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HPLC-UVD/MSE 0|23t X}Z2 = methoxyfenozide,
chromafenozide %! tebufenozide2] EMH =l
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Determination of Methoxyfenozide, Chromafenozide and Tebufenozide
Residues in Agricultural Commodities Using HPLC-UVD/MS

Su-Jin Lee, Young-Hak Kim, Young-Sun Hwang, Chan Hyeok Kwon', Jung-A Do', Moo Hyeog Iny’,
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( = Abstract | \

The diacylhydrazine insecticides, methoxyfenozide, chromafenozide and tebufenozide are new-generation
insecticides. These insecticides induce premature molting and cause the death of insects by mimicking their
hormone. Also, these insecticides have already been widely used for vegetables planting in worldwide. High-
performance liquid chromatography (HPLC) is the most widely used procedure for determination of each
compound residues in crops. However, simultaneous analysis method of these diacylhydrazine insecticides was
not reported. The purpose of this study is to develop a simultaneous determination procedure of methoxy-
fenozide, chromafenozide and tebufenozide residue in crops using HPLC-UVD/MS method. These insecticide
residues were extracted with acetone from representative samples of five raw products which comprised hulled
rice, soybean, apple, pepper, and Chinese cabbage. The extract was diluted with saline water, and dichloro-
methane partition was followed to recover these insecticides from the aqueous phase. Florisil column chroma-
tography was additionally employed for final cleanup of the extracts. The analytes were quantitated by HPLC-
UVD/MS, using a Cs column. The crops were fortified with each insecticide at two levels per crop. Mean
recoveries ranged from 89.0 to 104.8% in five representative agricultural commodities. The coefficients of
variation were less than 3.9%. Quantitative limits of methoxyfenozide, chromafenozide and tebufenozide were
0.04 mg/kg in crop samples. A HPLC-UVD/MS with selected-ion monitoring was also provided to confirm
the suspected residues. The proposed simultaneous analysis method was reproducible and sensitive enough to
determine the residues of methoxyfenozide, chromafenozide and tebufenozide in agricultural commodities.
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Y 5o AMER 197049 3,719 M/To|$2H, 20061
24,076 MITL.2 37 27131913, 2006 Z4 7% 1,200
o F50] FEH JUeH(@=EETH3, 2008), 5
& FHEY W-alF 2 A2 T WAE B R ¢
AFSAL EFEL D 258 Hi] 7)ojste ot 4F
& Sk Qlek ZEu Hore AEY Aeag-g Adlshs o
3 s R 22 ez 544 7Hd BigtEel, e
of AxE 3 5ok S4o &AM wet pEEd 3
FEe 457H2ggith mebA Fore] mivtstA AFHE 5
e B2 HES AT A 2% faiel HE £ 8le
7Fs7d0] 7] mligoll wARE Y] FoR61-8-7] &(Maximum
Residue Limit; MRL, ©9] mg/kg (ppm))= A48t 4]
A EoAE B8, 7N BEEES AAskL §
ti{Lee 5, 2008).

L AR EAE B AAAe e F8
fQlolehs SRIES] Aol A7IHA Fok& A8 ARGt
A FIAY, 2FU ARShE Mg o] ke gl
o, FAREY] oAl B o] I2HI e AFolr
A TUHAE 5% A9 A5 L84 dAE Adstie
WA B4 AR 5 QA7 2 EE oA B4l Yo F
F 78 FAE AR ool AR 7heAde] JeER A
E FUHSRIE HAY SR HHEA] o|RojAor & A
ojt(d 5, 2003).

