Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2015;34(3):223-229. Korean Online ISSN: 2233-4173
Published online 2015 August 20. http://dx.doi.org/10.5338/KJEA.2015.34.3.29 Print ISSN: 1225-3537

Research Article

AMHA THd] == S22 = ASK| Bifenthrin2t Chlorfenapyr2|
ZHZ kAL
MAMQ! BMOl' ZIE|EP, R 2N’ A= ZA”

Residual Patterns of Insecticides Bifenthrin and Chlorfenapyr in Perilla Leaf as a

Minor Crop

Sang-Oh ]eon ]eong—In Hwang , Tae-Hwa Kim?, Chan-Hyeok Kwon’, Yeong-Uk Son’, Dong-Sool Kim® and
Jang-Eok Kim'" (‘School of Applied Biosciences, Kyungpook National University, Daegu 41566, Korea, “Analysis
Technology and Tomorrow, Daegu 41565, Korea, *Food Standard Division, Food Standard Planning Office,
Ministry of Food and Drug Safety, Cheongju 28159, Korea)

Received: 3 May 2015 / Revised: 22 June 2015 / Accepted: 10 August 2015

Copyright (©) 2015 The Korean Society of Environmental Agriculture

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Abstract were 0.0724-0.0535 and 0.0948-0.0821 day ™', respectively.
In addition, the dissipation half-lives in perilla leaves
were 9.6-12.9 days for bifenthrin and 7.3-8.4 days for
chlorfenapyr. When pre-harvest residue limits (PHRL) of
bifenthrin and chlorfenapyr at 10 days before harvest
calculated on the basis of the dissipation constants and
maximum residue limits of the pesticides were calculated as
17.1 for bifenthrin and 15.9 mg/kg for chlorfenapyr.
CONCLUSION: Therefore, the PHRL calculated using the
time-dependant residual patterns of pesticides in perilla
leaves and their regression analysis may be used as
experimental evidences in order to ensure the safety of
pesticides in perilla leaves before harvest.

BACKGROUND: 1t is important to understand residual
patterns of pesticides applied on crops for ensuring their
safety in agricultural products. However, there are few
studies on the residual patterns of pesticides in minor crops,
which are small in cultivation area. In this study, residual
amounts of bifenthrin and chlorfenapyr sprayed on perilla
leaf as a minor crop were investigated to know their residual
patterns.

METHODS AND RESULTS: Bifenthrin and chlorfenapyr
were sprayed 2 or 3 times on perilla leaves at a week interval
prior to harvest, and the perilla leaves were collected at 0, 1,
3, 5 and 7 days after the final application of pesticides.
Recoveries for residual analysis of pesticides spiked on
perilla leaves with concentrations of 0.1 and 0.5 mg/kg were
81.9-104.8%. The residual amounts of pesticides interpreted
using first order kinetics model show that dissipation
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Table 1. Physico-chemical properties of the applied pesticides

Pesticide Bifenthrin Chlorfenapyr
\/O
B cl
—l/k N
Structure

2-methylbiphenyl-3-ylmethyl (1RS,

Chemical name

Vapor pressure 2.4x10” mPa (25C)
Log Pow 6.6
pKa no pK. in range 0-14

In water <1 ug/L. Soluble in acetone,
chloroform, dichloromethane, diethyl ether,

Solubility and toluene. Slightly soluble in heptane and
methanol.
Stable for 2 y at 25C and 50C (tech.).
Stability In natural daylight, DTs 255 d.;

stable 21 d at pH 59 (21C).

3RS)-3-[(Z)-2-chloro-3,3,3-trifluoroprop-1-enyl]
-2,2-dimethylcyclopropanecarboxylate

FsC
SR
Br CN

4-Bromo-2-(4-chlorophenyl)-1-ethoxymethyl-5-tr
ifluoromethyl-1/-pyrrole-3-carbonitrile

<1.2x10* mPa (20C)

4.83

no pK, in range 0-14

In water 0.14 mg/L (pH 7, 25C), In n-hexane
0.89, methanol 7.09, toluene 75.4, acetone 114,

acetonitrile 68.4, dichloromethane 141(all in
g/100 L, 25C)

