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Abstract This study was carried out to evaluate the residual patterns and dissipation of afidopyropen,
pydiflumetofen and mefentrifluconazole in perilla leaf. Perilla (Perilla frutescens) leaf was applied twice with
afidopyropen or three times with pydiflumetofen or mefentrifluconazole. All pesticides were 2,000 times
dilluted in water, and each application was made at interval of 7 days. Perilla leaf samples were harvested 0,
1, 3, 5, 7 and 10 days after final application and used for pesticide residue analysis. Recoveries of all tested
pesticides in perilla leaf were good in the range of 67.2% to 114.8%. Residual amounts of afidopyropen
(0.06-0.42 mg/kg) were lower than those of pydiflumetofen (12.22-28.90 mg/kg) and mefentrifluconazole
(2.35-6.09 mg/kg). Based on first-order kinetics model, half-lives of afidopyropen were 4.2 days, and those of
pydiflumetofen and mefentrifluconazole were 4.2, 8.7 and 8.3 days, respectively, indicated longer half-lives
compared to afidopyropen. Residual amounts of the three pesticides sprayed on perilla leaves tended to
decrease according to the harvest date, and Residual amounts and half-lives of the apidopyrofen was lower
and shorter than pydiflumetofen and mefentrifluconazole. Also, ratio of the estimated daily intake compared
to the acceptable daily intake was less than 1.5%, representing safe level for all tested pesticides.
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S, e, SR ol WA E S BITH(Park
et al., 2020). $A)] afidopyropen, pydiflumetofen & mefen-
trifluconazole U=, UE 5 3joA ZHLHS7F AHF
Apeo] ShE AL ARg-RFo] A} S7tske Aol Hlal] el
Me oldt FEe] AHE A2 e kg ATt

Hlgste] SHARANEIE B FINEVIE AR AT

P
2018). 20219 FAHEEA ALY FAbE HEF B4 ZHFAE A} SE7F AlFeE Aol
o) w29 20219 8¥ 71Fo g £ S50 e S8 tigh A7) 7F skl Al ke 7] R

H7IHE 5o 2AE e FH3 A4} 27970]00H, g ZFEoke] vizr] Wi S (half-life)E AlLtste] A1d
% T AFEAS Y5 A HF A FAE O

o
o E29e T 4%, ¥E, AFA 5

@ Slald WrkE ) S8 2asith Borel AREAL
dZal7] S13 Ty WaSe] ATHOLkPark et al,

AN F= & 2005; Fantke and Juraske, 2013), o] HHZX O Z AL
A A g FAF v)go] 7R Aoz e 3= WAL first order kinetics modelS AR&-3to] 848l

o
(NAQS, 2021). webr EAUH 2
Ao v 55 % AREE
T7HHS 28 & Ro2 AlgH
Afidopyropen2 Pyropenell 214+ A5AZ Meiji Seika
PharmeAle} BASFA} 35 7WEst 59F0 2 (Jeanmart,
2016) XY=, 24A7FFol, Y 5 FF4 dgel ¢
gk a3 HRlth o] Fo 2 I5H, AMaF, 53 5
o WAst= a5 WAl AREEH, o} BHeAA] o2 =
53 2Ag71er Aulgd £2 838 vehital By
3} Jth(Leichter et al., 2013). =3k, ZH&Eof|A] afidopyropen

Olg_

90w oF Eate] Fofel ARG a5l 75 Aow
AR = tH(Kim et al., 2012).

2 e A ARE AU gk AatEet
afidopyropen, pydiflumetofen % mefentrifluconazole 3%l
thsted sl 2RE871E AAE 93 AEE AR 9
a ANZA AFEAHS FASIGYOH, first order kinetics
modelS A48t 7} Foke] AN E AFEste] R
5187150 A4 2AE Ak, flEdS "ok Slet

o] a3t

o] AR M4401007& ®shetEe] 23-91% FEoz 44 X8 2 Hi

), B33t 5] 5498 B afidopyropenst T &

Akete] RS W7kl ATHIMPR report, 2019). Pydi- A E A

flumetofen= Syngenta*}ol|A] 7128t Pyrazole Caboxamide EAUY WREAS PSP fleted A woF

