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QuEChERS-ultra performance liquid chromatography-
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Abstract: Synthetic cannabinoids (SCs) have become the most diverse and widely abused class
of new psychoactive substances in the world. Blood and urine are classic sample matrices for in vivo
toxin analysis, but some SCs have high lipophilicity, and the concentration of parent drugs in urine
is extremely low, making them difficult to detect. Metabolites need to be investigated, and SCs with
similar structures can produce the same metabolites. Therefore, establishing urine detection methods
and interpreting results are relatively complex. In contrast, the detection of synthetic cannabinoid

parent drugs in blood is more straightforward, and detecting parent drugs in blood can serve as
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direct evidence in legal cases. In order to detect the abuse of SCs, a QUEChERS-ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method was developed to si-
multaneously determine 65 SCs in blood. The sample preparation and detection conditions were
optimized. Quantification was achieved using an internal standard and matrix-matched calibration
curves, enabling rapid screening and quantitative analysis of the 65 SCs in blood. Following protein
precipitation with acetonitrile, the blood extract was further extracted and purified using QUEChERS
reagents. Chromatographic separation of all 65 SCs was performed on a Waters Acquity UPLC HSS
T, column (100 mmx2.1 mm, 1.8 wm) maintained at 40 C. Detection employed dynamic multiple
reaction monitoring (dMRM) mode with a mobile phase consisting of 0.1% (volume fraciotn) formic
acid aqueous solution and acetonitrile, delivered at a flow rate of 0.25 mL/min. The injection volume
was 2 wL. The 65 SCs exhibited good linear relationships in the mass concentration range of 0.05—
200 ng/mL with correlation coefficents (r) exceeding 0.992. The limits of detection (LODs) were
between 0.01 and 0.2 ng/mL, and the limits of quantitation (LOQs) were between 0.05 and 0.5 ng/mL,
respectively, which meet the requirements for analyzing SCs in blood sample. The intra-day and inter-
day precisions (n=6) were determined to be 1.0%-9.9% by spiking blank blood samples with the 65
SCs at mass concentrations of 1, 5, and 50 ng/mL. The recoveries of the 65 SCs were between 62.2%
and 116.9%, and the matrix effects were between 70.2% and 117.7%. All analytes demonstrated good
stability and acceptable dilution integrity in blood samples. Using the established method, 10 blood
samples from suspected drug use cases were successfully screened for SCs. The target compounds
were detected in all 10 samples, specifically including ADB-BUTINACA, MDMB-4en-PINACA, MDMB-
FUBICA, and 5F-MDMB-PICA with mass concentrations ranging from 1.9 to 23.1 ng/mL. The de-
tection rates of ADB-BUTINACA and MDMB-4en-PINACA were 90% and 50%, respectively, sug-
gesting their relatively high prevalence in China’s illegal drug market. In addition, two or more SCs
were detected simultaneously in six blood samples. Compared with other existing literature methods,
this study combines QUEChERS with precipitation protein method for blood sample pretreatment,
greatly improving the detection efficiency and suitable for rapid screening of whole blood samples
in batches. The results demonstrate that the established method offers accuracy, rapidity, sensitivity,
and effective chromatographic separation. It can serve as a reliable tool for forensic laboratories to
perform rapid screening and quantitative analysis of SCs in blood, providing robust technical support
for combating drug-related crime and supporting social stability.

Keywords: synthetic cannabinoids; ultra performance liquid chromatography-mass spectrom -
etry (UPLC-MS/MS) ; QuEChERS; protein precipitation; dynamic multiple reaction monitoring
(dMRM)
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B, Z )5 SCs il £ & 4 2 HoAb ] K™, SCs 3@
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VAR S W TR A 22 AR SR Y SR T 18T 5 L
KRR AR VR T e ) BF AR B A
PRI AT 0L I ARk, 75 Ay Al o s DU
#| SCs BB 2 £ , IX Fh A1 28 A I 7 1 X 5 /0>
AR R B W 51 g A AR R SCs Tl A
(RO & i1 og | R N NS S TS R 4 b 9
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NEM G OEEMAE T LS. 550, K TRE
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FHECZ R B X i G AR RR 3% B 4 24 1 1 A6
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MS/MS) £ AR, £ 4 3 4F ok WA 21 /9 & B R 2 Il
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A AT 5 UK RR R AT BB T LA 5l WA
Ay 5 AT A ) WL AT AR W L IR AT AR ) SRR
(1 65 Bl & MR RR Z AR H ARy, o 17 2l h &
IR RR 28 B A6 7 3 I HEAT T 1 22 % 5% Il i R
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1.1 XFE5KH

Agilent LC1290-6460 & AH {7 i - = 5 DU T 5T
A CHC AT HL W 55 25 13, 2 | Agilent 24 H) ) ;N1-
50 Z WA Crfr [E AT N BB R 2= A A BR S |) ) s MS 3
JiE 5 4 sh 2% (75 [E IKA A7) s H1650-W & 20 i 5

AL I 7 AL 25 A8 BR 23 W] ) 5 Oasis HLB [ AH %
Bk (35 E Waters 23 7)) 50.22 pm A HLIE AR (b
48R S [ PR B 2 A BRA T .

