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Development of Simultaneous Analytical Method for Determination
of Isoxaflutole and its Metabolite (Diketonitrile) residues
in Agricultural Commodities Using LC-MS/MS
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Ji Young Kim?, Moon-Ik Chang'* and Gyu-Seek Rhee'
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Abstract A simultaneous analytical method was developed for the determination of isoxaflutole and
metabolite (diketonitrile) in agricultural commodities. Samples were extracted with 0.1% acetic acid in water/
acetonitrile (2/8, v/v) and partitioned with dichloromethane to remove the interference obtained from sample
extracts, adjusting pH to 2 by 1 N hydrochloric acid. The analytes were quantified and confirmed via liquid
chromatograph-tandem mass spectrometer (LC-MS/MS) in positive-ion mode using multiple reaction
monitoring (MRM). Matrix matched calibration curves were linear over the calibration ranges (0.02-2.0 pg/
mL) for all the analytes into blank extract with 72> 0.997. For validation purposes, recovery studies were
carried out at three different concentration levels (LOQ, 10LOQ, and 50LOQ) performing five replicates at
each level. The recoveries were ranged between 72.9 to 107.3%, with relative standard deviations (RSDs) less
than 10% for all analytes. All values were consistent with the criteria ranges requested in the Codex
guideline (CAC/GL40, 2003). Furthermore, inter-laboratory study was conducted to validate the method. The
proposed analytical method was accurate, effective, and sensitive for isoxaflutole and diketonitrile determination
in agricultural commodities.

Key words Agricultural commodities, Analytical method, Diketonitrile, Isoxaflutole, LC-MS/MS
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Isoxaflutole 19921 Bayer CropScienceAtellA] 73!
o] 1996\0]] AJE et isoxazole] AR FH gz B
U ¥ Ed AEANZE 459 plastoquinone2] ol
#3l= 4-hydroxy-phenylpyruvate dioxygenase (HPPD)E
Aol stA carotenoid®] TS A8t A=S A
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715 28-S sk= o3 Al zA|olth(Pallett et al., 1997,
1998; Pesticide manual 16th, 2012). Isoxaflutole =2 A}A|
2 AxES B3sA il w9 Ax § By AE
AWol] F3-o] EA u isoxazole ringl] N-OZgEe] +%
7} A= o] diketonitrile® ATE T A|xAQ 7S
S8 S} 2 (Fig. 1)(Pallett et al., 1998; Vivani et al., 1998;
Lin et al., 2002), 231221 isoxaflutole #7F ole} thA}
A2l diketonitrile®] RS E3Fste] A oFgitt, wh
2pA] 2 F o FE A A= isoxaflutole®] FHF=E2] A9
£ isoxaflutole?} diketonitrile®] o2 sz} st TH
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Fig. 1. Cleavage pathway of the N-O bond of isoxaflutole.

(A1 F o) FE A Aol oL #2016-7, “16.01.06.).
2016 AA FAHE F isoxaflutole®] =] #7F38]87]%

(MRL, maximum residue limity =A4| 2] &2 943 (S<

%, 0.01 mgkg; AFESS, 0.02 mgkg), CQ%(%ZF—}F &3

25 = 0.01-0.03 mgke), THATHLR, Aah, TH
S 0.02-0.1 mgkg), FIF(HF, S5+ 5 0.3-0.02 mg/kg)

oA AAate] Fstal Ak T ] A5 AREE71F0]
A EA] egkont FYAFS A FRE AT FUA
ZH73]8-7]% (Import tolerance)d| = -3 wz} <ol
TFUAFO RS {87 AR o] 83 H isoxaflutole®]
GLPAE (&S 54 9 & dist IAFARRIA FHE
HE 3 5ol 0.02 mgkg 5502 7]50] A€ o4
o|thA]F o] oA A Ao 2L A|2016-7%, ‘16.01.06.).
A Fulel] fEEe FUAEd RE T
isoxaflutole®] A E ¢Jste] W73 873 2HGHE
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ol

