of 39-63% of the daily dose. Urinary
excretion of titanium was equivalent to = 2% daily dose/L of urine for all groups and was generally
below the limit of quantification (= 0.04 mg/L). Whole-blood concentrations of titanium from all groups
were < 0.04 mg/L and concentrations of titanium in liver, kidney and muscle were generally below the
LOD(= 0.1 to < 0.2 mg/kg wet weight) or in the range of 0.1 0.3 mag/kg wet weight for most animals
treated with either the control diet or a diet containing TiO,. The hicavailability study showed that
there was no difference in the systemic absorption of the four forms of TiO, following dietary
administration at a nominal concentration of 200 mg TiOx/kg (based on a LOQ = 0.04 mg/L for urinary
excretion).

In the study by Onishchenko et al. (2012) cited above, the effect of the administration of water
dispersions of TiO, nanoparticles with an anatase structure (not further specified) and of micron-sized
TiO, particles (food additive E 171; crystal structure not indicated) at low (1 mg/kg) and high
(100 mg/kg) doses for 28 days was studied in Wistar rats. Titanium in basal amounts, characteristic of
a great number of biological objects, was present in the liver tissue of rats fed a standard
semisynthetic diet. Administration of the water dispersions induced no appreciable increase in these
basal values, A similar result was observed in animals treated with rutile nanoparticles at the low dose
(1 mag/kg). However, the titanium concentration in the liver increased significantly (almost doubling) in
rats receiving intragastric water dispersions of rutile nanoparticles at the high dose (100 mg/kg),
which, according to the authors, could indicate its penetration through the intestinal barrier. The
Panel noted that the authors did not reveal the size characteristics of the nanoparticulate test material.

In a study by Chaudhry et al. (2013; Doc. provided to EFSA n. 7) (published as MacNicoll et al,,
2015) described in Section 3.1.1, rats were administered by gavage a single dose of different TiO,
nanc- and larger partides dispersed-in water (see Table 14). Animals were killed at different time
intervals during the 96 h post-treatment and tissues (liver, brain, heart, kidney and spleen) were
sampled. Based on titanium determination (LOD = 1 ng/g), no translocation of TiO, was cbserved in
any of the treatments applied and tissues selected.

Tassinari et al. (2014) studied the effect of short-term oral exposure to TiO, nanoparticles in
Sprague Dawley rats with a fecus on the reproductive and endocrine systems and spleen. In the
study, anatase nanoparticles with two different morphologies were used, i.e. spherules with primary
sizes ranging from 20 to 60 nm and irregular-shaped particles ranging from 40 to 60 nm. Moreover,
large agglomerates and chains of spherules were also observed to be present, The test materials were
administered, by gavage, for five consecutive days at doses of 0, 1 and 2 mg TiOz/kg bw. An increase
in the titanium concentration was found in the spleen and ovaries of treated animals compared
with controls, even though the titanium tissue levels remained low (control, 0.036 ng/g fresh weight;
1 mg/kg bw dose, 0.040 ng/g fresh weight; 2 mg/kg bw dose, 0.046 ng/g fresh weight) and were
similar to the levels reported in controls and were within the values reported by Wang et al. {2007a).
In the spleen of treated animals, TiO, aggregates of 200 400 nm (in high-dose females) were
identified and quantified (2-3 x 10% partides/mm? vs < 1 x 10% particles/mm? in controls).

Geraets et al. (2014) concluded that after both single and repeated intravenous exposure, titanium
(not further specified in terms of purity, nanosized distribution) is rapidly distributed from the systemic
circulation to all tissues evaluated (i.e. liver, spleen, kidney, lung, heart, brain, thymus and
reproductive organs). Liver was identified as main target tissue, followed by spleen and lung. Total
recovery (expressed as % nominal dose), measured 24 h after single or repeated exposure, ranged
from 64% to 95%. Based on calculations using different scenarios (i.e. using LOD or half the LOD for

17 A grade of sufficient purity to meet or exceed requirements of the United States National Formulary (NF) (merged with the
United States Phamacopeia, USP-NF).
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the non-detects; correcting tissue levels for background levels; using only the positive liver titanium
levels), the authors estimated that - 0.02% of the administered dose of TiO, was distributed in the
tissues. The Panel agreed with this conclusion of the authors.

3.1.3. Excretion

From the Geraets et al. (2014) study (see above), it was concluded that, following intravenous
administration, a decrease in titanium in the investigated organs was observed over the 90-day period,
although = 50% of the administered dose was still present at the end, indicating a long half-life
(28-248 days for the liver). Titanium levels in liver, the tissue exhibiting the highest levels, showed a
decrease during that period for all nanoparticles tested, together with a concomitant increase in
spleen, in which the final titanium level was higher than in liver. Only minor differences in kinetic
profiles were observed, both after single and repeated exposure.

The authors of the study further indicated that the titanium levels measured in the faeces of
intravenously treated (single and repeated dose) animals revealed no clear differences between TiO»-
exposed animals and vehicle-treated controls. Furthermore, no increase in titanium levels in urine was
abserved.

At day 90 post-exposure, titanium levels in spleen were higher than in liver (expressed as pg/g
tissue). This would be consistent with a redistribution of the TiO, nanoparticles between liver and
spleen and slow elimination. The Panel noted that there were only a few sampling times during the
post-exposure period.

The Panel also noted that although tissue half-life was estimated, it was not possible to determine
the excretion pathway.

3.1.4. Human studies

West and Wyzan (1963) (as reported in International Programme on Chemical Safety (IPCS),
1982), gave five male volunteers 5 g of National Formulary grade TiO; suspended in milk on three
consecutive days.'® Urine samples were collected for 5 days after the start of ingestion. No detectable
change in urinary titanium levels was detected, which suggests the absence of any significant
absorption of the titanium ion, although accumulation in the body cannot be excluded.

Bockmann et al. (2000) measured blood titanium levels in males (24-66 years old) after oral
administration of TiO; (23 or 46 mg) either as anatase (median particle size, 160 nm) in gelatin
capsules or as a powder (médian particle size, 380 nm). Pretreatment background blood levels had
titanium levels ranging from 6 to 18 ug/L. After TiO, administration, blood samples were taken over
24 h (ie. 0, 15 and 30 min and 1, 2, 4, 8, 12 and 24 h) and the titanium level in the blood was
measured. The authors reported concentration-time data, from which the Panel calculated the area
under the blood concentration/time course (AUC) as a measure of absorbed amount. The AUC of five
subjects (median: 17,573.25 ug/L x min) having taken the gelatin capsules (160 nm particles) was
higher than for the two' subjects (AUC: 9,384 and 10,519.5 ng/L x min) having taken the powder
(380 nm particles). According to these authors, this indicates that there might be an influence of
particle diameter on the extent of absorption of TiO,, however, the Panel noted the median particle size
of both particles studied were greater than 100 nm_The authors reported that the blood concentration/
time correlation showed the type of curve characteristic of a persorption mechanism of absorption.

In a study by Jones etal. (2015), human volunteers (four males and five females; aged
30-56 years) received a 5 mg/kg bw single oral dose of TiO, (particle sizes: 15 nm (anatase; -- 100%
by number < 50 nm), 100 nm (rutile; 95% by number between 48 and 154 nm) and < 5000 nm
(rutile; 100% by number = 100 nm) dispersed in water. Doses were administered at least 4 weeks
apart. All urine samples were collected in timed collections over a 4-day period starting 24 h before
dosing and ending 72 h post-dose, and analysed for titanium content after hydrolysis. Blood samples
were collected before dosing and at 2, 4, 24 and 48 h after dosing and analysed for titanium content,
full blood count and liver function tests, The study demonstrated that very little TiO; at all nanosizes
tested was absorbed gastrointestinally after an oral dose at a maximum estimate of 0.1% of the
administered dose. There was no demonstrable difference in absorption for any of the three particle
sizes tested. Because of the very low absorption and the variable endogenous titanium levels, no
classic absorption and elimination curve was observed in any of the studies. A dose of 5 mg/kg bw
was well tolerated (both clinically and biochemically) by all volunteers for all particle sizes.

18 \WF grade’ is the purity standard as defined in the US National Formulary.
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In another recent published study (Pele et al, 2015), seven human volunteers were given a single
oral dose of 100 mg TiO, (particle size {ds), 260 nm). Venous blood was sampled up to 10 h post-
administration, TiO, particles were identified by dark field microscopy (reflectance) and *'Ti was
measured by inductively coupled plasma mass spectrometry. An unquantified fraction of TiO, particles
was detected in blood with a peak of absorption observed at 6 h, which paralleled the titanium
concentration in blood (~ 10 pg/mlL, which decreased to 5 pg/mL at 10 h), Whether the particles are
transported within or outside immune cells requires confirmation.

Based on the above dataset, the Panel considered that:

« TiO; was chemically stable under physicochemical conditions that mimic the gastrointestinal
situation. No release of titanium ions was shown to occur.

« The vast majority of orally administered TiO, was excreted in the faeces.

¢ TiO; particles did not cross the gastrointestinal-epithelial barrier models by diffusion in vitro,
but there was minimal translocation into the cells, which varied with the model system used.

« Nano/microsized TiO, particles were absorbed to a limited extent from the gastrointestinal
tract (bioavailability estimated at 0.02-0.1%), essentially through the GALT. However, there
were uncertainties regarding the real physical state (primary size, aggregation/agglomeration,
protein corona) of the absorbed particles and estimates were based on measurements of
titanium ion. Furthermore, evaluating the data overall, the Panel considered that there were no
differences in the extent of absorption related to particle size. The Panel noted that the very
low bioavailability and variable background basal levels of TiO; in tissues not only made it
difficult to interpret the results, but also prevented accurate determination of kinetic
parameters such as elimination half-life,

+ Absorbed nano/microsized TiO, particles were distributed in different-organs, by order of
decreasing concentration: mesenteric lymph nodes, liver, spleen, kidney, lungs, heart and
reproductive organs (testes and ovaries).

« After intravenous administration of nano- and microsized TiO, particles, studying four different
particles, titanium was poorly excreted via urine and higher titanium concentrations were
observed in tissues than in blood. After' repeated intravenous dosing over 6 days, titanium
concentrations in tissues were higher than after single intravenous administration. A long-term
redistribution of titanium from the liver to the spleen has been shown to occur, which
emphasises the role of the monenuclear phagocyte system in particle processing. The decline
of titanium concentrations in the tissues was slow; the authors calculated half-lives of between
28 and 650 days, depending on the TiO, particles and tissue, The Panel noted that titanium
absorbed after oral TiO; administration weuld have the same kinetic pattern as TiO;
administered by repeated i.v. The Panel also noted that after oral administration, direct
evidence for higher concentrations in the tissues was lacking, which may be due to the low
bicavailability, high variability. of intake and high background (basal) tissue levels of titanium.
The slow elimination of titanium after intravenous administrations indicates the potential for a
low but steady increase in titanium tissue levels with time for absorbed titanium after oral
administration.

3.2. Toxicologicalddata

3.2.1. Acute oral toxicity

The acute oral median lethal dose (LDsg) value for TiO, was = 10 g TiO,/kg bw per day for mice
and = 25 g/kg bw per day for rats (Hallagan et al., 1995; SCCNFP, 2000).

Three different TiO, particle sizes (25, 80 and 155 nm) were administered by gavage with a single
dose of 5,000 mg TiO,/kg bw in CD-1 (ICR) mice in accordance with OECD 420, by oral gavage (Wang
et al., 2007b). After 2 weeks, TiO, particles showed no obvious acute toxicity. Female animals exposed
to nanosized TiO, showed hepatotoxicity characterised by changes in aspartate amino transferase/
alanine amino transferase ratio and lactate dehydrogenase activity, and hydropic degeneration around
the central vein and focal necrosis of hepatocytes. In addition, nephrotoxicity (increased blood urea
nitrogen levels) was also observed in these groups. These changes were not seen in mice treated with
TiO; particles of 155 nm.
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3.2.2. Short-term and subchronic toxicity
3.2.2.1. Studies in the mouse

The US National Cancer Institute (NCI, 1979) performed a subchronic toxicity (90-day) dose range-
finding study in B6C3F1 mice to estimate the maximum tolerated doses of TiO, (anatase; particle size
not given) to be used in a carcinogenesis study in the mouse. Doses of 6,250, 12,500, 25,000, 50,000
or 100,000 mg TiOy/kg diet were administered (equivalent to 1,344, 2,688, 5,375, 10,750 or
21,500 mg TiOy/kg bw per day for female mice and 1,056, 2,113, 4,225, 8,450 or 16,900 mg
TiC,/kg bw per day for male mice, respectively).'® TiO, had a purity of minimum 98%. Ten males and
10 females were administered the test substance at each dose, and 10 males and 10 females received
basal diets for 13 consecutive weeks. There were no deaths, and dosed animals had mean bw gains
that were comparable with those of the controls. No gross or microscopic pathology was found that
could be related to the administration of anatase in the mice.

The Panel noted that the study was only briefly described in the NCI (1979) report and that no
haematoelogical parameters and ne biochemical parameters in urine and blood were measured.

3.2.2.2. Studies in the rat

West and Wyzan {1963) {as reported in JECFA, 1970) fed a group of 10 male and 10 female rats
(strain not given) 100 mg National Formulary Grade TiO,/kg diet for 30-34 days.'” A second,
untreated group was used as a control. All animals remained healthy and normal. Weight gain and
food intake were comparable for the two groups. At autopsy, no relevant gross pathology was
observed. No evidence of an increase in titanium content was found in any of the seven different
tissues analysed (no further details) except muscle, where the increase was 0.1 mg/kg compared with
tissues from the control animals.

In a study that was in line with OECD Test Guideline 407 for 'Repeated Dose 28-Day Oral Toxicity
Study in Rodents’, three groups of five young male Sprague Dawley Crl:CD(SD) rats were given daily
gavage doses of either pure water (control) or 24,000 mg/kg bw of one of two similar non-coated
pigment-grade forms of rutile with a dsq of 173 nm; one form was described as ‘research grade’ and
the other was ‘commercial grade’. One rat from each of the test groups died prematurely due to
misdosing (perforation of the oesophagus). There were no treatment-related effects on food intake,
body weight, clinical signs; haematology, serum clinical chemistry, ergan weights, gross pathology or
histopathology. Particles found in intestinal lymphoid tissue were not regarded as an adverse effect.
There were no differences in résponse to the two forms of the test material. The no observable
adverse effect level (NOAEL) for the study was 24,000 mg/kg bw per day for both forms of TiO,
tested, Although this study was not performed with TiO, (E 171), its results are useful as supporting
evidence in the assessment of the use of TiO; as a coleuring agent for food and feeds (Warheit et al.,
2015b).

The NCI (1979) performed a subchronic toxicity (90-day) dose range-finding study in
Fischer 344 rats to estimate the maximum tolerated doses of TiO, (anatase; particle size not given) to
be used in a carcinogenesis study in the rat. Doses of 6,250, 12,500, 25,000, 50,000 or 100,000 mg
TiOy/kg diet were administered (equivalent to 569, 1,138, 2,275, 4,550 or 9,100 mg TiO,/kg bw per
day for female rats and 506, 1,013, 2,025, 4,050 or 8,100 mg TiOy/kg bw per day for male rats,
respectively).' TiO, had a purity of minimum 98%. Ten males and 10 females were administered the
test substance at each dose, and 10 males and 10 females received basal diets for 13 consecutive
weeks, There were no deaths, and dosed animals had mean body weight gains that were comparable
with those of the controls. No gross or microscopic pathology was found that could be related to the
administration of the test substance in the rats.

The Panel noted that the study was described only briefly in the NCI (1979) report and that no
haematclogical parameters and ne biochemical parameters in urine and blood were measured.

The Panel noted that there was rather limited information available on the short-term and
subchronic toxicity on the food additive TiO, (E 171).

In a well-performed 28-day gavage study in rats with non-coated pigment-grade TiO, (rutile form;
dsp 173 nm) at a dose of 24,000 mg TiO2/kg bw, no treatment-related effects were observed {Warheit
et al., 2015b). Particles found in intestinal lymphoid tissue were not regarded as an adverse effect.
The NOAEL for the study was 24,000 mg/kg bw per day. Although the study was not performed with
food-grade TiO,, the Panel considered the results useful as supporting evidence in the assessment of
the use of TiO; as food additive (E 171) colouring agent for food and feeds.
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In a 90-day feeding study, doses up to 16,900 mg TiOx/kg bw per day for male mice and up to
8,100 mg TiO,/kg bw per day for male rats did not result in differences in body weight or in relevant
gross or microscopic pathology compared with the control (NCI, 1979). However, no haematological
parameters and no biochemical parameters in urine and blood were measured.

3.2.3. Genotoxicity
3.2.3.1. In vitro

In an early study, TiO, was reported to be negative in a rec-assay with Bacillus subtilis for
genotoxicity using a M45 recombination-deficient strain {(Kada et al,, 1980). The Panel noted that such
a test system has not been validated and considered this information not relevant for risk assessment.

In a screening study of 63 carcinogenic and non-carcinogenic chemicals, TiO, (CAS Registry
number 13463-67-7, particle size not specified) was tested for mutagenicity in a bacterial reverse
mutation assay using the plate-incorporation procedure in Saimonefia Typhimurium strains TA98,
TA100, TA1535, TA1537 and TA1538, and Escherichia coli WP2 uwrA, in the absence and in the
presence of exogenous metabolic activation S9 liver preparations from uninduced and Aroclor 1254-
induced F344 rats, B6C3F1 mice and Syrian hamsters. Dose levels were selected at half-log intervals
and never exceeded 10 mg/plate. Clear negative results were observed for TiO; (Dunkel et al.,, 1985).
The Panel noted that in this, and in the other genotoxicity assays performed within the validation
exercise coordinated by the National Toxicolegical Programme (NTP) {Dunkel et al., 1985; Tennant
et al,, 1987; Ivett et al., 1989; Myhr and Caspary, 1991; Shelby et al,, 1993; Shelby and Witt, 1995),
the sample of TiO, tested was received from the NTP repository of the chemicals tested in
cardnogenicity bioassays. According to the NCI-CG-TR 97, the sample was an anatase TiO, white
pigment designated Unitane® 0.220,

Tennant et al. (1987) assayed TiO, (particle size not given, see above) in the Ames Safmonelia/
microsome mutagenicity assay, in the assays for chromosomal abemrations and sister chromatid
exchanges (SCEs) in a Chinese hamster ovary (CHO) cell line, and in the mouse lymphoma L5178Y cell
mutagenicity assay. Standard protocels develeped by the NTP of the NCI were used for the selected
assays, Negative results for TiOs were reported in any of the four short-term tests (STTs) selected.
The highest negative dose levels assayed were as follows: 10,000 ng/plate in the Ames test, 25 ng/mL
in the assays for chromosomal aberrations and SCEs, and 1.6 pg/mL in the mouse lymphoma L5178Y
cell mutagenesis assay.

Ivett et al. (1989) studied the genotoxicity of TiO, (particle size not given, see above) in a SCE
assay and in a chromosomal aberration assay in CHO cells, both in the absence and presence of rat
liver S9. Cells were exposed for 25 and 2 h in the SCE assay and for 8 and 2 h in the chromosomal
aberration assay in the absence and presence of rat liver S9, respectively. In both assays, a top-dose
level of 25 pa/mL (equivalent to 313 M) was selected based on the solubility of the test material.
Reported results indicated that TiOz did not induce SCE or chromosomal aberrations in mammalian
cells in vitro.

Myhr and Caspary (1991), in a following screening study on 31 coded compounds, tested TiO-»
(particle size not given, see above) for its mutagenicity in an in vitro mammalian cell gene mutation
assay in L5178Y mouse lymphoma cells at the thymidine kinase (TK) locus in both the absence and
presence of S9. The test compound was administered for 48 h at dose levels ranging from 1.56 to
50 pg/mL. Negative results were reported in any treatment conditions.

In the study by Miller et al. (1995), TiO, {partide size not given) was assessed for its genotoxic
potential in an in vitro micronucleus assay in CHO cells in both the absence and presence of rat 59.
Dose levels ranged from 0.025 to 10 pg/mL in the absence of S9 and from 0.25 to 10 pg/mL in its
presence, and treatment times were 48 and 3 h, respectively. Top-dose levels were selected according
to cytotoxic effects, which were based on a reduction of cell density by at least 25% of concurrent
control values. However, precipitation of TiO, was observed at concentrations of = 0.5 and > 1.0 pg/mL
in the absence and in the presence of S9, respectively. Micronuclei were scored in at least 1,000
mononucleated cells from each culture. Results obtained indicated that TiO, was not able to induce
micronuclei in CHO cells.

Linnainmaa et al. (1997) assessed the induction of micronuclei in a rat liver epithelial cell line by
two ultrafine (UF1 and UF2) TiO, preparations. The test material consisted of uncoated anatase
(UF1, average particle size 20 nm), rutile coated with aluminium hydroxide and stearic acid {UF2,
average particle size 20 nm), and pigmentary TiO, (average particle size 170 nm). Treatments were
conducted for 21 h alone or in combination with UV irradiation (365 nm). Dose levels evaluated
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ranged from 5 to 20 pgfcm?. Cytochalasin B (1 ng/mL) was added to the culture for the last 20 h.
The reported results indicate that TiO, (pigmentary or ultrafine) alone or in combination with UV light
did not induce chromosomal damage measured as induction of micronuclei. However, the Panel
noted that the spontaneous frequencies of micronuclei in the untreated controls were markedly high
(53 71 micronudeif/1,000 binucleated cells) indicating elevated genomic instability of the cell line
employed, and on this basis, the Panel considered the results reported in this study of limited
relevance for risk assessment.

Nakagawa et al. {1997) investigated the photogenotoxicity of TiO, particles in a single-cell gel
electrophoresis Comet assay with mouse lymphoma L5178Y cells, a microbial mutation assay with
S. Typhimurium, a mammalian cell mutation assay with L5178Y cells and a chromosomal aberration
assay with Chinese hamster CHL/IU cells, The following TiO, particles were tested in the single-cell gel
electrophoresis assay: anatase-p-25, (average size 21 nm) and anatase-WA, (average size 255 nm);
rutile-WR, (average size 255 nm) and rutile-TP-3, (average size 420 nmj). In the TiO, Comet assay WA,
WR and TP-3 were tested at concentrations from 250 to 2,000 pg/mL and p-25 was tested at five
concentrations from 2.1 to 800 pg/mL. In the chromosemal aberration assay in CHL cells, only p-25
was tested at concentrations from 25 to 800 pg/mL, in the absence of UV radiation and at
concentration from 0.78 to 28.5 pg/mL in the presence of UV radiation. In bacteria (S. Typhimurium
strains TA100, TA98 and TA102), only p-25 TiO; particles were tested from 6,750 to 54,000 pg/plate
with and without UV radiation. Results obtained showed that p-25 and TP-3 induced primary DNA
damage only when UV irradiated (minimum effective concentrations of 12.5 and 200 ug/mL,
respectively); WA particles (50 3,200 pg/mL) were also positive without irradiation, but only at the
highest tested dose, whereas WR particles were négative in the same dose range, Negative results
were observed with p-25 nancparticles in bacteria (500 4,000 ug/plate) and in the L5178Y mouse
lymphoma gene mutation assays (250 2,000 pug/mL). Positive results were obtained with p-25 in an
in vitro chromosomal abemration assay in Chinese hamster cells (minimum effective concentration
12.5 pg/mL), only in the presence of UV irradiation.

Lu et al. (1998) studied the effect of TiO, (particle size not indicated) for the induction of SCE and
micronuclei in CHO-Kt cells. TiO, was administered for 24 h, at dose levels of 1, 2 and 5 M for SCE
and at 5, 10, 15, 20 uM for 18 and 24 h in the conventional and cytokinesis-block micronudel analysis,
respectively. Selection of top-dose levels was based on a reduction in colony-forming ability. Results
obtained indicated that TiO, induced dose-related and statistically significant increases in SCE
compared -with' concurrent untreated control \cultures. Dose-related and statistically significant
increases were also observed for induction of micronuclei both in the conventional micronuclei analysis
and in the cytokinesis-block micronuclei analysis. However, higher levels of micronuclei {(2.5- to 3-fold
increases) were observed withand without the cytokinesis-block micronuclei.

Rahman et al. (2002) reported the effects of ultrafine TiO,, particle size < 20 nm, and fine TiO,
particle size’= 200 nm, on chromosomal damage in Syrian hamster embryo cells (SHE) monitored
by the formation of micronuclei. Cells were treated on coverslips at concentrations of 0.5, 1, 5 and
10 pgfem? for 12,,24,/48, 66 and 72 h. DNA was stained with bisbenzimide at 1 pg/mL and
micronuclei scored at x630 magnification under a fluorescence microscope. For further micronuclei
analyses, kinetochores were stained with CREST serum to allow discrimination of clastogenic effects
from aneuploidy. Results obtained revealed significant increases in micronuclei induction by ultrafine
TiO, at a dose of 1 pg/fcmi® at sampling times for 24, 48, 66 and 72 h, whereas fine TiO, did not
induce significant increases in micronudei. Furthermere, kinetochore analyses revealed no significant
increases in the kinetochore-positive micronuclei compared with micronuclei in the untreated contral,
indicating that induced micronuclei arise mainly from clastogenic and not aneugenic events.

