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Abstract Our study aimed to investigate the dissipation behavior of the insecticides flubendiamide and
teflubenzuron in perilla leaves (Perilla frutescens) and to establish their pre-harvest residue limits (PHRLs).
We also evaluated the efficiency of five washing methods to remove pesticides and identified effective approaches to
reduce pesticide residues in households. Under safe-use standards, flubendiamide and teflubenzuron displayed
comparable initial residue levels after the last application. For a duration of 10 days, the dissipation proportion of
flubendiamide was 59% to 76% and that of teflubenzuron was 77% to 86%. Teflubenzuron displayed a
relatively fast dissipation rate with a biological half-life of 4.0 to 6.2 days, when compared to 4.5 to 7.5 days
for flubendiamide. Using the upper 95% confidence limit of the dissipation constant together with crop-
specific maximum residue limits, the PHRLs 10 days before harvest were 31.50 mg/kg for flubendiamide and
11.27 mg/kg for teflubenzuron. The average removal efficiencies of five washing methods ranged from 40.1%
to 68.3% for flubendiamide and 71.9% to 89.3% for teflubenzuron. Neutral detergent washing exhibited the
highest removal efficiency, ranging from 61.4% to 68.3% for flubendiamide and from 84.4% to 89.3% for
teflubenzuron. The high rate of removal of teflubenzuron is attributed to its high hydrophobicity and large
proportion of surface residues. Our study’s findings could be applied to manage PHRL-based residues before

shipment, which will ensure consumer safety.

Key words: Flubendiamide, teflubenzuron, perilla leaves (Perilla frutescens), pre-harvest residue limit, wash-

ing methods
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FAE T AiFe AT B Aol & T8 AF
EO R, FHE Ao] A, HlER] B F714S Skl Slof
23t 715 WA, HeY s Al 2d 5 27 oliE
Alg- S (Park et al, 2016). < = A& AFH T 53
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AT AASHL Y7 =2 FAHE Aol digk AnlRte]
Q7o) w2 Zo]ti(Madsen et al., 2023; MAFRA, 2024).
A (Perilla frutescensy& M2 & WA de] 44|
s WA QAFE, 20249 71 A7 oF 3uF 7HEC]
AAFE ATHRDA, 2025). FAF< g 5 Halls

o] HIHsle] FoF AME- LTt o, FafF oiH] B
HHAL 7] w 2ol s A A] 7] F&Fo] =A
Btk Aol At 53], AL o FHd UE =2 B8
(trichomeyS 7FA| 2L 9)of €} FalFol vls) 2xE Fofo)

H2k 9 2H53817] o8tk (Ripley et al., 2003; Park et al.,
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2016; Zhou et al., 2021).

=W BUHE Aad] mEd, 4 F T HEE2
oF 20~50% WA BRI Jon o] T HAFELS
oF 2~5% T2 2 YERATHCho et al., 2009; Park et al.,
2016; Ryu et al., 2025). 5] It} =& F5, W27 &
S w4 547 gEol &, A 71T Adl, WiEHAl ek
5 YA A39EFE 2T UTH(Park et al, 2016). o
ufel MRS AH] SAloA AFE Fe 1 EoF AT
WS g &85t glom, thket AIFWH e AlARHE
e o7 Hrishs AL 2HRF 7A7RM SE SH|A
Epke =

A7) flubendiamide$} teflubenzurons= VHH| = 3= 1}
Aol dWtH oz AMEE HFogPA Feko g 7zt 25
ryanodine receptor 7|5 As<} 718l A A3|E Ha|
AZg 32 Ve thTumer, 2021). ¥ e SAKRE A4S
TR g8, AE 5 EElgEty 4o Aolsid
ZEY 3R A SE9 Al ofd AARE] A=
gEA yebd 7HsAdel ok wE Y A F
oFAl o] b A 54 E A A 23E vl 2 rlkske
A Al A7) WA A YW opd2}t Anzp A7
3 A A=k nREe 9%k HEH ZARERA 77
=g

