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Summary 
Persona] care product or sunscreen formulations may contain nano-sized components including 
nanoemulsions and microscopie vesicles consisting of traditional cosmetic materials. 
Numerous studies suggest that vesicle materials do not penetrate human skin beyond the superficial 
layers of the stratum corneum. When compared with the skin absorption I penetration of ingredients 
of traditional formulations (solution , gels, creams) , nano-sized formulations may enhance or reduce 
skin absorption of ingredients, albeit at a limited scale. 
Modem sunscreens contain sol id titanium dioxide (Ti02) or zinc ox ide (ZnO) nanoparticles (NP) that 
filter UV more efficiently than larger particles . 
A series of studies suggest that insoluble NP do not penetrate into or through normai or compromi
sed human skin. In vivo toxicity tests confirmed that Ti02 and ZnO NP are non-toxic , biologically 
inert and have a good skin tolerance . 
A series of in vitro and in vivo cytotoxicity, genotoxicity, photo-genetic, pulmonary or acute toxicity, 
sensitisation and ecotoxicity studies on Ti02 NP found no difference in the safety profile of micron
or nano-sized materials, ali of which were non-toxic. 
Some in vitro investigations on Ti02 or other insoluble particles reported cell uptake, oxidative cell 
damage or genotoxicity; however, such data should be interpreted with caution since they may be 
secondary to phagocytosis of cells exposed to excessive concentrations of insoluble particles. 
Data from studies on surgical implant-derived wear debris nano- and micro-particles or other insolu
ble particles support the traditional view of toxicology that their toxicity is generally related to their 
chemistry, rather than their particle size. 
At present , there is no evidence for a rule that adverse effects of particles to the skin or other tissues 
increase with smaller particle size or produce nove! toxicities . Overall, the weight of current 
scientific evidence suggests that nano-sized persona! care or sunscreen ingredients pose no or negli
gible potential risk to human health, whereas their use in sunscreens has significant benefits inclu
ding protection of human skin against skin cancer. 

' Abbreviations: NP = 11011opcmicles; NM = 11a11omarerials; Tt0 2 = 1i1a11i11m dioxide; 'Z110 = z.ittc oxide . 

17 



Safety of Nanotechnology in Sunscreens and Persona/ Care Products 

Riassunto 
I cosmetici util izzati per la formulazione dei prodotti per la cura della persona e per la fotoprotezio
ne del la cute possono contenere componenti nanostrutturati, quali nanoemu lsioni e particelle cl i gran
dezza microscopica contenenti, a loro volta, ingredient i cosmetici tradizionali. 
Numerosi studi evidenziano come queste nanoemulsioni non sembrino penetrare oltre lo strato cor
neo e , paragonate ai materiali tradizionali, quali le soluzioni, i gel o le creme, possono esaltare o 
ridurre l'assorbimento dei diversi ingredienti di uso corrente. 
La moderne formu lazioni dei fi ltri solari contengono nanoparticelle cl i biossido di titanio (Ti02) o 
ossido di zinco (ZnO) in grado di respingere g li UV molto più efficacemente d i quanto faccia no se 
uti lizzati nelle loro d imensioni tradizionali . 
Molti studi condotti in vitro e in vivo sulla citossicità, genotossicità, tossicità fo togenetica, sia acuta 
che cronica, insieme ad altri studi di ecotossicità condotti su nanoparticelle di Ti0 2, non hanno fatto 
riscontrare differenze significative sulla sicurezza d ' uso di questi materiali nanostrutturati rispetto ai 
materiali di uso corrente, essendo risultati tutti non tossici. 
Anche se alcun i studi in vitro condotti su Ti02 o su altre nanoparticelle insolubili hanno descritto 
alcuni danni cellulari da ossidazione o alterazioni ri feribili a processi genotossici, è necessario inter
pretare i risultati con molta cautela perché secondari a fagocitosi o a cellule esposte a concentrazio
ni eccessive di particelle. 
Altri dati provenienti da studi relativi a impianti di chirurgia ripartiva ev idenziano come il grado di 
tossicità delle micro e nano particelle sia generalmente legato alle specifiche caratteristiche ch imi
che del materiale utilizzato e non sia imputabile al la dimensione delle particelle stesse. 
Al momento non vi è alcuna evidenza sperimentale che mostri i maggiori effetti collaterali o tossici 
provocati sulla cute o su altri tessuti dai prodotti nanostrutturati rispetto agli stessi materiaJi d i d imen
sioni tradizional i. 
Le attuali evidenze scientifiche pongono in ri salto come l' uso appropriato di questi fil tri nanostruttu
rati inseriti nei prodotti solari abbia profondamente incrementato i loro effetti protettivi nei confron
ti dei tumori cutanei a fronte dei potenziali rischi risultati , a l contrario , trascurabil i per la salute 
umana. 
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INTRODUCTION 

