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Residual Characteristics of Fungicides Azoxystrobin, Fluxapyroxad,
and Penthiopyrad on Peucedanum japonicum Thunb
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Abstract This study was conducted to evaluate the residual characteristics and biological half-life values of
three fungicides: azoxystrobin, fluxapyroxad, and penthiopyrad and their metabolites: R230310, M700F048,
M700F002, 753-A-OH, and PAM on Peucedanum japonicum Thunb. The LC-MS/MS analysis for the
pesticides and metabolites was validated in terms of the limits of quantification, linearity, accuracy, and
precision using the QUEChERS method. The method limit of quantification (MLOQ) was 0.01 mg/kg and the
accuracy and precision ranged 73.8 to 113.7% and less than 8.4%, respectively. The study was carried out in
a greenhouse and azoxystrobin 21.7% SC, fluxapyroxad 15.3% SC, and penthiopyrad 20% EC were sprayed
three times on different application days before harvest. As a result, the initial residual concentration of
azoxystrobin in the sample collected on the day of the final application was 18.06—19.79 mg/kg, then
decreased to 87.2% in the harvested sample at 21 days after the final application compared to the initial
concentration. The initial concentrations of fluxapyroxad and penthiopyrad were detected as 8.13-9.19 and
3.09-3.49 mg/kg, which decreased to 89.1 and 84.6% after 21 days, respectively. The biological half-lives of
each pesticide based on the results of this experiment were 10.7 days for azoxystrobin, 8.2 days for
fluxapyroxad, and 10.2 days for penthiopyrad. Three pesticides used for the control of powdery mildew in
Peucedanum japonicum Thunb showed a similar decrease over time.
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(NAQS, 2020).

2 AT NFAER] A7 S U= (Peucedamm japonicum
Thunb)& Pue]#H(Umbelliferae)ell &3l thdAl ZEO
2 A& vk, T, S 59 obro} F7ellA Bl Aful
=i glon, 53] fEutelis st E FHeE &
HH oz AuiE T e AEo]tHKim et al., 2007). ZA7]
SUE9] ¥2]9l= peucedanol, umbelliferone 52 F274
o] FHrEe] Slol(Kim, 2015), HelME g, HE
o o T3 A 559 s R V3, 75,
M B A7 estoll o] &EHAY 9771t HRk] A &
Lol EgAo] =& okgAET BIEY UrH(Lee et al,
2008; Kim, 2015).
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Y8t 9 thKwon, et al., 2020).
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Fig. 1. Chemical structures of azoxystrobin, fluxapyroxad, penthiopyrad, and metabolites.



HWIELIE & AMAAM| Azoxystrobin, Fluxapyroxad, Penthiopyrad®| Ztm EM 417

strobin (99.9%) fluxapyroxad (99.9%), penthiopyrad (98.0%)
E48 HFES HPC Standards GmbH (Borsdorf, Ger-
manyl A Fsle] Algadon, 7+ BEES] dAMA
R230310 (98.0%), M700F048 (94.0%), M700F002 (98.5%),
753-A-OH (94.3%), PAM (99.94%)= 7} 5] A zALo)
A A gukel ARSI (Fig. 1). Algel o83 4714
acetonitrile, methanol, -2 Burdick & Jackson (Muskegon,
MI, USA)9 high-performance liquid chromatography
(HPLC) H<] A& AFE-3192, formic acid (98%)= Jun-
sei Chemical (Tokyo, Japan), ammonium formate (99.995%)
£ Sigma-Aldrich (Steinheim, Germany) Al&-2 ARSI
o A1euE § AFstdS 919 QUEChERSY %
< 981 roQ™ QUEChERS extract kit (magnesium sulfate,
sodium chloride, sodium citrate dibasic sesquihydrate, sodium
citrate tribasic dihydrate)?} FAE I8 AREE roQ™
QuEChERS dispersive SPE 2 mL (primary secondary amine
(PSA), octadecylsilane end-capped, magnesium sulfate)
phenomenex Inc. (Torrance, CA, USA)ZHFE 93l A}

of

ANPEZALE BdEE T FF dds S8 9A
g A7 AR she2olA Flsion, FE2
2E-S ARSI A8 717E 5<9H(2017. 04. 28-2017. 06.
21) AR A HA 7122 10.0°C, HL7]2& 32.8°C,
it 7122 20.8°C, B+t A FET 60.2%ATF. 2FAIA
e WAL 7} Foktt 10 mY1 AR 39 w5}
AL, AFFAZR] 1S Fetalat 1.0 m o] e
£ gr& 5 APt de FAHETFE 10 m™]
HHoZ 3ukE x5t}

