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Abstract The biological half-lives of the insecticides were 8.5 days
for bifenthrin, 11.8 days for chlorantraniliprole, 16.8 days
BACKGROUND: This study was carried out to investigate for chlorfenapyr, 7.1 days for lamda-cyhalothrin and 31.3

the residual characteristics of insecticides used for Oriental days for methoxyfenozide at recommended dosage,
Tobacco Budworm control and to establish the recommended respectively.

pre-harvest residue limit leading to contribution in safety of CONCLUSION(S): The pre-harvest residue limits for 10
paprika production. days before harvest were recommended 1.05 mg/kg, 1.41

METHODS AND RESULTS: The recommended Pre- mg/kg, 0.93 mg/kg, 2.06 mgkg and 1.08 mg/kg as
Harvest Residue Limits (PHRLs) of insecticides during bifenthrin, chlorantraniliprole, chlorfenapyr, lamda-cyhalothrin
cultivation of paprika were calculated from residue and methoxyfenozide, respectively.

analyses of insecticides in fruits 1, 3, 5, 7, 10, 12, 15, 18 and This study can provide good practical measures to produce
21 days after treatment. Paprika samples were extracted safe paprika fruit by prevention of products from exceeding
with QUEChERS method and cleaned-up with amino of MRLs at pre-harvest stage.

propyl SPE cartridge and PSA, and insecticide residues
were analyzed either by HPLC/DAD or GLC/ECD. The
limits of detection were 0.01 mg/kg for 5 insecticides.
Average recoveries were 81.3+1.62%-98.3+1.58% of 5

Key Words: Biological half-lives, Insecticide, Oriental
Tobacco Budworm, Paprika, Pre-Harvest Residue Limit

insecticides at fortification levels of 0.1 and 0.5 mg/kg. M 2
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L% Fa3 Y AAMEA ol2let Fok] AM-E- B5A]
2} & 4= SltiJeong et al, 2004; Hong et al, 2011).

s R el 9 fxE G oE WA
ab7] flete] ofe] Aeje] slelraE 7L Qla, EEe] &
Hog Abgo] Edt Foll = Ex ol wet w2 Y g
7 ol AREE 97 A E SHKim et al, 2009).

ojgl] Feko] AU|A ARH FaES AdFeH 2 A
G QA A7 wAE L g wiel s F
R4V (Maximum Residue Limit; MRL, ©$]
mg/kg)= AA7gsto] HA|A, w7t o R P 7HEskal ¢l
THLim et al, 2011).

FF WS 87Es 2t wakEel disiAe E8kd7],
SEAS, AT B AVARE T 2A7F FHAARE 3
Fo87les 28 FAY sAEES 78 F AR &
9] o]Ego] o] HAH o7 Z3lV|7t Brlsdhal, 45
o] Mgk gl Aqghg-e] 713|%= 719 7] wiimell ool -4
T A AVIARE L oo o2 1 Btk &
A4 Eado] WAEkaL otk ol wAEES At 3
Me SRR ARkl g HdA Bt E6t Ao
o]Fof A= Ao] nigA]ek ol o]F F&A 0% FYslV]
AaiM = EhrA el MRLY 54 A Al 2w 59
o] A=8HA Wl e ZAsE A A A 9] FHrEeke] &
7o)l MR AR ojol g ZoltLee et al, 2009a;
Kim et al, 2002; Ko et al, 2004).

