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Abstract The aim of this study was to develop an analytical method for residues of picarbutrazox and
metabolite (TZ-1E) in agricultural samples. Picarbutrazox and TZ-1E were extracted with acetonitrile and
partitioned with dichloromethane to remove the interfering substances, followed by purification by silica SPE
cartridge to clean up in sample. Subsequently, the picarbutrazox and TZ-1E residues were quantified and
confirmed by liquid chromatograph-tandem mass spectrometer (LC-MS/MS) in the positive ion mode using
multiple reaction monitoring (MRM). Matrix matched calibration curves were linear over the calibration
ranges (0.001-0.25 mg/kg) into blank extract with #>>0.98. Limit of detection (LOD) and quantification
(LOQ) were 0.001 and 0.005 mg/kg, respectively. The inter-laboratory study recovery results of picarbutrazox
and TZ-1E were range between 82.6 to 113.8% and 79.4 to 104.8% at different concentration levels (LOQ,
10LOQ, 50LOQ, n=5) with relative standard deviation (RSD) less than 10%. All values were consistent with
the criteria ranges requested in the Codex guidelines (CAC/GL40, 2003) and MFDS guidelines. Therefore,
the proposed analytical method with corroborated accuracy, reproducibility, and sensitivity for picarbutrazox
and TZ-1E will be used to as an official analytical method in Korea.

Key words Analytical method, fungicide, LC-MS/MS, picarbutrazox, picarbutrazox metabolite
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Akoto et al., 2015; Regueiro et al., 2015). W=hA U<
5 B A g e FHRseks Aels] 9
ok WRto 2 1988 FaHEe] thste] 16% sl gk %F
Fo| 87152 AlAdeh o] 20179 39 Al & 4625 F
ool gk 7S AAsted AElstz AUTHMRLs for
Pesticide in Foods, 2016).

Picarbutrazoxi= carbamate % pyridineAlE A=
Phytophthora®: 2 Pythium%9l 43= ¥4 A5t
AR, FAF, S 5o FEoA B ee AW B et
oAl g3zb rh B B, Frd] 2 BAshe
Pythium°l AAgE Haljo] tisixE 82 835 Z2k=
Aoz HIE Ith(Nippon Soda Co., 2014). Picar-
butrazox2] TUPAC "2 fert-butyl(6-{[(Z)-(1-methyl-1H-5-
tetrazolyl)(phenyl) methylene]aminooxymethyl}-2-pyridyl)
carbamate®] ™, S1812] Cy0H,3N;0:01 3 A 409.45,
n-octanol/water ¥-8]745(Log P,,)7} 4.1621 3}3H&E2 v]=
JsltEe] EAS Yehdit), sl AEgHolA 8l
doj oJa) o]A3}lEo] TZ-1EZ WHo = ol 2A]&A o
Al ARHER] TY-1, TZ-5, TY-2, TZ-5-Gles 4E22 U
AFEIEH(Nippon Soda Co., 2014) (Fig. 1). 2 5 % tjA}
ARl TZ-1E= EF tiAkbE] vls) 7MY =2 dFEe
Yehl e 2o]o)A total radioactive residue (TRR) 10% ©|
Jo 2 HIEJTHNippon Soda Co., 2014). E3k picar-
butrazoxoll gk HE=9] FA AT AP B3}
FEI hARFES] LDsE 300-2,000 mg/kgel AY 2,000
mg/kg o3z ERIHATE WISHIAE A3} AFs,
W sEE] wst 9 2] eh st So] #FEHI
3, M AIRAS P AN RAE 55 et
60 ppm 2] NOAEL (No Observed Adverse Effect
Level, Hth=54-8%)s el 244712 7 1M
Az Qo] 3l THMinistry of Food and Drug
Safety, 2016). 3FAIRF A2 54 9 7P 5442 gle sle=
7heo] WA RA #HEE NOAELS AR 24F¢]
OFEOPH A (2] 2FA )l A= ADI (Acceptable Daily Intake,
AAHFHFEH)E  0.0234 mgkg bw/dayZ AR5k
(Ministry of Food and Drug Safety, 2016). W&t 4k
& AR 3 TRR A9 542445 2efele] picar-
butrazox 3 tAMFE TZ-1EE HREZ Aostd A2
H 27} U}, Picarbutrazoxell theh 52715 20149 Y&
o S=A1o] 5of3lS ¥ Codex (Codex Alimentarius, =
4|2 F5+7 9193]), EFSA (European Food Safety Authority,
FH2)#94), EPA (Environmental Protection Agency,
| B5H)5e] A APHA FUrh =3 9
74 2016 129 ZAE, Fub, T, WE 5L Qoo gk
&87130] 0.05-0.7 mgkgl & AAE oL} o]F &
317] 913k AJEHS ol Hargn glornz ofof o
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Fig. 1. Proposed metabolic pathways of picarbutrazox in plants.

