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Determination of 86 Doping Substances in Cosmetics by Ultra-high
Performance Liquid Chromatography—Tandem Mass Spectrometry

FENG Bo-ying', HE Hong-yuan', LU Jiang-hai*, WANG Xiao-bing?, SHEN Yao'",
WU Xiao-pei*
(1. School of Criminal Investigation, People’s Public Security University of China, Beijing 100038, China;
2. Food and Drug Anti-doping Laboratory, China Anti-doping Agency, Beijing 100029, China)

Abstract: For toner, lotion, cream, and oil-based cosmetic matrices, the sample preparation was
performed using acetonitrile containing 1% formic acid extraction combined with EMR-Lipid solid
phase extraction column purification. Ultra-high performance liquid chromatography—tandem mass
spectrometry detection was performed through dynamic multiple reaction monitoring mode, achieving
trace determination of 86 doping substances in cosmetics. In this method, norfenefrine and octopa-
mine showed a linear relationship within the range of 2 to 150 wg/L(+*>0.990), while heptaminol,
hydromorphone, methcathinone, oxilofrine and solriamfetol were linear within the range of 2 to 200
pe/L(7>0.990). The remaining 79 target substances had a good linear relationship within the range
of 2 to 400 pg/L(7>0.990). The detection limit of this method was 0. 012 5 to 125 pg/kg, with re-
coveries ranging from 80. 0% to 120% and relative standard deviations not more than 20%, meeting
the methodological requirements. In addition, this method has detected high contents of caffeine
(112.01, 500.90, 242.95, 168.12, 416.77 pg/kg) and ephedrine (531.75, 33.22 pg/kg) in
actual sample tests. Ephedrine was found in all the cream products containing a large amount of plant
extracts. This method is simple to operate, highly sensitive and accurate, and is suitable for the rap-
id screening and quantitative analysis of multiple stimulants and anesthetics in cosmetics. It provides

strong technical support for preventing athletes from being exposed to products contaminated with
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stimulants and anesthetics, ensuring the safety of athletes from doping in competitions.
Key words: ultra-high performance liquid chromatography—tandem mass spectrometry; dynamic

multiple reaction monitoring; doping substances; cosmetics
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Table I  Mass spectrometry parameters and categories of 86 doping substances

L 5 Quantitative .
Tonization Retention Precursor Fragment ion(m/z)

No. Category Name ion(m/z)

mode time/min  ion(m/z) (CEV) (CE/V)
1 G 2-Amino-5-methylhexane [M+H]*  6.22 116.0  193.1(20)  57.0(10), 41.0(30)
(1, 4-ZHHESME, 1, 4-DMAA)
2 Adrafinil/Modafinil (BT i1 41 Je /523541 J2) [M+H]* 13.28  167.0  152.0(10) 165.0(5)
3 Amfepramone (ZZ{E 7 ) [M+H]" 5.56  206.2  105.0(24) 100. 1(24)
4 Amiphenazole (K M ) [M+H]"  4.50 192.1  117.0(32) 106. 0(28)
5 Amphetamine (‘%A ) [M+H]"  3.67 136.1  91.0(16) 119.0(8)
6 Benfluorex (4585 ) [M+H]* 15.93  352.0  230.0(13) 158.9(37)
7 Benzphetamine (“FAEALEA ) [M+H]*  13.21  240.2  91.0(24) 119.0(12)
8 Benzylpiperazine ("% 3R ) [M+H]"  2.71 177.1  91.0(24) 65.0(40)
9 B—Methy]phenethy]amine(B—EF] IR ZNR) [M+H]* 3.96 136.2 91.1(17) 119.0(5)
10 Bupropion (2R ) [M+H]"  12.40 240.0  183.9(9) 130.9(29)
11 Caffeine (WIHE) [M+H]"  3.75 195.1  138.0(20) 42.0(40)
12 Carphedon(KHE£) [M+H]"  10.20  219.1  174.0(8) 129.0(24)
13 Cathine (- PYTii ) [M+H]"  2.22 152.1 134.0(8) 117.0(16)
14 Chlorphentermine (X} 58 % T i) [M+H]"  11.70 184.0  124.9(25) 167.0(9)
15 Clobenzorex (54~ & ) [M+H:|Jr 13. 64 260. 1 91.0(28) 124.9(28)
16 Cocaine (T [H) [M+H]*  11.90  304.2  182.0(17) 82.0(29)
17 Cropropamide (72 % TN I%) [M+H]* 13.67  241.2  100.1(20) 69.0(28)
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L X Quantitative .
Ionization Retention Precursor Fragment ion(m/z)

