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ABSTRACT

Background: Fragrance substances in consumer products can cause adverse health effects such as contact
allergy. In South Korea, consumer chemical products must list 26 known fragrance allergens on product labels
when they contain more than 0.01%. Fragrance substances are mostly used in combination, so co-exposure
can occur via use of a consumer chemical product. Co-exposure to fragrance allergens may show a synergistic
effect on the human body.

Objectives: The aims of the study were to analyze the characteristics of fragrance allergens in consumer
chemical products available on public websites and to identify the co-occurrence patterns of fragrance
allergens.

Methods: The chemicals in 1,443 ingredient disclosures for consumer chemical products were collected
through the Ecolife database. The 26 labelled fragrance allergens were identified by category of consumer
chemical product. The co-occurrence patterns of the 26 labelled fragrance allergens were analyzed by frequent
pattern mining. The unlabelled fragrance allergens presented by European Union Scientific Committee on
Consumer Safety were also identified.

Results: Consumer chemical products contained an average of 5.314.2 substances among the 26 labelled
fragrance allergens. More than 85% of air fresheners, deodorizing agents, and fabric softeners contained
at least one of the 26 labelled fragrance allergens. The most frequently contained fragrance allergens were
limonene (50.5%), linalool (49.9%), hexyl cinnamal (34.0%), and citronellol (28.3%). 16.7% of consumer
chemical products showed a co-occurrence of limonene, linalool, hexyl cinnamal, and citronellol. Thirty-eight
unlabelled fragrance allergens were found in the consumer chemical products, with hexamethylindanopyran
(25.2%) being the most frequently contained substance.

Conclusions: The characteristics and co-occurrence patterns of 26 labelled fragrance allergens would be
useful information for the management of co-exposure to fragrance allergens in consumer chemical products.
It is necessary for attention to be paid to unlabelled fragrance allergens.
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Highlights:

- All 1,443 ingredient disclosures
among consumer chemical products
was collected.

- The average number of 26 labelled
fragrance allergens in consumer
chemical product was 5.3.

- Limonene and linalool were contained
more than 50% of the consumer
chemical products.

- The frequent co-occurrence patterns
of 26 labelled fragrance allergens were
identified.

- 38 unlabelled fragrance allergens
were found in the consumer chemical

products.
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FH(fragrance) = 57 &F E= WAIE do7= 92 &
ZHEAE U B G9FE A6 SEE AgssHAlE,
1%, BHl & oIt 2BRAE] ERE0] itk = &
Fel ABRAIES] &2l HEE oF 2e? M) ar?
of ZALY A 274 & w20 o) ot AYI T
Teso] Qlck. MR IAE oz o =) Ag9,?
F 59| t4=9] Ao A Bl 2 (terpene) AE] A5} lim-
onene} linalool®]] thal L2714 %] HAE A HE-S-0]
R v Qo w27 (skin sensitization)2 T H-E B
S0l ol o "AAZF IsHA ¥H-E-5t= Zol 4
2714 A& 071gL o|A9] &0 95| EAstE HIAA
of oJet XA FEHIN-Gol B2, e ot u A H &
2714 AS R0l et ot A7t EEotA 23 E
T QJT} 01D

4 A& (European Union, EU)2 4H[Z} QP& Yol 514
E93} A (detergent)?o]] 3l LH27] G4 LT} =S
A 2719575 FR/dE(fragrance allergen) 265°] &4
Bk ool THE A T A9 HE5S AlE 2ol ®
AR JAISIL Qi RH=E S FRAd Rl el o= Y w)
RBEIAEY o] FU FAE AAEA k. aPgEe] 2}
A & LH 27987 s FRAAE 255 (152 sHE 5 1l
FFA”dE2] hydroxyisohexyl 3-cyclohexene carboxaldehyde,
HICC)o] AHE & Alofui= AlEollA 0.01%, AoTHA] eb= A
FollA 0.001%F 233l TR A5 olid w2 FH= 71
Asfof ek QragtQIth Al AJetalAlEo el 27|37t
T FRAEE 26F°] 0.01% ol AH&H Afo st &
£ B39 33 Ao} 3k gE 2Tt TR
& 2630l gt FAI7E AR o] 9o FaAdEol A%t &
g 27] ¥39] B2 2L SA7F AEH 22 AA=UT EU
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Z(co-exposure) 2 71540l Qltt oy L2787t T
2R A &R FHE7] w39 & (sensitization) T}
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& (elicitation)©] Z7F5t= AtS(synergistic) A7} B
a1 vk Qlth A0 B o] A 27N FRAE
9] SHAE|AE 7} amyl cinnamal 9] 8F-9] E3}1E<2] Fragrance
mix I (FM D3} citronellol 2] 72] &31&<2] Fragrance mix II
(EM IDE Ao & o]Fo| 1 Qict. ¥ I8} JAFH oz
g 27] 9 doX Fr TE AJEo] AA AEo ojr
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sHA| o] YsiAe AldEs AEIAE W Sie A&
o o & H Al SW(co-occurrence) WES Tt TR

