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Abstract

This study was performed to develop a precise single residue analytical method of fungicide fenhexamid in
representative crops for general residue analytical method which could be applied to most of crops. Korean
cabbage, mandarin, apple and green pepper were selected, macerated, extracted with acetone, concentrated and
partitioned with dichloromethane. Then the extracts were concentrated and cleaned-up through Florisil column
with ethyl acetate/0.1% acetic acid in hexane [15:85, (v/v)] before concentration and analysis with HPLC. LOQ
(Limit of Quantitation) of fenhexamid was 1 ng (S/N>10) and MQL (Method Quantitative Limit) was 0.01
mg/kg. Recoveries were measured at two fortification levels (10 MQL and 50 MQL) on crop samples and
ranged from 85.2% to 94.8% (mean recoveries) and coefficients of variation were <10% regardless of sample

type.

Key words Fenhexamid, HPLC, LOQ, MQL, Recovery

N E

Fenhexamid[2,3-dichloro-4-(1-methylcyclohexyl-carbo
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tris(albesilate)2t2] FHA|Q1 w2 2](FH4Y), tebuconazole
9] ghA| Q1 elo| B El(735), prochloraz-manganese2}2] ¢t
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Table 1. Use and physico-chemical properties of fenhexamid

Common name Fenhexamid (Fungicide)
Controlling Disease Botrytis cinerea, Monilinia sp., Scletotinia sp.
. . . Molecular weight : 302.2 Log P : 3.51 (pH 7, 20C)
Physico-chemical Properties — . ” .
Water solubility : 20 mg/L (pH 5-7, 20C) Vapor pressure : 4 x 107 mPa (20C)
Toxicology LDso for rats : >5000 mg/kg LCs for rainbow trout : 1.34 mg/L (96hr)
Residue DTs in soil < 1 days (4 soils, 20°C) MRLs : 0.01~5.0 mg/kg
Cl cl 0
Structure
HO NH 1

Abad-Fuentes(2009)-2 Ewof|4] direct competitive enzyme 9111, acetonitrile2 HPLCH-S, acetone, dichloromethane,
-linked immunosorbent assay(dc-ELISA)E o]-85}o] 4111 ethyl acetate, hexane-2 EPH-& AME-o}4th ESH sodium
ZHHSHA MRL7HA] A& 4= 9tta Basigich B3 2A}F chloride, 4= sodium sulfate, acetic acid= GRES A&
£ E3 7)129 W & GCE 0|83t WHL fenhexamid 2] kT Florisil(60-100 mesh)-& Flukao|A] &2 S 20t&E
B2} % WY hydroxyl group(-OH)x} amide group(-NH-CO-) T a8 FAste] 130 CoflA] 5A7E o)) SAJSHAIA AL
o] ZATHLE peak o] o] Aol 2|7} 74ILstA] Xk Elpiine
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Algk, T " 719 A HPLCO| F¢3sto] A =ut&E 13 9] signal¥} noise2] H|E
Fenhexamid ¥#35-3%(99.5%)-2 Chem Serviceof| 4] T-¢5} Fsko] LOD ¥ LOQE AAlehsich

Table 2. Maximum residue limits of fenhexamid in various crops

Crop MRLs (mg/kg) Crop MRLs Crop MRLs Crop MRLs
Green & red pepper
5.0 Apple 1.0 Grape 3.0 Peach 1.0
(fresh)
Strawberry 2.0 Cucumber 0.5 Sweet pepper 3.0 Tomato 2.0

Mandarin 1.0 Garlic 0.1
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Fenhexamid %389 0.05 ppm= ¢1o]o] 61 HPLCo|
20 uLA F=9fsto] A=ntEIH 40 HiEE A7), peak
o] W4, peak 0|9 Ho|E H|u HESFFCH

Fenhexamid EZZZFM Xt

Fenhexamid #3892 fenhexamid 722 1000 mg/L
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stttk 0] 0.05, 0.1, 0.5, 1, 5 mg/Le] &7t B A
g & 345k, 20 pL¥ HPLCo| FYste] peak®] WA
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Table 3. Condition of washing and elution solution for column chromatography

Ethyl acetate/0.1% a.a Hx

Washing solution Volume (mL) Elution solution Volume (mL)
Condition 1 10 : 90 50 20 : 80 100
Condition 2 5:95 100 15 : 85 100
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HPLC 7|7|2M XA
Z+E 2 Fenhexamid @] 54412 variable wavelength detector
(VWD)7} A2+ Agilent 1100 series HPLC(Agilent, U.S.A)

= AFE3}SITH Table 4).