Wang et al. (2007a) evaluated the cytotoxic and genotoxic activity of ultrafine TiO, particles
(particle size not specified) in human lymphoblastoid WIL2-NS cells. Cells were incubated for 6, 24
and 48 h with 0, 26, 65 and 130 pg/mL ultrafine TiO,; cytotoxicity was evaluated by the methyl
tetrazolium cytotoxicity (MTT) assay, apoptosis assay by the flow cytometry, and genotoxicity by the
cytokinesis block micronucleus assay, by the Comet assay and by the hypoxanthine-guanine
phesphaoribosyltransferase gene mutation assay. Significant decreases in viability and proliferation, and
increase in apoptosis were seen at the highest doses. In genotoxicity assays, increased incidence of
micronuclei (~ 2.5-fold at 130 pg/mL), olive tail moment (- 5-fold increases at 65 ng/mL) and
hypoxanthine guanine phasphoribosyltransferase mutations (- 2.5-fold increases at 130 pg/mL) were
observed in cells following exposure to ultrafine TiO,.

Tirkez and Geyikoglu (2007) evaluated the potential genotoxic effects of TiO, (particle size not
indicated) in human whole-blood cultures. Blood samples were obtained from four young non-smoking
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and healthy donors, and pooled for treatment. SCE and micronuclei were scored as genetic endpoints.
Dose levels of 1, 2, 3, 5, 7.5 and 10 1M were administered to blood cultures for 72 h. For SCE,
5-bromo-2'-deoxiuridine at 20 pM was added from the beginning of culture. For micronuclei analyses,
cytochalasin B (6 ug/mL) was added 44 h from the beginning of culture. Results obtained showed
dose-related and statistically significant increases in both SCE and micronudei, indicating the potential
genotoxicity of TiO,. These results were confirmed in a second study (Turkez, 2011), in which the role
of oxidative stress was suggested based on the observed reduction in TiO, genotoxicity in presence of
ascorbic acid.

Warheit et al. (2007) tested TiO, particles (79% rutile, 2% anatase; median particle sizes of
140 nm) for mutagenicity in a bacterial reverse mutation test in S. Typhimurium strains TAS8, TA100,
TA1535 and TA1537, and in £. coli strain WP2uvrA in the absence and presence of metabolic activation
(Aroclor-induced rat liver S9). Negative results were reported up to 5,000 ng/plate. The same test item
was also negative in a chromosome aberrations test in CHO cells in the absence and presence of
metabolic activation (Aroclor-induced rat liver $9). The test item was analysed without S9 up to 2,500
and 100 pg/mL in the 4- and 20-h treatment, respectively, whereas with S9, the top dosage was
250 pg/mL.

Karlsson et al. (2009) compared the toxicity of nano- and micrometre particles of some metal
oxides, and nano- and micrometre particles of TiO, {average particle size 63 nm and 1 pm,
respectively) by assessing DNA damage and DNA oxidative lesions in the human alveolar type II-like
cell line A549. To study DNA damage in forms of DNA strand breaks and alkali labile sites, the alkaline
version of the Comet assay was used. For analyses of oxidative DNA lesions, mainly oxidised purines,
the enzyme formamidopyrimidine DNA glycosylase was applied to the Comet assay. When A549 cells
were treated with nano- and micrometre particles of TiO; for 4 h at 40 and 20 pg/cmz, statistically
significant increases in DNA damage compared with untreated controls were observed for both
nano- and micrometre particles. However, micrometre particles caused markedly higher levels of DNA
damage compared with naneparticles. By contrast, for oxidative DNA damage, no significant increases
in oxidised purines were observed for both nano- and micrometre particles.

Xu et al. (2009) assessed the genotoxicity of TiO; particles of different size distributions (anatase
form, size 5 nm, 40 nm _and 325 mesh, applied in the dose range 0.1 30 pg/mL) using gpt delta
transgenic mouse primary embryo fibroblasts. Mutation frequencies were investigated at redBA and
gam loci, sensitive to kilobase deletion mutations. TiO, nanoparticles {(both 5 and 40 nm) significantly
increased mutation yield at 0.4 pg/mL and above, with no clear relation with the dose applied. The
effect was abrogated by the concurrent treatment with the endocytosis inhibitor Nystatin.

Bhattacharya et al. (2009) evaluated the genotoxicity and oxidative stress induced by TiO,
nanoparticles (anatase; size = 100 nm) in human lung fibroblasts (IMR-90) and human bronchial
epithelial cells (BEAS-2B). TiO; nanoparticles (2-50 ng/cm?) did not induce detectable DNA damage,
as evaluated by Comet assay, although they increased both oxidative damage (8-hydroxy
2'-deoxyguanosine (8-OH-dG)) and the intracellular generation of reactive oxygen species (ROS).

In the study by Falek et al. (2009), the in vitro genotoxicity of nanosized TiO, rutile and anatase
was assessed in comparisen with fine TiO; rutile in human bronchial epithelial BEAS-2B cells using the
single-cell gel electrophoresis {Comet) assay and the cytckinesis-block micronucleus test. BEAS-2B cells
were exposed to eight doses (1 100 pg/em?) of titanium oxide nanesized rutile (99.9% =5 nm),
nanosized anatase (99.7%; = 25 nm) or fine rutile (99.9%; < 5 um) for 24, 48 and 72 h. Fine rutile
reduced cell viability at lower doses than nanosized anatase, which was more cytotoxic than nanosized
rutile. In the Comet assay, nanosized anatase and fine rutile induced DNA damage at several doses
for all treatment times. The lowest doses inducing DNA damage were 1 ug/cm? for fine rutile and
10 pg/em? for nanosized anatase. Nanosized rutile showed a significant induction in DNA damage only
at 80 and 100 pg/cm?. Only nanosized anatase could elevate the frequency of micronucieated
BEAS 2B cells, producing a small but significant increase at 10 and 60 pg/cm? (with no dose
dependency).

Di Virgilio et al, (2010) analysed the cytotoxicity and genotoxicity of titanium oxide nanoparticles
(20 + 7 nm) on CHO-K1 cells using the Neutral Red and MTT assays, and by the SCE and micronuclei
assays. Results showed a dose-related cytotoxic and genotoxic effects, with micronuclei frequencies
significantly increased at 0.5 and 1 pg/mL, and SCE significantly increased at 1-5 pg/mL TiOs.
Cytotoxicity, evidenced alse by the absence of metaphases, was observed at higher concentrations.

Landsiede! et al, (2010) investigated the genotoxicty of coated rutile TiO, nanoparticles (size
10 x 50 nm) in standard OECD in vifro and in vivo test systems. No genotoxicity was observed
in vitro in the Safmonella gene mutation test (at 20 5000 pg/plate) and in the V79 micronucleus test
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(at 75-300 pg/mL), or in vivo in Comet assays on alveolar lavage cells from rats exposed by inhalation
6h/day for 5 days to 10 mg/m3 TiO, nanoparticles.

Using a Hep-2 cell ling, Osman et al. (2010), evaluated the cytotoxicity and genotoxicity of TiO,
nanoparticles using the MTT and Neutral Red assays, and the Comet and the cytokinesis-block
micronucleus assays, respectively. Concentration- and time-dependent cytotoxicity and increases in
DNA and cytogenetic damage were ohserved (no further details available).

Shukla et al. (2011) evaluated the cytotoxic and genotoxic activity of TiO, nanoparticles (anatase;
average diameter 50 nm) in the human epidermal cell line (A431). A mild cytotoxic response of TiO»
nanoparticles was observed using the MTT and Neutral Red uptake assays after 48 h of exposure.
A statistically significant (p < 0.05) induction in DNA damage was observed using the
formamidopyrimidine DNA glycosylase-modified Comet assay in cells exposed to 0.8 ug/mL TiO;
nanoparticles (2.20 = 0.26 vs control 1.24 + 0.04) and higher concentrations for 6 h. A significant
{p =0.05) induction in micronucleus formation was also observed at the above concentration
(14.7 £+ 1.2 vs control 9.3 = 1.0). TiO, nanoparticles elicited a significant cytotoxicity, evaluated using
the MTT and Neutral Red assays, and reduced glutathione level with a concomitant increase in lipid
hydroperoxides and ROS.

Wang et al. (2011) examined oxidative stress as well as cyto- and genotoxicity induced by TiO,
nancparticles {100% anatase; < 25 nm) in CHO-K1 cells following 60 days of continuous exposure at
0, 10, 20 or 40 pg/mL. The results of the study showed that oxidative stress increased in a
concentration-dependent manner in shert-term (2 days) cultures, whereas long-term cultures had
lower levels of oxidative stress. The primary ROS appeared to be superoxide, because ROS indicators
were lowered on addition of superoxide dismutase. No cyto- or genotoxic effects were apparent using
the MTT, Trypan Blue exclusion and colony-forming assays for viability, and the Comet and hprt gene
mutation assays for genotoxicity. According to the authars, CHO cells appear to adapt to chronic
exposure to nano-TiO, and to detoxify excess ROS, possibly through upregulation of superoxide
dismutase in addition to reduction of particles uptake.

Hackenberg etal. (2011) evaluated the in vifre geno- and cytotoxicity of TiO, anatase
nancparticles (diameter 15-30 nm) in peripheral blood lymphocytes from 10 male donors. TEM was
performed to describe particle morphology and size, the degree of particle aggregation, and their
intracellular distribution. Cells were exposed to nanoparticles in increasing concentrations of 20, 50,
100 and 200 pg/ml for 24 h. Cytotoxic effects were analysed by the Trypan Blue exclusion test and
the single-cell microge! electrophoresis (Comet) assay was applied to detect DNA strand breaks, alkali
labile sites‘and repair intermediates. Particles displayed a strong tendency to form aggregates, despite
dispersive treatments. The Trypan Blue exclusion test did not show any decrease in lymphocyte
viability, and there was no evidence of genotoxicity in the Comet assay for any of the tested
concentrations, despite particles being detected in the cytoplasm as well as in the nucleus of treated
cells,

Jugan et al. (2012) characterised the genetoxic potential of TiO, nanoparticles of different sizes
and crystalline phases in the human lung cell line A549. Test material consisted of spherical anatase
{nano) particles with average diameters of 12, 25 and 140 nm (A12, A25 and A140), and spherical
rutile nanoparticles with average diameters of 20 and 68 nm (R20 and R68). Cells were exposed for
various lengths of time (4, 24 and 48 h), and cytotoxicity, oxidative stress and genotoxicity were
evaluated using a set of complementary techniques (MTT and clonogenic assays for cytotoxicity, Comet
and micronuclei assays and -H2AX immunostaining for genotoxicity, and 8-OH-dG analysis, titration of
intracellular ROS, glutathione content, antioxidant enzyme activities for oxidative stress). Mild
cytotoxicity was observed after 48 h treatment with nanoparticles (A12, A25, R20 at 1-100 pg/mL),
whereas no or borderline toxicity was elicited by R68 and A140. Increased intracellular ROS levels and
genotoxicity were observed in the Comet assays with all particles after 4 h treatment (100 pg/mL),
which decreased at later times. At the same dose, increased 8-OH-dG levels were observed in cells
treated with A12, A25, A68 and R20, but not with A140. Negative results were obtained with all
particles in micronucleus and v-H2AX assays (50, 100 and 200 pg/mL). In conclusion, this work
showed that TiO; particles with different sizes and crystalline phases could elicit oxidative stress and
induce the formation of transient DNA lesions detectable by Comet assay  but not with the v-H2AX
immunostaining specific for DNA double-strand breaks — which did not result in clastegenic or
aneugenic events visualised as micronudei.

The lung adenocarcinoma epithelial cell line A549 was also used by Toyooka et al. {2012) in an
in vitro study on the genotoxicity of TiO, anatase microparticles {(diameter 5000 nm) and nanoparticles
(diameter 5 nm). Genotoxicity elicited by treatments (1 100 pg/mL) was evaluated based on the

www.efsa.eurapa. eufefsajournal 42 EFSA Journal 2016;14{9):4545

123



R luation of titanium dioxide (E 171) as a food additive

phosphorylation of the histone H2AX (¥-H2AX). Both TiO, particles generated y-H2AX foci, which was
more remarkable with the smaller particles. The flow cytometric analysis showed that v-H2AX
generation was independent of cell-cycle phase, and cells that incorporated larger amounts of TiO;
particles had more y-H2AX foci. Low levels of intracellular ROS were detected, even if large amounts
of TiO; particles were taken up. By contrast, the generation of y-H2AX was attenuated by coating the
surface of TiO, particles with bovine serum albumin, According to the study authors, these results
suggested that smaller TiO; particles were easy to incorporate into cells and generated cell-cycle
phase-independent y-H2AX, which was dependent on the condition of the TiO, surface, but not on the
formation of ROS.

TiO, nanoparticles induced cytotoxicity and DNA damage in human amnion epithelial (WISH) cells,
as investigated by Saquib et al. (2012). Crystalline, polyhedral rutile TiO, nanoparticles (diameter
30 nm) were characterised using X-ray diffraction, UV-visible spectroscopy, Fourier transform infrared
spectroscopy and TEM analyses. The Neutral Red uptake and MTT assays revealed a concentration-
dependent cytotoxic effect of TiO, nanoparticles over a concentration range of 0.625-10 pg/mL. Cells
exposed to TiO; nanoparticles (10 pg/mL) exhibited a significant reduction (46.3% and 34.6%;
p < 0.05) in catalase activity and glutathione level, respectively, Treated cells showed a 1.87-fold
increase in intracellular ROS generation and a 7.3% (p < 0.01) increase in Gy/M cell-cycle arrest
compared with the untreated control. Cells treated with TiO, nanoparticles alse demonstrated the
formation of DNA double-strand breaks with a 14.6-fold (p < 0.05) increase in the Olive tail moment
value at 20 ng/mL concentration (highest dose tested), under neutral Comet assay conditions.

Woodruff et al. (2012) assessed the genotoxicity of 10 nm uncoated sphere TiO; nanoparticles with
an anatase crystalline structure using the Safmoneffa reverse mutation assay (Ames test) and the
single-cell gel electrophoresis (Comet) assay in TK6 cells. For the Ames test, Salmonella strains TA102,
TA100, TA1537, TA98 and TA1535 were preincubated with eight different concentrations of TiO»
nanoparticles for 4 h at 37°C, ranging from 0 to 4,915.2 ug per plate. No mutation induction was
found. TEM and energy-dispersive X-ray spectroscopy analyses showed that the TiO, nanoparticles
were not able to enter the bacterial cell. For the Comet assay, TK6 cells were treated with
0-200 pg/mL TiO; -nanoparticles for 24 h at 37°C. Although the TKé cells did take up TiO>
nancpartides, no significant induction of DNA breakage or oxidative DNA damage was cbserved in
treated cells using the standard alkaline Comet assay and the endonuclease III and human
8-hydroxyguanine DNA-glycosylase (hOGG1)-modified Comet assay, respectively.

Guichard et al. (2012) studied the /n vitro cytotoxicity and genotoxicity of commercially available
nanosized and ‘microsized anatase TiO, and rutile TiO, in SHE cells. Samples had the following
characteristics: anatase, 14 + 4 nm;_-anatase, 160 + 48 nm; rutile, 62 + 24 nm; and rutile,
530 = 216 nm. The particle concentrations in the different tests varied between 0.5 and 200 pg/cm?.
In acellular assays, TiO, particles were able to generate ROS. At the same mass dose, all nanoparticles
produced higher levels of ROS than their microsized counterparts. Measurement of particle size in the
SHE culture medium showed that primary nanoparticles and microparticles are present in the form of
micrometric agglomerates of highly polydispersed size. Uptake of primary particles and agglomerates
by SHE exposed for 24 h was observed for all samples. TiO, samples were found to be cytotoxic,
anatase TiO, and rutile TiO, nhanoparticles being found to induce higher cytotoxicity than their
microparticle counterparts after 72 h of exposure. Over this treatment time, anatase TiO, nanoparticles
also produced more intracellular ROS compared with the microparticles. However, similar levels of DNA
damage were observed in the Comet assay after 24 h of exposure to anatase nanoparticles and
microparticles, Rutile microparticles were found to induce more DNA damage than the nanoparticles.
None of the samples tested showed significant induction of micronuclei formation after 24 h of
exposure. In agreement with previous size-comparison studies, the authors suggested that in vitro
cytotoxicity and genotoxicity induced by metal oxide nanoparticles are not always higher than those
induced by their bulk counterparts.

Magdolenova et al. (2012) investigated the effect of dispersion on the cytotoxicity and genotoxicity
of TiO, nanoparticles (rutile/anatase; particle size, 15-60 nm). Two protocols giving Ti0, nanoparticle
dispersions with different stability and agglomeration states were assessed: TK6 human lymphoblast
cells, EUE human embryonic epithelial cells and Cos-1 monkey kidney fibroblasts were used to assess
cytotoxicity (by Trypan Blue exclusion, proliferation activity and plating efficiency assays) and
genotoxicity {Comet assay). DNA strand breaks were detected by the alkaline Comet assay. DNA
oxidation lesions {especially 8-oxo-7,8-dihydroguanine) were measured using a modified Comet assay
including incubation with the specific repair enzyme formamidopyrimidine DNA glycosylase. TiO;
nancparticle dispersion with large agglomerates (3-min sonicaticn and no serum in stock solution)
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induced DNA damage in all three cell lines, whereas TiO, nanoparticles dispersed with agglomerates
< 200 nm (fetal serum in stock solution and sonication for 15 min) had no effect on the genotoxicity.
An increased level of DNA oxidation lesions detected in Cos-1 and TK6 cells indicated that the leading
mechanism by which TiO, nanoparticles trigger genotoxicity was most likely oxidative stress. The
results showed that the dispersion method used could influence the results of toxicity studies.
Therefore, according to the authors, at least two different dispersion procedures should be
incorperated into assessment of cyto- and genotoxic effects of nanoparticles.

Demir et al. {2013a) evaluated the genotoxic activity of TiO, nanoparticles (anatase; spherical
shape with average diameter 2.3 nm) in human peripheral blood lymphocytes and cultured human
embryonic kidney (HEK293) cells by means of a modified alkaline Comet assay with/without
formamidopyrimidine DNA glycosylase and endonuclease III in order to detect also oxidised DNA
bases. Both human peripheral blood lymphocytes and cultured embryonic kidney cells were incubated
with TiO, nanoparticles at concentrations of 1, 10, or 100 ng/mL. In both cell types, a significant
induction in DNA damage (similar with/without endonudlease III and formamidopyrimidine DNA
glycosylase) was enly observed at the highest concentration of 100 pg/mL. The ionic form of TiO, was
completely inactive.

The same author (Demir et al,, 2013b) reported the results of a study with TiO; nanoparticles
(anatase; mean diameter 2.3 nm) and microparticles in the wing somatic mutation and recombination
assay in Drosophifa melanogaster. Larvae were fed TiO, particles at concentrations ranging from 0.1 to
10 mM. The results obtained did not show any significant increases in the frequency of wing spots,
indicating that exposure to TiO, nanoparticles by feeding was unable to elicit genotoxicity detectable
by the wing spot assay of D. mefanogaster.

The influence of medium composition on the physicochemical characteristics and genotoxicity of TiO»
nanoparticles (86% anatase, 14% rutile; size 27.5 nm) was assessed in a study by Prasad et al. (2013).
In this work, the influence of TiO, nanoparticle agglomeration, cellular interaction and cell-cycle stage on
the induction of genotoxicity was evaluated in human lung epithelial cells using three different
nanoparticle-treatment media: keratinocyte growth medium (KGM) plus 0.1% bovine serum albumin
(KB); a synthetic broncheoalveolar lavage fluid containing phosphate-buffered saline, 0.6% bovine
serum albumin and 0.001% surfactant (DM); or KGM with 10% fetal bovine serum (KF). The Comet
assay showed that TiO, nanoparticles (10-100 ug/mL) induced similar amounts of DNA damage in all
three media, independent of the amount of agglomeration, cellular interaction or cell-cycle changes. By
contrast, TiO, nanoparticles induced micranuclei only in KF, which is the medium that facilitated the
lowest amount of agglomeration, the greatest amount of nanoparticle cellular interaction, and the
highest population of cells accumulatingin the S phase.

Setyawati et al: (2013) investigated the potential cytotoxicity and genotoxicity of TiO, nanoparticles
(73-85% anatase; diameter 22 nm) in the human skin fibroblast cell line {BJ). The nancparticles were
first characterised by size, morphology and surface charge, and cytotoxicity was evaluated by
monitoring the proliferation of treated BJ cells. Genotoxicity was evaluated based on the induction of
phesphorylation of histene H2AX, a cellular marker of DNA double-strand break recognition and repair.
TiO; nanoparticles induced dese-dependent cytotoxicity (dose range 10 1,000 pg/mlL) and
genotoxicity (at both 10 and 500 jg/mL, the two doses assayed) in this test system.

Shukla et al. (2013) evaluated the genctoxicity of TiO, nanoparticles (anatase; size range 30 70 nm)
in the human liver cell line HepG2. Treatment with TiO, nanoparticles induced significant (p < 0.05)
DNA damage in Comet assay at 10 pg/mL and above, with a possible increase in oxidative
{formamidopyrimidine DNA glycosylase-dependent) damage even at the lowest dose of 1 ug/mL.
Increased micronucleus frequency was observed at 20 pg/mL. The genotoxicity observed was attributed
by the study authors to the generation of ROS, with concomitant reduced glutathione levels and
increase in lipid peroxidation. Increased expression of p53, BAX, Cyto-c, Apaf-1, caspase 9 and
caspase 3, and a decreased level of Bcl-2 were also observed by immunoblotting, indicating that TiO,-
induced apoptosis occurs via the caspase-dependent pathway.

Srivastava et al, (2013) evaluated apoptosis, oxidative stress and genotoxicity induced by TiO,
particles (< 25 nm) in the human lung cancer cell line A549. Tetrazolium bromide salt and lactate
dehydrogenase release assays were used to measure cytotoxicity. Genotoxicity was evaluated by the
cytokinesis block micronucleus assay and apoptosis was assessed by the formation of apoptotic bodies
and altered expression of p53, p21, Bax, Bcl-2 and cleaved caspase 3. Cells exposed to TiO; particles
(10 and 50 pg/mL) for 6 24 h showed dose-related induction of cytotoxicity, oxidative stress {(as
shown by increase intracellular ROS and lipid peroxidation, and decrease catalase and glutathione
activity), apoptotic bodies (up to twofold) and micronuclei (up to threefold).
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Tavares et al. (2014) evaluated the genotoxicity of a set of TiO, nanoparticles in human
lymphocytes using the cytokinesis-blocked micronucleus assay. Four TiO, nancpartices were assessed:
NM-102 (anatase; size 28 nm), NM-103 (rutile; size 22 nm}, NM-104 (rutile; size 19 nm) and NM-105
(85% anatase, 15% rutile; sizeé 20 nm. The morphology and size of the nanoparticles were
characterised using TEM, whereas the hydrodynamic particle size distributions were determined by
DLS. Particles were dispersed using a standardised procedure and applied up to the limit allowed by
the dispersihility in the vehicle (0.5% ethanol and bovine serum albumin in water), correspending to a
final concentration of 250 ng/mL. Additional lower doses of 125, 45, 15 and 5 pg/mL were tested.
Statistical comparison of the results showed weak (two- to threefold), but significantly increased
frequencies of micronuclei for NM-102 at a dose of 125 pg/mL, for NM-103 at 5 and 45 pg/mL, and
for NM-104 at 15 and 45 pg/mL; no significant effect was observed for NM-105. None of the tested
TiO, NMs induced a dose-dependent effect. Cell viability and cell-cycle progression, assessed by RI and
cytokinesis-block proliferation indices were not affected by treatments. The study authors highlight as
differential genotoxicity was observed for closely related NMs, indicating the need for investigating the
toxic potential of each NM individually, instead of assuming a commen mechanism and equal genctoxic
effects for a set of similar NMs,

3.2.3.2. In vivo

Shelby et al. (1993), in a survey study, tested 49 chemicals in a mouse bone mamow micronucleus
test via three daily exposures by intraperitoneal injection. TiO, (particle size not specified) was tested
for its clastogenicity in an in vivo mouse bone marrow micronucleus test. B6C3F1 mice were
administered, for three consecutive days, doses of 250,500 and 1,000 mg TiO»/kg bw on the first
trial, and 500, 1,000 and 1,500 mg TiOz/kg bw on the second trial. Mice were killed 24 h after the
third injection. Micronuclei were analysed in bone marrow and peripheral blood erythrocytes in the first
trial and in bone marrow erythrocytes in the second trial. The initial test was positive by trend analysis
in the bone marrow cells at 1,000 mg TiO,/kg bw, showing significantly elevated levels of micronuclei
at this dose level, The repeat study was trend negative, as were results from scoring blood samples in
the first trial. However, due to the elevated levels of micronucleated immature erythrocytes at
1,000 mg TiO,/kg beth in the peripheral blood samples and in the repeat bone marrow test, the
overall results were considered positive, Trend analyses performed following decoding of slides and
excluding the upper dose level from the repeat bone marrow study showed significant effects
(p =0.002) at 1,000 mg TiOx/kg bw. However, although the available data showed significant
increases and a linear trend, the effect is not marked and the highest mean value obtained for
induction of micronuclei falls within historical range values for untreated controls, and therefore this
result should be considered equivocal or of uncertain biological relevance.,

In a further study, aiming to compare induction of chromosomal aberrations and micronuclei in the
bone marrow of mice using 65 chemicals, Shelby and Witt (1995) also tested TiO, (particle size not
specified). For the micronucleus test, B6C3F1 mice were administered TiO, for three consecutive
days at doses of 250, 500 and 1,000 mg TiO,/kg bw on the first trial, and 500, 1,000 and 1,500 mg
TiOz/kg bw on the second trial; Mice were killed 24 h after the third injection. In the bone marrow
chromosomal aberration test, B6C3F1 mice were administered with TiO, once by intraperitoneal
injection at doses of 625, 1,250 and 2,500 mg TiOz/kg bw. Mice were killed at sampling times of 17
and 36 h. Animals received colchicine by intraperitoneal injection to accumulate cells in metaphase 2 h
before sampling. For the 17 h sampling time, animals were subcutaneously implanted with 5-bromo-2'-
deoxyuridine tablets {18 h before the scheduled sampling) to allow selection of first metaphase for
scoring. In the first trial for the induction of micronuclei, a significant trend was obtained with the
effect significantly elevated at the highest dose. In the second trial for the induction of micronuclei,
effects of a similar magnitude were observed, a single-dose level group {1,000 mg TiOx/kyg) was
significantly elevated, and the trend test was significant when the high-dose level group was excluded
from analysis. Results en chromesomal aberrations were clearly negative at both sampling times.

