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The optimum condmons for the residue analysis of hydroxyanilide fungicide fenhexamid

on cucumber, strawberry and grape were investigated by gas chromatography equipped with electron
capture detector (GC-ECD) and the residual amount was determined by sprayed days before harvest.
Each samples were extracted with acetone, filtered and concentrated to 50 mL. The concentrated
extracts were transferred to dichloromethane and then thoroughly concentrated. The concentrated phase
was loaded on the filtration column stuffed with silica gel and purified with acetone:hexane (5:95,

15:85, v/v) mixed solvent. The regression equation and linearity of the standard calibration curves
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between 0.05~2.00 ng were as follows : cucumber; Y=312.40X+10.26, R*=0.9996, strawberry;
Y=313.33X +5.54, R’=0.9998, grape; Y=253.27X-223, R’=09994. From the standard additional
experiments with 0.10 mg/L and 0.40 mg/L, the average recoveries of cucumber, strawberry and
grape were 94.8%, 88.1% and 93.7%, respectively, and the detection limits were all the same as 0.01

mg/L. Residual amounts in crops were ranged from 0.01 to 0.58 mg/L.

Key words : fenhexamid, residue analysis, cucumber, strawberry, grape

1.0 2 fenhexamid hydroxyanilides$} dicarboxamids9] 2418

2ol 28§ locosystemic  BFHEOIH, ojRoZ

o BUAAM G718k dge Adsia] Mounilinia$} Sclerotinia®} 2 #3d #HYFAAE W
Atz len, ZAEHE FAAH0] o= mHo Astn, EHAQ] anti-resistant &L FHF £ YA
Fosith =8 MAlY Avlzlel AEE AFo Zy =90k} Chapeland S°¢ fenhexamid7} B. cinearad)
(FAAE QA Ha, AFREC] 4HT &2 o s okzke] A AS S IS¢ Husigon,
ste] ddsjol & Fo4e =73 Utk AY ¥HA7) Leroux 5% 2@Ae nAMYAT DAY
ol AERTA FYog AREHIH stEpote dicarboxamids, phenylpyrroles “18}31 fenhexamid 9]
AHE F AER BRFAY 24 B @A He 3R AT A7} anti-resistant & 27F 91&-& B1g ub Qlck
A B2 dulsle] xoidt BAARE gozg ¢ Debieu 5%& fenhexamid7} WLF9 sterol A&t

o' omE 197090l e W 87 FolM A7z AsfAlz Fate A& Buastdch
s

AF73e 3R gig AFEA FA7F W AA = Fenhexamid ] ZHF341-S Bayer AGA}o)lA] Bachmann
Ak’ Cha ' mao] mad Tzgusziel o 5 s HPLCE o188 B4uol A= glon,
350%7F #AEel £X& AAstA] Retn o FF Cabras 5°& GC-NPDE o83 59} T+ A% 2
7ol g gl L] FEE o] wE Gy o] ZHFA 2423, fenhexamid 2] & AFY oo
F7tR olold kel gith 12{mZ 4l 7iEE % 1/3 o]’do] Balsin] &A= o 49%712] 1Aty
ofe] ¥RAS 1w AT ALS 9sle] €34Y o} HET fenhexamide] Ealof J&g vX]x] grow,
o me XY 2 AFAET Bl g F& ¢EL A9 malolactic WEE o}FH AFE v|XA ¢
g AT o] Fojrjer & FHolth etta Bastgnk” olgk 2] fenhexamidol] tishe] A

Fenhexamid (IUPAC name: N-(2,3-dichlorohydroxyph- TEI g Fae 2 Agd oA O F vivd A%
enyl)-1-methylcyclohexanecarboxamide)+= 1989\ £ olm, B. cineara®] W3t A3 Tx 9 AF T4
Bayer AGAlOA] 7tE AaARA Ix, ©7], 3y Wiy Baxo] 9ot

