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Abstract Leaf mustard (Brassica juncea), cultivated in a greenhouse, was evaluated in our study for dietary
exposure to picoxystrobin, pydiflumetofen, and pyraclostrobin and the corresponding residual dissipation. Leaf
mustard was treated at weekly intervals to three pre-harvest applications of a 2,000-fold dilution of 25% picoxystrobin
suspension concentrate (SC) along with a 4,000-fold dilution of 18.3% pydiflumetofen SC and 22.9% pyraclostrobin
emulsifiable concentrate (EC). The initial residues in the leaf mustard were 7.08 +1.03 mg kg™ for picoxystrobin,
470+ 0.72 mg kg™ for pydiflumetofen, and 5.55+0.60 mg kg™ for pyraclostrobin with 50% dissipation times
(DTs) of 6.5, 3.9, and 3 days, respectively. The estimated daily intake (EDI), based on the initial residues, was

below 1% of the acceptable daily intake (ADI).
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Table 1. Chemical structures and physicochemical properties of picoxystrobin, pydiflumetofen, pyraclostrobin, and BF500-3*

Pesticide Picoxystrobin Pydiflumetofen Pyraclostrobin BF500-3
o \
. S o7 # N \ \(? ¢ N Ov@ N 0v©
Chemical structure @*F %N\(j@\ C'ONJ Tl mONJ I
o ~ ’ >
o Fr FNe O al cl T T
MW (g mol™) 367.32 426.7 387.8 357.8
Vapor pressure 3 . L
(20°C, mPa) 55x10 1.84x 10 2.60 x 10 -
log K,y 3.6 3.8 3.99 -

9The data was obtained from International Union of Pure and Applied Chemistry (IUPAC) Pesticide Properties DataBase

Zrol| X HEF LS Alteraria brassicae Sacc.ol 2J5| EAY
&t, Qo] mp= i £7|¢} ARl Wyte] A e 7t
29} A AA A 13 E | TTh(Lee et al., 2023).
A2 HH YL A= rEEE o 352 Al st
AAI7E ARSI, pydiflumetofens  succinate dehy-
drogenase A3AZ 2g-5le] WYUte] &5 28-S AAlske
71%Fe] g} QAL, strobilurinAl! picoxystrobinZ} pyraclo-
strobin cytochrome bS] Qo siteE AT EZH T EFTE
o} MAHGAE wtHsh= 7|7to] LA AUth(Kwon et
al., 2012; Liu et al., 2023; Park et al., 2022; Shi et al., 2023). 5=
S, pyraclostrobin ¥4} o} A B #A} A A &
= 7 Yehfo] We#e] gMhs a3 o7 ATd
ATH(Park et al., 2024).

ol & AEs F&ot Id T5E FE2 4
picoxystrobin 25% 21/3<=3}A] (suspension concentrate, SC),
pydiflumetofen 18.35% SC, pyraclostrobin 22.9% 34
(emulsifiable concentrate, EC)5-¢] o1, Azjg], AY, w5,
S T FAFAM HeFEH, =i, A7 59
wAo] E8-E 3 QITHPSIS, 2025). Wb, & ArdMe
ZoA olF Ao XA 2 BlstE XALsEAL, Ao] 4

L
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Pydiflumetofen (== 99.63%), pyraclostrobin (== 99.63%)

3} o]¢] thARIQ! pyraclostrobin-MO1 (BF500-3, <2 97.1%)
o] 48 ¥FF-2 Dr. Bhrenstorfer GmbH (LGC Standards
Ltd., Augsburg, Germany)l|X 3k ARE-SISIAL, picoxy-
strobin (£ 99.5%)°] 418 EFFS Sigma-Aldrich®
(Merck KGaA, Darmstadt, Germany)ol|A] 7¢13}o] AR&-3}
Aok AU AEE9 olstetd 542 Table 15} 2t}
Acetonitrile (ACN)2} water= Burdick & Jackson™ (Honeywell
International Inc., Morris Plains, NJ, USA)2] high-performance
liquid chromatography (HPLC) gradeZ AF&-5}%1 32, ammonium
formate (Kanto Chemical Co., Inc., Tokyo, Japan)2} formic
acid (Merck KGaA, Darmstadt, Germany)= &% >98%%
A3,