The Panel noted that the data on micronuclei in bone marrow erythrocytes in the Shelby and Witt
(1995) study are identical to the data presented in the earlier Shelby et al. (1993) study.

Trouiller et al. (2009) investigated the genotoxicity, oxidative DNA damage and inflammation of
nano-TiO; in an in vivo study in male and female mice (C57BI/6Jp""/p"™). The test material was a
mixture of 75% anatase and 25% rutile TiO, with a primary particle size of 21 nm and a mean,
agglomerated, particle size of 160 nm. Groups of five male mice were dosed for 5 days with drinking
water supplemented with 60, 120, 300 and 300 ng TiOz/mL, corresponding to 0, 50, 100, 250 and
500 mg TiOz/kg bw per day. Pregnant dams were dosed in drinking water with 500 mg TiOx/kg bw
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per day for 10 days at gestation days from 8.5 to 18.5 post coitum. In males, a marginal increase of
tail moment in peripheral bleod cells (- 0.010 vs 0.013 uym as average, from the graphical
representation of data), and a twofold increase in micronuclei in peripheral blood normochromatic
erythrocytes, were observed in mice treated with the highest dose tested (500 mg/kg bw per day). At
this dose, a slight but significant increase of oxidative DNA damage (8-hydroxy-2'-deoxyguanosine
levels) was observed in the liver (~ 4.2 vs 6.4 8-OH-dG/10° dG), and the increased expression of
proinflammatery cytokine in peripheral bloed. A dose-related increase in y-H2AX positive cells {i.e. with
more than four foci) was observed at all tested doses in bone marrow. In utero exposure of fetuses
via the mothers (five animals per group) was associated with a slight increase in large deletions in
offspring {6.42 —~ 1.47 vs 8.13 +~ 1.70 eyespots in the offspring of control and treated mice,
respectively). The authors concluded that TiO, nanoparticles were genotoxic and clastogenic in vivo in
mice, possibly as a consequence of a secondary mechanism associated with inflammation and/or
oxidative stress.,

The Panel noted, however, that in the above study, the methods implemented had some
shortcomings and that therefore their reliability was limited because:

« For the micronucleus assay, the study protocol applied is not appropriate to detect micronuclei
in mature (normochromatic) erythrocytes. Micronuclei in mature erythrocytes can be used as
endpoint only when the treatment period exceeds the lifespan of erythrocytes, e.g. 4 weeks or
more in the mouse (OECD TG474, 2014). In this work, a far shorter treatment peried was
applied (5 days), with no positive control to demonstrate the efficacy of treatment. Thus, the
results reported were not considered a reliable indication of a treatment-related effect.

« The alkaline Comet assay performed in peripheral blood did not include the evaluation of
cytotoxicity, which is mandatory in this assay (OECD TG489, 2014). Moreover, due to the
exiguity of the difference between treated and control groups, the biological significance of the
effect reported should be evaluated based on the distribution of historical control values, which
were not available in this study.

« The assessment of genotoxicity in developing embryos was based on method developed
in-house, which has not been validated.

Overall, the Panel concluded that this study cannot be used for risk assessment.

Sycheva et al. (2011) treated CBAB6F1 male mice by oral gavage with TiO, particles (anatase;
microsized; 160 nm; nanosized, 33 nm) at doses.of 40, 200 and 1000 mg/kg bw per day, for 7 days.
Genotoxic effects were analysed by Comet assay in the cells of brain, liver and bone marrow of mice
treated with 40 and 200 mg/kg bw, by the micronucleus assay in bone mamow, and in cells of
forestomach, colon and testis with a poly-organ karyological assay (analysis of micronudlei, nuclear
protrusions, atypical nuclei, multinudeated cells, mitotic and apoptotic index) in mice treated with 40,
200 and 1,000 mg/kg bw. In Comet assays, an increase of DNA damage was reported in bone marrow
cells at both tested doses {40 and 200 mg/kg bw) with both micro- and nanosized TiO;, and in liver at
200 mg/kg bw with naneparticles only. An increase in micronuclei was observed in the bone marrow of
mice administered 1,000 mg/kg microsized TiO,, (the highest dose tested), but not with nanoparticles.
This increase of less than twofold was considered statistically significant. In the karyological assay,
micro- and nanosized TiOy increased the mitotic index in forestomach and colon epithelia, the
frequency of spermatids with two and more nuclei, and apoptosis in forestomach (only nanosized
TiO,) and testis. According to the authors, this study demenstrated that micro- and nancsized TiO;
were genotoxic in vivo in mice, possibly through an indirect genotoxic mechanism associated with
inflammation and/or oxidative stress because no genotoxic effect was observed at the site of direct
contact with the particles (forestomach, colon).

However, the Panel noted that some of the methods implemented had some shortcomings and
that, therefore, their reliability was limited:

« The micronucleus assay was performed with a limited protocol, based on the analysis of 1,000
immature erythrocytes per animal instead of the 4,000 recommended {OECD 474, 2014);
moreover, the statistical analysis of the experimental results, performed by the chi-square test,
is incorrect because it does not consider the animal as a statistical unit, as recommended.
Finally, the biological significance of the small and not dose-related relative increase in
micronudeated cells in treated animals compared with controls should be evaluated based on
the distribution of historical control values, which were not available in this study.
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+ The "poly-organ karyological assay’ is not a validated assay for risk assessment. Moreover, the
parameters evaluated, i.e. mitotic index, apoptosis and nudear abnormalities of spermatids,
are not adequate to evaluate genotoxicity.

Overall, the Panel concluded that this study cannot be used for risk assessment.

Sadiq et al. (2012) conducted in vivo micronucleus and Pig-A (phosphatidylinositol glycan, class A
gene) mutation assays to evaluate the genotoxicity of TiO, nanoparticles {anatase; 10 nm) in mice.
Groups of five, 6-7-week-old male B6C3F1 mice were treated intravenously for three consecutive days
with 0.5, 5.0 and 50 mg TiO/kg bw fer the two assays. Mouse blood was sampled 1 day before the
treatment and on day 4, and weeks 1, 2, 4 and 6 after the beginning of the treatment. Pig-A mutant
frequencies were determined at day 1 and weeks 1, 2, 4 and 6, whereas per cent micronucleated
reticulocyte frequencies were measured on Day 4 by flow cytometry in 2 x 10°* CD71-positive
reticulocytes/animal. Additional animals were treated intravenously with three daily doses of 50 mg TiO2/
kg bw for the measurement of titanium levels in bone marrow 4;24 and 48 h after the last treatment.
The measurement indicated that the accumulation of nanoparticles reached a peak in the tissue 4 h after
the administration, and the levels were maintained for a few days. No increase in either Pig-A mutant
frequency or the frequency of per cent micronucleated reticulocytes was detected, although the per cent
micronucleated reticulocytes were reduced in the treated animals on day 4.in a dose-dependent manner
indicating cytotoxicity of TiO; nancparticles in the bone marrow. A marked pesitive response was elicited
in both the Pig-A and micronucleus assays by the positive control substance ethylnitrosourea. These
results suggest that although TiO, nanoparticles can reach the mouse bone marrow inducing measurable
cytotoxicity, no genotoxic effect detectable by the micronucdeus or Pig-A gene mutation assays is elicited.

Xu et al, (2013) reported negative results in a bone marrow micronucleus test on ICR mice
administered intravenously with TiO, nanoparticles (0, 140, 300, 645 and 1,387 mg/kg bw) 14 days
before sacrifice (Xu et al., 2013). However, the Panel noted that the sampling time applied in this
study (14 days after treatment) is not appropriate for the test method applied, and considered this
study not relevant for risk assessment.

In another recentin vivo study (Louro et al,, 2014), transgenic C57B1/6 mice harbouring a plasmid
containing the bacterial /acZ reporter gene were exposed to TiO, nanoparticles (anatase; average
diameter 22 nm) with two daily intravenous injections at 10 and 15 mg/kg bw. Top dese was the
maximum achievable based on concentration of stable nanoparticle dispersion and the administered
volume. Micronuclei in reticulocytes were scored.in blood smears prepared 42 h after last treatment;
gene mutations in /acZ and DNA strand breaks (by Comet assay) were assessed in liver and spleen
28 days after treatment, No genotoxic effect was detected, although TEM and light microscopy
highlighted the aceumulation-of nancparticles and a mild inflammatery response in liver at the time of
sacrifice. A marked positive response was elicited in both the Pig-A and micronucleus assays by the
positive control substance ethylnitrosourea,

Chen et al. (2014) administered TiO; nanoparticles (anatase; 75 + 15 nm) intragastrically to
Sprague Dawley rats at ‘0, 10, 50 and 200 mg/kg bw every day for 30 days. DNA damage in bone
marrow was evaluated by the micrenucleus assay and immuncflucrescence detection of histone H2AX
phosphorylation. In the same study, the genotoxicity of TiO, nancparticles was assessed with in vitro
Comet and gene mutation (Aprt locus) assays in V79 cells treated at 0, 5, 10, 20, 50 and 100 pg/milL.
A significant and dose-related increase in y-H2AX foci in bone marrow cells was cbserved at the end of
treatment, with no concurrent increase in micrenuclei in polychromatic erythrocytes (PCE), or deviation
in the polychromatic erythrocytes/normochromatic erythrocytes (PCE/NCE) ratio. In vitro, TiOz
nanoparticles induced a slight increase in tail moment after 24 h treatment with the highest dose, and
a significant and dose-related increase of fprt gene mutations.

Dobrzynska et al. (2014) injected male Wistar rats intravenously with 5 mg/kg bw TiO>
nanoparticles (anatase/rutile powder, average size 21 nm). Animals were killed either 24 h, 1 or
4 weeks later, and genotoxicity was evaluated in bone marrow cells by Comet and micronucleus
assays. No genotoxicity was detected in bone marrow leukocytes by Comet assays at any sampling
time. A significant {threefold) increase in micronucleated polychromatic erythrocytes stained with the
conventional May-Grunwald and Giemsa stains was observed at the first sampling time (i.e. 24 h after
treatment), but not at |ater times. However, the Panel noted that the authors also reported no increase
in the number of micronuclei in bone mamow reticulocytes stained with Acridine Orange. Because both
PCEs and reticulocytes represent the same cell type, i.e. immature erythrocytes detected with different
staining procedures, this raises doubts about the biological significance of the positive result reported.
Overall, the Panel concluded that this study cannot be used for risk assessment.
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El-Ghor et al. (2014) exposed male Swiss Webster mice to nanosized TiO; (rutile and anatase; size
45 nm) by intraperitoneal injection once a day for 5 days at 500, 1,000 and 2,000 mg/kg bw. Animals
were killed 24 h after last treatment and the genotoxic effect of treatment evaluated by the
micronuclei assay in bone marrow PCEs, by Comet assays in bone marrow, brain and liver, and by the
single-strand conformation polymorphisms analysis in p53 exons 5 8 (as a surrogate of gene
mutation). Moreover, the oxidative stress induced by TiO, administration was evaluated by measuring
hepatic malondialdehyde level and glutathione, superoxide dismutase, catalase and glutathione
peroxidase levels. The results showed a highly significant (p < 0.001) and dose-dependent increase in
micronuclei in PCEs and Comet parameters (tail length, % DNA and tail moment) in bone marrow, brain
and liver cells, and an increased frequency of mutations in p53 exons in brain and liver of treated
animals. TiO, treatment also resulted in significantly increased (p < 0.001) liver malondialdehyde and
significantly decreased (p < 0.001) hepatic glutathione, superoxide dismutase, catalase and glutathione
peroxidase. Coadministration with chlorophyllin (40 mg/kg bw per day) effectively suppressed both
oxidative stress and genotoxicity biomarkers, indicating a mechanistic link between ROS generation and
TiO,-induced genctoxicity. The Panel noted that for the micronudeus test, a distinct genotoxic activity of
nanosized TiO,, even greater than the concurrent positive contral cyclophosphamide at 25 mag/kg, is
described in this paper. No comparable effect has been observed in any other in vivo micronucleus test,
including those performed by intravenous administration. For the Comet assay, highly significant and
dose-dependent increases in tail length, % DNA and tail moment were obtained in the absence of
adequate measurements of cytotoxicity, and organ collection” was performed 24 h from the last
administration and not at 2 6 h as recommended by the relevant OECD Guideline No. 489, which
strongly limit the reliability of the test. Furthermore, the screening of mutations in exons 5-8 of the p53
gene is not considered an actual genotoxicity test and has not received adequate validation. Overall, the
Panel concluded that the reliability of this study is limited. The Panel also noted that the intraperitoneal
route of administration applied in this study is not recommended by OECD guidelines, as non-
physiological, and that study results obtained with this route have no relevance for oral risk assessment.

Donner et al. (2016) evaluated three pigment grades (size range 153-213 nm) and three nanoscale
(size range 43-47 nm) TiO; particle samples (both anatase and/or rutile) in an in vivo micronucleus test
performed in compliance with OECD Guideline No. 474 (2014) and Good laboratory Practice {(GLP). The
materials were administered to groups of five male and female rats once by gavage at the doses of 0,
500, 1,000 or 2,000 mg/kg bw. Concurrent control groups received water (vehide) or cyclophosphamide
{positive control), The effect of treatment on micronucleus induction in bone marrow was evaluated by
analysing 20,000 peripheral blogd reticulocytes by flow cytometry at ~ 48 and 72 h after treatment. No
increases in the frequency of micronucleated reticulocytes, and no reduction in the ratio of reticulocytes
to total erythrocytes (indicative of cytotoxicity to bone marrow) was detected in rats administered TiO,.
According to the authars, no increase in titanium content was detected by inductively coupled plasma
mass spectrometry in blood and liver of rats treated with the highest dose of both nano- and pigment-
grade TiO; (one sample of @ach). The Panel noted that the very low intestinal absorption of TiO; is
consistent with the lack of systemic genotoxicity reported in this study.

Mohamed (2015) investigated the toxic and genotoxic effects of TiO, nanoparticles (77% rutile,
22% anatase; average size 46 nm) on the gastric mucosa of orally treated male mice. Five animals per
experimental group were orally administered 0, 5, 50 or 500 mg/kg bw TiO» nanoparticles in distilled
water for five consecutive days and killed 24 h, 1 or 2 weeks after the last treatment. No positive
control group was included in the study.

The author reported that the titanium content in gastric cells {measured by inductively coupled
plasma mass spectrometry) showed a dose-dependent increase and remained stable over 2 weeks.
Treatments caused a remarkable local cytotoxic effect at all dose levels. The histopathological
examination revealed, already at the low dosage of 5 mg/kg bw, submucosal oedema after 24 h that
developed to ulcerations and mucosal necrosis after 1 and 2 weeks, respectively. The severity of the
effects reported in the two other treatment groups (50 or 500 mg/kg bw) was even higher. Several
indicators of oxidative stress, as well as of apoptosis (analysed by the colorimetric diphenylamine assay
and by laddered DNA fragmentation assay) and DNA damage (measured by comet assay) of gastric
cells were found to be increased in a dose- and time-dependent manner,

The Panel noted that the toxic findings reported in this study are clearly in conflict with the results
reported by the US NCI carcinegenicity study (NCI, 1979), in which male mice receiving up to
6,500 mg TiOy/kg bw per day (anatase; particle size not specified; purity 98%) for 103 consecutive
weeks did not show at histopathological examination any alteration in a wide range of organs,
including stomach.
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Moreover, the Panel noted that the reported relatively high and constant concentration of TiO; in
gastric cells is not consistent with the high turnover of gastric epithelium. Conceming the genotoxicity
findings, the Panel noted that the reported DNA fragmentation was observed in conditions associated
with evident cytotoxicity, and as such cannot be taken as an evidence of genotoxicity. The secondary
origin of DNA damage is also supported by its relative increase with longer intervals after |ast treatment,
which parallels the exacerbation of local toxicity. As to the other genotoxicity results, the Panel noted that
the modest increase in single-strand conformation polymorphism of the p53 exons 3 and 8 cannot be
taken as an evidence of mutagenicity without confirmatory sequencing data.

Overall, due to these remarkable uncertainties, the Panel concluded that this work should not be
considered for risk assessment.

In addition to the above, a few in vivo studies were performed using inhalational or intratracheal
routes of administration. The Panel noted that such studies, especially when assessing genotoxicity at
site of direct contact with nanoparticles, have limited relevance for the safety assessment of oral
exposure to TiO,.

Driscoll et al. (1997) evaluated the role of pulmonary inflammation in driving mutagenesis in rat
lungs after in vivo instillation of different particles. These included a fine anatase TiO; sample {180 nm
median diameter, 8.8 m%/g). Mutagenicity was studied by hpri-analysis of lung epithelial cells isolated
from the lungs of female SPF F334 Fischer rats, 15 months after intratracheal instillation of particles at
10 or 100 mg/kg. Enhanced Aprt-mutagenesis was observed with 100 mg/kg, the dose that also
elicited persistent lung inflammation, but not with the 10 mg/kg dose. The inflammatory cells obtained
by broncheocalveolar lavage from the particle-treated animals were found to induce hpré-mutagenesis
in a rat lung epithelia cell line in vitro.

Rehn et al. (2003) also investigated oxidative DNA damage induction by two samples of TiO; in rat
lungs after intratracheal instillation at dosages of 0, 0.15, 0.3; 0.6 and 1.2 mg/kg bw per day. The
samples used were an untreated TiO, and a trimethoxyoctylsilane-treated TiO, sample, both - 20 nm.
Oxidative damage induction was determined after 90 days by immunohistochemical analysis of lung
sections using an 8-oxoguanine antibody. Enhanced oxidative DNA damage was not observed with the
untreated or silanised TiO; nanoparticles. Analysis of markers of pulmonary inflammation and toxicity
at 3, 21 and 90 days indicated enly mild inflammatory effects,

Lindberg et al. (2012) examined whether inhalation of freshly generated nanosized TiO; (74%
anatase, 26% brookite; 5 days, 4 hfday) at 0.8, 7.2 and 28.5 mg/m’ (the highest concentration
allowing stable aerosol production) could induce genotoxic effects in C57BL/6] mice locally in the lungs
or systematically in_peripheral PCEs. DNA damage was assessed by the Comet assay in lung epithelial
alveolar type II and Clara cells sampled.immediately following the exposure. Micronuclei were analysed
by Acridine Orange staining in blood PCEs collected 48 h after the last exposure. A dose-dependent
deposition of titanium in lung tissue was seen. Although the highest exposure level produced a clear
increase in neutrophils in BAL fluid, indicating an inflammatory effect, no significant effect on the level
of DNA damage in lung epithelial cells or micronudei in PCEs was observed, suggesting ne genctoxic
effects by the 5-day inhalation expasure to nanosized TiO, anatase.

In the work by Saber et al. (2012), DNA-damaging activity and inflammogenicity (pulmonary cell
composition and mRNAs) were determined in mice 24 h after intratracheal instillation of a single dose
(54 ng) of three TiO,-based particles (two coated rutile, size 288 and 20 nm; one uncoated anatase;
size 12 nm). The coated TiQ; induced DNA damage, as detected by Comet assay, in lung lining fluid
cells. The uncoated TiO, was not DNA damaging by the same assay 24 h after exposure despite being
highly inflammegenic, suggesting that inflammation is not a prereguisite for the induction of DNA
damage in lung cells by TiO,-based products.

Naya et al. (2012) evaluated the in vivo genotoxicity of anatase TiO, nanoparticles using the Comet
assay after a single or repeated intratracheal instillation in Sprague Dawley rats. The nanoparticles
were instilled at a dosage of 1 or 5 mg/kg bw (single instillaticn group) and 0.2 or 1 mg/kg bw once a
week for 5weeks (repeated instillation group). Macrophages and neutrophils were detected at
sacrifice in the alveolus of the lung in the 1 and 5 mg/kg TiO> groups. In the Comet assay, there was
no increase in % tail DNA in any of the TiO; groups.

Summary of genotoxicity data

In summary, numerous genotoxicity studies with TiO, particles of different specifications are
available in the literature. The overall results obtained with particles of different size can be
summarised as follows:
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Microsized TiO, particles — in vitro and in vivo

A set of in vitro and in vivo studies, coordinated by the NTP, was performed with a TiO, anatase
(Unitane™ 0-220) with undefined particle size distribution. This material was not genotoxic in gene
mutation tests in bacteria and in mammalian cells, in cytogenetic assays in vitro (chromosomal
aberrations and SCE) (Dunkel et al.,, 1985; Tennant et al., 1987; Ivett et al,, 1989; Myhr and Caspary,
1991) and Jjnvivo (micronudei and chromosomal aberrations in mouse bone marrow by
intraperitoneal) (Shelby et al., 1993; Shelby and Witt, 1995). The Panel noted that the same material
was nen-carcinegenic in the NCI mouse and rat bioassays.

Microsized TiO, with a defined size = 100 nm or designed as ‘fine rutile or anatase’ also produced
mixed results in genotoxicity tests /n vitro: negative in Comet assays in CHL cells (both anatase and
rutile, 255 nm, Nakagawa et al,, 1997), chromosomal aberrations in CHO cells (anatase; 140 nm,
Warheit et al,, 2007), micronuclei in SHE cells and in human bronchial epithelial (BEAS-2B) cells (fine
particles, Rahman et al., 2002; Falck et al., 2009), micronuclei and H2AX phosphorylation in human
lung adenocarcinoma A549 cells (anatase, 140 nm, Jugan et al., 2012).

Conversely, positive results were reported by other authors in Comet assays with A549 cells
(anatase, 140 nm, Jugan et al., 2012; fine TiO,, 1 ym size, Karlsson,2009), BEAS-2B cells (fine rutile;
Falck et al., 2009), SHE cells (anatase 160 nm and rutile 530 nm, Guichard et al., 2012), and for H2AX
phosphorylation in A549 cells (anatase, 5 ym, Toyocka et al,, 2012).

Nanasized TiO, particles - in vitro

Both positive and negative results have been reported in the numerous in vifro investigations on
the genotoxicity of TiO, nanoparticles in a variety of experimental systems. As for microsized TiO,, the
crystalline phase and nanoparticle size do not seem to be important determinants of TiO, genotoxicity
in experimental systems.

Anatase nanoparticles (with various diameters) were tested with negative results in Comet assays
in redent (Nakagawa et al., 1997; Wang et al., 2011) and human cells (Bhattacharya et al., 2009;
Hackenberg et al,, 2011; Jugan et al, 2012; Vales et al, 2015), gene mutation in rodent cells
(Nakagawa et al.,, 1997; Wang et al,, 2011}, and micronuclei in redent {Guichard et al., 2012) and
human cells (Jugan ét al.,, 2012; Vales et al., 2015).

However, positive results have been reported from a number of other studies covering also similar
genetic endpoints, i.e. Comet assays in various cell types (Falck et al., 2009; Shukla et al., 2011, 2013;
Guichard et al., 2012; Jugan et al,, 2012; Magdolenova et al., 2012; Demir et al,, 2013a; Prasad et al.,
2013), micronucleus induction (Falck et al., 2009; Shukla et al, 2011, 2013; Prasad et al,, 2013;
Tavares et al., 2014) and H2AX phosphorylation (Toyoeka et al., 2012; Setyawati et al., 2013).

A similar picture can be drawn for rutile nanoparticles, for which, however, fewer studies are
available: negative in micronuclei tests in rodent {Landsiedel et al., 2010; Guichard et al,, 2012) and
human cells (Falck et al,, 2009; Jugan et al., 2012}, and in the vH2AX assay in A549 cells (Jugan et al.,
2012); positive in.Comet assays in rodent (Falck et al, 2009; Guichard et al,, 2012) and human cells
(Jugan et al., 2012), and in a micronuclei test with human lymphocytes (Tavares et al., 2014).

Additional positive results have been reported from studies with nanosized TiO, particles in an
undefined crystalline phase. These consist of in vitro Comet, micronuclei, SCE and hprt assays with
various cell lines (Rahman et al., 2002; Wang et al., 2007a; Karlsson et al., 2009; Di Virgilio et al.,
2010; Osman et al, 2010; Magdolenova et al., 2012; Prasad et al,, 2013; Srivastava et al,, 2013).

Overall, the Panel noted that variable results have been cbtained in genctoxicity tests in vitro with
both nano- and microsized TiO,. The observed discrepancies cannot be explained based on the
crystalline phase or size of tested material, or on the specificity of the endpoint of the test system, but
are more likely to be related to the variable experimental conditions applied, which greatly affect the
aggregation status, availability and ensuing biological activity of particles (see Magdolenova et al., 2012).

Nanasized TiO; particles  in vivo

Fewer in vivo studies are available, with mixed results. Some evidence of genotexicity in liver and
bone marrow was reported following oral administration of both nano- and microsized TiO, particles
(Trouiller et al.,, 2009; Sycheva et al., 2011). The Panel, however, noted a series of shortcomings in
these studies, which cast doubts on the reliability of these results.

