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Abstract

BACKGROUND: Dissipation patterns of insecticides
(acequinocyl, clothianidin, diflubenzuron, thiacloprid, and
thiamethoxam) on strawberry grown in plastic-covered
greenhouse were evaluated at 7 intervals including the pre-
harvest interval after application. This study was performed
to determine the residue concentrations, half-lives and
dissipation rates in strawberry for the harvest periods.

METHODS AND RESULTS: Acequinocyl, clothianidin,
diflubenzuron, thiacloprid, and thiamethoxam were applied
in accordance with critical good agricultural practices for
strawberry. Strawberry samples were collected at 0, 1,2, 3, 5,
7 and 10 days after application. Quantitaion was performed
by HPLC/DAD and HPLC-MSMS system with C,g column.
The limit of quantitation (LOQ) values varied between were
0.00025~0.05 mg/kg on strawberry. The recoveries of
acequinocyl, clothianidin, diflubenzuron, thiacloprid and
thiamethoxam at two concentrations ranged from 70.9~
104.9% on strawberry. The half-lives of pesticide dissipation
on strawberry for two fields ranged from 1.3~8.2 days. The
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dissipation rates were evaluated according to the statistics
method with a 95% confidence.

CONCLUSION: The residue levels of insecticides
(acequinocyl, clothianidin, diflubenzuron, thiacloprid, and
thiamethoxam) on strawberry at 0-day after application
were below the specified values by Korean MRL. To
estimate dissipation rate constant of pesticides on crop for
harvest periods, it is important to set the pre-harvest residue
limit for human health and consumer protection in Korea.

Key words: Dissipation, Insecticides, Pre-harvest, Residue,
Strawberry
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A2 343 1912 17k AN, ol 2A
HEARAN W7 Rk Be A s
o

YellAl 271 Ag AdAd=E o7t S8k,

HI¥o

&2
haz Z71ste], AR A7 20HE ool Sk 57
AAT-A(2020) FAPIA 27 FEF A1l 14~3
Lol L34t 1,000, =7 191 2] ATt °F 4 kg
S e S
AR HjellA BAksE = 7)o AHE7Fs gt
BoR, FotRs8v)Fe] AAE U F
A A2020-3% Aol 2A8ke] F 185F0]H, Huj
= FHFE g7l AAE wede 35%° gtk
7] & sopRE 7)ol AAE soMIE 185F & A
A SRS w8 7)ol AAE weF A 55
£ 29.7% o, el 8 9 FEE 2] &
sofol 75 2Ieto] AEH L AUHH1-3]
b, S Al elA 9] ZRseke] &8
w2 FATS WAste] au|Af A K} kg
A3t SAES FETY soRRE 8T
g A Ak flsto] AARRAllA okl
wE favdrst BEsH v vr &84 ¢
T= @l TEEo] AREE I A8
Arslg7)o] AAEe] A o A 58 (acequinocyl,
clothianidin, diflubenzuron, thiacloprid, thiamethoxam)
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FOHEE o334 (7}

-2 acequinocyl 15%

UlnlolE, ¢9775), clothianidin 6% J<8HA(~Eto|4,

@74 wgkel), diflubenzuron 14% F3FAI(I8FE7, @3
41¥), thiacloprid 10% NV3=F3A(ZH %, (F)uleldas
Ato]Al ), thiamethoxam 10% $/d<=3HA|(oFElz}, AIAIE}
FJohE AAsto] AEsISich Hebd BEgd 2AIE S5k
acequinocyl (99.5%, Chem service), clothianidin (99.9%,
AccuStandard), diflubenzuron (99.4%, Chem service),
thiacloprid (99.9%, Flukar), thiamethoxam (99.7%, SIGMA
Aldrich) TlEtdct 7147 acetone, acetonitrile,
dichloromethane, r+hexane 4 ethyl acetater= (HPLC
grade, USA), A} sodium sulfate %! sodium chloride

hy =2 aye]

AT =

~

+ Junsei chemical (guaranteed reagent grade, Japan),
solid phase extraction cartridge (florisil, 5 g, 20 ml ¥
silica, 5 g, 20 ml)i= Agilent Technologies (USA) A%<
AFg3hlrk

