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Duck Soo Lima, Seul Min Choia, Kyu-Bong Kimb, Kyungsil Yoonc, Sam Kacewd, Hyung Sik Kima, and Byung-
Mu Leea

aDivision of Toxicology, College of Pharmacy, Sungkyunkwan University, Suwon, South Korea; bCollege of Pharmacy, Dankook University,
Cheonan, South Korea; cLung Cancer Branch, Research Institute, National Cancer Center, Goyang, South Korea; dMcLaughlin Centre for
Population Health Risk Assessment, University of Ottawa, Ottawa, ON, Canada

ABSTRACT
Cutaneous allergy occurs primarily as a result of using cosmetic, household, and laundry products
available on the market that contain fragrances. The aim of this study was to develop a rapid and
specific high-performance liquid chromatography with ultraviolet detection (HPLC-UV) method for
quantification of 25 fragrance allergens (amyl cinnamyl alcohol, benzyl alcohol, benzyl benzoate,
benzyl cinnamate, benzyl salicylate, citronellol, cinnamyl alcohol, citral, coumarin, eugenol, farne-
sol, geraniol, hydroxycitronellal, HICC (4-(4-hydroxy-4-methylpentyl)-3-cyclohexene-1-carboalde-
hyde), isoeugenol, isoeugenyl acetate, lilial (butyl phenyl methyl propional), limonene, linalool,
methyl 2-octynoate, etc.). In addition, an exposure-based quantitative risk assessment (QRA) was
performed to determine safe levels of fragrance ingredients in 107 perfumes. In 76 women’s and
31 men’s fragrances, 25 allergens were identified at concentrations ranging from undetectable (N.
D.) to 8,997.68 mg/kg, and from N.D. to 17,352.34 mg/kg, respectively. An exposure-based
sensitization QRA revealed that the ratios of acceptable exposure level (AEL) to consumer
exposure level (CEL) of fragrance ingredients were greater than 1, suggesting an absence of
skin sensitizing potential. However, the maximum level used in the exposure scenario was
determined by the product purpose and application type, and AEL/CEL ratios of lilial, HICC, citral,
isoeugenol, and methyl 2-octynoate analyzed in women’s perfume were 0.53, 0.67 0.19, 0.13, and
0.57, respectively. As the ratios of AEL:CEL of these fragrance ingredients were below 1, the
utilization of these potential skin sensitizers is not considered safe. Our findings indicate that the
sensitization risk of allergens with AEL:CEL ratios below 1 detected in fragrances needs to be
reduced to the appropriate human safety level for risk management.

Introduction

Products containing fragrances are widely used and
are in direct contact with human skin. Today, more
than 5,000 fragrance agents are employed as mix-
tures, particularly in cosmetics and household pro-
ducts including perfumes, shampoos, deodorants, air
fresheners, and scented toys (2018b; Kim et al. 2018a;
Loretz et al. 2006; Masuck, Hutzler, and Luch 2011;
Rastogi, Johansen, and Bossi 2007). Perfumes are
commonly utilized to provide the consumer with
a feeling of pleasure and to mask body odor.
Approximately 3,000 chemical substances, essential
oils, fixatives, and solvents are commonly used in
perfume formulations (Pybus and Shell 1999). The
widespread utilization of products that contain

fragrances may be attributed to consequent develop-
ment of allergic contact dermatitis (Cheng and Zug
2014; European Commission (EC) 1999; Nardelli
et al. 2008). Therefore, risk assessments for various
substances, including fragrance ingredients, are per-
formed for safety management (Choi et al. 2018;
Kim et al. 2017, 2018a; Lim et al. 2018a, 2018b).
Schnuch et al. (2007) identified 26 fragrance ingre-
dients that potentially might result in contact allergy.
Consumer products that fall under this regulation
need to undergo a risk assessment to evaluate the
health hazards that may be caused by product use.
Although some chemicals employed in cosmetics
may exhibit the potential to induce dermal sensitiza-
tion, several studies previously reported dermal
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sensitization risk assessments (Gerberick et al. 2001;
Lim et al. 2018a; 2018b).