FAEY -8 Aol AR sl ASAl, At
A, AzAl, AEAF2EA, AeolA T thF TR AR
SE T 9ok, o]F diacylhydrazines] 4%4|¢] methoxy-
fenozide [N-tert-butyl-N'-(3-methoxy-o-toluoyl)-3,5-xylo-
hydrazide], chromafenozide [2'-tert-butyl-5-methyl-2-(3,5-
xyloyl) chromane-6-carbohydrazide] 2! tebufenozide [N-
tert-butyl-N'-(4-ethyl-benzoyl)-3,5-dimethylbenzohydrazide]
T TFAARRAGRA HFAR vy g gtz
2 5o} glo] TEAe AEAU AR} Gojota, &5 2
1 3229 20-hydroxyecdysone?| ZAaHE2 (agonis) = 2}
§3lo] 759 2529E U6, 29 Al A7 E3
A4 A ETE Bdgt 202 ENHY v Smagghe T,
1999). A AAHCR 8o o|spgipat S, 27
of Hrhhyr 9 w3, 13, w7 AR, 7hE, e Al
G71e W 5 ARl 2EA ARSE R )loni(Korea
Crop Protection Council, 2005), |23 ZZof 7= ec-
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dysone agonistS2A], 7|12 2R} 24 7)%o] Aofste]
A o] driFeg 22 Aol glof AMgEFol 3%
St Sl AR HRol

Methoxyfenozide, chromafenozide @ tebufenozide?)
EU8H 545 AP E diid s n-octanol/water £
di Al (log Pow, 25C)= 77} 3.72, 425 W 2.72 u]ZA
F70349 4 gHEols, £71¢0] 1x10° mPa 1]
e 2 vjFurdel EAE Vb, 20T Bof tigd $e=
L 083~1.3 myLE Uehje, Jeg7] golol 2 43
S 540 otk

7Y diacylhydrazine#] A4 % methoxyfenozide, chro-
mafenozide ¥ tebufenozide?] 7|7 42 A} l3HEE0]
HipPd o] EAT BAE Yol -NH7E st glen
2 HPLC(High-Performance Liquid Chromatography)&
o] 43t H.Ao] gyl 9] ©ul(Sundaram, 1997; Nippon
Kayaku Co., 2000; Lo %, 2007) tj4 33He 358 8%
ALY FAEANL of] BuE vl gl Ago|n, T3] me-
thoxyfenozide ¥ tebufenozide®} ¢ 7|& HPLC-UVD
FHETE LOMS/MS EA44o] Arfjaes X7t A&, A
AZE A5 2 A "old st WY SAEA
o] 2115 #} QItiLin &, 2008).

&2 methoxyfenozide @ tebufenozide?] A% Y 4]
ERANEAFEIAT, 20099 HAYUL 4122
ssofrhiR B4 - 2] 28]9] 2402 HPLC- UVD 254 nm
279 717184S A8 9lonT BY thaARe A7
paiz7i0] Telslx| Qe AltjolA] ch $avoR By
HI glow, 53] thFsdttdd 2AYY B4 A4 A
=7t R Zte] 7MIEAY EE st A9
2 Aol Bpet Aeg Hriwa glek. E¢ chromafe-
nozid®] 724 S S5E Fofolut TREAN o] nH|sto]
EAY 7pEe] "adol 9, 3RHE9 B4 4} methoxyfe-
nozide ¥ tebufenozide®t SABIEE FA| A|R2AH 9] A
§o] 7Fssirka wehEr.

uet & dFolsie E2]3tea B4 fAHt metho-
xyfenozide, chromafenozide ¥ tebufenozideE tjAl o2
ALY BAHS s 55, 1A AASE € BA
o] Ztaste AF)4 & HPLC-UVD/MS AW S &
ool YA B oA WA a-8AE Sdist 3t
2 sk

el
T
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Fig. 1. Chemical structures of methoxyfenozide, chromafeno-
zide and tebufenozide.