MEZEHY % o4H xz
7t A7 ARE 7 EE AP Aol AlEAA

ol 10958 119714 AAEHL =
Seed Co., Seoul, Korea)S AH&-3}Th A&7 7F
AR 2] Ha L2 15.0°C (0.7-39.8°C), Ha Al&=
= 87% (22-100%)°10Th EFAIE 2] Al 10.5 m?
(7 mx 1.5 m) 3420 2 ZA3 T} st tfgh AFAHe
pydiflumetofen 18.35% SC (Syngenta Korea Co. Ltd., Jeonbuk,
Korea)¢} pyraclostrobin 22.9% EC (SG Hankook Samgong
Co. Ltd., Jeonbuk, Korea)S 40008] 3]4jslo] ARE-3}H L,
picoxystrobin 25% SC (KyungNong Co. Ltd., Daegu, Korea)=
20008] 824 ARE-3IATE FAlE Table 294 7o) #+U3H)
TR 33] A AESIL, HF oAl X 37 AT
§- ofelfo] mig s Rlskal YA itk RS
2

<
5
T AEE AT 2 kg oFS FIson,

, o A (Asia
e AA

Table 2. Application of picoxystrobin, pydiflumetofen, and pyraclostrobin to leaf mustard

Pesticide Formulation A.i.? contents Dilution folds Application frequency
Pydiflumetofen sc? 18.35% 4000
. 3 times
c) 0,
Pyraclostrobin EC 22.9% 4000 (7 days intervals)
Picoxystrobin SC 25% 2000

? Active ingredient ® suspension concentrate, © emulsifiable concentrate
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AEE FEol THWeA BEF Fol2 st YT
= dPdR §713, Egfoloto| 2} oA w7 45t
THREA A7EA] 20°C o] shellA] Baatsitt.

TREN AE MHL

423kt AR 10 gol ACN 10 mLE 718+ & Phenomenex
Inc. (Torrance, CA, USA)2] QuEChERS kit (4 g magnesium
sulfate (MgSO,), 1 g sodium chloride, 1 g sodium citrate
tribasic dehydrate, 0.5 g sodium citrate dibasic sesquihydrate)=
o] M3l (AS-600, Anylab Co., Ltd., Seoul, Korea),

%23} % (Powersonic 410, Hawshin Tech Co., Ltd., Seoul,
Korea)3llth. 353 A 8& 4°ColA 4000 rppmO2 10%
7+ 94152 (Labogene™ 1580R, Gyrozen Co., Ltd., Daejeon,
Korea)3t3ith. Pydiflumetofen w48 A8 5 44 Y
1 mLE 25mg primary-secondary amine (PSA, Agilent
Technologies Inc., Santa Clara, CA, USA)} 150 mg MgSO,7}
¥ dispersive solid phase extraction (d-SPE)el| 2] A
ABFAL, picoxystrobin?} pyraclostrobin 2 BF500-3 £47-8-
NEE 325 A4 | mLE 25 mg PSA% 25 mg Cys,
150 mg MgSO,7F 3+ d-SPE°] Ho] A3t} o %,

Table 3. GC-MS/MS condition for quantitative analysis of picoxystrobin, and pydiflumetofen

Instrument GCMS-TQ8050NX (Shimadzu Co., Kyoto, Japan)
Column Rxi-5Sil MS (30 m x 0.25 mm, 0.25 um)
Gas flow He 1 mL min™
Injection temp. 250°C
Injection volumne 5uL
Pydiflumetofen Picoxystrobin
Rate Temp. Hold time Rate Temp. Hold time
- (°C min™) (°C) (min) (°C min™) (°C) (min)
Oven condition Initial 120 0 Initial 90 3
20 240 1 15 230 1
10 280 2 10 340 5
Tonization mode EI positive
Ion source. 230°C
Interface. 280°C
Precursor ion Product ion (m/z)
Analyte ; -
. (m/z) Quantifier (CE) Qualifier (CE)
MRM condition -
Pydiflumetofen 159 139 (15V) 57.1 (27 V)
Picoxystrobin 145 102.1 (24 V) 1151 (12V)
Table 4. LC-MS/MS condition for quantitative analysis of pyraclostrobin and BF500-3
HPLC Instrument Nexera LC-40 UHPLC (Shimadzu Co., Kyoto, Japan)
Column Infinity Lab Poroshell 120-EC-C18 (2.1 mm x 100 mm, 2.7 pm)
Injection volume 1uL
Mobile phase A 0.1% Formic acid in water with 5 mM ammonium formate
Mobile phase B 0.1% Formic acid in methanol with 5 mM ammonium formate
Flow rate 0.3 mL min™'
Time (min) Mobile phase (%A) Mobile phase (%B)
) 0 40 60
Gradient
7 10 90
7.5 0 100
MS/MS Instrument LC-MS/MS 8050 Triple Quadrupole (Shimadzu Co., Kyoto, Japan)
Ionization mode ESI positive
Precursor ion Product ion (m/z)
Analyte Quantifier (CE) Qualifier (CE)
MRM condition . uantifier ualifier
Pyraclostrobin 194.15 (-15V) 164.20 (-19 V)
BF500-3 132.10(-29 V) 164.15 (-14 V)
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A A|E+= syringe filter (PTFE, 0.22 pm, Biofact Co.,
Ltd., Daejeon, Korea)& J}st & 717|820 ARSI
HE 772 =d

