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Abstract . Synthetic cannabinoids (SCs), which are among the most widely abused new psy-

choactive substances, are much more potent and have greater efficacy than natural cannabis.
SCs can be disguised in various ways and are commonly sold in the form of electronic cigarette
oil. SCs belong to a large family with structures consisting of a core with substituents, linker,
ring with substituents, and tail. New SCs can be developed by adding substituents, such as hal-
ogen, alkyl, and alkoxy groups, to the aromatic ring system or by changing the alkyl chain
length. Since the emergence of so-called first-generation SCs, subsequent developments have
led to eighth-generation indole/indazole amide-based SCs. As of July 1, 2021, the entire catego-
ry of SCs was added to the list of controlled substances, but implementation requires urgent im-
provements in detection technologies. Typically, each method is limited to a few SCs. Owing to
the vast number of chemically diverse SCs and their fast update speed, the determination and
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identification of various types of SCs using a single method is challenging. Therefore, rapid,
sensitive, and accurate quantitative methods that includes various types of SCs must be devel-
oped to meet the demand for the qualitative and quantitative analysis of new SCs in seized elec-
tronic cigarette oil.

In this study, a liquid chromatography-tandem mass spectrometry ( LC-MS/MS) method was
developed for the simultaneous determination of 102 SCs in electronic cigarette oil. The mass
spectrometry and liquid-phase conditions influencing SC separation and determination were op-
timized. Using the external standard method, 102 SCs were successfully identified in electronic
cigarette oil. The samples were extracted using methanol. Target analytes were separated on a
Shimadzu Shim-pack GIST-HP C18 AQ column (100 mmx2. 1 mm, 1.9 pum) at a column tem-
perature of 40 C. The mobile phases consisted of (A) 0. 1% formic acid aqueous solution and
(B) methanol-acetonitrile (1:1, v/v). The gradient elution conditions were as follows: 0-8
min, 55% A-15%A; 8-15 min, 15%A; 15-16 min, 15% A-55% A; 16—18 min, 55% A. The flow
rate was 0.4 mL/min and the injection volume was 1 pL. Operating in the multiple reaction mo-
nitoring mode, the 102 SCs were identified within 18 min. Each SC exhibited a good linear rela-
tionship in the range of 1-100. 0 wg/L with a correlation coefficient (7) =0. 991 5. The limits of
detection were 0. 01-0. 30 pg/L and the limits of quantification were 0. 04-0. 99 png/L, which
meet the requirements for analyzing SCs in actual samples. Precision was determined using
10, and 50 wg/L of the SCs. The precisions (n=6) were 0.3% —
6.0%. The recoveries of the 102 SCs, as evaluated by spiking electronic cigarette oil at low (2
pg/mL) , medium (10 pg/mL), and high (50 wg/mL) levels, were 80. 1% —119. 8%. Good per-
formance was observed for the analysis of real samples. The developed method is accurate,

standard solutions with 2,

rapid, sensitive, and effective for the determination of the 102 SCs in electronic cigarette oil,
satisfying the requirements for practical qualitative and quantitative analysis.

Key words: liquid chromatography-tandem mass spectrometry ( LC-MS/MS) ; synthetic canna-
binoids (SCs) ; electronic cigarette oil
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Table 1 Retention times and MS parameters of the 102 synthetic cannabinoids ( SCs)

Retention Precursor

Product ions (m/z)

