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Residual Characteristics of Bifenthrin and Imidacloprid in Squash
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- | Abstract |
In order to elucidate the residual characteristics of the insecticides, bifenthrin and imidacloprid, the pesticides
were sprayed onto the squash and their residues were analyzed with GC-ECD and HPLC. Detection limits of
the pesticides were 0.005 mg kg™ and recoveries of bifenthrin and imidacloprid in squash were from 100.87
to 104.31 and from 79.71 to 92.54%, respectively. Half-lives of bifenthrin and imidacloprid in squash were
from 1.8 to 2.9 and from 1.5 to 2.5 days, respectively. Initial concentration of bifenthrin and imidacloprid
sprayed at the recommended rate and double rate of recommendation were less than their MRLs. And also,
residueal concentrations of the pesticides were rapidly decreased in squash with time. At harvest, estimated
daily intakes (EDIs) of the pesticides were less than 0.6% of their acceptable daily intakes (ADIs).
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Table 1. Physicochemical properties of bifenthrin and imidacloprid

e A Uy

gzt

Pyrethroid ] 287491 bifenthrin(Z 98.0%)3} neonicotinoid
A A2EAQ) imidacloprid(& % 98.0%)F AlY 5989 #5E%
o= Agsgton, 7t ot oSk 54 9 SEpade
B 13} 29} ZtTomlin, 2003). 43%8 F4O 2 bifenthrin
3 imidacloprid FA]¢l BJHER - o|v|ttER L= £04
(bifenthrin 2%, imidacloprid 8%)& ¢PAARE71E) ulet
AT TERINNELACIEH BEANITGA 2

o2 24 AR gAEh S S8y %! 9l 2009
Y 59 149 58 BRI 120 L/10 a®] AT EE Ao
FU3A 18] At Aol A2 %FX%H ok ¢t

A7 183 A58]47 18 (maximun residue limit, MRL)
& B 33 oI EE 53, 2009; AEEUA,
2008).

Vapour pressure

Pesticide Molecular weight  logKew (mPa, 25C) Solubility
In water <I ug/l. Soluble in acetone, chloroform, diethyl
Bifenthrin 422.9 >6 0.024 ether, dichloromethane, and toluene. Slightly soluble in
heptane and methanol.
0.57 9 x 107 mP In water 0.61 g/1 (20C). In dichloromethane 67, isopropanol
Imidacloprid 255.7 : & 2.3, toluene 0.69 (all in g/1, 20C); in n-hexane <0.1 g/l

Q10

4 x 107 mPa (20C)

(ambient temperature).

Table 2. Chemical structures of bifenthrin and imidacloprid

Pesticide Chemical structure Chemical name (IUPAC)
(-1 A -cis-
CFs Q
C =CH = ~0
cr’ H"> —£, CHz GHe :‘Z 2-methylbiphenyl-3-ylmethyl (2)-=
CH3CH, O (1RS,3RS)-3-(2-chloro-3,3 3-=
S trifluoroprop-1-enyl)-2,2-dimethylcy=
Bifenthrin clopropanecarboxylate Roth: 2-methyl=
H biphenyl-3-ylmethyl (Z)-(1RS)-=
o 7», 0O cis-3-(2-chloro-3,3,3-trifluoroprop-=
Jc=cF % by, Ge 1-enyl)-2,2-dimethyleycl boxylate
Cﬁa CHsCHa¥y  bH, 3 -enyl)-2,2-dimethylcyclopropanecar=boxyla
(£)-(1 &) cis
-
Tmidacloprid 1-(6-chloro-3-pyridylmethyl)-N-=

A
N
cl—¢ X CHZ—N/H‘N ~H
_f

nitroimidazolidin-2-ylideneamine
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Table 3. Pesticide products for spraying and their safe use guidelines and maximum residue limits

Safe use guideline

- 4 ALY content Standard MRL®
Pest: d by ~C) R
gsucide Formulation (%) dilution rate PHI MAI* (mg kg I)
(day) (time)
Bifenthrin wp* 2 2,000 2 3 02
Imidacloprid wP 8 2,000 2 3 0.5

PActive ingredient,

PPre-harvest interval.

