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A B S T R A C T

Consumer products such as cosmetic spray products must be safe. Strict rules to ensure this for cosmetic spray 
products are established by the EU Cosmetic Products Regulation, as well as by scientific advisory panels. In this 
article several default values are proposed from the literature to improve the consistency and accuracy of 
inhalation exposure assessments performed for cosmetic spray products. The use of these default values is given 
for the most relevant spray product types currently on the EU market. The use of well-known exposure calcu
lation models (e.g. one-box and two-box models) are discussed for their applicability to estimate consumer 
inhalation exposure to certain spray product types. The availability of measured data from experimental studies 
is limited due to the complication caused by parameters such as technical product information relating to 
droplet/particle sizing of the airborne product. In some cases, there is reliance on conservative, worst-case input 
values (e.g., spray time and the amount released from the product container) for exposure assessment of indi
vidual product uses. Where the authors have identified data gaps for certain parameters for specific product types 
during the literature review, recommendations are provided for additional consolidated default values to pro
mote the safety assessment.

1. Introduction

Robust safety assessments of cosmetic products are mandatory for 
compliance with the European Union (EU) Cosmetic Products Regula
tion (CPR) (EC) No. 1223/2009 (EU-CPR European Union Cosmetic 
Products Regulation, 2009) to ensure the safety of the consumer during 
routine and intended use (Steiling et al., 2014). In addition to the po
tential hazards posed by the ingredients used in the product, it is 
essential to have a robust and realistic understanding of how consumers 
are exposed to these ingredients during and after product use (Schneider 
et al., 2019). Both application of a cosmetic spray product and residence 
time in the room of application are important for the exposure assess
ment. Historically, the evaluation of inhalation exposure to cosmetics 

was generally considered to be of less relevance compared with dermal 
or oral routes of exposure (Thá et al., 2021). However, as application via 
spray formats have become more prominent over recent years, so too has 
the need for consideration of inhalation as an exposure route in the 
safety assessment of cosmetic spray products.

For a robust safety assessment to be conducted, a reliable exposure 
assessment is needed. Therefore, information such as product compo
sition, spray duration, geometry of product valve/actuator and spray 
nozzle, room volume, room ventilation rate, and of course the con
sumer’s breathing parameters during the exposure period is required. 
Information on the toxicological profile or hazard data of the product 
ingredients is also required. This should incorporate an understanding of 
the local and systemic effects of the ingredients in cosmetic products. 
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This is necessary, for example, since deodorants/anti-perspirants are 
intentionally sprayed (directed) towards the skin, while hairsprays are 
aimed at the hair, and consequently, both can be unintentionally inhaled 
resulting in respiratory tract deposition and potential subsequent 
translocation to the systemic circulation.

Acute inhalation toxicity (OECD Organisation for Economic 
Co-operation and Development, 2009a, OECD Organisation for Eco
nomic Co-operation and Development, 2009b, OECD Organisation for 
Economic Co-operation and Development, 2018a) and inhalation 
repeated dose toxicity (RDT) studies (OECD Organisation for Economic 
Co-operation and Development, 2009c, OECD Organisation for Eco
nomic Co-operation and Development, 2018b) are mandatory testing 
requirements (driven by the annual manufacturing or importation 
tonnage of a chemical) under REACH (GHS Globally Harmonized Sys
tem of Classification and Labelling of Chemicals, 2015), in combination 
with CLP (EU-CLP, 2008), for those chemicals which are likely to be 
inhalable based on their volatility. However, in vivo testing of chemicals 
solely for use in consumer products is prohibited (EU-CPR European 
Union Cosmetic Products Regulation, 2009). When assessing inhalation 
systemic effects, the above-mentioned historical inhalation RDT study 
data are often robust and reliable sources. Other historical RDT studies 
(i.e. oral route) may be applicable for route-to-route extrapolation in the 
absence of an inhalation study (ECHA European Chemicals Agency, 
2012). In addition, some local effects (in particular, tolerability) may be 
ascertained from skin irritation and sensitisation data, while eye irrita
tion data may be used as a rough surrogate for estimation of mucous 
membrane compatibility/irritation.

In light of the prohibition of animal testing for cosmetics under the 
provisions of the EU CPR (EU-CPR European Union Cosmetic Products 
Regulation, 2009), industry has concentrated their efforts in recent 
years on the development of in silico and in vitro non-animal, human-
relevant alternatives to the animal models (Clippinger et al., 2018a). 
The focus of such investigation is to follow appropriate adverse outcome 
pathways (AOPs) related to acute inhalation toxicity (Clippinger et al., 
2018b; Halappanavar et al., 2020). This investment into understanding 
and advancing in vitro non-animal, human-relevant models has also 
added to the toolbox at the disposal of the safety assessor for the testing 
of local effects (Clippinger et al., 2018a, Clippinger et al., 2018b). 
Non-animal models (NAMs) for the RDT endpoint are less advanced but 
are progressing quickly. While they are not yet fully validated, they have 
been shown they can be part of a valid approach to conducting a 
NAMs-based assessment for the inhalation endpoint (de Ávila et al., 
2025). Furthermore, as most in vitro models are designed to be cultured 
and exposed at the air-liquid interface they may provide greater scope 
for realism in terms of human respiratory exposure scenarios (Braakhuis 
et al., 2020; Cao et al., 2021, Petersen et al., 2021; Camassa et al., 2022; 
de Ávila et al., 2025). Consequently, regulatory bodies are becoming 
more inclined to accept the application of in vitro models in support of 
inhalation risk assessment (US EPA United States Environmental Pro
tection Agency, 2024), but more work is required to gain ubiquitous 
regulatory acceptance.

Many of the requirements for hazard assessment are laid down by the 
EU CPR with a specific need to ensure the safety of ingredients under 
intended use conditions. For general safety evaluation of all types of 
cosmetic products, including those which may be inhalable, the Scien
tific Committee on Consumer Safety (SCCS) Notes of Guidance (NoG) for 
the testing of cosmetic ingredients and their safety evaluation outlines 
the key elements that should be considered (SCCS, 2023a).

Due to the variety of marketed spray products today and the 
complexity of individual consumer habits, the industry members 
involved decided to compile an overview of the information publicly 
available on parameters impacting consumer inhalation exposure. 
Consequently, the focus of this article is the parameterisation of expo
sure assessment of cosmetic ingredients which may be unintentionally 
inhaled during product use and is based, when available, on current 
literature data. As with previous publications related to the assessment 

of sprayed cosmetic products (Rothe et al., 2011; Steiling et al., 2014), 
this article is intended to provide guidance and recommendations, with 
respect to inhalation exposure assessment parameterisations, to safety 
assessors of spray products in their daily work and to act as a reference to 
related third parties, such as the SCCS. Where data gaps have been 
identified, some conservative or worst-case assumptions are proposed to 
ensure safety assessments are protective. Further to this, the intention is 
that these identified data gaps will drive additional future investigative 
experimental work to facilitate closure of the observed gaps for specific 
products.

