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Determination of Dislodgeale Foliar Residue and Dissipation Rate
of Cyantraniliprole in Lettuce for Worker Risk Assessment
and Re-entry Interval Estimation
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Abstract In our study, We evaluated the dislodgeable foliar residue (DFR) and dissipation rate (DTs,) of
cyantraniliprole formulations (5% dispersible concentrate, DC; 5% emulsifiable concentrate, EC) in greenhouse-grown
lettuce. These parameters were analyzed to assess risk to workers and to estimate re-entry intervals (REI) to
compare the impact of measured input values to that of default values. The pesticides were applied to lettuce
at the recommended dilution rates. Following the application of pesticides, Samples were collected at 0, 1, 2,
3, 5, 7, and 10 days) and quantified by LC-MS/MS(liquid chromatography-mass spectrometry). Method
validation showed recoveries above 90% with relative standard deviations <5%. Mean DFR values at day O
were 0.950 and 0.919 pg/cm*a.ikg/ha for DC and EC, respectively. By day 10, DFR decreased to 0.173
(DC) and 0.091 pg/cm*a.i.kg/ha (EC), with corresponding dissipation rates of 81.8% and 90.1%, respectively.
The estimated DTs, values were 4.6 days for DC and 3.3 days for EC. Using the CropLife Europe OPEX
calculator, we calculated % AOEL(acceptable operator exposure level) and REIs under three scenarios: no
protective clothing, protective clothing without gloves, and protective clothing with gloves. When EFSA(european
food safety authority) default values (DFR 3 pg/cm*a.i.kg/ha; DTs, 30 days) were applied, % AOEL values
were 272.9%, 118.9%, and 29.3%, yielding REIs of 44, 8, and 0 days, respectively. In contrast, application of
measured DFR and DT;, values resulted in % AOEL < 100% across all scenarios, with an REI of 0 days.
Our study demonstrates that the use of empirical DFR and DTs, values improves the accuracy of assessments
of risk to worker, making it pivotal to establish a framework that reflects the condition of domestic
cultivation by constantly collecting and evaluating such data.
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AlE SHAIZE  cyantraniliprole 5%  EAMd A 9}
cyantraniliprole 5% +#|E AFE-3l%1t}. Cyantraniliprole
ETE-L Sigma-Aldrich(St. Louis, MO, USA)IA] analytical
standard gradeE Tvi3te] AH8-31 T} MethanolZ} distilled
water= Fisher Scientific(Waltham, MA, USA)2] HPLC
gradeS ARE-319. 9™, QUEChERS EN extraction kit
Agilent(San Francisco, CA, USA) A &S AM-318 . 3
dioctyl sulfosuccinate sodium salt(aerosol™ OT)= Fisher
Scientific(Waltham, MA, USA)2] A& AMEsIY. &
U= VIBA X.30v(Collomix, Gaimersheim, Germany),
YAE2)7]E= Combi-514R(Hanil Scientific, Gimpo, Korea)S-
ARE-sISAT
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412 AB Sciex Triple Quad™ 4500 LC-MS/MS A2~
H3H(AB Sciex, Framingham, MA, USA)Z} UPLC A]2H]
(Shimadzu SCL-40, Shimadzu, Kyoto, Japan)S ©]-83}<]
T35t 2He XSelect® CSH™ C18 (2.5 um, 2.1 x
100 mm, Waters, Miliford, MA, USA)S AF&3IT} o]
32 (A) 0.1% formic acid 2 5 mM ammonium acetate”}
e =3 (B) 0.1% formic acid ¥ 5 mM ammonium
acetate”} $H+¥ methanolZ A oH, o] 54 2 7|E}
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Table 1. Instrumental condition
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Instrument AB Sciex Triple QuadTM 4500 LC/MS with Shimadzu SCL-40 UPLC
Column Xselect® CSHTM C18 2.5 um 2.1 x 100 mm
Mobile phase A 0.1% formic acid + 5 mM ammonium acetate in water
Mobile phase B 0.1% formic acid + 5 mM ammonium acetate in methanol
Initial 90.0 10.0 0.2
. 2.0 40.0 60.0 0.2
Gradient
5.0 0 100.0 0.2
7.0 0 100.0 0.2
7.1 90 10.0 0.2
10.0 90.0 10.0 0.2
Column temp (°C) 40
ITonization mode ESI positive
Ton spray voltage (V) 5500
Curtain gas (L/hr) 35
Source temp. (°C) 400
MRM conditions
Compounds Cyantraniliprole
Retention time (min) 4.84
Parent ion (m/z) 472.9
Daughter ion (m/z) 283.8
Declustering potential energy (V) 95
Collision energy(V) 24
(Punong Co., Ltd., Gyeongju, Korea)S Z%13F 3 955313t} FEste] g F 7] EE(n = 3)E FHEAH. AR
I oF 309 F ZF FE(I1 x 10 empel] B stslom, A P FFAE F0,1,2,3,5 72 10430 359k
A 5 of 40o] AT Aol ZET ¢ 57h 5ol ool AR S8 7t XEF 4F 9 350% FAIR A4
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Institutes of Health, USA)E o]&3lo] Z4315it). -84
AEE 8 Y polyethylene ¥l Hol A A28t}

