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Simultaneous determination of 38 indazole amides synthetic
cannabinoids and 15 metabolites in wastewater by solid phase
extraction-liquid chromatography-tandem mass spectrometry

YANG Zhe, JIANG Liwei, WU Yidi, JIA Rui, LYU Jianxia"
(National Anti-Drug Laboratory Beijing Regional Center, Beijing 100164, China)

Abstract: Synthetic cannabinoids (SCs), which are significantly more potent and efficacious than
natural cannabis, are among the most widely abused new psychoactive substances. The emergence
of the so-called first-generation SCs was followed by other SCs that eventually led to the development
of eighth-generation indole/indazole amide-based SCs. Indeed, this entire category of SCs was added
to the list of controlled substances on July 1, 2021. SCs can be disguised in various ways and are
commonly sold in the form of electronic cigarette oil. SCs quickly enter the bloodstream through
the lungs when smoked and are eventually excreted in the forms of precursors and metabolites in
urine and feces following oxidation and metabolism, and finally enter the urban sewage system. SCs
abuse can be studied and evaluated by analyzing SCs and their metabolites in municipal wastewater ,
thereby providing a practical reference. Therefore, methods for detecting SCs and their metabolites
in wastewater need to be developed. In this study, a solid phase extraction (SPE) -liquid

chromatography-tandem mass spectrometry (LC-MS/MS) method was developed for the simultaneous
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determination of 38 indazole amide SCs and 15 metabolites in wastewater. Samples were treated
using Oasis® MCX SPE, and multiple reaction monitoring (MRM) mode was used with mobile phases
comprising (A) 0.1% formic acid aqueous solution and (B) methanol-acetonitrile (1:1, v/v). The
following gradient-elution conditions were used: 0-8 min, 55%A-15%A; 8-15 min, 15%A; 15-16
min, 15%A-55%A; 16-18 min, 55%A. Target analytes were separated using a SHIMADZU Shim-pack
GIST-HP C18 AQ column (100 mmx2.1 mm, 1.9 wm) at a column temperature of 40 C and a flow
rate of 0.4 mL/min. The injection volume was 10 pL. The 38 SCs and 15 metabolites were identified
within 11 min using MRM mode; these analytes exhibited good linear relationships and correlation
coefficients () exceeding 0.990 5. The limits of detection were 0.03-1.30 ng/L, and the limits of
quantification were 0.11-4.30 ng/L, respectively, which meet the requirements for analyzing SCs and
their metabolites in actual samples. Precisions (n=6) were determined to be 2.1%—15.5% by spiking
wastewater samples with 10, 50, and 200 ng/L of the 38 SCs and 15 metabolites. Recoveries of the
38 SCs and 15 metabolites were 61.2%—129.3% by spiking wastewater samples at low (10 ng/L),
medium (50 ng/L), and high (200 ng/L) levels. Good performance was observed when real samples
were analyzed. The developed method is accurate, rapid, sensitive, and effective for the deter-
mination of the 38 SCs and 15 metabolites in wastewater, thereby satisfying monitoring and
evaluation requirements.

Key words: solid phase extraction (SPE) ; liquid chromatography-tandem mass spectrometry
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Table 1 Information of the 38 synthetic cannabinoids (SCs), 15 metabolites and 2 deuterium labeled isotope internal standards

