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- Abstract |
Two insecticides, commonly used for Chinese cabbage, etofenprox and methoxyfenozide, were subjected to
a field residue trial to evaluate safeties of the residues at harvest. The pesticides were sprayed onto the crop
at recommended and double doses 10 days before the prearranged harvest and then sampling was done at 0,
1,2,3,5,7, 10, and 12 days after spraying. The amounts of pesticides residues in the crop were analyzed
by chromatographic methods. Limits of detection (LODs) of both etofenprox and methoxyfenozide were 0.01
mg kg'1 and mean recoveries were 96.76+2.67 (CV=2.76%) and 95.84+2.57% (CV=2.69%) in case of etofenprox
and 103.26+3.21 (CV=3.11%) and 94.50+1.35% (CV=1.43%) in case of methoxyfenozide, respectively. Bio-
logical half-lives of etofenprox and methoxyfenozide were 3.2 and 3.5 days at the recommended dose and 2.7
and 3.5 days at the double dose, respectively. Initial residue levels of the pesticides at the recommended and
double doses exceeded their MRLs, but final residue levels of the pesticides in the crop samples at harvest
were less than their MRLs. The ratios of the EDI to ADI by intake the crop harvested 10 days after spraying

were less than 4% of their ADIs, representing that residue levels of two pesticides at harvest were evaluated
as safe.

Key words Ethofenprox, Methoxyfenozide, pesticide residue

M E Qrotof 3h= Ao} o) Ho| ANt tjFEY ForL HJR71T
FEol7] Yol 2] tHE Haf S AAHA A=A
S TR AAlol Qlo] Wl Fat FAARA A B T 2rEo AFsH doiA &, 1997; 4 5, 2004)
B A4 STt 2 FEsia Qloh ay ZEof A Ao A gl AFshe e ok AxAjrie
T 2o B4 @3 5 HalE o] AHEof AREA ARgEFo| w2t hEA|NE, JE FoF AE § AR 9
Z/\ = Ak JAANCFAE =0k0] 2} 2 AFE O T
#o@k Az} : Tel. +82-43-261-2562, Fax. +82-43-271-5921 = s ne e gadAd °f4 s
E-mail: kskyung@chungbuk.ac kr 7hstH Hot AgtshA AR obAE ghobst 4= gl ofof

13




06)~ 01313} l"‘%ﬂ %ﬁ}
Nl —’F%Oﬂ ok ARt 05387 ﬂ{MRL)
7¥ete] 24T o AHEHEEEE R,

=]
o,

UH°‘ @Ho}@li IA ol O}Tﬂ zsH
£ URA] o= #—é_& A= &, 2005; ©] 5 2005).

ef FAREIA ARFol AEHE AF4Eo| 687
& ofstolH I FAibE2 ohAsirhar Wet 4= QAT HEH
e T FAE F 1Y B AAFE AL 945
Auchs ZAj7te] A7 240 Q?‘fi M= R $58&
Aozl 987} Hrh7, 2007a; 7, 2007b). IHEE HAE
9 &of ATl 318715 olelt HEE FlollA] F3tE)
A AAEARE #2j7 BRSITHAF R, 2004).

g SEuEel A 7P 24 1219 FARE ARG
T AaZ 2 7FAIEQ0] 9lo] Yof ok Bzliko] aby &

85 QA% IER - ST - 271
R T Yo} SUBABENUR Ao QA oSO
2 Pejsh %—t— ISR 206, ol

/\]zﬂ zl-t'i A{x%o]—o:] HHT°1W A
=L yrethr01d74] AF2A)2] etofenprox @} diacylhydrazin
A=A 91 methoxyfenozided) ZHR2EAJ o] dist 15 A
of GE AR OHIZ AR ol A
e 717J‘§§ T 4 542 2AISLL kinetics 8f14]0]
a1E A 5, 2003
o] &, 2003)5t] A|FEFY 2HF587]E(MRL)T} v
Bt & 1 AdE AAEA A woF AREE7IES A
3 -g5h7 SR

Ex
-
34

Mgzt

Pyrethroid 4] A5AQ1 etofenprox(EEE ¢% 99.0%)
9} diacylhydrazin 7| 4491 methoxyfenozide(X£E &
© 98.5%)% A8 5oFo = AMGBHLOM, 7} 5ore] olgtal

Table 1. Physicochemical properties of etofenprox and methoxyfenozide

Pesticide

Molecular weight logKew (20C) Vapour pressure (mPa, 207TC)

Solubility (257)

Etofenprox 376.49 6.9

Less than <1 pg/L in water,

9 kg/L in chloroform, 7.8 kg/L in
acetone, 6 kg/L in ethyl acetate, 4.8
kg/L in xylene, and 0.066 kg/L in
methanol.

