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ABSTRACT: Objective To screen and confirm common antibiotics in cosmetics by ultra high
performance liquid chromatography-linear ion trap/orbitrap high resolution mass spectrometry
(UPLC-LTQ/orbitrap MS). Methods Cosmetic samples were extracted with methanol, the elutes were
separated on a Waters ACQUITY UPLC BEH Cy; column (2.1 mmx100 mm, 1.7 pm) using gradient elution
with aqueous containing 5 mmol/L ammonium acetate and 0.1% formic acid/acetonitrile. The accurate mass of
quasi-molecular ion were acquired by full scanning of electrostatic field orbitrap, the rapid screening were

carried out by the accurate mass of quasi-molecular ion. The confirmatory analysis for target compounds was
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performed with the retention time and qualitative fragments obtained by data dependent scan mode. Results

Under the optimal conditions, 36 antibiotics were routinely detected with mass accuracy error below 5x10°(5

ppm), and they all showed a good linearity in their respective linear ranges with correlation coefficients all
higher than 0.99. The limit of detection (LOD) for all of 36 determined compounds were <10 pg/kg, the
recoveries were in the range of 54.15%-117.55% with the relative standard deviations (RSDs) between
1.19%~13.25%. Conclusion The developed method was applied to screen the antibiotics in 50 kinds of

cosmetic samples which demonstrated that the method was a useful tool for the rapid screening and qualitative

