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Abstract

The dissipation patters of the triazole fungicides flusilazole and myclobutanil in apples were investigated to establish the biological half-lives and
pre-harvest residue limits (PHRLs). The residual amounts of the fungicides sprayed with single or triple doses were below the maximum residue
limits (MRL) for apples established by Ministry of Food and Drug Safety. The dissipation constants of the fungicides in the apples were 0.0513
for flusilazole and 0.0244 for myclobutanil meaning their biological half-lives were calculated as 6.2-6.7 days for flusilazole and 13.3-24.8 days for
myclobutanil. The PHRLs calculated using the dissipation constants indicated that the residual amounts of flusilazole and myclobutanil in the apples
at the harvesting date would be below the MRLs if their residual amounts were 0.43 and 0.59 mg/kg, respectively, at 7 days prior to harvesting
the apples.
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7518710l QAZA 4470 Fofol thate] A7 (Ministry
of Food and Drug Safety 2013)]0] 31o] A&7 o2 gy
ojof & Flojth
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UAL AL E 9] g F0 7 HESto] s BH=
b 5= P oFAl Y olstehA 54, At 11
% 1Ejal 7)ol wet vheksk Ao ® A A Aok
(Clavijo et al. 1996; Kirkwood 1999; Wang and Liu 2007; Ricco
et al. 2006). WA S=3Hd EAAFE ol A Alatol] HF-E| o]
U= T AFs ALY & 5 Uk EshA A
o] EHA oY Hgk SatdS Ask= A E&ol

al. (2012)©] 2313k ule} 7o first order kinetic?} TS o]
kinetic =95 A8t ZhFE A7He] BAIE =438t
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A Wjog AESH RgU|E AhEstaAt gt

2 AT g AR AL A Aol Beo] ARS-E AL
A= ATA] F ergosterol ] A 3Hd-S A SNSH=(EBL ergosterol
biosynthesis inhibitor) triazoleZd] A Al flusilazole ™}
myclobutanil©] T}, A flusilazole> AF2H2] H- 8 FHH,
ASEFHHE, AFHASH Y A F&5o] F55
131 myclobutanil- 2 F-2HF-HW, A7, H2E 5
B, AFHASH 59 dAd S5 5 thKorea Crop
Protection Association 2012). Wk £ AT+ flusilazoled}
myclobutanil®] At} & Z31Y FHF88- 7S AR5

al dHigq
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Flusilazole(98.0%) % Myclobutanil(99.0%) ¥FF-2
Ehrenstorfer GmbH(Germany) 2 %-E 74391 A8 &
o] Ee)3}e2 EALS Table 13} 2} TZA Gl AL
&2 flusilazole 1.5% WAL 1E, (F)sH3es
! myclobutanil 6% SBHAIA 28, (A FIIA. F &
oFo] Atz F R4 AMS-H acetone, methylene chloride,
2 n-hexane-2 Burdick & Jackson Inc.(Muskegon, MI)l| A1,
florisil(F9127, 60-100 mesh)-2 Sigma-Aldrich Chemical Co.(St.
Louis, MO)ZF-E] FU3}IA T} Sodium chloride(EPH)}t
sodium sulfate(GR+=)= Junsei Chemical Co.(Tokyo, Japan)
A#FS AR
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&% BrdS dAkete AR oM, Al AHE-H
At =AU Z A e FAEFOIUT A8
S AYT F Zo] 8 m, F 25 me] WA HES 3uHE
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AR SIAT Al F kel A= FAEA R A obA
A18-7]5(Korea Crop Protection Association 2012)°] w2}
flusilazole= 1,0004)], myclobutanil-2 1,5008] 2 3] 43t &
Y2 BH7)E o] &3t AT A FdsHAl Ax
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Table 1. Physico-chemical properties of flusilazole and myclobutanil
Flusilazole Myclobutanil
CH; CN
F4©73|i4©79 C|4®7(|3—{CH2)3CH3
<|3H2 ‘|3H2

Structure |

N
N\\_Z

|
N
N\\_Z

bis(4-fluorophenyl)(methyl)(1H-1,2,4-triazol-1-ylmethyl) ~ 2-p-chlorophenyl-2-(1H-1,2,4-triazol-1-ylmethyl)

Chemical name
1H-1,2,4-triazole

silane; 1-[[bis(4-fluorophenyl)(methyl)silylJmethyl]-

hexanenitrile; 2-(4-chlorophenyl)-2-(1H-1,2,4-triazol-1-
ylmethyl) hexanenitrile

In water 45 (pH 7.8), 54 (pH 7.2), 900 (pH 1.1) mg/L In water 124 (pH 3), 132 (pH 7), 115 (pH 9-11) (all in

Solubili 20°C).
ubHity Readily soluble (>2 kg/L) in many organic solvents.
Stable for more than 2 years under normal storage
Stability conditions. Stable to light, and to temperatures up to

310C.

mg/L, 20C).
In acetone, ethyl acetate, methanol, 1,2-dichloroethane
>250, xylene 270, n-heptane 1.02 (all in g/L, 207C).

