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Abstract In accordance with Appendix 14 of the Registration Standards of Pesticides and Active Ingredients, we
investigated the residue characteristics of the fungicide iminoctadine in greenhouse-grown kiwifruit (Actinidia spp.)
and proposed a candidate maximum residue limit (MRL) and pre-harvest interval (PHI) to reflect the current
cultivation conditions. An iminoctadine tris (albesilate) 40% wettable powder was applied twice at 10-day intervals in
three greenhouse sites. We analyzed the residues by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
at 30, 60 and 90 days, following the last application. The method validation satisfied the criteria of the Food and
Agriculture Organization (FAO) (2017) guideline. The residue levels decreased from 30 to 90 days. However, one
site still showed a residue level of 0.38 mg/kg at 90 days, exceeding the current MRL of 0.3 mg/kg. These results
demonstrate a discrepancy with the current PHI (30 days, 5 applications) and MRL, emphasizing the need to reassess
these standards. Using the Organisation for Economic Co-operation and Development (OECD) MRL calculator, the
estimated MRL from the 90-day data (0.8 mg/kg) was lower than that from the 60-day data (1.5 mg/kg). This 90-day
MRL was considered a candidate MRL, given the statistical uncertainty of the small three-site dataset. When the
optimal disease control period was compared with the actual harvest time, we noted that extending the PHI to 90 days
does not deviate from existing control practices. On the basis of our findings, we proposed two applications with a
PHI of 90 days and a candidate MRL of 0.8 mg/kg for greenhouse-grown kiwifruit. Additional independent field
trials and dietary risk assessment are required to establish these standards. The findings of our study could serve as
scientific evidence to revise the MRL and PHI for iminoctadine tris (albesilate) in greenhouse-grown kiwifruit.

Key words: Greenhouse cultivation, Iminoctadine tris (albesilate), Kiwifruit, Maximum residue limit (MRL),
Pre-harvest interval (PHI)
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residue limit, MRL) 3 FHARE-7] (pre-harvest interval,
PHI)S AAste] #2)sta Jrh(Kim et al., 2021). ©]2{3
71 Al woF ARAIE A9 2R AR AE
T T R A ARSI B AR Fe ek ofuet
ZHE0] A Wl A = gEHE S Q1oJ(RDA, 2026b),
A of A (MG A, 24, HI7H S )ellx] B Al
7Fs et 2 AR 7hs Aol & AlAN] 2dolM Al
SHEE 43I SITHRDA, 2016).

Iminoctadine> FRAC(Fungicide Resistance Action
Committee) F-7" Group M079] 3]E3l= bis-guanidine] A
TAZ o524 34 (multi-site contact activity)yS 7}
2w WA o] A x 75 weheho 24 WA 3 3E v
Y= Aoz 4eiA ATHFRAC, 2026). 224 bis-guanidine
Al Al 95 WA G3fol| = Eetal I FHEe| At
okl S sl EA7E Slod, o1& ANl sl daHAlA
e A F8E S oRlE W iminoctadine  tris
(albesilate)7} 7i2=]o] A AF831=]o] ATh(Yoshioka et al.,
1987). TFaF =l 75 4 9] (Residue definition)= 42| A
Fej7h o2t ®kgke<l iminoctadine® & A E] glon
Z(MFDS, 2026), ¥ A7l X% iminoctadineS ¥4 UPEZ =
3153t 20268 715 =] iminoctadine tris (albesilatey= AR,
=k QI 7191 9 Zreol] A agold, SV Fof WA
EAog FEEo] Jon, 2 F 719X e FETFEE WA
£0=2 AREH 7]1$] ¥ iminoctadine®] MRLS 0.3 mg/kg
o|H, PHIE= <72t 302 4714 53] ol A2jskes 4= o
ATHRDA, 2026¢; MFDS, 2026).

7191 (Actinidia spp.)= B=4 HHHATE dol9=
(4. deliciosa), ZE16A(A. chinensis var. chinensis) 5 TFdet
FEol A= o, A A 719 AE AL 20249
713 287,000 ha, AAFEES 446.75F =0 3 Ad 2097F
A&7el 27142 Holx UTKRDA, 2020; FAO, 2025).
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olXH AAH R AH7} S ETA, S=4t 7190 FF
T S7IKE FAIE Holal k. s 719 FE R 20204
389.02 0014 20241 456.6% 0% Z713FAtHaT, 2026).

