
STUDIES
Skin Sensitization Induction Potential From
Daily Exposure to Fragrances in Personal
Care Products
Derek A. Drechsel, PhD,* Kevin M. Towle, SM,† Ernest S. Fung, PhD,‡ Rachel M. Novick, PhD,†
Dennis J. Paustenbach, PhD,§ and Andrew D. Monnot, PhD†
Background:Many chemicals used for fragrance purposes in a diversity of products have allergenic potential. Based on such
concerns, industry groups developed concentration limits for use of fragrance chemicals in personal care and cosmetic products.

Objective: The aim of this study was to use a quantitative risk assessment to evaluate the potential for skin sensitization
induction resulting from daily exposure to fragrance chemicals present in personal care and cosmetic products.

Methods: Product-specific dermal consumer exposure levels were calculated based on product use data in US adult
females and benchmarked against acceptable exposure levels based on reported no expected sensitization induction levels
to determine a margin of safety for each fragrance under evaluation.

Conclusions: The results demonstrate an increased risk of skin sensitization induction for several leave-on products
(lipstick, solid antiperspirant, eye shadow, face cream) for most of the evaluated fragrance chemicals, particularly under
high-use exposure scenarios. In contrast, rinse-off products (shampoo, conditioner, facial cleanser) were not associatedwith
risk of skin sensitization induction. Because the approach was based on maximum use limits for fragrance chemicals with
skin sensitization concerns, the results suggest these limits may not be protective, particularly in the United States.
Fragrances are used in a wide variety of personal care, cosmetic,
and household products, resulting in high potential for expo-

sure in the general population. Fragrance chemicals commonly used
in personal care products are known to induce skin sensitization
and allergic contact dermatitis at sufficient exposure levels.1,2 Ap-
propriate safety evaluations are necessary to ensure that exposures
to fragrances from use of personal care and cosmetic products do
not result in adverse health effects among consumers.
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Product-specific restricted use limits for fragrances with skin
sensitization concerns are used to limit consumer exposure and re-
duce the potential for adverse health effects. These use limits for in-
dividual fragrances are based on the quantitative risk assessment
(QRA) conducted by Api et al3,4 and adopted by the Research Insti-
tute for FragranceMaterials and the International Fragrance Associ-
ation (IFRA). This QRAwas recently evaluated by US and European
groups.5–7 Recent data suggest that the incidence of contact allergy
associated with fragrances has not significantly decreased since the
introduction of restricted use limits.7 In addition, there have been
reports of potential skin irritation and allergic contact dermatitis as-
sociated with the use of some personal care and cosmetic products,
includingWEN by Chaz Dean, Inc (WCD), cleansing conditioners.8

This study's objective was to revisit fragrance-specific use limits and
perform a QRA to determine risk of skin sensitization induction
based on daily exposure to fragrances from the use of various com-
mon rinse-off and leave-on personal care and cosmetic products.
Specifically, we evaluated a subset of fragrances present in WCD
cleansing conditioners.
METHODS

Identification of Fragrances for Evaluation

Product formulation sheets for 3 of the most popular commer-
cially available WCD cleansing conditioners (Sweet Almond Mint,
DERMATITIS, Vol 29 • No 6 • November/December, 2018
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Pomegranate, Lavender) as well as Material Safety Data Sheets for
the listed ingredients in each product were reviewed to develop a
complete list of fragrance chemicals present in these products.
One product (Lavender) did not contain any fragrance components
and therefore was not included for further evaluation. CAS num-
bers and chemical names were used to search the IFRA database
(www.ifraorg.org/en-us/standards) for fragrances with restricted
use limits based on sensitization potential. For the purposes of
risk characterization, a weight-of-evidence no expected sensitiza-
tion induction level (WoE NESIL) for each fragrance chemical
was identified by examining information present in the relevant
IFRA standard, where available, and Api et al.3