]
xaflutoleS 23
W o] G| E]of
A k= A FH O E jsoxaflutoled} diketonitrileS FA|o &
Alstetl of#go]l USlth(Korean Food Standards Code,
2014). 1 ¢ HyE APHoREs grmHES £35S
isoxaflutoled]] T3l GC-MSE ©]4-3+ Al& ™ Z(Nandihalli,
1994), HPLC-UVE ©|&3t Alg®o] <9lom(Plaisance,
1995), HPLC-UVS} LC-MS/MS?| #4 &85 H|wsli,
LC-MSMSE o]&3t 71X " A& (Lin et al., 2002, Meyers
et al,, 2007; Lin et al., 2007) 5°] B = ]t} 71E A
5= EOO]:,

3
2
I

=

2, l,:;\],%(_q_/\/\)u}ﬁ_ A AEZ = o]
u2 = 554940 FHAEOF)H Tl TUEEol
=AY 8-l thulsle] isoxaflutole & diketonitrile

= 394 &
Ao M=
}\é‘% 1340}1, 7]%‘ }‘] HH=E=
&t FAHE £ isoxaflutole @ diketonitrile] LC-MS/
SAAEY S-S 5Ho= st g9

AAER ] 7ol
isoxaflutole 2 diketo-
IHEO 74—

<
T

H
R
=
hl

H ARAES A HAg AFE T AR A, 7=,
A 2 71718 5o 882 TEe AIPHOE CODEX
7}o] =2}1(CAC/GL 40, 2003) Al ZAAg, e
a4, A9 9 AFY 5 AFsien, 45 5 w4
R i‘”‘: AT E g AR etz it

>
a1}
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AN H ME

Isoxaflutole (98.5%)3} WARHES!D diketonitrile (99.5%)
9] 3EFF2 Bayer Crop Sciencedl|A] Algito} FAEH2
A8} 3L(Table 1), acetonitrile (ACN), methanol, #-hexane,
dichloromethane (DCM) 52 HPLC 5522 Merck (Dar-
mstadt, Germany)ollA] T+I3le] ARE-EATE E3F hy-
drochloric acid (HCI), sodium chloride (NaCl)y= Wako
(Osaka, Japan)ZFE, o371 ZA] (celite 545) & anhydrous
sodium sulfate (Na,SO,)== Merck (Darmastadt, Germany)
2RE YA acetic acid, formic acid=  Sigma-
Aldrich (St. Louis, MO, USA)IA FY3IAth F=ol=
DB (MMV-1000W, Eyela, Korea)g AR-3F313,
H ZZdll= pH U|E]7](Docu-pH plus meter, Sartorius,
Germany)% ARSSISITE. AAlE AFel R oA
FEF A N A sk disite 55 A2
7 DA, ST ARET) BIGT) =
5ok $AES PYS] FAHT T 22 710 Hol

-50°Ce]] liﬂmbl *E‘Gd o] ARE-3FATH

HF e
oH

Zzo}]
T=%Y9

EEYUY 3 BE8Ye| TN
Isoxaflutole ¥ diketonitrile =% 20.3 mg, 20.1 mg=

Z¥z} 20 mLe] acetonitrile 8313+ 1,000 pg/mLe] FY

oS- %A 599t Matrix-matched calibrations $I3] 72+ =
AHZ ZAAY] FAE F22 900 pLoll 20 pg/mL FFE

100 uLE ¥} 2.0 ug/mL matrix-matched T8-S ZA
gk 5 FAE FZ2AL o]&ate] TAF R 5451 0.02,
0.01, 0.1, 0.2, 1.0 & 2.0 pg/mLe] 90% ©]’3<] matrix’} &
7F2 matrix-matched T8RS A5t TFIAT}

EZENe BF 2 dol 410 naste] A A
39t
& 2 I

FA A 10 LT, AEF, ARE F TheS #
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Table 1. Chemical structures and physicochemical properties of isoxaflutole and diketonitrile

