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Abstract Cyantraniliprole is a diamide insecticide that acts by binding to ryanodine receptors, leading to
muscle paralysis in target pests. This study investigated the residual characteristics and dietary exposure of
cyantraniliprole in vitamin, graveyard moss, basil, Korean mint, and chamnamul. Cyantraniliprole was applied
to each crop, and samples of vitamin and graveyard moss were collected at 0, 3, 7, and 14 days after the
final application, whereas samples of basil, Korean mint and chamnamul were collected at 0, 3, 5, 7, and 14
days after final application. The mean residual levels of cyantraniliprole ranged from 0.02 to 5.01 mg/kg in
vitamin, 1.54 to 3.82 mg/kg in graveyard moss, 0.06 to 4.37 mg/kg in basil, 0.30 to 29.34 mg/kg in Korean
mint, and 1.17 to 9.79 mg/kg in chamnamul. The biological half-lives of cyantraniliprole in all tested crops
were calculated to range from 2.6 to 10.3 days. The estimated daily intake was less than 0.09% of the
acceptable daily intake, confirming that all five crops were within a safe range. These findings provide
fundamental data for establishing the safe use guidelines for cyantraniliprole in the tested crops.

Key words: Cyantraniliprole, Herb, Pesticide residue, Vegetable
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AtHRyu et al., 2025; Lim et al., 2024). B3+ FAkgoA]

5 2ERIeN FEEE P4
Al AFE AE S 321%01303

= (e]
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AL, 117(153%)°] 71523 9om, ol WE, 34
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A Z ooz ok A 20219 11YEE 3d7F 2AHE
FEH TAE BAgEF |3 2 20209 1195E 447F
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ZAFE AL ke A s F d9ol] B cyantraniliprole
AZo] FAHAL(MFDS, 2025), BFAYT 5 ALFol
A AEFE TR F AE NETE 22 A8 173
cyantraniliprole®] 2= U THRyu et al., 2025).
Cyantraniliprole t]o]o}ulo] = (diamide)d] AZAH|Z 41
57 (neuro- muscular junction)ol|A ZHgol-(Ca™)<]
< ZHske olok=t 4-8-A(ryanodine receptor)e}
FePiA 259 #5585 op7lstd 259 255 vHA|
287195 73 IO (RDA, 2025), 3L 2o
s FHl7FROlE HIFsle] oplElTllE v, Wrol R,
HER, AL, W, =UAR 5o WAkl 23t
3 424 Ach(Lee et al., 2014).
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Table 1. Chemical structures and physicochemical properties of cyantraniliprole and IN-J9Z38

Pesticide

Cyantraniliprole

Chemical structure

Cl

TUPAC name 3-bromo-1-(3-chloro-2-pyridyl)-4'-cyano-2'-methyl-6'-(methylcarbamoyl)pyrazole-5-carboxanilide

Chemical fOI'mula C19H14BI'C1N602

V.p.(mPa) 5.133 x 2075(20°C)

Kow 1.94
Water 14.2 mg/L(20~25°C)

Acetone 6.54, Acetonitrile 2.45,

Solubility Dichloromethane 5.05, Ethyl acetate 1.96,
Hexane 0.000067, Methanol 4.73, n-Octanol 0.79,
a-Xylene 0.29 (all in g/L, 20~25°C)

Metabolite IN-J9Z738
. o

x W
= Br
Chemical structure N)Y/Y
CH, N—N

IUPAC name

Chemical formula

Cl

2-[3-bromo-1-(3-chloropyridin-2-yl)-1H-pyrazol-5-yl]-3,8-d  imethyl-4-ox0-3,4-dihydroquinazo-

line-6-carbonitrile
C 19H] zBrCINéo
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wEHIE AN Gelol e Slsiich. 22T @A)
4gsle] g HINEYIE B ARHEIIES AP
golsta, 4gso] YA e Bl Y A% 7
2482 Fusas s,