AZE A dF o ® T 5 e TR A
Ao R sE= & A, gF A, AFE B A%
T Al 5 TSt who] AlokE]o}(Kim et al., 2022; Hwang
et al.,, 2015; Yang et al., 2022). &}, A& g 3= 5ok
Belsishs] B4, 2 W 1%, 11 52 g 5ol u)
A gAY, B3] JAlFE I ALEL] HE Zo] &
Zlo® BWyE vl Qlvk(Yang et al., 2022; Yang and Choi,
2024). 71 Q79 A sk gk Mg A3
A & AHEHE Frleid oy, olgje Hawe AAl
28] B 2AE FES] W3R BEalo] AlA o] )
B37Fd 4 JrHKim et al.,, 2022; Yang et al., 2022). 2]
ZHEE FAELS FoF A 5 AF 7)7ke] At A
A FEEEE W FHie 22 UE AR 1S
o= Aol dom 53], AFo|PA FoFd

X

o

X

2

PA—
1 7o) sk Ik ol ue} ofe] S WREE
=g TRid 24 A4 AAELS Brhse 2ol vt

I
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Y} njat AR FEE Haolet & 4 Sk
£ dAtedae Add AgE A5A flubendiamides}
teflubenzuron®] A2 FEeF 2AEAE R,

A A2z 717k (Pre-harvest interval, PHI) H3 §& %

s Bkt ok, & E s gadsE 7t

EANF AMEFE FoF AES AJTEC 2 flubendiamide
20% NAFSHA (A ; oNUE)9t teflubenzuron 5% A%
FIAAEFE; =EE, @45)E 5F dujAdA st
Stk ¥FF flubendiamide(T= 98.3%)} teflubenzuron(:==
98.7%)2 Sigma-Aldrich(St. Louis, MO, USA)llA )&}
At F& 2 AL 571891 acetone, dichloromethane, n-
hexane2 Daejung Chemicals & Metals(Siheung, Korea)ol| A,
acetonitrile J.T. Baker (WI, USA)IA &Rl 57
(182 MQ-cm)= Milli-Q water purification system (Millipore,
Bedford, MA, USA)S ©]&3at] ZA8IH ) A A|Fe 2
sodium chloride 2! sodium sulfate(anhydrous)= Junsei (Tokyo,
Japan)ll4, Florisil (0.150-0.250 mm)S Merck (Darmstadt,
Germany)ollA] ittt 2k AlE AgdM= 7Hg oA
AME 7Fse Al AIFHAIE ARSI oM, S AA (A
FAAL, @Al AA o)), wlo)F ATHEHY 100% Hi
ol At} LGAEAZ), ZEuet @ =H2}, Eco Biotech
Co., LTD.), AZ(FZA %, BRF/HE AT AdddA

e stel AT,

o =g F4HE(Field 1), A A7 (Field 1I)
2 5 579 (Field 1o ARl o)A ey sigict. 7+
SR A NEEEE Ao RHE A

Polog AASITE AETF 7F Aol WAE

S8l 78 7k 1 m oo SFANE T A7 52t
A U] 2-5%= CAS data loggers(EL-21CFR-2-LCD,

Table 1. Safe-use standards for flubendiamide and teflubenzuron in perilla leaves

Application
Pesticide Formulation Rate %Hlb) MR/E)
Dilution Spray No. iy (days) (mg/kg)
(ga.i/m°)
Flubendiamide SC?, 20% 2,000 2 0.060 3 15
Teflubenzuron SC, 5% 2,000 1 0.015 7 5.0

“Suspension concentrate, *Pre-harvest interval, “Maximum residue limit
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Lascar Electronics, Erie, PA, USA)E ]85l =A431$1oH,
747} 12.5-21.3°C, 41.8-92.1% W= A=A oA A
e PHARS 7| wet dE2] ARL7]|(MARUYAMA,
MSB-1500Li, Tokyo, Japan)g ©]-§-5}>] 485} tH(Table 1).
npA|eh ofA) A § Az oo] i8] AxE Aol 0YA}
AEE AFEoH, oA PHIE 236t 109 &<t &
63l A AEE AFH s AFH T AIE= polyethylene
bagell B3l 2447 o] APAR RIS, dry iceE
o-g3l A3} & -20°C °latellA A3ttt

