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Fig.1. Structure of furilazol.
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2. REK

1) EXERIR

75— MR E 7 A L AT (BE) o
PR p kR A YE B 2 VN2, 200100 mghk Tk by
WZVEfE LT 1,000 pg/mLOFEERIR 2 M L=, Z OfFdE
Fiia7 & b TR LT b O & BB AR & L,
7 b= MU THEERAR LS O A R ARG &
L7-.

2) I=HT A

InertSep Cig 500 mg/6 mL (A7 ZF v Vb U h
FIVI=HF5) , InertSep FL 500 mg/6 mL (&7 A B&
VTR LI=HT L), InertSep GC 500 mg/6 mL (7
774 MH—HRI=hF L), InertSep NH» (7" 3 /
Ta v Y b ) BV =H T L), InertSep PSA500
mg/6mL (=F L VT IV-N-Taerv by s
VI =HF L), InertSep GC/NH2 500 mg/500 mg/6 mL (7
774 NI—RT I TN Y ALY BT
2 =47 4) KOnertSep GC/PSA 500 mg/500 mg/6 mL (7
F77A NI—AR)=F LTI -N-Tae )Ly
B DB FNI=HTL) FYO—z AP A=A (BR)
& W,

3) EOMORIK
AR (BR) R OE L7 A L AFOEHEE
(BR) SOOI RERH R OLC/MSH % F Wiz,

e T B = MIE L7 AV AR () "o
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3. ¥EE

1) &k r u= ~ 75 7-% 0 F ARUEESATE

LCHB : Watersft#l ACQUITY UPLC I-Class PLUS

MS &5 : Waters £-8 XevoTQ-Smicro

4 JESMF

1) LC&Aft:

ST 7 & - Waters £18 Xselect HSS T3 (hi+%8 2.5
pm, 2.1mmid. X100mm), BEHfE : AWK /K, B A ¥
=), T MR 047 A B=70:30—3% A
B=2: 9884y, ¥i& : 0.2 mL/min, » 7 AR : 40°C

2) MS/MSZA4:

A A AkE  ESIH), ¥ BT U—%E/E :25kV, V—
ZIRFE : 130°C, T VAR—3 g VRE :500°C, 2—r
H AR 1 Noy 50 Lihr, T Y b_—3 g9 o H AfiE : Ny,
1,000 L/h, E&A A (m/z) @ 220.0—83.0 [=2—EE
42V, a)VarzxiX—l14eV], EMAAFL (mk) :
220.0—93.0 [Z— 2 FEE4R2V, a VgL F—I14
eV].
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Fig.2. LC-MS/MS chromatograms obtained SRM mode
for furilazole 0.5 ng/mL
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T h=FUAEIMAZT20 mLIZERS L, #BHhHER
L7z ZoRBHIHEKIOMLE (85 A2 LEDT
A2 MiZ20 mL) 4E L, RN IERAELEE 2 VN T40
CUTTHREEZRELL. BT =M A2 mL%E
Mz TR LTz,

2) RERLE

GC/PSAS =H T 257 F=FJA20mL T2 T 4
vazmy 7L, DTHLNRRETEAN LR, BaET
T h=bFU A2 mLTHRY, WEKEDT T LITHEALL. T
T h=hU6 mLEEALT, AMKLOEHKZ G4
WHRERY, 72 b=F IV LV ERHWTIEMEIZIO mLE L

7o b DZRBRIER L LTz,

BERREOE %

1. LCR UMSEAEDORR

1) MS&HFOMG

Ax ¥ CREICK T D7 Y T —VDESI (+) E— K
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2T8OIFIRELE Tmz 200 7T 0 X7 A F L 2AETR0T N
fHF N B3 . GC-MSMSOREICENTEH S U H
— P —AF L Tmz 20 HWTZHMESORDH D, miz
2200 7V h—Y—A A LIEHEOT LT A F
Ve LTm/z 650, 83.0% 0930038 (Figd) , LC-
MS/MS & FHWTZBERDICR T D EEA A2 DOm/z 83.0& —
LT

SRMME 24T - T2 fE R, m/z2780% 7V I —H—A 4
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Fr e LTGAEDIZIPEE L TURENRRHETE 272
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BOZEMHA A &TH L L.