Property Isoxaflutole Diketonitrile
O  SO,CH, & O SO,CH,
Structure N\/ |
o CF, e CF,
JUPAC name 5-cyclopropyl-1,2-oxazol-4-yl a,o,0-trifluoro-2-mesyl- 2-cyclopropy1carbonyl—3-(2-methylsglfonyl)-4-tri-
p-tolyl ketone fluoromethylphenyl)-3-oxopropanenitrile
CAS No. 141112-29-0 143701-75-1
Classification Herbicide Metabolite
Molecular formula C,sH,,FsNO,S C,sH,F;NO,S
Molecular weight 359.3 359.3
Melting point 140°C 190°C
Density 1.42 g/cm’® 1.5+0.1 g/lem®
Log P, 234 2.04
Vapor pressure 1 x 107 mPa (25°C) -
Solubilityin water 6.2 mg/L (pH 5.5, 20°C) 326 mg/L

Dichloromethane 346, Acetone 293, acetonitrile, ethyl

Solubilityin solvent
(all in g/L, 20°C)

acetate 233, n-hexane 0.1, toluene 31.2, methanol 13.8 -

T F 2 10g, 57 2 FFRE F lke o] 2F
Al 420 umE THBIEF AT F 110 gy FUI]

#47] &716 Wi EFF 2 ARAES] 7F 0.1% acetic
acid €4 20 mLE ¥o] 30% WA]) 0.1% acetic acid in
water/acetonitrile (2/8, V/V) 50 mLE 7Fste] ZI&7]elA 10
2 At " $ ARt Z2Ele FeY 2
712 oFHZA celite 545 °F 10 g& 0|83 F<lof3}3h
F acetonitrile 20 mLZ A} 9 §71& Aol e o
A3} etk Tzl Aol FHS 100 mLE Blskal pH
HlE| 2 gRIskH 1N HCE: HA3] 718ty pH 27 H|=5
st ©l& 500 mL #odFel &713 NaCl 15g 9
dichloromethane 50 mLE 2} 2 713k & A5l £50] &
o] &3] E2lE w7kx] FAAZ1 & dichloromethane &
< Na,SO0l| SHAA AeFsEHEetiade e A4S 2
3] RHESIQITE o] & 40°C olate] & dollA] Ztate] &
W& 25 g §, ZHFE acetonitriles 718tod #HE
53] 5mL7t EA g FH ARA] DHE A3 & AHE
o2 SITAE AA T, dvrl)el 76‘*?— ZHFE p-
hexane 30 mLE AFEo) 715l H2l & 250 mL 32
HAojFo &7]3 acetonitrile 30 mLEZ 23] Huf =
o} X1 acetonitrilesS 40°CollA 7%t 553 & A7
o acetonitrileS 7}t HEH3 5mL7}t EA & FH Al
A e E o] &sf AAFst F AP s3]

rS‘i ia e

LC-MSMS EMZ=A
Isoxaflutole 2 diketonitrile®] A4S ste] A=
EnlE 7 Z A 724 7] (Liquid Chromatograph-Tandem Mass

Spectrometer, LC-MS/MS, Waters, Milford, USA)E AM&-
3R, 48 94 ZEA XBridge® Cig (2.1 mm id. x
100 mm, 3.5 um, Waters, USA)YZ-HS Mgl on ol%
402 0.1% formic acid in methanolZ} 0.1% formic acid
in waters ARE-3to] A skE 71€7] &2 WS 28319
o}, 7} odAdwe] o]238k= ESI (electro-spray ionization)
H] positive-ion modeS AFE-3ITE LC-MS/MS #4=%
72 Table 29} 7t}

AEHEe HE

3 E isoxaflutole 3 diketonitrile SAIAEHS] 244
(linearity), FAZ3SHA(LOD, limit of detection), “J=F3HA|
(LOQ, limit of quantification), ]5>& (recovery), A&
(reproducibility)l] thall 242 A3 A &
o1& $15}o] isoxaflutole 2 diketonitriles ZF F-*2] A&
]5_4 oﬂ o= ‘/]/\4 O}o% zx-]] Q_on 0.02-2.0 ug/mL«l
& W9l gk 2+ peak KH_X—#S_ o] g&ate] HIFAE
23R AL, A7l AX A4 (coefficient of correlation,
S oISt B, SIS AgeAe A=rETH
Foll A A5 o) #S-H](S/N ratio) ZH2 3, 10 o]0 2 319
AlEH e A3ty 9 AFALS Frlelr] st 7 B4
2] AlZ9 isoxaflutole ¥ diketonitrile®] ¥F8NS & 7}61—
T A6t 3es o ﬂﬂ"o’%‘:—‘i HEsAHE
ol tisted FRFeHAl, AsAe] 100, A =FsHA ] OHH
o #Fete TEE TPt oH 7”“’] TE 9 AR
tiato] syHEo R sl W AU EFUAHRSD,
relative standard deviation)g AlXbste] AlER <] ez

