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Development of Analytical Method for Fenoxanil in Agricultural
Products Using GC-NPD and GC/MS
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Abstract The aim of this study is to develop residue analysis method for fenoxanil, a MBI (melanin
biosynthesis inhibitor) propionamide fungicide, had mainly been used to control rice blast, and disease of
other crops, fruits, and vegetables by using GLC/NPD and GC/MS. Extraction with acetone and partition
with n-hexane/dichloromethane (80/20, v/v) were performed from hulled rice, soybean, Kimchi cabbage,
green pepper, and apple, then column clean-up with florisil was applied. Mean recoveries were 82.2%-
109.1% with less than 7.2% of coefficients of variation and limit of quantitation was set at the concentration
of 0.04 mg/kg from the five agricultural products through the determination by GLC/NPD equipped with DB-
5 capillary column and single laboratory validation. As a confirmatory method, GC/MS selected ion
monitoring (SIM) was set from m/z 125.0, 188.9, and 293.0. Developed method is expected to apply the
single residue analysis of fenoxanil in agricultural products.

Key words Fenoxanil, GC-NPD/MS, Single residue
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Fig. 1. Chemical structure of fenoxanil.
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2 Arice)ell 3l 0.5 mgkgeZ A o]
2014).

Fenoxanil®] &2]3}sH4 E4
4 (Log P, )= 3.52 HIF
69.4°CO| T, B-AZFE 3292 (CysHyCoN,0,)21 WAN9] Hout
o|t}(Kawasaki 2003). Fenoxanil®] ZH-FE4¥-& HPLC-
MS/MS (High performance liquid chromatography-tandem
mass spectrometry)S ©]-&3F TR o] R H u} 3le
w(Kwon et al., 2011), A =] 2FFA o7 2759
¥ 4.1.2.2 (MFDS 2012)°l SPE (Solid phase extraction)
A = GCHECD (Gas chromatography-electron capture
detector) €2 GC/NPD (Gas chromatography-nitrogen phos-
phorous detector)= Aok WHo] FAHEAHOR AA
3 glont, SR o R gl - A AIFES jlAL =

ATHMFDS

0 2 p-octanol/water -4l A|
45}51 o]u:L =1z o

D BB = g T
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) 52 22 W ohe} 29 BaEoN e AR AHE
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meh B A 4, 25, A 2 AARE Yo

3l fenoxanil®] TAE £ =
fo= ]

Ae] 7128 AFHLA S
e 9

Aot & 7|7
Fenoxanil 3% Dr. Ehrenstorfer GmbH (Augsburg,

Germany)°llA =% 98.0%2] #4188 F+9ste] A&

o} Acetonel 2 £335ld 500 mg/Le] Tt HESF ZA
Sl fenoxanil T8N -20°Ce] WE Lol AAs19oH,
AHE Al n-hexane® ® A 845k o] 43151t . T. Baker
(Phillipsburg, USA)AIA F4&t florisil (60-100 mesh)
130°CollA 8l o F23] 7hdste] &/dstet & ARg-at
T}t Acetone, n-hexane, dichloromethane, acetonitrile 2!
ethyl acetateS X 7|89} TNk AFEF =
L AFEY SFo] AJokS AMR-3F A, deionized waters:
J. T. Baker (Phillipsburg, USA)°IA HPLCE-S T3k A}
2319t} 7E=7]= Eyela NE-1000SW (Tokyo Rikakikai
Co., Ltd., Tokyo, Japan)E ARSI, AlE9] wif & +
A3l= Ultra-Turrax T-25 (IKA Works Inc., USA)S] 24
A71& AHEsIT

aal

-
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o] AFEH FAHE A]E & fenoxanil®] ARg-o] &7}
= SAHE(MFDS 2014) F AAFE 153 2 bF
SARAAE A, FRAME Arl, FRAME TS
EZAET /H;H;].oﬂ;/_ ZF O E BAELS 1Y e o)
JEnlE oA %7151 EAER o)=FH Ag ?_olg]_o:] A)
54 01 A A2 (MFDS 2012)0.2 22, vl 5
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fenoxanile] ZHFa1A] %a-S SRISIaL A ol ARSI

lu[m s
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GC-NPDMS 24 =

Fenoxanil> #4729l chlorine ¥ nitrogens 2t} 27]