“Maxinmum application frequency.
Maximum residuc limits,
“Wetaable powder
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N8 Cucumis sativus, EF04h)E 2 FUZ 7hY
24 BldareAolA] 20099 24 259 A4l & papy
off whet Auistsl o, 2009 59 14o] Zh Hujef gof
2 ArEslie A EEARS 2101 90 m x % 2.8 m9) 15@01
FAAE 3PEOR NPLE wAsGich 2R S
A87] Qste] HHEZ 71 2.0 m x 0.5 m9) S| E, 71;‘,
kw2 AolofE 6.0 m x 0.5 me] $EAYE F
mojgltt. E3 A|F7|Z % vt
LAY 2% 2 5 % Z43}7] 99819 Thermo Recorder
(Model TR-72S, T&D CORP, Japan)2 Hx|5hed 1 Aj7}
7HAcE 2% 8 Y8tk
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MExlF H SHE ZAL

BHLSE SAGL A AE F0.17,2,3,5, 6, 729
2F AR 20704 IO HSHEA FUT BN
Azstel dzre] FAE £4T F MicrosoftA}9] Microsoft
Excel program(version 2007)& o880 aute] g
A WekE adze Asiiick FASA] B AlEE vt
Hsto] B8 ARR AL

+ac tonitrileoﬂ —3570% 1,0()0 mg L OI =& stock solution
S Uk Th8 0.05, 0.1, 0.5, 1.0, 5.0, mg L' 0.2 8]4]5}k0]
2+7k =0k GC-ECD(electron capture detector)@} HPLC-
DAD(diode array detector)of] F9l3le] 2 wadHoR
ABHE AT B 5 ol B4 okt A
# 20 gol acetone 100 mL-& 7F81o] 10,000 rpmofjA] SE7H
#3388t & Biichner funnelo] 9JAE Z1 Celite 5458 &
A A Eol ofFHe o, acetone 50 mLZ 7] W AAE
Aol e 0440“4 Falgict. oaelg 1,000 mL B4 ofF

o] £7]7 EHAAZ2 100 mLT} 254 400 mLe ¥
dichloromethane 50 mL& 7}8 & Resipro shaker(SR-2W,
TAITEC, Japan)E ©]-83}0] 270 rpmolA 557+ Aegas
yho 2 23] 2ufslgict. Dichloromethane BH)-g H4
SAF YER FakAlA Bst F 35Tl 1353 sgict

Florisil(60-100 mesh) 5 g& glass column(l cm ID x
22 em L)o] A%) 248 & oF 2 g0 £ RHIERS
Florisil A4-0] 211 n-hexane 50 mL2 AAste] Qg3 A
Atk

Bifenthrin< A7) 2 A28 10 mLY n-hexaneo] 9

Table 4. GC-ECD conditions for the analysis of bifenthrin in squash

: HP-5,30 m L. x 0.25 mm LD. x 1.00 um film thickness

: Oven: Initial temperature 200°C, increased 300 at a rate of 10C/min, maintained for Smin.

Instrument : Agilent 6890 Gas Chromatograph, Agilent, US.A.
Column
Detector : Electron Capture Detector (ECD)
Temperature
Injector: 250C
Detector: 310T
Flow rate : 1 mL/min
Split ratio 0 50:1

Injection vol. 1l




82 0l2g - 82 - 9% - ZEH - 01FH -

column Ao 7}8to] E8|1 n-hexane:dichlomethane:
acetonitrile(49.65:50:0.35, v/v/v) 50 mL& £&3}o 35T
oAl e 313, imidaclopride A7) FEHAIEE 10
mL 2] n-hexane:dichloromathane(80:20, v/v)©] 9] column
ArEo] Z]1! n-hexane:dichloromethane:acetonitrile(45:50:5,
vAv) 30 mLE &893 o, dichloromethane:acetonitrile
(50:50, v/v) 20 mL2 2238t 35CoAq 7edss 349k

