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Rapid Screening and Confirmation of 21 Whitening Functional
Ingredients in Cosmetics by DART-Orbitrap HRMS
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(1. Jiangsu Institute for Drug Control, Nanjing 210019, China; 2. School of Traditional Chinese Pharmacy,
China Pharmaceutical University, Nanjing 211198, China)

Abstract: This study established a green analytical strategy using direct analysis in real time
(DART) coupled with orbitrap high-resolution mass spectrometry (HRMS) for the rapid screening and
confirmation of 21 whitening functional ingredients in cosmetics. Samples were ultrasonically extract-
ed with 50% methanol aqueous solution and diluted, then 3 L was introduced via a 12-Dip~It mod-
ule into a DART ion source. Mass spectrometric detection was performed in positive/negative switch-
ing full-scan mode with data-dependent MS?* triggered by an inclusion list, enabling acquisition of ac-
curate mass and characteristic fragment ions for definitive structural confirmation. Under optimized
conditions of 350 C ionization temperature, 400 V grid voltage and 0. 4 mm/s sample transfer rate,
the compounds showed good response and the method exhibited excellent specificity, with limits of
detection of 0. 15-3 ng. Application of the method to 20 batches of commercially available whitening
cosmetics showed that 19 batches were tested positive, collectively containing 6 whitening agents,
Notably, 5 batches exhibited discrepancies where detected whitening agents contradicted product la-
bel declarations. This method eliminates the chromatographic step, features simple operation and
low solvent consumption, and is suitable for rapid screening, confirmation, and risk warning of
whitening ingredients in cosmetics.

Key words: direct analysis in real time (DART) ; electrostatic field orbitrap high-resolution mass
spectrometry (Orbitrap HRMS) ; whitening functional ingredients; cosmetics; green analysis; nia-
cinamide; resorcinol derivatives
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SRR, T R EN I T R R R T L NTEMAR . IR, AR AR, e HREE
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47 A TR RS D AR A B 5 SE PR TR SR B 0E o B TRRIE (Pl e 2 ERBIE) (2015 4F
RSO PSR (At st R PTR I R SRR R BESF 11 R RCRHIAR B 71k ) AL (At i - RESR AT 55 4 P JE0RH
HIRTI 772, B2 GB/T 35954-2018'' ) T BLEF W RESR AT SFAL GE 0oy, XoF [R)ZE it A 40 B A P 4 B
FOH P TR Z N EARSC21 R E AR, 1SRRI AR (Rt R EBARBE) (2015 4FR) ™
W BAVEME T, BRIEIEE Sy CEHBR ) . A8 (B E ) 58 WO £ ik - H DTS (LC-MS/MS)
BHIE RSN, B 19 R A B FOSIRIE ik iEk, iz B, 46, ¥R, hliiiaEFE. 3l
FAHEARSHRM : LM ER 22 . ERA%; BAE RIE EIEAL BRI -
TARE PSR (HPLC-DAD) B oA B FE ", HEJEIEAN, BHPELRIE T HhiE; <M ais-
FiiE (GC-MS) "> ul i JE AR, LC-MS/MS' R ALBRE BT, EmHNEFER . T, Ay
5 QR REEE R T, KBS SR I AR © ATl s R R SR AR ER

SEBF A5 T (DART) BT 2 A E S i AL B, 0] 5 i 56 H SE P IR 7 o0 B, A A i
Wb B AR RN, AR SRR A b B T 5 R FE 55 HL S (DESIE) | 4R
% 32 H, 1 (PST) 25 T BT 22 28 SR 007 B S R AR AH B . DART ZE T RAEALE B s L], DLk R4 5 1
(USSISLE| E573 T R Tl N B 0 2 I 174 1 4 N e <1 = N = 0.0 = I S 9 5 1 U I K i
B TE T pH AR, X 5 T 8 - B I e 2R ni 4 B MURR A 34 T, ARl ar
DART- 5 37 3008 B i3 0 B (Orbitrap HRMS) 738, ARG A 25 10028 Wi e . S/ 225 . K
VRS R I HAT A . AKAGIRZE L) R i XU B 43 B TR 5 RO I S5 A P ) 21 b 58 1 T J5okt, sdad
AERIF L 28 55 HRMS 5k, SEBAE 43 o 38 IR Bost U] S RE v S, A o 38 12 T 285 2 PH P
IEIR MR 4%, oRAMIAE W T BAE A I SN RE EOA R, FE Aot 2 42 Wa i 1) 23 oAb s
IR |
1 K3ERsy
1.1 ==, AF5Hm

