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Abstract Chlorantraniliprole and tebuconazole were different dissipation patterns in perilla leaves. As using
kinetic model, it could be predicted dissipation patterns and half-lives of pesticides in perilla leaves. In this
study, three kinetic models (zero order (ZO), first order (FO) and second order (SO)) were employed to
compare and characterize the best-fit kinetic model describing the residual pattern of chlorantraniliprole and
tetraconazole in perilla leaves as a minor crop. Chlorantraniloiprole (5%, WG) and tetraconazole (12.5%,
EW) were diluted with water and sprayed 2 times and 3 times at interval of 7 days before harvesting. The
residual amounts of chlorantraniliprole and tetraconazole were analyzed by HPLC-UVD and GC-ECD.
Comparing the correlation coefficients (+°) of the kinetic models, chlorantraniliprole was 0.843, 0.847 and
0.851 for the ZO, FO, SO respectively and tetraconazole was 0.978, 0.980, 0.970 for the ZO, FO, SO
respectively. Therefore SO was best fit to chlorantraniliprole but FO was best fit the dissipation patterns of
tetraconazole. The equations of biological half-life of chlorantraniliprole were y =0.0124x +0.2926 (half-life:
23.7 days) by using SO and tetraconazole y = 10.9390e*%% (16.1 days) by using FO respectively. Therefore,
the biological half-life needs to be calculated with the optimal equation to predict.
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M B Z <= 7} QTHAhn et al., 2014; Jin et al,, 2018; Lee et al.,
2009).
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al., 2014; Kim et al., 2014; Lee et al., 2009).
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Chlorantraniliprole¥} tetraconazole EFEF2 % 97.0%
9} 98.1%2] Sigma-Aldrich Co. (St. Louis, MO, USA) %
AccuStandard Inc. (New haven, CT, USA)2| A& ARE-
atom AE sk P Table 13 2tk AR
AREE chlorantraniliprole 5% Y3 [(FF)s 7B 3ks,
UE}FOHI LM, tetraconazoleS 12.5% -7EHA[Bayer, ©l
HUET. 2HREore] 48 A% &l ethyl acetate,
dichloromethane, n-hexane Burdick & Jackson (Muskegon,
MI, USAYIE] AlFS AREaitt. Al&el gAE et
SPE cartridge (solid phase extractiony= Agilent Technolo-
gies Inc. (California, CA, USA)9| silica (1 g, 6mL)$}
florisil (1 g, 6 mL)AI&S AT

=
™
3712 783 1 me] YETE T 3WHE o 2 ujx|Ety
om 2 WEE 10em x 10 cmP IE3te] Aujatsih.
5A| chlorantraniliprole 2,0008]2 3]A438lo] 7 7HA
02 23] Asll o, AtA| tetraconazole 1,000 3]
Aate] 7Y 1A R 33] Asisitt. EAY NEE HF
OFA| A A7 & el 0 A 23Sl 1,3,5,7 2

10234l S3sto] AR FY 39t
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Table 1. Chemical structures and physico-chemical properties of chlorantraniliprole and tetraconazole

Pesticide Chlorantraniliprole Tetraconazole
Br cl
N7 CH,OCF,CHF,
Cl \? cH
. N 0
Chemical & /
Structure 7\ NH NH ' CH,
N O CH, ,[l
CH3 N/ 7
S/
Cl N
3-bromo-N-[4-chloro-2-methyl-6-(methylcarbam- . .
A o 17T < (RS)-2-(2,4-dichlorophenyl)-3-(1H-1,2,4-triazol-1-
IUPAC name oyl)pheny}] 1-(3-chloropyridin-2-yl)-1 H-pyrazole-5 yhpropyl 1,1,2.2-tetrafluoroethyl ether
carboxamide
Molecul
ol CisHiBrCLN:O, Cy3H, CLEN;O
Log P 2.76 (pH 7) 3.56 (20°C)
Solubility 0.9-1.0 mg/L (pH 4-9, 20°C) 156 mg/L (20°C)

in water
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s THREY
2 10 gol| acetones 713t & homogenizeol A

