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Physical properties of TiO2

• White inorganic compound

• Occurs naturally as a solid

• Insoluble in water, even in its particle form

• Extremely high melting point of 1,843ºC and boiling point of 2,972ºC

• Refractive index (ability to scatter UV light) very high >>> diamond 

• Photocatalytic activity under UV light

=> Resistant, extra-white, bright, protective, aesthetic, very promising

https://tdma.info/uses-of-titanium-dioxide/

https://www.youtube.com/watch?v=7ObnoGtDi0Q&t=93s/

https://pubchem.ncbi.nlm.nih.gov/compound/titanium_dioxide#section=Methods-of-Manufacturing
https://www.sciencedirect.com/science/article/pii/S1466856416302983
https://tdma.info/uses-of-titanium-dioxide/
https://www.youtube.com/watch?v=7ObnoGtDi0Q&t=93s/


What is titanium dioxide?

• White inorganic compound

• As a white pigment, TiO2 is one of the most important raw materials 
for paints and coatings

• As a photocatalyst, titanium dioxide can be added to paints, cements, 
windows and tiles in order to decompose environmental pollutants.

• Beyond paints, catalytic coatings, plastics, paper, pharmaceuticals and 
sunscreen, some lesser-known applications include packaging, 
commercial printing inks, cosmetics, toothpastes, and food (E171)

https://www.sciencedirect.com/science/article/pii/S1389556700000022
http://www.rsc.org/learn-chemistry/resource/res00001268/TiO2-photocatalysis-uses-of-titanium-dioxide
http://www.chemcam.it/rdis%20rodi%20inks.pdf
https://tdma.info/titanium-dioxide-in-food/


What do we know regarding TiO2 safety ?



What do we know regarding TiO2 safety ?
• Currently available Occupational Exposure Limits (OEL)  in μg/m3

Abbreviations: REL, recommended exposure limit; PEL, permissible exposure limit; BEL, benchmark exposure level; OELa, OEL for 
cancer risk 1/5000; OELb, OEL for cancer risk 1/2000 ; OELc, regulatory OEL, OEL PLd, 15y period limited OEL; ENM, engineered 
nanomaterials
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NIOSH framework of Risk Assessment & 
Risk Management 



WHO risk analysis framework 



US NRC Risk Assessment/Risk Management framework



Hazard identification

• Slowly soluble particles not otherwise regulated or classified (TWA of total 
suspended particles or dusts)

• Case report Yamadori et al. (1986) reported a papillary adenocarcinoma of 
the lung and titanium dioxide-associated pneumoconiosis in a male titanium 
dioxide packer with 13 years of potential dust exposure and a 40-year history 
of tobacco smoking.

• 1st assessment IARC Monographs on the Evaluation of Carcinogenic Risks to 
Humans Volume 47 (IARC, 1989) => Not classifiable as to its carcinogenicity 
to humans (group 3)



IARC 
Classification
framework

ESLC: Evidence suggesting lack of carcinogenicity



IARC 
evaluation
Framework for 
human data



Hazard identification

• 2nd assessment in 2006 Volume 93 (IARC, 2010) => 
Possibly carcinogenic to humans (Group 2B)
• There is inadequate evidence in humans for the 

carcinogenicity of titanium dioxide. 

• There is sufficient evidence in experimental animals for the 
carcinogenicity of titanium dioxide

Human carcinogenicity data

• Chen & Fayerweather (1988); Fayerweather et al. (1992), USA

• Fryzek et al. (2003), USA

• Boffetta et al. (2004), 6 EU countries

«All the studies had methodological limitations. …None of the studies 
was designed to assess the impact of particle size (fine or ultrafine) or the 
potential effect of the coating compounds on the risk for lung cancer.”



In the USA, NIOSH Current Intelligence Bulletin (April 2011)

• Quantitative risk assessments for fine and ultrafine TiO2

➢ Hazard identification in humans

And what happened since ?



In the USA, NIOSH Current Intelligence Bulletin (April 2011)

• Quantitative risk assessments 
➢ Dose-response data in rats: 

lung cancer and 

pulmonary inflammation

And what happened since ?



In the EU

And what happened since ?

