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BACKGROUND 

Inhalation exposure is an important consideration for sprays and loose powders containing cosmetic 
ingredients.  The inhalation toxicity of ingredients in such products depends, in part, on where the 
ingredients may contact tissues in the respiratory tract and whether they can cause local adverse effects 
in the respiratory tract tissues or systemic effects after absorption from the respiratory tract.1  

The deposition and absorption of gases and vapors in the respiratory tract depend mainly on their 
water solubility and reactivity with the fluids or other components of the surfaces of the airways.2-4  For 
example, absorption of a water insoluble, non-reactive gas is negligible.  A moderately-soluble or reactive 
gas will be deposited throughout the respiratory tract.  A highly-soluble or reactive gas will be rapidly 
deposited or absorbed almost entirely in the nose and upper airways.  A highly-reactive gas will also be 
consumed by chemical reactions, such as hydrolysis.1,3,5 

Aerosols are broadly defined as multiphase systems of particulate solids or liquids dispersed in air 
or other gases, including mists, fumes, and dusts.  The deposition, absorption, clearance, and, ultimately, 
the effects of ingredients in aerosols (particles (liquid droplets or solids)) in the respiratory tract depend on 
the solubility, reactivity, and toxicity of the ingredients.  While particle/droplet size is an important 
parameter, the physicochemical properties of ingredients in a spray formulation, as well as the realistic 
exposure factors under in-use conditions, also play significant roles in evaluating inhalation safety of 
ingredients as spray formulations.  It should also be noted that droplet/particle size data generated under 
experimental conditions may be different from droplet/particle size in actual consumer exposures.  Other 
exposure factors are key in assessing inhalation safety, such as temperature, humidity, spray distance, 
spray time, container fullness, the amount of pressure on the actuator, etc.  

Pulmonary overload is a condition in which the accumulation of any inert, poorly soluble particulate 
material in the lungs overwhelms the capacity of the alveolar macrophages to clear the material from the 
lungs.  Chronic pulmonary overload can cause persistent inflammatory responses, fibrosis and tumors,6 
although the mechanisms of overload-induced tumor formation are not completely understood.6-9  The 
current threshold of the European Union (EU) for protecting workers from pulmonary overload during 
occupational exposure to respirable dust particles is 1.5 mg/m3 eight hour time-weighted average.  In 
comparison, inhalation exposures to aerosols from cosmetic sprays will be much lower than this 
threshold, primarily because of the much shorter exposure duration associated with cosmetic spray use 
(i.e., only a few minutes).1,10  

Droplet/particle size is variable across individual products.  Industry can ensure that inhalation 
exposures to cosmetic sprays and powders are minimized.10  For example, particle size distributions can 
be characterized and exposures estimated each time a significant change is made in the formulation or 
spray mechanisms of spray products to ensure that potential inhalation exposures are very low.  Similarly, 
industry can minimize airborne particles from cosmetic powder products by controlling the milling of the 
ingredients and adding binding materials, such as oils, waxes or hygroscopic ingredients, to the 
formulations.11  The binding materials foster the agglomeration of the ingredients and substantially 
increase their cohesivity.  These measures increase the size of the particles in the product. 

REGIONAL PARTICLE DEPOSITION 

The physical parameter most strongly associated with the deposition pattern of an aerosol in the 
respiratory tract is the aerodynamic equivalent diameter (dae).12,13  The dae of a droplet/particle is defined 
as the diameter of a hypothetical, smooth sphere of unit density (e.g., 1 g/cm3) that has the same 
gravitational settling velocity as the droplet/particle in calm air, regardless of its actual geometric size, 
shape and density.5,14  

The droplets/particles of an aerosol can be divided into three mass fractions, based on the depth to 
which they will penetrate the respiratory tract.  These fractions include the inhalable fraction (median dae ~ 
100 µm), which can enter the nasopharyngeal region through the nose or mouth, the bronchial fraction 
(median dae ~ 10 µm), which can pass through the larynx to enter the trachea, bronchi and bronchioles, 
and the respirable fraction (median dae ~ 4 µm), which can enter the alveolar region of the lungs.1-3,15  In 
the nasopharyngeal and bronchial regions of the respiratory tract, mucus-secreting and ciliated cells form 
a protective mucociliary blanket that carries deposited droplets/particles to the throat. Thus, 



droplets/particles deposited in these regions can be cleared via mucociliary action, sternutation, 
expectoration, or deglutition.16  In the pulmonary region, the clearance of inert, poorly soluble particles is 
mediated primarily by alveolar macrophages, and is slow and limited by comparison.  However, the 
potential for toxic effects is not limited to respirable droplets/particles deposited in the lungs.  Inhaled 
droplets/particles deposited in the nasopharyngeal and bronchial regions of the respiratory tract may 
cause toxic effects in these regions, or be absorbed and result in systemic toxicity, depending on their 
chemical and physical properties. 

