Beauty industry backs high risk small particles: rﬁf?g:ia:

Controversial nano-ingredients found in Australia
big name brands

Summary:

Scientific testing commissioned by Friends of the Earth Australia and carried out by the
Australian Microscopy and Microanalysis Research Facility' has found:

e Concealers, foundations and mineral foundations sold by 8 leading brands
contained particles measuring less than 100nm in size (Clinique, Clarins, L'Oréal,
Revlon, The Body Shop, Max Factor, Lancéme Paris and By Terry)

e A further 2 products contained particles that measured 100nm (Yves Saint Laurent
and Christian Dior)

Furthermore, Friends of the Earth has found:

e 7 of the cosmetics tested contained ingredients known to act as ‘penetration
enhancers’, making it more likely that nanoparticles will be taken up into the skin

e The 3 cosmetics that did not contain penetration enhancers were mineral
foundations, which pose greater inhalation risks due to their powdered form

e Only one of the brands surveyed (Christian Dior) indicated the use of nano-
ingredients on the product label. Failing to label nano-ingredients denies
consumers the capacity to make an informed choice

For a summary of the testing methodology and limitations of the study see Appendix.

Nanoparticles are extremely small particles manufactured using nanotechnology.
Nanoparticles are generally defined as measuring around 1-100 nanometres (nm) in one
or more dimensions (70 times smaller than a red blood cell). Nanoparticles are now used
in Australian cosmetics, sunscreens, ‘health’ supplements, clothing, appliances and more?.

The long-term health risks of nanoparticles remain poorly understood. The likely exposure
in ‘real life’ conditions is also unknown. But early studies have suggested that if exposure
is high enough, nanopatrticles now used by the cosmetics industry could cause lung
damage®, cell toxicity*, damage DNA®, and possibly even harm unborn children®.

Production of free radicals by nanoparticles used in sunscreens and cosmetics is greater
when exposed to UV light’. Last year, in relation to nano-sunscreens, the director of
CSIRO’s Nanosafety research program warned The 7.30 Report that: “the worst case
scenario, | suspect, could be development of cancer. But we don't know. That's what we're
trying to find out®. Dr McCall cautioned that CSIRO’s research will take another two years.

In 2004, the United Kingdom’s Royal Society, the world’s oldest scientific institution,
recommended that given the evidence of serious nanotoxicity risks, nanoparticles should
be treated as new chemicals® and subject to new safety assessments before being
allowed in consumer products'®. It also recommended that nano-ingredients in products
should be labelled, to give people the chance to make an informed choice.

Europe has passed new laws that will require most nano-ingredients in sunscreens
cosmetics to face new safety testing and mandatory labelling. Yet where substances have
been approved for use as larger particles, Australian laws do not make companies test for
safety before using these substances as nanoparticles, nor to label nano-ingredients'".



Results of cosmetics testing for nanoparticle content — commissioned by Friends of the Earth Australia, carried out by the
Australian Microscopy and Microanalysis Research Facility (penetration enhancers identified by Friends of the Earth)

For notes on methodology and limitations see Appendix

Brand Type of Product Nanoparticle content Probable chemical Penetration enhancers
cosmetic composition (ingredients listed on product
labels known to act as
penetration enhancers)
By Terry | Mineral Light-expert compact 50-100nm Aluminium iron, titanium No penetration enhancers
Foundation dioxide identified
Christian | Foundation | DiorSkin Forever Extreme | 100-200nm spheroids Titanium dioxide Octinoxate, tetrasodium EDTA,
Dior Wear Flawless Makeup 200-600nm rods (length) | Iron oxide phenoxyethanol
SPF 25
Clarins Foundation | Truly Matte Foundation 100nm rods (length), 100- | Alumino-silicate oxides Disodium EDTA,
Light Reflecting SPF 15 200nm plates (length) phenoxyethanol
Clinique Concealer | Line smoothing concealer | 50-300nm spheroids Titanium and aluminium Disodium EDTA, hexylene
oxides, some copper and | glycol
silicon
80-400nm rods (length) Iron oxide
Lancéme | Concealer | Long lasting softening 20-80nm spheroids Aluminium oxide Propylene glycol, urea,
Paris concealer SPF 12 disodium EDTA
L'Oréal Foundation | Visible lift lifting anti- 80nm spheroids Titanium oxide Glyceryl isostearate, octinoxate,
wrinkle foundation SPF 400nm to 1um rods Aluminium/ iron oxide denatured alcohol (ethanol),
15 (length) phenoxyethanol
Max Mineral Natural Minerals 80nm spheroids Aluminium oxide with Ingredients not listed
Factor Foundation | Foundation high phosphor content
200nm-450nm rods Iron oxide rods
(length)
Revlon Concealer | Revlon Age Defying Spa | 50-80nm spheroids Titanium oxides Tribehenin, tetrasodium EDTA,
Concealer 300-500nm rods (length) | Aluminium/ iron oxide phenoxyethanol
The Body | Mineral Nature's Minerals 30-100nm spheroids Titanium No penetration enhancers
Shop Foundation | Foundation SPF 25 80-600nm rods (length) Iron oxide identified
Yves Concealer | Anti-cernes multi-action 100-500nm spheroids Aluminium oxide or Lecithin, ricinus communis
Saint concealer silicon oxide — test (castor seed oil), citric acid