>~

O

Lo*‘.l
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Table 2. Analytical conditions for the determination of isoxaflutole and diketonitrile

LC: Acquity UPLC (Waters, MA, USA)

Instrument MS/MS: US/Quattro Primier XE (Waters, MA, USA)

UPLC conditions

Column XBridge® Ci5 (2.1 mm i.d. x 100 mm, 3.5 pm)

Column temperature 40°C

Flow rate 0.2 mL/min

Injection volume 5uL

Mobile phase A:0.1% form.ic ac.id .in me‘ghanol

B: 0.1% formic acid in distilled water
. ) . Mobile phase
Gradient table Time (min)
A (%) B (%)
0 10 90
10 90
90 10

10 90 10
12 10 90
16 10 90

MS/MS conditions

Ion mode ESI positive mode

Capillary voltage 4.5kV

Source temperature 150°C

Desolvation temperature 350°C

Desolvation gas flow 600 L/h

Cone gas flow 50 L/h

EHHJ|7|2Mz=d &H

Isoxaflutole®} diketonitrile®] Low P, 212} 2.34, 2.04
2 F7HEAS 9, isoxaflutole®] Z7]%°] 1x 107 mPa
(25°C).& 3HAdo] Yl 200°C o|Aatol|A] Haju= EAS
Zte GESHA] SRHER A ARREHE(GC, Gas
Chromatograph)E ©]-&- 4 o {3l HA| A= rtE Tz
3 (LC, Liquid Chromatograph)s ©]-&3t F4Jo] 7}-53}t}.
) 2FFHNAE isoxaflutoleS EFsh= 359 TS
LC-MSE ©o]&3te] A5k tHdE A8 4.13.38)S 2L
A& 9l 2y (Korean Food Standards Code, 2014) thARk
S XA ode AFHOIERE LC-MS/MSE ©]-8-3t4
isoxaflutole & tARFES FAl 43190 LC-MS/MS
of ot B2 A o]}z A WA precursor ion
< 474313, ion-focusingS A product ions 73
Zp ke o] 23} dAehe o] 2RhE HAEEE LC-MSE

A sk Al Hls] MEiAo] $retal HEAES T3]
A 4= St} o] dell ARE-3F formic acidi= protonation
enhancer24] #4124 2] [M+H]" o] A4l &olsA 2t

Z7AL FA31] isoxaflutole ¥4 U] isoxazole
ring?] N-O A3te] E3|== AL AS) isoxaflutole?] 9F
73S 7= Ae-E SIATHCH. Lin, 2002). H2 &

[e)

q ole AAe §

e
o

XM= Zeo] 359.391 isoxaflutoles
diketonitrile ¥F89(1 pg/mL)S Y3+ = (10 uL/min)
= A7 F3 F8te] [M+H]" o<1 360.2 mass
S FRISIA AL, cone voltages F 3FHE 25 20 VollA
Fho] peak ZE7t Ve SISt g 249 A
A HAEHEE FUSATI7] flste] MS/MS 4 Al
MRM (multiple reaction monitoring) modeZ +-493}53+=H]
collision cellolA] collision energyS 83} 22 2] precursor/
product ion pairs XA 7Y £L FAEE Hole=
product ionS “g #o|-2(quantification ion)o. 2, Tho 2
A HEE+= product ions 4 o] (qualification ion)
o2 AAsITE HA 717184 2712 Table 290 Uhe}
WAL, #AMER70MA AAE o]y mFE AR
Table 3l WERISATE 3 LC-MSMS 4 Alell= A
A T F24E oot o FEe] o3t Ay e

ml 12
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Table 3. Selected-ion of LC-MS/MS for isoxaflutole and diketonitrile

Compound  Retention time (min) Molecular weight Precursor ion (m/z) Fragment monitored (m/z) CE*
220 30
Isoxaflutole 9.4 359.3 360.2
251° 20
. o 69° 10
Diketonitrile 8.8 3593 360.2
251 20

2 Collision energy (eV), ® Quantitation ion.

(A)

(B)

Fig. 2. pKa graph of (A) isoxaflutole and (B) diketonitrile.

