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Abstract: In this study, a validated residue analysis method was established for the simultaneous
determination of mefentrifluconazole and its four primary metabolites (1, 2, 4-triazole, triazoleace-
tic acid, ttriazolealanine, and triazolepropionic acid) in fresh leaves and stems of Dendrobium offici-
nale. Method optimization involved systematic comparison of extraction solvents, purification sorbent
combinations, and chromatographic responses of reconstitution solvents. The optimized procedure

was successfully applied to field samples, verifying its practical applicability. Specifically, samples
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were extracted with 2% formic acid—acetonitrile solution, followed by salting—out phase separation,
purified using a mixed sorbent (Cm, GCB, and MgSO4) , filtered, concentrated to near dryness,
and reconstituted in acetonitrile=5 mmol/L. ammonium acetate solution (1 : 1, volume ratio) for in-
strumental analysis. Separation was achieved on a HSS T, column, and quantification was performed
via ultra performance liquid chromatography— tandem mass spectrometry (UPLC-MS/MS) using the
matrix—matched external standard method. For matrix—-matched standards, the linear correlation co-
efficients (r*) of mefentrifluconazole at 0. 005-2 mg/L and its metabolites at 0. 05-5 mg/L all exceed-
ed 0.991 0. At three spiked levels(low, medium, high), average recoveries ranged from 73. 1% to
107%, with relative standard deviations (RSDs) of 1. 9%-10%, and the limits of quantification (LO-
Qs) were 0. 01 mg/kg except for the four metabolites in fresh stems (0. 10 mg/kg). After greenhouse
application of 400 g/L. mefentrifluconazole * pyraclostrobin suspension concentrate on Dendrobium offi-
cinale, the dissipation of mefentrifluconazole in fresh leaves and stems followed first—order kinetics ,
with regression equations of C€=69.641 7¢*”" (’=0.983 2, half-life=7.45 days) and C=
30. 864 63 % (°=0.905 3, half-life=13. 33 days) , respectively. These results confirm that the
developed method is accurate, sensitive, and reliable for routine residue analysis, and can be effec-
tively utilized for the real sample determination of mefentrifluconazole and its metabolites in Dendrobi-
um officinale.

Key words: Dendrobium officinale; pesticide residue; mefentrifluconazole; metabolites; ultra

performance liquid chromatography—tandem mass spectrometry
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UPLC/Quattra Premier XE & & 80 AH (415 - = B VUARAFT B S AL (SEE Waters A1), BCA ESTE .
MassLynx 4. 1 TAES;; 0.000 1 g F10. 01 g B F 43871 K F- (3£ [# Mettler Toledo 23 H] ) 5 BEE.OHL (R
Sigma 2y ) ) 5 DFT-200 £ ik B AL GRS T AR K AU A PR 2> /) ) 5 R-210 BUCHI Jig 4% 78 & AX (Fii 1=
BUCHI Labortechnik A G 2YH]); KQ-250DB i i i 5 s (B LI i pi s A PR A w) ) 5 T18 ¥ juds (2
IKAZyE]) 5 Vortex—2 iR JENR & %% (3£ Scientific 23 7] ) 5 0. 22 wm Filter Unit JEAE (K EAE 94 AR /KB
AR ; 2 mLIFFHE (LT B B R A R A A .

1.2 HFm5ilHF
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LRSI PR AR AT ; OB5 . WEE(fGital, 5E Merk 247]); f188 ) B (GCB, 120~140 H) .
TINBEEERELE (C g, 40~60 pm) (KA SR RBHE AR AR ) 5 2K AbE: (Z00,, 20~40 nm) (YT.75
RGP R AR A T)) 3 ZRERAIKE (MWCNT, >95%, 5~10nm 1. D., 10~20 nm O.D., 10~
30 pm L. ) B2 iR RHE B A BR 20| 5 alivf K (BT SE A BR 2 ) )