No. Compound Rf:tentic?n P.’recursor Pro.dl.lct ions (.m/z)
time/min  ion (m/z) (Collision energies/eV)
1 ADB-BUTINACA N-butanoic acid metabolite 1.75 361.2 231.0° (-26), 145.0 (-40), 213.0 (-32),
316.0 (-15)
2 N-(l-amino-3-methyl-1-oxobutan-2-yl)-1-(4-cyanobutyl) 1.76 342.42  226.0°(-26), 145.0 (-43)
-1H-indazole-3-carboxamide
3 N-(l-amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobutyl) 2.27 335.1 219.17(-24), 145.0 (=41), 177.0 (=35)
-1H-indazole-3-carboxamide
4 methyl 2-( 1H-indole-3-carbonylamino )-3, 3-dimethylbutanoate 2.50 289.3 144.0" (-19), 116.0 (-44)
5 5F-AB-PINACA 2.63 349.2 233.1"(-24), 304.2 (-16), 213.1 (-32)
6 SF-MDMB-PICA metabolite 8 2.67 361.4 216.0" (-16), 144.0 (-39)
7  methyl 2-( 1 H-indazole-3-carboxamido )-3, 3-dimethylbutanoate 2.70 290.4 145.0" (=29), 117.0 (-46)
8 SF-MDMB-PICA metabolite 9 2.80 393.5 248.0" (=20), 160.0 (=38), 132.0 (=53)
9 AB-FUBINACA 2.89 369.2 109.0" (=44), 324.1 (-16), 253.0 (-24)
10 4F-MDMB-BUTICA butanoic acid metabolite 2.89 349.5 218.0" (=17), 144.0(-38), 116.0 (-55)
11 SF-MDMB-PICA metabolite 2 2.96 375.5 230.0° (-19), 144.0 (-34), 116.0 (=53)
12 PX-2 3.00 397.2 233.1" (-25), 213.0 (-33), 145.0 (-46)
13 SF-ADB-PINACA 3.08 363.2 233.1° (-24), 318.2 (-16), 177.0 (-36)
14 ADB-BICA 3.08 364.2 347.2" (-10), 234.1 (-19)
15 5CI-AB-PINACA 3.16 365.2 249.0" (-25), 145.0 (-43), 213.0 (-33)
16 JWH-073 N-butanoic acid 3.16 358.4 155.0° (-22), 144.0 (-32), 127.0 (-46)
metabolite
17 SF MDMB-PICA metabolite 7 3.21 363.5 232.0°(-19), 116.0 (=53), 144.0 (=39)
18 ADB-BINACA 3.32 365.2 235.1° (-25), 320.2 (-15), 348.2 (-10)
19 4CN-MDMB-BUTINACA 3.33 371.2 226.0" (-28), 145.0 (-44)
20 ADB-FUBINACA 3.33 383.2 338.2° (-16), 253.1 (-26)
21 JWH-018 N-pentanoic acid metabolite 3.35 372.15 155.0° (=23), 127.0 (-46), 244.0 (-24)
22 AMB-FUBINACA metabolite 3.36 370.4 109.0" (=39), 253.0 (-21)
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Table 1 (Continued)

