2024 4F 12 & i% Vol.42 No.12
December 2024 Chinese Journal of Chromatography 1153~1163

504 L DOI: 10.3724/SP.J.1123.2024.03011

FEE . IRE (et T2 S H RN (2015 AR ) FEEHE B B3k 3 o0 Aot i v 25 T JRORE, AR SCHEESE T 8 = S0 AH
0 - BRI T 1% ( UPLC-MS/MS ) W] ARSI Aot i 77 100 b 3 325 S 00 B2 B 38 38 9 40 W 3, Wi o 17 BRAT [ A o
GB/T 24800. 2-2009 .GB/T 40145-2021 FI{ fbfle i 22 A AR BINEY (2015 4E1R) T8 H 11 58 Fill je ik &, LA & 42
FopT ARUME e i 2R, oA B 2 Bl 4 oA UL SCHR 4 M B S5 B3R SR AT TR T TR TG R M JE KA 9, 11-3R 5, A
FHE0.2% (v/v) LR ARASALENAIR AT, TS 0. 2% (v/v) LRI Z 5 HRIB, 18] 25 $12 O Hhoim A SR B Br
HARMPEZL B, B 10% (BR800 TWEL AR TROR 20% (BR800 ZRREHE W (5 0. 4% (v/v) L) 1E N
DLIEFE— 2144k, 7 ] Waters ACQUITY UPLC BEH C,, (43 # (150 mmx3. 0 mm, 1.7 pm) 7@ 55, 2
0. 2% (v/v) ZIRIKE-0. 2% (v/v) LR W B BOR T SIARBR BEVENR . 76 BB 25 I 38 3K T DA 3has 22 B o Wl
773 (MRM) 5 SMpRik e, P MRM-{5 BAKIFCR - 158+ B T X ( MRM-IDA-EPI ) 15 51| 1) 3 58 1 %5
i B (EPT) #1647 BHERE S IE 255 7 - 100 Bl B B3R 7 2. 5~ 60 ng/mL {u Bl 9 HA RAFIILMESC R M
KRBIIKT 0. 99, BRI R LG F FEFLIL R P ) BURE B R0 LAS , oAy 99 o e i 28 5 70 W 8 A 26 3k
NEo BrA BRI BT A BRANE B BR 705000 0. 03 pg/g F10. 1 ng/g. 15 3 DAFBEIKFE T (1 4% .2 ff5F 8
R ) KB B AR A B 79. 6% ~ 114. 4% , RSD 4 0.7%~9.4% (n=6) , & fEAEFH Brik
AP NN 79. 5% ~ 112, 1%, RSD R 0. 7% ~12.9% (n=6) , JHE T 47 FhSCBRFES: 76 3 AR S PR T
5 Ffobl Bz iR , 91 MRM-IDA-EPL 047 T HIE, AR 5 S 45 VR T L i, 3 FH Akt i A 100 Aol Rz S =
) R 7 A AR 2, PR Mot S O B T R I 2 1 O el B M R T R T

SE4RR) . R BOROR (T FR IR BT B R TR 5 At s AR IR

FE Y 2S.0658 XHRARINEG A

Abstract: Adding glucocorticoids to cosmetics is strictly prohibited under Safety and Technical
Specification for Cosmetics (2015) regulations. Accordingly, a method for simultaneously de-

termining 100 glucocorticoids in cosmetics using ultra performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) was developed. Apart from the 58 glucocorticoids
listed in the two current national standards ( GB/T 24800. 2-2009 and GB/T 40145-2021) and the
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Safety and Technical Specification for Cosmetics (2015) regulations, 42 new glucocorticoids,
including unreported metenolone acetate and dexamethasone 9, 11-epoxide, were included in
this method. Samples were dispersed in saturated sodium chloride containing 0. 2% (v/v) ace-
tic acid, and extracted with acetonitrile containing 0. 2% (v/v) acetic acid. After that, an equal
volume of water was added to the acetonitrile extraction solution to precipitate non-polar impu-
rities. The solution was subsequently further purified using 10% ( mass fraction) potassium fer-
rocyanide solution and 20% (mass fraction) zinc acetate solution containing 0. 4% (v/v) acetic
acid as precipitants. The sample solution was finally loaded onto a Waters ACQUITY UPLC BEH
C, column (150 mmx3.0 mm, 1.7 pm) and gradient-eluted using aqueous and methanolic
0.2% (v/v) acetic acid solutions as mobile phases. The target compounds exhibited highly in-
tense signals in positive electrospray-ionization mode. All compounds were analyzed in multiple
reaction monitoring mode ( MRM) and quantified using the external standard method. Rimex-
olone and hydrocortisone hemisuccinate hydrate exhibited peaks corresponding to their [ M-
H,O0+H] " base ions, whereas the other 98 glucocorticoids exhibited [ M+H]" peaks. All positive
samples were confirmed by their automated MRM-based information dependent acquisition
(IDA) enhanced product ions ( EPIs). Highly sensitive secondary mass spectra were acquired
when EPI mode was combined with IDA and when target compounds in positive samples were
located in MRM mode, with compounds further confirmed by matching their secondary mass
spectra with those of the corresponding standard glycocorticoids using the Library Search func-
tion in SCIEX OS software.