7t % picoxystrobin?} pydiflumetofen®] ZHFE4]S Rxi-
5Sil MS (30 m x 0.25 mm, 0.25 um, Resteck Co., Bellefonte,
PA, USA) Z#& A}8-3lo] Table 39] 2790 w2} GC-triple
quadrupole mass spectrometry (MS/MS) (GCMS-TQ8050
NX, Shimadzu Co., Kyoto, Japan)=. 413} T}. Pyraclostrobin
3} BF500-32] #HFE2AL InfinityLab Poroshell 120-EC-
C18 (2.1 mmx 100 mm, 2.7 pum, Agilent Technologies, Inc.,
Santa Clara, CA, USA) ZH& AFE-3EI9 L o] FA4E 5 mM
ammonium formate2} 0.1% formic acidE 3Z3Hsh 8-}
methanol gradient Z=ZA0A] ARE-8l] Table 42 Z70|
w2} LC-MS/MS (LC-MSMS 8050 Triple Quadrupole,
Shimadzu Co., Kyoto, Japan)Z £ 3}% T}

MY A
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Picoxystrobin, pydiflumetofen, pyraclostrobin % BF500-32]
AL 1000 mg L stock solutiong &F F3]8] A 59
FEEZ 343l matrix-matched standardE A 2331t}
Pydiflumetofen®] 7#4L 0.005-0.500 mg L' H] oA
2Hd 8193, picoxystrobin, pyraclostrobin % BF500-32] 7
22 0.0005-0.050 mg L' HNA A Ao
(Limit of quantitation, LOQ)= signal/moise H] 100148 7|52
ZAESI9oH, 378 A8 001 mg kg ' 0.1 mg kg ol
A 39 FellEkint.

Pyraclostrobin?| & gHMEHFE
AR S E8slE pyraclostrobin®] & AR &
FRFA] “woke] At Ao A3e] WEHNAS, 2018),
e SRS Beste] AESATHA (1),
Total pyraclostrobin (mg kg™) = Pyraclostrobin +
(BF500-3x1.08") 1)

387.83(Molecular weight of pyraclostrobin)

8) 108 = 557 80(Molecular weight of BF500-3)

TR 87| ME

ZH WEE71(50% dissipation time, DTs) Lee 5(2024)9]
el whel 2 (2)F A&ste] A4S AL, 4] (3)
S AHgEte] AFEsiSiTh

Ct = Coeikl

(Ce tolIM S ZH7, t: AZE, Co7 18 E, ke 74 4)

In2
DTy, = “7 3)
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Picoxystrobin, pydiflumetofen, pyraclostrobin®] ZHF-9Hd
A H7E Y3 dAHFHFAF (estimated daily intake,
EDI> A& AHd FF 2021d SRIGFEA 5 A
AF ] Ha 7k Aol HHH (1.17 g 217, B AF (60 ke)e
2] (4l H-gsle] AEBIYTHKHIDIL 2021; Lee et al.,
2021). EEQEH “A2025-3570 AAEo] e dAUAF
5143 (acceptable daily intake, ADI}¥} EDIE 4] (5)°] &
831 %ADIE 2FESISTHON et al,, 2023; RDA, 2025;
Oh et al., 2022).

