Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2021;40(4):335-344, https://doi.org/10.5338/KJEA.2021.40.4.38

Published online 2021 December 29, Printed 2021 December 31

Online ISSN: 2233-4173
Print ISSN: 1225-3537

Research Article

) comsvin

Ax AIEX] Y 2E2|IR0 2|8t Cyantraniliproleg]
E0|d IR TIt
2R3, 015, UCHY, UM, LM

Evaluation of Cyantraniliprole Residues Translocated by Lettuce, Spinach and Radish
Ji Hyun Yoon, Seung Won Lee, Da Jung Lim, Seon Wook Kim and In Seon Kim™ (Department of Agricultural and
Biological Chemistry, College of Agriculture and Life Sciences, Chonnam National University, Gwangju 61186, Korea)

Received: 14 December 2021/ Revised: 17 December 2021/ Accepted: 22 December 2021
Copyright (© 2021 The Korean Society of Environmental Agriculture
This is an Open-Access article distributed under the terms of the Creative Commons Attribution

ORCID

In Seon Kim
https://orcid.org/0000—0003—1061-6848

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is

properly cited.

Abstract

BACKGROUND: Cyantraniliprole is a systemic diamide
insecticide that has been used to control lepidopteran pests
in agriculture. Cyantraniliprole has become an issue due to
its potentiality of unexpectable contamination in rotational
crop cultivation. Thus, studies on the evaluation of
cyantraniliprole translocated from soil into rotational crops
are required.

METHODS AND RESULTS: Cyantraniliprole was treated
at a yearly maximum application level onto bare soil under
greenhouse conditions in two geographically different
regions. Lettuce was transplanted and spinach and radish
were sown onto the soil 30 and 60 days-plant back intervals
(PBIs) after cyantraniliprole treatment. The QUEChERS
method was modified and coupled with LC/MS/MS analy-
sis to determine the residues of cyantraniliprole in soil and
plant samples. The methods for sample preparation and in-
strumental conditions were validated to meet the criteria of
Codex guidelines and were successful to determine cyan-
traniliprole quantitatively and qualitatively in the samples.
Cyantraniliprole residues in lettuce samples were 0.01
mg/kg for PBI 60 and 0.02 mg/kg for PBI 30, respectively.
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The residues in spinach samples were 0.01 mg/kg for PBI
60 and 0.01~0.02 mg/kg for PBI 30, respectively. Less than
limit of the quantitation (LOQ) level (0.01 mg/kg) of cyan-
traniliprole was observed in radish samples. The residues in
the plant samples were found as the levels less than max-
imum residue limit (MRL) for leafy and root vegetables.
CONCLUSION(S): This study suggests PBI 30~60 days
for rotational cultivation of lettuce, spinach and radish in
greenhouse soil treated with cyantraniliprole at a yearly
maximum application level.

Key words: Cyantraniliprole, Pesticide, Plant back interval,
Rotational crop
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Table 1. Pesticides detected in rotational crops grown in soil containing the pesticides used for primary crops

. . . PBI MRL (mg/kg) for
Pesticide Primary crop Rotational crop (day) rotational crop
Abamectin Pepper Perilla leaves 15 0.7
Pepper Chamnamul 15 0.2(leafy vegetable)
Acetamiprid Pepper Perilla leaves 15 10
Pepper Chamnamul 15 5.0(leafy vegetable)
Benfuracarb Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
Buprofezin Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
Cadusafos Welsh onion Carrot 30 0.05
Welsh onion Melon 30 0.05
Carbofuran Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
; T
Chlorothalonil Onion Lettuce 30 5.0T
Cucumber Lettuce 10 5.0
Clothianidin Korean cabbage Spinach 30 3.0(leafy vegetable)
Pepper Chamnamul 15 3.0(leafy vegetable)
Deltamethrin Pepper Chamnamul 15 2.0
Mustard green Celery 7 -
Ssam cabbage Coriander 3 -
Mustard green Bok choy 60 -
Bok choy Coriander 300 -
Diazinon Ssam cabbage Crown daisy 60 -
Ssam cabbage Coriander 300 -
Ssam cabbage Chamnamul 60 -
Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
. T
Dimethenamid Pepper Perilla leaves 15 0.05
Pepper Chamnamul 15 -
Welsh onion Crown daisy 20 0.3
Young radish Crown daisy 10 0.3
Dinotefuran . 0.05(radish root)
Pepper Radish 10 1.5(radish leaf)
Lettuce Korean angelica(leaves) 10 O.OST(leafy vegetable)
Ethalfluralin Pepper Perilla leaves 15 0.05"
Pepper Chamnamul 15 -
Ethoprophos Pepper Water dropwort 15 0.05"(stem vegetable)
Etofenprox Pepper Chamnamul 15 15.0(leafy vegetable)
Fenazaquin Perilla leaves Korean cabbage 15 0.7(leafy vegetable)
Fipronil Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
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Table 1. (Continued)