8.13 x 10™

Methoxyfenozide 368.5 37

3.3 mg/L in water, 11 g/100 g in
DMSO, 9 g/100 g in acetone, and
9.9 g/100 g in cyclohexanone.

148 x 107

Table 2. Chemical structures of etofenprox and methoxyfenozide

Pesticide Chemical structure Chemical name (IUPAC)
OCH,CH,
- - - = 1 -
Etofenprox 2-(4-ethoxyphenyl)-=2-methylpropyl 3
=phenoxybenzyl ether
H,C —(lz —C{I2
CH, 0—CH,
0
Methoxyfenozide N-tert-butyl-N'-(3=-methoxy-o-toluoyl)

H,CO

=-3,5-xylohydrazide
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/3)} SHA| 24 o] F Hoko OFAALE7| &(B2 A B H 5
, 2007)0] wheh 2AIS FEAEET(7| 2 T2AE
0] 2 ER A AT S SBlo]H 10
Q1 200749 69 7Y wjFA] EEF|E 120 L/10 a0 Arig
R g Ao oFUstAl stk Aol AR okA o]
TR PNV E 181 256)87) % (maximun residue
limit, MRL)- Table 33} ZR(A)E 0] oFELH Y, 2007).

ot 12 o g

' )= TE AT ol
W AT HEEk 20 2007 5Y 159 Al 3 ol
of ube}h Auston, 20079 69 79 oFAS At
ABEGZ 0] 60 m x F 5.8 m| WHo] oA 3ut
02 AFTE WA, 2AdE HAEh] st
20 m x 1.5 m9) a}ﬂlrﬂ% 5216}219«111, AA L == 20

2

SEE =4 0}7] -,46}01 Thermo Recorder (Model TR-72S,
T&D CORP, Japan)& o|-&3fo] 1 A7k 71408 259} &
g At Al EAY EF H2)3leHdL Table 49}

Zt.
ARZHF Y ESHIE ZAL

AU AL oFA) A B, 1, 2,3, 5,7, 109
2 12%0] 7+ He|Fuict 122714 Fsto] 77k fAE &=

A% T MicrosoftAte] Microsoft Excel program(version
2003)S o] fate] AFTHL FAFIAT DAZ o] T}
A2E uafle] BAE NRE AeHT

A3leoro] E2EAS acetonitrileo] 5o} 1,000 mg L
o] H=E stock solutionZ W= T 0.05, 0.1, 0.5, 1.0,
5.0, 10.0 mg Llog 3 3]48}ke] 10 uLA HPLCY| 3= 3}o]
Qe TANYo AYNS LA AR % HRsof
o BAL uhaat AR 10 gof acetone 100 mL2 7}s}o]
10,000 rpmof| A} 53E7F #2351 3 Biichner funnelof Celite
5458 il 89) o519l o, acetone 50 mLE £7] 9 %
A Hof ore] ofsoist graksict. olziels: 1000 mL o)
5o 7|1 £33 100 mLI} 254 400 mLS
dichloromethane 50 mLE& 7}5F & Resipro shaker(SR—ZW,
TAITEC, Japan)& ©}-835}4 270 rpmof| A 557t Aekst=
H o 22 23] Hulslich Dichloromethane Hujolg o=
b 2R B4 Bhat kg 35Tl S of
ar},

Florisil(60-100 mesh) 5 g2 glass column(l ¢cm ID x
22 em Lo A%l 228 3 oF 2 go] K= sHh}IERS
Florisil AJ%o] Y1 n-hexane 50 mL2 A|A5}ed o113} A
Ak

Etofenprox®] 7% sZA8E 10 mL2| n-hexane:
dichlomethane(80:20, v/v)o]| 0] A7) glass column AF:-o]
7¥8t] &)1 n-hexane:dichlomethane(80:20, v/v)2| &3h8-

%.

