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Predominant Organic and Inorganic Surface
Modifications for TiIO2 in Commerce

Organic Inorganic

Polyols (e.g., Glycerine,

Alumina / Aluminum Hydroxide
trimethylol propane) ina / ydroxide

Octyl Silanes Amorphous Silica

Dimethicone /
polydimehtylsiloxane




TiO 2 Inorganic Surface Modifications

A) Base Particle B) Inorganic Surface <) Inorganic Surface
Treatment Coating __

TiO,

500 nlf




Impact of Hydrophobic Organic Coatings



Study Design and Particle Information for
Rehn et al.

Surface Particle

Particle ID Surface Characteristics ﬁhrﬁ;flnsgﬂ : EI_P;:_F_"'[:Et _
arficte Modifications | (Wettabilty: Surface Ly statinity. (animals; route;
' - synthesis route; dose)

Area; Acidity; IEP ) Co-ox- size)

Parameter
Studied

Hydrophillic; 35-63 BAL:-34d, 214,

Aeroxide® m?/'g"; Acidic/ not 00 d; DNA
25 neutralized, [EP ~pH ~80% anataze/ Eats, instillation._, damage in lung
6 ~20% rutile; no upto 1.2 cells
co-0x; chloride; mg/animal in saline
Hydrophobic; 35-33 ~20nm (TEM) with lecithin Quartz Control
Octyl Silane m?/g" Acidic/ not
neutralized; NA

Aeroxide®
TS0s




Studies to AssesBulmonary
Hazards to Particulates



Pulmonary Bioassay Studies

1)Rigorous physicochemical
characterization of particlg/pes

2)Dose response characteristics
3)Time course experimental protocol

4)Utilization of benchmark
particulate controls (positive
and/or negative)



Pulmonary Bioassay Components

Bronchoalveolar Lavage Assessments

Lung Inflammation & Cytotoxicity
A Cell Differential Analysis
A BAL Fluid Lactate Dehydrogenase (cytotoxicity)
A BAL Fluid Alkaline Phosphatase (epithelial cell toxicity)
A BAL Fluid Protein (lung permeability)

Lung Tissue Analysis

A Lung Weights

A Lung Cell Proliferation (BrdU)
u Parenchymal
u  Airway

A Lung Histopathology




Particle ID

Base Ti0O2

Surface
Modifications

Warheit et al 2003

Surface
Characteristics
(Wettabilty; Surface
Area; Acidity; IEP )

Hydrophillic; 6 m%/g;
neutralized; IEP ~pH
E L

Particle
Chracteristics
(crystallinity:
synthesis route;
Co-ox; s1ze)

Futile; Chloride;
Al203 CO-0XK;
320nm (LD)

OTES TiO:

Hydrophobic: 8 m¥/s:
neutralized; NA

Futile; Chloride;
AlDs CO-0X;
20nm (LD)

Exposure
(animals; route;
dose)

E.ats. instillation.. 2
or 10 mgkg in
zaline

Base TiO: +
Tween 80

Tween 30
(physisorbed)

Amphiphillic; 6 m¥/z:
neutralized; IEP ~pH
Ei

Futile; Chloride;
Al203 CO-0X;
320nm (LD)

OTES TiO»
+ Tween 30

Tween 20
(physisorbed)

Amphiphillic; 8 m¥/z;
neutralized; NA

Futile; Chloride;
320nm (LD)

F.ats. instillation, 2
or 10 mgkg in
zaline with 1%
Tween 80

Parameter
Studied

BAIL:1d.74d,30
d, 90d, lung
histopathology

Quartz Control

Vehicle Control

LD = laser diffraction; OTES = octyltniethoxysilane




Neutrophils Return to Normal Levels Post Exposure
(PE)

% Neutrophils in BAL Fluids of Saline and TiO, Instilled Rats
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LDH Rise is Fully Reversible

