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Residue Levels of Chlorantraniliprole and Ethaboxam in Different
Parts of a Head-type Korean Cabbage and Reduction of Residues in

Outer Leaves by Water Washing and Heat-treatment
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Abstract This study was conducted to investigate residue levels of chlorantraniliprole and ethaboxam in inner
part and outer leaves of a head-type Korean cabbage. Further, reduction of residues was measured after water
washing, blanching and heat-cooking of the outer leaves. For chlorantraniliprole, residues in inner part and outer
leaves were <0.01 mg/kg and 0.0757 mg/kg, respectively, in case of three-time spraying 30 days before harvest and
<0.01 mg/kg and 1.19 mg/kg, respectively, in case of four-time spraying 10 days before harvest; for ethaboxam,
<0.05 mg/kg and 0.216 mg/kg, respectively and <0.05 mg/kg and 1.18 mg/kg, respectively. Chlorantraniliprole and
ethaboxam were not detected in inner part of the head-type Korean cabbage. Residue levels in outer leaves were
very high as 10-100 fold as those in inner part of the cabbage. Therefore, there is no concern for safety of pesticide
residues on kimchi prepared with the inner part of a head-type Korean cabbage. In addition, it needs to be noted
that outer leaves should be carefully removed at harvest of the cabbage. Outer leaves water washed and blanched
are called as Woogeogi, which is consumed after heat-cooking. In Woogeogi, residue concentrations of two
compounds reduced to less than 10%, and further less than 5% by heat-cooking. This indicates that considerable
amount of the test pesticide residues in outer leaves of a head-type Korean cabbage removed through water
washing, blanching and heat-cooking.

Key words Korean cabbage (head-type), chlorantraniliprole, ethaboxam, pesticide, processing factor
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Sl vl F 5ok AREAS ATE ¥ Al 43
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, 2008; Lee 5, 2009). 3HH Im S(2007) diazinon A
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A AFo] AL ANFEATH WPLFE 2] 2R
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2 ool wiFe] x7] B skl o woF AA It
oY =g B LaE vh Ak Park 5(2010)0] gk Al
A gaet A 9 Kol o3k woF AA &HKang T,
2005; Jegal 5, 2000) 5°] AT=HA=H L F Kang &
(2005) chlorpyrifos, diazinon, dichlorvose] BlF2] 2w 4
o 5 AFeHE 5-45%7F AAEL, 7tExE A s T1-
91%7A AAEJ T B3 TE ¢HH Kwon 5(2013)
wj 5o} 2Ho] FAlGH HFE 7L 1R et 52 ER
Mg A3} a-cypermethrin, dimethomorph, imidacloprid
7F 6.8-63.9%7F AIAHJHAL BIsSI. JeEe wiE
Aol e s el A B MExYE AAE
FAA Az AN AL Ao FSET
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S P F 32 AL dX7)eka YR e] AlE g o
E715 AAsHAY O voprt xste] AEststal k.
£ Ao M = olefgh Al $ARA] Az BHT AR B
o= wjF AAds A, dA7IsT 4 oy s $AA
AR AR ZE IFste HX)7] g $AXE 7t
x| St w5 Ao A, dX7] 2 7rEA e 7t
2HPEi A3 oM FoFS 43] AL ofA| AR
04 T uj5 2 NEE AHANEZ ARSI
FAE BlF 2 472¢S & 8 Lol €1 27 B¢t &
2 5o FH AFAL. Aol A &7 AAS
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S =02 TPHA E5o AFE O AR =718 AlA
3 FT(312¢) Adst] YERA 3T} tExE 2Y
500 g& A HAZIE F AR E7E AA}L Ee &=
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(JT Baker, "|= > B AREAE o)tk Az oA
= Florisil 7FEZ|A (6 mL, 1 g, Waters)E ARE-3IH AL £
AR Aol 7tAAZrE T Z(HP 6890 plus, 7]=)
o} A A2 vHE 28] 2 (Shimadzu, ¥ 2)S ARE-E AT}
Chlorantraniliprole®] 218 9]a Al& 20 ol acetonitrile
100 mLZ 718+ % 6,000 rpmol| A 387 423} 3+ & of 3}
sttt oA %571 (Behi, Switzerland)Z &
%3 T TIEF S0mlot S{FTF S0mLE 78kl di-
chloromethane 100 mLE 23] EA3Z 3 & 4= Na,SO,
20 g0 2 grofat it FEHS AYIHAFSIIR F
%3 U Z2A7ka® AV p-hexaneethyl acetate
(90:10, v/v) SmLel &al3HTt. Florisil 7IEZAE #-
o] A3 A7l v AIRE TtekaL
n-hexane:ethyl acetate (90:10, v/v) 20 mLE S & p-
hexane:ethyl acetate (70:30, v/v) 20 mLZ -§-Z3}to] Wt}
|2 A4 722 AT T acetonitriledl] £-85k] &3-S
4mLE 5Ke § HPLCE #45k3th. UV 254 nmellA 24
ZORBAX 300 SB-C18 (4.6x150 mm, 5 m), acetonitrile/water
(65/35, v/v)2] ©]54H(1.0 mL/min), ZH2% 40°C, A& F
AzF 20Le] Z7NA chlorantraniliprole®] MF& A|7H-
4 4501t}
Ethaboxam®] 73-%+= BFAIE 20 goll acetone 100 mLE:
7kt 5 6,000 rpmollA] 327+ 43} 3 & ot of
A2 7L°Lﬂx*":-?7]i &5 § EZAHESF 50 mLe}
LE 7}0}.1_ dichloromethane 100 mL} 50 mL
T Na,SO, 20 g &2 E0d 3} 53itt.
FEHS ?:LOJTQV 5?—7]01]"1 TES o da 7R 7
23T Florisﬂ FFEZ]A]Y] dichloromethane 5 mLE <
£ ¥ AlEE 7183 dichloromethane:methanol (95:5,
v/v) 8mLZ %5}"4 Wttt &5 dA 7RAE AN
Sl & acetonedl] €315t 2 mLE £#S @+ & GC-NPD
2 B39tk NPD A27] 2% 300°c, Sl vy et
4 12mL/min, AE FYT &% 260°C, Al FYF
1L (split, 3:1) 27014 EAon 2 E8L2E= 180°CY
A 28 AL B D 1000 dssliA 280°CelA] 8%
oF 5-A18FA T}, Ethaboxam®] HEF-5 A|7H 13.8%0]30t}.
EAREY FFEAE L wiF A FF &4ES Ut