BifenthrinZ} imidacloprid®} & 7A1H AJl2& 2 mL9]
acetone™} acetonitrileo]] Z+2+ XHQLO}]?‘{ 2 GC-ECD9} HPLC-
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Table 5. HPLC-DAD conditions for the analysis of imidacloprid
in squash

Instrument  : HP 1200 Series High Performance Liquid
Chromatograph, Hewlett Packard, U.S.A.

Column : SupelecosilTM LC 18, 250 x 4.6 mm (5 um)

Detector : Diode array detector (DAD)

Wavelength  : 270 nm

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

Flow rate : 1.1 mL/min

Injection vol. : 10 pL

Table 6. Linear equations of calibration curve for the quantification
of the pesticide residues in squash

Pesticide Linear equation T
Bifenthrin y = 300.29x + 22.402 0.9998
Imidacloprid y = 5.8443x - 2.2885 0.9998

wuk £ WRiobel QB |
Microsoft Excel program(version 2007)&
Ao AEshglch o] o ARE3l kinetics model AAE
o] 7KDY Aol wet FE(C)o] &EShe first order
kinetics modelo] QUK 5, 1995; B &, 2005).

= MicrosoftA}2]
o] L3} Rk

Fhgsefel ADICHH MojMEE M=

Zuto)) i} Al weke] Alo]4#aFe] EDl(estimated daily
intake)?t Y YA #3]4< ADI(acceptable daily intake)
2 71202 45T AolBASE e Hozve AN
t}. Zuko] o 4] # ek daily food intake)2 12.73 g(41E9)
oFZOFAA, 2006), ADIE 9l HFHSC] 55 ked A&
sATho] &, 1995; o] &, 2007).

O 2%4lo|42JeF EDI(estimated daily intake, mg/day/man)

A2k T(mg kg') x 1273 ¢

O A9lol 49588 = ADI x 55 kg

O ADItjH] Aol & = (Aol AL 5583 *
100

NEEee] B2EAE A5t A2 FFAY 244
(linear equation)i+ AFHAl(E & 63 o] Ak
A B 2lAAjo] Fasiglh. AEYY AEAE BF
0.005 mg kg'o]gliL BAIHlo] gt Adere] B8 AIF
2 3 79 AA g ukel Zo] bifenthrini} imidacloprid®] 3}
482 BT 80.10 - 103.26% WAT ol A% E0.27
- 44602 =& JEAE BT

Table 7. Recoveries and limits of detection of the analytical methods

Pesticid Fortification level Recovery=SD¥ Coeflicient MDA” Lop?
esticice (mg kg (%) of variation (ng) (mg kg™

0.05 103.26+1.16 142

ifenthri 0.05 0.005
Bifenthrin 0.25 101.63+1.27 125
0.05 92262025 027

i i 0.5 0.005
Imidacloprid 0.25 80.1040.63 0.78

“Mean values of triplicates with standard deviation.
"Minimum detectable amount.
9Limit of detection.
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Fig. 1. Growth rate of squash during the experimental periods.
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Table 8. Dissipation rates of the pesticide residues in squash 7 days of the prearranged harvest after spraying

! i o o b) )
. Application MRLY Initial . Concentration 7o MRL Dissipation”
Pesticide dose (me k _]) concentration at harvest at harvest %)
- (4
s (mg k') (mg ke) %)
X . Recommended 0.067 0.005 25 92.54
Bifenthrin 0.2
Doublc 0 136 0.009 W4 5 ) 93 38_“
) Recormnended 0. 194 0.033 6.6 82 99
Imidacloprid 0.5
Double 0.257 0.064 12.8 75.09

“Maximum residue limit.

