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BRI S FEA R EM 2024 E 2 R ApRITE BT HRA TR S
WL EEY ARG AHFLEMNS 1611932

PRETSRIEMEAT (isoxazoles) MBI AIEE (hymexazol) FA/NEESEBH R 43 17
JIERIEEAT » DIE RS R B S W > i ACQUITY UPLC HSS T3 EHER
30°C EFTEMT T BE - BEIMH R 0.2% /KB K LN @ 3CE M ETUE 0.15 mL/min
HETTVRME B F ARG 1 2 MR AE g b7 ER I U 5 88 (Liquid Chromatograph-Tandem
Mass Spectrometry, LC-MS/MS) F#EITHIE o /NERFEE T R - HILR RS E MR
BRI VATE (0.02, 0.05, 0.1 pg/g, n=5) JI15E[E B RE B 53 Bl R ik
77.5-83.7% ~ 112.8-116.8% k¢ 110.3-117.4% 2[5 » F A ¥ 4E 7 22 & B 43 51 72
3.5-4.7% ~ 0.7-3.3% K 1.7-2.3% » E =R (limit of quantification, LOQ) } 0.01
ng/g o ARG 7 vk B0 TR RN B e B 2 SRR - TR/ NEES P R R SR TR R R
HIEER -
BRBEGE « WAEE AT BRI B R~ RRUEE ~ /NEESRHH - KRS

BZHIH 2024451 H24 H

* SEAEH o E-mail: liaowch@acri.gov.tw
DR REEAR SR
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Hi S

WO OB oA A= AL B S
methylisoxazol-3-ol (IUPAC) (F&—)D » {%
Jo B R E A B ] (isoxazoles fungicide)
@ FIR BTG LA IS B /K R AR o T TR
Bl Ao R =Rty BIRA FEIR 1969
FRBEARERL - HACD i HRAR
S~ THEPHEY KGR FRE O - =
TLE P B Fo 5 B i B e S e T T 18
FHhhsrZL (nucleic acids synthesis assembly
in mitosis) A IHEE (A3-DNA/RNA
synthesis (proposed)) » ZEE|FHIEEH @ -
B8 H A R 8RBT RS Y = A E Y 58

B2 R EEZE (residue definition) 1%

_R— > BAEPE(EMEEC

HREILLF B 5> (parent compound) By -

A& HAAE EY) - BILARREUE Ry 257

& (maximum residue limits, MRLs) FEfd
KA o HATERE A SEY R HARSTE R
SR EE R ATFER 0.5 ppm © -

BEET E AR/ N (BEH K
HED) B AT E R 0.02 ppm © -
[HE e TR ) i A s A T P Y =2 0 e A
H o BB/ NE SR TP AR S R R
ik o DM AT & [ E LR/
TE SRR HY T B v A A I R R T
w25 0 HAG2022 9 8 H 17 HiE4AH
NEBIERMPEYEEERE L -2 E
B AT ITEE (T1) &8 53 A s [ e ok
AR B+ AR AU T o el 53 BT 5 3k
Z A HLE R B LB -

Table 1. Physical and chemical properties of Hymexazol©®

Active ingredient Hymexazol

Chemical name

5-methylisoxazol-3-ol (IUPAC)

H,C—_-O~
N
Chemical structure \ /
OH

Molecular formula C4HsNO»

Molecular weight 99.1

Melting point 86-87°C

Vapor pressure 182mPa (25°C)

Solubility in water

5.82 x 10* (pH 3), 6.51 x 10* (distilled), 6.78 x 10* (pH 9) (mg/L, 20-25°C)

Solubility in various solvents

Soluble in acetone (730), dichloromethane (602), ethanol acetate (437),
hexane (12.2), methanol (968) and toluene (176) (g/L,20-25°C)




AWFFE2% 2016 MG ASEER 3
A 5 0 R DR R P R U R R
& O 2ZHEFHENEER L W
#5745 QuEChERS JikpipE i @ XUV
fE > FIH LC/MS/MS e H 38 R fe e 1
MBS T RARCER/ NER I R
ST W ERNEREAEE (B
B HILR K E) L IRIEISCE KOE &
PRRR - B a5 AT ik BERNE R MR -

