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Abstract

BACKGROUND: This study was carried out to establish
pre-harvest residue limits (PHRLs) of indoxacarb and
pymetrozine in broccoli under greenhouse conditions,
based on dissipation patterns and biological half-lives of
pesticides during 10 days after application.

METHODS AND RESULTS: The field studies were
conducted in two different greenhouse, located in Chungju-si
(Field 1) and Gunsan-si (Field 2). Samples were collected at
0,1,2,3,5,7and 10 days after spraying pesticide suspension.
The analytical methods for indoxacarb and pymetrozine using
HPLC-DAD were validated by recoveries ranging of
94.3-105.4% and 81.8-96.0%, respectively, and MLOQ
(Method Limit of Quantification) of 0.05 mg/kg. Biological
half-lives of indoxacarb and pymetrozine were 2.9 and 3.2-
3.8 days in broccoli, respectively. The lower 95% confidence
intervals of dissipation rate constant of indoxacarb were
determined as 0.1508 (Field 1) and 0.2017 (Field 2), whereas
those of pymetrozine were calculated as 0.1489 (Field 1) and
0.1577 (Field 2).
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CONCLUSION: The significant differences were not
observed between the dissipation rates of indoxacarb and
pymetrozine in broccoli. The major factor affecting residue
dissipation was the dilution effect by fast growth. The
PHRLs for 10 days prior to harvest were recommended as
30.06 (Field 1) and 18.07 (Field 2) mg/kg for indoxacarb,
and 4.84 (Field 1) and 4.43 (Field 2) mg/kg for pymetrozine,
respectively.
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woke] #e] AAE Bk g - Asleta FA%) sAEo] &
TR wE A 2 avjte] FeEE Hasksb] Sls A
AP 2H53187]5(Pre-Harvest Residue Limit, PHRL)
A% - 8817 9k PHRLE w25 5¢F odAbg
of wet okAlE Axstal Fet A AR sk AR
O= 2 AET7] i |(biological half-life) %
e g8ste] A 9 ARETh @A) w4k 69 Al
150711] Febditel disl & 1,1687119] AAbHAl 25+
7]50] Al E el ITHMEDS, 2019).

B E2 3= YAV Brassicacease)®ll 48h= AAZ (5
Ay Lok F2 B2]91 ascobic acid, B-carotene 5 <!
Aol F&st ALY ELS ohdF sk gom[1], i
A 7154 =421 sulforaphane (S-methylsulfinylbutyl
isothiocyanate)> Sd4tA9} WA 245 w25} A7
31, A9A O 7 Phase II & (glutathione S-transferase)
=5 TEFOEA Wt tiaix o] #AE-S yepdrta
A Slvh2]. 20189 I, HEFE O] AW 2,014
hal®Z A7 AAHA] o 4%5 A8k, Bk
25,101:=013lom F2 wA(KAS] oF 98%) A= AlS(H
A8} oF 76%) A1 elA A= ATHMAFRA, 2019).

A%A indoxacarb+ indeno-oxadiazine”| -§¢FC 24
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1 2] bV 52 indoxacarb (51 99.9%) X pymetrozine
(% 99.9%) 9] EFFH2 Sigma-Aldrich (USA)IA 7
< ARgsil o, A Aelst A[F9FA indoxacarb
10%, FeHAI(IIOIE, 978%5) Y pymetrozine 25% 3t
A(H 2, AAEFokR)= AR R Flste] ARSI
ov, 7 Foke] §8h4 F-x+= Fig. 13 ZtH3]. HPLCH
acetonitrilex= J.T Baker (USA)Z5-E T|3}31 1 acetone,
ethyl acetate, methanol %! rrhexanet= Daejung Chemicals
& Metals (Korea)olX {181tk 44| 2F sodium sulfate
4l sodium chloride Junsei chemical (Japan)elA],
potassium phosphate monobasic> Daejung Chemicals
& Metals (Korea)°ll%], sodium tetraborate, anhydrous
(% 99.95%)+= Alfa Aesar (USA)oIA THelaisick. ujol
AR SXIAE Hydrometrix= Varian Inc. (USA)E T
J3k3lar A8 %A SPE Florisil cartridge (500 mg, 6
mL) % SPE silica cartridge (1 g 6 mL)= Phenomenex