Safety standards need to be set for use of hazar-
dous ingredients in consumer products based
upon risk assessment data (Choi et al. 2018; Kim
et al. 2018b, 2018c). Certain ingredients present in
perfumes may contain compounds that are
responsible for cosmetic-related allergic contact
dermatitis (allergens), and legal restrictions
imposed by the European Commission Scientific
Committee on Cosmetics and Other Non-food
Products (SCCNFP) limit the use of 24 fragrance
agents suspected of producing cutaneous contact
allergy (EC 2003; Frosch et al. 1995; Larsen et al.
2001, 2002; Rastogi, Menne, and Johansen 2003;
Scheinman 1996, 2002). These regulations require
an indication of the presence of potential fragrance
allergens in cosmetic products with a limit of
0.01% (100 mg/kg) in products that are designed
to be applied to the body and then rinsed off, such
as soaps, and 0.001% (10 mg/kg) in products that
are designed to remain on the body throughout
the day, such as perfumes (EC (European
Commission) 2003; SCCNFP 2003).

The ingestion of benzyl cinnamate is estimated
to be 44 μg/person/day (0.7 μg/kg body weight
(bw)/day) in Europe and 69 μg/person/day (1 μg/
kg bw/day) in the USA. In addition, the no-
observed-effect level (NOEL) is greater than
500 mg/kg bw for benzyl cinnamate (Bhatia et al.
2007; Mattia 2005). The median lethal doses
(LD50) of cinnamal via oral administration in rats
and mice were found to be 2,200–3,400 mg/kg bw
and 3,400 mg/kg bw, respectively (EC 2000).
Cinnamal administration displayed no marked
carcinogenic effects in in vivo animal studies
(Bickers et al. 2005).

α-Butyl cinnamaldehyde underwent various
toxicity assessments (Api et al. 2015a). Repeated
administration of α-butyl cinnamaldehyde dis-
played an estimated NOEL of 29.9 mg/kg/day
and a margin of exposure (MOE) of 3,784,810
for 14-week sub-chronic toxicity. National
Toxicology Program (NTP), (1989) reported that
the acute dermal toxicity of cinnamaldehyde was
calculated as LD50 = 0.42–0.84 mg/kg in rabbits.
The maximum tolerated dose (MTD) of cinnamal-
dehyde was determined to be 0.25 g/kg (NTP
1989). Isoeugenol is used in various household

and personal hygiene products including per-
fumes, creams, lotions, soaps, and detergents
(Api et al. 2016a). Isoeugenol is not mutagenic.
However, an increasing trend and a 3-fold increase
in the 600 mg/kg-treated group indicated
a positive result for this test in female mice.
Exposure to isoeugenol resulted in non-neoplastic
lesions of the nose in male and female rats, of the
nose, forestomach, and glandular stomach in male
and female mice, and of the kidney in female mice
(Api et al. 2016a). Citral possesses a potent lemon
fragrance. The intake of citral is estimated to be
6,849 µg/person/day (114 µg/kg bw/day) in Europe
and 6,990 µg/person/day (117 µg/kg bw/day) in
the USA (Bickers et al. 2005; Lalko and Api
2008). The Joint Expert Committee for Food
Additives (JECFA) calculated an acceptable daily
intake (ADI) through foodstuffs for citral, citro-
nellol, geranyl acetate, linalool, and linalyl acetate
of 0–0.5 mg/kg bw (calculated as citral) (JECFA
2010; The Organisation for Economic Co-
operation and Development (OECD) 2001;
Pronk. 2004). The intake of citronellol is estimated
to be 370 μg/person/day (6.2 μg/kg bw/day) in
Europe and 771 μg/person/day (13 μg/kg bw/day)
in the USA (Bickers et al. 2005).

Skin sensitization is an important consumer
problem. It is mandatory to ensure that chemicals,
ingredients, and products do not produce an aller-
gic response in consumers. Quantitative risk
assessments (QRA) for sensitizing allergies have
only recently attracted attention in the context of
risk assessment methods (Api et al. 2008; World
Health Organization International Programme on
Chemical Safety (WHO/IPCS) 2012); are still
under development. Thus, an evaluation of cos-
metic safety is of the utmost importance. Although
certain chemicals in cosmetics may exhibit the
potential to induce dermal sensitization, few stu-
dies have reported dermal sensitization risk assess-
ments (Gerberick et al. 2001).