A E flsl 38AEY side] aF¥Eh wepy &
AFoM e HFEe HoE aejstd S 5 siE &
245 & 4 E picarbutrazox & thAMHE TZ-1E0] theh
Re87)E A S g SANAE S Adetaa) &t
At

HE o

Aot o 2

Picarbutrazox (99.9%) ET#-= Nisso chemical analysis
(Japan)ll A Algwo} ARE-SIAL,  acetonitrile, dichloro-
methane, ethyl acetate, hexane 5= HPLC 5522 Merck
(Darmstadt, Germany)ellA] T3t AMgapdct. Hgh
sodium chloride= Wako (Osaka, Japan), sodium sulfatex=
Merck (Darmstadt, Germany), formic acidv= Sigma Aldrich
(Buchs, Switzerland)olX  F9431H2™, SPE cartridge
(1,000 mg, 6 cc)= Waters (Milford, USA) A& A-8-3151
ok SAHE A8 AFY AN T F ARE
oF AW AN Al sk tlEsE 559 A, AR
2, UF, ArjE ARSI ole SulddlA T

o 10
p=4,
L=}

Ripop B FYste] 745
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EEY g FEZHo| KX
Picarbutrazox % AMHE TZ-1E EFEL 717} 20mL

9] acetonitrile?] 8313} 1,000 pg/mLe] NS A
I 7 BFEES E38I 100 ug/ml 5] mixture
Je 2 ZASAUTE Matrix-matched calibrations $J3 7}
FAE AR A FEE 900 uLol| 10 pg/mL E5+E
¥ 100 uLE ¥o] 1.0 pg/mLe] matrix-matched ¥

S ZAG 5 FAE FEAE o]dste] dAHOE 3
A3ked 0.001, 0.005, 0.01, 0.02, 0.05, 0.1, 2 0.25 pg/mL
2] 90% ©]Ae] matrix’} F7}E matrix-matched &Y
S ZAET TEgdy xFede g ) ol
4°Cel| Haa] dgel Al

FE2 % A
@23} AR 10ge APl 427] 8719 ¥
3 ER S SR 20mLE ol 3087 F83h)

acetomtnle 50 mLE 7}ated RE7|oA 10827 eSS
718 3 WhatmanA}2] No.2 ﬁlter papers} F-3U 77| S

olgall FAA F HFEH 27| 8715 acetonitrile
20 mLE Aol ¢kl ofellst 31 o] & 40°C o8t 4
B3l A FFAT w5 FEE FRT 100
mLE 75t AsHA EE T 500 mL £3<] separate funnel
%713 sodium chloride 10 g& ©¢+ ¥ dichloromethane

mLE 71l Fg7]oA 5587 "SIt Jest 5
o] &3] HelE w7kx] HRAZ1 & dichloromethane
=% sodium sulfated] EFAA ZAAdEE=Zegde W=

