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W OE L RSCHEET T RO (03 — 5 4 B R% (UPLC—Q/Orbitrap HRMS) 2087 7 %: , 6 HL 503 v 14 Fh )R bk
FHEAT T RIS o LA Ay A B 6T FL KR 8 G R RR 28 1A 7 75 R B, ZE B ek RS B L HLAT AT
FIFAPRICES T (O e AR A TAMR A B i o 14 Fh G BRI ER 1 (1% 43 B 7E Hypersil GOLD (100 mmx2.1 mmx1.9 pwm)
L RERE b5 B, TRBIAH A FF /7K (0.19% W R, 5 mmol/L Z B %% , pH=3.0) , R B BEPRI =X o B 43 #7 SR FH ri It 55
1E B (ESI)RER, 7 m/z 50~500 31 [l N 2% FH Full-MS/ddMS® B A X, 38 o B AR 4 IR (8 15 06 11 1 B8
(] — G T AN TR AT IS TR . 14 R R 198 i T RRYI 12.5 ng/mL, 7F 3 AR AR B K
F-(5.0,20.0,100.0 ng/mL) T, B K 78.45%~94.97% , MM HREM2Z (RSD) K 3.01%~12.70% . %7 A i Ak
PHRT R, BB i T BRATG, 1T 5 40 2 FE U0 A ORI R 19 B 3 ke TR 2 .

KR A ORI 5 L TR  UPLC—Q/Orbitrap HRMS

FESES:0657.63 XEFRIEAD:A XEHS :1009-8143(2026)01-0007-08
Doi:10.3969/.issn.1009-8143.2026.01.02

Simultaneous Determination of 14 Synthetic Cannabinoids in Electronic Cigarette Qil

by UPLC-Q/Orbitrap HRMS Method
Lin Jun—feng', Chu Nai-qing', Feng Tao', Li Yan-hua', Xie Tang—tang’, Li Cheng—fa"
(1. The Testing and Technology Center for Industrial Products, Shenzhen Customs , Shenzhen , Guangdong 518067, China;
2. Tan Kah Kee Innovation Laboratory , Xiamen, Fujian 361004, China)
Abstract: This paper establishes an analytical method utilizing Ultra-—High Performance Liquid Chromatography coupled
with  Quadrupole/Orbitrap High—Resolution Mass Spectrometry (UPLC—Q/Orbitrap HRMS) for the simultaneous
determination of 14 SCs in electronic cigarette oil samples. The sample preparation was streamlined: SCs were extracted
from the electronic cigarette oil using methanol via ultrasonic extraction. The resulting extract was filtered and directly
subjected to instrumental analysis. Quantification was performed using the external standard method based on the peak
areas of the extracted ion chromatograms. Chromatographic separation of the 14 synthetic cannabinoids was achieved on a
Hypersil GOLD (100 mmx2.1 mmx1.9 pm) column. The mobile phase consisted of methanol/water (containing 0.1% formic
acid and 5 mmol/L. ammonium acetate, pH=3.0) , and gradient elution was employed. Mass spectrometric analysis was
conducted in positive electrospray ionization (ESI") mode, utilizing Full-MS/ddMS’ (data—dependent scanning) acquisition
range from m/z 50 to 500. Confirmation was achieved by the simultaneous verification of the target analyte’s retention time,

MS1,and MS2 fragmentation pattern. The limit of quantification (LOQ )for all 14 synthetic cannabinoids was 12.5 ng/mL. At
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three different spiked concentration levels (5.0,20.0.100.0 ng/mL) , the recoveries ranged from 78.45%-94.97%, and the

relative standard deviation (RSD) was between 3.01%—12.70%. This method features simple sample pretreatment, high

sensitivity, and a low LOQ, fully meeting the requirements for routine testing of synthetic cannabinoids in electronic