First, a QRA of the dermal sensitizing proper-
ties of fragrances was developed to assess the risk
of induction in the general population. It was the
first structured approach to quantitatively assess
exposure to sensitizing allergens (Basketter et al.
2008; Nohynek et al. 2010). A QRA includes
determination of the no expected sensitization
induction level (NESIL), which is equivalent to
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the point of departure (POD) in the hazard
characterization of general toxic effects, and the
application of sensitization assessment factors
(SAF)(Api et al. 2008; Api and Vey 2008;
Basketter et al. 2008; Nohynek et al. 2010;
WHO/IPCS 2012). The SAF account for differ-
ences between experimental and real-life popula-
tions as well as between experimental and real-
life exposure scenarios. With these parameters,
the acceptable exposure level (AEL) is calculated.
Subsequently, the AEL is compared with the
consumer exposure level (CEL). In cases where
the CEL is lower than the AEL, it is presumed
that there is no appreciable risk of induction of
sensitization for consumers (Api et al. 2008; Api
and Vey 2008; WHO/IPCS 2012).

The purpose of this study was to determine the
concentrations of 25 fragrance allergens in perfumes
using high-performance liquid chromatography
(HPLC). This study assessed the risk for dermal
exposure based on a “worst-case scenario” related
to 107 perfumes. This investigation also examined
the human health risk of skin exposure to a fragrance
present in consumer products on the Koreanmarket.

Materials and methods

Chemicals and reagents

Acetonitrile (MeCN, HPLC gradient grade) for
HPLC analysis was purchased from J&T Baker
(St. Louis, MO, USA). Amyl cinnamyl alcohol,
anise alcohol, benzyl alcohol, benzyl benzoate, ben-
zyl cinnamate, benzyl salicylate, citronellol, cinna-
myl alcohol, citral, coumarin, eugenol, farnesol,
geraniol, hexyl cinnamaldehyde, hydroxycitronel-
lal, HICC (4-(4-hydroxy-4-methylpentyl)-3-cyclo-
hexene-1-carboaldehyde), isoeugenol, isoeugenyl
acetate, isoeugenyl ethyl ether, α-isomethyl ionone
(3-methyl-4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-
3-buten-2-one), lilial (butyl phenyl methyl propio-
nal), limonene, linalool, methyl 2-octynoate, and
methyl isoeugenol standards were obtained from
Sigma (St. Louis, MO, USA). Deionized water was
distilled and filtered using Millipore filters
(Millipore S.A., Molsheim, France). All other che-
micals utilized were of analytical grade. Perfumes
were purchased from retail stores.

Apparatus and chromatographic conditions

Chromatographic experiments were performed
using an Agilent HP1100 (Palo Alto, CA) HPLC
system. Chromatographic separation was performed
on a LiChrospher 100 C18 column (250–4 mm I.D.,
5 µm particle size), and the mobile phases comprised
a 0.01% acetic acid aqueous solution (A) and metha-
nol (B), at a flow rate of 1 ml/min. The following
elution gradient was used: solvent B started at 60%
and was maintained for 5 min, then reduced to 50%
at 7 min, increased to 100% at 14 min, maintained
for 4 min, and decreased to 60% at 19 min. The
column was re-equilibrated for 5 min before the
next injection. The eluate was continuously moni-
tored by an ultraviolet (UV) detector at a wavelength
of 270 nm.

Stock and working standard solutions

Individual stock solutions of the 25 selected
allergens and internal standard (Table 2) were
prepared by dissolving each standard in acetoni-
trile (accurately weighed) in volumetric flasks at
concentrations of approximately 10 mg/ml,
except for hydroxycitronellal, which was made
up to a concentration of 100 mg/ml. The solu-
tions were stored at 4°C. Fresh working solu-
tions, prepared daily by appropriate dilutions of
stock solutions, were processed individually and
in a mixture to (1) optimize operative condi-
tions, (2) record spectral data, and (3) obtain
calibration curves. The standard mixture solution
of all tested allergens and internal standard was
prepared by diluting a known volume (10 to
50 µl) of each stock solution in volumetric flasks
with acetonitrile.

Sample preparation

A total of 107 perfumes (76 women’s perfumes, 31
men’s perfumes) were purchased from department
stores in Anyang City, Korea. Approximately
100 µl of each product was added to an appropri-
ate volume of the internal standard stock solution
(100 µl), diluted with acetonitrile, and injected
directly into the HPLC system.
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Validation of the method

The analytical method developed was tested with
regard to linearity, limits of detection (LOD), accu-
racy, and precision. The linearity of the HPLC
method was examined after preparation of the cali-
bration curves by analyzing 5 concentrations of
each fragrance allergen, ranging from 0.1 to
500 µl/ml for all compounds except hydroxycitro-
nellal (20–5000 µl/ml), in triplicate. Linear regres-
sion analyses were performed using the internal
standard method. Linearity for each compound
was established by plotting the peak area ratio
(standard to internal standard) versus standard
concentrations. A validation protocol was designed
and applied to characterize the following perfor-
mance parameters of the method: confirmation of
identity, selectivity, specificity, LOD, limit of quan-
titation (LOQ), linearity (working and linear range),
reproducibility, precision, and accuracy.