(i, Bgoh, &, Ma, BFAER *ME] L £ g7olMe GC-ECDE o8& 20|, B7], &

T
fenhexamid®] vZE4& g A 2Ag P48

WAE7] A8 1998 Ao AAAIZ Fels 7] F

ARk @A el BE' (dLANE, Eof 3, 7 A (R0], BV, Ex)E d@X R4 o
E)9} tebuconazolexte] A Pl (FE, EXE) 2 Tkl BRI M 2F5FE 2R
59 $E2 553l 4uHD ow, det Aol

tiste] FHEaAgo] o]Foix 1 Slrh. AF7hA & 2. M2 ¢ g

A8 03 AWELel HAE 7 4 £ &

E3 BEAE 713 Botrvtis cineara ()3} B. cineara)y

e 4, A gz BB A% ggke & 2.1, Al

2, 58 EE 440l 2%, ¥Hos das o) B 2 2% A8 EEES FAIA nAIN B
cineara®] WHAIE 98 U AE$ AT ool whe &% 982%2} fenhexamidE acetoneo]] o 1,000
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mg/Le] AFZHoZ A2 & oo wel 4 &
82 343l ALE3tgon fenhexamide] &3h1%,
spstanl 1 Belsistd EAS Table 10] Vel
Az %, Bl 2 ¥y s Sujz FAAHE
X8 acetone (Tedia, 99.97%). dichloromethane (Tedia,
99.5%), n-hexane (Showa, 96.0%)& Al&slgjon, &Eo
2% £F ¥ BamsteadAl9] E-pureE E3iAlA ol
A7l 2&4E o] 8315 Sodium sulfate anhydrous
2} sodium chloride® 7}z} Daia-Kobans (99.0%)%}
Showa (99.5%)A& AHE3IEL, Alg AHAE ZH %
A= MerckAte] silica gel (230-400mesh ASTM)& A}
&3tk
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Table 1. Characteristics of fungicide fenhexamid

L RE-DPE

& Hewlett Packard (U.S.A)A}9] ®Ni-electron capture
detector (ECD)7} AEHE HP6890S A&t on, GC&
AL 7o)l 30m, WA 0.32mme] crosslinked methyl
siloxaneo] 0.17/mZ =3¥ Ulta 1 capillary column
(Agilent Technology, U.S.A) o}3len, 771712
ratio 5:1 (split flow 15mljmin), FYT+ 2% 260 C, 7
£7] 5290 C, L& 25& HZ 160 CZ 68 7
A8} 160 T A 250 TARA £F 10 TH S2A172.
o, 250 TolA 108 B AASIHE 2¥H71H N2 &
£& 3ml/min (155 pshE2 YBHE xZollen,
make up gas (N2} 58 40 mLjmino]3ith. 3|A 2F 5
2AXE Buchi R-1148& AHESIETE AlgAaldle
Baker ChemicalA}e] Sep-pak column AZZA|o| ZHol
8.5cm, W7 1.5 cm¢] plastic columnol silica gel& 53

ko] ARg-SHAT

split

Common name Chemical Formulation Structural Physico-chemical
(codes) name type formula properties
- Form : white powder
(N-23-dichlorohydroxy-  42% o o (;\p - Solubility : water 20 ppm
Fenhexamid ' ’ . (pH 5-7, 20 1)
(KBR 2738) phenyl)-l-xlx}'thyl.cyf:lolx- Suspension Ho _@m - Mp/Bp. : 153 T/320 C
chexanecarboximide concentrate CH, N
- Vp. : 4X10" mPa
(20 T, extrapolated)
Table 2. The progress of spray to the cucumber, strawberry and grape
Species No. of Elapsed days Date of Spray
of plants sprav tmes until harvest harvest concentration
0 Untreated
3 16-9-2
Cucumber 3 17-10-3 2001. 5. 1
3 19-12-5
3 21-14-7
° U;‘;“;a‘fd 2001. 5. 26 5L prod. ha
: ” 2001. 5. 27 (1,000 times
Strawberry ! 17-10-3 2001. 5. 29 dilution in water)
: 19-12:5 2001. 5. 31
3 21-14-7
0 Untreated
3 50-40-30
Grape 3 403021 2001. 8. 11
4 50-40-30-21
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BES HAFA0Z ARSI
7+ A2y L8870 grdo] BA A acetone L E 3]
A3l 005, 0.1, 025, 0.5, 1.0, 20 mgLe] EF8
RtEx 247 1 pLAE GC-ECDol| Fstd Qo
F2alE79 peak area (SHz*s)EHE EFHFA
LA
2.4.2 Boix&1 2l
7t A vifE A8 20gE 250mL AzHESRs
39 #3l 100 mLe] acetoneS Ho] 3087F A& F
3lgch o] #2&NME acetone S0mLE o] FH
9lo] 7} (Advantec, 5B)&t odel-S oF 50mL7} &
£ IAZTWN TFEIT o] FF FRES
5% NaClg<) 50mLZ 23] 4o 3 ’é‘“ﬂ/]‘ﬂ] &
223
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A s st

