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Abstract: To achieve rapid screening and accurate identification of illegal additions and controlled
drugs in multi-scenario applications, a rapid detection method based on atmospheric solids analysis—
probe single-quadrupole mass spectrometry (ASAP-MS) was developed in this study. Focusing on an-
tibiotics, glucocorticoids, anesthetics, antifungal agents, psychotropic substances, and novel psy-
choactive substances, this study optimized the cone voltage parameters to acquire characteristic mass
spectral information for each target compound under various voltage conditions, establishing an
ASAP-MS rapid-detection database covering 111 target compounds. Library matching between the
sample mass spectra and the in-house database was performed using LivelD software, and the screen-
ing results were further verified using high-resolution mass spectrometry. Application of this method
successfully identified target compounds such as lidocaine and diazepam in real samples, including
disinfectant products and samples seized by law enforcement. This method requires facile sample pre-
treatment, offers high analytical efficiency, and allows flexible database expansion. This enables
the rapid screening of large sample volumes and meets the detection requirements of public safety
fields, such as market regulation, customs inspection, and drug control enforcement, demonstrat-
ing its good application value and broad potential for promotion.
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2-(4-WEWR R ) ZEIFIRIE , 2B 34>08. 0%, W H RIEBT/RIERHEA IR A A . AIE RIS S22 IR G ERK
(LE), 4 99%, W H 3£ Sigma-Aldrich 23 7],

HRE(E) . ZBE(LC-MSZR) ¥ H J. T. BakerZyw], FBAKICZ /K (Mili-Q Water System Ziifk il
%), HER(LC-MSZk, 4lifFE>98% )M H Acros Organics 23w, @ALEN (Hr#ral) e B 1E 25157 .

1.1.2 &F5EE Radian KRB ATRE - BAUARAT FHEAL . ACQUITY™ 1-Class i B 80 AH €2,
FEAL = Vion WURRAT €ATH ) BT (UPLC-QTOF-MS) (£ Waters 237 ) 5 B0 {6 5% - DU AT FEL I BE BF
5t Orbitrap ID-X (UPLC-HRMS, 2£[E Thermo A #)), WL RK¥(J75r2—) (HEEMHERE)) , HEMIRS)
#(KS501, fEE IKAZNH]), BriEhlC M i seis KA E A R A\, (R Ll e A s AT B
23)), Millipore-Elix-QE-QG 4t /KL (3£ Millipore 23 ] ) o

1.2 KEWHE

1.2.1 HRWAE EMEGFESIE A EE TS (h=10), MESMARIARS, Heb s 4 540K
WA, 53 50y Aialbe 34 H G FRRIGSEAE S o FRSCA M SRS, WRIEHITE ., (B
BYNE HRE R Shim , T ASAP-MS 00T, 3B B T 50 mL 20, N 40 mL HE//K
(11, R B MIREC, RHE 1 min J5HB AR 10 min, 384 W EOKEBRRE 1075, BT
UPLC-HRMS 43#7 .

ZoRI B (n=11), QUFEZ5 . ISR AR . 25 /A M E i PR LA P R 40 kL, 32k
FESMEUE Y, By AR S B AR 10 mg, 2 AUINELEA 5 mL H EEAOAE B AL SO, s
10 min J5 M T ASAP-MS 4387 . & FF itk — 25 H H g3 R B #6 B 1 000 £i%, T UPLC-QTOF-MS
53T
1.2.2 ASAP-MS&#  FENCREERT, @S HAT B W SR P B S B A A TE T . IR R
SAE, RARBRERE RN S EDEZ N3, ASAP-MS LR KA it /34T
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Fig. 1 Schematic of the ASAP-MS instrument structure and sample analysis workflow
A. cleaning the capillary; B. loading the sample into the capillary; C. inserting the capillary into the instrument before acquisition; D. obtaining