(USA)elM ]lsto] ARG-83iT
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Fig. 1. Chemical structures of indoxacarb and pymetrozine.
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Table 1. Good agricultural practice and maximum residue limit of indoxacarb and pymetrozine in broccoli

Formulation

Application

Pesticide ) Spray con. Max. Interval PHI MRLY
Type PAL (L ai/10a) No. (days) (days) (mg/ke)
Indoxacarb wp? 10 0.05 3 7 7 4.0
Pymetrozine WP 25 0.06 2 7 7 1.0

) Active ingredient

® Pre-harvest interval

9 Maximum residue limit
9 Wettable powder
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/N)7F 10 ol FEZFE ARSI THMEFDS, 2014).
Indoxacarb 373(99.9%) 10.010 mg ¥ pymetrozine 3%
T3(99.9%) 10.010 mgs 27} acetonitrile 100 mLe]l -3
3to] 100 mg/L stock solutions ZA|EF3ItE Indoxacarb
9] 7% acetonitrile® 3]4J3}] 0.05, 0.1, 0.2, 0.5 ¥ 1.0
mg/Le] working solutions ZAI3}311, pymetrozine<>
borax buffer (0.017 M potassium phosphate % 0.043 M
sodium tetraborate, pH 9)°] AH8-%l acetonitrile/borax
buffer (15/85, v/v) <40lE o]€3l 0.1, 0.5, 1.0, 2.0
2 5.0 mg/Le] working solutions ZAEFTE A%
S5t peak areas 7|02 AAJshal A Rl
o AL sl g ARAFE) oE AYsslct.
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Indoxacarb %! pymetrozine®| 3|5& AP 27 &
A d%eA0.05 mg/kg), A 1091(0.5 mg
L= MRL 75(1.0 mg/kg) = 27 FEolA 3L
A3tk Indoxacarb®] 74 A& 20 gol A=EA(0.05

mg/kg) 2 AZA 108(0.5 mg/kg) 0] HEE EF
4% A2]3laL acetonitrile 100 mL& 7}3l%] 12,000
rpmellA] 31F 1E5RY(AM-7, Nihonseiki kaisha Ltd.,
Tokyo, Japan)F% § 7% of3sigitt. el sodium
chloride 10 g& ¥l ZI®3t 3,500 rpmelA] 537t ¢4
2](Combi 408, Hanil, Gwangju, Korea)at3itt. &
o] s 20 mLE F3te] 40Cel4 rotary vacuum
evaporator (R-114, Buchi, Flawil, Switzerland)E ©]-&-3}{
et =3tk 5% 7 1ES acetone/n-hexane (20/80,
v/v) 4 mLZ #8383+ 5 acetone/n-hexane (20/80, v/v)
5 mLE 243} AX1 SPE Florisil cartridge (500 mg, 6 cc)
o] 7}5}L acetone/n-hexane (20/80, v/v) 5 mLZ -£&3}
At EENE N, gas® 5538t - acetonitrile 4 mL= A
§3st ¥ HPLC-DAD (Agilnet 1100 Series, Agilent
Technologies, Atlanta, GA, USA)% A&4S 3313
o} 4 Column<> Gemini-NX C18 (150x4.6 mm, 3 U
m, Phenomenex)S AR5} OH, o] 54 acetonitrile/
distilled water (85/15, v/v), %< 0.8 mL/min, 3%
& 222 nm, FYFE 20 L FAEITH
Pymetrozine?| 73-¢, A& 15 goll 41 A=A 10
1(0.5 mg/kg) % MRL (1.0 mg/kg)°] HE% %78
HE A28t methanol 100 mLS 7}sk - 12,000 rpme]
A 287 aERpERES o Y oAkislth FE
methanol& F7I2 Yol 150 mLE H¥& @& & 7 =
50 mLE F5te] 40C oA At sFa0ith 55 Aol
2599 3 mLE 7} $ Hydrometrix®ll 7Fsh U 20
7k WS ethyl acetate 100 mLE &F3t9] 40C
SN kES Sksith 5 7352 methanol/ethyl
acetate (10/90, v/v) 2 mLZ AE&3stL methanol/
ethyl acetate (10/90, v/v) 5 mLZ 43} A7 silica SPE
cartridgell 7}8t ¥, methanol/ethyl acetate (10/90, v/v)
8 mLEZ Al#3gt T methanol/ethyl acetate (30/70,
v/v) 20 mLE &E33ith &5 N, gas® 5538 &
acetonitrile/borax buffer (15/85, v/v) 5 mLZ A-&3l3t
¥ HPLC-DADE #43k3ith 4] Column-> Eclipse
XDB-C8 (250x4.6 mm, 5 um, Agilent)& AF-3}51.01, o]
54} A= acetonitrile, BE distilled waterS ©|-&31o] 2w
23 2318 vt Zo] S19itk 0-4 min: A 15%, 4-8 min:
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A 25%, 8-13 min: A 25%, 13-15 min: A 15%, 15-17 min:
A 15%, {5 0.8 mL/min, 3733k 298 nm, F1%
20 uL& A5k
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Fig. 2. Temperature (A) and relative humidity (B) in greenhouse for broccoli during field study.
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Ho AA4e AFAFAE Sl A 89
& &3 2EE SAPEAE indoxacarb?] ¢ y=
43.555x+0.127°191. 2% pymetrozine< y=94.656x-1.4487