FORESL G i

—
e 5E (hymexazol) EFIRARHE ity Ryl

F 99.8% - FH Mitsui chemical agro, inc.®!
& (HAmERER) - HHE il gEEE L
f& (acetonitrile) J& f7#% » J.T.Baker (1
E) » FHES (formic acid) GR #% » Merck
(5rB8) ~ HE/KARESEE (magnesium sulphate
anhydrous) ACS #} > J.T.Baker (HAX) * &
1t.8M (sodium chloride) GR #% * Merck (1l
ZK) » GCB (Supelclean™ ENVI-Carb™
SPE Bulk Packing) HPLC #} * Supelco (£
Bl) s 0.2 um JEJE (PTFE, Hydrophobic
vent filters) * Agilent (£[) % - fEff -
HRESH - s - NA S KRN
SER A LS - WAKEELLA 41 BE -
ZEUHELE  EEER - LBENE
(polypropylene, PP) #1'E . E » FREUA
KY) & MAKFREESE 900 mg Kz GCB 120

mg °

R A i 21

SN

MRS S (food
equipment) : ROBOT COUPE » R301 Ultra
(L) - B AR (high-
throughput plant and tissue homogenizer) :
SPEX SamplePrep * Geno/Grinder 2010 (3£
) o Bl L
Coulter » Allegra X-30R (ZE[H]) - WK & JEHE
B&  (nitrogen blowing

crushing

(centrifuge) : Beckman

concentrator)
Organomation Associates, Inc * N-EVAP
112 (ZEH) -

WAEE T Agilent 1200 series liquid
chromatography (3£ [ ) ; H i #% AB
SCIEX QTRAP (3EE) 5 £l ke Biig o A
Zift Instrument Control and Data Processing
Software (AL Version 1.6.3) (32[]) -

=~ Bl PR IR

YEY)ES 2 B EMR R RIS 2 3ABE H -
HE (Allium fistulosum) ‘hfERBILE - &
1L3% (Brassica chinensis L.) ShfE BB
BILHSE » e (Lactuca sativa L.) fhfE
Ttk P AGER 3 L

VY ~ il R E R R AT

BB MR SR R BR R B AR 52 B
fr o LR R E AR S A E B RS2 B Y
B BnEZ v GEITR S B R B - DY
fk 500 g fERZARA (sub-sample) - 2
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T WRERERSEE (KR -18°C)
BRiE T - LIRFEBR ST -

T~ BRI Z AU

RS AR e DI IS W 8 S E
&2 B E R A W] (standard stock
solution) 1,000 pg/mL > A -18°C &M T
HECAHTE o O - EHCHEEER A
W LAZIEFRRERL 100 pg/mL {E Ry 5347 H
FEEHE TAEYAUR (standard working solution) e

.

AN

LC BEftHZ Bl

BEIMH A W 0.2% HEE/KIETR - Bl
BB EUES 2.04 mL > DIEBET/KE

AKE 1,000 mL - BEHE - BEHE B
R ZHERH -

L~ W i

FEELE B~ FIL3 i B E B
10 g PAMERIEECE R - 30 10 mL ZJi -
I #% il — BRI 5 g (MK EE
AL=4 . 1 (HRELL))  EHER 1 28
% o B0 14388 (3,000 x g, 15°C) > HU 6
mL bR ABE LT (FHFE MK R £
900 mg K GCB 120 mg) » fEEHER 2
Sr#ETE o FHEEL 5 8 (3,000 x g,
15°C) » B @ TEmre 0.2 um JEIGHR IR
(PTFE, hydrophobic vent filters) H:AERzEHK
(& —) »

Weigh 10 g of ground, homogeneous sample to a centrifuge tube

!

Combine 10 mL of acetonitrile

!

Add 5 g of a salt mixtures (magnesium sulfate anhydrous, Sodium chloride (4/1, w/w))

!
Shake intensely for 1 minute (1,000 rpm)

!
Centrifuge for 1 minute (15°C, 3,000 X g) to separate the extract from the supernatant

!