N o

TYESISIAIE L A EA Q] kAol Tt
B, Alggo] whep? Fvie] & de] B 3 AygeEerd
HHA2E(ZE52 Ecolife) E¥01XE B3] e s}
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Z2E57] golguo] A FESITHAIE 98] ke
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2 3%t CAS 5E/ T JHE2 A2 CAS Common
Chemistry’” 2 E8f A&l Z2dstqich

5

0.01% o1 B A] RSHLAE W AT 2
71 FRAY 2620 B8 BFS BT LAY
(Amyl cinnamal [CAS No 122-40-7], benzyl alcohol [CAS No
100-51-6], cinnamyl alcohol [CAS No 104-54-1], citral [CAS
No 5392-40-5], eugenol [CAS No 97-53-0], hydroxycitronel-
lal [CAS No 107-75-5], isoeugenol [CAS No 97-54-1], amyl
cinnamyl alcohol [CAS No 101-85-9], benzyl salicylate [CAS
No 118-58-1], cinnamal [CAS No 104-55-2], coumarin [CAS
No 91-64-5], geraniol [CAS No 106-24-1], anise alcohol
[CAS No 105-13-5], benzyl cinnamate [CAS No 103-41-3],
farnesol [CAS No 4602-84-0], butylphenyl methylpropional
[CAS No 80-54-6], linalool [CAS No 78-70-6], benzyl ben-
zoate [CAS No 120-51-4], citronellol [CAS No 106-22-9],

2. L 27|HSIts SREE SR

|-0Il

hexyl cinnamal [CAS No 101-86-0], limonene [CAS No 138~
86-3, 5989-27-5, 5989-54-8], methyl 2-octynoate [CAS
No 111-12-0], alpha-isomethyl ionone [CAS No 127-51-5],
HICC [CAS No 31906-04-4], Evernia prunastri extract [oak
moss extract] [CAS No 90028-68-5], Evernia furfuracea ex-
tract [tree moss extract] [CAS No 90028-67-4]). EA|T|AC.
2 A=A o2 E2 HisiME o A--E mhefslr] fId]
SCCS7F A|RKet QIA| A 27987 s FaAdE 85F< sie
She B200) diet BE2 ok A BTG

3. A S I EM

AgolshA| £ HAIHY el 2719-87Hs FRAdE 26
Fo| = old £} & Wol ARREHUEA A = FH
£ otsty] ffs AR BESAE 1,443705
O & R version 4.2.0 (R Foundation for Statistical Computing,
Vienna, Austria)¥} arules T|7]2?E A}-&5}o] w1k ofgl u}
o] (frequent pattern mining, FPM) £4S AA|5}9tt. FPM

Table 1. The numbers of products, ingredients, products containing 26 labelled fragrance allergens, and 26 labelled fragrance allergens for

