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ABSTRACT - An analytical method was developed for the determination of oxathiapiprolin in agricultural com-
modities. Oxathiapiprolin is a new oomycide (fungicide of piperidinyl thiazole isoxazoline class) which controls
downy mildew in cucurbits caused by Pseudoperonospora cubensis (oomycete plant pathogen). Agricultural com-
modities were extracted with acetonitrile and partitioned with dichloromethane to remove the interference, adjusting
pH between 9 and 10 by 1 N sodium hydroxide. After purification by silica SPE cartridge to clean up the interference
of organic compounds, they were finally quantified by HPLC-UVD (high performance liquid chromatograph ultravi-
olet detector) using a wavelength at 260 nm and confirmed by LC-MS (liquid chromatograph mass spectrometer) in
electro-spray ionization positive ion mode. The standard calibration curve was linear with coefficients of determina-
tion (%) 1.00 over the calibration ranges (0.025-2.5 mg/L). Recoveries were ranged between 86.7 to 112.7%, with rel-
ative standard deviations less than 10% at three concentration levels (LOQ, 10LOQ, and 50LOQ) performing five
replicates. The overall results were determined and estimated according to the CODEX guidelines (CAC/GL40). The
proposed method for determination of oxathiapiprolin residues in agricultural commodities can be used as an official
method.
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A e dEFA 2] 5%, 0.05-0.5 ppm), H=(%F
Z 9] 11, 0.01-15 ppm), TF(FT} 9] 7%, 0.01-15 ppm)
SolA olm AAR et sidA e ALF 65
(3F, I, Sy, 29|, EvlE, E%)9| oxathiapiprolin®]
T AHEEEO| Ao RS ETIFe] AldE AL
2 7139 AFERT-E ddsty] Y gAY wlEe] 8
= AT

AR 95 Hrls AF F AREFgY 2AHS
53 o]Fojx EAUFS AFE Ao o AA
"ot =270 =AY F40] et AEAH A
N fsisiAl 2T & JE drREES RE G
o XA B3}

=3 A Fels=dl oxathiapiprolin®]
Zk = | =2 trikzo] flo] 42, v
=, 358 s BIGER sk
M-S AEFA TRl FEstE T A
AR A e)7] wel 758 71E(MRL)S] I/
2 ol3lE WEdl= R HHA dA o] rhesitid
LC-MS/MS (liquid chromatograph tandem mass spectrom-
eter)?} 722 317Fe] AH| Rt} HPLC-UVD (high perfor-
mance liquid chromatograph ultraviolet detector)$} 722 ¥
|2 717] AHEE dAe

17} oxathiapiprolin®] 4> Wu 53 Ju 5ol ¢
3 X, b o], BEnlx, 2}, I 5 EAHE AE9)
T4, EY T &4 ANE T EAYe] BiElon BE
hAFAHE(IN-E8S72, IN-WR791)S *¥3+3F QuEChERS
(Quick, Easy, Cheap, Effective, Rugged, and Safe) 7|4t
o] FAIEAHOZ formic acid 823} acetonitrileS ©]

Table 1. Physicochemical characteristics of oxathiapiprolin
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slo] 2313 dispersive-SPE (d-SPE)H o2 231
A T LC-MS/MSZE A sk th>0. ol A€
S AU HAstE GAMET M EHS] 9T
7] FAHE kgl AR S8 EE I3E A
PR opuet AR5 AlYe BAQ 247
71e Ago] 7tttR2E o= FEE AT
b 2 Aol TtEEA] AARE HHEES F
a3lete] thFet 2zl A8 4 e B H3kE HPLC-
UVDE ©|-§3 CODEX 7}o] =2kl (CAC/GL 40)9] %7
FOF 1A 7l F83ks BAEE Este] Sl F
AhE FAA 7 AR S FAAEEORE &8st
2 stk e M S FEARPAES] ALF
T =

)fjgol:o

[¢]
d

b2

H

>~
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o] xAE a9} & F7 558 sl 4
FEAY A AR E SAET UR2AE 453, 24
T, du)s 238 FAE 55 LTt B Al
Al dE BAHS BN A, AaAd, BEA, B
I 2 AP T8 Ao, FAA 2 R o]
A A7 A (inter-lab)S 3] A A=A 2 {7
As gAY