A AAAR AEo WAk VMR, Aol 5
8k a5 Role AlgF gAolt)h Pydiflumetofens 2
& ¥+ £35S A3ll(Succinate Dehydrogenase Inhibitors
(SDHI))5h= 2H87121S- 7FA) 3L .2 (Avenot and Michailides,
2010), 7129 AgAlET g7t $pate] A AAH R
T, AL, AT L AR T O e 55 A
S8t FHE AMSTFs 2HES] SIS WAL Slo] o
2o ZEo gt A7t Z sk 2o]tiNoh et al., 2019).
MefentrifluconazoleS BASFARA 7Het 241 triazolel
AFA AtAloltt, o] Fok2 AxH Aol g FF

wo] SAHAGO ol Az ow oA AeA %

Table 1. Guidelines for the safe use of 3 pesticides

afidopyropen (purity 94.52%), pydiflumetofen (purity 99.1%)
2 mefentrifluconazole (purity 99.26%)¢] ¥FES Dr.
Ehrenstorfer GmbH (Augsbug, Germany)2| A|ZF2S Y3}
of AME-31913L, afidopyropen®] THARA] M44010079] E53%
(purity 89.9%)2 BASF (Ludwigshafen, Germany)$] A|&
& Fske] AHgSIITh AF AHgE Foke ohlEnE
A 2.5% FIEA (3T Wl EAIZ), U ST E 18.35%
NSl Pl B MRER SRS 10%
VB IR NS AT AF S o
71352 Table 191 A SHATE

o,

[}

Pesticide Formulation ALY (%) dilution factor PHI” (day)
Afidopyropen ME? 25 2,000 2
Pydiflumetofen N 18.35 2,000 3
Mefentrifluconazole SC 10 2,000 3

dActive ingredient, “Pre-harvest interval, “Microemulsion, “Suspension concentrate
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AHE A+ o= ke F 500 g o] AFEAL
o, HFHALE 50, 1,3,5 72 102 HHo2 585
Ak T AlE= Egfoloto| 28 T #Astete] 20°C
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Alek 2l 20
S Ao ARg-ek 80l acetonitrile J.T. Baker
Chemical Co. (USA)°IA], sodium chloride % sodium

sulfate= Junsei Chemical Co. (Japan)ol|lA], formic acid %

RO °]
19 0to

=
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dichloromethane& Duksan pure chemicals (Korea)ollA, %
4= Fisher Scientific Korea Ltd. (USA)°IA, Aol AM&-
3k PSA 2 C182 Agilent (USA)IA +d3te] AR&-sISITH
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Table 2. LC-MS/MS conditions for residual analysis of 3 pesticides

Mefentrifluconazole®| XFEAM 4l Qaiy Tt 67

ANEE 27 10g8 s o acetonitrile 20 mLe}
sodium chloride 2 g& 78t 3087+ HNE-FZ3F3A.
F2 F 3500rpmolM 587 fAEeste] e
syringe filter (0.2 pm)=2 JZg § LC-MS/MSOl| 5 ulLA
T3t Mefentrifluconazole®] 739, 10g9] A]&9
acetone 60 mLE 3 7F5}aL homogenizers ©]-8-3t%4 10,000
pm O & 5E7F VEu - FEE] FEES celite 54571 2
2 biichner funneldollA] 749173132 30 mLe] acetone®
2 87 9 S Aol o ol geidint. o] A4S
separatory funneldll %7 SH 150 mLe} £33 94 50
mLE 7}5}3 dichloromethane 50 mLZ 28] HHjdk %
anhydrous sodium sulfateZ-ollA] B33 40°C 22 3]
A b s3I 75 3 ZARE acetonitrile 10 mLol|
Agalate] BN ER ARSIt A5 ZAE 98l 50
mge] PSA Z C18°] ©7] micro tubed] EAAIE 1 mLE

Y3 A-E8 £ 10,000 pmllAl 3E7E 9AEE e
FeNS syringe filter (0.2 pm)2 oJ3}3ted LC-MS/MSe]

o

uLA Fdaleh. Bl flg 7 woke] FE A
< 7t ZFEFS A AEE 345t afidopyropen %
pydiflumetofen> 0.002, 0.005, 0.01, 0.02, 0.05, 0.08 %
0.1 mg/Le] calibration solutions ZA|3ted ZHzb 5uly 5=
A5}, mefentrifluconazole 0.005, 0.01, 0.02, 0.05,
0.1 2 0.2mg/L2| calibration solutiong 4|5t 242} 2 uL
2 FAsATE 71714 2702 Table 2 2 30l ERAITH