different consumer chemical product types

Unique Ingredients Product containing 26 labelled fragrance
products per product 26 labelled fragrance allergens per product
N (%) Mean+SD Max allergens, N (%) Mean+SD Max
Total 1,443 (100) 25.6421.1 152 975 (100) 5.3+4.2 26
Detergent product group
Cleaners 219 (15.2) 12.7+48.9 44 76 (7.8) 33422 12
Laundry product group
Laundry detergents 268 (18.6) 36.3+20.0 104 198 (20.3) 7.3%£5.2 26
Bleaching agents 68 (4.7) 16.1£13.6 70 32(3.3) 4.843.3 13
Fabric softeners 179 (12.4) 30.5+17.3 89 153 (15.7) 7.3+4.5 17
Coating product group
Gloss coatings 40 (2.8) 18.2+13.8 53 13 (1.3) 6.9+3.9 12
Special purpose coatings 15 (1.0) 16.9+15.9 52 5(0.5) 5.8+4.1 12
Air freshener product group
Air fresheners 375 (26.0) 30.9+25.9 152 325(33.3) 3.8+3.3 24
Deodorizing agents 156 (10.8) 22.7+15.1 86 135 (13.8) 49+39 15
Auto product group
Windshield washer fluids for automobiles 9(0.6) 24.2+14.5 40 6(0.6) 4.0+2.2 6
Disinfection product group
Disinfectants 66 (4.6) 20.8+21.6 96 32(3.1) 6.7+4.8 18
Insecticide & repellent product group
Insect repellents 12 (0.8) 4.9+2.6 10 2(0.2) 3.0+NA 3
Other product group
Candles 14 (1.0) 4.9+13.6 52 - - -
Dehumidifying agents 22 (1.5) 1.3+0.7 4 - - -

SD: standard deviation, NA: not applicable.
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class
259 AHgste] BAGAY g2
(a)
Limonene
Linalool
Hexyl cinnamal
Geraniol
Citronellol
Butylphenyl methylpropicnal
Citral
Benzyl benzoate
Coumarin
alpha-lsomethyl ionone
Eugenol
Benzyl salicylate
Amyl cinnamal
Benzyl alcohol
Isoeugenol
Hydroxycitronellal
HICC*
Cinnamal
Cinnamyl alcohol
Methyl 2-octynoate
Farmnesol
Benzyl cinnamate
Amyl cinnamyl alcohol
Anise alcohol
Evernia furfuracea extract
Evernia prunastri extract
(B) Limonene
Linalool
Hexyl cinnamal
Geraniol
Citronellol
Butylphenyl methylpropional
Citral
Benzyl benzoate
Coumarin
alpha-Isomethyl ionone
Eugenol

Benzyl salicylate

Amyl cinnamal

Benzyl alcohol
Isoeugenol
Hydroxycitronellal

HICC*

Cinnamal

Cinnamyl alcohol

Methyl 2-octynoate
Farnesol

Benzyl cinnamate
Amylcinnamyl alcohol
Anise alcohol

Evernia furfuracea extract
Evernia prunastri extract
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Fig. 1. The 26 labelled fragrance allergens and their appearance on all ingredient disclosure product lists by (A) number of observations on
consumer chemical products and (B) distribution by consumer chemical product types. *HICC: hydroxyisohexyl 3-cyclohexene carboxaldehyde.
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. &2 1} 5 TR TR E57E HE2 Fig. 19 2
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1. MMHE2Z27H M= T8 limonene (50.5%), linalool (49.9%), hexyl cinnamal

A3/ BESAES F5E AEs TF 87 (34.0%), geraniol (28.8%), citronellol (28.3%)9] &0 & L}&}

&, FAGA S 276V SRR 265 T AlES %THFig. 1A). Limonene¥} linalool & EE50A 1, 25

g BAA SRV FRAESE Table 139 2 2 BRIt EQlH 265 5 linalool, coumarin, hydroxy—
t} gAF AEslskA|Eo) shaE HA(rEFHAD) HJE9] 4 citronellal, HICC, methyl 2-octynoate, anise alcohol®] 6%

£ 25.6(£21.1)F°]I31ck W’%}Zﬂ T BANS gl =27]8hs W - DAY AES7E 7P EokaL, UHA] 18F-2 Al

b5 FRAE 265 F 15 o1 HES AR
67.6W% B9 B+ EE 4
A, GHA, AR 2 AR
oPFolAl 1% olake] A &
BHES etk

olgitt EEHIZ=
9] 85%

2. EACHE

EL =M
RN AlE S BESHAE BANAY L =787t

B3 P

t27ts

S AlE2 97574 HAET] AlET

22 53(x4.2)F

CEREEUE e

7} 71 Wk th(Fig. 1B).