Laurent

inconclusive




Nanoparticles are used in Australian cosmetics for their novel properties

The cosmetics sector is interested in using extremely small nanoparticles for their novel
properties. Nano-aluminium oxide is used in concealers, foundations and mineral
foundations because it diffuses light, giving a ‘soft focus’ effect that disguises wrinkles.
Nano-titanium dioxide is used in many cosmetics to give sun protection. As a larger
particle, titanium dioxide is white and opaque. But when it is ground down to nano size,
titanium dioxide becomes transparent. Nanoparticles of iron oxide are used as pigments.

Early studies suggest that nanoparticles in cosmetics could pose health risks

If nanoparticles are accidentally inhaled (eg from mineral foundation), eaten (eg from
foundation or lipstick applied to lips) or absorbed through skin, they could cause skin
damage, lung damage, organ toxicity or even harm unborn children'. Because they are
so extremely small, once they gain access to our bodies, some types of nanoparticles can
readily travel throughout the body, deposit in our organs, penetrate cell membranes
including the blood-brain barrier, and even lodge in nuclei — the control centre of cells'.

Nanoparticles of titanium dioxide were found in 6 of the cosmetics tested. Scientific
studies have shown that nanoparticles of titanium dioxide can produce free radicals™,
damage DNA'" and cause cell toxicity'® in test tube studies, especially when exposed to
UV light”. Animal studies have shown that after inhalation'® or injection'® into the blood
stream of pregnant mice, titanium dioxide nanopatrticles can cross the placenta and enter
developing embryos. This has altered gene expression associated with brain function in
the mice offspring®, affected their behaviour®' and damaged the brains and reproductive
systems of baby mice®. Mice studies have also found that inhalation of nanoparticles of
titanium dioxide caused inflammation to the lungs of test animals®. Furthermore, inhaled
titanium dioxide nanoparticles can be transported to the brain®, raising concerns of
potential neurotoxicity.

Nanoparticles of iron and aluminium were each found in 7 of the cosmetics tested. In a
test tube study, US researchers found that nanoparticles of aluminium oxide and iron
oxide were almost as toxic to cells as chrysotile asbestos®. Other US test tube studies
found that aluminium oxide nanoparticles produced free radicals and demonstrated a
potential carcinogenic effect?®, caused dose-dependent stem cell toxicity?’, caused
inflammation that could lead to diseases such as atherosclerosis®, disrupted the blood-
brain barrier and were directly toxic to brain blood vessel cells?®. The potential for
nanoparticles to increase the risk of neuro-degenerative diseases such as Alzheimer’s
and Parkinson’s is a big concern. Test tube study has also found that magnetic iron oxide
nanoparticles can be toxic to nerve cells and interfere with the formation of their signal-
transmitting extensions®.

We still don’t know whether nanoparticles penetrate intact human skin, although it
seems likely they will penetrate damaged skin

It is still unknown whether or not nanopatrticles used in cosmetics will penetrate the dead
outer layers of our skin and pose risks to living cells. Several studies have shown that
titanium dioxide and zinc nanoparticles used in sunscreens and cosmetics do not
penetrate intact, healthy adult skin®'. However Friends of the Earth is concerned that



many factors that are relevant to real life conditions have not been included in these
studies. Skin flexing, skin condition, and the presence of ‘penetration enhancing’
ingredients in cosmetics could all promote greater skin uptake of nanoparticles used in
cosmetics, but these factors have not been adequately studied.

