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Abstract: A new quantitative analytical method has been established for the rapid determination of flumethrin in
honey products using high performance liquid chromatography (HPLC). Sample was dissolved and extracted in the
mixture of water and acetonitrile (1:2). The extracts were purified with silica cartridge eluted by the mixture of
hexane and dichloromethane (55:45) and analyzed at 266 nm using HPLC. The percentage recovery of flumethrin
spiked in sample was found to be 90.2-97.8% and the limit of detection is 0.003 mg/kg. We validated the method
for the linearity, the precision and the reproducibility. We investigated the residues of flumethrin in honey products
retailed in market using the established method. Flumethrin was not detected at all among 130 samples of honey.
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A FASHE o s ARET S22 gg =

A& W2 A (oral)©] Rats-258 mg/kg bwolm LA
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Fig. 1. Chemical structure of flumethrin (Mw : 510.4).
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(amltraz) 2 v} 2 (coumaphos)ol] thate] 2z} 0.2
mg/kg, 0.1 mg/kg, EF &l o] E(fluvalinate) 2 &
Fuj) 222 (flumethrin)] W3ke] 22} 0.05 mg/kg, 0.01
mg/kg® & A5t k.
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2 Ao A8-E EF | 2 (flumethrin) EEF-2
Riedel (No. 46417, Riedel-de Haen Co., Germany)©l 4]
Azxd A sk AT Sodium chloride,
sodium sulfate== Sigma Chemicals (St. Louis, MO, USA)
oM SFAIFE FHsko] AHE-8IIAL, HE7E acetonitrile,
dichloromethane, ethyl acetate, hexane, methanol- Merck
Inc. (Darmstadt, Germany)llA4] HPLCE2 2 T3}
AHE-SlATE A8 8-Ho] A AME-3l= Sep-pak Cq
cartridge, silica cartridge, florisil cartridge, HLB cartridge
2 PSA cartridge= 77} Waters Co. (Milofrd, MA,
USA)$} Varian Co. (Palo Alto, CA, USA)A #|ZE
AE FU3He] AHE3HAT,
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460 A - ZFA - o1FA -
Chromatograph)+= photodiode array detector (PDA)7} “&
2%l Shiseido Nanospace SI-2 (Shiseido Fine Chemicals,
Tokyo, Japan)S AH&-3t AT 2> Capeell pak Cis
UG 120 (4.6 mm [.D.x250 mm, 5 pum, Shiseido Fine
Chemicals, Tokyo, Japan)S AF&-3}A ).

23. Ms‘:-il:ﬂ-lzl-l

231. EFEE2Y9 |

ZE2M2d EFE 001 g A e
acetonitrile2 7}le] =o]3L 100 mLE &3] X5
dAoz gltho] ¥ 1 mLolE EFv|2d 100
Xg3th. 15 Y methanolZ 71l 22+ 0.005,
0.01, 0.02, 0.03, 0.04, 0.05 pg/mL®] =7} =HA =&
F 95 wEo] HPLCE B8ty A B34S A4

sttt

=

=

232. 77| &M

HPLC Z3-& Capcell pak C;3 UG 120(4.6 mm
1.D.x250 mm, particle size 5 pm)S AM&-3t]o™, =}
RFEHZE71(PDA)S] 742 266 nm= 3}ATE. ©]
Ao 2 ZFH9 acetonitrile £ (15:85)S AF
sRow, AlEE 20 pLe FYedx °¢—2 1
mL/min& 3} ‘ﬂ'“ﬂ"ﬂﬁr AT dojzl
o] w5 A7k vlaLste] 539 Fol “:‘; o
2 A%AE &*40}04 ANE T F5d2d gEs T+
v 1=
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233 A|EQ| MAzZ| HH AHE
EFu2d A4S 9sk AAE 20 FF &)
£ ZF<F, acetonitrile, acetone, methanol 2] 3. ethyl

acetate 5 AFR-3le] AESIGI, A E BAZ 930
cartridge®] £F 2 £% gujo] 2F 5& WA
=9 Axg 24 FYs}aL o]Z HPLCE £43}
o A& AP 205 it

Z2u2d BF2LAS 0.005, 0.01, 0.02, 0.04, 0.05
pg/mL TEZ 3le] HPLCE #4]3te] Aozl aw
Aol tisl] ARA-S FAAdste] ZH AR FEE 4
ek S5z 32898 57} 0.01~0.04 mg/
kgHAl skl AlEAA2E 513l HPLCE #4135}
o 34g 9 HEIMAE AESI T3 HPLC &
Aol dojxl Azle] HUAS Lolry] $5le]
Fo|2d FFE9(0.04 mg/mL)S 103] WHE A 3s}o]

a4 -

rEi

Ay - s - A4

4 93 AT} vEE NS ol &8t HHH £
A 9 g % 5= 2}(Relative standard deviation) S
T3t

P

235 &FE =A
S BELS ol ol 377 HEske] AshE 59
7,98 107, B 1210 5 11874 92 59 HE |2
AL o g 22 252 RUEE stk