cigarette oil.
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MR g %5 . UPLC-Q/Orbitrap HRMS ik [A] B 0 G FEL T M7 v 14 P& R R 9
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1# AM-2201 C,,H,,FNO 360.175 82 360.176 42 1.67 40
24 JWH-210 CH,,NO 370.216 54 370.216 58 0.11 40
3# JWH-250 C,,H,NO, 336.195 81 336.196 31 1.49 30
44 JWH-073 C,,H,,NO 328.169 59 328.170 23 1.95 40
S5# THC—d, C,H,,D;0, 318.250 69 318.250 82 0.41 30
o# cannabinol C,H,0, 311.200 56 311.200 93 1.19 30
T# JWH-018 C,,H,,NO 342.185 24 342.185 69 1.32 35
8# JWH-019 CysH,NO 356.200 89 356.201 19 0.84 40
o# JWH-081 C,sH,NO, 372.195 81 372.196 26 1.21 35
104 JWH-203 C,H,,CINO 340.146 27 340.146 58 0.91 40
114 MMA-2201 C,sH,,FNO 374.191 47 374.191 96 1.31 35
12# RCS-4 C,H,,NO, 322.180 16 322.180 78 1.92 35
13# AB-chminaca CyHN,0, 357.228 50 357.228 52 0.06 40
144 ADB-pinaca C,,H,N,0, 345.228 50 345.228 97 1.36 40
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14T ENXARENESFEFNM_RFEFER (n/)

No.

[M+H]

