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Abstract: Synthetic cannabinoids (SCs) have extremely strong biological activity, and
have become new psychoactive substances (NPS) with the most types and the most
diverse abuse. SCs induce severe adverse effects, including tachycardia, respiratory dif-
ficulties, hypertension, acute renal failure, suicidal ideation, psychosis and cognitive
impairment. Chronic use of SCs has been associated with serious psychiatric and even
death. There are various types of SCs seized by the anti-drug department of public secu-
rity in various cases, and their compositions are unknown. Therefore, there is an urgent
need for rapid qualitative detection techniques for SCs in unknown samples. In this

study, a method of utilizes atmospheric pressure solids analysis probe coupled with
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single-quadrupole mass spectrometer (ASAP-MS) was determined to rapidly screen 18
SCs. It can be used for the analysis of solid or liquid samples with very simple pretreat-
ment and no need for chromatographic separation. The method consistd of four steps:
dissolving the sample, centrifuging and separating the liquid, inserting the capillary
probe for collection, and getting the real-time matching results. Combined with Live ID
software, it could automatically search for a home-built mass spectral library and rapidly
identify suspicious additives. Firstly, the cone hole voltage of ASAP-MS analysis was
optimized, four cone hole voltages of 15, 25, 35 and 50 V could provide comprehensive
mass spectral information of the compounds. Secondly, a series of SCs standard solu-
tions were analyzed under optimized conditions, and the mass spectral libraries of the 18
SCs were established. Thirdly, using Live ID software, the ASAP-MS analysis data
were automatically matched online in the home-built library, and the suspicious
compounds were scored in the range of 0-999 points. The whole analysis process could
be completed within 2 min. Fourthly, the proposed method was subsequently validated
using different concentrations of standard solution (10-100 mg/L, methanol) based on
the optimized condition and SC-positive standard samples. The detection limits of the 18
SCs are 10-20 mg/L., and the results showed a total score of 991 for the 100 mg/L. ADB-
BUTINACA match (three replicates). Finally, the prosed ASAP-MS method was
applied to analyze 15 batches of unknown samples sized, and 9 batches were shown
positive result. This method has the advantages of simple preprocessing, fast analysis,
efficient and accurate matching, and accurate qualitative analysis. If the detection limit
is lower than that of LC-MS/MS, then qualitative detection can only be conducted.
Nevertheless, this method is sufficient for the detection of suspected SCs, and it can be
widely applied to grassroots public security anti-drug departments, which may lack
professional laboratory conditions and experienced staffs.

Key words: synthetic cannabinoids (SCs); atmospheric pressure solids analysis probe
coupled with single-quadrupole mass spectrometer (ASAP-MS) ; rapid screening; home-

built library
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Fig.1 Analysis process of atmospheric pressure solids analysis probe MS
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Table 1 Information of standards and limits of detection for 18 SCs
AR 53 F fir 1 B
fea Rz:l}ative KEEN +L()D/
Compound Formula
molecular mass (mg/L)
N-C1-53 B Bk -2-F 67 ) -1- (R 0 3k 38 s -3 F ik e ( AB-CHMINACA) 356. 46 Cao Hag N, Oy 10
N-C1-42 B ik -2 F 36 79 3 - 1- (A- 950 56 13| -3 H [k i ( AB-FUBINACA) 368. 40 C20 H21 FNL O 10
N-C1-% k362, 2- — 1 36 P9 3D -1- (4-405 3ik ) mg| mg-3- /1 ik Jii CADB-FUBINACA) 382.43 Cz1 H2s FNL O, 10
N-C1-5 F k-2, 2- = FF 79 46 ) - 1- 7 56 05| ms - 3- Y ik i (ADB-BUTINACA) 330. 40 Cig Has N, O 20
N-C1-2 Wk -2, 2- — W LY 56O -1- (3R & 3 B 30 mg| e -3- it e CADB-CHMINACA) 370. 49 C21 Hio N, Oy 10
3.3 FE-2-[1- (5480 R 3 ) m - 3- R B 4 L ] T IR F iR (SFADB) 377. 45 Ca0 Has FN3 O3 10
1-(5-FUNGHE) -2-(1-Z5 F B 38O 248 JF: bk (BIM-2201) 360. 42 Cos Hn FN O 10
1- )R HE-3-(4- Z BE-1-ZE i O 3| e (JWH -210) 369. 50 Cys Ha NO 20
178 Fik-3- (1-Z5 B i 56 ) mg| s (JWH-018) 341. 45 Czy Has NO 20
(1-C HE-1 H-ng| Mk-3-3 ) -1-Z5 35 F il (JWH-019) 355. 47 Ca5 Hzs NO 10
1-7% J-3- (2- 50 C R L) 13| W (JWH-203) 339. 86 C1 Hz, CINO 10
2-(2-F A B 2R ) - 1-(1- R -1 H-18| WE-3-28) Z R (JWH-250) 335. 44 Cy2 Has NO; 20
1-78 H6-3-(4-F A 2L -1-Z8 W BE 2 M| e (JWH-081) 371. 47 Cas Has NO, 10
N-(1-4 W 4o 3 ) -1 35k 18| W3- T ik i  APICA) 364.52 C21H32 N2 O 10
1-[ CN-FP - 2-WR 5 ) P 3 1-3- C1-4 R o i FY PG 6 ) 15 1% C AMI-124:8) 390. 56 Cas H3y N, O 10
3-FJ HE-2-[ 1-CER & 5 1P 356 ) g -3- Y 5 40 36 1 T 12 WY /5 (MMIB-CHMICA) 370. 49 C2 Hio Ny O 10
1-(5- 93 35 ) 1| -3~ F - 1- 28 1% (NM-2201) 375. 44 Cz24 Hz2 FNO, 20
[1-(5-% & 3 ) -1 H-m8| W-3-3L ]-1-Z8 3L F il (AM-2201) 359. 44 C21H22 FNO 10
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Fig. 2 Mass spectra of 100 mg/L BIM-2201 standard under four standard cone voltages
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Table 3 Identification parameters of Live ID

