Vol. 30, No. 1, pp. 66-72 (2026)
https://doi.org/10.7585/kjps.2026.30.1.66

“ L OFLOLY| K| (Korean J. Pestic. Sci.)

ORIGINAL ARTICLES

Online ISSN 2287-2051
Print ISSN 1226-6183

"m Check for updates

5 43H Tebufen021de°l AANHN FRE
Mol dF =& ¢l ot

g1t

Residue Dissipation of Tebufenozide in Burdock
and Its Dietary Exposure Assessment

So-Hyeon Park', Kyeong-Yeol Oh', Sang-Woo Kang'?, Jin-Seong Kim'”,
Kwang-Min Kim', and Jin-Hyo Kim'*

'Division of Applied Life Science, Institute of Agriculture and Life Science (IALS),
Gyeongsang National University, Jinju, 52828, Republic of Korea
*Agricultural Technology Center, Sancheong-Gun, 52221, Republic of Korea
*R&D Division, Kyung Nong Co., Ltd., Icheon, 17405, Republic of Korea

(Received on February 4, 2026. Revised on March 3, 2026. Accepted on March 9, 2026)

Abstract To evaluate the residue dissipation of tebufenozide in burdock, 8% wettable tebufenozide powder
was applied, and the residue dissipation in the leaves and the roots was analyzed. Tebufenozide was not
detected in the roots, whereas the initial residue was 8.63 mg kg™ in the leaves, and the dissipation half-life
was 2.57 days. The initial residue in burdock leaves was approximately three times higher than that observed
in treated aronia berries, which was attributed to the high surface area-to-weight ratio of burdock leaves.
Based on the maximum residue limits (MRLs) registered in Korea, the theoretical maximum daily intake
(TMDI) of tebufenozide was estimated to be 6.20 x 10~ mg kgg.lwv day™, corresponding to 31.0% of the acceptable
daily intake (ADI) for the overall population. The 1-2-year-old age group was estimated to have the highest
exposure, reaching 52.2% of the ADI. Furthermore, the TMDI for spinach, lettuce, and cabbage exceeded

20% of the ADI in each high food consumer (95th percentile) group.
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AEAe] F5 2E} Bash,
Tebufenozide= Tjo}Mslo|Ea}R A A=A 2 Vu|&E &
39 93528 587 (Eedysone) 7|5-& BTN A8
7]ZH(IRAC Group 18)°] &%l ekAo|t}. Fufjolx = o]}
D:h,]—bﬂ- :O‘_Diljrﬂl- 01131-0]1/].1:1]- J,].tﬂ—]/]. A Eq.]ﬂxﬂull/].tﬂ-
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RDA, 2026; Retnakaran et al., 2001; Retnakaran et al., 2003).
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Tebufenozide 418 FFF-2 Sigma-Aldrich® PESTANAL™
(St. Louis, Missouri, USA)IA FU3te] AFE-3IH0H,
AT Ate] o]8keH 542 Table 13} 22T, Acetonitrile
(ACN)} methanol (MeOH), distilled water (DW)= Burdick &
Jackson™ (Honeywell International Inc., Mo, NJ, USA)2]|
high-performance liquid chromatography (HPLC) gradeE
AMES193L, ammonium formate (Kanto Chemical Co., Inc.,
Tokyo, Japan)®} formic acid (Merck KGaA, Darmstadt,
Germany)= %= >98%% ARE-3ISITE 99 5 tebufenozide®]
2L Phenomenex Inc. (Torrance, CA, USA)2] QuEChERS
extraction kit (4 g magnesium sulfate anhydrous anhydrous, 1 g

AREI Ao| 83 =E

ol =t 67

sodium chloride, 1 g sodium citrate tribasic dihydrate 2 0.5 g
sodium citrate dibasic sesquihydrate)s AM-SIRNL, F&

Alge AAE $I3 dispersive-solid phase extraction (d-
SPE)= primary-secondary amine (PSA) 25 mg¥} CI8 25 mg
9 MgS0, 150 mge2 +4d% Agilent Technologies, Inc.
(Santa Clara, CA, USA)2] d-SPE kitE A3}t

