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WOE ORSCEST TSSO A% FE (UPLC-MS/MS ) B2 5E Tk R AP 8 ol oA JBR 8 1) 46 )
Tk FEA ST S A JoOK £ B8 S PR EL, R QUECHhERS 7 :U#tfk, £ Luna Omega 1.6 pm Polar
C18 (100 mmx2.1 mm ) EiEF: 58, DL 5 mmol LFREF ZNE NI ShAHBEATHE Ve, FRLmE 5 £ B T4
XHAATE T, 2 R0 AT IE 8 RN, AR E&E. 75 0—10 pgkg' W, LHEMSCREL
(R*) HRTF 0999, ikt RN 0.02—0.15 ng-kg™', ERMR N 0.08—0.50 ng-kg™', EHRMKFH
1 LOQ. 5LOQ F1 10 LOQ i} Y ISR FE 89.9%—104.7%, AAXHARMEM2E (RSD) 7E 0.9%—4.1%.

K@ TR, KR8 (CBD), P RN (THC), i 80AH (3i%- BRI T3 7% (UPLC-MS/MS).

Simultaneous determination of 8 cannabinols in industrial hemp by
ULTRA performance liquid chromatography-Tandem mass
spectrometry
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Abstract A method for the determination of 8 cannabinol in industrial hemp by ULTRA-high
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was established.
After drying, the samples were extracted by ultrasonic extraction with anhydrous ethanol, purified by
QuEChERS method, and separated on a Luna Omega 1.6 um Polar C18 (100 mm*2.1 mm) column.
Gradient elution was performed with 5 mmol ammonium acetate and acetonitrile as mobile phase,
and ion scanning was performed in electrospray negative ion mode. Determination of 8 cannabinol
under multiple response monitoring mode. THC-D3 was used as internal standard and quantified by
internal standard method. The linear correlation coefficients (R*) of the method were greater than
0.999 in the range of 0—10 pg-kg ™', the limits of detection were 0.02—0.15 pg-kg ™', and the limits of
quantification were 0.08—0.50 pg-kg™. The recoveries at 1 LOQ, 5 LOQ and 10 LOQ levels ranged
from 89.9% to 104.7%, and the relative standard deviations (RSD) ranged from 0.9% to 4.1%.
Keywords industrial hemp, cannabidiol(CBD), tetrahydrocannabinol (THC), Ultra High
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
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UFLC-MS /MS ¥ A 8 1% - 58 15 57 15 (Nexera X R IRAH (L3542 LC-30A i B AR 53 7l A= 7=, AB6500-+3 1543 i
£ ABI 2~ 7] 477 ), K 2€ Luna Omega 1.6 um Polar C18(100 mmx2.1 mm) {4,3% 43, Thermo Fisher 155 % % .04,
EYELA 43 247 i 4%, KQ-500DB FY B 7 i i U 4.

TR B3 A1 e DU ERBRER (THC) . KRR - (CBD) . KJFRiE B (CBG) . Kkl (CBN) | P4 & K pk i -D3( THC-
D3). KK B (CBDA) . TUE KRB R (THCA) . PO R KRR (THCVA) . KRR B 2 (CBGA), 9 Fh KRR A%
WP A FRRIEA R CRB) . PSR (P8R, 2D, TSR NG . BB (Fisher), JIREL, (IE9E O 4.
QuEChERS #tfb. 4% (Waters 24 F] ): 7 150 mg N-P9 5 2, & (PSA) Fil 900 mg Jo/K AR R EE . Tl RBRAE e Tl RIBR I
A6, IF . ZEFFAFP 3k TR,

1.2 A e e

K5 % #% B THC. CBD, CBG. CBN, THC-D3, CBDA, THCA, THCVA, CBGA ¥5 /£ & ¥ W, JH B 243 391 s 8
10 mg L' BUbRG 40, B T A B0, -18 C W UREDGIRAE. FF BER BAS BV E N 0—10 pg L™ I RAVARIE T
YEWE, PIFRY) THC-D3 ¥ K 5 pg L™
1.3 HrAbF Tk

B Tk RIFREE S AE 55°C BEAS T4 12 h S5 SRA B, A 5 AR EBURE 1.0 gORE R4 2] 0.01 g) T 50 mL #5004
WA M A 50 L N AR H A THC-D3, 10 mL JG/K Z B, W iR A 5 min 5, #8 7 40 #2 30 min, 10000 r-min™ 2 [
5 min, B EER 5 mL 54k

¥ 5 mL EEBURE T3 N-N 2 — e (PSA) #8150 mg. To/KBREREE 900 mg (¥ 4k 45 v, JT1 T 21 5% 3% 45 B
1 min, 10000 r-min"' B.[» 3 min, B_EiH K 1 mL i 0.22 pm A HLER 18D 38, 4t UPLC-MS/MS | %E.