Stable in water (pH 4-9) at 25°C. Stable to photolysis.
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A}t 5 flusilazole 2 myclobutanil®] #5248 U123}
o] AA A ALZAIF 25 g9l 100 mL acetoneS- 75}
3! homogenizer 2 12,000 rpmol| A 3%7F val]- &3} Th
FEHE APt 1 L B AT &7 /T
X3 deE 9% H 7138 5 50 mL dichloromethane =
23] —\:HHO} ‘:]' o] -81iF-S sodium sulfate Zol BTA7]
1 7533 3 phexane 0 2 4347 florisilo] =3
% glass column(16 mm LD., 40 cm length)oll 7 Al 3} %1 T}
Flusilazole®] A= column 759l 10 mL z+hexane®l] &
313t Al 2= 713}l 30 mL rhexane/acetone(80/20, v/v)Z
WA & thA] 70 mL mhexane/acetone(60/40, viv)E &
EA A, o] £Z29S 753 F I F9] acetonedl]
A 8-33+) DB-SMS[30 m (L) x 0.25 mm (LD.) * 025 ym
(film thickness)]= 723F GC-MS(Shimadzu GC 2010 with
GC-MS QP2010 Plus, Japan) & 4]}tk GC-MS2] o]-&
3} W2 electron impact(EI) mode©] 1.0 W flusilazole 2]
selective ion monitoring(SIM) #4232~ $] 3} target ion 206
2 233 mz2 A A Atk Myclobutanil @] A= A3k
column “H5-°] 10 mLn-hexane®l] Z}-8-3]3+ A| B85 7|3}
60 mL rhexane/acetone(80/20, viv)Z SHHH & t}A] 60
mL rzhexanefacetone(60/40, vViV)E SZEA|H T} o] &3S
=3 5 A HE9] acetoneol] A-&-3l5}e] DB-5[30
m (L) x 025 mm (I.D.) x 025 ym (film thickness)] column<-
225+ GC-ECD(Shimadzu GC 2010, Japan) & #4]3}$3th.
AR R F 7 FoFe] ZHEe 0.1~100 mgkgS] T3]
AgHom AgE AP A3 A4S o]&ato] At

=3I

Bags 2 AEEE ws] 4E
Az} Z flusilazole & myclobutanil ] 7+A~/d<=(dissipation
constant, A+ first order kineticsol] whe} o}zl 2] 2]of 2o s
A4t A T

dc

E = -k x [C]l
81 40 CE 5219l U i Yimghe, = 234
(day), K P2 S S G e e S
SHmglke), o= 271A13b] 50ke) 2 Hmglke) & LIS}
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{}%a% #(Maximum Residue Limit, MRL)-> ﬂusﬂazole
9] 7% 0.30 mg/kg, myclobutanil®] 73-9- 0.50 mg/kg®] A
u%avﬁmsuy of Food and Drug Safety 2013), £ HS &3 H
Dol 7t ko] FATE st Ao Sk

A ] ARAL/NEAE HESHA
Zn o o@
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2004; Na et al. 2013). w}ﬂw A&71Zr F Akke] FA WS
£ S33l A &S A Et] 1 A= Fgure 17}
2o dxpEg i‘ﬂ% Atk A= 3071 2™, Tukey-
e 0] 88 BARA Aol A7ke] ] wel Alke)
R Gol@ 2olE Holr A3 Frlshe Ao
UERdT ShARk Al tliie) vt R} GalFl Bl
sted Aoz FA 9 Wyt AL AETe] &3
(Kim et al. 2002; Lee et al. 2005; Lee et al. 2009b; Kim et
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al. 2012), & ATY ARV T AARTFAY SAE GA #ko] 09995~09997= *F33] Fo 3t A4S vERL
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Figure 1. Box-Whisker plots showing weight changes of
harvested apples during experimental period.

The lme in the boxes represents the median; the boxes are between the 25" and
the 75" percentile; the whisker extends to the 95" percentile of the measured
weights; the closed cycles indicate the highest weight. The mean apple weights
with different italic words are significantly different (p< 0.05, Tukey-test).

