
 

 

 

 

 

 

 

 

 

What are the toxicological impacts of surface 

coatings/surface treatments on TiO2 particles? 

 

 

 

 

 

 

 

 

David B Warheit and Scott Brown,  

Chemours Company 



Predominant Organic and Inorganic Surface 

Modifications for TiO2 in Commerce 



TiO2 Inorganic Surface Modifications 



Impact of Hydrophobic Organic Coatings 



Study Design and Particle Information for 

Rehn et al. 



Studies to Assess Pulmonary 

Hazards to Particulates 



Pulmonary Bioassay Studies  
 

1)Rigorous physicochemical 
characterization of particle-types 

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 

Å Cell Differential Analysis 

Å BAL Fluid Lactate Dehydrogenase (cytotoxicity) 

Å BAL Fluid Alkaline Phosphatase (epithelial cell toxicity) 

Å BAL Fluid Protein (lung permeability) 

Lung Tissue Analysis 
 

Å Lung Weights 

Å Lung Cell Proliferation (BrdU) 

ü Parenchymal 

ü Airway 

Å Lung Histopathology 



Warheit et al 2003 



Neutrophils Return to Normal Levels Post Exposure 

(PE)  
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LDH Rise is Fully Reversible 

file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx
file:///C:/Users/ug80470/Desktop/EHP Draft Warheit et al 1-22-2018.docx


No Impact on Histopathology 

10mg/kg OTES TiO2 + Tween 80 

 

Saline Control 

 



OECD / Creutzenberg et al. 2013 



Warheit et al. 2006 



Reversible for TiO2, Progressive for Quartz 



Normal Proliferation for TiO 2 



Warheit et 

al. 2005 



Lung Tissue Section of 

Rat after 28 day (4 wk) 

exposure to 1300 mg/m3 

TiO 2 III
  

(High Surface area , Alumina & 

Silica coated TiO2) 

Thick Arrows Č thickenced aveolar walls 

Thin Arrows Č normal alveolar walls 

A=Alveolus (H&E Stain) 
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% Neutrophils Return to Normal Levels for all TiO2 
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Warheit 

et al. 2007 