3. EAHY LE27|USIts SrdEe A
EANG S 27H-7s FRAAES e 2% (com-

bination)2] 4= & A
SkeMda A=

Z9h g2

Table 29} 2} At
% 16.7%7} limonene, linalool, hexyl cinnamal, citronel-
lol &Al°l eolit. 87K FaAES Sl Rt £

Table 2. The most frequent 26 labelled fragrance allergen combinations identified by the eclat algorithm of frequent pattern mining with support

of more than 5%

Number of Maximum
fragrance allergens number of Combinations Support (%)
considered combinations
4 486 FA17, FA19, FA20, FA21 16.7
FA12, FA17, FA19, FA21 16.6
FA12, FA17, FA20, FA21 16.4
FA1l6, FA17, FA20, FA21 16.0
FA12, FA17, FA19, FA20 15.3
5 435 FA12, FA17, FA19, FA20, FA21 13.2
FA4, FA12, FA17, FA20, FA21 12.0
FA4, FA12, FA17, FA19, FA21 114
FA12, FA1l6, FA17, FA20, FA21 11.3
FA1l6, FA17, FA19, FA20, FA21 11.0
6 196 FA4, FA12, FA17, FA19, FA20, FA21 9.4
FA12, FA1l6, FA17, FA19, FA20, FA21 8.6
FA12, FA17, FA18, FA19, FA20, FA21 8.6
FA4, FA12, FA16, FA17, FA20, FA21 8.0
FA4, FA12, FA17, FA18, FA19, FA21 7.9
7 45 FA4, FA12, FA17, FA18, FA19, FA20, FA21 7.4
FA2, FA4, FA12, FA17, FA18, FA19, FA21 6.9
FA2, FA4, FA12, FA17, FA19, FA20, FA21 6.8
FA2, FA4, FA12, FA17, FA18, FA20, FA21 6.5
FA2, FA4, FA12, FA17, FA18, FA19, FA20 6.5
8 4 FA2, FA4, FA12, FA17, FA18, FA19, FA20, FA21 6.5
FA2, FA4, FA5, FA12, FA17, FA18, FA19, FA21 5.1
FA1, FA4, FA12, FA17, FA18, FA19, FA20, FA21 5.1
FA4, FA5, FA12, FA17, FA18, FA19, FA20, FA21 5.1

The fragrance allergens were abbreviated as follows; FAl: amyl cinnamal, FA2: benzyl alcohol, FA4: citral, FA5: eugenol, FA12: geraniol, FA16:
butylphenyl methylpropional, FA17: linalool, FA18: benzyl benzoate, FA19: citronellol, FA20: hexyl cinnamal, FA21: limonene.

https://doi.org/10.5668/JEHS.2022.48.4.206
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AeeEFANE, AXET 7P 2 232 AAE0] 6.5%%1
limonene, linalool, hexyl cinnamal, geraniol, citronellol, citral,

benzyl benzoate, benzyl alcohol©]3]T}.

4. TA| HCHA LHET|BHSI}HS S=HE

SCCS7t AR A FF2719H87He FRAE 858 F
A ALSISAE HARA 2657 CAS WSS ET 5= ¢l
= Narcissus spp.2} rose flower oil (Rosa spp.)2] 252 A2
gk 5789 249 T A2 Table 37} 2ot HA| hFEH
% M getEd 32F 5 25 AAFEE 25F 5 13359l
AESFoHA| ol 280]al Q= Aoz YT AR Al
E 1,44378 3 &2 hexamethylindanopyran (25.2%), tet-
ramethyl acetyloctahydronaphthalenes (21.2%), linalyl acetate
(17.3%), delta-damascone (11.9%), terpineol (11.3%) <=0 2
% 78 slstEdollrh. AAFEE Foll= Citrus sinensis
peel oil expressed (4.1%)2} Eucalyptus spp. leaf oil (3.3%)2] &+
o] #3UH FETEEE IR 57 F 2232 02
HAAE S AES7E 7P BRI, 1652 AFAEEY A
F57H 7P ok

v.u1 #
2 d7e = AR Ao ES ez &
277 FRAEEe] ot B8 SA 2 HES 2
Astoiet. ti AlE(n=1,443) $ EAIHY L =717

