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Abstract

Aims: To establish a SPE-ultra-high performance liquid chromatography-tandem mass spectrome-
try method for detecting moroxydine residues in plant-derived foods. [Methods Samples were ex-
tracted with trichloroacetic acid, purified using PEP solid-phase extraction columns, and analysed
by ultra-high performance liquid chromatography-tandem mass spectrometry with external stand-
ard quantification. Extraction solvents and purification were optimised. Results: At spiked levels of
0.01, 0.5, and 5 mg/kg, the limit of quantification (LOQ) was set at the lowest spiked level of 0.01
mg/Kkg. Average recovery rates ranged from 75.1% to 95.4% across matrices, with relative standard
deviations (RSD) between 1.0% and 12.0% and reproducibility ranges from 5.1% to 9.8%. This
method was applied to investigate the residue characteristics of moroxydine in tobacco fields. Re-
sults indicated half-lives of 21.0, 15.8, 9.8, and 7.7 days for fresh tobacco leaves in Guangxi, Guizhou,
Hunan, and Yunnan provinces respectively, with half-lives of 19.3, 12.8, 8.3, and 7.7 days for dried
tobacco leaves. Conclusion: The method has high accuracy, high sensitivity and good reproducibility,
and is suitable for the detection of moroxydine residues in plant-derived matrices such as tobacco,
tomatoes, and peppers. Its digestion kinetic data provide a reference basis for the rational applica-
tion of moroxydine in tobacco cultivation and provides reference data for the rational use and reg-
istration of moroxydine.
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1. 5]

LRSI AT(Moroxydine hydrochloride) & —FAERZ 2R WEHUREE 249, H 1959 F 15 IKHIE LK,
BRI T 2kt . BEVEAC, 4% 32 FH 9497 RNA F0 DNA B[ 151 E. B4 . AR A . 7K.
HORIE . BB SR EE[2]. IEFR, HEXFHAER BN AT 7 RE T, RO rTH %
B DNA I RNA REBHEME X E ARG, MR EH3]. BT, OF2SFARERNZMHEY)
LOWE, KEE, B, BBOIBEIL, BCNBIIE Y R I E AR .

DA BB FOR 2 S T 2 344 23RS IR ZG4RBN 122 6], Bk BRI 7532 22 0t 2 S I sh A 41 2R3 71
[9]s A dt bk B A T VR0, HAFAERLERAIG S H5E S 55 IR [ 10]-[12] 0 B0AT M 2 v 6 155 b bk Tk
ARSI 71 22 R P T AR B A5 5 v SRR i, BT R A s B R R, A i R A A R A K
(PRBUS FEFRE PG A SR 2 g, BRAEEBHFERD) . A VAR HE RGP IR 2 00K - 2
B, AHVER =S, ST EEFERE ) BIORESALBEI (ISR AN, BARIKEE AP T I iE NG 2
B 7E, MELLE NSRS M I PRI [10]. Bk, FRARME. @Rk, PREEACLT BOAE i BT Ab B H AR AT H 8 2
B . MRYEE R AR ME(GB 2763-2021),  #: R 1 Ik I (Moroxydine hydrochloride) [ %% B4 & S LA “ M Ik T
(Moroxydine)” k. PRIk, AR A —FhRi . Bu . e R0 KA A7 5 3 5T ek ok T3 B A ) 9

ik
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R [ AR R LS Y, R E R, FRE B R 513 H AT A el s
122 K- BUE AR A (d-SPE) s WO ER . SPE SFHIT AL TR AR [14] [15] MR MR HE AL -5 25 B v 1)
HELG . PIt, AL HAE MR R AT B A 5 R SO A, R T ORBE I R e B

BT B AETF K —FhidE T SPE-UPLC-MS/MS R 73 M A0 3 o7 v 1) bk IS B 773k, JF 7 A
R A RSN AS o 2T VERE R AU o P U B T 4R (1652, [ I D M R AICAE AR 5 £ 5 B
LR P AR SR -