)7 19949 el A5 oz Al | o] F A%
Aoz AmaAz gakego] F7kstal 9low(Cho ef al,
2011), 2011'd 7]5= AuiHA 2 oF 450 haoli ATF YA
= 40RHE el Eetar qlom, fEluEt AaT E A
17,8205 22 F 1/301%4<1 6,590%F E2le] && HlEs 2}
Aoz 1S AEolt(ETAE T E, 2012).

pze)zhe] B Blti7h Evkal W 2 7] keet 1
A A5t A9, o] AlelE T F7tel Qe sok
A Mgt a4 ¢hof g A AE 2719 WFE
7b E3F A7k A AREA s e Afel & &
24, 78 A Al seakgel] ZhEg o7t 2
afrkar & < Sith

A Y ghze|gh A Al ks 8 S T wlv
Fow Qlgh dalzt sk glom, o siF2 #Fol ¢,
528 5= 7Hle % ARt 2 3 Lol Fol7t F
= 7hellete] deliabae i skl HatetAl Hv
15 o HE FAVA Theletel 2 vsiE 4o
(Song et al, 2009), ole]gh Fujihd WS 21 o8 7A|
AEA7E AREE AL QU

= ArelME S BAIE S8l TRl AREE T
9 A5AIQ] bifenthrin, chlornatraniliprole, chlorfenapyr,
lamda-cyhalothrin 18]3 methoxyfenozideE §7}At
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A8l AMgE AFAY] ¥FE S-S Dr. EhrenstorferAt
(525 7% bifenthrin (5% 99.5%), chlorantraniliprole
(F=% 94.5%), chlorfenapyr (=% 99%), lamda-cyhalothrin
(

= 9 AAE 98 AFESh acetonitrile?} acetone+-
MerckAH=%)olA 4Jsto] ARg-alSiom, SPE AAlE
& A3t amino propyl cartridge (MEGA BE-NH, SPE
cartridge 1.0 g, 6 mL)$} PSA (Primary Secondary
Amine) AgilentA{ "=l F9)8te] ARE-SIAAT

Al
Aol AR A =esierd 54 Y sk
< Table 13} #1L, BIARE7]E 4l 178]-87]E2 Table

2%} At}

3 2K=R1 9L Capsicum annuum var. angulosum
Mill, cv. A8 = AAEE ZFA] = 24 Ads7F
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Table 1. Physico-chemical properties and chemical structures of 5 insecticides used in this study (Tomlin, 2009)

Insecticide Chemical Molecular Vapor pressure Kow
structure Weight (mPa)
(2)-(1R)-¢is-
So—q \\/o
. . 0.024
bifenthrin 4229 (25C) logP>6
(2)-(19)-cis-
N
cl A‘ /
A 2.1x10°
chlorantraniliprole 7 " " 4832 p logP=2.76
g \, (20C)
—— 3
HaC
Cl
Br
e -2
chlorfenapyr | \ cl 407.6 <1(220Cl;) logP=4.83
FC \
CH,OCH,CHs
(2)-(1R)-¢is-
c/H c\ <
. 2x10*
lamda-cyhalothrin 4499 20C) logP=7
: % Aeqe
(2)-(15)-cis-
C(CHa);
/ CHy 5
NH —N X107
methoxyfenozide o e, 368.5 <1.48x10 logP=3.7

CH,

(20C)
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Table 2. Pesticide formulations, safe use guidelines, and MRLs of 5 insecticides (Korea Crop Protection Association, 2011)

) 2 o Safe use guidelines 9
Insecticide formulation Al Dilution ) o MRL
type (%) (g or mL in 20 L water) PHI MA (mg/kg)
(day) (times)
bifenthrin wr? 2 5¢g 7 3 05
chlorantraniliprole wG? 10 g 3 3 1.0
chlorfenapyr sce 10 10 mL 3 3 0.7
lamda-cyhalothrin WP 1 20g 5 3 1.0
methoxyfenozide SC 21 10 mL 7 3 1.0

? Active Ingredient

" Pre-Harvest Interval

9 Maximum Application Frequency
9 Maximum Residue Limit

© Wettable Powder

" Water Dispersible Granule

¢ Suspension Concentrate

HEAHZM &Y

AleEeRR] bifenthrin, chlorfenapyr$} lamda-cyhalothrin
EFES acetonelE 0] 1,000 mg/L FEE A
stock solution< 0.01, 0.05, 0.1, 0.2, 0.5, 1, 2, 5 mg/LE
& 843t 1 pL 4 GLC/ECD (Electron Capture
Detector)ll, chlorantraniliprole¥} methoxyfenozide %
< acetonitrile© 2 0] 1,000 mg/L &%= ZA|8t stock
solution< 0.05, 0.1, 0.5, 1, 2, 5, 10 mg/L°] A 3]st
©] 10 pL 4 HPLC/DAD (Diode Array Detector)°l +
o] uehd ARrtEafYe] dauAs VEoR 2E
AFde A8l