=9 X
T o

< 23] REESIATE ©]& 40°C 78 “dollA] Zetete
| E B ‘*‘E‘%hﬂﬂ fﬁ, ZH7-E9] dichloromethane 10 mL
g7 188kt gk A A8 (&>,
T X Trgoﬂ acetonitrileg ¥3}AZ] p-hexane 30
mLE % FT o 71sle] Hel & 250 mL E32] separate
%7131 n-hexaneS ES}AIZ] acetonitrile 30 mLE
23] i 0}04 FE3819921, 931 acetonitilez2S 40°C -5
gollA] 7t B3 & WF-E9) dichloromethane 10 mLE
7tste] = GAE AT AA cartridge?]  silica
cartridge (1000 mg, 6 cc)2] E433}E 913l dichloromethane
10mLE 29 2~-3 B9 £E2 fE3t Wi, o]ofA
IS o] =257 Mol & AHoERH 4L F2
‘:’—‘1 % 5mLE cartridge ol €ol 29 12 29 &=
FEAA Aol MRt 2 & A Aol &5 A
dlchloromethane 10mLE F&A1A W 3 ethyl acetate/
dichloromethane (20/80, v/v) &89 5mLE FEA1A &
WESEeLT BT o]F 40°C 78 ol A5
& 2759 acetonitrileS 7Fsl] HEHY SmL7l HA
St % membrane filter (nylon, 0.2 um)2 33} A|&-&
HOo g ARG-sIIT

ALAH|  Picarbutrazox?f CHAMMS(TZ-1E

ol SAAEY g H ds 14
LC-MS/MS 24 %7
Picarbutrazox @ TZ-1E9] SAIZFEA S 95te] A=

FrlEIY A4 7| (LC-MS/MS, Liquid Chromatograph-
Tandem Mass Spectrometer, Waters, USAYE AM-31SZ,
G LH(Cyg column)S AEBIHCH o]FHSZ 0.1%
formic acid in acetonitriles} 0.1% formic acid in distilled
waterg ARE-ste] A stE 7187] &AS 285kl
o] o] 23S ESI (electro-spray ionization)H <]
positive-ion modeE AHE-3F3ATH Table 1). B¢+ Sl 717]
BEXZA0Z B4 chromatogram®] signal to noise ratio
(S/N ratio)®l] =3k HEHAI(LOD, limit of detection),
A 2F3HA|(LOQ, limit of quantification)E A7 5151t}

Al
=

A
S picarbutrazox ¥ TZ-1E SAAEHE A8y
(selectivity)ell A3t 8 (accuracy), 21414 (linearity)
2 A& (reproducibility)ell 3l §&4 (efficacy)S A3
sloit), AL 91=et §X47]7] NzAS B3 M4

“T1ToeE HO A=
9 Fols 40}04 picarbutrazox ¥ TZ-1ES 7z} FAg] A
T APEN o sJMsto] AT EFE 0.001-0.25 pg/
mLe] &% W elol thet Z42te] peak WS o] &sto]
A& AL, A A A4 (coefficient of determi-
nation, 2y -3 }ogrjr AFHe] A3 B AFAHS Hr}
8171 flate] ZF A5 FA ] A5l picarbutrazox B TZ-
1E E—i—%gﬂ% A7kt & BAsle] IeES Pkt A
deEe SAHE 5% sty @%k@ﬁ], etA 9]
100H, g et H s0ufol] sjshe FEE 7 Ago] SHhE
o=z Faion, gy ﬂ%nv:%ii]-(RSD, relative
standard deviation)S AlAtste] AlgHe] A AUy
2 S el ek s ERstA AN F
oJ st HHog B /\]‘GJHJO]] T,st]- A7 AZS /\EU\]g]_oq

[} == o=

1ol RS Slsknt.

| NEANZH
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EHI7|EMZH &
Picarbutrazox= %71%°] 1.2x 107 Pa (50°C)°-& 3|3
go] =ok i 107 Pa] W SIE7HA] 4 0] 7hsst
gas chromatograph (GC)E ©|-83l] ZFEA o] 7Fs3Iitt.
AT GC7F 573 100~300°CE] =2 70X E43)= 7]
7118 F_Eﬂﬂ 74%-, picarbutrazoxi= 150°C ©]/Jol|A] £3
HH do] EFIS amino’|E Zhe AR EAO=

