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Abstract The dissipation characteristics of insecticide diflubenzuron on cucumber and shallot was investigated.
The insecticide was sprayed onto the crop once or twice with 3 or 7 days interval on cucumber and shallot at
the recommended rate, respectively. The samples were harvested at 0, 1, 2, 4, 6, 8, 10, 12, and 14 days after
treatment on shallot, and at 0, 1, 2, 3, 5, and 7 days after treatment on cucumber. The residual pesticide was
extracted with acetone, partitioned with n-hexane, purified with a silica SPE cartridge, and analyzed by
HPLC/DAD (254 nm). Limit of quantitation (LOQ) of diflubenzuron were 0.02 mg/kg. Average recovery rates
were 94.0~100.9%, 96.5~103.8% on cucumber and 87.5~111.8%, 94.6~110.4% on shallot at the fortification
levels of 0.2 and 1.0 mg/kg, respectively. On cucumber, initial residue level were 0.12 and 0.19 mg/kg once
or twice treatment. And initial residue level were 3.5 and 4.8 mg/kg on shallot. The biological half-lives of
diflubenzuron on cucumber were 2.5 and 1.8 days and those on shallot were 7.3 and 8.2 days, respectively.
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YUHHS 5343 43, A7 HEEL 6.9~19.4%, F
2 03~0.9% °leH, 23FEAA 62F2 %t
HAL, 4FFANA 859 Fofo] FFILIES

THDo et al., 2012). B3+ 2009356 201237k 437 &
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283%2] AREeks AT A3t %%%0 2009 20.27%,
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HATEL 20099 2.25%, 20103 1.82%, 2011 1.67%

2 20124 3.47%= YEFATHKIm et al., 2013).
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A& =Y o]y st A= Tk Aot 5
EE 1 AP0 2 sl FRloA et &4
Al FthHwang et al., 2012). T3+ &7 2 5714
sitlete o9, AlE LY T 23t Fele elEe
olt}, ol FPFAEFAFYAME 19993 =HE
FAAL] FAkE dist A&AQ1 sk A4 2 BUH
o ATE Bk A 7FEE AR S sl e
), 20199 AA| 20]o] 205%, Il 1665l that
SR8V 15(MRLs, 8187|280l AR = 9L
31, 20lo 80%F, Eutol| 2450 thate] AAbA FFR
5871 (PHRL)?] 27, JLA|= o] SUth(Park et al., 2009;
MEDS No. 2019-65, 2019; MFDS No. 2018-102, 2018).
B oA tiAdel diflubenzuron benzoyluread|5-2] A
A= 71" AFEES Aslete] AaaaE WM A Turner,
2018), oo} o] FHE AREEHI J(RDA No.
2019-25) diflubenzuron®] 5 d FHFS d5a17] 913
N2 ARZ AIF e AR 2| Axste] A
T A A2 FeF 3R
AHEs] Qbde FAHE A
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Diflubenzuron (99.5%) =542 Dr.Ehrenstorfer (Ger-
many)ellAl TFHs ARESIeH, EElsiEHy BAS
Table 12} 72T}, Acetone, n-hexane, acetonitrile> HPLCH
(JT Baker, Avantor, USA)E AM-3IT}. SPE cartridge=
silica 6cc(lg, Waters, USA)E, sodium sulfate 2 sodium
chloride= GRE2.Z Junsei Chemical (Japan)ollX 3}k
o] AM&3I3ITh A8 = A Waring Blender (USA)S A}
£33, AL PX2202KR (OHAUS, Parsippany, NJ,

USA)¢} EX125D (OHAUS, Parsippany, NJ, USA)S A}
2310tk 753715 N1110-S (EYELA, Japan)S, 2
4§%7]+= Hurricane-Lite (Chongmin Tech, Korea)E ©]
L35t FE2US T3 Y 2554 EL-USB-2-LCD+
(LASCAR, USA)E ©ol-&sto] Al & 218130t}