MNEEHE 9 N ®e

Aol ARE Y F52 o3 (KyoungShin Seeds
Co., Ltd., Uiseong, Korea)e ARE-3IoH, s X5
AleA] =2 Aujsie, 4-6¥ell Aldstth AlPEFS
HREEITE 12,5 me] WA 02 3ukE- xS AL, 2 Al
A E 28t ARAIFEL tebufenozide 8% T3HA
(Kyung Nong Co., Ltd., Seoul, Korea)S 1,0008] 345}
@%/\1 HUy]E EBH £|:§]- ;q 701 7].7;} 2§ 7:10:1 }\LJE_ _—E,T_
A FEBTt. 13]) Axg 9w A ok 0.118-

0.132 kg a.i. ha'o]th. BA& A5 ghEg 99 9

1.0 kg ©]4, $9 ®a] 2.0 kg oS FFa10H, &5t
A e éﬁ@i $70 % 99 Qe wdd de
AR, el 3

et B o,
i,

ANE £& 9 HH

443} © A& 10 g9l ACN 10 mLE 713+ & QuEChERS
extraction kitg F7Fslal 1:£7F vortex (G-560, Scientific
Industries, Inc., Bohemia, NY, USA)sI3itt. o]% 3087+
200 rpmel|A] 38} X8 gk & 1587F 253} FZ (Powersonic
410, Hwashin Tech Co., Ltd., Seoul, Korea) 3+ ¥, 4,000 rpmel| 4]
1087 141352 (Labogene 1580R, Labogen™, Bio-Medical
Science Co., Ltd., Seoul, Korea) 3}5it}. &
d-SPE kit’} € e-tubeel] F¢+ 5 vortexdtal, 0.22 pum syringe

== )\]—‘:oﬂ 1 mLE

Table 1. Information on the physicochemical properties and structure of tebufenozide

Parameters

Tebufenozide

Chemical structure

Mode of action (IRAC group)
Molecular weight (g mol™)
Solubility in water (20°C, mg L™")
Vapor pressure (20°C, mPa)

log Koy

o\ CH,

N
CHg/i\CH3

Hs Hs

Ecdysone receptor agonist (18)

3525

0.83

1.56 x 107
425
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Table 2. The instrumental condition of LC-MS/MS for quantitative analysis of tebufenozide in Burdock

HPLC conditions

Nexera LC-40 UHPLC (Shimadzu, Japan)

Column

Injection volume 1uL

Phenyl-Hexyl (2.1 x 100 mm, 2.6 pum)

A: 0.1% formic acid in DW with 5 mM ammonium formate

Mobile phase o . .
B: 0.1% formic acid in MeOH with 5 mM ammonium formate
Flow rate 0.3 mL min™
Time (min) A (%) B (%)
0 45 55
Gradient 3 30 70
10 10 90
10.5 0 100
Mass condition LC-MS/MS 8050 Triple Quadrupole (Shimadzu, Japan)
Ionization Electrospray lonization (ESI, Positive)
Product (m/z
Pre;]L/lrsor (m/2) Collision energy (V)
MRM condition (m/z) Quantitative Qualitative
20
353.2 133.1 297.3
10
filter (PTFE, Biofact Co., Ltd., Daejeon, Korea)% o] 3}3+ 5 2 HskE ofgfe] A (1ol A&st A=, A=
FZ A& 0.1 mLE ACN 0.9 mL9} 4o] 108] 343 & 57 WbzE7) (dissipation time, DTs)= 2] (2)5 ARE-3}o]
717184 31T}, 2FZ3ITHKim et al., 2025; Lee et al,, 2022; Lee et al., 2024).

247071 & 717] 24

A BALS LC-MS/MS (LC-MS 8050 Triple Quadrupole,
Shimadzu Co., Kyoto, JapanyS AREslolen, 2 Eaje=
Kinetex® Phenyl-Hexyl (2.1 x 100 mm, 2.6 um, Phenomenex,
Torrance, CA, USA)S A3}, A 2742 Table 291
R

HE EMH S
I AL tebufenozide EE-S ©18-814 1,000 mg L

stock solutions A|Z3et 7 9 A3} Bl FAY FEE55
o]&3 0.001-0.05 mg L™'¢] H$] matrix-matched standard
& AL olE B83te] st 9 A ey F
tebufenozide FHFEAlo] AMgE Aol ZHA RIS
0.9986-0.9999= 74 Aol 238, +9 A3t Hed
M9 AFAE 25 0.01 mg kg'oliTh $oll A B4
i AE2] 3482 0.01 mg kg'Z 0.1 mg kg ol 3ukE
FY3IAaL, A oA BF 96.9-105.2% WLl olA
31l o, oA (Coefficient of variation, CVy= 1.7-
2.8%°1 Atk

