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Abstract Residual patterns of fungicides fludioxonil and metconazole applied 2 or 3 times on wheat were
investigated with consideration for their distribution rates in each compartment of wheat. Wheat samples
collected at harvesting day were divided into three compartments such as grain, hull and straw, and the
pesticide residue analysis was individually carried out to such compartments of wheat. The analytical methods
of fungicide residues in wheat were acceptable, with recoveries of 84.3 to 113.3% and correlation coefficients
of 0.1 to 4.7%. Due to the systemic characteristics, the residual amounts of metconazole in the grain part of
wheat were greater as 0.13~0.17 mg/kg than those amounts (0.01-0.03 mg/kg) for fludioxonil. To absolute
residue amounts of the fungicides in one wheat plant, their distribution rates in each compartment of wheat
were the highest in straws (68.5-70.7%), followed by hulls (29.0-31.0%) and grains (0.2-0.8%).
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N = e URE 9 Y AR 34 AR Wi e
T 4F0) AR AW WSS TIF 2ALH ¥
Aol A7sel ue Setele] A 30470 % 28] R sl AR HUI80 2 AFSEY)E SrhSong e

Fe ASHOE fadke W 10T W AN FUI8E al, 1998). DS AplshE AN HEE Fok: W 7t
o] 2014 7% A7F 31.7kgo 2 & Th 02 Wo| A|g Folel tE2A JHRY F et 1, —‘3—61 RPN FFE
I QITHMAFRA, 2015). ZZA|T =l 2 Aujdze 2 g 7R E AT { 2 7% AUrk(Seo et
20159 715 10,076 ha® (799,344 ha)2} H.2](44,292 ha) al., 2013). Bakore 5(2004)2 ¢l E}X}*EP"I ApolFE |
o] Aua el wis) ZA| 2o (KOSIS, 2016), & Auj A °ﬂ°ﬂ/\1 fese YRE ﬁléi“éi T‘L J&to] aldring X3}
AHE 7Fs S BUE 6F50E T AEH HAWEIS o & 1Al FoF 489 & ARTE A= A% I
Ao g wo| 7-& HotHKCPA, 2016). (rainy period)ol] g H7HFoA ArH 38.3 mg/kge] %
TS gelalt,
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I 22 (Kwon et al., 2004; Yu et al., 2008), Z-=2] -9
o wEtAE AEE Foke] el tEA Uerd
AthLee and Hwang, 2009; Hwang and Kim, 2014;
Hwang et al., 2014). Bk 2% Aox] A2 § E]
ke woko] Al B E Tl Sl A= 7t
Boo) th2A AFathe BuE QJk(Hwang et al., 2014;
2015). mEpA] HREeke] b SRE Q)8 ARl dis)
21802 AMEHAY b2 57 ARE F Qe A2 F
e st Foke] JRPEE olslshe Aol SHTh
Fludioxonil phenylpyrroleZl 52 H|HFA AbtA| 24
BFFEA, TS, WA, FHEDA T Tt Al
POz AL glom W3t Bl T A Al BASH=
e 2o, 71t 5 WAl flEl AREEL QL
THKCPA, 2016). 34, oV dshA] 2 YA Fei= AYats
£ metconazole cis®} trans O|EAR FAE HFEAC]
triazoledl AR T o] F2 ol HWAE fIs)
A4S ZE3 vl JITHRDA, 2014). Metconazole®] H-A}3
(319.8 g/mol)y % &3 %=(30.4 mg/L)= fludioxonil®] &
242482 gmoly?t 75 B =(1.8mgL) B} o =M
(Macbean, 2012), o]&3t E2|g}ehy ol 2HE 5 F &

ool ThE RPFS 2T 5 Uk

B A= AtA| fludioxonil 2 metconazoles & A5
A7l AEEGE W okAle] B whE o] FopE
FEIE A8k | o]§ Alel| Feke] oA SRE 9

g 7|z 82 &gsaA) skl

-
T

ERE

Table 1. Physico-chemical properties of fludioxonil and metconazole
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ST - SH
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2 trans (98.0%) ©1/d2A| FFE-S Wako Pure Chem Co.
Ltd. (Osaka, Japan)?] 71-& AME3I9om, Al3)Eofe] 2
4 Eg)slsha] A28 Table 13} 72t} A2E Foke] AF
& fludioxonlil®] 73 20% H/F53kA| (A AEL, Alzto]e]),
metconazole®] A% 20% 3| (BHolE, AEI)
olAtt. ZHFEef Ao AM8-% acetone, acetonitrile,
dichloromethane, ethyl acetate ¥ n-hexane Burdick &
Jackson Inc. (Muskegon, MI, USA)Z5-F, florisil (F9127,
60-100 mesh)}2 Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA)C. 25 T3t ARS-5I%IT). Sodium chloride
(GRE)9} sodium sulfate (GRE)= Junsei Chemical Co.
(Tokyo, Japan) A|&-S AH&-3F%AT].