2. Sprayed product distribution in the respiratory tract

Respiratory tract anatomy, ventilatory rates, droplet/particle size 
and physicochemical properties of the product formulation combined, 
determine three regions of potential deposition and subsequent clear
ance as discussed in the literature (Rothe et al., 2011; Steiling et al. 
2014, 2018). The droplet/particle size, expressed as the aerodynamic 
diameter [µm], determines which part of the respiratory tract it reaches. 
Large droplets/particles (>30 µm) of the “inhalable fraction” (≤100 µm) 
may reach the nasopharyngeal region, while medium sized droplet
s/particles (10–30 µm) of the “thoracic fraction” can reach the 
tracheobronchial region. The “inhalable fraction” can be used for 
assessing local (e.g. tolerance) effects as some portal of entry effects can 
occur anywhere along the respiratory tract. Finally, the main fraction of 
interest for assessment of deep lung toxicity and systemic effects is 
defined by smaller droplets/particles (<10 µm). This “respirable frac
tion” can reach the pulmonary region of the lung. Therefore, the area of 
exposure or deposition of airborne ingredients in the respiratory tract 
and the region-specific clearance mechanism (e.g., by mucociliary 
escalator followed by swallowing or sneezing/blowing) is highly 
dependent on droplet/particle size and dictates the overall exposure.

The aerodynamic diameter of product droplets/particles released 
from sprays during application is influenced by parameters such as spray 
valve/actuator size, spray nozzle geometry and internal spray container 
pressure along with the physicochemical properties of the product 
(Hahn et al., 2021). The pressure inside the spray container is particu
larly relevant for pressurised propellant-driven aerosols, commonly 
known as and referred to hereafter as “aerosols”. All these parameters, 
through the modulation of droplet/particle size, also impact on the 
product distribution during spraying. To achieve homogenous distri
bution of a spray product on its intended area of application, optimi
sation of the spray container, nozzle geometry, and pressure conditions 
are required. Typically, laser-diffraction spectrometer measurements 
are used in technical investigations interested in optimising product 
spray characteristics. It has been shown that, in most cases, aerosols 
produce smaller droplets/ particles compared to similar products pre
sented in pump or trigger sprays (Bremmer et al., 2006). Therefore, 
compared with pump or trigger sprays, aerosols generate larger fractions 
of respirable droplets/particles, and consequently, pose a greater po
tential for exposure and deposition in the pulmonary region. For 
example, the typical mass median aerodynamic diameter (MMAD) 
(converted from the volume median diameter) of airborne droplet
s/particles of pump hairsprays was found in the range of 47.7–206.7 µm, 
with a mean of 0.9 % of droplets/particles considered to be respirable (i. 
e. with an aerodynamic diameter less than 10 µm). In comparison, the 
MMAD of airborne droplets/particles of hairspray aerosols was deter
mined to be 14.7–43.2 µm, with 7.5 % of the droplets/particles emitted 
found to be smaller than 10 µm (Berrada-Gomez et al., 2023).

The impact of other parameters such as product formulation 
composition, spray container pressure and spray valve/actuator char
acteristics on droplet/particle size was shown in comparison studies 
with deodorant/anti-perspirant and hairspray aerosol formulations. 
These tests showed that deodorant/anti-perspirant aerosols produced 
consistently smaller median droplet/particle sizes than hairspray aero
sols. For example, the data generated indicated that hairspray aerosols 
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have a median aerodynamic equivalent diameter (diameter of a unit 
density spherical particle with the same terminal settling velocity as the 
particle being measured) (De-Ling, 2010) (dae) of 35 µm (coefficient of 
variation 0.3), while deodorants/anti-perspirant aerosols have a median 
dae of 10 µm (coefficient of variation 0.3). This suggests that a larger 
portion of droplets/particles are within the range considered to be 
respirable for deodorants/anti-perspirant aerosols, compared with 
hairspray aerosols (CIR, 2021). Hence, the same spray format can result 
in significant differences in exposure of the pulmonary region.

In addition to the droplet/particle size of the airborne material 
(Schwarz and Koch, 2017) during spraying (as typically measured by 
laser-diffraction spectrometry), it may also be important to consider the 
droplet/particle size during the residential stay of the consumer in the 
exposure environment, i.e. after spraying. Sprayed droplets/particles 
often change size once discharged, a process called “maturation”. This 
can result in both a reduction of size (by evaporation of volatile in
gredients, such as solvents, shortly after product release) and an increase 
in size (by aggregation and agglomeration of smaller droplets/particles) 
(FEA (Fédération Européenne des Aerosols, European Aerosol Federa
tion), 2013). To account for this “maturation” process, alternative 
measurement techniques are required to obtain realistic data on the 
droplet/particle size during consumer exposure after spraying.

There are two main measurement methods available that are 
routinely performed on spray products. The first method is simulated 
use evaluation testing. In this method a mannequin with technically 
simulated physiological breathing parameters is exposed in a realistic 
manner to the sprayed product. The mannequin is equipped with a 
simulated upper respiratory tract connected to a time-of-flight spec
trometer (FEA, 2013; Steiling et al., 2014). Under such realistic simu
lated consumer exposure conditions inhalable (exposure to the whole 
respiratory tract) and respirable (exposure to the alveolar region of the 
lung) droplet/particle fractions are determined. These droplet/particle 
size fractions are obtained by sampling air from the ‘breathing zone’ of 
the mannequin (Carthew et al., 2002).

The second method is the Respicon method (Schwarz and Koch, 
2017; Schwarz et al., 2018). In this method, the product is sprayed on a 
mannequin or skin surrogate in a dimensionally standardised room 
ensuring a homogeneous distribution of the airborne droplets/particles. 
Well positioned samplers (multistage cascade impactors) ensure the 
collection of droplets/particles in inhalable, thoracic and respirable 
fractions (Schwarz and Koch, 2017).

While these measurement methods exist, access to them is not 
ubiquitous, particularly amongst small and medium enterprises, so the 
use of default values for parameterization of in silico exposure models is 
an important requirement to fill the measurement capability void.

3. Cosmetic spray product types found on the market

Currently, an increasing number of different cosmetic spray products 
are available on the market. Product application via spraying is 
appealing to consumers for several reasons, including ease of use, ho
mogenous product application to the target skin area or hair, and 
reduced risk of microbial contamination. This article focuses on the most 
common cosmetic spray product types currently on the market (Loretz 
et al., 2006), which can be subdivided into different product types based 
on format as presented in Table 1.