AMEFN R Al
DHH e, HV‘ 3% cyantraniliprole 5% 4| (Z2F
, 73°%), Wlz3kll= cyantraniliprole 5% A NA| (B2,
6\371]‘3’]74) g 7]'1/}501]\_ cyantraniliprole 10% & EHA|(2)
2, FHol12)E AE kA 2 AR89t} Cyantraniliprole®]
FE-2 AccuStandard (USA) A1E2] % 94.0%, 97.5%
! 1,000 mg/L standard solutions ARE-3}H.oH, thALA
IN-J97382] %52 FMC Corporation (USA) A& &
Fkob ARSI, AlF A9l 5}6*%% 9 =TsieE &
4 Table 13+ ek A& A FZ5 AGolM AREE
QuEChERS Extract Kit (4 g magnesium sulfate, 1 g sodium
chloride, 1 g trisodium citrate dihydrate, 0.5 g disodium
hydrogencitrate sesquihydratey= BEKOIlut (Germany) A%
& ARESIITE B8 ZAl, AAE A B 717124 ol A
AFESE acetonitrilex} 7171384 o]FAF ZAlol| ARESE formic
acide= B&J (USA) AlES AR5t

>(lﬂ }:’l > OH‘ 2

ZEAIE
o =

AU Ae 2022 495E 20249 597K FHEIOH,
NFAERE o, SUE, v, 23 2 FE )9

Table 2. Summary of residual pesticide field trials

Aes THAEE I T AEEES dAkste] 43
3t tH(Table 2).

EATY R oA AgFe 7 ke 5 FA e 19
oz A%, e oAl 3 EUES A
AL t2A dAste TS AAsl, v,
LES mpﬂ—o— 48} 797 23] H2]5t%th(Table 3).
A= AF «W ato] Hz2 EH7](AE-40N,
oM, = )% 01%6}0% ofollo] 55 W}XI ol
e ZAF AXSIT

AEAFH = ohAg BUES A EE 8 g
T AIRE AFsien, v, w2 2 e 0
(AR + 2Al7¥) 3,5, 7, 1483} 3 sK0.0m, o
A7) NES AHT F vz dPd= filsie] WA
AAZ ABAAE TA A7 20T o]atlA WER
Act.

o ﬁlgd

S dlo o 2% b

rL me

A2 o 9 3+8AH

20221 EuE 9 ubd Ao AM8-SF cyantraniliprole
FFE(94.0%)S YA Zslo], acetonitrile®] =] 100 mg/L
TR AARETEN S AN, FS A IN-
J9738 200 mg/L-2 acetonitrile®] =] 100 mg/L =2 A
ARFENS 2AGIT 7 e AFEZEA NN YA
FS F sk acetonitrile® = 10.0 mg/L A FETE
NS A8k

2023 ohl Bz AJEol| AME-§ cyantraniliprole
B8 1,000 mgL 5 1 mLS 9 mLe| acetonitriledl] ¢
100 mg/L 59| AZEFENS ZASIANOH, TP

Test crops Period Location
Vitamin April 2023 Goesan-gun, Chungcheongbuk-do
Graveyard Moss April ~May 2022 Namyangju-si, Gyeonggi-do
Basil May 2022 Gyeongsan-si, Gyeongsangbuk-do

June 2023
April ~ May 2024

Korean mint

Chamnamul

Goesan-gun, Chungcheongbuk-do
Goesan-gun, Chungcheongbuk-do

Table 3. Summary of the application information of cyantraniliprole in test crops

Test cro Formulation AlP Dilution rate Application Pre-harvest
P (%) (times) times application intervals
Vitamin 212 174
EC? 5 1,000 2 10:3
Graveyard Moss 7-0
Basil EC? 5 2,000 2 7-0
Korean mint DC° 5 1,000 2 7-0
Chamnamul SEY 10 2,000 2 7-0

YActive ingredient, YEmulsifiable concentrates, “Dispersible concentrates, ¥Suspo emulsion
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CHARA IN-J9Z38 200 mg/L-> acetonitrile®] o] 100 mg/L
FEo AREFENE A 7 Y AFEEEY
ol A UA S F 3] acetonitrileZ 5] 10.0 mg/L EFHA
RGNS 2AEAT

20249 FUE Al ARS-SF cyantraniliprole 3 —i*%
(97.5%)S LA F 311, acetonitrilecl] =] 100 mg/L &
ARREEAS 2ASICH, e quﬂ IN-19Z38
200 mg/L2 acetonitrile®] = 100 mg/L =9 AFLEE
S92 AT F Y AFBFEANA dRFES
8t acetonitrileZ = 10.0 mg/L EFAFRFLENLS
ZA skt