3laL oJ38k & dichloromethane 50 mLE 23] &) 3
Z31%T}. Dichloromethane %93 anhydrous sodium
sulfateo]] F3A1AH E731aL 40°C FE73lA st 553
% SPE cartridge® ©|- 8310 451940 Chlorantraniliprole
o] A= n-hexane/ethyl acetate (8/2, v/v) 10 mL #|-8-3]
3t & pohexane® 2 EJ3}E silica SPE cartridge (1g,
6mL) 4ol 7F5l3L n-hexane/ethyl acetate (7/3, v/v)
10 mL2 €3 % n-hexane/ethyl acetate (6/4, v/v) 10 mLZ
EE A 2 & A5 T3t A% w5 stk w5
- acetonitrile 2 mLol| A]-8-3g+ ¥ PSA (Primary secondary
amine) 50 mg % Cj5 50 mgs F7hste] 2 @ & 5%
ZF AR (4,000 pmyskal e DS EF 8k
nylon syringe filter (0.2 um, 13 mm)ell oJ2}8te] 20.0 pLA
T3t HPLC-UVDZ #4310t} Tetraconazole®] “gA)|
+ florisil SPE cartridge (1 g, 6 mL)E 10 mL n-hexane®
2 Aol W % p-hexane 5 mL L83+ A|SZ 718l n-
hexane 10 mL & A|7 H¥ ¥ p-hexane/acetone (8/2, v/
v) 10mL && A1A 2 &F dS B3] 55 $ acetone
2mL A3 8 5 1.0 ¥ F48k] GC-ECDE #4383tk

Kinetic model0i| [HE WESHE Htz7| M

AxE o> U Akl Al w84
ool Eejstela] EAd o8 e Y
olgd ad HxE AF Poz AR
& 9lon, o]H3 vhy A T modelE A8
3L ATH(Park et al., 2005).

£ AollAl= TS model & 5ok AEIH W]
Ao ol AME-E3L Q= Zero order kinetic model (ZO),

first order kinetic model (FO) % second order kinetic
model (SO Z43I99t} ZO, FO ¥ S0 #¢ HEE
AlZHpl WE FoFe] 7HF 5% (Concentration, [C))E
ERd = itk ZO= [C)9) t9] A, FO= In[Cl o] A,
SO= 1/[C]9 t¢] HAAZE Table 29} 7o) 3513t wat
A seke] wE7] Abeel] e kinetic models A5}
Qe d71e] s Aot 5 ARSI

23 3 0&
s a9 858 AlY

Chlorantraniliproles} tetraconazoles 0.2, 0.5, 1.0, 2.0,
5.0 2 10.0 mg/kg®] working solution®- 2 2t T
o] FAATE 0999 oFo R e AMNS B FH
Al Agsiaict. 3719 7171 w4 2708l A chloran-
traniliprole¥} tetraconazole®] retention time 20.4 % 19.5
min®] AT},

E70% & chlorantraniliprole?} tetraconazole®] 47
F& 77} 0.4 ng, 0.2 ngeIA S, o] 5 =3 FAH 9
Z7= 0.04 mgkeolATh A&k 3FEAIE A
Table 33 7+¢] chlorantraniliprole 97.7-100.2%¢] 91 2.1
tetraconazole 85.6-104.9%= FHrEHEAH 7]E2l 70-
120%E W<k 2 0E Ueith 3589 9 358 A
o] 4 chromatograme 717} Fig. 1 B 29} 29kow A
B Z 7MY peaks EAI3HA] 3dTt.