4. Typical consumer use scenarios

Common cosmetic spray products can be said to have relatively 
standard consumer use scenarios and habitual applications, even 
considering the potential for variability of individual consumers. 
Cosmetic spray products are, in the main, either sprayed towards the 
body or head during use (Steiling et al., 2014), resulting in a spray cloud 
that will reach the consumer’s breathing zone. However, the specific site 
of application can be different and is product dependent. For example, 

hairsprays are directed towards the head for application of the fixative 
onto the hair (Carthew et al., 2002; Bremmer et al., 2006), while 
deodorant/anti-perspirant (Deo/AP) sprays are pointed towards the 
axillae (Steiling et al., 2012). Contrastingly, body mists/all-over-body 
sprays are aimed at the torso, but body lotion sprays are targeted at 
all body parts (excluding the head, in this case the recommended facial 
application, particularly with sunscreens, is spraying the product onto 
the hands and then applying the product to the face by hand). In addi
tion, fragrance sprays can be applied to several body sites, but of 
particular interest here is spraying at the neck (Bremmer et al., 2006; 
Loretz et al., 2006). Furthermore, facial sprays (normally different to 
sunscreens) are sprayed directly onto the face to deliver their skin care 
benefits. Finally, dry shampoos are directed to different locations across 
the scalp, with a particular focus on reaching the roots of the hair.

In all cases, the spraying process is short burst in nature (i.e. inter
mittent) with the consumer typically spraying the product for either a 
few seconds (Bremmer et al., 2006; Steiling et al., 2012, 2014) or only a 
few pumps or trigger pulls per application (Bremmer et al., 2006). The 
consumer is expected to reside in the exposure room (typically assumed 
to be a bathroom or a small bedroom) after spraying for only a few 
minutes (Bremmer et al., 2006; Rothe et al., 2011; Steiling et al., 2014). 
In addition, infrequent reapplication can typically be assumed during 
the day (Bremmer et al., 2006; Loretz et al., 2006; Steiling et al., 2014).

5. Differences between aerosols and pump/trigger sprays

Most of the spray product types listed in Table 1, are available as 
aerosols, and as pump or trigger sprays. With the latter, the product 
release works with just a mechanical pump or trigger system and 
without the need for added pressurised gases. In aerosols, liquified gases 
force the product out of the valve/actuator via decompression of the 
actuator, resulting in the release of a product droplet/particle via the 
spray nozzle. The release principle is typically defined by technical and 
product specific needs but is not always interchangeable without 
compromising the product performance (e.g. for hairsprays which are 
typically offered as aerosols). In addition to the need for high product 
performance, such as homogeneous product distribution on large sur
faces (e.g. long hair) when using hairspray products, a significant 
emphasis is also placed on the size of airborne droplets/particles during 
spraying. Sprays from pumps or triggers are typically coarse in terms of 
droplet size, while droplets are released at low velocity. This contrasts 
with aerosol products where the droplet size is much finer, and spray 
rates are high.

6. When is an inhalation safety assessment required?

As with all cosmetic products, the safety of spray products is deter
mined by the individual product formulation and the relevant exposure 
during use. The primary concern with regards to spray products is the 
proximity in which they are often used to the consumer’s breathing 
zone, resulting in unintentional inhalation of sprayed product. As such, a 
specific inhalation safety assessment would typically be required. 

Table 1 
Spray product type subdivision.

Product type Subdivision based on format

Hairsprays Hairspray aerosol Hair pump spray
Deodorant/anti- 

perspirant (Deo/AP) 
sprays

Deodorant/anti- 
perspirant (Deo/AP) 
aerosol

Deodorant/anti-perspirant 
(Deo/AP) pump spray

Body sprays (including 
sun protection)

Body aerosol Body pump spray

Fragrance sprays (eau de 
toilette/perfume)

- Fragrance pump spray

Facial sprays Face aerosol Face pump spray
Dry shampoo Dry shampoo aerosol -
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However, in some cases just the product format may mitigate the risk of 
exposure via the inhalation route such that exposure may be unrealistic. 
For example, in the case of spray foams, where inhalation exposure is 
not expected, such an assessment is not needed. Other non-spray prod
ucts may (e.g. loose powder) or may not (e.g. compact powder) require 
an inhalation safety assessment (Fig. 1).

When conducting a safety assessment, the exact individual product 
formulation composition is essential for a detailed understanding of the 
extent to which inhalation exposure can occur. In cases where inhalation 
exposure could happen, all volatile and non-volatile ingredients should 
be assessed (the assumption being that the consumer’s respiratory tract 
is potentially exposed to components when droplet/particle size is 
≤100 µm) (Fig. 1). As mentioned above and reported in the literature 
(Steiling et al., 2014), the individual formulation along with spray 
valve/actuator parameters and nozzle geometry, and the resulting par
ticle size distribution, in combination with the consumer use scenario 
provides the complete exposure assessment for use in the safety 
assessment. To complete the risk assessor’s view, the safety (hazard) 
data for each ingredient is also required.

While this section only very briefly touches on the approach for 
powders, a more detailed discussion of the principal aspects of inhala
tion of particles from powder products is available in the literature 
(Steiling et al., 2018). The current review is focused on the exposure 
assessment of sprayed cosmetic products and is limited to sprayed liquid 
formulations containing volatile and non-volatile ingredients. 

• Consumer exposure

Consumer exposure by inhalation is defined by the amount of 
product inhaled during occupation of the room of exposure considering 
the frequency of applications/events (e.g. per day). The amount avail
able for inhalation can be calculated from the quantity of product 
leaving the container/packaging during product application reduced by 
the quantity retained on the skin or hair and other surfaces. Further
more, the fraction which can be inhaled will be determined by the 
product formulation, spray typology, habitual product use and several 
respiratory parameters, which will be introduced in this publication. 
Finally, the respiratory tract exposure (RTE), possibly effecting local, as 
well as systemic effects (SEDinh), must be estimated in the safety 
assessment.

It should be emphasised that for some cosmetic products, the product 
amount used per application is lower for spray applications than for the 
same formulation in a non-spray form (i.e. a cream). This has been 
observed in a study for sunscreen products where adult women in the 
study used 15.7 + /- 9.1 g per day of milk/cream, whereas it was only 
5.2 + /- 4.7 g for a comparable sprayed product (Ficheux and Roudot, 
2017). Nevertheless, Gomez-Berrada et al. in their study on consump
tion of sunscreen products did not observe this effect, highlighting 
probably the roles of the galenic of formula and the spray typology 
(Gomez-Berrada et al., 2017). For this reason, it is the responsibility of 
the safety assessor to select the most realistic amounts for the product to 
be evaluated regarding the potential specificities and the data available 
on the product under assessment.

Several surveys are available to inform about the consumption of 
cosmetic spray products under habitual use conditions. Many of them 
consider the weight loss of the product container before and after use. 
Even if they have not been conducted with the same protocols and do not 
contain the same level of information, these surveys provide a pool of 
data for most of the sprayed product types which are useful to select a 
quantity per use to perform a safety assessment. Nevertheless, these data 
are not exhaustive and some product categories like facial sprays or 
body mists, also called all-over-body spray products, have not been 
covered by these surveys. Thus, the usage amounts of the corresponding 
non-sprayed forms reported in the SCCS Notes of Guidance (SCCS, 
2023a) are proposed to be used as a worst-case scenario. The detailed 
data are compiled in Supplementary Data Table 1. For products with 
several sources of data, the authors have selected examples which have 
been reported in Table 2 below. These examples are generally conser
vative values. They show, in the main, extreme case exposure, while 
overall representing most of the population (e.g. 95th percentile of the 
users, P95), to support a safety assessment encompassing all users 
including “heavy user” practices. Like the safety assessment of products 
not inhalable, safety data are generally related to consumers within the 
range of variability (age, health conditions, frequency etc.). Beyond the 
addressed consumer group, explicitly for those with significantly 
compromised health conditions, the use of cosmetic products is not 
intentionally recommended. For such specific situations individual 
safety assessments may be necessary. For the exposure assessment of 
children, parameters such as breathing frequency and lung volume must 
be adapted.