Materials and Methods

Xjef 9 X2

Oxathiapiprolin (99.6%) £ Dupont (Wilmington,
DE, USARIA Alg-to} AR8-5191 37 (Table 1), acetonitrile,
ethyl acetate, dichloromethane, n-hexane 5+ HPLC &&=
© 2 Merck (Darmstadt, Germany)ol| 4] =3} A&-3151

Property Contents
IUPAC name 1—(4-{4—((5R.S)-5-(2,6—diﬂuorophenyl)-4,S-dihydro-l ,2-oxazol-3-yl)-1,3-thiazol-2-yl}-1-piperidyl)-2-(5-
methyl-3-(trifuluoromethyl)-1H-pyrazol-1-yl)ethanone
CAS No. 1003318-67-9
Classification Fungicide (oomycide)
Molecular formula C,,H,,F.N;0,S
Molecular weight 539.53
Melting point 146.4°C
Boiling point Decomposes before boiling
Degradation point 289.5°C

LogP,, 3.66

Vapor pressure 1.141-107 mPa (25°C)

Solubility (all in mg/L).

Chemical structure

F

E
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s \
N X\_x\ @
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In water 0.1749 mg/L (20°C), In acetone 162800, o-xylene 5800, dichloromethane 352900, n-hexane 10
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t}. Sodium chloride (NaCl) Wako (Osaka, Japan)ol| Al
anhydrous sodium sulfate Merck (Darmstadt, Germany)
2HE FAsA L, sodium hydroxide (NaOH)E Sigma-
aldrich (St. Louis, MO, USA)2] 1 N NaOHZ #|Z¥ &
S Pt ARgstth ARvtEDHY] FAE A%
silica ¥ Florisil SPE 7FEZ|X|(6 cc, 1 gy= Waters (Milford,
MA, USA) A& o] &3ttt AAle sl AR7IE A
AL 9k ALF EAE 259 2 99 FAES
EAE HFHE /), A RF), AFERF), AUEF
= BT FE5Y FAES FYste] 43 & 25
g7l ol —50°Cel Byt AF | ARE-SHATE

EFI gl T=20Ho] XX

Oxathiapiprolin 3% 10.04 mgS 10 mLe] acetonitrile
o &3l3te] 1,000 pg/mLe] o] EFINS ZASA
3, ©]& acetonitrile/distilled water (50/50, v/v)S.Z 3]
3led 0.025, 0.05, 0.1, 0.25, 0.5, 1.0, ¥ 2.5 pug/mLe] ¥
T&AS AN Y. EEddH FFEe B 24
ol gol 4°Cel] Baste] Ajo] ARg-ak3d

FE Y AT
FAF, A AMFE oF 1kgs 2A Zdot 33 +
A AF 20gS US| EoHTB-4002, Denver instrument,
Denver, CO, USA) 250 mL YAl &2] & ¥ 3L acetonitrile
100 mL< 713l FI®7](MMV-1000W, Eyela, Tokyo, Japan)
ANA 107 38Tt 7 2 3/ 5 Ax HAA= o
1kgs EFsld BEA 420 um=E EHs1E= 23
20 g5 FHdte] FHS 40mLE 7Fske] 3087 W
acetonitrile 100 mL< 7}5Fe] Z& 7|4 1087 X es)
th. Acetonitrile FEH-2 X7t ZH A= Fau 2w
712 &2z (MZ 2C, Vaccubrand, Wertheim, Germany)
aled acetonitrile 40 mLE AL 2 87]E Aoy A
o R oS 40°C olske] #8743l 3t (Hei-VAP
Advantage ML/G3, Heidolph, Schwabach, Germany)3}<]
SE 25 EdEiud & S/ 100mLE 71k IN
NaOHE HAH3] 7}sle] pH 9-102 ZZ3ATH o] &
500mL &7 EholFoll &A T AF 10mLo}
dichloromethane 50 mLE& X2 718 & A4 &5
Zo] ¢&d3d] Eeld w7kA] FXAZ1 T dichloromethane

[e]
12
E[1

|

e

u

>

Ao

R o i

%% anhydrous sodium sulfated] SZA|A ZAds=E
270 WAL Holle 489 Foll dichloromethane 50 mL