TiO2 = poorly soluble, 
low-toxicity particles



EU CLP Regulation (Classification, Labelling and 
Packaging of chemicals)

• The identified hazards must be communicated to other actors in the 
supply chain, including consumers (via a label and a safety data sheet)

• The objective is to alert stakeholders to the presence of a danger and 
the need to manage the associated risks

• The CLP classification affects other EU laws such as the Workers 
Directive (CMD 2004/37 / EC), which sets binding OELs and BLVs

• Revision in the frame of the CLH procedure



CLH procedure for CLP regulation revision

December 

2020



Approach followed by France (ANSES) for TiO2
• Systematic review of TiO2 production worker cohorts 

• Critical assessment of bias using the OHAT method and gradation of 
the level of evidence

ANSES = The French Agency for Food, Environmental and Occupational Health & Safety







Healthy worker survivor effect 
(HWSE)



Selective reporting bias

Conflict of interest



CLP Expertise conclusion

• Given the methodological bias in dose-response assessment and a 
statistically significant increase in lung cancer mortality reported in two 
publications, France has established that human data are not sufficient 
to conclude that there is no carcinogenic effect in humans and cannot 
contradict the carcinogenic effects observed in rats

• Need to re-analyze existing data and / or a meta-analysis

ECHA RAC decision 

• Classification as a category 2 carcinogen (suspected human carcinogen) 
by inhalation for TiO2 in all its forms

• Inclusion in Annex VI of the CLP Regulation



And then…
• Industrial repost

https://echa.europa.eu/documents/10162/13626/clh_comments_titanium_dioxide_en.pdf



ACHA RAC response

https://echa.europa.eu/documents/10162/7c2e7648-1714-21d2-419f-2e75587d9c97



And finally…
https://echa.europa.eu/fr/substance-information/-/substanceinfo/100.033.327
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7 4.04 [0.79-20.63]
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4 28.28 [4.57-175.15]

16 2.10 [1.37-3.22]

16 1.02 [0.97-1.06]

9 1.02 [0.98-1.07]

5 1.03 [0.99-1.08]
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 5-year lag

10-year lag

15-year lag

Type of TiO2 exposure variable

[0.3-2.4] mg/m
3

>2.4 mg/m
3

Continuous cumulative exposure (mg/m3-year), 0 lag

Binary exposed Vs non-exposed

Categorical annual average exposure Vs non-exposed

]0-0.3] mg/m
3

Continuous annual average exposure (mg/m3)

Observed 

lung 

cancer 

Model 1*

4.34 [0.85-22.15]

5.94 [1.07-32.99]

1.64 [0.24-11.11]

12.97 [1.86-90.74]

1.70 [1.03-2.79]

- -

- -

- -

- -

Model 2*

3.77 [0.79-17.95]

4.15 [0.81-21.21]

1.64 [0.25-10.67]

27.33 [4.35-171.84]

2.07 [1.34-3.20]

1.02 [0.97-1.06]**

1.02 [0.98-1.07]**

1.03 [0.98-1.08]**

1.04 [0.98-1.11]**

Model 3*

Hazard ratios and associated 95%-confidence intervals are adjusted for calendar period in Model 1; for calendar period and exposure duration in Model 2; 

for calendar period, exposure duration and smoking status in Model 3, except for cumulative exposure variable ** adjusted only for calendar period and smoking status in Model 3 

Re-analysis of the French data from Boffetta et al (2004) 

Guseva Canu I et al. Lung cancer mortality in the French cohort of titanium dioxide workers: some aetiological insights. Occup Environ Med 2020;77:795–7
Tomenson JA. Letter commentary on: lung cancer mortality in the French cohort of titanium dioxide workers: some aetiological insights. Occup Environ Med 2021;78
Guseva Canu I et al. Letter: Response to Tomenson’s letter on ‘Lung cancer mortality in the French cohort of titanium dioxide workers: some aetiological insights’ Occup Environ Med 2021;78
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Re-analysis of the EU data 

Main conclusions 
• Association between cumulative exposure and lung cancer mortality, after correction of the HWSE
• Exposure reduction corresponds to a significant reduction in the number of lung cancer deaths
• The safety of NIOSH REL (2.4 mg / m3 ) seems questionable 



Essential Public Health Operations
• EPHO3: Health protection (environmental, occupational, food safety etc.)

• EPHO10: Advancing public health research to inform policy & practice

https://www.24heures.ch/economie/population-active-suisse-
championne-europe/story/10701185



Essential Public Health Operations
• EPHO3: Health protection (environmental, occupational, food safety etc.)

• EPHO10: Advancing public health research to inform policy & practice



Prof. Guseva Canu

irina.guseva-canu@unisante.ch

Thank you for your attention !