ola| GCH“O] AHYY Aoz FA=T. WA picar-
butrazox 2 TZ-1E9] 33HE 720l HlgH AxES e
amide”|7} EgE]o] 93, #2F W o]5A3o] conjugation
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w0} 9o} §474=sE S7FEE HPLC-UVDE ©] 83 &
Aol golairtar wet
PDA (Photodiode array) A&7]1Z 210 nmollA 360 nm7}HA] TZ-1E #A}9] dimethylamine”]|l4] protonations 83}
270% AF} A5 o] picarbutrazoxe 222, 280 nm
=2, TZ-1E= 230, 280 nm

nm 3Fo| - A= AEE A8 AREN A I E positive-ion modeE AHE-SI13L total ion chromatogram
Aol Pgs FA whS A0 E F2=5o] 280 nmE AR} (TIC)¥ mass spectrume &3l selected-ion monitoring
Atk SFAIRE picarbutrazox$t TZ-1E¢] A&FeHAI7F F4= (SIM) 242 g #HA SA4oles AAsIT. Picar-
o tie AR E7E mdgez s 0.05 mgkg T butrazox®} TZ-1E SHEFEN(1 pgmlyS IR &%
2 A44E dFH o " HPLC-UVDES] EA7E7} 45 sA| (10 uL/min)2 FHFHZ719] AH FY3L cone voltage?]

ol NEYel ey Jug

butrazox®} TZ-1E9] EA|

el Al ge] e 9% 3] = FUE MHH]" FElQl 410.1 mass®] o] peak’} i} 7
2 LC-MS/MS (Liquid Chromatograph-Tandem Mass Spec- TE Yefle 2 gR1sSit. 22 51E cone voltageol A
trometry)E +41717]12 A4 st A9 Hegy ASAEE SUsA7)7] flete] MS/MS
A8 2o BN 529 Log P/t 4.16 (pH 6.7) 4] A] MRM (multiple reaction monitoring) modeZ. 2
2 FHEAEE e SAEZANA HFA= 5193t} Collision cell*l A collision energys Zds}o] 2
A7 ZYA B 7158 Cjy columnS 0831913, &8 9] precursor/product ion pairs AHsIAL, 7H F& =
218 0.1% formic acid in acetonitriles} 0.1% formic £ Hol= product ionS 7ol (quantification ion)S-Z,
acid in distilled waterg ©] 5422 AMS-3l= 7|27 S o2 IA AEH+= product iong 4ol (qualifi-

Table 1. Analytical conditions for the determination of picarbutrazox and TZ-1E

Ao 2 BAE9 T o] 5ol ARE-SH formic acide peak
HAch wetd HPLCEAS I8l o] ®2]% % protonation enhancer®X picarbutrazox
[e)

Al sted [M+H]" o] 223l &olatA 283} THRoss-
3IATh 2 = 222, 230 mann, 2014). Z} AR olesbiogE ESIHY

Atk wEbA picar- H7(10-70 V)2 E3l exact mass7} 409.182] picarbutrazox
kA RS o] 7% 17V, $93 A5HZR] TZ-1E9 75 14 VellA]

LC:Acquity UPLC (Waters, Milford, MA, USA)

Instrument MS/MS: US/Quattro Primier XE (Waters, Milford, MA, USA)
UPLC conditions
Column XBridge® Cys (2.1 mm i.d. x 100 mm, 3.5 um)
Column temp. 40°C
Flow rate 0.2 mL/min
Injection volume SpuL
Mobile phase A:0.1% form.ic ac.id m a.ce‘Fonitrile
B: 0.1% formic acid in distilled water
Time (min) Mobile phase
A (%) B (%)
0.0 1 99
1.0 1 99
Gradient table 2.0 60 40
6.0 65 35
7.0 65 35
9.0 35 65
10.0 1 99
MS/MS conditions
Ion mode ESI positive mode
Capillary voltage 3.0kV
Source temp. 120°C
Desolvation temp. 300°C
Desolvation gas flow 800 L/h
Cone gas flow 150 L/h
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Table 2. Selected-ion of LC-MS/MS for picarbutrazox and TZ-1E
Compound Retention time Molecular Precursor ion Fragment monitored CE?
P (min) weight (m/z) (m/z) eV)
) 107 28
Picarbutrazox 6.70 409.2 410 "
3107 13
107 28
TZ-1E 6.24 409.2 410 "
3107 13
ICollision energy
®Quantitation ion
cation ion)>-2 A4 3}e] g1t} ool - picarbutrazox .
280 4 . CHy
2 TZ-1E9] HZ3A= 717] chromatogram®*] S/N ratio b WL “\’_r""%
3 oldow ARste] BA7171¢] HaHEF 0.005 ngell o % ot
2 AEFHE 0.001 mgkegolaL, A= SN ratio b i