=9 719G 3 =AdA F= ApE oy
1999 o] 5 AldAful2e] Zgte] EASIEJATHRDA, 2013).
AR A B2 1990 813 haollA] 20124 1,147 ha® et
Al S W, 7R 717 ALk S EollA] 2vk 2H &
o2 AR 7H}EA F7FIN o) WA ok Al A )
kol ki BEX] ALY o] T 8]lo|id Aos B
FATHRDA, 2013). AAE 745l 2Jgh seke] z114
2 (washing-off)o] #gH=]o], FUe AEZXZANNE =)
HlETh 2R F ekl A4 St m2|a 2REo] o
=A FAEE Aol HIHETHLee et al, 2011; Allen et al.,
2015). 53, 555 FollA] =A AR A Al 2T
SE7F A UEThe d7EHE SATHCui et al,
2024). 231} iminoctadine tris (albesilate)el] theh A3YA++=
T2 el gk WA E I 2872 el o] B
# 10 (Zhu et al, 2019; Zhang et al., 2024), 2+ F M7
a2 EAJol] ek A ERIER ekl

oo & Aie &3
E71F, [H3E 14]9] AR A8 dF] uief, Al
el ZA0 719 = 2#A] iminoctadine®] 5 B4 2
2T HAIA ] $ 724 (days after last application, DALA)]
w2 AR HelE WUkl olE B AlA] 719
A& 7VFed MRL 2 PHI SRS Aokl 918 7124}
B2E dr3ua 39

Table 1. Physicochemical properties of iminoctadine and iminoctadine tris (albesilate) (Turner, 2018)

Properties Iminoctadine Iminoctadine tris (albesilate)

NH

CH,),~~ NH\ g

~ (CH,) CH,
Chemical nH NH NH2 H2N N - ( Z)S\NH NH
emical structure
CH),~ Ly
HoN~ (O Ol "o
° \©\/\/\/\/\/\/
3x

TUPAC name diguanidine
Molecular weight (g/mol) 355.6
Molecular formula CsHa N,
Log K, -
Water solubility

(mg/L, 20-25°C)
Vapour pressure (mPa) -

1,1"-iminodi(octamethylene)

1,1"-iminodi(octamethylene)
diguanidine tris(alkylbenzenesulfonate)

1,335.1
C72H]31N7OQSS
1.14

6.0
<0.16 (60°C)
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(wettable powder, WP)Z F7352 WIE AFS A3}
%At} Iminoctadine} iminoctadine tris (albesilate)2] £2]3}
2 EAJ2 Table 19 AXSATE AlE =2 7]¢9]o]H,
ohFst Al 20l e R ARE FHE| flste]
50| MR tE o] M AFS FASATHES ©:
2R|EZT(A. chinensis var. chinensis), 7 1. 3l|o]9=

(A. deliciosa), 7 TM1: S| F-ZE(A. chinensis var. chinensis)).

45 x 35 m oAtk 7 AL HF 2 3 EE Sl
e on, #re sk AZHEHE o &t
Hd2 BAS A9A B Aufste], FExE o7 A4
FH A =FHES sk AR 5 2 T A
A Ha 2= ¥ He FE T 1274°C79.1%, T8
11 25.6°C-85.3%, 7 111 25.7°C-80.4%°] AT}

Helte 7F ¥4 3 DALAY 3 902 AAsiglon,
HHE & 157, FAETE 472 AElth oA dEe 55
sjAulEel 10008 S ate] T 7]

Maruyama, Japan)S ©|-&3}o] ofdllo] 35 Hr7 FH3]
AZ3Y. AE A FEAE AXERA o} AxygE e
==

golA Ralglont B BARS ZYsle] B

N
2L

Hrg =

719] A2 FAFFS ERISHT DALAYE AHE+te A=
=HAoR AT AR Aol AAR o] Fo
A WA 35} Halls BA #Aee vEste] s 10Y
7HAo R 23% AEEA, DALAE 309, 60Y, 90U =
ARedeh. A PldE 20253 7€ 10€3 79 202