¥z AR AP FS F3 $ acetonitrile®
s]4ste] 0.01, 0.025, 0.05, 0.1, 0.25 2 0.5 mg/Le] 2
FE8NS 2Alskdih T4 AE AAEEd(1 mLyE
b F5 T AUETEY (1 mL)E A& ste], matrix
matched working standard solution2 A|Z3IATE ©]F Al
E84 HFZ liquid chromatography-mass spectrometer
(LC/MSMS, LC/MS-8050, Shimadzu Co., Kyoto, Japan)el
23] F9)3t4, chromatogram’d®] peak AL 7|FO=2 &
ZATALS AT

58 Alg-e A oA (Limit of Quantification, LOQ)
F=3 LOQY 10812] FF02 Fxe] AlF 10 gl 1.0 2

10.0 mg/L cyantraniliprole} IN-J9Z38 &3 %8dS 7+
Zb 0.1 mL A2 § 4713 dFEek 2438 % 5
WO R ke A ste] A3t

filo

o
£

gk ZF A& 10 g2 50 mL conical tubed] HiL
acetonitrile 10 mLE 713l 660 rpm o2 557+ & %%
3ttt 18 &3 %, QUEChERS kit (4 g magnesium
sulfate, 1 g sodium chloride, 1 g trisodium citrate dihydrate
4 0.5 g disodium hydrogen citrate sesquihydrate)S 718} &
7Moo 5ugk Y FEskdh. FEAE 3,000 pmO=2
SE7F AAEE] T 45 1 mLE FH3FL 0.22 pm syringe
filter(PTFE)Z &7} 3 LC-MS/MSZ 413}t Tables 4, 5).

AR E 238= cyantraniliprole®] & SHFHFHES &
2579 “gote] 17

Tt Ao ARl e} =St
(NAS, 2018).

Total Cyantraniliprole (mg/kg) =
Cyantraniliprole + (IN-J9Z38 x 1.04")

473.72(Molecular weight of Cyantraniliprole)

91.04 =
455.7(Molecular weight of IN-J9Z38)
MEEE H2T| W Y 42
e dA M-SR (C = Cx *k‘)oﬂ qq Jale] 7
AR ST WAL MSEEAIN G 54 A

Tl Y @

Table 4. Analytical condition of LC-MS/MS

Instrument Shimadzu, LC/MS-8050 (Japan)
Col OSAKA SODA CAPCELL PAK MGIII C18
olumn (150mm LD x 2.1 mmL.,2.7 um)
Flow rate 0.3 mL/min

Injection volume 1 pL
A: 0.1% formic acid in Water

Mobile phase B: 0.1% formic acid in Acetonitrile
A/B =30/70 (v/v)

MS Zones

lon source ESI

Ton source polarity Positive

Heat block Temp.  400°C
Drying Gas 10 L/min
Neb Gas flow 3.0 L/min
Interface Voltage 4,500 V

Table 5. Multiple Reaction Monitoring MRM) conditions of
cyantraniliprole and its metabolite

Compounds Precursor ion  Product ion CE
b (m/z) (m/z) V)

ili 286.00 -15
Cyantraniliprole 475.0 14405 o
188.05 31

IN-J9Z38 457.0 299,00 B

 Collision Energy

3 AR, O 27) AR, ke 2ANE, 2 AR 0L
o] MEE ke olael AT W0 E
Th2lel wek 2AEET 4, = Ik

AMo|MF =E=HI}

AlY 2HE - cyantraniliprole®] 92 3]3]-8-F(Acceptable
Daily Intake, ADI) tf¥] U457 F(Estimated Daily
Intake, EDI)?] %ADIE EUZ #7511 tHKang et al., 2024;
Noh et al., 2011). EDI= ZF 22|04 Al& 5 cyantraniliprole
o HuASHI AT HHLS 23 T 320 g AE=9)
60 kel 22131 2 A2 AN e Al 12D
7Fe s A= AAPATEE =Y dEA (KHIDL
2023)F ol-3flor, nat HHf:igo ]
s ghob SlERel BRue] 9 &
A (0.00001 kg/day)S 283}

Me 82l gl 54848

Ag2HE Z cyantraniliprole B WA IN-J9Z389] &
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Table 6. Linear equation of calibration curve for the quantification of cyantraniliprole and IN-J9Z38 in the test crops