EDI(mg kgleayfl) =
4)

maximum residue(mg kg_l) x daily intake(kg day_l)
body weight(kg)

-1, -1
EDI(mg kg, da

%ADI = e g‘jvlv y71)><100 (5)
ADI(mg kg day ')
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7t % picoxystrobin, pydiflumetofen, pyraclostrobin 3!
BF500-39] #2418 913t 23439 244 (linearity,
R)E BF 0.999 o]4H0]al, LOQE 0.01 mg kg™'o]it}.
AU AR 3482 picoxystrobin®]  95.4-97.1%,
pydiflumetofenZ 95.1-100.1%, pyraclostrobins} BF500-3-
77} 100.4-100.9%F 100.0-100.6%°1A3L, 4] o] Al
(Coefficient of variation, CV)= 0.4-9.0%% EA4Ho| §8
dE sk

7t = picoxystrobinZ} pydiflumetofen, pyraclostrobin®| ZA| X
TR Hs

Picoxystrobin} pydiflumetofen, pyraclostrobing 7¢7FA
33] 8|4 4AE T picoxystrobin} pydiflumetofen] %7] %+
FHE 247F 7,08+ 1.03 mg kg2 4.70+0.72 mg kg, ©]
3L, pyraclostrobin} ©]e] ARl BF500-32] 782
530+ 0.58 mg kg'¢} 0.22+0.05 mg kg™ ©IAT}. oA A
Il ME A F k] 2] AR A= I, s
AF, AZ iy 9 713x7 Sl wet AYEHE Aow &
HA glom, 27] FAe A T =, HEHY
59 oo w2t dEixAl "rk(in et al., 2018; Kwon et
al., 2004; Lee et al., 2022). 7] &84 W=2d &5, 7]
A, Qo] FollA frAket oFgke Asias W, 271 ART
©] picoxystrobin 1.02 mg kg™, pydiflumetofen2 0.32 mg kg,
pyraclostrobin 0.27 mg kg9 2 X3 ¥} JItHEun et al.,
2024; He et al., 2021; Jang et al., 2024). °o]& 2 A]g]
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Table 5. Dissipation residue of pyraclostrobin, BF500-3, and total pyraclostrobin, and leaf length of the leaf mustard at harvest

DAT® Average residue concentration (mg kg™, SD) Leaf length
Pyraclostrobin BF500-3 Total pyraclostrobin (growth ratio)
5.30(0.58) 0.22(0.05) 5.55(0.60) 263 cm (1)
3 1.91(0.32) 0.18(0.02) 2.1(0.30) 35.7 cm (135%)
7 1.44(0.19) 0.13(0.04) 1.58(0.22) 39.4 cm (149%)
14 0.44(0.06) 0.05(0.01) 0.5(0.06) 49.3 cm (187%)

YDays-after-treatment “standard deviation
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O Picoxystrobin ¥ Pyraclostrobin o Pydiflumetofen

0 y = 7.0969¢2105x (R2 = 0.9975)
o] Z7kske] et Az Bt N DT~ 655 day

_ —~ 6 ~N — 02314x (R2 —

FHZ oA 24X 149 73 T picoxystrobin} pydiflumetofen T \}\ Y {)}32732(])8 day (RE=0989
o] ZHFe 247} 1.71+£0.47 mg kg2 0.47+0.02 mg kg ;n \\\ > Oy = 4523301766 (R2 = 0.9533)
o7 27 RETO| 6%t 0% FFoR As w8 5 TN S DTy

=1
pyraclostrobin 14 73} & 23}3HE3} thAR BF500-3 %
&,

o] ZFHS 0.44+0.06 mg kg2 0.05+0.01 mg kg'°] 5
Fom, ol 5 HFFOZHE 4= pyraclostrobin®] £ 3
ARFES 27] AR (5.55+0.60 mg kg) tHH] 90%

74223k 0.50 + 0.06 mg kg™ '] 2ATH Table 5). ° 0
HE opA Ax F 73 ool wWet picoxystrobint DAT
pydiflumetofen, & pyraclostrobin®| 73 Fig. 13} 2 Fig. 1. Dissipation pattern of picoxystrobin (), pydiflumetofen
o] Z+AsI o wirbr|= 247t 6.6Y, 3.9Y, 3.09E A& (o), and pyraclostrobin (V) in leaf mustard.
itk olg) 2w, B17k o] HE AFA,
79l T GAF e o A o) Aew Q% 7t & picoxystrobinZ} pydiflumetofen, pyraclostrobin2| 2|