identification of antibiotics in cosmetics.
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24.1 &5
: Waters ACQUITY UPLC BEH C5 (2.1
mmx100 mm, 1.7 pm, Waters ); 1 250
Dr. Ehrenstorfer , =99% uL/min; : 10 pL; 130 C; A
22 XBRBSRIA AR H (5 mmol/L 0.1% ), B ;
: : 0~5 min, 20%~30% B; 5~8
100 pgfnL ’ ’ min, 30%~60% B
18 C ’ 242 k& n
: FT orbitrap;
(heated electrospray ion source, HESI);
23 HmiBRETE . HEST; : 350 C; : 3.0 kV;
1.0 g( 0.01 g) 50 mL 180V, : 2.067x10° Pa;
, 10 mL , s : 3.3 L/min; ;
15min, , 10000 r/min 5 min, (m/2):  50~500
10 mL, 1 min, 10000 r/min ( R=30000),
min, ( 10 mL CID ;
), , 1 mL - ( :35% 36 UPLC-LTQ/Orbitrap MS
mmol/L 0.1% )(1:9) , 1
F1 BMMERMATSY
Tablel Analysisparametersof the 36 kinds of antibiotics
No. Compounds R.etentif)n Ton formation Theoretical Measured Mass ac,é’ uracy
time/min (m/2) (m/2) error/10™° (ppm)
1 Sulfadiazine 1.75 [M+H]" 251.05972 251.05951 -0.84
2 Sulfadoxine 3.65 [M+H]" 311.08085 311.08131 1.48
3 Sulfadimethoxine 5.45 [M+H]" 311.08085 311.08130 1.45
4 Trimethoprim 1.88 [M+H]" 291.14517 291.14501 -0.55
5 Sulfamethazine 2.45 [M+H]" 279.09102 279.09078 -0.86
6 Sulfacetamide 1.64 [M+H]" 215.04849 215.04799 -2.33
7 Sulfapyridine 1.93 [M+H]" 250.06447 250.06508 2.44
8 Sulfathiazole 1.80 [M+H]" 256.02089 256.02164 2.93
9 Sulfamerazine 2.09 [M+H]" 265.07537 265.07601 2.41
10 Sulfisoxazole 4.31 [M+H]" 268.07540 268.07574 1.27
11 Sulfamethoxypyridazine 2.53 [M+H]" 281.07029 281.06959 -2.49
12 Sulfamonomethoxine 3.05 [M+H]" 281.07029 281.07075 1.64
13 Sulfaclorpyridazine 3.37 [M+H]" 285.02075 285.02043 -1.12
14 Sulfamethoxazole 391 [M+H]" 254.05939 254.05853 -3.39
15 Sulfaquinoxaline 5.54 [M+H]" 301.07537 301.07509 -0.93
16 Sulfaphenazole 5.77 [M+H]" 315.09102 315.09061 -1.30
17 Sulfamethizole 2.46 [M+H]" 271.03179 271.03171 -0.30
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g1
No. Compounds R.etentign Ton formation Theoretical Measured Mass acguracy
time/min (m/2) (m'z) error/10° (ppm)
18  Ciprofloxacin 1.90 [M+H]" 332.14050 332.14072 0.66
19 Levofloxacin 1.82 [M+H]" 362.15106 362.15073 -0.91
20  Norfloxacin 1.77 [M+H]" 320.14050 320.14084 1.06
21 Enrofloxacin 2.25 [M+H]" 360.17180 360.17206 0.72
22 Danofloxacin 2.01 [M+H]" 358.15615 358.15619 0.11
23 Sarafloxacin 2.95 [M+H]" 386.13107 386.13104 —-0.08
24 Lomefloxacin 2.08 [M+H]" 352.14672 352.14697 -0.71
25  Flumequine 7.24 [M+H] 262.08740 262.08719 —-0.80
26  Pipemdilic acid 1.44 [M+H]" 304.14042 304.14096 1.78
27  Enoxacin 1.65 [M+H]" 321.13575 321.13608 1.03
28  Difloxacin 3.11 [M+H]" 400.14672 400.14679 0.17
29  Marbofloxacin 1.72 [M+H]" 363.14631 363.14645 0.39
30  Cinoxacin 3.57 [M+H]" 263.06625 263.06619 -0.23
31 Oxolinic acid 4.48 [M+H]" 262.07100 262.07077 —0.88
32 Unizole 2.01 [M+H] 142.06110 142.06081 -2.04
33 Ronidazole 1.70 [M+H] 201.06183 201.06134 -2.44
34 Metronidazole 1.52 [M+H]" 172.07167 172.07145 -1.28
35  Hydroxymetronidazole 1.33 [M+H]" 188.06658 188.06613 -2.39
36 2-hydroxymethyl-1-metyl-5-nitroimidazole 1.54 [M+H]" 158.05602 158.05594 -0.51
£ B 5418
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5
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Fig. 1 Extracted ion chromatograms of the 36 kinds of antibiotics
(1: Sulfadiazine; 2 : Sulfadoxine; 3: Sulfadimethoxine; 4: Trimethoprim; 5: Sulfamethazine; 6: Sulfacetamide; 7: Sulfapyridine; 8 :
Sulfathiazole; 9: Sulfamerazine; 10: Sulfisoxazole; 11: Sulfamethoxypyridazine; 12: Sulfamonomethoxine; 13: Sulfaclorpyridazine; 14:
Sulfamethoxazole; 15: Sulfaquinoxaline, 16 : Sulfaphenazole; 17: Sulfamethizole; 18: Ciprofloxacin; 19 : Levofloxacin; 20 : Norfloxacin; 21 :
Enrofloxacin; 22 : Danofloxacin; 23: Sarafloxacin; 24 : Lomefloxacin; 25 : Flumequine; 26: Pipemdilic acid; 27: Enoxacin; 28 : Difloxacin; 29:
Marbofloxacin; 30 : Cinoxacin; 31: Oxolinic acid; 32: Unizole; 33: Ronidazole; 34 : Metronidazole; 35: Hydroxymetronidazole; 36:
2-hydroxymethyl-1-metyl-5-nitroimidazole)
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Table2 Comparison of products of the 36 kinds of antibioticsin CID and HCD modes
Product ion/ (M/z) (relative abundance/%)
No. Compounds Parent Ion
CID HCD
1 Sulfadiazine [M+H] 156.01125(100) 156.01122(100);251.05965(30)
2 Sulfadoxine [M+H]" 156.01143(100);108.04427(21):311.08111(20) igg;)o(lsljg(loo)?108'04435(85);92'0
. . . 245.10368(100);156.07683(90);218.02338(56);  156.07689(100);108.04436(55);92.0
3 Sulfadimethoxine [M+H] 311.08129(41) 4907(31)
4 Trimethoprim [M+H] 230.11622(100);123.06636(46) 291.14506(100)
279.09092(100);186.03306(90);204.
5 Sulfamethazine [M+H] 186.03306(100);279.09093(24) 04362(83);156.01130(81);124.08669
(80);108.04413(34);92.04917(21)
. . 156.01089(100);108.04395(46);92.0
6 Sulfacetamide [M+H] 156.01087(100) 4904(28)
. . . 156.01176(100);184.08742(50);250.06
7 Sulfapyridine [M+H] 156.01175(100);184.08741(77) 521(48):108.04449(45).92.04904(27)
. . 156.01175(100);108.04449(48);92.0
8 Sulfathiazole [M+H] 156.01179(100) 4904(34)
. . _ _ 156.01172(100);108.04451(54);172.01
9  Sulfamerazine [M+H] 172.01791(100);156.01172(72);265.07604(35) (43):92.04946(36):265.07604(34)
10 Sulfisoxazole [M+H]" 156.01176(100) 156.01178(100);108.04404(63);92.0