Mz H HhY
A%t & 7|7
B o)A A methoxyfenozide, chromafenozide

4l tebufenozide?] ¥-4-¢ EEZ2 &% 98% o]Aro] B4
£ BEEY Chem ServiceZH-E 13t AMgalgt). &
FE9Y stock solution2 methanolo] Z 500 mg/L9] =&
ZA3le] 20T YEao) 2aslA Qg Auch B 29
stock solutiong 3]4j8}o] ARE3I9IC}. Florisil(60~100 mesh,
ZHEEA 2 1T, Baker(USA)Elf’—E{ Fste] 130Co)
A s hdstel 2eAlzl 3 BAElste] AR
n-Hexane, dichloromethane, acetonitrile @ ethyl acetate
F2A-8-2 acetone, methanol ¥ deionized water:=
HPLC%~ J. T. Baker(USA)|A] %1‘%15}01 /~l~% Fict. 71
e 7180 9 RIINke AOFEF Ei BRRALS A
43191t} 527]+= Eyela NE-IOOOSW(Japan)E ARSI,
FAE A|2= 3RAUOIA(IKA, Ultra-Turrax T-25, USA)
€ o83t vk 9 FA3 sglct

methoxyfenozide, chromafenozide 3! tebufenozide) A 22 39

Table 1. HPLC operating conditions of methoxyfenozide, chro-
mafenozide and tebufenozide

HPLC system  Agilent 1200 series (USA)
Diode Array Detector (225 nm)

YMC-pak ODS AM 303
(4.6 mm 1.d.x250 mm, 5 ym spherical, Japan)

Detector

Column

Column Temp. 35C

Mobil phase  Solvent A: Water, Solvent B: Methanol
Isocratic elution 67% B (v/v)
Flow rate 1.0 mL/min

Injection vol. 20 uL

U2 AR
AE9 FF AFEE7IE(AEEAAA, 2009) F
methoxyfenozide ¥ tebufenozideo] AFE-EE E|o] 7|Fo0]

HAE AR 3 BRE G, $RE § ALFE 13 9

i, A4S F AHE gEARE AASHY T, chromafe-
nozide®] 7% otz Sy 738|470l AAE] A &
o} methoxyfenozide % tebufenozide®} E-Qet HAME A8

= A8o5ich B4 AMEE dvl, F, 1%, w5 D AR
5 Alge AY QBN {715 AFAEE TYT
T AETH A AA Aol whet AA e st on(dE
SOFEQAA, 2009), Hl2T AR sk HANE HA
T AlRYE FRIg F AMS-EHT)

HPLC-UVD/MS 7|7|8M =AH

FAME % methoxyfenozide, chromafenozide 2 tebufe-
nozide®] £4of] AF2-¥ HPLC= Agilent 1200 series(USA)
& AMESIE, A YMC-pak ODS AM 303(4.6 mm
1.d.x250 mm, 5 um spherical)-& AME3IT, 7]EF B4%
2 Table 13} 7t} 3HH LO/MSEAL Agilent 6110 Quar-
dropole LC-MSE AM3H9 Y, B4 24 & ¥ = HPLC
43 gejste] 848 AR, ZAg BYRAE
Table 20f viehfigict.

HESHA(Limit of Detection) L H2kSHA|(Limit of
Quantification) &4

Methoxyfenozide, chromafenozide ¥ tebufenozide? z+
FZ89 0.05~0.5 mgkgd 20 uL4 HPLCO| 4lske] =
ZotETY9) signal/noise] H|E L3le] LOD ¥ LOQE
AArstgict.
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Table 2. LC-MS operating conditions of methoxyfenozide,
chromafenozide and tebufenozide

HPLC system  Agilent 1200 series (USA)
MSD Agilent 6110 Quardropole LC/MSD

YMC-pak ODS AM 303
(4.6 mm 1.d.x250 mm, 5 pm spherical, Japan)

Column

Column temp. 35T
Mobil phase Solvent A: Water contained 0.1% formate
Solvent B: Methanol contained 0.1% formate
Isocratic elution 67% B (v/v)