[\

of

H

Pesticides Afidopyropen (M4401007) / Pydiflumetofen Mefentrifluconazole
Detector Thermo ALTIS AB SCIEX QTRAP 4500
Column Cadenza CD-C18 (100 x 2.0 mm, 3 um) Cadenza CD-C18 (100 x 2.0 mm, 3 pm)
A: 0.1% formic acid in Water A: 0.1% formic acid in Water
Mobile phase B: 0.1% formic acid in Acetonitrile B: 0.1% formic acid in Acetonitrile
A/B =20/80 (v/v) A/B =25/75 (vIv)
Injection volume 5uL 2uL
Ionization mode ESI ESI
Ion source polarity Positive Positive
Table 3. MRM conditions for residual analysis of 3 pesticides
Pesticides Precursor ion (m/z) Product ion (m/z) CE
Afid 5943 202.1 33.0
idopyropen .
PYToP 148.1 47.0
404.2 33.0
M4401007 1187.8
386.3 42.0
) 193.0 34.0
Pydiflumetofen 426.0
406.1 13.0
i 70.1 59.0
Mefentrifluconazole 398.1

182.2 39.0
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E702 F afidopyropen (HAHA] M4401007¢] &), pydi-
flumetofen 2 mefentrifluconazole®] ¥H7 (e s %
7] ZHFEHCy), AHL (@), ATk B A7 A
FoFe] RH(C)S o}l first order kinetics modelol] T

[}
A7 e o] wet AkEskit.

C, = CO X ek,

1

EC() = C() X ekt
_ In(0.5)

T —k

flad Bt

E79 5 afidopyropen, pydiflumetofen 2 mefentriflu-
conazole®] SHAA H71E $l5le] LU 3518 (acceptable
daily intake, ADI) tH] UYAFF4 H(estimated daily

intake, EDI)?l %ADIZ ¥7}8}2thJin, 2018).
dAHF 2 0.0025 kg A H-FE} 33 &

E74919]

A=)

Bt Ao 2 o] dYdFHFEFE A=A THKHIDI,
2022).

ol = HFHF(mgke) x U LA H FHke/day)

5 _ =
(mg/kg-bw/day) g9l 3 7 4] (60 kg)
%ADI = dAdH %—’F’g Z(mg/kg-bw/day) % 100
o A A # 5] & F(mg/kg-bw/day)

0

A « 38

E708 & afidopyropen, QA M4401007, pydiflumetofen

2 mefentrifluconazole {41 ¢ AFeAl= 27 0.01 mg/

kgolom, 35S 72.7-107.9%% Yebdth ol &

A7 Ade] 719 e W9l 70-120%E Uehio] 3
o 4N 715E WSSl (Table 4).

Oz

El

SN e IE 7Y M

S HF oA AE F Yol ©E afidopyropen,
pydiflumetofen 2 mefentrifluconazole®] ZHF5%= W=
Table 5 YERSITE. EAS F afidopyropend] %7] %
22 0.34+0.10 mgkeo |2, HFHA AE 79 9 10
A3 5 AFFS 77 0.10+0.01 mgkg 2 0.06+0.01
mgkg® & 7] R o] 22 oF 70% 2 82% 7rael
ATt Pydiflumetofen®] 7% %71 ZHF#E-S 28.52+0.59
mg/keolaL, 79 B 109 7B F 2R 747 17.83+
0.64 mg/kg 2 12.90 +0.59 mgkgl & 7] bFaFola] oF
36% 2 54% 7HAas X5 Btk B3 mefentrifluco-

Table 4. Recoveries of the analytical method and storage stability of three pesticides in perilla leaves

Recovery of storage stability and

Pesticides 11:; (\),retll f(‘lrilagt;ﬁrgl) Recovery(%? durati(?n (rl;l(;/(lgz)
Mean + RSD? Mean + RSD?, (days)

0.01 782+7.6 -

Afidopyropen 0.1 84.7+33 85.4+ 1.9 (60 days) 0.01
0.5 84.8+3.9 -
0.01 72.7+82 -

M4401007 0.1 80.4+4.6 83.6 & 1.3 (60 days) 0.01
0.5 80.5+2.7 -
0.01 77.6+52 -

Pydiflumetofen 0.1 88.8+ 1.5 79.8+0.7 (61 days) 0.01
20 86.9=1.1 -
0.01 107.9+5.7 -