100
2200

2220

22402820 278.0 2950

0L - - - - - - ey MZ
100 125 150 175 200 225 250 275 300 325 350

Fig.3. LC-MS/MS mass spectrum obtained scan mode
for furilazole 1 pg/mL
ESI positive, cone voltage:4 V
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Fig.4. LC-MS/MS mass spectrum obtained scan mode
for furilazole 1 pg/mL
ESI positive, cone voltage:42 V, collision energy:14 eV

2) LC&AFOfFt

NI Z 2T, WHENTWE A7 2T v U by
U 414w (ODS) Fe4i4 7 ACAPCELL PAK Cis MGILE O
MGII (N£E 2.1 mm, X100 mm, Ki7£85 um :  (BR)
KBV — &%) | InertSustain C1s% *ODS3 (N 2.1 mm,
K100 mm, R 283 pym: ¥—x b A =X (BF)
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#) | L-column2 ODS (PN£% 2.0 mm, & X100 mm, HKif
P83 um : ALY E MBS RY) |, Mightysil RP-18 (N
£ 21 mm, £ X100 mm, KI£3 um : BIE LS (BF) £
K UOXselect HSS T3 (N 2.1 mm, &= 100 mm, FiF£%
2.5 um : Watersfd) % LEHHRET L 72558, Xselect HSS T3 %
AT 5ZET, 705 —LORE, ©— 7RO
BMEIC DWW T RAFRFERDB B LT

BEFHOKBEBLIZ OV TIEXEE, BFRT v =7 L
TR OKIZOWTHE L. BRIZIZTE F=FY AR
AR =B, AB (7:3) 2H35FETIC (1:49)
DT T NEBTRERLE Y 2T, FBTIX 0.05~
0.5%BEE, g7 »E=7 AIZ2\TIX 0.1~5 mmol/L
IZOWTHE LT, ZFOREE, KEHWZEZA, R
E— 7 MEROE— 7 BRNRIF LTz, E, TR b
SRV EDRIEL D B AX ) — L EDREDIED BN E—
IR R OTERRBIFTH 72720, KERAZ  —/LViR
ROMIZOWTHE LTZ. 70 Y — 1o —27 kK
DBE AR T D707 5V MUEDSRMEE RS LT,
KBEORAZ =)V (7:3) 5 3 ETIC (1:49) OF
T NEETO A T L0 E DORER TR D78,
(1:49) T 5 DR LSS, 7V 7Y — /ORI
Mix39 5 CThot.

2. fHEORS

HEgEE L <72 b=, TRy, TERY -
n-~FHUARIKE (1:1) , BT A KRR K ) —/UZD
WTHRI L=, K10 mL (27 Y 7 V' — VIS HERTES mg/L
(77 bR 01mL ZIRMNL, KAEB100mL, 50 mL
THRE VA Xk, 85r3,00000]H5C5 53 W Loy BE L7-.
5 o7z BfEA200 mL ([ZERE, SmL L, TE R
= F U JVICEWE, LC-MS/MS (SRME—F) THIE L=
ZTORER, Ty o n-~F PR (1: 1) LTI
% LA E DRI A BT,

WIS, REAEHI>BAZLERABIE LT, TER=HKY
v, TN, BHBZFAVKOAS ) — a2 HWTHIE L
72 R % GC/PSAS =5 5 A THELL, LC-MS/MS THIE
L7=. Z0f%, 72 b= RV VKT & b iR TR
B RO RHERL 5y DFEN D Ie otz T b= MU MiZ
BFER BRI KDEN T F L vl #
LT W e, 7' b=V LEEBEEICHNS
NP Y

3. KREoms

1) =07 LEROBR

NEEL, NEWAEE R MR LA % bRET 5 HINTCis &
U'PSA R =17 L%, BEREDTZDIZGCC I =T Al
DWW, FBRICLAEND FL, NH: KXV SI 2 =0T A%
AW THRF 1T o7z,

KZI=HT2EAY, TERF=FUMI0mML TIUT 4
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va=r s UL, 7V T Y — UEREETE0.05 mg/L (A
&) —)VEIR) 05mL Z AR L, 7T =YL THEHL
72, 75— oI =85 AIBNTH10 mL

T ENT-.
WIZ, EHHAZL, REALHIBLAZLEOT A
FeilBlE LT, 72 b= MU VHIE L7 EZ 4 I =

TLAEWL, ENENTE F= Y10 mL TRHELT
L2, I H T HIZHONT M v 7 ATRIIE R
TR OIS UERRIR I 6 5 v — 7 kg 2K 7= (Table 1).
WETNDOA T LMZBNTHA F Akl (€— 27 mfE
<09 ) Fi2idA o bEdE (L1<E— 7 mfgkk) A&
biT-.