2. MMERHE
2.1. {UFRFNAF

X 2% Agilent 1290 = BOBAH (01 HR R Agilent 6460B = 55 PU MK AT 5 it (EST ¥). Waters CORTECS
T3 (150 x 2.1 mm, 2.7 pm). CQ25-12D j# A EIHTEHL(TIILE AL AR ). N-EVAP 11 BE WA (3EEH Organ-
omation A &]). Vortex Genius 3 jRiiiE & 4y (f2[E IKA ££H]); BS110S HF R PALREZ R R TFERA
Al). TDL-40B & :0E DML % A R A ) ARSI 88 (i e il se i R B A BR A
Al)e

AL SRR IR ATRRUE S (CAS 52 3160-91-6, Z1iE >99%)4 E First Standard (K i); 28%
T - M IR A K 79 (L R I R 25 Bl 24%) H B 4L FHZE ok AT PR A w1t . BB 2 . HRR A 4t
KA A E Merck RERHE BRAL S50 BR A W AT RS G £ H; - Cleanert-PEP (i 11458 5 &
). Cleanert-S Cis+ Cleanert-Silica [E i HUH: #5116 F K Agela Technologies. 1256 Bt F H R 4k 22 5 35
it

2.2. HERE

FAREG: 2021 4E7E) TH(= M 88) SHIN(=MH 87) =Fd (/M 87) RS (= HH 88)PUHb A g ik,
TR AE FH 3t N T O o A 6 T AR FR X (100 m2, —REE) SRHE X, X3 his . (EMHE
K % Biologische Bundesanstalt, Bundessortenamt and CHemical industry (BBCH)4= & 10y 46-71 ()74
55; BiIM: 71 e 515 WIEG: 46) HAEMRM Fr e B e, A3 1 47 X i gt 55 2R (BT R : 480 mL/30
s), LA 216 ga.i./ha (5 = 77 77 B )Tt 24% T/« MMRATK ), BEAIRG 7 d M— k2, JLmt 3 . XHRIX
AL, T H RARYCRFER SIS ERE . 230 THEZ5)5 2h & 5+ 104 20, 30, 40d REMREZMECEH
BEALIZ A T 12 A s FoREEAEKIER . O EREEFEAR, AT 2 Kg)fnt, 2508 s = Bt
PEfil & iR S TR, TRAE-20CIRAT.

Wi Ae e M 3% NY/T 3094-2017 W52 . FREL 2 g /M T 250, N 10 mg/L AR 100 uL
(FEIRWTE 0.5 mg/kg), WHE | min. 0 d FEFH#E 30 min JFIREUSE, HAREREE 20 CHRE, 25T
1. 3. 4/,

2.3. HEmATAbIE

2.3.1. HEEE

FET V¥ SR (03T 66 0 3 S 3 4+ — 0 FRL 0O 25 Bk T 4 ANy b 4, 5B 2 Bk CAE) 5 BT 4 1 em
NGRS T EE SR RE o 53853 B T ) 46 R S (ROB S I 2 = BB R < 68°C)JE 24
WREIIR AT B, . KRR, REFCRUREK Yt 70 K2k 25 SRS f AT FU gt , 23 mmL
PIREE T—20CHRAE . BRIEMRRIGHE S oh, HAFEMB ARG H Birfh 9.
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2.3.2. #’ES A4

FREXZ) 2 g B AL T 100 mL FEVUGR M 08 F, N 20 mL 5% =& LFRE AN 10 mL & H
BT 2B 0850 . IRt i KO R), B8 30min 5, HEE%H, T 2500 rpm i@ HE 15 min, FHEEA 15
min, #J5 4000 rpm 5.0 5 min, £,

PEP AR 5 mL HEEA 5 mL LB FKIEMG, B2 mL BiEw EAE, FERMERG mlrErng
WRATA B 7 A2 IR B, HARM mr Eemt . B S mL 28 7KMdE, FH 3 mL FEEEM . D
i, 40°CHEAMRT, BRI 1 mL BAUKER, 1T 0.22 um =8 e lE 57 UPLC-MS/MS Mll%E .