In another oral in vivo study, the intragastric administration of TiO; nanoparticles for 30 days to rats
resulted in an increase in H2AX phosphorylated loci in bone marrow (an indication of double-strand
break DNA repair), with no concurrent increase of chromosome breaks (micronuclei) (Chen et al., 2014).
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Negative results were also obtained in a micronucleus assay on rat blood cells after administration by
gavage of acute doses of both nano- and microsized TiO, particles {Denner et al,, 2016).

Other in vivo studies have used other routes of exposure, Negative results in gene and
chromosomal mutation tests were obtained in rats injected intravenously (Sadiq et al., 2012; Louro
et al, 2014). A mild increase in micronuclei in bone marrow, with no concurrent DNA damage
detectable by Comet assay, was reported in another recent intravenous study (Dobrzynska et al,,
2014), but the Panel noted some inconsistencies in these results which are regarded of questionable
biological significance.

Recently, the repeated intraperitoneal administration of TiO, nanoparticles has been reported to
induce oxidative stress and genotoxicity in mice. The Panel noted that these results are not
comoborated by any other in vivo study, by intraperitoneal or other routes, and concluded that these
results should be considered with caution.

Unspecified particies size

Another commercial TiO,, with unspecified particle size distribution, provided variable results in
cytogenetic assays in vifro: positive in the micronucleus assay in human lymphocytes (Tirkez and
Geyikoglu, 2007), either negative (Miller et al., 1995) or positive (Lu et al,. 1998) in the micronuclei
test in CHO cells, and positive in the SCE assay in CHO cells (Lu et al.,, 1998).

Condusion on genotoxicity

The Panel conduded that the available mixed results provide some evidenice of in vifro genotoxicity
for TiO, micro- and nanoparticles. The Panel noted that most positive results have been reported
under experimental conditions associated with the induction of oxidative stress (as shown by increased
8-OH-dG, lipid peroxidation and ROS generation), and that the genotoxic effects observed mainly
concern indicator assays {comet and H2AX histone phosphorylation), which in some studies were
shown not to be associated with permanent chromosome damage such as chromosome breaks
visualised as micronuclei (Falck et al,, 2009; Jugan et al., 2012).) In this respect, the Panel noted that
the reliability of Comet assay for evaluating nanoparticle-induced genotoxicity has been questioned
because of the possible secondary induction of DNA damage by nanoparticles during sample
processing (Karlsson et al,, 2015). Indeed, comparing the results obtained in intact cells and isolated
nuclei, Ferraro et al. (2016) recently demonstrated that most DNA damage elicited by TiO;
nanopartides in-human epithelial cells was produced during the assay performance {ex post damage)
rather than during treatment «{ex ante damage), through the direct interaction of cytoplasm-
internalised nanoparticles with. DNA in nucleoids.

In vivo, overall negative results have been obtained in genotoxicity studies with microsized TiO»
pigment. Limited evidence of genotoxicity, if any, is provided by studies with orally administered TiO»
nanoparticles. Limited or no indication of the genetoxicity of TiO, nanoparticles is provided by studies
using an intravenous route of administration, which allows maximum exposure of target tissues.

Overall, the Panel concluded that the use of TiO, (E 171) as a food additive does not raise a
concern with respect to genotoxicity.

3.2.4. Chronic toxicity and carcilogenicity

JECFA (1970) evaluation on TiO, reported a study by Lehmann and Herget (1927) in which two
guinea pigs, two rabbits, two cats and one dog were fed technical-grade TiO, (assay of = 99%) for
390 days. From the diets, the dog received 9 g/day (equivalent to 900 mg TiO»/kg bw per day),'® the
rabbits received a total amount of 1170 g (equivalent to 1.5 g/kg bw per day),'® the cats received
3 g/day (equivalent to 1.5 g TiO-/kg bw per day)® and the guinea pigs received 0.6 g/day (equivalent
to 800 mg/kg bw per day).'® Two additional cats received 3 g TiO. daily for 175 and 300 days,
respectively. No adverse effects were seen and histopathological examination revealed no abnormality.
Less than 5 mg of titanium was detected in the bile, heart, spleen and skeletal muscle (no further
information was available).

The US NCI (NCI, 1979) conducted a carcinogenicity study in groups of both Fischer 344 rats and
B6C3F1 mice (50 animals/sex). These studies are summarised below.

3.2.4.1. Mice

Groups of B6C3F1 mice (50 animals/sex) were administered, in the diet, TiO; (anatase; particle size
not specified, purity 98%) at doses of 0, 25,000 and 50,000 mg/kg diet (equivalent to O, 3,250,
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6,500 mg TiOy/kg bw per day and 0, 4,175, 8,350 mg TiOz/kg bw per day for male and female mice,
respectively).’® The study was conducted for 103 consecutive weeks and animals then observed for an
additional week. All surviving animals were killed at week 104, A full histopathological evaluation was
done and the following tissues were examined microscopically: brain (frontal cortex and basal ganglia,
parietal cortex and thalamus, and cerebellum and pons), pituitary, spinal cord (if neurological signs
were present), eyes (if grossly abnormal), oesophagus, trachea, salivary glands, mandibular lymph
node, thyroid, parathyroid, heart, thymus, lungs and main stem bronchi, liver, gallbladder, pancreas,
spleen, kidney, adrenal, stomach, small intestine, colon, urinary bladder, prostate or uterus, testes or
ovaries, sternebrae, femur, or vertebrae including marrow, mammary gland, tissue masses, and any
gross lesion. At the end of the study, the test compound had not affected the survival rates of male
mice; 80% of the high-dose males survived until the end of the 104-week study, compared with 64%
survival in the controls. In female mice, there was a statistically significant dose-related trend for
decreased survival (p = 0.001, Tarone test). It was reported that in female mice fed 50,000 mg
TiO,/kg diet (equivalent to 8,350 mg TiOo/kg bw per day),'® 66% survival was reported until the end
of the 104-week study, in comparison with 90% survival in the contrels. There was a slight increase in
the incidence of hepatocellular carcinomas in high-dose male mice compared with controls, but this
was not increased compared with historical control data. Tumour incidences in the dosed groups were
not significantly higher than in controls. The study authors conduded that TiO, administered orally was
not carcinogenic in B6C3F1 mice.

From this study, the Panel identified a NOAEL of 50,000 mg/kg diet, equivalent te 6,500 and
8,350 mg TiOy/kg bw per day, for male and female mice, respectively, the highest deses tested.

3.2.4.2. Rats

Groups of Fischer 344 rats (50 animals/sex) were administered in the diet TiO, {(anatase; particle
size not specified, purity 98%) at doses of 0, 25,000 and 50,000 mg/kg diet (equivalent to 0, 1,125,
2,250 mg/kg bw per day and 0, 1,450, 2,900 mg/kg bw per day for male and female rats,
respectively).'® The study was conducted for 103 consecutive weeks and the animals were then
observed for an additional week. All surviving animals were killed at week 104. A full histopathelegical
evaluation was done and the following tissues were examined microscopically: brain (frontal cortex and
basal ganglia, parietal cortex and thalamus, and cerebellum and pons), pituitary, spinal cord
(if neurological signs were present), eyes (if grossly abnormal), cesophagus, trachea, salivary glands,
mandibular dymph node, thyroid, parathyroid, heart, thymus, lungs and main stem bronchi, liver,
pancreas, spleen, kidney, adrenal, stomach, small intestine, colon, urinary bladder, prostate or uterus,
testes or ovaries, sternebrae, femur, or vertebrae including marrow, mammary gland, tissue masses,
and any gross lesion. At the end of the study, the test compound had not affected survival rates of male
and female rats. Tumour incidences in the dosed groups were not significantly higher than in controls.
The study authors concluded that TiO, administered orally was not carcinogenic in Fischer 344 rats.

From this study, the Panel identified a NOAEL of 50,000 mg/kg diet, equivalent to 2,250 and
2,900 mg TiO./kg bw per day, for male and female rats, respectively, the highest doses tested.

The US National Sanitation Foundation (NSF) International (2005) evaluated non-cancer oral
toxicity data for TiO,, and calculated an oral reference dose of 3 mg/kg per day based on the NCI
study (1979) reported above, in which no adverse effects were observed in Fischer 344 rats or B6C3F1
mice fed TiO, for 2 years at concentrations up to 50,000 mg/kg. US NSF International applied a
composite uncertainty factor of 1,000 {10 each for inter- and intraspecies extrapolation and for
database deficiencies) to a NOAEL of 2,680 mg/kg bw per day in rats,

The IARC Monograph (IARC, 2010) concluded that: ‘there was inadequate evidence from
epidemiological studies to assess whether titanium dioxide causes cancer in humans’, but that ‘there is
sufficient evidence in experimental animals for the carcinogenicity of titanium dioxide” and overall
concluded that ‘titanium dioxide is possibly carcinogenic to humans (Group 2B). However, this
conclusion was based on an excess incidence of lung tumours in male and female rats in inhalation
studies (Lee et al,, 1985a,b, 1986; Trochimowicz et al., 1988; Heinrich et al,, 1995; as cited in IARC,
2010). However, the same report noted that in other studies using different routes of administration,
like oral, no excesses in tumour incidence were observed {TARC, 2010).

The Panel noted that there was one carcinogenicity study in rats and cne in mice (NCI, 1979),
performed with TiO, administered via the oral route, and that the outcome of this study was reported
to be negative for both mice and rats. These negative findings are supported by negative results from
earlier studies reported in the JECFA (1970) evaluation in which similar doses were tested in various
animal species but for a shorter duration {~ 56 weeks).
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Initiation and promotion studies

In a recent study by Urrutia-Ortega et al. (2016), the authors investigated the effects of intragastric
administration of TiO, (E 171) in a chemically colitis-associated colorectal cancer {CAC) model in mice.
Balb/c male mice (n = 24) were divided in the following 4 groups: (a) control; {b) 5 mg/kg bw food
grade TiO, (E 171; 99% pure) by gavage, 5 days/week for 10 weeks; (c) the chemically colitis-
associated cancer (CAC) group received a single i.p. dose of 12.5 mg/kg bw azoxymethane (AOM) and
2% dextran sulfate sodium (DSS) in the third, sixth and ninth week in water ad libitum; (d) the
CAC + TiO; (E 171) group: AOM, DSS and TiO, (E 171). After 11 weeks, mice were necropsied and
colon, kidneys, liver, spleen and lungs were collected. TiO; (E 171) in combination with the initiator
increased the expression of markers of tumour progression including COX2, Ki67 and f(-catenin. TiO»
(E 171) alone did not show any enhancing effect on tumour markers. The Panel noted that further
research is needed and that the study cannot be used for risk assessment of TiO; (E 171) as a food
additive.

3.2.5. Reproductive and developmental toxicity
3.2.5.1. Reproduction toxicity studies

No reproductive (one- or two-generation toxicity) studies with TiO (as the food additive, micro- or
nanosized) performed according to the OECD guidelines were available for evaluation,

Jia et al. (2014) studied the effects of TiO, (¢rystal anatase; size 25 nm) in mice. Four-week-old
male mice (n = 15/group) were daily administered by gavage with vehicle (phosphate-buffered saline
with 0.5% Tween 80), or nano-TiO; solution at @ dose of 10, 50 or 250 mg/kg bw for 42 days. There
was a decrease in body weight gain in the 250 mg/kg bw group {only presented in a graph, body
weight values not presented). Sperm abnormalities were increased in the mid- and high-dose groups
(mean ~ 21 and 29 vs 13 in the control group). However, it should be noted that the number of
abnermalities in the control group was also high. The figures were given for between six and nine
animals. No differences in sperm counts were observed. Mean serum testosterone was decreased in all
treated groups. The figures were given for between five and seven animals. Testes from the control
and the 10 mg/kg groups showed no histopathological changes. Vacucles were observed in the
seminiferous tubules of mice treated with 50 and 250 mg TiO,/kg bw per day. In the high-dose group,
decreased layers of spermatogenic cells were observed. Two randomly selected animals per group
were used for this examination and the number of abnomalities was not presented. Real-time
quantitative polymerase chain reaction analysis (n =3) and western blot analysis (n = 4 5) showed
differences in the testis messenger RNA expression levels and protein expression levels of the 50
andfor 250 mg/kg bw groups. The results showed downregulation of CYP17 and 17BHSD and
upregulation of CYP19 both in gene and protein expression, which may explain the found decreased
testosterone levels (Jia et al;, 2014).

The results of this study (Jia et al, 20i4) pointed to an effect of nanosized TiO, on the
repreductive system. However, it is not known whether the indicated effects are induced by the
nanoparticles themselves or to the TiO-. In addition, contradictory results on testosterone levels were
reported by Tassinari et al. (2014) as described below. The Panel noted that, further research is
needed and, this study cannot be used for risk assessment of TiO, (E 171) as a food additive.

Tassinari et al. (2014) (described in Section 3.1.2) investigated the possible reproductive and
endocrine effects of short-term (5 days) oral exposure to anatase TiO- particles (0, 1, and 2 mg/kg bw
per day) in Sprague Dawley rats {n = 7/sex per group). Particles were characterised by SEM and TEM
(average particle diameter 284 — 43 nm, with 10% particles < 100 nm, 48% of particles between 100
and 300 nm, and 87% of particles between 30 and 900 nm). Most of the particles were agglomerates
up to 1.6 ym in diameter. TEM analysis showed two different shapes for primary nanoparticles:
spherules of 20-60 nm and irregular shapes of 40-60 nm, Their presence in spleen, a target organ for
bioaccumulation, was investigated using single-particle inductively coupled plasma mass spectrometry
and SEM/energy-dispersive X-ray analysis. Analyses included serum hormene levels (testosterone,
17-cestradiol and triiodothyronine) and histopathology of thyroid, adrenals, ovary, uterus, testis and
spleen. In addition, the spleen was examined by electron microscopy (SEM/energy-dispersive X-ray
analysis) for the deposition of TiO, nanoparticles. In males from the 2 mg/kg bw per day group, feed
intake was significantly decreased. Increased total titanium tissue levels were found in spleen and
ovaries. Sex-related histological alterations were observed at both dose levels (i.e. 1 and 2 mg/kg bw
per day) in thyroid, adrenal medulla, adrenal cortex (females) and ovarian granulosae, without general
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toxicity. Altered thyroid function was indicated by reduced triiodothyronine (T3) {(males). Testosterone
levels increased in high-dose males and decreased in females. Estradiol levels were not affected by
treatment. In the spleen of treated animals, TiO, aggregates and increased white pulp {high-dose
females) were detected, even though titanium levels in tissue remained low, reflecting the low doses
and short exposure time. The authors suggested that their results should prompt a comprehensive
assessment of endocrine and reproductive effects of nanomaterials. The Panel agreed that further
research is necessary preferentially following OECD guidelines considering the low levels of exposure
{1 and 2 mg/kg bw/day) at which effects were reported in this study.

3.2.5.2. Developmental toxicity studies

Mohammadipour et al. (2014) exposed pregnant Wistar rats (n = 6) by gavage to 0 or 100 mg
TiO, nanoparticles (particle size 10 nm, area > 150 m%/g, purity 99%, suspended in distilled water)
from gestation day 2 to gestation day 21. On post-natal day 1, pups were killed and brains were
collected. The titanium content in the hippocampus of the pups-in the test group was increased. In
addition, reduced cell proliferation was observed in the hippocampus. On post-natal day 60, learning
and memory was tested in 12 male pups per group and was found to be impaired in the test group.
Although the results of the study point to effects on hippocampus and learning and memory, the
Panel noted the limitaticns of the study such as small group size {only six females per group were
used), only one dose level tested, and no information on the (random) selection of the pups.
Therefore, according to the Panel, further research is needed before the results of this study can be
used for risk assessment.

Warheit et al. (2015a) evaluated three pigment-grade (pg-1, pg-2 and pg-3) and three ultrafine
(uf-1, uf-2 and uf-3)/nancscale (anatase and/or rutile) TiOp particulates in prenatal developmental
toxicity studies in pregnant rats, according to OECD TG 414, All six test particles contained - 95 wt
% TiO,. Primary particle sizes and surface were characterised as follows: pg-1, pg-2, pg-3
(dso = 153 213 nm and Brunauer Emmett Teller = 50 82 m?%/a) and uf-1, uf-2, uf-3 (dsp = 43 47 nm
and Brunauer-Emmett Teller = 7-17 m?/g). The test substances were formulated in sterile water. In
three studies, time-mated pregnant Sprague-Dawley, Crl:CD(SD), rats {n = 22/group) were exposed to
TiO, particulates (uf-1, uf-3 and pg-1) by oral gavage daily on gestation days 6 20. In three additional
studies, pregnant Wistar rats (n= 22-23/group) were exposed to TiO, particulates (uf-2, pg-2 and
pg-3) by oral gavage daily from gestation days 5 19. The dose levels used in the studies were 0, 100,
300 or 1,000 mg/ka bw per day, The dose volume was 5 mL/kg bw per day. Clinical signs were
recorded at least daily. Body weight and feed intake were measured at regular intervals. Sprague-
Dawley rats were killed for a caesarean section on gestation day 21 and Wistar rats on gestation
day 20. Gross necropsy included gross examination of the dam, counting of the number of corpora
lutea, implantation sites, resorptions, live and dead fetuses, fetal sex and weight. Fetal pathological
external, visceral and skeletal examinations were performed in order to detect abnormalities. At
1,000 mg uf-1/kg per day, mean fetal sex ratio and the means for male and female fetuses per litter
were statistically significantly different from the control group means. The mean number of male
fetuses was 7.2 compared with 5.5 male fetuses for the concurrent control group; the test facility
histerical control group data ranges from 5.2 to 7.4. The mean number of female fetuses was 4.8
compared with 6.7 for the concurrent control group; the test facility histarical control group data ranges
from 5.8 to 8.3. Mean fetal sex ratio of the 1,000 mg uf-1/kg bw per day group was 60% {(males/
females) compared with a sex ratio of 46% in the concurrent control group; the test facility historical
control group data ranges from 43% to 53%. Apart from some incidental changes in body weight and
feed intake, no other changes were observed in the dams or the fetuses in these studies. The authors
concluded that there were no significant toxicelogical or developmental effects in females or fetuses at
any of the dose levels or compounds tested, and considered the NOAEL for each compound to be
1,000 mg/kg bw per day. The Panel agreed with this conclusion.

Overall, the Panel noted that prenatal developmental studies with three pigment-grade (pg-1, pg-2
and pg-3) and three ultrafine (uf-1, uf-2 and uf-3)/nanoscale (anatase and/or rutile) TiO, particulates
performed according to the OECD guidelines (TG 414) did not give concern for maternal or
developmental toxicity up to the highest dose tested (1,000 mg/kg bw per day). However, the
Panel noted that reproductive toxicity studies performed according to the OECD guidelines using TiOz,
meeting the food additive specifications were not available. Furthermore, the Panel noted that results
from other reproductive and developmental studies with titanium nanoparticles (Jia et al., 2014 and
Tassinari et al., 2014) showed contradictory results in the change in hormene levels. Because of
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deficiencies in the study designs and inadequate data reporting, the Panel considered that the
relevance of these findings is currently uncertain for the risk assessment of TiO; as a foed additive.

3.2.6. Hypersensitivity, allergenicity, intolerance

Numerous studies are available on the effects of TiO, nanoparticles on the immune system. Some
have been reviewed recently (Smith et al,, 2014; Lappas, 2015; Luo et al.,, 2015).

3.2.6.1. Immunotoxicity
In vitro

Nuuja et al. (1982) investigated the effects of six different TiO, pigments (particle sizes not given)
on the phagocytic capacity of mouse peritoneal macrophages. Male NMRI mice (4-6 weeks old) were
given a single intraperitoneal injection TiO, (called TiO, pigments by the authors) in 1 mL of 0.9%
aqueous NaCl solution. Compared with controls, the phagocytotic activity of mouse peritoneal cells
treated with TiO, (98%) was reported to increase by < 10% within 2 days after intraperitoneal
administration, but in a second set of experiments, the increase was up to 30% at days 7 and 15.

Kumazawa et al. (2002) studied the effect of soluble and particulate titanium (particle sizes 1-3
and 10 pm, 99.9% pure) on the function, merphology and cytotexicity of human neutrophils.
Neutrophils were mixed with titanium in Hanks’ balanced salt solution (2 and 10 mg/kg) and incubated
at 37°C for 30 min. Compared with the control {(Hanks" balanced salt solution), there was no effect of
titanium particles on cell survival (2 and 10 mg-titanium/kg) or lactate dehydrogenase release (10 mg
titanium/kg), but there was a significant effect of 2 mg titanium/kg (1-3 pm particle size) on
superoxide anion production (p < 0.05), and an effect on tumour necrosis factor (TNF)-» production
(1-3 um partide size). In addition, 1-3 um titanium particles were inserted subcutaneously into the
abdominal cavity of Wistar rats aged between 11 and 12 weeks. The rats were killed 8 weeks later
and the tissue section was found to contain phagocytised titanium particles and numerous
inflammatory cells. The authors concluded that the increase in inflammatory cells was probably due to
the increased productions of superoxide anion and TNF-x production in the presence of titanium.

Kang et al. (2008) investigated the effects of fine (primary particle size 1,000 nm) and ultrafine
(primary particle size 21 nm) TiO, particles on ROS generation and pro-inflammatory cellular cascades.
Fine and ultrafine TiO, particles incubated with a mouse periteneal macrephage cell line (RAW 264.7)
for 24 h, at concentrations in the range of 0.5-200 ng/mL did not significantly affect cell viability, as
measured by lactate dehydrogenase activity leakage. ROS generation was greater for ultrafine than
fine TiO; particles at all concentrations tested in the range of 0.5-100 pg/mL at 4 h of incubation. At
24 h of incubation, ROS levels varied less with respect to particle size and were falling to control
levels. Compared with  controls, enly ultrafine TiO, particles (0.5 pg/mL for 20 min) induced
extracellular signal-regulated kinase-1/2 phosphorylation in a concentration-dependent manner in
RAW 264.7 cells, whereas fine TiO, induced only minimal changes. Ultrafine TiO, (0.5-200 ng/mL)
significantly increased ~“TNF-# and macrophage inflammatory protein-2 (MIP-2) secretions in a
concentration-dependent manner, compared with control, with peak responses at 200 ug/mL; 6.6-fold
TNF-x and 5.8-fold MIP-2. The authors concluded that the effects of fine particles on increases in
TNF-« and MIP-2 secretions were less pronounced at each concentration tested with peak responses
at 200 pg/mL; 1.4-fold TNF-» and 3.1-fold MIP-2.

Morishige et al. (2010) investigated the effect of anatase and rutile TiO, particles of different sizes
(anatase: 10 to = 50,000 nm; rutile: 40 to - 5,000 nm) on interleukin-1f (IL-13) production in
macrophage-like human THP-1 cells (acute monocytic leukaemia cell line). Differentiated cells were
stimulated with 20, 100 or 500 pg TiO2/mL for 24 h in the presence or absence of lipopolysaccharide
as a THP-1 cell activator. At all concentrations, rutile TiO, induced greater IL-1§ production than
anatase TiO,. Smaller anatase (compared with larger anatase particles) and larger rutile particles
(compared with smaller rutile particles) provoked greater IL-1f production in differentiated THP-1 cells
exposed for 6 h at all concentrations. At 20 and 100 pg/mL, spicula (needle-shaped) rutile particles
also induced greater IL-1j production than similarly sized and structurally identical, but spherical rutile
particles.

Becker et al. (2012) reported that following incubation with TiO, nanoparticles, macrophage-like
cells readily take up TiO, after 6 h, and particles were also found intracellularly in intestinal cells.
Incubation of cells with TiO; resulted in secretion of IL-1p and IL-8. According to the authors, this may
aggravate inflammation in susceptible individuals.
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Mice

Larsen et al. (2009) reported that nanosized TiO; may have an adjuvant effect after intraperitoneal
injection into mice together with ovalbumin.

In mice receiving an intratracheal instillation of 0.5-50 mg/kg of TiO; nanoparticles, the levels of
the proinflammatory cytokines, IL-1, TNF-x and IL-6, were significantly elevated in a dose-dependent
manner 24 h after administration, and remained elevated for up to 14 days. Levels of the TH1
cytokines, IL-12 and interferon-gamma, and the TH2 cytokines, IL-4, IL-5 and IL-10, were also
elevated dose dependently at day 1 and remain elevated for up to 14 days after instillation. Increased
numbers of B lymphocytes were observed in both spleen and in blood, as well as increased
immunoglobulin E production in BAL fluid and serum (Park et al., 2009).

In mice administered via intragastric gavage, TiO, nancparticles caused congestion and
proliferation of spleen tissue, with accompanying increases ROS in spleen tissue. The elevated ROS
levels in spleens led to lipid peroxidation and upregulation of haem oxygenase expression, suggesting
that TiO, nanoparticle accumulation in lymphoid organs may exert cytotoxic effects through the
induction of oxidative stress (Wang et al., 2011).

Administration of 2.5, 5 or 10 mg/kg bw per day TiO, nanoparticles to mice via gavage for
6 months resulted in an accumulation of titanium in the liver and accompanying reductions in
body weight, increases in liver damage indices, liver dysfunction, infiltration of inflammatory cells,
and hepatocyte apoptosis and necrosis. Additionally, hepatic inflammation was increased, as
measured by the upregulation of IL-4, IL-5, IL-12, interferon-gamma, GATA3, GATA4, T-bet,
RORgt, STAT3, STAT6, eotaxin, MCP-1 and MIP-2. This indicated that prolonged exposure to TiO,
nanoparticles may affect the cells and tissues of the lymphoid system, as well as peripheral
organs including the liver, in which nanoparticle accumulation résults in hepati¢ inflammation and
toxicity (Hong et al., 2014).