Transfer 6 mL of supernatant into the centrifuge tube and add adsorbent containing
120 mg GCB and 900 mg magnesium sulfate anhydrous

!
Shake intensely for 2 minute (1,000 rpm) and centrifuge for 5 minutes (15°C, 3,000 x g)

l
Run the supernatant through a 0.2 pum PTFE filter

l
Analysis by LC/MS/MS

B—  NEREPRERBDTAES -

Fig. 1. Flowchart illustrating the analysis of hymexazol residue in leafy vegetables.
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1. ¥EAHE B i
J&#TEHE : ACQUITY UPLC HSS T3
(2.1 mm x 100 mm, 1.8 um) ° JEHTE IR
& 30°C » il ¢ 0.15 mL/min » 73 A
&5 pl - BEIMHS TG B A
(0.2% HRE/KER) ~ B/ B (ZM6) @ 8
MR E LG At B = 40% : 60% 4347
WFRH : 10 434 o
2. ERBVERE
75 - PR EEEE L (ESIH) ©
Bt FIEFEE B (ion spray voltage) @ 5,500
A\
B I R
550°C -
SREESRMNE (curtain gas) : 35 psi
hiif# & 8% (collision gas) : high
HEFIR%EMAS 1 (ion source gas 1) : 55 psi
TR AE 2 (ion source gas 2) : 45 psi
HE R 0 % E K EEN (multiple
reaction monitoring, MRM)
2 EHEFH - iRERESE
QTRAP #H [ 3% 5 Bl fii £ 7 =0 (3¢

(source temperature) :

R BREZEREE G

BRI AT ik 23

)
T~ ek R BUE

HU RO HE TAEVS R 53 I SRS
| ASE e 7R B R BT UL g AR ME VS R BB R R
0.005 ~ 0.01 ~ 0.02 * 0.05 ~ 0.1 ~ 0.2
mg/L » #4T LC/MS/MS 2347 » DL I T
MEEHREIFE - AR AR R -

+ > S bRk S B B E

Hi e =2 AR R S A HE YA MR EE T T R A T
M R BRE RS o AT - KR BT T 234 -
T X e YR L ASE Y 5 3 T 15 362 g o2 1 R f
M) » e 2 B I A A S il 1 P R BB K
B #T SANTE/12682/2019 @ (£ =)
G MR T AR KGR e rh AR
B (nglg) °
REE AR RE (ug/g)=Cx V=W
C:HEELERMERKRKBZREE

(ug/mL)

V  RRER Z fEtE (mL)

W e EE (g)

Table 2. MRM parameters used in the analysis of hymexazol

Precursor  Product  Collision  Declustering  Entrance COthl(,)n
. . . . cell exit Scan
Compound ion ion energy Potential Potential Potential mode
(m/z) (m/z) V) V) V) )
54.1 20
Hymexazol 100.1 68 8 12 Positive

28.1 26
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= HEA BB T RERATRH

il
Table 3. Recommended maximum tolerances
for ion ratios detected using
LC/MS/MS

Relative intensity Maximum acceptable

(% of base peak) Tolef;r?ﬁifgﬂf (%)Y
~ 50 130
20-50 30
10-20 £30
<10 +30

D Maximum acceptable tolerance ranges are in
accordance with EU regulations defined in
SANTE/12682/2019

> BN EEG SR

FEENE B ~ FULE R EETER 10
g MIAGRAER R » HHIRER
0.02 ~ 0.05 52 0.1 pg /g » IR Bdhi
PRERRAR » DL LC/MS/MS #E1T0HT » (RN
HEFT22 GBS (blank analysis) 7FREf >
MrEL#r - DUk Pl S B s it e B
R o R I ) S TR, » 43 | B AT HE VS
TR B RN E B SR EIRER @ -

+= E & f R (limit
quantification, LOQ) Z&¥fd

of

FEIUTE R HFE ~ FIER RS ER
2 10 g » JOAGE B R SRR - KA
L B TR A BRRG o JE BT GR
Hl 50 2 LB {E  (signal-to-noise ratio, S/N
ratio) KA 10 > EMEBET RN 3 fERTJI
HE BRI HE @ -

+= - FEERME (matrix effect)

FEE BRET » 43I LA 5105 =
VI kR ERR
1 Vs 7 AR ME B b & #R (standard
calibration curve, SCC) : HE#ENVAR L
s B BC SR EE Ky 0.005 ~ 0.01
0.02~ 0.05 ~ 0.1 ~ 0.2 pg/mL
2. BB VU O AR HE R A & R
calibration curve, MCC) : ZRIINZEHE
B~ VLS B i b e B A ZE ORI
R AR E R 0.005
0.01 ~0.02~0.05~0.1 0.2 pg/mL -
3. FEMEH R AT ¢
FE RN E= (MCC Z#13R —SCC ZRHR)
/ SCC ZRFH x 100%