24.3 EH|
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columno] n-hexane 10mLE 4] F3s8k] &7}
silica gels) %ol S2@ A7A Tal wadh 53
AFEE nhexane 5 mLE 23417 silica gelo] F3
5l plastic Z# oA acetone:n-hexane (5:95. v/iv) Eghed
10 mL$} acetone:n-hexane (15:85, vfv) £ 25mlE
Zvzy g&A)# wvigch. HZZHOF  acetone:n-hexane
(1585, vV)EHR 25mLE £&A7] §4& % F
Z38le] HAZ& A|EE acetone 4mLE FEF T
GC-ECD9| #XAI22 AME-3HTh

244 378

23z Alg 20go] 0.1 mgLe} 04mgle) ¥E7}
5|2 fenhexamid 10 mg/l. FHE &N 22 Hrlsin
RY T 108 B A7 N2Eande 9

f‘

Bt
Hr@edFe 27 7]9] —‘L‘?;/:# Z 70 A chromatogram

i |
of SajAA BEEAE TWE X GC-ECDo FYUse
Aoz Z=olETIHE Fig 1o UYehied, Zt &
9] o)

2}
El 0501%_1 AZulEY] peak BHEE 7S
£ Atk FHarlsHog
—_T;—L_ Fig. 28+ zZrom, 1 A 7 PARS)
o], @7), T= 77} Y=312.40X+10.26, \=313.33x+

F\

r=0.9996, vﬂﬂ °=0.9998, X%
r'=0995402 AMA4E Btk B Bagoire oF
2 A7) Gretention time)-2- 1.‘-11.2%—0191 U%, 01%‘:

Cabras 5'7¢] GC-NPDZ A A
AT B} 15~ 1.6% ?a A=, o9 ZELO
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Fig. 1. Typical GC-ECD chromatograms of fenhexamid.
A:0.05 ng, B:0.1 ng, C:0.25ng, D:0.5ng, E:1.0ng, F:2.0ng.

A B C
700 700 600
y =312.40x +10.26 y = 31333x + 554 y =25327x - 223
600 R?=0.9996 600 ¢
: R?=0.9998 500 R%=0.9994
500 500
= = % 400
% H &
¥ 400 5 400 §
B ) £ 300
g 300 o 300 3
o & o
200
® 200 % 200 E]
@ it @
o & o
100 100 100
0 0 Y
o 0.5 1 15 2 0 05 1 15 2 0 05 1 1.5 2
Amount (ng) Amount (ng) Amount (ng)

Fig. 2. Standard calibration curve of fenhexamid in the analysis of cucumber(A), strawberry (B)
and grape(C).

91.8-96.4%, 7] 859914%, £% 91.5-98.0%2] ¥4

BlenderZ vu}sfidt F3jg] 2189 fenhexamid”?) 0.1
& Bachmann $''o] 2]8F HPLCE o] BAolA

melLs} 04mglel HES E2gE A% HAdn .
245 2e o2 39 wRelo] Aoy Gopep S HTE BLUOE dSY Cibns $Tol Y
azeleads 2HsAT 4 AR B5ge oof  OCNPDE ol8@ 24uel & Wel s1l%d
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#HE(Qo], w7), £%8) % ¥4 Fenhexamidel @&3tAdo] didh V] aizvlE 1 9] 54 75