Mefentrifluconazole 0.1 789+3.2 79.0 £ 5.8 (20 days) 0.01
5 79.6+3.3 -

YRelative standard deviation, PLimit of Qunatitation
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Table 5. Residual amount of three pesticides for cultivation period in perilla leaves

. DALA® Residual amount (mg/kg)

Pesticides b
(days) Rep. 1 Rep. 2 Rep. 3 Mean+ SDY

0 0.37 042 0.22 0.34+0.10

1 0.19 0.25 0.24 0.23+0.03

3 0.20 0.24 0.17 0.20+0.03

Afidopyropen

5 0.11 0.12 0.11 0.11+0.01

7 0.10 0.09 0.10 0.09+0.01

10 0.06 0.06 0.07 0.06+0.01

0 28.83 28.88 27.84 28.52+0.59

1 27.19 28.90 27.28 27.79 £ 0.96

. 3 25.50 23.14 24.41 2435+ 1.18

Pydiflumetofen

5 17.96 22.93 21.40 20.76 £2.55

7 18.43 17.90 17.15 17.83 £ 0.64

10 13.17 12.22 13.30 12.90 £ 0.59

0 5.83 5.96 6.09 5.96+0.13

1 5.17 5.75 5.85 5.59+037

. 3 4.60 5.11 4.92 4.88+0.26

Mefentrifluconazole

5 4.63 436 3.76 425+0.45

7 2.89 3.72 3.56 3.39+0.44

10 2.65 2.78 2.35 2.59+0.22

IDALA : Day after last application
P'Standard deviation
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y = 29.9791 0079
Rz = 0.9810
DT, = 8.7 days

0.45 y = 0.3028 e01659 x
040 R2 = 0.9512
035 DT, = 4.2 days

Residual amount (mg/kg)
g

Residual amount (mg/kg)
g

05 15 35 55 75 95

05 15 35 55 75 95

Days after application (day)
Days after application (day)

(c)

7.00

y = 6.1385 e 00837 x

2 R? = 0.9896
E DT,, = 8.3 days
€
3 4.00
£
©
® 3.00
=]
ped
$ 2,00
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1.00

0.00

05 15 35 55 75 9.5

Days after application (day)

Fig. 1. Dissipation patterns of (a) Afidopyropen, (b) Pydiflumetofen and (c) Mefentrifluconazole.



70 HEZO! - HEHR] - QAR - BRI - AQEI - HEES

nazole®] %7] AFHE 596+ 0.13 mgkgl 2 LEES
7d 210 B Fo] JFFRF A A7 339+£044 2
2.59 +0.22 mg/kgel AL, ol 27| Rk Axfola zt
7t 43% 2 57% et A4S UEhHSITH(Table 5). Lee
5(2008)0] Aol wEw ALz Fro] w7k Ao
e 2] A9 Fw 5 REeke] Wl dde
e 7P & 2918 & vt e R B usIT)
B el WRTel &4 EE 7 ool EAuth 2
9] v Ae] 7PF 2 g¢loZ Q83 Aoz ALEH
o}, T3, Afidopyropene] 27| ZHi o] pydiflumetofen 3
mefentrifluconazole Bt} Ath2 o2 vhe 25k e}
WL glom o] AdEere] dEZ fFadhgl Y¢S
e 0% AlREY

Afidopyropen, pydiflumetofen 2 mefentrifluconazole®]
te 4o BRHE71ES nY @9 A9E 77}
0.2, 2.0, 1.0 mg/keelAL #ge] A5 7+t 0.07, 2.0, 1.0
mg/kge] ATHMEDS, 2022). Ripley 5(2003)0l w2 E7
A3 e GAFE A oo e =2 xHFo] |
7] 2ol ZRol e 545 BT BuEinh

3T

YBaE uzy| ¥ Yo

A7 & AL T Rske 7 o EH‘@ 723
F2)& first order kinetics model®] ®H}7]