There is broad scientific consensus that the probability of penetration of droplets/particles with dae > 
10 µm into the pulmonary region is essentially zero.1,5,17-21 Thus, only droplets/particles with dae < 10 µm 
are considered to be respirable.  This is a conservative assumption because a dae of 5 µm or less is often 
reported in the scientific literature as the threshold below which droplets/particles can reach the alveoli.1,22  
In addition, there is consensus that droplets/particles with dae > 15 µm are deposited almost exclusively in 
the nasopharyngeal and bronchial regions of the respiratory tract, and that healthy people will clear 
particles with dae > 7 µm from these regions within 24 hours through mucociliary action.1   

INHALATION EXPOSURE ASSESSMENT 

Particle size distributions are product-specific (i.e., the particle size of a raw material prior to 
formulation may have little to no impact on the particle size distribution resulting from consumer product 
use).  Numerous factors determine the initial size distribution of droplets or particles released from a 
spray product, including the product formulation (e.g., volatile or nonvolatile solvent), propellant, can size, 
differential pressure through the nozzle for propellant sprays, and formulation and nozzle characteristics 
for pump sprays.1,10  After releasing to the air, the particle size distribution can change rapidly through 
aggregation, agglomeration, sedimentation, evaporation of volatile components, or hygroscopic 
absorption of water.1,14,15,17,23,24   For example, all of the water and other volatile solvents and propellants 
in droplets with dae < 40 μm will evaporate within 1 second of release from a spray can, so that the 
remaining particles will contain non- or low-volatile constituents (e.g., polymers with little or no biological 
activity in hair sprays).  Accordingly, a wide spectrum of particle size distributions can be released from 
cosmetic sprays.1,23,25,26 

Both pump sprays and propellant sprays (also called “aerosol sprays”) produce aerosols, but the 
aerosols from propellant sprays have larger fractions of respirable droplets/particles than aerosols from 
pump sprays.  For example, the median dae of the airborne droplets/particles of pump hair sprays range 
from 60 µm to 80 µm.1,10,23  Typically, < 1% of the airborne droplets/particles released from pump sprays 
are in the range considered to be respirable (i.e., dae < 10 µm).  In comparison, the median dae of the 
airborne droplets/particles of propellant hair sprays range from 25 µm to 50 µm.1,10,23  Usually, 1% to 
2.5%, but no more than 5%, of the droplets/particles emitted from propellant hair sprays are within the 
respirable range,10,27 while a larger fraction of respirable particles would release from propellant 
deodorant sprays, as reported by simulated test data, in silico model outputs, and industry survey.23,28-31   

Furthermore, different types of propellant-spray products may yield substantially different particle 
size distributions.  For example, conservative estimates indicate that propellant hair spray aerosols have 
a median dae of 35 µm with a coefficient of variation of 0.3.17,23  Thus, the insoluble aerosol particles 
inhaled during hair spray use will be deposited primarily in the nasopharyngeal and bronchial regions, 
where they can be trapped and cleared from the respiratory tract through mucociliary action.  In contrast, 
analogous estimates indicate that the tested deodorant spray aerosols have a median dae of 10 µm with a 
coefficient of variation of 0.3, suggesting that approximately half of these particles are within the range 
considered to be respirable.17,23  

The available data, however, are insufficient to determine median particle sizes (and distributions) 
resulting from airbrush device use.  Thus, the fraction of respirable particles that would be released by 
applying cosmetics with airbrush devices is not yet well-defined. 

Measurement of Particle Size Distribution 
Differences in droplet/particle size distributions between pump and propellant spray products, and 

between the few hair spray and deodorant spray products tested, are important considerations for 
evaluating the safety of cosmetic ingredients that may be incidentally respired during intended use.  This 



is because they suggest that the margin of safety may be lower for propellant sprays compared to pump 
sprays, and for propellant deodorant sprays compared to propellant hair sprays.  The systemic exposure 
resulting from inhalation of respirable droplets/particles from cosmetic products, including pump and 
propellant hair sprays and deodorant sprays, is likely to be very small, even negligible, compared with 
dermal contact and other exposure routes associated with the use of these products.  Further, products 
like foot sprays are not usually sprayed in the direction of the face, so less of these products will likely be 
sprayed directly into the users breathing zone compared with hair sprays, for example.  However, the 
limited evidence currently available does not provide adequate support for these assumptions. 

The droplets/particles released from a propellant hair spray are distributed within a 1 to 2 m3 space 
in the breathing zone during the first 2 minutes after spraying, which expands to form a homogenous 10 
m3 cloud over the subsequent 18 minutes.1,10  Simulation studies revealed that all of the droplets/particles 
released from both pump sprays and propellant sprays settle quickly after spraying, including the 
respirable and inhalable fractions, which substantially reduces the overall potential for inhalation 
exposure.5,10,14,23,24  Specifically, about 35% of the airborne droplets/particles drop away from the 
breathing zone in the first minute, 60% in the second minute, 90% in six minutes, and 95% in eight 
minutes after spraying.10 The droplets/particles are likely to be undetectable in the breathing zone within 
10 minutes after spraying. 

One industry survey provides volume weighted particle size distribution data, measured using laser 
diffraction, for propellant hair sprays and propellant deodorant/antiperspirant sprays.31  Six companies 
provided data on aerosol hair spray particle/droplet size, and three companies provided data on 
deodorant/antiperspirant particle size.  The data collected was generally consistent with the earlier, 
limited particle/droplet size data available in the literature.  Specifically, data are reported as volume 
diameter defined by 10%, 50% (volume median), and 90% of the cumulative volume undersize (Dv10, 
Dv50, and Dv90, respectively).  The 90% particle sizes (Dv90) of droplets/particles released from 
propellant hair sprays are distributed within the size range of 23.5 – 409 μm, whereas the mean (standard 
deviation, SD) values of Dv50 and Dv10 are 70.5 (36.3) and 32.7(18.2) μm, respectively.  Propellant 
deodorant/antiperspirant sprays have consistently smaller median particle/droplet size than propellant 
hair sprays.  The mean (SD) values of Dv90, Dv50 and Dv10 of droplets/particles released from 
propellant deodorant/antiperspirant sprays are 4.1 (2.6), 23 (33.2), and 35.3 (7.6) μm, respectively.  In 
addition, the percentage of respirable particles/droplets (% < 10 µm) is 3.24 ± 4.48 and 26.6 ± 13.4 (mean 
± SD) for propellant hair sprays and deodorant/antiperspirant sprays, respectively.  Hairsprays have 
consistently larger median droplet/particle size than deodorant/antiperspirant.  It should be noted that 
droplet/particle size data using laser diffraction measurements of a free spray may be generated for other 
purposes, such as qualifying packaging, or determining consumer product acceptability.  These types of 
particle/droplet size data, while not equivalent to consumer exposure, can be leveraged in refined 
exposure assessments with a full understanding of the conservative nature of the exposure estimate. 