No. Category Name ion(m/z)

mode time/min  ion(m/z) (CE/V) (CE/V)

18 i Crotetamide (72 % Z %) [M+H]* 12.34  227.0  86.0(17) 69.0(29)

19 Cyclazndone(f%ﬁﬂﬂéglﬁ]) [M+H " 12.51 217.0 145.9(13) 106.0(20)

20 Dimethylamfetamine ( —H ZEAK 1% ) [M+H]*  5.51 164.1  91.0(20) 119.0(8)

21 Dobutamine ( 22 [ 13 T 1) [M+H]* 15. 41 302.0 107.0(29) 136.9(21)

22 Ephedrinc/Pesudocphedrine(Jﬁ‘ﬁﬁﬁ”ﬁﬁﬁﬁjﬁ) [M+H]* 2.74 166. 1 148.0(8) 115.0(28)

23 Etamivan (5 2 ) [M+H]" 12.53  224.1 150.9(16) 122.9(28)

24 Etilamphetamine( Z Al HA ) [M+H]*  5.51 164.1  91.0(20) 119.0(8)

25 Etilefrine (K fRbR) [M+H]"  1.41 182.0  164.0(9) 91.0(29)

26 Famprofazone (72 & 5%) [M+H]* 17.01  378.3  91.0(40) 119.0(28)

27 Fenbutrazate (57 fig) [M+H]* 16.86  368.2  191.0(20) 91.0(40)

28 Fencamfamin (ZF 3Kk 0) [M+H]* 12.64  216.2  91.0(36) 67.0(20)

29 Fencamine (ZFMIIEH ) [M+H]*  10.77  385.2  236.0(20) 91.0(40)

30 Fenetylline(Z% Z.455%) [M+H]* 11.56  342.2  91.0(40) 119.0(16)

31 Fenfluramine (Z5 5057 HH ) [M+H]* 12.84  232.0 158.9(21) 158.9(21), 46.0(13)
32 Fenproporex (257 7] ) [M+H]*  5.71 189.1  91.0(20) 119.0(8)

33 Heptaminol (3 I %) [M+H]* 1.54 146. 2 128.0(8) 41.1(32)

34 Isometheptene (5#2£77) [M+H]*  9.50 142.2 69.0(12) 41.1(32)

35 Malondialdehyde (PN %, MDA) [M+H]"  4.29 180.1  163.0(8) 105.0(24)

36 Methylenedioxyethylamphetamine(3, 4-WH —4& 3 [M+H]®  7.19 208. 1 163.0(8) 105. 0(28)

HORTIME, MDEA)
37 Methylenedioxymethamphetamine(3 , 4-H AR [M+H T 5.42 194. 1 163.0(8) 105.0(24)
FLIRPME, MDMA)

38 Meclofenoxate ( F 54 2578 ) [M+H]" 12,01  258.0  72.0(10) 213.0(10), 141.0(20)
39 Mefenorex( 25 HH]) [M+H:|Jr 11.91 212.1 91.0(24) 119.0(8)

40 Mephedrone ( H 42Uk Bl ) [M+H]*  4.27 178.0  160.0(9) 145.0(21)

41 Mephentermine (3525 T %) [M+H]*  7.15 164.0  91.0(28) 133.0(10), 65.0(40)
42 Mesocarb(FR ) [M+H]" 15.98  323.2  91.1(22) 176.9(6), 119.0(6)
43 Metamphetamine ( F 3% 22 fib ) [M+H]"  4.64 150.2  91.1(20)  119.0(10), 65.1(20)
44 Methcathinone ( - PG i ) [M+H]* 1.13 164.0  131.0(21) 146.0(9)

