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High-throughput Screening for 180 Prohibited Substances in Children’s
Cosmetics Based on Ultra Performance Liquid Chromatography-Quadrupole
Time-of-flight Mass Spectrometry
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Abstract: In this study, a high-throughput screening method was developed based on ultra-
performance liquid chromatography-quadrupole-time-of-flight mass spectrometry (UPLC-Q-TOF
MS) for the simultaneous screening of 180 prohibited substances in children’s cosmetics. The
chromatographic separation conditions and mass spectrometry scanning mode were optimized. A
screening database for the 180 prohibited substances was constructed using Library View database
software, according to the retention time, exact mass of the precursor ion, and MS/MS spectrum of

each compound. Chromatographic separation was performed on a Kinetex” F5 column (100 mmx
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3.0 mm, 2.6 um) with gradient elution, using 2 mmol/L ammonium formate aqueous solution
(containing 0.1% formic acid) and 2 mmol/L ammonium formate methanol-acetonitrile (1:1, V/V,
containing 0.1% formic acid) as the mobile phases. The eluent from the column was detected using
information-dependent scanning (IDA) in both the positive and negative ion modes of electrospray
ion sources. The Library View software was used to identify target compounds by matching the
acquired sample data against the screening database. The sample pretreatment procedures were
optimized separately for cream and liquid oil samples. The optimal extraction solvents were 50%
acetonitrile for cream and 50% methanol for liquid oil, with an optimal extraction time of 40 min.
Method validation was performed for the established approach. The relative standard deviations
(RSDs) for the two sample matrices ranged from 1.8% to 10%, with limits of detection (LODs)
ranging from 0.01 to 0.5 pg/g. The matrix effects for most tested compounds were less than 20%. The
application of this high-resolution mass spectrometry-based screening database has significantly
improved the efficiency of daily work and the capability for safety risk monitoring of illegal additives
in children’s cosmetics. It provides technical support for the scientific regulation of cosmetics and is
of great importance for ensuring the quality and safety of children’s cosmetics. Currently, this
screening method is only applicable to cream and liquid oil samples. Future work will focus on
optimizing pretreatment methods for other sample matrices and continuously expanding the number
and variety of compounds in the database. The enhanced screening database can be applied not only
to the screening of illegally added substances in children’s cosmetics, but also extended to other
cosmetic categories, thereby providing a strong safeguard for the safe use of cosmetics.

Key words: children’s cosmetics; high resolution mass spectrometry; prohibited substances; high-

throughput screening
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Fig.1 Optimized solvent of pretreatment for cream (a) and liquid oil (b) samples
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Optimized time of ultrasonic extraction for cream (a) and liquid oil (b) samples
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e MG . % 0.1%H IR 1Y 2 mmol/L F iR £ /K -
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Fig. 3 Extracted ion chromatograms of 180 prohibited substances under ESI" (a) and ESI” (b) modes
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Fig. 4 Extracted ion chromatograms of hormone compound isomers
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Fig. 6 Chromatograms (a), mass spectrum (MS) (b), mass spectrum (MS?) and mirror mass spectrum of

sulfamethoxazole (c)
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Table 2 Detection results of the target compounds in the added standard sample and the matching scores of the

/INT£2.5%, BEES TR BT U 22 /N T 5%10°,
TG G PR L ECAT 2y R T 70 4, A5 2R ST
2.

secondary mass spectrometry

A I Te]

P EWAFR SRII5E ¢ Retention AU 2 . = lﬁﬁ%l@l&ﬁﬂﬁé}
No. Component name Measured mass (m/z) time/min Mass error/x10 Library score
1 22 pe e 395.1868 8.49 0.8 86.4
2 SRR 379.1916 9.38 0.3 83.8
£ KA 393.2077 9.93 1.3 92.5