65 Fh A B RR AR S K AR 2-H S -1-19
B -3-(1-Z% Wk 58 ) | W -d, (JWH-015-d,) ¥ 5 |
Mg R B bR W R BCA BR A ], Tk 1
mg/mL, HAE N5 B R (ka5 Merck 2
Al ) 5 JCOK B R B G K G R BE ik IR A ik R SN
(oA 4li, B AR 7 Bl e 1h 2 i A BR A A s Milli-Q 8
afiyk #ifk % 48 (L [H Millipore A H]) .

1.2 #RAEB R ES H

73 B 65 Tl iR R R bR v i L S
B i B 5 9 BE A 1.0 wg/mL A9 TR A b R A 5 W, T
-20 CHEGLIRAE . AT LA RGN R R IR A
bR e A% 4% W32 B B4 1.000,500,250,50.0.25.0,
5.0.2.5.0.50 1 0.25 ng/mL IR A AR E THVEW -

K 2% W JWH-015-d, brfER i 20 pL, L H 2
I 225 2 20 mL, FC i BT & R B2 1 pg/mL N AR R
HEGE A5 W, T -20 CHRECLRAF o (AT L 21 R
B, B )RR R B 50 ng/mL (4 N bR TAEH -
1.3 UB[EH
1.3.1 & &%

Acquity UPLC HSS T, {4 jif #+ (100 mmx2.1
mm, 1.8 um) ; i sh A A R 0.1% F IR K % W, it 20
A B K 0.1% R LI B B2 e A2 )7 : 0~16.0 min,
30%B~90%B; 16.0~18.0 min, 90%B; 18.0~18.2 min,
90%B~30%B; 18.2~20.0 min, 30%B; i # 0.25
mL/min; F i 40 C; #EFE R 2 pL.

1.3.2 &

FLR T3 454 .65 T A R R 3 B N A 1) T 3
SR SCHRL27 ]

1.4 HmBRH&

B 200 wL 4= IfiBE & F 15 mL 2.0 %, A
WAr TAEW 0.1 mL, W HEIR S 20 s. il A 0.9 mL
B JE BN 400 mg Ji/K MgSO,, #E¥% 10 min,
LA 10 000 r/min £ .0> 10 min, B F 75 % iF 0.22 wm
A HLIENE , 7 UPLC-MS/MS #t£E 57 o
1.5 EREERIRAERKRS&

R 2 W BUZS 1 40l 200 L, BRAS I8 AR oE 5 Fi
PN B T TR A0 AR ) O 325 X6 25 1 4l k47 i A 2 3R
oo AR RT . o3 SRS %5 W BOIR b v A T R
ORI AR TAEW 0.1 mL, JH 28 HIE R ER 2
1 mL, il & BT 58 2 4 0 FE G 0 T R Y R
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0.05~200 ng/mL 1 & 51 & Jit VT Be A5 75 1
1.6 JRARFRIE#E A &

K 25 W BUZS 400 200 L, S 03 R A br e
TAEW W, Bl K = 3 AR (1.5.50
ng/mL) Y 4= I & I T 4 A S O AR TR R E Sl S
ng/mL) , #M & 2 B A 1 mL, HAy 5 R0 R TR
2 25 RIS I bR JoT 42 R ot VU o

2 ERG5HM

2.1 JRIGEEFRKL

NS 2 S W I (AMRM ) 2 — FpRR 5 (14 22 12 17
W gy =X, A H B AR A B £ B8 B R) A H s IR
B A TE) 7, O AN I8 0 B4 BSF ] T 11 P SR 4 A i Y
MRM Z# > MR35 5 E @Rk 510 4 B9 m
15 B8 WF 8] 45 5 B 57 65 Ah SCs % T AMRM Y i
T 7V K BB A 1Y R 4 2T 2k k£ B B TR 7
AT B HEAT B S 43 T, AT A R A SR R (]
PG 20 A 50K R B . dMRM #5565 Fl SCs
Ke A 0 1 4 BCES 5 9 1T UL B IRT 1 (www.chrom-
China.com) .
22 @GR K