Q-Exactive VU AR FF i B 37 BB B 51 43 FE T 1354 (3218 Thermo Scientific 22 7] ) 5 DART SVP & 7§
(AP T ) LC-30AD & S 0B g ( H A i3t 20w ) 5 XSR205DU HL 1 K°F . XP6 HL T~ K
( £ & Mettler-Toledo 2 7] ) 3 UA22MFD 8 75 4% ( {2 ] Wiggens 23 7] ) ;3 Allegra 64R T B AL (3 [
Beckman 23 1)) 5 Milli-Q #B2ti/K 245 (£ Millipore A1) 3 AR/ . ol RS (4B 99.999%) (5L
REENT])

B 1 (40 B 99. 77%) W) H f81E| Dr. Ehrenstorfer 23] 5 5-PY &) 2E 0} (43 95%) . —HI AL H
T -4- P9 FE B FE Uy (4l EE 98%) | AL S I (4l BE 95%) W A EiFFE AR A E ;O 3k ) 2R Ty (Al
99. 6%) . S T HEME i ELsE L ) 58 Y (4B E 99. 8%) I AL 5L S IAAR A T 5 H LA R IR T BE R AL mE
B2 9y (4B 99. 22%) I B MIFH A 7] 5 B4R (Al 98. 6%) . T HE A3 (4l 100. 0%) MR (4l
F£99. 8%) . MAMEINE (4lEE 99. 9%) . KAHTR (4l )E 99. 8% ) Iy H i 1E & 525 Sk @ F T e 3 4-1F T FEm) %
T (ZEE99. 8%) . FELIEMIFE I (AEE99. 7%) . I FEIE (L E 98. 0%) . B H R (L 98. 7%) |
3-0-ZHE-L-PUIR LR (2 BE 99. 9%) . 4-H A KL KA IR B (2B 99. 9%) . MR (4B 99. 6%) . LIt KT
(4B 98. 0% ) W) B b g2l Bttt 20 m) 5 78 480 WA 0 (A 98. 7%) W B g il 2w s F R (o0
afi, 78 Merck 247]); WER(Aisal, LRI T 2w ; UK. Wk (opra, EZhAnaa]). Fr
W2, di's . BFR. CASS . 2T, 4R IWE L,
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Table 1 ~ Chemical information and mixed standard solution concentrations of 21 whitening ingredients

C trati
Structural type No. English name Chinese name CAS number Structural formula OneentE _1:)n
/(g mL™")
Alkylresorcinols WAOI Resorcinol [1) 2 1y 108-46-3 10
CHEFER]AR — M L
%)
WAO2  5-Propylbenzene-1, 3-diol S-PNE ] R iy 500-49-2 1
H
WAO03 4-n-Butylresorcinol 4-1E T M 2R 18979-61-8 /\é}\ 1
WAO04 4-Hexylresorcinol O 3 ) 2 iy 136-77-6 HO. 1

Arylalkylresorcin- ~ WAOS 4-( alpha—Melhylbenzyl) KRR iy 85-27-8 1
ols (F5 %t He ] 74 resorcinol ‘ O
ZB)

WA06  4-[3-(2, 4-Dimethoxy-3- —HUAIEHREL-4-H  869743-37-3
methylphenyl) propyl J-1, FL A 2E
3-benzenediol