Fig. 1. Scheme of inhalation risk assessment based on final cosmetic product type (green colour indicates those scenarios where inhalation exposure is unlikely, red 
framing signifies the opposite).
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Nevertheless, the safety assessor has the responsibility to choose the 
most appropriate data related to the product under assessment by 
considering all the data available internally and in the literature. Indeed, 
the authors noticed that data reported in the literature for the daily use 
of some products like hairsprays are sometimes very different. In 2006, a 
survey reported 5.18 g per day for hair pump spray as the mean of 
amount of use whereas the P95 was very high, 15.62 g per day (Loretz 
et al., 2006). A more recent study instead reported a P95 value of only 
2.99 g per application and per day for this product type (Ficheux et al., 

2016). Notwithstanding hair length as a parameter impacting the 
quantity used, the difference between these two studies cannot be really 
explained. In this case, the authors decided to report in Table 2 the mean 
value of Loretz et al. which is close to the more recent P95 of Ficheux 
et al. and thus, probably more representative than the P95 of the Loretz 
study. In addition, this amount has been cited and used as a reference in 
publications (Steiling et al., 2014).

7. Parameters impacting consumer exposure by inhalation

An important consideration in systemic toxicology and therefore for 
the safety assessment of consumer products is the intrinsic hazard of a 
certain chemical (ingredient) and its body burden after uptake. There 
are three different routes of exposure that contribute to body burden - 
dermal (the most important for cosmetic products), oral, and inhalation. 
The systemic uptake of an ingredient and the resulting internal dose is 
called the Systemic Exposure Dose (SED). This estimated (or ideally 
measured) value is used to calculate the Margin of Safety (MoS) by 
comparing the SED with safe reference values (i.e. doses known to be of 
no concern) which are typically derived in toxicological studies (OECD 
Organisation for Economic Co-operation and Development, 2009c, 
OECD Organisation for Economic Co-operation and Development, 
2018b; SCCS Scientific Committee on Consumer Safety (2021); SCCS 
Scientific Committee on Consumer Safety, 2023a). This review is 
focused on the uptake of any ingredient identified as potentially haz
ardous with local and/or systemic effects via the inhaled route (SEDinh). 
Different parameters may impact the droplet/particle release in the air 
and their potential to reach the deep respiratory tract, and consequently 
to determine the SEDinh. A focus on the parameters used in the calcu
lation of exposure is made below. 

• Valve/actuator of sprays and product composition 
For the complex inhalation process, it is essential to know the 

physical state of the ingredient (gas, liquid or solid) and the droplet/ 
particle geometry of the non- or less-volatile components when the 
product becomes airborne. The geometry of the valve/actuator of the 
spray, product composition impacting the formula’s viscosity, in
ternal spray container pressure and finally the construction of the 
spray nozzle all have an important impact on the released spray 
cloud, both on the amount and the droplet/particle size (SCCS Sci
entific Committee on Consumer Safety, 2023a). Thus dro
plet/particle size measurement is recommended in case of a new 
formulation development or when there is a change in the spray 
valve/actuator/nozzle.

• Droplet/particle size 
The dimensions of droplets/particles are important factors as their 

size determines how deep into the respiratory tract the inhaled 
ingredient will travel and the likelihood it will become systemically 
available. It should be mentioned that the product amount reaching 
the deeper respiratory tract is not necessarily equal to the amount 
systemically available. In the case of needing to prove the actual 
uptake, additional tests would be required to analyse the uptake (e.g. 
in the circulating blood flow). As a worst-case default value, a sys
temic availability of 100 % is currently assumed by the SCCS (SCCS 
Scientific Committee on Consumer Safety, 2023a). 

There is a broad scientific consensus that the probability of dro
plets/particles with an aerodynamic diameter greater than 10 µm 
reaching the pulmonary region is negligible. Thus, only droplet
s/particles with an aerodynamic diameter of less than 10 µm define 
the respirable fraction (RF) and are likely to reach the deeper res
piratory tract (see Table 3) (CIR Cosmetic Ingredient Review, 2012). 

Default values can be used in the absence of a specific dro
plet/particle size measurement. For example, for pump sprays, the 
RF are mostly around 1 %, sometimes up to 2 %. For aerosols, the RF 
may vary from less than 1 % to more than 30 % (e.g. for dry sham
poos). Based on literature and internal industry data on aerosols, the 

Table 2 
Quantity of use of spray products proposed for safety assessment (values iden
tified by * are calculated).

Product 
type

Amount per 
application 
[g]

Frequency 
of 
application 
per day 
[day¡1]

Amount 
per day 
[g]

Reference

Hairspray 
aerosol

4.9 2 9.8* P95 value of 
amount used per 
application and 
frequency of use of 
Ficheux et al., 
2015, 2016. 
Studies which are 
aligned with 
values in Loretz 
et al., 2006

Hair pump 
spray

*3.43 1.51 5.18 P95 data of recent 
study (Ficheux 
et al., 2015, 2016), 
similar to mean 
value of Loretz 
et al., 2006

Deodorant/ 
anti- 
perspirant 
(Deo/AP) 
aerosol

*3.27 2 6.54 P90 (quantity 
leaving the can 
when used over 
torso and under 
arms) from Hall 
et al., 2007 and 
reported in SCCS 
NoG (SCCS, 
2023a)

Body spray 
(aerosol & 
pump 
spray)

*3.43 2.28 7.82 Default values 
based on SCCS 
NoG (SCCS, 
2023a). This value 
corresponds to the 
non-spray body 
lotion in the 
absence of spray 
products specific 
data and does not 
include propellant.

Sun 
protection 
(aerosol & 
pump 
spray)

7.82 2 16.48 P95 from 
Gomez-Berrada 
et al., 2017

Fragrance 
pump 
spray

0.618 1 *0.618 P95 from Ficheux 
et al., 2015, 2016

Facial spray 
(aerosol & 
pump 
spray)

*0.72 2.14 1.54 Default values 
based on SCCS 
NoG (SCCS, 
2023a). This value 
corresponds to the 
non-spray face 
cream in the 
absence of spray 
products specific 
data and does not 
include propellant.

