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Abstract Dichlorvos and etofenprox as insecticides were widely used for crop protection, but the residues
of the pesticides in the fruit and the leaf of squash were not studied well. In here, the residues dissipation
and the biological half-lives were investigated in the fruit and the leaf of squash. The residues of dichlorvos
in the leaf and fruit of squash were detected 0.916-1.111 mg kg™' and 0.016-0.025 mg kg™ on 0 day-after-
treatment (DAT) respectively, but no detection showed after 3 DAT both in the fruit and in the leaf. The
etofenprox residues were 0.075-0.098 mg kg™ and 6.378-7.443 mg kg™' on 0 DAT in the fruit and the leaf,
but the residue concentration in the fruit was below the temporal maximum residue limit (0.2 mg kg™)
regardless of the harvest date. The half-lives of etofenprox in the fruit and the leaf were 3.5 and 7.1 day,
respectively. In addition, the dietary exposure risks of etofenprox were estimated to 0.018% and 0.027% of
acceptable daily intake (ADI) for all age group from the fruit and the leaf. Furthermore, the %ADI for the
infant group (1-2-year-old, 0.044% ADI) and the elder age group (>65-year-old, 0.031% ADI) were higher
than all the age groups from the dietary of the fruit.
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3, AH3] FhEE AFske LMY Bk =Y
(Choi et al., 2018; An et al., 2019; Lee et al., 2019; Jeong
et al, 2020; Oh et al, 2020; Park et al., 2020). RWFH,
NAQS (2017)¢] 2016 % FA4He 5 F3l&2 Al
Atol] WEH THAREARE S47) FE] A TR S
FAFES 1.8%=2 27| -l vl =4
ok, sHk 5 AR FAFES 0.7%E AA FAGE
HetEoh e Ao " RIHT. sHARt sHke] FAg S
(0.8%) ZAlF Het FAFERTE =943, carbendazim}
dinotefuran, etofenproxs-2] HER =7} 4t}
Skl Sl AuiHA S 9,874 haolw, AlAAH] Eufo
22 3,060 ha® A7 & T o' Aol =
2= o] tHKOSIS, 2020). @A o4 ezl S8t
Foonh 7714 8, @l o n Fol glon, o]
o) 38+ Cucurbita moschata Duchesne)yS G4tz o 2
Z4, 24, 9l 59 712 RlE A7 ok erElo] Q)
A, 23FF7F Fot o] oFetAY Hi, Hivk B ke
715 A7t A7l &3 o] 7P de] AeiEa itk
(Oh et al., 2010).

ofjsHke 49 T BEE § 6 TTE 108 227
2] st , FouA s F Sofl, 27, AN
o maalEa S AARE, siihby SO vplRet
sutalole] Fo] defA Utk(Park et al, 2016; Kim et al.,
2020). o1& @lF F hpte] WA= chlorantraniliprole,
chromafenozide, cyantraniliprole, emamectin benzoate,
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flufenoxuron, lufenuron, metaflumizone, methoxyfenozide,
spinetoram & 9&°] S&¥ o] ARS-E AL Qo AL
Ao} s TR EES Eol7] A thFe w0
E w9 EAe g ot e AZE A
(KCPA, 2020).

F7191A4 &<kl dichlorvoss= 1B L5l 43l acetyl-
cholinesterase A4 (IRAC, 2021)2 20]¢] Z3AQE,
Bole} Algfe] MEUA), W)} she] shp, 3
ol by, whel iFE 59 HEuAe) 55
o] AR&-E 3L YTHKCPA, 2020). Dichlorvos®] 2 ZH5- 8k
A7t BEY 2 W77 BE 49 olUlE A ¢kor
(Deivendran et al., 2006; Liang et al., 2012; IUPAC, 2021),
o]+ dichlorvos?] =& 37|9(2.10 x 10°mPa, 20°C)S.Z
At FkHo] 5 AdoZ UTA JTHEPA, 2006).
E3], dichlorvos?] & Z7190 2 <18 iAo =&
el F717F EAlEe] 2011 dichlorvoss 50%014+ 3
frohe AldS 154 TR ERslL, 5534 sl
ool we}, 2= A-cyhalothrin?} emamectin benzoate,
etofenprox, bifenthrin 532 20%2] dichlorvosE &3¢t A
PO E f-55L JTHKCPA, 2020).