Matrix effects ( MEs) were investigated in water- and cream-based cosmetics by adding
standard compounds to the extracted-matrix solutions. Ciclesonide exhibited no obvious matrix
effect with a ME of 3. 4% in the water-based matrix whereas it exhibited a serious inhibitory
effect with a ME of 30. 6% in the cream-based matrix. The remaining 99 target compounds ex-
hibited MEs of —-7. 9% —12. 4%, which are not significant because they are below 15%, further
confirming that the sample-pretreatment method is effective and feasible. Therefore,
ciclesonide in a cream-based matrix was quantified using a matrix-matched standard curve,
while the others were quantified using solvent standard curves. The 100 glucocorticoids exhibi-
ted good linearities with correlation coefficients () of >0.99 in the range of 2. 5-60 ng/mL.
The limits of detection (LODs) and limits of quantification (LOQs) of this method were 0. 03
and 0.1 pg/g, respectively. Recovery tests were performed at three spiked levels, namely
one-, two-, and eight-times the LOQs. The 100 compounds exhibited recoveries of 79. 6% —
114. 4% with relative standard deviations (RSDs) of 0. 7% —9.4% (n=6) in water-based cos-
metics; in comparison, they exhibited recoveries of 79. 5% —112. 1% with RSDs of 0. 7% —12. 9%
(n=6) in cream-based cosmetics. Three cream-based positive samples were identified among
47 batches of cosmetics samples (including 25 batches of cream and lotion-based cosmetics,
and 22 batches of water-based cosmetics), with quantitative analysis revealing five positive

compounds: triamcinolone acetonide (115.1 wg/g), triamcinolone acetonide 21-acetate (0.6
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ng’/g), clobetasol propionate (24.5 png/g), dexamethasone (2.7 wg/g), and dexamethasone-
17-acetate (210.3 wg/g). These five compounds were further confirmed using MRM-IDA-EPI.

The secondary mass spectra of the five compounds showed high matching degrees ( >96% ) with

those of the corresponding standard glucocorticoids in the library database.

In conclusion, the method developed in this study is simple, practical, inexpensive, highly

efficient, and suitable for qualitatively and quantitatively screening and analyzing 100 glucocorti-

coids in cosmetics, thereby filling supervisory gaps and greatly improving the detectability of

glucocorticoids illegally added to cosmetics.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/

MS) ; glucocorticoid; cosmetic; illegally added
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Table 1 CAS numbers, retention times and MS parameters of the 100 glucocorticoids