4 HFEKF 393.2077 10.13 1.3 90.8

5 A 411.1968 10.26 2.1 93.1

6 RS 417.2271 10.63 -0.1 95.4
7 EVEE N 4352182 10.79 1.1 93.9
8 122 PG e WU R e 479.2060 13.81 -3.3 95.8
9 A N AL 403.2114 10.96 0.2 82.2
10 AT 377.2100 15.84 6.1 100.0
11 AL AT BRA AR TR 405.2268 10.60 -1.0 94.4
12 AT IR R R R 4232176 10.65 -0.2 92.4
13 Hh R AT AR 384.2187 13.52 -2.3 89.7
14 AN I 401.1964 10.93 1.4 96.7
15 Feflu 445.1580 7.75 -1.7 94.7
16 BILE /S /N R 4352182 11.35 1.1 88.6
17 i 77 431.2426 11.57 -0.5 96.8
18 TR e B R g 419.2222 11.81 1.4 88.2
19 ST A SRR R 447.2741 12.13 0.0 94.8
20 RIS R T 4952191 12.73 0.4 78.4
21 FURHABRRRR 4952191 12.59 0.4 91.3
22 FEAM KA KRR B 477.2644 12.60 -0.5 87.3
23 MR PEZS 455.1994 12.68 -0.3 71.8
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&gk

i LAt SR AL PEEINT g —summEm

No. Component name Measured mass (m/z) .etentlc.)n Mass error/x107° Library score
time/min