Table 3. Pesticide products for spraying and their safe use guidelines and maximum residue limits

Safe use guideline

Pesticide Formulation AL content Standard I MAF MRL?
(%) dilution rate PH : (mg ke')
(day) (time)
Etofenprox ECY 20 1,000 7 3 2.0
Methoxyfenozide sc? 21 2,000 7 3 5.0
YActive ingredient.
®Pre-harvest interval.
“Maximum application frequency.
“Maximum residue limits.
“Emulsifiable concentrate.
OSuspension concentrate.
Table 4. Physicochemical properties of the field soil
pH Organic matter CEC Particle size distribution (%)
0 b - Texture
(1:5, H,0) (%) cmol” kg Sand Silt Clay
6.7 244 1.54 414 30.6 28.0 Clay loam
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o 50 mLE Z8W3om, d45}9] n-hexane:dichlomethane-
:acetonitrile (48.5:50:1.5, v/v/v) 50 mLE £-23}o] 35T
A 7Holez holn),

Methoxyfenozide= A7) HZA|2& 5 mL2| n-hexane

o] =0 column 459 S| 1L n-hexane:ethyl acetate(75:25,
viv)® B3 5 mLE Aojwg o, dAdsta] F&uf 15
mLE Eajuel & 58l 40 mLE §&3slo] 35Ce|A 7

P52 st

Etofenproxﬁ} methoxyfenozided] 5= A1EH A|RE 2
mL 9] acetonitrileo] A|-&3)3t 3 HPLC-DAD(diode array
detectorn) = HA8Lg o, 7|71 B4 2L Table 52+ 2t}

Agolif 10 goll Aot £E
O A

A& AETA Y 1049} 50817} HEs AT § A2
2A T FdstA 248
HiRsetel YEsty gigdy| A&

%*ZJOIHH-} % Aigefe A=y W)= Microsoft

NEREE

Ofh
4o
o

wh) l*‘—E(C)Oﬂ 945—6}& first order kinetics model©]$ich
(S S, 1995; A, 2004; 8 5, 2005).

TR sl ADICHH| A0|MFE L5

cyztolofezol that Al5Fe] Alo]13iee] EDI(estimated
daily intake)2} U U4331-873<! ADI(acceptable daily intake)
g /lzeR MEE HolUAEL the Aorny Ay
t}h vj9] UM@K daily food 1ntake)— 70.63 g(XE2
OFEQHAA, 2006), =219 BHAFE 55 kg AL
o] &, 1995; o] &, 2007).

O A]o|Ad#ZHED], estimated daily intake, mg/day/man)
= A2 EE(mg kg " x 7063 g

O #=219 dUHH5E%F = ADI x 55 kg

O ADITH] AJoldH& = (AojA37/ YL F88%)
x 100

Table 5. HPLC-DAD conditions for the analysis of pesticide residues

LC-8-DB, 250 x 4.6 mm (5 pm) for etofenprox
LC 18, 250 x 4.6 mm (5 pm) for methoxyfenozide

Instrument HP 1100 Series High Performance Liquid
Chromatograph, Hewlett Packard, U.S.A.
Column Supelcosil™
SupelcosilTM
Detector Diode array detector (DAD)
Wavelength

Mobile phase

Flow rate 1 mL/min

Injection vol. 10 uL

225 nm for etofenprox, 220 nm for methoxyfenozide

Water: Acetonitrile (20:80, v/v) for etofenprox
Water: Acetonitrile (60:40, v/v) for methoxyfenozide

Table 6. Recoveries and limits of detection of the analytical methods

Pesticide Fortification level Recovery+ Coefficient of MDA"” LOD?
(mg kg™ SD¥(%) variation (ng) (mg kg™
0.1 96.76+2.67 2.76
. .01
Etofenprox 0.5 95.8442.57 2.69 03 0.0
0.1 103.26+3.21 3.11
i R .01
Methoxyfenozide 05 94,5041 35 143 0.5 0.0

“Mean values of triplicates with standard deviation.
“Minimum detectable amount.
9Limit of detection.
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Table 7. Linear equations of calibration curve for the quantifi-
cation of the pesticide residues in Chinese cabbage

Pesticide Linear equation r
Etofenprox y=3.22x+1.6978  0.9992 6
Methoxyfenozide  y=4.1398x+0.0941 1 6