hexane 10 mLE

&t 0.1 mgket 0.5 mg/kgol H=S g v dellA 7&
S BA 2 S sl EA 8T

27 9 1
T2 A0 ® A
Chlorantraniliprole®] ¥jF=¢ll 0.1 mgkg 2 0.5 mgkg 7%
S 7 FA7HENS W S Aol e 77t 794%9}
90.5%°13eH dAEEHAE 27 10%s} 3.1%e11t

- o[04

EthaboxamZ 0.1 mg/kg <] 39HE AFAA 81.8%(%
EFHY, 1.1%) 223 0.5 mgkg 552 31:&% 2] oA]
79.7%(C3HNEEAAY, 1.8%)2 L‘rE} kot olejgt B8 At
= dutd o= AFEE IFE 70-120%2F A ETHA}
20% ool sttt 3 %i HjS A]Zol] tit chloran-
traniliprole®] LOQ= 0.01 mg/kg, ethaboxam® LOQ=
0.05 mg/kg 1Atk

& 5 5% RSt

Chlorantraniliprole 58 3799 13] 4h2st 749 478+
gl & A e A P19H(<0.01 mgkg) I3t
(Table 1). 2E3157} 718kl Wl chlorantraniliprole®]
HRTEE SN 43 Ax Ae F23 i F S
ZFEEE 0.11 mgke, AE $ 1090 83 wjFoA =
0.027 mghkg FEoZ 104 5 7F5To] ofF 4] A
sl

AR chlorantraniliprole 9/d3k4] 8%}t 9.26% 18]
3 A=Al 3%} 5%l thell Hth 2-38] 23} 5
A 7-14L004 wiFo] AEEHeE PdARR 7ol A
A Jem R8s A7l tel 1.0 mgkg ©]
Table 1. Residue concentration of chlorantraniliprole and

ethaboxam in Korean cabbage at different application condi-
tions

Application
Compound Before harvest Residue concentratlo_n
) (o) mg/kg mean = SD, n=3

1 37 <0.019

2 37-30 0.013 £0.002

3 37-30-20 0.020 = 0.003
Chloran- 4 37-30-20-0V 0.11 £0.003
traniliprole 1 479 <0.01

