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Abstract The dissipation and residue patterns of buprofezin and pyrdaben in squash grown under
greenhouse condition were investigated to establish pre-harvest residue limits (PHRL) and calculate the
biological half-lives. The pesticides were treated at standard application rate under two different field Buyeo
and Pyeongtaek. Squash were randomly collected from the both areas at 0, 1, 2, 3, 5, 7 and 10 days after
treatment. Samples were analyzed by HPLC-UVD and the method limit of quantitation were found to be 0.01
mg/kg. At the fortification levels of 0.01 and 0.1 mg/kg, recoveries ranged 91.1-111.6% for buprofezin and
81.3-114.1% for pyridaben. The biological half-lives of buprofezin were 4.7 days at field 1 and 4.1 days at
field 2, respectively. The biological half-lives of pyridaben were 3.9 days at field 1 and 2.7 days at field 2,
respectively. According to this study, if pesticide residue is 1.55 mg/kg for buprofezin and 2.16 mg/kg for
pyridaben at 10 days before harvesting, pesticide residue will appear under MRL at harvest.
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M B EE Hof glom, AnRlAl= ks AMlE BAStA)
Al FoF AREEIEe] HaE AEAYHE Bl &

TS Walls ¥ JRENH FAES Esta A HAHE BEstal ok gk witERdae el e
s 2 17 S A 91 "5 ARl oFRAL 2AE whdete] FAFHA A A A ol HYE
(Kim et al,, 2013). 571¢] AgpE GO fho] AF=E st} 7S L715S sl FAE TR §5S A}
V] of whh 173l gk Aol S AL glom AH|AbE A 2pdsl=d =388k At Ministry of Government Legis-
2 FAE] tiek 2wk S AR IYs lation, 2019). 18U} FAHE-S W2 {532 &H]7} o] Fo
I Jth(Kang et al., 2019). ZH] & A F g FAHES A Atk 54 w2 fFEAolA sk oA 2AE A
Fa7] Sl wEASAAME FoFe] Axglg, £ A Al S HE 2vzlelAl dujE $ 24 A9E 4 5
AE7Fs A, AR 59 FoFe] BHAMETIE(Pre o] FA ] A A H7)7F E7Fsech(Kim et
Harvest Interval, PHI)S 4473}l ]3] oREQbd A oA = al,, 2003). o]#l EAAE A3 A&l sAHE FHAE
SAHE F R H %61 8-7]% (Maximum Residue Limit, ol o Aste] WA AFE LIS A glon,
MRL)S A48l Aot $PUL sF] ¢bde AR ol& B3l &3t A TRl AN ARsokiAE A
I A E 93 AR wF AETIES E5S) AlgFo 24 AH|RLe] QPAAS SHaka At &, &t
RS AEFA o] MRLE ao] 78 dzpd 5oF
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Table 1. Physico-chemical properties of buprofezin and pyridaben (Turner, 2015)
Common name Buprofezin Pyridaben

TUPAC name thiadiazinan-4-one
Molecular weight 305.4
Molecular formular C,6H,3N;0S
Vapor pressure (mPa) 0.042 (20°C)
log K., 493 (pH7)

Solubility in water
(mg/L, 20-25°C)

Stability to heat and light.

0387 (20°C); 0.46 (pH 7, 25°C)

Stable in acidic and alkaline media. Stable

(2)-2-tert-butylimino-3-isopropyl-5-phenyl-1,3,5-  2-tert-butyl-5-(4-tert-butylbenzylthio)-4-chloropyri-

dazin-3(2H)-one
364.9
CoH,5CIN,OS
<0.01 (25°C)
6.37

0.012

Stable at 50°C for 90 d; unstable to light. Stable to
hydrolysis for 30 d in the dark (pH 5, 7 and 9, 25°C)

/—S /C(CH3)3
O~
%N
\
(0] H

CH(CHj3)2

AT S AR Apdsked H2Ao] Uth(Choi et
al. 2018). Al FF3L7EL 498F FF 281F 5 12,735
Zel sl Ao} o, AaAl 7F3 87152 150
T FOF 5585 1,148710] thaiA e A= o] JUTHRDA,
2019; MFDS, 2019). ¢FAA AP} 243 2 A% W
7F 22 5o 9 AE tiste] wid AAA] 2HRE 47
T AR dFE FEl 2 V1S SRS oy
MRL 71% A4 ol vlal] F58 550122 A8 5o &
& 8 Ee] gyt B g Aol