o]l o™ AL Frte] APHA Ay
A AEE obHAE 715 Wt fludioxonlil®}t metconazole
AES ZF2F 10 L] Zo 1,0008] 21,5008 348 5, 2
T8 2198 7|F0 R 23] i 33 AXEon, T34
W571(40 psi)E ARE-ste] A Al 10 a T 84
o] fludioxonil®] 73 0.04 kg, metconazole®] 7% 0.0
kgo| H=s a3 Axsn

U A s AT T L3 Gl 1kg, Fo ¥l 500 ¢g
ool HEF AFsIoH, AHE AlEe MEE X
gate] SA APAR R E AEe Y (grain),
A7A (hull) 2 A (straw)2 2 F2]5le] FAES =%
AN FAsH o, AxE AlEE Z7te] §9)

8 He

Pesticide Fludioxonil Metconazole
Cl
| S We
CN CH; CHs
Structure 0 CH, OH
)ro / \ |
F - N N ,N7
H
L
Chemical name 4-(2,2-difluoro-1,3-benzodioxol-4-yl) (1RS,5RS;1RS,5SR)-5-(4-chloro-benzyl)-2,2-dimethyl-
pyrrole-3-carbonitrile 1-(1H-1,2,4-triazol-1-ylmethyl)cyclopeantanol
Molecular weight 248.2 319.8
Log K., 4.12 3.85
In water 1.8 mg/L (25°C). o
Solubility In acetone 190, ethanol 44, toluene 2.7, n-octanol 20, In water 30.4 mg/L (20°C).

hexane 0.01 g/L (25°C)
Stability

In methanol 403, acetone 363 (both in g/L, 20°C)

Practically no hydrolysis at 70°C between pH 5 and 9 Good thermal and hydrolytic stability
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#71(GM-8000, GOLD MILL Co. Ltd., Korea)Z ©]-&-3}o]
40 mesh o] o2 F 3 & o]5 Eejo g v wo &
Balo] 20°C WEaLoll e Bakakit.

[ T?I' = =
U 2 fludioxonlil @ metconazole®] FHFHE-AJHbHO A
F3d AFEeF BAHS WFst] AMSSITHMEDS,

X
2015). Y2 10g, 274 2 A2 58 77 A#Fste] 40
mL F5759 7 3027 583 5, 98 F] acetonitrile
homogenizer= 12,000 rpm_é 3527 FAskE
BE Ao Fstar SHT T AFTE Ak
HoJfFol] 271 & dichloromethane® 2 50 mL¥ 23]
v - FESITE EulE f7]18uES sodium sulfateo]
TAA 40°C FE3004 245S F n-hexaneo] A-&-3l s}
o] A|5}53tt. Florisil 10 g2} sodium sulfate 2 g& X2
2] 43 glass column (16 mm i.d.x40 cm, PTFE -2}
S 100 mL n-hexane® 2 o] W2, A AL A5
ol-g 23515139t} Fludioxonil®] 7§ columne] 243l 80
mL n-hexane/ethyl acetate (90/10, viv)E =3 W& & 100
mL n-hexane/ethyl acetate (80/20, v/v)E SEA1A o} &
237 AAF] acetonitriled] A-&33t] GL Sciences
Inertsil C8 [4.6 mmx250 mm i.d., 5 pm] columne 723t
HPLC-UVD (Shimadzu Prominence, Japan)Z #2413},

ol AZ719] &FILL 254 nmeo| e o5 &=
acetonitrile/water (55/45, v/v)& A8-3t3 1.0 mL/min®] f-
207 3¢ FUr} Metconazoled] A% A EHS 313t
column®] Aol 80 mL n-hexane/acetone (90/10, v/v)S2
£ W23 70 mL n-hexane/acetone (70/30, viv)o.2 £&
AA Wol F53k & UA 7] acetone] A|-&-3l3t] DB-5
[30 mx0.25 mm id., 0.25 um (film thickness)] capillary
column &8 GC-MS (Shimadzu GC 2010, Japan)Z
EA319TE Electron impact (EI) modeZ ©]&3} =
metconazole®] 125 % 250 m/z9] fragment ionS 4183}
selective ion monitoring (SIM) ¥4& AAJEI% . 0.1~
10.0 mg/L8] FF3MEHES o] gst] Hoxl FFAFA
o] AX3] 720 2HE AF F fludioxonil 2 metconazole
o] ZAFFS = ]-Qit‘r Metconazole cis 2 trans ©173