SURBK M (MFZ, CHCIF,]N,0,, CASNo.: 1417782-03-6, ZliJF >98.5%): | iFZcibhettbrif
HARFWAT A 1, 2, 4-=%WE(TRZ, 4EEE >99. 0%)FRiff: 4 MIZ BTG R ROy PR 2 7
iy PSR (TA, 4h)F >99.2%) . =W (TLA, 4 >99.0%) Fl =Wt £, % (TAA, 4h)%F >
98.0%) : K it bl /R BE B A BR 2 W) 77 s 400 o/L SRk P s - Ph s i D R (1 1) B IE R
PD20190264, S BT R 2 A P2 5,

1.3 XIAHZE

1.3.1 HmE Bk amei BB E, FREC2. 00 gORFFI 2 +0. 01 g) 2 50 mL 2.0 & H1, A
10 mL i) 2% H R 20, WRIETR2) 1~2 min 5T 20 s5 MIN 0. 80 g ZALEN, WRIEIRS) 1~2 min, FFLL3
000 r/min #E 7% 5 min, FHJGLL7 500 v/min &0 5 min; WH6. 0 mL b % 2 &4 30 mg C,,. 100 mg
MgSO, 1 15 mg GCB A 10 mL B0, JRHEIR ) 1 min, LL7 500 v/min 0> 5 min, JEHEE 10 mLE O
B ES. 0 mL B E S0 mLAGCEH, 40 CRHEALIE TS, ML 0 mLZHE-5 mmol/L 41
BOKEWE(L 1, B B AEBNAME, 130,22 pm AHLIMFLIE RIEIE S R Y, %M UPLC-MS/
MSHRE, FEFAMREE &

1.3.2 SLBEH @ikl Akt ACQUITY UPLC® HSS T3(1. 8 pm, 2.1 mmx100 mm); FEik:
45 °C; FEFER . 5 pl; WEAH: AR0.015% HIRZNE, B AS mmol/L LIREKIET . EEENIFER
0~2.0 min, 5% A; 2.0~2.5 min, 5%~70% A; 2.5~3.0 min, 70%~98% A; 3.0~6.0 min, 98%A; 6.0~
6.5 min, 98%~5% A; 6.5~9.0min, 5% A; JiiE: 0.25 mL/min,

J S A . HLISE 22 0 B B8 £ W WA (ESI-MRM) A3, ; BANE E M 3.5 kV; & TR E A
150 °C; WA FCON, ) 1R R 3 43 591) 24 350 “CHI 700 L/h; A48 (Ar) i EE 47 0. 30 mL/min; #EFLRZIK
AANDFHE A 60 Lih; EHEEE R 650 Vi BEEFIERITA 0. 1s, SR PR B H AR ) £ B s )
A TS SHOLEL 1.

Fe1 SR R B AR ) 0 2 B0 O B I )

Table 1 Retention time and parameters of mass spectrometric analysis for mefentrifluconazole and its metabolites

Compound Parent ion(m/z) Daughter ion(m/z) Voltage/V Collision energy/eV Retention time/min
MFZ (58 FeURk 114 ) 398. 1 70.2%, 182.1 30 20, 30 4.51
TRZ(1, 2, 4-=% M) 70. 1 43.1, 70. 1% 35 25, 5 1.36
TAA(=BE TR ) 128. 1 70.2%, 82.1 30 15, 25 1.12
TA(= PN %R ) 157. 1 84.1, 111.2% 20 20, 15 1.09
TLA( =R ) 158. 1 70. 2%, 112.2 30 15, 15 1. 14

*: quantitative ion
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ABER (y ), A5 3) G U e el 2 A A 0 AS [) 6 ST 28RN 2R AH OC 2R %0