HPLC#! fenhexamid peak? M ZE(Retention) EZ
Retention factor(Capacity factor)
Retention factor(k)= HFEE A7t BAHESA 7KL ;
adjusted retention time)& ©]-8-3}0] 2] (2)o] &Jsto] ALk
ik

t/

i @

t. = retention time
tm = retention time of a non-retained compound
t' =t - tm = adjusted retention time

HPLC & SE4(Column efficiency)

O|2EH4(N ; Number of plates)2t 0|2EHz0|(H

Height of theoretical plates)

N-& #5E5 A7 peak ] Hu]E o]8ste] 4] (3)of 9
sto] AlAFsESaL(Rood, 2007), AARE Nip Z9) Zol&

ol-g3te] 4 (4)°f skl HE ArkalirkRood, 2007).
N = 5.545( \;]S(‘;?I)l) y 3)
Wi = peak width at half height
H(mm) = column length(mm) @

N

Table 4. HPLC operating condition for the analysis of fenhexamid

Instrument : Agilent 1100 series (U.S.A)
Detector : Variable wavelength detector(VWD) 205 nm
Column : Agilent Eclipse XDB-C18 5u

(4.6 mm LD, 250 mm length, Sum particle size, U.S.A)

Mobile phase : A (acetonitrile), B (water)
A:B = 55:45(Korean cabbage)
A:B = 53:47(apple, mandarin)
A:B = 52:48(green pepper)

1 mL/min

20 uL

Flow rate :

Injection volume :

st - 2Y4 - Yongzhe Zhu -
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Aot ¥ o
e, e W xHHy
AZ3H(LOD) 2 AFIHA(LOQ): HA47]7]9] H=s

o‘htﬂ[Fig. 1, (Fong &, 1999; Miller, 2005].,

550 142t 345151, 1 ngelSich GONPDE] 3
5(2003)2 0.05 ngo.2 HI3F3iTt.
BAo AFA AP AA3)E okol
T A8kl HiEE AlTHb), peak«] H2)(Area), peak =
o|(Height)9] 2412 ZARBR=G|, AA| & oz 2A7]7]9] ot
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Fig. 1. LOQ of fenhexamid.

Table 5. LOQ and reproducibility of fenhexamid

LOQ Reproducibility
Average CV” (%)
te 9.60 (min) 0.21
1 ng
Area 6.37 6.73
Height 0.51 3.51

UC.V (Coefficient of variation, %) = Standard deviation /

Average x 100
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Fig. 2. Calibration curve of fenhexamid for the analysis of Korean cabbage, apple and mandarin, green pepper.

Table 6. Efficiency of liquid-liquid partition with three different solvents

Recovery (%)

Solvents
100 mL x 1 100 mL x 2
Hexane 429 77.3
Ethyl acetate 86.6 91.3
Dichloromethane 97.3 1134

Table 7. Recovery rate by sequential elution of ethyl acetate/0.1% a.a Hx mixture

Ethyl acetate/0.1% a.a Hx

Recovery (%)

5:95 50 mL -
10 : 90 50 mL -
15 : 85 50 mL 94.6
20 : 80 50 mL 3.9
25 : 75 50 mL -
FA0 FAAL o)A y = 142x - 0.9527 (R*=1), 100 mLA & ¥ Fufjsls 2 25 Bujgaizdos 2%
Abke} ol A y = 142.77x + 0.7067 (R=1), 113=0]|A] 3}t
y = 141.86x + 0.342 (R*=1)Z 2% R*=0.99((F)A =g
o], 2004) oo 2 A HAAJo] S-4=3ATHFig. 2). Florisil Z4&S 0|88 YH=Zie| =iz
A 2 (clean-up)> - Fufel A A|ABHA] Sk 1M
=i F=2 st 22042 ZH B29 AA3H= 3402 Florisil, silica gel, alumina 5<]
AFEA A 9] dl-of Hulji= £t v]FA uiE o] &5t SHEAE o 2113 29 agatE daie}, ol¢t
of o7l HSAQl TP ES FEo| TiE 2N v A3t L sHHA 27)7F ZaL, FAH o' ¢fo] Tt
Aol gufjE o|% A7), ZAO] HEEAL 202 11]7-] SPE(Solid Phase Extraction) cartridge 52 ©]-83}0] 43}
T = Qlek. FA 02 AAEE WalEdole Folu alcohol, gt} & AFtolAe sk AAT ] 7MY detdes
starch®} -2 B3k 50| Jlth(Fong 5, 1999). ulzbA] AH8-8l= Florisil& Agsto] A48 2129 v, 9