14 Mgt

{4,715 25 . Luna Omega 1.6 um Polar C18(100 mmx2.1 mm) {& 348, #7940 °C; iR 0.25 mL-min™'; FEAEARFR 5 pL.
A A: 5 mmol Z R %% W shAH B: Bl . BERG AR ) . 0—0.5 min, 50%B; 0.5—0.8 min, 50%—10%B; 0.8—4 min,
10%B; 4.0—4.1 min, 10%—50%B; 4.1—5.0 min, 50%B.

JRIS A B 5 67 B AR (EST-); BN L IE 2.5 kV; HEFLEEL K 65 V; BLUAFI IR 150 °C; VIR 150 °C; i
A& 500 L-h 'y AT A& S50 Lot 8 FF KRR B B o A 4 2R 4 T s HEAT 4 BE R 4, 0—2.2 min K i 2R 4
THCVA, CBDA, THCA, CBGA; 2.2—5 min 4 {lll X £ CBN, THC., CBD. CBG. THC-D3. 8 Fl' & bk B} X N ¥5 4
MRM #iill = 44f5 B3k 1.

R 8BRS XN bR 25

Table 1 Mass spectrometric parameters of 8 cannabinol and one internal standard

&Y 3 F(m/z) FEF(m/z) HEFLHLH/V g fEE/eV 5 B4 5} ] /min
THCVA 32930 217.20°,285.20 35 30 .
CBDA 357.20 107.00°,339.20 40 55 L8
THCA 357.30 245.10°,313.20 oy 30 167
CBGA 359.40 315.40°, 341.30 50 20 1.5
CBN 309.30 222.00°,279.20 20 45 301
THC 313.26 191.20°,245.10 65 95 327
CBD 313.34 179.10°, 245.10 55 0 264
CBG 315.30 136.03", 191.08 60 25 257
THC-D3 316.20 194.10%, 248.10 70 28 326
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PPORERE NG, KL, LR MG . 15 C B A7 EL . i T PRI B Al 2F AR P AR e 4 i, TE 7K 2 B 2 i A
PERTF 2R LB ANE 2 e, (A T ZIE R AR I K LI E, 456 7% 18k F 0K ZWAE A . L TR M
RO X, A 30 min B, RRER SRR e m, P, $2 07 0 A 30 min.
2,12 B

H# T Waters ACQUITY UPLC BEH C18 1.7 pm(2.1 mm*50 mm) . Waters Atantis™ T3 3 um(2.1 mmx50 mm) Fll &
2% Luna Omega 1.6 pum Polar C18( 100 mmx2.1 mm) . Waters C18 {0, i A% % T R 14 25 K R ) 0 7 {8 4% 4 ( CBDA.,
CBGA. THCA. THCVA) , {H 2 Ath K JEf 19 il 7 {8 # /% (CBD. CBN., THC. THC-D3), CBG K 4 i Jif . Waters Atantis™
T3 {438 7T LB 0943 85 9 Fl R RE S , {H THC-D3 Wi i B 4846, K% 26 Luna Omega 1.6 pm Polar C18 4,3+ A f% 4
BRAT L O FhORBRES, HLma W (E e, PR 3 AE % K 1% 58 Luna Omega 1.6 um Polar C18.
2.1.3  HshHie

TSI ELER T Z -5 mmol Z IR . ZAE-7K . FBE-7K R -5 mmol £ BR %, 45 5 Kk B, 2N /KA R IR 3L A 1) K
PR P53 U 2 5, WA R4 5 Y e /K o R T e AT ) 2 B0 2 vy, LA DR 193 22 U2 1 I TP B-0.5 mmol £ R % i A1 K
ORI 7 B 3 AR R R, 2555 5 B R A, BEBR 2 -0.5 mmol 2, R % .
22 HAL T RIRE

Tl RO LTI 22, Hoh S B 2 4 3 | FEZRIIRZE. 2 BOR P THL 22 ik £, IR G 75 225 S ORI A T
#fk. ®H T C18 . HLB, Carb-NH, SPE 1 QuEChERS PUF Ak 5 =X, C18 X T 1&g W BRF 80 R 55 A B ik, e 1
82 A T AL OR — . HLB RERSXHIMAG . FE A L BEARA B4 i W B RICR, (A F 3 L R B R 4 AR —
f. Carb-NH, SPE 1 QuEChERS Wi 15+ fk. 77 2% 68 08 BUAS B2 4 1 Rl W%, b F 0 3 L WE 25 56 8 S0 1) W B 2 3R, 1HL
Carb-NH, SPE F5 754k . IR [ A 25 HUkE 55wy A B8 B2, A S AR BRAS ) 35, Y L% 8% QUECHERS #rfk 75 2.
23 triEZ SRR