In air DT5 0.88 d. (10.6 h, calc.); In water DTsp
4.8-7.5 d.; Stable to hydrolysis (pH 4,7 and 9)

limits, MRL)& “273te] #elatal glom, fa5e siks
o] MY FEE flste] FRAabdeld A&AQ RUHY
A= ?53 Fal QUTHKIm et al, 2014).

a9y SRS igm"?} 2 A 2Ee] Ae TE5E
oFo] =] °L°}(Lee et al, 2007), A} 9 vljo} 22 FQ
Aol vl skl WL} A7t viEsitkar & < ik
53] 9 5Ab ¥ 9(National Agricultural Products
Quality Management Service, NAQS) 2| ZA} Aol wh
29 @aioko R olg HAT 7A47) AWA A FE S
Al 2011 7071 2 2012 56710% AFGSE] =9k
(NAQS report, 2011; NAQS report, 2012). w3 Ko
(2003)7} Lee 5(2007)2] ®are w=w 2010 o7
Aisorom g AA FA9 sikE T 40 7]’%‘ &
HlES AAE 202 B ko] $hvKo et al, 2003; Lee et
al, 2007). Wb S99 2 A E Al 2HEo] ebdAg
SR E 9 dg-so] wWol HgEojol & Flow Y7t

%A bifenthrin?} chlorfenapyr 5, Ao, 3
2 S T2 FATFNA W AR flete] F5o] 1A
wjo] lthKorea Crop Protection Association, 2014).
NAQS®| P4 ZAL A3, bifenthrin ¥ chlorfenapyr®]
HX—]@—.%_Q 71—71— 06~1.6 4 9l 0.2~0.3%% Pl_oa /‘Zo]o-l (@)
A& 27 341~385 2 1,379~1,40671 0% 352 Ho]
AUTHNAQS report, 2011; NAQS report, 2012).

2hzo kaﬂﬂ A & goke] 27| FARE 9 A 7
b ERE A T AHrsoke] W) (half-life) & FARSH] 1t
TEroobB}% ﬁ”gé ‘C 7;4\3 HE AR A=l ks &
Q3 ot} HIHA] weke] FHFFEE o
=37 93l 0%31 kinetics model=°] 285 o] A+-¥]o]
kO (Park et al, 2005; Fantke and Juraske, 2013), &

X
o
S

nl OIH

Wt o g & 5 5ok ZFoHS first order kinetics
modelS 483} 31435t YvKKim et al, 2012). First
order kinetics model& #-&3te] Auj 2 T2t e F
ok e 5T o Atk A Qe wEEY ¢
Aae7t 7Fs Ao Azt

2 =S 249 "415}0% bifenthrin % chlorfenapyr
2 23] ul 33] A¥3 I = olo] A Al ZAFAIANS 2
AVSFAL first order kinetics model & #-8-35l0] 7FAANE 9
718 ARESte] A7zt & oSt gakEs AL #e

a7] slato] etk

N2 A g

S H AN

Bifenthrin 2] Ehrenstorfer GmbH
(Augsburg, Germany)Ate] % 95.0%% T43k30H,
chlorfenapyr®] 33> BASF(Ludwigshafen, Germany)
AFO] 4R 99792 Hof wlo} ARLEIAT) T okS o3t
SEE acetone®l| #4151o] working solution & Azt
5 /\]n&;]_oﬂ ou1 = lr_okg] %g]ﬁ}ﬂx% /Hxlg Table 134. ZEL
t}. FAE2 bifenthrin®] -9 Fadw & 1% A
(E]-/\E} & )0301?'%]13]74)E A8-8H313L chlorfenapyr®] 7

2AE FF 10% WdrsA(HTol, (F)ETEs ]‘i)a
AFEEIA T s o] AMEE acetone, acetonitrile,
methylene chloride, 4l nhexanes Burdick & Jackson
Inc.(Muskegon, MI, USA)°l|4l, sodium chloride(EP+)S}
sodium sulfate(GR#)+= Junsei Chemical Co.(Tokyo,
Japan)°llx] 7+J3F3ith. Florisile- Sigma-Aldrich Chemical
Co.(St. Louis, MO, USA)AES A3t