Parent ion Product tg/ Declustering Collision
No. Compound CAS No. (m/z) ions (m/z) nI:in potential/\/'g energies/V
1 deprodone (i3 2 ifil) 20423-99-8  327.2  147.1*/171.1 16.53 110 33/33
2 medrysone (L) 2668-66-8 345.2  327.3*/135.2 24.09 100 20/27
3 methenolone acetate ( 3%#i# L BEFRHR) 434-05-9 3453 187.2*/303.4 26.77 125 30/25
4 cortexolone (L4 W] HIHL) 152-58-9  347.3 108.9/97.0 18.19 126 45/47
5 rimexolone (#i3EMAIE) 49697-38-3 3532 121.1*/173.1 25.85 100 45/31
6 prednisone (&JEM) 53-03-2  359.2  341.2%/147.2 11.35 80 15/35
7 cortisone (AT AYFY) 53-06-5 361.2  163.2*/121.1 11.89 80 34/47
8 prednisolone (&JEHAJE) 50-24-8  361.2  343.2*/147.2 13.71 80 14/34
9 hydrocortisone ( ZALTT HIHL) 50-23-7  363.2  121.1*/105.0 13.68 80 31/68
10 meprednisone ( 13L& JEHy) 1247-42-3  373.2  355.2%/147.1 16.53 70 17/31
11 dexamethasone 9, 11-epoxide (#1ZEKA 9,11-3F%) 24916-90-3  373.1  355.3*/337.3 17.79 90 17/16
12 methylprednisolone ( F 3£k JE s ) 83-43-2 3752 357.1*/161.1 18.02 66 14/28
13 16a-hydroxyprednisolone ( 16a-#23£i% R A 1E) 13951-70-7  377.2  359.2*/147.1 9.41 70 17/30
14 6a-methyl hydrocortisone (6a-H FE %4k Al AL ) 1625-39-4  377.3  341.4*/323.3 18.12 130 24/25
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®1 (&)
Table 1 (Continued)
No. Compound CAS No. Parent ion . Product tr/ Declust.en'ng Colli.sion
(m/z) ions (m/z) min potential/’V energies/V
15 fluorometholone ( K TE) 426-13-1 3772 279.3*/321.3 19.21 80 22/18
16 fluocortolone (&7 ) 152-97-6  377.2  121.0* /147.0 19.93 70 41/32
17 desoximetasone ( EFHKAL) 382-67-2  377.2  171.0* /147.0 20.17 70 29/28
18 isoflupredone ( 5FH#HILIEI) 338-95-4 379.3  359.2%/341.2 12.39 90 14/18
19 fluprednisolone ( #i%kJE ) 53-34-9  379.1  341.3*/323.2 12.68 95 16/17
20 fludrocortisone ( F5 & T HIAL) 127-31-1  381.1  239.2*/181.2 12.98 150 35/40
21 deflazacort (21-3= Z B3 b AT 4F) 13649-88-2  384.2  126.1*/147.1 19.20 120 43/38
22 betamethasone base (fZlikA%) 378-44-9 393.2  355.0*/146.8 17.25 56 18/37
23 dexamethasone (i ZEKAR) 50-02-2  393.2  355.0*/146.8 17.43 53 17/40
24 paramethasone (BHFKH) 53-33-8  393.2  337.2*/171.1 17.76 80 16/34
25 cloprednol (S ikJEmE) 5251-34-3  393.2  205.0"/271.1 20.11 80 32/25
26 triamcinolone ( #HZ 75 )% ) 124-94-7 3952 357.2%/225.1 8.56 52 20/27
27 6a-fluoro-isoflupredone (6o-i- ik JETE) 806-29-1 397.2  253.1*/263.1 11.42 80 24/29
28 prednisone 21-acetate ( Ik JEFABEIRNS) 125-10-0  401.2  295.2*/147.2 17.89 80 23/39
29 prednisolone-21-acetate (& )2 JiBEERMES ) 52-21-1 403.3  307.2*/367.3 18.20 85 20/15
30 cortisone acetate ( 7] f{IFABEBRES ) 50-04-4 403.3  163.3*/343.3 18.23 140 35/27
31 hydrocortisone acetate (=LAl AIFARARRME) 50-03-3  405.3  309.2*/120.8 18.17 80 25/24
32 beclomethasone (fF5KH) 4419-39-0  409.2  147.1"/279.1 18.15 106 39/41
33 diflorasone ( XFRAH) 2557-49-5  411.2  253.1*/235.1 16.17 80 29/37
34 flumethasone ( FAHA) 2135-17-3  411.3  253.2*/121.0 16.43 80 22/50
35 clobetasol (& tha) 25122-41-2  411.2  373.3%/390.9 21.24 90 20/15
36 meprednisone acetate ( % B IABSERTR) 1106-03-2  415.1  327.2*/147.1 21.01 120 22/34
37 desonide (thRAfE 638-94-8  417.2  323.3*/225.1 19.17 80 17/30
38 methylprednisolone acetate ( F3Li%k JE ¥ 2 BERRTS ) 53-36-1 417.2  253.2%/399.2 21.49 80 28/28
39 16a-hydroxyprednisonlone acetate 86401-80-1 419.2 401.2 " /323.1 13.21 90 17/18
(160-F2FEW S AR L BEBR TR )
40 eflone (FKIBEERRMNE) 3801-06-7 419.3  279.2*/321.2 21.72 80 20/19
41 isoflupredone acetate (3% JEFABSFRER) 338-98-7 421.2  401.3*/383.3 17.24 90 13/16
42 fludrocortisone acetate ( %% A (A Bt FREE ) 514-36-3  423.4  239.2%/343.2 17.79 170 35/30
43 mometasone ( FEFEABAL) 105102-22-5  427.2  409.3*/237.4 22.03 100 17/35
44 budesonide ( fi i %5 f#) 51333-22-3  431.2  413.2%/147.1 23.73 40 15/33
45 hydrocortisone-17-butyrate ( &AL BIFA T HRMER) 13609-67-1  433.3  345.0*/120.8 22.96 80 22/23
46 triamcinolone acetonide ( [ Z¢%31#) 76-25-5 435.3  415.3*/357.2 18.08 100 15/20
47 flunisolide ( FJEZEHL) 3385-03-3  435.2  321.2%/397.1 18.94 80 18/19
48 betamethasone 21-acetate (¥l KAABERRTE ) 987-24-6 4353 337.0"/309.0 20.77 80 15/15
49 dexamethasone-17-acetate (i ZEKFANEFR 1S ) 1177-87-3 4353 337.0%/309.0 21.26 80 17/15
50 paramethasone acetate (W KM EEBERMER ) 1597-82-6  435.2  319.1*/171.1 21.47 75 19/40
51 flurandrenolide ( F E45H) 1524-88-5 437.3  361.2*/285.2 19.38 80 24/29
52 9-fluoro-16«,17-( isopropylidenedioxy ) corticosterone 1524-86-3  437.2 341.1%/283.1 19.70 120 30/36
(Fbih 1)