Table 13} o] & A9 tidl buprofezin [(Z)-2-
tert-butylimino-3-isopropyl-5-phenyl-1,3,5-thiadiazinan-4-
one] Foft|ollAl AFAZ 2ZFo FAS TS
cuticle®d] FL2AE2] chitin TS Al H=g4=
W3]51aL, pyridaben [2-tert-butyl-5-(4-tert-butylbenzylthio)-
4-chloropyridazin-3(2H)-one] HTHA=A] A=A 2 vE
Zrglopl] MAPAEA Complex 12 A3lsle] AxAE 2}
£& Ao zN ATP A S Aslste] 45 288 sk
Rog 4#A QUthFig. 1, IRAC, 2019). Buprofezin %
pyridaben S} F 2A7FO] WA R 55 ARSE L
dom sHbof| gk MRLS 7 59 =5 0.5 mgkeo|aL
(MFDS, 2019), P RS2 A %27] 79 7HH o2 43
394 714 33] o= AESIEE SFal JTHKCPA, 2019).

wEpA], B AGs o5t Al F ASA| buprofezin 2
pyridabens A3Esto] A7 Il wE 2RO HSE |
2} RO = jAste] B]AS Fetal, o] 2HH A&
WP 9 AT E AESte], Al A ofsuel] thgk

A
O

Fig. 1. Chemical structure of buprofezin (left) and pyridaben (right).

buprofezin 2 pyridaben®] & A Ak FFRs]&
7% 479 7| 2AR R 28-8talt it

S
ANeh e o 7|3

Buprofezin (98.0%) 2 pyridaben (98.0%)2] £4& ¥
-2 Sigma Aldrich (St Louis, MO, USA)¢] A& A}-&-3}
%13, acetone, acetonitrile, dichloromethane, ethylacetate,
n-hexane= Burdick and Jackson (Muskegon, MI, USA)|
Al HPLCH-S YR, 75 Zeneer Power 11 (Human
Co., Ltd, Seoul, Korea) 7]7]& o]-8-3}o |23t} Sodium
chloride, 5~ sodium sulfate= GRF2 Samchun Chemicals
(Seoul, Korea)oll Al F+9)35lo] ARSI T].

ol &H A& & YA 7] (NFM-8860, NUC Co., Ltd, Korea)
£ olgsto] mpsldlaL, FEAE R1871(SK-600, Jeio
Tech Co., Ltd, Korea), 7&%7I(N110-S, EYELA Co.,
Ltd, Japan)?} Z24Z7](Hurricane-Lite, Chongmin Tech,
Co., Ltd, Korea)= A& FE F=A] AMESINT A&
A& SPE-Florisil 7}FE2]X]= Phenomenex (Sungmoon
Systech Co., Ltd, Seoul, Korea)ollA] U39, A& AE
& Advantec No.2 93}4](Toyo Roshi Kaisha, Ltd, Tokyo,
Japan)?} 0,45 um nylon syringe filter (Whatman GmbH,
Dassel, Germany)E AFS-3}T A28 F°F acetamiprid+
buprofezin 4+15% frAl(BFREL, 74%) 2 pyridaben 20%
FEA AR, gk e AlS S delA skt
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Table 2. HPLC operation condition for the analysis of
buprofezin in squash

Instrument Shimadzu Prominence UFLC (Kyoto, Japan)
Detector Photodiode Array Detector (PDA)

Column Kinetex C18 (4.6 x 150 mm, 5 um particle size)
Mobile Phase Q/B“?\l;[gi 5:3[;/(:66 5t0nlt1'lle

Flow rate 1.1 mL/min

Wavelength 245 nm

Injection volume 10 pL

Retention time 6.8 min

Table 3. HPLC operation condition for the analysis of pyridaben
in squash

Instrument Agilent 1100 series (Santa Clara, USA)
Detector Diode Array Detector (DAD)

Column Luna C18 (4.6 x 250 mm, 5 pum particle size)
Mobile Phase ﬁ/lgN(i;[/e\g E:lg/cgommle

Flow rate 1.0 mL/min

Wavelength 236 nm

Injection volume 20 puL

Retention time 12.0 min

A FEEQ feukE)e FAEE Foit Folg
SAZEE et A71= BYA FHEE 2) HAIs
Al

sh-2oll X AuleldlaL, ek PIARETIE w
gt ZASe], 27 =Z(Yamaho D-6)°] 2t Ax7)
(Maruyama MSB-205Li, Tokyo, Japan)S ©]-&3te] 7d 71
Aoz 33 dxsiiet. Al 717 & ok o] 29t
F5E% EL-USB-2-LCD data logger (LASCAR Electronics,
Sahsbury, China)& =431, AlE A3 Al ols8le] Z7F

2 zALIT,

HPLC 7|7| M =A

olsu} Al 5 buprofezin ¥ pyridabend] 4
HPLC-UVD (Agilent, Santa Clara, USA)E AM-3IL &

X272 t-8-3} 7FK(Table 2, Table 3).

