pISSN 1226-2587

J. Soc. Cosmet. Sci. Korea eISSN 2288-9507
Vol. 43, No. 4, December 2017, 381-390 http://dx.doi.org/10.15230/SCSK.2017.43.4.381

=W 78 AAM xH J|SHAIE T H2EEN H
A2 MAHEE AISHE ZAL

usE-g

(=]

u bMAY-ZeM-MY ol

1ok

FFFAN RO AT
017:d 11€ 179 A<, 20179 12€ 19 54, 20179 12€ 2 A1)

Survey of Preservatives and UV Filter Ingredients of
Distributed Sunblock Products in Korea

Jeong Hee ParkT, Jong Pil Kim, Jin A Kim, Kye Won Seo, Eun Sun Kim, and Jumg Mi Seo

Health and Environment Research Institute of Gwangju City, 149 Hwajeong-ro, Seo-gu, Gwangju 61986, Korea
(Received November 17, 2017; Revised December 1, 2017; Accepted December 2, 2017)

2 % & AFNAE TW s oA AL Ad 71SASEEF F 1003E tde s SR EA 16353 A9
ARG E 18T AHEAEE AT 1 A3, AEE] 7MY =2 AT EEA A& 57 wlsAlg
=(6171), ¢AFHA97), WL (117), NAdLE(87), Z=Hohil (77) ol e, AreldaiaA
o] 9= BERHSARIE(817D), A LM FZANUMIE(697), HaSAEe]=(4871), ldFdite]
Aol E(487), Hlz=—o AL S EH FAH L ED ok (4470) ol k. AR 10071 9] 3% =7 A
=8 AR EA S} A AARA R ol AFolFFAAA AA A7 AHFE Tl A AAT L+ A
oAl A spEe) A9 A - 8710 FAFE A 2 AFHEA S} Ao dAbddfe] HEH U 1004
F 31739 PFONA BAIHA e AVREA AREME 4F T 63 0] ASHAL, 2= BAHA
S ARG R (ZRAYC)E T 2F) o] AEHJUT

Abstract: This study was conducted to determine 16 preservatives and 18 UV filter ingredients levels in 100 sunblock
products. The order of detection rates of preservatives was phenoxyethanol (n=61), benzoic acid (n=19), methyl paraben
(n=11), benzyl alcohol (n=8), propyl paraben (n=7). Also the order of detection rates of UV filter ingredients was tita-
nium dioxide (n=81), ethylhexyl methoxycinnamate (n=69), zinc oxide (n=48), ethylhexyl salicylate (n=48), bis-ethyl-
hexyloxyphenol methoxyphenyltriazine (n=44). The content of the detected preservatives and UV filter ingredients was
within maximum allowed amount established by KFDA. In addition, preservatives and UV filter ingredients, which were
not labeled in the products, were detected in 31 and 2 products respectively.
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4w Ay, A HEgolE, Hof A
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32 2kg] A gl o] E(Dr. Ehrenstorfer, USA)S AM&-3}5]
o 3=, 28 2 £4< 98l SFTE 182 MQ -
cm T8 FATE A oM, Al9F2 methanol,
acetonitrile, dimethylformamide= Merck (Germany)#l| 3
S, nitric acid, sulfuric acid, phosphoric acidi= JUNSEI
(Japan)#| -, tetrahydrofuran (Sigma, USA), hydro-
fluoric acid (J.T.Baker, USA)E A}&3lith AAHl=
%S9 Z1¥7)(US/8510E-DTH, Branson, USA), 4]
2] 7](US/ALLEGRA X-15R, Beckman coulter, USA),
Microwave (ETHOS Touch control, Milestone, Italy)E
AHgEtgon, HEFHORE 045 um AEUA IH
(Millipore, Ireland)E AH8-3td o3 5 A0 =2 A}
BoATh AFREA 1675 2 7] ARG
16520 FFEAL A FFFtdngrtde sha#
Al F3ste] HPLC-DAD (Agilent 1260 series,
Agilent Technologies, USA)E 43t o, 7]7]&
A2 Table 13 2ok F7] AAHAAHE 2F
& Zg 2t Z)JAE oFE(99.99 viv% ©14H)E AHE-
3 FEATZe=uE37](ICP-OES 5100, Agilent
Technologies, USA)E ©|-8-3ll ElEFF2 325291 nm,
OFA 2 202.548 nm Yol A A SFATE FA A
LAEHA Fe ALAAGAHR 25 HFHAAL
LC-MS/MS (ACQUITY UPLC I -Class, Waters, USA)
£ ol &3l B8t o, 2132 Table 29+ 2t
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AR EA 9D 2] AR B4 20l met
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3 AL gEAA o7 Far, 50% HESS o] &35t
GAZ o2 X3 Ae wFLIPOF UL AR
oF 2 g2 AHYSHA 2o} 50% HESS €] 10 mLE
3 Ug 22v Jgo g FRI| BAAA FE3)a,
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Table 1. Analytical Condition for Preservatives and UV Filter Ingredients by HPLC-DAD