.. . . PBI MRL (mg/kg) for
Pesticide Primary crop Rotational crop (day) rotational crop
. Pepper Perilla leaves 15 -
Flonicamid Pepper Chamnamul 15 30.0
Fluazinam Pepper Perilla leaves 15 -
Pepper Chamnamul 15 30.0
Flubendiamide Welsh onion Crown daisy 20 0.02'(leafy vegetable)
Pepper Perilla leaves 15 -
Fluensulfone Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
Fluopyram Chicory Coriander 30 0.04"(leafy vegetable)
Welsh onion Crown daisy 20 0.05(leafy vegetable)
Welsh onion Ssam cabbage 20 0.05(leafy vegetable)
Welsh onion Spinach 20 0.05(leafy vegetable)
Welsh onion Coriander 30 0.05(leafy vegetable)
Fluquinconazole Welsh onion Young radish 3 0.05(leafy vegetable)
Welsh onion Ssam cabbage 3 0.05(leafy vegetable)
Welsh onion Spinach 3 0.05(leafy vegetable)
Welsh onion Pumpkin leaves 3 0.05(leafy vegetable)
Welsh onion Mustard green 3 0.05(leafy vegetable)
Fosthiazate Pepper Perilla leaves 15 0.5(leafy vegetable)
Pepper Perilla leaves 15 5.0
H 1
exaconazole Pepper Chamnamul 15 1.5
Green pumpkin Lettuce 90 -
. Cheery tomato Welsh onion 15 -
Imicyafos .
Pepper Perilla leaves 15 -
Pepper Chamnamul 15 -
. : Pepper Perilla leaves 15 3.0(leafy vegetable)
Imidacloprid Pepper Chamnamul 15 1.0
Metalaxyl Pepper Perilla leaves 15 5.0(leafy vegetable)
Pepper Chamnamul 15 5.0(leafy vegetable)
illa 1 05"
Metolachlor Pepper Perilla leaves 15 0.05
Pepper Chamnamul 15 -
. Pepper Perilla leaves 15 0.05"
Napropamide Pepper Chamnamul 15 0.05"
X T
Pendimethali Pepper Perilla leaves 15 0.05T(leafy vegetable)
Pepper Chamnamul 15 0.05"(leafy vegetable)
Prochloraz Strawberry Lettuce 360 -
Pepper Perilla leaves 180 5.0
Radish, Lettuce Chamnamul 30 0.05"(leafy vegetable)
Procymidone Cucumber Chamnamul 20 2.0
Chrysanthemum Chard 20 0.05"(leafy vegetable)
Pepper Perilla leaves 15 5.0
Pyridalyl Welsh onion Coriander 3 15.0(leafy vegetable)
Pepper Perilla leaves 15 15.0
Teb 1
eprconazole Pepper Chamnamul 15 3.0(leafy vegetable)
Tebupirimfos Pepper Chamnamul 15 0.07
. Pepper Perilla leaves 15 0.2
Tefluthr
crHn Pepper Chamnamul 15 0.05"
Tetraconazole Cucumber Lettuce 0 -
) Pepper Perilla leaves 15 10.0
Th th
ramethoxam Pepper Chamnamul 15 5.0(leafy vegetable)
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Fig. 1. Chemical structure of cyantraniliprole.
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Table 2. Instrumental conditions of LC/MS/MS for analysis of cyantraniliprole in multiple reaction mode

Operation energy (eV)

Precursor ion (m/z) Product ions (m/z)

Declustering potential

Collision energy

286.0
445.1

475.1

23 14
23 21
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Table 3. Sample matrix effects on the calibration linearity
of cyantraniliprole standard solutions

Location Sample Matrix effect (%)*
Lettuce 10.914
Soil -1.159
Spinach 26.107
Experiment 1 Soil 33.776
Radish 1.426
Radish leaf 3.808
Soil 5.191
Lettuce 10.925
Soil 16.521
Spinach 13.084
Experiment 2 Soil -2.338
Radish 8.330
Radish leaf 14.324
Soil 1.624

* [(Slope of linearity curve in matrix - slope of linearity
curve in solvent only)/(slope of linearity curve in
solvent only)] x 100%.
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Table 4. Linearity and correlation factors of determination (R? of solvent-based calibration and matrix-matched

calibration curves of cyantraniliprole

Solvent-based calibration curve

Matrix-matched calibration curve

Location Sample - - 5 - - 3
Linear equation R Linear equation R

Lettuce y=50,284x - 51.203 1.000 y=55,772x + 30.877 0.999

Soil y=51,168x — 59.442 0.996 y=50,575x + 72.626 0.997

Spinach y=38,212x - 51.385 1.000 y=48,188x - 73.579 0.999

Experiment 1 Soil y=44,632x — 27.272 0.998 y=59,707x — 35.588 0.999

Radish y=56,505 — 35.512 1.000 y=57,311x + 79.151 1.000

Radish leaf y=59,435x — 128.59 0.999 y=61,698x + 9.263 0.999

Soil y=59,473x ~ 67.174 1.000 y=62,560x — 87.414 0.996

Lettuce y=52,066x — 25.658 1.000 y=57,754x + 46.650 1.000

Soil y=41,183x + 101.77 0.999 y=47,987x — 31.767 0.996

Spinach y=48,121x - 31.633 1.000 y=54,417x — 24.116 0.997

Experiment 2 Soil y=59,031x - 51.073 1.000 y=57,651x — 31.243 1.000

Radish y=55,355 —- 21.751 1.000 y=59,966x + 36.623 0.998

Radish leaf y=54,070x - 7.0088 1.000 y=61,815x + 22.91 1.000

Soil y=59,412x - 18.227 1.000 y=60,377x — 57.634 0.999
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Table 5. Recovery values of cyantraniliprole fortified in the plant and soil samples