A& 5 g% 50 mL AT FHale] FFpol Hol

&, acetonitrile S F7}3te] &3}k 3,000 rpm,

4 °CoA 57 AR AT o, F&&H 9
Z3S ZF759 acetonitrile?] ¥ &S ‘?:_h’/] 3l B4
3 A3 FH7HI: acetomtrlle 12004 % 8289 &
Al eSS (Table 1). FZ3 2452 acetonitrileS Al
2 A F &7, FFEol thA] acetonitrile S
7Fsted 3,000 rpm, 4 °ColA SEZF AAEE T 5 A
ZHS q9 acetonitrilext Fatdth ol 2A &3
acetonitrile®]] Hol = AR FES 7] st
o] sodium chloride &%-& FH7bele] 1% = 3,000
pm, 4 °CollA SEZF 4R 3 Ax} o7
< BEE & Ak d4lEE] & FROZEE

Table 1. Recovery of flumethrin by various extraction solvents

Extraction Solvent Recovery (%)

Acetonitrile Insoluble
Ethyl acetate:D.W (1:1) 60.7 = 4.1
Acetone:D.W (1:1) 44.1 = 5.1
Methanol:D.W (1:1) Not separated
Acetonitrile:D.W (1:1) 823 + 2.1
Acetonitrile:D.W (2:1) 842 + 1.7
Acetonitrile:D.W (3:1) 65.0 = 34
Acetonitrile:D.W (5:1) 415 £ 42

(n=3)

Table 2. Recovery of flumethrin by various concentration
solvents

Concentration Solvent Recovery (%)

Hexane 935 £ 1.6

Acetone : Hexane (1:1) 93.1 £ 1.2

Acetone 86.6 = 3.5

Acetonitrile 87.4 £ 2.5

Methanol 88.9 £ 2.3
(n=3)
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Table 3. Recovery of flumethrin by various eluent

Table 5. Recovery of flumethrin in honey

Cartridge Eluent Recovery (%) Flumethrin
Hexane 90.2 + 1.8 Sample  Spiked Conc. Mean recovery RSD
Acetone 822 £ 32 (mg/kg) (%) (%)
Silica  Dichloromethane 834 + 29 0.01 90.2 3.1
Hexane : Acetone (1:1) 88.7 + 2.1 Honey 0.02 97.8 4.5
Hexane : Dichloromethane (1:1) 91,8 + 1.5 0.04 94.5 23
(n=3) (n=3)
Table 4. Recovery of flumethrin by various eluent
Cartridge Eluent Recovery (%) 4 ‘ ‘ : ]
Hexane : Dichloromethane 4 g
(40 : 60) 86.2 + 2.8 o -8 0
Hexane : Dichloromethane 4 P
Sili Hexane : Dichloromethane 4 \ﬁ ; /\
ilica (50 : 50) 91.8 £ 1.5 wloha L WLA ik W
Hexane : Dichloromethane 4
(55 :45) 3.8 £ 1.7 ) ! § b s [ o [ # [ p)
Hexane : Dichloromethane i (a)
(60 : 40) 89.0 = 2.0
(n=3) == I
H 459 acetonitrileS 40 °C ©|3}e] 8- Fol|A 7+ ' N i‘ ,
As=sAt. 5F ZFHES hexane 5 mLo| 5 S o ,
\ - : 1
o) 714 3580 EA YestH Tuble 2). S o !
Hexaneol] 3591 5% 2729 AAZ 919 cartridge Tl i
9] FFE silica cartridgeE Y] F 3], PSA (primary (b)

secondary amine) cartridge, florisil cartridge, C,g cartridge
sZom 1:]—01:6]-7{] W3l A B A} silica cartridge”}
g E &2 YERNA T 12] hexane 10 mL
2 384 5}/\]{] silica cartridge (500 mg, 3 mL)ol| <]
F=9 E FHANTN L, £E & E HIIAAA
&2 v w3 A3} hexane : dichloromethane =3
(55:45) 10 mLZ 3198 u] 7P £& 3585 4
T AN H(Table 3, 4). EEXL 40 °C °]3}9] &
ZolA 2 E= A7 v, ZHFES methanol 2 mLE
o HEQl HE A3 F AIPLAOR dhof, L
SR AR rtE T A9 F-FAZ7| R EA sk
5| &2 CODEX7} AlAldhs ool whet' 7
W] ZF3L7]1F 001 mgkegel 14, 2u), 27
3L 4afo) afele 8N S ARSIt A E(EE)
of ZFH2d FFENE st F=71 0.01~0.04
mg/kg= Al skl SHE AFHCRE Alg AAE st
3L HPLCE &4 3o 5]—”?%—3: Ak 2 A
FFu|2de] 3]5FE-2 90.2-97.8%% CODEX7} A4
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Fig. 2. Chromatogram (a) and PDA spectrum (b) of flumethrin
standard (0.05 pg/mL) analyzed by HPLC.

ste FFd ST we 294E 48+ AT
(Table 5). EFW2d BFF 7+ 0.005, 0.01, 0.02,
0.03, 0.04, 0.05 mg/kg®] 671¢] %o thaled HPLC

2 A% Ao, v FEE A7 o720 EEFE 93
£ gelstaon, ANFF == 266 nmo| ATHFig.
2). Z+ w=9] 9= WA vl ugt FEFAg s
A3}, Y=310494X+281.77 ©| 12, r (correlation coeffi-
cient)=0.9994= CODEX®]| 4 g%%}b 0.95 o142
2 AARES YT ERW2dAY 1F 9
(0.04 mg/kg)E 103] Wk e‘z‘o}o# vz WA g
HEE NS SH A3 Fdo g ddEE
HZH% RSD) 3.092 Yepstom, w5 A7kl tigh
*Jrﬂfe%ﬁﬂ 2H% RSD)E 0.082 EFSETHTable 6).

