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Abstract In this study, the residue patterns of flubendiamide and pyriofenone registered in the strawberry
were investigated to predict pre-harvest residue limit (PHRL). The samples were harvested at 0, 1, 2, 3, 5, 7, 10
days after treatment and the pesticide residues were analyzed by HPLC/UVD. The limit of quantification (LOQ)
was 0.01 mg kg™ for flubendiamide and pyriofenone. The recovery levels of flubendiamide and pyriofenone
were 90.9+2.2% and 81.9+0.8%, 87.7+2.1% and 85.3 +1.1% for spiked levels of 0.01 and 0.1 mg kg™',
respectively. The values of biological half-lives for field 1 and field 2 were 8.1 and 7.2 days for flubendiamide,
7.0 and 6.9 days for pyriofenone. According to these results, we recommends the level of PHRL on strawberry

for flubendiamide and pyriofenone as 1.87 and 3.76 mg kg™ at 10 days before harvest, respectively.

Key words biological half-life, pre-harvest residue limit, flubendiamide, pyriofenone
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ATHLim et al. 2016; Yoon et al. 2013). A& u)e] 3¢
oo} Ao} Al Az Alsly] wEel EY & 3}
S otstE ASARl7E dolut Waligol ek izt A
ol WA Hstd FS ARSIl UTHJung et al.
2015). EA =710l sl 168442 A7 87153 534
o AAEA RS eIl AR E 9o (Ministry
of Food and Drug Safety 2016), ¥ AM= 5 F5&
of gk AAFHA 27818715 A Y &A1 FE 9
3 AA) flubendiamide®} 2HtA| pyriofenoneo] tigh A
AlA R 5A4E metste AESH WiE AMEst,
A ZERE87)E AR S 93 712AEE S8kt
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B Ao AREE A]2F2  dichloromethane (Junsei
Chemical, Japen), acetonitrile (Merk, Germany), sodium
sulfate anhydrous (DAEJUNG, Korea), sodium chloride
(DAEJUNG, Koreays °l&sted AEE FZ3I33L, NH,
SPE cartridge (1 g) (Phenomenex, USA)E o]&-3lo] A
sk, 4 Al homegenizer (Nissei, Japan), rotary
vacuum evaporator (EYELA, Japan), LC (Thermo scientific,
USA), DIONEX UltiMate 3000 (Thermo scientific, USA)
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Table 1. Chemical structures and physicochemical properties of pesticide

Flubendiamide Pyriofenone
0 —N
N /c:c:Hzéi'c;stozcm C—\ O\CHa
3
. N CH3 o
Chemical structure H CH,
O\
CH,
]
CF(CFa), H,C—0O O—CH,
Mol. wt. 682.4 365.8
V.p. (mPa) 1 x 10" mPa (25°C) 1.9 x 10 mPa
K, logP 4.2 (25°C) 3.2 (20°C)

Solubility in water 29.9 ug L™ (20°C)

1.56 mg L' (25°C)

Table 2. Safety use guidelines for flubendiamide and pyriofenone on strawberry

- . AlP MRL? Safe use guideline
Pesticide Formulation o . e —
(%) (mgkg™) PHI?(day) MAF?(time)  Dilution
Flubendiamide N 20 1.0 2 3 2,000
Pyriofenone SC 10 2.0 3 3 2,000

9 Active ingredient

YMaximum residue limit
9Pre-harvest interval

9Maximum application frequency
9Suspension concentrate
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Table 3. Instrumental operating conditions for residue analysis of the pesticides

Pesticide Flubendiamide Pyriofenone
Instrument DIONEX UltiMate 3000 (Thermo scientific, USA)
Detector Ultra Violet Detector (UVD) (270 nm)
Column Shiseido C;g (4.6 mm [.D. x 250 mm, 5 pm)
Column Temperature 40°C 40°C
Injection volume 10 uL 10 pL.
Flow rate 1.0 mL min.™ 1.0 mL min.™
Mobile phase Acetonitrile : Water = 65 : 35 Acetonitrile : Water = 80 : 20
Retention time 4.44 min. 6.77 min.