Table 1. GC-NPD and GC-MS operating parameters for the analysis and confirmation of fenoxanil

GC/NPD
Instrument Agilent 6890 GC
Detector Nitrogen phosphorous detector (NPD)
Column DB-5 capillary column (0.53 mm i.d. x 30 m, 0.50 pm film thickness)
Temp. Column oven: 220°C, Detector: 300°C, Injector: 280°C

Gas flow rate

Carrier: N, 4 mL/min, Make up: N, 5 mL/min
Detector purge: H, 1 mL/min, air 30 mL/min

Sample size 1 pL, direct injection
GC/MS
Instrument Agilent 7890/7000 GC/MSD Triple Quad
Column HP-5MS capillary column (0.25 mm i.d. x 30 m, 0.25 pum film thickness)
Column oven: programming
Temp. Rate 1: from 190°C (1 min) to 250°C at 10°C/min

Rate 2: from 250°C to 300°C (10 min) at 5°C/min

Detector: 250°C, Injector: 300°C

Gas flow rate

Sample size 1 uL
Injection mode Splitless
Ionization

Mass range (m/z) 50 - 500

Carrier: He 1.0 mL/min

Electron ionization (EI), 70 eV
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52 NPDE fenoxanil®] #4472 ©|&s1th. NPDE
Aae GC= Agilent 6890 (Agilent Technologies, Inc.,
Santa Clara, California, USA)S ©]-&3}9332, W7ol 0.53
mm¢$! capillary columng ARE-3t] 220°Ce] F-22710A]
43819000, Al FFQE packed inlet2 ©]&3te] Alg 7
Fe Z2H to ' Ay Fdske WS 483kt Agilent
7890 GColl 7000 Triple Quad GC/MS7} 22E GC/MSZ
©]8-3}%], scan mode®} selected ion monitoring (SIM)
mode®ll 4] fenoxanil®] 4% 1S stlomH, 7t 7]7]¢]
42718 Table 13} 2}

ag

FEEAS A gAsle] A 0.05-5 mg/L F=2] feno-
xanil& GC/NPDell 1 ul¥ #45te] dojzl w9 WAL
S 702 BEUTEA S AT B3 P A< 717
A 7 o5 18] S8l 0.5 my/Le] FEE Z2AIS
fenoxanil®] ¥F89S GC/NPDel| 158 407 F9]3)
3 ARvET] o] wFE-E A {Hretention time, tR)¥} I

< H718kATh A #eHA (Limit of quantitation, LOQYE &
AE FAEEZRE fFHEe A ERC] slE HEEA17
TAHA] s RIS F ofef o] Aol ozl Shiteidion,
7} 25 @] FAHE Al 9| fenoxanil®] 7 H3HA|, A FeHA <]
108] 2 508]9] &7} HE=E 30 X5 34g AlES
53l A gl

LOQ (mgkg)=[7171"¢e] H2HEF(ng)/ FUHuL)]
x [N E&N(mL) / N E#(g)]