& *]fﬂ
Flusilazole ¥ myclobutanil €] 2
Table 2 % 3 2}, §F ore] PHAe

Table 2. Linear equations and coefficients of correlation
(RZ) obtained from calibration curves of flusilazole and
myclobutanil

Pesticide Slope Intercept ):4
Flusilazole 75,266 10,022 0.9997
Myclobutanil 82,748 7,435 0.9995

LOD)= 001 mgkg® 255 0] Al 3 % ko] e
AFEA0] SsT

Husilazole -5-2F9] -4l 7H= 9 e GCMS
71718 AHE3 AL o] 2RE FAE ETEY total ion
chromatogram(TIC) & electron 1mpact(EI) mass spectrum-=
Figne 29} 2t} 3 A3} 5 5 sokel 954419 A
AZvE TS Figure 3 3 4oﬂ b}E]-lHOiOUJ] ok
WRE Ag] QT EAA 29t

=0

i .

m el o)

A Al 712 F Z&%E& W3}
/\}44-«] 2|l 7]7 F= ﬂusﬂazole 1 myclobutanil®] ZHF-
< 5 F %:t%ml w2} Fgure 59 7o) Zgola}A|
UrEP;kE}. FlusﬂazoleA 31, 7l AEE ATolM e
HEAE A7 B0 41—41 0.05 mg/kg7HA] ﬂvom_ﬂr
AlZbe] gl whet 14 $-oll= 001 me/kgZHA] ZHF
o] ZHAalct Wi 3ulEF A2 ATl = Alf‘ﬁ.ﬂ
Z¢ Well 002~0.10 mgkge] S Ho|w 712 AeT
Ho} o T u 7HF =2 JRES UeR Ak AT
- RJBHL RO A flusilazole®] ZHF-Fo] At & ZHR-5
|71 030 mgkg olat& vrEh QHg ol Tk
Yu et al. 2011 B x710] ThE Al 7| A Hol|A ALt
= flusilazoled] FHE-FL ZA}E}7] Q&) 71527 158
o] Foks A3 Ay 0.117~0.372 mgkee] o) A%
S RSN o]9} Blmste B AFolA ZAHH
flusilazole2] At} 5 ZHFa-& AA A1F 717 59 0.10
mg/kg ©|3sle] S 7S YER Ut} Myclobutanil €]
At T RS 71%%?4 3 Aol A 22t
0.07~0.11 mg/kg ¥ 0.11~0.23 mgkg & LteR} 3uf 2o
o] JlEFEY oF 15wl o) =St SRAW
myclobutanil ©] AR} F % wer%kl?_ T AT Bl AR

&87172]21 050 mgkg ©]a}= LFER A% =70] itk

Table 3. Recoveries and limit of quantitation for flusilazole and myclobutanil in apples

.. Fortification level Recovery (%) MDA"” LOD?
Pesticide "
(mg/kg) 1 2 3 Mean)* SD (ng) (mg/kg)
) 0.2 83.8 96.1 96.5 921 +73
Flusilazole
1.0 101.4 99.3 100.8 1005 + 1.1
0.1 0.01
. 0.2 100.4 104.1 98.2 1009 * 3.0
Myclobutanil
1.0 79.8 83.9 823 820 £ 2.1

“Mean of triplication; "MDA,Minimum detectable amount; “LOD, Limit of Detection
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Figure 2. Total ion chromatogram (TIC) and

electron impact (EI) mass spectrum of

flusilazole analyzed using GC-MS.
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Figure 3. Chromatograms of flusilazole recovery in apples analyzed using GC-MS.

(& 10 ng of flusilazole, b; control, c; recovery at 1.0 mgfkg).

A} F T oEeke] ZRER AR F Tl ulet &3 o
2 7FA3}] fulsilazole> 2F 80%7}H4], myclobutanil 52%
7HA] 2AEJY o]Het AAE uIEOZ first order
kinetics®ll A8 2} Foke] Al F AAEETA )&
AFZ3}A T Flusilazole®] A =384 wizbr]|= 7193 3
v 212 A 22} 67 2 62U E A=E2 ™, myclobutanil 2]
78133 B 48U E AFEE o] FY tiazoleA] F2F ol
T Eetal slekgrxe] ok x}o] 2 myclobutanilo| A T
21 RS UER AT o]¢f st & FA=
flusilazole2] W7} 715 Alol A 4.2~7.7Y, 7oA
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63~84%Y, Q0o 2~3U 2 X313} B} YOS W(Li and Leng
2004; Yu et al. 2011; Wang et al. 2013), myclobutanil®] ¥}+7}7]
E Sl A] 344, G A 14.9~6.8Y, o A (Iychee)ol]
X 22~34Y, HollA 35~459F W3 v} Ack(Liu et
al. 2009; Cui et al. 2011; Liu et al. 2012; Wang et al. 2012).
E Ao A=H Al F flusilazoled] ¥ = OHE
TAEH v A3S YERN LS, myclobutanil= H]al
A 4 7 9718 7 Al E ERIEI) o] gh vzt
719} ztole= AlAE] 717t 5 B0 807} AHE 71
E3to] WjEd Aoz AJztE)
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Figure 4. Chromatograms of myclobutanil recovery in apples