VE PR A IE 10 €035 A R SN A X 2B WG
WEA HEEE X, WK T 3%t Waters Acquity
UPLC HSS T, (100 mmx2.1 mm, 1.8 um) ACE Ex-
cel 2 Super C,, (75 mmx2.1 mm,2 pm) fl Agilent
Eclipse Plus C, (50 mmx3.0 mm, 1.8 pm) [¥] 7 &
B, 45, ] ACE C, Ml Agilent C,, {A i}
B, AM-2233 ., 5SF-BEPIRAPIM . AM-1220 %5 %) it
o W A R BRI E) FE 3 min LAY, A2 AR TR M i S A
Lo A 728 Ak 5% W 3K, W JE 45 2% 5 Agilent C, (3% AE AN
fiE 38 o O B4 B[] S5 B XS [H] 43 5 44 iR SF-7-APAICA
F1 SF-APINACA 1 X 43 o R F A8 /1y H b5 Ak
B, 3 A R 2 AT R A X B 1 e T i, G B
4 , {0 ACE F1 Agilent {5,135 4% %)t U fif 8] L i
Yy B R D AR AN A . ML, Waters Acquity
UPLC HSS T, {0 i £ AF o 4 #r 4 1 ] 4 K AM-
2233 .5F-BEPIRAPIM . 5F-APINACA %54k ¥ i 14
Bt > His b G W ES AR T4 )5 6 g
filh b3 omoE i B AR e & W, JF BE A R4 B SF-T-
APAICA ({# B WJ 8] 11.92 min) Fll 5F-APINACA ( {#
B[] 15.29 min) , 3 (354 X5 10 ng/mL 42 Il %%
JIRE b v B BB R 19 43 B SCR DU 1

1 T AN [ B 2R 25 0 1) B R R 3 M A A 3R

K2E5, HE 56 KRR 2 B A 205 55 081k 7 Re
W, 25 55 (0 3% 9 S ek J0RE 3 T 1Y) ik i 5 AT AR
AR FHT R e B 0.1% PR K WA 0.1% HY R
CMEVE R S AR, 78 it 3l A8 i AHY R A R ot 1 it
PR Bl T4 o Ak B AT B, OB AR A LA B
5 R B BE ) R ALK A T MRS L AR HEAT 24k
G PRI I R Sl 1k HORS R R B 1 O =X AT 63 43
B, A 3 K AH 4R H i 2= 70%, AT AE K AM-
2233 5F-BEPIRAPIM . AM-1220 % ¥ &t (1) {4 B4 it
), 38 e B bR 4 BT 06 ak H 32 30 500 2800 1Y 5 )
i R U B AH RS B, 98 B T ADB-BINACA,
MMB-FUBICA %4k & ) 5 45 ¥ A8 AL H A5 9 19 A 34
Sy e W AR 5 H AR BT 2 B 23 77 A4 T3 i
AN A K SF-7-APAICA Fil SF-APINACA 1] DI AR 4%
PR B3 F ] 1) 22 57 AT IX 49
2.3 HSREAAEFGEREE

FI B E 38 (19 42 1l SCs 2 (14 Ji Ak BE 7 %
F E A UL W H H %k (protein precipitation,
PPT)""" [ QuEChERS " | ¥ - # X % (liquid-
liquid extraction, LLE )P I [# #H 2§ B 3% (solid-
phase extraction, SPE)®", A #F5¢%F 4 257 4b 3
T3 vk AR R SOR AT T 5

T Ay BIELAS F i 200 L, i AR A bR
Y A #% I ) 45 R 50 ng/mL 8 4 I R 4R R A
g3 9 #% R A 5 vk AT AT AL 3R, B RO R OF AT I
%30

PPT 1 . T4 LB 45 4F 5, i A AR T AE i
0.1 mL, i iETR 2] 20 s, 4N M F 2 1 mL, #& % 10
min, ) 10 000 r/min & > 10 min; B b W& %, i
0.22 wm A HLUEME , FF EAE 43 HT

QuECKERS ¥ : 4= Ifil 2 #2 # v, i A A%
TAEW 0.1 mL, #ETR 5] 20 s, 4N M 4 % 1 mL,
B m A 400 mg JC 7k MgSO,, #E % 10 min, DX
10 000 r/min & .0> 10 min, B F3E W F 0.22 pm A
BLUE IR , 15 HEAE 5347 o

LLE ¥ : T4 Il B4 FF ft b, A AR AR
0.1 mL, A EWES) 20 s, IIA 1 mL i R 280 2% vl
(pH 10.2) ,IRAIE A 5 mL 1F 2 %6-2 R £ FiE (98
2L RFHE) BRI IR, B 0F ISR 40 CRAIR T
EERZETH,H 1 mL A 50% 28 K& 0.1%
) 2,1t 0.22 wm A HLIERE, £ JERE 3 Hr .