UCalculated from the equation, (concentration at harvest/MRL)x100.

“Calculated from the equation, (Co - C7)x100/Co

(Co : concentration at day 0, C; : concentration at harvest).
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Fig. 2. Dissipation of bifenthrin and imidacloprid in squash under greenhouse conditions.

Table 9. Regression curves and biological half-lives of the pesticides in squash under greenhouse conditions

a)

o o Regression curve Half-life
Pesticide Application dose -
Equation r (day)
: _ Recommiended y = 0.0682¢"% 0.9878 1.8
Bifenthrin 0295
Double y = 0.14¢"" 0.8611 1.5
. . Recommended y = 0.208¢ "% 0.9794 2.9
Imidacloprid 0275 -
Double y = 0410 0.9877 2.5
“Based on the first-order kinetics.
Table 10. DTso, DT75, and DToo of the pesticides in squash under greenhouse conditions
Pesticide Application dose DTs” DT DTg”
. . Recommended 1.8 3.5 5.8
Bifenthrin
Double 1.5 3.1 5.1
R . Recommended 29 5.8 9.6
Imidacloprid
Double 2.5 5.0 7.6
“Time for 50% loss.
“Time for 75% loss.
“Time for 90% loss.
77}y = 0.208¢ " (=0.98)2} y = 0.410¢ 7" (1=0.99)°] o oo ABTFoBHE F3A JAEE AR gL
lom, w7 ZlEgn i AETIN 47 2999 2 AET £ 93 FEY £34A71E 2kt =30 €
2.590]9jc}h. Bifenthrind} imidacloprid 2% &% % 314 £ 9L Aoz AZEQIC
F A7 2 A& EAF 4 UK Tomlin, 2003). ©]
£ 5 AHOHY Aol T2 Balet o] 29 ggo]  THREC| ADICHH] HOIHAS
ne sHEd SOR Wl Hold Ao Adudnt  wue] i ABsere) Aol EDI(estimated daily
(A 5, 2007, & &, 2008). intake)9t AUAH 3 LHADDE 7|1E02 AHET Aojy
s SuEnEyE g ANRANS o8l A HEe ® 119 A
30F0] DTso, DT7s W DT A3 Aiks & 109] 1} Bifenthrin®] ADI tiu] EDI ¥ &L A|&AH 2719 7

£ 3k 20| MR opo| 755 90%} Hapsle] A
7\7ke 3-690)glch. E3L, bifenthrin®} imidacloprid®] &
7R WS MRL A5k ojglct. A9 o2 ofe] o

A7)0l ThebA A SRS A 9 o 32t 50%

ol Sal=isih. olae] 23 ol gstel Zot Wl wAS

ZHATTO} WA T TN 247 5.02, 9.23%0 e
2t dofj= zkzk 0.32, 0.57%0}%lth. Imidacloprid©]
A¢E NRAH 2710 7iEe AETe g 42N
74& 0.08, 0.1%0] Q1T 4840l 242} 0.01, 0.03%]
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Table 11. Estimated daily intake of the pesticides by intake of squash
. Application N MRLY Residue EDF? AD o
Pesti R %ADI”
esticide dose DAS (mg kg (mg k') (mg kg (mg/day/man) ’
Recom- 0 0.079 0.0010 5.02
, . mended 7 0.005 0.0001 0.32
0 0.145 0.0018 9.23
Double
7 0.009 0.0001 0.57
Recom- 0 0.193 0.0025
, , mended 7 0.033 0.0004
Imidacloprid 0.5 3.14
0 0.260 0.0033
Double
7 0.064 0.0008

“Days after spraying.
PMaximum residue limit.

C)EDI(estimalted daily intake, mg/day/man) = Residual concentration(mg kg') x 1273 g.

YADI x 55 kg (average Korean body weight).
“o%ADI = (EDI/ADI) x 100.
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