(a; 10 ng of myclobutanil, b; control, c; recovery at 1.0 mgfkg).
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Figure 5. Dissipation patterns of flusilazole (a) and myclobutanil (b) in apples sprayed with single or triple doses on apples.
Error bars represent standard deviations of triplicate experiments. The mean residual amounts of pesticides with different italic words are significantly different (p<

0.05, Duncan’s test).

AL 2 31 A AHFIEIE AE

First order kineticoll 9]t 7HAA| =248 o8-8t Al F
flusilazole & myclobutanil®] ZrA <=7} A= STk 715
& 2] Troll A ZA S flusilazole 2! myclobutanilol] ]
& Ztz} 00513 2 004 = LERtom, AeE s
= Ao E3h A FoF ZFS87IEMRL)S A5
gk dHHolHE AMH A E3F A AR EVIE
(PHRL)2 =3} Aol A e 59 zHqaFo] MRLS X738}
] FEE Z3) A AT A1 2RSS 7)ol
THKim et al. 2013). & A|@ 9] A= AF 71T &<
T F] IRl BF MRL ©|3tE YERATE AHE
Au) 717 T A Foke] R T E83ehy
Aoy AlA|] Fe, g5, A = 2HE9] Az

N
ol
o
rr
pou
o
i1}

23}tk (Hwang et al. 2012).

QA 2F o FEMHA AN A TAIBIAL e AFKRITR)
% flusilazole 2! myclobutanil®] MRL %41 030 2 050 mg/kg
< o) 9 5}od (Ministry of Food and Drug Safety 2013) AFz}
Z T &% PHRLS 4H&E3SH 2y Table 49F 23T
QA7 |ES E5¢ FREEE 7HE5t E3t 109
Z7HA) PHRLS 4FEst A3, E3F 459 A A & 2H
o] flusilazole= 0.43 mgkg ©|3}, myclobutanil2 0.59
mgkg o310l 3 A EE7} MRL ol3h2. 278
AOZ o ZH AT
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Table 4. Calculation of Pre-Harvest Residue Limits (PHRLs) for pesticides in apple

Pre-Harvest Residue Limit (mg/kg)

Pesticide Harvesting Dissipation
10 9 8 7 6 5 4 3 2 1 day constant
Flusilazole 050 048 045 043 041 039 037 035 033 032 0.30 0.0513
Myclobutanil 064 062 061 059 058 056 055 054 053 051 0.50 0.0244
Q o Kim JE, Kim TH, Kim YH, Lee JH, Kim JS, Pack SK, Choi

A1} 5 triazole ] AT A flusilazole 3 myclobutanil©] AY &
BRIl Zapd T o) e R e R =i s A I i Il
TARE7]F A 71EH 3ul o] kAl E Aarstal
T RS AR ARV T s 2R
Z}7re] MRL o|3t=2 UER o™, Al 3 AESH] w7
<= flusilazole®] 73-9- 7|E7 2]l A 67, 3ul = A2
Tl 6292 YERATE ¥ o] myclobutanil®] ¥HF7 =
71 Aol A 1339, 3= Aol A 2489 = L}
Bl flusilazole .0} T X1 HHH71E 7HAI= ASZ AL
SAT}. First order kineticsol] T+ 3F AR 4=241&- ]85}
Azg 7 oke] 7HaAkE flusilazoled] T3k 0.0513,
myclobutanil®l] th3}o] 0.02440]1%0 0. H, AHEE AT
< o] &3t &3t d 2HF3-87|EPHRL S A4S Aa,
SHAAME7IES 5% FHAEE PESEE o
flusilazole-> =3+ AU A 0.43 mg/kg, myclobutanil-> 72
A17] 059 mgkg ©let= ZHFebA 5 Al ZHR55E7F MRL
olgtZ {FE AR o FHT

zAte 2

o] A7 2012 FHEAEFAR LY A F

O] 2FE} 518712 AYAT ] A7) L 20138}

dE ARueka ot aE Ao ostel ATEL.
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