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Abstract: This study aimed to investigate the residual characteristics and safety assess-
ment of acetamiprid, afidopyropen, and emamectin benzoate in Noni under greenhouse
conditions. The Noni samples were treated with the pesticides twice at 7-day intervals
and harvested on days 0, 7, 14, and 21 after the last treatment. The average recoveries
of all pesticides ranged from 73.2% to 99.1%, which was sufficient for residue analysis.
The residual amounts of acetamiprid, afidopyropen, and emamectin benzoate in noni
were 0.09-0.15 mg/kg, 0.05-0.07 mg/kg, 0.01-0.03 mg/kg, respectively, indicating a ten-

https://doi.org/10.5338/KJEA.2025.44.13 dency for dissipation over time. The biological half-lives of acetamiprid, afidopyropen,
and emamectin benzoate were 28.6, 34.6, and 8.8 days, respectively. The %ADI values
Agric. Environ. Sci. 2025, 44, 121-130 for these pesticides were below 1%, indicating a safe level of residue. These results

provide important fundamental data for the future establishment of PHI (Pre-Harvest
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UoM4], FHECEE HEA dRME, ETH ol AFEHY o] dHA Al
Bl FAISHY 522 AT F42 £l 58S AAAIH ARl sikE A 7Sl she

4 5 AHolths]. 1y k9] Bt ARSI FAER wEv BEY 9 o QA4S st QA 7ol ARt 9%
o 4= Atk SEE QAeHe). o5 AYsty] sl ZHEE SFPHARE 7] % (Pre-Harvest Interval, PHI) ¥} Xt 2H75]-87]%
(Maximum Residue Limit, MRL)Z A745t0] 5°F AR WY} AMEFZ AISEL ATH7]. MRL 42 5°F2] 19 H3518%F
(Acceptable Daily Intake, ADI: mg/kg)& 7|02 o|Fo|A|H, o]F &3l Zt 59| 2b7 FX7F L8[AA v|A= Y=
g7lsic} thREO] oA ADI ZHS 0]85t0] BAME U] %oF 22 =1 0] otA AL Hrlstw QTtHs]. T3k GAP (Good
Agriculture Practices) A|EE 53 HAFEQ] £ E 71, 450 o2& A 7AoA HoFo] Q8-S HA|sl1 2 =&
SRS BUY] T BAAAT TR0 R T Y10

55oF0] AT S-S ANAE 2 5REo] BT 54S Meeky, o et AR BHS B3 L4
ot 2 dAFoAE Yo ARE-H acetamiprid, afidopyropen, emamectin benzoate Al 7}A] &S] Fx E4
Acetamipridi= W] QYT E|Io]E A AFAR, olo] B2 IAFY BE Aol AVl 53 S SR A9E
3] {5 gAlel anpA o). o] FoE M, A4, AAFE =700 U= otEEY -8A(nACh-R)9} BHE:
ABAE vHIAIZ S 2HA BA| a3E YeRdTH11]. Afidopyropen W 2HA 2] A1I7GA HSAH 2, acetamiprid®} PHE7HA| 2
B2 152 PASHT) AFS S, BuS|A o} 28| el A QgteHIl of e meFEh gAY Medoi0070]
539 SER, A 28] A 91%0) Edl= SA4S 7FATHJMPR report, 2019]. Emamectin benzoate:= avermec-
tin A9 ABA ATA, F2 WHLAT % AUF AUSE BT o] AL8E, o] 5L avermectin BlaZ} 0%,
BIb7} 10% B8 TR, GABA 58719k ZREo|= A= Aol Zio] A5} 414 ABE Yook Ao
gTH(13).
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Jl+= acetamiprid 8% 4*3}A|, afidopyropen 2.5% U|EA| @ emamectin benzoate 2.15% A S ARE-SIHTE Al H A2
AEFL 747t A% BANE, FEFAnA HEAA, @ ZoI12E 9 AFZEUT Acetamiprid?] B4R EEE
(100.0%)-S- Wako (Osaka, Japan)oll 4] T-A5FT, afidopyropen EEE(97.1%) 2 TAR] M44010079] HE23E(90.2%)L- BASF
SE Agricultural Solutions (Ludwigshafen, Germany)ollA] Tt15}% O™, emamectin benzoate FF2(94.39%)2 LGC(Augsburg,
UK) 25 745t} ARESHHT:. AlFAl A& 2 3 o]sfehs 542 Table 10 A|AISHA.