AEAGF et 2 2108 By O (Ham et al., (M3 & 4I}

2022; Oh et al., 2023), o[ A|go|A] g she] H|giA 7kol| g} picoxystrobin, pydiflumetofen, pyraclostrobin®] %
=

o

& B S ofA A $ 1497 187% (&Y 9 V1) T 2ol AHAFS ejste] oA AX F ZFF
2 gRlg|o, Zko] ZHF w77 vl A Ao=E wd 2 2olF =EFB7Fe AAISIATE Picoxystrobin, pydi-
=S CHEun et al., 2024; Jang et al.,, 2024; Jo et al., 2017). K3}, flumetofen, pyraclostrobin®] 2]0]4% =& Hd] zHFo]
RlglEo] Z7I%o] FAKE pydiflumetofen} pyraclostrobin VRt A (0 DAT)Z ok 23 § 394t (3 DAT)S] %+
o] ZAFH7|E 3.0-3.94 2 FAKEI oY, F7]9te] whe FHS 7|50 A3} Pydiflumeton®] EDF= 0 DATS};

picoxystrobin (5.5 x 107 mPa)e] HFHH7]= ol A& 3 DATOIA ZH2} 10.7 % 10° mg kg, day™'9} 4.7 x107° mg
of Blal] oF 2u) 71 o2 yepgth wEha, 3del ot kgy, ' day '0]23L %ADR= 247} 0.12%2} 0.05% 22 AREE A
g A 5 2 AFo] & 92 nAE 99o= T}, Picoxystrobin®] EDF= Z}2} 154 x 10° mg kg, day 2}
Sinanal= 12.0 x 10 mg kg, ' day |3, %ADI= 0.36%%} 0.28%

Table 6. Dietary exposure assessment of the pesticides in the leaf mustrard

. DAT Residue Food daily intake ADI EDI
Pesticid - N - g %ADI
e (days)  (mgkg) (kg day ) (mg kg ") (mg kg, day™) ’
) ) 0 7.89 15.4 %107 0.36
Picoxystrobin 0.00117 0.043 s
3 6.14 12.0x 10 0.28
) 0 5.47 10.7 x 107 0.12
Pydiflumetofen 0.00117 0.092 -
3 2.40 4.7 %10 0.05
i 0 6.20 12.1x10° 0.40
Pyraclostrobin 0.00117 0.03 -
3 2.43 47 %10 0.16




2 RIS} Pyraclostrobin®] EDR= ZH2} 12.1 x 107° mg
kgy, '3 4.7 x 107 mg kg, day 0], %ADEE 0.40%
9} 0.16%2.2 1= ATH(Table 6). A1 w2kl Ao 257
FE 71ECE %ADIE e A BE ARl 1% mRt
o2 gRIxo], Zte] H2FHW WAl AR F =S A
gk PAANE 71 MRIAIA ] 7Fse A o2 Skt

ZAe =

& A7 20249 FENTY FHAATIARIG AT
70eH] (RS-2024-00352111) Aol o)) Fal=|9lom o]o)
A=Y
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2 o £ dAe e AAApIAelN AeFHE = BAIE 918l picoxystrobin 25% AdFSHAl,
pydiflumetofen 18.35% /d<F3HAl, pyraclostrobin 22.9% A& 79 7HA = 33] 735 Axgh ¥ AA1A 4 ¥
315 ZARLL, Ao] AFd W &S H7I5I T Picoxystrobin®] Z7] ZHFERE 7.08+1.03 mg kg 'ollA 14U &
1714047 mg kg 02 E31 oM, 27 |1= 6.559 010t Pydiflumetofen®] 7] ZH72 4.70+0.72 mgkgol3S
™, 144 § 0.47+0.02 mg kg2 HAsIAL FFREE = 3.990]0T. Pyraclostrobin 7] ZHF-#F] 555+
0.60 mg kg 'ollA] 149 ¥ 0.50 = 0.06 mg kg 'O 2 7FASIA, W)= 3.0d01n). o Ax & AEH Ho &
Tt et AoldFA RS 7IE R EDIE AHEst A, ADI 7|H e B 1%V R i
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