GRS AEE
PR BT

(matrix

S FH B BB % & [ EES I (dynamic
multiple reaction monitoring, DMRM) IJJRE
¢ Infusion Compound Optimization F£ = H
B b i R R o DL IR B LT Ry
BEFIE - AL MRM B I/ NEE S g
A - LRI OER AR E AR
B 1 "5 7% ¥E B (ionspray voltage) Fy
5,500V - BB E (source temperature)
550°C » R FERMAS (curtain gas) 35psi * fill
fER A8 (collision gas) high #E=, » BT-JR
S&H8 1 (ion source gas 1) 55psi * B T-IH%



SEE

% 2 (ion source gas 2) 45psi » FEIE L ix{E
WHERE &35 20V (m/z 54.1) K 26V
(m/z 28.1)  BEREF AR %= (collision
cell) DA RN » 52l fy 11 -
AR 2R BB S e (A & 8 2 1t
T DESRAREMEE - BT A
Wit RS A TR B DL A>B KR -
A TERA S REEF Ry m/z 100.1 » F

TR AT STk 25

BEFEE m/z 54.1 0 F m/z 28.1 » Hrp
m/z 54.1 BETERIRERIE R E & KIE -
AT E R T 2 HOEEE 100.1>54.1 BE
BT E 0 100.1>28.1 Ry B MEEETE - H
FH S B 0 N R 92.8-95.7% K¢ 8.5-
61.6% Z ] o FeA S VA B HE R 2 B 5
» Q&

R

B - S EABREIREL (a) 0.01 pg/mL (b) 0.05 pg/mL (c) 0.1 pg/mL Z EEE]
Fig. 2. Representative mass chromatograms of (a) 0.01 pg/mL, (b) 0.05 pg/mL and (c) 0.1

pg/mL hymexazol.
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L~ WRAHE M

G &R ACQUITY UPLC HSS
T3 (100 mm x 2.1 mm, 1.8 um) - FZEIFHER
H ARG 1T » BEIME A Ry 0.2% H
BRIKVAWE » & B R Ky LI - HgHridsz
BilRy 40% : 60% » JEHTEREEE : 30°C -
Pk 1 0.15 mL/min © JE AR 5 uL o 4347
RERE 0 10 438 o ARRUEEHE R o3 7 I B I
BRI 2.03-2.23 434 [ -

= PR R L B

FEHE BE A VR 0.005-0.2 mg/L » Bif5
B EMZFIERE (RY) KR 0.995 -
RN IR SR E AR R R AT - fedt
il = FEEE TR R o M i B

HET L Z BB - o0l B LA Bl AR AE

7l f &= #%  (standard calibration curve,
SCC) » ABVLFIARHE R b S AR (matrix
calibration curve, MCC) - Z[[& = - f Fh#R

L EEIREY:
2400

L EEI R
e

nnnnnnnnnnnnnnnnn

LR
e

W T
e

Concantation. ngimL

B= () WABNRERNRERE b) &
IX) TCEEERRER () BB

A B
"R EE fi

F (c) HE

(5

BIIE}

B (BR) TEEEH

(BE) TEEERRELR -

Fig. 3. Calibration curves of hymexazol in (a) solvent, (b) matrix of spring onion, (c¢) matrix

of bok choy, and (d) matrix of lettuce.




