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Determination of 13 Prohibited Ingredients in Cosmetics by Ultra-High
Performance Liquid Chromatography-Tandem Mass Spectrometry

MAO Linfang
(Fujian Institute for Food and Drug Quality Inspection, Fuzhou 350001, China)

Abstract: An ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method was
established for the simultaneous determination of 13 prohibited ingredients (such as econazole) in cosmetics. The samples
were dispersed with saturated sodium chloride solution, extracted with acetonitrile under ultrasonication, and the
supernatant was diluted with water. Separation was performed on a Waters ACQUITY UPLC HSS T3 column (2.1 mm x
100 mm, 1.8 um) using a gradient elution with 0.1% formic acid and acetonitrile as the mobile phase. Positive and
negative ion scanning was applied in multiple reaction monitoring (MRM) mode for detection, and quantitative
determination was conducted via a matrix-matched standard curve with the external standard method. The results
demonstrated excellent linearity for the 13 prohibited ingredients in water-based, emulsion, and cream matrices, with
correlation coefficients (r) exceeding 0.995. The limits of detection and quantitation were 0.2 ~ 2 pg/kg and 0.6 ~
6 ng/kg, respectively. The recoveries were 77.50% ~ 120.00%, and the relative standard deviations were 1.3% ~ 7.3%.
This method offers simple pretreatment, high sensitivity, accuracy, and reliability, and is applicable for efficient and
accurate detection of 13 prohibited ingredients in cosmetics.
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1.1 X5

Acquity UPLC-Class plus/XEVO TQ-S i & %4
TRAR S RS L (32 [E Waters /2 F]); VORTEX 3
R EYR 7 7 (2 [E IKA A H] ); Arium Combort i 4fi
IK—PRHL(FEE Sartorius 24 F ); S150 #8745 VLAY
(7% ¥ Elmasonic 23 7] ); XSE204 H, 743471 K (Hi
—+ Mettler Toledo /A H]).

TIPUR B | BAGE I | RfE me  T  E  h 2
JoT e A B9 B, 2 E Y RKT 99.0%:; SR PUHBAR . Hr
SR | S-fil BE ORI R | ¥ 5L S s I T BT R 35
A, Al EE S RT 98.0%; HhoRIRWEND IR IR | LLFE 3R |
SN | % fiE WA e I F Dr. Ehrenstorfer 23 ], 4§
JE B RTF 97.0%; FF b ZE5F . G H A vk e g 1
CATO 2~ H], 4 R T 93.0%. H . ZHEE T+ 36
Merck 23 A, il H R TFRIR T2 A, ik
afi; LA T 245100, Prast.

AR — AR T 30 Ak 2 B LEE2RRE A,
Horp A ds 10 s 5. 5 iR AL L S itk
J B A 10 LB LY AkFL.

1.2 RIEFHE
1.2.1  FRUEW T &

FRE 13 FIFRUEDI 45 5 mg(FE220.000 1 g),
38 F 10 mL 25, B i o i = 0
&, 3850, ME bR MR A (P RE R B4 500 pg/mL),
—18 C PRAF. A% W A v At 45 TGE 1, FH 50%
CNEB RN AR IR, 4 C PR A7
122 (RS AR AT %

HERA PRI 0.2 gORG A 22 0.001 g) T 25 mL
W ZE FL @A, I 3 mL 40 AN S AL IR R IE 30 s,
B 5 mL ZHEIRJE 30 s, A HEH 20 min, B A
2, W )2 NG Z W KA BEZ 10 mL, $25].
B, it 0.45 pm FLAR M RLFLIE BT e T, BN1S
LRI
1.2.3  SEmbrifEph £ b &

A3 BIFREL 6 I fltle i 3L i 2 A RE A 0.2 gORS 1
£ 0.001 g), N AE BEFRER I, #2 1.2.2 30 F
AR TR A8 T VAR TR B, BIAS I bR 4L
1.2.4 @iE&M

ACQUITY UPLC HSS T3 {44 (2.1 mmx100
mm, 1.8 um); LA 0.1% H R /KW M i s AH A AH,
NG R ShAE B AH; SEAE RS 2 ul, WECH 0.3
mL/min; FE3 R 35 °C; A S BB EE B 7 45 5,
B EVEBLRR AN ER 1 BT 5.
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Table 1 Process of gradient elution

s 1] /min A% BAH/%
0 90 10
6 50 50
12 5 95
15 5 95
16 90 10
22 90 10

1.2.5  Juigsatr

HAL IS 257 5 TR FH I L 670 4 HE L R
SUE R 150 L/h; B4 H R R 3.0 kV; A FIS
TSN 500 °Cs B IR IR R HIAE 150 °C; B
SER 1000 L/ 78 22 0 Wi (MRM) AR
HEATREIN. 13 FhAE FH R AR DG S84 an 3k 2 Jrsil.
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Table 2 Ion pairs and parameters for 13 prohibited ingredients