Segment A

Segment B

Segment C

Segment D

Segment E

Segment F

1#

Formula

Accurate mass

C191—1291\1402
345.228 50

C18H26N30
300.207 04

C13H15NZ()
215.117 89

C13H16N30
230.128 79

C131—1171\1202
233.128 45

CsHgN;0
162.066 19

CHN,0
145.039 64

2#

Formula

Accurate mass

C,,H,;FNO
360.175 82

C,.H,,;NOF
232.113 22

C,H,0
155.049 11

C,oH,O
145.064 79

CI()H7
127.054 23

C,HNO
144.044 39

C9H7
115.054 23

3#

Formula

Accurate mass

CaoHyN,O,
357.228 50

C]QHZGN}O
312.207 04

CISHHNZO
241.133 54

CISHIQNZOZ
259.144 10

CI2HI4N30
216.113 14

CHN,O
145.039 64

CXH7N202
163.050 20

4#

Formula

Accurate mass

C,sH,,FNO
374.191 47

C,,H,0
169.064 79

C,,H,.NOF
232.113 22

C,H,0
159.080 44

C,H,NO
144.044 39

CllH‘)
141.069 88

CoH;
115.054 23

S#

Formula

Accurate mass

C21H24N02
322.180 16

CH,0
121.064 79

C]SHISN
188.143 38

CHyNO
214.122 64

C13H161\I
186.127 73

C81—17(‘)2
135.044 06

CH,N
118.065 13

6#

Formula

Accurate mass

C22H26N02
336.195 81

C,H,0
121.064 79

CHN
186.127 73

C,H,,NO
228.138 29

C,H,0,
149.059 71

CHN
186.127 73

CH,N
118.065 13

T#

Formula

Accurate mass

C,,H,NO
328.169 59

C,,H,0
155.049 14

CH1.NO
284.106 99

C,oH,O
145.064 79

C;H,,NO
200.106 99

C,HNO
144.044 39

Gty
127.054 23

8#

Formula

Accurate mass

C,,H,,CINO
340.146 27

C,.H,NO
214.122 64

C]SHISN
188.143 38

CyH,NCI
312.151 35

CoH N
132.080 78

C,H,C
125.015 25

CH,N
118.065 13

O#

Formula

Accurate mass

C,,H,,NO
342.18524

C,H;sNO
214.122 64

C,H,0
155.049 14

CyoH,
127.054 23

C,oH,O
145.064 79

C8H7
103.054 23

C,H,NO
144.044 39

10#

Formula

Accurate mass

CstzsNoz
372.195 81

C,HNO
214.122 64

C,H,0,
185.059 71

ClIHll()Z
175.075 36

C,H,
114.046 40

C,H,NO
144.044 39

C,,H,0
157.064 79

11#

Formula

Accurate mass

CysHy NO
356.200 89

C,5H,NO
228.138 29

C,H,0
155.049 14

CyoH,
129.069 88

CyoHy
127.054 23

C,HNO
144.044 39

CH;
115.054 23

12#

Formula

Accurate mass

C,H,NO
370.216 54

C13H1]O
183.080 44

C,.H,NO
214.122 64

CIZHII
155.085 53

C,HNO
144.044 39

CoH,
115.054 23

C12H130
173.096 09

13#

Formula

Accurate mass

G, H,0,
311.200 56

CZ]HZSO
293.189 99

Ci6H,0,
241.122 31

CieH;50
223.111 74

CisHs
195.116 83

C;H;,0
237.127 39

Ci Hs
219.116 83

14#

Formula

Accurate mass

C21H28D302
318.250 69

CI7H2302
259.169 26

CsH,5D50,
236.172 44

C,,H,,D;0,
196.147 15

CI(IHIS
135.116 83

C,H,
93.069 88

C8H13
109.101 18

I {87 b o DR 25 ) L T A7 41 0 A 2% 0 2 B
(LOQ) ¥k 0.5 ng/mL, 713545 2] J7 8 1 FR (LOQ)
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FE SBR[ 58 PEA T i e BE , 762 R T ik
‘37J<¥?7T%1m?i€r@ R B Z AW, e
I, T3 VR S R AR D R ROk

2 B (LAAH XS A5 o 22 RSD 1), 25 A5 R 0L 5
D715 BB AR ISRk 78.45%~94.97% , KX bk
w2 (RSD) 4 3.01%~12.70% -

2.6 SEERESRNE

K AR SCHEENT 5 B 57 AT B EL A
an FEA T, DU S 340k F RN O T JE 45 SR s
M, it TraceFinder F42E 17 #E 1] H bR i £,
ST 1400 HARES WG A, s Ok B I [E] R
F B TR R ICRCAE OGRS B . S5 R 1
ANKE S RIS Y JWH=-018 FI THC-d, . Kl 4 J21%
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F4 FENEMEXRFEER
LR IRHE] /e MEVE R/ v e R/ ik Em PR/
)—‘?A%‘ Z% {REEI le }qf {EB;] ?E‘@ﬁ*% *ﬁ%%ﬁ[{ f)(%‘ﬁﬂiiﬁﬁ ﬁ{iﬂfiﬁﬁ
min (ng/mL) (ng/mL) (ng/mL)
1 ADB-Pinaca 2.38 1.0~200.0 A=400 700p+199 471 0.999 80 0.5 12.5
2 AM-2201 2.40 1.0~200.0  A=2 070 205p+788 397 0.999 75 0.5 12.5
3 AB-Chminaca 2.50 1.0~200.0 A=404 161p+85 462 0.999 85 0.5 12.5
4 MAM-2201 2.86 1.0~200.0 A=1698 126p+1 106 038 0.999 80 0.5 12.5
5 RCS-4 2.92 1.0~200.0 A=2196 104p+1 533 156 0.999 90 0.5 12.5
6 JWH-250 2.98 1.0~200.0 A=2687 576p+1 144 066 0.999 85 0.5 12.5
7 JWH-073 3.04 1.0~200.0 A=2229 601p+1 239 952 0.999 90 0.5 12.5
8 JWH-203 3.33 1.0~200.0  A=1609 427p+944 570 0.999 95 0.5 12.5
9 JWH-018 3.65 1.0~200.0 A=2 080 663p+2 137 291 0.999 90 0.5 12.5
10 JWH-081 3.99 1.0~200.0 A=2336 163p+1 520 750 0.999 85 0.5 12.5
11 JWH-019 4.31 1.0~200.0 A=2364 836p+1 802 263 0.999 90 0.5 12.5
12 JWH-210 4.78 1.0~200.0 A=2436 184p+1 588 993 0.999 90 0.5 12.5
13 cannabinol 4.78 1.0~200.0 A=263 425p+50 296 0.999 99 0.5 12.5
14 THC-d, 5.34 1.0~200.0 A=370 024p+290 864 0.999 55 0.5 12.5
2 aE
1 3 £ 1
_____J\ﬂ_j\ %
4 =
@ 2
6 @
- £ v
s
o 5 7 2t
b5
E 3 9 10 11 — — :
14
13 1
2
Z A A -
0 , : ,
1 1 1 1 0 2 t/min 4 8
2 3 t/min 4 5 6 . —
Ak oD = - B4 14-PAMEHESA UPLC-Q/Orbitrap HRMS 2 E
B3 M4MERXKKENRINEFRIEE