AldEere] kATl 8 A oA HdS tEA A

Aste] wskA0m, ARHAE 2 S Ao %
A 22 30 AFokl 4T 1 A F04) &
1, 2

71| 21, HP-2010, 80 PSI)2] U3 A
AFFH(mL/minyg 3¥HT 02 e &, AlFT AR el ol
o] F3] 55 AERE #dahA XU Table 10 w
2} 7} Fofuitt 79 S ARSI £ A oA
AL 40-30-21€74, 30-21-149 74, 21-14-7€4, 14-7-0L4 =2
7} Fult} 33] AEETH

=

of +8 % AIE Hx2|
A

|2E 23 HINE F 0dele] 3

3] AxE F)oll ZE AFellA oF 1kg o34 A st
of ofo]zutie] Ho] WASE (8~12°C, 1-2A17F 25 )0llA]
AR &7 T HdR 43 271E AAL Ade H
Tfojolo] 25 ol YA 7|2 #43} 33Tt
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i
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[EUE A& 10.0 ol acetonitrile 10.0 mL
g 7kt & 287 (1,100 rpm) X FECH Y F&
st A]F9)| 6.0 g magnesium sulfate, 1.0 g sodium chloride,
1.0 g sodium citrate tribasic dihydrate, 0.5 g sodium citrate
dibasic sesquihydrateS F7}sto] 327 1&g FZ5 §F 4°C
A1 4,500 rpmell A 6327 A41%-2](Z383K, HERMLE Labor-
technik, Germany)alSith. 94| Al5A 35 1.0
mLE 33t ¥ EN method d-SPE kit (150 mg end-capped
C18 sorbent, 900 mg magnesium sulfate, 150 mg primary
secondary amine)°ll ¥, 257} vortexing & 12,000 rpm®]|
A 287 ARk A4S 0.22 pm syringe filter
(PTFE membrane, 17 mm, GVS, USA)Z &J3}5}4] aceto-
nitrile 3|43 A| 55 B4l ARSI

7124 =H

A718E S azoxystrobin, fluxapyroxad, penthiopyrad

Table 1. Pesticide treatments during study period: days before harvest

Pesticide ALY (%) Formulation Dilution ratio Pesticide treatment before harvest
14-7-0
. Suspension 21-14-7
Azoxystrobin 21.7 concentrate (SC) 2,000 30-21- 14
40-30-21
14-7-0
Suspension 21-14-7
Fluxapyroxad 153 concentrate (SC) 4,000 30-21- 14
40-30-21
14-7-0
. Emulsifiable 21-14-7
Penthiopyrad 20 concentrate (EC) 2,000 30-21-14
40-30-21

JActive ingredient
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Table 2. The instrumental condition of LC-MS/MS

0x
N
N
op
o

Instrument Agilent Triple Quad 6460 LC/MS with Agilent 1260 series HPLC (Santa Clara, CA, USA)
Column Agilent Poroshell 120 EC-C18, 2.1 x 100 mm, I.d., 2.7 um (Santa Clara, CA, USA)
Mobile phase A 5 mM ammonium formate & 0.1% formic acid in water
Mobile phase B 5 mM ammonium formate & 0.1% formic acid in methanol
Injection volumn 1ul
Column temperature 40°C
Ionization mode ESI positive
Gas temperature 325°C
Gas Flow 6 mL/min
N
Ion pray voltage +4000 V
Analyte I"recursor Quantitative ion CE Qualitativeion  CE
ion (m/z) (m/z) V) (m/z) )
Azoxystrobin 404.2 3722 10 329.2 30
R230310 404.2 3722 10 329.2 30
- Fluxapyroxad 381.9 362.1 10 342.0 20
MS condition M700F048 530.0 368.0 20 145.0 30
M700F002 163.0 122.8 20 68.1 30
Penthiopyrad 360.3 177.1 30 256.3 20
753-A-OH 376.2 276.1 10 177.0 30
PAM 194.2 174.2 10 153.8 10