SPE i : T4 IfiL BT #% FF ath o, A AR T AR W
0.1 mL, i® BETE 2] 20 s, il A 2 mL ZE 18 7K | Jié i 1
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4] 2 min, A 10 000 r/min & .0>» 10 min. & # Ro-
sado Z VI HFSE, 0 I 6 mL Z W8 2.1 .3 mL !
BN 3 mL 3 4l K %} Oasis HLB [& 4 /M4 (60 mg/3
mL) JE A7 AL B B B0 S5 YRR R TR /R
FH 2 mL B EE-7K (5:95 AR R L) #EAT ke . L2
15 min 5/ 6 mL 82 CERVEMFE S . VEBEAE 40 T
A PRI 1 mL A 50% ZHEARIER (5 0.1%
FR) % 3 0.22 wm AHLIERR, AR dHRE 4T

45 R E W, LLE 35 /9 o i R i I, o8 5.29%~
58.55%; SPE & [ Ui % &y 5.33%~125.97%. >k H
SPE AR BEXS H bR Ak A W i A7 2l Ak Fn e 4 (3 e

V014 R ) I L BB R E— 25 R Ak 1A A O
A BT R 43 4 B 4R BRI AE 80% LA L, {H
5F-ABICA ., AB-BICA. 5F-ADBICA. ADB-BICA .,
ADB-FUBICA #il CB-13 %4 i i) [o1 i R AL T 50%,
& B BIF 5% o B 04 15 300 R 2% 1wk LA S T PIT A 4 0T
PPT 3% $2 B[R % H 56.83%~134.68%; QUEChERS
T 1 4 BT 0 6 64.73%~123.43% , 4 L [1] i %< o
m HERE L WK 1. 55 4h, LLE 3 M SPE i
Yo AW OF o, B4R D R U0 vE R Ak A
QuEChERS 1 T &2 %, #F i Ab FRAE I A4, PRI AR
WF5E K B QUEChERS 1 #E47 Hif b 34

—&—PPT - - SPE —&— QuEChERS = X- LLE

y
N |
E‘SO " I \ "
g \ |'| 1 Vi
§ 60 L i V!
& 1 I
1 X
VX ')’<\' X X e ‘|' I\ n \
a0 b N\ 74*I‘w’“ X K Yx o 2 i p
Y \ | ' S
‘X k—x Nt d X /‘X‘x v y)( ‘% [ X 1 b 1 % II ‘\ X »
v || # L % I/\\ ;o XNy X o \‘ JERg 4y X
L \ 1 \ N
» X1 1 i ¥ LE Voo X Y X b I *oex
o+ X X ¥ % X7 ’ e XXX Sy
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Fig.1 Comparison of spiked recoveries of the 65 synthetic cannabinoids (SCs) in blood treated with different pretreat-

ment methods (n=3)

PPT: protein precipitation; SPE: solid-phase extraction; LLE: liquid-liquid extraction; The compound numbers are shown in Table 1.

2.4 QuEChERS Xajsbhi2 £ 4R 4L

QuEChERS ¥ v il A it 18 £ 15 >4 i 7K 551 A
E T I @ o (T R N R B L N O )
OB, 45 SCs 78 42 IO 71 19 43 e 3 5, 32 1 v
Ll A i b & A KR B T, 52 SCs
9 $E IO DR UL AR B 98 A6 SCR 11 ) b 125 &
T UE ¥, 6 i A B8 4% (R AT A A0 L AR 1k ) 25 A 3
1 UOVE 7RG IR 55 Fh 2 i 2 %
2.4.1 E A VLR M E B

UPLC-MS/MS ¥ 2% R UL e 7 B A w3 Ak,
DLk G ik B T 408 A AR . N RN HE e RO 4
o TR V& SN 1) WS RE BN Bl U= PN/ ST
ZBREEE R S RS O o BF ST DL DR Sy
M e AR, B 5T B O R B 215 TR AV T
(11, PR ) UL 3E 8 (B X 65 Ff B br 4 $2 B E
(B2, 25 SN P 2 RO 3 T s, BT B A S| g
-3- F Mk e 45 49 19 16 & %), 40 ADB-FUBICA | AB-

35 ¢ OMethanol
30 Methanol-acetonitrile (1:1)

W Acetonitrile

ulli

<60% 60%-70%  70%-90% >90%

NN
S W

Number of compounds
Iy

Distribution interval of recovery

E2 AEEAMEFLCERGEMDF 6STERKRKERBIESH
Fig. 2 Recovery distribution of the 65 SCs treated with
different protein precipitants

BICA .ADB-FUBINACA . PX-2 % 20 Fh ik & 91 4b .
HAab AW 3 Bt e FIA/EH T R T 3% 2=
5,1 DB-FUBINACA .PX-2 %4k & W16 20 41
NSRS F 5y AR R R, AT RE S
Jhie A A P 355 O B — o 1B 5 = A S B A
TR IR 3R M PR A AE R 22 S i LI L 25 B 5 R
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E3 AAEAMEFLGBEEMAP 20MERXKREZNMIRE KR (n=3)
Fig. 3 Recoveries of 20 SCs in blood treated with different protein precipitants (n=3)

65 Fi ik & 1 i $E BRI | 5

HeH HULREHR .