Scientific studies have shown that nanoparticles can penetrate skin®, especially if skin is
flexed® (as during exercise). Incredibly, one study found that even particles up to
1,000nm in size can be taken up through intact skin to reach living cells, when skin is
flexed®. The same study found that particles 1,000nm clustered in the living layers of the
skin underneath a tear in the skin®®, suggesting that skin penetration by nanoparticles is
likely in people with eczema or acne. A preliminary study found that nanoparticle
penetration was deeper in skin affected by psoriasis than in unaffected skin®, although
the nanoparticles still did not reach the skin’s living cells. Another preliminary study found
that particle uptake is also more likely in sunburnt skin®. The influence of sunburn or UV
exposure is not addressed in most skin penetration studies.

7/10 cosmetics we surveyed contain skin ‘penetration enhancers’

Perhaps the most significant variable that could promote skin uptake of nanoparticles from
cosmetics in ‘real life’ conditions is the presence in many cosmetics of chemicals that act
as penetration enhancers. ‘Penetration enhancers’ are chemicals that alter skin structure,
allowing other chemicals to penetrate deeper into the skin, and increasing the amounts of
chemicals that reach the bloodstream®. Some chemicals that act as penetration
enhancers are included in products to increase skin uptake of moisturisers or other active
ingredients, whereas for other chemicals their ability to promote skin penetration is
incidental. US researchers have found that penetration enhancers “greatly enhance” the
uptake of carbon fullerene nanoparticles through skin®. However to our knowledge the
influence of penetration enhancers hasn’t been explored in relation to the vast majority of
nano-ingredients now used in cosmetics.

Friends of the Earth identified penetration enhancers in 7 of the 10 cosmetics we
surveyed. The 3 cosmetics in which we did not identify penetration enhancers are mineral
foundations which pose greater risks of inhalation, due to their powder form.

European regulators are acting to manage nano-risks, Australia lags behind

This year the European Parliament passed new laws that will require most nanoparticles
in sunscreens and cosmetics to go through nano-specific safety testing before they can be
sold, and to be listed on product labels. These laws will probably take effect in 2012.

There has been little action from Australian regulators. Where chemicals have been
approved for use in larger particle form, companies are legally allowed to use them in
nanoparticle form without conducting any new safety testing, or even notifying the relevant
regulator (the National Industrial Chemicals Notification and Assessment Scheme
NICNAS) has responsibility for cosmetics; the Therapeutic Goods Administration (TGA)
has responsibility for cosmetics that have an SPF rating of more than 15; the Australian
Competition and Consumer Commission (ACCC) has responsibility for labels).

NICNAS has recently released a discussion paper regarding possible future regulation of



nanoparticles in cosmetics. The TGA has resisted calls to introduce any new regulation of
nano-products. The ACCC has not stated any intention of labelling nano-cosmetics.
Meanwhile, millions of Australian women face daily exposure to cosmetics that contain
nanoparticles about which safety concerns exist. The absence of mandatory labelling
denies the public the chance to make an informed purchasing choice.

Earlier this year, after a state Parliamentary Inquiry, the NSW Minister for Science and
Medical Research Ms Jodi McKay said the NSW Government would raise the possibility
of labelling nanoparticles in cosmetics and sunscreens with the Federal Government*.
However, Minister McKay said NSW would recommend a health impact assessment of
nanopatrticles before any changes, as she claimed labelling could deter people from using
sunscreens.

Friends of the Earth is calling for a moratorium

Friends of the Earth Australia believes that Australian women shouldn’t be used as guinea
pigs by the big cosmetics companies. We are calling for a halt to all sales of cosmetics
that contain nano-ingredients, until the safety science catches up, new laws are
introduced to make companies demonstrate the safety of their products and until nano-
ingredients face mandatory labelling. We are also calling for public involvement in
decision making about nanotechnology funding, policy development and regulation.



Appendix: Notes on the testing methodology and limitations of this study

For a full description of the test methodology see the original AMMREF report at:
http:/Ift.ucc.usyd.edu.au/lft-download.cqi?id=4ddf3aa7e05¢1b0e9499be74

A general note on the study’s limitations:

This study was conducted with a limited budget and should be considered to be preliminary,
rather than comprehensive. Only a small number of observations of each sample were made.
Correct sizing of particulates at this scale, a full analysis of particle types and matching to the
listed ingredients requires significantly more extensive analyses, such as TEM or X-ray
diffraction studies to identify crystal structures.

Particle sizes listed here are only those observed. Therefore, whilst observation in this study of
certain particle sizes does indicate that they were present in the cosmetics sampled,
observations may not be statistically representative of the full sample. There may also be
nanopatrticles or other particles present in the samples that were not identified here.