53 deflazacort (HiJ<nl ) 14484-47-0 4423 123.9%/141.9 20.72 80 45/65
54 halometasone ( < FE i) 50629-82-8  445.2  154.8* /287.0 18.61 80 45/34
55 prednisolone 21-trimethylacetate (& J&#\ iR R ) 1107-99-9  445.3  427.27/307.2 24.94 90 18/25
56 cortisol 17-valerate ( &k AT (A I ERER ) 57524-89-7 447.3  345.3*/121.1 24.50 80 19/39
57 betamethasone 17-propionate (ffth AN ERTS) 5534-13-4  449.2  355.2*/279.2 22.93 90 16/24
58 fluocinolone acetonide ( fIZHA) 67-73-2 4532 337.1*/121.0 18.30 80 21/46
59 flumethasone-17-acetate ( AU 2EFABERRTS ) 2823-42-9  453.1  253.2%/335.3 20.34 110 25/20
60 halcinonide (Mg 257 3093-35-4  455.3  377.3%/341.2 24.58 170 33/33
61 desonide 21-acetate (21-FAiRHLZRZ7HE) 25092-25-5 459.3  441.3*/323.1 23.90 100 16/23
62 prednisolone tebutate (% e T BEHRINE) 7681-14-3  459.3  441.2* /307.2 25.65 90 16/27
63 prednisolone succinate (&/JE¥JEFBEIABRES) 2020-86-7 461.2  307.2*/147.1 17.37 80 22/37
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Table 1 (Continued)
No. Compound CAS No. Parent ion . Product tr/ Declust.en'ng Colli.sion
(m/z) ions (m/z) min potential/’V energies/V
64 hydrocortisone (i & AT (H) 74050-20-7  461.2  387.2*/309.3 23.21 80 15/26
65 fluocortolone pivalate ( fi 1] 45 AR 1 ) 29205-06-9  461.3  443.4*/321.2 26.14 110 17/20
66 hydrocortisone hemisuccinate hydrate ( L] IAAIEFIARER) 83784-20-7 463.3  327.2%/309.3 17.33 145 23/25
67 tixocortol pivalate ( B n] AR ILARER ) 55560-96-8  463.2  343.2*/361.2 25.17 80 26/25
68 clobetasol propionate (b2 N ELER) 25122-46-7 467.2  373.2*/355.2 24.55 80 18/13
69 loteprednol (AE ik iH) 82034-46-6 4672  359.1"/265.1 24.65 80 26/17
70 methylprednisolone aceponate ( H ik JE#A J6 £ A BRTR ) 86401-95-8  473.3  455.2%/381.2 24.40 90 16/17
71 methylprednisolone hemisuccinate ( F 33k B RBEFIRRAR)  2921-57-5 475 457.0* /339.0 20.67 80 14/17
72 triamcinolone acetonide 21-acetate ( % ZSEREAR G ) 3870-07-3  477.2  339.2*/321.2 23.31 80 22/23
73 dexamethasone valerate (HbZEK 4 % ERHE) 33755-46-3  477.3  355.2%/279.2 24.61 90 16/26
74 betamethasone 17-valerate (BN ILERTE) 2152-44-5 4772 355.3%/279.3 25.23 80 18/24
75 dexamethasone 21-pivalate ( 1 ZEK NGRS ) 1926-94-9  477.3  355.1*/337.1 25.69 100 20/20
76 triamcinolone diacetate ( HiZZ P4 Jp XS HR R ) 67-78-7 479.2  441.2*/321.1 15.12 81 14/19
77 clobetasone butyrate ( ZfE s T BRER) 25122-57-0  479.3  343.2%/279.2 25.36 86 24/24
78 diflucortolone valerate ( X5 A 1o B2 AR ) 59198-70-8  479.2  375.3*/439.4 26.05 80 18/17
79 fluocinonide 22 methyl homologue 51333-59-6  481.2  441.2*/253.1 21.56/ 90 21/30
(BRI 22-H L[ R W) 21.87
80 halobetasol propionate ( KifF 2R N ERIG) 66852-54-8 4852 391.2%/353.1 24.34 80 17/20
81 prednisolone valerate acetate (& Je s JiBSHR KBRS ) 72064-79-0  487.2  367.3*/469.3 25.28 120 18/14
82 hydrocortisone cypionate (%t A FIFAFRIL N AR ) 508-99-6  487.6  327.3*/309.3 26.74 170 27/29
83 prednicarbate (ikJEFHE) 73771-04-7  489.2  381.3%/115.1 24.77 80 16/25
84 hydrocortisone butyrate propionate (5 J FRE LT HIHFA) 72590-77-3  489.4  401.4*/327.3 25.48 120 20/30
85 diflorasone diacetate ( — PN XL ER 1K ) 33564-31-7  495.3  317.1*/307.3 23.09 110 20/25
86 fluocinonide ( FFEALBERNER) 356-12-7 495.3  455.4*/319.3 23.30 120 20/22
87 flumethasone 21-pivalate ( FUKFANERIR AR ) 2002-29-1 495.4  477.4%/373.3 25.31 110 15/20
88 clocortolone pivalate ( 4] 4T k45 I ERG) 34097-16-0  495.3  477.4* /457.3 26.43 110 16/20
89 betamethasone benzoate ( 7 F BRI KAL) 22298-29-9  497.3  355.3*/337.2 25.55 100 16/20
90 dexamethasone isonicotinate ( }1 €A% HBR R ) 2265-64-7 498.3  478.4" /460.4 23.33 110 21/25
91 fluticasone propionate ( L RHANIERNS) 80474-14-2  501.2  313.2%*/293.2 24.68 80 22/20
92 amcinonide ( ZZPiZs{i) 51022-69-6  503.4  483.3*/399.3 25.28 105 14/17
93 betamethasone 17,21-dipropionate (f&fliKFA XN ELT ) 5593-20-4  505.3  319.2*/279.1 25.51 71 20/35
94 difluprednate ( XUk JETR) 23674-86-4  509.2  303.3%/279.3 23.66 110 22/22
95 betamethasone butyrate propionate ({5l k#s T BRSNS ) 5534-02-1 519.4  411.2"/319.3 26.17 110 18/25
96 alclometasone dipropionate ( 534 HA BN BR TR ) 66734-13-2  521.4  503.3*/319.2 24.38 105 13/20
97 mometasone furoate ( HLAAMIAMERRIEE ) 83919-23-7  521.3  503.2%/355.2 24.63 100 17/24
98 beclomethasone dipropionate (fi5 & KAAXUNFLMR) 5534-09-8  521.1  503.2%/319.2 25.95 80 16/23
99 triamcinolone hexacetonide ( T\t 22243 7%) 5611-51-8  533.3  415.2%/397.2 26.97 90 22/23
100 ciclesonide ( ¥ 728 %5 ik 126544-47-6  541.4  523.4%/305.3 28.49 115 18/28