A o e

Z MR5Y LA kinetic 514

Qof] A3 E chlorantraniliproles)} tetraconazole
F& Table 49F 7Fo] A & A|7he] A ztol| wht A|&20
2 7Ahele AS B E49Y 5 chlorantraniliprole®]

mn
i y=

> HO

Table 2. Models employed to estimate the half-life of the chlorantraniliprole and tetraconazole in perilla leaves

Models Rate law Equations® Half-life(days)
Zero order kinetic model -d[C]/dt=k [Cli=—kt+[C]y [Clo/2k
First order kinetic model -d|C] /dt =K[C] [Cli=[Cloxe™ 0.693 / k
Second order kinetic model -d[C] /dt =K[C]? 1/[Cli=kt+1/][C]y 1/k[C)o

9 [C], and [C],: residual pesticide concentration(mg kg ™) at time t and 0 days, respectively; k: pesticide dissipation rate constants (day ™)

Table 3. Recoveries for analytical methods of tested pesticides in perilla leaves

Pesticide Fortification level Recovery (%) MDA® LODY
(mg/kg) 1 2 3 Mean®?+ SDY (ng) (mg/kg)

» 04 98.5 99.1 97.7 98.9+0.7

Chlorantraniliprole 4.0 0.04
2.0 99.7 100.2 99.5 99.8+04
04 104.9 96.7 101.6 101.0+4.1

Tetraconazole 0.2 0.04
2.0 85.6 86.8 88.5 87.0+ 1.7

9 Mean of triplication; ” SD, Standard Deviation; * MDA, Minimum Detectable Amount; ¥ LOD, Limit of Detection
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Fig. 1. Chromatogram of chlorantraniliprole in perilla leaves by HPLC-UVD (A: chlorantraniliprole standard solution 10 mg/kg, B
control, C: fortification level 2.0 mg/kg).

Intensity Intensity Intensity
3500000 3500000 3500000

A B

3000000~ 3000000+ 3000000~

1 ] 1 v
2500000 2500000+ 2500000 I
2000000 2000000+

2000000

1500000 15000001 1500000
1000000 ] 100000 /i 1000000 ]
| |
{ 1 |
500000 | s 500000 |
|\ : ’ Ll L ] [T NJ\.
o N 01 s ’U VSIS B B SIS M O

0 10 20 30 0 30 0 10 20 3
nin min min

Fig. 2. Chromatogram of tetraconazole in perilla leaves by GC-ECD (A: tetraconazole standard solution 10 mg/kg, B: control, C:
fortification level 2.0 mg/kg).

Table 4. Residual amounts of chlorantraniliprole and tetraconazole in perilla leaves after final application

Residual amounts® (mg/kg) + SD

Pesticide N““?ber. of Days after final application
application
0 | 3 5 7 10
Chlorantraniliprole 2 340+0.01 331+£0.00 327+0.01 2.60+0.01 254+0.01 2.50+0.01
Tetraconazole 3 11.10£0.65 1029+0.14 937+0.06 9.08+£0.07 825+0.03 7.01=+0.21

 Mean of triplication; ® SD, Standard deviation

7R FHO0LAS 341 mg/kgoi N &£20 =7 7Hs3d
A S AR HREE71E 10 mgkgHth BHA U EAA F A7kl w} SO FEHSLE A 53]
ERtOm, tetraconazole] Tl XHET Zo] Aew A A% Z0, FO B SOS AREsIsion, 37F4] 212 ks H]
11.86 mgkge 2 7]&o] AAHH 273827152 15 mgkg e =49 o) 2 FHE dSsked =2 £8
B} @e 202 et E4Y F F e ARH model®]THKim et al., 2012; Yang et al., 1995). 7}
2 chlorantraniliprole®] 73-¢- 23] 223} u] A2 A% g model®] AL 9} F HFEOAE 2= AS 7
3.41 mg/kgollAl 10420l 2.50 mg/kgl 2 °F 27%= 745} 92 A=K Omirou et al., 2009; Park et al., 2005; Yang
A2, tetraconazole®] 739 33] AEEAL w A¥x A% et al,, 1995). ZO, FO % SO& ARE-3lo] Hojxl 3|92
11.86 mg/kgol Al 102 2ol 7.02 mg/kgS 2 °F 41%7H4] A 2 Table 59} 7Fkom 7ha -2 Fig. 35 7t A7kl

o

i
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Table 5. Biological half-lives of pesticides in perilla leaves by kinetic models