Fu2e EA o] o3k LOD (Limit of Detection):=
ﬁz o geH 322 a9 0.003 mgkgol Lo,



462 29 - 49

- o)1) -

Table 6. Reproducibility of peak area and retention time for
standards of flumethrin

Number Peak Area Retention Time (min)

1 12833 9.170

2 12259 9.178

3 12391 9.185

4 13005 9.182

5 12906 9.173

6 13477 9.180

7 13073 9.163

8 12739 9.178

9 12941 9.165

10 13496 9.170

Mean=® SD 12912£399 9.17410.007

RSD(%) 3.09 0.08

LOQ (Limit of Quanmatlon)l‘— Als o] #
314 0.009 mgkg® HE F SFH 2
gk "10191‘:}
HE F S5 E4d 35 ¥
Zi "J*}@ AZgAdg o 8
o83k Aol o3& Mz EA o] Wokem &4
7]7]—3-——‘: ECD HA&71& °]&3% G
ool QATE " o g gk 4
Aol &%= Al7ke] 492, LOD (Limit of Detec-
tion)2 0.05 mgkgS 2 W wd =7 £X] Uttt
3 PDA AZ7)2 o] &3 HPLCY 2|3 BAms
AHE-3F S 7, LOD (Limit of Detection) 0.002
mg/kgS 2 WA Fe AEE Yehiloy, 38
ol At 71%cl E2atitt.” o2 g ECD A&71E
o] 83 GC A A 285 e B2 A7 ¥
A= 2 AESAS =3 PDA HEVE o4
HPLC E40lM Yehtes v 3588 F4A717]
flate] B AofA = oMHEYEZS o83t 53
A7t FIEYA & o] &3 BAE k] HA A
A 245 GHE = AUk 2 GHE AF
Holl A= LOD (Limit of Detection)= 0.003 mg/kg2
2 GC A9 & A& 2 11 B4R aNHE
A7 H, 3)5E0] 90.2~97.8%7H4 FFE PDA

[e] PMA—

2 olgg A% I HPLC RAZAL IYFow
N B F Eeded B4 98 10 BN

% - WRY - BEY - P8

= A EE 8 Y dEs e 8
b =AW 102099734 $=71ske] Al 130
AT o] FollM =l HES 2k 90%,
& o 10%E AA BT WES o7 0}
v et FehE, e, EFE 58 FA
HE JA9A 2 ARAV gE S SR o}
of risksleh. 53], =l gskEst S ook
o] W&ol Zt7} 45%2} 28%E HER ST WE 130
AL w7ste S22 dRde 2498 243 =
T AEA olstE AT 9=e] 75 2001
New Zealand T3 o] ¢]atd, He AuoA 0.051
mgkg?] EFv2:do] HEE AlETE lem, &
Ao E ZREY S 29F F 25N SR
o] 2.4 mgkgZtA HZEH <7F A" E7 2006
U= EPA RN M| i Rl 3t
F 2 ARE B 7 IR 2 ATelME
wollA EFvI2do] AEHA] AYARE, =] HAE
/\Hﬂli Foto] el dFshe ST ARAE
& ASHor Ao & Aoz Ay, ¥ES

N X0

3
l:q7

4 2

KeN
=
i

g

mlo e Y (o i

o 4 2 xR o

B2 AR tislel s RUEY WA} 2 7H
ool 2o

Mot B ATl #Ye WE F EFU2A ¥
4 e W) BEshe ERvads ARAHE
ZAVSAL, ) HF FQ) MR A Fuo) vl$

ANEE THTY oHEY =

Silica cartridgeE ©]-&3te] A g F, PDA AZ7]
£ ©o]§3t HPLCO 9]g A& sk A

At 2 AFelMes a3 22
ATk,

AR, FAE BEEFEADS H7Isl 35ES 54

3 Az FH I+ 90.2-97.8%= CODEX7} A
Alghs o] = Tk Al S 3 %;}‘ﬁﬂr.
A, Z22d EFEH ]9 = tsl] =

Heae Axt Al 22 Y=310494X+281.77 ©]
2.1, r(correlation coefficient)=0.9994Z= 4 7 FrH-A
of FEI EAWS Belsly, AEEAE 0.003
mg/kg°1a’i9ﬁl A A 0009 mgkg FEEE 7
g 5 9k

A EHE AHSEt] =
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