IFSU BN
sLe}7} § kel F5& QUEChERSH o2 <3
3131t Anastassiades et al, 2003; Lehotay, 2007). Conical

centrifuge tube (50 mL)°l Al&Ag Aulf 15 g& Hsla,
o371l 0.1% CH;COOH7} A 37}8t acetonitrile 15 mL,
MgSO; 6 g, CH:COONa 1.5 g= A@]gt ¥ 303 2%
ato] 943%-21(3000 rpm, 10 min, 4C)3kaL 245 10 mL
£ =3 & ZAES dichloromethane 5 mLE 2351T)
Pre-washing % NH, SPE cartridge®]l dichloromethane &3
4 5 mLE loadings}il methanol/dichloromethane
(v/v, 5/95)% °]&3lo] 20 mLZ §EA1Z] § AAanAlE
712 FFITE 58 AEE HPLC 2448 s
acetonitrile® 2 mLZ, GLC 48 52k acetone 10
mLE §3I5] o] % 1 mLE PSA 50 mg¥ MgSO; 150
mg©] A2|¥ E-tubeZ &7 ThAl & W QA A
% 0.2 pm filter® J¥73t] HPLC/DADS} GLC/ECDE
olgste] EAeloH, 771RA 23S 27 Table 3,
Table 42} 2t}

Table 3. HPLC/DAD conditions for the analyses of insecticides chlorantraniliprole and methoxyfenozide

Instrument Agilent 1200 series HPLC with auto sampler
Column Agilent XDB-C18, 4.6 X 150 mm, 5 um
Detector Diode Array Detector (DAD)
Wavelength 254 nm
Flow rate 1.0 mL/min
Time (min) H0 Acetonitrile Total (min)
70 30
Condition 70 30 5
20 100 20
25 100 25
Injection volume 10 pL




88

LEE et al.

Table 4. GLC/ECD conditions for the analyses of insecticides bifenthrin, chlorfenapyr and lamda-cyhalothrin

Instrument Varian CP-3800 GLC with auto sampler
Column DB-5, 30 m X 0.25 mm i.d., 0.25 pm
Detector Electron Capture Detector (ECD)
Flow rate 1.0 mL/min
Temperature (C) Rate (‘C /min) Hold (min) Total (min)
Column oven 150 > >
280 10 10 28
Injection oven : 280C, Detector oven : 280C
Split Splitless
Injection volume 1 pL
g8 AlY Za} o pEt
3)5E A2 AN Foll AFAE AeehA] ok
Algel 2t Foke] FFEE HAEeA 100, 500 FER) A& % EE AI™

0.1} 0.5 mg/kgol ¥=F Aejatal ddatA Eslate] 4

MRS MESA dizT| A
5187|&F2| L=

227t = skl 8= W)= MicrosoftA
9] Microsoft Office Excel 20072 A|4=2r414]& o] &8}
A=At Lee ef al, 2009b; Park et al, 2005). HE3t =
A A TS 2 A wePEE AR 39
TS o] g3l AFESIATHPark ef al, 2011; Lee et
al, 2008).

9] WIS AIZF bifenthrin 13.1 min, chlorantraniliprole
13.0 min, chlorfenapyr 10.9 min, lamda-cyhalothrin
14.0 min 7783l methoxyfenozide 6.3 min%& €<Is}31
on, F=2rfE T A peakE Wallshs EH EAIGHA
S THFig. 1). AEEAN Y] AEA= AP okAlA BF
0.01 mg/kgellaL, Aol ot Aldgete] 348 Al
A= 01 2 05 mg/kg oAl AEo]oEebd A olA
HsH= )5E U9 70-120%, WHE 358 3] 7F Ho|
AT 20% olete] 7]eat 2 Hikate] B Aol ARE-EE Al
gsoke] ARads Eslel a&A EAU ol
WtEt(Table 5).