Due to the compressed format and low usage amounts, inhalation exposure to compact powders is 
not expected at use conditions.32  In contrast, loose powders, which lack the particle cohesion, have the 
potential to generate airborne particles that may carry nanomaterials, with which there is potential for 
inhalation exposure.  One study quantified one minute exposure to airborne particles ranging from 14 nm 
to 20 μm due to the use of three nanotechnology-based, and three regular, cosmetic powders functioning 
as moisturizer, blusher, blot powder, etc.33,34  Results therein illustrated that the coarse aerosol fraction 
(2.5 – 10 μm) represented the highest inhaled particle mass, while the minimal inhaled, mass was made 
by particles < 100 nm.  Deposition fractions were calculated based on the International Commission on 
Radiological Protection (ICRP) model.  For all types of powders, 85 – 93% of the particle mass deposited 
in the head airways, while < 5% deposited in the tracheobronchial region and < 10 % in the alveolar 
region.  The alveolar region was the second most exposed region of the respiratory tract; however, the 
deposited mass was only ~ 1/20 of that deposited in the head airways.  In another study, loose facial and 
eyeshadow powders were selected to evaluate the quantitative deposition following five minutes of 
exposure.35  According to the ICRP model, for all investigated cosmetic powders, 78% of inhalable-sized 
particles deposited in the head airways, while < 2.5% and < 1% deposition occurred in the 
tracheobronchial and alveolar regions, respectively.  The estimated dosage in this study was 700 µg for 
particles with dae ≤ 10 µm and 200 µg for particles with dae ≤ 2.5 µm.  Another study analyzed the size of 
particles, shape, accumulation, and distribution of three nanopowders (a moisturizer, a blusher, and a 
loose powder sunscreen) and three regular cosmetic powders (two blot powders and a finishing 



powder).36,37  The electron microscopy and airborne particle measurements data suggested that airborne 
concentrations of particles between 100 nm and 20 μm in diameter varied substantially among the 
different cosmetic powders, e.g., application of nanopowders may result in the release of particles as 
large as 20 μm, while exposure to nanoparticles was mainly through agglomerates of 5 - 10 mm and 
larger,37 and predominant deposition of nanomaterials occur in the tracheobronchial and head airways but 
not in the alveolar region.   

The current weight-of-evidence suggests that particles from cosmetic powders are predominately 
large, and only small portion of inhalable fraction deposit in the lower regions of the respiratory system 
(pulmonary region).  Further reduction of incidental inhalation exposures to respirable particles from 
cosmetic products can be accomplished by utilizing use devices, ingredients, and formulations that 
enable minimized aerosol generation, and/or skew the size distributions of the particles released from 
these products outside of the respirable range.10,11,32  However, application of a nanomaterial in loose 
powder or sprayable products may pose a risk of inhalation of airborne particles into the consumer’s lung 
airways.38,39  During consumer use, nanomaterials can be released and enter the respiratory system as 
free nano-sized particles, agglomerates, and nanoparticles attached to larger particles.  Additionally, 
other substances present in the nano-enabled products could be physically transported on the 
nanoparticles themselves.36,40   When there is evidence of systemic exposure to nanomaterials, 
absorption, distribution, metabolism, and excretion parameters should be considered in safety 
assessments of the nanomaterial in cosmetic products.41  

Additional analysis using photon correlation spectroscopy indicated the presence of particles < 100 
nm in both regular and nanotechnology-based cosmetic spray products (e.g., regular hair spray and hair 
nanospray, as well as regular facial spray and facial nanospray).42  During the application of all 
investigated sprays, particles ranging from 13 nm to 20 µm were released.  Further quantitative 
assessment of inhalation exposure and deposited dose of aerosol were performed in these cosmetics 
and several other consumer spray products, such as silver nanospray and disinfectant nanospray.43  
During realistic usage simulation of one minute exposure, similar deposition profiles were shown in 
regular hair spray, hair nanospray, regular facial spray, facial nanospray, regular skin hydrating mist, and 
skin hydrating nanomist.  The highest deposited dose for the head airways was ~ 1171 ng/kg body weight 
(bw) per application (hair spray), and the head airways deposited doses from the remaining products 
were in the range ~ 205 to ~ 785 ng/kg bw per application.  The tracheobronchial region deposited doses 
for the examined sprays were between ~ 1 and ~ 63 ng/kg bw per application, while those for the alveolar 
region were between ~ 1.4 and ~ 101 ng/kg bw per application.  In addition, all investigated sprays 
demonstrated similar proportional distributions of deposited doses in the respiratory system: ~ 85 – 88% 
of the total respiratory system deposition occurred in the head airways, ~ 4.6 – 5.2% in the 
tracheobronchial region, and ~ 7.0 – 9.5% in the alveolar region. 

