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Simultaneous Determination of 9 Ultraviolet Absorbers in Cosmetics by

High-Performance Liquid Chromatography

Yoshiaki Ikarashi®, Mai Yamada, Tadashi Uchino and Hiroshi Tokunaga

Simultaneous determination for 9 ultraviolet absorbers those set a limit to the amount in cosmetics was per-

formed. Ultraviolet absorbers were extracted from cosmetics with tetrahydrofuran (THF) by ultrasonication.

After centrifugation, the supernatant was collected, and the sample solution was injected into the HPLC. Sepa-
ration was archived using an ODS column with the mixture of THF and water as the mobile phase. Detection
wavelength was set at 310 nm. The linearity was obtained between the peak areas and the concentrations of

each ultraviolet absorber in the range of 5 — 100 pg/ml.

In 70 commercial cosmetic products, such as sun-

screen, face powder, foundation, massage cream, moisture lotion, lip balm and essence, 2-ethylhexyl-p-methoxy-
cinnamate (EMC), 2-hydroxy-4-methoxybenzophenone (HMB), 4-fert-butyl-4’-methoxydibenzoylmethane (BMB)

and 2-ethylhexyl salicylate (ES) were detected.

Keywords: ultraviolet absorber, 2-ethylhexyl-p-methoxycinnamate, sunscreen, cosmetics, HPLC
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AT WA L, X5ICTHFZ A% CIEMEIC20 mle L=,
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HPLC:A:
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BT NRE: 40°C
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it #: 1.0 ml/min
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Fig. 1.HPLC chromatogram of 9 ultraviolet absorbers detected
at 310 nm (a) and 254 nm (b)

The concentration of each chemical in the injection solution
was about 100 pg/ml.

HPLC conditions: column; CAPCELL PAK C18 UG120
(4.6 mm i.d. X250 mm), column temperature; 40°C , mobile
phase; solvent A = water, solvent B = THF (gradient time
table as mentioned in the text), flow rate; 1.0 ml/min, detection

wavelength; 310 nm, injection volume; 10 pl.
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b L7e < & b IORDERIMEILINA A 30457 AN IZ RAFIC
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Table 1. Reproducibility of peak area for 9 ultraviolet absorbers
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Fig.2. Calibration curves of 9 ultraviolet absorbers

EAB = ethyl p-aminobenzoate,

THB = 2,2’4,4’-tetrahydroxybenzophenone,

DHB = 2,4-dihydroxybenzophenone,

DHDMB = 2,2’-dihydroxy-4,4’-dimethoxybenzophenone,
HMB = 2-hydroxy-4-methoxybenzophenone,

EDB = 2-ethylhexyl p-dimethylaminobenzoate,

BMB = 4-tert-butyl-4'-methoxydibenzoylmethane,

EMC = 2-ethylhexylp-methoxycinnamate,

ES = 2-ethylhexyl salicylate.

BIRFEZRDT-. SN = 3ERHBRE LG4, Wk
PRI OEMCIEE130.013 pg/ml, SN = 10% EERA &
L72358130.044 pgmlTH - 7=, Z OEITHRHNEZ B %
TV E I PO+ RHEECTH L Z %
RLTWS.

KEIZLD I a~ T AOBEBEAERT 720,
IRATERER AR K LIEAL, E—27mEzHE L
7z. Table NIRRT L DT, WTNDOREIZBWNTHEY
BIIHHEMER Rl S ni.

Chemical Abbreviation Retention  Peak area RSD (%, n=4)
time (min) 5 pg/ml 10 pug/ml 25 pg/ml 50 pg/ml 100 pg/ml

Ethyl p-aminobenzoate EAB 59 0.30 0.16 0.69 0.75 1.68
2,2’,4,4’°-Tetrahydroxybenzophenone THB 7.9 0.19 0.26 0.81 0.79 1.86
2,4-Dihydroxybenzophenone DHB 10.2 0.15 0.11 0.64 0.83 1.70
2,2’-Dihydroxy-4,4’-dimethoxybenzophenone DHDMB 10.9 0.20 0.18 0.74 0.73 1.72
2-Hydroxy-4-methoxybenzophenone HMB 12.6 0.27 0.20 0.69 0.76 1.68
2-Ethylhexyl p-dimethylaminobenzoate EDB 20.2 0.21 0.22 0.65 0.77 1.71
4-tert-Butyl-4’-methoxydibenzoylmethane BMB 21.1 0.38 0.18 0.96 1.03 1.70
2-Ethylhexyl-p-methoxycinnamate EMC 22.4 0.21 0.18 0.69 0.78 1.66
2-Ethylhexyl salicylate ES 24.3 0.27 0.28 0.67 0.76 1.63
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3. AMMEREREEEBFHM TN CREINGBRZIT 7= & 25, Table 2i1RT & 512
{BFESL TP DO RSy O E R TIE, THEZ RS LT L TOWEN BAFEIN T X 72,