11 Sulfamethoxypyridazine [M+H]"

12 Sulfamonomethoxine

13 Sulfaclorpyridazine

14 Sulfamethoxazole

15 Sulfaquinoxaline
16 Sulfaphenazole

17 Sulfamethizole

18 Ciprofloxacin
19 Levofloxacin

20 Norfloxacin

[M+H]*
[M+H]"
[M+H]
[M+H]

[M+H]"
[M+H]
[M+H]
[M+H]

[M+H]"

156.01097(100);126.06578(25)

156.01153(100);215.09309(91)

156.01125(100);188.01273(26)

156.01090(100)

156.01131(100);208.01760(45)
222.03307(100);315.09081(35)

156.01121(100)

288.15045(100);314.12982(82)
318.16089(100)

302.12970(100);276.15024(93)

4904(42)

156.01104(100);126.06583(42);108.04
410(35);281.06983(23);92.04907(21)

156.01153(100);108.04433(70);126.06
622(54);92.04936(44);215.09309(30)

156.01124(100);108.04414(39):92.0
4918(25)

156.01083(100);108.04394(35);92.0
4904(20)

156.01131(100);108.04419(38);92.0
4923(25);301.07541(22)

315.09071(100)

156.01122(100);108.04412(41);92.0
4916(26)

332.14053(100);288.15051(95);314.
12994(68);245.10829(20)

318.16095(100);362.15094(38)

