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validation 23} Eo|AS F2ls}9 a1, HgFAL A AHAL dehydroacetic acid (0.9891)2 A28k 143F0] A
AAIG7E 0.9997 o)L 2 Tttt HETHA(LOD)9F HF A (LOQ)+= 212t 0.0001 mg/mL ~ 0.0039
mg/mL&} 0.0003 mg/mL ~ O 0118 mg/mL=E YEFF O} dehydroacetic acid= Z+zF 0.0204 mg/mL, 0.0617
mg/mLZ YEGTH HFEALS 1.0% ©|5t2 U2to Y dehydroacetic acid™= 7.1%2 U2kth, 34-EL 96.9%
~ 109.2% YERHT & *é%*%%‘ii e ¢ E 50S AR A sPgEo] 2 AMSEE At - 1
Z A+ chlorophene, phenoxyethanol, benzyl alcohol, parabens ©]3l, X5 H|g}3t: o2 HEE AT

Abstract: Preservatives of cosmetics is managed by positive list in Korea. Positive list requires a proper quantitative
analysis method, but the analysis method is still insufficient. In this study, gas chromatography with flame ionization
detector was used to simultaneously analyze 14 preservatives in cosmetics. As a result of method validation, the specificity
was confirmed by the calibration curves of 14 preservatives showing good linearity correlation coefficient of above
0.9997 except dehydroacetic acid (0.9891). The limits of detection (LOD) and quantification (LOQ) of 14 preservatives
were 0.0001 mg/mL ~ 0.0039 mg/mL and 0.0003 mg/mL ~ 0.0118 mg/mL, respectively, but they were 0.0204 mg/mL,
0.0617 mg/mL for dehydroacetic acid, respectively. The precision (Repeatability) of the values was less than 1.0%,
but 7.1% for dehydroacetic acid. The Accuracy (% recovery) of 14 preservatives in cosmetics showed 96.9% ~ 109.2%.
Finally, this method was applied to 50 cosmetics available in market. Results showed that the commonly used preservatives
were chlorophene, phenoxyethanol, benzyl alcohol and parabens. However, the amount of the detected preservatives
was within maximum allowed limits established by KFDA.
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517 93l LCL liquid chromatography/mass spectrometry
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A ofa] S W A7) BHE 5 o AHS
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Sk Aot} BN A2 s RS delse At
EEQRE AREsto] viRlttert AAE At - HEA AdE
= 5 7P wol ARGEAL Sl ARES TAeE XSt
Rl AJEE-2 chlorobutanol, benzyl alcohol, phenoxyethanol,

thymol, dehydroacetic acid, 2,4-dichlorobenzylalcohol, p-chloro-
mecresol, 3,4-dichlorobenzylalcohol, methyl-4-hydroxybenzoate,
ethyl-4-hydroxybenzoate, isopropyl-4-hydroxybenzoate, propyl-4-
hydroxybenzoate, chlorophenesin, butyl-4-hydroxy-benzoate,
chlorophene|t}. E3F o] ZAME o§slo] Al -5
S 2AARE S0 187, 271 1670, AlF 117,
24 57l sl 24 e I 2ARI:

2.1 Aot A 24717

SARRAAG ] AR AR HEA] ERAIRS
chlorobutanol (USP reference standard, India), benzyl alcohol
(Wako, Japan), phenoxyethanol (Sigma-Aldrich, USA), thymol
(Sigma-Aldrich, USA), dehydroacetic acid (Sigma-Aldrich,
USA), 24-dichlorobenzyl alcohol (Sigma-Aldrich, USA),
p-chloro-m-cresol  (Sigma-Aldrich, USA), 3,4-dichlorobenzyl
alcohol (TIC, Japan), methyl-4-hydroxybenzoate (Sigma-
Aldrich, USA), ethyl-4-hydroxybenzoate (Wako, Japan),
Isopropyl-hydroxybenzoate (Dr.Ehrenstorfer GmbH, Germany),
butyl-4-hydroxybenzoate (Wako, Japan), chlorophene (Sigma-
Aldrich, USA)o|t}. -8ulli= methanol (Merck, Germany)= A}
g3tk

Ao ARERE EAHI= GC (Agilent 680N, USA)S
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Table 1. Analysis Conditions of Gas Chromatography

Instrument GC/FID
Splitless, 220 C
Inlet L
1.0 injection
Flow rate N? 2.0 mL/min
DB-1701
Column
(30 m x 0.25 mm, 0.25 pm)
Time Temp. Hold
on (min) (C) (min)
en Initial 60 5
temperature
6 120 10
3 240 5
Detector 250 C