ES

100 mLe] acetones ZH7+e] §4k= AR 25 goll 7hatal
FEAEE & A 20mLe] FHRTE 7t 3087 3
%) AEHA7E ofgste] 28 3 3 2 R (200 Hz)
& F=3ith. #5942 34| (Toyo Roshi Kaisha, Ltd.,
No. 6, Tokyo, Japan)7} Z# %= Buiichner funnel2 73t
o3} silaL, #27] 8719 Hokle FE93% Buiichner
funnel A+ A&+ acetone 40 mLZ o] o] 2] ozl 5}
sttt S AFA S 1L &7 FHZurle &
712 2 At SR 42 S0mL B 450 mLE 7}
3laL n-hexane/dichloromethane (80/20, v/v) 100 mLZ &
v FZ38151 0, AX] & 2452] n-hexane/dichloromethane
(8020, v/v)THe F3l F4= sodium sulfatedl] F3AIA S5
g 40°Ce] & AellM ZsE w5, dassith /<l
Anj e} F o]9]e] A8 ZA3E-2 p-hexane 10 mLol| &3
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SEAA o]& v T, o]oJA] p-hexane/ethyl acetate T3+
o} (80/20, v/v) 150 mLE &ZA1A fenoxanil S 34
31t} Fenoxanil Ad%-0] Xshd S5 40°Ce| =& 4
oA 7t T=, AXsIHN e, AXES n-hexane 10 mLo|
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GC/NPD M =7

GC capillary column®] SZ=] U= resin®] FHHE=
B2 oS ZAE fenoxanil 4]0 24 7153 249
GLC columng X173} t}. 54 % phenylsiloxane/methyl-
siloxane?] H]-&°l we} F40] MZ T2 columnsEZE #2
5S AES A3}, methylsiloxane $Hraol 2zt 100% 2
50%9%] DB-1 ¥ DB-17X.t} methylsiloxane $H+-3¢] 95%
2 8lwd ¥[34 AEel DB-5 column (Agilent J&W
columns, Agilent Technologies, Inc., Santa Clara, California,
USA)IA fenoxanile] e 9 Hlwo] 74§31,
fenoxanilS #A3517] €18t A9 GLC column DB-52
21739 th(Fig. 2). DB-5 column®.2 2] A] QEo] &%
7} 220°C3) T2Z7MA fenoxanil®] HF-EAIZHS F 5.1
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Fig. 2. Sensitivity of fenoxanil by GC/NPD analysis, obtained from different columns characteristics, each of concentration is 0.5 ng.
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Table 12] GC/NPD 27 S 2 fenoxanil EF&HS 4
3to S/N (signal/noise)H| & A3t A3}, £4717] e A
A AZEHS/N>10) 0.1 ng 0|t} 31, okd 3
7171384 73 55 18] 918 0.5 mg/L FE
&4E GCNPDOl| 158 ¢, A ate] wFEAIZF &
FrAe] HOAG(CV, %)ys Fetste] vHEAS H71se]
th 2 A3, RE ARuEIHY HEOAM H 3.0%°
QA UERY P A ol A& Sl 717184 S Y
& dS ER1EATHTable 2).

Fenoxanil®] =% Z3899(0.05-5mg/LyS 1 ul¥ GC-
NPDZ FA5le] A& ZFHZ2A W4 y=140.870x
+3.726 (R*=0.999**) o]{th(Fig. 3). &, AAAZHS 12
T2 0.05ngollAl L 100811 5 ngZhA 9] T Aol
3| AAG7E R=0.999%* o] Fo 2 -3 2ol HAA
gorz HlwA BFHYS F5 9] fenoxanil AHIES H]E
Ao 2 4Edhe Aol 7hsath
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Table 2. Repeatability of GC/NPD analysis of fenoxanil

Absolute Retention

Parameter Time (min) Peak Area (pA)
Minimum 5.673 64.10
Maximum 5.679 67.00
Mean 5.676 65.50
SD 0.00 1.96
CV (%) 0.04 3.00

* Abbreviations : SD, standard deviation; CV, coefficient of variance.
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Fig. 3. Calibration curve of fenoxanil in GC/NPD.
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Table 3. Efficiency of liquid-liquid partition of crude extract by different solvents for fenoxanil

Recovery (%) "

Compound
pou Partition I?

Partition I1

Partition I11 Partition IV

Fenoxanil 83.9

95.6 96.8

! Mean values of triplicate samples.