F7t2 7hete] 919 FAS WHESIT) ©]E 40°C ©]
o] F& oA Agtste] &g BF FEd 9, 2t
£°] dichloromethanes 7}sted HE F-3)7F 16 mL7t &
Al STk oheh, A AARQD et dve] A4 b
o) acetonitrile 3} n-hexane 30 mLE ZALE9l] 7|5}
¢l & 250 mL o] Y 7ol &7 n-hexane X

s O

e e

3} acetonitrile 30 mLO.E2 23] Ew FZs9th ¢zl
acetonitrile =2 40°ColA 7 &3 &
dichloromethane2 7}sted 85 16 mL7} =A 3}

rEEX] 8H

Silica 7FE#] Al dichloromethane 5 mLE 2~3 ®W&/%
o] £ 2 {FE3t] WL olojx A Aol =E
7] Aol FE9 T 4mLE FIEZR Addte] €L 12
WE/ze HE2 EE3AA WAL IR o] =&Y
7] A9l ethyl acetate/dichloromethane (15/85, v/v) 8 mLE
FEA1A o] HE F ethyl acetate/dichloromethane (20/
80, v/v) 10mLE &FAIA T AFAS AYsHE
2230 H3IH T o] & 40°Col3} FEAFo A Zetsked
& 25 gl SS9 0 E YWrkst &
F=9l acetonitrile/distilled water (50/50, v/v)S 7}ske]
53 2mL7} HA ste] AlEEHeR 3 F AlFA
El(nylon, 0.22 pm)= of3ste] Al§goo® ARG-sH3i.

e B 2 ofo

Table 2. Analytical conditions for the determination of oxathi-
apiprolin residues

HPLC-UVD (Waters Acquity H series,

Instrument Milford, MA, USA)
Xselect HSS C 4 (4.6 mm i.d. x 250 mm,
Column
S um)
Mobile phase Acetonitrile/distilled water (65/35, v/v)
Flow rate 1 mL/min

Column temperature  40°C
Absorption (260 nm)
20 pL

Detection

Injection volume

Table 3. Confirmative conditions for identifying oxathiapiprolin
LC-MS (Waters TQ-S series, Milford, MA, USA)
XBridge Cy (2.1 mm i.d. x 100 mm, 3.5 pm)

Instrument

Column
Ionization mode  ESI positive-ion mode
0.2 mL/min

A: Acetonitrile
B: Distilled water

Flow rate

Mobile phase

Time (min) A(%) B(%)
0 10 90
Gradient 3 10 90
condition 10 95 5
13 10 90
15 10 90

Oven temperature  40°C
Cone voltage 74V

Injection volume 5 uL




71712

E4HE 5 oxathiapiprolin®] 241 93] HPLC-UVD
(Waters Acquity H series) & AFE3F] 5337 260 nm
2 AESAL, 7171 2L Table 20 YERAT &
Aol AL FHE7] Y8 LC-MS (Waters TQ-S
series)& ©]-&3ld A &Q1sH o 2 ZAL Table 3374

2t

EMHO AT

B ApoM e AFE 40 B3 CODEX 7to| =&l
(CAC/GL 40)9] zti-soF B4 7|30l wel B4yl 2
1d (linearity), A& SHA|(LOD, limit of detection), “g &gt
A(LOQ, limit of quantification), 3|5& A|dE T3 A
214 (accuracy), 3243 (precision), ¥4 (repeatability)yS 3
7hetdnt. AXA ERls 9l3te] oxathiapiprolin 3T
4 0.025-2.5 pg/mLE o]-&ste] F= ] 3= WAl oy
S AR AL, Aol AR Al (coefficient of
determination, )& T-StATE gt AETHAS}F A FSHA
= azguEay Ao A5 o FL8](S/N ratio) 2+t
3, 10 oo = &gl A A 2 AdES H
7¥sl7] skl FA2] 54HE ZHAol oxathiapiprolin &
EHE Hrtste] IeE&AE S APt sas 2F
Al AesEe B, BT 100, F Al 50m)
o sFetle FERE TSR 7t FikE AAC] Az
T= SHHEo 2 Sefsle] Hgh AUEFEHXK(RSD, relative
standard deviation)& Al4F3le] AW e A g} YU