=& 9 M= EE

Isoxaflutole 2 diketonitrile 574 3EEZ 484
7180 AR Al FEEEC] =& ZoE Adsty
methanol?} acetonitrile®] FE8 &S
methanol2 % A| isoxaflutole?] 3|58 2 AJ&AJo] A
3] SHQkAL acetonitrile = A] isoxaflutoled] 3|4&2 90%
2 guaio, diketonitrile®] 3]5&0] 76%= WA
ko 7o 2 ). isoxaflutoled] FEEES & ¥
Lol Zpolel| 23t A O = methanol (£31% 13.8 g/L)=
t} acetonitrile (£3]= 233 g/L)oll E3lx=7t 534 =71
wZol acetonitrile®] FEEE0] =2 ZoZ FAFUL
WA diketonitrile> pKa %ke] 5.291 <F4aHd SHHE=Z pH 3
olatd wf Hlsi] HE|Z EAlchs 5L 2he Ao B
okFig. 2) F=a&9] IS 8l f718mol A &4

S ke 5 AERAA Y] FE2EES it F=
Sufjol] H7Ksk At SN O 2= 1% formic acid 43} 1%
acetic acid €98 H|W&}S=0, isoxaflutole acetonitrile
of F A &S HItelAS W BF AR FEEES B
3L, diketonitrile®] 73 1% acetic acid &9& 715
acetonitriled ] E& FEE &S Ho FEEWZE aceto-
nitrile, A8 Y& acetic acidE® AA3IATE A2 Q| acetic
acid %= A4S 9138k 0, 0.05, 0.1, 0.2, 0.5, 1%2] acetic
acid =) 3l 3|85 vlw 3k A3}, isoxaflutole A+
Tt F71EEE 3o Aap 74 A, diketonitrile
2 2] FrTt FUVERE 3hEol el AR B
t}. o] isoxaflutole®] 73-9- pH 2-14 HelA = Hlal|g] 4
Bl = ZASAT pH 2 o]3e] 7] 21eA it s
ZE= 5A40] o] f71&m e sk FEa 0] sk
Ao 2 Holn, diketonitrile®] 7% 4] Tt Fold 4=
ol23Prt AgtEle] fr18ulel gt FEE &0 FUlee
ZAow AT, FEAG e XS AFY A&
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PESAE 52 5 7429 79, 0.1% acetic acid -8N<
ARSI W 7 SE B 95% ol o] w2 QTEO]
ERTHTable 4). 22} FEFHEo] W oif (s
8.5%)%F &M (FEF 11.4%) A]EOW oEH joz Az
gk 3l A7t e HEAEE AlQle 1A, ALF, EH
5, &n) A Fol) 0.1% acetic acid £ 9] &S B3t 5 F
FES 01 THTable 5). 138 A EollA &= QUHZ
/g9 Wslol] 3lgo] AA YL LA FUAL tFet
A 54 0.1% acetic acid in water/acetonitrile (2/8, v/
velx 7HE 52 3588 Ao ol& HA FE819] 24
ol Felsith. 23} 0.1% acetic acid in water/acetonitrile
(218, viv)®] &H& ARt E T, ?'ﬂu]/\]gﬂllﬂ diketo-
nitrile®] 3]5&0] 72.8-76.0%% YERL, Brl 32882 =
o]7] ¢J8 &3} DANA 0.1% acetic acid TJ‘;LOH S AR
IS we] IF&S et 2 A, FRTE °E
k= 71 BT} acetic acid 802 5831 & F& A ¢
% EJ}’Q. © 2 diketonitrileS —r%@f T U=, ol= Ul
A &a38kshd diketonitrile
%%}04 %7]%‘1]1 7HA FHE FAANA T
Z88S =Y 7 e A= AAEHAH(Fig. 3).