OH
OH
0/©\/\
OH
OH
19O
YH
OH
H
) "
0]
/

Heterocyclic res- WAOQ7  Isobutylamido thiazolyl res- ST REBL IR EME L 1428450-95-6 0 S \ OH 0.5
orcinols (Z4 ¥ [H] orcinol ) 48— iy /4\
) H
OH
WAO8  Methyloxetanecarbamido — F LS Z4 30 T e  3081328-14-2 0 1
thiazolyl resorcinol A A [ A 5y /@[}\Nﬁﬁ)
HO OH
Flavonoids/poly- WAO09 Baicalein WA E 491-67-8 0 OH 5
phenols (ETiH/Z
15H25)
WA10 Wogonin WEFH 632-85-9 0.5
WALl Resveratrol P 2 7 i 501-36-0 0.5

WAI2 Glabridin JoH EE 59870-68-7
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(8:31)
(0 trati
Structural type No. English name Chinese name CAS number Structural formula oncentra _110 "
/(g mL™")
Vitamins and de- ~ WA13 3-0-Ethyl ascorbic acid 3-0-LHFUIR MR 86404-04-8 0.5
rivatives (4EA: 3
KHAGHEY)
WA14 Niacin Gl 59-67-6 A 0.5
HO | —
0
WAL15 Nicotinamide SR I 98-92-0 N\ 0.5
HN | =
OH
Salicylates(/K# ~ WA16 Salicylic acid IR IR 69-72-7 HO 0 1
78
HO
WA17  Potassium 2-hydroxy-4-me- 4-H S B K W iirsp 152312-71-5 0 0.5
thoxybenzoate
Glycosides (i WA18 Salidroside RSNt 10338-51-9 0.5
%)
WA19  4-[4-(beta-D-Glucopy- bikoaa Tk ihiass 38963-94-9 10
ranosyloxy ) phenyl |-2-bu-
tanone OH 0
Heterocyclic com- ~ WA20 Kojic acid i iz 501-30-4 0" X OH 0.5
pounds (LA Z=EF HO
) = 0
WA21 Rhododendrol AT 69617-84-1 HO 10
/abs
JH

1.2 fRER KRB H

1.2.1 BIRESE® RS ARE 21 PhobrRifE Sl &, W BRI R 5T B0 B A 1 me/mL () SRR % 25 T o
1.2.2 BRAWRERR KEEDURRMESTHOER, BH 0. 5~10 ng/mL B RFVPRHEE T, LLE LR
J#350 °C. MR HLE 350 V. BEASEEE 0. 3 mm/s . SUHER 2 pLoMAIAA DART 55, 28556 A s H
N7, T B o M 87 5 FEEAE 1107 ~5x 10878 [ P A9 B (e R BE a3 1 s ) . P AL DART-HRMS £
o oy kG B 20 FhofobR Gk A (BRALAS AN ) i g, FH 80% H RS R B 28 B AR B, BRI A br
W o LRSS R H SRR AL

1.3 DART-Orbitrap HRMS &

1.3.1 DARTEFTES#H ZTHA T (EM0. 50 MPa) i HLE 400 V, & FLiRE 350 °C, m/ﬁ%
FHH; 120N B (12— -Dip- IR, SRR ul, BHEZRO0. 4 mm/s; TR AR BT

3.0 cmo

1.3.2 Orbitrap HRMS S8 R IR A RS . — 28234 m/z 80~600, Orbitrap 53 FFR 1%
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370 000(FWHM, m/z 2004L), 856 (AGC) HARES 50 11005 125 11546 B 4045 T5 B 4 15
300 °C, ARMEDIHIA T HP REEFE T R E S B bRaiik 1513 (Inclusion list) fill %, 4
PR F717 500, AGC HAREFER 1x10°, HACRES . B3 E 8 &b EReE W& 2,