Etofenproxe 2342173719 Nas2& 2dsl] A5ax}

£ Uehie 3A 259 Qe pyrethroiddl ASA=
(IRAC, 2021) A7 Heolsxltls, =54,
b, AR, shih bl o) Aol ARSE AL Sl
(KCPA, 2020). 53}, etofenproxe 0.5-20%2] @71} 3H)
dichlorvos®}e] EFAZE 5= ATHKCPA, 2020).
Etofenprox®] 2= Ht ¥Ht7|= dellA] 7.9-9.54, oz
oA 2.7-3.34 2 B v} 9l O™ (Hwang et al., 2015; An
et al,, 2019), SEfeA 9] ZHFAT= FE¢ 5ol

Zatol] o3t dichlorvos$} etofenprox®] MRL-S U Eoj| 4]
717} 0.1 mg kg3 1 mg kg0 2 A= o] JJon, fHA
Z+(European Union, EU)IA ZF2} 0.01 mg kg2 A4 5
o] St} AR -2luEh= dichlorvos$t etofenproxell T
g+ S8kl MRLe] A4 =0} A B2, etofenproxol T
&M 24 MRLS 02 mg kg'o] A= o] ATHMFDS,
2020). ool wa}, & AFtollAe ofjsEt AR A oA
20% dichlorvos?}t 10% etofenprox &3A] AE 5 o]E9]
ZAA A ZHRHsEE rtslal, o] 59 A=A Wity eh &t
TS AESIIT
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Dichlorvos®} etofenprox$] ++41-8- E7#-2 Kemidas Co.
(Suwon, Korea)olld] Fiste] AR89 AL, ofZHtol] thah
dichlorvos9} etofenprox®] ZHF A& 20% dichlorvosS}
10% etofenprox &#191 4] (NongHyup Chemical Co.,
Ltd., Seongnam, Korea)S AFE-sIHoH, At A &9
o|3}5}4 £ Table 13} 22t}

Aol ARE-3 guQl acetonitrile (ACN)ZH methanol,
water= Burdick & Jackson™ (Honeywell International Inc,
Morris Plains, NJ, USA)] high-performance liquid
chromatography (HPLC) gradeS ARMS-3}%13L, ammonium
acetate (Sigma-Aldrich, Inc., St. Louis, MO, USA)$}
formic acid (MerckKGaA, Darmstadt, Germany)= T%
>98%% AME-3I T} &8 5 dichlorvos®] &9l Pheno-
menex Inc. (Torrance, CA, USA)2] rOQ™ QuEChERS kit
(6 g, MgSO, anhydrous, 1 g NaCl, 1 g sodium citrate tribasic
dihydrate 2 0.5 g sodium citrate dibasic sesquihydrate)E
AREBIAL, FEAI RS BAE 913 dispersive-solid phase
extraction (d-SPE)= Agilent Technologies, Inc. (Santa
Clara, CA, USA)lA %38 EN method d-SPE kit (Cyg
25mg, Primary secondary amine (PSA) 25mg, MgSO,
150 mg)9} Supelclean ENVI-Carb™ (Supelco®, Sigma-Aldrich,
Inc., Bellefonte, PA, USAYE AMS-31T} &8} - etofenprox
o] FZof AF8-gt Q-sep QUEChERS extraction kit (6 g
MgSO,, 1.5 g NaOAc)= Restek Co. (Bellefonte, PA, USA)
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Table 1. Chemical structures and physicochemical properties of the insecticides®

Pesticide

Dichlorvos

Etofenprox

Chemical structure

CI\(\O

Cl Hye
Molecular weight (g mol™) 220.9
Vapor pressure (20°C, mPa) 2.10 x 10°
log Koy 1.9
Solubility in water (20°C) 18g L™

(|)|
: 0]
P CH
U\ A 3
4 © : P aN

O

376.5
8.13x 10
6.9
0.0225 mg L™

* The data was obtained from International Union of Pure and Applied Chemistry (IUPAC) Pesticide Properties DataBase (IUPAC, 2021).