el MA It

AlH AR 2HRpE AAR ARk AlE FHE RHY
st B, FAAA, Wl 4, Zgued % AxE
A A= A7 ste] st AHEHE 6 L] = 1§
SRAA 9 g, Wol ATk 60 g, 2T 3 g B A%
300 mLE &3l == 3]4ste] zAlsigith. PHI 397kl
S AL S AFEd E= B 187 2R 1 L/10 s9
f 2719 32E B 3 ?JL 254 A A 8 TH Yang
and Choi, 2024). A& $ A5 A4 2~3A17F ZAZA]
71 & dry ice2 #23}sle] -20°C °] Sl A] H*Jfo}"j‘:]' Al
A A3 AFEFS vasie] AFHasEs JEser, o
YEAHEA (one-way ANOVA)CZ MZWH 7F foAdS
A8t A3 74742 Duncan’s multiple range testS A
&t p<0.05 FEolM AT FAEAS SPSS
software (ver 18.0, SPSS Inc., Chicago, IL, USA)E A&-3}

gl acetone 100 mLE 7}3fe] &7
E71(2010 Geno/GrinderR, SPEX® SamplePrep, Metuchen,
NJ, USA)Z ol-&3al 1,300 rpmolA] 387+ =313t 2%
o3 & acetone 50 mLE HAES F7 AHET =
Hol| FHS 450 mL 2 EPAAS 50 mLE 7S H,
flubendiamide:= dichloromethane 70 mL* 23], teflubenzuron
n-hexane 100 mL % 50 mL 2 18] E8l3Ath 57152
sodium sulfate (anhydrous)E &HAIAH 7%3 & 5=
3}l acetone/n-hexane(10/90, v/v) 10 mLZ A-8-3)|5}c}.
Glass column®l| flubendiamide 5 g S=+= teflubenzuron 10 g&]
Florisits: 712} FAatdeh. A&l 5 mL FUT ¥
flubendiamide:= acetone/n-hexane (15/85, v/v) 50 mLZ Al
2, acetone/n-hexane (25/75, v/v) 50 mLZ £33,
teflubenzuron acetone/n-hexane(5/95, v/v) 150 mL A&
% acetone/n-hexane(10/90, v/v) 100 mLZ £&33ith 259
2 40°C 8740l M 7FE5S T acetonitrile 2.5 mLE A]-8-3]
slo] BAME AgE ARSI AREAS diode array
detector (DAD)7} “2¥l Waters Alliance HPLC (Waters Corp.,

Hok

MA, USA)E o|-&-slo] Fai3i3ith A2 0= flubendiamide
+ Kinetex C18 (250 x 4.6 mm, 3 pum; Phenomenex, Torrance,
CA, USA), teflubenzuron2 Unison UK C8(250 x 4.6 mm, 3 pmy;
Imtakt, Kyoto, Japan)g& ARE-3ISIth o84 E(A)F
acetonitrile(ByS AM&-31532™, flubendiamider= isocratic(A:B
= 35:65, v/v), teflubenzuron gradient Z71(0-2 min: 10%
B, 2-8 min: 60% B, 8-20 min: 60% B)o.Z A3t}
42 flubendiamide 0.8 mL/min, teflubenzuron 1.0 mL/
min®| o™ A& 7zt 253 nm 2 258 nm$ith F
P BE 10 uLe.

2MH 43
A European SANTE/11312/2021(EC 2021) 7}o]
E_ﬂ-cdoﬂ U:]-E]- A= q Txgoo l.:_o}: pxEFo

acetonitrileo]] 3| O]—Of] stock solution®.2 ZA|d+ T T
A 340 F 0.1-10 mg/L F=2] working solutionS A%
3131t} Working solutiond HPLCOl FUal 4-& A<
ARATR)E 098 odo 2 g AAEE Bt 717]
3, T4, AE AT B MuE dLefste] 4
B B4 A5 (Method Limit of Quant1tat10n MLOQ)=
E 594 0.05 mgkgel ATt 358 A8 teflubenzuron
MLOQ><10 flubendiamides= MLOQx50 ©]<]¢l| Z}z}e]