B 8 b KRR B R MR 43 W 0, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 pg'L™" (9 R IR & bR, SERERFR 5 L,
5.0 ug-L'"THC-D3 F R4, DL 8 Bl KR 5 THC-D3 A4 i Ft vk B HE M B AR B, 8 Bl KRR IS 55 THC-D3 A9 (2335 06 i £
B ELAE A AR AR ST AR R £ DL 3 A5 5 M H (S/ND T 10 4545 12 HE (S/ND TR B (LOD) K 1 BR(LOQ), 5 5%
B, 8 Ff KRR 7E LR PE VIR 0—10 pg L™ 394 BRI R, MR E (R KT 0.999(FK 2).
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Table 2 Linear equations, linear ranges, LODs, LOQs and correlation coefficients of eight cannabinol

wEY KB/ (ugkg ™) ERBR/(ug-kg™) MR
THCVA 0.02 0.08 0.9995
THCA 0.02 0.08 0.9997
THC 0.10 0.30 0.9990
CBG 0.15 0.50 0.9998
CBGA 0.02 0.08 0.9998
CBN 0.07 0.25 0.9996
CBD 0.13 0.43 0.9993
CBDA 0.13 0.42 0.9994

2.4 iR RICR KRS

X LT 8 ol A SRR M 7 et 1) Tl R JRRAE S P BN b A B 8 Sk 1 A B S AR R L 10 £%5 5 B BRI AR vfE R
WP R, 2 BB 1.3 ARG AD BEAT RE HEAT RS [ LS, B RE S A AR L ZERT L A 6 UK. FOBRAE AR IS (A
FI) B b PR Wy [0 i 22 K RH X A A 22, AN 3R 3 R, Horh THCVA B 3 B 26 R 92.4%—102.3%, 4 % B
1.3%—3.5%. THCA Y -F 34 B R N 91.7%—103.3%, 45 % K 0.9%—3.9%. THC i F 3 B R N 92.1% —
100.2%, A5 B E N 1.1%—4.1%. CBG A F RN 91.0%—104.9%, 153 FE N 1.9%—3.5%. CBGA )34 [t %
H90.6%—98.5%, H % N 1.8%—4.0%. CBN (1434 R H K 93.4%—98.6%, K% & M 1.1%—3.7%. CBD [1JF
PN 91.1%—104.7%, K52 EE R 1.4%—3.1%. CBDA [ F- 34 M 2% 89.9%—98.5%, 4555 BE K 0.9%—4.1%.
45 SRR I VRS S AT
2.5 SZBREE A

SR F AR 7 356 ] — 7= ML 6 NS (5] M e B Tk FORRAE i BE AT R, i CBDA & 18 3.1422%—4.5512%,
CBD & 4 0.0474%—0.1053%, THC & &} 0.0021%—0.0067%, THCA % i~ 0.0838%—0.1243%, CBG & &M
0.0067% —0.0112%, CBGA 7 & & 0.0923% —0.1783%, CBN & & # 0.0014% —0.0043%, THCVA & & >
0.0072%—0.0212%, H:#" THC & & <0.3%, £F& Tl KRR THC & &Rk
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Table 3 Average recoveries and relative standard deviations of eight cannabinol in Mosaic, stem and seed (RSD,n=6)

1€, ZEFF Fpr
EY wine/(pgkg™)
[ /% RSD/% [l /% RSD/% /% RSD/%
0.1 96.8 3.1 1023 2.1 97.8 3.2
THCVA 0.5 924 2.9 95.6 35 96.4 13
1.0 95.4 2.4 93.4 3.1 95.3 2.1
0.1 93.3 2.6 96.1 1.4 93.9 3.9
THCA 0.5 91.9 1.9 98.2 0.9 92.0 2.9
1.0 103.3 23 93.7 2.0 91.7 2.6
0.5 98.3 2.2 97.7 1.8 94.6 3.3
THC 2.5 97.7 1.9 96.3 2.1 97.3 4.1
5.0 100.2 1.1 99.6 1.7 92.1 2.6
0.5 96.8 2.7 99.6 2.0 91.4 2.1
CBG 2.5 97.0 3.5 94.7 3.1 97.4 24
5.0 943 2.9 104.9 2.8 91.0 1.9
0.1 922 3.7 98.5 2.4 92.4 1.8
CBGA 0.5 93.3 4.0 92.4 3.1 90.6 34
1.0 91.9 2.9 93.6 2.9 92.0 25
0.1 95.1 3.1 95.6 3.7 98.3 2.7
CBN 0.5 98.6 22 93.4 2.6 94.4 1.9
1.0 93.8 2.7 94.1 2.4 94.1 1.1
0.5 99.1 2.3 93.5 2.7 92.4 3.0
CBD 2.5 104.7 1.9 943 3.1 91.1 2.1
5.0 1022 1.4 99.1 1.8 91.9 1.6
0.5 89.9 4.1 91.5 2.9 94.4 0.9
CBDA 25 93.4 3.4 93.2 3.1 98.5 3.1
5.0 92.1 3.0 94.1 2.2 91.2 1.8
3 &

AR SCHENT T — R e S8R €8 13 - = o O O T3 35 [) A 0 Tl JROBRAE ot o O SRR 1 . KRR 19 . KRR
Wi RRIS . KRR B R . DU SRR DU S U RBR I R . R JRR il B R (A G I T ik, AU AN 5 miin. 127536 H
AT DN KRR B3 M 28 22 | ARSI I 5], REAS VI 104 X R RR By AT 5 1« R R I DI A5 X T iR S B T S A R R v
PR RS R AR E N, D T RIS S 0IE 1T R HAR S8
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