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- Why is nano-TiO2 so attractive? 

- In what forms it comes?

- Nothing is only good – Nanotechnology & Nanotoxicology

- Diversity of the nano-TiO2 

- How safe it is?

- The relevant parameters that could affect toxicity

- Do we really want the pill white?

2



 SEMICONDUCTOR: band gap 3.0 - 3.2 eV (rutile, anatase)

 Absorbs UV light  (extension to VIS with dopants –gap lowering)

 High refractive index (n=2.7)

Briliant white already in small quantities (paints, food, ….)

Protects skin toward UV (cosmetics)

 Radical formation under UV

Splits  water (solar cells)

Decomposes organic molecules (cleaning, degradation of

polutants,..)

Kills bacteria (disinfection)

Kills malignant cells 

 „INSOLUBLE“

 “NON-TOXIC“
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Natural TiO2

Anatase

Rutile

Brookite

Crystallite size

in 

milimeter 

down to 

nanometer 

range

Around two million tones of TiO2 nanoparticles are produced per year worldwide.

Because we ask for it!
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(Wall)paints

Cosmetics

Food, drugs

Self-cleaning coatings 

Antibacterial coatings

Water and  air purification

Curing cancer
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Wall paints

Paper

Polymers (e.g. food package)

Glazes

Cosmetics (suncreams, toothpastes, daily cosmetics)

Food (white coatings, low-fat products, antibacterial agent)

Pharmaceutical products (drugs)
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Particle size 5- 500 nm (?)



„..painting buildings with titanium oxide in order to 

chemically break down nitrous oxides and other 

pollution molecules. Currently the technology is 

employed for its “self-cleaning” properties (such 

as on this church in Rome), where the titanium 

oxide painting keeps it shiny and white. The 

biggest questions are the issues of scale and 

cost….“

Nano-TiO2 + UV-irradiation:

decomposition of organic substances 

hydrophilicity (antifogging, selfcleaning
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Nano-TiO2 + UV-irradiation antibacterial effect (disinfection) 
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Challenge for scientists: 

Extension of the effect to visible part of the light spectrum 
 dopants addition (toxicity studies?)
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…..

Degradation of pollutants in water

Water disinfection (e.g. Legionella) 

Air purification
(volatile organic compounds, bad small, …)

Inactivation of viruses, fungi, algae

Decomposition of toxic substances in agriculture

(Next step: removal of  TiO2 particles :-/)



Relatively well tolerated as a food additive

as an “natural” or “mineral” additive

Not all natural or mineral substances are good

FDA: <1 % in food and pharmaceutical 

products

(White) colorant

Stabiliser (low fat food)

(Do we really want them white?)

10

Good news: 
possibly not the finest grade



Penetration through the skin?
Nanoparticles, ions?

Sun Protection Factor (SPF) is 

proportional to the amount of 

TiO2 in the sun cream.

SUN PROTECTION 
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More photocatalytic! 

70 % of sunscreens contain rutile TiO2
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Coatings to minimise

UV-photoactivation: 

AlOOH, Mg(OH)2, ZrO2, SiO2

The effects of the coating are usually 

not  considered in the studies )

TiO2

AlOOH

UV-irradiated (photocatalytic) 
nano-TiO2 decompose organic
molecules and living cells



Literature data: 

+ translocation to distant organs

+ crossing the blood-brain-barrier

+ path via the olfactory nerve

These recommendations represent levels that over a working 

lifetime should reduce risks of lung cancer to below 1 in 1000. 

NIOSH recommendation (10 h/day during a 40-hour work):  

1.5 mg/m3 for ultrafine TiO2 

0.1 mg/m3 for nano TiO2
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Gradual formation and release of amorphous TiO2

Crystalline TiO2 coating (anatase): lowers Me release

and enables UV sterilisation

INSIDE (OUT?): SELF-MADE TiO2
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Hydrothermal treatment of the

implant

TiO2 particles firmly attached 

to the implant surface
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TiO2 protection coating on Ti-implants

patent



Osteoconductivity 
in-vivo 

Mineral bone formation

In-vitro
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Titanium TiO2-coated +UV
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Survival of Human Osteoblast CELLS

Biofilm formation prevented
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In vitro studies