Test crop Pesticide Linear equation R?
Vitami Cyantraniliprole y=9,311,868.3231x + 6,776.9363 0.9992
famin IN-19738 y = 1,258,844.9068x + 1,129.1687 0.9993
G M Cyantraniliprole y =14,544,410.1447x + 40,813.6691 0.9995
raveyarc vioss IN-J9Z38 y=2,381,589.0314x + 1,152.1259 0.9972
Basil Cyantraniliprole y=9,555,131.0844x +579.9894 0.9992
ast IN-J9738 y = 1,304,949.8415x + 1,793.2330 0.9995
. Cyantraniliprole y =4,648,897.8428x + 8,355.0028 0.9999
Korean mint
IN-J9Z38 y =989,086.7700x + 149.8950 0.9997
Cyantraniliprole y=5,069,064.4879x +2,916.6173 0.9988
Chamnamul
IN-J9Z38 y=1,116,451.9477x — 1,796.4285 0.9995
Table 7. Recovery rates of the analytical method of cyantraniliprole and IN-J9Z38 in the test crops
- Fortification level Mean recovery b)
Test crop Pesticide (me/ke) £S.D.9 (%) C.V.
Cvantraniliorol 0.01 83.1£3.2 3.9
. yantantiprote 0.1 87.0413 1.5
Vitamin
0.01 93.9+3.0 32
IN-J9Z38
0.1 100.0+3.2 32
. 0.01 82.8+0.8 1.0
Cyantraniliprole
0.1 82.3£1.0 1.2
Graveyard Moss
INLI9Z38 0.01 93.0+1.9 2.0
) 0.1 87.0+4.5 5.1
. 0.01 96.7+8.2 8.5
Cyantraniliprole
. 0.1 83.9+£2.2 2.6
Basil
INLI9Z38 0.01 112.8+3.9 35
) 0.1 92.742.4 2.6
. 0.01 92.9+1.1 1.1
Cyantraniliprole
. 0.1 95.8+0.7 0.7
Korean mint
0.01 94.6+5.1 54
IN-J9Z38
0.1 96.6+5.0 5.2
. 0.01 96.746.1 6.3
Cyantraniliprole
0.1 89.1+4.9 5.5
Chamnamul
INJOZ38 0.01 113.9+0.3 0.3
) 0.1 95.8+1.3 1.4
“Mean value of triplicate samples with standard deviation
Coefficient of variation
A g =5 AEAFR)YE 0995 o1de] RS (Table 7).
ATH Table 6). & #SHA(Limit of Quantlﬁcatlon LOQ)=
5001 mgkgeller, 35& Ade e e Cyantraniliprole2| ZHFS4

70~120%%} ¥ o] A5 (coefficient of variation, C.V.) 20% ©]
W= 5o 2 YA FE71F(RDA, 2025b)% SANTE/
11312/2021 7Fo]=2F2] (European Commission, 2024) 7152

oo} FuEolA 9]
0.02~5.01 mg/kg, 1.54~3.82 mg/kgo]}
23] Ae|e] H

= [e)
;S:‘ITEO]:’C =

T 23]

cyantraniliprole 7HF-%F

2 7tz
Rom, 8 1494
2] tiv] 99%<}



394 A EREEE

Table 8. Residual amounts of cyantraniliprole in the test crops

g Y B

Test crop Days after final Concentration (me/ke)” Mean=SD"
application Replicate 1 Replicate 2 Replicate 3
21-14 0.06 0.04 0.02 0.04+0.02
. 14-7 0.91 0.75 0.53 0.73+£0.19
Vitamin
10-3 2.16 223 1.72 2.04+0.28
7-0 432 4.18 5.01 4.50+0.44
21-14 1.80 1.67 1.76 1.74+0.07
14-7 1.67 1.54 1.63 1.61+0.07
Graveyard Moss
10-3 2.01 2.49 227 2.26+0.24
7-0 3.82 3.16 3.78 3.824+0.37
14 0.1 0.07 0.06 0.08+0.02
1.19 1.34 1.05 1.19+0.15
Basil 5 2.04 2.54 242 2.34+0.26
2.40 243 2.51 2.45+0.06
0 3.79 4.28 437 4.15+0.31
14 043 0.30 0.30 0.34+0.08
7 4.70 432 427 4.43+0.24
Korean mint 5 7.35 7.59 6.17 7.04+0.76
3 17.62 15.62 14.23 15.83+1.70
0 25.23 26.42 29.34 27.00+£2.12
14 1.17 1.31 1.73 1.40+0.29
7 6.05 6.25 6.34 6.21+0.15
Chamnamul 5 5.88 6.74 6.49 6.37+0.44
3 7.73 7.61 7.96 7.77+0.18
0 9.36 9.27 9.79 9.48+0.28