ZRBEWAE L CHIE L, ToEERBRKRE T L KEME RS L BRET koL 2 el & LTy

NENT Z Z THRBROMHEEZ NS Z i L. B URBR AT o 2R, Wh ol b Rk E Rl %R

7 U — 1, FLIER L OEHEAKIC SRR FIOFE & 1% R L, REBIEDBAF BN R S 7z (Table 3).

Table 2. Recovery of ultraviolet absorbers added in cosmetics

Chemical Recovery (%)*
Cream Milky loation Lotion

EAB 993 £ 09 99.1 £ 05 983 £ 0.6
THB 994 £ 09 99.6 £ 0.8 987 £ 0.6
DHB 990 £ 1.0 99.7 £ 0.6 985 £ 0.6
DHDMB 995 £ 1.0 99.7 £ 0.6 983 £ 0.7
HMB 992 £ 09 996 £ 0.6 985 £ 0.7
EDB 989 £ 1.0 995 £ 0.6 985 £ 0.7
BMB 1003 = 09 1009 £ 0.5 998 £ 08
EMC 99.0 = 09 1041 £ 0.7 984 £ 06
ES 99.1 = 09 995 = 0.6 984 £ 06

Spiked concentration was 1% for each chemical.
* Values are mean = standard deviation (SD) (n=4).

Table 3. Reproducibility study for the determination of ultraviolet absorbers by a repeat test

Chemical Concentration found (%) RSD (%)
Experiment
1 2 3 4 Mean SD
HMB 454 454 453 4.40 4.50 0.07 1.49
EMC 7.07 7.07 7.05 6.85 7.01 0.10 1.49
ES 9.34 9.36 9.34 9.08 9.28 0.13 1.45

Table 4. Concentration of ultraviolet absorbers in the sun care products

No. Item Manufacturer SPF Concentration (%)

HMB BMB EMC ES
1 Moisture lotion A nd nd 0.007 nd
2 Moisture milky lotion A nd nd 0.007 nd
3 Sunscreen lotion B 30 391 nd 7.52 8.27
4 Sunscreen milky lotion B 16 2.24 nd 7.08 nd
5 Sunscreen milky lotion B 30 3.82 1.87 7.15 9.46
6 Sunscreen milky lotion B 50 4.65 nd 7.22 9.57
7 Sunscreen milky lotion C 18 2.78 0.07 7.22 nd
8 Sunscreen cream D 20 nd nd 5.69 nd

nd = not detected (<0.0002%, limit of detection).



Bk a~ v777 4—

TR D ALRES T D 9 FED LRSI D —F5 5347 69

(@) EMC

HMB
BMB

1 A A

0 5 10 15 20 25 30 35 40

Retention time (min)

(b)

EMC

Retention time (min)

© EMC

0 5 10 15 20 25 30 35 40
Retention time (min)
Fig.3. Typical chromatograms for cosmetics containing
ultraviolet absorbers
Sample (a) No.27, (b) No.29, (c) No.30.

HPLC conditions and peak identification were as described
in Fig.1 and 2.

4. ZEHBADEA

AR B OV 23 )1 B Ol L 7o Ak Bt L 3E8FR I D T
W LTz, 2 OIMEMERERSRIVEEMT HND
URNCEA LBEE ST EboTthy, "ENEICS
WTOERRBPRDLNLTHDEHDOLHSD. EMCIZ A %
A WA 7 F v, BSIZY U FAEEA 7 T, HMB
[z AN A R ) %Tpaﬁzéﬂfb\éiéﬁu%
Hotz. HEETIEDHAESTZS ZIXEMCRS5 ~ 8%
@%TM%éﬂf“t.*ﬁ,%ofﬁwﬂﬁfimm
DRIV 7otz Tz, SEORMIZHOWTE, 4l
IONTRIRE LT-WEPNEBE A SN TS 2 E 2R L
72. ESOHELA SN 7B 139%Ri%, HMBY % <
RSN TS Z R bh-o72 (Table 4).
VRIS E —F iR & L CI9OB IR 2> SEMCE & A