(DALA 90%), 82 947} 84 1994 (DALA 60Y), 92 83}
9¢ 18%(DALA 30l 7t oAl & sttt 7 1%t
M 20253 78 1293} 79 22U (DALA 90Y), 82 1193} 8¢
21Y(DALA 60Y), 9¥ 10¥3 9 20¢(DALA 30%)d
Z47} obA| & AT

ANE ANHE T4 PlA 202539 102 18Y, T4 119} 111
oA 2025 109 20¥0] RE A T2 U] 8613t
TEAEH IARDA, 202400 wet 22 vk 2
oo AEE AMFHSIAL, HFHI AEE A AP
eRkste] FAIE S T A 9 npfste] B4 X174
20.0°C 270X BAsIAT 2 TANA AFH e A 82
i Z=E Table 200 vreRT]

r'l

>
TR

% % 7|7

23S 913} iminoctadine albesilate (=% 98.5%) BEFEA-S
Wako*H(Osaka, Japan)oll X T3t AM-3F3At}. Methanol

Table 2. Average fruit weight of kiwifruit cultivar

Site Species Average fruit weight”
(2
Site I A. chinensis var. chinensis 91.9+6.8
Site I A. deliciosa 105.446.5
Site [Il  A. chinensis var. chinensis 117.9£10.2

Values are expressed as meantstandard deviation of fruits from
the untreated control at harvest (n=28).

2 water= J.T Baker*HRadnor, PA, USA)2] HPLC (High
Performance Liquid Chromatography) 53¢ A& AR
319 om, A8 o] AME-H guanidine hydrochloride (98%)=
SAMCHUNAHPyeongtaek, Korea) AlE-2 o]-&-31900m, 7]7]
Ao ARE-E formic acidi= Sigma-AldrichAH(Burlington,
MA, USA)®| AFS ARESITE 2B71=  CollomixAt
(Gaimersheim, Germany)®] VIBA 330 A&} Daihan Scientific
AHWonju, Korea)2] MaXchake #|&-S, 9A4EE7]= ¢
7}8H kA AH(Incheon, Korea)2] Combi-R5159F Smart13 #|
5 AME-3199H, Syringe filter= Whatman*H(Maidstone,
UK)2] 0.2 pm Nylon A &g ©]&3}%th

EEAEN &Y

Iminoctadine tris (albesilate) £FE2 47.6 mgS &3]
AgFsle] 25 mLe] methanolZ £-3)3}$1t}. Iminoctadine
tris (albesilate)?} iminoctadine®] FA}&-2 74z} 1,335.13%
355,572, BFE0 £E(98.5%)0l T+ 35tEe] Bk HE
319 iminoctadine 3+ =2 4] (1)l 2J8) A=l o,
2 3 2623%0)1%0E o5 ©]83}4 stock solution]
iminoctadine equivalent =5 4] (2)o <J&) A=}
500.0 ug/mLe] iminoctadine ¥ AL ZA|5I T} ZA)|
3 EFYYE 60.0 mL PP bottleol] Ho} -20.0°Cel| B3}
olsl B Aol A e RE #EEY0] Tk Y

-2 iminoctadine equivalent 7]F 22 ER ST

R85/

Iminoctadine tris (albesilate)
EFE TE2%) x

Iminoctadine &2} %¥(355.57) M
Iminoctadine tris (albesilate) &2} %(1,335.1)

Iminoctadine =

Iminoctadine

equivalent &%=
(ng/mL)

Stock solutionS- methanolZ 8433} 100.0, 10.0 & 1.0 mg/L
F=2] working solutionS S=H]3FAth. Working solutions
FAF o R FAske] 0.001, 0.002, 0.004, 0.01, 0.02 &
0.04 mg/Le] &5 ZAsIN oM, ol& 7|9 FAE AE
FZ f907 28] 843l 0.0005, 0.001, 0.002, 0.005,
0.01 2 0.02 mg/Le] matrix-matched standardE A3}