Some liquid powder consumer products are specially designed to be dispersed through low 
pressure aerosol technologies such as airbrush devices or aerosol canisters, which nebulize liquid 
cosmetics into a fine mist or spray.44,45  Engineered metal nanoparticles (ENPs) are frequently 
incorporated into such aerosolized cosmetics and may be emitted into the consumer breathing zone.  
Mounting evidence suggests the application of nano-enabled consumer spray products can cause 
pulmonary exposures to pressurized aerosols and metal nanoparticles, which raises potential public 
health concerns.35,36,44-46  For instance, the aerosol properties of four airbrush consumer products, 
including a light and dark shade of foundation from each expensive or inexpensive product line 
respectively, have been examined during simulated realistic makeup application utilizing a fully 
automated aerosol generation system.44,45  Aerosols were monitored using both a scanning mobility 
particle sizer (SMPS) that measured particle size distributions between ~ 10 – 435 nm and an optical 
particle sizer (OPS) that measured size distributions between 0.3 – 10 µm.  A spray duration/aerosol 
generation of 20 minutes represented a worst-case scenario of application with 8 –12 drops (~ 400 – 600 
cm3) of liquid powder cosmetics placed in the reservoir of the nebulizer as per airbrush manufacturer’s 
instructions.1,44,45  Results indicated peak emissions of particles were color shade dependent and varied 
between 12,000 – 22,000 particles/cm3 with modal diameters ranging from 36 nm – 1.3 µm, and the 
majority of monitored mean particle diameters were ≤ 100 nm for all products.  Peaks of larger particles 
with a mean diameter sized 0.3 – 2 µm were also observed, indicating agglomeration during consumer 
application.  While these larger particles were fewer (≤ 5000 particles/cm3), these constituted the majority 
of the mass concentration, e.g., for particles with count mean diameter of 1255 nm, 82% mass fraction 



primarily deposited within the head airways, and < 10% deposited within both the tracheobronchial and 
pulmonary regions.  In addition, analysis of the elemental composition by scanning electron microscopy 
(SEM) demonstrated the existence of metal oxides ENPs in both the original products and collected 
aerosols, such as titanium dioxide (TiO2) and iron oxide (Fe2O3), which are commonly found in powder-
based makeup, functioning as pigmentation to produce various shades of cosmetics.47-50  These findings 
showed that a fraction of airborne particles released from airbrush devices could be inhaled, and 
consequently deposited, in all regions of the respiratory system, which may cause unintentional adverse 
health effects.  Aerosol monitoring data were also utilized to determine potential inhaled dose in human 
lungs as well as in vitro concentrations for epithelial cell treatment, using multiple path particle dosimetry 
(MPPD) model.45  For nano-sized particles, the entire exposure duration of 20 minutes could cause lung 
surface loading of 60 µg/m2 based on the peak deposition mass flux of 3 µg/min/m2, and for micro-sized 
particles, an inhaled dose within 20 minutes of exposure was estimated to be 1.1 mg/m2, based on the 
peak deposition mass flux of 55 µg/min/m2.  Further toxicity testing revealed significant increases in 
oxidative stress, single-stranded DNA damage, and 8-oxoguanine levels were identified post-exposure to 
collected aerosol suspensions versus pristine ENPs (TiO2 and Fe2O3).45  However, the current study did 
not assess whether the oxidative stress could be reversed with N-acetyl cysteine rescue, which may 
function as a fast-acting antioxidant in vivo and thus can provide valuable information on severity of 
toxicity.  In addition, the authors also noted the limitations of using a glove box chamber versus a 
cleanroom to test exposures to particles, such as the ability to simulate exposure in a similar room size as 
the products that are used by consumers, more control of airflow and air ventilation systems, and control 
of other parameters, such as particle movement and deposition.44 

The application of regular eyebrow powders may result in user exposure to respirable particles.51  
The concentration of TiO2 in airborne particle fractions (particles with dae ≤ 10 µm or ≤ 4 µm) was 
proportional to the presence of TiO2 in the bulk powder.  However, on the basis of the currently available 
data, it is not clear whether the nanoparticles released during the product use include additional 
nanosized ingredients other than the engineered nanoparticles that were incorporated into the product 
(e.g., whether the released nanoparticles include derivatives from natural product ingredients, or particles 
from product carrier liquid).42,44,45,51 

Inhalation Exposure of ENPs from Aerosolized Consumer Products 
Due to insoluble/poorly-soluble, biopersistent, and surface-reactive nature, the interaction of 