Table 1. Effect of sample matrix on the ionization of analyte

Sample Cig FL GC NH, PSA SI
Maize 0.86 0.87 0.83 0.94 0.95 0.93
Sweet corn 1.05 1.05 1.18 1.01 1.07 1.08
Teosinte 1.12 0.92 1.13 0.79 0.86 0.83

a) Concentration : 0.00025 mg/L
b) Matrix sandard / standard in solvent (n=2)

2) GCL DHEE/HE

GC 2= DT LUNDI=h T L TIIOEDORENTE
Rtz Fiz, WIROI=H T ACBNTHLY MY v
JADEBERETE holzZ b, GC 2 =HhT A
EHAEDLEDL 2 & TRIREZRD D Z L aRF L.
NHo . OV PSA 2OV T GC & DFEE S T 2% VTR
L7-.

Cis, FL, GCKUSI I =725 FENEthTEF=11
MOmML Ta 5 4 a=r7 L=, Cis, FL XS
TLEZTNEN GC I =T A LEK L. GC/NH2X =
N7 LR RGCPSA S =H T hEEFNENTE =K UL
20mL CarF4va=rs L £I=hT707V T
V= VR HEVSHR0.05 mg/L (A &/ —/VEIR) 0.5 mL % Aff
L, 7B h= NI ATHEHLZEZA, WThoMEEIC
BT H10 mL OFEH TI00%D BT S 7z,

W2, ~ b w7 ADHEBEMGRT D7D, EH2HAHTL,
REEAE 5 b AZ LEOT AL v MIZEHIT 50,01 mgkg AN
MR (AR EE0.00025 mg/L) TO~ U v 7 A
TSRS HR OV IERE SR 54 5 B — 7 mfgke & sk ed 72
(Table 2). ZOfER, FL I =07 L& (0.96%100.97) &
DORAHAEE K GC/PSA 2 =Hh T KL TIE, CI8 2=
NTEEDHMBELETIEIEIBAZ LT (087),
GCNH2I =H T ATIEEIBAZILKYT AV T
0.73), SII =BT LLEDOHMAETREALEILAZL

Table 2. Effect of sample matrix on the ionization of analyte

Peak area ratio™”
Sample
GC+C;3 GC+FL GC/NH, GC/PSA GC+SI
Maize 0.87 0.96 0.73 0.97 0.96
Sweet corn 0.97 0.97 0.97 0.99 0.79
Teosinte 0.93 0.96 0.73 1.05 0.96

a) Concentration : 0.00025 mg/L
b)Peak area of matrix sandard / peak area of solvent standard (n=2)
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Table 3. Total weight of after solvent removal
Sample Weight of residue (mg)*
GC+C;y GCHFL GC/NH, GC/PSA GCHSI
Maize 32 3.8 4.0 3.1 4.0
Sweet corn 2.9 32 35 2.7 32
Teosinte 2.7 2.8 2.3 2.8 2.6
a)n=1

(0.79) TA A AMHIBA R LN, KIZ, GCI=H7F
L EFHEE ORI L - 3R U IR A IR, SR o &
#=%HE L7~ (Table3).