Buprofezin % pyridaben?.l EZHEM =M
Buprofezin (98.0%) 2 pyridaben (98.0%)%] ETES
7} 10.204 mg¥ AL3] A=Fte] acetonitrile 10 mLel] 831
3] 1,000 mg/L %2 stock solutions ZAIEFSIHE. ©]
EFYAS acetonitrileS ©]E, TAZHLZE 35|4514] (.05,
01 0.25, 0.5, 1.0 ug/mL &S ZA AT} ©]F buprofezin

< 10 pL, pyridaben> 20 uLE HPLCY| FYste] et

z+

A% e - 2EY

22 o] gsle]

23]

P

R

tjo

chromatogram 732 peak ¥ 2}

kit

Buprofezin 3| T8 AlE
Al oRAI7F M2l =R b2 o 3k w83t AR 20 gof] 7}
zte] ®FEde o83l 0.01 mgke, 0.1 mgkg 0]
5 2|3}, acetone 100 mLE FH7Fste] 200 rppmo=
307 FEFEe 5, 73] acetone 30 mL=E A A gt
S eItk F2ES 5 80 mLot X3 HS 20 mL7}
Al HolodFo]] 7F81al, n-hexane 50 mLE 23]
E‘Hﬂé}c’j‘:}. o] T 78S FFIIIEFS THA
A TS AAsSIAL 7AES3ste] SPE Ao ARt
4 7\}/\}— 2mL n-hexaned] A|-&3l8 U, n-hexane 5
mLZ €43} §+ SPE-Florisil (1 g)oll A3l8IAT). o] %, n-
hexane 10 mLZ A3t Th2-, ethyl acetate/n-hexane (5/95,
v/v) 12mLZ buprofezin® §Z3}39t}. o] #5 9L aceto-
nitrile 4 mLZ A3t 7]712AS AAE T 35

2 AEash.

Pyridaben 8|8 Al ®

Al oRAI7F Ml E]A] e of sut ﬂ_ﬂLX’i} AlE 20 goll 7+
7} BFEEAS o]&3lo] 0.01 mgkg ¢, 0.1 mgkg
o] HEE AZe T acetone 100 mLE 747}0}04 200
pmE 307 XBFES T Hste] acetone 30 mLE
AFE O Falith FE2ES = 450 mLe X9
SO0mL7F AA¥F 1000 mL FHoJ5o 718132, dichloro-
methane 100 + 50 mLE. 23] —rﬂﬁé}"jﬂr o] & 718w

FEFEFS TIAA S AAS A sSst
o] SPE Al AH&-3FiTt.

] ZAFE 2 mL n-hexaneo] #1838 A7l 5, n-hexane 5
mLE 243} 3 SPE-Florisil (1 )l 318l o]F n-
hexane 10 mLZ S2{Hz2] 3, ethyl acetate/n-hexane (10/90,
v/v) 10 mLE pyridabens &Z3I31tt. ©] §&H4S aceto-
nitrile 4 mL= Agsfsto] 717184E AT v+ e
< 2FEsisl

5 U BREY

wok A F 247 0 (FAAE F 2070, 1, 2,3, 5, 7,

1003 &5 /P53 2719 AEE AASAT 24 A2
T 2kg ol T TH oY HAL AT BAZ A
A% %, AES] T0CHM 2ol WER Shich.
# A

55 YM7E

=2
e T4 s e R

o1831f FHL 2058 o4

o2 At



4 C=Coxe (CI AFE, CoxwE, kAN
NZHeR B AL k 7k o8
A7 (tn)E 0.693/k 202 AH=3)AT).

YMEH MM 7|E 23
o]

AR ARHEIIES P AER AR ol
3

£3lo] PHRL = MRL x &2 2F&311THMEDS, 2019)