BAL Fluid LDH Values In Saline and TiO, - instilled Rats

@24 Hour pe
B1 Week pe
01 Month pe
@3 Month pe
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Exposure Groups
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Saline Control
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10mg/kg OTES TiOez + Tween 80




OECD / Creutzenberg et al. 2013

Particle ID

NM-103

{UF Titan
M2E2)

Surface
Modifications

Alumina
covered with
Dimethicone

Surface
Characteristics
{Wettabilty; Surface
Area; Acidity; IEP )

Hydrophobic; 36
ml.-'g; Neutralized;
NA

Particle
Chracteristics
(crystallinity:
synthesis route;
Co-ox; size)

Eutile; no co-ox;
Sulfate; ~20nm
(TEM),

NM-104

{UF Titan
MZ12)

Alumina
covered with
Glycerine

Hydrophillic; 46
ml.-'g; Neutralized;
IEF=> pHB&

Eutile; no co-ox;
Sulfate; ~20nm
(TEM).

NM-105

(Aeroxide® P213)

Hydrophillie; 53,
mY/g; Acidic/ not
neutralized, IEP ~pH
6

~80% anataze/
~20% rutile; no
co-ox; chloride;
~22nm {TEM),

Exposure
(animals; route;
dose)

E.ats, inhalation, 3,
2, and 48 mg'm’
for 28days (6hr/d,
5d per wk)

Agglomerate
density ~1.7,
MMAD ~1um

Parameter
Studied

OECD TG 412-
like

Enpoints: BAL:
LDH, TNF-ao, B-
Glu,
Gesamtprotien,
ROI)

Histopathology

Body
weight/lung
burden

Gross
pathology/
Necropsy

Analyzed 3d,
45d, and 944d
post exposure




Particle ID

Surface
Modifications

Warheit et al. 2006

surface
Characteristics
(Wettabilty; Surface
Area; Acidity; IEP )

Hydrophillic; 6 m%/g;
neutralized; IEP ~pH
E*

Particle
Chracteristics
(crystallinity;
synthesis route;
Co-ox; s1ze)

Foutile; Chloride;
Al20O;3 co-ox;
300nm (LD

Densze
pPyrogenic

amorphous

zilica (3%

Hydrophillic; 8 m&/g;
neutralized; IEP ~-pH
<4¥

Futile; Chloride;
Al20O;3 co-ox;
290nm (LD)

Exposure

(amimals; route;

dose)

FE.ats; instillation; 1
or 2 mg'kg in PBS

Parameter
Studied

BAL:1d, 1wk,
3 mo; lung
histopathology
Quartz Control

Carbonyl Iron
Control

Wehicle Control




Reversible for TiO2, Progressive for Quartz

BAL Fluid LDH Values in Rats exposed to
Pigment A TiO, Particles and other Particulates

W 24 Hour
o1 Week
= 1 Maonth
B 3 Maonth

LTI
T T T T

k=

Cantral 1 mofkg ‘ 5 mofkg 1 moky ‘ 5 mofkg 1 mofkg ‘ 5 mofkg 1 mofky ‘ 5 mofkg
FBES Carbory lron F-100 Figrent A TiOZ Quartz
Exposure Groups
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Normal Proliferation for TiO 2

Percent Proliferating Cells
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Lung Parenchymal Cell Proliferation Rates
of Rats exposed to Pigment A TiO, Particles
and other Particulates