%
x 1000 (2)
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o}, ZA|g working solution conical tubeel] Ho} -20.0°Cll
B339t ZF matrix-matched standard® LC-MS/MSZE
AL peak WA (yE)} TEgA] FE(xEF) 7+
2o, 71| (weightingy= 21-8-5F4] 24Tt

=

-rr

EAE AAsL #2388 719 Al 20 gl guanidine
hydrochloride 2.5 g3} methanol 40 mLE #7}slod 1587
g9, sk ARS 1087 94178 (8,000 rpm,
4Cyete] A els EH 6T NS EF AL Ee Al
£9) guanidine hydrochloride 2.5 gZ} methanol 40 mL<S
ARF A7ReE & 1587 A" g AlRE 1087 9
21422(8,000 rpm, 4°C)sted Fd ol EF skt 14}, 24}
= Al BF AN ARSI § methanolS ©]-8-3)
100 mL= F-&siith. 483 54 1.0 mLE HPLC 5+
50 mg primary secondary amine (PSA, Agilent, USA)E

- eloll2] - HXlz

ZoliE 2.0 mL dispersive solid phase extraction (d-SPE)
FHO| EHste] 3027 " £, 10,000 rpmell A 522
AT AR 3 AS methanol= 24 )4
St & syringe filter (0.2 pm, nylon)Z ¢33t & Table 3°]
AR 71712207 719 F AREks w4 719
% iminoctadine®] ZHF#2 liquid chromatography-tandem
mass spectrometry (LC-MS/MS) AZvtE 13X AL 7
T8N peak HAS olgate] AMde Al 34144
qIFehe w2 Artsa

2MY A
7191 % iminoctadine®] 4% S FAO 7ho|=2iel

(FAO, 2017)°l we}t 23 (limit of detection, LOD),
7 F3HA| (limit of quantitation, LOQ), A ] 21XA | 3|44
< ket A3kt LODEF LOQE Als o F5H](SIN
ratio)’} 787t 33 10 ol w2 AAEIGIT). Ak

Table 3. LC-MS/MS conditions for the residual analysis of iminoctadine

Instrument

Detector
Column

Data processing software

HPLC-MS/MS, Shimadzu LCMS-8050 (Japan)

Triple Quadrupole MSD. (Shimadzu, Japan)
Kinetex C18 100A

(100 % 4.6 mm, 5.0 um, Phenomenex, USA), LC-118 (USA)

LabSolutions (Shimadzu, Japan)

Mobile phase A: 0.1% formic acid in water B: 0.1% formic acid in methanol
Time (min.) A (%) B (%)
0.0 75.0 25.0
0.5 75.0 25.0
3.0 5.0 95.0
5.0 5.0 95.0
5.1 75.0 25.0
8.0 75.0 25.0
Flow rate 0.3 mL/min
Injection volume 2.0 uL
Ionization mode ESI (positive mode)
DL temperature 200.0°C
Interface temperature 250.0°C
Heat block temperature 400.0°C
Nebulizing gas flow 3.0 L/min
Drying gas flow 10.0 L/min
Heating gas flow 10.0 L/min
MRM condition
Compound Rete?rtrilci)rrll) time Prec(lzr;;))r ion Q1 Izr\s)Bias Frag(zzl)t ion Collisi(2$ fnergy
. ) -17.0 314.30 -24.0
Iminoctadine 2.34 356.1 10,0 297 309 280

? Quantification ion
® Qualification ion
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Table 4. Recoveries and relative standard deviations (RSDs) of iminoctadine in kiwifruit at different spiking levels

Analyte Site F"m(ﬁrflag/“lfg)level (Mearfgg;f% ps)  %RSDY (?n(;/k@;) N{Eg’;d)
0.01 96.7+4.2 44

Site T 0.1 93.4+22 2.3 0.01 0.002
1.0 93.6£1.9 2.0
0.01 86.5+4.3 49

Iminoctadine Site 1T 0.1 85.8+2.6 3.0 0.01 0.002
1.0 87.6£0.9 1.0
0.01 1053+2.5 2.3

Site IIT 0.1 95.1+1.2 1.3 0.01 0.002
1.0 93.6+2.0 22

“Standard deviation.