A=H buprofezin 2 pyridaben2] A
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Fig. 2. Temperature and humidity during cultivation period of squash.
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o]9o.H, pyridaben®] 73-%- 247} 354.7 g, 278.9 g0 2 X quantitation, MLOQ)= 0.01 mg/kg® 24 AW 7150
19] ofj 34} FaFo] oF 1.38) ¥ F-Ath(Fig. 3). #8519 3L(RDA, 2019) MRL ©|8}7H] 7% 718kt
2HEY (ng) x HEALNF (mL)

MLOQ (mg/kg) =
x «Wﬂﬂ—r] / [HPLC )% (uL) x A EF (g)]

Buprofezin &4 &2

=
Buprofezin®] 357342 0.25 ngllA] 10.0 ngZkA] 42
- Buprofezin®] MLOQ :

1571 10113, pyridaben®] %7342 0.5 ngollA] 20.0
[0.5ng x 4mL x 1]/[10 puL x 20 g] = 0.01 mg/kg

ngZHA 2FBAIF7E 0.99992 2 M o] -3 th(Fig. 4).
B Aol AREEF EARAE] g (Method Limit of

(A) (B)
(D)

(C)
Fig. 5. HPLC chromatogram of buprofezin in squash extract. (A; standard 5.0 ng, B; control, C; recovery fortified at 0.1 mg/kg, D;

T =

sample from 0 day after treatment).
(A) (B)

o JL\J
| D

©)
Fig. 6. HPLC chromatogram of pyridaben in squash extract. (A; standard 5.0 ng, B; control, C; recovery fortified at 0.1 mg/kg, D;

sample from 0 day after treatment).
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Table 4. Recoveries and method limits of quantitation of pesticides tested

Compound Fortification level Recovery (%) MLOQ?
(mg/kg) Re.1 Re3 Mean + C.V" (mg/kg)
. 0.01 91.1 113.6 109.4 1047+ 114
Buprofezin 0.01
0.1 111.6 108.3 110.7 1102+1.5
. 0.01 101.6 101.6 114.1 105.8+6.9
Pyridaben 0.01
0.1 81.3 84.5 87.7 845+3.8
D Coefficient of variation (standard deviation/averagex100)
2 Method Limit of Quantitation
- Pyridaben®] MLOQ : 12EEg-0 2 Al sk 32

[1.0ng x 4mL x 1]/[20 puL x 20 g] = 0.01 mg/kg
o =4} F buprofezin ¥ pyridaben2] A1 <] &4}
99dS ] fls A 8 #FEH1(0.01 mg/ke)ot
AFAA ] 1001(0.1 mgke) FEo2 FA 2] ARl 2zt
TE&NE Hrtete] TS thy eSS ST
|8 2FA| buprofezin ¥ pyridaben®] WE-F A7 747
8, 11.43% ©]3Ja, %@QL el Ed2 IATh(Fig. 5, 6).
&2 0.0l mgkg 2 0.1 mgkg T =14 buprofezin
247} 104.7 + 11.4%, 110.2 £ 1.5%, pyridabenS 105.8 =
6.9%, 84.5+3.8%Z(Table 4) FoFe] TEAY 71E3} Uy
oA AiLsR= 70~120%, HolAF 20% oW el FEE W
=3I tHRDA 2019).

™

o

)
3

o >

flo tob

XHHH7]7& = %}E‘d SO R FoAA e B3t
SH2 SARt opt AAIFE, Ao A, 7182
ol osl #al e adEHe ASE dHA Ut
(Kanazawa, 1992; Lee et al., 2005). Buprofezin} pyridaben<]
A¥AT erl ¥A417 42904 BE MRL (0.5 mg/
kg)it} Sko ™| buprofezin®] 73-¢- A¥EA] 27| FIFRFE
= E% 1904 0.055 mgkeolA 109 Foll= 0.011 mg/kg
2,374 2914+ 0.067 mg/kgellA 108 F= 0.012 mg/kg
27 6}°ﬂE}(Fig 6). Pyridaben®] 73-9- AFA] 7] 4F
T T4 1004 0.14 mgkedlA 102 FoE 0.025 mg/
kg® 7t —e;}oiz Z4 2004 027 mgkeolAl 108 Fol=