Auttachoat et al. (2014) reported that after 28 days of oral gavage, TiO; nanoparticles
(1.25-250 mg/kg in 0.5% methylcellulose) had neo significant effects on innate, humoral or cell-
mediated immune functions in female B6C3F1 mice. There were no effects on the weights of selected
organs (spleen, thymus, liver, lung and kidneys). Following dermal exposure on the ears for 3 days,
TiO, nancparticles (2.5-10% w/v in 4:1 acetone/elive oil) did not affect auricular lymph nede cell
proliferation. Dermal sensitisation (2.5 10%) on the back and subsequent challenge (10%) on the right
ear with TiO, nanoparticles produced no significant effects on percentage ear swelling in the mouse
ear-swelling test. However, when TiO» nanoparticles were injected subcutaneously along the midline on
top of the head at 125 250 mg/kg (in 0.5% methylcellulose), significant increases in auricular lymph
node cell proliferation resulted. The authors concluded that immune effects of TiO, nanoparticle
exposure are dependent on the route of exposure, and that hypersensitivity responses may occur
following parenteral exposure or dermal administration of TiO, nanoparticles to compromised skin.

Rat studies

TiO, nanoparticles were shown to accumulate in the spleen of Sprague-Dawley rats after
intravenous administration (S mafkg bw), with levels peaking at 24 h and decreasing slightly by
days 14 and 28 (Fabian et al.,, 2008). The Panel noted that the dose injected was very high.

In the study by Olmede et al. (2008), male Wistar rats were injected intraperitoneally with a
suspension of TiO, rutile powder at the dose of 1.60 g/100 g bw. After 6 months, the presence of
titanium was assessed in serum, bloed cells, liver, spleen and lung. Titanium was found in phagocytic
monenuclear cells, serum and in the parenchyma of all the organs tested. According to the authors,
TiOp-rutile generated an inCrease in the percentage of reactive cells, which was smaller than that
previously reported with TiO-anatase, suggesting that TiO,-rutile is less reactive than TiO,-anatase.
The Panel noted that both the very high dose injected and the route of injection were not
representative of the use of TiO; as a food additive.

As reported by Liu et al. (2010), 42 rats were instilled intratracheally with 0.5, 5 or 50 mg/kg bw of
nano- (NP-1) and microsized (F-1) TiO, particles with a median size of 5 and 200 nm, respectively.
Exposure to NP-1 TiO; decreased the chemotactic ability of the macrophages and the expression of Fc
receptors and major histocompatibility complex class II on their surface. According to the authors, the
mechanism responsible for these changes was mediated via altering nitric oxide (NO) and TNF-x
expression by the porcine alveolar macrophages (PAMs). The ameount of nitric oxide and TNF-x
secreted by macrophages gradually increased as the dose of TiO, nanoparticles increased. Contrary to
the 200 nm TiO; particles, 50 nm TiO, nanoparticles elicited strong nitric oxide and TNF-x production.
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Sprague-Dawley rats were instilled intratracheally with TiO, nanoparticles (21 nm) at doses of 0.5,
4 and 32 mg/kg bw, or 32 mg/kg bw TiO, micropartices (1 2 pm) twice a week, for four consecutive
weeks, Immune function response was characterised by increased proliferation of T cells and B cells
following mitogen stimulation and enhanced natural killer cell killing activity in spleen, accompanying
by an increased number of B cells in bloed. No significant changes of Thi-type cytokines (IL-2 and
interferon-gamma) and Th2-type cytokines (TNF-2 and IL-6) were observed (Fu et al,, 2014).

The Panel noted that in most of these studies, the administered doses used were very high.

3.2.6.2. Hypersensitivity
Humans

The SCCNFP (2000) evaluation reported that five sunscreen formulations were tested in 76 human
volunteers (males and females), three forms containing 40% TiO, and two forms containing 10%
TiO,. The Shelanski repeated insult patch test method was used. The formulations were applied for
24 h on 2 x 2 cm patches on the lateral surface of the ‘upper arm. Each subject had the same
material applied to the same site throughout, Patches were applied 3 days a week for the first
3 weeks, Fourteen days later, challenge patches were applied to both arms, on one side to the original
sites, and on the other to previously untreated sites. Scoring was at 48 and 96 h. Some mild
erythematous reactions during the induction phase of the trial were recorded. There were no reactions
to the challenge and the materials tested were judged not to cause sensitisation.

The SCCNFP (2000) evaluation also reported that a 5% preparation of TiO; in petrolatum was used
to test 918 patients with various skin diseases (the occuded contact time was 48 h), including a group
of 290 dermatitis patients (BIBRA, 1990). TiO, was reported not to cause any reaction. The same
researchers also reported testing TiO; in 50 healthy volunteers and no reaction was observed (no
further information) (SCCNFP, 2000).

Overall, the Panel noted that most of the published studies reporting effects of TiO; on the immune
system have been carried eut using nanosized TiO, and high doses of administration. However, an
adequate characterisation of the size and the nature (rutile or anatase) were rarely provided and it
was not clear to what extent the material used was representative of the food grade TiO,. Finally, the
route of administration (intratracheal or intraperitoneal) was often not representative of the use of
TiO, as a food additive.

¢ In vitro, TiO; nanoparticles were readily internalised by immune system cells and might
influence multiple manifestations of immune cell activity including cytokine production,
proliferation, inflammation, ROS production and adhesion molecule expression, among others,

« Invivo, administration of TiO; nanoparticles has been reported to have multiple
immunomodulatory effects, characterised by nanoparticle accumulation in local (Peyer’s
patches) and peripheral lymphaid organs, alterations in immune cell number, viability and
function. In a few studies, microsized TiO; also induced some effects but only at high doses.
Although ambiguity remains surrounding the specific immunemodulatory and inflammatory
effects resulting from in vivo TiO, nanoparticle exposure, it seems clear that whereas TiO»
nancparticles have such a potential, TiO, particles with a larger size, over 100 nm, that is
closer to food grade; are less active.

3.2.6.3. Other studies

The greatest number of studies on TiO» addressed the consequences of the exposure via inhalation
and, in particular, the impact of particle size on the observed effects. The studies performed on
pulmonary exposure to TiO, showed that toxicity was primarily dictated by particle size and crystal
structure, whereby decreasing particle size and anatase as the crystalline form of TiO, enhanced
particle toxicity (Ferin et al., 1992; Wang et al., 2008a,b).

Although the results of such studies cannot simply be used as basis for the safety evaluation of
TiO, when taken orally, the studies give an indication on potential biological effects resulting from
particles size when exposed by inhalation.

4. Discussion

The Panel was net provided with a newly submitted dossier and based its evaluation on previous
evaluations, additional literature that had become available since then and the data available following
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public calls for data. The Panel noted that not all original studies on which previous evaluations were
based were available.

TiO; is a food colour authorised as a food additive in the EU, Tt was previously evaluated by the
SCF in 1975 and 1977, by JECFA in 1969 (JECFA, 1970) and by EFSA in 2004. It has also been
reviewed by TemaNerd in 2002, In 1969, JECFA allocated an ADI ‘not limited except for good
manufacturing practice’. In 1975, the SCF did not establish an ADI for TiO,, whereas in 1977, the SCF
included TiO; in the category “colours for which an ADI was not established but which could be used in
foed’, In 2002, TemaNord concluded that ‘the inertness of the substance and the lack of absorption
and tissue storage does not warrant further testing or a re-evaluation of the safety in use of this
compound’. In 2004, the EFSA AFC Panel assessed the safety of platelet forms of rutile TiO, as an
alternative to the permitted anatase form, and concluded that ‘the bicavailability of these forms was
essentially the same. The toxicological database would, therefore, be applicable to either form and
that the platelet forms of rutile TiO, could be used to replace anatase TiO; in any of its current
applications’,

The Panel is aware that the ECHA is carrying out an evaluation for a proposal for CLH on TiO,, for
which ANSES is the Rapporteur on behalf of the French Member State Competent Authority. ANSES
prepared a report in which concluded that TiO, should be considered as being potentially carcinogenic
to humans when inhaled and thus be dlassified Carc. Cat 1B H350i. However, it also concluded that
there was no carcinogenic concern after oral or dermal administration. A public consultation on this
report is currently underway.'?

In nature, TiO; exists in different crystalline forms, anatase and rutile being the two most important
natural forms. The food additive TiO, (E 171) is a white to slightly coloured powder and it is insoluble
in water and organic solvents {Commission Regulation (EU) No 231/2012).

Interested parties provided analytical data on the particle size characteristics of TiO, (E 171;
anatase or rutile) used as a food/feed additive and additional information was available from public
literature. The Panel noted that determination of the fraction of TiO, nanoparticles in the food additive
(E 171) is method dependent. The Panel also noted that, according to the data provided by industries
and from the literature, TiO; (E 171) as a food additive weuld not be considered as a nanomaterial
according to the EU Recommendation on the definition of a nanematerial.®

The Panel noted that there are no set limits for the particle size of TiO; in the EU specifications,
and therefore characterisation of the particle size in the food additive E 171 should be included among
the specifications.

The Panel noted that the manufacturing process for powdered or particulate food additives resulted
in material with ‘@ range of sizes. Although the median size of the particles is generally significantly
greater than 100 nm, a small fraction will- always be, and has been, with at least one dimension below
100 nm. The material used for toxicological testing would have contained this nano fraction. The test
requirements stipulated in current EFSA guidance decuments and European Commission guidelines for
the intended use in the food/feed area apply in principle to unintended nano forms, as well as to
engineered nanomaterials. Therefore, the Panel considers that, in principle, for a specific foed additive
containing a fraction of particles with at least one dimension below 100 nm, adequately conducted
toxicity tests should be able to detect hazards associated with this food additive, including its
nancparticulate fraction. The Panel considers that for the re-evaluation of food additives, this
procedure would be sufficient for evaluating constituent nanoform fraction in accordance with the
recommendation of the EFSA Nano Network in 2014 (EFSA, 2015). In addition, the Panel noted
analytical data provided by interested parties on the particle size distribution of feod-grade TiO-, which
confirmed the small percentage in the nanoscale (< 100 nm), but that actual values depended on the
method used. From this information, a percentage value of 3.2% of nanoparticles by mass, was
considered by the Panel to be reasonable to address in a conservative way a preliminary content
estimate in the food additive TiO; (E 171).

The Panel was provided with the unpublished results of a number of RIVM studies on TiO,
nanoparticies. These studies were evaluated along with the published literature and they did not affect
the Panel’'s conclusions drawn from the whole dataset. The Panel recommends that, once publicly
available, further information on the RIVM studies should be published as an addendum to this
Opinion.

In absorption, distribution and excretion studies in animals {rat and mice), differences in the
observed results appear to be dependent on study design and duration.
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The Panel concluded that:

the absorption of orally administered TiO; is extremely low,

the bicavailability of TiO, (measured either as particles or as titanium) is low,

the bioavailability measured as titanium appeared to be independent of particle size,

the vast majority of an oral dose of TiO; is eliminated unchanged in faeces,

a small amount (maximum of 0.1%) of orally ingested TiO, was absorbed by the GALT and
subsequently distributed to various organs and elimination rates from these organs were
variable,

« there were significant and highly variable background (basal) levels of titanium in animals and
humans, which presented challenges in the analysis at the low levels of titanium uptake
reported and could complicate interpretation of the reported findings in some studies.

s e & s @

The acute oral toxicity of TiO; is very low, with oral LDy values = 10 g/kg bw per day for mice and
> 25 g/kg bw per day for rats.

Overall, the Panel noted that there was rather limited information available on the short-term and
subchronic toxicity of the food additive TiO, {(E 171). In a well-performed 28-day gavage study in rats
with non-coated pigment-grade TiO; (rutile form; dso 173 nm) at a dose of 24,000 mg TiO,/kg bw, no
treatment-related adverse effects were observed. Occurrence of particles in intestinal lymphoid tissue
was not regarded as adverse. The NOAEL for the study was 24,000 mg/kg bw per day. Although the
study was not performed using the food additive TiO, (E 171), the Panel considered the results useful
as supporting evidence in the assessment of the use of TiO, @s a food colour. In a 90-day study, doses
up to 16,900 mg TiOy/kg bw per day for male mice and up to 8,100 mg TiO,/kg bw per day for male
rats did not result in differences in body weight or in relevant gross or microscopic pathology as
compared with the control. However, no haematological parameters and no biochemical parameters in
urine and blood were measured.

The Panel concluded that the available mixed results provided some evidence of in vifro
genotoxicity for TiG, micro- and nanoparticles. The Panel noted that most positive results have been
reported under experimental conditions associated with the induction of oxidative stress, and that the
genotoxic effects observed mainly concern indicator assays, which in some studies were shown not to
be associated with permanent chromosome damage.

In vivo, overall negative results were obtained in genotoxicity studies with microsized TiO, pigment.
Limited evidence of genotoxicity, if any, was provided by studies with orally administered TiO,
nanoparticies. Limited or no indication of genotoxicity of TiO, nanoparticles was also provided by
studies using the intravenous route of administration, which allowed maximum exposure of target
tissues.

The Panel concluded that the use of TiO; as a food additive does not raise a concem with respect
to genctoxicity.

Twe carcinogenicity studies, perfermed with TiO>-@administered to mice and rats via the oral route
were available and the outcome of these studies was reported to be negative for both mice and rats.
Based on these data, and on earlier data reported in the JECFA (1970) evaluation, the Panel concluded
that TiO, is not carcinogenic after oral administration. This is in line with the recent assessment
performed by ANSES for the ECHA evaluation in which it is concluded that there was no carcinogenic
concern after oral or dermal administration. The Panel identified a NOAEL of 2,250 mg TiOy/kg bw per
day, the highest dose tested, from a chronic toxicity and carcinogenicity study in rats.

No reproductive (one- or two-generation toxicity) studies with TiO, (as the food additive, micro- or
nanosized) performed according to the OECD guidelines were available for evaluation. However, the
Panel noted that in the NCI (1979) chronic toxicity and carcinogenicity study, no histopathological
changes in the male and female reproductive organs were reported at the highest doses tested of
6,500 and 8,350 mg/kg bw per day for male and female mice, respectively, and at the highest doses
tested of 2,250 and 2,900 mg/kg bw per day for male and female rats, respectively.

Overall, the Pane! noted that prenatal developmental studies with three pigment-grade (pg-1, pg-2,
pg-3) and three ultrafine (uf-1, uf-2, uf-3)/nanoscale (anatase andfor rutile) TiO, particulates
performed according to the OECD guidelines (TG 414) did not give concern for maternal or
developmental toxicity up to the highest dose tested (1,000 mg/kg bw per day). However, the
Panel noted that reproductive toxicity studies performed according to the OECD quidelines using TiO,,
meeting the food additive specifications were not available, Furthermore, the Panel noted that results
from other reproductive and develepmental studies with TiO; nanoparticles (Jia et al., 2014; Tassinari
et al., 2014) indicating effects on the reproductive system, showed contradictory results in the change
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in hormone levels. Because of deficiencies in the study designs and inadequate data reporting, the
Panel considered that the relevance of these findings is currently uncertain for the risk assessment of
TiO; as a food additive.

For the safety assessment of TiO, used as a food additive, based on information reported in the
examined literature and information supplied following calls for data taking into account the following
considerations:

« the food additive E 171 mainly consists of microsized TiO, particles, with a nanosized
(< 100 nm) fraction less than 3.2% by mass;

« the absorption of orally administered TiO, particles (micro- and nanosized) in the
gastrointestinal tract is negligible, estimated at maost as 0.02-0.1% of the administered dose;

« no difference is ohserved in the absorption, distribution, and excretion of orally administered
microsized and nanosized TiO, particles;

+« no adverse effect resulting from the eventual accumulation of the absorbed particles is
expected based on the results of long-term studies which did not highlight any toxicity up to
the highest administered dose;

« the uncertainties in the toxicological database arising from limitations in the available
reproductive toxicity studies;

the Panel considered that an ADI should not be established, and that a margin of safety (MoS)
approach would be appropriate {(EFSA ANS Panel, 2012).

As regards hypersensitivity, the Panel noted that the available studies on the effects of TiO,
(nano)particles on the immune systems pointed to different outcomes. However, they indicated that
the reported effects were dependent on the core composition, size and concentratien of the particles,
and on the duration and route of exposure. The Panel considered that, given the absence of clear
characterisation of the material used, the difference in effects observed following various routes of
administration and the diversity in the effects reported, a conclusion on the possible immunctoxic
effects of the food additive TiO> cannot be reached, However, the Panel noted that the larger the TiO,
particles, the lower their potential to induce effects, and that from animal data it appeared that the
route of injection influences the response, TiO; particles being less reactive after oral administration,

To assess the dietary exposure to TiO, (E 171) from its use as a food additive, the exposure was
calculated based on: maximum levels of data provided to EFSA (defined as the maximum level
exposure assessment scenario) and reported use levels (defined as the refined exposure assessment
scenario) as provided by industry and Member States.

Based on the available dataset, the Panel calculated two refined exposure estimates based on
different assumptions: a brand-loyal consumer scenario, in which it is assumed that the population is
exposed over a long period of time to the food additive present at the maximum reported
use/analytical levels for one food category and to a mean reported use/analytical level for the
remaining food categories; and .a non-brand-loyal scenario, in which it is assumed that the population
is exposed over a long period of time to the food additive present at the mean reported use/analytical
levels in all relevant food catégories.

The Panel considered that the refined exposure assessment approach was a more realistic scenario,
because it was based on the range of usage and analytical data, assumed that the processed foods
and beverages contain the additive at the mean concentration level for all products (non-brand-loyal
consumer scenario) and considers one preduct containing TiO; at the maximum concentration level
{brand-loyal consumer scenario). However, the Panel noted that due to the low amount of data
provided to EFSA (reported use levels or analytical data), only 14 food categories were taken into
account, representing between 60% and 80% of food (by weight) authorised to contain TiO-
according to annex II.

The Panel noted that the refined exposure estimates will not cover future changes in the level of
use of TiO,.

For the maximum level exposure assessment scenario, at the mean, the exposure estimates ranged
from 0.4 mg/kg bw per day for infants and the elderly to 10.4 mg/kg bw per day for children. At the
95th percentile, exposure estimates ranged from 1.2 mg/kg bw per day for the elderly to
32.4 mg/kg bw per day for children.

For the refined estimated exposure scenario, in the brand-loyal scenario, the exposure estimates
ranged, at the mean, from 0.4 mg/kg bw per day for infants and the elderly to 8.8 mg/kg bw per day
for children. At the 95th percentile, exposure estimates ranged from 1.1 mg/kg bw per day for the
elderly to 30.2 mg/kg bw per day for children. In the non-brand-foyal scenario, the exposure estimates
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ranged, at the mean, from 0.2 mg/kg bw per day for infants and the elderly to 5.5 mg/kg bw per day
for children. At the 95th percentile, exposure estimates ranged from 0.5 mg/kg bw per day for the
elderly to 14.8 mg/kg bw per day for children,

In the case of TiO,, the Panel did not identify brand loyalty to a specific food category and
therefore the Panel considered that the non-brand-loyal scenario covering the general population was
the more appropriate and realistic scenario for risk characterisation because it is assumed that the
population would probably be exposed long-term to food additives present at the mean reported
use/analytical levels in processed food.

Based on a NOAEL of 2,250 mg TiO»/kg bw per day and the exposure data for the non-brand loyal
scenario, the Panel calculated the MoS values for the different population groups (Table 16).

Table 16: MoS values calculated based on the exposure estimated through the non-brand loyal
scenario estimates as presented in Table 8, in six population groups (min-max across the
dietary surveys)

MoS calculation based on exposure to the non-brand loyal

Population groups scenario

Mean p9s
Infants 2,800 11,000 ‘ 500 3,200
Toddlers 500 3,800 350 1,200
Children 400 2,500 ‘ 150 850
Adolescents 550 5,700 200 1,800
Adults 550 7,500 | 250 2,100
The elderly 800 11,000 300 4,500

MoS: margin of safety.

The Panel noted that the lowest MoS calculated from the NOAEL of 2,250 mg TiO,/kg bw per day
identified in the available toxicological data and exposure data obtained from the reported use/analytical
levels of TiO, (E 171) considered in this opinion is above 100. In the Guidance for submission of food
additives (EFSA ANS Panel, 2012), the Panel considered that, for non-genotoxic and non-carcinogenic
compounds “a MaoS of 100 or more bebween a NOAEL or BMDL and the anticipated exposure would be
sufficient to account for uncertainty factors for extrapolating between individuals and species”
Consequently, the Panel considered that the reported usefanalytical levels of TiO» (E 171) considered in
this opinion would not be of safety concern.

The Panel considered that once definitive and reliable'data on the reproductive toxicity of E 171 were
available, the full dataset would enable the Panel to establish a health-based guidance value (ADI).

For the purpose of providing an indicative estimate of exposure to nanoparticles of titanium dioxide
from the use of TiO, as a food additive, the Panel considered that the highest reported weight
percentage value of 3.2% of nanoparticles by mass could reasonably be used in a conservative way to
address this issue.

Based on this maximum reported level of 3.2% of nanoparticles by mass in all foods categories
considered in the exposure assessment from the use of E 171 as a food additive, the Panel noted that
indicative estimates of exposure to nanoparticles of titanium dioxide coming from TiO; (E 171) ranged
for the maximum level exposure assessment scenario, at the mean, from 0.01 mg/kg bw per day for
infants and the elderly to 0.33 mg/kg bw per day for children. At the 95th percentile, exposure
estimates ranged from 0.04 mg/kg bw per day for infants and the elderly to 1.04 mg/kg bw per day
for children.

For the refined estimated exposure scenario, in the brand-loyal scenario, the exposure estimates
ranged at the mean from 0.01 mg/kg bw per day for infants and the elderly to 0.28 mg/kg bw per
day for children. At the 95th percentile, exposure estimates ranged from 0.03 mg/kg bw per day for
the elderly to 0.97 mg/kg bw per day for children.

For the refined estimated exposure scenario, in the non-brand-loyal scenario, the exposure
estimates ranged at the mean from 0.01 mg/kg bw per day for infants, adolescents, adults and the
elderly to 0.18 mg/kg bw per day for children. At the 95th percentile, exposure estimates ranged from
0.02 mg/kg bw per day for infants and the elderly to 0.47 mg/kg bw per day for children.

The Panel noted that from its indicative estimates of exposure to nanoparticles that could be
present in the food additive TiO,, the uncertainties identified could result in an overestimation if all
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food categories considered in its exposure assessment had nanoparticles present at the maximum
reported percentage value by mass (3.2%).

Conclusions
From the available data on absorption, distribution and excretion, the Panel concluded that:

the absorption of orally administered TiO, is extremely low;

the bioavailability of TiO, (measured either as particles or as titanium) is low;

the bioavailability measured as titanium appeared to be independent of particle size;

the vast majority of an oral dose of TiO, is eliminated unchanged in the faeces;

a small amount (maximum of 0.1%) of orally ingested TiO, was absorbed by the gut-
associated lymphoid tissue (GALT) and subsequently distributed to various organs and
elimination rates from these organs were variable.

e« s o s e

The Panel further concluded that there were significant and highly variable background levels of
titanium in animals and humans, which presented challenges in the analysis at the low levels of
titanium uptake reported and could complicate interpretation of the reported findings.

The Panel conduded that, based on the available genotoxicity database and the Panel’s evaluation
of the data on absorption, distribution, and excretion of micro- and nanosized TiO, particles, orally
ingested TiO; particles {micro- and nanosized) are unlikely to represent a genotoxic hazard in vivo.

The Panel noted that possible adverse effects in the réproductive system were identified in some
studies conducted with material which was either ‘non-feod-grade or inadequately characterised
nanomaterial {i.e. not E 171). There were no such indications in the available, albeit limited, database
on reproductive endpoints for the food additive (E 171). The Panel was unable to reach a definitive
conclusion on this endpoint due to the lack of an extended 90-day study as in the Guidance for
submission of food additives (EFSA ANS Panel, 2012) or a multigeneration or extended-one generation
reproduction toxicity study with the food additive (E 171). Therefore, the Panel did not establish an ADI.

From a carcinogenicity study with TiO, in mice and in rats, the Panel chose the lowest NOAEL
reported which was 2,250 mg TiO./kg bw per day for males from the rat study, the highest dose
tested in this species and sex.

The Panel considered that on the database currently available and the considerations on the
absorption of TiO; the margins of safety calculated. from the NOAEL of 2,250 mg TiOx/kg bw per day
identified in the toxicological data available and exposure data obtained from the reported
use/analytical levels ef TiO, (E 171) considered in this apinion would not be of concern.

The Panel concluded that cnce definitive and reliable data on the reproductive toxicity of E 171 were
available, the full dataset would enable the Panel to establish a health-based guidance value (ADI).

Recommendations
The Panel recommended that:

« In order to enable the Panel to establish a health-based guidance value (ADI) for the food
additive TiO, (E 171), additional testing could be performed. An extended 90-day study or a
multigeneration or extended-one generation reproduction toxicity study according to the
current OECD guidelines could be considered. Such studies should be performed with TiO;
(E 171) complying with the EU specifications and additionally including a characterisation of
the particle size distribution of the test material. However, in deciding on actual testing,
considerations of animal welfare need to be balanced against the improvement in the
toxicological database within a tiered testing approach.

« The EU specifications for TiO, (E 171) should include a characterisation of particle size
distribution using appropriate statistical descriptors (e.g. range, median, quartiles) as well as the
percentage {in number and by mass) of particles in the nanoscale {with at least one dimension
< 100 nm) present in TiO; (E 171) used as a food additive. The measuring methodology
applied should comply with the EFSA Guidance document (EFSA Scientific Committee, 2011).