Table 2. Treatment of dichlorvos and etofenprox to Cucurbita moschata Duchesne

Pesticide Formulation a.i. contents Application Pre-harvest Dilution
(%) times application intervals ratio
Dichlorvos + Etofenprox ECY 20+10 2 7-0 1,000

¥ a.i. : active ingredient, ¥ EC : Emulsifiable concentrate

oM Fajste] ARESIAL, FEAFES A= Agilent
Technologies, Inc. (Santa Clara, CA, USA)2] AOAC method
d-SPE kit (PSA 25 mg, MgS0O, 150 mg)S AH&-3Fi T},

>

[E=% % oA e
ofsute] R AP A AFA] o= frel &
Agk AAIR oA 4D 5 SY7A] AAEAL, FE
5ol &4 (Asia Seed Co., Seoul, Korea)2 A3} Z
FAAN ] 2T A ET = 27 48m’ (1.6m

/date] A 39HE wiR| AL, Al el Al oF
Al 2 22 A WAE S8 1.6m o3 #FT-E st
ATk AT oHAl= 1,0008] 3]A5te] T2 FH71E o4&
sto] A A ko] FES| 55 HAEZ FUsHA
Axsidon, e £ 19 FEEde F 23] A
2 &t thH(Table 2). Auj717F F<F Al Al A] o] HH-&E=
19.8°C (5.3-37.9°C), B+ *PrJJéCL 78% (11-100%)°] 1
b JAREAS Qg AlEE oA AE 3 0d A7), 3
A, 5, 7Y, 149 A EE FELIgoH, dfsu Al
N 500 g o131 AEE AT+ Ske o) TSI,
ojzHt & ANg& AygFE lkg oA} F3stitt. &3k
ANEE YRR AFAE $7 & =tololo] 29 3
A AL A A7RA] -20°CK] sk

7
l
=1
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HFEEM ANE Iii-IEI
ofjzuk dufje} 9 = dichlorvos?] ZHFEA1S $131 A

AAge @23} 8 A& 10.0 g0l ACN 10mLE 713+ &

l

roQ™ QuEChERS kits 7l 3087 e FE31a,
2087F ZS15Z (Powersonic 410, Hwashin Tech Co.,
Ltd., Seoul, Korea) BIATH FEAIEE 4°C, 4000 rpmoll A
1027F 9452 (LABOGENE 1580R, Labogen™, Bio-
Medical Science Co., Ltd., Seoul, Korea)dt:Z, 45 1
mLZ #3to] EN method d-SPE kit®} ENVI-Carb 25 mgo]
7 e-tubeol] B3 387 W 5 syringe filter (0.22 um,
BIOFACT Co., Ltd, Dacjeon, Korea)Z &j3}stod ZH-4]
& A FZ A2} Etofenprox ZHE42 9)gt Alg A
AYE 433 A8 100 g ACN 10mLE 713 3 Q-
sep QuEChERS extraction klt—E‘ A7vete] 3087 XE F

51, 20587 223 FE59 Y. FEAEE 4°C, 4000
pmel A 1037+ QA& }1,*0%& 1 mLE # 3] AOAC
method d-SPE kit ¥ 337 Wit - syringe filter=
Fato] FREAE AEE AZsIIT

ﬂ%-‘?’ﬂ, HAA2 A& dichlorvos ZHFE-4-2 LC-MS/
MS (Agilent Technologies 6420 TripleQuad, Santa Clara,
CA, USA)E ARE-319] Table 39| 7ol we} £4s19ch.
o5 A4S 5mM ammonium acetateES EF3F 0.1% formic
acid 893 5mM ammonium acetate®} 0.1% formic
acid® ¥t methanol gradientZ 7ol ARSI,
ThermoFisher Scientific Inc. (Waltham, MA, USA)<]
Acclaim RSLC 120 C18 (2.1 x 100 mm, 2.2 um) Z2 A}
g3t 223kt Etofenprox FHitA]2 Rix5-MS (0.25 x
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Table 3. The instrumental condition of LC-MS/MS for quantitative analysis of dichlorvos