* Quantitative ion.
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Table 2 Linear equations, correlation coefficients (r), recoveries and precisions of the 100 glucocorticoids

Compound . . Water-based (n=6) Cream-based (n=6)
Linear equation r - - - -

No. Recoveries * /% RSDs " /% Recoveries * /% RSDs " /%

1 y=1.12x10*x+2.65x10° 0.9984 88.6, 111.7, 103.5 5.6,2.8,25 90.9, 100.6, 94.5 5.5, 6.4, 5.7
2 ¥=5.40x10*x+2.03x10° 0.9994 86.3, 108.0, 94.4 5.7, 3.6, 2.8 98.9, 105.7, 102.2 2.8,3.0, 1.5
3 y=7.26x10*x+5.57x10° 0.9998 86.5, 105.6, 99.2 6.1, 3.1, 3.0 91.4, 98.4, 94.4 3.3,3.1, 1.5
4 y=3.58x10*x+2.13x10* 0.9965 87.1, 109.7, 104.3 4.8, 23,20 89.6, 107.5, 105.6 4.7,29,22
5 ¥=9.95x10°x+6.46x 10> 0.9977 84.8, 106.7, 94.7 6.3, 4.6, 2.9 99.3, 101.1, 99.5 8.3, 6.7, 2.6
6 y=4.29x10%2+2.14x10° 0.9994 97.9, 106.4, 106.2 52,29,15 93.0, 98.1, 105.6 3.2,1.8, 34
7 y=4.83x10*x+1.07x10? 0.9994 92.3, 105.5, 103.5 5.3,3.2, 1.8 88.5, 99.6, 98.4 3.8,3.5,24
8 y=8.82x10*x+8.19x10° 0.9989 93.0, 106.4, 102.7 6.8, 2.5, 1.7 86.0, 99.8, 99.9 4.1, 4.1, 2.8
9 y=2.34x10*x+2.37x10° 0.9985 91.7, 106.3, 102.6 7.2,3.4,23 84.5, 101.6, 100.1 3.9, 3.8, 29
10 y=5.35x10%2+7.73x10° 0.9992 93.9, 111.0, 102.1 5.8, 2.4, 2.6 84.6, 103.2, 93.0 9.2,3.2,7.1
11 y¥=3.79x10*x+1.27x10* 0.9981 92.7, 112.8, 105.9 43,15, 1.4 87.3, 105.5, 107.4 7.2,39, 14
12 y=8.62x10*x+3.55x10° 0.9985 94.4,106.6, 102.5 7.8, 3.6,22 96.0, 104.7, 105.2 6.0, 3.3, 2.1
13 y=7.41x10*x+0.96x10? 0.9996 94.9, 94.0, 97.7 5.8,3.5,19 86.2, 79.5, 91.7 2.9,6.2, 1.8
14 y=1.52x10*x+1.00x10* 0.9970 82.7, 103.8, 102.0 8.5, 4.0, 3.0 91.1, 107.5, 107.4 9.3, 3.9, 3.8
15 y=4.95x10*x+1.68x10* 0.9981 87.1, 112.7, 100.0 5.5, 1.6, 1.2 94.6, 110.3, 104.8 2.0, 2.3, 1.7
16 y=1.23x10*x+1.19x10? 0.9998 92.9, 108.6, 102.4 6.2,19,23 95.4, 105.9, 103.0 4.4,24,20
17 y=1.82x10*x+7.94x10? 0.9998 91.8, 103.9, 101.3 6.1, 2.6, 2.1 98.2, 102.5, 104.5 24,19, 1.1
18 y=6.87x10*x-2.60x10° 0.9997 100.5, 104.4, 107.3 4.6, 1.9, 1.8 94.3, 98.2, 105.4 3.2,3.1,23
19 y=1.90x10*x-1.99x10° 0.9996 96.9, 105.5, 107.2 5.6, 3.1, 2.4 93.4, 99.0, 106.1 3.6, 1.7, 2.6
20 y=1.39x10*x-1.47x10° 0.9999 99.2, 100.1, 106.8 6.4,3.4,15 93.8, 91.5, 106.2 3.7, 3.1, 2.6
21 y=4.39x10*x+1.26x10* 0.9984 84.8, 107.6, 95.0 43,09, 2.8 101.3, 103.4, 101.6 3.0, 2.6, 1.9
22 ¥=3.35x10*x+8.91x10° 0.9975 92.1, 107.1, 105.4 6.0, 4.0, 2.5 97.6, 102.6, 105.2 7.1, 3.8, 1.6
23 y=7.12x10*x+1.64x10* 0.9978 91.7, 109.1, 103.9 6.1,3.7,23 93.1, 105.8, 104.9 6.6, 3.9, 2.0
24 y=4.38x10*x+7.62x10° 0.9984 98.4, 109.4, 107.0 6.3,4.2,2.5 96.8, 102.1, 107.8 5.8,22,24
25 ¥=9.84x10°x-1.97x10° 0.9994 94.0, 107.3, 98.8 4.4, 37,22 91.8, 102.6, 101.3 5.1,28, 1.2