Alze X2 % 2MH AS
A3 o] ©71 polyethylene Hol aerosol OT solution

0.02% & 100 mLE #H71sF F 240 rpmellA] 20 min 18
sl 12} F28 T & F 45 10 mLE 50 mL
falcon tubeZ %72, polyethylene ¥l Hol & F=
N mF AAGIT. o]F Avk o}l = polyethylene
Hol| aerosol OT solution 0.02% &< 100 mLE ThA] 7}
alo] FU3F 27 (240 rpm, 20 min)ollA 23} F5S S8}
AL, 459 10 mLE 50 mL falcon tube® AT 12} &
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22} FZMo] D71 falcon tube®l] ZHZ} acetonitrile 10 mLE
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Table 2. Recovery and precision of the analytical method for cyantraniliprole in lettuce
Recovery(%)
Fortified E .
Level Xtraction | ) 3 4 5 Sumaverage -y, Calibration 2
(%) equation
™ 82.7 83.0 86.2 80.4 86.3
LOQ 2nd 13.8 13.2 11.8 12.6 11.5 96.3 2.1
Sum 96.5 96.2 98.0 93.0 97.8
y=2557x —6182.1  0.9998
* 79.9 83.8 85.7 75.7 822
5LOQ 2n 9.7 10.3 9.8 10.5 10.6 91.6 4.1
Sum 89.6 94.1 95.6 86.1 92.6
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Table 3. Comparison of extraction efficiency between aersol
OT solution concentration

iz =
LjTﬁ

Aerosol OT . Recovery(%)
lution (% Extraction
solution (%) 1 B 3
I 55.6 52.8 65.2
2nd 13.5 15.9 16.4
0.01 .y
3 6.3 4.2 7.8
Sum 75.3 72.9 89.4
I 92.8 88.2 87.8
0.02 ond 17.5 10.6 8.7
Sum 110.3 98.8 96.5
AxgHe FHE 98l aerosol OT solution L] WE

FEANTHE vl A6 2 A3 aerosol OT solution
0.01%= 30 min, 33] §Hg FZ319S 49 F 80% <
IS eI vHH | aerosol OT solution 0.02%=
20 min, 23] WHE FE02 A% oF 100%2] 2]5&0]
A= A (Table 3). WEbA £ AFo|A = aerosol OT
solution 0.02%% Z&F= ZASE A3l cyantranilprole
o] HHR AHEA At -89
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Table 49l A|A1SFAT}. Cyantraniliprole F-AH3 214 2] DFR 02
2} Hake 0950 pg/em*aikgmha ©11. 2, Cyantraniliprole
A9l DFR 0¥3} H#F7-2 0919 pg/em¥aikghaZ F
A @7 23k DFR 2jo|= HA2EA] %‘akﬂ(t-tesg p =0935).
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o E NS sl we Zﬂ“ﬂ’g S ET= Al
3739 Fo] AujHoRE ALY Yo Fo|Hrh
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Cyantraniliprole®] ¥ 77 24573 Table 59 Fig. 19
AABIA T, Ea Al 22 2] DFRE 044 0.950 pg/
cm¥/a.ikg/haSlom, 1083} 0.173 pg/em¥aikghaz 74
3lo] 81.8%9] g2 HETE A A2l7-9] DFR2 044t
0.919 pglem*aikghadllA 10€2} 0.091 pg/em¥aikgha® 74

[e}

o
=2 1o

%
P

RO

:d K o
X

N
_ti?o:lmrﬂﬁ

>1 m1° i

o

Table 4. DFR and DT5, of cyantraniliprole 5% DC and cyantraniliprole 5% EC

Pesticide Residue amount  Leaf area Residue amount per Conversion DFR Average DFR
Product (ng) (cm?) leaf area (pg/cm?) factor? (ug/em*/aikg/ha)  (ug/em¥/aikg/ha)
11.3 387.0 0.029 0.975
DC 18.6 446.7 0.042 333 1.386 0.950
5.4 368.6 0.015 0.490
28.3 329.5 0.086 1.432
EC 19.2 515.7 0.037 16.7 0.623 0917
18.3 436.0 0.042 0.701

JConversion factor = 1/application rate(L/ha) / dilution factor x active ingredient content rate (%) / 100



Table 5. DFR residue amount on each harvest day

Cyantraniliprole 5% DC? Cyantarniliprole 5% EC®

Day (ug/em?/a.ikg/ha) (ug/em?/a.ikg/ha)
0 0.950 0.919
1 0.639 0.542
2 0.645 0.459
3 0.378 0.438
5 0.351 0.286
7 0.322 0.185
10 0.173 0.091
DTs 4.55 327
“Dispersible concentrate
»Emulsifiable concentrate
3t 90.1%] #Hag-S BTk AAA 2y el 12h vk