Recovery (%)

Fortified level (mg/kg)

Sample -
Experument 1 Experiment 2

0.01 (LOQ) 10 x LOQ LOQ 10 x LOQ
Lettuce 777 + 2.1 971 + 122 759 + 4.8 105.8 £ 5.0
Soil 83.0 + 1.1 89.0 + 3.3 112.3 £ 2.5 106.9 + 0.9
Spinach 90.5 + 3.1 95.7 + 0.8 86.4 + 1.2 106.3 + 1.6
Soil 80.8 + 4.1 1029 + 2.1 89.6 + 3.7 103.6 + 2.7
Radish leaf 81.0 £ 2.9 108.5 + 1.4 842 + 52 106.3 + 1.5
Radish 80.6 £ 6.1 106.0 + 0.6 755 £ 1.5 97.7 £ 52
Soil 103.5 + 4.4 984 + 1.9 923 + 2.0 103.6 + 2.1

* Data are meanststandard deviation of triplicate.

£(RSD) 0.6~12.2% 74 kzaisinh 4 29 AB=
gor Fet g AEARS AT Hit 755~106.3%
FEolglom EAIRAA Bt 89.6~112.3% 0l
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ElFE oA B9 F R PBI 302} PBI 6091 7}
7} 0.56 mg/kg 2 0.58 mg/kgol3lth o5 FTS WA
EoFoll A2ldt F2] oF 35~84% FolqUth AlPER 20
A B T A AP 13 AR FEo] Al
= Bk whet vhekebAl AR oH 7 AR B A
WO 7 A5 Aiet BEoF F AREe] vlnd EA A}

=31k

AZA|E2 = cyantraniliprole?| Xt22f Z7}
Cyantraniliprole®] @45 & 273> Table 7¢] X
ol& nel 2t AIFE 1004 AplE 45 AR F cyan-
traniliprole®] %5 ZAFsE A} PBI 30°] 50% A< 71
Al 9 100% 4 A eIA] 242} 0.04 mg/kg?} 0.02 mg/kg
TFoller PBI 600 2+ 0.02 mg/kg? 0.04 mg/
kgo]3ltk. Al AR Z cyantraniliprole®] 7= 7 PBI
ol 50% 735 WAl 9 100% 3% 7NAeIAM Z12F 0.02 mg/kg
7 0.01 mg/kgelSitk. YERITF AlS 5 cyantraniliprole®]
e 5 PBIo| B AlEelA 0.01 mg/kg ©l8F 2.
T AEEIth AR E 2004 Al A AR S

Table 6. Residues of cyantraniliprole in the soil samples at dates of transplanting and sowing plants

Cyantraniliprole residues (mg/kg)*

Location Soil for plant
PBI 30 PBI 60
Lettuce 0.65 + 0.03 0.33 + 0.02
Experiment 1 Spinach 0.19 £ 0.01 0.18 + 0.01
Radish 0.28 + 0.01 0.14 + 0.01
Lettuce 041 + 0.01 0.34 £+ 0.02
Experiment 2 Spinach 0.25 + 0.01 0.24 + 0.01
Radish 0.56 + 0.04 0.58 + 0.02

* Data are meanststandard deviation of triplicate.
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Table 7. Residues of cyantraniliprole in the plant samples after harvest
) Cyantraniliprole residues (mg/kg)"
Location Sample
PBI 30 PBI 60
17 0.04 + 0.01 0.02 + 0.01
Lettuce 3)
2 0.02 + 0.01 0.04 = 0.01
) ) 1 0.02 + 0.01 0.01 + 0.01
Experiment 1 Spinach
2 0.02 £ 0.01 0.01 £ 0.01
1 .01 01
Radish <00 <00
2 <0.01 <0.01
1 0.04 £ 0.01 0.01 £ 0.01
Lettuce
2 0.02 + 0.01 0.01 = 0.01
) ) 1 0.01 + 0.01 0.01 + 0.01
Experiment 2 Spinach
2 0.01 £ 0.01 0.01 £ 0.01
1 .01 01
Radish <00 <00
2 <0.01 <0.01

Y Data are means+standard deviation of triplicate.
? Plant at 50% matured.
® Plant at 100% matured.
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F3h Al AR F cyantraniliprole®] #Hq-2 T PBIC
50% “d= WAl Bl 100% “d= 7HAelM B 0.01 mg/kgel
Atk LER]F AE F cyantraniliprole®] FH7#- 7 PBI
of ZE AlRelA 0.01 mg/kg olst o= AFEY 19
At} ARSI o139 A= & w cyantraniliprole?]
AP T AR T AP Alolel| @A thEA] ¢
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