No. Compound Rfatentic.m ?recursor Pro.dTlct ions (Im/z)
time/min  ion (m/z) (Collision energies/eV)
23 AB-PINACA 3.48 331.2 215.17(-24), 286.2 (-15), 314.2 (~10)
24 ADB-BUTINACA 3.48 331.2 286.2" (=15), 201.1 (-27), 145.0 (-41),
25  4F-MDMB-BUTINACA butanoic acid metabolite 3.49 350.5 219.0" (-22), 145.0 (-41), 177.0 (-33)
26 4CN-CUMYL-BUTINACA 3.50 361.2 226.17(-22), 243.1 (=12), 145.0 (-42)
27 ADB-4en-PINACA 3.54 343.2 213.17(-24), 298.2 (-16), 171.1 (=39)
28 4F-MMB-BUTINACA 3.54 350.4 219.0" (-24), 145.0 (=39), 177.0 (=33)
29  UR-144 N-pentanoic acid metabolite 3.81 342.2 125.0"(=20), 144.0 (=35) 244.0 (-22)
30 CUMYL-THPINACA 3.96 378.2 243.1° (-22), 260.1 (=12), 119.1 (-25)
31 ADB-PINACA 3.97 345.2 215.1° (-26), 300.2 (-15), 328.2 (~10)
32 MDMB-4en-PINACA butanoic acid metabolite 3.97 344.5 213.0°(-21), 171.0 (-34), 145.0 (-37)
33 AB-CHMINACA 4.02 357.0 241.0°(-26), 312.0 (-17)
34 AMB-FUBINACA 4.09 384.2 109.0" (-44), 253.1 (-23), 324.2 (-16)
35 1-(4-fluorobutyl)-N-(2-phenylpropan-2-yl)- 1H-indazole-3- 4.15 354.4 219.1°(-21), 119.0 (-24), 145.05 (—41)
carboxamide
36 4F-ABUTINACA N-(4-hydroxybutyl) metabolite 4.29 368.5  135.0°(=22), 107.0 (=45), 216.0 (~15)
37 SF-CUMYL-PINACA 4.53 368.2 233.1° (=20), 250.1(-11), 213.1(-30)
38 EMB-FUBINACA 4.58 398.2 109.0" (-48), 324.2 (-17), 352.1 (-13)
39 SF-EDMB-PINACA 4.84 392.2 233.1°(-25), 318.2 (-17), 213.1 (-33)
40 5CI-ADB 4.98 394.9 250.0" (-25), 214.0 (=33), 145.05 (-42)
41 MDMB-BUTINACA 4.98 346.2 201.1°(-24), 286.2 (-16), 145.0 (=39)
42 MDMB-4en-PINACA 5.02 358.2 213.1°(-24), 298.2 (-16), 145.0 (-41)
43 S5F-MN-18 5.06 376.2 233.1°(-17), 145.0 (-38), 213.1 (-28)
44 5CI-CUMYL-PINACA 5.27 384.85 250.0" (=22), 214.0 (-31), 145.0 (-42),
119.0 (-25)
45 4F-ABUTINACA 6.10 370.2 135.1° (-20), 93.1 (-51), 107.1 (-44)
46 EDMB-PINACA 6.70 374.2 215.1" (-26), 300.3 (-17), 145.0 (-42),
328.2 (-13)
47 SF-APINACA 6.89 384.2 135.17(=20), 107.1 (-45)
48 MDMB-CHMINACA 7.06 386.2 241.1° (-25), 326.2 (-17), 354.2 (-13)
49 MN-18 7.26 358.2 215.15" (=19), 145.0 (=34)
50 FUB-APINACA 7.60 404.2 135.1" (=21), 107.1 (-49)
51 5CI-APINACA 8.59 400.2 135.1" (=23), 107.1 (-48)
52 APINACA 10.05 366.2 135.1" (=22), 107.1 (-42)
53 ACHMINACA 10.83 392.3 135.1" (-23), 93.1 (=53), 107.1 (=50)
54 5F-MDMB-PICA metabolite 7-Dj 3.20 368.5 237.0° (-19), 149.0 (-40)
55 5F-MDMB-PICA-D, 3.88 382.5 237.0° (-17), 149.0 (-41), 121.0 (-54)

* Quantitative ion.
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Fig. 2 Intensity of the 17 compounds using different SPE
columns
Compounds 1-17: 1. 5F-APINACA; 2. AB-CHMINACA; 3. AB-
FUBINACA; 4. ADB-PINACA; 5. 4CN-MDMB-BUTINACA; 6. 1-
(4-fluorobutyl) -N- (2-phenylpropan-2-yl) -1H-indazole-3-carbox-
amide; 7. 5SF-EDMB-PINACA; 8. EMB-FUBINACA; 9. MN-138;
10. CUMYL-THPINACA; 11. MDMB-CHMINACA; 12. EMB-
FUBINACA; 13. AMB-FUBINACA; 14. SF-CUMYL-PINACA; 15.
UR-144 N-pentanoic acid metabolite; 16. 4F-ABUTINACA N-(4-
hydroxybutyl) metabolite; 17. MDMB-4en-PINACA butanoic acid
metabolite.
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Fig.3 Intensities of the seven metabolites using different
washing solvents