025 mghkg= WeRTH(Fig. 7). 7 Z7E] 27] Rk
t e B 2 180 X7 2004 o EA vEkst
AEA T %Y WRTES A sl it soF
o] Fo = kst HHHEH xH 29 ofzu FFHT
19 ofzutellA Mgt Y 2
FEErE o Wd Zlo = doker

Buprofezin % pyridaben2| M E &% HiZ}7|

SNaulel A APk A7 AT ARY WS

T3lal o) 5 3 AESHA
718 AFE3 ). Buprofezin®] i 74 ¥
o] A% C, = 0.0467¢"7 (R? = 0.9600), 3 2¢] 74
= 0.0606e15 (R? = 0.9871)°]0 L, o] 4] w2}

u}ir

v

O

Lo o o (T

%15_ XHHH = /lgEtﬂ-X-] H}7L7]‘— 4;<1— 1_,,]. jL_x]— 201]}\1 7_]-
7} 474, 4.14 O]Oil’%(Flg 7). Pyridaben®] 7 714 3]
218 I 19 7% C = 0.1391e*78 (R? = 0.9787), =%

29] A% C, = 0.3069¢"% (R? = 0.9803)°]103L, ©] 49|
E}F/W A== zﬂuﬁ = A@Eﬂﬂ u}@ﬂi— 3 1_,,]. e )
oA 247k 3.9Y, 2.7% olATHFig. 7).

AP el AEE TS AU 2 kst &
ol oa) o) % AL, 4FO) AL I AR o
ofai MHEe] Fore] WREE A aah Ak F
ool WAble R ¥4 150 24 2004 © 0 vreh
st ofzut Al 717 S 2 20149 7)ol ¥ =37
w T 2tal ket

G o]2]3 Fope] S0l /1A% ), H % A 9

o= 2o Al 717E T FAZE STl e A
woke] ARYP 2 9L vAE Aoz A Uk
(Lee et al., 2009).

ol A Fe] UlAFRES o suke vl Ao F43 =
A% F S FF 3710 % AFF 94 a%e
Qla) kv ae] RS e WAL v S B S
2 4EA ok olzute] AEE chlorpyrifose] A% 715
F 2o A¥A] Wl 27 259, 299 oleH
(Park et al., 2011), bifenthrin 2 imidacloprid®] 7% 7]
FAEA Z7F 189, 2,99, Wi AEA] 2,99, 2,501
H(Lee et al., 2009). Bt Ad&o] 2 Q9] 5 boscalid2] A}
= w7l V1S ARAl 1.9Y, Wi A2 A 2.09

o]9lth(Lee et al, 2008). E3+ Qo] T pethiopyrad =
pyriofenonon®| A& W7 | 74z 25264 2 24-
2598 AYATAS) bR e WS ekl
THLeem et al., 2017). ¥HH, 7+e JJ-ZHTroﬂ L3R 9
27}, Fels} o] AT T F i}ﬂ 79 fle A=
o WS W) H oA AEE deple. A
27k % bifenthrin®] 735 71EF 9 ku Al 8.5Y,
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Fig. 7. Dissipation curve of buprofezin (A) and pyridaben (B) in squash during cultivation period.

20.99, chlorantraniliprole®] 73-%- 11.8%, 6.4Y
739 16.84d, 11.04, lamda-cyhalothrin®] 73-%- 7.1¥, 20.9
o, methoxyfenozide®] 73-%- 31.3%, 24.94 2 UESEI (Lee
et al, 2013) ﬂﬂ] % metalaxyl- M-% 45 1Y, 204,
flusilazole®] 7% 11, 1992 71 AESHH W& e}
WoHKim et al., 2014).

, chlorfenapyre]

-{I
=20o

A

gh

zl’

Buprofezin % pyridaben2| M AEHA| RS E7|
A 3 S v o R Eslde] FRES 5
4] MRL (0.5 mg/kg)= 7HF8skaL, "xt717F o 21 744
T olgste] Yt + Z3t A 10471419 AP sof
7H75]87]158 AAISHIH buprofezin 2 pyridaben®] 4
8 102 A 2557t 22 1.55 mgke, 2.20 mgkg ©]5}0]
H 3] MRL 5 °oJ3l2 258 Ao 2 o =Fr}, o)At

0

3L
=54

- 4

-

o s BHPTY 3 A RAY B 45 A
waro ey Ao SHE FAEE ATE 5 2L 2

° =2 ot}
LMol 2

B 9TE 201995 AFoeREerdAle ]
(171624 191010)2 Y= 01 ofof] A=Y
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