EEAR
MRS APdAle] 2709] |95 4d7d51ed, acequinocyl,

O =XJA

diflubenzuron, thiacloprid, clothianidin<> +=AM (2% 1,
AR 9} JAH(E 10, 535 A3, Thiamethoxam
5 A3, TAT(ERA I, 55 2D

e, SISl ARl 247t oF 56 km % 46

i %

we
AER T,

L
T

obd A= ATt 3 vy B AP 1
0 m?e] WAOoZ 35 MAeGich of
ERSAAA Y AT A A ZA
AR A 2 N(F)HHE 9L EL99-1)E
CHTable 1).
A SRS 99 AlRAFE XY F0, 1, 2,
2l 1092t EabA]7]el Aget A7) sk 1 kg
55 AQFsIolh AF AlEs AR W AEA
71A1g polyethylene bagell Wol, 24417t oJujje]]
&

Table 1. Good agricultural practice and maximum residue limit for Strawberries

Formulation Application
. PHI” MRL?
Pesticide Type % AL concsel:r)ftztion hﬁaox I’(“ctizr"al (days)  (mg/kg)
(kg ai/hl) : ys)
Acequinocyl scY 15 0.015 2 7 2 1.0
Clothianidin SC 6 0.003 2 7 3 0.5
Diflubenzuron wp? 14 0.007 3 7 2 2.0
Thiacloprid sC 10 0.005 3 7 2 2.0
Thiamethoxam WGP 10 0.005 2 10 2 1.0
)

3 Active ingredient, ) Pre-harvest interval, © Maximum residue limit, ¢

9 Water dispersible granule

e

W

uspension concentrate, ® Wettable powder,
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AR =X
AgAz Nk AFAEE A FAE S48k, AR
AAEE st BAE AAS T AET) AEs Als=

£ o]gsto] TSItk dAske AEE 48 Alg Y
By AEE e, AR 7Rkt WeRa-15T
oJahatorh Algwokel tiet A AIE Alse] A
AlAE fI8tel, acequinocyl, clothianidin, diflubenzuron,
thiacloprid=> 2] A& 20 g, thiamethoxam¥} tjA:}
% clothianidin ¥#2] A& 25 goll z}7 EFg9e
1.0 mg/kg T 3WHTOZ A sto] FUsHA E3tato] =
At &, 73 SRS sYsHA BERIH-15TC ols})
s3It

717|1=H

Acequinocyl, clothianidin, diflubenzuron, thiacloprid,
thiamethoxam?] 87X 5elA &7 415 flelo] AR &
A7) acequinocyl 7} thiaclopridi= UPLC/TUV (ACQUITY,
Waters, USA), clothianidin® HPLC/DAD (Agilent
1260 Infinity Series, Agilent Technology, USA)E AHE-3131
om, HPLC-MSMS+ diflubenzuron (ACQUITY UPLC/
TSQ Quantum Mass spectrometer, Waters/Thermo,
USA)¥} thiamethoxam (ExionLC AC/QTRAP 5500 Mass
spectrometer, AB SCIEX, USA)S] Aol ARE-SISIT
Acequinocyl®] HPLC 717134270 539 270 nm,
YMC-Pack Pro C18 (150 x 2.lmml.D, 3 /m) column<
oj-gsto], oPHNEUEY, = 4l we3 E34(480/20/500,
v/v/v) ol s/ o E FAE 35131, thiacloprids &%
37 258 nm, column< YMC-Pack Pro C18 RS (250 x
46 mmlD, 3 /m), o]} oMEHELN = Zi
(70/30, v/v)°1912H, clothianidin® &33-3 258 nm,
INNO Column C18 (250 x 4.6 mmlLD, 5 /m), ©]5A>
opEUEL & E5U(60/40, v/v) 0= A RSt
Diflubenzuron®] HPLC-MSMS 7175243712 Phenomenex
Kintex C18 (100 x 2.1 mmlLD, 2.6 m) column, ©]&/d>
0.1% EFAH 10 mM EEARIEFo] 18 27 0.1%
EFA} 10 mM EEAIEFC] ST oREYEY =3
HN(35/65, v/v)°el%il, MS/MSZEZ1Z positive mode=E
Precursor ion (m/z)< 311.5, Fragment ion (m/z)
158.0, Collision Energy (eV) 18°]1%1.9™, Capillary
voltaget 4000 V, Nebulizer gas+= 45 psi, temperature
= 350C% 2w, thiamethoxam= YMC-Pack ODS-A
C18 (150 x 2.1 mmlLD, 3 /m) column, °5/¢-E 0.1% E
Aol e =39 0.1% EFAe] E opEYER =
H(65/35, v/v), MS/MS ZZo|A] o] 23} == positive
mode, Precursor ion(m/z)<> 292.0, Fragment ion(m/z)
- 211.2, Collision Energy(eV)+= 17°]31.2.H, Ion spray
voltages= 5500 V, Nebulizer gasi= 60 psi, temperature
£ 550 C oA A1 Sttt