There is a broad consensus that the principal 
potential human health risk of nanopru1icles 
(NP) or nanomaterials (NM) may be due to inha
lation ( I); however, concerns ha ve al so been rai
sed about the risks of the contact of NP/NM with 
human skin. The possibility that topically 
applied NP may penetrate human sk.in and there
by produce a systemic health risk has been sug
gested in reviews by Hoet et al. (2), Oberdorster 
et al. (3) or the US EPA Draft White Paper (4), 
the latter suggesting that nanoparticles may 
penetrate the skin and distribute throughout the 
body once translocated to the circulatory 
system. 
Therefore, the key questions that must be asked 
for NP I NM applied to the skin is a) are they 
absorbed and b), if so, are they intrinsically 
toxic? Specific questions concerning the safety 
of NP and NM in cosmetic products and sunscre
ens include the following: 
a) Do cosmetic formulations containing nano

sized features (vesicles or droplets) enhance 
the skin penetration of cosmetic ingredients, 
thereby increasing the risk of human skin sen
sitisation or systemic exposure? 

b) Do nano-sized cosmetic formulations pose 
new risks when compared with those of tradi
tional cosmetic products? 

c) Do topically appl ied insoluble NP remain on 
the sk.in surface or are they able to pass the 
skin barrier of normai or compromised skin to 
gain access to systemic compartments of the 
organism? , and 

d) Are insoluble NP in sunscreens intrinsically 
more hazardous than larger particles , i.e. 
micro-particles or bulle materiai? 

Therefore, in the present review, an attempt is 
made to summarise the current knowledge about 
the safety of cosmetic nano-formulations and 
insoluble nano-particles used in sunscreens. 

G. J. Nohynek 

NANO-SIZED FORMULATIONS 
ANO SOLID NANOPARTICLES 

Modem persona! care or sunscreen products 
may contain nano-sized components, including 
nano-sized formulations or insoluble solid parti
cles in the nano-range, i.e. l to 100 nm in diame
ter. Nanoemulsions are transparent and ha ve uni
que tactile and texture properties. Nanosomes, 
niosomes or liposomes are small vesicles (range: 
50 to 5000 nm) consisting of traditional cosme
tic materials, and are mainly used to protect 
light- or oxygen-sensitive cosmetic ingredients. 
Given that such formu lations are inherently 
unstable and rely on liquid I liquid interactions, 
it is unclear whether they should be qualified as 
genuine nanoparticles. However, numerous stu
dies have shown that vesicle materials generally 
do not seem to penetrate human skin beyond the 
superficial layers of the stratum corneum (5). 
When compared with the skin penetration of 
ingredients in traditional formulations (solution, 
gels or creams), nano-sized cosmetic formulations 
may enhance or reduce skin absorption or penetra
tion, albeit at a limited order of magnitude (6,7). 
Although very recently novel vesicular pharma
ceutical formulations ("transferosomes") have 
been developed that appear to produce a genuine 
and significantly increased percutaneous drug 
delivery of drug ingredients, these pharmaceuti
cal formulations are stili under development (8). 
Modem sunscreens contain insoluble titanium 
dioxide (Ti02) or zinc oxide (ZnO) nanoparticles 
(NP), which are colorless and filter UV light 
more efficiently than micron-sized (> 100 nm) 
pruticles. 
In addition, the combination of paiticle-based 
and organic UV filters has a synergistic effect of 
UV scattering (particles) with UV-absorption 
(organic UV filters), which permitted the deve
lopment sunscreen with high (>30) sun protec
tion factors (SPF). 
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SKIN PENETRATION ANO 
TOXICOLOGICAL PROPERTIES 
OF INSOLUBLE NANOPARTl
CLES 

Ali available evidence, including numerous stu
d ies on skin penetration in human or animai skin 
as well as human subjects, demonstrated that 
Ti02 or ZnO NP do not penetrate into or through 
normai as well as compromised human or an i
mai skin (6,7,9,10 , IJ ) . Very recent data sugge
sted that ZnO or Ti02 nanoparticles do not pene

trate into normai or sunburned skin of minipigs 
( 12). 
The absence of skin penetration of inso luble 
nanoparticles is supported by decades of expe
rience of transdermal drug delivery research , 
which has demonstrated that s ignificant passive 
sk in penetration may only be achieved for sub

stances that combine a low molecular weight 
( <500 Dal ton), low melting point (<200 °C) and 
a favorable logPO/W (between - I and +3), i.e . 
properties that exclude insoluble nanopartic les 
( 13) . 