2.4, {(UAREMFH

ik 245 Agilent 1290 8 = ROBAH (41 53 BX Agilent 6460B = 5 PURZAT i % (EST ¥#) . (AiliF:: Waters
CORTECS T3 (150 x 2.1 mm, 2.7 um), A 35°C, #EFF&E 3 ul. WsitH: 0.1%H K - Z85(90~10, v/v),
& 0.3 mL/min, iz47Hf (] 5 min.

g srE: R ESIY, 2 M ATI(MRM)EBHE HE: 4000 V; B FHEIEZ: 330CHLA:
H5(99.95%), 45psio T/§S: 13 L/min, 15psi. VE41 MRM 5L 1. $0di R4 5 9041k F MassLynx
NT 4.2 %Ak

Table 1. UHPLC-MS/MS detection parameters
* 1. BEREeiE - Rik/FRigens %

Vo] STE LR BRI} [A] Min 2 S N WS AR S (m/z) B L V) Tl HE(eV)
172.1/113.1* 60 20
AL gk AT 171.2 1.1
172.1/130.1 60 16

E: TNERE T

2.5. PR RAVESS)

F 4K BCH] 10 mg/L WBRATLGE &, B 2EACGE MR 1. 0.51 0.1, 0.05. 0.01. 0.002mg/L
RIFAE R 10 mg/L A4, A2 R PR U R IR IR e 51, 143 1| mg/L B )51 VU RS AR e
W, BEJG S AR ARBUBOR SRR R 1. 0.54 0.14 0.01. 0.002 mg/L Z5)FE )i VCEChRuEE L, T &
.

2.6. F3iEBEE

WA B b VP8 A 2 23 BT DT AN IR AR 7, PR S L 2 B BR(LOQ) MEHA B 545 55 B R S M«
I AT R BRRE S CRR. Fhn EF/E KRERAR . FEFE . REK) MR BV, BN HARIE G TR, 26
PE: 1 0.002~1 mg/L 3£ 5 AN7KF 1 bR 78 VORI S R VC RO ARMEVA MR %% 3 VHERE, THRRME . TR BT 2R
FAAE BB R RN, R R R ICI AR 2. LOQ: LIRS 15k 55 B T 425 52 (R B AR VR N A4 A
LOQ. HERGFERIRE T : 8 3d fEX AR IR IN 0.01. 0.5, Smgkg = AN/KF, B 5SIKELE, it
SAlWe# J RSD-

2.7. IRALE
TR 125K — B 12 T
C =Cpe™ (1)
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t,, = In2/k = 0.693/k @)
Forb Co WWIGEIREE, C ot BRREE, k NVEIRIEZRTE, 1, =In2/k ¥,
3. ZRE5 5
3.1. UPLC 5 MS &#ifitit

NERAT B RS S, AR B N (AN A I B A . R AR IR m/z
50~300 FIEE ], RILEE TR R E FcE B2 & TR @ 7 MOEBMHIE R B 7. BES
SR B B W (SIMY B AR AL BERS TR i e, T DA R Ae e B 731, e
MRM 3 AR Al BE 5 B 2 B fe i o SRR T TR IR R S e RS S HULE 1,

Y IR AR 1 v, ZEM A (i 46 1F R HE#E T CORTECS Ts (150 x 2.1 mm, 2.7 um)+ XBridge C1z (150
x 2.1 mm, 3.5 pm)# CORTECS Cig (150 x 2.1 mm, 2.7 pm) =H il F:. CORTECS Ts 7£ /K M shAH
FLAT S AR B 5 o i N, R T 2 FLASORE R 2 PR AT ORI S, MR TR
BB R BRI, Z5-0.1%F R K 5 HEE—0.1% TP IR /K 24 e SR AL R 4P TR S5 7, (ELRT 2 A 1 B
I ELABAR 14, DAt 2R F 25 -0.1% R BR/K AR &