W 1—JWH-073;2—]JWH-203 ; 3—JWH-081 ;4—THC-d;;5
—AB-Chminaca ; 6—JWH-250; 7—cannabinol ; 8—AM-
2201;9—RCS-4;10—JWH-018;11—JWH-210; 12—ADB-
Pinaca; 13—MAM-2201;14—JWH-019,

FE i ) UPLC—Q/Orbitrap HRMS &35 F 9 &, 76 f#
BA T 1] 43 0] 7 3.69 min. 5.38 min &b 4% H 3 1435
g, H AR B I 1] 5 A o S TWH-018 (£,=3.66 min) |
THC-d,(2,=5.35 min) % B4 B[R] AH 22444 0.03 min,
T Z(EIITE£0.1 minJuEE N . KIS 2E 4R 2
Foft B B RRR 2 B — 2 4= 43 4 s ) 0 1l o — 2
TEELAE AT, B St g T 2 R iR RR AR
VS i 1R o ] Sa 2 B 4 T 1T N Y —

FRE
#:1—JWH-018;2—THC-d,

G A T P R L, 7E m/z 342.185 03 kb5 14>
Y & S0 . JWH-018 194313 R C,H,L,NO, Hit
B BORS A R RO SR A m/z 342.185 24

K] 5a i 0 HY B AE m/z 342.185 03, 5 BRI (H
W22 - 0.61 ppm, T AL 72 BT 5 124 1 38 ) e 22
K WA LIS A TWH-018 AYREE 7k, AR
Pl 4 v 14068 (1) £ BA IS [RD RN FE] S, P40 25 ) T A2
ks JWH-018. it — LIz e & A
JWH-018, % Hib AT — R F i Ak . [ 5b kKl 4 h
1406 1) — 20 R E 1, T8 Se ol TWH=-018 Ay i 75 8 (1)



2026,35(1) MATIE 45 . UPLC—Q/Orbitrap HRMS 32 [A] b 52 B - 48 3 Hh 14 Fh A R E 13
®5 FHEWMEREHOKEFEEE (n=9)
7S VA STl PIE7S VAN o 5 Pl S E e
4H 4
Ay (ng/mL) 1% RSD/% (ng/mL) 1% RSD/% (ng/mL) % RSD/%
ADB-Pinaca 5.0 83.00 8.47 20.0 87.19 6.11 100.0 87.85 5.06
AM-2201 5.0 78.57 8.84 20.0 80.23 9.25 100.0 87.62 7.70
AB-Chminaca 5.0 81.35 7.48 20.0 87.67 4.48 100.0 89.30 5.50
MAM-2201 5.0 86.75 7.88 20.0 92.31 4.15 100.0 92.41 3.01
RCS-4 5.0 82.50 10.98 20.0 87.48 7.59 100.0 85.80 4.32
JWH-250 5.0 88.95 6.72 20.0 86.95 6.77 100.0 89.76 3.77
JWH-073 5.0 80.36 12.70 20.0 91.83 7.68 100.0 87.77 4.73
JWH-203 5.0 89.06 6.68 20.0 86.54 6.50 100.0 84.05 3.50
JWH-018 5.0 78.45 9.45 20.0 86.03 9.04 100.0 87.79 3.61
JWH-081 5.0 80.81 11.81 20.0 85.45 8.02 100.0 86.56 5.86
JWH-019 5.0 78.45 11.96 20.0 85.00 4.78 100.0 88.17 6.98
JWH-210 5.0 82.41 12.47 20.0 94.97 4.46 100.0 84.89 5.01
cannabinol 5.0 88.94 4.69 20.0 84.26 6.75 100.0 91.52 6.51
THC-d, 5.0 79.32 6.59 20.0 85.43 4.26 100.0 89.37 8.07
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