26 y=4.27x10*x-4.32x10° 0.9995 93.5, 96.6, 99.8 5.2, 1.8, 1.8 90.7, 88.9, 101.5 33,28, 1.4
27 y¥=2.92x10*x+1.44x10° 0.9991 96.9, 106.6, 105.6 5.3, 2.0, 1.9 94.5, 100.7, 107.1 4.1, 27,22
28 y=3.47x10*x+2.50x10? 0.9990 86.9, 108.2, 97.5 4.3, 2.1, 2.1 93.7, 102.1, 100.1 4.7,2.8,2.4
29 yY=2.66x10*x+1.27x10* 0.9971 85.9, 107.6, 100.8 6.0, 3.8, 1.7 93.8, 108.0, 103.4 4.4,27,19
30 y=4.07x10*x+1.63x10* 0.9980 83.1, 108.2, 98.2 5.1,2.2,2.1 92.3, 104.0, 103.0 4.8, 2.6, 2.1
31 yY=2.64x10*x+1.73x10* 0.9937 80.5, 110.9, 100.0 7.6, 3.4, 1.8 91.9, 109.2, 104.0 3.6, 2.4, 1.7
32 y=7.75x10°x+4.87x10° 0.9928 94.8, 98.0, 103.5 7.2,4.9, 0.7 88.7, 109.3, 106.6 6.5, 2.6, 1.7
33 y=1.28x10*x-7.76x10? 0.9996 92.6, 103.3, 102.0 4.2,24,26 95.0, 104.2, 103.5 2.2,2.1,34
34 y¥=3.62x10*x+2.58x10° 0.9992 94.2, 107.7, 101.5 6.1,2.4,35 84.1, 102.6, 92.8 12.0, 2.9, 12.9
35 ¥=5.73x10*x+9.50x10° 0.9983 86.4, 109.6, 99.5 5.0, 2.2, 1.7 96.8, 107.2, 104.0 3.6, 2.3, 2.1
36 y=1.88x10*1-9.66x10? 0.9997 85.9, 105.4, 92.1 6.2, 4.0, 2.4 88.2, 105.3, 100.8 5.1, 3.6, 2.2
37 y=4.73x10*x+1.13x10* 0.9966 94.4, 111.1, 105.0 6.7,2.2, 1.7 91.3, 103.9, 104.3 2.7, 1.4, 1.8
38 y=1.93x10*x+6.83x10? 0.9989 87.5, 106.0, 98.2 5.5, 1.7, 2.8 104.5, 104.5, 105.5 5.7, 2.6, 1.8
39 y=6.78x10*x-2.80x10° 0.9998 92.3, 102.0, 100.9 4.7, 19, 2.3 98.1, 98.3, 104.7 3.1, 2.5, 2.1
40 y=1.18x10°x+1.10x10* 0.9990 87.4, 109.8, 98.2 6.3, 2.1, 1.6 98.2, 105.1, 102.4 3.5, 1.6, 2.1
41 Y=5.26x10*x+1.30x10* 0.9988 85.0, 109.6, 97.8 5.2,22,1.8 99.0, 106.8, 102.6 3.6,2.1,24
42 y=1.02x10*x+4.03x10° 0.9957 84.1, 109.4, 98.0 8.5,3.9, 1.6 105.8, 101.9, 103.4 7.4, 6.0, 1.8
43 y¥=5.53x10*x+7.11x10? 0.9993 85.9, 107.5, 97.1 5.6, 2.4, 1.5 97.4, 108.7, 103.4 2.2,2.8, 2.1
44 y=8.67x10*x+1.17x10° 0.9995 86.1, 107.0, 93.6 5.8,2.2,2.1 96.9, 107.0, 100.5 43,29,24
45 y=4.99x10*x+1.40x10* 0.9988 86.7, 105.1, 99.0 5.6,2.8,22 96.5, 106.9, 105.3 4.0, 3.3, 1.8
46 Y¥=6.95x10*x+1.41x10* 0.9967 87.9, 102.9, 98.9 54,238, 20 94.6, 105.0, 107.3 34, 3.6, 1.7
47 y=4.45x10*x-2.78x10° 0.9993 94.3, 108.6, 102.7 5.9, 24,24 94.0, 102.4, 102.5 2.5,1.2, 1.7
48 y=8.99x10°x+9.66x 10> 0.9996 83.6, 109.1, 96.8 6.4, 4.0, 1.8 95.5, 104.2, 102.8 57,34, 14
49 y=1.75x10*x+1.81x10° 0.9992 86.8, 105.9, 96.7 6.2,23,12 99.0, 105.8, 103.8 32,56, 1.4
50 y=2.31x10*x+3.25x10° 0.9996 87.1, 106.5, 98.7 6.6, 1.5, 1.4 98.3, 107.0, 104.3 5.1, 3.0, 1.3
51 y=1.68x10*x-1.52x10° 0.9997 97.5, 106.8, 103.1 6.9, 3.7, 2.4 91.1, 102.3, 102.3 2.1, 2.8, 2.0
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Table 2 ( Continued)
Compound . . Water-based (n=6) Cream-based (n=6)
Linear equation r - - - -

