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The 2011 Nanodermatology Society Position Statement on Sunscreens 
 
Introduction 
 
The harmful effects of both short-term and long-term sun exposure have been well described and range from 
accelerated skin aging to skin cancer, a potentially fatal condition. One of the most common approaches to 
prevent this damage or harm is with the application of sunscreens, which contain a variety of chemicals and 
minerals that act to block or reflect ultraviolet (UV) radiation, the component of sunlight that is responsible 
for many of its harmful effects. For years, titanium dioxide (TiO2) and zinc oxide (ZnO) have been used in 
sunscreens since they serve as a physical barrier to both short (UVB) and long wave (UVA) UV radiation and 
thus decrease the amount of radiation to which the skin is exposed.  However, these ingredients in their 
native state are not water soluble, but are opaque and coat the skin when applied with an oily and cosmetically 
displeasing white residue, resulting in limited consumer use. In recent years, there has been a revival of TiO2 

and ZnO use in sunscreens as the science of nanotechnology has allowed for improved versions of these 
products.    
 
Nanotechnology involves the design, production, and application of materials that are extremely small, (1 
nanometer = one billionth of a meter)1.  When this technology is applied to sunscreens, specifically nano-
sized TiO2 and ZnO, these products do not have the thick feel or unsightly chalky film as compared to their 
predecessors. Even more importantly, sunscreens with these nanomaterials offer superior UV protection 
when compared to conventional formulations2,3.  However, many organizations and regulatory bodies have 
raised concerns regarding the safety of nanoparticle sunscreens.   
 
These concerns are based on the unique properties of materials at the “nano” level, which include increased 
surface area to weight ratio (provides more surface to interact with the environment) and enhanced skin and 
organ penetration capabilities.  As such, agencies wonder if these nanoparticles are toxic to living cells and if 
they are capable of being absorbed through the skin into the bloodstream. Regulatory agencies have reviewed 
studies that have focused on the safety of nanoparticle formulations. These results have been presented by 
the Environmental Protection Agency (EPA), Environmental Working Group (EWG), European Union 
(EU) and Australia’s Therapeutic Goods Administration (TGA), among other groups.  This paper reviews 
important questions regarding titanium and zinc nanoparticles and sunscreen safety.   
 
Are TiO2 and ZnO nanoparticles toxic to cells? 
 
Recently, it was discovered that nanosized titanium and zinc generate free radicals or reactive oxygen species 
(ROS) when exposed to UV radiation.  ROS are chemically-reactive molecules that have the potential to 
significantly damage proteins, DNA, RNA, and fats within cells.  The actual toxicity of the nanoparticles 
depends on a variety of factors including their size, structure, surface properties (coating), and ability to 
aggregate.  For example, several crystal forms of nanosized TiO2 exist, and differ in the amount of damage 
they exert on cells.  In addition, coating with manganese4 or other materials5-7 has been shown to limit the 
formation of free radicals. 
 
Damage associated with free radical formation is dependent on their ability to interact with living cells.  Two 
barriers must be surmounted for nanoparticle toxicity to occur: penetration in the body via the skin, and host 
defenses against ROS by neutralizing enzymes and small molecules.  It is important to remember that the 
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evidence implicating nanoparticles as a skin toxin has been generated from in vitro, studies4,7-14, meaning they 
were performed outside the living body15.  In contrast, topical application studies performed within living 
organisms (in vivo) have not yielded the same results1,16.  This is largely due to the protective barrier of the 
skin, which defends animals/humans from this interaction with ROS. Therefore, the major safety concern 
depends on the ability of nanoparticles to penetrate the initial layers of the skin17,18.  
 
Do nanoparticles penetrate through the skin? 
 
The skin is divided into three major components, including the outermost epidermis, the dermis beneath, and 
subcutaneous tissues deeper still.  Each component has several layers.  The outermost layer of the epidermis, 
the stratum corneum, is composed of a wall of dead skin cells and is the rate-limiting barrier against 
absorption or penetration of substances applied to the skin16.   Furthermore, the stratum corneum is 
constantly shed, and any matter attached to it sloughs away from the body accordingly.  Many studies have 
investigated the ability of nano-titanium and zinc to penetrate the skin11,16,19-35 with the majority 
demonstrating an inability of the particles to pass through the stratum corneum and reach living cells.   
 