HPLC conditions

Instrument
Analytical column

Agilent 1290 Infinity LC system (Agilent Technologies, CA, USA)
Acclaim RSLC 120 C18 (2.1 x 100 mm, 2.2 pum)

Injection volume 2uL
Mobile phase A: 0.1% formic acid in aqueous 5 mM ammonium acetate
p B: 0.1% formic acid in 5 mM ammonium acetate MeOH
Flow rate 0.3 mL/min
Time (min) Mobile phase (%A)
0 85%
) 1 85%
Gradient
3 20%
5 5%
10 5%

Mass conditions

Instrument Agilent 6420 Triple Quad (Agilent Technologies, CA, USA)
Acquisition parameters ESI-(+) mode, MRM
Analvie Precursorion ~ Production  Fragmentor voltage Collision energy
N vt (m/2) (mz) ) )
MS/MS condition , 220.9 109.1 110 11
Dichlorvos
220.9 79.2 110 26

Table 4. The instrumental condition of GC-MS for quantitative analysis of etofenprox

GC-MS Conditions

200 °C (holding 3 min, ramping 20 °C/min) — 260 °C (ramping 6 °C/min) — 300 °C

Instrument GC-MS (QP2020, Shimadzu Co., Kyoto, Japan)
Column Rtx-5MS (0.25 x 30 m, 0.25 pm)
Gas flow He 1.0 mL/min
Injector 270°C
Ion source 230°C
Temperature Interface 280°C
Column oven (holding 10 min)
Injection volume 1 uL (splitless mode)
Detection (SIM) 163 m/z (Quantitative ion)

135, 107 m/z (Qualitative ion)

30m, 0.25 um, Resteck Co., Bellefonte, PA, USA) Z7 &
2 Fgste] Table 49 A7 o}l selected ion
monitoring (SIM)2] WHOE GC-MS (QP2020, Shimadzu
Co., Kyoto, Japan)& A&} H-4135} T},

=MY 43

Dichlorvos®} etofenprox®] A& 23S Q18] AR &
oF ¥FE-S 100 mg L stock solutionS A3k 3 Fx]2]
ojzut duljol o Al5e] FEES ARE-SH] matrix-matched
standardS A %319t} Dichlorvose} etofenprox®] 73 &A1
& 77} 0.02-2.0 mg kg'9} 0.01-1.0 mg kg 'oll A 23514
t}. Dichlorvos®} etofenprox®] A #3HA|(Limit of quantita-

tion, LOQ)= S/NH| 100138 7102 2H=E3193 (Lee et

al,, 2015), 358 A1EL 0.02mg kg'3} 0.2 mg kg4

SRHE- A3l

ME
AE 771 22 Kong et al. (2018) 532 Hwang

et al. (2019) 5o] AM&-3 Whol wlg} Eq. 12 3831 39

A& A=, W (1) Eq. 25 ARE-sle] ARSIt

bR H}
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2 (Eq. 2)
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Dichlorvos®} etofenprox®] 7+ A4 Hrie HEd
o A 20189 =G SEA T HA AFE Ao] 4
AF A5 ¢ ATE s dYHFHF FH(Estimated
Daily Intake, EDI)& Eq. 33} 7Fo] 4FE3IItHKHIDI,
2018; Choi et al., 2021). 2]3F2]2RE9HAA] (Ministry of
Food and Drug Safety, MFDS)S] #7221l 555 o]
A= L3518 (Acceptable daily intake, ADI) EDI

2 %ADIZ o} 9] Eq. 49} 7Fo] AH=313it).