#2 20 FSEA R BEE L

Table 2 Mass spectrometry information of 21 whitening ingredients

. Theoretical precursor Observed product ion Normalized collision
No. Detection mode Adduct form k
ion(m/z) (m/z) energy/%
WAO1 + [M+H]* 111.044 6 55.0549, 65.039 1 110
WA02 - [M-H]" 151.0759 81.0334, 109.064 8 110
WAO03 - [M-H]" 165.091 6 121.028 4, 135.0452 80
WAO04 - [M-H]" 193.1229 108.0205, 121.028 4 70
WAO5 + [M+H]* 215.107 2 79.0547, 105.0700 50
WAO06 + [M+H]* 303.1596 123.044 0, 165.0907 70
WAO7 + [M+H] 279. 080 3 149.023 1, 209.037 6 50
WAO08 - [M-H]" 305. 059 6 109. 039 6, 139.0503 80
WA09 - [M-H] 269.0450 65.002 1, 136.9870 70
WA10 + [M+H]* 285.076 3 179.048 6, 270.0517 70
WAT1 + [M+H]* 229.086 5 91.0545, 107.0493 70
WAI12 + [M+H] 325.1440 149.059 4, 189.0907 50
WAI13 + [M+H]* 205.0712 95.0130, 141.0179 30
WAl4 + [M+H]* 124.0399 80.0499, 96.044 6 70
WAI1S5 + [M+H]* 123.0558 80.0499, 96.044 6 80
WAI16 - [M-H]" 137.023 9 65.0384, 93.0334 80
WA17 - [M-H]" 167.0349 80.0255, 108.0205 70
WA18 - [M-H]" 299. 1131 59.0126, 119.0490 50
WA19 - [M-H] 325.1287 57.0334, 163.0755 30
WA20 + [M+H] 143.034 4 69.0340, 97.0287 80
WA21 - [M-H]" 165.091 6 95.049 1, 106.041 3 80

1.4 HMETAIE

FREFERZT0.5 ¢, BT 15 mLEOE, N S0%(RFR 40 H B IRE 10 mL, WHESHEL, R
HL20 min, LA 10 000 r/min &0 5 min, B EIHRZ0. 22 pm PRSI, V- MIRBUR ., R 2H0. 4 mL
PEBCGH . 0.6 mL HIJE, JRATHECH 8 H FEZ00 80% (PR FR 450 1) DART I & i3 . A FEm st BARsE A
FIH B, ISR A 80% HI B Rd e, LI e St v ) B A . AN TR T B 2R A 7 i S0 AE 6 0 (HPLC)
W, v IE TR, DLERiite . WA, bR RE

2 GRS

2.1 Fg&EGMmue

2.1.1 DART-HRMS B FHEXAEEREE IR SRl T DART-HRMS 1E 15 TR
A, HcHmme B s B B AR oy o =% (DR —g PSR b B WALe . WAOS{LTE
TS TR R ;o S 1) 3E 0 (WA02~WAO4) 2 WA A F B0 Ay 671 88 -1 7 Wik 250 T 1 55 7.
(2) UM B 2 5 258 . e 5 e PRI T 34 el ez, e 7 8 AR 22 1~2 N ECER 2%, T
WA06~WAO7, WAIO~WAL5, WA20{EIE SR T IR B ; AL, WA17T~WA19 B & 7E 7
B ORAE L (3) AU B A 24 7Y . 2 EAIHE WAOS I WA09 25 . X Fh /b IR T 45 M e e 1Y
SAHPRIEIE T . & P ESE P (MR ER | MEMAER | MhEd) Jmme gty (IR . 3-0-Z3EhiR iR B A
BRI TEMEE, S TR TR IMAH ] BRI 2 R AR AR R, SR Bk M-
HI o P2 AW s B ARz 4 (IR S s . e R iy e e ki F s 71k, 2%
SRR A S Hu s B FEAIR TV, b 7 g i Bl T3, SRR R LA R e DL 2.
2.1.2 GEEEEMUFMZRIFMTEREE S LT Inclusion list il &85, SHRIE R LGB —
LAl RE & (stepped NCE, 20%~110%)fift, DURFAERE 4L . FEREMCOTEPR, #iE & BiRY
H R aE B (F£2) . 4 Sk WA03 5 WA21 194> T3k €, H,,0,, FRIEEEES T m/z 165. 091 6,
Hor, WAO3 G i 47 A R B 8] 2R I 2544 B e [ M-H-C,H, ]~ (m/z 135. 044 2) F1[ M-H-C3He |-
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(m/z121.028 4); 1 WA21 FE %A MEERZL, A,