Compounds 1-7: 1. ADB-BUTINACA N-butanoic acid metabo-
lite; 2. MDMB-4en-PINACA butanoic acid metabolite; 3. JWH-
073 N-butanoic acid metabolite; 4. 5SF MDMB-PICA metabolite 7;
5. 5F-MDMB-PICA metabolite 8; 6. 4F-MDMB-BUTICA butanoic
acid metabolite; 7. AMB-FUBINACA metabolite.
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Fig.4 Intensities of the 20 SCs and 3 metabolites using
different elution solvents
Compounds 1-23: 1. AB-CHMINACA; 2. ADB-PINACA; 3. 4CN-
MDMB-BUTINACA; 4. 5C1-ADB; 5. 4F-MMB-BUTINACA; 6. 5F-
EDMB-PINACA; 7. 5F-MN-18; 8. EMB-FUBINACA; 9. EDMB-
PINACA; 10. MDMB-BUTINACA; 11. 5CI-CUMYL-PINACA; 12. 5F-
ADB-PINACA; 13. CUMYL-THPINACA; 14. ADB-BUTINACA; 15.
4F-ABUTINACA; 16. MDMB-4en-PINACA; 17. ADB-4en-PINACA;
18. AB-PINACA; 19. AMB-FUBINACA. 20. 5F-CUMYL-PINACA ; 21.
4F-ABUTINACA N- (4-hydroxybutyl) metabolite; 22. 4F-MDMB-
BUTINACA butanoic acid metabolite; 23. methyl 2-( 1H-indole-3-
carbonylamino)-3,3-dimethylbutanoate.
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Table 2 Linear ranges, limits of detection (LODs), limits of quantification (LOQs), matrix effects, recoveries and rela-
tive standard deviations (RSDs) of the 38 SCs and 15 metabolites

R ies/%
Linear Matrix effects/% ecoveriessh RSDs/% (n=6)
LOD/ LOQ/ (n=6)
No. Compound range/
(ng/L) (ng/L) (ng/L) 10 50 200 10 50 200 10 50 200
ng/L. ng/L ng/L ng/L ng/L ng/L ng/L ng/LL ng/L
1 ADB-BUTINACA N-butanoic acid me- 5-250 1.30 4.30 75.4 111.0 1069 69.1 858 90.6 6.8 7.1 7.2
tabolite
2 N-(1-amino-3-methyl-1-oxobutan-2-yl)-1- 1-250 0.05 0.16 89.0 110.3 106.1 71.9 745 81.0 50 9.8 11.8

(4-cyanobutyl)-1H-indazole-3-carbox-
amide

3 N-(1-amino-3-methyl-1-oxobutan-2-yl)-1- 5-250 0.24 0.79 96.9 121.1 1063 77.5 757 747 12.8 6.4 14.2
(4-fluorobutyl)-1H-indazole-3-carbox-