il 2 Adelx sg W Aelr}t Agith of aw B Add FAE ZE A4E F AEFL
AR RSD)E Q0] 1.8%, 27 20%, ET th 183 vivtollal, goleh wlol ol huAg
26% % W/PpEol whE wEEZ H4g WES AA @ 48 207 38, xwel A4S 294 48 127}
gokom, WAyel Hazudds deddAe 44 %%%3:} Aoz ettt
0.05ng®} 0.0l mg/L ol o, 1 ANE Table 3o 9 Ans Bl @y 1Y He AFLL
EMiiT) B BA47ne] 23287 Bachmann §''0] ER9lE, o R Qo] X5 folUuh EE Ax3)
P& FoAsed ZE 002mgl, B7) 005myLe 57t AL 58, HAZAT F AAU5I} BE £
2 2 2447Hc 2o, Cabras 579 GC-NPD AfiFe] He ez vegulth ojs} o] AE7h
£ o83 E4ZH 0.l mgL)oA Bt 108 2L 5 #5FE 2ozt vhe A2 A 1A, 238F 0
= AEY AR 21 AFEE ¥ ZFHA57E d27] gio|riz 3}x)
gk, A2 e (ZUFH, 199 44l wE R
3.3. ZREEEY o] g BHFFA dFE v Ao Alzdn F,
ole] AT 1L ol8% AA 7 FEY T A G382 UiollA AiE E719] o] Qelnrt
FEEE 487 st APY AR E #AYTF F EF& e 277} Qo0)o) visl BT RAHY
zt AlgE 1 pl¥ FUsio “0121 FAEe sleg o] golA 1, 2olo] AL HltjgdFo] weoz A
4 A9 713 22etEadE Fig 3o Jehid o FFFUNT TREY =t HadHe F9
onj, PP WE TF BHFE A 2HE Aol g Aoz FEEch wF LRN 7P 3
Table 4o Febd vlhe}l gtk Qol& 423 2% WA & RFFL MY AL w7k AW Aste] 4
33] 4¥Al 025mgLol, 3 3dd 33 ¥EA oo} A HEFo] dAET ERM Fez A3
020mg/l., F& 543 33 XA 016 mg/Lo|glen, FA455 gl g3 B 5 o4y 2] ¥
£8 79874AE 0ldmgloldth B7le £ 24 o % v Ro2 BEHCh Fenhexamidr} 7h5
A 38 AEA) 051 mgl, 5 3YA 38 HEA 031 Baol AT B FolH waA s S
mg/L, 48 A7 33 FEA] 0.16mgLolAen], F 2setd E4'e 7D gled, A8 F woe
g 7934 33 HTAE 009 myLo|h ¥xe H Baj, 240 dge FE= 7R3 20lo] &%, &%,
8 3094 33 AT 001 mgL, 3 2094 33 42" 59l A HPEe) Bsed wWs (M4
YEA 002mg/L, & 2194 43 EA] 0.05mglL 71 AeE, AMESEl, tidEE), wMek 1E (E
olpon, 8 7YH7HA 33 HIEAE 0.14mglLo] L4, ¥4 F oy Qo] woke] A4 #ud
itk Fenhexamide] 58] 8%& ADI" (0.183 mg/L) A ket §74 FolAe] Seo] B8 d7w o
g 2A2 o453 2 & 100mgLo2X, o] 7IE gY=lojof & Zlojck

Table 3. Recovery, minimum detectable amount and detection limit of cucumber, strawberry and grape

. Added Recoverv () Limit of Minimum
Species of . : .
plants concentration N 5 c Mean + RSD detection detectable
(ppm) - (ppm) amount {(ng)
0.1 95.8 938 96.4 953~ 14
Cucumber 04 918 962 949 943-23
0.1 874 91.4 89.0 83-20
Strawberry 04 82 859 863 869+ 1.2 oot 0.05
0.1 920 98.0 94.0 94.7 - 3.1
Grape 04 915 950 915 927720
*0.05ng 1;:%, % ZOg
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Fig. 3. GLC/ECD chromatograms of control and recovery in cucumber(A), strawberry(B) and grape(C).
a : control, b : recovery(0.5ng).

Table 4. Residual amount of fenhexamid in cucumber, strawberry and grape

Species Number of Sprayed days Residue amount (ppm) Maximum residue
of plants tre?tment before harvest A B C Mean + limit (mg/kg)
times ean = RSD
0 Untreated <0.01 <0.01 <0.01 <0.01
3 16-9-2 022 0.26 0.28 0.25+0.03
Cucumber 3 17-10-3 0.20 021 0.19 0.20+0.01
3 19-12-5 0.16 0.16 0.15 0.16=0.0!
3 21-14-7 0.15 0.13 0.14 0.14+£0.01
0 Untreated <001 <001 <0.01 <0.01
3 16-9-2 0.43 0.58 0.52 0.51+0.08
Strawberry 3 17-10-3 0.30 0.37 025 0.31 =0.06 1.0
3 19-12-5 0.15 0.19 0.15 0.16-0.02
3 21-14-7 0.07 0.09 0.11 0.09=0.02
0 Untreated <001 <001 <0.01 <0.01
Grape 3 50-40-30 0.01 0.02 0.01 0.01+0.01
3 40-30-21 0.02 0.02 0.02 0.02+0.00
4 50-40-30-21 0.06 0.04 0.05 0.05£0.01
4. & E Fenhexamid®] Q0], 7], £x9| 34ge zzt H