Dry 
shampoo 
aerosol

5.6 0.9 *5.04 P95 from Ficheux 
et al., 2015, 2016
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RF default values of 10, 25, 10 and 20 % are proposed for hairsprays, 
dry shampoos, sunscreen body sprays, and 
deodorants/anti-perspirants (Deo/AP), respectively (Delmaar and 
Bremmer, 2009; Rothe et al., 2011; CIR Cosmetic Ingredient Review, 
2012, CIR Cosmetic Ingredient Review, 2019, CIR Cosmetic Ingre
dient Review, 2021; Berrada-Gomez et al., 2023).

• Exposure duration 
Different exposure durations have been reported in the literature, 

varying from 1 to 2 min for a small volume (e.g. simulating a spray 
cloud around the head) to 10–20 min for a bigger volume (e.g. 
mimicking a bathroom) (Rothe et al., 2011; FEA, 2013; CIR, 2021; 
ConsExpo Web., 2024). The Dutch National Institute for Public 
Health and the Environment (RIVM) quotes a shorter exposure time 
of 5 min for the residence time in a bathroom (Bremmer et al., 2006), 
although generally, an exposure duration of 10 or 20 min is used in 
safety evaluations (Carthew et al., 2002; Rothe et al., 2011; CIR 
Cosmetic Ingredient Review, 2012; SCCS opinions like: SCCS Scien
tific Committee on Consumer Safety, 2020, 2021, SCCS Scientific 
Committee on Consumer Safety, 2023b). However, the droplet
s/particles are expected to be undetectable within the breathing zone 
10 min after spraying as 35 and 95 % of the airborne droplet
s/particles drop away from the breathing zone in the first minute and 
eight minutes after spraying, respectively (CIR, 2021). Thus, it seems 
more appropriate to consider an exposure duration of 10 min. Ulti
mately, it is the responsibility of the safety assessor to select the most 
relevant value for the product being evaluated based on sound 
justification.

• Room volume 
Similarly to exposure duration, different room volumes were re

ported. Generally, the volume of 10 m3 is widely used in the 
modelling of inhalation exposure (e.g. in the openly available 
exposure calculation tool ConsExpo and the two-box RIFM model), 
corresponding to a conservative small bathroom volume (Bremmer 
et al., 2006; FEA, 2013). 

It should be assumed that the total amount of the sprayed product 
enters immediately and homogenously the volume of air surround
ing the user. The immediate volume of air surrounding the head is 
mostly reported as 1–2 m3 (ECB European Chemicals Bureau, 2003; 
Sahmel et al., 2009; FEA, 2013; ConsExpo Web., 2024;), which 
represents the near-field volume in two-box models. 

It is recommended by the authors to use the volume of 1 m3 as a 
conservative value in the modelling for products sprayed at the head 
or upper body (e.g. hair sprays, fragrances, deodor
ants/antiperspirants, face spray). For products sprayed at the whole 

body (e.g. body spray and sunscreen spray), the two-box model with 
a near zone volume of 2 m3 can be used as recommended in FEA, 
2013. However, for such products the one-box model may even be 
more appropriate due to continuous movement during application 
(e.g. on arms and legs), leading to a fast distribution of the spray 
cloud in the room (FEA, 2013). Therefore, the use of the two-box 
model may overestimate inhalation exposure from products such 
as body sprays and sunscreen sprays significantly.

• Airborne fraction 
The airborne fraction (AF), equivalent to the fraction available for 

inhalation, is a key parameter needed to refine the exposure of 
smaller droplets/particles by inhalation. After actuating the spray, 
the formulation and propellant, if any, will be dispersed in the air. 
However, only a fraction will remain in the air as the big droplets/ 
particles will deposit quickly on the skin, hair, clothes and other 
surfaces due to impaction and gravitational settling, while the pro
pellant and any solvents will evaporate rapidly into the room air. 

AF can be defined as the fraction of non-volatile sprayed material 
that becomes airborne in the form of droplets/particles. The AF of a 
specific product depends on the way in which the product is sprayed, 
representing an individual aerosol diameter droplet/particle distri
bution (Bremmer et al., 2006; ConsExpo Web., 2024). 

Originally, AF were determined experimentally for cosmetic spray 
products in the ConsExpo model (Delmaar and Bremmer, 2009). 
They were found by fitting the mass concentration after simulated 
use in air to the model. This referred to the mass of particles with 
diameter < 20 µm, which was the cut-off of the aerodynamic particle 
sizer (APS) used. The airborne fraction known as “old AF” represents 
thus the fraction of these smaller particles that become airborne, not 
the total particle size distribution. The AF was set at 100 % for 
hairspray and deodorant aerosols, and 20 % for eau de toilette pump 
spray. These values of 1 and 0.2 generally used for aerosols and 
pump sprays, respectively, have been applied in different regulatory 
submissions to the EU Commission and quoted in the SCCS NoG 
(SCCS Scientific Committee on Consumer Safety, 2023a). 

The “old AF” was later reviewed and combined with an additional 
factor called fscale (Delmaar and Bremmer, 2009). The latter repre
sents the mass fraction of particles with a diameter below 22.5 µm of 
the total mass sprayed of the product. The fscale depends on both the 
particle size distribution (PSD) as well as the quality of the lognormal 
fit of the PSD. In general, one may expect a higher fscale for a PSD that 
has most of its particle diameters below 22.5 µm. 

Therefore, the AF was redefined and consists of two contributions - 
the scale factor, fscale and fairborne, which was obtained from the fit of 
the model with the experimental data (equal to 1 or 0.2 as mentioned 
above). Thus, airborne fraction “new” = fairborne “old” x fscale 
(Delmaar and Bremmer, 2009):

AF = fairborne x fscale                                                                            

This approach is rather heuristic and works reasonably well for Con
sExpo model in combination with the default values in the fact sheet, but 
independently, the different parameters do not represent physical en
tities and are therefore not easily extrapolated to other situations. Thus, 
these AF cannot be used per se in the one-box or two-box models.

To fill this gap of reliable and realistic product type specific AFs, a 
scientific project under the International Collaboration on Cosmetics 
Safety (ICCS) is ongoing. The project is aiming to generate the airborne 
fractions which correspond to the available fraction for inhalation that 
can be used in the one- and two-box models for the different cosmetic 
products. This project is of major importance as it will allow the 
refinement of the exposure to substances by inhalation.

It should be noted that 85 % of the sprayed product (hairspray, 
deodorant, eau de toilette) is assumed to end up on the hair, head or skin 
or other surfaces, suggesting that 15 % of the spray will stay in the air 

Table 3 
Respirable fraction for different spray products given as percentage of sprayed 
product.

Product type Range fraction droplet/particle 
< 10 µm [%]

Hairspray ​
Hairspray propellant aerosol 2− 10
Hair pump spray 0− 2
Deodorant/anti-perspirant (Deo/AP) 

sprays
​

Deo/AP propellant aerosol 3− 35
Deo/AP pump sprays 0− 2
Body sprays incl. sun protection ​
Body spray propellant aerosol 5− 10
Body pump spray 0− 2
Sunscreen body spray propellant aerosol 1− 10
Sunscreen body pump spray 0− 2
Fragrance sprays ​
Hydroalcoholic fragrance pump spray 0− 2
Facial sprays ​
Face pump sprays 0− 2
Face propellant aerosol 5− 15
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(Bremmer et al., 2006). This can be used as a default value for the 
fraction available for inhalation in case no other experimental value is 
available. Such a gap will be filled under the ICCS project (ICCS, https 
://www.iccs-cosmetics.org/science/human-health).