8 AEZA isoxaflutole A3 (4.1.3.38)0141= &4
oz ay JIEZRE 0|83} acetonitrile/toluene
(75125, viv) 15 mLE &3A171= AAMHEo] A = 2l
=0l (Korean Food Standards Code, 2014), ©

L

| WS isox-

Table 4. Effects of acetic acid concentration on isoxaflutole and
diketonitrile extraction efficiency in mandarin

Acetic acid Recovery (%)
conc”.(%) Isoxaflutole Diketonitrile
0.0 90.4 76.3
0.05 92.7 86.1
0.1 95.0 99.4
0.2 75.5 90.0
0.5 83.8 98.9
1.0 77.4 97.3

* Acetic acid concentration (%) in distilled water/ACN (1:9, v/v).

 Z8X| - YKIY - B2 - 0FA

aflutole®} diketonitriled] =5 21839 o diketonitrile®]
A9 FFEA s AL ARASIATE o= isoxaflutoled]]
H]3)] diketonitriled] A L7} Eo} ZFEERA| 9] B2 73514

&2}sle] acetonitrile/toluene (75/25, v/v)e] AHELZE &
Zo| X e A= HRln. o]d 7|E FHAFEHSR
+ isoxaflutole 2 diketonitrileS FA]EA 5170l 2 gHs1A]
oot SAEA o] 7hest Aol ARtk E Al
Me ANE FEFEERYH BEES A fste] A9
HHPHS A8k Eﬂ 1soxaﬂutole»]- diketonitrile®] 54
S Avrm F 3gHE 2% pH 2-3 YoM o237} o
FElo] sl dE= *zH IR (Fig. 2) F29S IN

HCIS ©]g3t] pH 2, 2.5, 322 =83 5 dichloro-
methane_i NS Faete] FHjES HaLslth
3)¢&o] 7P ﬂ?—% EH': HrA| 5o 2838l 7749
pHell gt 3]7&S I on, 7 2 35&S 9
9 pH 2 21& 9 0_1,45—1&]] A pH ZA02 HAsart
(Table 6). A€ pH ZZMA isoxaflutolex} diketonitrile

Hjo] & |2 MK 5 NaCle A7lsle] J-gal 29|

N

]%7 J=Z2 ZA1A dichloromethane® 2 23] Hufgh 79
58 B82S Jbesiglon, A F A
3] AAT 5 o] F7HA AA glo] B&HoE &

BSoybean  OHulled rice
1200
. 2 957
100.0 95.2 2.4 852 86.4

£ 800 A
g 60.0
S
« 400 -

20.0
0.0 -
IXF? DKNP DKN
Water 0.1% Acetic acid in water

3 [soxaflutole
b Diketonitrile

Fig. 3. Effects of hydration solution for isoxaflutole and
diketonitrile extraction efficiency in samples.

Table 5. Comparisons of extraction solvents for isoxaflutole and diketonitrile analysis

Extraction efficiency (%)

Sample 1/9° 2/8° 3/7°
Isoxaflutole Diketonitrile Isoxaflutole Diketonitrile Isoxaflutole Diketonitrile
Potato - - 93.2 102.4 88.9 95.2
Pepper 91.3 75.8 91.7 96.4 96.1 94.9
Soybean 86.2 71.6 95.2 72.8 80.8 64.2
Hulled rice 80.2 54.1 95.7 76.0 85.2 70.1

0.1% acetic acid in distilled water/ACN (1/9, v/v), ® 0.1% acetic acid in distilled water/ACN (2/8, v/v), ©0.1% acetic acid in distilled water/

ACN (3/7, Vv).
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Table 6. Effects of extract pH on isoxaflutole and diketonitrile liquid-liquid partition efficiency

Recovery (%)
Sample pH2.0 pH2.5 pH 3.0
IXF? DKNP DKN IXF DKN
Soybean 87.1 105.5 78.0 88.0 74.4
Hulled rice 101.5 97.1 81.1 82.7 63.5

2 Isoxaflutole, ® Diketonitrile.

Table 7. Validation results of analytical method for the determination of isoxaflutole and diketonitrile residues in samples