FrAGES VI ol RS Aol 67.6%3. 21 LA, 24
Al, AF-FAA= T80l 85% olido|qitt. A=E TRe2
limonene (50.5%)°] 7} %252 ™ limonene, linalool, hexyl
cinnamal, citronellol®] &3] 16.7%=Z HIHH &t E
Al vt SE 271887 FRAE 014 hexamethyl-
indanopyran (25.2%)7} 71 @ol oH-E A2 & Yekylth
LA ol F2 AHEE G277 FRAES
AlF T =78 2ARANZ] B ARGl whet Blad 4= Q)
o} Sjuteke] BsAE ARSI 201995E of
Fojglov, Al 2 AlEH(detergent) AlE9] L= 7]8H-7Hs
FRAYE 265 B7] 71470] EA5H= EUAIAE 20004
o]F th=o] AlF Tl FAF A7E AIYH HE Ak 265 5
limonene©| 7P o] 3-8 A Y(51.0%, n=57),"” o]
=E]oH43.6%, n=291)," 29%(25.8%, n=97),* £U(23.1%
n=817)"Y9] A1 & AEA|E 2 AL AP E BYHA
o}, Seluete] gsieiA &t 20159 S oA 2AHE Al
% B A=A E-Z limonene B =912 linalool®] o531
A5t 2006~2009° A {779 A1 2 AEAE-S
hexyl cinnamal, butylphenyl methylpropional, citronellol®] &t
|97} linalool B} 39tk 20144 A9 2004 2AFE A

2718 AAAE(n=488)0l A1+ linalool, butylphenyl methyl-
propional, hexyl cinnamal©| limonene 2t} &-3-<= 7} &=ttt
ot - ERAE T, AdAEE, ZRAIEE 52 Had
AFAI} glofA A5 2]l w7t of 2.

Q-Ejutate] BESSHAE-S EUY AL AlE2T Bl RS
o o B2 TR RS 2 HEE dRote A0 e
woh d=o) A 2 AEAETS B 3.052, 599 AF
AEL h R ol whel Wt 0.9~1.759] BAA L=
787 s FRAGES RO S| AgeterAlE
= AIA Bt 3.3F, AEAIA Bt 7.6F, A-AAl B
7.3%9 A SH 277 s FRAES SOt
S| APAES B2 SIS FRYRY TR
L O AR $H9-8 20% ©14+9] E2L limonened} linalool
o] 2F8oI3t. S-Euzte] AgstAE A 9 AlEA
E0) P AHS- & 20% ©1/4S] EZ-2 limonene, lin-
alool, hexyl cinnamal, geraniol, citronellol, butylphenyl meth-
ylpropional, citral, benzyl benzoate?] 8&0]3it}. ol#|st Ax}
© FeuEte] BEIHAIE AREAE EUQ| ARGAREY 4|
27487 FrAdE0l ° ol e & e AnTnh
AgssAE Ul o gE27terts FRdE A &
2 BA ER olojAH, g 27] vhgo] A5 anB 07t
werd 4= sl

Heh " 292 FA e AT SN @
24RO Felo] AHHO B8 & Uk R AL FPM
BAS B AA AAIZS 16.0%7F limonene, linalool,
hexyl cinnamal, butylphenyl methylpropional®] 4&-2 &A]°f
o, sig 23to] 24 4359 £ F 4919 AlAISH
At BHA, AEAIE W G279V FEARES] BA =
AL A FHEAS B M=o e 4
limonene} linalool, hexyl cinnamal®} butylphenyl methylpro-
pional Ag0] ZFZ} WIHISHA 97 Hide THZ= AASHA
o viHete] A AFH 2z AASH] Zott P
U L2797 FRARS] A 285 HENA tol
ojasio 2 vetd AP e 744 HIME limonened} linalool
o] A Bl &S AAISHT: Wi oiEl £k AlFANEL
2 A% B BA kF AU LR 75T S gl ¢
si/goll 719kt ket ol §-83 =771 € 4= Utk

& A5 F5 BAIHASC] obd <=7 =4
o] FEIFHA|FAA ofu] ] AREHIL S-S D
ATt ALSAF] FET T FRE AR E A

FRARY Y W&ol L AT 728 Wast gk A
Hd g 2o e s FRAR 5 AT AE F 10%
ol4foll 95l 202 bkt 718 55H2 9] hexamethylin-

danopyran, linalyl acetate, alpha-pinene, beta-pinene< A%
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