FERAONE (ME ) Ay (B b h 22 i R 2R A RIARE - 2 RHR - 1) x100%; 47 ME >0, FHAFAFERL
BRSO s 5 ME <0, WIRBATEAESE BTS20 5 35 ME~0 & HBH 5L 0 ] B7 520 488 /N>
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Fig. 1 Fragmentation mass spectra of mefentrifluconazole and its metabolites
A.TRZ; B.TAA; C.TA; D.TLA; E.MFZ
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R IIFE SR FERT G, 2528 T 10 mL 8 FiAS (R TR 00 1) 2 BRI SRR G dnCtik 1A e % 4 Feb AR5 4 I3 )
E, AR NE(ACN) . STERILZ MG (5 1%, 2%, 4%. 6% F1 10% b W2 ) K2 2 b isidk 2 (2 5% .
10% K)o B 2EHRER . AESREUE TR R FEREE, R (TAA. TAFITLA)7E4LZ 1 ki
2R RZ i iR 32, 69%~62. 7% (FLH 2l 2 IS TLA W e B Ab) . YRR BIER EE 7041 7 1%
B LR, e B P s e P SR BN 8k 2 A Rk b E A A i W3R BCHCR R Ak 5 i R R 2
PR, SRk A s B2 L 4 ARG 4 0 D SO R B O IR B T i RGBT S R BRI AR i a3 . ek
1 S AR B Rh 29 WL 1, 7RISR T BB S8 i 28 79. 6%-~116%, 1 2 5% 7 AT
FARbRHE

NNACN

Y74 1%FA-ACN

555 2%FA-ACN
men4%FA-ACN

== 6%FA-ACN

mm 10%FA-ACN

55 5%NH,H,0-ACN
22 10%NH,H,0-ACN
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ey

B2 AN TR AR 70 X e R AT B EL PR B B A 2 F S0
Fig. 2 Effects of different pH solvents on the extraction recoveries for mefentrifluconazole and its metabolites

2.2.2 HUWEM ELIERHEDE QuECKhERS J7 2§ AW AL REFIAS I/ B PE A SCAR R 22, 75 ] I 12
PR T B SRR RE T, R PRIEREIN H AR 3RS nT 22 i e . ASRGRAE A 1. 5 mLARE A
fRtEE SRR TR, 5 5% T ANIE] C 3R SRt G sk 1A e 1 G 4 A AR s AL B SR R 5 2551
R, BEEER SR, R A ECRE S TR, mitBORB AR ALRE, KR —C,
HORG R sE R LR b i = R T, LSRR ESLRCR

TEEERE |, YEHX 10 mg C,, 5 GCB. MWCNT, ZrO, BEAT4H &AL 325, 5 H brfb &6 i
SR UL 3, SEE R I, AAAbE B 2 BERRAN R B 5 N AR = e P 28 A s B AE
FECE DR B FRAR . 275 SR D e J2 I 4 R AR P ) ISR S5 i AL R, 9125 1€ 10 mg
C55.0 mg GCBAGIERNAL, HIEbAYE IR A 69. 5%~108%. 5 & EEK B A fptfiefin: 5 ff 2K
i ) B 22 S S R Bk AR R, B E Ak b T2k SR 30 mg Cy. 15 mg GCB 5 100 mg MgSO, 1H
BHHE, F6. 0 mL ARG TR BORA T AL AL T, bR A L WL 3C, % 3E0RHH& T A 2% P4l
H b e SR R BRaR .
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Py (O IR AS | R R R TR . R, AR R S - IR EOKIR IR R E S, LI s
T I ORI S5 R B30 . %58 Y Z K55 5 mmol/L LR EKIFRAFEARLL (10 : 0, 911, 8
P2,.7:3,6:4,5:5,.4:6,3:7,2:8,1:9F10: 10)ERXX 1 mg/LIEFRIFREESEREN B B2 1T
VR, AEAREOR, ZHES S mmol/L ZREIKIEW A S« SERN,  H bRk A i i 0 R )Y 5
(K 4),