« The maximum limits for the impurities of the toxic elements (arsenic, lead, mercury and
cadmium) in the EU specification for TiO, (E 171) should be revised in order to ensure that
TiO; (E 171) as a food additive will not be a significant source of exposure to those toxic
elements in foods.

www.efsa.eurapa. eufefsajournal 62 EFSA Journal 2016;14{9):4545

143



ej -em Joural

of titanium dioxide (E 171) as a food additive

Documentation provided to EFSA

n

2)

3)

4)

5)
6)

7)

8)
9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

AESGP (Asscciation of the European Self-Medication Industry), 2013. Data on usage levels
of titanium dioxide (E 171) in foeds in response to the EFSA call for food additives usage
level and/or concentration data in food and beverages intended for human consumption
(2013). Submitted to EFSA on 9 September 2013.

Brenntag Specialities Inc, 2011. Personal communication to EFSA on technical information
on titanium dioxide, 30 March 2011.

Capsugel, 2013. Data on usage levels of titanium dioxide (E 171) in foeds in respense to the
EFSA call for food additives usage level andfor concentration data in food and beverages
intended for human consumption (2013). Submitted to EFSA on 31 July 2013.

CEFIC (The European Chemical Industry Council), 2007. Reply to EFSA: Call for scientific
data on food colours to support re-evaluation of all food colours authorised under the EU
legislation. Submitted on 23 March 2007.

CEFIC {The European Chemical Industry Council), 2011a. Personal communication to EFSA
on general queries on particle size of titanium dioxide (E 171), 18 May 2011.

CEFIC (The European Chemical Industry Council), 2011b. Personal communication to EFSA
on particle size of titanium dioxide (E 171), 28 July 2011.

Chaudhry Q, MacNicoll A, Kelly M, Semizer H, Kramer E, Herrera Hernadez Z, et al., 2013. A
study of the toxicokinetics of nano-titanium dioxide TiOz Using in vitro and in vivo models of
oral intake. FERA Report, T01062.

CIAA (Confederation of the Food and Drink Industries of the EU), 2009. Exercise on
occurrence data  EFSA re-evaluation of some food colours. 1st Update. December 2009.
Colorcon, 2015. Comments supporting the use of titanium dioxide (E 171) in food.
Submitted on 3 September 2015. Supporting 'information fer Celoreon’s letter dated
3 September 2015. Submitted on 28 September 2015.

FDE (Food Drink Eurcpe), 2013. Data cn usage levels of titanium dioxide (E 171) in foods
in response to the EFSA call for foed additives usage level andfor concentration data in
food and beverages intended for human consumption (2013). Submitted to EFSA on
13 September 2013.

RIVM (National Institute for Public Health and the Environment), 2016. Risk assessment of
titanium dioxide nanoparticles through oral exposure, including toxicokinetic considerations.
Submitted on 17 February 2016.

IACM (International Association of Colour Manufactures), 2015. Safety of focd pigment
grade titanium dioxide (E 171).in food. Submitted on 24 September 2015.

ICGA (Internaticnal Chewing Gum Association), 2013. Data on usage levels of titanium
dioxide (E 171) in foods in response to the EFSA call for food additives usage level and/or
concentration data in foed and beverages intended for human consumption (2013).
Submitted to EFSA on 26 September 2013.

Jones K, Morton 1, Smith I, Harding A-H, Sams C and Rimmer D, 2013. T01061: Human
in vivo and in vitro studies on gastrointestinal absorption of nancparticles. AS/2013/01. Final
Report. Health and Safety Laboratory, Buxton, England.

Interested party 1,/2012. Permission to share the technical dossier on Titanium dioxide
(TiO5) submitted .in the framework of the assessment as a feed additive. Submitted on
24 May 2013.

RIVM (National Institute for Public Health and the Environment), 2016. Supplementary
material for 'Risk assessment of titanium dioxide nanoparticles in food as present in additive
E 171, including toxicokinetics’. Submitted on 17 February 2016.

RIVM (National Institute for Public Health and the Environment), 2016. The investigation of
titanium and titanium dioxide in human liver and spleen tissues. Submitted on 17 February
2016 (Summary) and 27 May 2016 (Full Report).

RIVM (National Institute for Public Health and the Environment), 2016. Oral intake of added
titanium dioxide and its nanofraction from food product, food supplements and toothpaste
by the Dutch population. Submitted on 17 February 2016.

TDMA (Titanium Dioxide Manufacturers Association), 2015. Annex 1. Data on E 171 particle
size characterisation. Annex II- Review of TiO, human health effects and exposure data.
Submitted on 28 September 2015.

vewn efsa.euraga.e.fefsajournal 63 EFSA Journal 2016;14(0):4545

144



ej .EFSA Joumal

R luation of titanium dioxide (E 171) as a food additive

References

Athinarayanan J, Alshatwi AA, Periasamy VS and Al-Warthan AA, 2015. Identification of nanoscale ingredient in
commercial food products and their induction of mitochondrially mediated cytotoxic effects on human
mesenchymal stem cells. Journal of Food Science, 80, 459 464.

Auttachoat W, McLoughlin CE, Whitc KL Jr and Smith MJ, 2014. Route-dependent systemic and local immune
effects following exposure to solutions prepared from TiO, nanoparticles. Journal of Immunotoxicology, 11,
273 282.

Becker HM, Bertschinger MM and Rogler G, 2012. Microparticles and their impact on intestinal immunity. Digestive
Diseases, 3G{Suppl 3), 47 54.

Bhattacharya K, Davoren M, Boertz J, Schins RPF, Hoffmann E and Dopp E, 2009. Titanium dioxide nanoparticles
induce oxidative stress and DNA-adduct formation but not DNA-breakage in human Iung cells. Particle and
Fibre Toxicology, 6, 17.

BIBRA (British Industrial Biological Research Association Toxicology), 1990. Toxicity Profile of Titanium Dioxide.
BIBRA, Wallington, England.

Bockmann J, Lahl H, Eckert T and Unterhalt B, 2000. Titan-Blutspiegel vor und nach Belastungsversuchen mit
Titandioxid. Pharmazie, 55, 140 143.

Chen Z, Wang Y, Ba T, Li Y, Pu J, Chen T, Song Y, Gu Y, Qian Q, Yang J and Jia G, 2014. Genotoxic evaluation of
titanium dioxide nanoparticles in vivo and in vitro. Toxicology Letters, 226, 314 319.

Cho W-S, Kang B-C, Lee 1K, Jeong ], Che J-H and Seok SH, 2013. Comparative absorption, distribution, and
excretion of titanium dioxide and zinc oxide nanoparticles after repeated oral administration. Particle and Fibre
Toxicology, 10, 9.

Colorcon, 2003. Titanium dioxide absorption, distribution and excretion in the rat. Report CNO 010/032886.
Huntingdon Life Sciences Ltd, Huntingdon, England, cited in EFSA, 2005.

Cui Y, Liu H, Zhou M, Duan Y, Li N, Gong X, Hu R, Hong M‘and Hong F, 2011. Signaling pathway of inflammatory
responses in the mouse liver caused by TiO; nanoparticles. Joumal of Biomedical Materials Research A, 96,
221 22°.

Demir E, Burgucu D, Turna F, Aksakal S and Kaya B, 2013a. Determination of TiO,, ZrO,, and Al,O; nanoparticles
on genotoxic responses in human peripheral blood lymphogytes and cultured embyronic kidney cells. Journal of
Toxicology and Environmental Health, Part A: Current Issues, 76, 950 1002.

Demir E, Turna F, Vales G, Kaya B, Creus A and Marcos R, 2013b. In vivo genotoxicity assessment of titanium,
zirconium and aluminium nanoparticles, and their microparticulated forms, in Drosophifa. Chemosphere, 93,
2304 2310.

Di Virgilio AL, Reigosa M, Arnal PM, Lorenzo Fernandez and de Mele M, 2010. Comparative study of the cytotoxic
and genotoxic effects of titanium oxide and aluminium oxide nanoparticles in Chinese hamster ovary {CHO-K1)
cells. Journal of Hazardous Materials, 177, 711 718.

Diebold U, 2083. The surface science of titanium dioxide. Surface Science Reports, 48, 53 229. Available online:
www.elsevier.com/Ipcate/surfrep

Dobrzynska MM, Gajowik A, Radzikowska J, Lankoff A, Dusinska M and Kruszewski M, 2014. Genotoxicity of silver
and titanium dioxidc nanoparticles in bone marrow cclis of rats in vivo. Toxicology, 315, 86 91.

Donner EM, Myhre A, Brown SC, Boatman R and Warheit DB, 2016. In vivo micronucleus studies with 6 titanium
dioxide materials (3 pigment-grade & 3 nanoscale) in orally-exposed rats. Regulatory Toxicology and
Pharmacology, 74, 64 74.

Driscoll KE, Deyo LC, Carter IM, Howard BW, Hassenbein DG and Bertram TA, 1997. Effects of particle exposure
and particle-elicited inflammatory cells on mutation in rat alveolar epithelial cells. Carcinogenesis, 18, 423 430.

Dunkel VC, Zeiger E, Brusick D, McCoy E, McGregor D, Mortelmans K, Rosenkranz HS and Simmon VF, 1985.
Reproducibility of microbial - mutagenicity assays: II. Testing of carcinogens and noncarcinogens in
Salmoncila typhimurium and Escherichia coli. Environmental Mutageneis, 7(Suppl 5), 1 248.

EFSA (European Food Safety Authority), 2005. Opinion of the Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food on a request from the Commission related to the safety in
use of rutile titanium dioxide as an alternative to the presently permitted anatase form. EFSA Journal 2005;
3(3):163, 12 pp. doi:10.2903/j.cfsa.2005.163

EFSA (European Food Safety Authority), 2006. Scientific opinion of the Scientific Committee related to
uncertainties in dietary exposure assessment. EFSA Journal 2007;5(1):438, 54 pp. doi:10.2903/j.cfsa.2007.438

EFSA {European Food Safety Authority), 2010. Management of left-censored data in dictary exposure asscssment
of chemical substances. EFSA Journal 2010; 8(3), 96 pp. doi:10.2903/].efsa.2010,1557

EFSA (European Food Safety Authority), 2011a. Evaluation of the FoodEx, the food classification system applied to
the development of the EFSA Comprechensive European Food Consumption Database. EFSA Journal 2011;
9(3):1970, 27 pp. doi:10.2903/j.efsa.2011.1970

EFSA (European Food Safety Authority), 2011b. Use of the EFSA Comprehensive European Food Consumption
Database in exposure assessment. EFSA Journal 2011;9(3):2097, 34 pp. doi:10.2933/j.efsa.2011.2097

www.efsa.eurapa. eufefsajournal 64 EFSA Journal 2016;14{9):4545

145



ej .EFSA Joumal

Re-evaluation of titanium dioxide (E 171) as a food additive

EFSA (European Food Safety Authority), 2015. Annual report of the EFSA Scientific Network of Risk Assessmentt of
nanotechnologies in Food and Feed for 2014. EFSA Supporting publication 2014: EN-762, 11 pp.

EFSA ANS Panel {EFSA Pancl on Food Additives and Nutrient Sources added to Food), 2012. Guidance for
submission for food additive evaluations. EFSA Journal 2012;10(7):2760, 60 pp. doi:10.2903/].efsa.2012.2760

EFSA ANS Panel (EFSA Panle on Food Additives and Nutrient Sources added to Food), 2014. Statement on a
conceptual framework for the risk assessment of certain food additives re-evaluated under Commission
Regulation (EU) No 257/2010. EFSA Journal 2014;12{6):3697, 11 pp. doi:10.2903/j.efsa.2014.3697

EFSA CONTAM Panel {EFSA Panel on Contaminants in the Food Chain), 2009a. Scientific Opinion on cadmium in
food. EFSA Journal 2009;7(10):980, 139 pp. doi:10.2903/j.efsa.2009.980

EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), 2009b. Scientific Opinion on arsenic in
food. EFSA Journal 2009;7{10):1351, 199 pp. doi:10.2903/j.cfsa.2009.1351

EFSA CONTAM Panel {EFSA Panel on Contaminants in the Food Chain), 2010. Scientific Opinion on lead in food.
EFSA Journal 2010;8(4):1570, 151 pp. doi:10.2903/j.efsa.2010.1570

EFSA CONTAM Panel (EFSA Pancl on Contaminants in the Food Chain), 2012. Scientific Opinion on the risk for
public health related to the presence of mercury and methylmercury in food. EFSA Journal 2012;10{12):2985,
241 pp. doi:10.2903/].efsa.2012.2985

EFSA Scientific Committee, 2011. Guidance on the risk assessment of the application of nanoscience and
nanotechnologies in the food and feed chain. EFSA Joumal 2011;9(5):2140, 36 pp. doi:10.2503/j.cfsa.2011.2140.
Available online: www.efsa.europa.eu/efsajournal.htm

EFSA Scientific Committee, 2012. Guidance on selected default values to. be used by the EFSA Scientific
Committee, Scientific Panels and Units in the absence of actual measured data. EFSA Journal 2012;10(3):2579,
32 pp. doi:10.2903/j.efsa.2012.2579

El-Ghor AA, Noshy MM, Gala A and Mohamed HRH, 2014. Normalization of nano-sized TiO,-induced clastogenicity,
genotoxicity and mutagenicity by chlorophyllin administration in ‘mice brain, liver, and bone marrow cells.
Toxicological Sciences, 142, 21 32.

Emerton V, 2008. Titanium dioxide. In: Emerton V (ed.). food Colours. Blackwell, Oxford, England. pp. 155 157.

Emond €, 2011. Kinctic behaviour of nanoparticles across the biological physiology. Journal of Physics: Conference
Series, 304, 012089.

Fabian E, Landsiedel R, Ma-Hock L, Wiench K, Wohlleben W and van Ravenzawaay B, 2008. Tissue distribution
and toxicity of intravenously administered titanium dioxide nanoparticles in rats. Archives of toxicology, 82,
151 157.

Falck GCM, Lindberg HK, Suhonen S, Vippola M, Vanhala E, Catalan J, Savolainen K and Norppa H, 2009.
Genotoxic effects of nanesized and fine TiG,. Human and Experimental Toxicology, 28, 339 352.

FDA {US Food and Drug Administration), 2002, CFR  Code of Federal Regulations, Title 21, Volume 1. Revised as
of April 1, 2002.21CFR73.575.

FDA {US Food and Drug Administration), 2006. Federal Register Final Rule 71 FR 31927 June 2, 2006: Listing of
colour additives exempt fram certification; mica-based pearlescent pigments.

Ferin J, Oberddrster G and Penney DP, 1992. Pulmonary retention of ultrafine and fine particles in rats. American
Journal of Respiratory Cell and Molecular Biology, 6, 535 542.

Ferraro D, Anselmi-Tamburini U, Tredici IG, Ricci V and Sommi P, 2016. Overstimation of nanoparticles-induced
DNA damage determined by the comet assay. Nanotoxicology, 10, 861 870.

Florence AT, 1997. The ofal absorption of micro- and naoparticulates: neither exceptional nor unusual. A review.
Pharmaceurical Research, 14, 259 266.

Fournier P, 1950. De I'emploi de l'oxyde de titane pour 1'étude quantitative de I'absorption intestinale. Comptes
Rendus de 'Académic des Scicnees (Paris), 231, 1343, cited in JECFA, 1970.

FSANZ {Food Standards Australia New Zealand), 2016. Report on “The potential health risks associated with
nanotechnologies in existing food additives”, Prepared by Drew R, Hagen T and ToxConsult. Available online:
http://www.foodstandards. gov.au/publications/Documents/ Safety%200f%20nanotechnology%e 20in%20food. pdf

Fu Y, Zhang Y, Chang X, Zhang Y, Ma S, Sui J, Yin L, Pu Y and Liang G, 2014. Systemic immune effects of titanium
dioxide nanopatrticles after repeated intratracheal instillation in rat. International Joumal of Molecular Sciences,
15, 6961 6973.

Gao G, Ze Y, Li B, Zhao X, Zhang T, Sheng L, HU R, Gui S, sang X, Sun Q, Cheng J, Cheng Z, Wang L, Tang M and
Hong F, 2012. Ovarian dysfunction and gene-expressed characteristic of female mice caused by long-term
exposure to titanium dioxide nanoparticles. Journal of Hazardous Materials, 243, 19 27.

Gao G, Ze Y, Zhao X, Sang X, Zheng L, Ze X, Gui S, Sheng L, sun Q, Hong J, Yu X, Wang L, Hong F and Zhang X,
2013. Titanium dioxide nanoparticle-induced testicular damage, spermatogenesis suppression, and gene
cxpression alterations in male mice. Journal of Hazardous Matcrials, 258 259, 133 143.

Geraets L, Oomen A, Krystek P, Jacobsen NR, Wallin H, Laurentie M, Verharen HW, Brandon EFA and de Jong WH,
2014. Tissue distribution and elimination after oral and intravenous administration of different titanium dioxide
nanoparticles in rats. Particle and Fibre Toxicology, 11, 30.

Gu N, Hu H, Guo @, Jin S, Wang C, Oh Y, Feng Y and Wu Q, 2015. Effects of oral administration of titanium
dioxide fine-sized particles on plasma glucose in mice. Food and Chemical Toxicology, 86, 124 131.

www.efsa.eurapa. eufefsajournal 65 EFSA Journal 2016;14{9):4545

146



ej .EFSA Joumal

Re-evaluation of titanium dioxide (E 171) as a food additive

Gui S, Zhang Z, Zheng L, Cui Y, Liu X, Li N, Sang X, Sun Q, Gao G, Cheng Z, Cheng J, Wang L, Tang M and Hong
F, 2011. Molecular mechanism of kKidney injury of mice causwd by exposure to titanium dioxide nanoparticles.
Journal of Hazardous Matcrials, 195, 365 370.

Gui S, Sang X, Zheng L, Ze Y, Zhao X, Sheng L, Sun Q, Cheng Z, Cheng J, Hu R, Wang L, Hong F and Tang M,
2013. Intragastric exposure to titanium nanoparticles induced nephrotoxicity in mice, assessed by physiological
and gene expression madifications. Particle and Fibre Toxicology, 10, 4.

Gui S, Sang X, Zheng L, Ze Y, Zhao X, Sheng L, Sun Q, Cheng Z, Cheng J, Hu R, Wang L, Hong F and Tang M,
2015. Retraction note: intragastric exposure to titanium nanoparticles induced nephrotoxicity in mice, assessed
by physiological and gene expression madifications. Particle and Fibre Toxicology, 12, 22.

Guichard Y, Schmit ], Dame C, Gate L, Le Goutet M, Rousset D, Rastoix O, wrobel R, Witschger O, Martin A, Fierro
V and Binet S, 2012, Cytotoxicity and genotoxicity of nanosized and microsized titanium dioxide and iron oxide
particles in Syrian hamster embryo cells. Annals of Occupational Hygiene, 56, 631 644.

Hackenberg S, Friehs G, Kessler M, Froelich K, Ginzkey C, Koehler C, Scherzed A, Burghartz M and Kleinsasser N,
2011, Nanosized titanium dioxide particles do not induce DNA damage in human peripheral blood lymphocytes.
Environmental and Molecular Mutagenesis, 52, 264 268.

Hallagan 1B, Allen DC and Borzelleca JF, 1995. The safety and regulatory status of food, drug and cosmetics colour
additives exempt from certification. Food and Chemical Toxicology, 33, 515 528.

Hamano T, Mitusuhashi Y, Aoki N, Yamamoto S, Tsuji S, Ito Y and Qi Y, 1990. Colorimetric micro-determination of
titanium dioxide in foods. Journal of the Japanese Society for Food Science and Technology, 37, 162 166.

Heinrich U, Fuhst R, Rittinghausen S, Creutzenberg O, Bellmann B, Koch W and Levsen K, 1995. Chronic inhalation
exposure of Wistar rats and two different strains of mice to diesel exhaust, carbon black and titanium dioxide.
Inhalation Toxicology, 7, 533 556.

Hong 3, Wang L, Zhao X, Yu X, Sheng L, Liu B, Xu B, Zhtt Y, Long Y and Hong F, 2014. Th2 factors may be
involved in TiO, NP-induced hepatic inflammation. Journal of Agriculutural and Food Chemistry, 62, 6871 6878.

Hu R, Gong X, Duan Y, Li N, Che Y, Cui ¥, Zhou M, Liu C, Wang H and Hong F, 2010. Neurotoxicological effects
and the Impairment of spatial recognition memory In mice caused by cxposurc to TiO, nanoparticles.
Biomaterials, 31, 8043 8050.

Hu R, Zheng L, Zhang T, Gao G, Cheng Z, Cui Y, Cheng J, Hong M, Tang M and Hong F, 2011a. Withdrawn:
mechanism of inflammatory responses in brain and impairment of spatial memory of mice caused by titanium
dioxide nanoparticles. Journal of Hazardous Matcrial, Epub ahecad of print, doi: 10.1016/j.jhazmat.2011.01.001

Hu RP, Zheng L, Zhang T, Gao GB, Cui Y, Cheng Z, Cheng J, Hong M, Tang M and Hong F, 2011b. Molecular
mechanism of hippocampal apoptosis of mice following exposure to titanium dioxide nanoparticles, Journal of
Hazardous Materials, 181, 32 40.

Hussain N, Jaitley V and Florence AT, 2001. Recent advances in the understanding of uptake of microparticulates
across the gastrointestinal lymphatics. Advanced Drug Delivery Reviews, 50, 107 142.

IARC {International Agency for Research on Cancer), 2010. Titanium dioxide. IARC Monographs on the Evaluation
of Carcinogenic Risks to Humans, 93, 193 276.

IPCS (International Programme on Chemical Safety), 1982. Titanium. Environmental Health Criteria 24. Available
online: httpi//www.inchem.org/documents/ehc/ehc/ehc24.htm

Ivett JL, Brown BM, Rodgers C, Anderson BE, Resnick MA and Zeiger E, 1989. Chromosomal aberrations and sister
chromatid exchange tests in Chinesc hamster ovary cells in vitro. IV. Results with 15 chemicals. Environmental
and Molecular Mutagenesis, 14, 165 187.

Jani PU, McCarthy DE and Florence AT, 1994. Titanium dioxide (rutile) particle uptake from the rat GI tract and
translocation to systemic organs after oral administration. International Journal of Pharmaceuticals, 105, 157 168.

JECFA {Joint FAO/WHO Expert Committee on Food Additives), 1970. Thirtcenth report of the Joint FAG/WHO
Expert Committee on Food Additives. Specifications for the identity and purity of food additives and their
toxicological evaluation. WHO Technical Report Series, No 445. World Health Organization, Geneva,
Switzerland.

JECFA {(Joint FAO, WHO Expert Committee on Food Additives), 20@6a. Compendium of food additive specifications.
FAQ JECFA Monographs Series No 3.

JECFA (Joint FAQ/WHO Expert Committee on Food Additives), 2006b. 67th chemical and technical assessment.
Unpublished report. Available online: ftp://ftp.fac.org/ag/agn/jecfa/cta_tio2.pdf

JECFA (Joint FAO, WHO Expert Committee on Food Additives), 2009. Compendium of food additive specifications.
FAQ JECFA Monographs Series, No 7.

JECFA (Joint FAO, WHO Expert Committee on Food Additives), 2010. Compendium of food additive specifications.
FAG JECFA Monographs Series, No 10.

JECFA (Joint FAO, WHO Expert Committee on Food Additives), 2012. Compendium of food additive specifications.
FAC JECFA Monographs Series, No 13.

Jia F, Sun Z, Yan X, Zhou B and Wang J, 2014. Effect of pubertal nano-TiO, exposure on testosterone synthesis
and spermatogenesis in mice. Archives of Toxicology, 88, 781 788.

Jin T and Berlin M, 2008. Titanium. In: Nordberg GF, Fowler BA, Nordberg M, Friberg LT (eds.). Handbook of the
Toxicology of Metals, 3rd Edition. Chapter 43, Academic Press Inc. pp. 861 868.

www.efsa.eurapa. eufefsajournal 66 EFSA Journal 2016;14{9):4545

147



ej .EFSA Joumal

Re-evaluation of titanium dioxide (E 171) as a food additive

Jones K, Morton J, Smith I, Jurkshat K, Harding AH and Evans G, 2015. Human in vivo and in vitro studies on
gastrointestinal absorption of titanium dioxide nanoparticles. Toxicology Letters, 233, 85 101.

JRC {Joint Rescarch Centre), 2011, JRC-Nanomaterials-Repository. Available online: http://ihcp.jrc.ec.europa.eu/
our_activities/nanotechnology/nanomaterials-repository

Jugan M-L, Barillet S, Simon-Deckers A, Herlin-Boime N, Sauvaigo S, Douki T and Carriere M, 2012. Titanium dioxide
nanoparticles exhibit genotoxicity and impair DNA repair activity in AS49 cells. Nanotoxicology, 6, 501 513.

Kada T, Hirano K and Shirasu ¥, 1980. Screening of environmental chemical mutagens by the rec-assay system
with Baaillus subtilis. In: de Serres F) and Hollaender A {ed.). Chemical Mutagens. Principles and Methods for
Their Detection, Volume 6. Plenum Press, New York, NY. pp. 149 173.

Kang JL, Moon C, Lee HS, Lee HW, Park EM, Kim HS and Castranova V, 2008. Comparison of the biological activity
between ultrafine and fine titanium dioxide particles in RAW 264.7 cells associated with oxidative stress.
Journal of Toxicology and Environmental Health, Part A, 71, 478 485.

Karlsson H, gustafsson J, Cronholm P and Moller L, 2009. Size-dependent toxicity of metal oxide particles_A
comparison between nano- and micrometer size. Toxicology Letters, 188, 112 118.