FID (Agilent, USA)0|T, £-4] A2 DB-1701 (30 m, 025
mm id., 0.25 /m film thickness, Agilent, USA)o]|ch

2.2.
£ AZelA: 15%0] BN 217} of 1
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FUY 1582 A sieol W3o] 100 mL
T methanol 2 A4S gkpo] TelmEgAlS TRESICH
SREEEHE FJA5to] 6 point HEFALS AJSIGich
Sl FIDE AE712 she GCE ARSI £
712 Table 13} ZQkc) Ftet HE7] &%= 27t 220
T 9} 250 C= 3191, o]%ARE AA7IAS 3.0 ml/min
S0 7 ARRSIYITE RS 1 ulo|al, splitless® 60 C
oAl 29051 5 min 7F 34| ¥ 5 C/min© & 120 C7}A]
L= 22710 min 7F A 3 ThA] 5 Cmin©2 240 C
T g B At - BEA| 155 5A BAsilck
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2.3.3. 4ESHI(LOD), FEBHAI(LOQ)

AEM= AA ol EAske AWS=2Y d=
7h5eh FARkRs welo], viEA] ARkl 7se Has ¢l
o} ARHle AEe Ay dede 7R AR
2 3T ¢ Qe BAWYEAY Hawks wiith 2
2 A 33] 2pdsto] Whg-o] EHAe} A
A9 712710 A S8 4k e S Aok
1A 23121 3)(International conference on harmonization of
technical requirements for registration of pharmaceuticals for
human use; ICH)OIIA AARE WS ARBSIGATHS].
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3]5=8(%) = (G — Cu) x 100/Cy

J. Soc. Cosmet. Sci. Korea, Vol. 45, No. 1, 2019



72 AT - AT - A - ALY - ko] - AR - A s - FAE - ZEA - &9
Table 2. Linear Regression, LOD and LOQ of Standard Calibration for 15 Preservatives
Compounds Conce(lll;[lr;tx) range Regression eqn. cogtff)irziittlo(rlliz) (nI;gC/)IEL) (nl;gC/)n?L)
Chlorobutanol 0.0048~0.1532 6128.6x + 3.82 0.9999 0.0003 0.0008
Benzyl alcohol 0.0047~0.1505 17935.9x + 7.59 0.9999 0.0003 0.0008
Phenoxyethanol 0.0471~1.5060 6834.7x + 40.92 0.9999 0.0016 0.0049
Thymol 0.0048~0.1548 17666.1x + 13.48 0.9999 0.0001 0.0003
Dehydroacetic acid 0.0500~0.3996 3653.4x - 207.43 0.9891 0.0204 0.0617
2,4-Dichlorobenzyl alcohol 0.0048~0.1532 10171.3x - 3.83 0.9998 0.0003 0.0008
p-Chloro-m-cresol 0.0047~0.1517 12785.5x + 5.41 0.9997 0.0002 0.0007
3,4-Dichlorobenzyl alcohol 0.0048~0.1544 10326.9x - 3.39 0.9997 0.0003 0.0008
Methyl-4-Hydroxybenzoate 0.0253~0.8096 5219.1x - 9.24 0.9998 0.0023 0.0070
Ethyl-4-Hydroxybenzoate 0.0251~0.8032 5504.3x + 0.43 0.9998 0.0026 0.0080
Isopropyl-4-Hydroxybenzoate 0.0251~0.8016 5795.6x + 10.82 0.9997 0.0028 0.0085
Propyl-4-Hydroxybenzoate 0.0253~0.8080 5833.4x - 6.74 0.9998 0.0029 0.0087
Chlorophenesin 0.0236~0.7538 1743.8x - 28.60 0.9997 0.0039 0.0118
Butyl-4-Hydroxybenzoate 0.0063~0.2016 25865.9x - 24.18 0.9998 0.0007 0.0022
Chlorophene 0.0049~0.1568 13936.1x + 6.37 0.9998 0.0006 0.0018
o W Gz AlRel 9l HEole] 5, G Al 311 AWM
HzHo] FQEl] A A BE, G BE HES FEAF 1552 27} 50 mginlL ~ 10 mghnL 527} =)

24, FEEEe AdEER EE 24
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2500 pmollA] 10 min FF EFHSIICE EgHEo] TG
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312, ZISEH(LOD), FBEA(LOQ)

SYREEONS o] §5lo] PP 39 AAstel
K9] 7187] ek YRR BEES Tsle] 2339
ApLO R AEFALOD)Y FFIALOQE 242 74
t}l AsZAv= Table 29} Zth LOD= 0.0001 mg/mL ~
0.0039 mg/mL =Z=of| 4 LOQ+= 0.0003 mg/mL ~ 0.0118
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Table 3. Accuracy (recovery) and Precision (repeatability) for the
Determination of 15 Preservatives in Cosmetics