FTHI0OREEZNE L. TR oodB (BEHER), MK,
FIRENTWBSPFLUPA, I ONT B AE LLA ¢l &
N2 b DIZ DN TIEE ORIEES % Table 512F & TR
L7z, B OB ZRHPLCY 1< k75 A %&Fig3Il5R
L7z, &Rk e b2 ~ 4BV LEBREZITY, Goi
cERE (%) OV IEERZEMEZ R L7z (Table 5).
A E DL ESL O TEMCO R EEIL12%55, —J7, i
FOORIZIH02% & D e o 7z,

. RIMERINEE 2E & LM EIEE L OB%R

SPF (sun protection factor) X9 EZRIRUVB (290
~ 320 nm) DOPSEHREEZRIIHEIE L L CEHEMICHND
NTWBY SPEORIE T A TARBS & 72 eI 2 4
BB DY EICHE LTIT, PR RBET 2R 245K
INDERIMER B A B B AT & B CHIE L, Zh
SOHTRD S EMCIEAE I 2258\ W UVBIL LA T
HY, 2% AT D LESPFIX4, 75%TiX10 ~12& 725,
W EMCORLA B A2 HINT 512> TSPRIE B85 6 @
D, —EEEL ETIESPRIZZNL EEL ARbRnE &
NTWBY 207w, 5 O%IRIRIH % Rn L T
HEDEZHMATS 2 EMTPATVD

R ESSMAUVA (320 ~ 400 nm) OB5HIREZ #9
FEAZE L L CPA (Protection grade of UVA) A H A THW
LTS, PAIT+ ~ +++E TIEMH Y, +OL VN
IR RIT5R. L2y LPAIZESCHIRIC X » THRBHIE
SEVR B Y ERICHE— ST, ?

ISR E S L, P OEMCE F 72 135
FlDHa B & SRR B S EESPF J OPA & DB BIR S &
L00E D DTz, SPERUPAME A B\ T E 4R AR IR
FINLBRIZEEND HDNRLVN, EMCH 5\ T
W IR B & SPAK TPA & ORIIZIEIA & 272 FHBH1EFR
Ao dz (Figd, 5). SEAMRRINANC X - TR
TR D Z AEHT LT W R ROk 1 6 48
AMBRECELA & U TERIMRBA N B < 2 &, S BhiZENE
DR G DELE FE SRR R BT 5 Z & A
LNTHEY, 5 LEEMHARERNZBAEL TS LD L
Ezbnn M
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Table 5. Concentration of ultraviolet absorbers in various cosmetics