21718 =H

Lole} £33} 5 diflubenzuron®] #4312 HP 1100 series
(Hewlett Packard, USA) HPLCE ©]&3}%3, column
phenomenex Gemini-NX C18 (150 x 4.6 mm, 3 pm), ©]&
AL 0.1% acetic acid® 718 B3} acetonitrileS AM2-3}
At o]FdS £ 0.8mLe £E2 FEFUL, 7)71F
PF 10 plol k. &3P 254 nme]912™, Table 2
o VRN BEXZAA  diflubenzuron®] HFE AR
17.2 o]tk

BEZAYM &M

Diflubenzuron ¥3F3% 10.05 mgs 100 mL acetonitriled]]
o] 100 mg/Le] stock solutiong ZA|T T o] aceto-
nitrile® TAEZ s431e] 0.1, 0.25, 0.5, 1.0, 5.0, 10.0
mg/Le] working solutiong FH]ste] 2H2F 10 uLE HPLC
o FUste] Uehdt A=ntETR e vAHA S 7o R
Ads A4 sk

3lTg AME

A3 FA42] A& 20.0 g2 500 mL Polypropylene &7
(CAC64, Waring, USA)ell et ¥, 0.2 1.0 mgkg 7
© 2 diflubenzuron 5892 78I acetone 100 mLE:
7Fsted 287+ Ik &t &322 (110 mm, No. 2,
ADVANTEC)E o]&3l] 723 ZHFE2 50 mL acetone
o2 Hof Falo], tsE & e 500 mL £ AF=
AT 71l 3G 10 mL, FFF 90 mLE 718t

Table 1. Structure and physico-chemical properties of diflubenzuron (The Pesticide Manual, 2018)

Common name
Chemical name (IUPAC)
Emperical formula

Structure

Solubility (mg/L)

Cas No. 35367-38-5
Molecular weight 310.7

Diflubenzuron

1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)urea

C,HyCIF,N,0,

FE 0 )OJ\N/©/CI

N
H H
=

Water : 0.08 mg/L, Acetone 6.98, dichloromethane 1.8,
methanol 1.1, ethyl acetate 4.26, n-hexane 0.063 (g/L)

Melting point 228°C

Vapor pressure 1.2 x 10"'mPa (25°C)
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Table 2. HPLC condition for the analysis of diflubenzuron residue in cucumber and shallot

Instrument
Column
Mobile phase
Flow rate 0.8 mL/min
Column temperature 25°C
Detector
Detection wavelength 254 nm
Retention time 17.2 min
Injection volume 10 wl

HP 1100 series (Hewlett Packard, USA)
Phenomenex Gemini-NX C18 (150%4.6 mm, 3 pum)

A =0.1% acetic acid in water
B =0.1% acetic acid in acetonitrile
A/B : 55/45(0-3min) - 45/55(13-17min) - 55/45(18-20min)

DAD (Diode Array Dectetor)

Tabole 3. Pesticide use guidelines of diflubenzuron on cucumber and shallot (RDA, 2019)

Safe use guidelines

Pesticide Crop Target pest Formulation A.I” (%) Dlrl:ttéon PHI” MAF®
(day) (times)
) Cucumber Pigjlta 1(rl1d1)ca 7 3 2
oot e WP+ 20mL/20L
shallot Spodoptera exigua 35 14 2
(Hubner)

9 Active ingredient

® Pre-harvest interval

9 Maximum application frequency
9 Wettable powder

n-hexane® & 23](100 + 100 mL) ¥ui5=3le] f7]-8m)3
S 77 PRIHEFOE 775 AASI AYEF7E ©
gsto] &uiE A A 5, ZAll n-hexane S mLE 7hshe]
=o]3L thg3} o] At Silica SPE (1 g/6 mL)E
n-hexane 10 mLE &4 38}, n-hexane 5 mLE ¢ &
S £ B9t} Silica SPE] acetone/ n-hexane (5/95, v/v)
£ 10mLE o] M F, acetone/n-hexane (15/85, v/v)
20 mLE &ZAIAX LT o] A& AL7]R{ el 7138t
3 acetonitrile 4 mLol| £3}3le] HPLCE #4319t}