QRA methodology for fragrance ingredients

For the QRA, a NESIL for induction of skin sensi-
tization was determined for fragrance ingredients
following a weight of evidence (WoE)-based
approach. A conservative WoE NESIL is shown
in Table 1. In dermal sensitization risk assess-
ments, an uncertainty factor (UF) is applied for
extrapolation from experimental to real-life expo-
sure scenarios. This is achieved by the application
of a SAF, which takes into account three para-
meters: inter-individual variability, product matrix
effect, and use consideration. Perfumes (hydroal-
coholic products applied to unshaved skin) pro-
vide an example of a widely used rinse-off
cosmetic product where exposure to a given che-
mical would be expected to be low (SAF = 100).

There are two key elements involved in risk
characterization for dermal sensitization risk
assessments. These are the AEL, and the

Table 1. Categorization of fragrance allergens labeled according to EU regulation and no expected sensitization induction level
(NESIL) for fragrance ingredients derived by application of weight of evidence (WoE).
Category1) Allergen Uses CAS No. Potency LLNA-EC32) (µg/cm2) WoE NESIL2) (µg/cm2)

Group I (important
sensitizers)

Farnesol Deodorant, solvent,
perfume

4602–84-0 Weak 1,200 2,700

Hydroxycitronellal Perfume 107–75-5 Weak 5,612 5,000
HICC Flavoring, perfume 31906–04-

4
Weak 4,275 4,000

Isoeugenol Flavoring, perfume 97–54-1 Moderate 498 250
Group II (weak
sensitizers)

Citronellol Perfume 106–22-9 Extremely
weak

10,875 29,500

Amyl cinnamyl
alcohol

Perfume 101–85-9 Weak > 6,250 3,500

Benzyl cinnamate Perfume 103–41-3 Weak 4,600 4,700
Geraniol Tonic, perfume 106–24-1 Weak 3,525 11,800
Lilial Flavoring, perfume 80–54-6 Weak 2,372 4,100
Cinnamyl alcohol Flavoring, perfume 104–54-1 Weak 5,250 3,000
Citral Flavoring, perfume 5392–40-5 Weak 1,414 1,400
Coumarin Perfume 91–64-5 Weak > 12,500 3,500
Eugenol Denaturant, perfume 97–53-0 Weak 2,703 5,900

Group III (rare
sensitizers)

Amyl cinnamal Perfume 122–40-7 Weak 2,942 23,600
Benzyl benzoate Antimicrobial,

perfume
120–51-4 Extremely

weak
> 12,500 59,000

Hexyl cinnamal Perfume 101–86-0 Weak 2,372 23,600
Anise alcohol Perfume 105–13-5 Weak 1,475 1,500
Benzyl alcohol Preservative, perfume 100–51-6 Weak > 1,2500 5,900
Benzyl salicylate UV absorber, perfume 118–58-1 Weak 725 17,700
α-isomethyl
ionone

Flavoring, perfume 127–51-5 Weak 5,450 71,000

Limonene Flavoring, Perfume 5989–27-5 Extremely
Weak

10,075 10,000

Linalool Flavoring, perfume 78–70-6 Extremely
weak

15,000 15,000

– Methyl
2-octynoate

Perfume 111–12-6 Strong < 125 120

Abbreviations: LLNA, local lymph node assay; EC3, estimated concentration required for a 3-fold stimulation index. Data from 1)(Schnuch et al. 2007);
2)(Api et al. 2008).
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comparison of the AEL to the CEL. The CEL is
a measure of exposure under intended foreseeable
conditions of frequency of use, duration of utiliza-
tion, and amount of product used per application/
use. The calculation of consumer exposure estab-
lished for perfumes (hydroalcoholic products for
shaved skin) was 2.21 mg/cm2/day (Ryan et al.
2002).

The AEL is determined by dividing the NESIL by
the product type SAF using the following equation:

AELðμg=cm2Þ ¼ WoE NESIL μg=cm2ð Þ
SAF

The AEL is expressed in terms of dose/unit area/day.
Finally, to establish the acceptability of consumer
exposure to fragrance ingredients in a given product,
the ratio of AEL to CEL is determined by dividing
these two values (AEL/CEL). The % concentration of
a fragrance ingredient in a product type is acceptable
if the AEL is greater than or equal to the CEL (AEL ≧
CEL or ≧ 1). Conversely, cases where the CEL
exceeds the AEL would require re-evaluation of
risk management and may lead to a decrease in the
concentration of fragrance ingredients in that pro-
duct type (AEL < CEL or <1).