2.4.2 HiER I A K HE
QuEChERS % H % H i i iR £ A JC /K Na,SO,

MIJE/K MgSO,, WF5E %48 T 0.4 g Jo/K Na,SO, f1 G

K MgSO, MR . 25 5L WL 4 o, W3 5 7K 5 6F

e £ 1 O 4 B 51

o KR 73 FUAR W32 Wi AR — 2, (B Gk MgSO,

F8 Tl WA 23 X A v, L LR R T 60% 11L&
di tE ol 95.4%(62/65) , Jo 7K Na,SO, 41 [ Yy K Kk F
60% M1k & ¥ 5 o 87.7% (57/65) 5 [ i} JG /K
MgSO, %14+ T 3,5-AB-CHFUPYCA % 16 # H k5 ¥
() 0] 0 Rt 2 A F 67K Na,SO,, Wikl 5 i, mlfg
JETo/K Na,SO, /K it ## b i & el 4, 380 H b
W A0 2%, 0 i 5 e 4R IR L 2R G 65 Rk B
) 2 B 5, 6 ] MgSO, A Sk B /K 70 AR B )
2.5 FHEFWIE
2,51 #EHEEHFEK

B 6 AR IR 19 25 1A IR 5 45 200 pL, A
TS INAE DU B R0 PR A, R AT AL B S B R A AR AR S
F 4 0 F) €6 35 P, 2% 5 P R 0 5k AR T 4 R N
BT o W — a2 v 9 TR B b o VA TRORD PN A U TR
Az (A, SR AT AL RS HERE S B . A5 R R
B I VR A T A AR R AR ) S S ] B N
TR Dk AT B I B, BERSTH 12 7 T 225K .
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Fig. 4 Recovery distribution of the 65 SCs in blood
treated with different sulfates
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252 MEHLZRTZERE

e 0.05.0.1.0.5.1.,5,10,50,100 Al
200 ng/mL fY 5 J5T AR fE 75 WL, #e BRI ok 2 21 vy vk
A SE A o DARE & BT o vk B (X)) S B A A, 2 it
BT 0T A S AR R 2 L (V) S A bR LA
b v S o AN T A B TR 5 b 9 VS VRV o B 4 if B
an R AL B HEAE  DIE MR LECA 3 bR 8 &
Wy i A B (LOD) |, DA {5 M b Sk 10 B 5 5 Tt
F(LOQ) . 4L Af 5 65 Fi& KRR 2 10K R
FERMRILE 1. 455KV, 65 F G KEEE M
LOD ¥ 0.01~0.2 ng/mL, LOQ } 0.05~0.5 ng/mL.
% SCs [ 2% 7 35 Bl ¥ 24 0.1~200 ng/mL, fll ¥ 5 %
JUX R BCH 0.992~1.000, & PE £ R R,

Compound number

BS5 AEFmEBRHLEFLP 16T EHKXRENMIREKZE(n=3)
Fig. 5 Recoveries of 16 SCs in blood treated with different sulfates (n=3)
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Table 1 Retention times, LODs, LOQs, matrix effects (MEs) and recoveries (REs) of the 65 SCs in blood samples (n=6)

No. SCs (CAS No.) tr%/ LOD/ LOQ/ I ng/mL 5 ng/mL 50 ng/mL
min  (ng/mL) (ng/mL) MEM% RE% ME/% RE/% ME/% RE/%
1 AM-2233 (444912-75-8) 3.20 0.01 0.05 90.0 84.8 85.2 89.8 84.3 83.9
2 5F-BEPIRAPIM (2365471-74-3) 3.54 0.01 0.05 85.0 100.6 98.0 96.0 100.0 95.0
3 AM-1220 (137642-54-7) 3.81 0.05 0.1 84.9 89.0 89.1 92.5 98.9 86.1
4 JWH-200 (103610-04-4) 3.87 0.01 0.05 90.0 106.7 98.0 95.1 82.5 95.8
5 A-796260 (895155-26-7) 4.35 0.05 0.1 85.5 101.3 95.8 100.0 94 96.1
6 AM-1248 (335160-66-2) 5.39 0.05 0.1 88.9 79.2 77.8 70.9 74.9 71.8
7 5F-ABICA (1801338-26-0) 5.97 0.2 0.5 83.2 111.9 99.7 110.6 106 94.6
8 AB-BICA (1969264-37-6) 6.37 0.2 0.5 87.6 93.4 93.4 94.2 103.7 89.8
9 5-fluoropentyl-3-pyridinoylindole (HCI) 6.58 0.05 0.2 103.2 93.0 90.3 97.8 115.7 93.9

(2365471-19-6)