Consumer Exposure Level Calculation

An estimated daily dermal exposure to fragrance chemicals, also known
as consumer exposure level (CEL), among adult women after daily
exposure to personal care and cosmetic products was calculated.9 Briefly,
a product-specific CEL was calculated for each selected fragrance
chemical using the following equation and associated parameters:

CEL ¼ MDEð Þ Að Þ RFð Þ C%ð Þ
SA

where CEL is consumer exposure level (in μg/cm2 per day); MDE,
product-specific maximum dermal exposure per application (μg/
application); A, product-specific mean number of applications per
day (applications/day); RF, retention factor (the percentage of product
remaining on the skin) of 100% for leave-on products (eg, lipstick,
face cream, body lotion), and 1% for rinse-off products (eg, body
wash, facial cleanser, shampoo, hair conditioner)10; C%, weight frac-
tion (% weight/volume) of fragrance chemical in the product;
and SA, surface area of the body site where the product is applied
(in cm2).
TABLE 1. Fragrance Chemicals Selected for Evaluation

Fragrance Name

Methyl 2-nonynoate
delta-1-(2,6,6-Trimethyl-3-cyclohexen-1-yl)-2-buten-1-one d-Dam
p-tert-Butyldihydrocinnamaldehyde
3 and 4-(4-Hydroxy-4-methylpentyl)-3-
cyclohexene-1-carboxaldehyde Hydroxyiso

p-t-Butyl-a-methylhydrocinnamic aldehyde
Hydroxycitronellal

3
2,4-Dimethyl-3-cyclohexen-1-carboxaldehyde
Geraniol 2,6
a-Methyl-1,3-benzodioxole-5-propionaldehyde
a-Hexylcinnamaldehyde α

Citronellol

Values were obtained from IFRA standards and/or Api et al.3,4

Copyright © 2018 American Contact Dermatitis Society. 
Product-specific data on themean and 95th percentile amount of
product applied per application and themean number of applications
per day were collected from a series of consumer use studies of US
adult women.11–13 Adult female body-part–specific surface areas (head,
trunk, arms, hands, legs, and feet) were determined from the Environ-
mental Protection Agency (EPA) Exposure Factors Handbook.14

Surface areas for the scalp and axilla of adult females were reported
by Cadby et al15 and Cowan-Ellsberry et al,16 respectively. Adult female
measurements from Ferrario et al17 were used to calculate lip surface
area. Surface areas for eye shadow application were determined from
the SCCS guidance notes for cosmetic ingredient safety evaluation.10

Dermal exposure modeling suggests that the maximum amount
of liquid capable of adhering to the skin surface is 10 mg/cm2.18 The
amount of product applied per application, as reported in consumer
use studies, exceeded this maximal dermal exposure threshold in
several instances. In these instances, the maximum amount of prod-
uct that could adhere to the skin, based on the surface area of the
location of application, was used in the CEL calculation.

Product categories were established for various personal care and
cosmetic products based on key parameters, including conditions of
use, exposure, and sensitization assessment factors (SAFs).4 Within each
product category, a maximum or restricted concentration for use for se-
lect fragrance chemicals was determined based on QRA or a maximum
pragmatic level.4 The various personal care and cosmetic products
examined in this study were conservatively assumed to contain
themaximum recommended concentrations of individual fragrance
chemicals by product category as presented in IFRA standards
(Supplemental Digital Content 1, http://links.lww.com/DER/A15).
Risk Characterization

The acceptable exposure level (AEL) is an exposure metric where
skin sensitization induction in consumers is not expected. The
With Skin Sensitization Potential

Synonym/Abbreviation CAS No.
WoE NESIL,
µg/cm2

Methyl octine carbonate 111-80-8 24
ascone, dihydrofloriffone TD 57378-68-4 100

Bourgeonal 18127-01-0 1100
HMPCC

hexyl 3-cyclohexene carboxaldehyde
Lyral

31906-04-4 4000

p-BMHCA 80-54-6 4100
Citronellalhydrate

,7-Dimethyl-7-hydroxyoctanol
107-75-5 5000

68039-49-6 5900
-Dimethyl-2,6-octadien-8-ol 106-24-1 11,800

MMDHCA 1205-17-0 11,800
-Hexyl cinnamic aldehyde

2-Benzylideneoctanal
101-86-0 23,600

DL-Citronellol
3,7-Dimethyl-6-octen-1-ol

106-22-9 29,500

Unauthorized reproduction of this article is prohibited.