45 Methylephedrine ( F iR 255 [M+H]*  3.16 180.0  162.0(13) 46.1(17)

46 Methylhexaneamine ( F 3£ 20 % ) [M+H]*  5.91 116.2  57.0(25) 41.0(25)

47 Methylphenidate (WR H i) [M+H]*  11.10  234.0  84.0(17) 56.0(40)

48 Morazone (M7 5% ) [M+H]* 12.35 378.0 201.0(10) 185.0(45), 93.0(45)
49 Nikathamide (J& A 2K ) [M+H]*  7.58 179.1  108.0(20) 72.1(16)

50 N-Methylphenethylamine (N-F 322 4l fli £y ) [M+H]"  2.79 136.2  105.0(13) 77.1(37)

51 Norfenefrine (25 AR #) [M+H]*  1.07 119.1  136.0(5) 119.1(15), 154.0(15)
52 Norfenfluramine (25 F 25 400 ) [M+H]* 12.10  204.1 159.0(16) 109. 0(40)

53 Octopamine ( 2 5 [ % ) [M+H]"  1.07 154. 1 136.0(8) 91.0(20)

54 Ortetamine (B Z:AlL ] ) [M+H]"  7.67 150. 1 133.0(8) 77.1(40)

55 Oxilofrine (B AR AK) [M+H]*  1.19 182.1  164.0(8) 105.0(24)

56 Pemoline (VL 54K ) [M+H]*  5.00 177.0  106.0(13)  79.0(29), 77.0(50)
57 Pentetrazol (J¥,PU%0) [M+H]*  4.21 139.1  96.0(12) 55.0(28)

58 Phendimetrazine (4% H il 12 ) [M+H]* 4.50 192. 1 146.0(24) 115.0(36)

59 Phenethylamine (75 £, ¥ ) [M+H]"  2.41 122.2  105.0(9) 77.1(33)

60 Phenmetrazine (55 52 %) [M+H]*  4.26 178.1  115.0(32) 117.0(20)

61 Phenpromethamine (44 H %) [M+H]*  4.64 150.0  91.0(17) 119.0(9)

62 Phentermine (35458 ) [M+H]"  6.03 150.1  91.0(24) 133.0(8)

63 Pholedrine ( F 2K N ) [M+H]*  1.59 166.0  107.0(21) 135.0(9)

64 Pipradrol (WR 7 i) [M+H]"  12.47  268.1  250.0(9) 129.9(33)

65 p-Methylamfetamine (Xf-H 522 4R Aoy ) [M+H]"  7.67 150.1  133.0(8) 77.0(40)

66 Prenylamine (% JE $7 1) [M+H]"  15.52  330.0  91.0(25) 212.1(20), 119.0(20)
67 Prolintane (%% #iHH ) [M+H]* 12.79  218.2  91.0(28) 72.1(16)

68 Proylhexedrine (N 0 7)) [M+H]*  11.98  156.2  69.0(16) 41.1(36)

69 Pyrovalerone (ML Il ) [M+H]* 12.88  246.0  105.0(25) 126.0(29)

70 Selegiline (737 > [M+H]"  8.63 188.1  91.0(24) 119.0(8)

71 Solriamfetol (2% 3E ) [M+H]*  2.67 195.2  91.0(20) 134.1(6), 117.1(11)
72 Strychnine (+-14977) [M+H]* 7.13 335.2  184.0(40) 156.0(40)

73 Tuaminoheptane (5 BE%) [M+H]"  6.22 116.2  57.0(13) 41.0(20)
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L X Quantitative .

Tonization Retention Precursor i Fragment ion(m/z)

No. Category Name mode time/min  ion(m/z) i) (CE/V)
(CE"/V)
74 Tramadol (il 5 £2) [M+H]"  11.00 264.2 58.1(5) -
265.2
263.2
75 R Buprenorphine (T PN HHE) [M+H]* 13.98  468.3  55.0(40) 101.0(40)
76 Dextromoramide (47 1557 {7 ) [M+H]" 14.56  393.0 306.0(15) 236(30), 167.0(35)
77 Fentanyl (¥ J2) [M+H]" 13.41  337.2  188.0(20) 216.1(25), 105.0(40)
78 Hydrocodone (% W] il ) [M+H]*  4.92 300.2  199.0(29) 171.0(40)
79 Hydromorphone(%Uﬂfyﬂiﬂ?@[ﬁ]) [M+H]* 1.39 286.0 157.0(40) 226.9(30), 185.0
(25), 55.2(45)
80 Methadone (£ VPR ) [M+H]* 14. 66 310.2 265.0(9) 105.0(29)
81 Morphine (151} [M+H]* 1.39 286.2  201.2(30) 165.2(40), 58.0(30)
82 Oxycodone (J2 il ) [M+H]*  4.03 316.2  298.1(17) 241.0(29)
83 Oxymorphone (2SR ) [M+H]* 1.54 302.1  161.1(35)  284.0(16), 242.2
(30), 227.0(28)