The results of ora! and topica! in vivo toxicity 
tests showed that Ti02 and ZnO NP have low 
toxicity and are well tolerated on the skin. 
Subcutaneous or intravenous administration of 
Z nO or Ti02 nanoparticles produced no toxic ity 
or unexpected body distributio n (1 4, 15 , 19). 
Cytotoxicity, genotoxicity and photo-genotoxi

c ity studies on Ti02 NP fou nd no difference in 
the safety profi le of rnicro- or nano-sized mate
rials, ali of which were non-toxic or non-genoto
xic ( 16). 
A recent study compared tox icological and eco
toxicological aspects two types ofTi02 nanopar
ticle materials with those of a pigment-grade 
(micron-sized) materials using a battery of tests, 
inc luding acute toxicity, sensitization , pulmona
ry toxicity, genotoxic ity and toxic ity to algae, 
Daphnia and fi sh . 
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There was no difference in acute , inhalation, 
genotoxicity and ecotoxic ity between the mate
rials tested; they were a li equally non-toxic ( 17). 
Although ZnO particles have been suspected to 
be photo-genotoxic in vitro, recent results 
demonstrated absence of a genuine photo-geno
toxic potential (18). 
A very recent study showed that single intrave
nous doses of ZnO nanoparticles , micro-parti
c les and zinc sulphate in rats produced similar 
effects and were essentially non-toxic ( 19) . 

The toxicity of small insoluble and ine rt parti
cles to marnmalian cells, whether micron- or 
nano-sized , tends to be correlated with the ir celi 
uptake. Many mammal ian cells in vivo or when 
cultured in vitro have a capaci ty for endocytosis 
or phagocytosis of small , insoluble particles . 
During phagocytosis I endocytosis, materia ls 
ingested are progressively enclosed by the celi 
membrane which eventually detaches to form an 
endocytic vesicle, whereas phagocytosis is a 
receptor-mediated characteristic for neutrophils, 
macrophages and dendritic cells and may result 
in active ingestion of insoluble partic les up to 3 
µm (20). Cells that phagocytose small insoluble 
particles wi ll re lease reactive oxygen species 
and lysosomal enzymes in order to destroy or 
degrade the ingested particles, attempting to 
convert them to an ineffective, safer form (21 ). 
When phagocytosed particles cannot be degra
ded , they may accumulate in the celi resul ting in 
oxidative cell damage, inhibition of celi prolife
ration and, ultimately, cytotoxic ity and provo
ki ng a physiological response termed activation; 
the non-proliferating celi may release numerous 

inflammatory factors, resulting in inflammatory 
responses in adjacent tissues and stimulation of 
fibroblasts for fibrogenesis (22). 
This well-known sequel, a normai physiological 
response of cells to an excessive amount of inso
luble particles, may result in oxidative celi 
damage, such as lipid peroxidation , cytotoxicity 
and DNA damage, ultimately resulting in geno-