FFAETE Y miz 106,041 3H195.049 1, “HMWIEH 3 MR . Ll
SCJFBE miz 120 WO BORE RCRh F

121. 028 4 5 121. 064 7( Z2{H# 36 mDa), 7E Orbitrap H 204 ey Tffs'(s)?&i . 1660945
HRMS < 1 mDa(m/z < 200 F§EE Fullgi<sr (B ). = "% T o —

mlz
2.1.3 DART-HRMS #iIiEM N % F DART 14 165.091 1

§ 1004 B 106.041 3
TR B IR, 2 BRBR R 25 D145 SANTE 11312/2021 £ 807
V2026 ' T BT AL BRHE SE/T 0180-2024™, SRIHTE 2 ol 0334 |
PRTERRE, BRI . (DmETRE  § ) [Tk |
BT 5 e 25 <5 ppm (m/z=200) 8% < 1 mDa(m/z < = 60 100 mls 130 150

200); () IAHTAES TR AMFMER B T08  p1 4o0F ToEm () RIELBSRE (B ) i — 2 il
ML (S/N)=3; (3) 64y SRR IRDCE. & @ ie Fr4H & ;  Fig. 1 Secondary MSspectra of 4-n-butylresorcinol (A) and
(4) 5 T B ARMERBIZER, LB SFT 0180~ thododendrol (8

2024 4 LA

2.2 DARTIEZSH%ERF

2.2.1 HREBEMRNL DART & FURAIMR T, BRI ROR S Wy o, [ &b
350 °C. BEREFEZR0. 3 mm/s S S FER 2 pl, 1£250~500 VG A #ET3, Sl Easb S REEG
WE L, B RIS - A o BedE . SRR R AR BEAL ) 2R 525 (WA01~WA08) Y
e 7 FA LA ], B WA034b, 7T 400 VikElfh. WA09, FEHFZR(WAL8, WAL9) B4
MB)ZE 2RI . WAL0, WAI3FIWA21 Y7E 250 V LI S0 1, Fifi o R s ek S we g 3h . K%
TEZ(WAL6, WALT)MIFE300 V 24T N ek, 400 VA KRR £ RIS, BoifiE ik i

2.2.2 BFFEREML DARTE FIRIE I E H bR AR PRR R 558 T, L
50 CHHK, FE250~500 “CIEHINFHEE 1 21 FP3E A ks e i 58 B (B12) . WAOS, WALL, WALS K&
YAz FEAE 350 “CikIE S5 T 400 CRBITEN, $LRI%IREE Tl RE& BB B L2441k . WAOT K 3Tl
ZRAE 300~350 CHYMA Y il 1T WAO8, WAL0, WAI13 K2 WA21 7E 450 “CHYMa N el , FXLE %475
AR BE A RE SEBLTE A R, (IR AR E TR TR . KR S A IR T R e, =
500 ‘CUh LI, RIHAWTRE AT SR B, LA, BiE 350 CRmARIRE