24 B SR R R T 521.2306 13.07 1.0 95.9
25 PGS 503.2436 12.93 -0.8 79.6
26 G MR R R 467.1995 12.89 0.0 91.0
27 Pk SUNISTAL 501.1916 13.21 -0.3 78.6
28 TORMAAHERR R 521.1492 13.06 -0.1 75.9
29 [REw S S| il 521.2306 13.72 1.0 95.9
30 ST A T8 S R e 479.2604 13.66 0.1 96.6
31 AT AN T R PR 479.1995 13.83 0.0 95.8
32 WRRE 541.3160 14.73 0.1 93.4
33 Rz 467.1813 12.91 -39 91.0
34 R T 509.2345 12.77 0.0 79.8
35 K IemIE 361.2011 9.30 0.5 71.4
36 KRIER 359.1848 9.23 -1.5 87.6
37 SALTT R 363.2165 9.15 0.2 95.0
38 ATHYAL 361.2011 9.48 0.5 91.4
39 R JE M TE 375.2155 10.16 -2.9 92.1
40 REKAL 409.1789 10.65 32 81.5
41 iR 4352182 10.63 1.1 90.5
42 TR 4532086 10.95 0.5 91.4
43 EEE N 4372333 10.85 -0.1 74.5
44 A RAT 2 g 403.2114 11.34 0.2 77.7
45 FESR SR A TR R AR ISR 417.2271 11.53 -0.1 94.2
46 FEM KA R 4352182 11.19 1.1 91.3
47 AL AT BR T R R 433.2584 11.58 -0.1 86.5
48 22 2% TR R TR 477.2285 12.23 0.5 96.3
49 ke Rk 489.2462 12.74 —4.2 96.5
50 BT 2R P AR R 485.1901 13.04 0.0 89.5
51 [livazy)a 331.2274 11.79 1.9 87.5
52 i A KA BN TR TR 505.2596 13.26 -0.1 775
53 SER 289.2161 11.16 -0.5 90.3
54 2 = I ) 309.1851 15.84 0.6 91.5
55 FH LS AL T 303.2320 11.59 0.6 96.4
56 B2 313.2164 14.40 0.7 98.7
57 W= 287.1789 10.62 -3.1 79.5
58 W e 271.1846 9.31 -1.1 84.6
59 i 269.1699 11.54 22 79.3
60 A 267.1469 11.38 3.4 90.8
61 STV 210.1352 6.75 1.0 97.6
62 HI R 341.2117 11.97 1.6 80.0
63 19- 383 15 -4-05-3,17- i 303.1957 9.19 0.9 93.5
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&gk
i LAt SR AL PEEINT g —summEm
No. Component name Measured mass (m/z) .etentlc.)n Mass error/x107° Library score
time/min
64 i 2 R b 272 ) 385.2372 12.97 -0.2 97.7
65 i 2 S b 2 ) 405.1830 13.16 0.8 80.6
66 AR 315.2320 12.79 0.4 95.6
67 JiFi i PP 2 22 ) 387.2533 13.17 0.7 96.6
68 CER IR A 429.3000 14.40 0.2 86.7
69 170-F2 42 331.2274 13.50 1.9 87.5
70 P ik 172.0716 4.58 -0.6 99.4
71 ANTSR U= 332.1408 7.49 0.9 92.4
72 TEMEER 425.1879 8.45 1.8 92.4
73 SOMEE R e 505.1535 7.87 0.1 100.0
74 AR 407.2214 5.54 0.9 91.1
75 EAUETS 3 445.1590 7.75 -3.7 86.5
76 KRR 458.1922 7.53 0.0 50.1
77 [TfagieS 749.5159 8.98 0.2 92.9
78 SRR 748.4817 11.95 33 90.1
79 BATER 837.5324 11.80 0.7 94.8
80 AHR 277.0812 11.60 -2.5 90.4
81 it e FP s 271.0318 6.71 0.1 99.5
82 T e SR A I 285.0206 7.63 -0.6 98.1
83 Whrvb A 386.1308 8.53 -0.6 74.4
84 BURTD B 400.1468 8.64 0.3 65.5
85 B A 402.1823 8.72 -0.1 94.3
86 R R 320.1407 7.34 0.7 100.0
87 B A 360.1720 7.90 0.6 75.2
88 E7 N 445.1590 7.75 -3.4 89.3
89 THR 461.1556 6.80 0.3 93.2
90 At fe 396.0432 7.48 0.3 94.5
91 IREFEZR 353.0787 10.74 0.1 78.6
92 IR 376.1669 8.31 0.6 80.3
93 k2% VEBE 621.1258 11.08 0.5 94.2
94 KA 520.0731 11.72 -1.2 90.8
95 KAt H 585.0351 7.50 0.3 83.2
96 KABH 512.0571 6.74 33 80.7
97 KA 384.0438 12.87 1.8 94.9
98 SKALIA 5 s 558.1328 10.90 1.0 87.2
99 AL 512.1272 10.73 0.8 94.5
100 At Sk 472.0527 6.48 0.2 97.6
101 SKAEwRIK 473.1526 7.28 0.6 93.8
102 A mEnk 524.0369 8.34 1.1 88.6