No. Synthetic cannabinoid time/min ion (m/z) (Collision energies/eV)
1 5F-AMP-P7AICA 2.36 335.2 290.2* (-25), 270.2(-29), 214.1(-32)
2 AM-2233 2.44 459.1 98.1°(-27), 112.1(-24), 362.0(-21)
3 5F-BEPIRAPIM 2.78 408.2 232.1"(-=25), 144.0(-43)
4 N-( 1-amino-3-methyl-1-oxobutan-2-yl) - 1-(4-cyanobutyl ) - 2.86 342.4 226.0" (-26), 145.0(-43)
1 H-indazole-3-carboxamide
5 AM-1220 3.05 383.2 127.1*(-53), 286.2(-20), 155.0(-27)
6 A-796, 260 3.65 355.2 125.2*(-20), 114.2(-27)
7 JWH-193 3.76 398.9  169.0* (-23), 114.0(-27), 141.0(-46)
8 N-(1-amino-3-methyl-1-oxobutan-2-yl) -1- (4-fluorobutyl ) - 3.81 335.1 219.1%(-24), 145.0(-41), 177.0(-35)
1H-indazole-3-carboxamide
9 5SF-ABICA 4.24 348.2 232.1"(-21), 331.2(-10), 144.0(-39)
10 SF-AB-PINACA 4.49 3492 233.1°(-24), 304.2(-16), 213.1(-32)
11 AM-1248 4.61 391.3 135.1"(-28), 112.1(-30), 294.2(-29)
12 5-fluoropentyl-3-py ridinoylindole 4.65 311.3 144.0" (-39), 232.0(-31), 223.0(-26)
13 AB-FUBICA 4.72 3682 109.0* (-40), 252.1(-19), 351.2(~10)
14  N-( 1-amino-3-methyl-1-oxobutan-2-yl) -1-( pent-4-en-1-yl) - 4.90 328.4 212.0°(-19), 144.0(-36), 158.0(-32)
1H-indole-3-carboxamide
15 AB-FUBINACA 4.98 369.2  109.0* (—44), 324.1(-16), 253.0(-24)
16 5F-ADBICA 5.05 362.2 232.1"(-23), 345.2(-11), 144.0(-41)
17 PX-2 5.24 397.2 233.1"(-25), 213.0(-33), 145.0(-46)
18 5F-ADB-PINACA 5.32 363.2 318.2" (-16), 177.0(-36)
19 5Cl-AB-PINACA 5.44 365.2 249.0" (-25), 145.0(-43), 213.0(-33)
20 ADB-FUBICA 5.50 382.2 252.1%(-22), 109.0(-42)
21 ADB-FUBIATA 5.57 396.2 109.0* (-45), 238.0(-26)
22 ADB-BINACA 5.73 365.2 235.1"(-25), 320.2(-15), 348.2(-10)
23  4CN-MDMB-BUTINACA 5.76 371.2 226.0" (-28), 145.0(-44)
24 5F-MDMB-P7AICA 5.77 378.2 318.0"(-29), 298.0(-32), 206.0(-37)
25 ADB-FUBINACA 5.78 383.2 338.2"(-16), 253.1(-26)
26 ADB-BUTINACA 5.95 3312 201.1*(-27), 145.0(-41), 286.2(~15)
27 5F-CUMYL-P7AICA 5.99 368.2 174.1* (-32), 230.1(-24) , 348.2(-23)
28 AB-PINACA 5.99 3312 215.1%(-24), 286.2(~15), 314.2(~10)
29 5F-AMB-PICA 6.03 363.2 232.1°(-19), 144.0(-38), 116.0(-54)
30 4F-MMB-BUTINACA 6.08 350.4 219.0" (-24), 145.0(-39), 177.0(-33)
31 4CN-CUMYL-BUTINACA 6.08 361.2 226.1%(-22), 243.1(-12), 145.0(-42)
32 ADB-4en-PINACA 6.09 343.2 213.1"(-24), 298.2(-16), 171.1(-39)
33  5F-QUP7AIC 6.21 378.2 233.1*(-20), 145.0(-39), 117.0(-55)
34 4F-MDMB-BUTICA 6.25 363.2 218.1%(-19), 144.0(-39), 116.0(-55)
35 ADBICA 6.46 344.2 214.1"(=22), 144.0(-39)
36 S5F-MPP-PICA 6.53 411.2 232.1°(-19), 144.0(-42)
37 CUMYL-THPINACA 6.75 378.2 243.1%(-22), 260.1(-12), 119.1(-25)
38 ADB-PINACA 6.81 3452 215.1*(-26), 300.2(~15), 328.2(~10)
39 5F-MDMB-PICA 6.81 377.2 232.1°(-19), 144.0(-39)
40 4F-MDMB-BUTINACA 6.86 364.2 219.1%(-24), 304.2(-16), 177.0(-36)
41 5F-MN-24 6.88 375.2 232.1%(-23), 144.0(-41)
42 AB-CHMINACA 6.89 357.0  241.0°(=26), 312.0(-17)
43 5F-CUMYL-PICA 7.01 367.2 249.1" (-16), 232.1(-28), 206.1(-25)
44 AM-694 7.07 436.0 230.9 " (-28), 202.9(-48), 309.2(-22)
45 AMB-FUBINACA 7.10 384.2 109.0 (-44), 324.2(-16), 253.1(-23)
46 1-(4-fluorobutyl) -N-( 2-phenylpropan-2-yl) - 1 H-indazole- 7.15 354.4 219.1"(-21), 119.0(-24), 145.1(-41)
3-carboxamide
47 MDMB-FUBICA 7.16 397.2 252.1°(-17), 109.0(-37)
48 SDB-006 7.26 321.2 214.1*(-20), 188.1(-20), 278.2(-18)
49 ADB-CHMICA 7.30 370.2 240.1"(-23), 353.2(-11), 144.0(-41)
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Table 1 (Continued)