LEMI (Laboratoire 

d'Evaluation des Matériels 

Implantables), Bordeaux, 

France
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Selective effect on 

sarcoma cells



Dose, duration, accumulation
Adverse effects

Phagocytosis
Relevant parameters
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3.476 hits: „nano“ and „TiO2 or 

titania or titanium oxide“ not „toxic*“

2007: 6,2 milion tons of the ore processed

2005: 2 milion tons of n-TiO2 fabricated  >70 milion $

65 % of the nano-TiO2 used in cosmetic industry (sun creams) 

 Nanotechnologist: „TiO2 is able 

to decompose organic molecules 

and kill bacteria“

 Nanotoxicologist: „TiO2 is able to 

decompose organic molecules 

and kill cells“ 

210 hits: „nano“ and „TiO2 or 

titania or titanium oxide“ and „toxic*“

Science: Web of Science, May 17 th, 2011

Technology
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Dermal 

Oral 

Inhalation

….

Daily cosmetics 

Sun protection

E171 in food and drugs

Colorant, stabilisator

FDA: < 1 wt.% per food

Industry, paints (removal), 

environment

?

Penetration 

through the skin?

Modern Western diary: 

~5 mg TiO2 /day (UK, 2005)

?? 
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Cumulative ?



Exposure: DOSE, DURATION, FREQUENCY 

G. Kapun, KI 22



DIVERSITY OF TiO2
Comprehensive analyses of 6 commercial TiO2 powders 

(two producers) 
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Melisa Alpha

AnRu P25

An “bulk”

126 m2/g 133 m2/g

8,6 m2/g
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SEM of dry powders



Anatas Anatas “Bulk”

An An “bulk”
+ H2O + H2O
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Sun creams: Coatings (AlOOH, ZrO2, ..)

Adsorbed contaminants from environment!!!!

Food grade TiO2:  impurities As, Pb, Mn, …. 

TiO2

AlOOH
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TiO2 (?)
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• Blood of a neurological 
patient with increased 
concentration of Ti in blood

• Confirmed in further tests

Diversity of the TiO2 powders („alergens“)  - An unfinished storry 
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Adjuvant (intensifying) effect

Combined effect (e.g. Ni + TiO2, Hg + TiO2)

Effect of impurities in the powders? 



 How dark and how long is the shadow of the nano-
TiO2? 

 Depending on the

A) hight of the Sun

B) particle size

C) crystal structure
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Ti(O2) has no biological role in human body

Reference value  for average population  

Tolerance (?)

Some powders exhibit in vitro cytotoxicity, in particular if UV irradiated

Genotoxicity ( “ )

Delayed hypersensitivity (1-5 % population)

Synergetic effect ? (Hg+TiO2, F+TiO2)

Adjuvant effect *

Accumulation

Chronic imflammation  
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Ti /ng/mL(mg)
blood <0.3-0.89
serum <0.10-0.28
urine <0.23-0.62
hair <0.12-2.71
nails <0.94-16.1

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An external file that holds a picture, illustration, etc.
Object name is pto0106-0114-f5.jpg [Object name is pto0106-0114-f5.jpg]&p=PMC3&id=2816362_pto0106-0114-f5.jpg


Phagocytosis: Macrophages 

Chemically stable particles (micro and nano)

Macrophages enhance dissolution of poorly soluble 

inorganic solids ions

Ti-ions bond to transport proteins: transferrin, …  
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L. Messori, et al, Formation of titanium(IV) transferrin by reaction of human serum

apotransferrin with titanium complexes, , FEBS Letters 442 (1999) 157-161

Nano bone

?



It brings many

useful

pleasant

nice

…..

profitable

improvements…

+ potentially curative

Its diversity makes the studies

difficult and incomplete

(Too) many parameters to be

considered

No single and simple answer

to the question „Is it safe“?

Titanium has no biological

function in a human body

The tolerance is not known

It‘s behaviour in the body is 

not well known

The mechanism of extraction

is not clear
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Debates on the danger of the azbestos since 1998….

It took 50 years since confirming its harmfulness till the

production has been terminated. 

It‘s use is only allowed when it is necesary and under

rigorous directives. 
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 Many studies in-vitro and in-vivo

Many discrepancies and contradictories (toxic / non-toxic)

 Different parameters:

 Crystal structure (anatase/rutile/(amorphous)

 Particle size (<50 nm / < 70 nm / > 100 nm) - macrophages

 Specific surface

 Natural pH of water-based suspensions

 Zeta-potential in water at physiological conditions

 Solubility at physiological conditions BIOAVAILABILITY

 UV-induced photocatalytical activity

 ……….Prof. M. Filipič
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