Concentration (%)**

No. Item Form SPF* PA* Country BMB HMB ES
EMC

1 Sunscreen Milky lotion 40 ++ Japan 201 = 0.02

2 Sunscreen Cream Japan 0.07 = 0.05 nd***

3 Face powder Powder Germany 044 = 0.03

4 Foundation Milky lotion 27 ++ Japan 297 = 0.00

5 Foundation Milky lotion Japan 099 = 0.04

6 Sunscreen Milky lotion 30 ++ Japan 488 £ 0.02 0.15 = 0.03

7 Moisture lotion Milky lotion Japan 0.13 = 0.03

8  Sunscreen Milky lotion 50+ ++ Japan 10.11 = 0.29

9 Moisture lotion Milky lotion Japan 190 = 0.13

10 Foundation Powder 25 ++ Japan 272 = 0.09

11 Face powder Powder 20 ++ Japan 285 = 0.17

12 Sunscreen Milky lotion 50+ -+ Japan 933 = 046

13 Lip balm Stick Japan 1.88 = 0.10

14 Lip balm Stick Japan 1.81 = 0.15

15 Sunscreen Cream 17 ++ Japan 532 = 0.05 1.83 = 0.03

16  Sunscreen Liquid 10 Japan 568 = 023 096 + 0.69

17  Sunscreen Milky lotion 50+ ++ Japan 744 =+ 0.10 0.05 = 0.01

18  Foundation Powder Japan 032 = 0.05 0.07 = 0.03

19 Sunscreen Milky lotion 47 -+ Japan 692 = 0.08 1.18 = 0.63

20  Foundation Milky lotion 30 ++ Japan 588 = 0.14 0.04 = 0.04

21 Foundation Cream 25 ++ Japan 4.65 *= 0.01

22 Massage cream Cream Switzerland 193 = 0.00 031 = 0.06

23 Massage cream Cream Switzerland 0.57 = 0.02 0.09 = 0.04

24 Massage cream Cream Switzerland 0.61 = 0.02 0.09 = 0.04

25  Sunscreen Milky lotion 15 USA 8.65 = 044

26 Moisture lotion Milky lotion Canada 7.57 = 0.15

27  Sunscreen Liquid 30 UK 7.62 £ 0.02 240 = 123 493 £ 0.17 1035 = 035

28  Moisture cream Cream 4 ++ South Africa 362 = 044 072 = 0.36

29  Lip balm Stick 15 USA 465 = 031 400 = 0.10

30 Foundation Milky lotion 10 + Japan 349 = 029

31  Sunscreen Cream France 635 = 042 2.03 = 0.08

32 Moisture lotion Milky lotion 15 USA 951 = 0.57

33 Sunscreen Cream 18 Japan 822 = 054

34  Foundation Milky lotion 15 + Japan 649 = 0.17

35  Sunscreen Milky lotion 50+ +++ Japan 871 = 0.07

36  Sunscreen Milky lotion 50+ +++ Japan 6.78 + 045

37  Sunscreen Milky lotion 50+ +++ Japan 9.00 = 0.25

38 Foundation Cream 20 ++ Japan 521 = 031 480 £ 2.61

39  Hair cream Cream Japan 0.11 =+ 0.01

40  Moisture lotion Milky lotion Japan 054 = 0.07 0.10 = 0.03

41  Sunscreen Milky lotion 30 ++ Japan 570 = 0.20

42 Foundation Powder 35 ++ Japan 7.64 = 0.06

43 Sunscreen Milky lotion 50+ -+ Japan 736 = 0.15 197 £ 0.07

44 Moisture lotion Milky lotion 4 Japan 1.53 = 0.02

45 Foundation Powder 20 ++ Japan 301 = 0.03

46  Face powder Powder 10 ++ Japan 407 =+ 0.16 0.03 = 0.02

47  Foundation Milky lotion Japan 2.87 = 0.05

48  Foundation Milky lotion 15 ++ Japan 2.85 = 020

49 Foundation Milky lotion Japan 658 = 035 0.79 = 0.05

50  Sunscreen Milky lotion 50+ -+ Japan 731 = 0.19

51  Sunscreen Milky lotion 50+ -+ Japan 10.05 = 0.32

52 Essence Milky lotion 28 ++ Japan 6.65 = 0.11

53 Sunscreen Milky lotion 25 ++ Japan 6.04 = 0.08

54 Sunscreen Milky lotion 25 ++ Japan 886 = 038

55  Sunscreen Milky lotion 50+ ++ Japan 499 = 0.02

56  Sunscreen Milky lotion 20 ++ Japan 498 =+ 0.11 1.01 = 0.05

57  Sunscreen Gel 25 ++ Japan 491 =+ 0.03

58  Sunscreen Milky lotion 25 ++ Japan 879 = 035

59  Sunscreen Cream 50 ++ Japan 1193 = 023 248 + 2.15

60  Sunscreen Milky lotion 40 ++ Japan 334 = 0.09 132 = 202

61  Sunscreen Milky lotion 50 +++ France 772 = 030 192 = 0.08

62  Foundation Milky lotion 22 ++ Japan 505 = 0.18 1.82 = 0.07

63 Massage cream Gel Japan 0.03 = 0.00 0.12 = 0.01

64a Lipstick Gel Japan 022 = 0.00 0.12 = 0.00

64b  Lipstick Gel Japan 020 = 0.01

65  Moisture cream Gel Japan 0.004 = 0.000

66  Essence Gel Japan 0.003 = 0.000 0.0002 = 0.0000

67  Foundation Powder Japan 513 = 0.03

68  Sunscreen Gel 20 + Japan 7.09 = 0.12 1.05 = 0.06

69  Sunscreen Cream 20 + Japan 743 = 0.00 1.10 = 0.04

70  Foundation Milky lotion 20 ++ Japan 4.17 £ 0.02 0.25 + 0.00

* Blank well means no indication on the sample.
** Values are mean =+ standard deviation (n=2-4). Blank well means no indication and no determination of the chemical.
#*#% not detected (<0.0002%, limit of detection).
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Fig.4. Correlation between ultraviolet protection index and EMC concentration in commercial samples

SPF = sun protection factor. PA = protection grade of UVA.
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Fig.5. Correlation between ultraviolet protection index and the total amount of ultraviolet absorbers

in commercial samples

SPF = sun protection factor. PA = protection grade of UVA.
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