toxic effects (2 1, 23 , 24, 25). Therefore, in order 
to avoid false positive artefacts, international 
guidelines for in vitro genotoxicity testing in 
mammalian celi cultures recommend testing of 
insoluble compounds only up to the lowest pre
cipitating concentration (26). 
Consequently, reports claiming the discovery of 
active penetration of nanoparticles into mamma
lian cells in vitro should be interpreted with great 
caut ion, since such findings may often be more 
convincingly explained by the phagocytic activi
ty of treated cells. 
Given that human keratinocytes have considera
ble phagocytic capacity (27), oxidative stress, 
antioxidant depletion and cytotox icity in kerati
nocytes treated with carbon nanotube materials, 
such as reported by Shvedova et al. (28) or 
Monteiro-Riviere et al. (29) are not surprising 
and may be a normai response of mammalian 
cells to foreign and insoluble materials . 
Similarly, fi ndings suggesting in vitro genotoxic 
effects of small , insoluble particles in mamma
lian cells do not necessarily suggest an intrinsic 
genotoxic activity of these materials, but may be 
due to the same mechanism. 
For example , the results of a recent report on the 
uptake of Ti02 NP by murine brain microglia 
cells and subsequent generation of reactive oxy
gen species (30), do not necessarily mean that 
TiOr particles in sunscreens are potentially neu
rotoxic or may cause brain damage in people, as 
suggested by some NGOs, but could more con
vincingly be attributed to the known phagocytic 
capacity of microglia, which has been well cha
racterised (3 1) . 
Our view is supported by a recent report sugge
sting that the principal route of uptake of quan
tum dots by mammalian celi cultures was via 
endocytosis (32) . 
On the other hand, a recent study suggested that 
the uptake of very small Ti02 particles (22 nm
agglomerates of smaller part icles) by lung 
macrophages and human blood cells may be via 
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a non-phagocytotic mechanism (33). 
More research may be needed to ciarify the 
mechanisms of cellular entry and subsequent 
adverse effects of NP in cultured mammalian 
cells prior to applying such test results to a 
hazard identification of NP. 
Results of studies on wear debris particles that 
include nanoparticies from surgical implants and 
other toxicity studies on inso luble NP support 
the experience of traditional toxicology that the 
toxicity of small particles is mainly relateci to 
their chemistry, rather than their particle size 
(22, 23, 32). 

CONCLUSION 

Overall, there is no evidence supporting a gene
rai rule that effects of particles to the skin or 
other tissues increase with smaller particle size, 
or produce nove! toxicities when compared with 
those of micro-sized materials . 
The current weight of current scientific evidence 
suggests that the use of nano-sized cosmetic or 
sunscreen ingredients poses no or neglig ible 
potential risk to human health (34) . 
The safety of insoluble nanoparticles in sunscre
ens has been reviewed and confirrned by severa!, 
international regulatory authorities (6, 7, 35, 36). 
In summary, concerning the exposure of human 
skin and the human organism to nano-materials 
originating from topica! application of cosmetics 
or sunscreens, the present knowledge may be 
summarized as follows: 
• Soluble nano-scale materials: given that vesi

cle- or emulsion-type nano-sized formulations 
of cosmetic ingredients are intrinsically insta
ble and rely on physical I chemical liquid I 
liqu id interactions, it is uncertain whether they 
should be classified as genuine nanoparticies. 
Such formulations may produce reduced or 
enhanced skin uptake when compared with that 
from solutions, although at a limited scale. 
Therefore, the potential human skin and syste-
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mie exposure from nano-scale vesicle-type for
mulations should be rated similar to those of 
solutions of the respective ingredients. 

Skin penetration of vesicle materials has been 
shown to be negligible. 
• Insoluble nanoparticles: At present, the current 

scientific evidence suggests that insoluble 
nanoparticles used in sunscreens do not pene
trate into or through normai or compromised 
human skin and produce no human locai or 
systemic exposure or adverse health effects. 
Intravenous toxicity studies on Ti02 and ZnO 
nanoparticles showed low intrinsic toxicity and 
no evidence of new or unexpected toxicities. 

In conclusion, the weight of evidence suggests 
that nano-materials currently used in cosmetic 
preparations or sunscreens pose no risk to 
human skin or human health , in the contrary: 
they provide a large benefit to human health by 
protecting human skin against the adverse 
effects of UV radiation , including that of skin 
cancer. 

22 



G. J. Nohynek 

References 

1) Born PJA, Robbins D, Haubold S, Kuhlbusch T, Fissan H, Donaldson K, Schins RPF, 
Stone V, Kreyling W, Lademann J, Krutmann J, Warheit D, Oberdoerster E. (2006) The 
potential risks of nanomaterials: a review conducted out for ECETOC. Particle Fibre Toxicol . 3: 
I I. 

2) Hoet PHM, Briiske-Hohlfeld I , Sata OV. (2004) Nanoparticles - known and unknown health 
risks. J. Nanotechnol. 2 (12): 1-15. 

3) Oberdorster G, Oberdorster E, Oberdorster J. (2005) Nanotoxicology: an emerging discipli
ne evolving from studies of ultrafine particles. Environ. Health Perspect.113: 823-839. 