Table 1. Chemical structure and physicochemical properties of pesticides

Pesticides Acetamiprid Afidopyropen Emamectin benzoate
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Chemical structure /(lj’ “‘N" N

Molecular weight 222.7 593.7 1008.3 (B1a), 994.2 (B1b)
Melting point 98.9°C 150°C 141-146°C
log Kow 0.80 (25C) 345 5.0 (pH7)
Solubility In water 4,250 mg/L at 25°C In water 25.1 mg/L at 20°C In water 0.024 g/L (pH 7) at 25°C
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AlFof ARESE R-7]-81 acetonitrile fisher scientific (Hampton, USA)S] HPLCH A& ARE-5F311L, formic acid (95%)+
sigma (St. Louis, USA) A& ARSIt} Distilled waters= Z44 A|ZAX(ELGA PURELAB, Lane End, UK)E ©]&35}o]
ZA A et S 3t QUEChERS extract kit (magnesium sulfate 4.0 g, sodium chloride 1.0 g, trisodium citrate dehy-
drate 1.0 g, disodium hydrogencitrate sesquihydrate 0.5 g)2} dispersive SPE (primary secondary amine 25 mg 2 magnesium
sulfate 150 mg)+ Agilent (California, USA) A&S Aol

A A2Q U o] e odgoln], EAARE A% AFEA FEgol AN U AL 5H92olA Stk

=U9] AALEL 25 m x 2 mEo, AR BT 235 wETe 4gsel Agsat. 7 wEro] [T WAL g

259) Aol WA (25 m x 2 m x 25793 F7F AL (05 mE E3He] 55 m x 2 m (11 m)= AT OBl e A Ak

R3] ol 0.5 m oo BEFTE Fustgon], o0z et ASHATHEg 1). $oHE AsHA e AeT
A

z
23] AEstglon, AR Al g2 oF 0.3 MPao| Ut EAFFE 10a 7|ECE acetamiprid®] -9 8 79 A 360 L, 04 A
353 L, afidopyropen= 7 A 380 L, 0¥ A 340 L, emamectin benzoater= 7¢ A 357 L, 0¥ A 373 LE A} F5FA A
X2 AE= 0,7 14 H 219 ZHH 02 SN, ZF A ZFHolA 500 g o] AlmE 36HE F AT AFH Alere A
T T2folofo]AF ¥o] BA 7| (Shinil, Korea) = wE3}6IAL, -20°C YEaLo] Histo] JARsof B4E Az ARESHHH:

Centrpl Buifar zong

am

we wmy

7171 ZZF3HA| (Instrumental limit of quantitation, ILOQ)= I ZutE 1A} 13 WA 9] signal to noise ratio (S/N)7} 10X}
B2 T2 AASAL 717] Al FUFE Foto] H4HEF (Minimum Detectable Amount, MDA)S AFESI3IH-
244] G (Method Limit of Quantitation, MLOQE HAAEF, ARZUF, A2A2F, HEABEAF 2 2oz
o e B4 Bl SEUSE Deste] ole] AL oJ8) ASsc
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A A2 AR 59 FolEd 40 Ak LC-MS/MSE -3t tdH 7 e H (Matrix matched calibration)]
wha} A5G THMEDS, 2016]. BEES 28] A|5E 3]4]5}0], acetamiprid= 0.0025, 0.005, 0.01, 0.025, 0.05, 0.1 mg/L2]
matrix matched E&-8H-& ZA|, afidopyropens THAFAQl M44010072} &35}10] 0.0025, 0.005, 0.01, 0.025, 0.05, 0.1 mg/LY]
matrix matched F5-89%-2 XA, emamectin benzoate 0.004, 0.005, 0.010, 0.025, 0.05, 0.075 mg/L2] matrix matched 58
< ZAISHA. 2AISE BEEHL 247 2.0 plA LC-MS/MSO| F9J5191, o|F Yepd A2rtE 1A} 13 WS 7|Eo =
EEAFAS AL S48 NS FUBRE A AR 10 gl 247 10, 100 mgLe] EEGIAL 01 mLA FI5tol
4% 557} 001 9 0.1 mghkgol TS B A2g F op] AREFRAHO R BAAT
XROrEA Al