¥F¥2 Dr
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Al Z=Z 3 oAt

A8 S AARE A shks el g Al
A SR~ E AiEk D% AAE EALE Aol o] &
sigich AETE 25 mx3.0 m, ¢F7E 0.5 mE §F A
T2 o AAUEE 20 ecmx20 em%th A A 7]
7k 20149 9€ 5CQTE1 2014 9¢¥ 26U7HA] X0
], S99 A= w7k ARl el wat AAE
ot A7)zt 5 WG BldEh A Al A ArE
5 o]gsto] 74 & WA 7= 50 mxAZ 5.0 m2]
A A @ oF 1.5 L/ming] & 207 5st9.0H, Al
71 T A 259} S5 47 o 24.8+426C W
67.3+6.6%%= TA15F3AT}. AAEE= bifenthrins 1,000,
chlorfenapyr+= 2,000 3]4ste] w2 F47]5 A8t
o] 20 pSiE] A OR B 1,500 mLE AESITE AE A
71 9 BFE 7Y 0% Zﬂ 4 33] AElatalon, 7%
}\]JEJ_.E‘ ‘_11_ ol:x.]] AL4 2;\] ]. §:]_{5]. 001;‘<]»—E— ﬁz‘sl—;].oq
AT 0, 1, 3, 5 E 7UA ] TSItk AHE AEE
= *‘fﬂéi Hkste] A FAE SAsGITE AHE Al
=2 k

= a
L #As 8 F ARt B4 497 2009 W
o BECE

=70% & bifenthrin ¥ chlorfenapyr®] HrsoHEA
W AES ARser BANS x4 WEsto] A8
SFATHMFDS Report, 2013). S74< A& 10 goll A=
acetone—% Z7Fskal homogenizerol 4 333+ 12,000 rpm
o7 FEoto] FEES Celite 545°ﬂ SIAA ARt F
1.0 L #elolFo] £7]31 50 mL 23} A5¢} 450 mL 5
% 75k dichloromethane 50 mLZ 23] #H] %3}
oﬂE]r. FEHS anhydrous sodium sulfateoﬂ EFUAA &
T3k 40C FEANA As5T & w58 dA4%Y
hexaneoﬂ Agastel FAG ARSIk Aol AR
¥ Florisil> HR-ght A3 35 A 200C <] ovenoll Al
G 3lste] AE-EIIT) Glass column (16 mm 1.D.x40 cm,
PTFE §-2hell 10 g Florisil?} Y% 5 sodium
sulfates = 524 248 % column -0l hexane
Z AL AlsdS F36ka 50 mLY hexane & 12k
2EAA EHHE ¥, 50 mLe hexane/acetone(95/5,
v/V)OE 22t §EAA 1 SE NS FHEE A &
ZdE s=3t § FARE acetoneol] Al83lIEte] 1.0 uL
A GC-ECD(Shimadzu GC-2010, Japan)°ll =93t e}
W chromatogram’¢] peak area® E-AZAY H|ws)
of AFFs AEsIlh g8 AIY bifenthrin %
chlorfenapyrs S70% Al=el 7242t 0.1 % 0.5 mg/kg©]
5 A v A dHew —7‘1“3 AT T
GC-ECDZE #Asto] S % sk A73s Altst & 3
TES Ttk
GC-ECD®] Z#> DB-5 capillary column[30 mL.x
0.25 mm LD., 0.25 um film thickness(J&W Scientific,

USA)|E AHE3ITL 5%

2

< column oven< bifenthrin

B4 A 120C o)A 287t §AE v 2 8T 9| g
280C7HA 7123t 5 8%%F §4351%aL, chlorfenapyri=

150 C of|A] 287F 543 th5 +9 10T Q) vj&= 280C 7t

A 7pEe H S-Er FA82H, injector?] ¢ 260C,
detector?] 7% 300C 3t} ©1&4 7F(N>) 9 makeup
gas(N2/Air)= 217t 29 1 2 30 mLe] F50% 2873

oH, HF

1:50)= Fl3to] 24 3HT,

RS 93t bifenthrin 4! chlorfenapyrE] R
o

]E Qono 1.0 w

S 0 1w

£ split mode(split ratio

P 7} Hoko] EFEES acetonelE 34510 0.05, 0.1,
0.2, 0.5, 1.0, 2.0 ¥ 5.0 mg/L2] working solutions Z=A4]
sfol 717t 1.0 uL®  GC-ECDell  Fdsto]  vepd

chromatogram 739 peak WAS o]&3lo] 24T
g p

ZIAALS Gl HIZE| AKS

=78 % bifenthrin ¥ chlorfenapyr®] W7 |(7)+
first order kinetics modelS 2483} o}2|¢] Alof w2t
A=A