nanoparticles with biological entities may occur at the near-molecular level.41,52,53  Studies have revealed 
that exposure to airborne nanosized particles can cause potential adverse effects not only in the 
respiratory tract, but also in the heart, brain and the immune system.33,54-57  While the toxicity of pure 
nanomaterials is described by a considerable amount of research, there is limited information on 
exposure to nanomaterials combined with other ingredients in cosmetic formulation, that is, little is known 
about how chemical components of varying physicochemical characteristics, contained in liquid powder 
cosmetics, may alter the physicochemical and toxicological properties of incorporated metal 
nanoparticles.37,44,58  Studies demonstrated certain chemicals, such as organic solvents and volatile 
organic compounds within the complex mixture, may transform constituent nanoparticles by modifying 
particle surfaces.59-62  Surface modification may further cause profound changes in a nanomaterial with 
regard to certain physicochemical properties and potentially the altered toxic effects.53  The mobility of 
nanoparticles in aqueous solutions may be increased by a wide range of stabilizers, including thiols, 
carboxylic acids, surfactants and polymers, which can enhance the dispersion of ENPs.44,63  For example, 
addition of surfactants can cause a more stable nanoparticle suspension as a whole by creating 
micelles.58  When aerosolized liquid powder consumer products are realistically applied via a commercial 
airbrush/nebulizer, chemically modified nanoparticles of unknown physicochemical properties and 
biological activity may be emitted into the consumer breathing zone, and impact respiratory health 
differently than that of pristine nanoparticle exposures.44,58  In addition, nanoparticle agglomerates can 
exhibit different biological effects compared with uniform particles of similar size, and thus pose different 
health hazards than solid particles, potentially due to interactions of product matrices and format, as well 
as a combined surface area greater than that of solid particles of the same size.36,45,64  Therefore, the use 
of airbrush devices would result in inhalation exposure to single nanosized particles and multi-sized 
agglomerates, including complex nanoparticle-containing composites, which may present unknown health 
risks. 



Characteristics of nanoparticles, such as size distribution, shape, and surface area, are unique to 
each aerosol and can affect their regional deposition in the lung airways, as well as their interactions with 
biological organisms.  To better understand aerosolized NEP exposures and their potential implications 
on human health, a novel aerosol generation system coupled with individual animal exposure pods, for 
measuring particle concentration, has been developed to monitor and sample aerosols from various type 
of nano-enabled consumer products, and to mimic real-world consumer exposures to liquid powder 
consumer sprays.44,45  Such an exposure platform provides reproducible aerosol generation and can be 
used for in vivo toxicological assessments to determine toxicological profiles of aerosol fractions, as well 
as potential respiratory hazards for realistic application. 

The Expert Panel for Cosmetic Ingredient Safety (Panel) considered that currently available data 
suggest that a fraction of airborne particles/agglomerates resulting from airbrush delivery are respirable 
(i.e., the majority of particles with diameters ≤ 100 nm, and the majority of the collected aerosols 
contained agglomerates sized < 2 µm), and all of the four investigated products may have similar size 
distributions.44,45  The Panel also noted that the spray device and liquid carrier have shown significant 
effects on aerosol particle size and size distributions in multiple studies.65-69  As more nanotechnology-
based consumer products are being formulated and released into the market, in order to determine safety 
for the discrete ingredient used in aerosolized consumer products that are specially delivered through 
airbrush systems or other nano-enabled aerosol canisters, data requirements for inhalation risk 
evaluation would include characteristics of airborne particles, such as the final particle size (and size 
distribution) of a spray product, the maximum use concentration of ingredient, and information on 
methods of use and spray characteristics (e.g., exposure duration and frequency, and technical details of 
spray equipment), as well as inhalation toxicity testing data, if necessary. 

As airbrush technologies have become increasingly popular for consumer product use, however, 
little guidance has been developed by regulatory authorities across the world to address safety concerns 
relating to potential exposure of the consumer via the inhalation route.  A generic airbrush set typically 
consists of a trigger-controlled spray painting gun, an air compressor to create airflow, and a hose 
connector.70  The airbrush pressure can be adjusted to apply various types of makeup products, such as 
lighter, heavier, or more detailed styles.  As a result, spray parameters resulting from airbrush use are 
triggered by individual habits and are highly sensitive to the exposure situation (e.g., particle/droplet size 
distribution at spraying, ventilation rate, room volume, frequency and duration, etc.).  To build realistic 
exposure scenarios, it is therefore important to understand how each type of nano-enabled spray is 
realistically applied. 

While the regulations enforced by the Food and Drug Administration (FDA) do not define airbrush 
devices by their intended use in cosmetics (i.e., the FDA only classifies airbrush as a medical device, 
which is applied in dental restorations by using air-driven particles to roughen the tooth surface),71 the 
Panel noted some negative health effects associated with usage of airbrush consumer products and 
sunless tan have been reported to the FDA Center for Food Safety and Applied Nutrition (CFSAN) 
Adverse Event Reporting System (CAERS),72 including eye swelling and irritation, skin irritation, 
erythema, pyrexia, necrotizing fasciitis, pain, angioedema, pruritus, etc.  The Panel recognized nano-
enabled consumer products have a complex mixture that contains many elements, and airbrush 
applications might result in inhalation exposure to nanosized metal oxides, such as TiO2 and Fe2O3, 
which poses public health risks.35,44,45,48  For instance, TiO2 is classified as a “Carcinogen Category 2 
(inhalation)” by the European Commission,73 and in the EU, several nanomaterials (e.g., nano form of 
TiO2, ZnO and carbon black) are not allowed to be used in applications that may lead to exposure of the 
end-user's lungs by inhalation.38,74  Based on this evidence, to be determined safe, application of 
cosmetics via airbrush technologies warrants further, extensive evaluation.  Such evaluation of device 
use is outside the purview of the Panel review process. 