AGHER Lol EE MU= B7)E A 1)
W 2] A AR A gl 2 A8
on} NPT NPT o AhE 3 A5,
Z

] AT Al A2 AR A 1) 25

=0}

AR EFANEATE ) ZHEE 374 $4
5 2 AAAAAN AL g RS AN
o AREge] AWTE kA AW 3NE WA, 19]

AelTek 28] M Aol WA WAE sl 2% 2.5
m¥ 75 .

fHaz ¥ BFREN
20|

SHAARE7]50] wWaEk(Table 3) BF3A AT (7|2 S
ZAsI] 18] A 724 3Y 744 28] A2 o] A
FaaTh A AE T oA $), 1, 2, 3, 5 283 79
Aol AASA =7 FAS AES 7 AP ER 2kg o
AHst] FAE SAEIL FAE AAS A AAE vl
e —20°C°ﬂ wate] Algo) ARg-silth HREAS 919

T AP U oz A EIT

Zz_m.

PR 7150l meh(Table 3) EE3| A2 (1EF) S
A 18 A2 P2} 72 04 28] H2)® o] o
o] F3d] BE AR AASGLE oA AX & 0(2}‘]{]'
), 1, 2, 4, 6, 8, 10, 12, 14450 7} H2+7PE= 1kg
old AFst FAE St el 22 FS AT
B 3 —20°Ce)] BAsto] Aol A3l
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[A] = [Alye™,

tm In2/k = 0.693/k

e & MM W 25, 5 # H=29
Qo] Auf 717P =< /‘V*lﬂ"l 71 =2
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E(HM
o
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lo

‘éé]é?—z: R
74~
70. 8% -Or]‘ﬁr/]'(Flg 1. Okzﬂ A OE‘ﬂ B AE 3 797
2 78 o 20]9 NG T 178.55~201.65 g ©|Ath.
A 717 149 T A 7L P a2
e 12.5-19.9°COI9L FEE 63.6~90.5% HHAAT
(Fig. 1). oFA 24X =i 4% § 47K 5 3 &
Tko] NG T 17.01~47.97 g ©]Ath

PN

e %EL‘. 5

-

EZZUMO| XA

Diflubenzuron %8 0.1~10 mg/L-& HPLCO 5,
Bl AL =9 WA B Alole] AHA AW
2]& T TH(Table 4). 3] 2] AR AF ()= 0.999

2 4R oS e,

38 AME

—E’—@. Z79)A  diflubenzuron®] HF-FAIZRS 17.28-0]%]
, o]0 B9, AZFHA9] 173 ¢]at= UW]??} 7Hdo] g
H Ao Hakolle EA7F gl o, Zate] A9, Tl H]
= Weled2 flol(Fig. 2) A%E40l 7%0} ok AES
(Limit of Detection, LOD)2 £4] I ZulE 13/}
el L% ] (SINH)®] 3u) o vERl= 3o
ol o RRY AR AFE T Ue Ha Yol
et ] (L1m1t of Quantitation, LOQ)= & HEF
oA FER ASH B HTAIEY AN vE
eksto] A Sl HEE S B Aol A}
Ao g A e Hage] 28 vs
THMEFDS, 2017). & A7 A A8 FA1 8] AEsl=
0.02 mg/kgel™ MRL ©|8}7H] 7Z0] 7Fs315ith.

d

L

X

R M
off

s

o o 1 T
& do 1ir
N l‘ﬂ, O_u _EL &

Hﬂn

LOQ (mg/kg) = [H2AE (1.0 ng) x HFAEHFHA mL) x
314} 52(1)] / [HPLC U (10 pl) x A EZH20 g)]
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Fig. 1. Temperature and humidity during cultivation period of
crop (A; cucumber, b; shallot).