Results

Quantitative analysis of men’s and women’s
perfumes

HPLC conditions were considered suitable to
modulate the retention of all fragrance ingredi-
ents. Under the chromatographic conditions
employed, the 25 analytes exhibited good linear-
ity (r2 > 0.99) over a relatively wide range of
concentrations. The results of method validation
related to all 25 allergens are presented in
Table 2.

In women’s perfumes (n = 76), the concentra-
tions of the 25 allergens ranged from undetectable
(N.D.) to 8,997.68 mg/kg (Table 3). Lilial showed
the highest mean content (4,026.84 ± 7,138.12 mg/
kg), while amyl cinnamyl alcohol displayed the low-
est content (2.39 ± 10.65 mg/kg).

In men’s perfumes (n = 31), potential allergens
were detected at concentrations ranging from N.
D. to 17,352.34 mg/kg (Table 3). Limonene exhib-
ited the highest mean content
(5,008.18 ± 4,315.20 mg/kg), while amyl cinnamyl
alcohol showed the lowest (1.59 ± 10.95 mg/kg).

Table 2. Linear regression data, limit of detection (LOD), accuracy, and precision related to the 25 fragrance allergens.
Allergen Correlation coefficient (r2) Linear range (µg/ml) LOD (µg/ml) Accuracy (%) % RSD

Amyl cinnamyl alcohol 0.995 0.5–500 0.2 100.6 1.7
Anise alcohol 0.990 0.5–500 0.13 101.6 1.7
Benzyl alcohol 0.995 0.5–500 0.43 93.9 3.7
Benzyl benzoate 0.993 0.5–500 0.33 103.6 2.2
Benzyl cinnamate 0.993 0.5–500 0.53 104.6 1.8
Benzyl salicylate 0.996 0.5–500 0.63 94.9 2.6
Citronellol 0.993 0.5–500 0.13 95.9 0.7
Cinnamyl alcohol 0.998 0.5–500 0.13 97.9 0.8
Citral 0.997 0.5–500 0.23 102.1 1.8
Coumarin 0.995 0.5–500 0.46 98.9 0.9
Eugenol 0.994 0.5–500 0.33 102.6 1.7
Farnesol 0.993 0.5–500 0.66 95.7 2.7
Geraniol 0.994 0.5–500 0.23 102.8 1.3
Hexyl cinnamaldehyde 0.994 0.5–500 0.33 90.9 2.3
Hydroxycitronellal 0.997 10–5000 10.88 95.8 3.4
HICC 0.998 0.5–500 0.73 97.9 1.9
Isoeugenol 0.996 0.5–500 0.13 101.3 0.8
Isoeugenyl acetate 0.993 0.5–500 0.66 97.7 2.7
Isoeugenyl ethyl ether 0.993 0.5–500 0.66 97.7 2.7
α-isomethyl ionone 0.992 0.5–500 0.67 98.9 1.7
Lilial 0.997 0.5–500 0.26 103.6 1.7
Limonene 0.995 0.5–500 0.47 101.2 2.8
Linalool 0.994 0.5–500 0.19 96.8 1.7
Methyl 2-octynoate 0.993 0.5–500 0.53 102.4 3.2
Methyl isoeugenol 0.993 0.5–500 0.66 99.7 1.7

Abbreviations: Lilial, butyl phenyl methyl propional; HICC, 4-(4-hydroxy-4-methylpentyl)-3-cyclohexene-1-carboaldehyde; α-isomethyl ionone,
3-methyl-4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-one; RSD, relative standard deviation.
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QRA evaluation for selected fragrance
ingredients

Results from the QRA evaluation for fragrance
ingredients are shown in Tables 4 and 5 and
reported as mean, median, and maximum concen-
tration (%) in men’s and women’s perfume
(hydroalcoholic products for unshaved skin),
respectively. There are two factors involved in
risk assessment conducted using the recom-
mended method. These are the AEL, and compar-
ison of AEL to CEL. The AEL is determined by
dividing the WoE NESIL by the product type SAF
(100). For an acceptable risk assessment, the AEL
needs to be greater than or equal to the CEL
(AEL ≥ CEL).