EDI (mg kg;iv day™) =
Maximum residue (mg kg™) * daily intake (kg day™)

body weight (kg)
(Eq. 3)
EDI (mg kg, day™)
%ADI = x 100 (Eq. 4)
ADI (mg kg;v day™)
o} g pE
HME H=
= = Ro

&
o 8} Z dichlorvose} etofenproxﬂ ZHREAS 9l A
ZA9] linearity (R EF >0.9990]1% 3, ol &4} Lujje}
YelA1e] LOQE dichlorvos?] 7-F- 25 0.02 mg kg'o|%1
o1 etofenproxe= ZF 0.01 mg kg'°]{T}. Dichlorvost
etofenprox-% 3582 0.02mg kg9 0.2 mg kg 'ollA Al
5192, 2 A3 dichlorvose A7+ Grjol A 98.0-112%
0] RO, etofenproxi= 93.9-102%C1 AT} ©)E A FEA
o8l o] Al4=(Coefficient of variation, CV)E= 1.2-10.9%
©]AtH(Table 5).

AH7HA] 2-35]0] ) AREE F UEF PHARE 7|0l AR
o] ATHKCPA, 2020). ol wie}, B AFoMEs 20%
A 1,0000] 8]AdS 7Y
ofjsute] Guje} oA 1 JRFS X
%7] ARZL du)

dichlorvos®} 10% etofenprox
74 23] Ay &
AF&tA . Dichlorvose] oFel AkE
oA 0.016-0.025 mg kg 'o1QT, AdIA 0.916-1.111 mg

kg o]t oFl Ay FAUS ALJSt BE A|FolA dichlor-
vost LOQ P|vte g2 E7ZE w9t} wlgbA, dichlorvos?]
satdujo} YA o] R w7 3ol R AU
o]+ Liang et al. (2012) 5°] )73l Qoo Rrsh 2
7] 50027 mg kg ) FE AE ulr) (348 )7} &
AR gRle 4= SIith @A dichlorvosell thgh of 3}
Huje} SJofAe] MRL WA = ojglony, ofl A 3
gz} o]F BAE = ofEute] Uz dujo it
dichlorvos®] MRL2 PLS 4&7]591 0.01 mg kg'S 38

OH S8 = etofenprox2| HA|X X7 H3|

of 51} Aujo} olofA] ool AME ol 27| AR
7} 0.075-0.098 mg keg'9F 6.378-7.443 mg kg 022, H
opAl A2l 14 743 F etofenprox®] ZHFEE ZH2 0.
0.013 mg kg'9} 1.412-1.742 mg kg2 7+ f_ﬁg kg
tH(Table 6). Etofenproxe] tijgh su}t OE‘UHA A
71e 7k} 3520 (Fig. 1), HAF EH}E( 15
HE7)9) ARSI TH(Malhat et al., 2012). F&, S}
Aol W7l E 114 QAT 3H7.99)9 fAks %
AT o158 (2.7-33Y)et wWiF(32Y) Erke Ad
(Lee et al., 2009; Hwang et al., 2015; An et al., 2019).

Etofenprox®] oF} A @ 27| ZHFar2 58k Gujjo
s #4289 2 MRL (02mg kg')ys Z2HskA] &

L EEAEE, Fk Qo) WFeke dAufo] 2T oF 80

o I

r!I. ol ©
— —— =
—
1

lo oY 8

it
J
b %3

!
pg

H
=2

HH ol EskoH, olof] thek MRLS A= o] A gt
OHS & dichlorvose] BAIK T Hst ol mah, Eut g FHo o] HAYH AFFL T
20% Dichlorvos®t 10% etofenprox®] &A1= -ﬂr‘ﬂh/‘r‘%} Ha AR9sH 1 e ska)
Al ALE Al 1,000 SA9E sl el 53t
Table 5. Recoveries, CVs and LOQs of the analytes in squash and squash leaf
Fortification Recovery Ccv LOQ
Crop Analyte (mgkg ) ) ) (mgkg )
i 0.02 112.0 33
Dichlorvos 0.02
0.2 99.7 3.5
Squash
0.02 99.3 43
Etofenprox 0.01
0.2 102.1 5.5
) 0.02 107.1 7.0
Dichlorvos 0.02
0.2 98.0 1.2
Squash leaf
0.02 95.6 10.9
Etofenprox 0.01
0.2 93.9 8.1
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Table 6. Time-course residue of etofenprox in squash and squash leaf