G =Gxe ™
1 — kt
5 G =G xe
In(0.5)
=

St o

ZoF d woF 2H55]87]F(pre-harvest residue limit,
PHRL) 2 478 A] Hgseke] e e7|es =338t
A FeF e A A AFelA soF RS 53 gho
E(Kim et al, 2013) 3 HE7|2olA] A8 kb ot
o] Ao tigdate] A=tk

M, =M, xeM

AT St A | Oa]z}(day)% 9]‘3]?‘_}‘:]'.

[e)

=l < {1t bifenthrin ¥ chlorfenapyr
O] BFEHTALE ABAG(A) #ol 0.999 oo 7 FFEH
etk A9l 7171 B4 Z238kelA bifenthrind}
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Table 2. Recoveries and limits of detection for residual analysis of bifenthrin and chlorfenapyr in perilla leaves

iy Fortification level Recovery (%) MDA LOD?
Sample Pesticide
(mg/kg) 1 ) 3 Mean+SD? (ng) (mg/kg)
0.1 104.8  99.2 100.8 101.6+2.9
Bifenthrin
0.5 81.9 83.2 82.2 82.4+0.7
Perilla leaves 0.05 0.01
0.1 923 94.4 89.9 922422
Chlorfenapyr
0.5 87.7 86.7 85.6 86.7+1.1

“Mean of triplication with standard deviation; b)MDA, Minimum detectable amount;

9LOD, Limit of detection

....... a —] b
- L | L

: c — d
o DT ) il

- e = 5
— , A i IR
- = - = - Y [y ) - [ ) 'y

Fig. 1. Chromatograms of bifenthrin and chlorfenapyr in perilla leaves analyzed using GC-ECD (a - 5.0 mg/L of
bifenthrin standard; b - 5.0 mg/L of chlorfenapyr standard; c - perilla leaves control during bifenthrin analysis; d - perilla
leaves control during chlorfenapyr analysis; e — perilla leaves spiked with bifenthrin at 0.5 mg/kg; f - perilla leaves spiked

with chlorfenapyr at 0.5 mg/kg).

chlorfenapyr?] retention time<> Zt7} 21.4 4 13.5 min
Ak

S708 Z bifenthin % chlorfenapyr?| 3|+EA18 4
JH= Table 28t 2tk 5748 & bifenthin®] 3|82
81.9-104.8%, chlorfenapyr®] 3|56 85.6-94.4%% e}
wom oAl 2.9% olske Weht igeReAy 71+
Ql & W9 70-120%9} HolAIF 10% oI w8k

.7 Ee AESAE 5 001 mg/kgelleH GC-
ECD =Z2rte13 Aol Al5e] 3H] va+= EAlskA] sk
thFig. 1).

Mu{7|1Zt & HFEe| Hs}

HF ofA AF § AFAT AT AL A= HA
1.1120.15 gollAl #a1 1.3620.19 g AlClZ(Fig. 2), €4
AlE dAPEE fdshAl AF s S F bifenthrin
4 chlorfenapyr®] 47as A A¥= Table 30l YE}
Sletl. Bifenthrin®] %7] 2R3 23] 9 33] 2] TolA]
7Yz} 0.43 9 0.55 mg/kg o= YERtown, dFd A &
5ol 027 9 038 mg/kgl® YEh} 27] i
30.9-37.2%7F A= St} Wbde] chlorfenapyr®] 7% %
7] 75 23] AHElTelA 9.02 mg/kg, 33 ATl
9.26 mg/kgO % UEtor gl AlRellx 40.1-45.0%
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aslo] 496 4 555 mg/kg O & FHatqich.

olgHoRE FY A Foko AE 3
WA ke FYE AN 2] AR sl
g} Aol HolAl k. Aol s Tk A k7t
0.05-0.10 day™¢] ®$lold woks 28] 9 338 A2|g A] 1
3] AP wWe] x7] AFPH 28] AAelE 49.7-
70.5%, 12|11 33] HEA|el= 74.3-120.1%2] HIE&EE STt
wo] yehol stk & AFe] Axe} viwd Az 54
< bifenthrin 4 chlorfenapyr®] 23] 4 33] 22|74 %
7] k] zlole o] MF <tell EH U

1.8 -

1.6 -
14 1L
1.2 A

1.0 A
0.8 A
0.6 A
0.4 A
0.2 A
0.0

Weight (g)

0 1 3 5 7
Days after final application (day)

Fig. 2. Weights of perilla leaves collected at sampling time
after final application.