FEollA 33] wHRo ' FElon, e Bt
97.9-1152%% SANTE 7]15(70~120%)2 =319t At
FHAHRSD)E 5 10% Pkl ATt AP H 7oA
flubendiamide= 137%, teflubenzuronS 198 A% Zol|x
S0l Hat 98.3-109.3% WHIE veht A7 &<t <t
g0l 1= AT

o F2 mv n}L

N dasds U MM ZRIHEIE MASE
Ok AFE & AU WE ZHREeF FAEA LS o

L 55

12 744 29 [R, = R, x exp (A x t)Jell 2 gsle] 72
(\, day )} 271 ZFH(R,, mgkg)e S|AEH R 11=3
Aok BARA LS SpSS ZEIHL AMEERNOH, F-AR
2 AT FoXS FlsltH(Yang and Choi, 2024).
AEH w7 E 4] DTy = In 2 / (V)2 AAFSIATE At
A FoF 2751871 (PHRL)S 5P 2751871 (MRL)
I ST 95% 224 7det7k(95% upper confidence limit,
Juel ) ©1831] 444 PHRL, = MRL / exp (yc % t)oll Wt
AFZ3 tHMFDS, 2025).

27 9 73
el & x7| 7 §4M

A FF flubendiamides 79 7+4 23], teflubenzuronS
13] dxsilon, 0dak tHERS 27t 13.8-22.2 mg/kg
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Table 2. Residue levels of flubendiamide and teflubenzuron during 10 days after the final application in perilla leaves
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Residue levels (mg/kg)”
]tDrZZtsrﬁglftr Flubendiamide Teflubenzuron
Field I Field IT Field I Field I Field IT Field 11T
0 13.8£0.9 16.0£0.6 222407 158%1.6 12.1£0.3 18.9+0.9
1 13.5+1.1 14.0+0.3 217104 13.0+£0.8 10.8+0.2 16.4+1.8
2 10.8+1.2 13.0£0.5 20.0£1.0 81+1.2 10.1£0.8 147+£22
3 10.7£1.2 121£1.5 9.1£0.2 6.4+0.2 89+£23 11.7£1.3
5 9.6+0.7 99+03 8.1+1.0 54103 72102 89+1.7
7 6.9+0.1 8.1+1.0 7.0£0.1 41+04 49405 47+0.8
10 5.6+04 58+0.3 53104 3.7£0.2 2.8+0.2 27%0.3
Dissipation constant” -0.1187£0.0231 -0.16501+0.0138

“Mean =+ standard deviation (n=3),95% confidence interval for dissipation constant calculated from the mean residue per day for the three

fields

2 12.1-18.9 mg/kg®] S tH(Table 2). &F A¥ o w}2 #5F
e FoF AX N Tx, AX Sl uet AHEE 1
3P, flubendiamide®] X %7} teflubenzuron H.T}
oF 4 = A3l e 13] o] AEE9 7)ol flubendiamide
o] AR =5 AR JSHlE 094 JFFE A
P 2o ERIFUY ol 27| FRHo] ©ed] Ak
S A Sl ofsixnt AR E = Flo] ofuz, oA
o] Ee)s}std B3 A5 H e daagl o) A
Z5-He A8t E3], £ oA teflubenzuron®] ZHg-
o] flubendiamideR Tt T A YERd A2 teflubenzuron®]

2 2749 (logP 498)7 H & &3%(<0.01 mg/L)=
et W HEAQE 7HA o W F3Eo 7T sbe
o] oz A7) o2 AHETH(Turner, 2021).
AQe 7% 2L (trichomey 7FAZL o] A F-2
T4 2 25 "ol $238 98-S X, teflubenzuron
283 39 Fxo g4 THEH= v, fl ubendiamideh

H WA W2A] 24 iR o]F Ee 52
et al, 2021). ©|2]& 2ol = <) F oF

A Apol7t el E7l 27] 3¥ 1&%%‘@94 Aol 7k
AgAoz vepd Aoz wY a7, 27| IR
AR 2R oFAle] 3 BEA 2 Fel o 2 F
A= Aoz wetem, x4 7F 3t
A MM Yeide 8% HE
Mt 4 94+ flubendiamide % teflubenzuron®]
7] ZEEke] tRE 24| vl =A veRsth 28 7 7
zfol= A ] gRoy, £ el Al 49 25E 4¥
WA Kol wpet AufAl 7] 83 53], FEF T

o

P 8L off
>~

o
Apol7k A5 WESE gl 5 Ao A el °§§> =
UI"‘:‘% 7F”°1 AT} ol gk %‘% D‘ﬂﬂ EL ﬁ*ﬁiﬂ #4549