320.14053(100);276.15033(73);302.
12985(70)
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Product ion/ (m/z) (relative abundance/%)
No. Compounds Parent Ion
CID HCD
21 Enrofloxacin [M+H]" 316.18198(100); 342.16132(50) 316.18207(100);360.17200(65);342.
14167(37)
22 Danofloxacin [M+H]" 340.14545(100); 314.16632(56) 358.15607(100);340.14557(55);314.
16638(32)
. . , 342.14130(100);386.13080(80);368.
23 Sarafloxacin [M+H] 342.14108(100); 368.12024(70) 12051(71);299,09888(41)
. . , 308.15701(100);352.14697(86);265.
24 Lomefloxacin [M+H] 308.15695(100); 334.13638(30) 11441(76):334.13644(35)
25  Flumequine [M+H]" 244.07660(100) 244.07658(100);262.08722(77)
26 Pipemdilic acid [M+H]" 286.12964(100); 217.10851(44) 304.14020(100);217.10829(46);286.
12936(44)
. . ‘ , 321.13602(100);303.12534(74);277.
27 Enoxacin [M+H] 303.12497(100); 257.13925(35):277.1456321) {4 son00rn3y 10376(23)
. . . ‘ 356.15686(100);400.14606(58);
28 Difloxacin [M+H] 356.15671(100); 382.13559(54) 382.13568(46):39.09915(28)
. . , 320.10428(100);363.16433(95);345.
29 Marbofloxacin [M+H] 320.10422(100); 345.13593(37) 13599(89):277.06183(28)
30 Cinoxacin [M+H]" 245.05528(100); 263.06573(36) 263.06583(100);245.05537(42)
31 Oxolinic acid [M+H]" 244.06001(100) 244.05998(100);262.07062(72)
32 Unizole [M+H]" 142.06079(100); 96.06789(53) 142.06085(100);96.06799(24)
33 Ronidazole [M+H]" 140.04504(100) 140.04506(100)
34 Metronidazole [M+H]" 128.04511(100); 172.07139(44) 128.04514(100);172.07143(40)
35 Hydroxymetronidazole [M+H]" 126.03006(100); 123.05563(84) 123.05567(100);126.03000(95);144.
04045(45)
36 g:giﬂ;ﬁ’;’{gﬂ?'l'mmﬂ‘ [M+H]" 140.04560(100) 140.04554(100);158.05599(24)
CID HCD ) =45 ,
2002/657/EC 4
b 2
1D 0 LS
¢ 35% 34 FAEMITE
, CID
“cut off” ( “ ’ ’
»), HCD ’ ’
24 h ,
’ 24 h
2
2002/657/EC
20 35 FEFIFM
25 351 AMXEZAAEER
1 1
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, SN (relative standard deviations,
) RSD), 36
(Environmental Protection 54.15%~117.55%, RSD 1.19%~13.25%
Agency, EPA) (131, 1 ( 4
; T 3.6 SERRHESREIET
36
LTQ orbitrap
( )
3 b
3.52 ENRE
3 , 50
LOQ 2LOQ 10LOQ 3 )
, 6 , )
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Table3 Linear ranges, correlation coefficients of 36 kinds of antibiotics

Compounds ESI P2 Linear LOD/ Compounds ESI 2 Linear LOD/

P mode range(pg/kg) (png/kg) P mode range(pg/kg)  (ng/kg)
Sulfadiazine ESI’ 0.9997 5~500 5 Levofloxacin ESI' 0.9984 5~500 5
Sulfadoxine ESI 0.9985 5~500 5 Norfloxacin EST 0.9971 5~500 5
Sulfadimethoxine EST 0.9953 5~500 5 Enrofloxacin EST 0.9990 5~500 5
Trimethoprim ESI"  0.9999 5~500 5 Danofloxacin EST” 0.9983 5~500 5
Sulfamethazine ESI"  0.9988 5~500 5 Sarafloxacin ESI* 0.9976 5~500 5
Sulfacetamide ESI"  0.9997 5~500 5 Lomefloxacin ESI* 0.9994 5~500 5
Sulfapyridine ESI"  0.9996 5~500 5 Flumequine ESI 0.9987 5~500 5
Sulfathiazole ESI" 0.9970 5~500 5 Pipemdilic acid ESI 0.9976 5~500 5
Sulfamerazine ESI 0.9999 5~500 5 Enoxacin ESI 0.9969 5~500 5
Sulfisoxazole EST 0.9939 5~500 5 Difloxacin ESI” 0.9991 5~500 5
Sulfamethoxypyridazine ~ ESI" 0.9982 5~500 5 Marbofloxacin EST 0.9982 5~500 5
Sulfamonomethoxine ESI"  0.9993 10~1000 10 Cinoxacin ESI* 0.9999 5~500 5
Sulfaclorpyridazine ESI"  0.9989 5~500 5 Oxolinic acid EST” 0.9978 5~500 5
Sulfamethoxazole ESI"  0.9999 5~500 5 Unizole ESI 0.9998 5~500 5
Sulfaquinoxaline ESI 0.9999 5~500 5 Ronidazole ESI 0.9965 5~500 5
Sulfaphenazole ESI 0.9972 5~500 5 Metronidazole ESI 0.9993 5~500 5
Sulfamethizole ESI”  0.9995 5~500 5 ?aiirl‘:‘ymem’m ESI”  0.9990 5~500 5