the real-time matching results(A. B ; B. SRS EAEEBAE; . HABAME RESD, D. S8 ER)
IR BT, AR 3 pA s B URIRE 150 °C; HEFLHLE 15, 25, 35, 50 V; Mt
VRIS 600 °C; SRERIR m/z 50~900 Da B Hli- 44k, 3% 1 He,
1.2.3 BOUWRIEHT AR5 Waters ACQUITY UPLC™ BEH C, f4i84: (2. 1 mmx100 mm, i
1.7 pm) (EE Waters 207 ), #EI 45 °C, JE#O0. 45 mL/min, #EFEERFN2. 0 L, F3IHHA 4 0. 1% H R
KR, WM B MO0 1% R NG, BEEEVERS4E: 0~0.25 min, 98% A; 0.25~20 min, 98%~1% A;
20~24 min, 1% A; 24~25 min, 1%~98% A; 25~30 min, 98% A,
UPLC-HRMS M il 45tk . & FIFAEAH-ESI+; & FIURBE: 3800 V; #H5: 40 Arb; BN
10 Arh; & TAEHIEIRE . 325 °C; ZZTRIR)E . 400 °C; Orbitrap 28 PEE: 120005 FHITER . m/z 100~
1000; RFZEES: 60%; AGC Target: brifi. ZBARIMEE RE(DDA): —ReHH, “HKaiiEk.
VURRAT; PRESTT . 125 A2 HCD; mffiisX. Midbsl; HCDREFERER (%) 10, 35, 55,
UPLC-QTOF-MS 23 W7 Bt 554 HLBE B2 v B (ESI+ ), YRS 4120 °C, B HEH1.0kV,
PRIV HE A 800 Lrh, R 500 °C, SRR AR 2 (5 B IS RE (MSH)B, g
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R : m/z 50~1 000 Da, SAPRIEFTRECRE R, Bl RERLLLE(50 ng/mL, m/z=556.277 1) FEAF5EH}
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B T 0 I AT 85 -5 W B T 3 RN AR 284 B R LB 8 X R R v RIS AR R B 58 7
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fEF ASAP-MS Ji 24 SR 5 i o PR i 45 SR T A
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Fig.2 Mass spectra of acetaminophen under various cone voltage conditions

5% H MSP Librarian 37 ASAP-MS %42)% . MSP Librarian & — X FFIE g U F S TH., R
Vi H PR SRS SO N 2S5 5 Livel D AR 200 T SEUAE S Se i SeE ™ BdR gt fe
H eI bR AR SR CAS S G, HSAMMBTEE, IAE Comments F B HHRTE
HEFLHEME . BRI 4 R (G S . T ASAP-MS & T H sl sk, BT
Z WU T RS A LV SE B E , RIS R AN B i oy i B i, PRI ik @ r il R R S N AR
Fto ASPFTTEENL I 111 B EEIE TR I B R 2R 25 00 ASAP-MS B (5 B LK 1, HAii a8 h 225y
a5 B Waters 20 vl 3l

F1 1 REEE TN T 252510 ASAP-MS HHE 415 5

Table 1 Information on 111 compounds of illegal additions and controlled drugs in the ASAP-MS database
No. Chinese name English name Molecular formula CAS No. Category
1 GEAN Lidocaine C,,H,,N,0 137-58-6 IR