Flow rate  Injection

Group No. Detector Column Mobile phase .
(mL/min)  volume
Diode array detector Shiseido, CAPCELL PAK CN 50% MeOH with 0.5 mM hexane
Group 1 . . 1.3 20 uL
(228 nm) (5 um, 4.6 x 250 mm) sulfonic acid

A : 20% ACN with 1% phosphoric acid
B : 70% ACN with 1% phosphoric acid

Time (min) A (%) B (%)

Group 2 Diode(zazr:)ay d;ttector ) Shisezdz, XU;}S ézo ) g 17050 205 " 2 L
nm . mm
s 15 60 40
25 40 60
30 0 100
37 100 0
A : 0.1% phosphoric acid : ACN (95 :5)
B : 0.1% phosphoric acid : ACN (5 :95)
Time (min) A (%) B (%)
Groun 3 Diode array detector Shiseido, UG 120 0 100 0 0.8 20 uL
P (275 nm) (5 um, 4.6 x 250 mm) 8 100 0 ' a
15 20 80
20 20 80
25 100 0
30 100 0
Diode array detector  Agilent, Eclipse Plus C18
Group 4 THF : MeOH : Water (7:5:8) 1.0 20 uL
(313 nm) (3.5 ym, 4.6 x 100 mm)
Group 5 Diode array detector Shiseido, UG 120 MeOH : 0.01 sodium dihydrogen L0 20 4L
(300, 360 nm) (5 um, 4.6 x 250 mm) phosphate (90 : 10)
A : MeOH
B : 0.01 M sodium dihydrogen phosphate
Time (min) A (%) B (%)
0 30 70
Groun 6 Diode array detector Shiseido, UG 120 40 100 0 1.0-1.2 20 L
P (300, 320, 360 nm) (5 pm, 4.6 x 250 mm) o #
40.1 100 0
70 100 0
70.1 30 70
77 30 70
Diode array detector Shiseido, UG 120
Group 7 ACN : MeOH (55 : 45 1.0 20 uL
P (342 nm) (5 um, 4.6 x 250 mm) cOH (55:45) a
Group 8 Diode array detector Shiseido, UG 120 MeOH L0 20 4L
(305 nm) (5 pm, 4.6 x 250 mm)
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Table 2. LC-MS/MS Analytical Condition for Detected UV Filter Ingredients in Products Not Matching Display

Flow rate MS/MS Cone Collision

Ingredinet: Col Mobile ph: Polarit MRM
ngredinets olumn obile phase (mL/min)  system olarity V) energy
ACQUITY UPLC BEH 0.1% Formic acid in water : XEVO ESI
Homosalate C18 Column 0.1% Formic acid in ACN 0.4 TQ-S  Positive 261.3 > 38.8 20 15
(1.7 gm, 2.1 X 50 mm) (90:10) micro mode
. ACQUITY UPLC BEH 0.1% Formic acid in water : ESI 275.02 > 166.5 50
Phenylbenzimidazole L XEVO ..
Alfoni d C18 Column 0.1% Formic acid in ACN 0.3 TQD Positive 58
nic aci
sufoni¢ ac (1.7 gm, 2.1 % 100 mm) (902 10) mode  275.02 > 194.26 38

