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location from preceding crop cultivated soil to spinach

edible part were found to be below LOQ.

BACKGROUND: Unintentional residual pesticide in soil
derived from preceding crops and the transfer to succeeding
crops was considered a critical barrier for positive list
system (PLS). Thus, an uncertain risk is predicted for etho-
prophos applied at cultivation of preceding crop (Korean
cabbage) to succeeding crop (spinach).

METHODS AND RESULTS: Ethoprophos was treated on
soil following the recommended dose and 5 times dose
according to the safe use guidelines for Korean cabbage
after seeding. On the 4 days after harvesting of preceding
crop, spinach was sowed. The initial residual amounts of
ethoprophos on soil (7.081-19.493 mg/kg) were decreased
to 3.832-7.218 mg/kg until the harvest of Korean cabbage,
and then finally decreased to 0.011-0.079 mg/kg after spi-
nach cultivation. The uptake rates of ethoprophos from soil
by Korean cabbage were 0.01-0.03% and distributed to
root (0.150-0.903 mg/kg) and shoot (0.021-0.151 mg/kg),
respectively. The residual amounts of uptake and trans-
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CONCLUSION: The plant back internal (PBI) for ethopro-
phos is not recommended during sequential cultivation of
leafy vegetables, since the residual amounts of ethoprophos
in spinach were less than MRL (0.02 mg/kg).
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e 7hRE FAbe iAol M 2010958 23t
TH AU 2 AF T AEE 59 6152 o] F etho-
prophos®] Bt FEe QAT T 7387 ]E(maximum
residue limit, MRL)?! 0.02 mg/kge 75 0.192 mg/kg
O % UEtH4]. B9 Park & (2018)9] =l fEEhkE
sk FA3 |3 Ao =W oE §A3 AE9
5k % ethoprophos”} 5371 &5 o] A+l 8WlAe] =l
oty B uskIt5]. 7104 k] A 3 FollA
EapA Haljelo] 1ol AS Blow duA slee, 7],
W ARG R Qe AuliA] Eeke] FHAuo] A&
Ag 4o 87} Q7] whitel EQF 5 W 45 o]
gt A+7F st

Sk QFE sk ALk 918l 2019 19 194
H 5okl MRLo] A=) A o2 sAk=el sl 0.01
mg/kge YE A83h= §oF 518 AuS A (positive
list system, PLS)7} AJH=|IT8]. sHAIWh f-2juhete] 54
& AVAAE 91FE s AA ella Axt 9l =k 2
ARAA R o] FAX AL §I7] wjte] 7]E B Fatr v
A2 Al A] A soko] $AEE S|y 5 1
o122 940w <lal] PLSA:el S1ibd -7} Slrk A
2 vt A 2011 o5 F5550] Al 1714
2] A2 A endosulfan®] SUl -8 FAb=EelA o8]
AZH 3 eH9, 10], ol Al 2o ofd A ARH
EoFe] ol o3t Ao® BT seko] ZEAE H]9
EAHoR Frold frks A& HolFErh

AA| =3 FHoME AES Absl SEs A
A7 17HA 2] 71711 $-2-5 A AlY(plant back interval,
PBI)& AAato] 5ok A% epde] yepdoma u|o%3
LATAE Fsta QIeH11]. olw, PBI A& 9%t A1
& =AA TrelERRlel] Fste] A= AR 71k 7-309,
60-270%, 270-365% 3719 3134312 02 WA A 2o A
F=3%] 31 QITHOECD, 2018). %-gjuetll Az o]2fdt Bl o=
2 @ ool gk b ae] ks mhdsty] fls) S 2HA|
AL AR FY oS sl $4E ol AEE
gehs A7 Alggh Aol