http://www.ifraorg.org/en-us/standards
http://links.lww.com/DER/A15


E
L

R
ef
er
en

ce

A
m
ou

nt
of

P
ro
du

ct
pe

r
A
pp

lic
at
io
n,
m
g/

cm
2 *

M
ea

n
95

th
P
er
ce

nt
ile

Fe
rr
ar
io
et

al
1
7
(2
00

0)
2.
1

7.
7

C
ow

an
-E
lls
be

rr
y
et

al
1
6
(2
00

8)
4.
7

12
.9

S
C
C
S
1
0
(2
01

6)
1.
3

4.
0

EP
A
1
4
(2
01

1)
0.
3

0.
6

C
ad

by
et

al
1
5
(2
00

2)
3.
2

9.
3

C
ad

by
et

al
1
5
(2
00

2)
4.
6

13
.7

EP
A
1
4
(2
01

1)
,C

ad
by

et
al
1
5
(2
00

2)
3.
6

8.
7

EP
A
1
4
(2
01

1)
,C

ad
by

et
al
1
5
(2
00

2)
1.
6

5.
0

C
ad

by
et

al
1
5
(2
00

2)
14

.7
34

.9
EP

A
1
4
(2
01

1)
,C

ad
by

et
al
1
5
(2
00

2)
0.
6

1.
4

EP
A
1
4
(2
01

1)
,C

ad
by

et
al
1
5
(2
00

2)
7.
6

17
.3

C
ad

by
et

al
1
5
(2
00

2)
16

.4
40

.5

a
w
as

m
ul
tip
lie
d
by

10
m
g/
cm

2
to

de
te
rm

in
e
th
e
m
ea
n
an

d
95

th
pe

rc
en

til
e
of

326 DERMATITIS, Vol 29 • No 6 • November/December, 2018
AEL was calculated by applying SAFs to theWoE NESIL for each
fragrance. Sensitization assessment factor values account for vari-
ations between subjects, productmatrices, and product use patterns
when extrapolating from a controlled exposure used in the determi-
nation of a NESIL versus an actual consumer exposure. Product-
specific SAF values ranged from 100 to 300 based on previous QRA
data for various personal care and cosmetic product categories.3

The calculated CEL values under both mean and 95th per-
centile exposure scenarios were benchmarked to the AEL for
product-specific use of individual fragrance chemicals. Amargin
of safety (MOS) was calculated by dividing the AEL by the CEL,
using the following equation:

MOS ¼ AEL
CEL

¼ NESIL=SAF
CEL

AnMOS of greater than 1.0 represents a low likelihood of sensi-
tization induction from exposure to the selected fragrance chem-
ical in the evaluated product type.
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RESULTS

Of the 40 fragrance chemicals present in the evaluated WCD
cleansing conditioner products, 11 had IFRA restricted use limits
based on sensitization potential. These 11 were further evaluated
for potential exposure and risk characterization among various
personal care and cosmetic products (Table 1). TheWoE NESIL
values for the selected chemicals ranged from 24 μg/cm2 per day
(methyl 2-nonynoate) to 29,500 μg/cm2 per day (citronellol).

The parameters used to calculate the mean and 95th percen-
tile amounts of product per application based on skin surface
area are presented in Table 2. As noted, applied product ex-
ceeded the amount of product capable of adhering to the skin,
or 10 mg/cm2, in several exposure scenarios. These scenarios in-
cluded the mean and 95th percentile exposure scenarios for
shampoo and hair conditioner and the 95th percentile exposure
scenarios for antiperspirant, hair spray (pump), and facial cleanser.
The amount of product per application, based on the area of
application, was limited to 10 mg/cm2 for subsequent CEL cal-
culations for individual fragrance chemicals in these instances.

