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Abstract The present study was performed to predict the pre-harvest residue limits (PHRLs) of
cyenopyrafen and fluopicolide on red pepper under two different field conditions. The pesticides were treated
one time by foliar spray according to good agricultural practice. Red peppers were harvested at 0, 1, 3, 5, 7
and 10 days after treatment and the residues of cyenopyrafen and fluopicolide were analyzed by HPLC/DAD
and GC/ECD, respectively. Limit of quantitation (LOQ) of cyenopyrafen and fluopicolide were 0.02 mg/kg
and 0.004 mg/kg, respectively. The recoveries of cyenopyrafen and fluopicolide were ranged to 79.2%~
111.8%, with coefficient of variation +10%. The biological half-lives of cyenopyrafen for field I and field II
were calculated to be 2.9 days and 3.0 days, respectively, and fluopicolide were 5.7 days and 5.1 days, respectively.
The results of this study showed that cyenopyrafen and flupicolide on red pepper were detected below the
maximum residue levels established in Korea and these residue levels is not posed a health risks to consumers.
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Cyenopyrafen 2 fluopicolide Z}2} 2008 % 2006
o Aol 5o AMEE AL it} Cyenopyrafens &34
o 288l nEZEg]ol AxL-e<5 A4 (Mitochondrial
Electron Transport Inhibitor)! AZ& 7]2Fe] AHA| =
(Riga et al, 2015), FHXA]-gollo] tgh WA T37} 85.96%
2 $73}t}. Fluopicolide= benzamideA|dl 43h= Wt’d
Wt ol WAske AW Alojsta, i F WA E
98k °FA|o|th(Bajya and Ranjith, 2016; Jackson et al.,
2010; Wang et al., 2014). Cyenopyrafen 2 fluopicolide]
U sAE tid ARs87IEe] 47 A= 168 3
145 thste] HA =] Fefo] AREEAL Lo, = &)
T FAE U AR5 A7) cyenopyrafens X,
fluopicolide= WEEMIE 9 QZoujFE A& FiH=
3t AFEA A7 F=31tH(Lee et al., 2011; Hur et al.,
2015; Lee et al., 2015).
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18 A= cyenopyrafen 25% /d<3hA| (4
(GF)e=4Ee), fluopicolide 5% 9 3<rshAl (43T
 GYEHRlIR)E AR, ANEIE 2 A
F5]87152 Table 13 ZTHKCPA, 2017). Cyenopyrafen
T 97.3%) 2 fluopicolide (== 99.9%) w418 HFE
2 Sigma-Aldrich (USA)IA 8t AR5, 318H4
T2 2 583ty 542 Table 29F 7 Th(Turner, 2015).
Acetonitrile, dichloromethane, n-hexane, acetone 2 ethyl
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acetate= ZHEA] =3 E HPLCH, sodium sulfate

anhydrous®} sodium chloridee= GRF-2.Z Merck (Germany)
2 Junsei chemical (Japan)ollA] +I5te] ARE-81SI . Solid-
phase extraction cartridge (florisil 1g, 6cc)= Agilent
Technologies (USA)OA +43te] ARSI T

A FIFEE: A0E) AFIZS ZHYE A

J
AN TEE ReE] ARG ) L FHEE A AT

Table 1. Good agricultural practice and maximum residue limit of cyenopyrafen and fluopicolide on red pepper in Korea

Formulation Application . .
PHI? Maximum residue
Pesticides Tvoe NG Spray concentration ~ Maximum Interval (days) limit (mg/kg)
yp o (kg ai/hl) Number (days)
Cyenopyrafen SCo 25 0.125 2 9 3 3.0
Fluopicolide SC 5 0.050 3 10 2 1.0

9 Al : Active ingredient, ” PHI : Pre-harvest interval, ©® SC : Suspension concentrate, ¥ No information

Table 2. Chemical structures and physico-chemical properties of cyenopyrafen and fluopicolide (Turner J. A., 2015)