Sample Fortification Mean" + RSD (%) LOQ
(mg/kg) Isoxaflutole Diketonitrile (mg/kg)
0.01 84.0£8.0 93.9+9.2
Mandarin 0.1 942+1.1 92.1£6.7
0.5 96.6 1.8 942+1.6
0.01 789£6.5 84.2£8.1
Potato 0.1 94.1+6.1 78.1£4.5
0.5 90.9+4.4 88.6+23
0.01 76.1£59 84.5+4.0
Pepper 0.1 77.6£4.5 77.5+3.4 0.01
0.5 79.9£3.0 81.9+2.1
0.01 729+8.7 107.3£9.2
Soybean 0.1 87.4£4.0 97.4+0.7
0.5 75.5£3.1 86.8£23
0.01 89.8+79 107.0£5.0
Hulled rice 0.1 90.1£5.8 859+45
0.5 86.1£5.1 859£3.6
* Mean values of 5 times repetitions with relative standard deviation.
A 7Fssisiet. o, & oo ® =& HNEE BATH(Fig. 4).
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Fig. 4. Matrix-matched calibration curves of (A) isoxaflutole and (B) diketonitrile in (1) mandarin, (2) potato, (3) pepper, (4)
soybean, and (5) hulled rice.
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Fig. 5. Representative MRM (quantification ion) recovery chromatograms (fortification concentration: 0.1 mg/kg) of (A) isoxaflutole

and (B) diketonitrile in (1) matrix-matched standard, (2) soybean control, (3) recovery in soybean.

Table 8. Inter-laboratory validation results of analytical method for isoxaflutole and diketonitrile in samples

) ) Isoxaflutole Diketonitrile
Sample Fo(rrﬁgl;:ljg)on Recovery + RSD (%) Average  CV® Recovery + RSD (%) Average CV*
LABI* LAB2 (%0) (%0) LABI* LAB2 (%0) (%)
0.01 93.9+9.2 102.3+6.1 93.1 0.4 84.0£8.0 94.1+5.7 94.0 2.4
Mandarin 0.1 92.1+6.7 944+49 94.3 0.1 942+1.1 1084 +1.8 100.2 11.5
0.5 942+1.6 91.8+2.8 942 3.6 96.6 1.8 108.6 £ 6.5 101.4 10.0
0.01 84.2 +8.1 85.8+9.2 82.4 5.9 78.9+6.5 113.2+3.9 98.7 20.8
Potato 0.1 78.1+4.5 955+£22 94.8 1.0 94.1+6.1 92.8+2.9 85.4 12.2
0.5 88.6+£2.3 99.8+6.2 95.3 6.6 90.9+4.4 98.7+25 93.6 7.7
0.01 84.5+4.0 762 +6.1 76.2 0.1 76.1+£5.9 84.1+£8.6 84.3 0.4
Pepper 0.1 77.5+£3.4 90.9+3.4 84.3 11.2 77.6 £4.5 98.0£1.9 87.7 16.5
0.5 81.9+2.1 89.2+24 84.5 7.8 79.9+3.0 101.6 £3.0 91.8 15.2
0.01 107.3+9.2 71.9+28 72.4 0.9 72.9+8.7 1147+2.4 111.0 4.7
Soybean 0.1 97.4+0.7 103.1£5.1 952 11.7 874+4.0 113.1£2.5 105.3 10.5
0.5 86.8+£2.3 86.1£2.4 80.8 9.2 75.5+3.1 97.7+2.6 92.3 8.3
0.01 107.0£5.0 91.8+6.8 90.8 1.6 89.8+7.9 113.7+£7.3 110.4 4.6
Hulled rice 0.1 85.9+4.5 95.1+2.7 92.6 3.8 90.1+5.8 94.6+13 90.2 6.9
0.5 859+3.6 924+29 89.3 5.0 86.1£5.1 98.1£0.9 92.0 9.4

# Ministry of Food and Drug Safety
® Seoul Regional Food and Drug Administration
¢ Coefticient of variation of inter-laboratory.
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017 0.5 mgkee] FER 548 HHL 55 Wl 4
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