Retention Precursor

Product ions (m/z)

No. Synthetic cannabinoid time/min ion (m/z) ( Collision energies/eV)
50 FUB-PB-22 7.43 397.1  109.0% (-35), 252.1(-14)
51 SF-EDMB-PICA 7.44 3912 232.2°(-19), 144.0(-40), 116.0(-55)
52 5F-BTP7AIC 7.70 368.2 233.1°(-16), 145.0(-34)
53 5F-CUMYL-PINACA 7.70 368.2 250.1*(-11), 213.1(=30)
54 AM-2201 7.78 360.1 155.1°(-25), 127.1(-49), 232.1(-24)
55 JWH-030 7.87 292.1 155.0"(-19), 127.0(-39)
56 JWH-201 7.98 336.2 121.0"(-26), 144.0(-38), 214.0(-26)
57 JWH-015 8.03 328.2 155.0" (-24), 127.1(-46)
58 AMB-CHMICA 8.09 371.2 240.1* (-16), 144.0(-36), 116.0(-55)
59 RCS-4 8.15 3222 135.0°(-23), 107.0(—40), 214.1(-23)
60 FUB-JWH-018 8.16 380.1 155.0" (-24), 127.1(-44), 252.1(-22)
61 5CL1-ADB 8.17 394.9  250.0% (-25), 214.0(-33), 145.1(-42)
62 5F-MN-18 8.24 376.2 233.1"(-17), 145.0(-38), 213.1(-28)
63 JWH-250 8.27 336.2 91.0" (-41), 144.0(-34)
64 MAM-2201 8.32 374.2 169.1"(-26), 141.1(-43), 232.1(-26)
65 5Cl-CUMYL-PINACA 8.43 384.8 250.0 " (-22), 214.0(-31), 145.0(-42)
66 JWH-073 8.48 328.2 155.0" (-24), 127.0(-43), 200.1(-23)
67 CUMYL-PEGACLONE 8.62 373.2 255.1"(-17), 185.1(-40), 167.0(-46)
68 JWH-251 8.64 320.2 105.0 " (-24), 214.0(-24), 144.0(-36)
69 5F-APINACA 8.65 3842 135.1°(=20), 107.1(-45)
70 STS-135 8.65 383.2 135.17(-31), 232.1(-24), 107.1(-44)
71 MDMB-CHMICA 8.76 385.2 240.1* (-19), 144.0(-38)
72 FUB-144 8.77 350.2 109.0* (-39), 125.1(-22), 252.1(-22)
73 EAM-2201 8.79 388.2 183.1"(-26), 232.1(-26), 155.1(-38)
74 4F-ABUTINACA 8.98 370.2 135.1°(-20), 93.1(-51), 107.1(-44)
75 N-(adamantan-1-yl)-1-( pent-4-en-1-yl) -1H-indole-3-carboxamide 9.25 363.5 135.0"(-28), 107.0(-42), 93.0(-45)
76 EDMB-CHMICA 9.28 399.3 240.1"(-20), 144.0(-40)
77 BIM-018 9.31 343.2 127.1*(-48), 215.1(-21), 273.1(-22)
78 JWH-007 9.35 356.2 155.0° (-23), 127.1(-47), 228.1(-25)
79 EDMB-PINACA 9.35 374.2 215.1"(-26), 300.3(-17), 145.0(-42)
80 JWH-081 9.42 372.2 185.17(-26), 214.1(-25), 127.1(-54)
81 JWH-180 9.50 356.2 197.0%(-25), 186.0(-26)
82 MN-18 9.67 3582 215.2°(-19), 145.0(-34)
83 JWH-098 9.67 386.2 185.0"(-25), 157.0(-42), 228.0(-35)
84 JWH-307 9.68 386.2 127.1*(-50), 155.0(-22)
85 JWH-122 9.71 356.2 169.0" (-24), 141.1(-41), 214.1(-23)
86 UR-144 9.74 3122 125.1%(-22), 214.1(-24), 279.2(-26)
87 JWH-019 9.78 356.2 127.17(-47), 155.0(-26), 228.1(-24)
88 FUB-APINACA 9.88 404.2 135.1"(-21), 107.1(-49)
89 APICA 9.89 365.3 135.17(-29), 214.1(-23), 107.0(-42)
90 MDMB-CHMCZCA 10.22 435.3 290.2 " (-21), 194.1(-44), 179.1(-50)
91 JWH-210 10.34 370.2 183.1°(-26), 214.1(-25), 155.1(-37)
92 5CI-APINACA 10.41 400.2 135.1°(-23), 107.1(-48)
93 5F-AMPPPCA 10.45 424.3 135.1 " (-24), 107.1(-48)
94 JWH-370 10.46 382.2 155.07(=22), 127.1(-47)
95 JWH-182 11.18 384.2 197.0* (-28), 141.0(-50)
96 JWH-249 11.18 384.0 214.0" (-28), 144.0(-41), 169.0(-28)
97 APINACA 11.71 366.2  135.1%(-22), 107.1(-42)
98 EG-018 12.32 392.2 155.0" (=26), 264.1(-26), 179.1(-46)
99 CB-13 13.02 369.2 171.1"(=26), 155.0(-26), 299.1(-20)
100 AMPPPCA 13.52 406.3 135.1°(-24), 107.1(-48), 255.1(-29)
101 ACHMINACA 13.67 3923 135.1°(-23), 93.1(-53), 107.1(-50)
102 JWH-184 13.84 342.2 155.0" (-20), 127.0(-54)