Pesticides

Fluopicolide

Cyenopyrafen

Chemical structure

L - B

Cl

9

N__CH .
oo™ 7@
FaC” ™~ I o1 ~F

(E)-2-(4-tert-butylphenyl)-2-cyano-1-(1,3,4-trimeth- ~ 2,6-dichloro-N-[3-chloro-5-(trifluoromethyl)-2-

IUPAC name

ylpyrazol-5-yl)vinyl 2,2-dimethylpropionate pyridylmethyl]benzamide
Molecular weight 393.5 383.6
Vapor pressure (mPa) 52 %107 (25°C) 3.03 x 107 (20°C)
log Kow 5.6 29 (pH 7.3)

Solubility in water 0.3 mg/L (20°C)

2.8 mg/L (pH 7, 20~25°C)
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A S AR R DE AA zpolE st AlFEH

7+ HAAY7E oF 30 kmel 2 A@EAS HAAste] 3
A AT FAHEF(1E )R A FLGTHE 74
slo] Algd WAL 10m? o2 AAE L Cyenopy-
rafen 2 fluopicolider] ¥ <Al 2= §<F HAARE7| 5o
AsiA ZH2E 20008 2 10008) 2 84 A5, F512]
A5 BRI (F)HHEL EL969)§— /\FQO}O# 1.45 kgf/em?

o ¢HHo g AT H10m?) 2L 308 AF3IT)
ANExHF 2 BXE
ZTuF ANBE AAE F0,1,2,3,5 72 103}

S =7t o ;} ZstA7]o] A AEE kg o
BOHA o) AFA AT HF 3 A E= 2R BAE 3
polyethylene bagdll g2 5 24A17F ool AFA= 2t
et APARE 20 A EE WA FAE S8+, F
A& AAL 3EER Aekate] -75°C o]ake] 24 i% "@E

2o BAEY. AR AAE &

4

=AY & ¥ FREMAH

FA o] g 7FSHA| (Limit of quantification, LOQ)E S/N
ratio 10 o173l HaHETl HFIA B, 717159,
ANEF Y SMuFE JEste] ol Ao AEsIsitt
(Lee, 2013).

LOQ (mgkg) = 4= (ng) x
2% 8] 4] g-v)) 2 (mL) x 3] 2 Hj
7171 4 " ul) x EA A F % (g)

4174abﬂ_4 xl/ﬂzd glq_]e 95t @%m TEgde

cyenopyrafen 2 fluopicolide ¥49-8 %FE2 717} acetonitrile
2 acetoneo] &33le] 1,000 mg/L FFE

%

m{o
BN
2
ot
ol

GAEE 843l cyenopyrafen 0.05, 0.1, 0.5, 1.0 ¥
5.0 mg/L, fluopicolide= 0.01, 0.05, 0.1, 0.5 ¥ 1.0 mg/L
FEo2 ZAEY. EEAEAY A 7171EY
chromatogram’d®] T AHA S 7|Fo = e FFHFA
o] 3|2l &gt ARATF() 22 AT

ol AR FAlE AR10 g)ell AFgAS] 108 B
508 =22 cyenopyrafens} fluopicolide 882 34k
B Agste] ddsiA Edste sttt 2H7ke] AR
100 mL acetonitrileS ¥ 2087 X&3t & FZ2E8 7
folFatdar, oFHAS 1L o7l &7 100 mL *£3}
A= 300 mL 7S Y-S T dichloromethane 100 mL
o= 13] o ¢ H {7189 Z= sodium sulfateol] 5}
AA FEE AAL rotary vacuum evaporators ©]-8-3}
of 719t w3 v AVES FFHOE p-hexane
4mLZ A-L3 skt Cyenopyrafen 4S9 AAE
n-hexane 4 mLE 42171 florisil cartridge (1 g, 6 cc)oll
L83t A58 2mLS Y-S 5, p-hexane 10mL 2 -
hexane/ethyl acetate (95/5, v/v) 2 mLZ A% 3}3L, n-hexane/
ethyl acetate (95/5, v/v) S5mL % n-hexane/ethyl acetate
(90/10, v/v) 8 mLE &Z3I3th. &2 N, gas® 553}
3 acetonitrile 2 mLE #]-8-3)|5}¢] HPLC-DADZ #4319
Th(Table 3). Fluopicolide #4& 918+ BAl= AA= »n-
hexane 4 mLZ &/4A1%] florisil cartridge (1g, 6 cc)oll Al