%]

[

o

2 AHAANS Hrlekaoh e, AR A F o] okEokA A
I A7 AZ(inter-lab)yS AA)sle] EAWe] FaA
< Rl

Results and Discussion
I17P4% R 24
Oxathiapiprolin® 2 +% U &2 Y4 fluorine (F)
o] g xgE o] A7l AT H3)252(289.5°C)2F S71
SH(1.141 - 107 mPa)ol] whe} B3 e EZHZ F-F(Table
1=]7] W&o GC-ECD (gas chromatograph electron capture
detector) -A10] ojEfg Ao R =T webr 22}
T2 W AF(0), BAN), B(S) | vlEf A
oA Aol o3 5H AFNWE FFcke 5
]S o] &3te] HPLC-UVDE #2131 th. Oxathiapiprolin
4948 AMest7] 98] PDA (photodiode array) 73
712 210 nmellA 350 nm7HA] =70e A3 HFFug
(Rhpan)®] 2592 NS ERI3HY S IFE 260 nmO.=
Aeetdth(Fig. 1). ZH2 H5A4 SsrEe] &8 4
et C (4.6 mm id x250 mm, 5um)S A& o
oxathiapiprolin peak®] J€AdS &r3l7] 3l o] 5T/

XA =

- g
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Fig. 1. HPLC-PDA spectrum of oxathiapiprolin.
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Control pH7 pH8 pH9 pH 10 pH 11

0.0

 Mandarin 856 915 914 914 90.9 91.1

Pepper 917 102.7 94.1 1013 96.7 96.1
X Potato 36.4 66.3 86.3 91.9 96.4 87.9

O Hulled rice 79.0 86.5 91.5 90.6 90.3 90.0

M Soybean 80.5 837 738 97.5 104.1 956

Fig. 2. Effect of pH on oxathiapiprolin partition efficiency.

acetonitrile?} distilled water (65/35, v/v)= ©]&3}%th &
g T8 A B BHANE A A 7171EA olF
g2l acetonitrile/distilled water (50/50, v/v)= AR 7
& 717184 Al 9] sharpst peakS 471 fIgtel ).

x | =]
SR USRS

1=
Acetonitrile =& = H|=

FEd A M EA AAE H3)
dichloromethane 2. & AN EH] S =33}t F=8A Ao
4 FEAA B4 vz aHHd s 98l
pHE ZH3te] o2 e E o] o]0 Fg=E
A& WA ST, Oxathiapiprolin® 2H4ke] Ahal 2] <
(pKa)7t 22591 kA7 Edol7] wid FE298 55
st FRTE A H 714 &9l 1 N sodium

hydroxide (NaOH)E ©]-§3t>] pH ®islo] w& Huja&
< v THFig. 2). BALE AlLle wakE HAAdA 3]
&2 pH ®istel] #ARle]l Fsstd oy b= pH 9-
10 FZHel AR 90%017%2] BlF&S B3] wZol il
Al A pHE 559 A% ZAAZ 2% 90%0]4e] 3

< H3Y pH 9-10At0]2 ARSI FE29 &
RS et de Ad EEI oF 2 9
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Table 4. Comparison of SPE cartridges and elution solvents for
oxathiapiprolin analysis

Experiment 1 Fraction Florisil (%)  Silica (%)
Loading (4 mL) - -
10/90 (5 mL) - -
20/80 (5 mL) - -
DCM/n-hexane 30/70 (5 mL) ) i
40/60 (5 mL) - -
50/50(5 mL) - -
Total - -
Experiment 2 Fraction Florisil (%)  Silica (%)
Loading (4 mL) - -
10/90 (5 mL) - -
Ethyl acetate/  20/80 (5 mL) 36.9 69.1
DCM 30/70 (5 mL) 40.1 18.2
40/60 (5 mL) - -
50/50 (5 mL) - -
Total 76.1 87.3
Experiment 2-1 Fraction Florisil (%)  Silica (%)
Loading (4 mL) - -
Ethyl acetate/ ~ 15/85 (10 mL) - 6.3
DCM 20/80 (10 mL) 85.5 88.3
25/75 (10 mL) - -
Total 85.5 94.6
Experiment 2-2 Fraction Florisil (%)  Silica (%)
Loading (4 mL) - -
Ethyl acetate/ 15/85 (8 mL) - -
DCM 20/80 (10 mL) 84.9 96.5
25/75 (10 mL) - -
Total 84.9 96.5
AS #5 A gge) fAARe] BAd FEH 5%
F gelzo] Wl 57] die] 4 0 WS4 ARe] A
AE 98] F7IZ acetonitrile¥} n-hexane ©]-83F Hully