HER o JE#&EeE SCC maEXh v =
1.2e+004x - 1.55e¢+004 » MCC #4351
BEE y = 1.93e+004x + 2.93¢+003 ~ 75
IL3E y = 1.71e+004x + 8.64e+003 Fz =
y = 2.17e+004x + 1.62¢+004 » FIJFH [ A&
WE = (MCC Z#3 —SCC Z#H) /
SCC Z#t#Ex100% ] FHHEAZ - RKIGHHE
EST Ry 60.8% ~ 42.5% K2 97.0% » 4
REURE A B NESUE @ - BRI THS
R HEMENE » KRB TEA R 5L UL P A e 7
ta BB R E EE T -

IR/ EIES Y

G3 R/ NEESESE R B A e R 0 AR
EEARAEPNVR » EHIRE Ry 0.02 pg/g ~ 0.05
ng/g s 0.1 pglg » WG IR & B0 AL 2
PE » I EIGCR (FRIY) R 570K

_EO ~ RAVE IO B A R

Table 4. Results of hymexazol recovery tests

R T ik 27

s e

B 77.5-83.7% ~ HILZE 112.8-116.8%
B e 110.3-117.4% Z[H - FHEHE HE (R
FERIN 3.5-4.7% ~ 0.7-3.3% J 1.7-
2.3% ° JIIEZ W EIZE A 5T (BK) ¢ Rk
BZEH53HT (CK) AR B R 25 1Y
KR - BURTECRFEZEIYIA g
T ERZ FIE - 43 i1k BK ~ CK
il i IR HE VS 2 LC/MS/MS  Eb % [ 33
(& PY~[&E /) °

H~ EEER

A B 7 o BT R o 8 iR A]
Z0.01 pg/g » FREFE IR S B BRI IR AL
0.01 pg/g #&AHJT LA BEKG - WHlfS
HIE &8 12 il tL (signal to noise ratio,
S/N ratio) fy 57.1-67.1 »

Concentration of ~ Recovery rate Average Relative standard
Matrix sample  hymexazol ! range recovery rate deviation Num‘t.)e.)r of
(ng/e) (%) (%) (%) repetitions
0.02 80.0 - 90.0 83.7 4.7 5
Spring onion 0.05 80.4 - 88.2 83.3 3.5 5
0.1 73.6-81.3 77.5 4.1 5
0.02 115.5-117.5 116.8 0.7 5
Bok choy 0.05 115.6-118.8 116.4 1.1 5
0.1 107.0 - 116.0 112.8 33 5
0.02 107.5-113.5 110.3 23 5
Lettuce 0.05 114.8 - 120.2 117.4 1.9 5
0.1 110.0- 115.0 111.8 1.7 5

D The concentration of hymexazol that was added to each sample.
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Fig. 4. Representative mass chromatograms of (a) reagent blank, (b) matrix blank of spring

onion, and (c¢) matrix spiked with 0.01 pg/mL hymexazol.
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Fig. 6. Representative mass chromatograms of (a) reagent blank, (b) matrix blank of lettuce,
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Establishment of an Analytical Method to
Assess Hymexazol Residue in Leafy
Vegetables by LC-MS/MS

Bao-Cheng Liao!, Chun-Wei Chiang?, Wei-Chih Liao!", Tsyr-Horng Shyu!

Abstract

Liao, B. C., Chiang, C. W., Liao, W. C., and Shyu, T. H. 2024. Establishment of an analytical
method to assess hymexazol residue in leafy vegetables by LC-MS/MS. Taiwan Pestic. Sci. 16:

19-32.

In this study, we established an analytical method for the residue analysis of
hymexazol, a fungicide that is characterized by isoxazole compounds. In validating our
method, hymexazol residues were extracted from spring onion, bok choy and lettuce
matrices using acetonitrile. Chromatographic separation was then performed using an
ACQUITY UPLC HSS T3 column at 30°C. The mobile phase comprised 0.2% formic acid
aqueous solution and acetonitrile at a constant flow rate of 0.15 mL/min. Quantification
was performed by reversed phase HPLC with electrospray MS/MS-detection. We found
that, at fortification levels of 0.02, 0.05 and 0.1 pg/g hymexazol, the average recovery rate
of spring onion ranged from 77.5 to 83.7%, and the relative standard deviation ranged from
3.5 to 4.7%. The average recovery rate of boy choy ranged from 112.8 to 116.8%, and the
relative standard deviation ranged from 0.7 to 3.3%. The average recovery rate of lettuce
ranged from 110.3 to 117.4%, and the relative standard deviation ranged from 1.7 to 2.3%.
The limit of quantification (LOQ) was determined to be 0.01 pg/g. Results of this study
indicate that our proposed analytical method can easily detect low levels of hymexazol
with good precision and sensitivity. Our method can be applied in regulatory and
monitoring applications of hymexazol in leafy vegetables.
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