PRelative standard deviation [(SD/Mean) x 100].
9Limit of quantitation.

9Minimum detectable amount

244 0.005-0.02 mgkg 552 iminoctadine F=8-L
LC-MSMSE 543510 2143k Agpae] ARASR)Z E4)
gelaitt. 35e A1FS LOQ, LOQQ 104 = 1004
Fo] {2 FAE] A5 iminoctadine ¥F&9S

Aelate] 7k ol sk Sasisin,

MRS ge pSES!
ARG AE2 HE Fdo st FAE AR
iminoctadine ¥F=8U-2 2.5 mgkg FFOZ ML X2)3 &
EAAEeF FUs 272 20.0°C Z0NA 37-38U7F RSt
TR 41381 A5 B3 717 E}te] QPAdS A3t

=

X34 iminoctadine®] HFH AHES DALA 77
(30~60%Y, 60~90Y, 30~90¢ )= 2] (3)Z o]&3dtd A=
3}AT}. DALA 30, 60 909 7] AH AzRIe R 34
Tl]i‘&}iq Z]— _11:_7} u—o]_ /\_a;]/d c>1L 2 1 5_'\_5 /\V\(k)g,].
HEE7(DTs) 8 AHEsh] o &49& ins %Pﬁt‘r oo
()\}\Lg)i

N
=

=
T A 2 AR F(mgke) - T EE AF
T7F A 2F 25 FH(mg/kg)

F(mg/kg)

100 (3)

4] (one-way analysis of variance, ANOVA)‘—E- R iﬂ%‘
(ver4.6.1y2 o|-&3sto] HAIF 5, Tukey’s testZ W]l

Table 5. Storage stability of iminoctadine in kiwifruit samples
stored at -20°C

Fortification Storage

Site level period Meail iOSDa) %RSD”
(mghkg)  (dayy "
Site I 2.5 38 90.0+£3.3 3.7
Site IT 2.5 37 86.3+1.6 1.9
Site 111 2.5 38 91.1+£2.8 3.0

9Standard deviation
YRelative standard deviation

SATHp < 0.05).

I:I|=l [=]

$1©] matrix-matched standard®] peak W2} o]&-3fo] 2}
At A XA 1014 y=3,754,897.0134x-143.3450,
2 104 y=4,014,087.1708x+161.6313, F% IIIo14
¥=3,903,174.0474x-124.5669°| .01 Al 7 K5+ R*] 0.999
ooz 3 AMNAES BHATE 71999 matrix-matched
standard=S SE EAM o g BAsle] A3 LODE 0.005
mgkgol2R 2™, LOQE 001 mgkgolAth 3482 858
105.3%]1 2, relative standard deviation (RSDy= 25 5% ©]
at= LR FAO (20170 AIAE 378 2708 wE3isitt
(Table 4).

Iyl

X oo
A7 A DA Table 59k 7o, 3738 Wt §
S]&-2 86.3-91.1%, RSD %2 3.7% ©|slZ YElSTH
ol wjg} AA717F F9F 719 ¥ iminoctadine A4 2
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719l & iminoctadine X+

Al Z4E DALAY W2 719 3 iminoctadine]
e Table 60 YeRth. FAgtolME 37 3
LOQ m]Rte|Att. SFAIX 2 (23]) ¥ iminoctadine®] FH-E>
DALA 7ol whe} haehs 73S B3lvh 24 13} el
ZHFES DALA 30204 9097kA] A& 07 7hiske]
BE A AolE BEATHp<0.05). 28y 273 19
DALA 30214 60U7HA = #Hqako] 7H43% vbH DALA
6043t 90Y Alelell= frolst Apol7h vERA]l itk
(p<0.05). Y DALA A|HOlAN T4 7+ 7S vlagh
A3}, DALA 30383 60€lME 24 19] ZHFHo]
2R Wkon 3 119} 11 Atololle xlol7k giltt
(p<0.05). ¥F DALA 90¥IA= 4 1(0.16 mgkg), &
111(0.25 mg/kg), E4 11(0.38 mgkg) =02 AFao] Z7}
st Al 2 7F FES 2EE ZolE HATHp<0.05).
DALA 30¥9] %7] ZHFa2 X4 1(0.40 mgkg)ol 2%
17 0.58 mg/kg)k.th 2A Vrebgtt,