4 pymetrozine®] HF A=
T 0992 = NS ERiskGlth g4& Ald4dy,
indoxacarb?®] B+ 3]FES F5E 102.1% E 95.1%°13
3l pymetrozine®] 73-F- 55 88.6% X 85.2%°1%1°H ¥
o] A9C.V., Coefficient of Variation)= &5 10% v|RFS
2 A 8871 AAE e A AP A
A4S 712 358 70~110% 2 WolAS 20% ©lUZ 4]
SHEIATHMFDS, 2014; Table 2). B23¢] % indoxacarb
4! pymetrozine®] HPLC-DAD®I| 2I$t &4 Al ]2
Ag 9 35S AlEeA] 7] peakell 2 Eko] Sl A
olslsic). AP AldelA indoxacarbi= 7747F R &
2RIgH A3} 102.4+0.5%2] 3782 H3 01 pymetrozine
1497 B3t § 2Rle 3|7go] 887+35% % F A
BT AR HAIRE Feb Edl e AR eS¢

soick
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B2 Mozt & TR Het

BE3E] A 713 & indoxacarb %! pymetrozine
o] oFA| Ae] - AEe] Aol ukE o] WskE eels)
9t} Indoxacarb AXEoHA A7 & 7] AHHS IH 1,

1.04 mg/kg % 2% 2, 0.71 mg/kg®l%3, pymetrozine<

At 9= 241, 056 mg/kg E EF 2, 0.21 mg/kg
© % indoxacarb?] %7] 7o) 1.3~5.04] E34Th AFA
indoxacarb?®] FAARS7|EE 7 794 FHoff 33]Q1 wh,
254 pymetrozinee- % 794 Hoff 23]Z indoxacarb?]
2z S157) Wk, indoxacarb ERAlE 10% $Hll 2,000
Hl| 324421 W pymetrozine T8 25% gl 3,000
- 3j43E0)7]ef . pymetrozine®] AT 13] ]
indoxacarb®.t}h oF 1.78)] =9kov; F A IFE 1S F
FTRAE A FARE 5]t Table 1). Wby, B
oo 7] AR 13] Fraidi Axsno dxsle o
T 9% e Zlow FEHM

HE 2] FedApd AR d9E B 3784
ol A e W S AESiSivh Bz A
77} % indoxacarb % pymetrozine<> A 374 0%
ol asigion, A viAE A1 1094l Aol
717} 0.08~0.11 mg/kg 9 0.04~0.06 mg/kgo 2 27| &5
ol wulal] oF o S Ao 27] AR 10~11%¢
33t o™, pymetrozine?] 27| &47%©] 0.5 mg/kg vl
71 0.21 mg/kgdl 74 29 75 7] el vlal ok 6
v 7haste] 27] AR 17%%ko] FEskSith(Fig. 4). B
Z2]o] gt indoxacarb ¥ pymetrozine®] PHI&= 27}
3 9 7delglon, aid Fetdate] A2 indoxacarb
0.45~0.59 mg/kg, pymetrozine 0.06~0.08 mg/kg S & -5oF
25351971791 4.0 2 1.0 mg/kg U170 ICKMEDS, 2020).