84 Pentazocine (W L/ 2% ) [M+H]* 12.79  286.2  69.1(28) 41.1(40)
85 Pethidine (WRFEFIE ) [M+H]"  12.03  248.2  70.1(32) 44.1(36)
86 Sufentanil (£ 35K JE) [M+H]* 14.34  387.1 238.0(20) 355.1(20), 110.9(30)

*CE: collision energy
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Fig. 1 Extracted ion chromatograms of six representative target substances
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M 2 5. eS8 EFRTE 19 H - 2. ik & resentative target compounds using acetonitrile with
Wi 7 B . L ARRE . b, ZEARBUSR 5
P, SR 1% IR - CHEVE M AL SR LA R R .
2.2.3 REAFAHENML X T EMR-Lipid ot JERIE A AEBAERN EFEAEFS 6 mL, AT &
BB PRIETT A PR BOR , AT T 6 mLGFEAAFR _LBR ) 5 10 mL Bif &2 T H ARAb &9 0 {58 1w B 46
G5 ER, VIR EARERAR I I BB TCHA 22 5, R 6 mL VIR BUEIER S 10 mLAHY o i @ AR B
HIFFTLIER, 2R 6 mLAE IR BUA I H &
2.2.4 BMERRAE TILE . FERL IZRECE R SR I B TR A, TR AER
e LI & UHPLC-MS/MS 70 AT 25K, W22 & A B Ak B o THZRAE 24848 QUEChERS %14
RIEFREE 20 1~2 mL LR, Tiksese Kbk, SEEERM, FESTEEH T UHPLC-MS/MS 4341, Kt
AR 5T R F ok 8 A ] A AR BOCRE AT R ek, R EL S T PRIME HLB 5 EMR-Lipid W5 Fh /N A9 4k
R

L5, WIFMETEZ B & ERIUENRL, (HXR Y B Bus R 2 w2 . flm, w¥
VIAE PRIME HLB b0 & s xRN FAL AP (W11, 4-DMAA ., Zedefiudr . RAEMBH) ,
EMR-Lipid WERBLE B 7 . I 86 Fh H brfb & 410 B RS2 BU A kR, EMR-Lipid I BUSE AR
T PRiIME HLB, K A5 R H EMR-Lipid [ AH A BAEVE i fb/ME
2.2.5 FTKHEERMEERNL FOKTIRBEEGA RE ol ke f R ARGy, $Rma sk
WA, R, HABARSREWUKATE R, &I RKIWANGE SR 9%, TR SRR R
R 535 H bRAL S P 300 B DS TR o AR 9T DL AVE ARt , 48 T KB EE & (0. 1,
0.3, 0.5, 0.7 Q) MBKFRE B a2 2 . 25 RE8, FETOKRREE 2, 2488
bR e Bz R . 0. 1 g TO/KBREREE R ANRE 76 R MSO/K 43 i S BURWOR 4 R e ;117 0. 3 ¢ TL/KBRIR
BERT TR K 43 SE i, )i dme RBR BE s/ R0 B S e . L, W oK BRIR BEM e AR &2
0.3 g,
2.2.6 S@iAFIMMGL SEEFRE YU S A0 L) B B bR 005 i S BB TN, IF
SN E AR U R AT . AR F 4 T CRE-—KHBI(3 2 7, 2 8FI L = 9) % BRSBTS i34
R, S5 ERCHE-KIEI 1 2 9B, B H bR e B 34 ik 2 T ARG . % b AN £
H R e o0 Ve, 07 HATRSCPA 7V O SR TN, , IR 8 o Ja 82 e i) e A B A I 2 Ak o
2.3 ERMAL

el oy 82 2, FEFUSON (ME ) W BB sl o H AR Boma i, g lbfic, A ikl ek

different contents of formic acid(n=3)
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FRJF AN, ACEERT 86 P E bR ERLIE . TR MR AREE T BB, BEA
T IMER=(ZS 55T PC AL bR it Zemh 2/ 2 RIbn i fh R 3R - 1) x100%, 45 2R 87R, 42 EMR-Lipid J5i%
FbE, 86 ML EWIMEIRTEL20% AN, BB FEAL 7 AT, Ik Vil F v 5 el SEdk
2.4 ZMEXREKRHR