Karlsson HL, Gustafsson J, Cronholm P and Mdller L, 2009. Size-dependent toxicity of metal oxide particles a
comparison between nano- and micrometer size. Toxicology Letters, 188, 112 118.

Karlsson HL, Di Bucchianico S, Collin AR and Dusinska M, 2015. Can the Comet assay be used reliably to detect
nanoparticle-induced genotoxicity? Environmental and Molecular Mutagenesis, 56, 82 96.

Kirk-Othmer, 1997. Kirk-Othmer Encyclopedia of Chemical Technology, Volume 24, 4th Edition. Wiley, New York,
NY. pp. 233 250.

Kirk-Othmer, 2006. Kirk-Othmer Encycdopedia of Chemical Technofogy, 5th Edition. Vol 19. Wiley, New York, NY.
pp. 387 393.

Kolthoff IM and Sandell EB, 1952. Textbook of Quantitative Inorganic Analysis, 3rd Edition. MacMillan, New York,
NY. 706 pp.

Kumazawa R, Watari F, Takashi N, Tanimura Y, Uo M and Totsuka ¥, 2002. Effects of Ti ions‘and particles on
neutrophile function and morphology. Biomaterials, 23, 3757 3764.

Kuznesof PM, 2006. Titanium dioxide: chemical and technical asscssment. Available online: ftp://ftp.fao.org/ag/
agn/jecfa/cta_tio2.pdf

Landsiedel R, Ma-Hock L, Van Ravenzwaay B, Schulz M, Wiench K, Champ S, Schulte S, Wohlleben W and Oesch F,
2010. Gene toxicity studics on titanium dioxide and zinc oxide nanomaterials used for UV-protection in
cosmetic formulations. Nanotoxicalogy, 4, 364 381.

Lappas CM, 2015. The immunomodulatory effects of titanium dioxide and silver nanoparticles. Food and Chemical
Toxicology, 85, 78 83.

Larsen ST, Roursgaard M, Jensen KA and Nielsen GD, 2009, Nano TiQ, particles promote allergic sensitization and
lung inflammation n mice. Basic and Clinical Pharmacology-and Toxicology, 106, 114 117.

Lee KP, Trochimowicz H}-and Reinhardt CF, 1985a. Pulmonary response of rats exposed to titanium dioxide {TiO.)
by inhalation for two years. Toxicology and Applied Pharmacolagy 79, 179 192, Cited in IARC, 2010.

Lee KP, Trochimowicz H)"and Reinhardt CF, 1985b. Transmigration of titanium dioxide (TiO,) particles in rats after
inhalation exposure. Experimental and Molecular Pathology 42, 331 343, Cited in IARC, 2010.

Lee KP, Henry NW TII, Trachimawicz H] and Reinhardt €F, 1986. Pulmonary response to impaired lung clearance in
rats following excessive TIO> dust deposition. Environmental Rescarch 41, 144 167, Cited in IARC, 2010.

Lehmann KB and Herget L, 1827, Studics on the hygicnic characteristics of titanium dioxide and titanium white.
Chemiker-Zeitung, 51, 793 794 (in German).

Leone JL, 1573. Collaborative study of the quantitative determination of titanium dioxide in cheese. Journal of the
Association of Official Analytical Chemists, 56, 535 553.

Lindberg HK, Falck GC-M, Catalan 3, Koivisto A), Suhonen S, Jarventaus H, Rossi EM, Nykasenoja H, Peltonen Y,
Moreno C, Alenius H, Tuomi T, Savolainen KM and Norppa H, 2012. Genotoxicity of inhaled nanosized TiO; in
mice. Mutation Research/Genetic Toxicology and Environmental Mutagenesis, 745, 58 64.

Linnainmaa K, Kivipensas P and Vainio H, 1997. Toxicity and cytogenetic studies of ultrafine titanium dioxide in
cultured rat liver epithelial cells. Toxicology In Vitro, 1997, 329 335,

Liu R, Zhang X, Pu Y, Yin L and Li Y, 2010. Small-sized TiO, nanoparticles mediate immune toxicity in rat
pulmanary alveolar macrophages in vivo. Journal of Nanascience and Nanotechnolagy, 10, 5161 5169.

Lloyd LE, Rutherford BE and Crampton EW, 1955. A comparison of titanic oxide and chromic oxide as index
materials for determining apparent digestibility. Journal of Nutrition, 56, 265 271.

Lomer MC, Thompson RP, Commisso J, Keen CL and Powell 13, 2000. Determination of titanium dioxide in foods
using Inductively coupled plasma optical emission spectrometry. Analyst, 125, 2339 2343.

Louro H, Tavarcs A, Vital N, Costa PM, Alverca E, Zwart E, de Jong W, Fessard V, Lavinha J and Silva MJ, 2014.
Integrated approach to the in vivo genotoxic effects of a titanium dioxide nanomaterial using LacZ plasmid-
based transgenic mice. Environmental and Molecular Mutagenesis, 55, 500 509. doi: 10.1002/em.21864. Epub
ahead of print 4 March 2014.

Lu P-J, Ho I-C and Lee T-C, 1998. Induction of sister chromatid exchanges and microhuclei by titanium dioxide in
Chinese hamster ovary-K1 cells. Mutation Research/Genetic Toxicology and Environmental Mutagenesis, 414,
15 20.

www.efsa.eurapa. eufefsajournal 67 EFSA Journal 2016;14{9):4545

148



ej .EFSA Joumal

Re-evaluation of titanium dioxide (E 171) as a food additive

Luo YH, Chang LW and Lin P, 2015. Metal-based nanoparticles and the immune system: activation, inflammation
and potential applications. BioMed Research International, Article ID 143720, 12 pp. doi: 10.1155/2015/143720

MacNicoll A, Kelly M, Aksoy H, Kramer E, Bouwmeester H and Chaudhry Q, 2015. A study of the uptake and
biodistribution of nano-titanium dioxide using in vitro and in vivo models of oral intake. Journal of Nanoparticle
Research, 17, 66.

Magdolenova Z, Bilani D, Pojana G, Fjellsbg LM, Hudecova A, Hasplova K, Marcomini A and Dusinska M, 2012.
Impact of agglomeration and different dispersions of titanium dioxide nanoparticles on the human related
in vitro cytotoxicity and genotoxicity. Journal of Environmental Monitoring, 14, 455.

Mathews A, 1976. The crystallisation of anatase to rutile from amorphous titanium dioxide under hydrothermal
conditions. American Mineralogist, 61, 419 424.

McCracken C, Zanc A, Knight DA, Dutta PK and Waldman WJ, 2013. Minimal intestinal cpithelial ccll toxicty
response to short- and long-term food-relevant inorganic nanoparticle exposure. Chemical Research in
Toxicology, 26, 1514 1525.

Miller BM, Pujadas E and Gocke E, 1995. Evaluation of the micronucleus test /n vitro using Chinese hamster cells:
results of four chemicals weakly positive in, i vivo micronucleus test. Environmental and Molecular
Mutagenesis, 26, 240 247.

Mohamed HRH, 2015. Estimation of TiO, nanoparticle-induced genotoxicity. persistence and possible chronic
gastritis induction in mice. Food and Chemical Toxicology, 83, 76 83.

Mohammadipour A, Fazel A, Haghir H, Motejaded F, Rafatpanah H, Zabihi H, Hosseini M and Bideskan AE, 2014.
Maternal exposure to titanium dioxide nanoparticles during pregnaney; impaired memory and decreased
hippocampal cell proliferation in rat offspring. Environmental Toxicology and Pharmacology, 37, 617 625.

Morishige T, Yoshioka Y, Tanabe A, Yao X, Tsunoda S, Tsutsumi Y, Mukai Y, Okada N and Nakagawa S, 2010.
Titanium dioxide induces different levels of IL-1beta production dependent on its particle characteristics through
caspase-1 activation mediated by reactive oxygen species and cathepsin B. Biochemical and Biophysical
Research Communications, 392, 160 165.

Myhr BC and Caspary W), 1991. Chemical mutagencesis at the thymidine kinase locus in L5178Y mousc lymphoma
cells: results for 31 coded compounds in the National Toxicology Program. Environmental and Molecular
Mutagenesis, 18, 51 83.

Nakagawa Y, Wakuri S, Sakamoto K and Tanaka N, 1997. The photogenotoxicity of titanium dioxide particles.
Mutation Research, 394, 125 132.

Naya M, Kobayashi N, Ema M, Kasamoto S, Fukumuro M, Takami S, Nakajima M, Hayashi M and Nakanishi J,
2012. In vivo genotoxicity study of titanium dioxide nanoparticles using comet assay following intratracheal
Instillation In rats. Regulatory Toxicology and Pharmacology 62, 1 6.

NCI {National Cancer Institute), 1979, Bioassay of titanium dioxide for possible carcinogenicity. Technical Report
Series No 97. NCI, Rockville, MD.

NSF {National Sanitation Foundation International), 2005. Titanium (CAS # 7440 32-6) and Titanium Dioxide 2
{CAS # 13463 67-7) Oral Risk Assessment Document. NSF International, Ann Arbor, MI.

Nuuja DM, Ikkala J, Maatta K and Arstila AU, 1982, Effects of titanium dioxide pigments on mouse peritoneal
macrophages in vivo. Bulletin of Environmental Contamination and Toxicology, 28, 208 215.

OECD, 2015. Dossier on fitanium dioxide. Series on the Safety of Manufactured Nanomaterials, No. 54.
Organisation for Economic Co-operation-and Development. ENV/IM/MONO(2015)17. Available online: http://
www.oecd.org/chemicalsaféty/nanosafety/titanium-dioxide-nm 100-nm 105-manufactured-nanomaterial.htm

Olmedo DG, Tasat DR, Evelson P, Ciglielmotti MB and Cabrini RL, 2008. Biological response of tissues with
macrophagic activity to TiO,. Journal of Biomedical Materials Research A, 84, 1087 1093.

Onishchenko GE, Erokhina MV, Abramchuk SS, Shaitan KV, Raspopov RV, Smirnova WV, Vasilevskaya LS,
Gmoshinski 1V, Kirpichnikov MP and Tutelyan VA, 2012. Effects of titanium dioxide nanoparticles on small
intestinal mucosa in rats. Byulleten’ Eksperimentalnoi Biologii i Meditsiny, 154, 265 270.

Osman IF, Baumgartner A, Cemeli E, Fletcher JN and Anderson D, 2010. Genotoxicity and cytotoxicity of zinc oxide
and titanium dioxide in HEp-2 cells. Nanomedicine, 5, 1193 1203.

Park EJ, Yoon 1, Choi K, Yi J and Park K, 2009. Induction of chronic inflammation in mice treated with titanium
dioxide nanoparticles by intratracheal instillation. Toxicology, 260, 37 46.

Pele LC, Thoree V, Bruggaber SFA, Koller D, Thompson RPH, Lomer MC and Powell 13, 2015. Pharmaceutical/food
grade titanium dioxide particles are absorbed into the bloodstream of human volunteers. Particle and Fibre
Toxicology, 12, 26.

Periasamy VS, Athinarayanan 1, Al-Hadi AM, Juhaimi FA, Mahmoud MH and Alshatwi AA, 2015. Identification of
titanium dioxide nanoparticles in food products: induce Intracellular oxidative stress mediated by TNF and
CYP1A genes in human lung fibroblast cclls. Environmental Toxicology and Pharmacology, 39, 176 186.

Peters RJ, van Bemmel G, Herrera-Rivera Z, Helsper 1P, Marvin HJ, Weigel S, Tromp P, oomen AG, Rictveld A and
Bouwmeester H, 2014. Characterization of titanium dioxide nanoparticles in food products: analytical methods
to define nanoparticles. Journal of Agricultural and Food Chemistry, 62, 6285 6293.

Prasad RY, Wallace K, Daniel KM, Tennant AH, Zucker RM, Strickland 1, Dreher K, Kligerman AD, Blackman CF and
DeMarini DM, 2013. Effect of treatment media on the agglomeration of titanium dioxide nanoparticles: impact
on genotoxicity, cellular interaction, and cell cycle. ACSNano, 3, 1929 1542,

www.efsa.eurapa. eufefsajournal 3 EFSA Journal 2016;14{9):4545

149



o
eJ EFSA Joumal

Re-evaluation of titanium dioxide (E 171) as a food additive

Rahman Q, Lohani M, Dopp E, Pemsel H, Jonas L, Weiss DG and Schiffmann D, 2002. Evidence that ultrafine
titanium dioxide induces micronuclel and apoptosis in Syrian hamster embryo fibroblasts. Environmental Health
Perspectives, 110, 797 800.

Rehn B, seiler F, Rehn S, Bruch J and Maier M, 2003. Investigations on the inflammatory and genotoxic lung
effects of two types of titanium dioxide: untreated and surface treated. Toxicology and Applied Pharmacology,
189, 84 95.

des Rieux A, Fievez V, Garinot M, Schneider Y-J and Préat V, 2006. Review. Nanoparticles as potential oral delivery
systems of proteins and vaccines: a mechanistic approach. Journal of Controlled Release, 116, 1 27.

Saber AT, Jensen KA, Jacobsen NR, Birkedal R, Mikkelsen L, Mgller P, Loft S, Wallin H and Vogel U, 2012.
Inflammatory and genotoxic effects of nanoparticles designed for inclusion in paints and lacquers.
Nanotoxicology, 6, 453 471.

Sadig R, Bhalli JA, Yan J, Woodruff RS, Pearce MG, Li Y, Mustafa T, Watanabe F, Pack LM, Biris A, Khan QM and
Chen T, 2012. Genotoxicity of TiO, anatase nanoparticles 383 in B6C3F1 male mice evaluated using Pig-a and
flow cytometric micronucleus assays. Mutation Research, 745, 65 72.

Sang X, Fci M, Sheng L, Zhao X, Yu X, Hong J, Zc Y, Gui S, Sun Q, Zc X, Wang L and Hong F, 2014.
Immunomodulatory effects in the spleen-injured mice following exposure to titanium dioxide nanoparticles.
Journal of Biomedical Materials Research, 102A, 3562 3572.

Saquib Q, Al-Khedhairy AA, Siddiqui MA, Abou-Tarboush FM, Azam A and Musarrat J, 2012. Titanium dioxide
nanoparticles induced cytotoxicity, oxidative stress and DNA damage in human amnion epithelial (WISH) cells.
Toxicology In Vitro, 26, 351 361.

SCCNFP {Scientific Committee on Cosmetics and Non-Food Products), 2000. Opinien of the Scientific Committee on
Cosmetic Products and Non-Faod Products Intended for Consumers concerning titanium dioxide. Adopted on 24
October 2000. Available online: http://ec.europa.eufhealth/ph_risk/committees/scep/documents/out135_en.pdf

SCCS (Scientific Committee on Consumer Safety), 2013a. Opinion on titanium dioxide (nano form), 22 July 2013.
Available online: http://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sces_o_136.pdf

SCCS (Scientific Committee on Consumer Safety), 2013b. Opinion on titanium dioxide {nano form) COLIPA no S75.
SCCS/1516/13. Revision of 22 April 2014. Available online: http://ec.europa.cu/health/scientific_committees/
consumer_safety/docs/sccs_o0.136.pdf

SCCS (Scientific Committee on Consumer Safety) and Chaudhry, 2015. Commentary on the Opinion of the
Scientific Committee on Consumer Safety (SCCF)- Revision of the opinion on the safety of the use of titanium
dioxide, nano from, in cosmetic products. Regulatory Toxicology and Pharmacology, 73, 669 670.

SCF (Scientific Committee for Food), 1975. Reports of the Scientific Committee for Food: first series, p. 17.
Available online: http://ec.curopa.cu/ffood/fs/sc/scf/reports/scf_reports_01.pdf

SCF (Scientific Committee for Food), 1977. Reports of the Scientific Committee for Food: Fourth Series, p. 27.
Available online: http://ec.europa.eu/food/fsfsefscl/ reports/sch_reports_04.pdf

Scotter MJ, 2011. Methads for the determination of European Union-permitted added natural colours in foods: a
review. Food Additives’ and.Contaminants: 28, 527 596. Available online: http://dx.doi.org/10.1080/
19440049.2011.555844

Setyawati MI, Khoo PKS, Eng BH,Xiong S, Zhao X, Das GK, Tan TTY, Loo JSC, Leong DT and NG KW, 2013.
Cytotoxic and genotoxic characterization of titanium dioxide, gadolinium oxide, and poly{lactic-ca-glycolic acid)
nanoparticles in human fibroblasts. Journal of Biomedical Materials Rescarch Part A, 101A, 633 640.

Shelby MD and Witt KL, 1995, Comparison of results from mouse bone marrow aberration and micronucicus test.
Environmental and Molecular Mutagenesis, 25, 302 313.

Shelby MD, Erexson GL, Hook Gl and Tice RR, 1993. Evaluation of a three-exposure mouse bone marrow
micronucleus protocol: results with 49 chemicals. Environmental and Molecular Mutagenesis, 21, 160 179,

Sheng L, Wang X, Sang X, Ze Y, Zhao X, Liu D, Gui S, Sun @, Cheng J, Cheng Z, Hu R, Wang L and Hong F, 2013.
Cardiac oxidative damage in mice following exposure to naoparticulate titanium dioxide. Journal of Biomedical
Materials Research, 101A, 3238 3246.

Sheng L, Wang X, Sang X, Zhao X, Hong J, Cheng S, Yu X, Liu D, Xu B, Hu R, Sun Q, Cheng J, Cheng Z, Gui S and
Hong F, 2014. Nano-sized titanium dioxide-induced splenic toxicity: a biological pathway explored using
microarray technology. Journal of Hazardous Material, 278, 180 188.

Shukla RK, Sharma V, Pandey AK, Singh S, Sultana S and Dhawan A, 2011. ROS-mediated genotoxicity induced by
titanium dioxide nanoparticles in human epidermal cells. Toxicology In Vitro, 25, 231 241.

Shukla RK, Kumar A, Gurbani D, Pandey AK, Singh S and Dhawan A, 2013. Ti0, nanoparticles induce oxidative
DNA damage and apoptosis in human liver cells. Nanotoxicology, 7, 48 60.

Smith M), Brown IJM, Zamboni WC and Walker nj, 2014. From Immunotoxicty to nanotherapy: the effects of
nanomaterials on the immunc system. Toxicological Sciences, 138, 249 255.

Srivastava RK, Rahman Q, Kashyap MP, Singh AK, Jain G, Jahan S, Lohani M, Llantow M and Pant AB, 2013. Nano-
titanium dioxide induces genotoxicity and apoptosis in human lung cancer cell line, AS49. Human and
Experimental Toxicology, 32, 153 166.

Sycheva LP, Zhurkova VS, Iurchenkoa VV, Daugel-Dauge NO, Kovalenko MA, Krivtsova EK and Durnev A, 2011.
Investigation of genotoxic and cytotoxic effects of micro- and nanosized titanium dioxide in six organs of mice
in vivo. Mutation Research, 726, 8 14.

www.efsa.eurapa. eufefsajournal 69 EFSA Journal 2016;14{9):4545

150



ej .EFSA Joumal

Re-evaluation of titanium dioxide (E 171) as a food additive

Tassinari R, Cubadda F, Moracci G, Aureli F, DAmato M, Valeri M, De Berardis B, Raggi A, Mantovani A, Passeri D,
Rossi M and Maranghi F, 2014. Oral, short-term exposure to titanium dioxide nanoparticles in Sprague-Dawley
rat: focus on reproductive and endocrine systems and spleen. Nanotoxicology, 8, 654 662.

Tavares AM, Louro H, Antunes S, Quarré S, Simar S, De Temmerman P-J, Verleysen E, Mast J, Jensen KA, Norppa
H, Nesslany F and Silva MJ, 2014. Genotoxicity evaluation of nanosized titanium dioxide, synthetic amorphous
silica and multi-walled carbon nanotubes in human lymphacytes. Toxicology In Vitro, 28, 63 69.

TemaNord, 2002. Food additives in Europe 2000  status of safety assessments of food additives presently
permitted in the EU. TemaNord, 560, 61 64.

Tennant RW, Margolin BH, Shelby MD, Zeiger E, Haseman JK, Spalding J, Caspary W, Resnick M, Stasiewicz S,
Anderson B and Minor R, 1987. Prediction of chemical carcinogenicity in rodents from in vitro genetic toxicity
assays. Scienoe, 236, 933 941.

Theissmann R, Kluwig M and Koch T, 2G14. A reproducible number-based sizing method for pigment-grade
titanium dioxide. Beilstein Journal of Nanotechnology, 5, 1815 1822.

Toyooka T, Amano T and Ibuki Y, 2012, Titanium dioxide particles phosphorylate histone H2AX independent of
ROS production. Mutation Rescarch/Genetic Toxicology and Environmental Mutagenesis, 742, 84 91.

Trochimowicz HJ, Lee KP and Reinhardt CF, 1988. Chronic inhalation exposure of rats to titanium dioxide dust.
Journal of Applied Toxicology, 8, 383 385. Cited in IARC, 2010.

Trouiller B, Relicne R, Westbrook A, Solaimani P and Schiestl RH, 2009. Titanium dioxide nanoparticies induce DNA
damage and genetic instability in vivo in mice. Cancer Research, 69, 8784 8789.

Turkez H, 2011. The role of ascorbic acid on titanium dioxide-induced genetic damage assessed by the comet
assay and cytogenetic tests. Experimental and Toxicologic Pathology, 63, 453 457.

Tirkez H and Geyikaglu F, 2007. An in vitro blood culture for evaluating the genotoxicity of titanium dioxide: the
responses of antioxidant enzymes. Toxicology and Industrial Health, 23, 19 23.

Urrutia-Ortega IM, Garduno-Balderas LG, Delgado-Buenrostro NL, Freyre-Fonseca V, Flores-Flores 30, Gonzales-
Robles A, Pedraza Chaverri J, Hernandez-Pando R, Rodriguez-Soza M, Leon-Cabrera S, Leon-Terrazas L,
van Loveren H and Chirino Y1, 2016. Food-grade titanium dioxide exposure cxaccrbates tumor formation in
colitis associated cancer model. Food and Chemical Toxicology, 93, 2@ 31.

Vales G, Rubio L and Marcos R, 2015. Long-term exposures to low doses of titanium dioxide nanoparticles induce
cell transformation, but not genotoxic damage in BEAS-2B cells. Nahotoxicology, 8, 568 578.

Walkey CD and Chan WCW, 2012. Understanding and controlling the interaction of nanomaterials with proteins in
a physiological environment. Chemical Society Reviews, 41, 2780 2799.

Wang JJ, Sanderson BIS and Wang H, 2007a. Cyto- and genotoxicity of ultrafine TiO, particles in cultured human
lymphoblastoid cells. Mutation Research, 628, 39 106.

Wang 1, Zhou G, Chen €, Yu H, Wang T, Ma Y, Jia G, Gao Y, Li B, Sun J, Li Y, Jiao F, Zhao Y and Chai Z, 2007b.
Acute toxicity and biodistribution of different sized titanium dioxide particles in mice after oral administration.
Toxicology Letters, 168,176 185.

Wang 1, Chen C, Liu Y, ¥iao F, Li'w, Lao F, Li Y,Li B, Ge C, Zhou G, Gao Y, Zhao Y and Chai Z, 2008a. Potential
neurclogical lesion after nasal dinstillation of TiO, nanoparticles in the anatase and rutile crystal phases.
Toxicology Letters, 183, 72 80!

Wang J, Liu Y, Jiao F, Lao'F, Li W, Gu ¥, Li Y, Ge €, Zhou G, Li B, Zhao Y, Chai Z and Chen C, 2008b. Time-
dependent translocation and potentfal impairment on central nervous system by intranasally instilled TiO»
nanoparticles. Toxicology, 254; 82 80.

Wang S, Hunter LA, Arslan Z, Wilkerson MG and Wickliffe JK, 2011. Chronic exposure to nanosized, anatase
titanium dioxide is not cyto- or genotoxic to Chinese hamster ovary cells. Environmental and Molecular
Mutagenesis, 52, 614 622.

Warheit DB, Hoke RA, Finlay C, Donner EM, Reed KL and Sayes CM, 2007. Development of a base set of toxicity
tests using ultrafine TiQ, particles as a component of nanoparticle risk management. Toxicology Letters, 171,
99 110.

Warheit DB, Boatman R and Brown SC, 2(15a. Developmental toxicity studies with 6 forms of titanium dioxide test
materials (3 pigment-different grade & 3 nanoscale) demanstrate an absence of effects in orally-exposed rats.
Regulatory Toxicology and Pharmacology, 73, 887 896.

Warheit DB, Brown SC and Donner EM, 2015b. Acute and subchronic oral toxicity studies in rats with nanoscale
and pigment grade titanium dioxide particles. Food and Chemical Toxicology, 84, 248 224,

Weir A, Westerhoff P, Fabricius L, Hristovski K and von Goetz N, 2012. Titanium dioxide nanoparticles in food and
personal care products. Environmental Science and Technology, 46, 2242 2250.

West B and Wyzan H, 1963. Investigations of the possible absorption of titanium dioxide from the gastrointestinal
tract. American Cyanamid Company, Central Medical Department, New Jersey, Unpublished report. Cited in
FAQ/WHO 1970

WHO (World Health Organization), 200S. Principles and methods for the risk assessment of chemicals in food.
Environmental Health Critenia 240. Availble online: http://www.who.int/foodsafety/publications/chemical-food/en/

Woodruff RS, Li Y, Yan J, Bishop M, Jones MY, Watanabe F, Biris AS, Rice P, Zhou T and Chen T, 2012. Genotoxicity
evaluation of titanium dioxide nanoparticles using the Ames test and Comet assay. Journal of Applied
Toxicology, 32, 934 943.

www.efsa.eurapa. eufefsajournal 76 EFSA Journal 2016;14{9):4545

151



R luation of titanium dioxide (E 171) as a food additive

Xu A, Chai Y, Nohmi T and Hei TK, 2009, Genotoxic responses to titanium dioxide nanoparticles and fullerene in
gpt delta transgenic MEF cells. Particle and Fibre Technology, 6, 3.