TORER, REWERIIGC I=HTLKOFL I=7
T LEDHAE RN GCPSA 2 =H T LA Thiahotz,

gD B GC M ONFL 2 =4 7 A0 A+H & GC/PSA
=T AR BRREORNEVERTH 72 MK
ORI D, GCPSA S =T LEfAVWDEZ L L

4. TREM

HEHE L 000.0625~0.375 ng/mL K 100.125~0.75 ng/mL7 &
b= MU VERE S IREHPE CoMFR L, 2 pL&ZLC-
MSMSIZHEAL, B— 7 EHECHREMEZIER L7z, HE
2485 () 1320.999LL | T BIF 72 EARMEN S ST,

5. WANENERER

EIBAIL, REBAL I AT LEOT AV Mok
BERIREEH30.01 5 700.005 mg/kg & 72 5 K 5 FAEHEYRTR % IR
mu, 30 kER%, ARiEERGCCEMEIGRERZ 1T 7.
SEIFRATIRFIZ 35 1T 2 B D 1) 130.01 mg/kg T86.5~
96.4%, 0.005 mg/kgT76.5~89.3%, PFHTIEEEIX0.01 mg/kg
T5.3~8.0%, 0.005 mg/kgT59~8.5%Td-7=. (Table 4).
WIS EEET0~120%, (HMTREEE25% AN BAEE (FEA
B ESZEFE SRR &S - AR R AR
BRJS S M SF6MEE, 10-13, 202491 H) %l
L7z,

Table 4. Recovery of furilazole from agricultural products

Sample Spiked conc. Recovery” (%) Peak abrea
(mg/kg) Aberage RSD ratio”
Maize 0.01 86.5 8.0 0.97
0.005 76.5 5.9 1.05
Sweet corn 0.01 96.4 5.3 0.99
0.005 85.9 8.5 1.05
Teosinte 0.01 92.0 7.7 1.05
0.005 89.3 7.6 1.07
a)n=>5

b)Peak area of matrix sandard / peak area of solvent standard (n=2)
At R U > 7 ZOWE~DFLEZ SV THANEIGEER S
B DEULER100 %FHHHREICR D L) ICHR LI~ H Y
v 7 ATIMEERERS IR OV AR RIS W69 2 B — 27 m i L
ok iz. WRIZ097~1.07TH Y, WTHOREHIE

WTh, v v 27 AT K DME~DBELEEITED 5

& & o ' F O, xx, 20xx

N7ehnodz. 0.005 mgkgiIAESIZ72 2 L H IR L7~
U v 7 ARIMERERE COSINL & RO 24, 212
~28.5L T DOEFEY TSNZ10%TH- L TEBY, KK
X B E &R %0.005 mg/kglZfE LT-

ES & »

LC-MS/MS% AW ZiEmHh o 7 U Z > — LBk &
L. BT h= MY L THEL, GC/PSA
=hT LT L%, LC-MSMSTHIE L. 3B O
BEY (E2bAZ L, REAEIBAZLROBT AT
R R GUCIRINEIGRER 21T o 7o, FREIEVEERE $ 7=

ERRFIBE L 25 L 2RI LIz E EOREOHEL
76.5~96.4%, FHTHEIX5.3~8.5%TH Y, BLRFERN
Bon. EERAE, RELEWThoRERIZIBNT
$0.005mgkg THY, 7V TV —NLDOGoHELE LTHAE
Bbhs.
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b'a MR
1) NEINE S ZeZEBSEIEEMFAS « S EIE
HME (%) 71U 5 —/, 20074E6H6H.
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Liquid Chromatography—Tandem Mass Spectrometry Determination of Furilazole in Agricultural Products

Maki KOBAYASHI?, Yuki OMACHI?, Yuka MORITA?, Yuki HIRAISHI?,
Takaaki TAGUCHI® and Shyoichi TAHARA®?

An analytical method based on liquid chromatography—tandem mass spectrometry (LC-MS/MS) was developed for Furilazole deter-
mination in agricultural products. Samples were extracted with acetonitrile, and the extracts were cleaned on a graphite carbon—ethylene-
diamine-N-propyl silylation silica gel cartridge column. The sample solution was analyzed using LC-MS/MS and an external solvent
calibration curve. The average Furilazole recoveries (n = 5) from three agricultural products (maize, sweet corn, and teosinte) spiked at
their maximum residue limits or at a uniform limit of 0.005 mg/kg were 76.5%—96.4% (relative standard deviation: 5.3%—8.5%). The

calculated limit of quantitation of the developed method was 0.005 mg/kg.

Keywords: furilazole, safener, agricultural products, maize, LC-/MS/MS
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