Residue (mg kg i
Crop DAT (days)” . (mgkg™) Half-life
Min Max Average = SD (day)
0 0.075 0.098 0.089+0.013 35
3 0.034 0.040 0.037 £ 0.003
Squash 5 0.033 0.041 0.036 +0.004
7 0.020 0.025 0.023 £0.003
14 0.011 0.013 0.012+0.001
0 6.378 7.443 6.864 = 0.539 7.1
3 5.868 6.475 6.175+£0.304
Squash leaf 4.486 5.384 4915+0.450
2.698 3.481 3.140 £ 0.401
14 1.412 1.742 1.557+£0.168
? DAT means day after treatment
0.12 10
Squash Squash leaf
e ‘ y= 0.08626‘0'199” (RZ = 09500) = i y= 7.32149’0‘0982“( (R2 = 0.9319)
b ) C
2 2 IN\5
? 2.
£ | £ AN
s 0.06 T 5 \é
5 b N
7] (2] B
& . & O >~
e
L ]
0.00 . v , . 0 ; .
0 3 6 9 12 15 0 3 6 9 12 15

Day after treatment (days)

Fig. 1. Dissipation pattern of etofenprox in squash and squash leaf.

OhSHtofl CHB etofenprox2| ZHF £/5HA

ol zH} Fujo} 219 dichlorvos} etofenprox] ZHa
2lo] HHATS 83t 20% dichlorvoset 10% etofenprox
A AE F FREel TE 2ol AF fEErE At
th. Dichlorvose o 23 3 $7E A3} Gujelr] =
T BAE Hof flaE 7 delA A2l ek, etofenproxe=
ouk gnf ) A A Y 27] AREE7H 28 MRL H
Tro2 SlEl uf 9o}, oAl MRLE A& o] A
2t} w2, dichlorvose} etofenprox E5A| ARg-ol w2
7918192 dichlorvos RFd/do] el ofel 4 5 3%
25 71Eoz 8k Gujjo} Qo)A etofenproxell thal] %7}
ST Al Al ZHEol| 5=H etofenprox?] o]E% 4
F )43 % (Theoretical maximum daily intake, TMDI)>
0.014 mg kg, day'2 ADIC] 46.3% 2w, &8} Hujd
A%E 74 MRLO %ADL= 0.097%= =4 ekoteh. 54
ol thgk MRLE AR =] A egom, ofo] m} oF

Day after treatment (days)

AR 3RS 7202 AFE EDI= 8.06 x 10 °mg kg, !
day 0121, %ADE= 0.027%2 =8t o3} Huje] 4
o W& faAde] A s AT 5 AU T3 &
uh v HHFS el AP s A3, dhot
(1-24) 2594 EDIZF 1.33 x 10° mg kg, day o]0,
%ADI= 0.044%= 7P =%oH, F4ad12-184) 1%
(0.010% ADICIA 7Fg ottt A#ol we etofenprox2]
%ADI= Uzt Z1ef 271 vebstth(Fig. 2). ol2igh Ao
e BARH, Ffol 25 ojol(6-114) 152
Sub dvije] A HAFE 47 427 g7 439g0% F A
o7} gllon}, W AFo] 12.0 kg? 33.5kgS & OF 3u)
= Gfrol 2o Yol ADIZ|Y =7} =4 YERdS 9l
& ¢ dQITh B9k, ADV =0t 7P v Had aE
FHZ(654 ©14, 0.031% ADI) 259 Bt AFS 247
59.7 kg 60.6 kg = AF2] ztol= ww|EI oY, FHS
59 o] AFEo] 1525¢0 7 A IFU.679) B
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0.06
0.04
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X
002 || b e ] =L _L__|_] Average
(0.018%)
0.00

1-2 3-5 6-11 12-18

19-29  30-49  50-64 >65
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Fig. 2. Dietary exposure risk of etofenprox in the fruit of squash by age groups.

T} 3.28) =o} AJ2le] 7% etofenproxel] the+ ADI7| ==
2lo] A F ]ETS g1 F AUATh T, suf Qle]
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