Table 5. Recovery rates and Limits of Detection(LOD) of the analytical methods

Insecticide Fortification level Recovery+CV? LOD”
(mg/kg) (%) (mg/kg)
0.1 952 + 2.8
bifenthrin 0.01
0.5 89.1 + 1.6
0.1 813 + 1.6
chlorantraniliprole 0.01
0.5 98.3 + 1.6
0.1 945 + 10.1
chlorfenapyr 0.01
0.5 920 + 3.5
. 0.1 93.0 + 2.0
lamda-cyhalothrin 0.01
0.5 949 + 2.3
0.1 849 + 1.2
methoxyfenozide 0.01
0.5 91.8 + 10.6

? Coefficient of variation = (standard deviation / average) < 100

Y Limit of detection
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A B C

Fig. 1. chromatograms of bifenthrin(A : standard 0.5 mg/kg, B : control, C : recovery 0.5 mg/kg),
chlorantraniliprole(D : standard 0.5 mg/kg, E : control, F : recovery 0.5 mg/kg), chlorfenapyr (G : standard 0.5
mg/kg, H : control, I : recovery 0.5 mg/kg), lamda-cyhalothrin(J : standard 0.5 mg/kg, K : control, L : recovery
0.5 mg/ke) and methoxyfenozide (M : standard 0.5 mg/kg, N : control, O : recovery 0.5 mg/kg).

mt=2|7t A EZHO 74T SHE gol1, 7H =& HEFAE 1915 g2 AlF7IE F )
A7 5 AP U 3] et 250 W91 24.627.8C g 719 dojuA] kgkow 7k fatdapd et A
I B FEE 62.8-78.7%S 7|S8IQITE e oA Ay + Fig. 29} #Zo] ZAME I

sk A FALE A N2S B2 3
AR T BAAS AL, M AL FiRAE 176,
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250.0
190.7
1881 189.2 1834 X 189.1
2000 176.9 1915 1796 1825

150.0

100.0

Weight (g)

1 3 5 7 10 12 15 18 21
Days after application (Day)

Fig. 2. Average of paprika sample weight during
experiment period.

i=Ze(7t M| 2t & TRsE He

Ao S AEE 5 O(AFE 247 %), 1, 3, 5, 7, 10,

a—

12, 15, 18 1831 214 AlEE AF s Fiseg At
gt A3 bifenthrin 7157 229} Wi AEA] AFsEE
Z42b 0.06-0.23 mg/kg, 0.17-0.32 mg/kg oI,
chlorantraniliprole 7|55% Ars} wj&F A3xA| HsEs
7¥7} 0.02-0.06 mg/kg, 0.03-0.17 mg/kg o2 LERE

©om, chlorfenapyr 715% AEsl wigF A3 Aises
7¥7} 0.19-0.47 mg/kg, 0.32-1.12 mg/kg Tx°|3.0m Hj
A b= e F 43] ARl A3 MRLS 0.7
mg/kge Zet= 7o) YERETE lamda-cyhalothrin®]l
M RHEEE 717 0.01-006 mg/kg, 0.17-0.32 mg/kg
Feolglom 7 ofAls ARVt MRLe 236h=
R YEREA] Skttt 18]35 methoxyfenozide 7155 4
Eob Wi AEA] ZRsEe 27 0.38-0.58 mg/kg,
0.12-1.27 mg/kg Fxolom Wi E 3telafs A2
& 23] ARl A MRLQ! 1.0 mg/kgs Zosh=
7ro] YERTHFig. 3).
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@
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0.00 T T T T )
0 2 4 6 8 10 12 14 16 18 20 22
Days aftertreatment (Day)
chlorfenapyr
1.40
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S 1.00
=
3
£ 0.80
*g’ o MRL
2 060 )
D
& 040 5
020 -
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C

lamda—cyhalothrin

® recommended dosage

0 double dosage
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°
8
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=
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(]
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Q
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E