ANETE % HNE 5

AEFERE oA AX A7 FE 0YAE 8] 0, 1, 2,
3,5, 7, 1042}l UAPEE AAJeisiom, gk w1 2 kg
o}el ANEE T T3 AEE 7 AFEE
gk & AAARE usle] FAE 45 A3
o} 7 dslE A8 B4 A7A] 20°C o]8le] deep freezer
o] Bt

FH
o MY
A | ]

Y Ty

A]8-(XS105, Mettler-ToledoyS- ©]-8-3}¢] flubendiamide
ETFE 102.041 mgS weighinggt & 100 mL acetonitrile®l
=0] 1,000 mg kg™ stock solution2 ZA|SI3T}. o]9}
e WHO 2 pyriofenone EE 102.743 mgS ©]-8-314
1,000 mg kg™ stock solutions ZAISSI . ©] stock solution
I mLE 100 mL F3Zg}2~3] ¥& & acetonitrileS 100
mLE g&ste] A47e] 10mg k' 84S WEIT. Y
3 Ho® 0.1, 02, 0.5, 1.0, 2.0, 3.0, 5.0mg kg'¢]
working solutiong 2§ & F oA &l 3}5H4 54
< IEste] 4FFA (Ministry of Food and Drug Safety,
2013)0ll4 A& 9l HPLC/UVDO] ZH2F 10.0 L A
FY3t] Yebd chromatogram’de] peak W3S 7502

AFe AAsisir.

ANEFE 2 HE
T oA AE FE E
o s sl HVE?‘L 7] A& 20gl 100 mL2]
acetonitrileZ  7}5}¢] homogenizerZ 3%7F I - v
(10,000 rpm) FZ3I5th. FE 52 acetonitriles ©]-8-3}]
74t - o7l o US dichloromethane 50 mLE 23] ¥
vl FE% 5, 2 Q-UH %% sodium sulfate
anhydrous®l] @A1A 729} - =30tk 5= 3 dichloro-
methane SmLZ |83 3}%{2@ NH, 1go] x4
cartridgeE ©]-&-3t A5ttt BAIH-2 dichloromethane
SmLZ pre-washingdl] TS AR &, FE9

SmLE loadingdte] 778wl (dichloromethane:methanol =

95:5, viv) 5 mLE ARE3l 5oFS §EAF T o] £2dS
79t - =33 ALES acetonitrile 2 mLE A& 3+ T,
HPLC/UVDell FYatd HE E45t31 2™, flubendiamide
4 pyriofenone®] 717] 4] %712 Table 33} 74t}

HEsHA & &l+8 ME
ZHREAS 91519 flubendiamide 2 pyriofenone®]

F2 o]&dl T X717 F HAHEEF(Minimum Detec-
table Amount, MDA)Z} “8 &¢H (Limit of Detection, LOD)
2F=3131 tH(Ministry of Food and Drug Safety, 2016).
AFolM AREE EAH e AFS ot =d
& o] &3l 358 AlES TPt & A3
T8N 02mg kg 1mL, 2mg kg!' 1 mLE ZH2t 4
A ==2H0.01 mg kg™), A 1081(0.1 mg k™)
FEoE FAT 7] A8 20 goll 7staL, 30 &9t W
2|3t FA|7} Ao b AmE F, Ad7]9] A
I FUsk o2 FPaint.

¢

ot rlo o2l rlr
%
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AMEsofel YEsHY Hzy|  YMEA HRIBIIE
9 th&

@7] % flubendiamide 2 pyriofenone ZHFFe] A
WSS A7) flate] ARAA AR 2 EZE of
s AEE ATt G s ARFS 0] 83
}”7]9} Zst A @]9 LA ARe871E
}04 A F3FFTHKIm et al. 2015; Ministry of Food
and Drug Safety 2016).