L33k A58 2mlS Y& &, p-hexane/dichloromethane
(80/20, v/v) 5mL2 M8, n-hexane/dichloromethane/
acetonitrile (48.5/50/1.5, v/iv/v) 10 mLE &% 3sl5lom, &
ZH2 N, gasZ F=3}L acetone 2 mLE A|-8-38)5le] GC-
ECDZE #4133 tH(Table 4).

ZV}O}X“”‘]@JQ‘ FAZAIE(10 gy ARE-31] cyenopy-
rafen 2 fluopicolideol] T3t Zzh AJ=FatA|e] 508121 1.0
mg/l 2 02 mgll FEFEOE R st 7
E3het &, WsE7(20°C ©]3H)ollA cyenopyrafen 76

Table 3. HPLC conditions for analysis of cyenopyrafen on red pepper

Instrument Agilent 1200 series HPLC

Detector Diode Array Detector (DAD)

Mobile phase Acetonitrile/Water (80/20, v/v), Gradient

Time (min) Acetonitrile (%) Water (%) Flow (mL)

13 80 20 1
15 100 0 2
39 100 2
41 80 20 1

Flow rate 1.0 mL/min

Column Phenomenex Luna 5 p C18 (250 x 4.60 mm)

Wavelength 294 nm

Injection volume 40 uL
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Table 4. GC condition for analysis of fluopicolide on red pepper

Instrument Agilent 7890 series GC

Detector Electron Capture Detector (ECD)

Column HP-5, Capillary column (30 m L. x 320 um 1.D., 0.25 pm))

Temperature Inlet port : 260°C
Detector : 320°C
Oven : 180°C — 10°C/min — 250°C — 15°C/min — 280°C (6 min hold)

Gas flow Carrier (N,) : 1.5 mL/min
Make-up (N,) : 60 mL/min
Injection mode Split (30:1)
Injection volume 1 pL
30 T e 80 08 (A)
o i n 07 OField [
@ y=0.5561e024
0.6 = 0.9739
20 — Field | - Rainfalljmen) - L Biological half-life = 3.0day
i E l:e:d -n.,-.—dal.l......-... 50 E 3 05 “ :
S Rl Bcinar w3 # i I
i S LI
LI s 2 e, Biological half e =2.9day
. 2 0.3 L] . \""'\::Lx
5 2 Z 02 * K“‘xh__‘
| T ° e—— o
sl o . % » I % p o R Semm—
* : . ’ Il_\"l':lh_\'.\ u;vr lﬂ']?llll'hl] ! " : " e
0 1 2 3 4 5 6 7 8 9 0
Fig. 1. Weather conditions of residue trials during sampling DAT (Dayaalier treatment)
days after treatment. o
(B)
_ - - ol O Field 1
fluopicolidex= 59U7+ B3 5, 3|5-EA A FLg WY N y=0372e0120
X r#=0.8798
07 BAAES 3kt = | Biological half-ife = 5.7day
— _ Fose . . ® Field 11
I AJFH S AR T cyenopyrafen 2 fluopicolide F, 8 yeb e na
= 04 = 0.8342
,4 ANEANZ dAER FAgT 9 ATy 2R dole _é_ Do Biolgg?s:l half-life = 5.1day
8192 Y EHARE Faein, Chl I N
0.2 o T— __rq_q_ v 5~
A x| " e
¥3%F Z cyenopyrafen ¥ fluopicolide®] #a/ds % 5 F 3 5 4 & ' 3 % 5 =
BEH WPl A UE ARSE SR S s ensinndy
E3 YxuksA] C=C, - e X (C; o9 BB, Cp 27 Fig. 2. ]?issi;()gt)ion dpa&tem§ ell%d gc)ﬂogicald half-lives ﬁof
cyenopyrafen and fluopicolide on red pepper after
AR, kB, © A Aedte] Ao, £ (0 P pepp
test 3 t-testS ©]-8&3 ol AAS St 95% AEFFE
o] Zads B R E ARSI THMEDS, 2014). dayQtH(Fig. 1). A EF 112 093 795 1.2 mm/day?]
Ao Foz oA Ao oH, o HEe FE Fwo]
Az 2 sk Aol e e F717F fle Ae A o A2
sfol, 093 271 AR FFL FA Uk, 2272 7
J|M4=A = cyenopyrafen 2 fluopicolide®] 1¥x}e} 2U2te] 77
S]] st cyenopyrafen ¥ fluopicolide®] ZGAH o] zpol7k Aol SA|Ae] & 27] FFHl 7Fgol <t
F717+2014d 7%;1 299~20144 99 59) F 712 A Y] = Aoz ATHUTH(Fig. 2). Al Al F 4d
Hxd 1 9 AEEF oA 42 21.3~24.8°C & 224~ 2} o]Foll= AR 1 2 M9A 73971 Ao, =24
RSCHT, BFE Y 12 PR F 0 2 8L S 29l I8 G D 2 glont, e