1.0 mL/min

Injection vol. 5 UL

Flow rate

Tonization ESI Positive-ion mode
Gas temp. 350C

Drying gas Nz, 12 mL/min

Mass range 200~600 m/z

Capillary voltage 4.0 kV

F2M Ay

Methoxyfenozide, chromafenozide 2 tebufenozide®] 3
=Y gado 7b719] stock solutiond E3Fsto] A&
0.02~2 mg/lL9 557} G2 A2 3)45}1, 20 UL S
HPLCel| £95ko] peak?] WAL 7|EoR EE S
2Hd 83l

Ui S0 BileE HE

150 mL 9] acetone®] methoxyfenozide, chromafenozide
4 tebufenozide 3t FZ2N(2 mg/L) 1 mLE #7811,
50 mLe] E3HA A4} 450 mLo] FH5 713§, £
Lol 27|31, Bul- @& n-hexane 100 mL, n-hexane/dich-
loromethane(20/80, v/v) 100 mL, dichloromethane 50 mL
(x23) 9 BdHoz 243 $208% HATtL Bud
(Lin 5, 2008) IM NaOHE 7|5t dichloromethane 50 mL
(< 28Dz H2lE Fefslol 47t 2Eaich. 7 ) 23
& R4 sodium sulfated] SIAH $ES AT 40T
olstollA] S Bk w5E AR 10 mL 67% v
2o Ag3)ste] HPLCR BEAstglon, Buldud 3ut
502 AYE st &L Ak g dnl 9
Tk Zo] w4 A8 ol gol dEl U= w4t
BoA ]S4 AR AAE AT 71 - Eufjat
Ao 5 AEE Sl 5& TN 7 S 2
§&2 A% dichloromethane 50 mL(x 23)Z Hujjg]

Z2ZH 2 T4 sodium sulfate 20 gof] EIA|A 8-S A7

2

I

3t 40T ojsloA 7523t 5, acetonitrileo] T3}
n-hexane 40 mLE A7}8}31, n-hexaneo] 3} acetonitrile
40 mLA4 23] 9 33] Rl &3 F 40T o|stollA Zeks
% slgon, &E AFEL 10 mL 67% mekSo] 3|83
5t HPLCZ 243}9] 2, n-hexane/acetonitrile 8] 34
3 3aE AN

Florisil S5 A 20lEatm| FHXAe| HE
130CoflA 3H21E B2t 7hgsto] Balzl E43H flo-
risil 10 g& W7 1.5 cm, Zo] 40 cm?] f2|Zgo] 244] &
Agk 7, 3 g0 74 sodium sulfateE 9]o]l F715HTHo]5}
florisil &), 2215 florisil A¥e] n-hexane 50 mLE 7}3}
of Aftoll 28] n-hexaneo] H& A= FEAA T
%1 % n-hexaneo] §-31€ 2 mg/l =9 #FE 10 mLE
7¥81aL, thA] 100 mL2) n-hexane/ethyl acetate(90/10, v/v)
|N0F pre-washing & n-hexane/ethyl acetate 8-
o) 2AER 27t 50 mLA 33] GEAH o, 2 24
o 244 $NRE A7 F 67% Ee 10 mLE 33
£ 39tk o] &9 20 uLE HPLCE ¥A5t] gaj9io] 2
338 methoxyfenozide, chromafenozide 9 tebufenozide 2]

grad A=A

EMA2BIA(MAL; Method Quantitative Limit)2] 4%
EAGFHIMQL) = HAHHALOQ)SH Alagf W B4z
2 F9] SNueS 11eisle o] FAle] Slgte] Atsigict

MQL (mg/kg) =

[HFEHAXHPLC £ HFAREHTF (mL)]

/ [HPLC 0% (uL)xA &% (g)]
HENE 3 3480 53

& Aol ghet 2hRRAN Y] 88 9 A4S HA
317] fl8te] =g AEE eI & 5 w4 A

S TR AR 25 gofl MQLY] 10 % 50ufo] st
methoxyfenozide, chromafenozide ¥ tebufenozide ¥5-8-4
= 7R v A7) BT E gt gaag s