However, the Panel also noted a case wherein a color additive, i.e., dihydroxyacetone (DHA), is 
used in spray-tan booths (i.e., airbrushing it onto consumers).  Therein, the FDA issued an advisory, 
warning individuals against unwanted exposure and suggesting that customers request measures to 
shield their eyes, lips, nostrils and mucous membranes, to avoid ingestion and inhalation of this color 
additive.  Use of DHA in this manner is an unapproved use.  Though DHA is currently regulated and 
allowed by the FDA for use in externally applied cosmetics, such as sunless spray tanning products (i.e., 
DHA is only approved for external application, which means that it should not be used around the eyes, 



on the lips, or on any body surface covered by mucous membranes), the safety of its use in a mist or in a 
spray-on tanning booth has not been assessed.75-77  In addition, the majority of seventeen surveyed 
tanning booth locations simply suggested the customers hold their breath through spray tanning.78  
Furthermore, unlike airbrushed tans that involve trained technicians, home airbrush systems are widely 
used by consumers; to achieve even and full coverage, the airbrush nebulizer is aimed at the face and 
rotated in a constant application pattern, potentially resulting in prolonged inhalation exposure to micro-to-
nanosized particles.  Similar precautions and protection measures are thus advised to refrain from 
aerosol inhalation during applying spray-on liquid powders through low-pressure airbrush technologies.  

Measurement of Exposure Under In-Use Conditions 
Characterizing the particle size distributions released from finished powder products under use 

conditions is difficult.  This is because the methods used to measure the particle sizes of powder products 
involve dispersing the powder in a solvent or applying a pressure differential to break up the 
agglomerated particles.11  Thus, these measurements may not correlate well with the size distributions of 
the particles released from the product under consumer use conditions.  Some photographic methods are 
being developed to characterize the actual sizes and shapes of the particles released from powder 
products during use, such as SMPS and aerodynamic particle sizer (APS).  These sampling devices 
provide airborne particle concentrations and size distributions in the range of 14.1 nm and 20 µm,36,43 
which does not cover the full spectrum of particle sizes typically released from cosmetic sprays (with the 
largest portion being in the 50 – 300 μm range).  In comparison, particle/droplet size data measurements 
of a free spray may be generated using laser diffraction analyzers, which typically cover a particle size 
range of 10 nm to 4 mm (i.e., particle sizes larger or smaller than this range cannot be detected by this 
method).  In addition, SMPS requires at least 3 minutes of application to scan the entire particle size, 
which represents an exaggerated estimate of duration per aerosol spray application compared to 
customary cosmetic use conditions.32  Organic particles or a more complex mixture are hard to detect 
using electron microscopy.34  It is not clear whether these methods are amenable to characterizing the 
aerodynamic equivalent diameters of the particles under real use conditions, because factors such as 
particle/droplet density and maturation are also important considerations.34  Furthermore, the composition 
of chemical substances in the particle mixtures, along with their different physical properties (e.g., 
adhesive character, solubility, surface charge, etc.) and sizes, has a substantial impact on particle size 
distribution, and relies on different measurement methods.34,79,80  

Data obtained from the Netherlands’s National Institute for Public Health and the Environment 
(RIVM) ConsExpo spray model, as well as an industry survey, demonstrated pump sprays tend to 
produce larger aerosols that are non-respirable, whereas propellant deodorant sprays may generate 
respirable particles/droplets sized < 10 μm.1,17,23,31  As for cosmetic products in spray form, the major 
targets are the skin and hair, but spraying causes the partitioning of the product between the target and 
the surrounding air.  For the risk assessment purpose, the use of spray products should be quantified not 
only in terms of the amount of product dispensed from the spray can, but also the product fraction 
reaching the skin and deep lung regions during application.1,81,82  It is important to note that 
particle/droplet size data generated under experimental conditions may be significantly different from 
particle/droplet size under realistic consumer use conditions, in which exposure to droplets/particles from 
propellant sprays is highly affected by numerous critical factors, including nozzle size, spray distance, 
spray time, spray direction, temperature, humidity, ventilation, room size, propellant gas, and the solvent 
applied, as well as physiological factors, such as respiratory rate, tidal volume, and clearance 
mechanisms.32,34,80,82  Therefore, in most cases, a refinement of spray characteristics is required to 
achieve realistic consumer exposure measurements, which will provide a clear insight into the inhalable 
and respirable fractions that might be expected.  One study, which performed exposure measurements 
with deodorants/antiperspirants in aerosol form, indicated that experimentally measured exposure is 
generally many times lower than the that derived from the in silico models after inhaled doses are refined 
to adjust for the amount of material that ends up on skin/hair (and is therefore not available for 
respiration).81  In another study, inhalation exposure to aluminum from four antiperspirant sprays was 
estimated when the product was sprayed against a skin surrogate, as opposed to spraying in the air (“free 
spraying”).83  Findings suggests free spraying overestimated uptake by more than a factor of two (i.e., 
calculating the systemic uptake using release data obtained for the free spray operation results is an 
overestimation of the uptake by more than a factor of two).31,83  Thus, a safety assessor may expect that 



 

unintentional exposure by inhalation during usage of some types of cosmetic sprays, under realistic 
exposure conditions, can be very low to negligible.32 

Tiered Approach for Inhalation Safety Evaluation 
The Panel noted that particle/droplet size data under simulated consumer use scenarios are 

generally not needed when conducting inhalation risk assessment due to the tiered approach to risk 
assessment, which provides an adequate margin of safety at the screening and modeling tiers.  This is 
consistent with the very low product and ingredient exposures based on short exposure durations, 
ingredient content of product, and total amount of product used.31  An exposure assessment is based, in 
part, on detailed knowledge of the use conditions established from data on consumer use habits and 
practices.  A preferred approach for the evaluation of inhalation exposure includes three tiers:82  

• Tier I is a screening approach that employs worst case default assumptions, assuming all 
product leaving the container is potentially respirable and likely to become systemically 
available.  This approach uses existing habits and practices data, and assumes the total 
amount of sprayed product immediately enters the breathing zone (about 1 to 2 m3 for 
cosmetics sprayed towards the body).  This simple, very conservative exposure 
assessment value is then compared to a systemic threshold and if the outcome is 
acceptable, no additional work is needed. 