2 AFelA= Aui7Ize] ol 2= o7t A,
AA| g7l A A= Q= FHAA T AR do]
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Ao AREE 21Q] acetonitrile, water 2! methanol
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(>99% <5)+= Sigma Aldrich Co. (St. Louis, MO, USA),
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Fig. 1. Chemical structure of ethoprophos.
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Table 1. Analytical MRM conditions of LC-MS/MS for the ethoprophos residues
MRM Retfention Tonization Pre.cursor Prgduct Ql Pre Collision Q3 Pre
time type ion ion bias(V) Energy(V) bias(V)
243.10 97.0 -30 -30 -17
Ethoprophos 9.7
243.10 131.05 -30 -19 -27
A sastellty A AR 9 Sk Bk ARl e 1§ 5ok F%(mg/kg)E UERALL
acetonitrile 10 mLE #7Fslo] 7PEA X9st 7, e
o] anhydrous magnesium sulfate 4.0 g, sodium chloride C, =Cy e
1.0 g, sodium citrate 1.0 g, disodium citrate sesquihydrate Co = C- o™ 1
0.5 g Yal 231k s ABFEaeleh 1§ il 0 0
(3,000 rpm/min, 5%)3}°] acetonitriles ¥} waterg< T = In2)
ZAI7 F- 4594 1 mL F38to] 25 mg PSA, 150 mg mag- k
nesium sulfateE *>35H= dispersive SPE tube°] Y1 1
B2 28 5 929382)(10,000 rpm/min, 3%)3 T HE Zia} @l pEk
#?1 ZE|(0.2 um, Nylon)E o735t #F Al FEd
Kinetex® 2.6 yum EVO C18 100A [100 mm(L) x 2.1 mm ANE7|1ZE & 22 M2 U 5H A
(i.d)., 2.6 um] column= A28t LC-MS/MS(Shimadzu AZEQL QdolnFe] o] AFHS AR F9d
Nexera UFLC 8045, Japan)°ll 10 uL# FYste] #4143 I T AHel #elo] 49 0.9540.13 golloH, A
th. 717] ¥4 Al 0.1% formic acids ¥F3H= water(E] 391 9lo] 79 53.04+0.19 golglrh. 7 ¥-¢1d Hit o)
A)$} 0.1% formic acidE ¥33F= methanol(£7 B)= 9] Z} 16.24+1.43 cm Y 26.94+1.74 cm©|t}h 2521 A]

S gule AREElo] gradientS FQIth olFAt HEH)
Z712 g Aol thall 0-25495%), 8%(30%), 17%(10%),
18-20%(95%) % a1 oH, 4% 45 0.3 mL/minZ
A&tk w4 ok ethoprophos?] ©]238} 2712 Table 1
¥} ol ato] sl A 2o VERd chromatogram 7
©] peak areas WHRZ HPFEHI vlwat] IFHEE AE

stink

32 A ¥ jAREY A =Y

Eok 3 A 9 ARl gk BAsok sl Al
< 7 A5 10 gell ethoprophos(1.0 mg/kg) ¢ &<
100 % 500 wL¥ F7Fslod(n=3) 7ol 0.01 2 0.05
mg/kgol HE% 3 v 719 FE 2 A el wet
A 5 s4Es Aol

Ethoprophos 1.0 mg/kg %78 100 uLs 1 mL&
vialol 5] § FFst, 4719 AME F8f 4L T
AE FEN 1T mLE A% Agaisiint olgAl 2419 0.1
mg/kg "ARA FFEFEAI A B SN dAF
<3&ske] 0.001, 0.002, 0.005, 0.01, 0.02 % 0.05 mg/kg
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Fig. 2. Changes in weight of each compartment of spinach
during cultivation period.
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Table 2. Recoveries for ethoprophos in soil and each crop compartment

Fortification Recovery (%) LOQ?
Sample level
(mg/kg) 1 2 3 Mean® + SD”  (mg/kg)
Preceding Soil 0.01 101.0 87.8 97.9 95.66.9 0.001
crop 0.05 115.0 97.5 103.6 105.4+8.9
Shoot 0.01 96.4 102.4 105.7 101.7+4.7
0.05 105.0 100.2 106.3 103.8+3.2
Root 0.01 87.0 102.5 89.3 92.948.4
0.05 91.0 82.8 99.9 91.248.6
Succeeding Soil 0.01 95.5 102.9 94.0 97.5+4.8 0.001
crop 0.05 98.5 101.3 97.7 99.2+1.9
Shoot 0.01 90.3 85.6 88.7 88.242.4
0.05 93.0 94.8 84.5 90.845.5
Root 0.01 80.8 81.5 76.5 79.6£2.7
0.05 101.5 85.0 100.3 95.619.2

3 Mean of triplication; Y Gtandard deviation; © Limit of Quantification

| st Al o) APAIF(R)E 0.997-0.999% 5ot 4]
& Btk LC-MS/MS 4] Al HAHEHminimum
detectable amount, MDA)=> 0.01 ng, 419449 AJ=Fst
Zl(limit of quantification, LOQ)+ 0.001 mg/kgo]{tt.
LOQ<] 104(0.01 mg/kg) % 5081(0.05 mg/kg) TF°
3FgA S 3% Auks Table 28 0] 79.6-105.4%,
ZFEFHAF 10% )8k LR AR 711 70-120%
g A AAE 10%01HE TSIt 24 F LC-MS/MS
chromatogram”} 1M peak+= EAISHA] kokrh