[

wo

{
iy

EtH

HPLC EMZH sfE

Methoxyfenozide, chromafenozide % tebufenozide 9] n-



HPLC-UVD/MSZ 0|85t X= & methoxylenozide, chromafenozide X! tebulenozide® £ &g 41

225nm

Tebufenozide  : A, =198nm
Methoxyfenozide : A, = 200nm
chromafenozide : A, = 203nm

200 220 230 280 280 e

Wavelength [nm]

Fig. 2. UV absorption spectra of methoxyfenozide, chromafe-
nozide and tebufenozide in on-line HPLC/DAD.

Tebufenozide

Wethoryfonczide
/%mxm

b A S

Fig. 3. Chromatographic behavior of methoxyfenozide, chro-
mafenozide and tebufenozide in HPLC (0.5 mg/kg).

octanol/water E4jZ|4x(log Pow, 25C)= 2.7~4.30]0, 20T
=9 tiet §3== 0.83~3.3 mg/LLZ A9 %A %= H]
74 BtgHEolth. E¢ $7I¢90] 2% 1x10° mPa njgto2
- Hol GLCE #A4517]& of#]& Z°|BE& HPLC 9
3 BANE FEc %0t £4 A HPLCS] 427
2 ARIET 52 FE7)e AYEREEY, BEHEEY
2 R7|9RHE718 5 2 Glonh, th SORES 4Bkl
o= UA B3, A BAE U 33E YA = o,
BATZ U] -NH7|E §5813 9lo] BAE2AF 230~260 nm
oA FF=T AT R OB Al AR ETIHE A
Slaigick o 1S 359 BARAL 919 H2io) HPLC
B e HAs] Sfstel dekgol] $303 72 myL
EFES on-line HPLC/DADE ©]-8-5t¢] 200~300 nm 1
SI1A] 7t A AU FLTA ) & AESAT, 1 A
methoxyfenozide= 200 nmo||A], tebufenozide= 198 I
236 nm, chromafenozide= 203 ¥ 250 nmoj|A] Z}Zt =&
SHEE UEIHSLH(Fig 2), Al 7HA] soF &Y Hd &
PES T ) AR RL o 200~210 nm7} 7
7k 4t AR AEL, 210 nm 2o 5 o]
Az gufjoll 23 o]z fido] AT AL TeE|o} A 4

of 24 FHES Telelo] BATRE 225 nm2 A5t

H
G, EAugo] thh dupgelo g Nr2E & FHE A

¢

b

Table 3. Reproducibility of HPLC peak area and retention time
(Rt.) for methoxyfenozide, chromafenozide and tebufenozide

Methoxyfenozide Chromafenozide Tebufenozide
Area Rt. Area Rt. Area Rt.
CV (%) 1.66 0.31 .79 032 153 034

Parameter

ARG L Fof A 2 AFARAA Fske A A2
o] Z23] A7 Hofolgk HPLCE ol §3F 717]240] k5
& Aoz Besell,

£44 HPLC ZE& CisA 8 YMC-pak ODS AM 303
(4.6x250 mm, 5im)2 o]-§3tGL, ojuf o] FFLE o F
7o SuAE AET 23 S/ WHE(33:67, viv)Y] iso-
cratic 2704 E2|7F 7P F5e S vehiislen, &
7| Table 19} HPLC -4 ZZ |4 methoxyfenozide, chro-
mafenozide & tebufenozided] HES AJ7FS ARG A3}
152 nighe] o4t AR 2E SQUE B §2°] 7Hed
A& Fspylch