Fig. 3. Dissipation curves of bifenthrin (A),
chlorantraniliprole (B), chlorfenapyr (C), lamda-
cvhalothrin (D) and methoxvfenozide (E) in paprika.
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mt=e|7 M0 28 Al ASHI2| M =0}

woko] AEF G vAE T2 AR e v
gzl e sMadsE 5 5 UtkLee et al, 2012). Al
71z 7 dxgte] Het FAE 5 2713 E w9t
A A o7 ZUREA ko, A4 176.9 g, Ath 191.5
gO % 6.5%2 22 AolE YERNTE Cho et al (2011)>
ezl el 8 25 A5l B s A9 glol
2ol Q¥ Asipgo] Yebdtia Haslely, o] |
Fojrol o &B8KPark et al, 2011), 2°](Lee et al, 2008)
o} Zol ARV F T S7PF 3ASHA dolvke A=l
nlal] Blojgel st FHsoke] M avh Ao yeRtA
kS o7 wehdn

—

Mg A T e} wiEA e el AR A
2 3714} Y284 W)= Table 63 22 A9E o
Uitk bifenthrin®] 79~ 8547 2099 WERLOH o]
= Lee ef al (2009a)°14 s8F £2] 1.8%, 1.59%} Kim et
al (2007)°1A4 ¥5 <] 259, 3141} 71 AESA wigk
715 VERIST SR 259 - A7 217 239 & At
oM (Kim et al, 2009), F=Ze|7pRE} 1 AErA v
715 YERISITE  chlorantraniliprole®] 7%~ 11.8Y %}
64U % FAFES L, chlorfenapyr®] 79 16897 11U%
ERg oM o) HuEelA Lim ef al (2011)°] Ha13 3.5
o, 34dntt 1 e w7lE Uehdiglth lamda-
cyhalothrin®] 7-%- 7.197} 209¥°]%1eH ©]& Kim et
al. (2007)°14 ¥l $2] 3.6, 3.993} Yoon et al (2008)
oA 1.7, 1.8450 11 A=sH] 7S Hehigith 1

ul

231 methoxyfenozide®] &34 WHl7|= 31.3Y ¥} 24.9
Az Z7F vEston o= FHuEolX Hong ef al (2011)
o] ¥i%k 3.994, 5984wt 11 AESHA WS vEd
Atk AldekA] A AJRFE FE7bA] vt o] A8
dofif= AHEel T wliF, A, FAvHE Sl o] ey
W7 1= szt Bt ZA et e, 219} o] H]
el A4 ok AEelMe srgztel vsssAu 11
AESH] WRPE 7= Zo® Kol A9 ult g
o3k Foke] i Mgt AEeA Wl & %
= T & ik gEelelMs Al AsAl
chlorantraniliprole, chlorfenapyrgr methoxyfenozide
A=A = T B wiFE A el g A
=234 d71E JUERaL 93, bifenthrin?  lamda-
cyhalothrin 242704 71&3F 2] 7kt wisEAe] o+
Tl 71 AESH] Wizl E vER L Qlvk

A e 8 719 A 7 Aol
MRLE Z¥eHA] Fes 75k d A2 s
A2 (Lee et al, 2012) Table 73} 70| A
R = k] s L Ll = e I R R
88712 47 2 1094 5527t bifenthrin 1.05
mg/kg, chlorantraniliprole 1.41 mg/kg, chlorfenapyr
0.93 mg/kg, lamda-cyhalothrin 2.06 mg/kg I8
methoxyfenozide 1.08 mg/kgol™ 3 Al AFs%rt
MRLoJs}2 478 207 oSHnth shze)7t A 5 gl
L WhAol] ARG-E|= okl wheh AakdA] e8]
Ag3to] F3h A9 AREEE AS5de] F7E 24T
OZM MRLe Z¥eHA] ¢h= bt shrglzhs AAksto]
reol 7Fsd Aow 7get.

