Perspectives

Potential risks and beneﬁts of nanotechnology:
perceptions of risk in sunscreens
The available evidence indicates that nanoparticle sunscreens are both effective and safe

T

he applications for engineered nanomaterials and
nanotechnology are developing exponentially,
along with the awareness in government,
industry and public groups of nanosafety issues. There is
also growing public concern caused by negative
perceptions among some high proﬁle groups that nanoenabled products are proliferating uncontrollably and
being released without adequate testing of their safety.1

What are the potential risks?
In reality, a one-size-ﬁts-all approach to evaluating the
potential risks and beneﬁts of nanotechnology for
human health is not possible because it is both impractical
and would be misguided. There are many types of
engineered nanomaterials, and not all are alike or potential
hazards. Many factors should be considered when
evaluating the potential risks associated with an engineered
nanomaterial: the likelihood of being exposed to
nanoparticles (ranging in size from 1 to 100 nanometres,
about one-thousandth of the width of a human hair) that
may be shed by the nanomaterial; whether there are any
hotspots of potential exposure to shed nanoparticles over
the whole of the nanomaterial’s life cycle; identifying who
or what may be exposed; the eventual fate of the shed
nanoparticles; and whether there is a likelihood of adverse
biological effects arising from these exposure scenarios.1

in nanomaterials for powering the wearer’s electronic
devices.
The ﬁeld of nanomedicine has also rapidly progressed
from specialised drug delivery applications deploying
liposomes (while many are not strictly nanoparticle-sized
by international standard deﬁnitions, they can be
engineered at the nano-scale) to nanoshells and
transdermal patches, as well as the development of
biocompatible nanomaterial prosthetic implants, and the
metal-containing functionalised nanoparticles used for
both the imaging and treatment of various cancers.
Nanotechnology is also being used to develop point-ofcare internet-linked diagnostic devices (eg, “doctor-on-achip” diagnostic tools). Nanobionics has made advances in
solving the problems of interfacing between medical
devices or bionic prosthetics and the nervous system;2 for
example, invasive cranial sensing electrodes made of
traditional cytotoxic metals are being replaced by more
biocompatible surface transistors that can also be coupled
with a dosing device.

The intrinsic toxic properties of compounds contained in
the nanoparticle are also important, as well as particle size,
shape, surface charge and physico-chemical
characteristics, as these greatly inﬂuence their uptake by
cells and the potential for subsequent biological effects. In
summary, nanoparticles are more likely to have higher
toxicity than bulk material if they are insoluble, penetrate
biological membranes, persist in the body, or (where
exposure is by inhalation) are long and ﬁbre-like.1 Ideally,
nanomaterial development should incorporate a safetyby-design approach, as there is a marketing edge for nanoenabled products with a reduced potential impact on
health and the environment.1

What are the potential beneﬁts?
Numerous prospective beneﬁts for health and the
environment are offered by nanotechnology, with
engineered nanomaterials being developed for renewable
energy capture and battery storage, water puriﬁcation,
food packaging, environmental sensors and remediation,
as well as greener engineering and manufacturing
processes. Some examples of the latter include highly
efﬁcient, low energy lighting sources, and smart
clothing including a layer of piezo-electric crystals
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Some common nano-enabled products currently available
contain silver nanoparticles for their antimicrobial effects,3
including clothing items that require less frequent washing.
This was mainly because of the ease of incorporating
nanosilver into the surface of such products, but the quality
of these products has unfortunately been variable, with
some rapidly leaching silver ions. Nanosilver should
preferably be reserved for more important applications,
such as medical dressings for treating resistant infections
that impair wound healing.3
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Risk perception and weighing up
the risks and beneﬁts
Public perception of the potential risks posed by
nanotechnology is very different in certain regions. In
Asia, where there is a very positive perception of
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nanotechnology, some products have been marketed as
being nano-enabled to justify charging a premium price.
This has resulted in at least four Asian economies adopting
state-operated, user-ﬁnanced product testing schemes to
verify nano-related marketing claims, such as the original
“nanoMark” certiﬁcation system in Taiwan.4

distributed throughout several major organs, but it did not
alter their total zinc concentrations, and that overall zinc
homeostasis was maintained.10
The other metal oxide UV ﬁlter is titanium dioxide. Two
distinct crystalline forms have been used: the photo-active
anatase form and the much less photo-active rutile form,7
which is preferable for sunscreen formulations. While
these insoluble nanoparticles may penetrate deeper into
the stratum corneum than zinc oxide, they are also widely
accepted as being safe to use in non-sprayable
sunscreens.11