Mean and 95th percentile CEL values were calculated for
each of the 11 fragrance chemicals under evaluation. The results
for methyl 2-nonynoate are presented as an example in Table 3.
The product-specific values for retention factor, applications per
day, and amount of product per application based on skin sur-
face area remained constant across all fragrance chemicals eval-
uated. The product-specific CEL for an individual fragrance was
determined by the restricted limit concentration [weight volume
(%)] of the fragrance in the evaluated product. In general, those
fragrance chemicals, such as methyl 2-nonynoate or delta-1-
(2,6,6-Trimethyl-3-cyclohexen-1-yl)-2-buten-1-one, which are
considered more potent sensitizers, were restricted to lower con-
centration limits of use and thus showed lower CELs compared
to fragrances with lower sensitization potential.
Copyright © 2018 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.



TABLE 3. CEL Calculations for Methyl 2-Nonynoate

Product Product Categorya
Weight

Fraction, %
Retention
Factor

Applications
per Day

Amount of Product
per Application,b

mg/cm2 CEL, µg/cm2 per day

Mean 95th Percentile Mean 95th Percentile

Lipstick 1 - Lip products 0.001 1 2.35 2.1 7.7 0.0490 0.1811
Solid antiperspirant 2 - Antiperspirants 0.001 1 1.3 4.7 10.0 0.0615 0.1300
Eye shadow 3 - Eye products 0.002 1 1.2 1.3 4.0 0.0300 0.0960
Body lotion 4 - Body lotions 0.002 1 0.97 0.3 0.6 0.0049 0.0114
Hair spray (aerosol) 4 - Hair sprays 0.002 0.1 1.49 3.2 9.3 0.0096 0.0276
Hair spray (pump) 4 - Hair sprays 0.002 0.1 1.51 4.6 10.0 0.0137 0.0302
Face cream 5 - Women's facial creams 0.002 1 1.77 3.6 8.7 0.1270 0.3092
Liquid foundation 5 - Women's facial make-up 0.002 1 1.24 1.6 5.0 0.0394 0.1240
Shampoo 9 - Shampoos 0.002 0.01 1.11 10.0 10.0 0.0022 0.0022
Body wash 9 - Body washes 0.002 0.01 1.37 0.6 1.4 0.0002 0.0004
Facial cleanser 9 - Facial cleansers 0.002 0.01 1.6 7.6 10.0 0.0024 0.0032
Hair conditioner (rinse-off) 9 - Rinse-off conditioners 0.002 0.01 1.1 10.0 10.0 0.0022 0.0022
aProduct categories from Api et al4 and IFRA.
bSee values in Table 2.
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Across all fragrance ingredients, CELs associated with leave-on
products were typically higher than those for rinse-off products.
For example, although facial cleansers (rinse-off) are applied to the
same skin surface area and showed higher amounts of product per
application than face creams (leave-on), the comparative mean and
95th percentile CELs for face creams were generally 10 to 100 times
greater than the corresponding CELs for facial cleansers. The product
with the highest CEL was face cream (methyl 2-nonynoate: mean,
0.1270 μg/cm2 per day; 95th percentile, 0.3092 μg/cm2 per day),
whereas the product with the lowest CEL was body wash (methyl
2-nonynoate: mean, 0.0002 μg/cm2 per day; 95th percentile,
0.0004 μg/cm2 per day).

Product-specific MOS calculations for methyl 2-nonynoate are
presented as an example in Table 4. Specific to methyl 2-nonynoate,
all MOS values for rinse-off products (shampoo, body wash, facial
TABLE 4. Product-Specific MOS Calculations for Meth

Product Product Type NESIL, µg/cm2 M

Lipstick Leave-on 24 0
Solid antiperspirant Leave-on 24 0
Eye shadow Leave-on 24 0
Body lotion Leave-on 24 0
Hair spray (aerosol) Leave-on 24 0
Hair spray (pump) Leave-on 24 0
Face cream Leave-on 24 0
Liquid foundation Leave-on 24 0
Shampoo Rinse-off 24 0
Body wash Rinse-off 24 0
Facial cleanser Rinse-off 24 0
Hair conditioner (rinse-off) Rinse-off 24 0
aSee values from Table 3.