“Total Cyantraniliprole(mg/kg) = Cyantraniliprole + (IN-J9Z38 x 1.04%)

YStandard deviation

51% 7L}\g],oﬂ\;]_ H].;(l HHiz‘ﬂ: =1 ;‘d—]/].%q Z}E F/k.‘O: Z1]'Z1L
0.06~4.37 mg/kg, 0.30~29.34 mg/kg 2 1.17~9.79 mg/kgo]
Ao, HAAE 1495 RS FANEY it ARE
thH] 98%, 99% 2 85% 7+A3lSith.

thll 5 cyantraniliprole®] MRLS A4 o] A] ¢ko},
HAlF MRL 3.0 mgked} ¥t A3}, 3 344 23] A
7-7H MRL oJat=2 SRI=UTE S Fhbee] MRL
& B 10.0 mgkgl &, S £ 23] AETolA,
A2 AT PURE MRL o8tz I}, Hl
A3} Wi Z3FS S| HF(AY) MRL 10.0 mg/kega} W3k A3}
RS okA| A g , Bl 2eke OEA|AFE 5UZTHE MRL
oJst= SR1I=UTH(Table ).

B Ao = S Zmol] AR 9 AR (A A A
e Lo, Fagh, Ad, A7 2 ARAES
tEAs] ARS A A, Mz 27 ARl
ﬁ& 27.00 mg/kgoi 57H T 7P¢ =hon, o, &

654 28HH ES ZJ%EL -@101 P E} AEe] Bt é%t

o, Euv=, B, w2 9 3E o' 7b7f 153 +
3.5 em(n=20), 11.1 £ 1.5 cm(n=20), 13.8 + 1.8 cm(n=20),
21.6 = 2.7 cm(n=20) 2 27.1 = 3.2 cm(n=20)°]02H, 7t
Ao BE AEe ASALETE HISE 2719 AR5 AF]
St o] AollM Al5e] FAIE HISzahY, Het 270
U H B ®HAd] FF F3o] golahH, o] wHol
AR 2719 I AIEE AFHske el weke] &
o] B Erhal BAak{th(Kang et al, 2024). THl, S4=,
v 37He A=o] 2L Hlsssiloy, svee Yo
A7)7F wj$- Zar, o] wjslgon, thle A3 &7
7F HISRE HlEe] A7]® ] 7wl o] WA o]
e 2 5 P 2 ukdo) wokel Rao] 2@ 5 3
b Bl ok a2 2 e il gEe) 2
gol Hssion, wizde o 7|7t FhiEe] Hls)
am ol AR, F7ivitt o] Eol3le FHE 7K
3L Qo] weke] Aol fE|E ¢ lrkal AE Ik

2 Aol AxopAe] fashE sMuleE AEE
o|24 ¥ Fr | 7] ARl et FAES =3 A

_4
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I, o, B, vh, a2 9 ROl 7} 9.0, 7.6,
16.6, 54.0 2 19.0%°]3{t}. o] Atol] = cyantraniliprole
10.26% =Skl 2,0008) 3143} 35, 75 2 el
Ao st A3, 27] AR 7 11.89, 13.70 2
571 mg/kgo] M (Lee, 2019), o] 2% AEFE 513 mgl
oiv] 27 ZEe] ois Fahe-2 747t 232,267 2 11.1%°]
Atk TE=3F A]FA]0) cyantraniliprole 5% F2Hd A 1,000
) sl ste] Mgt At 27) o] 4.43 mgkgelS
H(Park, 2023), ©|& °|&4 AXFLEZ ALNINE A5
50 mg/Lel AL, 7] ZHRakol| tigh F2He2 8.9%C] AT