W 24 Hour pe
01 VWeek pe

| o

1 Month pe

8 3 Month pe

FES Control

Carbony! Iron Smg R-100 - 5mg Pigment A TiO2 5mg Quartz 5mg
Exposure Groups




Warheit et
al. 2005

Particle

Intentional Ch Eurfar..e . Chracteristics . )
Particle ID Surface aracteristics Gl Exposure (animals; Parameter
Modifications (Wettabilty; Surface synthesis route; ,Cn- route; dose) Studied
Area; Acidity; IEP ) C . ?
OX; s1Z€e)
Base TiO: none Hydrophillic; 6 m%/g; Eutile; Chloride; Fats, Inhalation, Inhalation: lung
neutralized; IEP ~pH | ALO; co-ox; 300nm 1130-1310 mg/m? histopathology:
8% (LD} w/MMAD 1.3-1.8um, 0d, 2wk, 3mo,
6 h'd, 3d/wik for 4 6mo_12mo post
TiO2-1 TEA Hydrophillic; 6 m¥/g; Eutile; Chloride; wks. EXpOSUTLE.
neutralized; IEP ~pH AlDs3 co-ox; 300nm
(RI100) a# (LD Inztillation: BAL:
1d; 1wlk; 1 or 3mo
TiO2-11 Aluminum Hydrophillic; 9.2 ml.-'g; Eutile; Chloride; Fats, Instillation, 2 or post exposure
hydroxide (4%) neutralized; IEP ~pH AlDs3 co-ox; 320nm 10 mg/kg 1n saline
o# (LDY) Quartz Control
(instillation)
TiO2-II1 Porous Precipitated Hydrophillic; 278 Eutile; Chloride;
silica coating (8- m?/g: neutralized; IEP | ALO: co-ox; 440nm
11%) and ~pH 4.5% (LD7)
aluminum
hydroxide (17%)
TiO1-IV Dense precipitated Hydrophillic; 10.5 Rutile; Chloride;
amorphous silica m:.-"g; neutralized; IEP | Alx0z co-ox; 370nm
coating (2%) and ~pH §.5% (LDY)
(6%) aluminum
hydroxide
TiO2-V Densze precipitated Hydrophillic; 12.2 Eutile; Chloride;

amorphous silica

coating (3%) and

alumina hydroxide
(3%a), TMP

mz.-"g; neutralized; IEP
~pH T#

AlOs co-ox; 290nm
(LD




Lung Tissue Section of

Rat after 28 day (4 wk)

exposure to 1300 mg/m
TIO, Il

(High Surface area , Alumina &
Silica coated TiO2)

Thick ArrowsC thickenced aveolar walls
Thin ArrowsC normal alveolar walls
A=Alveolus (H&E Stain)




% Neutrophils Return to Normal Levels for all TIO,

% Neutrophils in BAL Fluids From Rats Exposed to TiO2
Coatings
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Exposure Groups

m24 Hourpe O1Week pe B1Monthpe B3 Month pe
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Warheit
et al. 2007

Surface Chf:iﬁﬁcs Exposure
. Surface Characteristics o, : ; .
Particle ID Modifications | (Wettabilty: Surface sr{irsh?::slﬂyt;_ 1- gﬁi:;} Parameter Studied
Area; Acidity; IEP) | S0 0 =
0-0X; s1ze)
Futile; Chloride;
F-1 Hydrophillic; 5.8 Al0D; co-ox;
TEA m?/g: neutralized: [EP 300nm (LD);
(R-100) ~pH 8% 380nm (DLS-
water)
Futile; Chloride;
UE1 Alumina Hydrophilic; 13.2 AlO;3 co-ox; BAL:1d, 1wk 1
i hydroxide m?%/g; neutralized; NA 136nm (DLS- Bats: mo; 3 mo; lung
water) i_nsl:i]lati:un; 1 histopathology
Precipitated of 3 ;1Egékg o Quartz Control
Silica (%) Hvdronhilic- 35.7 Futile; Chloride;
U£-2 Alumina e Pt[ ioes na | AlOs co-ox: Vehicle Control
hydroxide | T 5o BEUHRNZEG 149nm (LD
(3%)
~80% anatase/
Hydrophillic; 335. ~20% rutile; no
Uf3 m¥/g: Acidic/ not co-0x; chloride;
(Asvoxide® P13) Hene neutralized, [EP ~pH | ~20nm (TEM).
6 150nm (DLS-
water)

* Tvrotcal value from manufacturer: LD= lazer diffraction mean vol%e: DLS= dvnamic light zcatterine mean