10 oo 2 AA3le] 0.005 mg/kgZ 2HE.H U},
HFEZH o7 FHZF 71718 ZAL Table 19 Lebi 2

TH2ANN A E 54 o2 HFE AIZ Table 20

YERAATE B3 LC-MS/MS £4 Aldle A7 F 324

ol o3t i il o3} oY e S7FAe] U

Bid 4 9022 A9 matrix-matched calibration curve

£ AHEste] Al

F& Y HN=x=He
Picarbutrazox AWML £330 HIH =

st EAS aEst & 2 A

3% 52k Log Py, 0] 4.16, pKa e 2 20591 331BE

=t
aielidol A &L, pH 5-10 Abo]e] oA H]o]L el
] o

o},

o glene
AL 3

Az

s}aﬂ

2 EAEP] wZel Alsel s HEe] pH ZEFe]
S E o] &3l Hol2 FHE FZ= B AA} 7FsE A
2 AAEAKFig. 2). 38+ Picarbutrazox®] ©]/4d|91 TZ-
1F= E8]3ehs EAo] AA|HA] &gkovt 23lshEa)
Atz 9 EARo] sYstER 1 540 fAKE Ao
o FEe, T SFES BAETF =2 A 78R
SAFE st sk & Al AR AR WRES 3

qE %015}7'11 O}JJ} T84 f718mE SAHoE A}
= F718vl= EZ O 2 acetonitrile, acetone,
,\/\E}(Analyncal methods of pesticide residues
in foods, 4th, 2013). WA acetonitrileS ©]-&3}] FZ3F
A, B3l AR B 90% ode] =& 58S
Bt} Hgk FZ8 2 acetone?} methanolS: /\}ﬁfﬂ 3
% 9J o1} acetonitriledl] B]3l ¥]ZA] 7HIEZ 3k S
o] 3L, R Y AR AEE e E FE1| g Q
er plcarbutrazox TZ-1E®] ¥+3]5&0] acetoneS o8¢

FZ08(90.0, 84.9%)=T} acetonitrile = A](94.1, 96.3%)
‘3’—? TAAR ALR dAdtste] FE2EujE ARSI A
32 F EeE AAE S8 784 &) F20l 4
o|A] ¢k+= v]=F4 &1l dichloromethane ©]&

Mz N o N

methanolO]

3 liquid-

Fig. 2. Structure and pKa graph of picarbutrazox.

liquid partition extraction (LLE)S &3t} ol&
P, 2 ol’3e] siglskAl %= shgtEel 483k W
EARES HISA 8 Zo02 FuiAA S4¢] =
A4S AAs] fgeltt. F7HHSE LLEA
chloride 10 g2 %715l saltmg out &5 =TS
F-Z3} dichloromethane & oA st EH’E}
Ze] FujEge Fol, "]» "HPJ =4 BEEol 7
n) Fol Holu= Zs 43} st 283 37 2 ¥
5 A F] =2 AE dsixe FA ;s
A= BeFE] vl Aoz HZAolaks Ho 2}
319aL, W2k n-hexane/acetonitrile partition extractione
olgate] HF4 ELES F7HOE AASI E &

v 329 Folle ik AR 54 ol EAT
J=d), o= matrix effects: A sl7] Y3 FA| A
A v F O u 7 sodium sulfates ©]-&35lo] B3
& AR

lo

Log
ZA
744

R

rlo

sodium

Z2~H = 7]