Pesticide Models

Regression curve

Equations

Half-life (days)

FO? Y =3.4039¢ 0%
Y =-0.1047x +3.3936
S0 Y =0.0124x +0.2926

Chlorantraniliprole, 70"

0.8471 19.3
0.8434 16.2
0.8513 23.7

FO? Y =10.9390¢ %
Y =-0.3812x + 10.834
SO? Y =0.0049x + 0.0901

Tetraconazole ZOoY

0.9804 16.1
0.9785 14.6
0.9703 18.4

 First order kinetic model; ® Zero order kinetic model; © Second order kinetic model

—
=

B

" A  Chlorantraniliprole

A Tetraconazole

—
1§

—
5

y=-0.3812x +10.834
6 R:=09785

Residual amounts (mg/kg)
o
Residual amounts (mg/kg)
o

v =-0.1047x + 3.3936
R*=0.8434

h.\-.\v\. 2’_‘\'\'5'\5

© Chlorantraniliprole © Chlorantraniliprole

0.5 C

A Tetraconazole

A Tetraconazole

1<
=

y=0.0124x +0.2926
R*=0.8513

et
w

¥ =10.939¢ 04
R2=10.9804

e
5

1/Residual amounts (mg/kg)

o
-

¥ = 3.4039¢ 0036 y=0.0049x + 0.0901
R?=0.8471 R?=0.9703
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Fig. 3. Dissipation patterns of chlorantraniliprole and tetraconazole in perilla leaves (A: ZO, B: FO, C: SO).

& chlorantraniliprole®] ZH+%d-S 37k model 2]¢ll &
43 B3kE v = ZO 0.8434, FO 0.8471 2 SO 0.8513
oi SO«] ,,27]. 7]-1]— —‘_r_:o} HP7L7] A}Zoﬂ ;5-1'?]5:]1%1- 74_& I
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ijﬁ %"kol oM EelHe AS dSskr] sl FO
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MAshe A ARHE/2e s Bl
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& B37) 2 FeAA ARFS A3 ofpie] Be
PR, 2t B 9 it wlE 53

N
mlru
rz N
v
P,E
£
4
tot
>

¥0 o

o] A= AFe|okEekdA o] 2017d AHA Al FAHE
T ARS8 A AFEAIME: 00-17-8-033500)
A7H] AYPo e Aol dFoln ofd] 12 7t

Literature Cited

Ahn, C. H,, Y. H. Kim, H. S. Eom, G H. Lee and G. H. Ryu
(2014) A study on crop group for pesticide efficacy and
crop safety of minor crops. Kor. J. Pestic. Sci. 18(4):364-
375.

Chen, L., L. M. S. Guan, Y. N. Wu, L. J. Xu and F. F. Fu (2012)
Study on the residue and degradation of fluorine-containing
pesticides in Oolong tea by using gas chromatrography-
mass spectrometry. J. Food. Control. 25(2):433-440.

Chung, H. S., M. H. Kabir, A. M. Abd El-Aty, H. S. Lee, M. M.



302 423 - 0]

Rahman, B. J. Chang, H. C. Shin and J. H. Shim (2017)
Dissipation kinetics and pre-harvest residue limit of
pyriofenone in oriental melon (Cucumis melo Var. makuwa)
grown under regulated climatic conditions. J. Biomed.
Chromatogr. 31(10):e3965.

Fantke, P., B. W. Gillespie, R. Juraske and O. Jolliet (2014)
Estimating half-lives for pesticide dissipation from plants. J.
Environ. Sci. Technol. 48(15):8588-8602.

Fantke, P and R. Juraske (2013) Variability of pesticide
dissipation half-lives in plants. J. Environ. Sci. Technol.
47(8):3548-3562.