Table 4. Linear equations of calibration curve for the quantitation
of pesticide residues

Pesticide Linear equation R?

y=32.614x + 1.1463 0.999

Diflubenzuron

AE3A 2] 1089} 508) T (0.2, 1.0 mgkg) o2
T2 A8 diflubenzuron FFEEHS Hr1ek & B4
Arste] 3FES SAS A3 Qoo £, F AE BT
02 2 1.0mgkg F G041 94.0~100.9%, 87.5~111.8%
9 96.5~103.8%, 94.6~110.4%2] 3]4-&S 2SS H(Table
5), 77 FoF BN AILEE 70~120%, HolAS
20% o 9] S TSI THMEDS, 2017).

E MUyt F TFY Ha W SSEH W s
g A7t AxE sk A=Al AREFS ToF

4

A o] Zgjsteta] EAo da IS e A2 =€ A
AQe, Ay 9 21, 2] A 24
g § 5 d7pR9 ARds Foll FeEHe e 4y
7] ltH(Kanazawa, 1992).

2 Aol Qo] Aui7IZE T 18] XA 7] RS
0.13+0.01 mgkg (n=3)°1em™ 794 Foll= 0.03+0.02
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Fig. 2. HPLC/DAD chromatograms of diflubenzuron (A : control on cucumber, B : recovery 1 mg/kg on cucumber, C : control on

shallot, D : recovery 1 mg/kg on shallot).

Table 5. Recovery rates and LOQ of the analytical method

Fortification level Recovery LOQY
C ortirication Ieve 2

o (mg/kg) I 3 Averagz jE V" (mgkg)

0.2 94.0 107.0 100.9 100.9+ 6.4
Cucumber
1 100.3 96.5 103.8 101.1+4.0 0.00
0.2 87.5 111.8 89.5 96.3 + 13.5 '
Shallot

1 94.6 96.5 110.4 100.5+8.6

 Coefficient of variation = (standard deviation / average) x 100
P Limit of quantitation

mg/kg (n=3)2 FHAEo] Z71RH] 76.02%7F 2w
ATH Table 6). 3 7+4 23] AX A 27] FFFE 0.19+
0.02 mgkg (n=3)°141 794 Fol= 0.03 +£0.02 mgkg (n=3)
2 ZAEY 2713REUY]) 84.21%7F AT A
A% T (.13 mgke, 0.19 mgkg® 2 MRLET} W9k},
Zo} A7 5 13] AEA] 27] ZHFEF 3.5+0.1 mg/
kg (n=3) °]9l2H 14U Fol= 0.8+ 0.1 mgkg (n=3)Z 7+
AEo] Z7)17F vwA 77.14%7F A4 E K Table
6). 23] A¥7] Z7] AR 4.8+0.1 mgkg (n=3)°]31L.
o 149 ol 1.1+0.1 mgkg (n=3)2 ZhEo] 27|77
2ol 22.92%% AAFAT 144 F FhE 13 AEA

0.8 mgkg, 79 7+4 28] AEA] 1.1 mgkg®Z 3] MRL
2l 0.5 mgkghth Eokom, 27 7+4 32w} 74zt
°F 219 2 269 Fll 7] MRL °J3l7} 2 Ao= o3
Atk =g Qoo Hlgte] JFF] vt wAsH wst
e ol BAHNEY 2k 2 Fio} Hlus] Boke
o, 2E7 FE7)7HsRE A st gle AoE Hop &
T 98 Hale old Aoz ke, Frrt 343 &
7FkA] e A o' Hol fitgel whe ofele] AR
TE JeRele obd Aoz waEn) A difluben-
zuron VAVFENY w) Fol] thate] A o]R 9k A e
d W ol Rz A0 Hol ol o] 7HAE JoR
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Table 6. Pesticide residual concentration on cucumber and shallot