E
ol 2 oelzs Aoz wu v} o, oleldt s

oFA
77-8

h;ok x}e ako /\L_L 7(1_‘?:0]]t J_ix‘z:]_

= =0 HAH &
&

AAI EA‘I

Aol A flubendiamide 2 teflubenzuron®] 2R3
AE F10d T A4 27] AR oF 59-76% 3
702 UFERITHTable 2), Yurd o=

6%/t A E =

e s4F o) o) Zadth e, A%

W o) g RE B

QAFolnE, B

2ol o8] &
Hou}, o] 3ol F2 MESH B3, gl % 2HE SAo
e, &7
ol ey gl SA|F] nujet

AR gt T2 4B W 42

O

sazo
i =2

walleh 8 adlo gt sl Falfel o3| xlPE Ao
2 PEth(Yang and Choi, 2024).

ANA AE A 13} 712 unﬂoﬂ 2 8.5 §]:'L]€_/H

3, oFA el
22 Ao A|7F 7o E}E} first-order kineticss

o]h

W3 9eg onla. oled At vl

R* > 099 =& AARATE

S H3C

AR RuE= APA 12} 7] AET} dx|s)

1 teflubenzuron®] 4 TAdT(V)E

=

Z}7} -0.1566—-0.0927 day" 2 -0.1750—-0.1119 day'

Yepg
flube

Art.
73(7]&

flubendiamide %

AT o

A

}1\—],

HIAZ

YoHFig. 1). ©|25F AlxtE AESH 97| (DTy)=
ndiamide 4.5-7.5¢ % teflubenzuron 4.0-62Y=,
teflubenzuron®| flubendiamide® T} T WE AA&ETES

& M} o2 3 7H)

T, oA AR whe} 2ol A} Al7]e] A&
B Sl 2
upet, 24 e AL iAo e A

o1& 1|
Sugo] o]
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Fig. 1. Dissipation patterns of flubendiamide (A) and teflubenzuron (B) over 10 days in perilla leaves.

e Ao FAH oyt A WA Aol Feke]
Ab B EE) IR opel Aol mE A el JFS HIA,
Aoz 27 A o -2 A& w717 vepd
A F = v

Flubendiamide?] & &8)%E 0.03 mg/lLE W& 50
A9k, teflubenzuronETH= oF 3u) E=& 302 Az o
2 A=A W=RS §F 9 olF 7ol AL, ol wet
Z7 Yioxe] AEeHA a7t o EdeiA doje
<5 9Ju]gtK(Turner, 2021). WA, teflubenzurons
7} 0.01 mg/L PIRFOE F3] o} tiito] ¢ 3Hd
), 2 A3 B, Ats, v 3L § o
S AFACE W= Tl ETL & QT

d2 teflubenzuron®] ZHg-o] Hl WA

3tod flubendiamideX Tt A& AETHH W]
£ veRd 99l F shtE detET

Flubendiamide®] AJ&3H4] REgH71= vl F=ollx] 3.9-4.5 ¢
(Mohapatra et al., 2010), AL 2.4-2.7 Y(Kim et al.,
2022), EvFEA 3.9 U (Mohapatra et al., 2011)E RILE]
of, & A7e] AdnT) wE 2 AHEALS B vhE,
HUENME 6.8-9.9Y(Yang and Choi, 2024)2 O 71 A
B3] u77h Bz o], A= SA mE Ato|rt <l
=T}, Teflubenzuron 3 AZFR|oA] 7.8Y, Z3jolA
3.64E HiEo] HE8H b7} 2ol wt Aol
YERATHKim et al., 2024; Noh et al,, 2012). ©]AH &
e w7l ZEe] FeA 2 Ay B4, 5o
EYsets 54, 4 21 9 AR T uhds 8919

59 Gl sl 2HE= Aoz Bl

oo O
:(,)L_ll
t
o

2
ro

l
= ot o o

‘:M [o2x#}
oo
nlle' »
At

s
v}

01 3]
£
e

1A

N

=)
-
1l

[}
o)