=
5

=
2F

ZF I

g9] 7|ZA-0] HER, 2AE §4 A 835 22l
Z7) S o] w14 o] S, Ao 11 54

S o a]le ol FEFE TS < Jd=w, & AelM

243 B HES T 1919 g FF 111054 g, TH 11
117.9 g0 & 27] ZRako] 7P W £ 19] #%o

Al £ % 7P A9kt (Table 2). thet o] Hs ¥H

ZEE - Ol - Sfallel - Xz

Hol} A o] Sl 2 gk, 27] AFP
zolo] TAH Q1L B3| FPar] oleltel, ol
YT W% AEE I 371 A7t BT Qo=
e},

DALA 30949 ZH73H0.40-0.58 mg/kg)ye E&-E40|
Aol N T 2F dY 7IF MRL(0.3 mgkgys
ZH3oH, o= A3 Ho 5§ 353t A2 23]
A Z2ex Jepd A¥ele HolM F58 J87F Sk
o] Axh= A FHARETIES AlAANE 26 a2 A
L3 oEe F IS HAYFT 53] Tt 554
PRSI sk WAlstE el Al A 22004 =
FAS A4S S Ago] EFATS AlAtet Rk 2
AFAIR= AlgE ol X A7 27A Lojzl o,
= Al 719 dRke = Sjs|Ashr]= o |t

kA o133k uke} 7] iminoctadine tris (albesilatey= TF
284 HE2A AFA(FRAC MON)EA W FolaAdS
TRER, W R7F FaRE Aol Wdds A5
HEafopt WA 235 YERH (FRAC, 2026), 2Hf B=5F
A8A UF 220z olsHTh= R F3Eo] el
U= Agko] 9t} oF2¥ iminoctadine tris (albesilate)y=
wo %719K(<0.16 mPa, 60°C)3 831 %(6.0 mg/L, 20—
25°C)E 714 (Turner, 2018), 3'Zo|u} 7390l o]t Aol
Al Bdz deiA] k. 2 AToA = DALA 90d°] 7
ek AlA7IA] DALA 30 thH] 40~65% 2 ARl
A =] 0|8} Fotehs AHE HATh

719] e Ak, wf 5 v e RS 71

e o

Table 6. Residue levels of iminoctadine in kiwifruit according to days after last application (DALA)

Sampl Sit Number of DALAY Residue level> MRLY
ampie ¢ applications (days) (Mean£SD, mg/kg, n=3) (mg/kg)
Control - <0.01
. 30 0.40aA +0.05
Site I
2 60 0.27bA £0.01
90 0.16cA +0.03
Control - <0.01
. . 30 0.58aB £ 0.03
Kiwifruit Site 1T 0.3
2 60 0.42bB + 0.02
90 0.38bB + 0.04
Control - <0.01
. 30 0.58aB £ 0.04
Site II1
2 60 0.44bB + 0.05
90 0.25¢C £0.02

“Days after last application

YMeans followed by different lowercase letters (a, b, ¢) within the same site are significantly different among DALA (one-way ANOVA

followed by Tukey’s HSD test, p<0.05)

“Means followed by different uppercase letters (A, B, C) at the same DALA are significantly. different among site (one-way ANOVA

followed by Tukey’s HSD test, p<0.05)

Y9Maximum residue limit established by MFDS (Ministry of Food and Drug Safety, Korea)
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Table 7. Dissipation rate” of iminoctadine in kiwifruit by site

Dissipation rate, Dissipation rate, Overall dissipation
Site 30to 60 DALA® 60 to 90 DALA  rate, 30 to 90

(%) (%) DALA (%)
Site I 325 40.7 60.0
Site II 27.6 9.5 34,5
Site 1T 24.1 432 56.9

“Dissipation rate was calculated as [(the residue at the start of the
interval — the residue at the end of the interval) / the residue at the
start of the interval] x 100, based on the mean residue levels
presented in Table 5

“Days after last application
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