1207 A

EEMFZ
EE TRZ
B TAA
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Il %/9%
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FETRLN /%
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HORH G : > —
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Fig. 3 The effects of different adsorbents combinations on the recoveries (A) and matrix effects(B) for mefentrifluconazole and its
metabolites, and the purification effects(C) of optimal adsorbents combination
a. 10 mg C g3 b.5mg GCB; c. 10 mg MWCNT; d. 50 mg MgSO,; e. 5 mg ZrO,,

2.3 IEHMZEERYM

TEAL AT, MIRE 0. 0050, 0.010, 0.050, 0.10, 0.50, 1.0, 2.0, 5.0 mg/L I 50 FR00k 1 2
HAFPARER TR . S RN EE LB RIS, RN RRAAHE R (DL 2) . AR, 5L
Jo Hp R DA W (2T A 0. 005~2. 0 mg/L) S AR ) (L5 1B 4 0. 05~5. 0 mg/L) 2tk 56 R R T,
TR REL(P)A/NT0.991 0, FFEFEE ATER . B iz A ki Rl 25 5 2804k JE AP Ar AR 56 I i)
BN, FEFHY (ME ) A—-83%~—46%, [AIIHSERRAFE i 75 SR I BObRifE AbRid 8 5 Gk nal i A HE R
(L.OD) 4 0. 002 mg/L, HACEM ) LOD 4 0. 01 mg/L,

TIC(MFZ) TIC(TRZ) TIC(TAA)
4.50 1.36
100+ 5 6.605 1004 3.04e5 1004 ¢ 12 4.34¢5
g 50 g 50 g 50
0 T T T 0 T T 1 0 T T
425 450 475 1.40 1.60 1.80 1.00 1.50
Time Time Time
TIC(TA) TIC(TLA)
1004 e 3.07e5 1001 Lt 2.52¢5
£50 £50

Time Time

P4 SURBKEE B H 4 RIS (i 2]
Fig. 4 Chromatograms of mefentrifluconazole and its four metabolites
A.MFZ; B.TRZ; C.TAA; D.TA; E.TLA

2.4 FHEEWER, BEEMEETIR
R “1.57 BEATIRINEMCRSESS, JriEm) e | /S ERIE B TR 3, S e K
4 Tl £ B8 R Ak B A B8 o R 6 =25 b B S 2 D 565k 73 1%~107%, RSD A 1. 9%~10%; [ A 7E
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WEZEH R LOQ A 0. 1 me/kg b, HAFIA0.01 me/kg., %77 B0 L 5% BH /AT 2R
#2 AR SR A 2P R . RGO BTN AR R

Table 2 The linear equations, correlation coefficients, matrix effects and limits of detection for mefentrifluconazole and its me-

tabolites in different matrices

Analyte Matrix Linear range/(mg LY Linear equation I ME/% LOD/( mg* L™
MFZ sl 0. 005 0~2.0 y=477 451x+19 909 0.991 0 - 0. 002
fif i y=156 120x+7 783. 6 0.999 9 -67
fif 25 y=214 640x-2 315. 5 0.998 6 -55
TRZ sl 0. 050~5. 0 y=44 649x+1 330. 3 0.999 0 - 0.01
fif i y=24 206x+13 331 0.999 4 -46
fif 22 y=18 971x+21 863 0.998 0 -58 0.01
TAA T 0. 050~5.0 y=15 943x-986. 7 0.9972 - 0.01
fif o y=4 575. 9x+27. 637 0.998 7 -71
fif 2 y=4 325. 9x+448. 95 0.999 4 -73 0.01
TA sl 0. 050~5.0 y=26 697x+326. 43 0.999 9 -
fif ot y=4413. 5x+1 173.3 0.998 7 -83
TLA peasill| 0.050~5.0 y=11 476x-372. 45 0.999 5 - 0.01
fif i y=2 161. 6x+41. 827 0.999 7 -81
fif 25 y=2 673x+38. 302 0.999 8 -77