103 AT 459.0801 5.73 22 91.7
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No. Component name Measured mass (m/z) .etentlc.)n Mass error/x107° Library score
time/min
104 SKAEPC AR GA 448.0605 6.32 -0.5 96.5
105 PR 875.5165 11.80 1.6 93.4
106 (A ey 315.0800 10.51 0.8 98.1
107 WATHH 359.0620 9.82 1.1 95.2
108 R E 405.1186 11.96 4.2 79.8
109 I e e 338.1519 8.22 2.5 70.1
110 T 345.1146 11.79 -2.0 80.2
111 T e 531.1564 11.38 0.8 95.4
112 TR 307.1116 7.35 1.0 95.5
113 TGRS 311.1542 11.77 -0.2 78.2
114 EN e 288.1756 11.50 3.2 76.4
115 T B 381.0328 12.86 1.3 94.5
116 K R 414.9938 13.52 1.3 87.9
117 FRnHma e 208.1333 12.24 0.5 90.5
118 Pt 705.2465 13.93 -0.1 95.1
119 PRT e 350.1228 10.62 1.4 98.7
120 FHiZE g 329.1329 13.86 3.1 99.8
121 ARV A 362.1510 7.35 0.0 93.1
122 TE etk e 250.0646 5.75 0.6 93.4
123 i i g 265.0754 6.08 0.1 97.1
124 Ttk e P A 281.0706 6.83 1.0 96.1
125 i i P e 254.0594 7.67 0.2 96.5
126 TR 321.1359 7.02 0.5 83.0
127 HEE 334.1562 7.47 0.0 95.4
128 BBV E 370.1378 7.26 1.3 93.2
129 I ) 325.1144 571 0.3 93.2
130 GITIES 271.0967 12.17 0.9 96.3
131 By A 418.1376 9.22 0.7 98.8
132 USULIES 254.1281 4.61 -2.8 86.7
133 S {0E=57g 526.1112 11.12 0.8 91.8
134 Hh SR e 311.1313 8.62 1.0 84.6
135 R E AT 275.1312 9.06 0.9 97.2
136 i [7 i 459.2556 9.62 0.2 93.0
137 LR AR 256.1811 9.14 1.0 98.8
138 SRR IR B 319.0808 9.28 1.1 100.0
139 EN G 256.1690 9.74 2.3 98.8
140 EINIE AL 285.1420 10.48 0.1 98.5
141 EN Rl 375.1836 10.87 0.5 99.5
142 EAPkE 404.1559 12.02 0.2 89.8
143 ERTR R R 389.1626 10.78 -0.2 98.8
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i LAt SR AL PEEINT g —summEm
No. Component name Measured mass (m/z) .etentlc.)n Mass error/x107° Library score

time/min
144 R AT 438.1825 12.72 0.8 91.9
145 IR E T 319.1040 11.87 32 97.8
146 Az 383.1533 12.29 3.1 100.0
147 FrRIRE 472.3219 12.79 2.0 94.2
148 R IE BENE 288.1751 10.80 1.4 76.4
149 kT 253.1234 4.61 1.5 100.0
150 W R 236.1752 4.68 2.1 94.4
151 WERE 237.1599 5.80 0.7 96.1
152 HRRAEE RN 271.1212 12.17 1.5 96.3
153 AR 166.0864 8.83 0.6 94.4
154 FIZR P 235.1807 6.92 0.9 99.8
155 THRH 265.1915 9.63 1.6 94.6
156 FEAR 344.2344 11.18 3.2 95.6
157 AAHR 255.1260 7.87 0.6 99.1
158 ZTHERKRH 307.2391 9.64 3.7 98.3
159 FIZRR B 180.1018 9.92 -0.6 79.1
160 IS N 294.2075 10.35 3.7 92.3
161 fFLBT 352.1368 14.50 0.7 80.7
162 Far2 A 327.1962 14.78 2.1 72.7
163 S4EHTR 301.2158 14.88 -1.5 98.3
164 YR 301.2151 15.17 -3.7 98.3
165 M R i 355.2269 15.84 0.5 97.4
166 PUE AN Ll 296.0240 12.11 0.0 98.2
167 N5 SE 358.0841 12.68 0.0 98.3
168 WA P 271.0967 12.17 0.9 96.3
169 5-HUEFEAME IR R 217.0507 10.06 5.4 98.3
170 RN B 2 323.1278 12.09 0.0 97.7
171 SAMENRR 187.0391 9.97 0.9 98.4
172 PG 417.2074 11.63 4.8 76.5
173 PR Sl 204.1383 10.81 -0.1 96.7
174 ERFR PR 236.1650 8.78 2.0 90.1
175 =ZHITbAR 229.0868 12.40 38 88.7
176 8-HI A FEAME IR R 217.0501 10.05 2.8 98.3
177 AR T 325.1436 12.10 0.4 100.0
178 HEIER 187.0391 9.80 0.9 98.4
179 4 FRD3 385.3461 16.41 -1.1 95.5

180 ok 355.2126 7.83 -0.8 96.6
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