AESHA(LOD), HEsHA(LOQ)S| M U EM xisiy
"ot

HEWAE 717184 A AZuEIR o)A peakZ HET
4 Qe BAES oulsis Aoz T2okETY A
S/N(signal/noise)¥|7} 3045 UYetli= ARY $25 ¢
u|gie}. 3hE AFtAE 220t IHY 34 A} A=A A
g 4= e TATERA, ARETH oA HEd
peak®] S/N(signal/noise)2] B]7} 10 o]AKLOD2] 3} o]4}h)
& Uelle 489 =5 oJu|gtth(Fong F, 1999; Miller,
2005). Table 18] HPLC 274 t}oFslt 522 methoxy-
fenozide, chromafenozide ¥ tebufenozide? FFLHL
A5t SINHIE AR 23} AFAAS/N=10)+= 0.1
mg/kg(2 ng/20 uL) =E0fqick. HH 24 7)719] A B
7He S8 AEA F7HE AAlskledl 1 meked) E3F &
FES 109 HhE 9 fA8ke] MRE A7 2 peak HZH <
HOJAIRCY, %)E AL, F ¥ 2% A 1.79%
njgke g 3] 2 £4 QPGS VERo] BHE B4 7 2
27} 2ot 71717k P Aol AN e E4E £ ¢
[e]

125 gelslgiti(Table 3).

(1]

ZEMO| XIMAM

O b Y =]
Methoxyfenozide, chromafenozide 2 tebufenozide2]
T FZ24(0.02~2 mg/L) 20 LS HPLCY| ¢, £4



42 0471 LB - HAM - B -

5t A2 AP IAYHAE 247 y=62.719x-0.8229
(R'=0.9998), y=52.8377x-0.8571 (R*=0.9995) & y=67.37x
-0.486 (R*=0.9996)0.8 2|A4Jo] S-a}sich.

=HEmE Bilss HS

BAME A2 2YE methoxyfenozide, chromafenozide 9
tebufenozide A8 &&317] Y3 |2 acetoned A}
4319t} Acetone USFDAR oL AOACH oA tjArA
3h g BB B4 Ushis 5o RRES 3
Foher) mudoz ASHE 1Y SuRA o] B
AR E] st FoF 2o 1 AET AEAol dFL
v} QltiKwon %, 2008). AME &8 2 HE methoxyfe-
nozide, chromafenozide @ tebufenozide A5 9o £& &
U FAE fi E0ES AFs] 93 244 Sy
2 n-hexane, n-hexane/dichloromethane 2.3}l dichloro-
methane % BRHOE o) sote 23 Hgo] SLdlr}
T ®38(Lin 5, 2008) 1M NaOH7} 3+9.8 @74 24
9] dichloromethane& BujQu)& o]838}o] &) Hujy
& Setazl siglch EA UMY wofol vlud B S4 &
< FEAE Uele A& Aetete] 284 f7189 &=
9% T AP/FRESE 4T T Y =4 Sl
n-hexaneolt} n-hexane/dichloromethane 3o, &2 vt
& A& Vel dichloromethane 522 Hujsh=
& ZAE3ISItTable 4). A EEL] - Bujzzof uf
E Hulg8L2 ZAFSE 27} n-hexane £ 100 mLZ £3

zide AJ89) 31482 ZH2) 55~78% $1.2.1, n-hexane/dich-
loromethane(20:80, v/v) & 100 mLE H33}9 & o 3§
8.0 ok 82~102% $2-&., dichloromethane 50 mLE 23]
gHEste] Bslgls o HegS oF 95~118%, 2HA o2

Table 4. Efficiency of liquid-liquid partitioning with four
different solvents

Recovery ratio (%)"

Partition Partition Partition Partition
r 11 Il v
Methoxyfenozide 60.13£2.01 81.90+1.50 95.47+3.48 93.77+1.17
Chromafenozide 55.1042.81 102434270 118074232 120.50£1.85
77.6743.51 82.70+£3.97 97.03+1.70 96.03+1.50

YMean values of triplicate samples

PMixture partition solvent : 150 mL acetone+50 mL saturated NaCl+
450 mL distilled water. I, 100 mL n-hexane, II, 100 mL n-hexane/
dichloromethane (20/80, v/v), III, 50 mL dichloromethane (% 2 times),
1V, 50 mL dichloromethane contained 1 mL IM NaOH (x 2 times)