As summarized in Tables 4 and 5, the AEL/CEL
ratios for all sensitizing fragrance ingredients ana-
lyzed in this study were greater than 1, indicating
the safe use of these potential skin sensitizers.
However, assuming a worst-case scenario, the

AEL/CEL ratios of lilial, HICC, citral, isoeugenol,
and methyl 2-octynoate measured at maximum
concentration for women’s perfume were 0.53,
0.67 0.19, 0.13, and 0.57, respectively. Because
these AEL:CEL ratios were below 1, this indicates
it is not safe to use these potential skin sensitizers.

Discussion and conclusions

In this study, human health risk assessments
were performed with regard to consumer expo-
sure to the materials used in perfumes available
in the Korean market. Previous investigators
reported safety assessments for fragrance ingre-
dients such as linalool, eugenol, amyl cinnamal-
dehyde, benzyl alcohol, α-isomethyl ionone, and
cinnamyl cinnamate (2015d; Api et al. 2016b,
2015b, 2015c; Bhatia et al. 2007; Lapczynski
et al. 2007). This study noted the prevalence
and QRA of skin contact allergy related to

Table 3. Quantitative analysis of fragrance allergens in 107 commercial perfumes via HPLC-UV.
Women’s perfumes (n = 76) Men’s perfumes (n = 31)

Allergen Mean ± S.D. (mg/kg) Median (mg/kg)
Range (min-max,

mg/kg) Mean (mg/kg)
Median
(mg/kg)

Range (min-max,
mg/kg)

Lilial 4,026.84 ± 7,138.12 2,108.08 N.D.-3,4945.26 1,129.32 ± 1,688.20 387.05 N.D.-6,867.86
Limonene 3,863.32 ± 4,922.01 2,494.12 N.D. −2,6196.84 5,008.18 ± 4,315.20 4,462.09 N.D.-17,352.34
HICC 2,768.27 ± 3,012.51 N.D. N.D. −2,7106.25 1,924.16 ± 5,752.49 644.51 N.D.-9,315.32
Linalool 2,262.72 ± 3,210.98 1,553.69 N.D. −2,1845.38 2,616.97 ± 2,234.81 1,647.20 N.D.-8,314.67
α-isomethyl
ionone

1,859.52 ± 1,821.12 99.12 N.D. −1,5102.7 2,168.85 ± 1,090.64 N.D. N.D.-1,1105.20

Geraniol 1,630.49 ± 1,730.74 253.84 N.D. −8,997.68 1,146.85 ± 3,276.54 22.66 N.D.-8,458.32
Benzyl salicylate 1,128.03 ± 1,192.20 N.D. N.D. −6,473.74 889.56 ± 1,141.68 N.D. N.D.-8,152.90
Citronellol 1,005.3 ± 1,078.20 253.37 N.D. −7,897.15 547.36 ± 919.15 270.31 N.D.-4,253.99
Citral 811.79 ± 1,120.20 31.85 N.D. −3,4215.24 164.73 ± 166.55 118.46 N.D.-803.19
Hexyl
cinnamaldehyde

671.12 ± 1,210.21 100.27 N.D. −4,674.9 262.53 ± 385.77 N.D. N.D.-1,939.56

Farnesol 465.25 ± 653.25 90.32 N.D. −3,994.24 576.70 ± 646.14 331.54 N.D.-2,237.58
Isoeugenol 328.65 ± 648.64 42.69 N.D. −8,639.93 50.11 ± 101.58 N.D. N.D.-256.12
Hydroxycitronellal 276.55 ± 324.54 N.D. N.D. −4,671.66 511.55 ± 235.85 N.D. N.D.-4,105.49
Anise alcohol 182.72 ± 443.76 N.D. N.D. −2,519.72 112.59 ± 421.21 N.D. N.D.-2,873.28
Isoeugenyl acetate 168.39 ± 192.64 N.D. N.D. −2,966.88 80.18 ± 86.18 N.D. N.D.-2,010.87
Coumarin 159.91 ± 240.14 N.D. N.D. −1,848.25 616.80 ± 925.15 N.D. N.D.-3,337.49
Benzyl benzoate 148.95 ± 342.54 15.68 N.D. −4,933.87 224.79 ± 1,245.99 N.D. N.D.-5,623.91
Eugenol 140.44 ± 259.94 53.28 N.D. −2,474.49 69.00 ± 54.12 35.76 N.D.-303.27
Benzyl alcohol 100.86 ± 493.22 N.D. N.D. −4,094.71 33.35 ± 55.83 6.66 N.D.-183.35
Benzyl cinnamate 92.40 ± 89.54 N.D. N.D. −1,695.65 134.60 ± 163.38 N.D. N.D.-1,073.47
Isoeugenyl ethyl
ether