? Partition mixture : 150 mL acetone + 50 mL saturated NaCl + 450 mL water.
I, 100 mL n-hexane, 11, 100 mL »-hexane/dichloromethane (80/20, v/v), 11, 100 mL #-hexane/dichloromethane (20/80, v/v), IV, 50 mL

dichloromethane (x 2 times).

Table 4. Efficiency of n-hexane/acetonitrile partition for fenoxanil

Recovery (%)"
Partition I? Partition II
Fenoxanil 92.9 91.8

Compound

! Mean values of triplicate samples.

? Partition mixture : 40 mL »n-hexane saturated with acetonitrile.
I, 40 mL acetonitrile saturated with n-hexane (x 2 times), 11, 40
mL acetonitrile saturated with n-hexane (x 3 times).

goto] ) &=
283 Pit‘r(AOAC 2000; MFDS 2013).
Y 329 il 28-S HAES] A% 8= n-hexane,
2%92] p-hexane/dichloromethane &3t 2 dichloro-
methane 5 4522 A4 35}9] 2™ (Table 3), n-hexane 100
mLE E3319S v fenoxanil®] 35S 83.9%% FALE
%13, n-Hexane/dichloromethane Z&4(80/20, v/v) 100

mL % -hexane/ dichloromethane &§<¥(20/80, v/v) 100
mLE #3392 W9} dichloromethane 50 mLE 23] Wz
EY319E w9 3582 27 95.8%, 95.6% F 96.8%=
AT 95.8%0] B¢ES vEhd Belg 119 g
hexane/dichloromethane &34 (80/20, v/v) 100 mL ¥4
Al dchloromethane®] B &S o 19 g Fok: 3
T&9 W= musigion, A]e HYA TS AHT
o 7 Aedst Aoz vkE FulEu] 119 n-hexane/
dichloromethane <% (80/20, v/v)S fenoxanil®] F-Hlj-&-n
2 A3

TAE ,\] S2HE %EHQ.‘: A BBol =4 = 7]];]_
7HdEAE°] n-hexane/dichloromethane (80/20 viv) &%

oA=L, X ARSI} A& 4 p-hexane/dichloro-
methane (80/20, v/v) £ FOo& FHlEEE A|AHZ|
et HE A AR F Aot T oF 1-3% 2 20%
T Aol FREo] = AFREH, olE AFEES n-
hexane/acetonitrile WIS F7I2 FAIStY AAAHES

AAs A} FFTHUS FDA 1999; AOAC 2000). Table 4
of e nle} 7o) p-hexanel 2 H|E] ESMAAE
acetonitrile® 23] EH] (Eul-&ul 1)313S W 92.9% FFL
Z fenoxanil®] 357} 7Fselga, Buje) 35-E 332 &
e 348 Pdades gldlerg 2] HelgS 1
st Ad 2@ HF4 A EES AAE 9lg n-hexane/
acetonitrile FHIH-2 Fujz7 2 A3k 4, AA
ol 1% PRt 24 HIAWAY A5 sfdsh= vl S, At
3}, IFE= AAE AEE D HFA ETE Gol

2 2o B 2 y-hexane/acetonitrile 1] 2 S Ak}t

ME = X3zl
FAHE ) 2 fenoxanil®] #4 A 24 BB 2 v)F

de] ZHdEAEC] 43719 - Full 2 p-hexane/acetonitrile
waj gl os) AF Tt AARENCE G A=, 7
A5 wet FE= 7E BeEEo] AR Aolstal ok
Al ERjEo] JJong, FUHH AAPPor AR}
Egulo] og FAMe A&siith SR AErED )
W R A Al 7P Bol ol 8Ee AAHoEA,
FAAZE florisil, silica gel ¥ alumina 5] AHS-H T}, £
°4¥°ﬂ/\1 = fenoxanil?] 54& 7etste] F2HA|= florisil
S A28 M, n-hexane/ethyl acetate =3 -SuljA] A2

o

A2 olge A RulgS Fol AR AAEGCES  chye 34 282 el A1 SArkTable 5).
Table 5. Elution profile of fenoxanil for Florisil column
Recovery (%)"
Elution solvent (v/v) y (%)
0-50mL 51-100 mL 101 - 150 mL Total
90:10? 0.0 0.0 17.1 17.1
85:15% 20.1 51.2 184 89.7
80:207 79.1 19.4 0.0 98.5

D 10 g of activated florisil (60 - 100 mesh) was packed without solvent.