Jre Ew TR REME/min BT/ (mz)  HELHIE(Cone) /V filff#AER(CE) /V

1 LY B ESI+ 6.42 501.3>327.2% 35 10
501.3>309.3 15

2 KV Hh 2 ESI- 10.32 515.3>393.4* 50 20
515.3>220.9 25

3 R FRENT 1% IR ESI+ 3.15 316.9>261.0* 40 16
316.9>244.0 20

4 FELLZOY ESI+ 6.65 292.2>141.1* 35 25
292.2>115.2 50

5 AHR ESI+ 4.97 734.5>157.9* 35 16
734.5>576.4 26

6 e ESI+ 6.84 560.8>250.0* 30 35
560.8>515.0 30

7 S-HHFEARI DRk EST+ 2.83 163.8>118.2* 30 20
163.8>91.1 30

8 AP RS ESI+ 3.13 161.8>116.1* 20 15
161.8>145.1 15

9 LRTE1 ESI+ 3.61 219.8>128.2* 40 15
219.8>82.1 25

10 T rigm ESI+ 3.13 247.8>121.2*% 30 15
247.8>128.2 20

11 ST ESI+ 4.66 169.8>124.2* 30 15
169.8>109.2 20

12 KT A ESI+ 241 200.8>140.2* 20 10
200.8>55.2 20

13 o BE H T EST+ 1.73 187.8>123.2* 20 10
187.8>126.2 15

2 ZR5iTE

2.1 BIEFGHRL

5K A 430 R 2l K F 0.1% W KIS W, A1
MLAH S350 0 F BN G I, S s AR e X 13 Fh Ak
PRGBS DN 235 5 1 52 0. 25 51, 0.1% H /K
R K AR, 13 R b5 Py RIS IE F103 B ORI GF
M) 1 54 R 1. 5 R BEAH LG, LA R G B, R
b PR €0, 135 0 1% W) 107 (B S 35, BT LR O A
BUAH. Rt 64 0.1% HIRIK - IS AR i 3
AH. BEAR, He3E T Agilent ZORBAX Eclipse Plus C18
(3.0 mmx100 mm, 1.8um), Agilent ZORBAX SB-

C18(2.1 mmx100 mm, 3.5 um), Waters ACQUITY
UPLC HSS T3(2.1 mmx100 mm, 1.8 um)\ Waters
ACQUITY UPLC BEH C18(2.1 mmx100 mm, 1.7
um), CAPCELL PAK C18(2.1 mmx100 mm, 2 pm)
5 35 AR X A B SR RS2 L 2R A A, 1
Waters ACQUITY UPLC HSS T3 {0 #: it 4740 5,
JIPA o3 ¥t U, AR Ay, L O A v, PR MG 1B 4P
PAATEREXT 13 RSP k. 13 Fib &
SETUR A 1 FTR.
22 JRIEEGRMRK

IR AR WG 1, I 50% G H RE il 5 ot
R 0.1 pg/mL BT I ER, 43 BRI IE L 7
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TIC diagrams of mixed standard solution of 13 prohibited ingredients under (a) ESI—, (b) ESI+
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Fig.2 Chromatogram of hydroxymetronidazole (13#)
(a) extraction with saturated sodium chloride solution-acetonitrile, then diluted with water, (b) extraction with saturated

sodium chloride solution-acetonitrile
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13 AU 9 ME SR 0.55 ~ 1.26, B 3 F
JEXF 13 FhAS FH TR #0547 AN [R) R B 1 35 8,
S AE B R 2 i v B T ) Ak A B . o I
R TR W N 3 IR T 1 R S A o v 5 T 40+ 2580 1 e
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Fig. 3 Recoveries at different ultrasonic times
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Table 3 Limits of detection, limits of quantitation and matrix effects of 13 prohibited ingredients

BB AW A (gl R oty elthy  RPUUTME

A gl omm (eke) (ieke) kst sl EW
1 LIPLT B 1~30 09997 09986 0.9989 2 6 1.03 095 0.62
2 KGR 1~30 09997 0.9989 0.9971 2 6 099 079 0.68
3 R R END 7% R 0.05~1.5 0.9993 0.9996 0.9990 1 3 0.89 0.80 0.55
4 FeLLZEOF 0.02 ~ 0.6 0.9993 0.9980 0.9979 0.2 0.6 099 095 059
5 AR 3 0.05~1.5 0.9986 09997 0.998 1 1 3 087 071 0.58
6 TR 0.5~15 0.9987 0.9986 0.998 5 1 3 072 090 061
7 S-HHFEAR I DR 0.5~15 09981 0.9997 0.9996 1 3 1.07 098 0.77
8 S H R kg 0.5~15 0.9992 0.9987 0.9989 1 3 089 091 0.70
9 BRfi e 0.5~15 0.9993 09997 0.999 1 1 3 100 094  0.65
10 B 0.5~15 0.9995 09992 0.9992 1 3 0.84 0.68 0.57
11 ST 0.5~15 0.9994 09999 0.999 6 1 3 0.81 101 071
12 T A 0.5~15 0.9990 0.9995 0.999 6 1 3 126 1.11 071
13 2 5L el 0.5~15 09986 0.9990 0.999 3 1 3 089 122 081