Days Once treatment Twice treatment

Crop aﬁer(tdr:;i/t)ment { 5 3 Alesr%gd? ) 5 3 Alzgga;g
0 0.13 0.13 0.14 0.13+0.01 022 017 0.19 0.19+0.02
1 0.10 0.10 0.07 0.09 +0.02 0.15 016 0.16 0.06 +0.01
2 0.07 0.09 0.11 0.09+0.02 0.12 009 0.11 0.11£0.01

Cucumber

3 0.05 0.06 0.04 0.05+0.01 0.05 0.08 0.07 0.07 +£0.02
5 0.03 0.05 0.05 0.04+0.01 0.04 006 0.05 0.05+0.01
7 0.04 0.05 0.02 0.03+0.02 0.03 0.02 0.05 0.03+0.02

0 3.5 3.5 34 3.5+0.1 4.9 4.7 4.8 48+0.1

1 3.3 3.4 33 33+0.1 4.4 4.7 43 45+0.2

2 34 3.5 3.1 34+02 32 29 34 3.0+0.2

3 2.0 2.1 2.0 2.0+0.1 2.7 3.1 2.9 29+03

Shallot 4 2.0 1.7 2.0 1.9+0.2 2.4 2.8 2.7 2.6+0.3

6 2.0 1.7 2.1 1.9+0.2 2.4 2.3 23 2.4+0.1

8 1.6 14 1.5 1.5+0.1 22 1.7 2.5 20+£04

10 1.5 1.3 1.2 1.3+0.1 1.9 2.0 2.1 2.0+0.1

14 0.8 0.8 0.9 0.8+0.1 1.0 1.2 1.1 1.1+0.1

9 Standard deviation

0.25 4 6

@ Once treatment o
O Twice treatment Y=4.42176°%5(=0 8012) @ Once application
5 ! : O Twice application
020 1 Y=0.31116%7(%=0.9856) g 3
— — 4
o =
= 0154 =
o (=2}
£ E
@ o 3
=] =]
] ]
@ 010 1 @
4 x5
Y=3.6013¢°%(*=0.9343)
1 Y=0.1734¢°#"%(?=0.9605)
0.05 o
14
.
0.00 T T T T | 0 T T T T T T T T |
0 2 4 6 8 0 2 4 6 8 10 12 14 16
Days after treatment(Day) Days after treatment(Day)

Fig. 3. Dissipation curves of diflubenzuron during cultivation period (A : cucumber, B : Shallot).

ZFAETHI A Turner, 2018). Han®ll ©]3HA diflubenzuron®] o 5 2 vil7]=

20] Auh717r = diflubenzuron®] ZF 74 AL | 7.9¢0]H WERG= 0.0880]%. 01 A= 0.86701%
3] AEA Y=0.1734eP(RP=0.9605), 39 1H4 28] XA th 271FAFE 149 mgkgO R UERE TR E71E
Y=0.3111e7(R?*=0.9856)°1 3, o] Ao we}r] A& 9l 1.0 mgkgs ZHsI o AE T 43} 7|E o]5t2

Aeshd W7le 247 259, 189 ©UTHFig. 3). £ A& Holnh Heolele] woF A& 19A¢E 1.9%
Al 717+ % diflubenzuron?] 77 74 37412 13] A B 27] Aol YA veien, 104 o= oF 72.4%
Al Y=3.6013¢"(R?>=0.9343), 7¢ 7+7 28] AEA] Y= M w3l 2T Dong Foll oakd 71T

4.4217¢°%4(R?=0.9012) 0|1 3L, o] Aol wEby =8 A 20159°1& 5.0 mg/kg, 201639E 3.5 mgkgl & X}o]=
B3 w7l= 13] APl 7.34, 28] AA 824 I wjow vl 747t 250‘4 9.0d= Z Aol& H3t}
THFig. 3). 2016\ Hano| W33 =2ollX e} frAlek v7]1E et
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