3.2. BEEHHL

LR SREW RN, IR S, WG K > Wl > ZfE[16]. BIHONERYESR, AERRTE
KEHHERE R HRaE, UAEZ R 5% -8 LBR(TCAWENIRIUAR . A THERK. FiE. &
A 5% TCA DURHAEFIFEBUSCR A 1), FER/KNS 6 FiE R A R 47, (HAGEEER <70%; HEEG R
Ftehs CHERMEA R, BHRIECEE <70%; 1M 5% TCA $&A AR ER PEEREE, M kAT A Y5 %5 RSD
IR R AR A I ER, Bt 7 PR RIS E

Tomato
(AN \\‘

140 4 Pepper
B Fresh tobacco leaves
1 E=J Dried tobacco leaves
[T Brown rice
120 HEH Rice husks
. L Ricegrains . o & 0 o — -
100 4
R
> 80+
()
>
3
o 60 A
a4
1
40 1
= By
20
,
0 1 rrriria I 1 rTrrri T T rrriri | 1 rrriri T
water Methanol Acetonitrile Trichloroacetic

acid
Figure 1. Effect of different extraction solvents on the recovery of morpholine in different matrices
B 1. A EIZEBUE XA [E) 2 By b A A 145 2= a9 #20
O H AR 2R U 58 P LA A 2 — o ST — 265t pH BU IR 2y, 7] Z B i N E= K Bk
R Bl i R SR FE SR o H B2 — Rl A WU, 8% 5KIRE M TIRBGRRIEAR Z . BIRE LR
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BOTEAE R ZHEE R P RCR R, (AFESRE BRI P RCR AN . i, S5 AT KE M 2R B
BRI, XL 7 AL R UL ES, B3N 1 5 SR RIRE R . R IX — i B, AW AESR
BOSFEF I T — R AL IR - AEBOP 3R, BIAESR OIS I — & e, IF #EAT A R 4 s
o R A — R E LS KA RIS AT HLIA R, DRI 7 OB BT SR UIRAR ME 2 T, FFAE B O
MBS, 5 BRARAE Y B T4 . R SR e A& P I T A B B 2 5 e, (B BT
WL B I 8 25 b T PRI R 17]

3.3. BLEHL

N AR ST (0 1% 2R G 15 Y P HR B AL RR, ELBE T PEP. Cig A1 Silica =l [ AH A€ HUR: S 15 R AT
5 3R . Cleanert-S Cis A& PR AERTERE A ZE I AH Crs M. 5358 Cis M EL, BRIEM K
R ss)— . TR ERRE s e AR s 3R THT 3 S 7 B A SRR R T I R B, B E SRR E AR
£, BHEBEHES. K. mEHER S . Cleanert Silica A B A RER MM MEREUR:, 9/ TE. 584K
PE, FEHT B AER ISR &Y. whlESE, JCHGE R T 25 AT 4 5T 2B . Cleanert PEP s 1))
REALIROR LI/ — CIRFER R AR, R R AAPE R K Sk EE A, 0 & B AR & s B
B R E R o B 2 S T SIRAICEE 7 ol 5 v 8 =B A AR AL B S PR (RIS, Cog A DR M AR AT 12
K, EIAR 20%~60%;  Silica #5527 A HL 5 [BIWSCRT I /2 245K s PEP ARt HoRKk /i K HE ], wh et
SRR 4 TR A BRI, 7 R IR BICR 70%~110%, RSD f/h, ZEa3iismt:, #Ua 4k PEP

FEo
160
Tomato
Pepper
140 - | Fresh tobacco leaves
|1 Dried tobacco leaves
[[IIT] Brown rice
120 [[1] Rice husks -
Rice plants ~ &\
<> 100
= 595
< O Iﬂ
- %
¢ 80 [|m = 8 B
8 ————————— % —
& 60 -
40 4
Z
20 4 % = o E
= o
0 T T T
PEP C18 Silica

Figure 2. Effect of different solid-phase extraction columns on the recovery of morpholine in different matrices

2. TEIEIHEZEERAE RS A [E) 5 5 o A M AL = i = 49 520

FEWOR H AR 58 2 BEt . SRAS = RSO R Q9 IR IR R T BE BB AR EEAT 744k, LA 5 mL HIRE
oro B U, BECEE 0.5 mL Rl — k. SRR 7 RhEET AP B 2 — 2 BRI ARUA S 2.5 mL
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I, HFCsessthi; SRR 4R 3 mL.
3.4. 737RWHE

% SANTE/12682/2019 ER IR FME. 281, LOQ HHEFARN . "SMRATAE 0.002~1 mg/L i Bl N £
PRI R?>0.9991), J57% LOQ M 0.01 mg/kg (5 2).