amide
4 methyl 2-( 1H-indole-3-carbonylamino) 5-250 0.43 1.42 95.8 883 105.1 62.0 89.2 758 142 7.8 114
-3,3-dimethylbutanoate
5 5F-AB-PINACA 1-250 0.22 0.73  147.2 127.3 112.1 1164 75.1 81.6 12.8 10.6 12.4
6 SF-MDMB-PICA metabolite 8 5-250 0.68 2.25 143.3 84.6 103.0 121.1 100.4 104.3 12.8 7.9 7.1
7 methyl 2-( 1 H-indazole-3-carboxamido) 5-250 0.39 1.27 148.1 123.3 104.3 103.0 83.2 81.1 12.6 10.5 8.6
-3,3-dimethylbutanoate
8 5F-MDMB-PICA metabolite 9 5-250 0.13 043 1423 889 105.6 87.1 1245 1275 8.1 62 7.9
9 AB-FUBINACA 1-250 0.13 0.42 72.1 1145 108.1 70.6 80.5 90.7 8.0 93 145
10  4F-MDMB-BUTICA butanoic acid me- 5-250 0.14 0.46 65.2 101.3 102.0 61.8 982 1058 25 46 57
tabolite
11 5F-MDMB-PICA metabolite 2 1-250 0.25 0.83 103.7 97.5 103.6 679 1282 127.6 23 88 7.1
12 PX-2 5-250 0.31 1.04 95.6 124.2 104.1 112.5 86.1 1053 143 7.3 104
13 5F-ADB-PINACA 5-250 0.20 0.66 125.6 109.4 97.8 122.6 849 1048 12.8 85 11.1
14  ADB-BICA 5-250 0.28 0.92 113.7 134.0 883 1104 975 742 7.2 128 7.1
15 5CI-AB-PINACA 5-250 0.10 0.34  121.5 138.0 106.3 125.1 67.6 77.0 12.6 10.7 10.3
16 ~ JWH-073 N-butanoic acid metabolite 1-250 0.11 0.37 103.3 1174 983 623 863 892 145 54 8.1
17 5-fluoro MDMB-PICA metabolite 7 5-250 0.34 1.13 72.4 1024 101.2 656 932 1034 108 53 75
18  ADB-BINACA 5-250 0.46 1.50 110.5 101.3 103.8 127.3 77.8 794 153 85 5.1
19 4CN-MDMB-BUTINACA 1-250 0.07 0.22  111.2 98.1 107.7 128.1 92.6 96.8 12.0 39 9.2
20  ADB-FUBINACA 5-250 0.62 2.04 104.2 1109 109.3 110.6 77.1 78.7 153 9.6 14.2
21 JWH-018 N-pentanoic acid metabolite 1-250 0.20 0.65 99.9 1059 107.4 699 89.2 849 128 64 94
22 AMB-FUBINACA metabolite 5-250 0.65 2.13 43.6 116.0 110.5 69.3 969 934 13.0 12.7 5.1
23 AB-PINACA 1-250 0.29 096 104.1 719 102.1 86.5 81.6 87.6 103 9.1 6.5
24 ADB-BUTINACA 1-250 0.25 0.82 1014 76.8 1134 962 799 86.6 9.2 102 122
25 4F-MDMB-BUTINACA butanoic acid me- 5-250 0.71 2.33 90.2 62.8 102.0 80.2 100.5 74.6 9.7 144 129
tabolite
26  4CN-CUMYL-BUTINACA 1-250 0.10 0.32 85.1 86.4 102.3 1062 80.2 772 85 9.8 134
27  ADB-4en-PINACA 1-250 0.26 0.85 1033 642 98.0 1075 91.0 912 7.1 83 124
28 4F-MMB-BUTINACA 1-250 0.08 0.27 85.6 70.8 108.6 65.1 81.8 720 86 133 45
29 UR-144 N-pentanoic acid metabolite 1-250 0.08 0.26 93.2 825 120.7 70.0 93.8 100.2 13.8 83 143
30 CUMYL-THPINACA 1-250 0.28 0.92 63.1 67.3 1042 63.7 91.8 654 34 54 104

31 ADB-PINACA 1-250 0.15 0.48 86.2 95.5 109.9 128.5 86.3 1009 11.4 11.1 13.2
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Table 2 (Continued)