WA A7) ARFL VHHIL T P A Fo=A 2
R Wkl
o) 9 T sl B4 AP 2 i) 02 2

1.0 mg/kg, 11‘-»} “17{.17“01] g5l 04 2 2.0 mgkee] %
2 7 5ok AEstal 4719 ARsekiA el wet AAl

CITO T H

3192 ™ metconazoleo] T3t matrix matched 7 FA& zt

ZHe] FAje] ARE 7] Al whet dAestaL o] Al
5ol metconazole EFEHE 0.1~10.0 mg/L7F HE=E F

7h 5 717124 3le] AT,

Table 2. Recoveries and limits of detection (LOD) of fludioxonil and metconazole in each compartment of wheat

. Wheat Fortification level , LODY MDA
Pesticide Recovery (%) = SD
part (mg/ke) v (%) (mg/ke) (ng)
. 02 111.7+£2.8
Grain 0.02
1.0 102.5+29
) . 0.4 852+13
Fludioxonil Straw 0.04 2.0
2.0 1004 £0.5
04 88.4+09
Hull 0.04
2.0 100.8 +0.5
. 02 102.1+£34
Grain 0.02
1.0 948+ 1.6
cis- 04 89.3+0.2
Straw 0.04 0.1
Metconazole 2.0 86.3+0.6
0.4 858+13
Hull 0.04
2.0 90.3+0.4
. 02 1053 +£5.0
Grain 0.02
1.0 105.0+1.8
- 0.4 953+0.5
frans Straw 0.04 0.1
Metconazole 2.0 96.6+0.9
04 97.0+1.0
Hull 0.04
2.0 93.2+0.9

»Mean of triplication. ® LOD (Limit of Detection) for fludioxonil, LOQ (Limit of Quantification) for metconazole.

9MDA (Minimum Detectable Amount)
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Fig. 1. HPLC-UVD chromatograms for recovery tests of fludioxonil in each compartment of wheat.

Zda o g
EEENE

HPLC-UVDZE #X% fludioxonilZ} GC-MSZ A%
metconazole®] TFFol| theh BEFAFAHL (0.999 o]Fe]
FAAF(AE YERSITE Ee] F9E F o] F¥
B A 93t 358 A3 A= Table 29} 79kch.
Fludioxonil®] 3]4-&-2 Lo tisl 0.2 2 1.0 mgkg *z]
SEOIA 102.5~111.7%, 22 2 42 i3] 04 2 2.0
mgkg A FENM 852~102.1%F YERTE L3 met-
conazole®] 3]5&-2 L&l tis] 02 2 1.0 mgkg A2)F
oA 94.8~105.3%, 2 2 L] s 04 % 2.0

mg/kg A2 EEoA 85.8-97.0%% YERY F o BF 7
FEHEA 712 70~120% 3)F&-S Waolnt. Wtk of

Uzt 7 Foke] 4 FepdH 3] i HelAleE 0.1~
4.7%Z 20% o]t Fludioxonil ¥ metconazole®]
2% % (Minimum Detectable Amount, MDA 7} 2.0
2 0.1ngol¥leH, ¥ AR F fludioxonil®] 7ZSHA|(Limit
of Detection, LOD)®} metconazole®] 7 #3HA|(Limit of
Quantification, LOQ)= €&ellA 0.02 mgkg, 242 2 &
ol 0.04 mgkee = FUsITE B FE F wef] &

T2 ‘l“
A F2alEad Aol 7HdF 3= Fig 1 € 29 o] EA)
3 et
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intensity TIC
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B frans-
S0000 S mg/kg STD. \ /
0
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intensity Tic intensity Tic
Grain control Grain recovery 1
50000 S0000 (1.0 mg/kg) l
1] - A l A l_ l 0 A _l
15.0 20,0 25 15.0 20.0 2§
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min min

Fig. 2. GC-MS chromatograms for recovery tests of metconazole in each compartment of wheat.