AAWEIER RS . L. FEZE. IS A Fhas A RS BRI, 43 I ) 2R 0 B B bR o T AR T
(400, 200, 100, 50, 20, 10, 5. 2 png/L), ZAXENIEGRBILMETIFE . MHRREG) . LB,

i) 3R 4 Fp At L BT IO TR S AR, 208 1. 37 RiAbHLT 20 25 2R 5Bk LR A L ok
b, ORISR RE T i R B . DUSMREL (S/N) =3 e R IR (LOD) . DAFEZERRS IR, H
GMETRE . MRRE. KM SRR NE2, F55F 1PN,

ZESLRNN 25 HEREAR 5 B oE IR AE 2~150 pg/L BRI P R IE R R, SEMRRE . ANGHEN . H R
PR, SIS ARARR R AR MITE 2~200 we/LERIN N 220 R, HAR 797 HFRTE 2~400 we/LTER N
LRI, MR RE2>0.990, FF6E oM ER, 86 F H bRy 7E K AL S A R 2 0. 012 5~
0.25 pglkg, FLWEAE S 4 0.062 5~50 wg/kg, Fd ZEHE G H o 0,062 5~25 pgrkg, WAL HE S ol
0.062 5~ 125 pg/kgo (HAFRVERZE, A0THd, SDHERR ., 527500 1 5 B SF moK P el SRR 0 e &
Y, (EFLI . FEZS SRR R R BR AR AR i 2 T i X R S T AR T . LA SR kg
SN SSRGS R T IR BT S5 4%, S B0RI0 RBEE TR . IR Z SRIESE T & Aol i
FEOE R B bR S UG AL RCR B B2 500, R TR RN RIS B T A AL b B

2 FAAFESP 86 P BT A iR . O REL. AP S IR

Table 2 Linear equations, correlation coefficients, linear ranges, and detection limits of 86 substances in cream samples

No. Linear equation Correlation coefficient(r*) Linear range/(ug:L™") LOD/( g kg™")
1 y=2 145. 64x+19 910. 94 0. 996 2~400 5
2 y=1310. 77x+14 521. 46 0.992 2~400 0.125
3 y=11137.90x+37 814. 26 0. 999 2~400 1.25
4 y=2741.20x+12 753. 72 0. 998 2~400 25
5 y=113 176. 25x-842 717. 34 0. 995 2~400 5
6 y=452. 87x+3 594. 13 0.997 2~400 5
7 y=164 595. 80x+807 839. 14 0. 998 2~400 0.125
8 y=66 632. 88x+709 698. 14 0.993 2~400 5
9 y=132 618. 25x-1 018 653. 14 0. 995 2~400 5
10 y=13 311. 04x+77 812. 10 0.997 2~400 0.125
11 y=14 689. 74x+226 425. 94 0.992 2~400 0.125
12 y=63 340. 50x+441 904. 98 0. 997 2~400 0. 125
13 =32 008. 99x+252 626. 42 0.998 2~400 1.25
14 y=14935. 80x+175 606. 84 0. 991 2~400 25
15 ¥=94 496. 70x+393 302. 98 0. 999 2~400 0. 125
16 y=120 167. 37x+376 117. 34 0. 999 2~400 1.25
17 y=44 786. 36x+203 098. 49 0.999 2~400 0.125
18 y=19 153. 61x+121 075. 87 0. 998 2~400 0.125
19 ¥=36 817. 55x+502 106. 86 0.993 2~400 0. 125
20 ¥=296 054. 93x+1 270 057. 72 0. 998 2~400 1.25
21 y=352. 15x+2 212. 37 0.997 2~400 5
22 y=251297. 21x+2 904 469. 36 0.993 2~400 1.25
23 y=77 932. 46x+955 513. 95 0. 995 2~400 0.062 5
24 ¥=297 785. 08x+1 221 640. 45 0. 998 2~400 1.25
25 y=57706. 37x+154 371. 34 0.999 2~200 1.25
26 y=115 675. 29x+1 292 394. 41 0.99 2~400 0.125
27 ¥=99 096. 37x+697 578. 38 0. 996 2~400 0.125
28 ¥=90 792. 50x+686 430. 96 0. 996 2~400 0. 125
29 y=105 692. 17x+371 378. 58 0.999 2~400 5
30 y=52 828. 09x+265 550. 95 0. 998 2~400 5
31 y=120 026. 35x+292 283. 49 0. 998 2~400 0.125
32 y=69 753. 78x+559 611. 42 0. 996 2~400 0. 125
33 y=T7 165. 60x+33 338. 93 0.991 2~200 1.25
34 ¥=53916. 03x+157 735. 77 0. 999 2~400 25
35 y=53 424. 06x+351 822. 68 0. 999 2~400 25
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(5i%2)