2 o592 tiARA| R230310, M700F048, M700F002, 753-
A-OH, PAMS] 412 LC-MS/MS(Agilent Technologies
6460 Triple Quad, Santa Clara, CA, USA)S AM-3IAL
electro- spray ionization (ESI)2| positive ion modeZ
3193t o] 542 5 mM ammonium formates} 0.1% formic
acid’} £ E3} methanole AHE3IATH A% 2 AAE
A& 913t 23 9] multiple reaction monitoring(MRM) Z71

7t 249 FFE(1 pgmLys AHE-sted MS/MSOA

Ko
A3t 5, F40 A-8-3}A THTable 2).

NESs % ARISS ENE 243
o

H =9
7 NEEet 9 gale BAEe 7179

(Instrumental limit of quantification, ILOQ), 4]

.

o)==
2T

hul

FEE

= FH4&

|aLsted B4 (%)E 4
3l&o Akt A
ZH(Relative standard deviation, RSD%)Z ¥ 7}5}%.2.
ZHe] AFEA A
Bl A 2kslA

RS =]

,

matrix-matched standards ©]-&

HeF, 7280, HEd

0.5 mgkg (n=3)°] HE= sttt AldEsF 2 AR 7F A
2E A ES} 4719 A7 HEEA etz

B2 Alg A sl st
A8 AZ" sx9 Aw S
atach. A A

T AEE

Hgoie, AEF, 3280 $AY, /1FAF 5L )%

aod thg} o] 225 THEG 1).

e

o 4

MLOQ (mglkg) =

2F31A| (Method limit of quantification, MLOQ), 7 #4129
x4 2 Ieg AlgeE 7538t Matrix-matched
standardZ AT GG wEE A Tt
signal-to-noise ratio’} 10Kt} & 7P v w25 7]7]
o] ILOQE Ao, gewgt 4

Gl

rlo

o
s e 348§ AIE
S B3l SRl Fofol APHA e AVlevE o
Z7 A& 10.0 g9 azoxystrobin, fluxapyroxad, penthio-
pyrad ¥ o]E2] thA}A| R230310, M700F048, M700F002,
753-A-OH, PAM®] ZJ #5784 H7lete] $%71 0.1 3

T

A2 A1 EHme) x FEE FmL) x A3 A &l 3Fenl)
ANEH (g xFE B FHmL) x 71715 F(ul)
(Eq. 1)

AzoxystrobinZ} fluxapyroxad, penthiopyrad2| &
SHHMRY W MEEH U] ME

B A ARSE At 3F] AR BegdEd o
daRbEe] HoR XA eI “Eok]
TR o]l HAIE A3l mEH(NAS, 2018) T 2]l
ofsf SHHAITE E8-ate] A=ESIATHEG. 2, 3, 4).
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Azoxystrobin®] AR
= Azoxystrobin ZH7%F +(R230310 2+ x 1.0”) (Eq. 2)

403.4(Azoxystrobin2] 2} %)
403.4(R2303102] &=} )

91,034 A ) =

Fluxapyroxad®] 3HH253F;
= Fluxapyroxad 7H#3F + (M700F002 73 x 2.35%) +
(M700F048 Z-7-3 x 0.729) (Eq. 3)

381.3(Fluxapyroxad 2] & A} &)
162.1(M700F002 2] -2} 2F)

" 35(B A %) =

381.3(Fluxapyroxad 2| =} 3F)
529.4(M700F048 ] -2} )

90.72(3 2 A ) =

Penthiopyrad®] $HHeHR2;
= Penthiopyrad 7% + (753-A-OH #573 x 0.96") +
(PAM 73 x 1.86%) (Eq. 4)

359.42(Penthiopyrad 2] &2} )
375.4(753-A-OH9] F-A}- %)

90.96(ZHAHA )

359.42(Penthiopyrad ©] 2} &)
193.1(PAM 2] £} &)

J1.86(FAHA ) =

A715UE 5 azoxystrobin?} fluxapyroxad, penthiopyrad®]
AEeHA 7= b3t o] A7 mE AR
a2 Co= Cox eM (Ce A%, Cp 78R, ke A3,
t: AIZHe 2 ARSI kiks ol&ste] WH71E 0.693/k 4
© 2 A4l tHChang et al., 2011).