=AY gl
FA AEEHA|(Limit of Quantitation, LOQ)& ¥+&
NS o] gsto], 7|74 AZeE T4 Signal to noise

ratio(S/N)7} 10 o3& Ak HEHOR sl AETA(g)
717) FYBL), BAEA] AFPAmL) 0 S
A g35}0] AHEselTHs)

RIA A
1T L-O

A 8 2A1E 913 1,000 mg/L stock solution
& acequinocyl 3#:7%(99.5%) 10.05 mg+ acetonitrile 10
mL, clotianidin 3%3(99.9%) 10.01 g-& methanol 10 mL,
diflubenzuron ¥:5%(99.4%) 10.06 mge THF/methanol
(30/70, v/v) 10 mL, thiacloprid ¥F%(99.9%) 10.01
mg< acetonitrile/water 10 mL, thiamethoxam XF%
(99.7%) 10.03 mg= acetonitrile 10 mL< &-3f3te] 324
skt AR EFEHS 1,000 mg/L stock solutions
AlF g Aste], ZH2} acequinocyl, thiacloprid= 0.02, 0.05,
0.1, 0.5, 1.0 % 2.0 mg/L, clothianidin, diflubenzuron->
0.05, 0.1, 0.5, 1.0 % 2.0 mg/L, Thiamethoxam+- 0.002,
0.005, 0.01, 0.02, 0.035 ¥ 0.05 mg/L2] =z AT
A48 A 25899 71713 ol €J8t chromatogram
peak area® 7|0 ® FFEHFANS Aste] 3]7]40l <
St AGAR() oz ISt

3|2 AIE, MEHHLAE Y AEEN

3E AEEEs BE AlgEeke] FEstA, sl
108 9 508 oA A gRlo] 7hsskes 270 o)
FES MAsle], LAY R EFENS Aejsle] 3RkE

A& TH38I8ITE Acequinocyl- 358 AldS et =

Agk A5 20 gell acetone 100 mLE 7}5t4] 250 rpm S.=
2097 wHt 3 & FEHES oJ¥X|(Whatman Grade 6,

110 mm)®= 7} - o]3sk &, rotary vacuum evaporator
(EYELA rotary evaporator N-1110 Series)E ©]-&-3}t]
40°CollA 78t s53Ilth 554L 1,000 mLe] #lof
o %A FHF 190 mL9 T3PS 10 mLE 78k,
n-hexane 100 mL % 50 mLZ 23] #H8}%laL, F7]84)
S+ sodium sulfate®] FHAA G2 AAS F, rotary
vacuum evaporators ©|-§3to] 40C ol 33t 5
% A15EL phexane 10 mLZ &3]3 &, nhexane 20
mLE &/JA17] Silica SPE cartridge (5 g, 20 mL)°ll ¥,
nhexane 20 mLE A|#3}al nhexane/ethyl acetate
(90/10, v/v) 50 mL% §%&3199th 459 rotary vacuum
evaporator®. 53}l acetonitrile 10 mLZ & A8
3l] HPLC-DAD (ACQUITY UPLC H Class, Waters,
USA)E F#HtAE 383t Clothiandin ¥ Thiacloprid
& 37& AEAE 20 goll acetonitrile/water (80/20,
v/v) 100 mLE 7}5}] 250 rpm &2 2087 whk 3 F 3
Z52 oJ¥A(Whatman Grade 6, 110 mm)Z 7} - o33}