AAg gufje] Mefo] Faghd], H-of Fuj gufjol -85k
S 2= HHZ 07 wo] A-E= dichloromethane, ethyl
acetate, hexaneo] 112{%|$]t}. Dichloromethane, ethyl acetate,
hexane®] Al €& 100 mLA 3HH(100 mL x 1), =
100 mLA 77+ 5 81100 mL x 2) Eujgt Z7HTable 6)

dichloromethaneo] 19 Huj 9 2 Huf X704 97.3
~113.4%9] 53t 3|42 e oA, dichloromethane

HIAE o2 A 5,10, 15, 20, 25% ethyl acetate/0.1% a.a
Hx Z3loaz Qe & A3 20% o)A 99.5%9]
Sl&2 ¥& 4 SUSIth(Table 7).

919 AnE Bz Az 283517] flste] Al&-gafet
o8 20e oAl & 5PJ—7\P 3} tH(Table 3). + =4
oA BE 99%9] 3]+ YEH A THTable 8), ethyl
acetate @] 3FgFo] 5% T WolA| AA7} o golg A
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— H 1
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EeE
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o2 AaEE 279] ethyl acetate/0.1% a.a Hx(10:90, v/v)
50 mLE M|AEu| 2 ARSE T2, ethyl acetate /0.1% a.a
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EH 195, 2009) A (o] 40}04 ;Ls} o7

1 ng x 5 mL
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Bachmann} Nublein(1995)2 E o4 9] EAATFsHA
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Table 8. Recovery rate of two condition of ethyl acetate/0.1% a.a Hx mixture

Ethyl acetate

Recovery (%)

/0.1% a.a in hexane 0 - 50 mL 50 - 100 mL 100 - 150 mL Total
Washing (10 : 90) -
Elution (20 : 80) 93 6 - 99
Washing (5 : 95) - -
Elution (15 : 85) 96 3 - 99
Table 9. Recovery and MQL for fenhexamid in crops
Fortified level Recovery (%), CV (%)” MQL
(mg/kg) Korean cabbage Apple Mandarin Green pepper (mg/kg)
0.1 913, 1.9 92.1, 0.7 88.4, 0.4 94.8, 7.6 0.01
0.5 93.6, 1.5 85.2, 3.9 88.3, 1.3 91.7, 2.5

“Average of triplicate.
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Fig. 3. Chromatograms of control and recovery (fortified at 0.5 mg/kg of fenhexamid) of fenhexamid Korean cabbage extracts.
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Fig. 4. Chromatogram of control and recovery (fortified at 0.5 mg/kg of fenhexamid) of fenhexamid in apple extracts.
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Fig. 5. Chromatogram of control and recovery (fortified at 0.5 mg/kg of fenhexamid) of fenhexamid in mandarin extract.
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Fig. 6. Chromatogram of control and recovery (fortified at 0.5 mg/kg of fenhexamid) of fenhexamid in green pepper extract.
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Table 10. Retention times, £, N and H of fenhexamid each crops
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Crops t. (min) tm (min) t k N H (mm)
Korean caggage 9.74 1.76 7.98 4.53 18252 0.014
Apple & Mandarin 11.02 1.75 9.27 5.30 22952 0.011
Green pepper 11.44 1.77 9.67 5.46 20366 0.012

Y7} 4.53, 5.30, 5.460|3ith

ol 2E(N)2} ol 2stol(H)E 2Ho] 22 58S et
Y=b(A74 %, 1997; McNair and Miller, 1997; Rood,
2007) N& 5, ARk 9l g, ai3eof disf Z427; 18252,
22952, 203660]910.0, webd] Hi: zkz 0.014, 0.011,
0.012 mmo]thTable 10).
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