? n-hexane/ethyl acetate (vV/v).

3 Pre-washed with 100 mL of ?solvent system, and then eluted with n-hexane/ethyl acetate (v/v).
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Fig. 4. GC/NPD chromatograms of recovery of fenoxanil from agricultural products; each of the sample was fortified at the

concentration of 0.4 mg/kg.

S AAE |83l fenoxanil
—hexane/ethyl acetate &3+ (90/
10, v/v) 100 mLZ %}a AEe 3] &2 T n-hexane/
ethyl acetate &3 (80/20, v/v) 150 mLE &2 H$-
98.5% <=2l ¢ 3rES et webd A=
A AAE A% F7H ZAELL florisil F2L=rETH
& Table 59 W} 7o)
A(90/10, v/v) 100 mLZ pre-washing@t &, n-hexane/ethyl
acetate =39 (80/20, v/v) 150 mLZ £&3l= WS 24

n-hexane/ethyl acetate &%}

SME F fenoxanil?| EAMHEETEHA
B Ao EARAES

Fig. 49} 74t} 2 Aol Fg %*Lﬁ
AZntE2A fenoxanilZ T3 HESA|7H
o] EFAsHA s SRt T, 471719 A
I NEF, FAHE T F:ES At
fenoxanil®] g A=

A
0.04 mg/kge]oH, $-2uyet

it 3

SJOREQPAA oA WA HETA R
3|24 (MFDS 2013)¢} Codex (Codex Alimentarius Com-
mission, 2014)14 A= REFFEAY 7180 0.05
mg/kg ©|3t Ti= 58715 112 olate] AFEA 71E
R

7} Ui FAHE FAE Al AR, FEsAe 10
w2 50ule] FE7} E=E fenoxanil EEES MUt
, 23719014 g et Baagol wel 7 3o g BAs)
o Bpee 2L 1 A% AW RN
82.2-102.8%, FFEHA 108] ol M= 84.2-109.1%, 8
SHA S0M) ol 89.2-99.8%2] Y IS B
on, B oae o 7.2%=2 ZAKE Sl A A T
ST wEbA, FAHE AR 9 APl BAIgle] 3
& 70-120% H9I9F FA A 10% olHe] HFE
=319 TH(Table 6).
Aol Az B, B Aol &3 fenoxanild] 7+

R
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FRAS T - o AR AFEE A H 24 3
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Table 6. Recoveries of fenoxanil from various agricultural products

=

Agricultural product Fortification (mg/kg) Recovery (%) ” CV (%) LOQ (mg/kg)
0.04 88.6+6.3 7.2
Apple 0.4 943+3.8 40 0.04
2.0 91.6+£23 2.5
0.04 96.5+5.0 5.2
Kimchi cabbage 0.4 102.0£5.6 5.5 0.04
2.0 99.8+3.2 32
0.04 102.8+2.3 23
Green pepper 0.4 109.1£6.8 6.2 0.04
2.0 924+2.6 2.8
0.04 82.2+4.0 4.8
Hulled rice 0.4 87.3+3.1 3.6 0.04
2.0 973 £4.7 4.9
0.04 94.5+4.1 4.3
Soybean 0.4 842+3.5 42 0.04
2.0 89.2+2.8 3.1
YMean values of triplicate samples with standard deviations.
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Fig. 5. Total-ion chromatogram (TIC) of fenoxanil in GC/MS.
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Fig. 6. EI mass spectrum of fenoxanil.
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Fig. 7. SIM chromtograms of fenoxanil residue from blank and 0.4 mg/kg of fortification to hulled rice.
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