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Abstract The time-course residue pattern, dissipation time (DTs), and residual safety of tebufenozide and
teflubenzuron on black chokeberry were investigated under open field trial. The 2,000-fold dilute solution of
20% tebufenozide (suspension concentrate, SC) and 5% teflubenzuron (SC) were sprayed twice on black
chokeberry at the intervals of 7-day before the harvest day, respectively. The initial residue of tebufenozide
and teflubenzuron on the black chokeberry after final treatment were detected to 2.861 + 0.337 mg kg™ and
1.035+0.101 mg kg, respectively. The residues were decreased to 1.658 +0.295 mg kg and 0.362 + 0.048
mg kg after 21 days from the final treatment. The DTs,s were estimated to 33.6 days for tebufenozide and
16.4 days for teflubenzuron on the black chokeberry fruit. The residues of tebufenozide and teflubenzuron on
21 days after final treatment did not exceed the currently available temporal maximum residue limit (MRLT)

on black chokeberry in Korea.
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S HIETE &Aoo 7 Frlelke gl UEhsoH, JHRe
£71% 23 H& T 4987150001 mg kg') A8l I
71% Z3 vlgo] PLS AAAIY 4l 20199 48%0)A]
202010l = 57%= S7FeFAtH(Song et al., 2021). 53], &
AR S ALFO ASNETT HY A SR8l oH, o
5 olZUYol, X% o] x3H AIFe] AEN=E 20184
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6.4%1A4 20194 39.4%, 20201 45.3%= A|&H 715
A2 Hol rk(Song et al, 2021). o|2j3F &4 |4<
flelire 2HA AujatEQl of2 o] WalF WAl A
£/ 5EFS 58, HEE A ETIES AN
aflof & Zlo|t}.

ARl ofZUok= 2007 AR F7IA Auist]
AzFe 2ER, ofZ o} dujje] Aol w} black chokeberry
(Aronia melanocarpa)?} red chokeberry (dronia arbutifolia),
purple chokeberry (Aronia prunifolia)= T-2=0, =]l A]
= F2 =AM Auistaz AtH(Choi et al., 2015). o214
obs SIEAOR, EgtHcolE, v sftEe] et
of gksl 2, HAFK 9 oF o T B3 HArEg)
TH(Han et al., 2005; Lala et al., 2006; Hwang and Tai,
2014; Wathon et al., 2018). 8 ¢-2viet Aul ofZ ol
e Fv sTosie 2T g,
Zojn|, v=duEd), vsdEuhy, 255, sy
W T 1450] dHA jlen, o]So tig WAl Eefe] T
=]o] ATHKCPA, 2022).

PN (Spodoptera exiguayS I+ 713ls= tlE A<l
Fo®, f52 PR Ak, sEF, ¢ A= 5 A
o] BE &S 7hlst dsiE fidske B4 S
Th(Han et al., 2015; Park et al., 2021). ¥Eh}d-e 69
109704 A ah, lex]oflA 1dol] 4-53] WA star, &
WEEgE AT gE alieh Aol 18] o]} o A
8 2 9lth(Kang et al,, 2008; RDA, 2022). 4] o}Z1jo}
o g BAIE 93 55 S fluxametamide<}
novaluron 2522 W5 WA a& X A 2d
AL S8l ohgdt fradel gt WalE A 28 o
71 223 Aot (Kim et al., 2021; Lee et al., 2022).

Tebufenozidex= benzoyl hydrazined] &2 B3
= T84 7Iss 4sAA A5aHE JERIH (Lin et
al., 2018; Smagghe et al., 2019), 20% tebufenozide (SC)=
wjo} se] TpRE, Bgole] Bao} g, Alzke] Al

r

FZht 59 slF WAl AHTFs HeE TEE] vt
(KCPA, 2022). Teflubenzuron benzoyl urea”] &<Fo =2
7R S Adlete A5 aaE Uels 5902 o4y
2] 912 (Meng et al., 2018; Bezerra do Nascimento et al.,
2022), 7HA, 75, -, AR A, Sl I, Rl 518
A=o] shhg WA E Qe 555 o] UTHKCPA, 2022).
20223 AA] ofZYo}ol that tebufenozide®} teflubenzuron
o] FH7HFs]-& % (maximum residue limit, MRL)S 34
7|#0 2 717} 2.0mg kg'3} 1.0mg kg'e 2 AAEo] o)
3L(MFDS, 2022), ot2Yole] spihpl WAlE 913k 5oF
QPR 7]1ES AR Eo] YA ittt ol wa, £ A
Me olZUYolollAl 20% tebufenozide g5sHA|e} 5%
teflubenzuron HAF3A| AE T FEAE] AAH ZF
Hslel 2Hg QPHd-S W7kl