Linear Matrix effectse  Tccoveries/® RSDs/% (1=6)
No. Compound range/ Lob/ - Low/ (n=6)
(ng/L) (ng/L) (ng/L) 10 50 200 10 50 200 10 50 200
ng/L. ng/L ng/L ng/L ng/L ng/L ng/L ng/LL ng/L
32 MDMB-4en-PINACA butanoic acid me- 5-250 0.87 2.88 83.6 904 111.2 69.9 100.9 106.1 10.8 5.7 10.6
tabolite
33 AB-CHMINACA 1-250 0.22 0.73 89.5 102.3 100.4 122.1 83.7 109.1 124 8.1 13.0
34 AMB-FUBINACA 1-250 0.16 0.54 93.2 87.8 102.1 92.6 1143 71.0 87 50 64
35 1-(4-fluorobutyl)-N-(2-phenylpropan-2- 1-250 0.10 0.34 72.6  89.1 104.7 714 96.8 669 6.0 88 10.1
yl)- 1H-indazole-3-carboxamide
36 4F-ABUTINACA N-(4-hydroxybutyl) me- 1-250 0.14 0.46 84.4 1146 99.4 108.8 115.7 1164 15.1 9.9 143
tabolite
37 SF-CUMYL-PINACA 1-250 0.21 0.68 749 951 989 78.1 99.1 69.8 14.1 7.5 6.6
38 EMB-FUBINACA 1-250 0.18 0.60 92.8 93.9 1004 1124 1169 79.6 14.5 7.8 7.2
39 SF-EDMB-PINACA 1-250 0.07 0.23 98.4 90.4 104.1 106.5 1244 89.6 13.6 13.8 6.3
40 5CI-ADB 5-250 0.15 0.49 88.7 944 99.2 953 122.8 100.6 9.6 6.1 11.1
41 MDMB-BUTINACA 1-250 0.03 0.11 84.5 91.4 100.7 747 943 61.2 102 99 6.0
42 MDMB-4en-PINACA 1-250 0.07 0.22 869 914 785 78.6 102.8 664 10.8 13.7 6.4
43 SF-MN-18 1-250 0.08 0.28 79.6  94.7 78.7 108.3 104.5 99.3 155 147 11.8
44 5CI-CUMYL-PINACA 5-250 0.49 1.61 77.2 97.4 1014 77.5 113.0 779 13.8 152 112
45 4F-ABUTINACA 10-250 0.96 3.15 111.6 106.7 78.3 80.5 120.1 79.6 12.5 12.0 13.8
46 EDMB-PINACA 1-250 0.05 0.18 86.6 984 832 68.0 111.0 783 4.7 133 11.8
47 5F-APINACA 5-250 0.49 1.62 85.2 111.3 929 67.7 122.0 127.2 2.5 83 7.3
48 MDMB-CHMINACA 10-250 091 3.02 88.6 127.5 85.8 1253 116.0 115.0 6.5 10.5 5.6
49 MN-18 1-250 0.07 0.23 92.8 117.3 102.0 67.6 90.6 88.3 10.8 11.2 84
50 FUB-APINACA 10-250 0.26 0.86 83.2 108.4 128.3 108.6 111.7 117.0 13.7 10.4 11.3
51 5CI-APINACA 5-250 0.44 1.45 98.0 75.8 106.3 63.0 87.5 129.3 15.5 2.1 142
52 APINACA 1-250 0.20 0.65 88.8 102.5 102.0 66.2 1129 113.8 6.6 13.3 13.1
53 ACHMINACA 1-250 0.44 1.45 113.9 87.8 100.6 128.0 105.8 128.2 13.6 2.6 5.7
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Table 3 Comparison of the proposed method with other methods
Actual Instrumental
sample Numbers of target compounds Detection method analysi§ time/ LOD/(ng/L) LOQ/(ng/L) Ref.
min

Wastewater 38 indazole amides SCs and 15 metabolites LC-MS/MS 18 0.03-1.30 0.11-4.30 this study
Wastewater 8 SCs and 8 metabolites LC-MS/MS 12.5 0.005-0.02  0.04-0.25 [26]
Wastewater 9 SCs LC-MS/MS 11 0.23-10 0.70-32 [27]
Wastewater 7 SCs LC-HRMS 30 2.0-23.6 - [29]
Wastewater 5 SCs and 2 metabolites LC-HRMS 18 - - [30]
Wastewater 4 metabolites UHPSFC-MS/MS 6 - 1.0-6.5 [39]
Wastewater 5SCs UHPLC-MS/MS 6 - 0.1-1.0 [40]
Wastewater 11 SCs UHPLC-MS/MS <26 0.1-6.3 0.4-21.0 [41]
Wastewater 13 SCs and 11 metabolites LC-MS/MS 12.1 5-500 100-10000 [42]

UHPSFC: ultra high performance supercritical fluid chromatography.
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