%m{ni

%

ol
R

A=}
= AJEo] B4

ilo r&

A& matrix effects A8l BAEH] Hele 3
Hal7] 9% vS4 e AAe FHdeE 483t

o hydroxyl’| & 28712 ZH= florisil, silica cartridge
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Table 3. Comparisons of SPE cartridge for picarbutrazox and TZ-1E analysis

o . Florisil (%) Silica (%)
Solvent ratio” (v/v) Fraction -
pY ™ P T
100 1 (Ioading 10 mL) - - - -
10/90 2 (10 mL) 79.3 3.1 67.8 26.0
20/80 3 (10 mL) 17.7 90.7 30.9 71.9
30/70 4 (10 mL) - - - -
40/60 5 (10 mL) - - - -
Total 97.0 93.8 98.7 97.9
“Solvent ratio of ethyl acetate/dichloromethane
PPicarbutrazox
9TZ-1E
9 not detected
Table 4. Comparisons of elution solvents for picarbutrazox and TZ-1E analysis
. . Silica(%)
Solvent Solvent ratio (v/v) Fraction
p? ™
100 (n-Hexane) 1 (loading 10 mL) -
10/90 2 (10 mL) -
Ethyl acetate /n-Hexane 20/80 3 (10 mL) 58.8 27.5
30/70 4 (10 mL) 23 222
40/60 5 (10 mL) - -
Total 61.1 49.7
100 (Dichloromethane) 1 (loading 10 mL) - -
10/90 2 (10 mL) 97.8 97.5
Acetone/Dichloromethane 20/80 3 (10 mL) - -
30/70 4 (10 mL) - -
40/60 5 (10 mL) - -
Total 97.8 97.5
“Picarbutrazox
"TZ-1E

9 not detected

(1000 mg, 6 cc)E ©]-&3lSith L3t AA &= 5 cartridge
S48 Bule] SAE 2 8EUEE LEste] O 23S
gejstodol 7543 vIS4skgtEe] AAE 7hss] o
ol shgt=ol g Salie ¥ Bvle] S48 sl 4
Ao® A4, HISAS] 8o 2o s FAE st
2 3tek. webA picarbutrazoxol] thal HlwF S3)=7}
FoH, §E4%rt gt BYstAele setE (MiE
A7re] #2lE st & F UEF ethyl acetate (185 g/L,
0.58)¢} dichloromethane (>250 g/L, 0.42)& ©]&3F 8mjz
sto g AHAa&S H| w3 tHTable 3). Picarbutrazox2}
TZ-1E= florisil cartridge®] ethyl acetate/dichloromethane
(10/90 V/V)FqL ethyl acetate/dichloromethane (20/80, v/v) &
5] SZF AL silica cartridgedl A= 5L e EE oA
%‘%E]'C A& IRIsHA O™ F cartridge BF 90% ©173<]
= £(97.0, 93.8%%} 98.7, 97.9%)% &<l 2

% silica cartridge°ﬂ/\1 Ho} 9438 3]58-S VeIl

o]+ florisil cartridgeol] vl3le] 3}3tEF}e] F2o] ofs)
=R=1 ]:-H 7]_}\—1‘3110 E_,,}.X‘]__i 21]7‘]31-_,,]_ % ]oﬂ Eq—
2 I5ES Uei ZloE ddEen, o A
cartridge® AAeATh. B3 T iAol PAES
S v Y] silica cartridged] ]S ethyl
acetate/n-hexane, acetone/dichloromethane® 2 2] A7 &}
of B3HEH thAKHE Y] 3988 SRISIATHTable 4).
Ethyl acetate/n-hexane 2732] 7-%- 20/80 (v/v), 30/70 (v/v)
o] TN &EH ] F3E0] 61.1, 49.7%= 2=
3, acetone/dichloromethane Z%32] 735 10/90 (viv)e] ¥
ol 747} 97.8, 97.5%E 3]T&S IRASIAAIRE 7| A
Z-gu<l ethyl acetate/dichloromethane®] 3]5=£-(98.7, 97.9%)
of mA|x] FE3lthe Holl 2735k ethyl acetate/dichloro-
methanes AAEW = A oS a4 AAE
{3l silica cartridgeS  ©]-8-3F¢] ethyl acetate/dichloro-
methane®] +8-& AliEslstar, zF §u 24l disl 5mL
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Fig. 3. Matrix matched calibration curves of (1) picarbutrazox and (2) TZ-1E in (A) mandarin, (B) potato, (C) green pepper, (D)

soybean and (E) hulled rice.