Table 6. Regression equations and biological half-lives of insecticides

Insecticide Application dosage Regression equation Biological half-life
Recommended y=0.3070e %" 8.5
bifenthrin 055
Double y=0.3348e™ 20.9
Recommended y=0.0767¢ "% 11.8
chlorantraniliprole 1055
Double y=0.3168e™ 6.4
Recommended y=0.4833¢ !> 16.8
chlorfenapyr 006
Double y=1.3160e""™ 11.0
Recommended y=0.0918¢*"* 71
lamda-cyhalothrin 0550
Double y=0.3348¢™ 20.9
, Recommended y=0.5634¢" %™ 313
methoxyfenozide 0250
Double y=12724e™ 249
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Table 7. Recommended pre-harvest residue limit of 5 insecticides in paprika (mg/kg)
. Pre-harvest residue limit (mg/kg)
Insecticide MRL | Regression ;
(mg/kg)| coefficient 10 9 8 7 6 5 4 3 2 1 |Harvesting
day | day | day | day | day | day | day | day | day | day day
bifenthrin 0.5 0.0746 1.05 | 098 | 091 | 0.84 | 0.78 | 0.73 | 0.67 | 0.63 | 0.58 | 0.54 0.5
chlorantraniliprole| 1.0 0.0345 141 | 136 | 1.32 | 1.27 | 1.23 | 1.19 | 1.15 | 1.11 | 1.07 | 1.04 1.0
chlorfenapyr 0.7 0.0280 093 | 09 | 088|085 | 083|081 | 078|076 | 074 | 072 0.7
lamda-cyhalothrin| 1.0 0.0724 206 | 192 | 1.78 | 1.66 | 1.54 | 144 | 1.34 | 1.24 | 1.16 | 1.08 1.0
methoxyfenozide | 1.0 0.0075 1.08 | 1.07 | 1.06 | 1.05 | 1.05 | 1.04 | 1.03 | 1.02 | 1.02 | 1.01 1.0
Q o acetonitrile extraction/partitioning and “dispersive solid-

W A gzegt Al 5 giupl Aol ARG A
SAC] FREAS gohia FH A BREETIE
(Pre-Harvest Residue Limit, PHRL) A474< Falo] <k
&k spaze|7h AAtel Z]ofstaat Gtk shazegtel| 24zt
9 soks VI Ao} wiE Aele 2xd 51,3, 5,7,
10, 12, 15, 18 12|11 21e]l Y73t 7HA e B0} mfzef7}
ANEE el Eoks A8t AESH WS A
o ok 3 LA 77518715 Pre-Harvest Residue
Limit, PHRL)S A2743th Al852 QuEChERSHO=
F%3 ¥ NH, SPE cartridge®} PSAS ©]g-31o] FA5}aL
HPLC/DAD®} GLC/ECD% ©]83to] 7|7]%42 a3ich
57 AFAlS] AESAE BT 001 mg/kgolH B8 A
Z9H419] 109, 508 %21 0.1, 0.5 mg/kg7t H&=F 30k
Helalo] 81.3+1.62%°14 98.3+1.58%%t. A& Al A
=34 W71 bifenthrin®lA 11.8%, chlorantraniliprole
< 859, chlorfenapyri= 16.8%, lamda-cyhalothrin 7.1
¢, methoxyfenozide®l] 31.3Y= YERsith AAbAl 5ok
5187152 78 10¢ 4 bifenthrin, chlorantraniliprole,
chlorfenapyr, lamda-cyhalothrin ~72]31 *JX] methoxyfenozide
o4 7+t 1.05 mg/kg, 141 mg/kg, 0.93 mg/kg, 2.06
mg/kg 121l 1.08 mg/kg o= AIRISISiTh

A 2
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