Table 3. Residual amounts of bifenthrin and chlorfenapyr in

o] A7g ntgo R #gst 4% F bifenthrin %
chlorfenapyr?] 2411415 Fig. 3¢ HYERHSIH: Bifenthrin
o) B AL 23] W 33] Aol 2t y=04177¢ 7
(#=0.9345) X y=0.5522¢""" (£=0.9569)% L}EFEOm,
chlorfenapyr?] 377441 7+ Az)toll A y=9.4124e" ™
(#=0.9440) ¥ y=10.1052¢""*™ (#=0.9292) 2 L}E})

E708 ¥ bifenthrin 9 chlorfenapyr?] 7 7H4 &
A& F skl Tkl A7t 24x10% mPa % 1.2x107
mPa® S Holw, Log Kew#tE bifenthrin 6.0 ©]%d°]
™ chlorfenapyr®] 79 4.8% =AJo] nHlwZ uylopx
(Macbean, 2012), 34t 2 7492 ] o8] 2449 75
AR oE aRle] o A A8E Zlow Az old

L ]
Qe mh=m B2} o] WoRlel gl wE Ao
A5 A% F okl Wl 420 wrgel H 2 o

olog WIHI QJOH(Lee ef al, 2008; Marin ef al,
2003), ¥ A7~ Ad} EFF AAIAQ] soke] I ae =
7Aele] vt o] o010z 243t o7 AlgH)
A WA o2 5 E 5709 F bifenthrin®] WIS
AREe A 23] ATellA 9.6, 33] A7 TellA 129
Az etk Ko 5(2003)9] ikl wzd S0 F
bifenthrin®] ¥H7]= 2.2-4.8U% B0} ¥ A Arju
t Z% O HKo et al, 2003), ©]213 2 5 5oke] AR
& Aol AREE woke] A, ofAl A ] 9 Al 2=
5ol ugt tE 4 O P E2(Kim ef al, 1997; Son et al,

perilla leaves after final application

Residual amounts (mg/kg)”

Pesticides Number of application Days after final application (day)
0 1 3 5 7
2 0.43+0.01 0.40+0.00 0.31+0.00 0.28+0.00 0.27+0.01
Bifenthrin
3 0.55+0.00 0.51+0.01 0.50+0.00 0.42+0.00 0.38+0.01
2 9.02+0.27 8.76+0.16 7.70+0.15 5.37+0.20 4.96+0.05
Chlorfenapyr
3 9.26+0.21 9.92+0.06 8.44+0.10 6.59+0.15 5.55+0.28
“Mean of triplication with standard deviation
0.80
0.70 - a @ 2 times application 12.00 - b @ 2 times application
O3 times application O 3 times application
0.60 1 10.00 A
0.50 \ 8.00
0409 D 6.00

0.30 4
y=0.4177 00724x
0.20 ~ R2=0.9345

y = 0.5522¢0-054
R?=0.9569

0.10 1

Residaul amounts (mg/kg)

0.00

o 1 2 3 4 5 6 1
Days after final application (day)

o

¥=9.4124 e 00945

Residaul amounts (mg/kg)

4.00 R2=0.9440

y = 10.105e0-082x
2.00 4 R?=0.9292
0.00

o 1 2 3 4 5 6 7
Days after final application (day)

Fig. 3. Dissipation curves of bifenthrin (a) and chlorfenapyr (b) on perilla leaves after final application of pesticides.
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Table 4. Pre-harvest residue limits of bifenthin and chlorfenapyr in perilla leaves

PHRL” (mg/kg)

Dissipation constants”