2] (first-order kinetic modelyS %83+ A}, Cyantraniliprole]
AUZF DTy BAMIAA 4.6Y, ”(l?l’z‘" 3342 AFEHo

M

2 FEES 52 5ol o vHolst A S EFelRE,
e U 2 2 B AHHoR vlaske dede
SA7F itk Wb 9w DFR &4 EAd tid o=
Sgst7] fal S g =S e g FUF A7
7k st
SHAUX 2ol  MEY 7|2k

B oM =3 DFR ¥ DTy, @+ CropLife OPEX

calculatordl] JEE ] F2AA} a4 H7H% AOEL)S} Al

19717 2Hg o Eg59lem™, 71 A3= Fig. 29} Table 691
AABATE. 0-102 2t A58 DFR #h& 12F W82

A8-3te] R DTy —‘é’— 2281903, E2E DFRSE DTy
£ OPEX calculatorl] ¢ ??j O 2 A|I7F Ao W AAl
i%%hl ALFERJ AAEE AeE e ATos At

< AOEL H]|3l % AOEL(X A=ZF/AOEL x 100)2

AN R, QAL 717 A)7F 7zt whE 9% AOEL 744
s Folste] s ol 100% ©]8tE 7Hadhs Hx

o= T v

FAZE Ao e 2SR Bt AAE Az gsisis
B AFoA] A=EE cyantraniliprole®] FHAF DTspe A =& AU (1) BEE mE (i) G
AEE AT WL DTo@IF 35-429, 44 A9F B Re, (i) AU 28RS BT F89
30-549, W& 449)37 $AE FFo e ARHCkKumar A 2HoE 4 }Oﬂt} EFSA A% 7|&5te 483 739,
et al., 2021; Kwannimit et al., 2022; Zhu et al., 2025). A AU 204 % AOELS ZFz: 272.9%, 118.9%, 29.3%=
Jel AERE DTS 242 B o] EAleke 4%
272.9
o] A ukdsh= uhA, DFR 718 DTy & EHoA 0
- - W EFSA default
X}ﬁ]}oﬂﬂ] Z‘] O] 7]’~6]— ] %‘4 /\/\] :'E‘l‘ (‘)L% E]_]_—Og 1}% 505, W Measured data (5% DC)
ol ZJo]E H2It}, Badawy et al(2022)= DFR] 747} Z Measured data (5% EC)
HREA] sebY Bai A 0 oAbl gk 24 om 3
she Re ohel, 9 HRle] FHa] ARl AelsA | 22 e
e e AL AN 5, DFRE o el =
10.8 10.5
Hh e RS AR SRV AT S 0
_ Potential exposure(no PPE)  Arms, body and legs covered Arms, body and legs covered
é@@l— X]E ]1:11 ] _.,}24 oﬂ }\1 U:]oﬂ ?51]—’ 3/__7(1— g;g §]_ (no gloves) (with gloves)
Zo) oo Zal B ABEL Ezedztol|A] Ho|H R Fig. 2: Corn.pari;j)lilsgf gstfimlated % AOEL across exposurg
ol Ao == o) scenarios using efaults parameters versus measure
we o g O}:il 2t ) DFR values for cyantraniliprole formulations (5% DC, dispersible
olggt g 7T v, I AFE AAE ¥H 1 concentrate; 5% EC, emulsifiable concentrate).
(A) (B)
1.00 1.00
* 'Y
0.80 0.80
§.’ 0:80 . . y =0.8003e 0161 §° 0.60
3 T R?= 0.9322 s ® . y =0.7846e 0212
~ . NE . R*=0.9799
Fom o g .
s 0 T e = 1 Tt .'~-.
020 [ e . 020 ...,
................. °
0.00 0.00
0 2 4 6 8 10 0 2 4 6 8 10
Day Day

Fig. 1. Dissipation pattern of cyantraniliprole 5% dispersible concentrate (A), cyantraniliprole 5% emulsifiable concentrate (B).
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Table 6. Re-entry intervals (REI) for cyantraniliprole in lettuce
calculated by EFSA default of DFR and DTs, values, DFR and
DTs, values obtained from cyantranilprole 5% dispersible
concentrate and cyantraniliprole 5% emulsifiable concentrate

Potential PPE? PPE?

DATA eXDOSUTE without with

P glove glove
EFSA default values 44 8 0
Cyantranilprole 5% DC 0 0 0
Cyantraniliprole 5% EC® 0 0 0

YPersonal protection equipment (arms, body and legs covered)
"Dispersible concentrate
9Emulsifiable concentrate

o0
e

AFEE 20T (Fig. 2), ol W ARY7)7H 247t 44,
2 0¥ 2 e tH(Table 6). ¥HH, cyantraniliprole 5% &
AoA 2 fAe] A2 DFRF DTy 283 4, =
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