Compound

Tebufenozide

Sarkal 42 Z(Lin 5, 2008) IM NaOH 1 mL$H3- di-
chloromethane 50 mLE 23] HHE8lo] B339 o 34
& 94~121%E Hehfglovt 48 8] 120%71 de
& Uehlgl, IM NaOH7}F $h3el7] Qe 2700} 2
ztol7t glol 2884 II& - Zujzzof &3t metho-
xyfenozide, chromafenozide @ tebufenozide AJE2) Euj
Sui2 Agstgch

Dichloromethaneg- ©]-§3t %-of Bujaaof oJste] A=
Foll b AFHES 4 9 YR viFA HeELL A
7|=|9l o.2la}t wete] X|et, dichloromethane 24l A} #-hexane
of Hl3te] E¢Eo] Yol 27| fgof v54 THEY
& A AAEA YokE AR PUEHBE 2714
Aol oy Aojek. 3 2 AT dii ARE F
AR X5 dujeh F- A ko] Al 20% o4 g
Eol 9l& & Jloug uFA APAES AA= ¥ 88
0] 2 p-hexane/acetonitrile ] Z-& A4) HAHL AL
glo] B8-S HESIgrHTable 5). n-Hexane/acetonit-
rile FH1E 23] SRS S o 2 AR BpEol 4 97%
oPE Ut 33]9] RulE fafstol e 3lfo] 24
PAEA e P UEde R R, §4 5 a4 7
E39 AAE Y3t n-hexane/acetonitrile HrjH-2 B3z
AIZ giste ZoR dAstgion, of 2 31 §A] A
RE 99EE 3 9 ¥l AR B Af A8 AY
ofr, §hd 2Lghgo] 1% u|ghel A A AlEQL w2, A

o] n-hexane/acetonitrile EujitAE Agksty & Ag

& FY3A

Florisil E3{3 20bET2tn| MHx7i0| HE
o] A& =] %= methoxyfenozide, chromafenozide
2 tebufenozide] 79 &2 A 2ntE T ulof] &gt 27}

Table 5, Efficiency of liquid-liquid partitioning with n-hexane/
acetonitrile

Recovery ratio (%)

Compound — —
Partition [ Partition II
Methoxyfenozide 99.60+£3.37 100.53+4.24
Chromafenozide 109.91+2.86 108.83:£6.68
Tebufenozide 96.99+1.95 95.80+2.67

YMixture partition solvent : I, 40 mL r-hexane saturated with acetoni-
trile+40 mL acetonitrile saturated with n-hexane (x 2 times), II, 40 mL
n-hexane saturated with acetonitrile+40 mL acetonitrile saturated with
n-hexane (x 3 times)