AN A2 Alm A5 SOl UL, A FAE] A= 10 gofl 100 mg/Lo] EFEAZ 0.1 mLA F45}o

Y%t 2402 PF5HIASIAT. Acetamiprid= 46Y, afidopyr-
opens> 529, emamectin benzoates= 75¢ &<t -20°ColA FFEASIA 517 AFFHEATR 2 A7 B Alm F
59 HFES EASHA

T CLITIE

dA5}SE =Y A& 10 gof| acetonitrile 10 mL& 7}stal 287 g &35 E 53 A/ 20| QuEChERS kit®} ceramic
homogenizer (Chromatific; Heidenrod, Germany)E 37}3F & 660 rpmC.2 187F A& F&0}13, 4,000 rpm O 2 10E7F Y4AE
2] skt AR AlRAA 45H 1 mLE FI7F T d-SPE kito] ¥, 2,500 rpm O 2 587+ AFEE F 10,000 rpmOA]
287 AAEF oMt A5 U 0.2 pm syringe filter (Whatman; Maidstone, UK)Z ©{3}5}11, acetonitrileZ 3]4] 5} X519
T} LC-MS/MS= EVOQ LC-TQ (Bruker; Massachusetts, USA) 7]7]& ©]-85}% 21, column agilent eclipse plus C18 RRHD
(2.1 x 100 mm, 1.8 pm, Agilent; California, USA)E AFE-5I T} 0542 0.1% formic acid7} X 32} 557429} acetonitriles
ARESEAAL, 717124 2702 Table 29} 30 A|AISHRITE 52F] b7 matrix matched A4S 0]-8-5to] A4lstiTt. HARA]

Table 2. LC-MS/MS operating conditions for analyzing the pesticides

Instrument Bruker EVOQ LC-TQ (Massachusetts, USA)
Column Agilent Eclipse plus C18 RRHD (2.1 x 100 mm, 1.8 um)
Column temperature 40°C
Injection volume 2L
Mobile phase A 0.1% formic acid in water
Mobile phase B 0.1% formic acid in acetonitrile
Time (min) A gradient (%) B gradient (%)

0.0 95 5
1.0 95 5

Gradient conditions >0 >0 >0
8.5 0 100
9.5 0 100
9.6 95 5
12.6 95 5

Flow rate 300 pL/min
lonization mode ESI Positive ESI Negative
Acetamiprid Emamectin benzoate Afidopyropen M4401007
MS-ESI lon spray voltage 4,000V
Nebulizer gas flow 50
Cone temperature 220°C

https://doi.org/10.5338/KJEA.2025.44.13
Agric. Environ. Sci. 2025, 44, 121-130

124 https://www korseaj.org



Article

Table 3. MRM conditions of the pesticides for analyzing with LC-MS/MS

Pesticides Precursor ion (m/z) Quantitation ion (m/z) CE? (V) Qualitative ion (m/z) CE(V)
Acetamiprid 2229 126.0 25 99.0 1
Afidopyropen 594.0 201.9 35 147.9 42
M4401007 1187.2 575.9 22 202.0 50
Emamectin benzoate B1a 886.1 158.0 35 82.2 43
Emamectin benzoate B1b 872.1 158.0 32 82.2 43

? Collision Energy.

=
=

SFo}= afidopyropen?] & X2 5E%137% 5] WFE Ao o AAIE A (NAS, 2018)0] w2l M4401007 -5
| AHAIS= 058 F3t 3LE Tlofl AH&5F% . Emamectin benzoate®] & ZHR-F2 Bla®} B1b9] I3 HWA-E dhoto] AEsIATH

e

FZ ok Arx Az HE A7} U0 w2 H0ERIEEES first-order kinetics modelo] Z-85f0] RA=7EA F|FAC, = G - €*,
C: 75, Co 27185, k AL, ¢ AZHE Fo1L, AFEE kg In2/k Ao tiisto] BEsHE w7 & ALksta T 4]

LEyo] i3t AEA 359 AL AU F 5]-8%F (Acceptable Daily Intake, ADI) thH] U YA F 37 T (Estimated Daily
Intake, EDI)Ql %ADIZ AFESFITH15]. ADI= AlF kg T oFF AHF deFor, EUZHNA AR g5 ARESHAT
EDI 32 Ff(mg/ke)dt LT (g/day)S 57 & Syt 42l B+t AF 62.5 kgl = o] AFE5H3i=t, =49
LA FHFL oFd A=A ol FARES 9] ALAHFT 0.04 g/dayE 7|E 22 SHITHKHIDI, 2021].