F3 ANIERE TR S URE T B ARG R~ W | AR b s 25 iR RR
Table 3 Average recoveries, relative standard deviations and limits of quantitation of mefentrifluconazole and its metabolites in

different matrices

Analyte Matrix Added/(mg-kg™) Average recovery/%(n=6) RSD/% LOQ/(mg-kg™")

MFZ fisf - 1 82.1+5. 1 6.2
0.1 97.5+4.8 4.9 0.01

0.01 91.8+7.2 7.8

25 1 86.2+5. 4 6.3
0.1 80. 6+8. 4 10 0.01

0.01 83.9+2.8 3.4

TRZ fefni- 1 98.2+1.9 2.0
0.1 99. 6+7. 1 7.1 0.01

0.01 105+3. 1 3.0

fif =5 1 89. 5+5.7 6.4
0.1 89.3£3.0 3.4 0-10

TAA fif i 1 73.1£3.6 4.9
0.1 85.2+6.3 7.4 0.01

0.01 97.4+4.0 4.2

fif 25 1 89.2+5.7 2.4
0.1 85.1+2. 1 6.6 0-10

TA fif i 1 75.5+6. 1 8.1
0.1 83.4+5.2 6.2 0.01

0.01 85.6+5. 1 6.0
fif 25 1 73.4x1.8 2.3 0.10

0.1 88.8+1.5 1.7

TLA fif 1 1 107+10 9.5
0.1 83.649. 1 11 0.01

0.01 94.2+4.0 4.2
25 1 76.4+5. 1 6.6 0.10

0.1 90.2+4. 0 4.4

2.5 ZLFHRHERMELER

SRAARTFEXT 1,67 ARAFHER I A ki 5 e A S A PR IO AT, SR W SR 4, H )%
7 e % it S i D e Tk B MR F LA BRI A I R B 265 Bk €=69. 641 76", =0.983 2,
egEM R 7. 45 d; FEBEZE I AR 27 TRk €=30. 864 63 %, =0.905 3F1, KHEMH13.33d; H
()T ARAE At R ARG H 4 PP AR o SR DR WA A R R A R 25 rp sk B R SR TG R A, mTRER it 2t iy
FERZ AR b, SRR D e N R B ZE b, S S0 A 5 b G R A e R RGN
RHEER R A AR, ZEPI AR v ) SR PR R TR e, AR EERRARG, B R I Sk P s 7 f
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Fig. 5 Dissipation dynamics of Dendrobium officinale in fresh leaves and fresh stems
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Table 4 Residue levels of mefentrifluconazole in fresh leaves and fresh stems of Dendrobium officinale(mg/kg, n=3)

Time/d Fresh leave Fresh stem
Residue+SD/(mg-kg™") Decomposition rate/% Residue+SD/(mg-kg™") Decomposition rate/%
0(2h) 70. 69+0. 26 / 27.86x1.45 /
1 63.55+2. 50 10. 10 27.78+1.42 0.021
3 54.78+1.22 22.51 30. 24+0. 18 /
5 44.31+1.57 37.32 24.77+1.55 11.09
7 32.32+1.07 54.28 22.22+1.51 25.38
14 19. 98+0. 21 71.74 14.18+1. 85 49.10
‘
3 & it

AR, TR B A i B i 25 vp U T S ARG AR B ) 3 A i . RRR I 2% IR S

G, Z2C. GCBRIMgSO, A A1k, /B EIEWRERSHE T, RHZHE-5 mmol/L ZFEEEK
TS 25, I HSS T3 S SE I H bR 4 25, UPLC-MS/MSIE , oM RiLE R0, ik
SEIUELE RN, %I IR AR A AT BOR BRI RE SN o R FHZ T IR B R Ak
A kit FH S Rk TR e R, DS AR S A 2R b i e 00k 7. 45 d 13, 33 d. %7 TERIAL
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