4% oz

=A{ ol &

2003 Anastassiades et aloll &3] A2 =Y ol
QuEChERS A% ARitA]7]719] ddat Bgo] Bol
o|FoX WA Al B2 FeRTAld g AREHIL 9l
QUECHERSE =7 original, AOAC, EN 156628 3714 %
= % Al HaEe o, E AofA= Kim et
al,, (2016)°14 SHE R FoF SAIEAH ] Sol 2
Aste] EN 15662 WHOZ  azoxystrobin, fluxapyroxad,
penthiopyrad 3 ©]E¢] WA R230310, M700F048,
M700F002, 753-A-OH, PAME 715 v=olA] 5 2 4
Alstsict.

Azoxystrobin, fluxapyroxad, penthiopyrad % ©]E<] oj

A R230310, M700F048, M700F002, 753-A-OH, PAMS]
ILOQ<= matrix-matched standard= 2213F A3} 0.0005 pg/
mL3TH A5kl ®alehs % thalAl MLOQeE AAE]
WA 7V, 4AFE Avtete] 0.01 mgkgSE
A4k

AEEFo] matrix-matched standardE #4j5lo] A& =
FolETR}e] WS 7Eo R 2dE A A8
0.999 ooz T Fsation, 2 5o A FE(0.1
9 0.5 mgkg)ellA] 3uHE0 2 a5t 35 AlFolA] gl
d AdEF 9 IS Ht 3582 azoxystrobin;
107.0-114.7%, R230310; 103.9-113.7%, fluxapyroxad; 98.6—
111.4%, M700F048; 98.4-110.6%, M700F002; 84.0-100.9%,
penthiopyrad; 101.3-106.9%, 753-A-OH; 101.9-107.6%,
PAM; 73.8-88.7% S1o™, AU=(FHETZHR}, RSDY%)=
AAH o2 (.7-8.4%F European Commission Regulation
(2020) 2 Codex Guideline (2010014 27-3h= 38 2
AU EFHAL] 7)Ee v AFR] 3FE 70-120%, &
AR} £20%E WEoke Ao ERlE. B3 A
Z1evE 2T AlEoiM AdEE 2 AR mEE Al
7l &25 = e SRR Z3UThFig. 2).

upebA] 2 Aol AgE EAHS A7lEv=E Yol 2
3= azoxystrobin, fluxapyroxad, penthiopyrad % THAF
R230310, M700F048, M700F002, 753-A-OH, PAMS] 77
TEE A shet A%t 2o s dAdE,