gk %, rotary vacuum evaporators ©]&3to] 40T oA 7+
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b FF8ITE 1,000 mLe] #efolFel] $A clothianidin
FHAL 10% 2395 50 mle 7Fte] n-hexane 20
mLZ ] AlFste] F2l8t £35S dichloromethane 50
mLE 23] Fui8t3 0™, thiacloprid %% 50 mL %
5 7Foto] n-hexane 50 mL%Z -l A& ste] 2 gt
E%< dichloromethane 20 mlZ 33] ST
DichloromethaneZ< sodium sulfate® FYAA FE-S
A A %, rotary vacuum evaporators ©]&-3sto] 40C ol
A At w3t 5% 73152 dichloromethane 10
mLEZ ALal3t & dichloromethane 20 mLZ 43} A
7] Florosil SPE cartridge (5 g, 20 mL)°ll ¥, acetone/
dichloromethane (5/95, v/v) 50 mLZ A|&3dl,
Clothianidin ! ThiaclopridE 717} acetone/dichloromethane
(45/55, v/v) 50 mL % acetone/dichloromethane
(50/50, v/v) 50 mLZ 4&3}ck $E%E rotary vacuum
evaporator. §%3}1! clothianidin acetonitrile/ water
(40/60, v/v) 5 mlL, thiacloprid+ acetonitrile/water
(30/70, v/v) 5 mLE #F A&3fsto], HPLC-DADE %
S 339 Diflubenzurons 358 A|EA|E 20
gl acetone 100 mL¥E 7}&to] 250 rpm % 20++7F Rt
& F FEEL AIAE ol&ato] 3% - o Hg %, rotary
vacuum evaporators ©|-83te] 40C X T 553190
o EFALE 1,000 mLo| Bl 7 T 450 mL
9} ¥3}21999= 50 mLE 7151 n-hexane 100 mLZE 23]
S, 7189 52 sodium sulfateo] FIAIA G
& AAgE ¥, rotary vacuum evaporators ©|-8-3to] 4
0ColA A w538leh 5% 71352 n-hexane 10 mL
Z HEA L3S, nhexane 50 mLE 43471 Florosil
SPE cartridge (5 g, 20 mL)°| ¥, rmhexane/acetone
(5/95, v/v) 100 mLZ Al&3}al, n-hexane/acetone (35/65,
v/v) 100 mLZ £33t $E9L rotary vacuum
evaporator® 53} acetonitrile 4 mLZ % A|8-3l|5}
o], HPLC-DAD (ACQUITY UPLC H Class, Waters,
USA)E F4E 4-83819lct Thiamethoxam 3]7&
Al@AIE 25 gol| acetonitrile/water (80/20, v/v) 100 mLE
7Fs1o] 250 rpm O& 2043t Wk 3 F FEEL ojA|F o]
4310] 79k - ojmlst 1S 1,000 mLo| HNFel| $A T
T 450 mLe} X329 50 mL<S 7151 dichloromethane
100 mL, 50 mL= 23] #ufat3iel. 7187 32 sodium
sulfateo] FHAIA S AAS &, rotary vacuum
evaporators ©]-85101 40CollM 7%} w530l 55 AaE
2 dichloromethane 50 mLZ #8313t & dichloromethane
25 mL%E €/JA17] Florosil SPE cartridge (5 g, 20 mL)°ll
Y1, acetone/dichloromethane (5/95, v/v) 50 mLZ A
23}, acetone/dichloromethane (45/55, v/v) 100 mL
2 §ZEs8th 859 rotary vacuum evaporator
%3}3l acetonitrile 10 mLZ & A-gafjsto] LC-MS/MS
(AB SCIEX Exion UHPLQ)® A4S $:38kiut.
A AR ARPIAAIES BERIH-15T o]l

Al acequinocyl, clothianidin< 93¢, diflubenzuron=>
38¢, thiacloprid< 68%, thiamethoxam+ 2209 $-¢] 3]
TE& AEY Fds o R ko] ZA)% E(nominal
concentration) &} B sl A|Z R AN A& Feke]
FIAE ISkl