#* Quantitative ion.
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x2 102 MERKFRERNKH R ESMR ERBA, @R RMEEE
Table 2 Limits of detection (LODs), limits of quantification (LOQs), matrix effects,
recoveries and relative standard deviations (RSDs) of the 102 SCs

LOD/ LOQ/ Matrix effects/% Recoveries/% (n=6) RSDs/% (n=6)
No. Synthetic cannabinoid (pg/ (pg/ 2 10 50 2 10 50 2 10 50
L) L) pg/L pg/L pg/L  pg/L pg/L pg/L  pg/L pg/L pg/L
1 5F-AMP-P7AICA 0.10 0.33 118.0 104.6 103.8 101.5 100.6 100.4 3.1 1.3 0.9
2 AM-2233 0.05 0.17 73.6 93.1 102.6 99.0 87.6 92.4 2.7 1.1 1.2
3 5F-BEPIRAPIM 0.02  0.07 94.4 98.3 99.2 96.0 90.5 100.3 2.0 0.8 0.9
4 N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-(4- 0.10  0.33 84.2 85.9 97.9 95.4 80.1 105.7 2.3 1.7 1.2
cyanobutyl ) -1 H-indazole-3-carboxamide
5 AM-1220 0.05 0.17 103.3 106.5 110.1 102.7 105.6 98.5 1.7 0.8 1.2
6 A-796, 260 0.05 0.17 100.6  100.3 103.0 96.4 94.6 101.6 1.6 1.5 0.9
7 JWH-193 0.04 0.13 105.3 94.5 97.6 94.2 86.8 98.8 0.4 0.7 0.3
8 N-(1-amino-3-methyl-1-oxobutan-2-y1)-1-(4- 0.07 0.23 106.4 103.2 107.7 101.1 100.8 105.4 2.2 1.7 0.6

fluorobutyl ) - 1H-indazole-3-carboxamide
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Table 2