Pesticides Days prior to harvest (day) (day™)
10 9 8 7 6 5 4 3 2 1 0

Bifenthrin 171 162 153 145 138 131 124 117 111 105 10.0° 0.0535

Chlorfenapyr 159 147 135 124 115 106 97 9.0 8.2 76 707 0.0821

YPHRL, Pre-harvest residue limit; b)Dissig)ation constant of three times application;
IMaximum residue limits of bifenthrin; “Maximum residue limits of chlorfenapyr

2012), BAAQ) 2 AlFelA] vERd 5 9l Aol 2 Hel
t}. whdof] 7% % chlorfenapyr?] HHP71E= 23] 4 33
ATl 7.3 9 84UE YERsIT

AT 5 bifenthrin¥} chlorfenapyr?] ZH7 A
oA Park 5(2012) Zakg} H-3o] tis] bifenthrin %
chlorfenapyr?] W75 ZARE 27 bifenthrin 3.8-
11.5¢, chlorfenapyri= 6.6-1344% YESTIL Halsk3l
Ow(Park ef al, 2012), Cho 5(2011) #Zg]7} o &
chlorfenapyr?] WH715 8.0Y¥%E HslSItHCho et al,
2011). ojelgh WFekdS A w0k AFs87lE A
A 9 d el A7 BudelM e E ok
Tagae] wolgg A Av JAlFolA Bt 46%
S AREEo]l B Ay} wwalgls W dnkAl A3
2 HolZ Holn, o]y AfeA YAF F bifenthrin 2
chlorfenapyr?] #235= 22} 0.0439-0.2395 2 0.0598-
0.1778 day™e] WIE ZARHo} ¥ A7A bifenthrin
4 chlorfenapyr®] a4 0.0535-0.0724 % 0.0821-
0.0948 day™' ¢} FAFIITHMEDS, 2014).

Pre-harvest Residue Limit (PHRL) AKE

FEyetelx] £ F bifenthrin % chlorfenapre] %+
F9871%E 2471 100 ¥ 7.0 mg/kgo® Ao Qlct
(MFDS report, 2012). & <5 Aol wp=dd 49 &
bifenthrin®] Zth FF7a-> 23] 9 33] A2+ Aol
o871 olsk® yERstth ¥, chlorfenapyre| 73
7] 2ol ZF ATl 9.02 2 9.92 mg/kg % Ve

U 57887 15E 2akell ot AlREe] Aol whet e
< et HF oA A 5U F 23] Aol 537

mg/kg, 33 AzlTolM 6.59 mg/kgo® AFEE7)FE vl
Hho w2 LRSIt

T ol 23] 9l 33| Ao e F S A
5 o] g3lo] 41E3% PHRL Table 49} 32w, o]o u}
2 10¢ d E74¢ 5 bifenthin % chlorfenapyr?]
o] 717} 17.1 % 159 mg/kg o= Hid A T
T 5oke] A dUIE oletE AR Aow o
itk o] gk PHRL A W2 70917 22
A A a0 A SRE 93
Pow AR ¢ gl Ao® Az

il

4

f
e Hu g ow
2 ol

ox )y md oX B [ >
=

of, *

o

2 ¢

2d A A T dEreEEd w2 AU A
gz 9Jste] 749 % bifenthrin 2 chlorfenapyr?
ArFds AFelth S TS ol &ato] 3TEAl
d& AAISE A7} bifenthrin 2 chlorfenapyr®] 3|78
81.9~104.8% W= HEENLGL. SAYY A5 7|
% bifenthrin} chlorfenapyr?] 7% ¥3l:= first order
kinetics model& #-&3to] dAslglon] o] 2o 7 HEl Ak
% 35t bifenthrinold  0.0724-0.0535 day’,
chlorfenapyrell4] 0.0948-0.0821 day 1% YETh F &
ko] 709l F WH71i= bifenthrin®] - 9.6-12.9%°]3
o1, chlorfenapyr= 7.3-84%9°]3th AF=H 7 5oF] 7t
2745 o] 8319 pre-harvest residue limit(PHRL)S AH
st 43 75 1094 =749 5 bifenthrin % chlorfenapyr
o) Aol Z47F 171 9 159 mg/kgd 4$ FEtdol:
5okl s8] 7.0 2 10.0 mg/kg ©l8kE A
sto] ke AoR o ifu ek
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