2 Agaqn.

FIESXIENE &

Bl FE2H2 FATE o] &3l =2
&ote 5 AREIHIE o] & =S A
Atk SR AZAE I o AMEEHE S2A|= aluming,
Florisil, silica % &g 5°] 21} aluminat}t &gk
FatE o] sl =4 o WalEd g EEshldde
AeslA] gkrhal #3te] Florisil 7HE A 9} silica 7HE
YA E sl H]astkd

Log P, %°] 3.6691 & &3} Florisil 2 silica 7}
EA|o] vlwA H]5438mE59 2321 dichloromethane/
n-hexane, ethyl acetate/dichloromethane2 BlxgF A3, 2
2] &l AREAl BB Aol EEHA] %A,

i o
2
e o
Ay

2] 3}3FH tH(Table 4). A& 29 5 oxathiapiproline ethyl
acetate/dichloromethane (10/90, v/v) 5mLZE Florisil %
silica 7FEZ|A| A BT &&FF X 2% ethyl acetate/
dichloromethane (20/80, v/v) 5 mL (Florisil: 36.9%, silica:
69.1%)2} ethyl acetate/dichloromethane (30/70, v/v) 5mL
(Florisil: 40.1%, silica: 18.2%)914 &&HS lait)
olo] E&S AMiEststa §E8WE =8 AES A
A3}, ethyl acetate/dichloromethane (15/85, v/v) 10 mLol|A]
Florisil#} silica 7IEZ|A| & 747 8%, &% £3(6.3%)
AS AR, Tt 8 ethyl acetate/dichloromethane
(20/80, v/v) 10 mLell4] Florisil 7FEE]A], silica 7FEE]A]
= 727} 85.5%, 88.3%= FRlF|o] HA| oxathiapiprolin®]
§E%2 Florisil 7FEZ]A] 85.8%, silica 7FEZ]A] 94.6%
=2 AdEA

wEbA] F Ao R ) el AA §EF0] =2 silica
FIEZ A E o]8-3}] ethyl acetate/dichloromethane (15/85,
viv) SmLE FEA1A AlFAAFLE A 5 ethyl acetate/
dichloromethane (20/80, v/v) 10 mLE &&A]7]= WS
HEAAUH ez AAsAt oy silica 7HEZ A 7}
Florisil 7FTESA BT} &2 35&S Bl 22 2 &2
ZZo)A Florisil®] oxathiapiprolin®l] g S&2to] A
o= oFst7] wiEdl AoE FekE

iy

Mefy 3 EMY

Oxathiapiprolin®] &8, FAg siHE HA A&,
B8NS HUe 34g AR ARMEIRNS A=
Hlwate] e BAHe] del A (selectivity)S ¥ 713F3
o} #x2 A& % oxathiapiprolin®] WF-& A|7H5.6 &)
NA At AT AEHA Fo=2 JiEE A
o] 2 Fe5d HHAAS 7S gelsidinh e &
el 2144 (linearity) 1S $lall F=9NS acetonitrile/
distilled water (50/50,v/v)Z 3] 3te] 0.025, 0.05, 0.1,
0.25, 0.5, 1, 2.5 pg/mL 20 pL= HPLC-UV9l| FY3lo] &
235 A3 ARASF)E 1.002 =0

AESHAI2t H2sH
ek A& Z=A 9 771 RAYS ol&ste] AA
oxathiapiprolin®] &% B HFAE T3t A
AAE H2AZEZ0] 0.15ng (SN >3)0]A L ol el A

AbAo] we} 0.003 mgkgl & UERRTH A HsHlE HA

AZ2Fo] 0.0l ng (S/N>10)2& o}z o] A o] uwat

0.01 mg/kgo & ERTE.