<

0=
o

A =9 ZFEHEIE ME

% flubendiamide 2 teflubenzuron®] 71424 (Wt
T Foe] AFSE7IEMRLYe 2-8-5to] A Fof
738]-871%(PHRL)Z AH=3I9it}. PHRL 4H&olE 7ha
Mol 95% AT ek, 95% upper confidence

o m

(DI
off H

o>

Table 3. Guidelines for selecting dissipation constant through
MRLs and residue levels at PHI for PHRLs

Residue levels at PHI? Dissipation constant (Ayc;)”
<20% of MRLY Lowest
20 to 60% of MRL Auc from all fields
60 to 80% of MRL Highest
> 80% of MRL PHRLY setting postponed

“Pre-harvest interval, ”95% confidence interval for dissipation rate,
9Maximum residue limit, “Pre-harvest residue limit

limit of the dissipation constant)S 2§38} 2™, o|= PHI
Aol zHFEe] MRL 58 2314 ¥=5 A3
Qe B Hgol whE Zolth(Table 3). & AFoA=
T kA BERolM EAANE F 7P At ARESH]
PHRLS 453} THMFDS, 2025).

74212l MRL(flubendiamide 15 mg/kg, teflubenzuron 5.0 mg/
kg)S 71502 A3k 528 102 A PHRLE 242} 31.50 mg/
kg(flubendiamide) & 11.27 mg/kg(teflubenzuron)®.& L}€}
WTHFig. 2). 5, $7IlA 78 109 ol 1732 Akt
o 3T #te] PHRL ©8l2 E1d 745, AA| &3} A1
AFo]l MRL olat d Z1o® wdd 4 Slrt. o]¢h 2
o] PHRL 7|5+ &3l &A= w7 44 Eshde
Aate] AAA EAE deted Ewo] 2 W ol
MR AlE AR QEA AR 7L o] FoR] TS AT TS
A 7RG FE 2 5 TR gk ok AE=
ol 7198 F A& A o= AlEHT

HE S0l 12 MY 5 5% MAEY

aEAf BAE 43 A AY HEE B wRsok
g $EE P77 98 ASHeR =
olol we} &gHol AFA Ak AL AT
o aHRe A% B SR HS Fod 2
o A ElokEQAA £ HAEY D A
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Fig. 2. Pre-harvest residue limits (PHRLs) for flubendiamide (A) and teflubenzuron (B) in perilla leaves.
Table 4. Residue levels and removal efficiencies of flubendiamide and teflubenzuron in perilla leaves after washing treatments
Residue levels, mg/kg (Removal efficiencies, %)
Washing Flubendiamide Teflubenzuron
Field I Field I1 Field 111 Field I Field IT Field 11
Before washing 10.7+1.2 121£1.5 9.1£0.2 6.410.2 89123 11.7£1.3
Tap water bath 47+0.1 47402 4.0+0.6 0.7£0.1 2.0+0.1 2.1+0.1
P (55.3+5.2) (61.2+3.1) (56.4+6.7) (88.8+0.7) (76.1+6.0) (81.7£2.5)
Neutral deteroent 3.5+0.1 3.8+0.1 35104 0.7£0.1 1.3£0.1 1.8+0.1
& (67.4+3.6) (68.3+3.7) (61.41+45) (89.310.8) (84.4145) (84.412.1)
Bakine soda 6.4+0.1 6.4+0.2 53%0.1 0.9+0.1 24+0.1 2.6%0.1
& (40.1+7.5) (47.0+4.4) (41.3+1.0) (8521+1.2) (71.917.5) (77.6+2.8)
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Vineear 5.8+0.1 6.01+0.1 4.81+0.7 1.1+0.1 2310.2 2.610.6
& (45.5+6.6) (49.8+6.4) (46.8+8.3) (83.5%+0.8) (73.6+4.9) (77.4£7.5)
“Mean = standard deviation (n=3)
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Fig. 3. Removal efficiencies of flubendiamide (A) and teflubenzuron (B) in perilla leaves by various washing methods. Difference
letters within figure are significantly different at p<0.05.
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