A7|§LHE & azoxystrobin, fluxapyroxad, penthiopyrad
9 s

re
re du
-4
2,
>
c

= azoxystrobin 21.7% 2’3534l 2,0008H,
fluxapyroxad 15.3% <H3<3kA  4,0004, penthiopyrad
20% FrA 2,0000] 3MNg 5k A opA| X AS st
o 33] Ax & WgUENA AREFE ZAIAL T
& APskA] & FAYT AlRdME ZFREte] AEH
2] gkoktk. tiARAl R230310:2 A1 717Hs3F 0.09-0.93 mg/
kgQ 2 AZEIoM IHEHFHS 488 azoxystrobin®]
HrEET AX 9Ye 7] RS 18.06-19.79 mg/kg
o1, 78 74 A oM E 12.30-18.53 mgkeo 2 %
7] ZARErdid] 21.2%7F AT £ 149 Aole
6.51-12.86 mg/kg -2 52.6%, 53 219 el 1.61-3.06
mgkg® 2 87.2%7HA] A= 73EE Ho azoxystrobin
< WNEEOlA AlZbe] Al wet ZRsErt st
© Ao® RIHAT WS V= FARE AlgA] 2
A% azoxystrobinS 7] ZHEIFHH] 2040 A3k o
oF 953-97.6%7A ZAFEE Hle A7E AT 5 3l
AUTHSeo et al. 2010). o] A9 T4 AHES Lee et al,
(2019)2] HgHH oz AAE azoxystrobin®] AE8HZ Ht
A71= 1079010 0™, AlFX]2] 739 3.2-3.8%(Seo et al.
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Fig. 2. Representative HPLC-MS/MS chromatograms of untreated (A), recovery samples fortified at 0.1 mg/kg (B), recovery
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Table 3. Residual concentrations, dissipation patterns, and half-lives of the test pesticides and metabolites
Pesticides and Final Residual concentration (mg/kg) Dissipation Dissipation Half-life
tabolit treatment days . o ; d
metabolites before harvest ~ Min. Max. Average + SD (%) regression (days)
0 18.06 19.79 18.80 +0.89 N/A
) 7 12.30 18.53 14.81 £3.28 21.2
Azoxystrobin y=19.8427¢ 005 10.7
14 6.51 12.86 8.92+3.44 52.6
21 1.61 3.06 2.41+0.74 87.2
0 0.32 0.43 0.36+0.74
7 0.72 0.93 0.82+0.11
R230310 N/A N/A N/A
14 0.25 0.45 0.33+0.11
21 0.09 0.15 0.13+0.03
8.13 9.19 8.79+0.57 -
7 3.98 5.39 4.53+0.75 48.5 00848
Fluxapyroxad y=8.7497¢ "% 8.2
14 3.08 3.79 3.37+0.37 61.7
21 0.59 1.25 0.96+0.34 89.1
<0.01 0.01 N/A
7 <0.01 <0.01 N/A
M700F002 N/A N/A N/A
14 <0.01 <0.01 N/A
21 <0.01 <0.01 N/A
<0.01 <0.01 N/A
7 <0.01 <0.01 N/A
M700F048 N/A N/A N/A
14 <0.01 <0.01 N/A
21 <0.01 <0.01 N/A
3.09 3.49 3.32+0.21 -
) 7 2.29 291 2.54+0.33 235
Penthiopyrad y=3.4768¢ 05" 10.2
14 1.27 1.48 1.34+£0.12 59.6
21 0.39 0.64 0.51£0.13 84.6
0 <0.01 <0.01 N/A
7 <0.01 <0.01 N/A
753-A-OH N/A N/A N/A
14 <0.01 <0.01 N/A
21 <0.01 <0.01 N/A
0.29 0.29 0.29+0.0
7 0.36 0.47 0.43+0.0
PAM N/A N/A N/A
14 0.34 0.37 0.36 £ 0.0
21 0.12 0.16 0.14+0.0

2010), 2l wjAoE= 5249 ©]A(Lee et al., 2013),
v 7k Al Al EeolMe) 1559 Rtk AESH ukgl]
7} #- A SR18HATH(Lee et al., 2011).

AR M700F048% M700F002-S A3 717F5¢ MLOQ
°0]3K(<0.01 mgke)= HAEHA 94%™ fluxapyroxad®]
Free 24X 9 %7 8.13-9.19 mgkeo|R L, 3 79
A AT E 398-539 mgkgl® 27 AFEEOH]
48.5%7}F 7Adlon, 423 14d Aoll= 3.08-3.79 mg/kgS
2 61.7%, & 21¥ Aol 0.59-1.25 mg/kgS 2 89.1%7}
A 7FAsl T} Fluxapyroxad®] &%= 38k, 9bA9] azoxy-
strobin} frAFSHAl AlZke] Aol weh A &H o072 7hAst

£ 23S B Nam et al. (2019)014 B2E w30l
o] fluxapyroxad?] ZHF5/3S B %7] ZHF=oiy] 149
o] gt A|5OlA oF 91.7%7HA] asE AIE B,
Noh et al. (2018)e]l ©]3F EA A fluxapyroxad= 74°]
733k Fol| oF 50.0%714] Ak Ao® HAEth A
715 UENA fluxapyroxad?] AJESH W= 8.2Y ©]
At

AR 753-A-OH2 A&7t AEEA ke
(<0.01 mg/kg), PAME 0.12-0.47 mg/kge] AZEAC}. o
AR AR S H83E penthiopyrad AHFsTe X