Xu J, Shi H, Ruth M, Yu H, Lazar L, Zou B, Yang C, Wu A and Zhao J, 2013. Acute toxicity of intravenously
administered titanium dioxide nanoparticles in mice. PLoS ONE, 8, e70618. doi: 10.1371/journal.pone.0070618.
Collection 2013.

Yang Y, Doudrick K, Bi X, Hristovsky K, Herckes P, Westerhoof P and Kaegi R, 2014. Characterisation of the food-
grade titanium dioxide: the presence of nanosized particles. Enviromental Science and Technology, 48, 6391
6400.

Zhao X, Sheng L, Wang L, Hong J, Yu X, Sang X, Sun Q, Ze Y and Hong F, 2014. Mechanism of nanosized titanium
dioxide-induced testicular oxidative stress and apoptosis in male mice. Particle and Fibre Toxicology, 11, 47.
Zhao X, Sheng L, Wang L, Hong J, Yu X, Sang X, Sun Q, Zc Y and Hong F, 2015. Retraction notc: mechanism of
nanosized titanium dioxide-induced testicular oxidative stress and apoptosis in male mice. Particle and Fibre

Toxicology, 12, 23.

Abbreviations

8-OH-dG  8-hydroxy 2'-deoxyguancsine

ADI acceptable daily intake

ADME absorption, distribution, metabolism and excretion
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AFC EFSA Former Panel on Additives, Flavourings, Processing Aids and Materials in Contact
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AOM azoxymethane

ANS EFSA Panel on Food Additives and Nutrient Sources added to Food

ANSES French Agency for Food, Environmental and Occupational Health and Safety
AUC area under the curve
BIBRA British Industrial Biological Research Association
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BMDL benchmark dose modelling

CAC colitis-associated cancer

CAS Chemical Abstracts Service

CEFIC European Chemical Industry Council
CHC Chinese hamster ovary

GilLs ColourIndex

CIAA Confederation of the Food and Drink Industries of the EU
CLH harmonised classification and labelling
dso median particle size

DLS dynamic light scattering

DSS dextran sulfate sodium

ECHA European Chemical Agency
EINECS European Inventory of Existing Commercial Chemical Substances

FCS Food Categorisation System

FDA Food and Drug Administration

FDE Food Drink Europe

FSANZ Food Standard Agency of New Zealand

GALT gut-associated lymphoid tissue

GNPD Global New Products Database

HD hydrodynamic diameter

hOGG human 8-hydroxyguanine DNA-glycosylase

JTACM International Association of Colour Manufacturers
TARC International Agency for Research in Cancer

ICGA International Chewing Gum Association

ICRP International Commission on Radiological Protection
IL interleukin

IPCS International Programme on Chemical Safety

150 International Organization for Standardization
JECFA Joint FAO/WHO Expert Committee of Foed Additives
KEM keratinocyte growth medium
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LOQ limit of quantification

MIP-2 macrophage inflammatory protein-2
MoS margin of safety

MPL maximum permitted level
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MTT methyl tetrazolium cytotoxicity

NCE normochromatic erythrocytes

NCI National Cancer Institute

N.F. National Formulary

NIOSH National Institute for Occupational Safety and Health
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NSF US National Sanitation Foundation
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PALS phase analysis light scattering

PAMs porcine alveolar macrophages

PCE polychromatic erythrocytes
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RIVM National Institute for Public Health and the Environment

ROS reactive oxygen species

SCCNFP  Scientific Committee on Cosmetics and Non-Food Products
SCcs Scientific Committee on Consumer Safety

SCE sister chromatid exchange

SCF Scientific Committee on Food
SEM scanning electron microscopy.
SHE Syrian hamster embryo

STT short-term test

TBIL total bilirubin

TDMA Titanium Dioxide Manufacturers Association
TEM transmission electron microscopy
TK thymidine kinase

TNF tumour necrosis factor

UF ultrafine

uv ultraviolet

XSDC X-ray disc centrifugation
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Appendix A - Summary of reported use levels (mg/kg) of TiO, (E 171)
provided by industry

Reported use levels from

Food Total industry

Food category Restriction/ Information
Corege ame MP excepions (OO Number TYPCE! MRS provided by SO
data  -hge)  level
01.8 Dairy analogues, Qs 1 1 125 125 FDE
including beverage
whiteners
03 Edible ices Qs 2 2 428 857 FDE
05.2 QOther Qs 5 5 1,074 4,500 FDE
confectionery,
including breath-
refreshening
microsweets
05.3 Chewing gum Qs 2 1 3,400 3,800 FDE
1; 2,829 16,000 ICGA
054 Decorations, Qs 13 13 1,296 20,000 FDE
coatings and
fillings, except fruit-
based fillings
covered by
category 4.2.4
07.2 Finc bakery wares QS 2 2 179 555 FDE
08.2.3 Casings and Qs Except edible 2 2 18 35 FDE
coatings and external
decorations for coating of
meat pasturmas
125 Soups and broths QS 1 1 193 193 FDE
12.6 Sauces Qs Excluding 5 5 1,646 4,000 FDE
tomato-based
sauces
12.7 Salads and savoury- QS 1 E 2,500 3,000 FDE
based sandwich
spreads
14.14 Flavoured drinks Qs Excluding 6 6 28 70 FDE
chocolate
milk, malt
products
15.2 Processed nuts Qs 4 4 3,775 7,000 FDE
16 Desserts, excluding QS 1 1 140 200 FDE
praducts covered in
category 1, 3 and 4
17.1 Food supplements QS 16 15 2,801 12,000 AESGP
supplied in a solid § 2 4 Capsugel Empty
form, including gelatin
capsules and capsule

tablets and similar
forms, excluding
chewable forms

QS: quantum satis; FDE: FoodDrinkEurope; ICGA: Intemational Chewing Gum Assaciation; AESGP: Association of the European Self-Medication Industry.
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Appendix C - Number and percentage of food products labelled with TiO»
(E 171) out of the total number of food products present in Mintel GNPD
per food subcategory between 2011 and 2015

Products labelled with TiO,

Mintel sub-category*® T:?p'rggrzr (E 171)
Number %
Gum 1,262 642 50.9
Sticks, Liquids & Sprays 88 22 25.0
Mixed Assortments 271 56 20.7
Pastilies, Gums, Jellics & Chews 3,246 345 10.3
Lollipops 341 34 10.0
Liguorice 690 54 7.8
Other Sugar Confectionery 950 66 6.9
Yeast Extracts 15 X 6.7
Non-Individually Wrapped Chocolate Pieces 4,687 312 6.7
Standard & Power Mints 787 4 56
Creamers 182 10 555
Other Frozen Desserts 1,396 76 5.4
Seasonal Chocolate 4,962 219 4.4
Boiled Sweets 858 35 4.1
Beverage Mixes 767 26 34
Marshmallows 431 14 3.2
Cakes, Pastrics & Sweet Goods 11,877 385 3.2
Baking Ingredients & Mixes 8,031 234 2.9
Mayonnaise 802 21 2.6
Dairy-Based Frozen Products 7,001 174 2.5
Dessert Toppings 573 12 Z1
Toffees, Caramels & Nougat 1,738 30 1.7
Medicated Confectioncry 891 14 1.6
Other Chocolate Confectionery 263 4 1.5
Beverage Concentrates 2,097 23 11
Sweet Biscuits/Cookies 15,483 162 1.0
Chilled Desserts 5,583 54 1.0
Chocolate Spreads 979 9 0.9
Dressings & Vinegar 3,035 27 0.9
Chocolate Tablets 7,344 64 0.9
Instant Rice 120 b 0.8
Shelf-Stable Desserts 2,945 21, 0.7
Individually Wrapped Chocolate Pieces 2,296 14 0.6
Spoonable Yoghurt 8,752 49 0.6
Processed Cheese 1,875 10 0.5
Nuts 4,018 21 0.5
Instant Noodles 995 5 0.5
Sandwiches/Wraps 2,406 12 0.5
Snack Mixes 1,273 6 0.5
Eggs & Egg Products 1,298 6 0.5
Chocolate Countlines 2,059 9 0.4
Caramel & Cream Spreads 243 1 0.4
Nectars 3,581 12 0.3
Table Sauces 5,376 17 0.3

www.efsa.eurapa. eufefsajournal

75

156

EFSA Journal 2016;14{9}:4545



R luation of titanium dioxide (E 171) as a food additive

ej -em Joural

Total number

Products labelled with TiO,

Mintel sub-category™ of prndiscty (E 171)
Number %
Meat Substitutes 1,908 6 0.3
Soft Cheese & Semi-Soft Cheese 4,995 15 0.3
Salads 2,337 7 0.3
Meat Pastes & Pates 2,776 8 0.3
Water-Based Frozen Desserts 1,072 3 0.3
Meal Kits 1,809 5 0.3
Snack/Cereal/Encrgy Bars 4,232 11 0.3
Fish Products 10,920 26 0.2
Soft Cheese Desserts 1,364 3 0.2
Naoodles 482 p 0.2
Sucrose 975 2 0.2
Meal Replacements & Other Drinks 930 2 0.2
Instant Pasta 549 3 0.2
Cooking Sauces 4,446 Z 0.2
Prepared Meals 9,894 14 | 0.1
Hors d'ocuvres/Canapcs 3,631 5 0.1
Energy Drinks 1,484 2 0.1
Poultry Products 5483 7 0.1
Fresh Cheese & Cream Cheese 2,457 3 0.1
Flavoured Alcoholic Beverages 1,800 2 0.1
Sandwich Fillers/Spreads 901 1 0.1
Malt & Other Hot Beverages 921 1 0.1
Popcorn 981 1 0.1
Dips 1,282 L 0.1
Potato Snacks 4,388 3 0.1
Rice 2,932 2 0.1
Liqueur 1,467 1 0.1
Hard Cheese & Semi-Hard Cheese 5,903 4 0.1
Wheat & Other Grain-Based Snacks 1,689 1 0.1
Com-Based Snacks 1,955 o 0.1
Pasta 8,874 4 0.0
Fruit/Flavoured Still Drinks 2,590 1 0.0
Meat Products 13,984 4 0.0
Seasonings 8423 2 0.0
Savoury Biscuits/Crackers 4,214 1 0.0
Vegetables 9,283 2 0.0
Cold Cercals 5472 1 0.0
Juice 6,949 1 0.0
Bread & Bread Products 8,926 1 0.0
Total sample 278,705 3,516 1.3
(a): According to Mintel food categorisation.
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Appendix D - Concentration levels of TiO, (E 171) used in the refined
exposure scenarios (mg/kg)

Concentration levels

FCS used in the refined

category FCS food category MPL exposure assessment Data source/comments

NG Mean Max

014 Flavoured fermentod milk Qs Not taken into acoount (no
products, including heat-treated concentration data)
products

0.5 Dehydrated milk as defined by Qs Not taken into account (no
Directive 2001/114/EC concentration data)

01.6.3 QOther creams Qs Not taken into account (no

concentration data)

01.7.1 Unripened cheese, excluding Qs Not taken into account (no

products falling in category 16 concentration data)

{except mozzarella and
unflavoured live fermented
unripened cheese)
0173 Edible cheese rind Qs Not taken into account (no
corresponding FoodEx code/
no concentration data)

0174 Whey cheese Qs Not taken into account (no
concentration data)
0175 Processed cheese Qs Not taken into account {no
concentration data)
0176 Cheese praducts Qs Not taken into account (no
concentration data)
018 Dairy analogues, including Qs 125 125  Reported use levels
beverage whiteners
03 Edible ices QS 429 857  Reported use levels
04.2.4.1  Frult and vegetable preparations QS Not taken into acoount (no
excluding compote  only corresponding FoodEx code/
mostarda di frutta no concentration data)
04.2.4.1  Fruit and vegetable preparations | QS Not taken into acoount (no
excluding compote * only corresponding FoodEx codef
seaweed-based fish analogues no concentration data)
04.2.5.3  Other similar fruit or vegetable Qs Not taken into account {no
spreads, except créme de concentration data)
pruneaux
05.2 Other confectionery, including Qs 1,074 4,500 Reported usc levels
breath-refreshening microsweets
05.3 Chewing gum Qs 3,115 16,000 Reported use levels
05.4 Decorations, coatings and fillings, QS Not taken into account {no
except fruit-based fillings covered corresponding FoodEx code)
by category 4.2.4
06.3 Breakfast cereals Qs Not taken into account (no
concentration data)
06.5 Noodles Qs Not taken into account (no
concentration data)
06.6 Batters Qs Not taken into account {(no

corresponding FoodEx code/
no concentration data)

06.7 Pre-cooked or processed cereals QS Not taken into account {(no
corresponding FoodEx codef
no concentration data)
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FCS

Concentration levels
used in the refined

category FCS food category MPL exposure assessment Data source/comments

e Mean Max

07.2 Fine bakery wares Qs 160 318  Reported use levels

08.2.3 Casings and coatings and Qs Not taken into account (no
decorations for meat corresponding FoodEx code)

9.2 Processed fish and fishery Qs Not taken into account (no
products, including molluscs and concentration data)
crustaceans  only surimi and
similar products and salmon
substitutes

09.2 Processed fish and fishery Qs Not taken into account (ho
products, including molluscs and concentration data)
crustaceans only fish paste and
crustacean paste

9.2 Processed fish and fishery Qs Not taken into account (no
products, including molluscs and concentration data)
crustaceans only precooked
crustacean

9.2 Processed fish and fishery Qs Not takensinto account (no
products, including molluscs and concentration data)
crustaceans only smoked fish

9.3 Fish roe only processed fish roe QS Not taken into account (no

= A concentration data)

12.2.2 Seasonings and condiments Qs Not taken into account (no

! concentration data)

124 Mustard Qs Not taken into account (no
concentration data)

12.5 Soups and broths Qs 193 193  Reported use levels

12.6 Sauces Qs 1,433 4,000 Reported use levels

127 Salads and savoury-based Qs 2,500 3,000 Reported use levels
sandwich spreads. © N

12.9 Protein products, excluding Qs Not taken into account (no
products covered in category 1.8 concentration data)

13.2 Dictary foods for special medical QS Not taken into acoount (no
purposcs defined in Directive concentration data)
1999/21/EC

133 Dietary foods for weight control | QS Not taken into account (no
diets intended to replace total concentration data)
daily food intake or an individual
meal

13.4 Foods suitable for people Qs Not taken into account (no
intolerant to gluten as defined by concentration data)
Regulation

14.1.4 Flavoured drinks Qs 39 70 Reported use levels

14.2.3 Cder and perry Qs Not taken into account (no
concentration data)

14.2.4 Fruit wine and made wine Qs Not taken into account (no
corresponding FoodEx code/
no data provided)

14.2.5 Mead Qs Not taken into acoount (no

corresponding FoodEx codef
no data provided)
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FCS

Concentration levels
used in the refined

category FCS food category MPL exposure assessment Data source/comments

e Mean Max

14.2.6 Spirit drinks as defined in Qs Not taken into account (ho
Regulation (except whisky or concentration data)
whiskey)

14.2.7.1  Aromatised wines Qs Not taken into account (no

concentration data)
14.2.7.2  Aromatised wine-bascd drinks Qs Not taken into account (no
concentration data)

14.27.3  Aromatised wine-product cocktails QS Not taken into account (no

concentration data)

14.2.8 Other alcoholic drinks, including QS Not taken into account (no
mixtures of alcoholic drinks with concentration data)
non-alcoholic drinks and spirits
with less than 15% of alcohol and

15.1 Potato-, ccreal-, flour- or starch- QS Not taken into account (no
based snacks concentration data)

15.2 Processed nuts Qs 3,775 7,000 Reported use levels

16 Desserts, excluding products Qs 140 200 Reported use levels
covered in category 1, 3 and 4

17.1 Food supplements suppliedina QS 14,438 26,950  Analytical data
solid form, including €apsules and
tablets and similar forms,
excluding chewable forms

17.2 Food supplements suppliedina QS
liquid form

172.3 Food supplements suppliedina QS

syrup-type or chewable form

FCS: Food Categorisation System; MPL: maximum permitted level; GS: quantum satis.
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Appendix E - Summary of total estimated exposure of Ti0O, (E 171) from its
use as a food additive for maximum scenario and refined exposure
scenarios per population group and survey: mean and 95th percentile
(mg/kg bw per day)

Maximum Brand-loyal Non brand-loyal
Number of scenario scenario scenario
Subijects Mean p9s Mean p95s Mean p95

Infants

Bulgara (NUTRICHILD) 659 0.4 1.8 0.4 1.8 0.2 0.9
Germany (VELS) 159 14 6.6 1.3 5.3 0.6 2.8
Denmark (IAT 2006_07) 826 05 23 0.4 19 0.2 11
Finland {DIPP 2001 2009) 500 0.6 1.4 0.6 1.2 0.3 0.7
United Kingdom {DNSIYC 2011) 1,366 1.9 9.6 18 9.2 0.8 3.9
Italy (INRAN_SCAI_2005_06) 12 1.0 0.9 0.7
Toddlers

Belgium {Regional Flanders) 36 9.2 7.6 4.6

Bulgaria (NUTRICHILD) 428 23 75 2.1 6.7 1.0 2.9
Germany (VELS) 348 7.0 15.0 53 12,5 2.8 6.4
Denmark (IAT 2006 07) 917 G 10.1 29 78 1.4 3.6
Spain {enkKid) 17 23 1.9 1.1

Finland {DIPP 2001 2009) 500 1.2 4.0 1.5 3.6 (1X3 2.0
United Kingdom {NDNS- 185 589 17.3 5.0 14.2 2.6 6.8
RollingProgrammeYears1-3)

United Kingdom {DNSIYC 20141) 1,314 4.3 14.0 3.8 12.9 1.9 5.9
Italy (INRAN SCAI 2005 06) 36 18 1.6 0.9
Netherlands {VCP kids) 322 71 19.3 5.7 14.7 2.9 6.8
Children

Austria (ASNS Children) 128 4.7 12.2 36 10.8 24 7.5
Belgium {Regional Flanders) 625 73 15.3 6.0 12.7 5.5 71
Bulgaria (NUTRICHILD) 433 33 9.8 28 8.3 1.5 3.9
Czech Republic {SISP04) 389 57 18.8 4.7 15.3 2.2 6.4
Germany {EsKiMo) 835 4.3 12.0 3.4 10.0 1.7 4.6
Germany (VELS) 293 80 167 58 124 31 6.1
Denmark (DANSDA 2005-08) 298 5.5 13.5 3.9 9.8 1.9 4.6
Spain {cnKid) 156 4.5 12.5 3.7 10.3 1.8 5.6
Spain {NUT INKO5) 359 51 14.1 4.4 12.8 2.2 5.9
Finland {DIPP 2001 2009) 750 104 324 8.8 30.2 3.2 9.2
France (INCA2) 482 4.6 9.5 3.5 21 2.0 4.2
United Kingdom {NDNS- 651 6.4 15.5 Rl 13.3 2.7 6.2
RollingProgrammeYears1-3)

Greece {Regional Crete) 838 4.4 13.7 39 12.7 29 10.5
Italy (INRAN SCAI 2005 06) 193 1.8 4.9 1.5 4.1 0.9 2.4
Latvia (EFSA TEST) 187 9.1 23.1 8.0 19.9 5.5 14.8
Netherlands {VCP kids) 957 73 16.5 56 12.7 2.9 6.3
Netherlands {VCPBasis AVL2007 447 8.6 17.7 6.2 13.7 3.5 7.1
2010)

Sweden (NFA) 1,473 104 221 8.0 17.06 44 9.0
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Maximum Brand-loyal Non brand-loyal
Number of scenario scenario scenario
i Mean p95 Mean po95 Mean P95
Adolescents
Austria (ASNS Children) 237 2.7 77 23 71 1.6 5.8
Belgium {Dict National 2004) 576 4.6 12.4 39 10.5 2.0 5.2
Cyprus (Childhealth) 303 0.8 3.3 0.7 2.7 0.4 1.3
Czech Republic {SISP04) 298 37 12.2 31 10.7 1.5 4.9
Germany (National Nutrition 1,011 4.5 13.4 39 116 18 5.1
Survey II) ‘
Germany (EskiMo) 393 33 9.5 2.6 7.6 al2: | 3.6
Denmark (DANSDA 2005-08) 377 231 7.6 b., 5.5 1.1 2.4
Spain {AESAN FIAB) 86 23 74 2.1 6.5 0.8 2.8
Spain {enKid) 209 38 10.4 3.1 8.3 1.5 4.0
Spain {NUT INKOS) 651 34 8.6 28 7.0 1.4 35
Finland {NWSSPQ7 08) 306 6.7 23.5 a9 21.2 19 6.2
France (INCA2) 973 2.7 6.3 o 4.8 i1 2.7
United Kingdom {NDNS- 666 3.7 9.4 33 8.0 1.5 3.7
RollingProgrammeYears1-3) 7 |
Italy (INRAN SCAI 2005 06) 247 11 3.1 0.9 2.5 .6 15
Latvia (EFSA TEST) 453 6.5 18.0 5.6 15.0 4.1 10.8
Netherlands {VCPBasis AVL2007 1,142 56 139 4.3 10.6 2.3 5.2
2010) |
Sweden (NFA) | 1,018 6.2 14.8 4.9 116 2.6 6.0
Adults
Austria (ASNS Adults) 308 45 | 127 39 | il0 26 72
Belgium {Dict National 2004) 1,292 38 97 2.9 8.7 15 4.1
Czech Republic (SISP04) 1,666 1.7 6.1 1.5 5.2 0.9 3.7
Germany (National Nutrition 10,419 36 10.4 3.2 9.0 1.5 4.0
Survey II) |
Denmark (DANSDA 2005-08) ) 1,739 i 52 1.4 4.1 0.7 1.8
Spain {AESAN) 410 ] 4.7 1.2 37 0.7 2.1
Spain {AESAN FIAB) | 981 1.7 4.4 15 3.7 0.7 2.0
Finland {(FINDIET2012) 1,295 4.2 15.0 3.6 13.6 1.6 5.2
France (INCA2) 2,276 1.8 4.5 1.5 3.7 6.8 1.9
United Kingdom {NDNS- 1266 2.9 78 2.5 6.4 L3 3.4
RollingProgrammeYecars1-3)
Hungary (National Repr Surv) 1,074 0.8 3.4 0.7 3.3 0.4 18
Ireland (NANS 2012) 1,274 32 9.0 27 78 13 38
Italy (INRAN SCAI 2005 06) 2,313 0.7 24 0.6 2.1 ¢4 14
Latvia (EFSA TEST) 1,271 4.7 13.0 4.3 11.7 9.2 9.2
Netherlands {VCPBasis AVL2007 2,057 3.7 9.0 3.0 75 1.6 3.9
2010)
Romania {Dieta Pilot Adults) 1,254 0.6 2.2 0.5 1.9 0.3 11,
Sweden (Riksmaten 2010) 1,430 6.8 14.8 5.7 12.4 4.0 B
The elderly
Austria (ASNS Adults) 92 36 9.4 3.1 7.4 24 6.3
Belgium {Diet National 2004) 1,215 22 6.4 2.0 6.0 1.2 2.9
Germany (National Nutrition 2,496 1.9 57 1.7 5.2 0.9 2.4
Survey II)
Denmark (DANSDA 2005-08) 286 1.0 331 0.8 2.5 0.4 13
Finland (FINDIET2012) 413 24 7.9 2.0 7.2 1.0 3.5
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Maximum Brand-loyal Non brand-loyal
Number of scenario scenario scenario
mubecky Mean p95s Mean p95 Mean p95
France {INCA2) 348 1.4 3.3 1.2 2.8 0.6 1.5
United Kingdom {NDNS- 305 2.5 6.5 2.1 58 1.2 2.9
RollingProgrammeYears1-3)
Hungary (National Repr Surv) 286 0.6 23 0.6 2.2 0.3 1.2
Ireland {NANS 2012) 226 2.3 6.5 2.0 6.2 1.1 2.9
Italy (INRAN SCAI 2005 06) 518 0.5 2.1 0.5 19 0.3 1.1
Netherlands (VCPBasis AVL2007 173 2.7 6.8 2.2 54 13 F1
2010) l
Netherlands (VCP-Elderly) 739 29 6.8 24 5.9 1.4 34
Romania (Dieta Pilot Adults) 128 0.4 1.2 o4 1.1 0.2 0.5
Sweden (Riksmaten 2010) 367 4.5 10.7 3.9 9.2 2.8 7.0
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Appendix F — Toxicological studies with coated TiO, nanoparticles
considered by the Panel

Brun E, Jugan M-L, Herlin-Boime N, Jaillard D, Fayard B, Flank A-M, Mabondzo A and Carriere M, 2011.

Investigation of TiO, nanoparticles translocation through a Caco-2 monolayer. Journal of Physics: Conference
Series, 304, G12048.

Brun E, Barreau F, Veronesi G, Fayard B, Sorieul S, Chaneac C, Carapito C, Rabilloud T, Mabondzo A, Herlin-Boime N
and Carriere M, 2014. Titanium dioxide nanoparticle impact and translocation through ex vivo, in vivo and
in vitro gut epithelia. Particle and Fibre Toxicology, 11, 11 16.

Warheit DB, Brown SC and Donner EM, 2015b. Acute and subchronic oral toxicity studies in rats with nanoscale
and pigment grade titanium dioxide particles. Food and Chemical Toxicology, 84, 208 224.
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