• Tier II utilizes additional factors in determining exposure such as room volume, room 
ventilation rate, discharge rates, spray times, and particle/droplet size.  Computational 
models of varying complexity have been developed (e.g., one-box and two-box models, 
which vary in the number of assumed zones in which the emitted material is 
homogeneously dispersed). More sophisticated models may incorporate factors to 
determine how much of a spray/chemical is actually inhaled, exhaled, is reaching the 
deeper lung, or is deposited. 

• Tier Ill requires actual measurements of exposure under simulated use conditions, and is 
used for applications where computational modeling might not give a sufficient level of 
confidence for risk characterization.  For instance, particle/droplet size could be dynamic 
due to the evaporation of the solvent after releasing the spray container.  Currently, no 
computational modelling is available to conduct a sufficiently reliable simulation of this 
particle/droplet maturation. 

In practice, exposure to aerosolized cosmetic ingredients is very low, due to low use quantities and 
very short exposure times.  As a result, Tier I assessments may be all that is needed, and there is rarely a 
need to go beyond a Tier II evaluation.  However, in some cases, where the screening output is very 
conservative, further refinement may be needed.  It is important to note that the final exposure is 
determined not only by the particle size, but also the distribution of particles/droplets in the exposure 
room under in-use conditions.  The composition of the formulation and the spray characteristics are of 
significant impact. 

Sample Exposure Calculations 
Sample exposure calculations utilizing the approach described above are presented here for an 

aerosol hair spray product.31 

• Screening Approach: 
(assumes all ingredient in the product is available for systemic exposure) 

Aerosol hairspray assumptions: 

Amount used per day: 9.89 g (95th percentile)84  
Ingredient makes up 2% of product 

      Body weight: 60 kg 

      Exposure estimate: 

      9.89 g x 0.02 (ingredient) = 0.198 g (198 mg) 



198 mg ÷ 60 kg = 3.3 mg/kg 

• Refined Exposure Estimate: 

There are multiple factors that can be used to refine an exposure estimate.  In this example, the following  
refinements are added:  

- Two-box model,1 in which the ingredient distributes in  1000 L in the first 2 minutes, and 
distributes in 10,000 L in the next  18 minutes 

- Breathing rate 10 L/minute85 
- 25% exhaled 

Exposure estimate: 

First 2 minutes:  198 mg/1000 L x 10 L/minute x 2 minutes = 3.96 mg 
Next 18 minutes: 198 mg/10,000 L x 10 L/minute x 18 minutes = 3.56 mg 
Total exposure 3.96 mg + 3.56 mg = 7.52 mg 
25% exhaled (0.75 exchange factor) 
7.52 x 0.75 = 5.64 mg 
5.64 mg ÷  60 kg = 0.094 mg/kg 

• Other Refinements: 

The simple refined exposure calculation above provides a conservative estimate of 
inhalation exposure to an ingredient for all regions of the respiratory tract.  Other factors can 
be incorporated to refine the assessment further. 
For example, exposure can be further refined to adjust for the amount of material that ends up 
on skin/hair and is therefore not available for inhalation.81 
Addition of a factor to adjust for respirable fraction (inhaled particles/droplets <10 µm) refines   
the amount that may reach the deep lung. If, for example, 5% of the distribution is less than 
10 µm, the following calculation would apply: 
0.094 mg/kg/day x 0.05 = 0.0047 mg/kg/day 
Calculations for deodorant would be conducted similarly.  Spray deodorant habits and practices 
data are available.53 

• Realistic Exposure Measurements under Simulated Use Conditions 

An example of exposure assessment for antiperspirant spray products, mimicking in-use 
conditions and incorporating particle/droplet size data, has been reported.83  Exposure to 
aluminum from four antiperspirant sprays containing up to 1.5% aluminum is assessed using a 
simple two-box model, with calculation of the inhaled aluminum dose over 12 minutes.  Within 
this approach, real-world consumer habits and practices data on frequency, duration, and 
amount per use for all cosmetic product categories (based on a database of more than 26,000 
EU consumers) are considered.  Systemic exposure of the upper respiratory tract and deep lung 
deposition were calculated using the MPPD Model. The total systemic exposure via inhalation 
was found to be less than 0.5 µg per application (i.e., less than 0.0084 µg/kg/application for 
a 60 kg person).  In this study, inhalation exposure estimates when the product was sprayed 
against a skin surrogate were further compared to spraying in the air (“free spraying”).  Free 
spraying overestimated uptake by more than a factor of two.  The results suggest that exposure 
estimates incorporating spray product use levels and ingredient concentrations and adjusted for 
distribution in two-box model result in highly conservative estimates of lung exposure. 