Group 2. WAL, s=AogrL, vdgehl, o2
glel, olAxz2duledl, T2yl o] ARd}
2hl, Feueidil £52F ©F 100 mg, A2RHILE QF4
2F F2FUA, O3 e 24 Ag s F2F oF 5
mgS 2t AU 2ot 1% A2 50% obA| EY
o] Fo] 25 mLE ¢ A& ZFUHo=R S}
I, JREZEN | mL D 1% A48 50% o EUE
d& o] &3l dAHORE Mg e FFEHOR 3
Atk AlE oF 2 ¢& AYUSA 2o} 1% U4
SMHMEUED S Yol 253 wste] AAE F13]
B2 O W REEY 1 mL 2 1% A4
NEYUELDL Qo] 40 mLE 3 NS 045 um LE]
2 oiste] Yo STt WHEFEHLS ofM| Eo}
v 9F 100 mgs LA 2ol 1% A4 3 50%
S EYUEZLS Yo Zof 50 mLE 33T
Group 3. WA FZ2Zo]|4xo}=E]= E wHo|4

olZE]= FFEF oF 10 mge ALIHA Lo} eSS
Ho] HE31A 100 mLE 3l TFEPNOZ 3a1, v
BES o] 83 dAHORE 3|3l FEEAo R 3

ot

S

A

min?k 253 AGs) FESHAL g0l A 27 o v
ee-S Yof A3 10 mLZ & A& 045 um T
2 ojdfste] Hejo = st

Group 4. W1 Z=3]|=-3, o A v A upu}, o 434
HEAAUHO|E BEFS OF 25 mg¥, TR EA
ol o dF AL olE BFEFS °F 60
mg# AUl Do} THFE Yol o] 50 mLE 3]
717re] FEdd o sty MR =3 i5d
4 3 mL, AT Aol 22U 5 mL, FLm)
SATl e FEAY 1 mL, LA ZAA
UHlo]E 22U 6 mL B oA AT Lo E E
=9 2 mLE AgstA HstaL 7)o WgeE ¥
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o] F&stA 50 mLE & AES FFEHPOF FIGTt
A= 05 g AL 2ol Wk ©]83t 50 mL
of gt & =59 Y-Sty FE3Ha 2ol 437
T 045 um ZEHE A3ste] Yo7 sttt

Group 5. °]| 2ol p-H| EA X YHo|E, & 24k o]
E FFFS 4701 g8 BeeiA A& mekEe] =
o] 100 mLZ 3 HS FFUHO=Z a1 o] Hg 742t
2, 5 mLE A3 FHstd 100 mL &FEFe2=A9
Yy HELs Yo 9 FFLYo 7 ST AR
oF | g& AW3A Eol 50 mL &FZ ek B
HEHE 30 mLE Yol 259 23 F WeES Yo
AestA 50 mLE g NS 5 mL H3 F, wESS
83ke] 50 mLE W3 045 um TEE o33t 7
Moz 3Tt

Group 6. 4-M|ZHIA 7S, SEIHI, T]oH 3
ARelz=EgolE, Hyzgdugpya
AE TFF 7} 100 mgS LA Do} vekgo] =
o 10,000 ug/mLE eI, A NEDO}E FFEE
°F 100 mgs A3l 2ol THFo 34 10,000 ug/mL
2 UE 3 247 1 mLE FHoh WEeSS ¥o] 20 mL
7} FA &k 500 ug/mL TN 08 THEQITH Hdul
zongEHEYNANE FFF F 10 mgs BE3I
ol Heks - & - 24 EFA(50: 44 : 6)°ll, HFH =B
2 HIZEZoEHHEGWAREAE I5F 9F 10
mgs AL Zol HEgGSto|E2FTe Fof 7t
1,000 pg/mLE RFEAT 7} F29
&2 Fadsle] 20, 50 ug/ml FEE THEO]

o]
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ZEE
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2l FFF F 100 mgs AL gol v EEEo}
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AL FEZLANOT 3YTE AR oF 0.1 g2 FUsHA
Dol g g ZEoM =S Yof o 50 mLE 3 A&
045 um ZEE A3ste] HAO0Z 3T