Hwang, J. 1., H. Y. Kim, S. H. Lee, S. Y. Kwak, A. R.
Zimmerman and J. E. Kim (2018) Improved dissipation
kinetic model to estimate permissible pre-harvest residue
levels of pesticides in apples. J. Environ Monit. Assess.
190(7):438.

Hwang, K. W., T. W. Kim, J. H. Yoo, B. S. Park and J. K. Moon
(2012) Dissipation pattern of amisulbrom in cucumber
under greenhouse condition for establishing pre-harvest
residue limit. Kor. J. Pestic. Sci. 16(4):228-293.

Jeon, S. H., J. I. Hwang, T. H. Kim, C. H. Kwon, Y. U. Son, D.
S. Kim and J. E. Kim (2015) Residual patterns of
insecticides bifenthrin and chlorfenapyr in perilla leaf as a
minor crop. Korean Journal of Environmental Agriculture
34(3):223-229.

Jin, M. J., H. K. Park, H. R. Jeong, J. W. Lee, S. H. Jo, H. H.
Noh, J. Y. Lee, J. S. Kim, C. H. Kwon, J. E. Kim, T. H. Kim
and K. S. Kyung (2018) Residual characteristics and safety
assessments of the fungicide fenhexamid in some minor
crops. Kor. J. Pestic. Sci. 22(4):363-3609.

Jin, J., M. M. Rahman, A. Y. Ko, A. M. Abd El-Aty, J. H. Park,
S. K. Cho and J. H. Shim (2014) A matrix sensitive gas
chromatography method for the analysis of pymetrozine in
red pepper: Application to dissipation pattern and PHRL. J.
Food. Chem. 146:448-454.

Kim, D. S., K. J. Kim, H. N. Kim, J. Y. Kim and J. H. Hur
(2014) Determination of pre-harvest residue limits of
pesticides metalaxyl-M and flusilazole in oriental melon.
Kor. J. Pestic. Sci. 18(1):1-7.

Kim, J. H., J. I. Hwang, Y. H. Jeon, H. Y. Kim, J. W. Ahn and J.
E. Kim (2012) Dissipation patterns of triazole fungicides
estimated from kinetic models in apple. J. Appl. Biol.
Chem. 55(4):235-239.

Kim, H. G, J. Y. Kim, K. J. Hur, C. H. Kwon and J. H. Hur
(2017) Establishment of pre harvest residue limits (PHRL)
of flubendiamide and pyriofenone on strawberry (Fragaria

ananassa Duch.). Kor. J. Pestic. Sci. 21(1):62-67.

Lee, D. Y., D. K. Jeong, G. H. Choi, D. Y. Lee, K. Y. Kang and
J. H. Kim (2015) Residual characteristics of bistrifluron and
fluopicolide in Korean cabbage for establishing pre-harvest
residue limit. Korean J. Pestic. Sci. 19(4):361-369.

Lee, J. H., Y. H. Jeon, K. S. Shin, H. Y. Kim, E. J. Park, T. H.
Kim and J. E. Kim (2009) Biological half-lives of
fungicides in Korean melon under greenhouse condition.
Korean J. Environ. Agric. 28(4):419-426.

Lee, E. Y., H. H. Noh, Y. S. Park, K. W. Kang, J. K. Kim, Y. D.
Jin, S. S. Yun, C. W. Jin, S. K. Han and K. S. Kyung (2009)
Residual characteristics of etofenprox and methoxyfenozide
in Chinese cabbage. Korean J. Pestic. Sci. 13(1):13-20.

Moon, H. R., J. H. Park, J. Y. Yoon, E. S. Na and K. S. Lee
(2013) Establishment of Pre-Harvest Residue Limits (PHRLs)
of Fungicide Fenarimol and Insecticide Flufenoxuron in
Peaches During Cultivation Period. Korean J. Environ.
Agric. 32(2):136-141.