T 271 3.09-3.49 mgkeeol AL, 78 79 A FEAM =
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229291 mg/kg® 2 27] AREEH] 23.5%7F 7T
o, 8 149 Aol 1.27-1.48 mgkglZ 59.6% A, &
3 21Y HollE 0.39-0.64 mgkgS & 84.6%7HA 71451
t}. Z35HE penthiopyrad®] FF3-2 SFA|AE & A7to
733t wat A o Hadhe RS VeI o]
e AHE52 AHA AWZHE 55 F penthiopyrad %
AVRESl 2HE A% Ak Ao ® 1S & AATH(Lee
et al., 2016). Penthiopyrad®] =384 7= 102¢=2
Algel 288 tE 2% sof fAR AFE BYlon,
Algol g% AtAl 3% (azoxystrobin fluxapyroxad, pen-
thiopyrad) % tHARA 9] ZH5Eet W)= Table 39 W
ERA AT

A715 =] A-8¥ azoxystrobin, fluxapyroxad, penthio-
pyrad®] 7HA7dds) v B AR 23E BT
o ZHEe] wet Zpol 7t HO]L AL A€l aﬂ(ﬂlzﬂ
wi, AA 5, Feke] AEny, sikEe] w4, #4
of e B A5 54, A= SF L vl &3 M1
I, ARIhALe] o3t B4AR 5o of2] QQlo® <laf 3t
FEA 9 ugr) 9] 2pol7t e e 2102 Hlth(Lee et.
al., 2003; Lee et al., 2005; Hwang et al., 2012; Han et al.,
2013). & AFE F3f A7IHE 5 AV A AA
azoxystrobin, fluxapyroxad, penthiopyrad®] &2 & 7+
FEAS S ] ALkt oo PR 7IES]
Ao AHE T S Ao Azt

{n olN

= =

2 Ate 218 FeATIAA (Project No. PJ
01285607) Aol 9J3l] Fa e, ZAL=HU T
O o &S ZHA|

ARp= olal AFAATE fles AU
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Qa7 T

2 o E A3E A7BIE(Peucedanum japonicum Thunb)ollA azoxystrobin, fluxapyroxad, penthiopyrad & ©]
E9] thAK R230310, M700F048, M700F002, 753-A-OH, PAM2] 73A12 zbgishdqaf Wsls Sa) A &8 bt
W71E AREste] A Ve E AR R GEstaat FAEAT 7 woFe] ®aletE 9 A= QuEChERS
Ho Az § & LC-MS/MSE o]&3te] FoHtAslelar, #42 71719 A=A, Sl el A4
3, 8 2 AYE S T8l ASEAT A ARFEHAE 0.01 mgkgelloH, B AdEE 747t
73.8-113.7%2} 8.4%°|3IAtE Alg-2 AldAu|ox] 3atdon, =3 A 33]o] ZA azoxystrobin 21.7% SCS}
fluxapyroxad 15.3% SC, penthiopyrad 20% ECE 4H2st & A|RE AJF3td B4t #AFEeF 24454
azoxystrobin®] ¢ ZF AE § FA AFHI A FHoAAM Y 7] FFEL 18.06-19.79 mgkgl Z HAEHOH, F
A 3 21YU0] AT A BAME 27 AFEE T 87.2%7F 24t th Fluxapyroxaddl e 27] AFs®
7} 8.13-9.19 mg/kgo| AL 219 3] Ao M= 89.1%7HA] HrAdHs 7B eS B .2H, penthiopyrad®] 27] M5
5 3.09-3.49 mg/kgo|UA R, FE AT 21U Fo| A BoME 84.6%7F HAE Ao Felgn) A A3t
£ HEOE AEd A7 UEAA 9] 7t 5ok A= )= azoxystrobin 10.74, fluxapyroxad 8.2 1
23 penthiopyrad> 10.29013th £ AFE 53 WEE 5 A/FEH HAE 93 AA 359 7548
T e Azh, A7 Al wel sAFA Q] A UeRuRs ¥]sed 3RS UeRQIT

AM010{  Azoxystrobin, Fluxapyroxad, Penthiopyrad, 471 5&, ZH7-59F
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