Copyright © 2018 American Contact Dermatitis Society. 
cleanser, and hair conditioner) were greater than 1.0 for the mean
and 95th percentile exposure scenarios, and thus unlikely to present
a risk of skin sensitization induction. In addition, MOS values for
rinse-off products were considerably greater than those for leave-on
products. Specifically, the MOS values for rinse-off products ranged
from 75.0 (facial cleanser—95th percentile) to 1372.0 (body wash—
mean), whereas the MOS values for leave-on products ranged from
0.4 (lipstick—95th percentile) to 48.6 (body lotion—mean). Notably,
several leave-on products showed an MOS of less than 1.0 for methyl
2-nonynoate at the 95th percentile exposure level, suggesting a risk of
skin sensitization induction. These included lipstick, solid antiperspi-
rants, eye shadow, and face cream.

Similar results to methyl 2-nonynoate were observed for the
10 other fragrances evaluated in this study. Product-specific MOS
values for the other fragrances under mean and 95th percentile
yl 2-Nonynoate

CEL,a µg/cm2 per day

SAF

MOS

ean 95th Percentile Mean 95th Percentile

.0490 0.1811 300 1.6 0.4

.0615 0.1300 300 1.3 0.6

.0300 0.0960 300 2.7 0.8

.0049 0.0114 100 48.6 21.0

.0096 0.0276 100 25.0 8.7

.0137 0.0302 100 17.5 7.9

.1270 0.3092 100 1.9 0.8

.0394 0.1240 100 6.1 1.9

.0022 0.0022 100 108.1 108.1

.0002 0.0004 100 1372.0 638.0

.0024 0.0032 100 99.2 75.0

.0022 0.0022 100 109.1 109.1

Unauthorized reproduction of this article is prohibited.
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exposure scenarios are presented inTable 5. Only 1 fragrance chemical,
3 and 4-(4-hydroxy-4-methylpentyl)-3-cyclohexene-1-carboxaldehyde
(HMPCC), had MOS values greater than 1.0 for both mean and
95th percentile exposure scenarios for all products. The MOS values
less than 1.0 were observed consistently across nearly all fragrances,
except the aforementioned HMPCC, for several product exposure
scenarios including the 95th percentile exposure for lipstick, 95th
percentile exposure for solid antiperspirant, 95th percentile expo-
sure for eye shadow, mean and 95th percentile exposures for face
cream, and 95th percentile exposure for liquid foundation. Although
MOS values for other exposure scenarios with leave-on products were
greater than 1.0, they were considerably less than those for rinse-
off products.
DISCUSSION

In this study, we evaluated the potential for fragrance chemicals
present in 2 commercially available WCD cleansing conditioners
to induce skin sensitization among adult female consumers in the
United States. Specifically, we performed a QRA to examine the
sensitization induction potential of select fragrance chemicals
present in various leave-on and rinse-off products. To maintain
a conservative approach, these products were assumed to contain
the maximum recommended concentration of the evaluated fra-
grance chemicals per standards issued by the fragrance industry.
Our analysis shows that rinse-off products (facial cleanser, body
wash, shampoo, and conditioner) are not likely to induce skin
sensitization, but exposures resulting from use of leave-on prod-
ucts (eg, face cream, make-up, and body lotion) may result in an
increased risk of skin sensitization induction among high-use
consumers. This suggests that the maximum use limits for fra-
grances in certain leave-on personal care products may need to
be reevaluated.