2 FAERH Benzocaine C,H,,NO, 94-09-7 JiREES

9 1
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(g1)
No. Chinese name English name Molecular formula CAS No. Category
3 RN Procaine C,,H,N,0, 51-05-8 BRI 2525
4 Xt 2 B S Paracetamol C,H,NO, 103-90-2 il FABR
5 (RZEAN Phenylbutazone C,,H,N,0, 50-33-9 R 2
6 FEIRTE T Phenacetin C,,H,,NO, 62-44-2 i AR
7 FAE A Aminopyrine C,.H,N,0 58-15-1 il BB S
8 KR TG Methy! salicylate C,H,0, 119-36-8 SN
9 LI IF Flurbiprofen C,HFO, 5104-49-4 fR AR 2
10 T2 Ibuprofen C,H,0, 15687-27-1 fi AR 26
11 MR Diclofenac sodium C,,H,,CLNNaO, 15307-79-6 fil PR S
12 J TE A Levamisole C, H,N,S 14769-73-4 PR
13 H 4 g Trimethoprim C,,HN,O, 738-70-5 Pz
14 RS AL Beclomethasone dipropionate C,H,,FO, 5534-09-8 WMERK
15 Wik ede Meprednisone C,,H, 0, 1247-42-3 B
16 RIER Prednisolone C,H,,0, 50-24-8 Wz
17 (R SN Betamethasone C,,H, FO, 378-44-9 W
18 ESiarya Mestanolone C,,H,,0, 521-11-9 WMEY
19 SN Hydrocortisone CNHSOO5 50-23-7 MRk
20 ez Jo 55 e Corticosterone C21H3004 50-22-6 MEHE
21 (EE e SN Beclomethasone C,,H,,ClO, 4419-39-0 BWEL
22 fl 22 P Hp Triamcinolone G, H,,FO, 124-94-7 WERI
23 WAz Clobetasol propionate C,,H,,CIFO, 25122-46-7 MRk
24 22 2% il Triamcinolone acetonide C,,H; FO, 76-25-5 e
25 b FEKAL Dexamethasone C,,H, kO, 50-02-2 MR
26 R AT AR Fludrocortisone acetate C,H, FO, 514-36-3 R
27 [ AR /N Prednisone acetate C,.H,0, 125-10-0 MR
28 Tt 3 FE AR Dexamethasone acetate C24H3]F06 1177-87-3 Rk
29 CIEBEAA Cortisone C,H,,0, 53-06-5 eSS
30 KNI Nandrolone phenylpropionate C,,H,,0, 62-90-8 WEL
31 I Metandienone C,,H,,0, 72-63-9 WK
32 ) $H I Stanozolol C,,H,,N,0 10418-03-8 MR
33 AR Clenbuterol C,H,CLN,0 37148-27-9 W
34 JREE Fluconazole C;H,F,N0 86386-73-4 /MR ES
35 LRE1LY Orinidazole C,H,,CIN,0, 16773-42-1 RN ES
36 TE AR Clotrimazole CZZH”CIN2 23593-75-1 PLEFL
37 il 5 el Ketoconazole C,H,,CLLN,0, 65277-42-1 EIEN RS
s e . C, H,CLN,0 s
38 TR 25 Econazole nitrate 18 . lIfINZ); 24169-02-6 PLEFS
39 e HEn: Terconazole C,H,,CLN,0, 67915-31-9 BLE A
40 IR Bifonazole C,H (N, 60628-96-8 PUARZE
41 IREER Griseofulvin C,H,,Cl0, 126-07-8 PLEFS
42 FANIDE - L AN Xylometazoline hydrochloride CHy N, HCI 1218-35-5 PLEE S
43 7 i e Itraconazole €, H,,CLN,0, 84625-61-6 MG S
44 i e Tinidazole C,H,;N;0,8 19387-91-8 /M ES
45 2-(4-WEMLIE ) ATk Thiabendazole C,,HN,S 148-79-8 PUE T
46 SN Ketamine CH,CINO 6740-88-1 BRI
47 3, 4-WH RS IR R MDEA C,H,NO, 82801-81-8 R TY)
48 PG R Diazepam CIGH 13C]NZO 439-14-5 ERIZEZY)
49 3, 4-W P TAEHEORI I MDA C,,H,,NO, 23693-17-6 25
50 6B 7, TNy 6-MAM C,,H, NO, 2784-73-8 B
51 LSUTIiReS Oxazepam CH,,CIN,0, 604-75-1 ERiESESLY
52 B I Py pp Temazepam C,.H,,CIN,0, 846-50-4 (i EESt7
53 3, 4-WEH AR TR MDMA C,,H,,NO, 42542-10-9 25y
54 ILEWNER) THC C, 1,0, 1972-08-3 R ESALY]
55 ESUIL Methadone C,,H,,NO 76-99-3 BT
56 KL% Phenobarbital C,H,N,0, 50-06-6 Gkt
57 Al Codeine C,H, NO, 76-57-3 HihEZ Y