No. Recoveries * /% RSDs " /% Recoveries * /% RSDs " /%

52 y=1.07x10*2x+1.17x10° 0.9997 82.1, 104.0, 97.7 8.6, 1.7, 1.5 100.1, 98.4, 100.8 3.5,43,24
53 y=1.09x10*x-2.33x10? 0.9985 86.6, 105.3, 93.3 6.0, 2.2, 2.6 102.1, 104.6, 101.9 3.5,3.4,23
54 y=1.13x10*x+8.04x10>  0.9997  88.7, 105.2, 102.6 6.3, 2.6, 1.6 98.0, 99.1, 104.4 4.2, 4.0, 2.5
55 y=1.07x10°x-1.45%10° 0.9991 84.7, 107.1, 93.8 6.4, 15,28 94.9, 107.8, 94.4 4.8,23, 24
56 Y=6.49x10*x+4.88x10° 0.9993 88.6, 107.6, 98.4 5.8, 3.6, 1.6 100.9, 101.2, 103.6 2.6, 3.3, 1.0
57 y=1.56x10°x+4.83x10* 0.9972 87.0, 109.7, 99.0 6.1,22,20 96.6, 108.1, 104.8 3.4,14,1.5
58 ¥=3.00x10*x+3.92x10°  0.9985  90.2, 108.4, 102.2 5.3, 2.6, 2.1 96.6, 103.3, 104.8 4.8, 43,27
59 y=1.62x10*r-3.42x10% 0.9999 86.1, 105.6, 95.5 57,26, 1.5 93.2, 105.8, 102.6 5.3, 1.8, 2.0
60 y=8.93x10°x+1.77x10? 0.9980 84.3, 108.4, 97.3 6.6, 4.8, 1.3 88.1, 108.2, 103.5 7.3, 44,15
61 y=1.29x10°x+1.79x10* 0.9990 81.0, 104.6, 93.2 5.0, 2.7, 2.0 91.4, 106.8, 96.6 4.5, 1.4, 4.1
62 y=1.09x10°x-1.83x10°  0.9996 85.9, 109.2, 94.9 5.9, 3.6, 2.0 99.5, 106.8, 100.6 3.2,3.0, 1.5
63 y=2.12x10*r-2.68x 102 0.9993 99.5, 110.5, 105.4 6.6, 2.3, 1.7 95.9, 108.7, 104.5 7.4, 3.1, 0.9
64 y=3.88x10*x+2.89x10° 0.9996 85.0, 106.9, 95.8 59,29,25 98.0, 103.8, 99.0 3.2,3.5,1.2
65 y=3.23x10*5-0.37x10>  0.9993 84.7, 107.8, 95.1 5.0, 2.2, 2.7 91.7, 101.2, 98.8 52,23, 1.2
66 y=2.73%10*x+3.01x10°  0.9990  97.5, 108.6, 107.2 7.6,2.3, 1.8 94.7, 106.6, 105.0 2.7, 2.6, 1.8
67 y=1.79x10*x-1.80x10° 0.9992 82.6, 107.4, 91.4 8.8, 3.0, 1.7 97.5, 104.5, 101.9 6.1, 34,32
68 y=4.98x10*x+1.08x10* 0.9992 82.7, 108.8, 97.0 8.6,29, 14 97.0, 104.0, 104.1 3.8, 3.6, 2.8
69 y¥=5.12x10*2+9.36x10° 0.9984 85.4, 110.6, 98.1 8.4, 4.0, 3.0 98.0, 111.4, 105.2 7.2,3.0, 1.4
70 ¥=9.26x10*x+2.56x10* 0.9983 79.7, 106.4, 94.3 7.2,25,1.2 98.1, 106.2, 102.4 5.8, 38,22
71 y=2.87x10*x-3.48x10° 0.9998 91.7, 104.4, 99.3 6.2,3.1,22 100.3, 107.3, 102.7 6.3, 4.5, 1.0
72 y=4.68x10*2+8.92x10° 0.9981 86.6, 108.3, 98.5 4.7,2.6, 19 96.1, 107.7, 100.1 2.8,35,1.5
73 y=4.24x10*2+5.47x10°  0.9979 89.1, 111.5, 98.6 6.1, 0.9, 2.5 97.1, 108.5, 104.0 2.7, 2.6, 1.6
74 y¥=8.01x10*x-3.76x10? 0.9995 88.9, 106.7, 96.7 6.0, 1.5, 1.5 98.0, 106.2, 100.3 3.2, 1.6, 1.1
75 y=5.82x10*x+4.28x10° 0.9995 80.3, 105.9, 92.9 6.3,49, 13 96.0, 107.2, 97.8 43,19, 1.8
76 ¥=5.12x10*2+4.08x10°  0.9990 86.8, 106.8, 98.1 5.5,2.0, 1.2 98.3, 101.9, 102.8 43,27,22