— WAOI ----WA02 — WAO03 - ---WA04 —WA09 WALI0 —WAI1----WA12 —WAI6 WA17 —WAI18----WA19
—— WAO5 ----WA06 — WAO07 ----WAO8 30_WA13 “="WAl4 —WAIS5 %O_WAZO ---"WA21
A B e
204
= &20- &20-
o < <
< < <
g = , =
| 3 g~ 3
<2 = PR =
£ £ g X S
Z104 2 & 2
E <104 v b <10+
0 T e ; = O — T T O T T
250 350 450 250 350 450 250 350 450
Temperature/C Temperature/C Temperature/C

P2 P R M 7 508 2 ) 5 )
Fig. 2 Effect of ionization temperature on ion response intensity
A: WAOI-WAO8; B: WA09-WAILS5; C: WA16-WA21]

2.2.3 BEREFEMEEEERMA  ALHHE 0 IR 2 IR A T B I ) 5 PRI . 72 0.2~0. 8
mm/s YU [ 28 TSR A 21 FPSE A o i B SRR e . 28R EOR, RIS ZAUL A R 22
S 2930% M)A Ay (2B A BE T 28 B e SR ) ZEARAT I ey B4 i, e ) 75 A A A B 1)
25 40% 1)) 53 ( T3R8 R/ FERZEOAE 0. 4 mm/s B IR0 S 0GR 3 HAE ST TE 0. 6~0. 8 mm/s
ORI B, SR, VR AP E A 1, DART-HRMS 5§53 B 72 650 5 2% il R 48 5 8
IR, 0.4 mm/s BB R ZHH bRYIRIS RS, ORI 50 00 i R AL SEOT I s 2
P MR PEALHE 22500 0. 4 mm/s,
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2.2.4 mEEMRHE FET 1-10 pLIRSEE OGS WM SHMR et . 482880, SR E
1~7 WLIEEIN, WAI3, WAL4, WAL6. WAL7 [0 7 R B84 i34 5, WAO04, WAO7, WAIS,
WA20 WIJEREAA; GFEE>9 WL IR R sk Sy R o %, HARE X, sEE R 2~3 ul
e A R AR A I R O IE SRR o oAb, BRIV S IR E R e . R AR 5 5 30
RS ARBHPE, HeR HTEHUG SFE3 pl.
2.3 BB IEMA
2.3.1 IREFAZEMIL ¥ T DART-HRMS e & HATALFMIE, AW RER BT % Tkl L,
DIBHEZL AL, SR 50% HIFEAE PSR, 0. 22 um JERET U85, HPLC-DAD JEIE 21 Fl sk 45 (45
B, H R, ERIES 314 0. 024~0. 48 png/g F10. 19~3. 8 pe/e. a5 A Acclaim 120 Cgk¥:
(4. 6 mmx250 mmx5 wm, Thermo Fisher 23 7)), FEL 25 °C, HEE 1. 0 mL/min, MK 254, 270, 300
nm; WAO7 Fl WAO8 A SCHR ™ ARMIE B 5, FAH IS AN TN E . 4R E/R, 2170 H bR r)-F1
[k 88. 1%~101%, HXTAREMZE(RSD, n=6)RI/NTF 5%, FHHIZPLE ST,
2.3.2 WEBAFMEN DART-HRMSM RS THHMHPLC, Bk B S 5 3500 B iR B 5
W, TELI ARG R 80% HY REI 1 25 AL & . WAL, 5 T 4 MR R . 80% H
BE(A) . 0. 1% Z/KH80% HIFE(B) . £ 0. 19% HIEEHY 80% HIFE(C) . S mmol/L H BREZ ) 80% H i
(D). ZE3WIR, TS TR B HE 28 (WA02~04, WAOS)ZEBRIENR 2 (B) v il [ M—H ] 0 7 i 55
RV R (O P [M+H 3858, 7EZZ Pk R (D) IS AR 22 1F & TR ) ) 28 9328 (WAO1,
WAOS~07)FEVR R B, CHIMM N 5 A MY, 7ED Hhazim] . H AR B B T0 & 25 5, (HAN s
TECED P IRTE . B, 2R 50% HEEHEE . 80% HI FEASIN A T 25 e mg , BECRIIE 132 AR 5T
AYPREL, S T DART-HRMS WA HUAH EL 0 255Kk
2.4 KR