[e]

T 948%, 88.1%, 93.7% ollx, THFFL 20| 0.1

GC-ECD7} %% gas chromatograph® o] &5}o] 3~0.28 mg/L, Z7] 0.07~0.58 mg/L, £% 0.01~0.06
AFA fenhexamide] g (2o, B7), T5) Fo & mLE THRIAEF viLolgint

73 2L A% AHzAL YAl A 7E @

FEHE Folyck B A¥e] xdA HLHEFES

005 ng olgled, AEFAE 001 mgl oYUtk

Analytical Science & Technology

Copyright (C) 2005 NuriMedia Co., Ltd.



ZEg(Ro], B7], %) ¥ #4# 4 Fenhexamid? #FAdo) dig 714 zzeole ey 77

AAtel 2

2 d7E 00245 gietu aeldte e} 4
SAE vl Aol ofsiM PR, ofe ZA}
=

L]

tn 23

HO

.B. Y. Oh, The Korean Journal of Pesticide
Science, 4(4), 1-11 (2000).

. S. 8. Park, S. J. Park, H. Pyo, J. H. Cho, H. S.
Kim and T. K. Park, The Korean Journal of
Pesticide Science, 4(1), 1-9 (2000).

. B. J. Cha, Y. S. Lee and H. R. Lee, The Korean
Journal of Pesticide Science, 4(1), 38-43 (2000).

. C. D. S. Tomlin, "The Pesticide Mannual”, 12th

ed., 388-389, Brirish Crop Protection Council,
England, 2000.
. Korean Assosiation of Agricultural Chemicals,

”Agrochemicals Year Book”, 783, Korea, 2000.

. Korean Assosiation of Agricultural Chemicals,
"Agrochemicals Year Book”, 220, Korea, 2000.

. D. Debieu, J. Bach, M. Hugon, C. Malosse and P.

Leroux, Pesticide = Management  Science, 57,
1060-1067 (2001).
. H. J. Rosslenbroich and D. Stuebler, Crop

protection, 19, 557-561 (2000).

Vol.16, No.1, 2003

Copyright (C) 2005 NuriMedia Co., Ltd.

9.

10.

1.

12,

14.

15.

16.

17.

F. Chapeland, R. Fritz, C. Lanen, M. Gredt and P.
Leroux, Pesticite Biochemistry and Plvsiology, 64,
85-100 (1999).

P. Leroux, F. Chapeland, D. Desbrosses and M.
Gredt, Crop Protection, 18, 687-697 (1999).

J. Bachmann and F. Nuesslein, “Repeport No.
MR-144/94", 1-79 , Bayer AG, Germany, 1995.

P. Cabras, A. Angioni, V. L. Garau, F. M. Pirisi,
F. Cabitza, M. Pala and G. A. Famis, Food
Additives and Contaminants. 18, 625-629 (2001).

. I. Ruf, “Report No. 25618", 1-547, Bayer AG,

Germany (1996).

Y. H. Jung, J. E. Kim, J. H. Kim, Y. D. Lee, C.
H. Im and J. H. Hur, “Recent Pesicide Science”,
272-274, Sigma Press, Korea, 2000.

P. Matthiessen, D. Sheahan, R. Harrison, M. Kirby,
R. Rycroft, A. Tumbull, C. Volkner and R.
Williams, Ecoroxicology and Environmental Safety,
30(2), 111-119 (1995).

J. K. Lee, I. S. Jung, J. W. Kwon and K. C. Ahn,
Korean Journal of Envirommental Agriculture, 17,
107-116 (1998).

J. K. Lee, J. W. Kwon, K. C. Ahn, J. H. Park and
J. 8. Lee, Korean Jowrnal of Emironmental
Agriculture, 19, 116-121 (2000).

. Y. H Jung and Y. S. Park, “Pesticide Science”,

102, Korea, 1990.



	[환경] 작물(오이, 딸기, 포도) 중 살균제 Fenhexamid의 잔류성에 대한 기체 크로마토그래피 분석
	요 약
	Abstract
	1. 서 론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결 론
	감사의 글
	참고문헌