4n ¥ ng
EEAEM Y

@7] % flubendiamide & pyriofenoneoll that X571k
A& Adeh A3, Table 49 2o F OFA| B5F Al
R)7} 099901302 =& AMAS Hol FAHe] AT
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Table 4. A linear equation of calibration curve and correlation
coefficients of the pesticides

Pesticide Linear equation R?
Flubendiamide ~ y=0.1109x + 0.0019 0.9997
Pyriofenone y=0.2002x +0.0015 1.0000

IS & 32 AME

=@7] % flubendiamide % pyriofenone®] ¥4 A F3HA|
T BT 0.01mg kg'ollon, g3t HAUS A
el QY3 seE Al A3 47 81.4-92.9%, 839~
89.2%2 F oHAl BE 70~120% oW = FHFseF £4 3
T8 MY 71FS =S tH(Table 5). £ dAolA FEd
A Wl 98 flubendiamide ¥ pyriofenone®] &
A7+ 247} 4.44 min., 6.77 min.©| 9t}

b E-Ta il AT b

A&7 & X 19 HFeEe FEe 12.9~16.7°C
(CV: 9.2%), 51.0~72.9% (CV: 8.6%)°1om™, ¥4 2¢] ¥
& 259 FEE 14.0~204°C (CV: 12.6%), 72.6~83.4%
(CV: 4.6%)= 715 = UTHFig. 1). =gk oFA] X § #4]
AES] MATFS 43 A3H(PB3002-S, Mettler-Toledo),
flubendiamide®] 73-¢- <FAl AEYel] 2530+ 1.26 g, A
AE 102 A3 F30.94 £ 1.68 g0, pyriofenone?] 73
9 24.84+1.59¢, 3045+ 1.90 g0 2 F oFA] BT A 4
Zdo] JHAZFT 108 A T ATl 1.220) F7Ha3
o} ©] 5(2009)¢] MPAFA} vtjdgshe 2Rl Q0]
o] 7% obA| AE Y} oA AE 10Y T AR ] 214,

25 FAHE AL Hlgon, & APARE 89
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@7 F @710 AFE flubendiamided] FEE 4
1, 2914 ZH} 0.31~0.91 mg kg, 0.31~1.02 mg kg #22
2 Uepgton, ¥ 29] 04AE Al9g BE A ellA
MRLS! 1.0 mg kg B} w2 2hFS YRR AT Pyrio-
fenone®] 7% T 1, 2014 THFEE ZH2 0.10~0.33 mg
kg, 0.09~026 mg kg' FFo 7 YEhgoH, ¥4 1,2 &
T RE g Fo)A MRLS! 2.0 mg kg! B} W& A5
S UERASIT

A 2 T Feke FHEo] AElE sk o|gleHA
54 9 ARG o AAS Aty ofue) vFe 9+
Q9lo] ojsle] RajEth(Lee et al. 2009). AlAA ] ¢
Egl AEE Tk AA Y] e &9 Frof 3
woll % 3ol o] foA| AL, AEo] WSS 913 P A
Soll eJalix] Al Elo] soFe] o] HasiA =AY v
= AHE sofo] ol YA Eo] FHFgke] ok + 9l
= A2g RIFI 3tk(Lee et al. 2009). Flubendiamide
o] BESH uib7)e 4 1, 2004 2tz 8.1d 3 7.2%0)
ATk Bl oA AE F oA} 1093 7He] SAE0]
A AL AREE oFA|e] W9Ado] HIL, FREAIGAIZE
A YR flubendiamide®] 7H73F 74 Feo|7} 2hvbsiod

Table 5. Recovery percents of flubendiamide and pyriofenone in strawberry

Pesticide Add. conc. (mg kg™) Recovery + C.V. (%, average + C.V.)  MLOQ (mgkg™)
L. 0.01 90.9+22
Flubendiamide
0.1 81.9+0.8
0.01
. 0.01 87.7+2.1
Pyriofenone
0.1 853+ 1.1
Field 1 Field 2
B Temperature =i=Relative humidity B Temperature  ==Relative humidity
30 100 30 100
a0 8 703 834 + o0
= 729 80

692 686 gg; 683 1! 692 i 70

164

16.7
15.7 16 156 153 15
1 129 134
. I I I
5 4
0+ y

3/5 3/6 3f7 3/8 39 310 311 312 313 314 315
{Oday) (1day) (2dey) (3dav) (4doy) (Sday) (6dev) (7dey) (Bday) (9day) (10day)
Days after application [Day)

Tempreature ('C)
Relative humidity (%)