Hu
1

Table 2. Recovery rate for indoxacarb and pymetrozine in broccoli

Recovery (%)

. Fortification level - b) MLOQ?
Pesticide (mg/kg) Replicate Mear4SD” (% (mg/Ke)
1 2 3
0.05 105.4 98.1 102.9 102.143.7 3.6
Indoxacarb 0.05
0.5 96.8 94.3 94.3 95.1+1.4 1.5
) 0.5 81.8 88.0 96.0 88.67.1 8.0
Pymetrozine 0.05
1 89.3 85.3 80.9 85.244.2 5.0
¥ Means + SD of triplicate
b Coefficient of variation
9 Method Limit of quantification
A ® Field 1 A Field2 B ® Fieldl A Field 2
12 Fieldl Ficld 2 07 Fieldl Field 2

Residue (mg/kg)

Days after teratment(Day)

Days after teratment(Day)

Fig. 4. Dissipation curves of indoxacarb (A) and pymetrozine (B) in broccoli.
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™, pymetrozine 78 32~3.8UEM kA AAsfd 4l
BRI W7} obA 2 ST, U] 957 19
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0.1489 4 0.1577=4] X4, kA 24 A}o](p<0.05)
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sk AEAFA T T elomE Fu A
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A4E0] g, woF AF, A Y, 71, AeelH &
5O gt Fel, Fgel tist wHA], A& ¥He] 2=,
EE ks wax S 24 o= Q8 HpH sle
2 o] £l BuHgIth4-8]. & Ao el HEd
g 2o] SAH A FAT 9FES Bl FEEH
& AT AGVIRE Bk SAEE 2 1004 4.8~5.04), &
& 2014 9.9~10.54) o] itk whebd, HEZT] 5 gof A5
F 2A5HY FQ A2 FAR AF X Aol

B9 SAZ % SXadE wAEslE wel Eof
AR 2AEQS AWE Ay olzpd AR ARG A3}
= Zlo] 7RIl Fig. 5). 5 indoxacarb %! pymetrozine
o A7t Ft Tl AAEA| AShTRIL BY] Bl BR

Y AT A wiieel Ao fdEny HEFe o
AAPH Aol =2 AdgelA dAbE AFNA T
AG(C.V., Coefficent Variable)7} 16.1~30.1%°l &&
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s g3} wjAl Al Feke] s ARl E7eSIth
B3] ARt T Algsere] MA@l dis Bar
¥ AR} FAsle] BF 2ol 2] indoxacarb 2 pymetrozine
9] 24 EAS v walith Indoxacarb?] A%, AZouj+
of| Al w1717} 3.34[9], FnlF=ellA] 1.99 & 6.3Y[10,11],
HH—r°ﬂ*1 429[12]% Ha¥o] HEZe] T Wgl|eh fAleh
o]tk Pymetrozine®] W7 1= &35 2.79[13],
=3 42%][14]3i = BRI w7|e ARSIt
P oA B AEAIS] FAES B, indoxacarbl] S
Zho] wllF= 1.81N[8], <l 1.54H[11]°]1%13, pymetrozine®]
%‘414%(%‘%)—5 2.6~5.41) [14] 0% Y713t F FA&o] =
T—fo]?i‘jr
L7, & o‘]:lL W oopet e AEAll Bard =)o
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4] indoxacarb %! pymetrozine®] 7= FE FAHE 21
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Table 3. Dissipation characteristics of indoxacarb and pymetrozine in broccoli