No. Linear equation Correlation coefficient(r*) Linear range/(ug:L™") LOD/(ug-kg™")
36 y=141 487. 69x+919 832. 75 0.996 2~400 25
37 y=137 345.91x+1 108 037. 50 0. 994 2~400 1.25
38 y=16 943. 63x+173 403. 14 0. 995 2~400 125
39 y=743.71x+38 557. 43 0. 988 2~400 0. 125
40 y=4 834. 94x+20 432. 62 0.998 2~400 25
41 y=58 808. 07x+177 033. 62 0. 999 2~400 2.5
42 y=89 493. 23x+647 521. 88 0.997 2~400 0.125
43 ¥=689 049. 59x+6 462 959. 46 0.992 2~400 5
44 y=141.33x+2 322. 59 0.995 2~200 0.125
45 y=70 676. 68x+474 916. 25 0.997 2~400 25
46 y=2 538. 57x+30 880. 60 0. 994 2~400 25
47 y=139 089. 72x+970 989. 08 0. 995 2~400 1.25
48 y=126227. 77x+577 187. 81 0.998 2~400 1.25
49 y=129 081. 90x+878 925. 72 0.997 2~400 0.125
50 y=124 049. 47x+1 308 795. 22 0.992 2~400 0.125
51 y=2727. 89x+19 261. 28 0. 996 2~150 0.0625
52 y=13 080. 98x+118 978. 50 0. 996 2~400 25
53 =2 037. 04x+21 482. 98 0.988 2~150 0. 125
54 ¥=37 110. 61x+294 568. 32 0. 996 2~400 5
55 y=68 862. 32x—46 249. 92 0. 996 2~200 1.25
56 y=18 904. 90x+187 390. 12 0. 996 2~400 0.062 5
57 y=55 006. 82x+568 591. 26 0.992 2~400 0.125
58 y=5 086. 09x+23 230. 51 0. 998 2~400 2.5
59 ¥=25 185. 96x+342 520. 07 0.991 2~400 0. 125
60 ¥=36 963. 16x+193 984. 27 0. 998 2~400 5
61 y=347 513. 03x+3 249 684. 70 0.991 2~400 5
62 y=49 708. 35x+494 046. 99 0. 994 2~400 2.5
63 y=141 863. 32x+364 604. 16 1 2~400 0.25
64 y=97. 80x+435. 77 0. 998 2~400 25
65 y=37 285. 54x+297 902. 46 0.996 2~400 5
66 y=8. 22x+220. 56 0. 995 2~400 0.125
67 y=54 615. 06x+581 106. 66 0.991 2~400 5
68 y=490. 68x+4 602. 90 0.993 2~400 25
69 y=221 812. 52x+1 418 319. 95 0.99%4 2~400 0.125
70 y=12 666. 37x+10 667. 47 1 2~400 0.125
71 y=27 402. 94x+247 594. 75 0.991 2~200 1.25
72 y=6917. 21x+77 434. 19 0.99 2~400 25
73 y=48 488. 16x+175 390. 18 0.999 2~400 25
74 ¥=13 690. 89x+74 427. 51 0. 999 2~400 1.25
75 y=6 808. 52x+78 178. 43 0.99 2~400 0. 125
76 y=61 647. 21x+360 172. 56 0. 997 2~400 0. 125
77 y=58 404. 01x+220 592. 77 0.998 2~400 0. 125
78 y=21931. 06x+192 123. 09 0.993 2~400 125
79 y=1496. 34x+6 630. 09 0. 996 2~200 2.5
80 ¥=90 807. 74x+713 452. 19 0.993 2~400 0. 125
81 y=2 016. 34x+29 888. 45 0.992 2~400 2.5
82 y=13 815. 73x+103 313. 83 0.992 2~400 12.5
83 y=14 784. 54x+73 718. 51 0.992 2~400 2.5
84 =55 653. 75x+456 227. 60 0. 996 2~400 1.25
85 y=46 468. 09x+371 746. 96 0. 995 2~400 1.25
86 y=77 658. 32x+581 619. 72 0. 996 2~400 0.125