Table 2. Linear regression parameters, matrix effects and limits of quantification for morpholine in different matrices

F 2. NEERPEWHAIEZERASH, ERUNEEER

e Y5 EVEYE hE RE(R?) FBERBPI(%)  EERmgke™)
7K y =3943.2x +37517.0 0.9991

F i y=533.7x + 637.8 0.9997 -86.5 0.01

BB y=393.1x +285.4 0.9999 -90.0 0.01
SR I y=1432x+919.3 0.9997 -96.4 0.01
T y=82.1x +136.1 0.9995 -97.9 0.01

ok y =503.3x + 40.9 0.9999 -87.2 0.01

faEe y=4183x + 776.8 0.9996 —-89.4 0.01

LS y =247.2x +528.7 0.9991 -93.7 0.01

IS0 EGRER(0.01, 0.5, 5 mg/kg) R B, 7 F 5L 57 P35 RIS N 75.1%~95.4%, H P/ H 8] RSD $)<12%,
TR P RURS 25 B 7 A AR 29 R B A IURR HE (R 3)o 7 BRI R E S S IHI(<—70%) RN, Aysimds
JRIBES RN, MR FH 268 I DG e b vf: il 2833047 5

3.5. HiEE@RaES

TSI R, M RS R R DA I i, IR BN . VORI . B> HARPITE AR
(5% B I3 e S AERA M, AT 0K 25 3 ik T B EUVRONT VA A i A ot g 10 A5 R o 5 195 Pl W I P v A
TRE R IA WL 4, SRR LI 3. a3 foR, RIEVE. IR SN =R PUE (X)) B
IR e rp R 1 R A 46 R B 4 N 8.36~35.36 mg/kg A1 12.90~96.06 mg/kg; - TEHITE N
7.7~21.0 do

LEEEIRH- A, TP WA DU 5 5% 51(35.63 mg/kg), 2~ B B (8.36 mg/kg), i 58 R AHIT (4373 17.01
mg/kg 5 17.67 mg/kg). EWHRIE MRS R BRI 50, TP IX SR . BENED, Al g2 H A1 aE it
EETHRZAREER; k2, mmibXEEZN, SEVHTTRR &R

A28 5, Ve BRI B B 4 o WU 25 SR o, T e e o B — RO B I (1 1.5~6.0 4% < 914,
ST HLX 2 h SIS BN 17.00 mg/kg, THHATIE 96.06 mg/kg; 2 M X EF K 8.36 mg/kg, THMHM
12.90 mg/kg. %757 W] Re 5 U T TEAFA K.

AR, DY b 5 P e IR IO A 3 1 22 R A ST E — B ) iR K (21.0 d), =R (7.7
d). GBI, [F—H S8, A A TTREE 21.0d, T 193d; =i T
T35 7.7 do R DY HB AT AR IR B S R AR o AR 22 5%, AT RE BN [A] 000 26 . R Bl 2B )
BEVE SR . RIS AN AT 90 2% B R e IR ICTE 0 B2 b (v Al 32 0 5.8~9.1 d [10], 7E/KFEAEME L
AN 1.2~4.7d [12]0 THTA ST HH s IR ITCEE DY b 5 00 - 1~ S SRYE R 7.7~21.0 d, T ) 2 3 SHTE
7.7~19.3 do RIAH FEAIE R 1 W B AICCE SR v vl e o iy AR B 2, b7 1 HAE TR B
(5 BRI R BN, DR L) T W AR ICE AR 2 o e i Rk R PR, it o 2 it
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Table 3. Accuracy and precision of the method in the seven matrices