A 57le] B8 o} YA B AEE Y5 tH(Table 5).
22 A3, dichloromethane3} ethyl acetate/dichloromethane
(2/98, v/v)o.2 &8 79 picarbutrazox®} TZ-1E &F &

SR UL, 1 99 SR E F
E]}\/\LH]
A HA BN Z7F 977, 99.5%% 7 £ 3

SE R g

ethyl acetate/dichloromethane (20/80, v/v)<]

/\OO
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Table 5. Comparisons of solvent ratio on picarbutrazox and TZ-1E elution efficiency

Elution efficiency (%)

Compound Fraction Solvent ratio (v/v)”
100 2/98 5/95 10/90 20/80
1 (5mL) D - - 73.0 97.7
. 2(5mL) - - 68.2 23.6 -
Picarbutrazox
3(5mL) - - - - -
4(5mL) - - - - -
Total - - 68.2 96.6 97.7
1 (5mL) - - - - 99.5
2 (5mL) - - 355 40.5 -
TZ-1E
3(5mL) - - 38.0 54.6 -
4(5mL) - - 2.7 - -
Total - - 76.2 95.1 99.5

JSolvent ratio of ethyl acetate/dichloromethane
® not detected

1 410.1>310.3 (Picarbutrazox, TZ-1€) 2 410.1>310.3 (Picarbutrazos I:-]EI
20065 * 20065
| A A
| } . '
| 24 A
n v \
B B
|
|
|
C C
|
| .
|
I i D D
| |I
L] ii | i
h I U +p
AN J\J | |
AN - I'\_‘I \ | r -
| | a
| E | ||
.
| |
| ¢ I |
|
l‘ (1 || [l
1] AW A
JAVAN JAVAN

Fig. 4. Representative MRM (quantification ion) chromatograms of picarbutrazox and TZ-1E corresponding to: 1 mandarin, 2 hulled
rice, (A) standard solution at 0.05 mg/kg, (B) control, (C) spiked at 0.005 mg/kg, (D) spiked at 0.05 mg/kg and (E) spiked at 0.25 mg/kg.

B wetx HA Fego] dudoz 7P =2 silica MM AS

cartridge©ll dichloromethane 10 mLo.2 A|-&33F FZ9 5 Picarbutrazox ¥ TZ-1E9] Helde F slgtEe] &3 &
mLS cartridge?] §&A171 3 dichloromethane 10 mLO.2 FE, TAY ANE, 72t A8 matrix-matched £ ETE
A4 5§ dichloromethane/ethyl acetate (20/80, v/v) 5 mL AR S Y2 Frielgo FA42 A59 matrix-
£ §3AA B ZoE HE ANHES geiith matched EFEFFS G AT w2t #4323,

T2g] A& 5 picarbutrazox®} TZ-1E2] WF-E A 7kz} 2
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mL 5 uLE LC-MS/MSo| FYato] E431
()7} 0.98 oo 2 =2 A4S B rh(Fig. 3).
Al o] S Hrtelr] flste] 559 wAHE AR
LOQ, LOQ9| 108}, LOQS 508 =<1 0.005, 0.059}
0.25 mg/kgd] FE2 35 A4S 53] wHEalo] F519]
th AlE A3 7 FXA picarbutrazox®] Hd S4ES
85.1-108.6%°11 3L, TZ-1E®] 3+t 3|F&-2 77.4-110.0%°]
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ol