Omirou, M., Z. Vryzas, E. P. M, and A. Economou (2009)
Dissipation rates of iprodione and thiacloprid during tomato
production in greenhouse. J. Food. Chem. 116(2):499-504.

Park, J. H., J. S. Park, A. M. Abd El-Aty, M. M. Rahman, T. W.
Na and J. H. Shim (2013) Analysis of imidacloprid and
pyrimethanil in shallot (Allium ascalonicum) grown under
greenhouse conditions using tandem mass spectrometry:
establishment of pre?harvest residue limits. J. Biomed.
Chromatogr. 27(4):451-457.

Park, D. S., K. Y. Seong, K. I. Choi and J. H. Hur (2005) Field
tolerance of pesticides in the strawberry and comparison of
biological-lives estimated from kinetic. Kor. J. Pestic. Sci.
9(3):231-236.

Park, H. K., H. H. Noh, J. Y. Lee, H. R. Jeong, J. W. Lee, S. H.
Jo and K. S. Kyung (2018) Residual characteristics of
dimethomorph and fludioxonil in water dropwort and
shallot of minor crop. Kor. J. Pestic. Sci. 22(3):192-198.

Sparks, D. L (2003) Environmental Soil Chemistry. Academic
Press, Elsevier Science (USA).

Yang, J. E., D. S. Park and D. S. Han (1995) Comparative
assessment of the half-lives of benfuresate and oxolinic acid
estimated from kinetic models under field soil conditions.
Korean. J. Environ. Agric. 14(3):302-311.

Yun, S. S., S. W. Shim, K. I. Kim, M. S. Ahn, T. H. Youn, Y.
J.Kim, H. S. Hwang, C. W. Jin, S. K. Han, S. K. Oh, J.
H. Shin, Y. D. Jin, E. Y. Lee and K. S. Kyung (2008)
Residual characteristics of lambda-cyhalothrin and delta-
methrin in lettuce. Korean J. Pestic. Sci. 12(2):148-154.



S78Q] % chlorantraniliprolen} tetraconazole RFEQFAC| kinetic model M

=782 = chlorantraniliprole} tetraconazole &5 49|

Kkinetic model 8 S

|%=J| . 4__| -"?_1 7IEH§|.1 . 7I§-O-I*

Feh S8 AR, RN 7125 m)

W
0>|

035
L 2
o

5%

4

OH‘ )
ok

ek

o}
Hg7] Azl A8 modeld S 23Ak ST B & T 5
5]9-80] 97.7-100.2%31 1, tetraconazoleS 85.6-104.9%% 7HF FEA 71%S Efs}"iq AL F 7 iokol
ZEF328 chlorantraniliprole®] 73-%- ¢F 27%, tetraconazole®] 7% oF 41% H=9] 5 Ea&S RAT} Chloran-
traniliprole®] HH17] =412 y=3.4039¢ """ O 2 W L7]‘C 19.3¢ tetraconazole«] 177] L y=10.9390e %0,
Z W)= 16,1430t} Chlorantraniliprole®] 73-%- first kmetlc model2TH= second order kinetic model©] T 4
3121 second order kinetic model& ©]-8-3t RE71E AT 7% 23.794 0|29k first kinetic modelS Olﬁsﬂ
A A 749 1939 R 9F 49 Tho] Aolue A1 B At 019} 722 AIE 53N Al mE seke] 2t
2ol e} 229 modelS ARSI v S AE3)= Ao vlEkAs Ao 2 wdEn)

oF B0l A chlorantranlllproleJJr AHtA tetraconazoleS AHE 5] XHBH{{P —?— Feke ZP%EkJJr *Ji%a
i
()

kO

.{

A4010{  Chlorantraniliprole, Tetraconazole, 7%, W71, Kinetic models

303



	들깻잎 중 chlorantraniliprole과 tetraconazole 잔류양상의 kinetic model 적용
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	Literature Cited
	요약