the numbers denoted were the same as those in Table 1; x: mass concentration(wg/L), y: response value

2.5 EIRRSENRERE

FREC SR 4 Fh 2 B3R5 0. 2 ¢, 43 AN TR A5 e v 1) 80 ol L g 2 BE TR BIIR (100 pgrkg) o o
(200 pg/ke) Fl G (400 pg/kg)3NIKTE, KB E 6 A FATFES:, % “1.37 Jrikifil s il
[ SR AR AR v AR 22 (RSD ) il B i i Hh 265543 3], S LA RSD R,

FEAG. . SRR T, HARY AR RS ISR A 81. 4%~120%, RSD 4 0. 28%~20%; FLif
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FEFCH A IR 81. 2%~120%, RSD A 0. 24%~20%; F& 166.1->148.0, 166.1->115.0 A

2 I Hp A [ i 2R A 80. 0%~120%, RSD 4 0. 43%~20%; 15 TSRS

U1 e 4 [ 80. 4%~120%,  RSD 470, 23%~19%., A

42, 86 flH Ak S [l # 5 RSD B4 GB/T B 08

27404-2008 biifl Xy BB SR B0 Bk ) E | [\

S EMET T SE W Tl 86 R R 5 RIS 7R = I A~ \

) S s A A AT 0 ) ——

2.6 SEEREERKRA 24 26 28 30 a2
RIATIN SOMU AR AT, Sttt

PR e, & RS S 112,01, 500. 90, 242,95, G B

168. 12, 416.77 pkg: £ 2 LR AL i b 6 R 25, ] '

STEAHINS3LTS, 33.22 nghke, HE2MASE Y 2,1

SRR AR E T . R

FIFPARKGH o 1 3 RS2 BmAe ot oSy H JRR S8 GRR e A1 ) £ 0 , \

Fb o, L/ S

3 zﬁ -L/e 3.I4 3f6 3.I8 44|0 4!2

Time/min

AW GURESL 1 IR PRI At i b 86 FHURITR] S BRI B3 JRREEIROA) SUMED (B) BB R b (5 5
S R = RO AR e i - B it 7 v, BB T AR E Fig. 3 Chromatograms of ephedrine(A) and caffeine

B v I JEIN - ™ N -y in positive samples
5l RS, AR TR T, R (B)in positive samp

PRI B LBCR R . RW0IE, %7k R . PR, @SR TRE B SY iR i &
FERIAT . SEBRPE AT, S EUCRE S R OIER 2 SEUCRE S R R B, RS R A R
B = S BEAFAE RIS, B TEAMIEIE S At o Je bt TR RS . eAh, ATriknlgtE—4
JS7 AT £ RV 7 it R 5 BRI R 28 4 g SV BRI , by S YR A 0 i A e (i T SR BTy
%, BATZHR R

Sk

(1]
[2]

Fred KW, April SY, Raymond KK, Terence SM, Emmie N M. J. Drug Test. Anal., 2025, 17(7): 1011-1027.
Mazzarino M, Di Costanzo L, Comunita F, Stacchini C, de la Torre X, Botre F. ACS Omega, 2022, 7(36): 31845-
31868.