2R Bl
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e 75 3] {EL/ % 2
BT R 5
W 518 32 0.2
it (m/2) 0.8
VC FE A5 23 1B {E 800
HEFLHLE 1 RO 2
HEFLHLE 2 sREURE 1
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HEFLHLE 4 BB 1
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Fig. 3 Typical matching results of 100 mg/L ADB-BUTINACA with the scores at four cone voltages
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FROTAF ARG M B M AR A 2 & A AB-CHMI-
NACA. B 5 1 F1 15 &4 ADB-BUTINACA.
Fedh 6,714 &4 BIM-2201, B & 3 & A
JWH-018, 8 50 12 & A JWH-203, ¥ & 13 &
A APICA, T 48 JR TE B 55 A ot Ak
Jo A5, W Sk o LS SR A R SR AR I SCs &
H—BAE 3020 ~80% = [a], i A PH M G50k B AR
Rt R 35 8 AR ME A ) 4~8 f5 .

%108

B 4 100 mg/L ADB-BUTINACA # & &% B
Fig. 4 Chromatogram of 100 mg/L ADB-BUTINACA
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Table 4 Matching scores and LODs
of seized samples by ASAP-MS

128 et PR R LOD/
No. Compound Match score  (mg/L)
1 ADB-BUTINACA 980 160
2 AB-CHMINACA 991 80
3 JWH-018 976 80
6 BIM-2201 994 40
7 BIM-2201 986 80
12 JWH-203 968 80
13 APICA 973 40
14 BIM-2201 981 80
15 ADB-BUTINACA 979 160
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8 43 AT VAR B A R e JORE B B T e AT

M Z T s ASAP-MS J5 3k AR 5 a7 50 1 1
Ab IR A I R PR 58 R AN 4 A AR AR
2 min, AN, ASAP-MS Xf ¥ B 1 it 52 B &
T8 78 1 53 BT BT TG T 22 YKl B T8 A VR

BIRZTIT I B H BRE LC-MS/MS i, H R
RE A2 PRSI {EL AT 39 2 PR 38 2 B 03K FT &€ SCs
FERLAYEEK

3 M

15y =H

AT FI ] ASAP-MS FF & T —Fli e i i
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TG . A Z ORI 15 JiE ik A] BE SCs
FEM A5 5 R BT, 9 HE R & i A I 45 SRl [H
TE. 5401k LC-MS/MS 1 GC-MS # Lt ,
ASAP-MS Jo i 554 i A Bt 18] 70 52 2% 1Y) 93 4k
HRE L BEAE AE KA FREE T S BURE i Y PRk
B4k T REAS LA B R i il & PR R4 T (3
S 07 B A TR 6 B &l En K
FEER N R s #H XS T DART, ASAP-MS 1 £ 4t
FLHFE 3BT A 5 52 45 FiOR B 1 I 2 T 9085 fGT
FOBEM R 15 5 1% 07 B 0 R B A8 SN B B
PERN . TESZBRI s ASAP-MS 3& H F 5 i
0 T B8 SCs B i, HLAT 8 485 L AL L #1E
] 5L | [ 2l VG T B ) 9 55 p a5 w] L T B
SR AG I, G HGE T = &l 525 5 IR B R A
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