Most of these studies were performed in intact, healthy skin.  However, penetration may be influenced by 
other factors such as the presence of hair follicles, skin disease such as eczema, or if the skin is damaged18,36,37.  
It is well known that nanoparticles are capable of entering open hair follicles29,30,34 which is concerning since 
hair follicles originate in the dermis and therefore act as portals to deeper skin layers. One mitigating factor is 
the architecture of the hair follicle, which is constantly changing over due to growing hair strands, likely 
pushing trapped nanoparticles towards the skin surface.  Furthermore, hair follicles are lined by a tough, thick 
shell that would make it difficult for particles to exit the area and reach the surrounding dermis29.  Mechanical 
stressors may also increase the rate at which nanoparticles penetrate the dermis.  For example, skin overlying 
joint surfaces is constantly flexed or stretched, and, as a result, is more susceptible to particle penetration.  
Similarly, damage to the skin surface from disease or injury results in a loss of its protective barrier 
function16,38.  Although more research must be conducted to understand the potential penetration of 
nanoparticles through damaged and diseased skin, one study found no change or a minimal increase in 
nanoparticle penetration in both flexed and scraped skin, respectively39.   
 
The stratum corneum has two defenses against nanoparticle penetration: it is a physical barrier; and it is 
constantly shed and renewed.  Nanoparticle penetration is also limited by their size.  In solution, 
nanoparticles rarely exist as individual particles, but instead group together to form larger clusters, that are 
often tens or hundreds of times larger than individual particles, essentially functioning as microparticles, well 
outside the nano range 15.  Therefore nano-based sunscreens may not behave as true nanoparticles, both in 
their ability to penetrate the skin, or to demonstrate the high surface to weight ration associated with 
increased toxicity.   
 
Are there other health concerns? 
 
Although nano-titanium and zinc sunscreens have been deemed safe by several regulatory bodies with respect 
to skin penetration, there are still concerns regarding the occupational and environmental hazards that 
nanomaterials may pose.  Inhalation may be the most harmful route of nanoparticle exposure, and while this 
is a small concern for consumers of skin care products, it poses a significant risk for workers handling the 
product before it reaches store shelves40.  Several studies have shown that inhaled TiO2 particles induce a 
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harmful inflammatory response in the lungs41,42, and these exposed workers may not be receiving adequate 
protection43.   
 
TiO2 and ZnO particles may also impact the environment in several ways.  Depending on manufacturing 
techniques, nanoparticles can be released into the air or water.  Consumers may also contribute to water 
contamination, as residual nanoparticles run off their skin while bathing or swimming.  Ultimately, 
nanoparticles could contaminate water, soil, and food products44.  The EPA has acknowledge these potential 
risks and is planning to conduct a comprehensive environmental assessment of the potential risks related to 
nano-titanium and nano-zinc41.   
 
What’s the bottom line? 
 
Recently, a study from Australia reported that daily sunscreen use reduces the risk of melanoma by 50%, and 
reduces the risk of squamous cell carcinoma, another type of skin cancer, by 39%45.  Therefore, the 
importance of sun protection is unquestionable. Although more research is needed to solidify the 
environmental and occupational risks, the Nanodermatology Society believes that nano-based sunscreens do 
not pose serious health risks to consumers and agrees with non-profit agencies like the Environmental 
Working Group, which states: “Zinc and titanium-based formulations are among the safest, most effective, 
sunscreens on the market”40.  This statement is based on the current evidence showing:   

 Consumers using zinc and titanium sunscreen products are exposed to 20% less UVA radiation than 
those using sunscreens without these products40. 

 Nano-titanium and zinc do not penetrate the outer layer of human skin, even through hair follicles. 

 Nano-titanium and zinc do not reach living cells, and therefore pose no risk of toxicity. 
 
As the summer months approach, we encourage all individuals to protect themselves from the damaging 
effects of the sun.  In concurrence with the American Academy of Dermatology (AAD)46 we suggest: 

 Wear protective clothing including a wide-brimmed hat and sunglasses 

 For areas that are exposed, apply a water-resistant sunscreen with a Sun Protection Factor (SPF) of 
30 or above that provides both UVA and UVB protection. 