12 % oY

>

EEE MY

Tebufenozide®} teflubenzuron®] +49-8 FFE2 Kemidas
Co. (Suwon, Korea)ollA] -5t AREsIH o™, Al
2 B-2] o]3}sd EAL Table 17 74t} Acetonitrile (ACN)
7} methanol, water= Burdick & Jackson™ (Honeywell
International Inc, Morris Plains, NJ, USA)2| high-perfor-
mance liquid chromatography (HPLC) gradeS AM&-31%1 L,
ammonium formate (Kanto Chemical Co., Inc., Tokyo,
Japan)9} formic acid (Merck KGaA, Darmstadt, Germany)
= TR >98%E AMESIATE olZYol 5 tebufenozides}t
teflubenzuron®] %< Phenomenex Inc. (Torrance, CA,
USA)2] QuUEChERS extraction kit (4 g MgSO, anhydrous,
lg NaCl, 1g sodium citrate tribasic dihydrate % 0.5 g
sodium citrate dibasic sesquihydrate)& AFS-3}9 3L, 5 Al
59 ZAIE I3t dispersive-solid phase extraction (d-SPE)
+ primary-secondary amine (PSA) 25 mg¥ C;3 25 mg ¥

Table 1. Chemical structures, classification, and physicochemical properties of tebufenozide and teflubenzuron®

Pesticide

Tebufenozide

Teflubenzuron

. _N
Chemical structure N
(0]
H3C/i\HCH3
CHs 3

Mode of action

Molecular weight (g mol™) 352.5
Solubility in water (20°C, mg L") 0.83
Vapor pressure (20°C, mPa) 1.56 x 10
log Ko 425

Ecdysone receptor agonist

0 CH, ol
H F F
HaC F o JOJ\

N N Cl
Cr
F

Inhibitor of chitin biosynthesis
381.1
0.01
9.16 x 10™
43

* The data was obtained from International Union of Pure and Applied Chemistry (IUPAC) Pesticide Properties DataBase (IUPAC, 2022).
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MgSO, 150 mge2 /¥ Agilent Technologies, Inc.
(Santa Clara, CA, USA)?] d-SPE kit®} Supelclean ENVI-
Carb™ (Supelco®, Sigma-Aldrich, Inc., Bellefonte, PA, USA)

£ ALgalsih.

olZUole] ZFA AlF A E IFellA 74HE 8
G7HA] AAEIH o, A E717E Rt AlF XS] A HeF
S 22.3-29.1°C19 L, A HY) 7
CHFig. 1). 77 Al F52 Edxamdy, 542 8-
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m)E ZAseH, AETE 27m? (18mx 1.5 mE 24
ato] Al 3RHE Wi XIS, AR ] AR oA AL
2k HE WA 28 4TS 3m ol T ofl=Y
olol] th3l tebufenozide$} teflubenzuron®] ZHFAIE L 20%
NABIA 9 5% WSS G375 (Seoul, Korea)ollA]
Tfste] ARSI, tebufenozide} teflubenzuron 2,000
NS ZH2 EHTIE AT QAo offo] FE-5]
35 AERE FdsH 7974 23] Ax § dA] FEEld
S AT AEE 7 FY Y 1.0kg ©]
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Tebufenozide ZHFEA A& #2314 ol2Uo}l AR
10.0 g2l ACN 10.0 mLE 7}t & QuEChERS extraction
kits FH7bete 3027 X" 2 253 FZF(Powersonic
410, Hawshin Tech Co., Ltd., Seoul, Korea)s}it}h. 24
BE 4°C, 4000 pmolA 1087 9AEZ(LABOGENE
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1580R, Labogen™, Bio-Medical Science Co., Ltd., Seoul,
Korea)stal, 45 1 mLE #3to, d-SPE kit?t ENVI-
Carb™ 25 mg®] £ microtube®l] Y3 357} vortexingdt 5
syringe filter (PTFE, 0.22 um, BIOFACT Co., Ltd., Dae-
jeon, Korea)= sl ZHFEAlE AIER2 A|lxsiitt.
Teflubenzuron ZF4 A|&E tebufenozide®} &L 3+ HH
02 FE3¥ o, AA= ENVI-Carb™ o] Xg5#] ke
Agilent Technologies, Inc. (Santa Clara, CA, USA)®] d-SPE
kit (PSA 25 mg, Cys 25 mg, MgSO, 150 mg)S A3} Th.