%ADI = EDI / ADI x 100 (%)

Acetamiprid, afidopyropen, M4401007 ¥ emamectin benzoate2] MDAE matrix matched 58-S 7|E0 2 0I5 A},
TE 001 ng2 SQEYCH, MLOQE BE AJEoA] 0.01 mg/kgl 2 AHEE| Q1T Matrix matched 5809 J 2 utE I A;
N3 WAE jE0R Y BEAGME YUY RE ROIA 099 o4O |9 FEFYOH, YT BYARE
Table 49] A|AISIAH. FE 5X=7F 001 E 0.1 mg/kge] HEE 3ot S|+EA -2 acetamipridol| A 84.9% L 93.7%, afidopyr-
open©l|A] 73.2% L 89.3%, M4401007°| 4] 82.0% L 89.6%, emamectin benzoateo|A] 96.1% L 99.1%2] H3]+E&S YErH oM,
A EEH A (Relative Standard Deviation, RSD)+= HA|Z 02 0.9-82%F AFE% TtH Table 5). o= A4 34 HY 70~120%
0 AP EERR 10% o] o] Seoh AT, FHeEE FAY JIEMEDS, 2017)& FE3I0, FA0] £ AToIA A8

Table 4. Calibration curve of method validation from the pesticides in Noni

Pesticides Linear equation R?
Acetamiprid y =2,151,793.8649x + 1,080.6437 R?=0.9998
Afidopyropen y=674,798.9701x + 617.7327 R?=0.9976
M4401007 y =572,462.4982x - 597.5103 R?=0.9999
Emamectin benzoate y =3,298,695.9552x + 1,352.0445 R?=0.9998
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Table 5. Recovery rate of the analytical method

Recovery (%)
Pesticides Fortification level (mg/kg) LOQ? (mg/kg)
Mean + SD” RSD"” (%)

Acetamiprid 849+33 39 0.1
Afidopyropen 001 73.2+3.8 6.3 0.1
M4001007 82.0x55 8.2 0.1
Emamectin benzoate 96.1+2.2 23 0.1
Acetamiprid 93.7+43 4.6 0.1
Afidopyropen o 89.3+0.7 0.9 0.1
M4001007 89.6 £ 4.1 5.7 0.1
Emamectin benzoate 99.1+4.1 4.1 0.1

 Standard Deviation, ® Relative Standard Deviation, ¢ Limit of Quantitation.

AEA Sl JAFeeE BAsIol Adet Aos Hodr.

Algisore] Kol

AN Amre AFH ZTLREH 46~7547F A% & B2 A5} Acetamiprids 4647 B3 & 86.4%, afidopyr-
open @ THARA] M4401007+ 52U7F B & 85.1% L 84.4%, emamectin benzoate:= 75U7F B & 88.4%2] HA34+E&S
e 0w, 4221 RSD= 1-6% O|W ATH(Table 6). o2t Aif= A[F/EC] AG7|3F 5t Eofi=]A] ¥l Ao g {X|
H9lee o] Agergael GFashcka HerE