Table 5. Intra and Inter-laboratory validation results of analytical
method for oxathiapiprolin in agricultural commidities

Fortification Recovery £ RSD(%) Average’ CV*
(mg/kg) MFDS' Kyungin® (%) (%)
0.01 86.9+49 89.6+7.5 88.2 2.2

Pepper 0.1 104.7+49 81.1+4.7 929 17.9
0.5 919+6.5 80.8+4.4 86.4 9.1

0.01 103.7+5.4 92.0+3.1 979 8.5
Mandarin 0.1 1063+43 822+45 943 18.1
0.5 86.7+52 859+1.7 86.3 0.6

0.01 102.0+ 6.8 904+£8.6 96.2 8.5
Potato 0.1 112.7+34 84.0+43 984 20.7
0.5 92.8+32 83.1+0.8 88.0 7.8

0.01 912+79 80.8+8.1 86.0 8.5
Soybean 0.1 104.5+6.9 83.0+33 937 16.2
0.5 884+£0.6 77.6+23 83.0 9.2

0.01 97.1£9.0 792+83 88.2 14.4
0.1 109.7+7.2 802+54 949 22.0
0.5 91.0+23 824+1.7 86.7 7.0

"Ministry of Food and Drug Safety (n = 5)

*Kyungin Regional Food and Drug Administration (1 = 3)
Recovery average of inter-laboratory

*Coefficient of variation of inter-laboratory

Sample

Hulled
rice

AZT (mg/kg) = H A ZEZFH(ng) x
1 z_c-)_s PSh=] ‘f]( ) J’HHH (6‘ yS| t':r} (mL))
M= AR FHF@L) F ZF(mL)
7 3 (mg/kg) = A AU EH(ng) x
1 i %_8 PSR \f (mL)X«V‘q HH (6‘ yS| t':r} (mL))

TEF@ A TR 5 L)
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(repeatabilityyS H7Fal7] 918t A Ao H A,
AeFgtA el 100, kAl 508 =1 0.01, 0.1, 0.5
mg/kg®] FEE 5 BHE 35E AFS FdEsTh A1d
A 7t sEolA B FFES 86.7-112.7%C1A3L, ©]
) A]—];HEZE:];‘(].(RSD)I: 10% m|9ro 2 Jeht AaE 2
HBJ_% X%ﬁ]—)ﬂ 7%1:!1/\4 ;(HE:]H Kol _—o,]-o ],oir/]_ o] 73,4._4
CODEX 7}°lEEm(CAC/GL 40)¢] 7121 A= > 0.001
mg/kg <0.01 mg/kg®] 30%, AE]F%E >0.01 mgkg <0.1
mg/kg®] 20%, 2E = >0.1 mgkg <1 mgkge 15%%]
715 FEEtERE 2 AgolA e = BA ol
FHE 7‘]'71—0} oxathiapiproling #Asl=d] 23sh
4 9JATH(Table 5). HPLC-UVDE ©]-&3&fo] &

i3 oxathlaplprolln-J REFE, B AR A, F
B A 59 35g ARETHALS Fig. 39 AA AT

a=
N2 oxathiapiprolin +AH o= AFHHA HASS

25k A3 (Table 5) oxathiapiprolin®] 7+ 7]#2] H 3
82 86.7-112.7%RFEA ), 77.6-92.0%(720 %) 2 %
AtElO] 7] ks AR A E Tl A 83.0-98.4%
2 Ueth HolAG(CV) T3 AR A FolA BF
CODEX 7}o]=8}¢1(CAC/GL 40)¢] 712¢] 5% > 1
pg/kg, <0.01 mg/kg®] 45%, AEF= >0.01 mgkg, <0.1
mg/kge] 32%, A EF% >0.1 mgkg, <1 mgkgel 23%°l
Aeet Ao g gjlxo] sidE EAYe AP Fa

ENS

AZA FHE 98] LC-MS

L
=2 ol AR Al = fani in O 3lol 5193
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Fig. 3. HPLC-UV chromatograms of oxathiapiprolin corresponding to: standard (A: 0.1 mg/kg), control (B), recovery (C: 0.1 mg/kg) in

1, pepper; 2, mandarin; 3, potato; D, soybean; and E, hulled rice.
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Fig. 4. Full scan chromatogram (A), and spectrum (B) of oxathiapiprolin standard (1 pg/mL).
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