10 5F-ADBICA(1801338-27-1) 6.98 0.05 0.1 117.7  100.9 91.0 106.6 106.4 100.8
11 ADB-BICA (2219319-40-9) 7.37 0.2 0.5 109.5  102.9 88.2 96.4 98.0 92.1
12 ADB-FUBICA (1801338-23-7) 7.56 0.2 0.5 114.3 99.7 89.5 99.7 114.2 86.3
13 PX-2(2365471-47-0) 7.56 0.2 0.5 108.8  105.4 85.2 106.3 113.3 99.2
14 5-CI-AB-PINACA (1801552-02-2) 7.65 0.2 0.5 111.0 104.0 89.5 108.2 115.7 107.7
15 ADB-BINACA (1185282-27-2) 7.98 0.05 0.2 113.1 100.7 80.0 102.5 91.9 98.6
16  ADB-FUBINACA (1185887-21-1) 8.12 0.2 0.5 104.5 89.3 87.8 100.0 105.8 99.8
17 ADB-BUTINACA (2682867-55-4) 8.18 0.05 0.1 92.6 105.7 92.8 114.2 106.1 96.0
18 5F-SDB-005 (2185863-14-1) 8.29 0.05 0.1 82.6 109.5 103.9 110.4 109.9 107.6
19 ADBICA (1445583-48-1) 8.78 0.1 0.2 103.7 89.8 86.0 103.5 98.0 100.1
20 5F-7-QUPAIC (2748300-92-5) 9.31 0.01 0.1 71.9 1134 76.8 116.3 75.6 109.8
21 ADB-PINACA (1633766-73-0) 9.57 0.2 0.5 1142 100.2 91.9 106.8 98.6 101.9
22 MEP-FUBICA (2749985-70-2) 10.04 0.05 0.1 93.7 110.2 82.3 108.4 89.1 104.9
23 MMB-FUBICA (1971007-90-5) 10.31 0.05 0.1 94.1 103.4 83.7 109.1 90.1 105.4
24 5F-MPP-PICA(2001-05-21) 10.25 0.01 0.1 107.3 105.3 90.3 109.1 99.8 108.1
25 MMB-022 (2659308-31-1) 10.40 0.05 0.2 99.7 116.7 98.4 108.8 99.0 107.5
26 SDB-005 (1801552-01-1) 10.55 0.1 0.2 110.0 103.5 99.0 91.1 95.5 102.9
27 5F-MDMB-PICA (1971007-88-1) 10.64 0.01 0.05 98.0 95.7 93.0 85.7 100.0 100.6
28 3,5-AB-CHMFUPPYCA (1870799-79-3) 10.78 0.1 0.3 94.8 91.5 85.7 93.9 89.5 95.3
29 MAB-CHMINACA (1863065-92-2) 10.80 0.2 0.5 104.8 99.5 89.6 107.2 97.4 97.0
30 5F-NNEI (1445580-60-8) 11.01 0.01 0.05 772 1054 72.3 102.2 77.7 98.8
31 5F-AMB (1801552-03-3) 11.01 0.01 0.05 83.9 110.1 84.6 111.5 78.9 106.7
32 MDMB-FUBICA (1971007-91-6) 11.17 0.01 0.05 79.4 113.4 77.5 115.8 77.9 109.0
33 5F-CUMYL-PICA (1400742-18-8) 11.19 0.01 0.05 733 1033 77.2 110.2 80.0 107.0
34 MMB-FUBINACA (1971007-92-7) 11.21 0.05 0.2 80.6 112.2 78.8 116.9 82.0 111.0
35 SDB-006 (695213-59-3) 11.22 0.01 0.1 77.3 110.3 78.2 113.3 71.2 111.7
36 5F-MDMB-PINACA (1715016-75-3) 11.90 0.01 0.1 97.9 108.3 89.3 108.4 94.0 105.4
37 5F-7-APAICA (2682867-58-7) 11.92 0.05 0.1 101.5 102.2 86.2 99.0 94.4 97.7
38 FUBIMINA (1984789-90-3) 12.49 0.01 0.05 77.6 92.7 79.2 97.2 78.7 91.1
39 MMB-CHMICA (1971007-94-9) 12.60 0.01 0.05 97.3 98.6 88.9 100.0 101.1 99.3
40 RCS-4 (1345966-78-0) 12.84 0.01 0.05 84.9 105.4 82.5 106.0 86.0 102.6
41 JWH-015 (155471-08-2) 12.86 0.01 0.05 76.5 102.4 77.4 97.7 79.4 96.1
42 FUB-JWH-018 (2365471-45-8) 12.95 0.1 0.3 82.5 97.3 81.5 93.8 82.6 95.7
43 MDMB-4en-PINACA (2504100-70-1) 13.02 0.01 0.05 87.0 98.2.0 87.0 103.6 86.7 95.4
44 5F-MN18 (1445581-91-8) 13.19 0.05 0.15 81.8 112.9 103.1 110.8 115.8 114.4
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Table 1 (Continued)