(&)

( Continued)

LOD/ LOQ/ Matrix effects/% Recoveries/% (n=6) RSDs/% (n=6)
No. Synthetic cannabinoid (pg/ (png/ 2 10 50 2 10 50 2 10 50
L) L) wg/L pg/L pgL  wg/L pgL pg/L pg/L pg/L pg/L

9 5F-ABICA 0.10 0.33 119.5 99.8 105.0 103.6 93.0 102.1 4.9 1.9 1.0
10 5F-AB-PINACA 0.09 030 106.7 103.6 119.7 97.6 100.2 112.7 4.3 3.2 3.1
11 AM-1248 0.20 0.66 69.9 89.4 100.3 97.6 83.6 96.7 2.5 2.0 0.5
12 5-fluoropentyl-3-py ridinoylindole 0.10 0.33 116.1 1054 105.6 95.00 105.8 117.4 3.3 3.8 2.3
13 AB-FUBICA 0.10 0.33 138.8 118.1 116.5 113.9 119.2 118.9 5.3 3.1 1.2
14 N-( 1-amino-3-methyl-1-oxobutan-2-yl)-1- 0.08 0.26 117.1 101.5 104.6 91.8 93.1 102.4 4.5 2.3 0.9

( pent-4-en-1-yl) -1H-indole-3-carboxamide

15 AB-FUBINACA 0.06 0.20 172.9 116.5 118.2 106.7 119.8 119.3 3.1 3.5 1.7
16 5F-ADBICA 0.09 0.30 139.7 99.3 107.3 100.5 94.6  106.5 4.4 1.9 1.1
17 PX-2 0.08 0.26 106.5 96.0 113.7 101.7 91.2 1124 3.4 3.4 2.5
18 SF-ADB-PINACA 0.18 0.60 152.4 104.4 104.3 89.6 99.6 99.7 3.6 3.5 1.7
19 5CIl-AB-PINACA 0.08 0.26 115.7 100.9 112.8 112.5 105.6 110.2 2.3 5.1 1.6
20 ADB-FUBICA 0.04 0.13 2483 118.3 1154 97.0 112.2 95.1 4.8 2.9 1.6
21 ADB-FUBIATA 0.07 0.23 117.8  115.6 107.3 83.9 109.9 94.1 4.0 2.3 2.2
22 ADB-BINACA 0.08 0.26 133.5 109.5 115.9 110.0 110.4 1144 5.1 5.2 2.8
23 4CN-MDMB-BUTINACA 0.06 0.20 113.1 98.9 116.4 99.2 97.1 116.0 2.3 3.2 2.2
24 5F-MDMB-P7AICA 0.09 030 110.3 104.2 104.5 100.1 96.6 111.7 5.5 3.4 1.9
25 ADB-FUBINACA 0.20 0.66 115.6 118.9 111.0 119.7 112.3 106.0 5.8 3.9 2.4
26 ADB-BUTINACA 0.09 0.30 170.4 100.9 110.9 107.3 97.6 101.6 3.9 2.5 2.5
27 5F-CUMYL-P7AICA 0.20 0.66 108.1 100.9 107.3 103.7 101.8 106.2 5.4 1.7 1.7
28 AB-PINACA 0.10 0.33 125.7 102.9 106.6 105.4 95.8 107.6 5.1 2.5 0.6
29 5F-AMB-PICA 0.02  0.07 109.3 100.0 106.5 97.7 96.5 103.8 2.2 1.9 1.7
30 4F-MMB-BUTINACA 0.10 0.33 90.8 929 977 95.1 853  93.8 3.2 3.3 33
31 4CN-CUMYL-BUTINACA 0.03 0.10 89.3 91.9 104.4 102.6 93.2 108.9 4.7 3.3 1.5
32 ADB-4en-PINACA 0.10 0.33 117.6  102.2 110.9 97.3 99.8 107.6 5.9 2.9 1.4
33 5F-QUP7AIC 0.03 0.10 60.8 87.7 97.6 98.6 80.6 104.2 3.6 2.8 2.3
34 4F-MDMB-BUTICA 0.02  0.07 95.1 103.2 104.9 101.4  99.6  98.5 5.5 1.9 2.3
35 ADBICA 0.04 0.13 150.3 114.6 110.0 104.6 111.6 109.7 4.3 3.3 1.8
36 S5F-MPP-PICA 0.02  0.07 108.9 103.6 112.9 104.8 98.6 112.5 2.9 2.7 4.0
37 CUMYL-THPINACA 0.05 0.17 93.9 90.8 98.8 91.8 81.4 97.7 4.9 5.5 2.2
38 ADB-PINACA 0.30 0.99 1169 86.8 1129 117.6 86.1 101.5 5.0 2.7 2.8
39 5F-MDMB-PICA 0.01 0.04 101.8 101.3 1104 94.8 96.7 99.0 4.8 1.4 3.8
40 4F-MDMB-BUTINACA 0.09 0.30 95.9 97.3 101.9 98.9 92.2 1054 5.9 2.4 2.5
41 SF-MN-24 0.02 0.07 106.6 112.7 1154 100.2  109.3 108.1 4.2 5.6 0.9
42 AB-CHMINACA 0.05 0.17 91.6 103.9 108.8 100.3  94.7 100.6 6.0 4.9 2.9
43 5F-CUMYL-PICA 0.02 0.07 91.4 96.8 105.2 93.0 86.1 105.7 0.9 3.2 1.9
44 AM-694 0.05 0.17 91.3 97.1 103.3 94.0 96.6 106.3 4.6 2.7 2.4
45 AMB-FUBINACA 0.05 0.17 98.4 91.9 111.8 93.9 88.9 107.6 4.8 2.5 2.4
46 1-(4-fluorobutyl) -N-( 2-phenylpropan-2-yl)- 0.03  0.10 88.1 89.2 101.7 98.0 82.1 95.6 3.5 2.6 3.6