2.5 FHiERFEAE
2.5.1 ZRMERFR . K BRAE R

A3 UKL | FLIBFNE FaaX =PI MAE S s
FA 3 TR A, 35 1.2.3 T JC o1 32 s o R VA TR
DL B A A AR b, T RO PN AR B, 22 Tl b oA il 2K
IF) i B 2 o 0 0 e ) S P 5 R 2R i, AT i
AR, F2 1.2.2 T A5 I TR 4 T 45
YE, LMERELL 3 70 10 4300 E R 13 FhAR ORI A
BRI E B PR, 25 RN 3 A, S5 R 13 Ak
FARCRHE S H R TG I 26 R B, MR R %L

(MK T 0.995, K HRLE 0.2 ~ 2 pg/kg 2 ),
FRTE 0.6 ~ 6 pg/kg Z .
252 R E R P

Ay BOKEE | FLIRRE FRIX R ERER 0.2 g,
PG VR AR R, SR, & 3 R BEK
SRR IAR RTISORE &, 25 88 IRl L rp iRk B 7K
Hil 45 6 APATRE, AT AR FR (R 22 (RSD) %42, il
SELE RN 4 o). 45 WoR, 45 410 BYSF- 2 Tl i
LN 77.50% ~ 120.00%, 4 2H 4 RSD ¥J/h T
10.0%, & BH Jir 48 37 1) 43 BT 7 2 R i J A () 366 /5 1Y)
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Table 4 Recoveries and repeatability of 13 prohibited ingredients
[ /% FAXS AR 22 RSD/ %
5 wEw JbR7KF-/ng
K HE FLK A KIS W HW
1 TEPLE B 20,40,200  93.88~103.27  93.88~103.27  78.30 ~ 106.73 2.8 74 5.8
2 KIGHIR 20,40,200  98.95~110.32  98.95~117.48  97.90 ~ 109.25 4.0 3.7 4.2
3 Lo e & /R 1,2, 10 89.00 ~108.90  89.00~108.90 101.80 ~118.50 7.3 3.2 6.0
4 FrEt % 04,084  79.50~107.70 101.25~110.00  77.50 ~ 109.75 3.6 1.9 3.7
5 EHR 1,2,10 79.50 ~107.70  79.50 ~107.70  79.00 ~ 116.00 6.6 76 5.1
6 S R 10,20,100  94.95~109.40  94.95~109.40  89.15~111.75 3.1 6.3 43
7 S-RHFEAIERKME  10,20,100 105.65~111.70 107.23~111.70 108.39~117.50 238 2.0 42
8 SECF R DR s 10,20,100 10548 ~111.40 10548 ~111.40 107.55~118.50 3.3 3.0 22
9 TRLTiF A 10,20, 100  102.20~108.38 102.20 ~108.38  103.60 ~ 117.00 42 4.6 1.9
10 B 10,20,100 107.30~113.00 107.68~113.00 106.85~116.30 3.6 3.0 1.8
11 SEPN T 10,20, 100  103.04 ~100.70 103.04 ~106.10 104.58 ~ 114.30 2.7 2.7 45
12 T A 10,20, 100 104.40~113.60 104.00 ~113.60 113.90 ~119.80 4.6 2.6 2.4
13 0 Jk T R ale 10,20, 100 103.75~112.80 103.75~112.80 116.60 ~ 120.00 4.7 1.3 3.9

fetedi b 13 FPAS FH ORI 2
2,53 FEAIE

KPR B9 45, ¥ 1.2.2 TR il 5k 5
VSR, X 30 AbAbeth b AT RGN I 45 R R, T
ARSI ARRIN 13 FhEE AR

3 #ie

WA T (el i h 2008 L5 S Rl i
5 )Pt iy v i R S 8 T 4 43 118 I YT A
Aot D FE A 50 T v, TR ISR Ak £ 335 R B i A%
Xof A By vk EA T ik, A ST At i R 13 R
A% JECRE B R UPLC-MS/MS J7 v, AR 75 B #p 4
i BAL . ER R L R MR, v SR TG R,
AT T HR. B, Ak el Ve it 13
AR JEORH ARSI T 12, SR Aot b v AR JEORH W
AL FasE | ER . ATEERYEIR SR
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