At oju] AHEFHAR= 9.8% vRte 2 B4 F o] A7
Ao 43k Codex 7Ho]=2H1(CAC/GL 40, 2003) 2 *4‘?#
2} 7rol=E1el(2016)S Fdk REeF B4 715l A
EZH2F A2EE >0.001 mgkg <0.01 mgkgel 30%,
>0.01 mg/kg <0.1 mgkge] 20%, >0.1 mgkg <1 mg/kgs]
15% o8& EA 5o 7|5 Helslng RE B4 EA)
r,H-sL]. =o ;(451/\% Zﬂaqﬂ p_:%ﬂ :do] u_] 1}_2};0]: HM
712 AgEE %“’ 18 5= 92U TH(Table 6). LC-MS/MSE
o]g-8le] A3 picarbutrazox 2 TZ-1E9] 3|48 A2}
EI3-S Fig. 490 AAISFATE

H

Table 6. Inter-laboratory validation results of analytical method for picarbutrazox and TZ-1E in samples

Pesticide Sample Fortification Recovery + RSD (%)” Average? cv
(mg/kg) MFDS" KAFRIY (o) (%)

0.005 97.5+7.6 101.4+£15 98.9 6.1

Mandarin 0.05 108.6 +5.4 89.5+2.8 101.4 10.8
0.25 1054+9.3 853+1.1 97.8 13.0

0.005 99.4+6.4 932+1.6 97.1 6.0

Potato 0.05 92.0+4.7 110.1£6.2 98.8 10.6
0.25 958145 892+1.6 93.3 5.1

0.005 106.1+3.9 94.0+£9.6 101.5 8.5

Picarbutrazox Green pepper 0.05 100.1 +4.9 93.8+0.7 97.8 5.1
0.25 932+£2.0 86.7+ 1.4 91.1 3.7

0.005 85.1+8.0 105.8+3.4 92.9 12.9

Soybean 0.05 91.7+£8.0 113.8+4.9 100.0 13.0
0.25 86.1£9.8 98.1+£1.5 90.6 9.9

0.005 973+£9.6 833172 92.1 11.7

Hulled rice 0.05 99.0+£3.7 82.6+35 92.8 9.8
0.25 102.5+3.7 96.1+£1.8 100.1 45

0.005 100.9+9.4 92.5+£2.0 97.8 8.6

Mandarin 0.05 105.1+£5.1 85.3+3.0 97.7 114
0.25 1102 +3.1 864+13 101.2 124

0.005 101.4+45 794+15 93.2 12.8

Potato 0.05 90.8+7.4 94.6+£6.5 922 7.0
0.25 98.1+£4.1 853+15 93.3 7.9

0.005 922+8.0 83.9+8.6 89.1 94

TZ-1E Green pepper 0.05 104.6 £4.2 91.1+£24 99.5 7.9
0.25 99.0+£2.0 88.0+12 94.9 6.3

0.005 774+73 93.7+£2.6 83.5 114

Soybean 0.05 90.8£8.5 104.8+4.0 96.1 9.9
0.25 87.1+82 99.1+1.1 91.6 9.0

0.005 824+83 96.8+£9.2 87.8 11.7

Hulled rice 0.05 96.4+1.8 994+£5.0 97.5 3.5
0.25 103.3+3.2 98.8+2.7 101.6 3.6

“Mean values of 5 times repetitions with relative standard deviation
®Ministry of Food and Drug Safety

9Korea Advanced Food Research Institute

9Recovery average of inter-laboratory

9Coeficient of variation of inter-laboratory
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9.2% ]u}oi ﬂo]ﬂ(}iq. = /\1?54/\17]_ Q g_,,]_ ]

£ picarbutrazox®] 4k 90.6-101.5%, TZ-1E9] B4k

% 83.5-101.6%%Z HOAI(CV, %) T3+ 25F 13% mRke.

SE H2|FoA Codex 7to]=2kl 9 219k 7to| =2}

oA A 71F H2lFEE >1 ugkg, <0.01 mgkgel

45 /o, >0.01 mg/kg, <0.1 mg/kg®] 32%E EF =35k A
el 89S Y5t th(Table 6).
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2 o Edye TAE F 20179 7128945t picarbutrazoxol] thet FdAIEHS AslazAl kA
Picarbutrazox ZHF&2] o= UrKHE TZ-1ES E3EIEE o|& FAlo BA4517] Y3t AldHS /dsisiy, &
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