10 gofl Al3lEet BEEHE HETA Y 1069} 508 =7t
S Aot & Baslgon, 7 Ay Table 63 Zth
Etofenprox®} methoxyfenozide?] 3448 B% 92.90-
106.57% B Q1 HMoleo 14331104t Adsel A
e 25 0.01 mg kg'olodth. A@sore] BEEUS
Setel e Aabile) 444 linear cquation)T} AEA4:

(0= Table 72} o] AlB%ore] AUAS 2% 2ol

Mz v

HEOHA AE T Azteld @ A3 Aol 2A
& &A%t} A&t S48 Fig. 13 229, etofenprox

9l methoxyfenozide? 382 7H7F 109.95+2.45%%
147.81£3.26%0 94t} T3t A& 7|7E 2 A8kl £t
450l W= 2M 16.47-39.26 Tk 34-99%, 9 0|k

AN SR SY

53t oy 10040] oAlE AESR F0,1,2.3, 5, 7,

- ~®-~ Individual weight ~e— Increasing rate

300 160
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250 -
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; 150 4 80 @
i 0 g
g 100 0 2
- =
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0
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Fig. 1. Growth rate of Chinese cabbage during the experimental
periods. A : Etofenprox, B : Methoxyfenozide
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A7) Argeke] #she oA 7k tha Xoli 9]

Azo] Aol e} 1 AESES BE SR stk
o

L=

Etofenprox&} methoxyfenozide?] 7] AFed 7|5
o4 6,053 7.79 mg kg o] MM 9.759F 11.06
mg kg o]t S8 A Aol A 9] AAl-E(dissipation rate)
$ 7)aat wgk Aej-rolA] 24z} 87.17
3} 90.63%, 23R 0] =x = MRLY| 38.803} 45.65%
2z0]9)rh E3} Methoxyfenozide 9] ﬁ:é%t— 7|
e el ol Al 217k 84.829) 84.63%0]%1 o0, 8 H Y
o] =l MRLY 23.663} 34.00% $Zo|tt F 5949
Z7) AFFE BE MRLE 293l9.ou, 4894 dofA
£ BE Aol MRL o2 o] g f.
7&4% (2007)4 27 A9 S F AR E4A
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v v = 5.7792¢
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‘20
Z
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Fig. 2. Dissipation of etofenprox (A) and methoxyfenozide (B)
in Chinese cabbage under greenhouse conditions.
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Table 8. Dissipation rates of the pesticide residues in Chinese cabbage 10 days of the prearranged harvest after spraying

.. a) Initial Concentration at % MRL” Dissi-
.. Application MRL . )
Pesticide dose (mg k _.) concentration harvest at harvest pation
e (mg ke') (mg kg) %) %)

Recommended 6.047 0.776 38.80 87.17

Etofenprox 2.0
Double 9.745 0.913 45.65 90.63
Methoxy- Recommended 50 7.792 1.183 23.66 84.82
fenozide Double ' 11.063 1.700 34.00 84.63

“Maximum residue limit.

®’Calculated from the equation, (concentration at harvest/MRL)x100.
“9Calculated from the equation, (Co - Cio)x100/Co

(Co : concentration at day 0, Cyo : concentration at harvest).

Table 9. Regression curves and biological half-lives of the pesticides in Chinese cabbage under greenhouse conditions

a)

. Application Regression curve Half-life
Pesticide
dose Equation r (day)
Recommended ¥=5.7792¢ "% 0.9828 32
Etofenprox 02535
Double y=10.3860¢""* 0.9946 2.7
, Recommended y=7.8166¢""7> 0.9794 35
Methoxyfenozide 0.1955
Double y=11.7870¢"" 0.9877 35
“Based on the first-order kinetics.
Table 10. DTso, DTy, and DTg of the pesticides in Chinese cabbage under greenhouse conditions
Pesticide Application dose DT50” DT75" DT90°
Recommended 32 6.4 10.7
Etofenprox
Double 2.7 55 9.1
. Recommended 3.5 7.0 11.7
Methoxyfenozide
Double 35 7.1 11.8
“Time for 50% loss.
Time for 75% loss.
“Time for 90% loss.
7l AROR BE 49 oliglch st BAZTZRE 98 2UBANE olg3e A
Etofenprox®] 4413448 71287} wie NPTl & #5959l DTy, DT % Do AHEH 224 Table 109]
7} y=5.7792¢" " (r=0.98) 2} y=10.3860e " **(r=0.99)0] Ueld A7) 7o) A2 eoko] 75%%9} 90%7} B w
glom AAIMAl 9t vkd7)= 7| F2Fu) ujEk Pl A8 717k A2 8dx} 12 o|yqt}. E3k , etofenprox
oA Z+zb 3243} 2. 790]9ith 9} methoxyfenozide® %27|A5Hse e MRLES 23}
Methoxyfenozide®] AAZHAAE 71Eaat gk ABTe] AT $oelHUols BE MRL jgo g 4e o] 23