R

EY & ethoprophos?| ZtFet A HiZ7|
Sidolul gl Algx|7F Ale A3 B KE 44.5%,
HAL 44.0%, HE 115%% 7730 f71E ol 6.9%,
ANAEET} 47 dS/m, pH7F 6.29] FEZH B A5
Ql QzoulF W AIFAE Alulskzdl At
AAER SdoulFE FEet $ Ve 9 SHlge R &3
A 2]$t ethoprophos 1412 EF & %71 ZH<> 7} 7.081+

A

&
5
(=}

ORecommended dose

@5 times dose

Dissipation rate (%)

0 5 10 15 20 25 30 35
Days after application

0.802 mg/kg 2 19.493+0.887 mg/kg®] itk ©]F A|zte]
7373kl Wt ethoprophos®] E% & A7 27] %
% tiH] 45.9-63.0% #A-ate] SldolulF2] HF gl
3.832+0.329 ¥ 7.21840.610 mg/kg HFEE Aoz ve}
Wtk AlZtel] e E9F % ethoprophos?] R Wsh=
Fig. 3(A)8} %ol 71 Al tisl y=7.6138-e"% %
ARATF(R)7} 0.9261010ck. T, sullek Azl et 7+
239142 y=19.951-e 02 £ZEglon] RS 0.9658%
UeRdt) o] of 2HaglFi el e A (K)E first-
order kinetics model2jel th§ist A3, A== A 713t
&< ethoprophos® E% & RR7|= 7% A2l
33.09, 59 AH2)Fellr 19.3U% AEH] 7153 A+
oA W717F 9 71 Aow et

FAERl AFAE e § 3UAke] HF1E ethopro-
phos®] A AEd 7|Eo® 4093k dPEHE EY AR T
ethoprophos 8] ZH722- 7153 #{2]71 0.061+0.002 mg/kg,
5ujEF 2]l 0.251+0.022 mg/kg 0.2 YERT o) &
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Fig. 3. Dissipation rate of ethoprophos in soils treated with concentration of recommended dose and 5 times dose during

preceding(A) and succeeding(B) crop cultivation.
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Fig. 4. Dissipation rate of ethoprophos in soils treated
with concentration of recommended dose and 5 times
dose at whole experimental period.
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(B)9} Zom, 753K y=0.5665e""%, R*=0.9315)%} 5H|=F
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Fig. 5. Residual amounts of ethoprophos in each part of
Korean cabbage at harvesting day.

7FsAL vt & & QoH17]. et AA AR wiEgl
F7l0l wieh B9k Yol F45= AR UE 5= 7] wiol
FaER o] o|go] fodfof 8 Ho= Qlrkal AyZETh

H=Et= & ethoprophos?| THRZ
Ethoprophos= Tl A2]sh 5 31Ua}e] 2]
ZolulFE dF el om, A|ahiel B g} 2l
O % FREElo] Fig. 59 #o] Z7te] s ARSI A
M 7 RS 715 Al Al 0.150£0.010 mg/kg, 54
% A2 Al 0.903+0.080 mg/kgolAth AV F FHREgS
715 A8 Al 0.021£0.002 mg/kg, 581%F 7] Al 0.151+
0.009 mg/kg AZEH o] E¢] tx]o] Q1= ethoprophos
7b SiolilFR Frold HASS & F Sk BEY T s
ofe] 7] ot A= 9 AU vEA &
TEE A Bk o, AR FEE 0.01% mlvke]
aL, A A9 0.01-0.03% S5EE Aoz Vbt
ojdf, AFE F5E FR AHiE Fal FrEo] oldd
Aijolv] A ow Ashi-ne] F& Hrp AR o
Ago] 7] wiel olejdk Ayt mEFE 0% Alm¥h
o FE F50]8 ¥ ethoprophosi= Aol 13}
AaHel 6.0-7.149 T Wol AFehs 207 Uit oH4
ok Ao} Ao S Apol7h A7) Wil Zh K
g/g)el S8 THe)= watel 2t ¥l F5E sk
A ug) S AHESIATH18]. 1 A3} A= 0.143-0.599
ugl® HE o] 63-11.4%7F E¥s813om A=
1.114-8.972 ug(88.6-93.7%) 2. AdHell ¥ Wo| =
7107 VHERsiT,

=

Ethoprophos2| S8 E4-0|3H

FAEQ AT oAl AE F 63U FEY))FE 3
Ao F 53] AFete] Ao} Aspiel tidt AR
AR 71 AT Al
o] F5E Fig. 67 o] 639AHTE 72927 e
(0.001 mg/kg)To® HEHUL, HE FHUL 7594
= 0.002 mg/kg FatSich 5u1% A 2l-ellxd= 0.001-
0.003 mg/kg Halth 7HAHR1 Aol x= ethopro-
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Fig. 6. Residual amounts of ethoprophos in root of succeed-
ing crop during spinach cultivation.
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