2-hydroxymethyl
Ciprofloxacin ESI"  0.9980 5~500 5 -1-metyl-5-nitroi ~ ESI" 0.9995 5~500 5
midazole
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Table4 Recoveriesof the 36 antibiotics spiked in cosmetic samples (n=6)
Add Aqueous Cream Oil Add Aqueous Cream Oil
Compoun Level Compoun Level
ds L Averag RSD Averag RSD Averag RSD ds L Averag RSD Averag RSD  Averag RSD
ML) ey () o) (%) %) (%) WD) o) ) e%) (W) e%) (%)
5 68.14 631 7586 692 77.85 1.85 5 79.54 3.50 88.57 4.69 8053 691
S“Ifr‘:g‘az‘ 10 63.08 9.00 70.16 8.19 8627 242 Le;’;ﬂ"" 10 8459 3.59 9414 330 7977 2.19
50  68.14 734 7584 738 9929  7.62 50 6927 439 77.08 346 8421 3.78
5 64.62 613 7188 495 9337 2.84 5 7530 2.85 83.81 287 8793 3.49
Suliaedo’“ 10 7505 3.85 8352 339 10723 3.57 NOZ?H"“ 10 90.46 2.96 100.69 322 9896 6.60
50 10597 4.46 117.90 3.49 102.93 4.02 50 6825 822 7595 801 101.53 8.92
5 56.13  5.09 62.54 724 77.68  6.89 5 82.70 635 92.04 6.18 103.15 8.56
Sulfadime 6 7960 710 8861 7.53 9036 522 EMofloxa o955 550 9972 649 10861 6.08
thoxine cin
50 8979  3.00 99.94 324 10144 6.50 50 8851 340 9859 551 11241 3.96
5 7020 853 7822 755 7410  4.02 5 75.80 533 8434 450 9843 9.83
Trimetho 5 2566 525 8644 517 7796 250 PAOMOX 5 g007 667 7895 572 9312 3.8
pr1m acin
50 8597 263 9567 204 7681 7.1 50 7136 4.94 7945 591 9594 445
5 84.92 345 9452 3.63 7533 238 5 8623 476 96.02 582 8242 9.78
S“;fzai‘::th 10 8484 483 9446 559 7606 3.36 Sarjifrllo"a 10 89.09 288 9920 428 84.17 6.43
50 9032 3.14 100.51 2.04 89.87 491 50 7131 6.82 79.40 7.6 7828 9.79
5 6730 650 74.85 505 8079  4.09 5 82.82  7.05 92.09 524 8770 129
Sulfaceta 1 g0 1g 473 8929 603 8362 414 LOMefloX o064 282 12000 201 9824 648
mide acin
50 8479 3.15 9438 3.58 93.19 3.84 50 7533 748 8380 6.65 101.68 5.87
5 83.65 4.55 93.08 3.87 8494 325 5 7276 532 8097 480 68.67 581
S“;fiiiy“ 10 7405 3.80 8245 4.68 8411 241 Fl“?:q“‘ 10 8086 673 90.03 741 67.68 3.68
50 8233 559 9168 6.65 98.67 5.09 50 6039 10.68 6730 948  90.03 9.33
5 8535 3.69 95.01 4.16 6833 945 5 72.18 576 8040 734 5850 7.30
Sulff‘lg“az 10 7497 488 8344 468 87.61 636 P‘fzr;?i‘h 10 6916 720 77.04 843 8315 207
50 7783 655 8667 7.69 99.71 2.78 50 7824 7.85 87.12 859 103.64 8.06
5 70.12 724  78.02 685 10035 5.40 5 7721 7.64 8590 687 84.56 435
S“‘Z‘r‘l‘gera 10 8565 531 9535 574 8925 677 Enoxacin 10 7151 1325 79.67 7.61 8240 231
50 86.89 655 9670 643 9923  4.50 50 7895 3.61 87.85 278 9296 4.5
5 9137 249 7949 3.62 9572 5.12 5 8642 630 9618 624 81.76 3.48
S“gﬁg"a 10 9334 598 8121 669 9353 3.97 D‘ﬂflxa“ 10 9042 501 10066 547 8872 298
50 10375 2.61 9029 4.60 79.46 7.94 50 66.62 6.92 7408 521 9213  3.69
5 96.03 435 83.04 287 8281 1.6l 5 60.34 350 67.16 378 7640 9.87
Sulfameth Marboflo
oxypyrida 10 8221 539 9152 571 7336 478 oU0 10 8684 771 9654 545 9416 244
zine
50 7461 343 106.83 3.43 9355 5.49 50 5537 1097 61.67 942 8627 1.6
10 7257 270 8076 222 7445  3.99 5 7568 631 8418 508 9157 621
Sulfamon Cinoxaci
omethoxi 20 8546 321 9513 3.63 67.03 1.57 (I)lac 10 9830 546 10936 450 9839 4.51
ne
100 5415 2.65 6027 249 79.18  6.48 50  74.16 3.97 8254 426 103.65 6.79