1H-indazole-3-carboxamide

47 MDMB-FUBICA 0.02 0.07 65.1 94.6 110.0 102.7 88.8 94.9 2.6 2.2 1.2
48 SDB-006 0.10 0.33 85.9 103.2 102.2 103.0 94.8 98.3 3.0 2.9 2.0
49 ADB-CHMICA 0.10 0.33 105.8 1104 104.4 87.5 100.7 95.0 5.7 3.8 0.9
50 FUB-PB-22 0.02  0.07 97.0 99.2  107.7 116.9 97.1 99.0 3.7 2.1 2.1
51 5F-EDMB-PICA 0.02  0.07 83.4 924 1025 989 869 104.6 2.9 3.9 1.1
52 5F-BTP7AIC 0.05 0.17 88.4 83.5 97.4 86.6 80.8 107.6 4.9 2.6 2.4
53 5F-CUMYL-PINACA 0.30  0.99 96.8 95.5 105.5 96.9 89.9 103.3 4.8 3.2 1.9
54 AM-2201 0.01 0.04 88.0 92.3 105.4 101.0 88.5 101.5 3.6 1.9 2.3
55 JWH-030 0.02 0.07 101.8 93.6 102.7 95.1 89.2  99.7 2.8 3.6 1.8
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Table 2 (Continued)
LOD/ LOQ/ Matrix effects/% Recoveries/% (n=6) RSDs/% (n=6)