22 Table 33} 72t} Ue] A4Z F fludioxonil®] Het
AR 23] ATl 6.6 mgke, 33] ATl 115
mg/kgl 2 UERY} 33] A telA] oF LM o Bokow,
DA fludioxonil®] FHFF GA] 33] AMz|te] HF
F(9.9 mg/kg)e] 23] Ml 7o) Hat AFH(5.2 mgke) B
o} oF 1.94] ] Ett} SRR Yol fludioxonil®] ZHF
T LTS} AJHEglol F AT ZFelA 0.02~0.03
mg/kg® 2 HS=EHA YR SHA, o] AR EL] o=
A4 metconazole®] D AR F Hd AR 33 A

7oA 22.2 mg/kg, 23] A2 TFolA 13.4 mgkglZ 33]

Aol A o 1.7 O =koH, Do Ha JHRH A
Al 33] A2]7(19.3 mg/kg)ollA 23] A2]7+(10.7 mg/kg) B
o 188 ¥ =8t} @Y 5 metconazoled] Hit FFHFE
0.14~0.16 mg/kg® 2 fludioxonil®] FHF77d8k} miz7IA|=
T AT BFolA szt o] RS fludioxonil®]
U = AFak vl Ao 7 o 23ke ™, metconazole ©]
AAA 2t AR AFgo R Nw|E fludioxonile] ZHF
2 B} 2u o] tf Wol Wl zHR3lsl.

EAA Gl AFEE 7 FAZE LT FF20%) B AE
(334 )1 R L metconazole 2FA19] 34ul4=7} 1,500
W2 fludioxonil FAIS] 34wl 1,0008 ¥} o] Ze

= B3t DY F metconazole?] AFFE7T H 2
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Table 3. Residual amounts of fludioxonil and metconazole in each compartment of wheat

ol
[0}
o
=]
ox
g
=
0z
m
JE
=
FR

N
TL_

Ofol

Residual amount” (mg/kg) + SD

Pesticide Pre—h arvest Compartments of wheat
application interval
Grain Straw Hull Whole
. . 30-21 0.02+0.01 6.55+0.51 5.24 +0.34 11.82+0.84
Fludioxonil
40-30-21 0.03 £0.00 11.53 £0.03 9.92+0.16 2148+0.13
) 30-21 0.09 £0.01 11.20 £0.13 8.89+0.35 20.18 +£0.37
o 40-30-21 0.11 +0.00 1835+ 1.15 15.82+0.82 3428+ 1.13
30-21 0.05+0.01 2.17+0.02 1.83+£0.07 4.05+0.08
Metconazole trans-

40-30-21 0.05+0.01 3.85+£0.22 344 +0.14 7.33+0.14
Sum® 30-21 0.14£0.01 13.38+£0.13 10.72 £0.43 24.23+0.45

m
4 40-30-21 0.16 £0.01 2220+ 1.36 19.26 +0.95 41.61 +1.27

 Mean of triplication. ® Sum of cis- and trans-metconazole

H|ZEA] Eoko)

P

olf+= HFEA F2 metconazoled|
fludioxonil Bt} o] A S HFate] U= 01%0}7
golatalr] WEdl Aew AtgHn) ¥ut ofyz} A4x

W o] Rz At Eokd]] WolZl metconazole 25 ”EO]
o] FHolu B E Fall T % FrEo] WEE ofF
HAS 7FAE Atk SEvet AFoFEQHAA A B
o] PR F F FoFol 7738875 (Maximum Residue
Limit, MRL)Z fludioxonil®ll thal 0.02 mg/kg, metconazole
o ti3ll 0.3 mgkgS = A= o] O (MFDS, 2016),
Aol Aol EH A AeelM dd F
o] ZFHS "“351 MRL< vLJJrO} ATt

% fludioxonil

N
2

A W= F5Eo] &= EE‘J@]HJ UET
HIZHEA 5ok 2Eo FHo|U FE
o} SR 2 AFex s ERe
5] metconazole2] o] H]
old o
HIZEAGe] B4 wfeo] o] mHe| Fahdd
fludioxonil®] F&-3] L 3JAtz} 7He oJH A Q.
O W] 2AEA7] e 7 Stk v, ZEA] W=
A5 sk o A gl 9gh Adlel vwH JEgFS
A W7] w&Fol(Jeong et al. 2004; Kwon 2007) 2H=]
1 =% metconazoleS fludioxonil Xt} B 3 A7k
7}*@0] Ak BE Ao WEA AFA], AlE
I Tkt 2 £ metconazole®] 44 ¥H7]1E 10.0~
, fludioxonil®] &4 RE7IE= 3.0~7.64= UER}
metconazole«] 22 ZFAo] fludioxonil ol O =& Zlo
2 B7E3F 9th(Garau et al., 2002; Deb et al., 2010; Bae
et al., 2012; Kim et al., 2012)