05 786 47 781 §
{ 7 i
5 4 73 738 73 | so
198 204

B 7286
{ 188
178
168 157 159 164 60
3 g 146 .
40
| 30
| 20
10
¢ ! Lo

3/ 3 3/8 5/ 310 3/11 3/12 313 3/14 315 3/16
(Oday) (1dey) (2day) (3dey) (4day) (Sdey) (6dey) (7dey) (Bday) (9day) (10day)
Days after application [Day)

Tempreature ('C)
" B8
Rebtive humidity (%)

o
o

w

Fig. 1. Changes in temperature and humidity during experimental period in field 1 and 2.



66

o
o
rH
oN
Ral
Ho

Flubendiamide

Pre—Harvest Residue Limit (ma kg ')

10 9 g 7 6 5 4 3 2 1
Days after apolication [Day)

—=—PHAL =a=fgsidue amounts

Pyriofenone

0.10

Pre—Harvest Residue Umit (ma kg ']

o ;

Days after application [Day)

~+=PHAL =& Residue amounts

Fig. 2. Recommended PHRL of flubendiamide and pyriofenone in strawberry.

AL w7 7F AA yehd 02 AdEth(Chen et
al. 2012; KCPA 2015).

Pyriofenone®] 2548 vietste] AbEst Ayt AJESH
A Ale 241, 2004 47 7099 6,998 2 Uit
Pyriofenone®] ©]8}3t2 574 Bl ofA| E23%4 S71el ¢
Sk AlEH] g3t FHojue, Zkg o] o] ok Aol &
Eof o) 7] wjEel A= |7t AA vepd
7oz FAtethPark et al. 2014; KCPA 2015). 27| &
flubendiamide % pyriofenone®] 10 x}7HA] -2 wjef
o A3, R A 34 @ken, AESE il7e
EAF 1, 2004 72 8.1, 7283 7.0, 6.9UE A=A
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20|47} y=0.861¢"%* (R>=0.9487), y=0.9468¢ ¢
(R=0.9704)°10 01, 27 18] JFRAALAE o]&dt] A
A 2HR8187 S AHEe A9 1.87 mg kg 'E Ve
t}. Pyriofenone®] 745 EF 1, 2014 y=0.2704¢ 00
(R*=0.9092), y=0.2618¢"1""* (R*=0.9865)°|91.0.1, =& 2
o] AR EUE AN R871ES 3.76 mg
kg AFeIATHFig. 2). B7] & flubendiamide 2 pyrio-
fenone®] + 109 A {7l 1.87mg kg, 3.76 mg
kg' B} whe RS etk 3 Al MRL ©]s}e]
g sAES AN g S Ao E AlRHET & A
AFE EUE AP AL JRs871ES Al AF
OJFERIAA o A - FTEEH ] AL QI TH(Ministry of
Food and Drug Safety 2016).
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2 9 B A3 '7] F flubendiamide & pyriofenone®] 7AA1E ZHRHBLE ARSI wizlV])E 4lEglo 24

273875 A slaAl 433819t Flubendiamide 2 pyriofenone &2Fg QFAARE7]o) 3l
1, 200 2 AR 50, 1, 2, 3, 5, 7, 1082kl B7] N8RS AFste] 22te] F9RS HPLC/UVDS °]&-5t]
A& F ko] AdAlE =% 0.01 mg kg ol 02 mg kg ¢ 2mg kg FEOIAM 3FES 7zt
flubendiamide®] 739~ 90.9 £2.2%2} 81.9 + 0.8%°] 2™, pyriofenone 87.7 +2.1%2} 85.3 + 1.1%°I31th. @71 &
flubendiamide®] A& W77 £ 1, 2004 242t 8.193} 7.2 0] 2™, pyriofenone2] 7% 7.0¢ 2 6.9U ]
%At} Flubendiamide % pyriofenoneoll tiste] &7] =8 104 A ZHFo] 2+t 1.87 mg kg9 3.67 mg kg2
UERdTHA HE 2> MRL 7% ©l819] gt sAHES A g A 02 Alsdr).
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Molo]  AETHY W], LA 245518715, flubendiamide, pyriofenone