No. SCs (CAS No) tR/ LOD/ LOQ/ 1 ng/mL 5 ng/mL 50 ng/mL

min  (ng/mL) (ng/mL) MEM% REM% ME/% RE/% ME/%  RE/%
45 JWH-250 (864445-43-2) 1336  0.01 0.05 712 995 79.0  101.6 75.9 97.7
46  CUMYL-PEGACLONE (2160555-55-3) 13.66  0.01 0.05 715 99.7 772 102.5 79.2 97.8
47  MDMB-CHMICA (1971007-95-0) 13.82  0.05 0.1 848  95.2 86.7  101.4 94.4 98.3
48 NM-2201 (2042201-16-9) 14.14 0.1 0.3 704 1087 78.0  108.0 719 1045
49 JWH-203 (864445-54-5) 14.2 0.05 0.1 80.0 1027 76.5 99.6 74.9 96.6
50 FDU-PB-22 (1883284-94-3) 1449 0.2 0.5 772 89.2 71.5 95.1 77.9 92.2
51  JWH-018 (209414-07-3) 14.64  0.01 0.05 769  85.6 89.6 78.2 81.6 81.3
52 JWH-018 BENZIMIDAZOLE ANALOG 1486  0.01 0.05 702 89.1 77.6 91.2 77.2 90.5

(2316839-70-8)
53 JWH-007 (155471-10-6) 15.13  0.01 0.05 777 85.6 76.4 83.8 78.3 86.0
54  5F-APINACA (1400742-13-3) 1529  0.01 0.05 87.9 919 89.9 87.5 90.5 85.4
55 JWH-307 (914458-26-7) 1537  0.01 0.05 925 855 92.8 84.9 93.5 83.8
56 MDMB-CHMINACA (1185888-32-7) 1545 0.0l 0.05 109.1  88.8  105.0 947  102.4 89.2
57  APICA (1345973-50-3) 1563  0.01 0.05 945  80.6 98.2 85.8 93.2 79.6
58  RCS-8 (1345970-42-4) 15.71 0.01 0.05 938  86.2 99.6 93.7 90.2 81.2
59  FUB-APINACA (2180933-90-6) 1573 0.05 0.1 100.8  82.1 102.1 99.2 95.3 82.4
60  5F-APINAC (2365471-88-9) 16.18  0.05 0.1 1153 922  108.0 96.5  103.0 86.4
61  JWH-210 (824959-81-1) 1633 0.01 0.05 925 874 94.9 89.1 88.9 76.5
62 JWH-370 (914458-22-3) 1637 0.05 0.1 91.6  82.1 94.2 90.2 88.4 79.6
63  5CI-APINACA (2160555-52-0) 16.41 0.05 0.2 98.4  79.1 112.1 86.3 110 81.5
64 EG-018 (2219320-91-7) 17.55  0.05 0.1 90.3 693 94.3 68.2 83.7 69.6
65  CB-13 (432047-72-8) 1833 0.2 0.5 85.0 622 89.9 67.0 81.5 69.3
/ JWH-015-d, (/) 12.78 / / / / / / / /

253 HEKE

Ti] 25 1 IALRE H oI B B KRR 3B 1 VA T A%
ik o B 3 AN RO (1.5.50 ng/mL) Y 42 IfiL 5
FERE A, X 4 I TR INRE S B BLICR (RE) #E 47 % 52
BB 6 ANFAT B RCR . g5 R Nk 1
JE 7, 459 0 a3 62.2%~116.9%, 3 B 1% 77
2 ELAT B 1 VR A P R AT SR
254 BEEZHE

il &A% b o 3 AN BT W (1.5.50 ng/mL)
(4 4 I 0 5 R i, P B ) R RE SR AR — BN
F R RS TR 3 AT I A A 4 IR A
JE 3 IR FEEEH KGR IR 2 3 KA AH [H] 1 8]
SUHERE T S H RDRT % RE . RS % B DL Wk R Y A
YRR AE 22 (RSD) /R . H PR % B A0 B[R] 2% 1
SER LI 1. S A R R H RS
BI/NT 9.0%, H K %5 B2 /N T 9.9%, it A 9 i 1
2 BE BN T 15%, 2 W25 1 AT AT RS %5 1
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SCHk[32], EPHE P 3 N E R (1.5.50 ng/mL)
TEAS BAR AL A W0 0 5 T30 . 25 RN 1 TR, 65
Fh SCs fy 3 BN K 70.2%~117.7%, H: v 78.5%
(51/65) 1) B 5 4k & Wy 3 51 8% N Ry 80%~120%, 1M
JWH-018 . JWH-250 . JWH-203 . 5F-AMB . SDB-006
S 14 Fh LR RE EAE 3 Bh i R B9 3L SO0 1 /N
T 80%, HLAT 55 B TIOR8 . N bR AR R S AE
— 2 TR b RN BE B AN L (H AR T R F B B
FEAEXT R AL G PR R AL R AR, BT AR PPk o 2
SR ER IR NAR YR R o8 2k A Bk 14 R E
T B4 B R RINE 5 oh 1 2 e 4 SR AR T S Ay
125 AT 2R FH DA s 0 R Joft DG o o o0 4 0647 2
2.5.6 BEMEHE