58 LIRS Cocaine C,,H,,NO, 50-36-2 G
59 T HHHE Buprenorphine C,,H,,NO, 52485-79-7 EHIZEZY)
60 ALk Morphine C,,H ,NO, 57-27-2 B2
61 4~ F R DY T Mephedrone C,,H,NO 1189805-46-6 EH 225
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No. Chinese name English name Molecular formula CAS No. Category
62 [ 32 as > Alprazolam C]7H13C1N4 28981-97-7 B2
63 F W LR LSD C,,H,:N,0 50-37-3 A2
64 LT AI T Acetylcodeine C,,H,,NO, 6703-27-1 BTy
65 ths % Tramadol C,H,sNO, 27203-92-5 B 2259
66 H LR R Methamphetamine €, H,N 537-46-2 BRI
67 AR e Amphetamine C,H,,N 300-62-9 EHIZLY
68 YN Fentanyl C,,H,N,0 437-38-7 I
69 i Hydrocodone C,¢H, NO, 125-29-1 B2
70 RIFE Phencyclidine C,H,,N 77-10-1 EHIZEZY)
71 S B L e Flualprazolam C,,H,,CIFN, 28910-97-6 G2
72 X 4B R AR TR e PMMA ¢, H,,NO 22331-70-0 B2
73 FE AL Papaverine C,H,,NO, 58-74-2 25
74 + P Cathinone C,H,,NO 71031-15-7 B2
75 H Thebaine C,,H,,NO, 115-37-7 I
76 3, 4-3F F AR AL T MDPHP C,,H,,NO, 776994-64-0 HHIZLY
71 5 F PR JRR BB Cathine C,H,,NO 492-30-8 BTy
78 4- B LHEAR TR 4-Chloroethcathinone ¢,H,CINO 22198-75-0 HhEZHY)
79 MMB-FUBINACA MMB Fubinaca C,,H,,FN,0, 1715016-76—4 (R e
80 SF-MDMB-PINACA 5F-MDMB-Pinaca C,,H, FN,O, 1971007-89-2 HHIEZ Y
81 FE T Oxycodone C,¢H, NO, 76-42-6 E 225
82 IR M Diamorphine M C21H23N05 561-27-3 25
83 g% P MH Diamorphine MH C, H,,NO, 561-27-3 (R BT
84 2, 5-THVARE-A-UOR O 2C-B C,H,,BNO, 66142-81-2 B2
85 WA A Bl Mitragynine C,H,N,0, 40246-17-3 Y
86 BN GRS TFMPP ¢, H,F.N, 15532-75-9 25y
87 AT Noscapine C,,H,.,NO, 128-62-1 HHIZEAY
88 SEFEHLPEAR Isotodesnitazene C,,H, N,0 2732926-27-9 B2 259
89 AP-237 AP-237 C,,H,,N,0 17730-82-4 (i EEat7]
90 e fh Clonitazene C20H23C1N402 3861-76-7 IR
91 AT PG Etonitazene C,,H,,\N,0, 911-65-9 B
92 FACH VYT Metonitazene C, H,N,0, 14680-51-4 B
93 B A Flunitazene C,,H,,FN,0, 2728-91-8 (i EESL7
94 ZAEHPEAR Etodesnitazene C,,H,,N,0 14030-76-3 CRiEsity]
95 HFTHL P IR Metodesnitazene C,,H,,N,0 1071546-40-1 B2
96 IN - I o 4 6 1 P I N-Pyrrolidono-etonitazene C,,H,N,0, 2785346-75-8 2
97 PRFEHL PEFR Protonitazene C,H,)N,0O, 119276-01-6 ERiETY
98 THEHLPEAR Butonitazene C,H,,N,0, 95810-54-1 B2
99 SFATHLPTIR Isotonitazene C,,H,N,0, 14188-81-9 HHIZLY
100 MDMB-4en-PINACA MDMB-4en-PINACA C,,H,,N,0, 2504100-70-1 HHEZ Y
101 4F-ADB 4-Fluoro-ADB C,,H,,FN,0, 2365471-11-8 Y
102 ADB-BUTINACA ADB-BUTINACA C,sH,N,0, 2682867-55-4 25
103 5F-MDMB-PICA 5-Fluoro-MDMB-PICA C,,H,,FN,0, 1971007-88-1 EHIZEZGY)
104 =85 37 V)i Methoxphenidine C,,H,NO 2055777-48-3 R TY)
105 Wik H i Methylphenidate C,,H,,NO, 23655-65-4 (g EESL7
106 AB-FUBINACA AB-FUBINACA C,H,,FN,0, 1185282-01-2 25
107 5F-AKB48 5-Fluoro-AKB48 C,,1,,FN,0 1400742-13-3 K25
108 MDMB-CHMICA MDMB-CHMICA C,,H,,N,0, 1971007-95-0 EHIZEZGY
109 B AR P Methiopropamine C,H ;NS 7464-94-0 Y
110 et Etizolam C,,H,CIN,S 40054-69-1 Y
111 ZIER TR Ethylphenidate C,,H,NO, 214149-46-9 EHIZEZSY