79.36 ± 70.64 11.21 N.D. −655.64 80.18 ± 42.12 N.D. N.D.-2,010.87

Methyl
2-octynoate

72.23 ± 62.54 12.06 N.D. −954.39 14.20 ± 16.67 N.D. N.D.-165.68

Methyl isoeugenol 16.58 ± 13.50 N.D. N.D. −435.46 4.85 ± 10.85 N.D. N.D.-58.49
Cinnamyl alcohol 12.15 ± 39.96 N.D. N.D. −308.94 8.38 ± 5.67 N.D. N.D.-162.28
Amyl cinnamyl
alcohol

2.39 ± 10.65 N.D. N.D. −65.84 1.59 ± 10.95 N.D. N.D.-19.68

Abbreviations: Lilial, butyl phenyl methyl propional; HICC, 4-(4-hydroxy-4-methylpentyl)-3-cyclohexene-1-carboaldehyde; α-isomethyl ionone,
3-methyl-4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-one; N.D., not detected.
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exposure to sensitizers associated with the utili-
zation of perfumed products.

In addition to the widespread use of skin sensi-
tizers, the probability of consumers coming into
contact with fragrance allergens as well as the
concentration of the fragrance allergens in the
perfumes are important factors. The fragrances
with the lowest sensitizing potential, D-limonene,
linalool, lilial, and geraniol, were identified at rela-
tively high concentrations in perfumes. However,
it is worthwhile noting that potential problems
may also arise when frequently used compounds
with low sensitizing potentials are metabolized by
air constituents or on the skin, leading to the
formation of more potent allergens. Some investi-
gators demonstrated that hydroperoxides formed
after oxidation of limonene were more potent
allergens than limonene (Karlberg, Magnusson,
and Nilsson 1992; Karlberg et al. 1994; Matura
et al. 2002). In addition, derivatives of isoeugenol,
employed as alternatives for isoeugenol because of
their lower sensitizing potencies, may be again
converted into isoeugenol (Rastogi and Johansen
2008). Therefore, this study provided methods and
a strategy for the mandatory regulation of per-
fumes in the Korean market, including derivatives
of isoeugenol such as isoeugenyl acetate, isoeu-
genyl ethyl ether, and methyl isoeugenol.

In total, 25 allergens established as ‘safe’ according
to guidelines for perfumes were quantitatively ana-
lyzed. The relatively low concentrations and low
detection rate in the products reflect their safety rat-
ings. The Ministry of Food and Drug Safety (MFDS)
regulates the use of these allergens in consumer pro-
ducts, including perfumes and cosmetics. Perfumes
that exceed maximum concentrations are prohibited
for sale on the market. The purpose of this study was
to formulate a logical suggestion for the limit of aller-
gens employed in perfumes using a dermal sensitiza-
tion QRA method. According to our findings,
allergens were not present in an amount sufficient to
require a further dermal risk assessment. For per-
fumes, fragrance ingredients used frequently exhibited
allergenic potential. For chemicals that demonstrated
an estimated higher risk for consumers, the toxicolo-
gical parameters of the properties of the ingredients
were defined by making use of several standards, as
toxicity data for the ingredients are limited (Kim et al.
2018b; Larsen and Holmberg 2005).

There is an important issue regarding risk
assessment studies of consumer products in
Korea, as many of these are registered as existing
chemicals (Kim et al. 2018b). Few data are avail-
able regarding dermal and inhalation risk assess-
ments of fragrances. In the case of deodorants,
inhalation and dermal exposure are considered
the main exposure routes to consumers (Bickers
et al. 2003; Schnuch et al. 2007). Basketter et al.
(1999) reported that quantitative considerations
in risk assessment need to include dose-response
assessment, exposure assessment, and character-
ization of uncertainty. In addition, reliable expo-
sure factors are essential in determining the
health risks posed by the ingredients in products
(Bickers et al. 2003). Engelund, Hùglund, and
Skjødt (2004) demonstrated that fragrance ingre-
dients (isoeugenol, HICC, atranol, and chloroa-
tranol) were present in 25 perfume products in
the Danish market. The amounts of isoeugenol,
HICC, atranol, and chloroatranol in perfumes
were found to be 56%, 72%, 59%, and 36%,
respectively. The concentration of isoeugenol
was below the recommended maximum concen-
tration of 0.02%. However, the maximum HICC
concentration was determined to be 0.2%, which
is 10-fold higher than the maximum tolerable
concentration considered safe by the European
Union (EU) Scientific Committee. The maxi-
mum content of fragrances in the products at
concentrations of 15.6–36.94% and linalool was
found at the highest level. The amount of benzyl
alcohol, cinnamyl alcohol, citral, eugenol, α-amyl
cinnamyl alcohol, benzyl salicylate, coumarin,
geraniol, lilial, linalool, benzyl benzoate, citronel-
lol, hexyl cinnamaldehyde, limonene, and α-
isomethyl ionone in deodorants showed maximal
levels greater than 10,000 mg/kg. Certain deo-
dorants contained benzyl benzoate at a maximal
quantity of 142,344 mg/kg.