Z: 2% ICH(M10: A= W) 43 1 J5 1% 50 ik S K i 43
BED X 4 I 0 R o ) B P AT B AR A 1
ng/mL Fl 50 ng/mL HIAx 23 114 LG I0RE a (R A5 BT
VRN 5 ng/mL) , #EAT LLE SR R E MR %
FRE 24 h;-20 CHRAMAT 3 R URRELE R (5 A6
IRIEBR R 24 h) 5-20 C.-80 T T HE 30 K.
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K % BE/IN T 10%, 32 W 43 BT W) 78 0 b 55 040 T e 6%
HFRfaE . 1E-20 C.-80 T T E 30 KJg Kk
Z MW O R 2 AE £20% 5 Bl N, B SF-
BEPIRAPIM . AM-1220. ADB-BINACA . 5F-SDB-
005 . 5F-MPP-PICA . 5F-AMB . MMB-CHMICA . 5F-
MN18 ., FDU-PB-22 . JWH-007 . JWH-307 . JWH-210
S R B AT 209, 3018 B K B OR RAE R R
PRTEATAG I, A B A ]
257 WEMEREER

1 F 56 53 B AR ) A7 75 55 J5 508400, [ B3 43 Bk

FER R A D BORE S S PR R R B R
AW 5% Jr 4t il 26 09 5 s Bk B (200 ng/mL) ,
VAT 0 X R T SE R AT 5%

FH 25 11 5 Jout R A e B A 500 ng/mL Y R 5
BESRHEAT 5 A% 10 £ 1 20 £ B oK D0 A5 ok 18 5 5
P B UEAT LA, 45 R UL BRE 6 3. SE IR R R R S
f5 10 £i5 A1 20 4% )5 I 45 B4 v B RS 4% B (E Y /N T
14.0% , K 22 5500 I 11 00 45 5 B0 W B 22 1) 1) O 2
FE+15% DL, 75 A ICH(M 10 A 9 43 A7 7 B 56 I 22
B A3 A ) e 6T Az R A R R AT S R Y BE SR, R
i T S Y0 A 11 e A2 A A T Y, SRS 3 e e 3
B VR EEREARET 0] SR 28 SRR S A T
2.6 FiEXTEE

W AR O ik 5 B SCHR R EE 19 1 P SCs 1 4y
Mror kb AT 7T E, ILER 2,

F2 AFES5EMFAENLER
Table 2 Comparison of the proposed method with other methods

Matrix Number of analytes Pre-treatment methods Analytical method LOD/(ng/mL) LOQ/(ng/mL) Ref.
Blood 65 PPT/QuEChERS LC/MS/MS 0.01-0.2 0.05-0.5 this study
Blood 15 QuEChERS LC/MS/MS 0.4-16 / [9]
Blood 132 PPT LC/MS/MS / 0.25 [34]
Serum 30 LLE LC/MS/MS 0.01-2.0 0.1-2.0 [35]
Blood 3 SPE LC/MS/MS 0.04-0.14 0.10-0.21 [36]
Blood 51 PPT/online SPE LC-LIT-MS 0.02-1 0.1-4 [37]
Blood 10 QuEChERS UPLC-QE-Orbitrap-MS 0.05-0.05 0.05-0.2 [38]
Blood 23 PPT DART-MS/MS 0.01-1 10 [39]

LIT: linear ion trap; QE: quadrupole/electrostatic; DART: direct analysis in real time.

FE 7 15 T AR BE 7 5L PR Al SR T TE B Y
Aob B A R I k2 R A I v A 5 TR AR B
AR 5 2 v I A B U VM R S R A OG
(6] A 2 B R 58 Y RS 7R L 481 A3 A s LA S e BT A
BRI M E o 53 Ah , W~ A HRCT A0 [ A A R
2 B RO S B AR D R LG U0 IE R A
QuEChERS ¥ 142 7% M S AL FR A FE I 30K . AH I
I 7 ,QuEChERS 75 HAG P | 24 i 5 4, 8
7K MgSO, VE 2y i 7K FH 45 7T 384 5 7K AH 19 25 758 S5, b
ICA R IRR 28 B K M, 328 i T8 G W 10 I A 1
R RICR 207 ST R RS & T4
I T Ah B R R M R R TR D AR R IS G 4 i
i 11 1L e O A
27 EEREFEMUNE

I RN ORI NN N &= NG i S
BE S EAT R, 4G 5 O a2k 3 TR

R3 M EPERKRKEGHER

Table 3 Detection results of SCs in blood samples

Contents of SCs/(ng/mL)

Sample

No. MDMB-4en- ADB- 5SF-MDMB- MDMB-
PINACA BUTINACA PICA FUBICA
1 6.0 10.1
2 13.9 9.2
3 3.1
4 8.3
5 6.0 16.9
6 9.2
7 7.1
8 5.1 17.8
9 23.1 1.9 2.2
10 18.6 20.1

% 3 Al B W, LK 4 B B Ax¥ , Hih ADB-
BUTINACA (90%, 9/10) 1 MDMB-4en-PINACA
(50%, 5/10) K H3 45 57, 3% BH 3 79 b 49 Joit 7 38 1 S
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