2.2 ASAP-MS# A WIENE S (1) & 5 A IER R M4

VEBUIA B RGF 65 00 1 s 3 TRE e A T ASAP-MS PR AG:i , 3 5% LivelD 2. 0 3% %2 DT B 45 13k
TP AL T 2R E I 1T S B SCAE S R FEDU RS, n] 7 R AL S G AT i o SR R I ),
B RFLNERE S TR 5 ASAP-MS EL4 FE HEATHL S, LivelD XA [ HEFL HLE T SRAE A 4 438 1 B it
PEEETTE, ARCEYIICE 4L, B i 100047 . (RSB, X EBsr N PEbnifi shili 17 88 R
$, FRLE A A BANE S PERE S AT IS DU IR . 25 SRS, BRI, S5 RS 2% H R ERE 73 %
WH T 9005y, 25 A K B AESAS RS B DT L 4> B T 850 4 o LA IRIESS R, %) KE T
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RADIAN ASAP/LivelD ZRZE KA 0N TR AR SR 5T FOF 1 B 3 R DU B BB B8, AT 24 It
P 53 =850 VE Ay BH 1 4 0 25 SR i P bif o IR WG SE 1) 5 4y R4 TR Sl 25 SR B, LA RE
163K EE S P B VLB R 25 R 2R ], @ VSR 200 969, AR I 25 SR LK 3, HAx4
Dy FE S ARARAFVCHC 73 40>850 (1 BHEVCEC 25 5 . A 224 PRI R I IERC 2SRRI 25, 2 T R
FER PR OEREIRYT, BRI AR T IS R A 25 T ARSI 5 0l T 4%
iz sy, WRESI & RS . CRERES AR RN, SEA U INFEDT (F0) B4 ) 550 i 1)
2.,

15CV 971 25CV 976
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: 2 BLibrary W Library
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Fig. 3 LivelD analysis chart for positive samples of antimicrobial/bacteriostatic agents
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Table 2 UPLC-HRMS screening information of lidocaine in the positive sample

Retenti Retention ti Precursor ion Product ions
Sample No. .e e 1(.)r1 ¢ en. 10.n Hme Calculated ion Measured ion Mass er- Calculated ion Measured ion Mass er- Molecular for-
time/min deviation/%
(mlz) (mlz) ror/ppm (mlz) (mlz) ror/ppm mula
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Fig. 4 UPLC-HRMS spectra of lidocaine in standard solution (200 pg/I.) and antimicrobial/bacteriostatic agents

A. lidocaine standard chromatogram; B. sample chromatogram; C. lidocaine standard mass spectrum; D. sample mass spectrum (A. F| % EfR
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Table 3 Summary of information and screening results for 11 suspected samples

Sample No. Appearance ASAP-MS identification (Match score) UPLC-QTOF-MS identification
Sample 1 [ERERT)ay ENUNY E7E | ]
Sample 2 w2 NN EN oA
Sample 3 SRGESY PGP (913) H PGP
Sample 4 Bz HLP T (871) PP
Sample 5 Wz A PEFL E R
Sample 6 EFRVFN N UM ENoA]
Sample 7 a2 R X} A EL T (986) Xf &I L
Sample 8 Hz AR PERC ER oA
Sample 9 Wz HRILHL A H
Sample 10 SRR PN Rk
Sample 11 WA X 2 B SR (956) X LA S
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