4) US Environmental Protection Agency (2005) Nanotechnology Workgroup I EPA's Science 
Poi icy Council. Nanotechnology White Paper, 68-70, December 2 , 2005. At: 
http://www.epa.gov/OSA/pdfs/EPA_nanotechnology _ white_paper_external_review _draft_ I 2-
02-2005 .pdf 

5) Choi MJ, Maibach Hl. (2005) Liposomes and niosomes as topica! drug delivery systems. Skin 
Pharmacol. Physiol. 18: 209-219. 

6) Nohynek GJ, Lademann J, Ribaud C, Roberts MS. (2007) Grey Goo on the Sic.in? 
Nanotechnology, Cosmetic and Sunscreen Safety. Criticai Reviews in Toxicology 37: 1-27. 

7) Nohynek GJ. and Dufour EK. (2008) Nanotechnology, cosmetics and the skin: is there a health 
risk? Skin Pharmacol. Appl. Skin Physiol. 21: 136-149. 

8) El Maghraby GM, Barry BW, Williams AC. (2008) Liposomes and skin: from drug delivery 
to model membranes. Eur. J . Pharm. Sci. 34 (4-5): 203-222. 

9) Cross SE, Innes B, Roberts MS, Tsuzuki T, Robertson TA, McCormick P. (2007) Human 
skin penetration of sunscreen nanoparticles: in vitro assessment of a novel micronised zinc oxide 
formulation. Skin Pharmacol. Physiol. 20: 148- 154. 

10) Pinheiro T, Allon J, Alves LC, Filipe P, Silva JN. (2007) The influence of corneocyte structu
re on the interpretation of permeation profiles of nanoparticles across the sic.in. Nuclear lnstrum. 
Methods Phys. Res. B 260: 119-123. 

Il) Filipe P, Silva JP, Silva R, Cirne de Castro JL, Marques Gomes M, Alves LC, Santus R, 
Pinheiro T. (2009) Stratum corneum is an effective barrier to Ti02 and ZnO nanoparticle percu
taneous absorption . Skin Phannacol. Physiol. 22: 266-275. 

12) BASF Corporation (2010) Study on the skin penetration ofTi02 and ZnO nanoparticles in nor
mai or sunburned skin of minipigs. Unpublished results. Publication scheduled for 2010. 

13) Bos JD, Meinardi MMHM. (2000) The 500 Dalton rule for the skin penetration of chemical 
compounds and drugs. Exper. Dermatol. 9: 165-169. 

14) Gopee NV, Roberts DW, Webb P, Cozart CR, Siitonen PH, Warbritton AR, Yu WW, Colvin 
VL, Walker NJ, Howard PC. (2007) Migration of intradermaJ!y injected quantum dots to sen
tine! organs in mice. Toxicol . Sci . 98 (1): 249-257. 

15) Fabian E, Landsiedel R, Ma-Hock L, Wiench K, Wohlleben W, Ravenszwaay B. (2008) 
Tissue distribution and toxicity of intravenously administered titanium dioxide nanoparticles in 
rats. Arch. Toxicol. 82 (3): J 51-157. 

16) Theogaraj E, Riley S, Hughes L, Maier M, Kirkland D. (2007) An investigation of the photo
clastogenic potenti al of ultrafine titanium dioxide. Mut. Res. 634 (1-2): 205-2 19. 

23 



Safety of Nanotechnology in Sunscreens and Persona/ Care Products 

17) Warheit DB, Hoke RA, Finlay C, Donner EM, Reed KL, Sayes CM. (2007) Development of 
a base set of toxicity tests using ultrafine Ti02 particlesas a component of nanoparticle risk asses
sment. Toxicol. Lett. 171: 99-110. 

18) Dufour EK, Kumaravel T Nohynek GJ, Kirkland D, Toutain H. (2006) Clastogenicity, 
photo-clastogenici ty or pseudo-photo-clastogenicity? Genotoxic effects of ZnO in the dark, in 
pre-irradiated or simultaneously irradiated Chinese hamster ovary cells. Mut. Res. 607: 2 15-224. 

19) Buesen R, Strauss V, Kaufmann W, van Ravenzwaay B. (2009) Comparative study on the 
toxicity of nanoscale zinc oxides in Wistar rats after intravenous administration and observation 
period up to 4 weeks. BASF SE, Experimental Toxicology Department, Study No . OPPTS 
870.7485, December 2009 (unpublished). 