For instance, an experimental study conducted with deodorant/anti- 
perspirant aerosols showed that the fractions deposited on the skin with 
ethanol-based and non-ethanol-based sprays are 23.5 and 11.4 % (90th 
percentile, based on can weight loss), respectively, corresponding 
consequently to 76.5 and 88.6 % potentially available for inhalation 
(Steiling et al., 2012). These values are considered reliable as they are 
experimentally measured data and sufficiently conservative since a 
significant fraction will be deposited on surfaces and will not be avail
able for inhalation.

8. Inhalation exposure assessment

For inhalation exposure assessment, a tiered approach should be 
followed, to be as efficient as possible (CIR, 2021). Tier 1 is a conser
vative, worst-case calculation using default equations and values. If 
refinement is needed, due to an unrealistic outcome using the Tier 1 
approach, exposure models (e.g. one-box or two-box models) may be 
useful in Tier 2, applying additional parameters such as human 
breathing rate. In case exposure modelling does not result in a sufficient 
level of confidence for safety conclusion, higher tier approaches are 
available, targeting more reliable exposure data (Tier 3). These include 
actual measurements of exposure under simulated use conditions, but 
also time-resolved droplet/particle size measurements to capture dro
plet/particle maturation. 

• Tier 1 (screening) 
The lowest tier, the screening approach, is to estimate the worst- 

case inhalation exposure. It assumes that the entire amount of 
sprayed product immediately enters the breathing zone, and that 
100 % of the droplets/particles are respirable and are likely to 
become systemically available (CIR, 2021; SCCS Scientific Commit
tee on Consumer Safety, 2023a). If such a rough exposure estimation 
used in the safety assessment results in no risk for the consumer, no 
additional evaluation is required.

• Tier 2 (exposure modelling) 
For refinement of consumer inhalation exposure, there are several 

different models available, ranging from relatively simple calcula
tions (e.g. the two-box model described by Rothe et al., 2011) to 
more sophisticated algorithms, which include parameters like air 
flow velocity (e.g. RIFM two-box model). The models are described 
in more detail elsewhere (FEA, 2013; Steiling et al., 2014; CIR, 
2021). All models have variable input parameters that can be 
adjusted to influence inhalation exposure (e.g. particle/droplet size, 
exposure duration, room volume, room ventilation, breathing rate 
and airborne fraction (see above)). For exposure modelling it is 
assumed that the spray is always homogenously dispersed 
throughout the entire room. As gravimetric sedimentation of larger 
droplets/particles as well as amounts intentionally sprayed and 
deposited on surfaces such as hair or body areas are not taken into 
consideration, such homogenous distribution in the room air, i.e. the 
in-air concentration, represents the worst-case scenario as it assumes 
the entire sprayed amount has potential for inhalation. Standard 
values help to reduce complexity and allow the comparison of data 
from different models (Ficheux et al., 2016). One of the most used 
and widely accepted consumer exposure models for spray products is 
the ConsExpo 4.1 model (FEA, 2013) (now available as ConsExpo 
Web 1.2.0). It is useful for the assessment of various consumer spray 
products, including cosmetic spray products. In addition to default 
values implemented in the ConsExpo model, specific data like the 
duration of application, product amount and the residence time in 
the room must be set to mimic the habitual scenario for cosmetic use 
(Salem and Katz, 2015). ConsExpo uses this data to model a 

trustworthy consumer exposure in the “one-box” scenario which 
assumes homogeneous dispersion of the product within a single 
volume, such as a bathroom. This scenario is considered appropriate 
for products sprayed directly at the body and not close to the head (e. 
g. body sprays (including sun protection). A worst-case consideration 
would be the application of the one-box model for highly volatile 
ingredients where instantaneous evaporation would be assumed. A 
typical product type for such a scenario could be volatile ingredients 
in fragrance spray. 

As some cosmetic product types, like facial and hairsprays are 
typically sprayed close to the consumer’s head, it is more accurate to 
differentiate two time-weighted exposure “rooms”. To robustly 
calculate the overall consumer exposure for such two-zone residen
tial indoor air dispersion, a “two-box” scenario would typically be 
more appropriate. 

Finally, refinement on the exposure can be performed on the 
deposition fraction. Indeed, as described above, the aerodynamic 
diameter is a key parameter that determines deposition within the 
respiratory tract exposure. There are numerous established models 
that can be used to calculate the deposition fraction in the pulmo
nary, tracheobronchial and extra-thoracic lung compartments as a 
function of droplet/particle size. The MPPD (Multiple Path Particle 
Deposition) model is widely used in toxicology for dose calculations 
and interspecies extrapolation for inhaled aerosols (Anjilvel and 
Asgharian, 1995; RIVM, 2002).

• Tier 3 (experimental measurements) 
Actual measurements under simulated use conditions may be 

needed for further refinement of the inhalation exposure quantifi
cation. This approach has the major benefit that the maturation of 
droplets/particles in the spray cloud can be captured and used in 
subsequent safety assessments for the product type tested. Two main 
methodologies have been described, namely the mannequin expo
sure with time-of flight spectrometer measurements (Carthew et al., 
2002; Steiling et al., 2014), and the Respicon method (Schwarz and 
Koch, 2017). The latter has been employed for a robust assessment of 
inhalation exposure to aluminium from antiperspirant sprays. By 
using the mass balance method, size-related aerosol release fractions 
were used as input for the two-box model, followed by modelling the 
deposition of aluminium in the respiratory tract using the MPPD 
model (Schwarz et al., 2018). 

This example recently published, shows that the combination of 
experimental measurements with modelling approaches can be a 
valuable option for gaining more realistic exposure estimates while 
still being conservative.

9. Calculation of respiratory tract and systemic exposure dose 
through inhalation

The safety assessment of inhaled sprays needs to consider local ef
fects in the respiratory tract (e.g. irritancy to upper and lower tract) and 
the systemic effects (SEDinh) triggered by the systemically available 
respirable fraction (RF) of the sprayed product (respiratory tract expo
sure, RTE). To consider both exposure scenarios, the safety assessor can 
progress in a stepwise manner.