Compounds Recovery (%) R?g:a;{asl‘);)h)ty

Chlorobutanol 98.7 0.6
Benzyl alcohol 100.0 0.1
Phenoxyethanol 102.5 0.5
Thymol 104.4 0.6
Dehydroacetic acid 107.8 7.1
2,4-Dichlorobenzyl alcohol 100.9 0.3
p-Chloro-m-cresol 100.4 0.2
3,4-Dichlorobenzyl alcohol 101.7 0.2
Methyl-4-Hydroxybenzoate 96.9 0.9
Ethyl-4-Hydroxybenzoate 97.6 0.8
Isopropyl-4-Hydroxybenzoate 98.0 0.7
Propyl-4-Hydroxybenzoate 98.3 0.6
Chlorophenesin 109.2 0.2
Butyl-4-Hydroxybenzoate 99.4 0.4

Chlorophene 102.3 0.4

o
§ugat HEPY AR Table 37} ek AL 33
B Zgsle] WamAe] A RERAC RSD)Z B
ST, I SFYE B ARS 1% AFsle] e

A e 2o R HF SAYe vl
1% ~ 0.01%= AOAC 7}ol=zle]l 7|+ v|wshd F2E
AEO] emaazo] 1% 0.1% 0.01%2 w RSD 7|2 7t
7y 271%, 3.7%, 5.3%% 147) 3F=9] &AA= 7|Folsh
2 Z3}519.01} dehydroacetic acid= 7.10] Uje} GC/FID
04 WS Al EEHAE 2 A o' UERTh 3
250 Ao 969% ~ 1092%F AOAC 7|22l 90% ~
107% of Hls%t 2 HSAANE  chlorophenet
dehydroacetic acid= 717} 109.2% 2} 107.8% 2 ZYHYUS
Z2SFATHI).

3.2, Al=o| Sz

A\EA o] Gl weky 13 TR fEug 43t
S SN 1870, 270 1670, AR 1), 24 S7pS
S73le] £ ARRLOR Haret ZTHs Table 49} 2k 4=

- HEA L] AR TAIEAH 73

At SPEEE WY ARNSShe 7RSERE AR
ol FkE = 4 7] whwell Aet - HEAS] 2R
g7t Fasity. A70AOAFl= = chlorophenesin
7} phenoxyethanol “d+-o] ARE-E|IL AlE 370 A
benzylalcohol i} parabens 25 (methyl-4-hydroxybenzoate 2}
propyl-4-hydroxybenzoate)o] HE=|3Ick ARt AlE 5071
Z 8N=H VN, 2313 70, AIE 37, 24 17)= At -
HEA 37 Aoz BAWE 15709 At - HEA=
A=A odth A= v 15 2 AlEsel #4
o] §lof FAIPHES glgich

FEAAT} chlorophenesin 0.0041% ~ 0.2878% (7]
03% o3P, phenoxyethanol 0.0011% ~ 0.1924% (7]
1% ©J3P, benzyl alcohol 0.0504% (715 1% ©Jsh,
methyl-4- hydroxybenzoate, propyl-4-hydroxybenzoate':= 212+
0.0429% 0.1717% (7]2 Thelidsio] AL 04% ola}, &3t
ARE-2] 745 0.8% ofshE 71 olskgirk g S{10]] w
21 125719] ofglo]-g apEol| AR HEAY] SRS
Z¥Z} phenoxyethanol 0.01% ~ 091% (n = 35), 0.01% ~
0.78% (n = 9), methyl-4-hydroxybenzoate 0.04% ~ 0.21% (n
= 8), propyl-4-hydroxybenzoate 0.02% ~ 0.09% (n = 8)°.=
L 71 olsk® we|Eal QIgiek v 59 ¢l w=
A = e F2 78RR 10070 tide= At
- HEAE 245 27} phenoxyethanolo] 61712 717
o] ARgSh= g R LEhdaL RS 0.004% ~ 0.6%31
t}. chlorophenesine 3712 315k 0.002% ~ 0.2%3c}. 7]
B} AEOF benzyl alcohold- 8708 FIREL 0,004% ~
0.9%, methyl-4-hydroxybenzoate2>- 117§= 0.005% ~ 0.3%,
propyl-4-hydroxybenzoate & 7712 0.08% ~ 0.1% = 1%
A1) 2 AAne} vjugls wf 2T shdee] HE
& /&2 = chlorophenesin®] AMHIEZ} EolXl Zhe oF
130c} 2 Ay A8 450 A9E 6l 15 5
FEo] At - BEAIE 7% olskR =l 9k
2 ok