o 747z 15.7 mm/day 2 52.2 mm/day, AlEES 1= °FAl [ 9 119 2R ¥t 9 977t fAkste] 292 Gk
A £ 0,2,4,5, 6 8% 9 2] 12mm/day~35.5mm/  2J3 A|F X7 2ol= YATHFig. 2).
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Fig. 3. Representative Chromatograms of cyenopyrafen at control sample (A), 0.5 mg/L standard solution (B), recovery at 0.2 mg/L

(C) and 0 day sample after treatment on red pepper (D).

(A)

1000

(B)

Fig. 4. Representative chromatograms of fluopicolide at control sample (A), 0.5 mg/L standard solution (B), recovery at 0.2 mg/L (C)

and 0 day sample after treatment on red pepper (D).

-
$33 AE F cyenopyrafen 2 fluopicolide®] 717184
chromatogran’d] H-5 A7 11.8% 2 7.9i0|310H,
FAA AN AHEA 0 S = 7 U= HEH
= AL U th(Fig. 3, 4). Cyenopyrafen 2 fluopi-
colide®] E2% A#FA= 0.02 mgkg 2 0.004 mg/kgel
N, FFAFAS AT ARAF) 4 y=
2.28057x - 6.91267 (*=0.99726) % y=2776.58640x +
4242824 (r=0.99848)= ARAT()7} 0.99 o= %
THEA ] AAEE gl

SRS EAEA A 1o0] 2 sou) FEFE
oAl 4833+ A3}, cyenopyrafen 2 fluopicolide®] 3|&H

Ae 7=t 79.2~92.7% 2 101.4~111.8%ZF 70~120% ©JU]
o.M (Table 5), Wo]Al4(coefficient of variation)= 10%
ojst® = ele] wof IFAHAIE T4 &Y 7ol A%
33THEC, 2015; MFDS, 2014; RDA, 2016).

A 24 AFHS F3F AR T cyenopy-
rafen 9 fluopicolide= A& ANFH LolA A 5 d7t
2] -20°C o]3te] WarazIoA 7+t 764 2 5997k <t
43 21 skt

MMEHA ZRSH ME BT W Hade M
LA A Z 3730l tiske] cyenopyrafen 2 fluopicolide
S VN AIREAGS e R FoRPAARS 7|l wet Zhz)

e
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Table 5. Recoveries of cyenopyrafen and fluopicolide from red pepper

Pesticide Fortified level (mg/kg) Recoveries (%) Mean Recovery + SD? (%) CV? (%)
0.20 81.9, 89.9,92.7 88.2+5.6 6.4
Cyenopyrafen
1.00 79.2,86.4,82.3 82.6£3.6 44
Lo 0.04 101.4,108.6, 107.3 105.8 3.8 3.6
Fluopicolide
0.20 111.8, 105.8, 108.2 108.6 +3.0 2.8