Group 8. S2ZWEIZEZ A EAE ¢F 100 mgs A
YalA 2ol MeES Jo] AZ3HA 100 mLE gt
o] 9 1 mL, 2 mL, 5mL, 10 mL, 20 mLE &3}
Fale] Wtz A8 100 mLZ 3 A4S A
& EENOE ST AE F 0.1 g& HEsHA Dot
HErL-S AgdeF Yol 60 mint 259 Aehste] F&
ShaL AFolA A3 o WEeS Ho
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At
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O A3 ts SFTE 7hel el 40 mLE S
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Eletg 2 ol EFYH 1,000 ug/mL< 0.5N F4k &
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Figure 1. The number of labelled preservatives in sunblock
products.

“P1: phenoxyethanol, P2: benzoic acid, P3: sorbic acid, P4: methyl
paraben, PS: propyl paraben, P6: ethyl paraben, P7: chlorphenesin,
P8: butyl paraben, P9: methylisothiazolinone, P10: imidazolidinyl
urea, P11: benzyl alcohol, P12: dehydroacetic acid, P13: isopropyl
paraben, P14: isobutyl paraben, P15: salicylic acid, P16: methyl-
chloroisothiazolinone
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Table 3. The Mixed Use of UV Filter Ingredinets in Sunblock Products

Used number of UV filter ingredients in sunblock products

Number of products

1

<IN e VLY, I SN S I 8}

3
22
17
17
28
10

2

1

HEAZ Z dHA

SHH, AJAaAAd R AF FAAE 2ARE =
Figure 20 YEPHATE 2] A 7153 8Hd3% 100
A T 7P ol AHEHI e ALAAT YRS E
EFFUSAOl =830 oM, 1 HE oA A=
A Ay o] E(6971), ol A3 Aake] o] E487d), &
AP0 =(487), BlA-o WA A H B EAH Y
Efolx@47)) <o)t AR RS 2pe)A
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oA = Agel A5 W IFE AR =S A4
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Figure 2. The number of labelled UV filter ingredients in
sunblock products.

"Ul: titanium dioxide, U2: ethylhexyl methoxycinnamate, U3: ethyl-
hexyl salicylate, U4: zinc oxide, US: bis-ethylhexyloxyphenol me-
thoxyphenyl triazine, U6: octocrylene, U7: butyl methoxydibenzoyl-
methane, U8: phenylbenzimidazole sulfonic acid, U9: homosalate,
U10: isoamyl p-methoxycinnamate, Ul1: ethylhexyltriazone, Ul2:
4-methylbenzylidene camphor, U13: Diethylhexyl butamidotriazone,
Ul4: terephthalylidene dicamphor sulfonic acid, U15: drometrizole
trisiloxane, U16: benzophenone-3, U17: ethylhexyl dimethyl PABA,
U18: methylene bis-benzotriazolyltetramethylbutyl phenol
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Table 4. Analytic Results of 16 Preservatives in Sunblock Products

Preservatives (maximum allowed amounts) Detection sample numbers Detection range (%)

Imidazolidinyl urea (0.6%) 0 -

Benzyl alcohol (1%) 8 0.004-0.9

Phenoxyethanol (1%) 61 0.004-0.6

Sorbic acid (0.6%) 4 0.02-0.05

Benzoic acid (0.5%) 19 0.002-0.02

Methyl paraben (0.4%) 11 0.005-0.3
Chlorphenesin (0.3%) 3 0.002-0.2
Dehydroacetic acid (0.6%) 1 0.03

Salicylic acid (0.5%) 3 0.002-0.006

Ethyl paraben (0.4%) 5 0.09-0.2

Isopropyl paraben (0.4%) 0 -

Propyl paraben (0.4%) 7 0.08-0.1

Isobutyl paraben (0.4%) 0 -

Butyl paraben (0.4%) 2 0.07-0.09
Methylisothiazolinone (0.01%) 1 0.007
Methylchloroisothiazolinone (0.0015%) 0 -
= FAFH YA B 6T AT REATT vFolA =5, G5FEE 7Y HE FEES TS A
ARSI, AREEE WddE 71, A o o]2d AE FEE0] I, RS AL T
< 103, QHARFAE 153, Wik gkl 13, S=HA © AL LHdFE dEA skeHg)], HE FEES