T3+ metconazole?] cis 2 trans |43 EA Afolo] B
o zFAFo] THEA b]—EP;kE]—. Metconazole®] &3+ =
Fgoll thgt cis o] AA &) ZFHlES U A AA 82.1

o]}l‘
2
-z
B
Al

o
o:

(2

=3
-
= 2~

) et
(5} ;o

\I
mi
oft, 2
off Ll

ol
i
fr e 2= g

A

=2
R

=
-

21 fludioxonil®] #F# B} F uj

o

ol
Foé—(d»"‘
RO
o fr o

of
lo,

o o= g

oo
e (g g o H’I‘

~82.9%= LHA 9] ZHFHIEL] 82.7~83.7% H|SdTt.
SEAIRE WX €] cis o] @A O] HRH|EL 64.3~68.8%
2 T2 FHelA 2o wokt). o2idt Ad= rans 0144
Aol HFAdo] cis o dHA K} 1 golde HolE 5 9l
= A0Z et agd= Véélxiu 7zt
FH7} B =& o]-8E metconazole AFE = cis} trans ©)
A7) g7t F4 80:200-% (Health Canada, 2011;
EFSA, 2013) cis ©1d2A 7} ] Zo] EAJ3}7] oz A

B3 cis

Y 29 SoHE £
H hy A [e] =] =) =
o] e Sope FERYS e 99, B @

9] BaTAE 2
FAE 47239 12¢g
oy FAE 014‘10}04 74]*&% fludioxonil 2 metconazole
o] & Fopd ZFIS Fig. 300 YeERATE S siA ol
R sk Ao fludioxonil®] 7-%- 23] A g]ellA
dpg, 331 AgFolA 38.5 ugolA ™, metconazole2]
739 23] Ag|FolA 44.0 pg, 33] ATl A 74.6 pgolAd
o} & A4 g Ha Ao wEk d §k AT 2
FE fludioxonil®] Ao M= I3Aw & 79 F
fludioxonil®] FE&L 68.9~70.7%= A Az|FolA H|
5235k 2o 2 FA)EAT Bsk He] A7 AA fludioxonil
o] X E2L 29.0~30.9%% 3 01]/‘1% 7R 2 A4
oA FAEJ e 7R HdellA FEES 0.2~
4%§ O 9o Hla] w2 ’Lzoﬂ IR A 7 = =
cis & trans ©1/32AA 9] To2ZH A4kE metconazoled] U
s 7HXﬂ z Z}Wi‘itﬂ&q] ek T BEES AN A
¥ 5~69.9%, A7l

7}, metconazole?] oA EX L 68.
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Fig. 3. Distribution patterns of fludioxonil (a) and metconazole (b) in each compartment of wheat.

A BEEL 29.2~31.0%%2 UERY fludioxonil®] 2 F-91E
TEEI HIST FEolin. 7k ©O] 710l metcona-

zole®] E¥-8(0.5~0.8%)> fludioxonil®] A} w7

(2005 2o o] e wope] AP

sh4] Q3 A QWY ol 2Ee] AgFele} M EwA

Aol S G Wtk ATt Bl 35 Y

woke] tiiRo] Kol Yo F Ry AR $2g
o -

i
olf
1S
of

& qlom 23 )
FE AW Y H O 2 ¥

Park 5(2009) chlorpyrifosS £33+ 6714 52F¢]

T

s
of 2417t B AAF EAS ARFHE Tl $A, B,
WARE BT AR $AS AN A3 v
sokSo] 17-873 mgkee] I WA WAL R0l

GAet e R oH, WrHRel= 0.08~ 4.21 mgkg
AR e Fe ZFSIGtal Hardh vf k.
B Aol Az} vl Li 52008y 71904 &k
triazophosE Woll Axste] & 7p2Fel HoA HEF
7k A3, 7R oA o] zhREo] 0.08~1.97 mg/kg,
o] AFeo] 1.88~54.12 mgkgl 2 UER} A3
GQo] FIH AFske A Gelaith 2o A
e FR 7159 AIRE ARSHT) wEbA] &
o el 2§08 HHske T 28 ]9
F-8le F-io] 7] wiel] ARkl kA &
Ao A 2HEe] Kol FoF RS 2ARIE A

Lat @ 4 .

o

=2
S
o

_,d
o H

LSO =
X

>

B

Mok oo Mo oY of WX o o
M1 rlo mx 19

J
e

HAtel 2

o] AF= 20158 % ARt £l A Adog &
FE Azbe] Aoy ol ZL S =P,
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