9SD: Standard deviation,® CV: Coefficient of variation

Table 6. Dissipation regression equation and regression coefficient of the pesticides

Pesticide Field Dissipation regression equation” Regression coefficient”
Field I y=0.5561e "% = 0.9739) 0.2420 £0.0455
Cyenopyrafen . -0.2316
Field IT y=04177¢%1%1* = 0.9754) 0.2316 £0.0423
- Field I y = 0.3720e™12%(r* = 0.8799) 0.1209 £0.0514
Fluopicolide . ~0.1361
Field IT y=0.5689¢"1X(+? = (.8342) 0.1361 £0.0697

9 Significant at p < 0.05 by the F-test, ” Significant at p < 0.05 by the t-test

13] A2l & AP0, 1, 2. 3,5, 7 2 10¥) AFF<]
s}Fol& =1kt Cyenopyrafen®] 7] ZH-a Al
FA 12 1elM 22 0.502 mg/kg 2 0.485 mg/ke] 5
o2 A7F3E71F 3.0 mgkghth oF vl 9 HEHAL,
fluopicolide®] 73-$- Z}7} 0.422 mg/kg, 0.502 mg/kge] ==
o2 ZF3ato] MRL 1.0 mgkgHth oF 28] Wre =3=0|9)
3, 7F R 27) HAFE Aele 10% ol Z fALsE
THMEFDS, 2016). Cyenopyrafen®] ZHF#e] Hah= A]7ko]
7333l whet ZHaate] oA A7) § 108k ARER
9ol 25 0.048 mg/kgol 1AL, fluopicolide= A E X
12 1M oAl A2l & 104300 22 0.095 me/kg 2
0.174 mg/kgS 2, A M) F313=o)A  cyenopyrafen
fluopicolide®] FAl A2] & AlZPE o] whE 27 A
2 frAFsIATHFE. 2).

FFo =X A |4 cyenopyrafen 2 fluopicolide ©F
A A2 F A ARFS ALt A 3712 9 3]
AAGTE Ftest 2 t-tests T3l F49& 389,
3| AAFL 95%212])F7F cyenopyrafen] AlFEAY [ 2
1141 ZH2F 0.2420 +£0.0455 2 0.2316 +0.0423, fluopicolide
E 72 0.1209+0.0514 2 0.1361 +0.06970.2 AJHEA
7+ IAAFE FABIICH (Table 6), 3AAIGE] 95% Al
F77F Fegre AN JFRSETIE eSS e
AR A&t BATH R foiol AsE 3
TE 283t 42HEE W7]E cyenopyrafen?] AlEHET |
204 22 29U 2 3.0, fluopicolide ZH2t 5.7 &
SAUE, AEEZe] Fpolo mE wH7]= fAlsle, 4]
Al FarFe] A HRe871E A A8 Thsd
/8 NRAIE 22 EATH(Fig. 2). =AM 2709 %
£ % cyenopyrafen®] ¥H71= wj 52~9.84 ¥ Eso}
6.0~6.34 2 FAFSFAL, AlAE] 2714 fluopicolide]

N od (B

)

M

a9
-
N
=
N
r

= o] HiF 42~149Y, WEEME 12.8~15
Bl EE 124-23.99°0 wlste] A} 249 FaF
WE717F iAo' g AL A ApiA] AR, ole
E2 39 Aot ARFe dad ¥ mAA En
(Lee et al., 2006; Lee et al., 2011; Lee et al., 2015; MFDA
2014).

B A3 w2 ZF3Fo] tidh cyenopyrafen 2
fluopicolide oA 2] § A& LAPE HFHS st
o AJsbAGA] cyenopyrafen 2 fluopicolide”} %7318
71% olaiel HHE o bRdke As e,
SAEA o R AEE A 9 W S5 A
ARl 2HR81871E ARl A&ste], aMAte] AEAFH
g ks FHstAL Zsksh=t
A

5

Q)

=2
=
i=4}
=

B A= 20149 2] AR sk RS 87]E
AL 93t AFAT FA R FYPEYoH, 2Fo)oFEot
Az o] ] 2ol AL =Yt
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