No. Synthetic cannabinoid (pg/ (png/ 2 10 50 2 10 50 2 10 50

L) L) wg/L pg/L pgL  wg/L pgL pg/L pg/L pg/L pg/L
56 JWH-201 0.02 0.05 93.2 97.2 111.5 97.4 92.7 110.5 2.7 3.6 2.6
57 JWH-015 0.02  0.07 105.3 91.5 103.2 100.9 86.6 105.6 2.8 3.3 4.6
58 AMB-CHMICA 0.02  0.07 94.8 92.3 99.5 85.4 86.8 98.5 4.9 4.3 3.9
59 RCS-4 0.07 0.23 88.1 99.8 117.6 100.3  95.1 118.9 2.1 1.6 2.3
60 FUB-JWH-018 0.06 020 1049 117.8 115.2 100.3 118.1 113.3 4.6 5.2 2.3
61 5CI-ADB 0.29 0.97 81.9 95.5 104.8 87.4 84.1 104.1 4.2 5.1 3.1
62 SF-MN-18 0.05 0.17 71.1 80.3 102.2 90.9 81.6 94.9 2.4 3.7 33
63 JWH-250 0.28 0.92 87.0 98.4 107.9 100.3  91.2 104.9 1.9 3.8 2.6
64 MAM-2201 0.03 0.10 86.2 90.4 95.1 99.9 87.0 116.8 5.6 1.8 1.8
65 5CI-CUMYL-PINACA 0.19 0.63 88.5 83.8 102.7 96.8 80.9 103.9 5.6 5.8 3.1
66 JWH-073 0.03 0.10 100.9 102.6 102.5 97.9 101.7 102.7 3.6 4.4 3.2
67 CUMYL-PEGACLONE 0.01  0.04 91.6  95.1 106.4 94.6 857 100.6 3.0 3.5 3.2
68 JWH-251 0.06 0.20 83.0 97.4 108.1 92.2 90.7 105.1 3.7 2.5 2.1
69 5F-APINACA 0.06 0.20 109.5 83.7 90.8 87.5 82.8 91.0 5.2 5.9 5.4
70 STS-135 0.01 0.04 110.2 103.6 113.5 105.3  106.9 79.4 4.4 2.9 3.4
71 MDMB-CHMICA 0.01 0.04 105.1 99.2 108.3 98.8 97.1  109.1 1.4 1.1 1.9
72 FUB-144 0.05 0.17 97.0 98.8 106.9 100.2 92.5 104.9 5.8 4.6 2.9
73 EAM-2201 0.02  0.07 85.7 83.8 102.2 84.6 80.3 107.4 2.9 4.3 4.6
74 4F-ABUTINACA 0.02  0.06 92.1 84.7 103.2 102.1 80.4 105.4 3.7 2.2 3.8
75 N-(adamantan-1-yl)-1-( pent-4-en-1-yl)- 0.06 0.20 98.4 80.5 944 80.1 85.2  90.6 5.4 3.9 1.9