 Reapply sunscreen every 2 hours, regardless of activity (swimming, sweating) 

 Seek shade, especially when the sun’s rays are strongest between 10am and 4pm. 
 
References 
1. EU. Ecotoxicity and the Environment: Opinion on the risk assessment of zinc metal, zinc chloride, 

sulphate, destearate, phosphate and zinc oxide. 39th Plenary Meet, 2003. 
2. Lamorena RB, Jung SG, Bae GN, Lee W. The formation of ultra-fine particles during ozone-initiated 

oxidations with terpenes emitted from natural paint. J Hazard Mater. Mar 6 2007;141(1):245-251. 
3. Graf R, Anzali S, Buenger J, Pfluecker F, Driller H. The multifunctional role of ectoine as a natural 

cell protectant. Clinics in dermatology. Jul-Aug 2008;26(4):326-333. 
4. Wakefield G, Lipscomb S, Holland E, Knowland J. The effects of manganese doping on UVA 

absorption and free radical generation of micronised titanium dioxide and its consequences for the 
photostability of UVA absorbing organic sunscreen components. Photochem Photobiol Sci. Jul 
2004;3(7):648-652. 



 

 

The Nanodermatology Society (NDS), founded in 2010, is a nonprofit organization charged with the mission to promote and 

enable a greater understanding of the scientific and medical aspects of nanotechnology in health and disease. 

For more information, visit www.nanodermsociety.org or contact us at administrator@nanodermsociety.org 

4 

5. Tsuji JS, Maynard AD, Howard PC, et al. Research strategies for safety evaluation of nanomaterials, 
part IV: risk assessment of nanoparticles. Toxicological Sciences. Jan 2006;89(1):42-50. 

6. Ryman-Rasmussen JP, Riviere JE, Monteiro-Riviere NA. Variables influencing interactions of 
untargeted quantum dot nanoparticles with skin cells and identification of biochemical modulators. 
Nano Lett. May 2007;7(5):1344-1348. 

7. Serpone N, Salinaro, A., Emeline, A. Deleterious effects of sunscreen titanium dioxide nanoparticles 
on DNA: efforts to limit DNA damage by particle surface modification. Proc. SPIE. 2001;4258:89-98. 

8. Freer-Smith PH, Beckett KP, Taylor G. Deposition velocities to Sorbus aria, Acer campestre, 
Populus deltoides X trichocarpa 'Beaupre', Pinus nigra and X Cupressocyparis leylandii for coarse, 
fine and ultra-fine particles in the urban environment. Environmental pollution. Jan 2005;133(1):157-167. 

9. Dufour EK, Kumaravel T, Nohynek GJ, Kirkland D, Toutain H. Clastogenicity, photo-clastogenicity 
or pseudo-photo-clastogenicity: Genotoxic effects of zinc oxide in the dark, in pre-irradiated or 
simultaneously irradiated Chinese hamster ovary cells. Mutat Res. Sep 5 2006;607(2):215-224. 

10. Song LL, Du GJ, Fan BY, Zhang DL. [Study on pharmacology of ultra-fine particles compound 
Rehmannia]. Zhongguo Zhong yao za zhi = Zhongguo zhongyao zazhi = China journal of Chinese materia medica. 
Jun 2002;27(6):436-439. 

11. Baroli B, Ennas MG, Loffredo F, Isola M, Pinna R, Lopez-Quintela MA. Penetration of metallic 
nanoparticles in human full-thickness skin. The Journal of investigative dermatology. Jul 2007;127(7):1701-
1712. 

12. Uchino T, Tokunaga H, Ando M, Utsumi H. Quantitative determination of OH radical generation 
and its cytotoxicity induced by TiO(2)-UVA treatment. Toxicol In Vitro. Oct 2002;16(5):629-635. 

13. Dunford R, Salinaro A, Cai L, et al. Chemical oxidation and DNA damage catalysed by inorganic 
sunscreen ingredients. FEBS Lett. Nov 24 1997;418(1-2):87-90. 