Thomas A, Walpurgis K, Delahaut P, Kohler M, Schinzer W, Thevis M. Drug Test. Anal., 2013, 5(11/12) :
853-860.

Wozniak M K, Banaszkiewicz L, Wiergowski M, Tomczak E, Kata M, Szpiech B, Namiesnik J, Biziuk M. Forensic
Toxicol., 2020, 38(1): 42-58.

Walpurgis K, Thomas A, Geyer H, Mareck U, Thevis M. Foods, 2020, 9(8): 1012.

Mallick M, Camacho C B, Daher ], El Khoury D. Nutrients, 2023, 15(4). 881.

World Anti-Doping Agency. World Anti-doping Code International Standard Prohibited List 2025. [2025-01-01].
https: //www.wada—ama.org/en/prohibited—list/search—anchor.

WuXP, Wang HY, Dong CB, YangM, DiGF, FengBY, Zhao X X, Fei Q L, JingJ, LuJH, Wang X B. Mi-
crochem. J., 2026, 221: 116964.

XunZQ, LiuDH, HuangRr, HeS, HuD, Guo XD, Xian Y P. J. Sep. Sci., 2017, 40(9): 1966—1973.

Cao MR, MaJ M, WanglJ, Zhai HW, Zhao XY, Fan S F. Chin. J. Chromatogr. (Etoe, DiRE, Fi§, Bt
o, BedE, R @i, 2019, 37(9): 977-982

Li X H, Luo HT, Huang XL, WuHL, HuoY P, Zhang Q Y, ZhuZ X. J. Instrum. Anal. (B /N2, BHEZE, HH%
2, REE), BIEV, KR, RESE. MTINRER), 2020, 39(4). 441-448.

Tsai TF, LeeM R. Chromatographia, 2008, 67(5/6): 425-431.

Pellegrini M, Marchei E, Pacifici R, Rotolo M C, Pichini S. J. Pharm. Biomed. Anal., 2011, 55(4): 842-847.

Tian T, Chen X, Liu L, Liang X, Deng X. Anal. Chem., 2025, 97(45): 25158-25167.

Zhang Q Y, Huang F, Liang W W, LiaoJ T, WuH Q, Luo HT. J. Instrum. Anal. (9, Widy, dedy, BiYy
P, SLEUH, BRSBTS . 2024, 43(5): 663-675.



1088 SR AR (http://www.fxesxb.com) 545 %

[16] ShenDD, GongSS, LiYC, XueHY, YuBT, Jiang BH, WangD, Zhang R, Mao X Q. J. Instrum. Anal. (et
P, BB, B, dEEBR, TR, 2, £, kW, BASE. S4MNKER), 2024, 43(7):
978-986.

[17] Serb A F, Georgescu M, Onulov R, Novaconi C R, Sisu E, Bolocan A, Sandu R E. Molecules, 2024, 29(6): 1336.

[18] ChenD, ChenY, ZhangY, DulJ, XiaoH, YangZ, Xul. Talanta, 2024, 277: 126354.

[19] LiJ, ZhouZ M. Flavour Fragrance Cosmet. (=g, R, FEEE S, 2021, 2(1): 26-32.

[20] XuW, ZouP, LiCY, YangM, LuY, LiH L. China Surfactant Deterg. Cosmer. (1544, 483%, ZKTF, %4, K
M, R HHMETIL), 2024, 54(3): 2097-2806.

[21] GongXM, RenYP, DongJ, SunJ, LiJ, JinC, YulJ L./ Instrum. Anal. CE/N, A2—F, EF, IDE, 2,
Gt T AHTIRAER), 2011, 30(1): 6-12.

[22] ZhuH P, Zhang L, Zhang B Y. Stand. Qual. Light Ind. (2RI, 5K3%, sKBF . B TIHESRE), 2019, 1.

53-56.
[23] Yang P P, Liu H, LiL X. China Surfactant Deterg. Cosmet. (BB, X, ZWE. H Tk, 2021, 51
(5): 468-476.

[24] GB/T 27404-2008. Laboratory Quality Control Specifications for Food Physical and Chemical Testing. National Standards
of the People’s Republic of China(SE50 % BB HIHIE & MR . thie A i [ 5w ).

(wHEREE. T %)