The tenets of the QRA approach used by Api et al3 to derive
maximum recommended concentrations for fragrance chemicals
in personal care and cosmetic products were used in this analysis
to evaluate the safety of such limits. Any QRA for skin sensitization
induction contains 3 critical elements: (1) the threshold dose at or
below which skin sensitization induction is not expected to occur,
(2) the application of appropriate uncertainty factors, and (3) esti-
mated consumer exposures. In the current analysis, we used the
same parameters for threshold dose (eg, WoE NESIL) and uncer-
tainty factors (eg, SAFs) as applied by Api et al.3 The most signifi-
cant differences between these 2 analyses were the parameters
used to estimate consumer exposures (eg, CEL). There are 3 critical
factors that determine a CEL: (1) the amount of product applied,
(2) the frequency of application, and (3) the skin surface area to
which the product is applied. In the QRA approach described by
Api et al,3 the authors used exposure data from a variety of sources
using hierarchical criteria to select the most conservative values,
with minor exceptions. In particular, Api et al3,4 used consumer
use data from European and US populations. In addition, it was
not stated whether the data were exclusively from males or females
Copyright © 2018 American Contact Dermatitis Society. 
or a mix of sexes. In the current analysis, we relied solely on con-
sumer exposure data gathered from US adult females.11–13 Al-
though using consumer data from a series of studies reporting
on the same population is a potential limitation of this study, it
also reduces potential confounding factors that could arise across
different studies and populations, such as survey administration
and study design. In addition, although the studies of Loretz
et al11–13 are limited to consumer use data fromwomen, it has been
reported that allergic contact dermatitis from fragrances is more
common in women.19,20 It should be noted that Api et al3 used
the 90th percentile data presented by Loretz et al11–13 for several
products, including pump hair spray, shampoo, conditioner, facial
cleanser, and body wash. In contrast, we used the 95th percentile
data from Loretz et al11–13 in our analysis. Although this approach
presents a more conservative means for assessing exposure, using
the 95th percentile is common in exposure analyses for consumer
products, including fragrances.14,21,22

There were also minor differences in the skin surface areas used
in the QRA approach by Api et al3 and the current analysis, partic-
ularly when evaluating products applied to the head area. For exam-
ple, Api et al3 used half of the skin surface area of the head (555 cm2)
to evaluate products applied to the face (face creams, liquid founda-
tion, and facial cleanser), whereas we chose to use a smaller surface
area (340 cm2) to account for the head minus the scalp area. In ad-
dition, we chose to pair consumer use data from US adult females
with adult female body surface areas from the United States, when
possible, to avoid the introduction of bias through the mismatching
of behavior data and model parameters across populations.

In general, the product-specific CELs (mg/cm2 per day), particu-
larly those using the 95th percentile data presented by Loretz
et al,11–13 were higher than those from Api et al,3 with the exception
of body lotion, hair sprays, and body wash (Supplemental Digital
Content 2, http://links.lww.com/DER/A16). Importantly, those
products with significantly higher CELs than those reported by
Api et al3 were also those with an MOS of less than 1.0 for most
fragrance chemicals in the current analysis. Although an MOS of
less than 1.0 was calculated for most fragrance chemicals at the
95th percentile exposure scenario for several products (lipstick,
solid antiperspirant, eye shadow, and liquid foundation), only face
cream showed an MOS of less than 1.0 at both the mean and 95th
percentile exposure scenarios. This is likely due to the difference in
parameters used in the QRA to derive maximum recommended
concentrations of fragrance chemicals in face creams versus the
approach used in the current analysis. Specifically, Api et al3