In the present study, 25 fragrance ingredients
assessed in men’s and women’s products were
quantified at concentrations of 6.45–87.1% and
19.74–88.16%, respectively (Figure 1). Fragrance
ingredients that were most frequently found in
men’s and women’s perfumes were D-limonene,
linalool, lilial, and citronellol, and are all classified
as (extremely) weak sensitizers. Among these fre-
quently utilized fragrances, lilial and citronellol
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are classified as less important sensitizers, and
D-limonene and linalool as rare sensitizers. In
contrast, allergens that are seldom detected in
products, such as farnesol, hydroxycitronellal,
HICC, and isoeugenol are classified as important
sensitizers in consumers. Mondello et al. (2007)
also noted that 4 perfumes contained limonene
(1,618–3,183 mg/kg), linalool (886–2,559 mg/kg),
citronellol (43–880 mg/kg), citral (5–48 mg/kg),
geraniol (36–98 mg/kg), cinnamaldehyde (N.D.-
127 mg/kg), hydroxycitronellal (N.D.-254 mg/kg),
cinnamyl alcohol (N.D.-37 mg/kg), eugenol (N.
D.-103 mg/kg), coumarin (N.D.-1,460 mg/kg), α-
isomethyl ionone (N.D.-1,030 mg/kg), lilial (N.
D.-3,222 mg/kg), HICC (N.D.-1,679 mg/kg), and
hexyl cinnamaldehyde (N.D.-90 mg/kg). The
acceptable criterion for human safety is
a margin of safety (MoS) >100, which indicates
no significant risk for human health (Kang, Lee,
and Shin 2014; Kim et al. 2013; Scientific
Committee on Consumer Safety (SCCS) 2012).
Corea et al. (2006) and Basketter et al. (2010)
assessed the risk arising from the use of 24
known fragrance sensitizers employed in fabric-
washing products. Exposure to the amounts of
fragrance sensitizers in washed fabrics resulted

in a MoS exceeding 100 (safety threshold).
However, the MoS of methyl heptine carbonate
reported in washed fabrics was 55. Andersen
et al. (2006) reported the daily exposure calcu-
lated for the highest measured content of fra-
grance substances in massage, body, and
essential oils in the Danish market. Based upon
the demonstrated NOEL values in numerous stu-
dies, the MoS for a 60-kg adult was calculated for
the highest concentrations of fragrance substances
found in massage, body, and essential oils. The
MoS of benzyl alcohol, benzyl benzoate, benzyl
cinnamate, cinnamal, citral, citronellol, coumarin,
eugenol, geraniol, d-limonene, and linalool in
selected massage and body oils were founded to
be 135, 3,130, 12,200, 17,700, 350, 650, 182, 8,620,
373, 162, and 40, respectively. The MoS of benzyl
alcohol, benzyl benzoate, cinnamal, citral, citro-
nellol, eugenol, geraniol, d-limonene, and linalool
in selected essential oils were noted to be 2,174,
74,000, 40,000, 185, 60, 20,600, 206, 368, and 385,
respectively. Normally, a cosmetic product with
a MoS greater than 100 is considered to be an
acceptable safety risk.

In conclusion ingredients of the perfumes evalu-
ated were shown to pose no apparent significant
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health risk at the maximum concentration used,
except for lilial, HICC, citral, isoeugenol, and methyl
2-octynoate. This risk assessment approach is recom-
mended to be used to establish improved guidelines
for specific ingredients in consumer products, and for
setting limits for newly developed raw ingredients that
might pose potential dermal hazards.
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