2 47-409 0.016 =0.002

3 47-40-30° 0.015+0.002

4 47-40-30-107 0.027 £ 0.002

1 37 <0.05¢

2 37307 0.063+0.011

3 37-30-20 0.098 = 0.006

4 37-30-20-0 0.60 + 0.046
Ethaboxam

1 479 <0.05

2 47-409 <0.05

3 47-40-30° 0.057=£0.012

4 47-40-30-109 0.086 = 0.006

9 Application date: 1st, Sep. 28; 2nd, Oct. 5; 3rd, Oct. 15; 4th, Nov. 4
®Harvested on Nov. 4

9Harvested on Nov. 14
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o 2 AN AT (8%)E 43] HES &
chlorantraniliprole®] %=+ 0.11 mg/kgo|3L o)A
5§71zl sl A9l 108] w2 FFolnt. oA g
© A oF(kg aiha) 5 EAFAG A 9] Theksl Ho
L8245 o3l vEeRd Aol A| Rt A uijFe] 739 oA
A wf v AT Arw ARFF 2 9L vHS
Aoz Azbdtt, Ao AErt F45 AXste oAl
gk =EHA o 7| 87} Holx] 7] wj&olt),
Ethaboxam®™ =& A 379l 18] AX3 7 w5 5
TS A P1RH(<0.05 mg/kg)ol ATt AESIFTF
71kl et ARrEE SIS 48] AE AS 0.60
mg/kg, AE T 1099 0.086 mgkgSZ 10% < AFF
o] oF 7l 7HAsklth. Ethaboxam /d<slAl 20%<}
A 10%] tisl 28 A 39 Ee 7l 33] Adx= A
3171 FHARE 7N A AFu) S el 07mg/kg94 T
5]-§7]=0] AR s o] k. & AFA 43] Ao IFT
T 0.60 mg/kgd HF8-871X7F A 233 2}215}.
48] FoF AX % 104 F<t chlorantraniliprole 44,
e‘thaboxam£L 108 2 #AF5o] g 434 FoF
X 5 oy d 125 mm 22|32 o] SRl 7.5 mme] -
7F o n= wjF g FabE i Fofo] el £
oH *EJEJME Ro= *@ﬂﬂu} EEJ 109 &< v 5

=
8
=2

A

BT

o % rlo

LAz rE 2 3L

o)

(2009)4 iﬁﬂ W}EUd % @l d3t FU3 MFFETORE 6
Lol ARt S} 2] 4 Bt oF 60%2] TAIE

< vehllta @

i 5= &3 of
38) AR A 209) B
FollA w5 &3t % e
Chlorantraniliprole 33] A2 (8 A 30d)3h vj5 &
3 AelA ZHzE <0.01 mg/kg, 0.076 mg/kgl- 2, 48] A
(PHI 10%9)3F w5~ &3 ZolA= 22 <0.01 mgkg, 1.2
mgkg T2 R8I Bthaboxame 33 AE (58
A 30Y)3 Wi &3 PedolA ZHzE <0.05 mgkg, 0.22
mgkgO 2, 43] AE(FE A 109)3 viF &3 Z oA
Z}z} <0.05 mg/kg, 1.2 mg/kg T2 ZHR3F3 T
Chorantraniliprole®] 7-¢- 335] A2 (&8 2 209)} 43
AEEE A 10200 BUe w5 &l vl I HlE
o] Ztz} guli o} 1198] =3Eo™ ethaboxam®] 73-¢- 242} 4l
9} 24u) EQkth HlZE L) AR glo] AHEFHA £Fo| e
BE o] & 7etel FoF 7 AE BF A HER
w5 &3 Ao 2xs o= Jepydth tigFdoz 4

m
HO
I
do
1o
or

m
HO
=2
X

10081 7F4] =& AC
o] e S R B2 A ulF AYolA e
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Table 2. Residue distribution of chlorantraniliprole and etha-
boxam in inner part and outer leaves of Korean cabbage

Application
T~ Analvsed Residue concen-
Compound Before y tration, mg/kg
No. harvest portion meantSD, #n=3
(day)
Whole cabbage  0.015+0.001
3 30  Inner leaves <0.01
Chloran- Outer leaves 0.076+0.003
traniliprole Whole cabbage  0.027+0.001
4 10 Inner leaves <0.01
Outer leaves 1.2+0.007
Whole cabbage  0.057+0.012
3 30  Inner leaves <0.05
Outer leaves 0.22+0.026
Ethaboxam
Whole cabbage  0.086+0.006
4 10 Inner leaves <0.05
Outer leaves 1.2+0.19
ARFE 1] go] Egket] o RS wF] AT wEd] 4
E opE W £0 §USA Reha F2 wE AUl
AN Weos e 9 X F A7l A3t
QS W ol B AR WA O wEvt 5ﬂ18}7lﬁ

SA R M3 Aw AAsty Aol BabE Eoko] A4l

2% gobdA| Bt B4e a0l] 4830 B Ro2 %—
e},

FOF ARABE FAY ) W 53 W Qe A
A% & itk A3 9T B Addzel B2 A7 )
91 £ 4 AL ol Y ALl et ek
Fez 52 WaE 292 1) o

Folarge] ARAH Aol

Hi S 2ol A, HIXI7| % 7tExE &1

i 2 $AAR HFHEERE AXR Axse A
A1 Alst BlA)7], 2R $ARIE TrEA g ste] =9
FHE A s HEE A, dx7] 2 7IEAEE AA
© ¢ T AR AaHe A= Gohuyth AA
2 A, vA7] Al A7 AR uS 2ds A
Fate® o] M= FAIF BAES dX|718kaL 4 &
qx7] g Ade A i