(2]

[3]

Regulation (EC) No 1223/2009 of The European Parliament and
of the Council of 30 November 2009 on cosmetic products [Z].
[Z]. 2007

(8]
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gk 4
Add Aqueous Cream Oil Add Aqueous Cream Oil
Compoun Level Compoun Level
ds e‘//;i Averag RSD Averag RSD Averag RSD ds e‘;ﬁ Averag RSD Averag RSD Averag RSD
ML) en) ) e) (%) e%) (%) L) “ewn) 6 eh) %) %) (%)
5 65.11 7.70 7242 649 8132 528 5 73.65 494 81.93 3.60 80.05 8.80
Sulfaclor Oxolinic
pyridazin 10 59.72 837 69.73 839 8444 322 acid 10 7823 449 87.04  3.59 7537 1.77
e
50 67.62 645 7524 6.07 11096 3.60 50 6030 3.62 67.15 509 108.90 3.17
5 7545 298 8397 242 7426 594 5 81.04 3.05 90.20 3.18 79.72  8.57
Sg}i“;;gh 10 9337 141 10395 250 96.16 3.74  Unizole 10 88.63 2.63 98.66 330 8939 2.63
50 78.77 331 87.68 3.50 100.49 5.65 50 7448 568 8297 738 104.86 3.35
5 99.79 2.55 111.08 2.84 78.34 6.08 5 92.00 3.64 79.98 1.64 8621 2.93
Sulfaquin 15 9354 356 10412 3.85 8558 7.93 ROMIZO 510353 663 9006 669 9581 431
oxaline le
50 6738 6.52 7499 631 93.12 3.86 50 106.09 6.95 92.41 9.33 9943  4.78
5 83.11 6.75 9243 493 97.58 1.66 5 107.77 6.38  93.89 9.11 87.24  2.64
Sulfaphen 5 ¢767 456 9755 390 9009 260 MrOmd o y1350 557 9880 587  90.62 642
azole azole
50 57.67 420 64.17 3.12 102.50 5.76 50 117.55 2.25 102.35 5.65 81.64 7.11
5 8423 539 93.68 337 7626 8.77 5 102.83 7.84 89.67 1137 99.72 4.76
Sulfameth Hydroxy
izole 10 76.53 11.85 8510 7.68 8646 230 metronid 10 9739 137 8475 378 101.18 6.64
azole
50 67.10 475 7467 4.07 93.63 3.83 50 100.38 4.65 87.27  3.71 8443  7.65
5 69.08 294 7687 192 8498 6.71 2-hydrox 5 71.60 11.25 62.24 10.55 113.03 3.94
Ciproflox ymethyl-
I;cin 10 91.58 3.08 101.92 272 79.61 2.04 I1-metyl-5 10 91.62 550 79.85 8.89 113.58 3.86
-nitroimi
50 67.09 626 7462 454 8128 1.58 dazole 50 10429 1.19 90.74 342 111.80 3.79
Hygienic standard for cosmetic [Z]. 2007
bt A
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