KPR . B FRILBUBOR AR E R R (LOD, n=3), LIPIThEEFTXIRER I ik )
HERRHE, 21 FSEERILOD 40. 15~3 ng(£3) . AFEJFEMRE R AT L UL 3, HRMS K it £ 4
ARG, AR E B AR AL A P 38 PR R AR T GC-MS/MS., 48 DART-HRMS 1)
RPEFLLC-MS/MS 22 2~3 MR, HLLO. 05% IR IR i1, 0.5 g FEmdRIE 10 mLEfkE2. 565, i
FE3 pL, PRE2)30 ng, W8 LOD LR 3 ng, Jolmte XU,

3 AREJTERR BT (ng)

Table 3 Comparison of limits of detection for different methods(ng)

No. HPLC™! HPLC'? LC-MS/MS' ! LC-MS/MS'™! GC-MS/MS' 2! This method
WAO1 8.7 2.0 / 2.6x107° 1.5 3
WA02 4.7 / / 8.7x10™* / 0.3
WAO3 3.4 2.0 2.0x107 2.0x107° 1.5 0.3
WA04 4.6 / 1.8x10™ 1.2x107 / 0.3
WAO5 3.4 2.0 4.0x10™ 2.6x107° 1.5 0.3
WA06 5.6 / / 4.8x10™ / 0.3
WAO7 2.5 / / / / 0.15
WA08 2.5 / / / / 0.3
WA09 5.2 / / / / 1.5
WA10 0.7 / / 4.8x10™ / 0.15
WAT1 0.2 / 4.0x10™ 8. 4x10™ / 0.15
WAI2 0.9 / 1.0x10™* 2.7x107* / 0.3
WAI3 2.6 1.0 1.2x107* 5.6x107° / 0.3
WA14 2.0 2.0 1.8x10™* 7.2x107 / 0.15
WAI5 4.1 1.0 4.0x10™ 3.3x10™ / 0.15
WAL6 0.6 / / 1.4x107 / 0.15
WAL7 0.2 2.0 4.0x10™ 3.6x10™ / 0.3
WAIS 21 / / 1. 1x107° / 0.3
WAI19 16 / 4.0x10™* 1. 0x107 / 3
WA20 2.1 1.0 1. 4x10™ 3.6x107° / 0.15
WA21 5.2 3.0 1.4x107* 1.5x107 / 3

*determined by the authors according to the method described in reference (detection wavelength: 254 nm); “/” indicates that the com-

pound is not included in this method
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2.5 TEENTIkEeE

G EEEETERE, X 21 FhE PR T 7RIS | R DA, 45 RN, TEEf ST
[ A -ddMSHEAT, b E P EIC WA ROREE RUECH PR GRS 3~4 1), D2 MO IR
A s, LU H PR SE )R e . W2 . AKIRR S L PR, MR Sk
ESHEREE, RASHLHLEYHNNNEREEARL, LTSS EE M AT L 5 E 87k
FEER; AL WAL6~WA 19 Z8/DEb Syl i e 8 40T 2R o SR IE 003 140 R B 5 N IR 2%/1]
RYINbR, ROTSEEE S SEME, (AT S B R SO A I A . BRI, AR T T A R e
P e VA T H; SChnkE S B BRSE A0 & 5 e SR H HPLC-DAD i 5E R
2.6 XBREFmAA