77 y=3.08x10%x-3.61x10>  0.9987 86.7, 105.8, 94.9 5.7,2.3,25 104.4, 106.1, 99.5 5.0, 3.9, 2.7
78 y¥=3.49%10*x-2.10x10° 0.9995 84.5, 109.1, 95.2 6.3, 1.3, 2.1 102.0, 105.6, 99.5 6.0, 2.8, 1.6
79 y¥=2.68x10°x+1.67x10° 0.9993 87.6, 107.3, 97.7 6.2,3.5,24 96.9, 104.3, 101.8 42,27, 1.7
80 y=2.15x10%2+2.52x10°  0.9995 81.1, 108.7, 91.9 6.4, 4.5, 1.5 96.6, 106.0, 97.7 3.6, 1.9, 23
81 ¥=6.34x10*2+2.53x10*  0.9972 79.9, 110.3, 96.8 7.5, 2.0, 2.1 95.8, 110.0, 99.1 53,32, 2.1
82 y=1.83x10*x-2.41x10? 0.9995 83.1, 107.1, 95.5 7.1, 1.9, 2.7 95.3, 102.2, 93.9 4.4,57,1.3
83 y=8.21x10*x+2.05x10° 0.9989 83.2, 103.8, 92.7 6.0, 5.6, 1.4 93.8, 102.7, 98.8 5.6, 3.7, 1.5
84 y=6.38x10*x-4.05x10>  0.9993 86.2, 108.9, 96.4 6.3, 4.8, 3.5 98.7, 106.5, 99.3 44,31, 1.7
85 y=2.97x10*x+4.26x10° 0.9992 83.6, 107.8, 96.0 6.5, 28,22 98.4, 107.6, 102.3 4.6, 2.1, 1.5
86 y=1.58x10*x+4.51x10° 0.9980 87.5, 113.8, 99.0 5.8, 1.3, 1.0 92.1, 112.1, 101.0 3.1, 34, 3.1
87 y=1.45x10*2+6.08x10° 0.9982 80.0, 112.0, 97.9 9.4,27,22 93.7, 107.1, 105.9 5.6, 5.1, 1.7
88 y=3.36x102-0.79x10>  0.9996 83.9, 107.1, 94.7 7.4,3.8, 1.9 104.2, 109.5, 99.3 3.8, 3.0, 3.2
89 y=7.14x10*x+2.47x10% 0.9988 90.0, 108.8, 96.4 54,27, 1.7 99.0, 107.0, 101.9 6.6, 2.5, 0.7
90 Y=6.94x10*x+1.85x10* 0.9983 83.6, 101.6, 95.6 7.3, 1.7, 2.1 84.9, 94.3, 94.6 5.1,24,24
91 y=4.77x10*x+6.96x10° 0.9988 84.9, 109.2, 96.7 7.2, 1.6, 1.8 97.4, 106.8, 103.6 4.4,33,1.2
92 ¥=6.10x10%2+2.75x10*  0.9955 81.3, 114.4, 98.3 8.4,2.7,23 97.6, 111.7, 103.4 51,32, 1.2
93 y=2.81x10*x+3.21x10° 0.9993 81.3, 107.2, 96.7 7.8,54,19 98.1, 104.7, 98.5 2.6,2.2,09
94 y=3.83x10*x+8.97x10° 0.9989 81.1, 100.2, 95.2 5.1, 0.9, 2.2 100.0, 107.9, 102.8 2.5,2.0,19
95 y=7.20x10*x+1.10x10* 0.9994 81.1, 105.3, 97.1 6.3, 2.1, 2.8 97.1, 105.2, 99.6 5.3, 2.0, 1.6
96 y=1.95x10*x+5.24x10° 0.9984 79.6, 106.1, 93.7 8.4,24,20 94.3, 107.9, 103.2 7.2,33,1.2
97 y=4.78x10*x+1.76x10* 0.9970 79.7, 110.4, 96.5 8.5,3.4, 1.7 96.0, 111.6, 102.6 1.5, 0.9, 1.2
98 y=8.82x10%x+9.81x10° 0.9989 82.5, 105.4, 96.3 7.8,2.1,22 97.6, 105.2, 99.6 4.1, 2.3, 2.1
99 y=1.15x10%2+9.19x10°  0.9996 82.5, 108.6, 94.7 6.5,2.9, 1.8 94.6, 105.0, 96.9 3.2, 1.7, 0.9
100 y=1.65%x10°x+3.65x10* 0.9998 81.6, 105.9, 98.4 9.2,22,3.6 88.1, 100.0, 80.9 25,12, 13

Nos. are the same as in Table 1. y: peak area; x: mass concentration, ng/mL. * Values from left to right represented the results of
three spiked levels: 1, 2 and 8 times of LOQs.
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