784 =U

ol2Uo}l 5 tebufenozide®}t teflubenzurond] #HF-ita]L-
LC-MS/MS (LC-MS 8050 Triple Quadrupole, Shimadzu
Co., Kyoto, Japan)E A3} Table 29] 710 w2} £4
st o5 &= S mM ammonium formateS XS
0.1% formic acid 8%} 5mM ammonium formate$}
0.1% formic acidE X3F3F methanol AM&-31%3 3, Pheno-
menex Inc. (Torrance, CA, USA)®] Kintex phenyl-hexyl
(2.1 x 100 mm, 2.6 ym) Z4-2 AM8-3}0] ¥-2]51%T

=MH 45

Tebufenozide®} teflubenzurond] ZAFA 2L XEFS
o] &3t 100 mg L' stock solutiong A|Z3F 3 ]2 o}
2Uo} A 8¢ FEEF 3]4)3}o] matrix-matched standard
£ A|Z3H. Tebufenozide} teflubenzuron®] 7 &A1
0.005-0.500 mg kg'e] HNAM 2SI L, signal/noiset]
100142 71522 A (limit of quantitation, LOQ)E
AFESIA 2 (Oh et al, 2020), 358 AlF2 0.01 mg kg
7} 0.1 mg kg'ollA] 38HE TPt

160
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~*~Average temperature (°C)
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Q
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Fig. 1. Weather condition for tebufenozide and teflubenzuron residue field trials on black chokeberry (4ronia melanocarpa).
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Table 2. The instrumental condition of LC-MS/MS for quantitative analysis of tebufenozide and teflubenzuron in black chokeberry

(4ronia melanocarpa)

HPLC conditions

Instrument Nexera LC-40 UPLC (Shimadzu Co., Kyoto, Japan)
Column Kintex phenyl-hexyl (2.1 x 100 mm, 2.6 pum)
Injection volume 1uL

Mobile phase

A: 0.1% formic acid in aqueous 5 mM ammonium formate

B: 0.1% formic acid in 5 mM ammonium formate MeOH

Flow rate 0.3 mL min
Gradient Tebufenozide Teflubenzuron
Time (min) A (%) B (%) Time (min) A (%) B (%)
0 45 55 0 85 15
3 30 70 5 40 60
10 10 90 7 20 80
Mass conditions
Instrument LC-MS 8050 Triple Quadrupole (Shimadzu Co., Kyoto, Japan)
Ionization Electrospray lonization (ESI, Positive)
lon source temperature 150°C
DL temperature 250°C
Heating block 400°C
MRM condition Analyte Precursor (m/z) Product (m/z) Collision energy (V)
. 353.0 133.1 21
Tebufenozide
297.0 9
381.1 157.9 17
Teflubenzuron
141.0 38
TR BRI ME R
B A2l F sl upe HFF wale] hi3l 3] TMDI (mg kg, day )
ANE Eq. 1] 48340 AEINNT, 4B AR W) MRL(mghg”) < daily intake (kg day”) Ea3)
(dissipation time, DTs)= Eq. 2& ARE3l AM=E3Ath body weight (61 kg)
(Lee et al., 2022). TMDI (mg kg_l day_l)
%ADI = =Y %100 (Eq. 4)
= g (Eq. 1) ADI (mg kg, day )
pr,, =102 (Eq. 2) Zdn o pE
k = = L=
THR oMY ot =MH HE

Tebufenozide} teflubenzuron®] 57 QHIA H7HE 918
o]£7 UUH )4 F F(theoretical maximum daily intake,
TMDI)S 2]3%2] k22 *] (Ministry of Food and Drug
Safety, MFDS)¢] &4 H 555o U= MRLF
20199 =19 A 5 AA AF 9] o] HHF AkEe}t =
7 Hat A5 (61 kgyS Eq. 39 A-838l0] A=31tHKHIDI,
2019; Lee et al.,, 2021). MFDS¢] ZFE2 A Ho| 5250
NE LU F5]-8-FF(Acceptable daily intake, ADI)Z} A=
g TMDIE Eq. 49 4-8-31%] %ADIE 2H=a]T.

ol2Uo}l 5 tebufenozide®}t teflubenzurond] #F-41S
ok AegFA o] MRS 25 0.999 oo g 3k
, oFZUolo| A tebufenozide®} teflubenzuron®] LOQE
005 mg kg'o]tt. ofZ ool A AT el 3rE
0.0l mg kg'o} 0.1mg kg'ollX Algstx, 2 23}
tebufenozide®] vt 3|82 93.7-98.2%°1 2, teflu-
benzuron®] B3| FE-E 94.1-95.9% ©|Uth. o5 FHE
Ao tigk o A4 (Coefficient of variation, CV)= 0.6-
3.9%°] A TH Table 3).