14. Shats K, Faunce T. Medical professionals convicted of accessing child pornography--presumptive 
lifetime prohibition on paediatric practice? Health Care Complaints Commission v Wingate. J Law 
Med. May 2008;15(5):704-713. 

15. TGA. A review of the scientific literature on the safety of nanoparticulate titanium dioxide or zinc 
oxide in sunscreens. Australian Therapeutic Goods Administration 

2009. 
16. Nohynek GJ, Dufour EK, Roberts MS. Nanotechnology, cosmetics and the skin: is there a health 

risk? Skin Pharmacol Physiol. 2008;21(3):136-149. 
17. Zippin JH, Friedman A. Nanotechnology in Cosmetics and Sunscreens: An Update. Journal of Drugs in 

Dermatology. Oct 2009;8(10):955-958. 
18. Nasir A. Nanotechnology and dermatology: Part II-risks of nanotechnology. Clinics in Dermatology. 

Sep-Oct 2010;28(5):581-588. 
19. Cross SE, Innes B, Roberts MS, Tsuzuki T, Robertson TA, McCormick P. Human skin penetration 

of sunscreen nanoparticles: in-vitro assessment of a novel micronized zinc oxide formulation. Skin 
Pharmacol Physiol. 2007;20(3):148-154. 

20. Mavon A, Miquel C, Lejeune O, Payre B, Moretto P. In vitro percutaneous absorption and in vivo 
stratum corneum distribution of an organic and a mineral sunscreen. Skin Pharmacol Physiol. 
2007;20(1):10-20. 

21. Lademann J, Knorr F, Richter H, et al. Hair follicles--an efficient storage and penetration pathway 
for topically applied substances. Summary of recent results obtained at the Center of Experimental 
and Applied Cutaneous Physiology, Charite -Universitatsmedizin Berlin, Germany. Skin Pharmacol 
Physiol. 2008;21(3):150-155. 



 

 

The Nanodermatology Society (NDS), founded in 2010, is a nonprofit organization charged with the mission to promote and 

enable a greater understanding of the scientific and medical aspects of nanotechnology in health and disease. 

For more information, visit www.nanodermsociety.org or contact us at administrator@nanodermsociety.org 

5 

22. Zvyagin AV, Zhao X, Gierden A, Sanchez W, Ross JA, Roberts MS. Imaging of zinc oxide 
nanoparticle penetration in human skin in vitro and in vivo. J Biomed Opt. Nov-Dec 
2008;13(6):064031. 

23. Gamer AO, Leibold E, van Ravenzwaay B. The in vitro absorption of microfine zinc oxide and 
titanium dioxide through porcine skin. Toxicol In Vitro. Apr 2006;20(3):301-307. 

24. Popov AP, Lademann J, Priezzhev AV, Myllyla R. Effect of size of TiO2 nanoparticles embedded 
into stratum corneum on ultraviolet-A and ultraviolet-B sun-blocking properties of the skin. J Biomed 
Opt. Nov-Dec 2005;10(6):064037. 

25. Pflucker F, Wendel V, Hohenberg H, et al. The human stratum corneum layer: an effective barrier 
against dermal uptake of different forms of topically applied micronised titanium dioxide. Skin 
Pharmacol Appl Skin Physiol. 2001;14 Suppl 1:92-97. 

26. Alvarez-Roman R, Naik A, Kalia YN, Guy RH, Fessi H. Skin penetration and distribution of 
polymeric nanoparticles. J Control Release. Sep 14 2004;99(1):53-62. 

27. Dussert AS, Gooris E, Hemmerle J. Characterization of the mineral content of a physical sunscreen 
emulsion and its distribution onto human stratum corneum. Int J Cosmet Sci. Jun 1997;19(3):119-129. 

28. Kertesz Z, Szikszai, Z., Kiss, A.Z. Qualtiy of skin as a barrier to ultra-finie particles. Contribution of the 
IBA group to the NANODERM-EU-5 PROJECT in 2003-2004. 

29. Lademann J, Weigmann H, Rickmeyer C, et al. Penetration of titanium dioxide microparticles in a 
sunscreen formulation into the horny layer and the follicular orifice. Skin Pharmacol Appl Skin Physiol. 
Sep-Oct 1999;12(5):247-256. 