HFAoR, A7 AR A4S AEEed d4aaE

=
A W or Rsto], AR AT AR AF
3t

stk

=)
off

v
ro

[¢]

il

MBS w7 Y AL

7] % acequinocyl, clothianidin, diflubenzuron,
thiacloprid % thiamethoxam®] YA S 2851
ST 23 A 9 A WIS AEsle
W, Y 8 eURE Fstel ST 9 e
TS AT F, 95% =TT A3 oftakt v

#4715 2FESSItHMFDS, 2014).

ul

F=ru N k-
EEAE
7] FAAA TS AAp A 29~39e] SISl L.
1, acequinocyl, clothianidin, diflubenzuron, thiacloprid
I ANHEA 1 W NHEA 29 P73 FF0xE 27
15.2+1.8C % 16.441.4°C, H S} EFHA = 75.447.6%
1 82.64+6.7% 311, thiamethoxam®] A|FXA 1 U AJFE
729 Ha7)e 2FEARs ZH7F 14.5+09C ¥ 16.1+1.
8C AL, Hit FE& XFHA= 75.447.6% 9 82.646.7%
2 242+ A EA oA L5 9} 559 ME A (Coefficient
variation, CV%)7} 6.0~11.6% =22 FA}sI3ItE ok
AT AEEG T Y £ 1A AT @]9 Algzhd
Bt FAS} EFEARE] 9= 22.441.5~32.9403 gOF
Abstl o, Al AlSFAe] tE HesAlTes 15% ©]
U=z frAkeksict
A

27] 5 A YAl acequinocyl % clothianidin
0.01 m/kg, diflubenzuron 0.00025 mg/kg, thiacloprid
0.005 mg/kg, thiamethoxam 0.05 mg/kg o= AF=5|%l
a1, EFEe Al sl A AAAFE)E 0.99%~
0.999% A4S ERISISITE Acequinocyl, clothianidin,
diflubenzuron, thiacloprid®] 3582 J%FeHAl 100 2
500 FEOIA Hit 70.9~104.9%, HolAIFE 0.5~8.7% %1
o, thiamethoxam?®| 3|5&2 AstA 2 A=FstA 10
i} “s120lA Bt 92.9~96.4%, HOIATE 2.7~4.6% % A
A ZFeE7IE e Ag ARAAAY AN AT VI

34 70~110% 2 WHolAS: 20% ©|WTHMEDS, 2014).

7
(=]

AL
rE
Ol

M3

=t Hiz|
AAFA B7)e AAFAl acequinocyl,

i

QX Rh2af 9l MSEIE
A
= =
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clothianidin, diflubenzuron, thiacloprid % thiamethoxam
A & AFHT 092k AR FFFE acequinocyl
0.31~0.72 mg/kg, clothianidin 0.025~0.034 mg/kg,
diflubenzuron 0.07~0.11 mg/kg, thiacloprid 0.34~0.78
mg/kg, thiamethoxam 0.14~0.23 mg/kgel|%lal, 7}7ke
Aldsekel tigh 2] & AFs871ES 1.0, 05, 2.0, 2.0
4 1.0 mg/kgoE Fi= woko] ofAlA e $ 0YAfe] 178
4715 olet 2F5llthTable 1, Fig. 1).

AP 7)ol Az Tl mE FRECE HE A
8F2) wilo|| S5t 3AEAE rdlsto] AR 1, 29 A
94(95% confidence level)2] 331 acequinocyl 0.11967}
0.0885, clothianidin 0.0516%} 0.0610, diflubenzuron 0.2577
7} 0.3634, thiacloprid 0.08759} 0.0655, thiamethoxam
0.0714 4 0.0578°]3111, &3] W7|+= acequinocyl 4.4
A3} 6.44, clothianidin 8.39%} 9.09, diflubenzuron 1.4
97} 1.3¢, thiacloprid 64947} 7.7%, thiamethoxam 7.1%
7} 7.69% AF Al uE W7 )7F fARISIEH Table 2). ©]
o] Aol Aldseke] sk T W17 acequinocyl-
A%kelA 2.8¢, dlothianidin HzolellA 1.3¢. thiacloprid

=

®Field I
" Field II

-
. @
L

o
w

DAT(Days after tre atment)

®Field I
"Field IT
¥
E
E
g
2 ttisatisssasan il -
0 1 2 3 4 5 6 7 8 9 10
DAT(Days after tre atment)
(E)
0.25 ®Field I
"Field II

Residue(mg/kg)

0.00

0 1 2 3 4 5 6 7 8 9 1
DAT(Davs after tre atment)

0

L EnlEoA 1.9, 20]oA 1.8%, thiamethoxam=
ZolujF 23903l om, A T skl 7Y Aol
Ao T, DA, A, s, s, A,
A7), AeF Fo dFoE vehd 5 JtHe-12].