Pesticide Indoxacarb Pymetrozine
Field No. Field 1 Field 2 Field 1 Field 2
Regression equation y:éz O_%gggzgm y:(0é7_864e-0.2356x y=0. 4_321 02138 y=0.2370e 1815
=0. 1’=0.9108) (r*=0.9505) (1*=0.9757)
CI (95%)° -0.2367+0.0350 -0.2356+0.0848 -0.213840.0561 -0.1819+0.0330
Upper 95%CI -0.2017 -0.1508 -0.1577 -0.1489
Dk Dissipation rate constant; CI, Confidence interval
A ® Field!l A Field2 B ® Fildl A Field2
30 215 R E— Field 2 10 Field1 =~ e Field 2

Residue (mg/kg)
= N N
[ = [

b =

o
7

=2
=}

3 4 5 6 7 8 9 10
Days after teratment(Day)

=3
[N}

Residue (mg/kg)

o
Y

=
(8]

0.0 + T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Days after teratment(Day)

Fig. 5. Dissipation curves of indoxacatb (A) and pymetrozine (B) in broccoli by subtracting growth rate during

sample harvest period.
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Table 4. Recommended PHRLs of indoxacarb and pymetrozine in broccoli during cultivation

Recommended PHRLs (mg/kg)

Pesticide MRLs (mg/kg)
10 days before 5 days before

Ind b Field 1 30.06 10.97 20
ndoxcar .

Field 2 18.07 8.50
P oz Field 1 4.84 2.20 10
metrozine :

Y Field 2 443 211

FRe A% slow Al b AR Sl 95% References

A7 F slekaks Ag-ate] AEsitl ¥4 indoxacarb
O] FAdT 95% A BT oFehAl = ZH2F 0.1508(32% 1) Y
0.2017(:£% 2)°]%l3l, pymetrozine<- 0.1489(327% 1) ¥
0.1577(3£7 2)0]3loH, o5 Edj A% PHRLE Table
49} g} B 23] 8 10¥% PHRL-L indoxacarb®] 73
30.06(3£% 1) 2 18.07(3E% 2) mg/kgOl3)L, pymetrozine
S 484 1) U 443(E%F 2) mg/kgo® AREEHICH

0]
12

2 AFMe AEAN] s EEEFe] F indoxacarb
pymetrozine®] AA1%] ZFRsHE ZAFst] &84 RE
P19} 1H2d5 AbEste] Akl 7H75187]5(PHRL)
Akt sigleh. RS SFAES 1) 2 A
(7 2)] gt A A Aol A FE QoM oAl &
01,2375, 7 1094kl A 5E AF sk 2480, B
= T AFES HPLC-DADE #4313 © 1, indoxacarb
4 pymetrozine®] 3|82 717t 94.3~105.4% 3 81.8~96.0%
0] o™, MLOQ (Method Limit of quantltatlon)‘: 2
0.05 mg/kgolSitt. B=Fe] % indoxacarb ¥ pymetrozine
o] AESA W)= 247F 2,99, 3.2~3.8Y0|glom, 1A
2] 959, AlFS=<= 3F5kA]+= indoxacarb 0.1508 4! 0.2017,
pymetrozine 0.1489 % 0.1577=4 48, okAH §214
z],o](P<0 05)7]. 010'11:]- _E*‘—E] % lr_ol: ;(]—Eal: }\}\IE}\-]/]
T2 Q9L FARE A M aFo|glon, BRI 48
1094 PHRL-> indoxacarb®] 73-¢- 30.06(327 1) %! 18.07
(2% 2) mg/kgelldl, pymetrozine> 4.84(3E7% 1) Y
4.43(327% 2) mg/kgel3lrk

=

N

N

tlo d
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Supplemental S1

Indoxacarb

Pymetrozine

o,

1] z 4 1 H ®

=

HPLC chromatograms of indoxacarb and pymetrozine (A; Control, B; standard at 1.0 ppm, C; fortified at
0.5 mg/kg, D; broccoli harvested at 0 days after application). The arrow symbols represent the retention

time of indoxacarb and pymetrozine, respectively.
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