I BATIERL, WAOL (& ). WAOS., WAL6 AFR 4y, # 0 FH M J5 25 L HPLC 3% 2 & ;
WAL RWGRT H, BHPERDAIASH ; WA06~08 At JFURE, Hi4x 14 0P340 B Py TE iR =00 £
5y, DART-HRMS BHPEAUVETRIE . ARbrm s —ZR IR A B, BT D EBR s
PEATHPLC & &, BIRIA 852 TAE R . A 20 I i 50 B 28 1 284kl St R AT @ PR A, F 0
“2.3.17 MHPLCILE R, 45K, B LILHERORE Y BbRoh, A 19tRE IR e s s, L
WALS R H a1 (75%) o SR SRS NI L SFRZEATF (£ 4) . 1A TR WAOT7, 1 HibAG I
WAL5, 3HEARK I WA05, 3HEFRS WALS FIWAL3 LS, 28 HPLC A% i DART-HRMS 45 1,
FHH DART-HRMS B REES TR AT, & H T OO 5 P L

TR AR (http://www.fxesxb.com) 545 3%

F4  19HFESF HFREIFRZS B FR . DART-HRMS Sl HPLC I 5 25 5
Table 4 Label claims, DART-HRMS screening and HPLC quantitative results of target ingredients in 19 batches of samples
Sample WAO3 WAO5 WAO7 WAIL3 WALS WAL7
S1(Cream) - v, POS, 0.0093%  x, POS, 2.2% <, POS, 0.018% v, POS, 0.19% -
S2(Cream) v, POS, 0.17% - - v, POS, 0.16%  x, POS, 3.3% -
S3(Liquid) - - - - v, POS, 0.0079% -
S4(Cream) - - - - v, POS, 0.75% -
S5(Liquid) - v, POS, 0.003 2% - ¥, POS, NEG  +, POS, 0.038% -
S6( Emulsion) - - - - v, POS, 2.4% -
s7(0il) - v, POS, 0.48% - - v, POS, 1.0% -
S8(Cream) - - - Y, POS, 0.073% V, POS, 3.5% -
S9(Cream) - - - - v, POS, 2.0% -
S10(Cream) - - - - ¥, POS, 0.088% -
S11(Emulsion) - v, NEG, NEG - - v, POS, 4.9% -
S12(Cream) - V, POS, 4.9% - v, POS, NEG v, POS, 3.3% -
S13(Liquid) - - - - ¥, POS, 1.7% -
S14(Cream) - - - ¥, POS, 0.016% V, POS, 0.49% -
S15(Cream) v, POS, 0.096% - - - - -
S16(Emulsion) v, POS, <LOQ v, NEG, NEG - v, POS, 0.0023% v, POS, 0.019% -
S17(Emulsion) - - - - - v, POS,
0. 98%
S18(Emulsion) - - - - Vv, POS, NEG -
S19(Cream) - V, NEG, NEG - - - -
Positive rate(%) 15 20 5 35 75 5
Cells data were presented as: label claim status(\/ , declared; x, not declared), DART-HRMS screening (POS, positive; NEG, nega-
tive) , and HPLC confirmation/quantification (%, mass fraction; NEG, not detected; <LOQ, below limit of quantification). "—" denoted that

the ingredient was neither declared nor detected. Undeclared ingredients detected by DART-HRMS (x, POS) were quantified by HPLC to assess

non-compliant addition.
2.7 AEZBYES

DI LC-MS/MS i3 S, ATk K @G B, 5 5AE S 7 A 8] B 30~60 min 4571227
3 min (4% 90% LA L), AHUAFHHFEH 2 50~80 mLEEZEZ) 10 mLJE>80% LL ., £o4% MU0 1/5~
1/8), JFMES 7 Ak REFFEUBITRERE S SRR IR, RBL T &3 bk
3 & it

AWTEET O HE, W T DART-Orbitrap HRMS PRI 77, W Tktkanh 21 3£ A

A~
ho
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JR o BRI S EIE . 7R AEPRIE R SRR Rirde T, fajfb T RIARER, > IR RIE A, SEBL T
Pma RN, LRk, AKX FED R TR R T bR S, R AR
AR I B HPLC IR IR B e, bt 2 e W 1R 00 VBRI . i R R B S8,
WAPREE SR 5 TR R I 1R .
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