Xt

aE MR U

F I A3 oA A F 495 e

2 o
|

=]
=

C = Coe™ (Cg X Q] A7, t: A7E, Cp 71FE,

kg ) (1
In2
DT5y==2 )

sittEe FAH2t EHEY LHE

A7 FAE AAAS(BL220H, Shimadzu Co., Kyoto,
Japan)S ARS8l AT 1WA AL 98] A5
A2 A Errsst =olol| Fheke sk, 8kst

Zg® o]rA= Image] ZZ 13 (National Institutes of
Health, USA)S ©]&3t /WA HA S A=ttt 9

Qe g HHe B 3es] S8 238 nad) 28
Falol & EARL ANSHGOR, okzrlokz A AE2

24 F 7ol HRA AN mret Al

AojMF XF sy "ot

Tebufenozide®] ZH7 13’8 7Fe $1gt TMDI= 2%
o] oFZ9FA A (Ministry of Food and Drug Safety, MFDS)]
AFEAY R T=HY e HUZFEEHF(Maximum
residue limit, MRL)3} 20239 1S54 A2E 243}
Rom, HAH Har o] AT Hdt AF(62.6 kgy=
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21 (3)ll ARg3te] AFESIATHKHIDI 2026; Kang et al.,
2024; Kim et al.,, 2021). =S TAZFGFEA ] #AAJE 2]o]
AF S AXAF AT AMsI e, 7HAEe] A
e wtdaia] gl 2H=E TMDER= MFDSOIA A4
gt A U458 (acceptable daily intake, ADI) 0.02 mg
kgy, | day 'S AFZ3LY] Eq. 42 58 %ADIE AF=3lith
(Chun and Kang, 2003; MFDS, 2026). A1&43 2% 9 A5
At zpole] mE TMDI B7k= =g FeAll ] E7H
AFAT-24 FA, 354 Het, 6-114 He, 12-184)
A, 19294 A, 30494 He, 50644 A&t 28]
654 o’k AFH S AoldFHEe Uehlle A
(95"} 99" percentile) FHE AME-3lo] =2 7HE HAISH
et

TMDI (mg kg, |, day ') =

MRL(mg kg71 ) x daily intake(kg dayfl) 3)
body weight (62.6 kg)

-1 -1
TMDI(mg k; da
%ADI = (e kgp w42y )

- ——x100 4)
ADI(mg kg, . day )

A 23 A MO| tebufenozide 2

o) AoME HF oAl HE 2 B F 2] B
o] 8.63 + 0.36 mg kg ©IUAL, 149 AF F WFFS
0.73 + 0.12 mg kg'oI3ich 93 ¥eloMes g o Ax
GARE 2% AEA(0.01 mg kg) PITeE EHE

A% of) ME 142 B3 F ARBEE 2] FREES
BA6% FEOR TABHAT). AL Fol AE HAIA

Table 3. Time-course residues concentration and the DTs, of
tebufenozide in burdock

DAT? Residue concentration DTs,

(days)  (Average+SD,mgkg"') (day)
0 8.63+0.36
Burdock 3 2.77+0.46 957
leaf 7 2.30+0.73 ’
14 0.73+£0.12
<0.01
Burdock 3 <0.01 NAY
root 7 <0.01
14 <0.01

“Days after treatment, ®Not available

10
Tebufenozide

8 y = 8379302702
R?=0.9197

Residue concentration (mg kg™)

0 2 4 6 8 10 12 14 16
Days after treatment (days)

Fig. 1. Residue dissipation of tebufenozide in burdock leaves.