3. FAELHERTNERESHEEE

HM(n=>5) H i
g IR R H=R (n=15)
(mg-kg™)
P ECER (%) RSD: (%) “FHEIRZE %) RSD: (%)  “FHIEEZE (%) RSD: (%) RSDr (%)

0.01 85.4 7.0 79.1 7.6 83.1 7.3 72

i 0.5 95.4 6.3 84.4 5.8 85.4 6.1 8.0
5 83.4 7.5 79.4 6.4 91.1 3.1 7.9

0.01 75.1 4.9 77.7 3.6 75.1 5.9 4.6

B 0.5 81.7 9.7 83.1 8.7 81.7 8.2 7.7
5 78.4 12.0 86.1 9.3 82.4 9.7 9.8

0.01 91.5 6.2 87.2 6.1 81.5 7.7 7.6

i R et 0.5 86.2 2.9 85.5 6.3 91.5 5.9 5.6
5 76.2 3.3 912 7.8 89.5 5.6 9.8

0.01 85.4 1.1 84.4 52 78.8 6.3 5.5

Rl 0.5 79.1 8.2 91.4 8.8 83.8 55 9.2
5 85.1 6.0 83.8 7.1 81.8 2.7 52

0.01 94.8 1.0 89.2 8.5 925 2.3 5.1

ok 0.5 81.5 6.1 91.2 55 87.5 8.4 7.6
5 83.2 8.5 91.8 5.7 91.5 6.4 7.6

0.01 79.0 32 80.3 2.6 79.0 6.9 4.1

D 0.5 79.3 3.0 75.3 4.0 79.3 6.8 5.0
5 86.0 7.0 953 3.2 81.3 9.4 9.1

0.01 91.6 43 87.6 7.5 89.3 8.0 6.1

iELZS 0.5 87.3 55 80.9 6.6 85.3 5.4 6.1
5 95.3 8.6 85.6 1.5 85.3 6.2 7.8

Table 4. Regression equations, half-lives and initial deposition levels of morpholine in fresh and dried tobacco leaves

4. BWAMAERSES TRHDOEIEATE. FRPRRRARE

The amount of original

Matrix Locality ~ Regression equation Coefficient (R?) Half-life (day)

deposition (mg/kg)

Guizhou y =20.650¢ 0-044x 0.8161 15.8 17.01

Fresh Yunnan y =5.455¢70.090x 0.9424 7.7 8.36

tobacco leaves  prypan y =26.768¢ 0071 0.8178 9.8 17.67
Guangxi  y=33.300e0.033x 0.9751 21.0 35.36

Guizhou  y=113.160¢ 0054 0.8799 12.8 96.06

Dried Yunnan y = 13.828¢70.09x 0.9481 7.7 12.90

tobacco leaves  pypan y = 67.773¢ 0083 0.8950 8.3 90.90
Guangxi  y=88.89]1¢ 0.036x 0.9163 19.3 91.47
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A B
50 . 150 o i
-o- Guangxi-fresh  -a Hunan-fresh -~ Guangxi-dried —&— Hunan-dried
D 40— = Guizhou-fresh -+ Yunnan-fresh C ®- Guizhou-dried  -¥- Yunnan-dried
X 4
> > 100
£ 30 £
w w
[ (]
3 20+ 3
7 [ B 907
[} (]
Z 104 (14
0 1 0 1
0 50 50
Time(d) Time(d)

Figure 3. Decay curves for morpholine in fresh and dried tobacco leaves from four regions

[ 3. PUi#eE S RAERt ch S AL Y E R 2

3.6. iR EM

P b RS E VER I 45 SRR, AE<—18°CREFISRE T, 120 d PR IRATCRR A =R 20330 17% (AR
18% (THAM), FFEARMAE . WL, MR AL A8 B Jit /0wl A fif ek 120 de

4. g

AT FLIRE L FFRAE T SPE-UPLC-MS/MS I3 AE )5 25k Jot o R B W b IR 57 XS R o RO« A
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