20) Garnett MC. and KaJJinteri P. (2006) Nanomedicines and nanotoxicology: some physiological 
principles. Occup. Med. 56(5): 307-3 11. 

21) Yoshikawa S. (1991) Biologica! response to a foreign body. J. Japan. Soc. Bioma/. 9: 94- 103 . 
22) Yamamoto A, Honma R , Sumita M , Hanawa K . (2004) Cytotoxicity evaluation of ceramic 

particles of different sizes and shapes. J. Biomed. Mat. Res. 68A: 244-256. 
23) Gorog P, Pearson JD, Kakkar VV. (1988) Generation of reactive oxygen metabolites by pha

gocytosing endothelial cells. Artherosclerosis 72 (1): 19-27 . 
24) Hussain SM, Hess KL, Gearhart JM, Geiss KT, Schlager JJ. (2005) In vitro tox icity of nano

particles in BRL 3A rat liver cells. Toxicol. In Vitro 19 (7): 975-983 . 
25) Schins RP.(2002) Mechanism of genotoxicity of particles and fibers. lnhal. Toxicol . 14 (1): 57-78. 
26) ICH. International Conference on Harmonisation. ICH Topic S2A (1996) Genotoxicity: 

Guidance on specific aspects of regulatory genotoxicity tests for pharmaceuticals. I Aprii , 1996 . 
At: http://www.emea.eu.int 

27) Korting HC, Schmid MH, Hartinger A, Maierhofer G , Stolz W, Braun-Falco O. (1993) 
Evidence for the phagocytosis of intact oligomellar liposomes by human keratinocytes in vitro 
and consecutive intracellular dis integration. J. Microencapsul . 10: 223-228. 

28) Shvedova AA, Castranova V, Kisin ER, Schwegler-Berry D, Murray AR, Gandelsmann VZ, 
Maynard A, Baron PZ. (2003) Exposure to carbon nanotube materiai: assessment of nanotube 
cytotoxicity using human keratinocyte cells. J. Toxicol .Environ .Health 66 (20): 1909- 1926. 

29) Monteiro-Riviere NA, Nemanich RJ, Inman AO, Wang Y, Riviere J E. (2005a) Multi-wall 
carbon nanotube interactions with human epidermal keratinocytes . Toxicol . Lett. 155: 377-384. 

30) Long TC, Saleh N, Tilton RD, Lowry GV, Veronesi B. (2006) Titanium dioxide (P25) produ
ces reactive oxygen species in immortalize microglia (BV2): implications for nanoparticles neu
rotoxicity. Environ. Sci . Technol. 40(14): 4346-4352 . 

31) Schilling M, Besselmann M , Miiller M, Strecker M, Ringelstein EB, Kiefer R. (2005) 
Predominant phagocytic activity of resident microglia over hematogenous macrophages follo
wing transient focaJ cerebral ischemia: an investigation using green fluorescent protein transge
nic bone marrow chimeric mice. Experim. Neurol.196 (2): 209-297 . 

32) Hardman, R. (2006) A toxicologic review of quantum dots: toxicity depends on physicochemi
cal and environmental factors. Environ. Health Perspect . 114: 165- 172. 

33) Geiser M , Rothen-Rutishauser B, Kapp N, Schiirch S, Kreyling W, Schulz H , Semmler M, 
Imhof V, Gehr P. (2005) Ultrafine particles cross cellular membranes by non-phagocytotic 
mechanisms in lungs and in cultured cells. E11viron. Health Perspect. 113 (11): 1555-1560. 

24 



G. J. Nohynek 

34) Stern ST. and McNeil SE. (2008) Nanotechnology Safety Concerns Revisited. Toxicol. Sci . 101 
(1): 4-2 I. 

35) BfR (2006) Bundesamt fi.i r Risikobewertung . Berlin , Germany. A) Nanotechnologie und 
Lichtschutz (nanotechnology and UV protection), 24 February, 2006. B) Frequently asked que
stions on nanotechnology, 15 November, 2008 . At http://www.bfr.bund .de/ 

36) TGA (2006) Therapeutics Goods Administration, Australia. A review of the scientific literature 
on the safety of nanoparticles titanium dioxide or zinc oxide in sunscreens. 2nd February 2006. 
At: http://www.tga.gov.au 

Author Address: 

Gerhard J. Nohynek 
L'O REAL R&D, Global Safety Evaluation 
92600 Asnières, France 
email: gnohynec@rd.loreal.com 

25 