BEAFoA o, EUE 2 v 5IAIY S ARE-sto]
At o, 2= F28-8 SPSSZE 13 (ver.29, IBM
Corporation, USA)E ©]-8-3}¢], d-UE4HE4] (one-way analysis
of variance, ANOVA)S AAJ8le] Hlw3lGith. #41 A3, Al
g 7 BAEE FAACE folgh AfolE BATHE(2, 6)

HSD AR S ast A, vpde o] 3 SvEs
o]k zo] 2 YRl ¥ (p < 0.001), TS} BUE 7HllE
frolgh &po)7h ER1EA] FUTHp = 0.140). o|H g A¥}=
Uk A& AxsirEie FE T57 2 AERY 5ol

=

%E

upe} Rargo] debd 4 rhal AHE It 5 o) A
TollA 3 Azl WEH, 459 FEAA 3F] FF
AES AT gElste] Axsty, dRFOIHE A
S 7§ 224G A3 AF7Re] ZRAdele AFelvt
RE AoF BIFAOH(Kim et al, 1997), A&FE 22
e 7F AE wet g F A, AP Aole A1EY
W e A7 mhE) tha Aot Qlke A 9l "
o] gl w} thE 2 A Yol wE TR i
4 oAl ®AE I TH(Han, 2013).

dE5Y U] # 2 g5

7} AEof| cyantraniliprole SFAIAE] & A2 HF
FE glst] BAAR AR HslERE w7E s
Sioith A= Bt SRS oldote] ITRAS AAlsI

om 3A4S AkEd A3 TRl y=4.5050e N R*= 0.9995),
EUE y=3.2211e "% (R>=0.7249), v} y=4.1985¢*1%*

2=0.9578), i Z3F y=27.5530e "2 (R>=0.9810) 28] 2 Fh}
2 y=9.9518¢ ¥ (R?=0.9159)0] A1, Z}7te] AL o] &
319 A=E W7lE o, EUE, vk, vz 9 3hiE
Zvzb 269, 1039, 429, 299 2 74Ug I}
(Fig. 1).

o|]Fe] Aol F3F F cyantraniliprole®] AYE3}HZ]
HE7 )= 2.8~3.29 0] .M (Poornima et al., 2025), B2
11492 g2 w71E YRtk (Sardar et al, 2023). &
AT+ Z oAl vk E ez W= o)zl At A
FE wd7|e} visssA| B ARl ol I e
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Y
H
AT
0okl
N

QO Vitamin
@ Sedum
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Fig. 1. Degradation patterns of cyantraniliprole in test crops.
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Table 9. Risk assessment of cyantraniliprole in the test crops

o
T

g Y B

Days after final ~ Highest residue  Daily food intake ADIY EDI” o 9
Test crop application (mg/kg) (kg/day) (mg/kg-b.w./day) 7oADI
21-14 0.06 3.00x107* 0.00005
L 14-7 0.91 4.55x1077 0.00080
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7-0 5.01 2.51x10°° 0.00439
21-14 1.80 1.20x10°¢ 0.00211
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437 7.28x1077 0.00128
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7 6.34 3.28%107 0.05747
Chamnamul 5 6.74 0.00031 0.057 3.48%107 0.06109
3 7.96 4.11x107 0.07215
0 9.79 5.06x107 0.08874
YAcceptable daily intake
YEstimated daily intake
9Risk index; (EDI/ADI) x 100
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2 ¢ Cyantraniliprole T]o]o}ulo] = (diamide)d] AEA 2, lolof=dfgAlo] Adsle] 282 vHA7=
2A8714E 7RItk & dAFeMe AR oA, EUE 3 FUES SER vk B R gideR
cyantraniliprole®] X-F54& Pk, AF ol whe 2oliF =E297HE T ARk 7o) AR A
3k £ HFHE A ES 4813k Cyantraniliprole®] B ZHF3S thlolA 0.02~5.01 mgkg, SLHElA
1.54~3.82 mg/kg, B4 0.06~4.37 mg/kg, B2 0.30~29.34 mg/kg, FHEAA 1.17~9.79 mgkg HZ
AZHATE A3 ZEolA cyantraniliprole®] WH171E 2,6~103U 2 ASEQITE AL HH )& o] dLHHFHFS
0.09% "IREe 2, 57l Aol B Qb 0 2 H7EE T & AT A3 iF A F cyantraniliprole®] QFAA}
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