B Aelrd= A2ld Aokl B¢ S5 SR
T Rl F1L, HFHIEE F Fdo] Fob I
7730l =& PAME7|H(Critical Good  Agricultural
Practice, cGAP)°ll sdsh= Ala Agsl] sl &
5 0Ll AFTE AR TS AHAke] qbAlel
7ete] A8E Febd RS 871E 45~70%% W v
ojglom, AnA} fredelM AFE 4 Sl w7lel i
v HEFAE $ 7AWt FoR R woPd e
87159 1.1~ 36%% AH]AA| ol vl E
HU.S. Department of Agriculture, USDA)S] 2018%]
pesticide data programell*] 2715 26% sl HAEHS
A, RS BT el 87|Eolsk Qg Eelgl o,
acequinocyl, clothianidin, diflubenzuron, thiacloprid %!
thiamethoxam=> =Uj9] FAH: 5 HUEPA HAEH1L
UAE, &g7|FolstE Fdgh ol 3ItH13-15].

A dl

O}

RSN ]

®Field I
HField I

0.05

DAT(Days after treatment)

®Field I
" Field I

0 1 2 3

4 5 6 7 8 9
DAT(Days after tre atment)

Fig. 1. Dissipation curves and half-lives of acequinocyl (A), dothianidin (B), diflubenzuron (C), thiacloprid (D) and
thiamethoxam (E) on Strawberry in plastic-covered greenhouse.
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Table 2. Regression analysis for the dissipation of acequinocyl, clothianidin, diflubenzuron, thiacloprid and thiamethoxam
on strawberry in plastic-covered greenhouse

Pesticide Test Field E)ézs;é)si?c?r? Dissipationb)rate B}iglcf)-gl)iifcj 1 PHI” Residue %MRLY
equationa) constant (day) (days) (mg/kg)
Field I yz((zéi‘f)z_ggggjmx 0.1196 ~ 0.1924 44 2 0.48 48
Acequinocyl  Field TI Yz((zéil()?ggzgfm 0.0885 ~ 0.1267 6.4 2 025 25
Average yz((zi%l_gg;)gfsx 0.1154 ~ 0.1776 47 2 0.36 36
Field T y=((;21=104g§9°;39 0.0516 ~ 0.1162 83 3 0.08 16
Clothianidin  Field II Yz((i'zl:%?;"ggfj Y 00610 ~ 0.0932 9.0 3 0.10 20
Average Yz((;}:z(fgg;;;% 0.0559 ~ 0.1029 8.7 3 0.09 18
Field I y:g.zo:%g;;;;w 0.2577 ~ 0.7391 14 2 0.02 0.9
Diflubenzuron  Field 11 y:g'z():%‘%gggwx 0.3634 ~ 0.6826 13 2 0.03 14
Average Y:g'z():%?ggzg;m 0.3194 ~ 0.7021 14 2 0.02 11
Field I y:((i.zezso?fg;;’;;%x 0.0875 ~ 0.1694 5.4 2 045 23
Thiacloprid ~ Field 1I nggi%93222;04x 0.0655 ~ 0.1153 7.7 2 0.30 15
Average y:((i.zi%llgz’;’;”* 0.0827 ~ 0.1439 6.1 2 038 19
Field I y:((i.zlzgégz:;%x 0.0714 ~ 0.1251 7.1 2 0.16 16
Thiamethoxam  Field 1I Y?‘zzi%zggf;;% 0.0673 ~ 0.1143 7.6 2 0.13 13
Average y=01737e°% ) 0706 ~ 0.1104 7.3 2 0.15 15
(r*=0.9524)

a Significant at p < 0.05 by the Ftest
Y Significant at p < 0.05 by the t-test
9 Pre-harvest intervals

9 (Residues at PHI/Maximum Residue Limit) x 100

AEejoRasbdA e A ok ARsI8TIE e 9
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