13, 24 3340 ASHAW AFFEAAR = o] &3+ shE WAl el B3 AT= FsA sk

ZIA =] UA FHAR HEH AS, A EFE TH9-13]. wehA] £ AT ZAGe] | A EEA

=9 &l d=EA AEHUS 7FsAdol AU Aol 918k e AE FEES & ARoIAY F
£ 59 JdlzH=E A 4 Sl oJaf 7hE-s = = Ax Al A7HE A REAY AeE wiAg
o] Zt2EAtt dHES AAATHHT). olek 22 o ik
2|2 Cl2-15 Lz o|EL| o ~H = Ade] A g Ao At gdEe] 43 AdE Table 50
gol] ALEH bl ol ZhrEalizt Sl o] kAt BT HAEE AAARd RS BeE BT A
3 C12-15 EAEE Tl Fo] FAHA 2 A = 7IEl Adstanh shAIw 2739] HA A
o] AEE & AUtk AAZ A FFto] A YA AF FAA S 71 AA e TR
Feol= Ersta AR 1570 F 1470 AlFlA E, dilzontiEd g =7t 22 1134 4

Cl12-15 &AMzl o] EV} 5o AT =3 FA = FAt &9 2359 sSIES LC-MS/MSE ©] &
AFe g2A AEE BEA L A$, AE Azl A 3 F7F BAste] HF Rlst¥ o™, o]= Figure 3,
L5 A5 fHF T TEdor & Ao AR 40| e AT sHEEFH A0z A1 A3z w

Ao AA AlF AN AvEE BEFEE, 2t 29 &9 3F Az A 2E e AlEol
HHFEE, el FEE, AAFEE, HEHAFE 7IA6IF @ o571 ok sk kA EA], BEA
=, gxFEE, EUHEREE, rHdEFEE, A S 48 A6 5o e B AReEAM O §3ﬂr
doldFEE, MAFEE, AT EE, 5FFES, 7F YEtAl k= R 22 ol 59 =

s2FEE, LVl FEE, U TEs, X o] Afole 71A - 2AE AHT 5 Utk =3 -‘2}72}
ERXFEE, eIATEE, dFEE, uAe FH A2 A19= A5l mEw sig 3Fo
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Table 5. Analytic Results of 18 UV Filter Ingredients in Sunblock Products
UV filter ingredients (maximum allowed amounts) Detection sample numbers Detection range (%)
Benzophenone-3 (5%) 1 2.6
Ethylhexyl dimethyl PABA (8%) 1 4.2
Butyl methoxydibenzoylmethane (5%) 19 0.7-5
Ethylhexyl methoxycinnamate (7.5%) 69 3-7.4
Ethylhexyl salicylate (5%) 48 2.2-5
Isoamyl p-methoxycinnamate (10%) 10 0.4-4.4
Homosalate (10%) 12 2.6-5.6
4-methylbenzylidene camphor (4%) 2.7-3.1
Ethylhexyltriazone (5%) 4 0.3-2.1
Octocrylene (10%) 22 1.0-6.4
Phenylbenzimidazole sulfonic acid (4%) 13 0.01-3.1
Diethylhexyl butamidotriazone (10%) 3 0.3-14
Methylene bis-benzotriazolyltetramethylbutyl phenol (10%) 1 0.2
Terephthalylidene dicamphor sulfonic acid (10%) 3 0.02-3.2
Bis-ethylhexyloxyphenol methoxyphenyl triazine (10%) 44 0.5-6.0
Drometrizole trisiloxane (15%) 3 1.3-34
Titanium dioxide (25%) 81 1.6-6.3
Zinc oxide (25%) 48 1.8-25
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Figure 4. LC-MS/MS chromatogram (A) chromatogram of phenylbenzimidazole sulfonic acid, (B) chromatogram of detected sample.
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