The description of exposure starts with the amount of product 
leaving the valve/actuator during spraying/application (A). As the 
released amount of product relates, beyond other parameters, to spray 
rate and spray duration, default values for A have been set per typical 
application. The amount of released ingredient is a fraction of A and is 
defined by its percentage content (C) within the finished product 
(including possible solvents and propellants). To emphasise that only a 
fraction of the released ingredient remains in the air and will be avail
able for inhalation, i.e. the airborne fraction (AF), the released amount 
of the ingredient will be multiplied by the AF to obtain the effective 
amount (EA) available for inhalation per application: 
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EA (mg/application) = A x C x AF                                                       

where:
A - Amount of product released by application [mg]
C - Concentration of ingredient in formulation [% w/w]
AF - Airborne fraction
For an exposure calculation, there is a scientific acceptance to 

differentiate two individual time weighted product clouds, one close to 
the head of the applicant of 1 m3 (breathing zone, V1) and one of a 
general room volume of 10 m3 (small bathroom, V2) (SCCS Scientific 
Committee on Consumer Safety, 2023a). For the residential time in V1 
and V2, 1 and 10 min are the respective values recommended by the 
authors. At least for those products intended to be used close to the head 
such as facial and hairsprays, and deodorants/anti-perspirants, resi
dential time in such different “boxes” and therefore two individual 
exposure scenarios, must be assessed. The estimated inhaled amount of 
an ingredient is given by IA1 and IA2 for the near-field and the far-field 
scenario, respectively. Products such as body mist/all-over-body sprays 
and sun protection sprays are directed in short distance to specific areas 
of the body, but not to the head. As a result of this difference, the 
evaluation via a one-box exposure scenario, assuming exposure to the 
sprayed and homogeneously distributed in the application room, tends 
to be more appropriate. In this situation, the time spent in a room of 
10 m3 is set to 10 min.

Recently the two-box model was used for all types of spray products 
submitted to SCCS (see SCCS opinions like SCCS Scientific Committee on 
Consumer Safety, 2020; 2021; 2023b), but risk assessors still have the 
freedom to use the one-box model which is considered to be more 
appropriate for sunscreen and body sprays by the authors.

The intention of this article is to advise on the use of realistic pa
rameters in the models, and to avoid the application of unrealistic and 
non-specific values for the safety assessment of spray products. The 
following recommendations for models, room volumes and exposure 
durations (Table 4) are considered as sufficiently protective for a real
istic exposure assessment and to ensure a reliable estimation of selected 
spray products safety.

In addition to the product exposure, breathing parameters of the 
consumer must be taken into consideration. The most relevant param
eters for inhalation exposure are the breathing rate (BR) and the body 
weight (BW) of the consumer. BR (L/min) depends on the physical 
condition and activity of the consumer during product use but is typi
cally set at 13 L/min, corresponding to light activity (Salem and Katz, 
2015). BW is set to 60 kg by the SCCS to reduce individual complexity 
and in the sense of conservatism (SCCS Scientific Committee on Con
sumer Safety, 2023a). Finally, the default substance lung retention (G) 
of 75 % (25 % exhalation) (CIR Cosmetic Ingredient Review, 2012; GHS 
Globally Harmonized System of Classification and Labelling of Chem
icals, 2015; SCCS Scientific Committee on Consumer Safety, 2023a) is 
included to refine the former defined RTE value to become RTE 
(application).

The RTE(application) of the ingredient [mg/application] is calcu
lated as: 

RTE(application) [mg/application] = (IA1 + IA2) x G                           

where:
IA1 - Amount of an individual ingredient potentially inhaled during 

the first minute (t1) [mg]
IA2 - Amount of an individual ingredient potentially inhaled during a 

subsequent 10 mins (t2) [mg]
G - Lung retention
and where: 

IA1 = (EA/V1 x BR x t1)                                                                      

IA2 = (EA/V2 x BR x t2)                                                                      

where:
BR - Breathing rate [L/min]
EA - Amount of the ingredient available for inhalation [mg 

/application]
t1 - Exposure duration (residential time) in near field: 1 min (CIR 

Cosmetic Ingredient Review, 2012; GHS Globally Harmonized System of 
Classification and Labelling of Chemicals, 2015; SCCS Scientific Com
mittee on Consumer Safety, 2023a)

t2 - Exposure duration (residential time) in the far-field (bathroom): 
10 min (US EPA United States Environmental Protection Agency, 2024)

V1 - Near-field: 1 m3 (CIR Cosmetic Ingredient Review, 2012; FEA, 
2013; GHS Globally Harmonized System of Classification and Labelling 
of Chemicals, 2015; SCCS Scientific Committee on Consumer Safety, 
2023a)

V2 - Far-field (bathroom): 10 m3

To get the daily exposure of the respiratory tract, the frequency of 
product use per day (F) has to be taken into account: 

RTE(daily) [mg/day] = RTE(application) x F                                       

This calculated amount is relevant for the discussion on the likeli
hood of local effects within the safety evaluation. For the assessment of 
systemic exposure dose by inhalation (SEDinh), only the respirable 
fraction (RF) of the product (droplets/particles with a diameter <10 µm) 
must be considered. As RF relates to specific spray valve/actuator pa
rameters and formulation details, experimental data with an individual 
product may be necessary to obtain the most realistic information. 
Nevertheless, some parameters are proposed according to product ty
pology (Table 3).

Based on the potential amount of an inhalable ingredient and the 
respiratory parameters described above, the systemic exposure through 
inhalation, SEDinh expressed in [mg/kg bw/day] can be calculated as: 

SEDinh [mg/kg bw/day] = RTE(daily) x RF / BW                                

10. Discussion

It is the responsibility of cosmetic manufacturers to ensure their 
products are safe. In Europe, for the assurance of safety, the EU Cosmetic 
Products Regulation (EC) No. 1223/2009, as well as panels of inde
pendent experts such as the SCCS, supervise the process of safety eval
uation by setting strict rules and guidance. All relevant routes of human 
exposure need to be considered. As the use of spray products has gained 
popularity with consumers, inhalation has become an increasingly 
important route of exposure. Therefore, for cosmetic products intended 
to be sprayed and likely to be unintentionally inhaled, specific safety 
assessments are necessary and self-evident by industry and regulators.

Today, many experts from research, academia, industry, and related 
organisations have established standardised approaches to tiered inha
lation assessments. The initial tiers often make use of worst-case default 
values, which can be refined with more realistic values as needed. Used 
data are rarely based on experimental studies but often represent worst- 

Table 4 
Recommendations* for models and parameters to be used for inhalation expo
sure calculations.

Model Volume Exposure 
time

Products

One- 
box

10 m3 10 min Body sprays (including sun protection 
products)

Two- 
box

Near field: 
1 m3 

Far field: 
10 m3

Near field: 
1 min 
Far field: 
10 min

Hairspray, Deodorant/anti-perspirant 
sprays, Fragrance sprays, Facial sprays

* Changes to these recommendations may be acceptable if specifically justified 
by the safety assessor
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case values with limited confidence regarding the actual consumer use 
situation. Nevertheless, despite these weaknesses, these default values 
are necessary to manage the complexity of inhalation exposure in a 
protective and standardised approach before specific data from new 
studies are available.

This article reviews the current literature on sprayed cosmetic 
products exposure, particularly information used in calculations per
formed for inhalation exposure assessments (e.g., consumer residence 
time in room of application, geometry of the spray product container, 
formulation composition, etc). The most important product types are 
discussed, including the different spraying techniques used. It is 
explained why both hazard data of the ingredients and a robust 
knowledge of exposure is required for the accurate safety evaluation of 
sprayed products.