The limited number of observations and analysis of the samples precludes any assessment as
to whether the particles observed were primary particles (single particles) or agglomerates or
aggregates (clumps of multiple particles). Larger particles observed here may in fact clumps of
smaller nanopatrticles.

The high content of waxes in some samples made it difficult to prepare them for observation.
This reduced the ability to observe and identify nanoparticle content of these samples.

X-ray analysis enables identification of the chemical composition of nanoparticles observed,
but there are limitations to its accuracy (see below). The quoted chemical composition of
nanoparticles observed therefore requires confirmation.

Sample preparation

The samples were prepared by dilution in order to dissolve vacuum unstable ingredients, such
as oils or other ethanol soluble organic components, or ingredients that may dissolve the
support film. Additionally this also dispersed particulates to a sufficiently dilute level to permit
observation, as well as minimising particle aggregation. Dissolution of organics is dependant
upon properties such as solubility of the chemical in ethanol, and some samples may still have
fine-scale residues present.

A small quantity (0.1-0.4 g, dependant upon sample) of each sample was weighed and diluted
with 15mL of ethanol. This was then placed in an ultrasonic bath (Bruker ultrasonic), for a
period of five minutes to ensure adequate dispersion. Thereafter, 1.5 ml of each sample was
then dispersed into a second container, the solution was diluted further to a total of 15 ml
using ethanol and the ultrasonic treatment repeated. This was subsequently repeated for a
third dilution. One drop from each solution was then dispersed onto copper mesh grids with a
Formvar support film. Samples were then coated with a 600 ms single pulse carbon-arc
deposition to deposit a conductive layer of carbon to provide charge dissipation.



The following analysis techniques were used in the testing

* Field Emission Scanning Electron Microscopy (FESEM)
> Secondary Electron Imaging
> Scanning Electron Microscopy - Scanning Transmission Electron Microscopy (SEM-
STEM)
o Energy Dispersive X-ray Spectroscopy (EDS)

Scanning Electron Microscopy (SEM) was used to give a snapshot of particle sizes and
shapes. SEM illuminates each specimen with a fine electron ‘probe’ generated from an
electron source. The electrons are focussed to a spot at the surface of the sample, whereby
the electrons penetrate into a small volume at the sample surface. Electrons are then emitted
from the sample surface, which are then collected by a nearby detector, providing surface
sensitive imaging, with contrast indicative of specimen topography.

X-ray Spectroscopy was use to identify the chemical composition of particles identified by
SEM. X-ray Spectroscopy counts X-rays ejected from the sample when illuminated by the
electron beam. The energy of these X-rays is dependant upon the type of atom that composes
the sample, and independent of the sample structure. Elements with that are higher in the
periodic table than carbon produce sufficiently energetic X-rays to allow for detection. By
examining the relative proportions of the different X-ray energies, an approximate atomic
composition can be calculated, using a method known as the ZAF method. By synchronising
the beam raster rate with X-ray data acquisition, images can be constructed that estimate the
position of the emitted X-rays. These images are known as X-ray maps, and provide
information on the spatial distribution of selected elements in the illuminated region.

Limitations of SEM and X-ray analysis

Analysis of particulates via SEM is a highly specific method, allowing only small sampling of
large particulate populations. Hence the particulates shown are those observed via SEM and
may not be representative of the average particle in the analysis. Such statistical analyses are
time consuming to perform via SEM in terms of instrument time, and furthermore require
human assisted particle identification to ensure correct results.

The information extracted by X-ray analysis is limited to the atomic composition of specific
regions of the sample, which is unable to distinguish between compounds of differing chemical
structure, but similar composition. Furthermore for light elements, specifically elements with an
atomic number equal to or less than that of carbon, the extraction of the composition of these
elements via the ZAF method is highly inaccurate and may significantly differ from the true
value. For higher atomic number elements, such as the metal oxides observed in this study,
the composition may be estimated to as accurately as several percent. Additionally as the
SEM illuminates an approximately circular region of a radius on the order of one nanometre,
and electron scattering within the sample may increase this region by several more
nanometres, the X-ray may be generated from anywhere within this larger region. Therefore
the detected X-rays are from anywhere within this region, which can cause an averaging effect
if compositional variation is occurring at a scale below this radius. Finally the sample is placed
upon a stage, which is a mechanical device to maintain the position of the sample relative to
the microscope beam. The stage may have a slight drift rate that can be as high as the 10
nm/minute. This drift can cause a blurring of X-ray data owing to the combination of stage drift,
and long scanning times required for X-ray acquisition, which is visible as streaking in the
image.
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