30. Lademann J, Otberg N, Richter H, et al. Investigation of follicular penetration of topically applied 
substances. Skin Pharmacol Appl Skin Physiol. 2001;14 Suppl 1:17-22. 

31. Schulz J, Hohenberg H, Pflucker F, et al. Distribution of sunscreens on skin. Adv Drug Deliv Rev. Nov 
1 2002;54 Suppl 1:S157-163. 

32. Pflucker F, Hohenberg H, Holzle E, et al. The Outermost Stratum Corneum Layer is an Effective 
Barrier Against Dermal Uptake of Topically Applied Micronized Titanium Dioxide. Int J Cosmet Sci. 
Dec 1999;21(6):399-411. 

33. Tan MH, Commens CA, Burnett L, Snitch PJ. A pilot study on the percutaneous absorption of 
microfine titanium dioxide from sunscreens. Australas J Dermatol. Nov 1996;37(4):185-187. 

34. Lademann J, Otberg N, Jacobi U, Hoffman RM, Blume-Peytavi U. Follicular penetration and 
targeting. The journal of investigative dermatology. Symposium proceedings / the Society for Investigative 
Dermatology, Inc. [and] European Society for Dermatological Research. Dec 2005;10(3):301-303. 

35. Ryman-Rasmussen JP, Riviere JE, Monteiro-Riviere NA. Penetration of intact skin by quantum dots 
with diverse physicochemical properties. Toxicological Sciences. May 2006;91(1):159-165. 

36. Nasir A. NanoPresent and NanoFuture: The growing role of shrinking technology in dermatology. . 
Cosmetic Dermatology. 2009;22(4):194-200. 

37. Nasir A. Nanotechnology safety. Journal of Investigative Dermatology. Apr 2008;128:S83-S83. 
38. Faunce T, Murray, K., Nasu, H., Bowman, D. Sunscreen Safety: The Precautionary Principle, The 

Australian Therapeutic Goods Administration and Nanoparticles in Sunscreens. Nanoethics. 
2008;2:231-241. 

39. Zhang LW, Monteiro-Riviere NA. Assessment of quantum dot penetration into intact, tape-stripped, 
abraded and flexed rat skin. Skin Pharmacol Physiol. 2008;21(3):166-180. 

40. EWG. Skin Deep Cosmetic Safety Database: Nanotechnology - Summary. 2010. 
http://www.cosmeticsdatabase.com/special/sunscreens/nanotech.php. 

http://www.cosmeticsdatabase.com/special/sunscreens/nanotech.php


 

 

The Nanodermatology Society (NDS), founded in 2010, is a nonprofit organization charged with the mission to promote and 

enable a greater understanding of the scientific and medical aspects of nanotechnology in health and disease. 

For more information, visit www.nanodermsociety.org or contact us at administrator@nanodermsociety.org 

6 

41. EPA. Nanomaterial Case Studies: Nanoscale Titanium Dioxide (External Review Draft). In: EPA, 
ed. Washington, DC: EPA/600/R-09/057; 2009. 

42. Chen H, , Su, SF., Chien, CT., Lin, WH., Yu, SL., Chou, CC., et al. Titanium dioxide nanoparticles 
induce emphysema-like lung injury in mice. Faseb J. 2006;20(13):2393-2395. 

43. Maynard A, Kuempel E. Airborne Nanostructured Particles and Occupational Health. Journal of 
Nanoparticle Research. 2005;7(6):587-614. 

44. Borm PJ, Robbins D, Haubold S, et al. The potential risks of nanomaterials: a review carried out for 
ECETOC. Part Fibre Toxicol. 2006;3:11. 

45. Green AC, Williams GM, Logan V, Strutton GM. Reduced Melanoma After Regular Sunscreen Use: 
Randomized Trial Follow-Up. Journal of Clinical Oncology. January 20, 2011 2011;29(3):257-263. 

46. AAD. Broad Spectrum UVA/UVB Sun Protection.  American Academy of Dermatology. 
http://www.aad.org/public/publications/pamphlets/sun_sunscreens.html. 

 
 

http://www.aad.org/public/publications/pamphlets/sun_sunscreens.html