A3 A3} chlorantraniliprole®] 73-%- vi5= A%l 1.2 my
kg TTOE JAFT o A, FAIHEIA 7], A E X 7]+
x2S s HF=0] 0.19 mg/ke, 0.024 mg/kg, <0.01
mgkgS 2 7+ tH(Table 3, Fig. 1). Ethaboxam 1.2
mgkg FEOE FHFslE wWiF LS FAl, FAEIA,
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Table 3. Residue concentration of chlorantraniliprole and ethaboxam in outer leaves of Korean cabbage after washing, blanching and

heat-cooking

Residue concentration (mg/kg)

Mean
Compound Treatment" - PfY
Replicate 1? Replicate 2% +SD, n=4
Outer leaves of Korean cabbage 1.2+0.007°
. Washing 0.16,0.16 0.21,0.24 0.194+0.007 0.16
Chlorantraniliprole )
Blanching 0.027, 0.032 0.017, 0.020 0.024+0.037 0.020
Heat-cooking <0.01, <0.01 <0.01, <0.01 <0.01 <0.01
Outer leaves of Korean cabbage 1.240.19°
Washing 0.41,0.37 0.20,0.19 0.29+0.11 0.25
Ethaboxam )
Blanching 0.082, 0.088 0.095, 0.076 0.085+0.008 0.072
Heat-cooking <0.05, <0.05 <0.05, 0.061 0.053+0.005 0.045

YBlanching was conducted with washed cabbage leaves; heat-cooking was conducted with cabbage leaves blanched after being washed.
JReplication in treatment. Analysis was conducted in duplicate per treatment.

YResidue concentration in outer leaves of raw cabbage taken at four applications and a PHI of 10 days

YPf (processing factor) is the residue level in the processed product divided by the residue level in the raw agricultural commodity (raw leaves).

=
i

Chlorantraniliprole

[l
o

Residue conc. (mgkg)
o o o o
MR oD D

Q
Q

Residue conc. (mgkg)

l-—_

Raw leaves A B G

Fig. 1. Reduction effect of chlorantraniliprole and ethaboxam
by washing, blanching and heat-cooking of outer leaves of Korean
cabbage.

A: Washed leaves; B: Washed+Blanched leaves; C: Washed+
Blanched+Heat-cooked leaves

AR 71+7Fd A 2] s 0.29 meke, 0.085 mgkg, 0.053
mgkgl 2 FFEo] 74T Chlorotraniliprole 2
ethaboxam®| SEFE-& HHIAIT7} log Kow=zA 22} 2.76,

2.890]01x] =879 ¢] Ao
2gk Ao Foll B2 ]

o] AAE & AU
Aoz A7HET) Log Kowst Fopdite] §&39] a4
o)

< ojn] oy MPAFEelx BiE HF Arh(Nagayama,
1996; Lee &, 2003).

718 A4 (processing factor, PH#H F4He Y80l Q& &
of ARr(mgke)el st 7H2E0l e 5o HFTrE
(mg/kg)yS S=3ict, w5 7o 531 chlorantraniliprole
2 FA9 2Ff Pf 0.16, A+E R 710 2J3] Pf 0.02, <A
+HX)71+7F4 A 2lel| 23l Pf <0.012 YEFsTE. Ethaboxam
o] ALEe A Qs Pf 025, FAl+EIA 710 &3 pf
0.072, AIHEII71+7FE A2l 23 pf 0.0452 YFERSTE
A TGRS vlF HYog TrEoRl= AR Y=
A AFTE 10% v 285 A7 el |
A AFrFEe] 5% vt 2 FoF AR 7hasisith

olife]l A% AZHE chlorantraniliproles} ethaboxm
e AT ulE A 2 40-50% Aol 1-23] ¥
2} g5k w39 2Rl A4 S PIAA
5& Ao AZMET o] 7 Aol HiF HolXe HE:
2] 23 v Aol 10-1008] =2 ¥]EE FRIAE
2 HF &£& AR ke FHAE tE A2 (leafy
vegetable)ol] H]3} ZH-F-g<ol] thst ebAdo] A2l FAF A
g AoF ekeit), Bgk A Sl tigh woF A
YoM w5 A8 T ZAo AAREA sl Fofs)
o & Zoz Aztetl, A chlorantraniliproles} etha-
boxmZ A & HX|7|A] wiF A F AFEES 10%
neke g, AR 7HA] Al HH 5% wRkew wobxtt,
FA B HA7| 2 $AR] AT A olF A9
FFF] AAEE AE & T UATh

(ot
(o3
UM
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