Az W 7o) 749- F 187} AlE Fphenoxyethanol
= 1471 AlEel F7F=o] 71 Wol ARgShe Adellar
chlorophenesin-2 137]] AJ&Zo]|, benzyl alcohol-& 17} AJZo,
parabenF=  AlE 27fof|A  methyl-4-hydroxybenzoate @}
propyl-4-hydroxybenzoate©] EARE- E| Ik vl o] A+
o W= parabenfi= 27} ol ARSI SFdE Al
Z A] methyl, propyl, ethyl, butyl paraben <O & Wo] AR
FHs] 7L gl =4, Alg, 271ARElA= phenoxyethanol
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Table 4. Concentration (%) of Preservatives in Korea Cosmetics

Type of Cosmetics Sample No. Chlorophenesin Phenoxyethanol Benzyl alcohol Hy c:([) ?;glioate Hy drr)c:z%z:z_oate
1 0.1349 0.0717
2 0.1197 0.0541
3 0.0153 0.1343
4 0.1229 0.1244 0.0429 0.1717
5 0.1519 0.1259
6 0.1535
7 0.2391
8 0.1833 0.1924
Cream (18) 9 0.0675 0.0354
10 0.0906 0.0662
11 0.0041 0.1044
12 0.0750 0.0333
13
14 0.0349
15 0.0005
16 0.0814
17 0.1231 0.0413 0.0244
18 0.0668 0.0504
19 0.1294 0.0654
20 0.0728
Lotion (5) 21 0.0759 0.0368
22
23 0.0007
24 0.0706 0.0709
25 0.0691
26 0.2878 0.0597
27 0.0639 0.0354
28
Serum (11) 29
30 0.0555
31
32 0.0539
33 0.0010
34 0.0746
35 0.0751 0.0918
36 0.0672
37 0.0485 0.0972
38 0.0983
39 0.1403 0.0778
40 0.0041 0.1060
41 0.0829 0.0380
Skin 49
(16) 43
44 0.0530
45 0.0368
46 0.0539
47 0.0513
48 0.0798
49 0.0011
50
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1} chlorophenesin A8E9F HEE|1 31 HEE-2 phenoxyethanol
o] =94tk Z 507K A% £-4187} chlorophenesing: ARESF
A|E2 2471, phenoxyethanol> 387]= phenoxyethanol& =
ERE ARSI AlFo] WAL chlorophenesin} phenoxy
ethanols- SPARESE AR 2072 = AES SdARE
Sh= 97t WATE Benzyl alcohole AMES ARG =7
171}, parabenit= 27 AlFolA A== HERS 271
o} EFANESHE AlES 227(44%) = LIERITE.

4. 2 B

FejuEtolla] sPgsEel AMEShe At - BEA AR
gxHow G Aol AMgo] IEE A2
of dhslo] elEs) groma vlgo] ARE] QA ok
AEES] AM8-S FA|SH= positive list 702 sl
U} positive list 2 #Efoh= sl 49 THF =
ggo] 7hsEt AdRle] Basitt 2 dAolas 3HE
of] 2-8%)= positive list 5 5 At - BEA] RO &
Aol Tagh BAE AT A= GOFID
°-§-519431, dehydroacetic acid /g2 Alslal At -
A 145 AR 2 A e AN
validation HEIYY} -5 P 507119 7 HARE
o thet 2o AZS ik

1. 7iEst BAUH-2 dehydroacetic acid & A|<J3t 147)
di2o] Sol(specificity), 241 d(linearity), HE3H
(detection limit), “J=FSHA|(quantitation limit), L4
(precision), ZAd(accuracy) HF AOAC 7lo| =zl
7120l Agdeto] EAem A-sqin)

2. Dehydroacetic acid A3+-2] 73-9- 2144Jo] 0.9891= Wt
w20 wlE AYEAEAL 712 24 Ve
Dehydroacetic acid = 3 917-8 £ 75k GC 24
¥ ANl SRttt

3. 7R 24 ol8sto] s S IR SIS
SASle] 23 AT phenoxyethanol (387,
chlorophenesin (2471)), methyl-4-hydroxybenzoate (271)),
propyl-4-hydroxybenzoate (271), benzyl alcohol (17}) <=
o7 HEEAL 27FA] A& ol SRR AlE
= 2271(44%) STt

4 B QAT B9 GO B ol A - HEA 145 1
ARSI, f-s S S070E 2AIeh dat
et - BEA] AEES 7ok TEEaL qlslck

ik
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