LY AAFAA 5 acetamiprid, afidopyropen, emamectin benzoateE QFAARE-7|F0] Y13 7Y 7HAHO0 R 23] AxE3E & 5.\—
011}‘:3 e WSS EA45)%tH(Table 7). Acetamiprid®] -9, AX T HAAHFIHFS 0.15 mg/kge|R o, 74, 14Y
19 A3} Fojl= 7F2} 0.12 mg/kg, 0.10 mg/kg D 0.09 mg/kgP &, 27| ZFaF thH] 40% 7Ast ATES Kt} AﬁdOpympean
AL, AT FA FAZFZL 0.07 mgkeo]lon, 7Y, 14 W 219 A3} Fojl= 212} 0.07 mg/ke, 0.06 mg/kg H 0.05 mg/kg O
2, 27| Zb57F tiH] 29% FA5HA AL, ARl M4401007-> 5 HETHA wlgke] Q). o Hio] wEw, oS, 115
4 E3of| afidopyropens A S W afidopyropen®] FHFego] 10 ool 90%7} A JZoIE E+otal, HARARI
M4401007= AESE A L9ttH16,17]. )23t A2HEL Z£¢sto] £ o], ZE0]A] afidopyropen] THAFAQl M44010072] E3f
&L 7t uj @ wE Ao g Wurm, o]2 Q) LYoME A7 AESEHA] ¢ Ao 7 AR ETE Emamectin benzoate2]
AL Am g uﬂ%%%%& 0.03 mg/kge]jom, 79 A 14Y A3} Fojl= ZH2} 0.01 mgkgl 2 SA3H T, 219 A} Fof=
MLOQ ©]5k(<0.01 mg/kg)= AT Yo AlY 599 Bo2hFaE Attt Aol Hlou, 2E AME &
Aol A itol| wet zhRo] Ashs Ade UEth 53], acetamiprid= UM A £ wofo] v JH 02 &2 IAFF
= Elth of2f3t Zpol= 7t Aol 23 Al RO R ApoloflA] 71t Ao wtE) woke] MRk A= FH,

WE, Jﬁ)_‘

Table 6. Storage stability of the pesticides in Noni

Recovery (%)

Pesticides Fortification level (mg/kg) Storage period (days)
b 9ep Y Mean + SD* RSD” (%)
Acetamiprid 46 86.4+0.9 1.1
Afidopyropen 85.1+0.9 1.3
Pyop 0.1 52
M4001007 844 +3.6 5.2
Emamectin benzoate 75 88.4+4.38 54

3 Standard Deviation, ® Relative Standard Deviation.
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Table 7. Residual characteristics of the pesticides in Noni

Residual amounts (mg/kg)

Pesticides Days after final application ] 5 3 Mean + SD?
0 0.16 0.15 0.14 0.15+0.01
7 0.12 0.12 0.14 0.12+0.01

Acetamiprid
14 0.09 0.1 0.1 0.10+0.01
21 0.08 0.09 0.09 0.09+0.01
0 0.07 0.07 0.07 0.07 £0.00
7 0.07 0.07 0.07 0.07 £0.00
Afidopyropen

14 0.05 0.06 0.06 0.06 +0.01
21 0.05 0.04 0.04 0.04 £ 0.00
0 <0.01 <0.01 <0.01 <0.01
7 <0.01 <0.01 <0.01 <0.01

M4001007
14 <0.01 <0.01 <0.01 <0.01
21 <0.01 <0.01 <0.01 <0.01
0 0.07 0.07 0.07 0.07 £0.00
7 0.07 0.07 0.07 0.07 £0.00

Total Afidopyropen
14 0.05 0.07 0.06 0.06 +0.01
21 0.05 0.05 0.05 0.05 +0.00
0 0.03 0.03 0.03 0.03 £0.00
7 0.01 0.01 0.01 0.01 £0.00
Emamectin benzoate

14 0.01 0.01 0.01 0.01 £0.00
21 <0.01 <0.01 <0.01 0.00 £ 0.00

@ Standard Deviation.

A, 714 24 Foll oo G wor], B3] AT WY HoIA tehts SARIL AFY diol R

e 1820, AAANE e EAC) FTE A W) G 9t el O Bore) AUL 4E Ao
ot W, U 27 3% AN A Jetrbl 44712 HolEn] 4 SErt Eabes S40] Qick21). ol
42 90|, nEEY, SAY 53 ol A AP AR Uehit sjdavieks chach Beken[1522,23),
o 4 54O Qo M) O3 AR Yot A F AR wErH