used a value of 2.70 mg/cm2 per day, which represented the
90th percentile exposure in a study conducted by the European
Cosmetic and Perfumery Association (Colipa). Meanwhile, Loretz
et al11 showed a substantially higher use of face creams in
comparison, with a value of 6.31 mg/cm2 per day, at the 90th
percentile. Thus, this provides an example where the
maximum restricted levels for certain fragrance chemicals may
present a risk of skin sensitization induction among high users
of face creams in the United States.
Unauthorized reproduction of this article is prohibited.
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All fragrance chemicals showed a risk of skin sensitization induc-
tion (MOS < 1.0) under at least one of the product exposure scenar-
ios examined in this study, with the exception of HMPCC. Because
product-specific exposures were consistent across all fragrance
chemicals evaluated, this suggests that the maximum use concentra-
tions recommended by IFRA/Research Institute for Fragrance
Materials for HMPCC aremore protective compared with other fra-
grance chemicals. The conservative nature of the use limits for
HMPCC may in part be due to recent increased attention to its al-
lergenic potential, particularly in Europe.23,24 In addition, the results
were not related to the potency of the fragrance chemical evaluated.
A risk of skin sensitization induction for certain leave-on products
was observed in fragrance chemicals with a wide range of NESILs
(24–29,500 μg/cm2) that would have been characterized as ranging
from strong to very weak sensitizing agents.25

Although the uncertainty factors, or SAFs, were consistent be-
tween the QRA conducted by Api et al3 and the current study,
Basketter and Safford6 recently reviewed and recommended alterna-
tive SAFs for use in QRA. Although the proposed SAFs were not
deemed product specific, an additional factor taking into account
skin condition was recommended for “body areas that are specifi-
cally prone to increased level of inflammation,” including the under-
arm and periocular region.6(p114) As such, an additional SAF of
3 or 10 could be applied to antiperspirant or eye shadow products,
which would further reduce the MOS of less than 1.0 and increase
the potential risk of skin sensitization induction associated with
such products.

A potential limitation of this study is the focus on exposure to
fragrances on a product-specific basis. It should be noted that con-
sumers are far more likely to be exposed to fragrance chemicals
through the use of multiple personal care products to the same skin
surface site. Aggregate exposures to personal care product ingredi-
ents have received significant interest in recent years, including the
development of a probabilistic model to assess exposures to fra-
grances.21,26,27 The use of such models can serve an important
role in risk assessment by estimating the total exposure to a partic-
ular chemical or ingredient across several products. For example,
Comiskey et al26 reported that at least 87% of the European and
US populations use some combination of personal care and cos-
metic products. However, in the current study, we have shown that,
in some scenarios, exposure to a fragrance chemical from the use of
only 1 product (eg, face creams) may present a risk of induction of
skin sensitization. Additional exposures from similar fragrance-
containing products applied to the face (liquid foundation, body
wash, and facial cleanser) are expected to increase exposure and
result in an increased risk of potential skin sensitization induction.
Although this study does not consider the likelihood of skin sensiti-
zation induction resulting from aggregate exposure, the results
show that some consumers may be at risk from the use of a single
fragrance-containing product (eg, leave-on products such as face
creams). Aggregate exposures are expected to increase this risk.

Importantly, an MOS of less than 1.0 does not imply that expo-
sure to a fragrance chemical from a given product will induce skin
Copyright © 2018 American Contact Dermatitis Society. 
sensitization under the given scenario. The MOS merely represents
a calculation of risk based on the CEL compared with the AEL,
whereby a value less than 1.0 reflects a higher risk of sensitization
under the exposure scenario. In addition, this study and the deter-
mination of risk were specific to the induction of skin sensitization.
The inherent design of the QRA is threshold based to avoid the in-
duction of contact allergy. As such, the evaluation is not intended to
examine elicitation of an allergic response to fragrances.
CONCLUSIONS

This analysis demonstrated an increased risk of skin sensitization
induction for several leave-on products (lipstick, solid antiperspi-
rant, eye shadow, and face cream) for most of the evaluated fra-
grance chemicals, particularly under high-use exposure scenarios.
In contrast, rinse-off products (shampoo, conditioner, and facial
cleanser) were not associated with potential risks of skin sensitiza-
tion induction. Because the QRA approach used in this study was
based onmaximumuse limits for fragrance chemicals with skin sen-
sitization concerns, the results suggest that these limits may not be
protective, particularly in the United States.
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