In contrast, the negative perception of nanotechnology in
some other regions may result in questionable marketing
decisions; for example, reducing the levels of zinc oxide
nanoparticles included as the active ingredient in
sunscreens. This is despite their use in sunscreens having
been extensively and repeatedly assessed for safety by
regulatory authorities around the world, leading to their
being widely accepted as safe to use in sunscreens and lip
products.5
Weighing the potential risks and beneﬁts of using
sunscreens with UV-ﬁltering nanoparticles is an important
issue for public health in Australia, which has the highest
rate of skin cancer in the world as the result of excessive UV
exposure. Some consumers are concerned about using
these nano-sunscreens,6 despite their many advantages
over conventional organic chemical UV ﬁlters, which can
cause skin irritation and allergies, need to be re-applied
more frequently, and are absorbed by the skin to a much
greater extent (including some with potentially endocrinedisrupting activity). Zinc oxide nanoparticles are highly
suitable for use in sunscreens as a physical broad spectrum
UV ﬁlter because of their UV stability, non-irritating
nature, hypo-allergenicity and visible transparency, while
also having a greater UV-attenuating capacity than bulk
material (particles larger than 100 nm in diameter) on a per
weight basis.7
Concerns about nano-sunscreens began in 2008 with a
report that nanoparticles in some could bleach the painted
surfaces of coated steel.8 This is a completely different
exposure situation to the actual use of nano-sunscreen by
people; here they are formulated to remain on the skin’s
surface, which is constantly shedding its outer layer of dead
cells (the stratum corneum). Many studies have shown that
metal oxide nanoparticles do not readily penetrate the
stratum corneum of human skin, including a hallmark
Australian investigation by Gulson and co-workers of
sunscreens containing only a less abundant stable isotope of
zinc that allowed precise tracking of the fate of sunscreen
zinc.9 The researchers found that there was little difference
between nanoparticle and bulk zinc oxide sunscreens in the
amount of zinc absorbed into the body after repeated skin
application during beach trials. The amount absorbed was
also extremely small when compared with the normal levels
of zinc required as an essential mineral for human nutrition,
and the rate of skin absorption was much lower than that of
the more commonly used chemical UV ﬁlters.9 Animal
studies generally ﬁnd much higher skin absorption of zinc
from dermal application of zinc oxide sunscreens than do
human studies, including the meticulous studies in hairless
mice conducted by the Commonwealth Scientiﬁc and
Industrial Research Organisation (CSIRO) using both
nanoparticle and bulk zinc oxide sunscreens that contained
the less abundant stable zinc isotope.10 These researchers
reported that the zinc absorbed from sunscreen was
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“The known
beneﬁts .
clearly outweigh
the risks of using
nanosunscreens”

Investigation of their direct effects on human skin and
immune cells have shown that sunscreen nanoparticles
of zinc oxide and rutile titanium dioxide are as well
tolerated as zinc ions and conventional organic chemical
UV ﬁlters in human cell test systems.12 Synchrotron X-ray
ﬂuorescence imaging has also shown that human immune
cells break down zinc oxide nanoparticles similar to those
in nano-sunscreens, indicating that immune cells can
handle such particles.13 Cytotoxicity occurred only at very
high concentrations of zinc oxide nanoparticles, after
cellular uptake and intracellular dissolution,14 and further
modiﬁcation of the nanoparticle surface can be used to
reduce both uptake by cells and consequent cytotoxicity.15
The ongoing debate about the safety of nanoparticles in
sunscreens raised concerns that they may potentially
increase free radical levels in human skin during
co-exposure to UV light.6 On the contrary, we have seen that
zinc oxide and rutile titanium dioxide nanoparticles directly
reduce the quantity of damaging free radicals in human
immune cells in vitro when they are co-exposed to the more
penetrating UV-A wavelengths of sunlight.16 We also
identiﬁed zinc-containing nanoparticles that form
immediately when dissolved zinc ions are added to cell
culture media and pure serum, which suggests that they
may even play a role in natural zinc transport.17
The known beneﬁts therefore clearly outweigh the risks of
using nano-sunscreens. The important message to be
communicated to the Australian public is that the danger
of excessive UV light itself with respect to skin damage and
cancer is far greater than the perceived risk posed by nanosunscreens, which is not supported by the scientiﬁc
literature. It is crucial that people do not stop using the
most effective broad spectrum sunscreens as part of their
sun protection measures.
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