—

r

o
of
2y ‘I

-1 o]|A] acetamiprid, afidopyropen, emamectin benzoate®] F-FAAEASS BR157]| Yol BAAFHS 7|02 ARdA
3 AL AFESHAL(Fig. 2), o1& B3l 229 skl tigt WH7IE AAMSHATE Acetamipridis y = 0.1451 - e (R’=
0.9600), afidopyropen y = 0.0772 « ¢ **" (R*=0.8597), emamectin benzoatet=y = 0.0249 - & *"** (R*=0.9227) 3|74 AU3lo
o, 0|5 &5l AFEE WI7]= 47 2869, 346, 88| o] FES o] AtolA HiiH ¥Hv|el Blwe o ZiA o
2 70 9712 UeRich, o2 Sol, acetamipridis A4 2o} 9 A4 EoHEOIA] 242t 129 B 1.042[24,25). afidopyr-
opene XA ulist Wi} Qo|ofA ZrZt 1.459Y, 1.1¥€[26,27], emamectin benzoate: = A|AuliSE Fulj, 3+ U Aof A Z4z)
L1%, 1.39Y, 2.0~879% HIEQUTH28-30]. BAibEolA 5oFe] BESH Wd7|= A, Ax2A7], Al JH|, 2= 12,
3 WA, 5247 S Tkt Qlol njet 2ebto). duEo R 2] Aol £om M B Yeh: Aol
QAT B ATe] 27 WRFS BlTA £ Szl oori2431,32), UA AT Hsh 2ol U 4 270 Hla}
ko] 4% S5} ESEER[1), S| HFE BIp} FolSol ArlHoz W} LolAe Ao FYE. B,
AR BN W AT ke oke] Fual oA 2 e Ba opel ]9 We glo] To] HHHOE Ho|
A FA sto] woFe] FEIAE HE AAAIA WTI7F ojFS Aow WHEHT33].
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0.200 oAcetamiprid AAfidopyropen DOEmamectin benzoate

)

=

g’ 0.150 ¢

- - ] y = 0.1451 e-0-0242x

= % R?=0.9600

3

2 0.100 %

g )S I y = 0.0772 g-0.0200x

a 0050 .............‘.......,,é

2 it y = 0.0249 g-0.0786x
[ g @ R®=0.9227
0 5 10 15 20 25

Days after application

Fig. 2. Dissipation curves of acetamiprid, afidopyropen, and emamectin benzoate in Noni after the final application.

525704 LAt acetamiprid, afidopyropen, emamectin benzoate2] Y UAH ]8> 22} 0.071 mg/kg-b.w./day, 0.08
mg/kg -b.w./day, 0.0025 mg/kg-b.w./dayZ A F o] Ut} QLAHFFATFL HAAFFT FARES] 209 dAHFTH0.04
g/day)= 58 &, Suet 442l Bt AS(62.5 kg) 2= Wro] Absth dLYAHF 8T dLHFFEF=S ol8sto] Z+
599 %ADI 32 AHE3E AL, acetamipridof 4] 0.00008~0.00013%, afidopyropen®]lA] 0.00004~0.00006%, emamectin benzoate
o]l A4 0.00008~0.00075% 5% & EFGTHTable 8). FAO/WHOO A= %ADI Zko] 10% Bt 39 R0k wh& Q]dAdo]
= #9421 Bertn Sada 1 AR, & Ik G il A A S BRe2E 24 94
ool ek & 4 Uk Bl, AR %ADI gto] B 19% w0, 1] A} B HHAHo] 83| HuE Ao
ToEY B3, Ry dibAo s AlA 2 7SS AA AFE7] g, o] IAoA woFY IR w7t AA Aa 5:\—
UTHBE5]. wEbA AR 3 dACAE HE kT Aog oidEH

B ATFo|A] BR1H acetamiprid, afidopyropen, emamectin benzoate®] F-FEA 9 W7
5l87e= AAsket 583 7|24 E ZoE AlRdHh

iy

K M=

Table 8. Risk assessment of the pesticides in Noni

Pesticides Days after final application ADP EDI (mg/day - bw/day)” %ADI
0 9.4x10°® 0.00013
7 7.7x10°® 0.00011
Acetamiprid 0.071 s
14 6.4x10" 0.00009
21 5.8x10°® 0.00008
0 45%x10°® 0.00006
7 45%x10°® 0.00006
Afidopyropen 0.08 s
14 3.8x10" 0.00005
21 3.2x10°® 0.00004
0 1.9x10® 0.00075
6.4x107 0.00026
Emamectin benzoate 0.0025 5
14 6.4x10° 0.00026
21 1.9x10° 0.00008

9 Acceptable Daily Intake, ® Estimated Daily Intake.
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