A wide variation of consumer habits combined with the extensive 
number of individual products available in the market makes it difficult 
for simple but robust safety assessments to be performed by third parties 
such as the SCCS. Ideally, meaningful experimental studies with a 
representative number of products with or without voluntary consumers 
are required but these can be prohibitively expensive. However, such 
experiments would be able to investigate the statistical diversity of 
product use and by extension, the systemic exposure that could be un
intentionally experienced by the consumer. Unfortunately, the reality is 
that there is limited experimental data, in many cases, and there is also 
interference from parameters such as technical product information 
relating to droplet/particle sizing of airborne product, and therefore the 
need to derive exposure values using in silico models for individual 
product uses is clear. To aid in this process, in this article, several default 
values are proposed from the literature, some of which are considered 
more worst-case than realistic, to improve the harmonisation of inha
lation exposure assessments performed for cosmetic spray products. The 
use of these default values in certain equations is given for the most 
relevant spray products currently on the EU market. Where data gaps 
were identified for certain parameters for particular spray products 
during the literature review, recommendations were provided for 
additional consolidated default values to improve the safety assessment. 
SEDinh values calculated using the equations and recommended 
consolidated default values discussed here would be expected to typi
cally result in low-risk exposures for most standard cosmetic spray 
product ingredients marketed in the EU. To resolve the data gaps 
identified by the authors, additional experimental studies will be con
ducted on several representative marketed spray products to close the 
data gaps to provide more realistic and robust values and reduce the 
reliance on the conservative, worst-case values moving forward. Finally, 
there is the option to prove the discussed inhalation exposure models 
against such new experimental data (Schneider et al., 2019).

11. Conclusion

It is hoped that this comprehensive review and resultant recom
mendations will encourage the implementation of the proposed 
consolidated default parameters detailed herein by safety assessors or 
panels of independent experts. This review is intended to facilitate the 
development of tiered inhalation exposure assessments that are both 
consistent and scientifically robust, thereby enhancing the protection of 
human health. By using the consolidated default values this reduces the 
reliance on worst-case, conservative values and the inherent un
certainties in current assessment methodologies while reinforcing the 
scientific integrity of regulatory safety evaluations for cosmetic spray 
products. The ongoing and planned experimental work to address the 
identified data gaps will add further knowledge and provide a refined 
and harmonised approach for the calculation of inhalation exposure to 
cosmetic spray products. This overall approach, including the expected 

Table 5 
Worked example for fragrance pump spray (further examples are presented in 
Supplementary Data Table 2).

Description Parameter Unit Fragrance 
Pump 
spray

REF EXAMPLE 
Fragrance 
Pump 
spray

Amount by 
application 
data from 
references below 
and when 
necessary, 
corrected by the 
frequency of use

A mg/ 
appli.

618 2 618

Concentration of 
SUBSTANCE in 
formula

C (% w/ 
w)

​ 0,5

Airborne fraction 
(AF)

AF - 0.15 1 0.15

Effective amount 
available to be 
inhaled per 
application

EA ¼ A*C(%) 
*AF

mg/ 
appli.

calculated: 0,464

First step: near- 
field

V1 L 1000 6.7 1000

Breathing rate BR L/min 13 8 13
Minutes in near- 

field
t1 min 1 5 1

Potential amount 
inhaled during 
t1

IA1 = (EA/ 
V1*BR*t1)

mg calculated: 6.0E− 03

Second step: far- 
field

V2 L 10,000 1 10,000

Breathing rate BR L/min 13 8 13
Minutes in far- 

field
t2 min 10 5 10

Potential amount 
inhaled during 
t2

IA2 = (EA/ 
V2*BR*t2)

mg calculated: 6.0E− 03

Substance 
availability 
fraction

G ​ 0.75 5 0.75

Frequency of 
application

F d− 1 1 3 1

LOCAL 
EXPOSURE per 
application 
Respiratory 
Tract Exposure 
(RTE 
(application))

RTE(appli.) 
¼ (IA1þIA2) 
*G

mg/ 
appli.

calculated: 9.0E− 03

LOCAL 
EXPOSURE per 
day 
Respiratory 
Tract Exposure 
(RTE(daily))

RTE(daily) 
¼ (IA1þIA2) 
*G*F

mg/ 
day

calculated: 9.0E− 03

Respirable 
fraction 
(based on % of 
droplets size <
10 µm)

RF - 0.01 4 0.01

Default body 
weight

BW kg 60 3 60

SYSTEMIC 
EXPOSURE by 
Inhalation 
per kg bw/day

SEDinh 
¼ RTE(daily) 
*RF/BW 
¼ (IA1þIA2) 
*G*F*RF/BW

mg/ 
kg 
bw/ 
day

calculated: 1.5E− 06

REFERENCES
1Bremmer et al., 2006
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3SCCS Scientific Committee on Consumer Safety, 2023a
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6Sahmel et al., 2009

7Nicas, 1996
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new data from the ICCS project, upholds a high standard of consumer 
safety and provides a reliable framework for future regulatory and sci
entific advancements in the field of inhalation safety assessment.
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Lindtner, O., Oltmanns, J., 2019. Consumer behaviour survey for assessing exposure 

from consumer products: a feasibility study. J. Expo. Sci. Environ. Epidemiol. 29, 
83–94.

Schwarz, K., Koch, W., 2017. Thoracic and respirable aerosol fractions of spray products 
containing non-volatile compounds. J. Occup. Environ. Hyg. 14, 831–838.

Schwarz, K., Pappa, G., Miertsch, H., Scheel, J., Koch, W., 2018. A methodology for the 
assessment of inhalation exposure to aluminium from antiperspirant sprays. Epub 
2017 Dec 21 Arch. Toxicol. 92 (4), 1383–1392. https://doi.org/10.1007/s00204- 
017-2151-2.

Steiling, W., Almeida, J.F., Assaf, Vandecasteele, H., Gilpin, S., Kawamoto, T., 
O’Keeffe, L., Pappa, G., Rettinger, K., Rothe, H., Bowden, A., 2018. Principles for the 
safety evaluation of cosmetic powders. Toxicol. Lett. 297, 8–18. https://doi.org/ 
10.1016/j.toxlet.2018.08.011.

Steiling, W., Bascompta, M., Carthew, P., Catalano, G., Corea, N., D’Haese, A., 
Jackson, P., Kromidas, L., Meurice, P., Rothe, H., Singal, M., 2014. Principle 
considerations for the risk assessment of sprayed consumer products. Toxicol. Lett. 
227, 41–49. https://doi.org/10.1016/j.toxlet.2014.03.005.

Steiling, W., Buttgereit, P., Hall, B., O’Keeffe, L., Safford, B., Tozer, S., Coroama, M., 
2012. Skin exposure to deodorants / antiperspirants in aerosol form. Food Chem. 
Toxicol. 50, 2206–2215. https://doi.org/10.1016/j.fct.2012.03.058.
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