OTHER CONSIDERATIONS OF SPRAYED PRODUCT 

While there may be some unique considerations (e.g., specific considerations applicable to a 
particular product type) in the evaluation of safety following exposure by the inhalation route, the basic 



framework for risk assessment – consisting of hazard identification, exposure assessment, and risk 
characterization – is fully applicable.  Both local (lung) effects and systemic effects are considered in the 
evaluation of hazard and risk.  Data useful for the assessment, in addition to animal inhalation toxicity 
data (if available), include safety data generated using routes of exposure other than inhalation, 
physical/chemical properties, and data on mucosal membrane, skin, and eye irritation.  The latter are 
relevant to the potential for causing local irritation to the respiratory tract.  Mathematical models which 
take into consideration known data on lung irritants may also be useful.  In vitro methodologies are under 
development and offer promising approaches for inhalation safety assessment as well.86 

The Panel recognized that aerosols from propellant deodorant sprays or airbrush devices are 
distinct from aerosols from pump sprays.  For each ingredient or ingredient group assessed, the Panel 
would like to know whether the current practices of use include propellant sprays, pump sprays, or 
airbrush delivery.  Identifying the use of ingredients in deodorant spray and airbrush products may be 
especially important, because they potentially release the largest quantity of respirable droplets/ 
particulates among the products evaluated.  However, better information about particle size distributions 
and their variability (within and across product types) that can be reasonably expected, generally, from a 
broad range of products (e.g., hair, sunscreen, indoor suntanning, foot and deodorant sprays, and loose 
powders), would substantially increase confidence in safety assessments of ingredients in products that 
may be aerosolized. 

The Panel notes the particle inhalation risks associated with the applications of airbrush 
technologies and propellant deodorant sprays.  The final particle size distribution of a spray product is the 
result of the composition of the formula, the concentration of individual ingredients, and other relevant 
spray parameters (e.g., spray nozzle, can size, propellant type and pressure).  When considered 
necessary, risk characterization for spray products can be carried out to access the risk to human health 
at certain levels of exposure under real-use conditions (e.g., Risk Characterization Ratio (RCR) can be 
derived by comparison of the calculated exposure with the relevant derived no-effect level (DNEL) for an 
ingredient).87  The Panel also recognizes currently available data suggest the use of airbrush delivery of 
consumer products might lead to inhalation exposure to ingredients such as TiO2 and Fe2O3, which may 
pose a risk to public health if respirable.  The Panel thus considers the data to be insufficient to assess 
the safety of airbrush delivered cosmetics.  

Additionally, the purview of the Panel is exclusive to assessing the safety of ingredients as used in 
cosmetics.  Assessing the safety of devices, such as airbrush delivery systems, is obviously outside of 
that purview.  Therefore, a question currently remains unanswered: “Is the delivery of certain consumer 
products via airbrush delivery systems considered to be a cosmetic use within the US regulatory 
structure?”  The only approved use of airbrush systems is as a medical device.  Clarification is needed 
as to the regulatory purview of using airbrush devices to deliver consumer products (e.g., certain contact 
lens solutions are considered to be devices in the US [21CFR886.5928]).  

The Panel recognizes that the distribution of aerodynamic equivalent diameters of cosmetic aerosol 
droplets/particles is an important parameter determining where the inhaled particles/droplets will be 
deposited in the respiratory tract.  However, the Panel also emphasizes that the chemical properties of 
the particles/droplets will be critical factors determining whether they will cause inhalation toxicity where 
they are deposited.   

The Panel will continue to review all of the relevant inhalation toxicity, use, and other data to 
determine the safety of cosmetic ingredients.  The Panel will evaluate the importance of the inhalation 
route for assessing the safety of an ingredient or group of ingredients, and evaluate data that may be 
available to estimate potential respiratory doses from aerosolized products.  Factors to consider include 
whether or how much of the spray products enter the breathing zone, the likely droplet/particle size 
distributions in the breathing zone, and the exposure durations that can be expected during product use.   

On the other hand, the Panel noted that inhalation toxicity studies on test animals are often 
conducted using high concentrations of droplets/particles with size distributions well within the respirable 
range and long exposure durations to ensure that the potential for pulmonary or systemic toxicity will be 
detected.  In contrast, the concentrations of respirable droplets/particles and the inhalation exposure 
durations from the use of cosmetic products will be much less than those of the animal studies.  Thus, the 



adverse effects reported in such studies may have little or no relevance for evaluating the inhalation 
safety of cosmetic ingredients.   

For example, the Panel noted studies that reported pulmonary granulomas in animals exposed to 
high concentrations of inhaled silylates sheared to form particles with dae ranging from 1 to 4 µm, which is 
well within the range considered to be respirable.  However, this ingredient, as supplied to formulators, 
has an average dae of about 20 µm, and the ingredient aggregates and agglomerates to form clusters and 
chains with dae > 125 µm, and none < 90 µm.  Thus, the formation of granulomas in the animals was not 
considered to be relevant for evaluating the inhalation safety of this ingredient as used in cosmetic 
products.   

The Panel also noted data are currently insufficient to assess the inhalation exposure of each 
ingredient in relation to the unintended exposure resulting from the intended use of the finished products 
delivered by airbrush system.  If substances are meant to be included in sprays or aerosols, evaluation of 
consumer exposure via inhalation is paramount in the overall safety assessment.  If inhalation toxicity 
data are absent or provide an insufficient basis to support the safety of an ingredient used in products that 
may be aerosolized, the Panel will evaluate the sufficiency of other data that may be available on a case-
by-case basis.  Such data would include, for example, the potential for the ingredient to cause systemic 
toxicity, ocular or dermal irritation or sensitization, or other effects after repeated exposures.  Other 
factors to consider include whether the ingredient belongs to a class of toxicants recognized to have the 
potential to cause lung injury after exposure via inhalation or other routes, possesses structural alerts 
based on known structure-activity relationships, or has a noteworthy potential to yield reactive 
intermediates or other metabolites of concern in the lungs.    
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