A 24z y=7.8166¢""7"(1=0.98)2} y=11.7870¢ """ (1=0.99) e AL og 2 oloith, ATtA 07 koko] QLML T Z 0

oo, M7l 71EHa W AWT B 3.5%0]9le L - oF 4de] 50% o &
Etofenprox®} methoxyfenozide 25 EoF o 34 2 it ok 0]/},1—94 75_,3',]% o] 83lH 23} Ao HA 5o g
#7217} e A& FAF - AAtHTomlin, 2006; 4 5 =

2003). o= F AlFAS] ARt WE BajRrhe 2] }‘o L 2] EFAPIE 2AEkeT) 5%01 % - ‘Rl%
S0 WhE AR o= vv7t gkl Aes gzt L

(Sathya, 2006; 7, 2007).
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Table 11. Estimated daily intake of the pesticides by intake of Chinese cabbage

. p b) : o d)
Pesticide /}pphca DAS” MRL N Rcsxduf EDI : ’ ADI Y ADI
tion dose (mg kg™) (mg kg") (mg kg') (mg/day/man)
Recom- 0 6.047 0.4271 25.88
mended 10 0.776 0.0548 3 32
Etofenprox 20 1.65
0 9.745 0.6883 41 71
Double
10 0913 0.0645 391
Recom- 0 7.792 0.5503 10.01
Methoxy- mended 10 5o 1.183 0.0836 ss ) I 52
fenozide 0 ‘ 11.063 0.7814 ' 1421
Double
10 1.700 0.1201 2.18

“Days after spraying.
MMaximum residue limit.

°)EDI(estimated daily intake, mg/day/man) = Residual concentration

YADI x 55 kg (average Korean body weight).
“904ADI = (EDIADI) x 100.

Itgsetel ADICHH] AlojMFE
doluizeo] that AlolEore] 4loj4d 3=l EDI(estimated
daily intake)2} 4 Y4I5]5]8 %t(ADD 7|E0 2 ArEst 4
O]’“wi‘] & At Table 113 o) ADIE 3 4919 B
AZ2L 55 kg(o] 5, 1995; ] 5, 2007)E, wj5-0] dddF
ZHdaily food 1ntake)— 70.63 g(AEOJoFELoA A, 2006)

= #-83fo] ADI tjH] EDI ngi ArEshlh

Ftofenprox @} ADI thH] EDI H|-&& AuA& xrlof] 7|&sF
AP} BiERARE LA Zh2h 25.88%9F 41.71%0]|Q).0H, 4
1A Lol Z42E 3.32%9} 3.91%013it}. Methoxyfenozide 2]
S A B R0 ) FEeEabe ok vlekAl oA Zb
10.01%9} 14.21%0]% 3 48| Yol = 7H2)F 1.52%9%
2.18%9°]%ic}. Etofenprox®} methoxyfenozide 4-3hof| %
oJo]l ADITHH] EDI H]&o] ZE 49
2 A7hglc. olelat Aake BN AEAe] HEs
ESECIEI RIS 0| 20T Sl

il

7

211-

njgte 2 o3k z{_g

Fof| AES & 28 JHLEE T 109)9) A5 A
dho] AMESE Alo]AFgo] 10% njto|gtk 71(2007)¢]
A Akt FARshgict
zAe =
o] A7E 20079 FYFAHEZ AR Y RBATA 5
AFES] 2Hs ot 88 7]e A Y At A Yo &

ot Aol dRold, dHd] Alde] HAEHYTL

(mg kg'') x 70.63 g.
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