1H-indole-3-carboxamide

76 EDMB-CHMICA 0.05 0.17 94.4 92.4 107.9 97.4 88.6 91.9 2.7 2.1 1.8
77 BIM-018 0.02 0.07 1059 100.0 104.4 99.1 96.5 104.6 2.4 3.4 3.7
78 JWH-007 0.02  0.07 83.5 92.7 102.1 93.9 89.6 100.9 1.1 1.6 2.9
79 EDMB-PINACA 0.02  0.07 89.9 102.8 109.6 100.4 103.6 111.5 3.9 2.8 2.4
80 JWH-081 0.02  0.07 102.2 92.3 107.7 97.9 91.3 108.4 3.9 1.7 3.7
81 JWH-180 0.02  0.07 90.9 85.6 100.2 94.7 833 999 4.5 3.7 35
82 MN-18 0.06 0.20 85.5 86.9 99.5 92.5 83.1 97.9 3.3 2.4 3.9
83 JWH-098 0.01 0.04 116.6 102.3 96.6 100.3 99.5 101.4 2.2 1.1 2.1
84 JWH-307 0.03 0.10 94.5 95.0 93.7 99.2 93.2 108.9 3.0 1.0 1.3
85 JWH-122 0.02  0.07 89.1 90.7  93.6 95.8 867 92.1 3.7 1.4 2.9
86 UR-144 0.07 0.23 85.9 90.1 91.7 84.9 85.8 89.0 4.4 1.1 2.0
87 JWH-019 0.02  0.07 87.2 90.9 106.4 95.2 90.5 105.2 2.2 1.1 5.6
88 FUB-APINACA 0.06 0.20 99.0 81.5 80.5 96.9 81.5 99.2 2.9 1.4 3.6
89 APICA 0.02 0.07 113.6 81.6 824 94.8  80.5 82.0 3.6 1.3 2.3
90 MDMB-CHMCZCA 0.03 0.10 41.7 85.4 101.5 102.7 81.4 94.3 2.8 0.8 1.1
91 JWH-210 0.01  0.04 91.0 97.9 107.6 98.1 97.8 108.3 2.4 1.1 3.6
92 5CI-APINACA 0.04 0.13 75.5 88.1 103.6 98.4 85.9 103.0 1.9 2.9 2.5
93 S5F-AMPPPCA 0.04 0.13 102.2 95.2 108.8 99.2 96.1 110.8 0.8 1.1 2.4
94 JWH-370 0.01 0.04 103.5 98.2 104.9 98.7 97.8 96.5 1.9 0.9 2.3
95 JWH-182 0.02 0.07 100.0 959 100.8 94.6  92.1 97.9 1.3 0.9 2.3
96 JWH-249 0.10 0.33 93.3 97.6  100.3 95.5 93.9 91.6 2.1 1.6 1.6
97 APINACA 0.05 0.17 61.9 83.2 99.6 96.4 81.7 97.1 0.9 1.9 2.1
98 EG-018 0.20 0.66 109.3 93.6 107.8 96.1 91.2 105.5 0.8 1.9 1.5
99 CB-13 0.20  0.66 97.9 969 110.7 100.2  94.0 109.6 1.1 1.0 1.2
100 AMPPPCA 0.30 0.99 108.8 94.2  110.6 100.0 95.6 109.9 0.4 1.5 3.8
101 ACHMINACA 0.10 0.33 85.4 86.6 105.2 96.9 84.9 102.1 0.8 1.2 3.2
102 JWH-184 0.20 0.66 128.9 88.3 96.5 92.9 80.9 97.3 2.3 0.5 1.2

The linear range was 1-100. 0 pg/L, and the correlation coefficients (7) were 0. 9915-0. 9998.
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Table 3 Comparison of the proposed method with other methods

Number Detection Instrumental
i
Actual sample of target thod analysis LOD LOQ Ref.
metho
compounds time/min
Electronic cigarette oil 102 LC-MS/MS 18 0.01-0.3 ng/L 0.033-0.99 png/L this study
Electronic cigarette oil, urine 1 GC-MS 17 - - [5]
Electronic cigarette oil 5 UPLC 10 0.2 mg/L 0.6 mg/L [16]
Electronic cigarette oil 9 GC-MS 20 0.04-0.25 mg/L 0.15-0.85 mg/L [19]
Electronic cigarette oil 58 HPLC-MS/MS 12 0.5-1 pg/g 2 ng/g [25]
Electronic cigarette oil 5 GC-MS 17 - 0.025 mg/mL [33]
-: no data.
1 5 6
3 — ADB-4en-PINACA 4_ SF-MDMB-PICA 1 4CN-CUMYL-
vg ] WS @2 4] BUTINACA
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Fig. 1 Extracted ion chromatograms of seven synthetic cannabinoids in actual electronic cigarette oil samples
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Table 4 Detection results of synthetic cannabinoids in actual electronic cigarette oil samples

Contents of synthetic cannabinoids/ ( ng/mg)

Sample 4F-MDMB- 4CN-CUMYL- 4F- ADB- SF-MDMB- 4F-MDMB- ADB-4en-
BUTICA BUTINACA ABUTINACA BUTINACA PICA BUTINACA PINACA
1 - 2.48 - - 0.023 - 0.059
2 - 6.90 - - - - 0.049
3 - - 1.59 0.58 - - -
4 0.84 - 1.25 0.14 - - -
5 - - 2.46 0.031 - - -
6 - - - - 1.12 0.71 -
7 - - - - 0.21 - -

3

—: not detected
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