0>
+

3

0.9512), pydiflumetofen  y=29.9791¢"**(R>=0.9810),
mefentrifluconazoles  y=6.1385¢™(R?=0.9896)2} 72
e AE T JAL(Fig. 1), 2428 A5 o]&ste] v
& AREe A3 717 424, 8.7, 83YE YERTE Chen
5(2018)2] A-FollA afidopyropen®] 2 ZHEol tigh Wkt
71E 1.6590]2kL BB, Xie 5(2019)9] AtolA=
2o0] B Epolo| A afidopyropens] 27| ¥H7]=
2.0¥0]2}x ¥t} Pydiflumetofens o] Aol 2 3%
b 7 Aol w=olA A Ax BFAM Y] v=
1.09-9.34dolgty B39 ®} JOom(Bian et al., 2021),
mefentrifluconazole®] WH17] Atox= 2oollA o 4.0
o W7E TRItke A7 AR BAEIeHLI et al.,
2021). & AFoIME o] AAHe} fFALsHA afido-

JE717] 71 pydiflumetofen 2 mefentrifluconazole

pyropen®] H
of vsh JrhHoE wE AOE vErton, AEe)

1.1¢ ¢

=2 5}5. EA4S B 7533189 wzk7171 afidopyropen
2 6-19.3%, pydiflumetofen 95.3%, mefentrifluconazole
2 313 Oa ‘:_}347(1 ATHMDA, 2022). Afidopyropene] HF
717 Ao R mE A AdEeke] Egstety 54
ol FEsl FFer AT

otMM it

=

S0 tigh afidopyropen, pydiflumetofen 2 mefen-

g3l ALkslTh Afidopyropene  y=0. 3028e 01639 (R2= trifluconazole®] P35 H7islr] s YDA F )82
Table 6. Risk Assessment of three pesticides for cultivation period in perilla leaves
a) . . . . ADIb) EDIc)
Pesticides DALA Highest residue  Food daily intake % ADI®
(days) (mg/kg) (kg/day) (mg/kg-bw/day)

0 0.42 1.75x10° 0.02

1 0.25 1.04 x 10° 0.01

3 0.24 1.00 x 10° 0.01
Afidopyropen 0.0025 0.08 P

5 0.12 5.00 x 10 0.01

7 0.10 4.17 x 10 0.01

10 0.07 292 x10° 0.00

0 28.88 1.20 x 107 1.31

1 28.90 1.20 x 107 1.31

3 25.50 1.06 x 107 1.15
Pydiflumetofen 0.0025 0.092 u

5 2293 9.55x 10 1.04

7 18.43 7.68 x 10 0.83

10 13.30 5.54 x 10 0.60

0 6.09 2.54 %10 0.73

1 5.85 244 x 10 0.70

. 3 5.11 2.13x10* 0.61
Mefentrifluconazole 0.0025 0.035 4

5 4.63 1.93 x 10 0.55

7 3.72 1.55 % 10 0.44

10 2.78 1.16 x 10 0.33

IDALA : Day after last application

Y Acceptable daily intake, “Estimated daily intake, “(EDI/ADI) x 100
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YIHAFLFOE %ADIE =3It 74 &2 %ADI
= afidopyropen 0.00-0.02%°.2 wj$- @& FFo0=2 &

o1¥ %3, pydiflumetofen ¥ mefentrifluconazoleS z}zt
0.60-1.31%, 0.33-0.73%= 1= TKTable 6). pydiflumetofen
3} mefentrifluconazole®] %ADI= afidopyropen®l] H|3}o]
S FAE HIA T, FAO/WHOIM %ADIZ}F 10% w5t
o S 2HEeF A0l Brhal RIS 9l oM (Lee,
2019), A1E FoFe] Hd RIS 7502 st 7wk
BT 1.5% vvro 2 UeRty] wjiEe] obds Aow st
2=

2

Atk B3E v} JcH(Choi et al, 2000; Cung
et al, 2010; Kwon et al, 2009). webs M2 zg 3 223}
& Az E42 7% afidopyropen, pydiflumetofen 2
mefentrifluconazole®] A&2 2]o] 47 @AM = B
oFx gk 74 o7 ﬂﬂ-ﬂ%{q

E Aol afidopyropen, pydiflumetofen 2 mfentriflu-
54 2 7] 2435 EWE HAAREY]
s 289 7
NS ACE HolH %ADIZ} 1.5% olsk=Z Al =] ¢k
e T35 §H3E Zo=2 AlgH.

conazole-% AHE
F 9 AFRS87E HAA dis As=

aAtel 2
o] =EL AFOIREIUA AT (00-21-8-032000)
o g wo} $AEglon, oo ZAEHT
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