Mo 2 Rk o
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Table 3. Recoveries, CVs and LOQs of the analytes in black chokeberry

Analyte Fortification (mg kg™) Recovery (%) CV (%) LOQ (mgkg™)
. 0.01 93.7 3.7
Tebufenozide 0.005
0.1 98.2 0.6
0.01 94.1 3.9
Teflubenzuron 0.005
0.1 95.9 1.5
Table 4. Time-course residues and the DTs, of tebufenozide and teflubenzuron in black chokeberry
Pesticide Analyte DAT (days)” (iszlri;z ciogllc)e; nr‘;rztll?gl}]) DTs, (day)
0 2.861 +£0.337 33.6
) 3 2.554+0.270
20% T?;‘gf“"z‘de Tebufenozide 7 2386+ 0.522
14 2.398 +£0.252
21 1.658 + 0.295
0 1.035+0.101 16.4
1.027 £ 0.157
3% Tef(l‘slg‘;nz“mn Teflubenzuron 7 0.957+0.112
14 0.641+0.117
21 0.362 +£0.048

3 DAT : day after treatment

O}2L|0} & tebufenozide2| AA|X ZHF Y52} XF
HHZE|

20% Tebufenozide (SC) 2,0008] A5 7d7+4 23]
A3 5 tebufenozide®] ZHFS ARSI 7 Y oF
ol A¥ % tebufenozided] 7] HFHL HF 2.861+
0.337 mg kg' (2.585-3.237 mg kg') ©I2, HZF oF 4+
219 7% & FFE HWet 1.658+0295mg kg
(1.348-1.935 mg kg') ©]ATH(Table 4). HE o Az 3
737U 4eol] W2 tebufenozide?] HFH-S Fig. 29} 7Fo] 7
2% SR 5 AT HF Y AxE 149 A & 3
TS 27] AFE o) 16.2% A2diien, 219 4
F AR AFFE 27 IRG U] 42.1%= Fasiid
A& 717 &9t ofZUo} F tebufenozide®] ZHFE 50%
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Tsiropoulos, 2011).

O}2L|0} = teflubenzuron?| ZA|X ZIF Hi5}9}
TR HH|

5% Teflubenzuron (SC) 2,0008] 3XHE 79744 2
AE 5 Aol WE teflubenzuron?] FHRHE-S ZAFS
Aok £ FY ofl AXE T teflubenzuron®] 27| ZHFHF

S Hit 1.035+0.101 mg kg (0.972-1.151 mg kg') ],

EIR)

y

65.0% 72 0362+ 0.048 mg ke (0.319-0.415 mg k)
o|lom otZu]o} = teflubenzurond] 25 BFIZ1E 16.4
o] ti(Table 4). Teflubenzuron®] 2Hs #HF WH7 = &
oA 11598 Akt o, 27] RS 026 mg
kg'o & ofgujole] 7] ZhFEke] 4 ESkTHYoon et al.,
2012). o]t Afol= F 22| FAUY] 2HA v 5 &
=9 FejA 5ol ot 27] 3HRE] Aol 2 AeE AT
(Lee et al., 2022).

OtZL|0} & tebufenozide} teflubenzuron| ZtF OHH M
"ot

Al $-2UEollA tebufenozide= 5652] 22, tefluben-
zuron 58%2] ZHEol] MRLo| 7}z} AR o] 9lom, o2
Lo}l thel tebufenozide} teflubenzuron®] 74 MRL2
Z}z} 2.0 mg kg'3} 1.0 mg kg'o = AA o] JATHMFDS,
2022). ol & A 55 =° gk TMDIE =917
FEERAL] FrHE o] HHAFS 7ELo R A4S tebu-
fenozide= 6.94 x 10" mg kg, day”, teflubenzuronS 5.26 x
10°mg kep! day'2 72 ADI9] 34.7%9} 52.6%011t}.
ohat ol2yolo] HA = 24 MRLE] %ADI= tebufenozide
7} 1.3%, teflubenzuron®] 0.02%% 4] %UTHMEDS, 2022).
ohet, 20% tebufenozide®t 5% teflubenzuron 2,0008] 3]

Ae 7924 23 HES A% AF 4 2T 219 43
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Fig. 2. Dissipation pattern of tebufenozide (A) and tefluben-
zuron (B) in black chokeberry (Aronia melanocarpa).
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