4, o
Aol wh2 84 &3k} tiAtA a”le] ofg a7t o
oIzlZ ¥ 2 4 Ui(Lee et al., 2024; Lee et al., 2025;
Oh et al.,, 2023). ¥F, %4 HEolx= ofAl AT H
FHE FA7A A At BE EPE H9eH, os
749 H2E ¥AFA tebufenozide?t Hollx B2 A
olgfo] Agt=]o] Uehd A2 FETHFAO, 2026).

z7] AF £ =] Jud B A 34 5 5
329l @919 Jeks W= Aoz YA AUti(in et al,
2018; Kim et al. 2025; Oh et al., 2022). 3% 2] %7]
FF 8.63 mg kg ofZUo} Gujjollr HiE FUA
ok o] 27] #5% 2.86 mg kg 'Ol Wla) 3u) 71k =&
o= oY, ol HIEHA | zlolo) 2F Lo F4
), olol] whel, 2 Aol e 9 A} of2Lo} Auje) 1)
A Hasko], o] 3 7] AFEE 2jolo] S K}
93] sharat SSich 99 o] HIEHA2 278 em’ g 'O 2
of2 o} drj(5.47 cm? gyl Hlsh oF suj W& Zlo] el
= THTable 4). AR, ofZ o} Algel|A] A& A
ofo] F4FE(100 mg LYF 94 27 Al AMEH
FHo] FAEE(80 mg LHETE 1254 =3 HS wb
5P, ofZ Lo} Fulje] TheHA T B4 F-2HEH0.52 pg em™)
o] 99 2(0.31 pug cm?) B} oF 30% 7HEF O B Ao
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Table 4. Specific surface area and the attached residue amount
on the burdock leaf and aronia berry

Burdock Aronia

leaves berries
Specific surface area (cm*g™)  27.8+£1.54  547£1.20
Residue per area (ug cm™) 0.31£0.01 0.5210.06
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Table 5. TMDI and %ADI of tebufenozide based on average
food consumption for the general population

TMDI

120
EEE average

100 - — 95:: percent%le
B 99 percentile

Food catego -1 _ %ADI
gy (mg ke, day’) 7
Head leafy vegetables 0.00111 5.53
Grains 0.00068 3.39
Fruits 0.00035 1.75
Fruit vegetables 0.00052 2.62
Root vegetables 0.00009 0.427
Tuber crops 0.00003 0.126
Leaf-stem vegetables 0.00088 4.39
Leafy vegetables 0.00255 12.7
Total 0.00620 31.0
60
so4 [T
40 1 -
E [ ] All age
< 301" T T 1 F=7 "~~~ "7 =77 " 7]| average
N 31.0%

20 4

12 35 611 1218 1929 3049 50-64 65
Age group (year)
Fig. 2. TMDI contribution to ADI by age group.

TMDIO| 2|t tebufenozide? == +ZF HI}

A tebufenozide= =WolX 7HA1E E3HE 5670 2HE]
tial MRLo] A% = o|ITHMEFDS, 2026). ©]E 7|{to.2
20239 71 14 ol A AEF Bt AF(62.6 kgyH
MRL A% 2= S+ 2ol 43 FS AH-ste] TMDIE 4+
=3 A3} 620 % 10° mg kg, day'© & ADI thH] 31.0%°]
SATH(Table 5).

ER AR e HolgF L VISR %ADIE At
=% 23, 124 FeelA 7P w2 522%= ASE0S
ojo1x] 50-6441 He, 654 ol AT o7 we AFS
B, 19-204]) Fhollx] 7H w2 gho] A= AThFig. 2).

SR FEA B 25 2ol A3 A9 HH(95th,
99th percentile)®] 2% AF @S RHFste] 2538 TMDI
o] %ADI 715 #AeE A3, AlFA], AT B GulFe]

J

%ADI

leaf lettuce

Spinich

Cabbage

Agricultural commodity

Fig. 3. TMDI contribution to the ADI of tebufenozide in the
heavy food diet group (average, 95" percentile, and 99"
percentile).

&9 5% AFERAFTE A AE AR EE 717 ADIY
20%5 23Tt 53] AFE SHH R Ak 4
1% 413 ko] TMDER= ADI®] 98.6%% 9~ =9 th(Fig. 3).
b, Al A, FilF 5 S AEHAY] AS 4
ol d# =EFo| ADIE 233 7FsA0] UeS AAKEHT.
ol¢} &), 94 ¥ FHUILEEAN JAHE T8 AF
o] oly™, tebufenozided] A WAzt e ¥ £38
THHeRE v o, 9 A3t Hed gt {87
o At AALE 7S A= AdH

E ATE T84 A7 (RS-2024-00394889, RS-
2024-00352111)2] Aol oJaf Fah= o, o]o] L=
Ell=8
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