HPLC-UVD/MSE 0|83 X2 & methoxyfenozide, chromafenozide 2 tebufenozide®] AW & 43
Table 6. Elution profile on forisil dry column
) Recovery ratio %)’)
Eh“‘“’(‘i /j;’lvem 0 - 50 mL 51 - 100 mL 101 - 150 mL Total
1? 2 3 1 2 3 2 2 3
90 : 107 0 0 0 0 0 0 0 0 0 0
85 : 157 0 0 0 0 0 0 0 0 0 0 0
80 : 20" 1.67 445 3676 2667 1660 5294 4200 3198 1088 7033 53.04 100.59
70 : 307 1433 1862 71.76 7400 66.80 2844 7.67 20.24 0 96.00 105.67 100.20
70 : 307 52,00 40.08 9294 4467 54.66 9.90 0 17.00 0 96.67 111.74 102.84
Y10g of activated florisil (60-100mesh) was dry packed.
Dpesticide: 1, methoxyfenozide; 2, chromafenozide; 3, tebufenozide.
3)n—Hexane/ethyl acetate (20/80, v/v).
“Pre-washed 100 mL of n-hexane/ethyl acetate (90/10, v/v), and then eluted #-hexane/ethyl acetate (v/v/v).
Ppre-washed 100 mL of n-hexanefethyl acetate (85/15, v/v), and then eluted n-hexane/ethyl acetate (V/V/v).
way w s ’\
7 Soybean conrst |~} Hulled rice contel
:) | & Fartification ‘: Fastification
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Fig. 4. HPLC chromatograms of different agricultural commodity extracts (fortification concentration: ten-fold of MQL).
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A7 wAE AN RERE GHE 78 EeEd F7HA
ae3d Ao od. FRAREIHYE ARt
B4 A 71 Ho] o3l WMo R TAA R £ silica gel,
florisil 2 aluminaz} Wo|] A}&E]o] Atk o] & florisil&
A aof Ao A AZE Holuh w]=9] FDA(1999)4 AOAC
(2000) oA 71 & °l AHg-she WHlolth & Aol A =
& 18t florisil& FAAE A4
sl o, 4njo] 24 }_@% 93]| n-hexane/ethyl acetate )
SHAAE ARE-Ste] 229 AR =3I Table 6).

Florisil $3220i2120)8 Sofe] ok 34 2%
& o] £3}9 methoxyfenozide, chromafenozide % tebufe-
nozide®] 3)8-& AES 23} n-hexane/ethyl acetate(85:15,
v/v) 1 100 mLZ pre-washing 3t &,
acetate(70:30, v/v)&] &3] 150 mLZ =3 739 me-

thoxyfenozide, chromafenozide % tebufenozide A A+

n-hexane/ethyl

BT A 97~112%9] 3582 gelg 4= 9o HEH &

WAA ZF 7H
EdduyS

025} OFALS UERYo] florisil S22 20}
o8 BB AAEOE Fsh

23 39) 94
o 4% £A2A, A8l 488 WA
l‘

A o] 5 ¢ Y PAE Yujsiy
(Lee 5, 2008) AlE34 Aoy AT A (019

=, 2009)9]= 0.05 mg/kg 0|3} E MRLS) 1/2 o]k}
Agko] 7hsslEE 225k 9ok & Alg 9 methoxyfeno-

SUE HE M| 3|8

ohafgt Zhzke] AR SAe] AR methoxyfenozide,
chromafenozide ¥ tebufenozide &892 10 2 50 MQL
o FE7} H=& A7k, A7) AEE A 2
= 33 dhEste] ZAE Ai(Fig. 4) 10 MQLyEAA=
88.98~100.16%, 50 MQL FEo| A= 91.69~104.75%2]
53l 5488 HelT AUNT FBEI(CV < 3.9%) &
A&, AgeE 4 1‘5—*&5 A& 7o BAGlo] ZHFEA
712 3ag 70~120% W%t £t 10% oJWE T
Z3tthTable 7~9). waba] o]e] A4l SHge £A
-2 2| methoxyfenozide, chromafenozide ¥ tebufeno-
zideo]| tiaf) Z73]871E0l HAH A=l F25] Ao

F5ee & 4 9k

LC/MSE 0I2

2, 7l 2ae] NS F0sk) Yokl LOMS
o3t ATl TL ZAASHATE LOMS 4 A Badhy
e FARERY FEHE 240l 2 fragment
iong elgte 2y Hrt A4 e BAElo] 7Hssitt
= AAo] 9lciKwon 5, 2008). Methoxyfenozide, chroma-
fenozide ¥ tebufenozide? o235 &F7] Y5t HPLC
w40 o] &= o544 §ujo]l 0.1%9] formic acidE H7lst
o] B8 AA|5H9 1, ESI positive-ion modeo| A =& 7t
=5 Yelyglem, total-ion chromatogram©.2 Fig. 5~63}
72 methoxyfenozide, chromafenozide % tebufenozide
9] mass spectrum? 4L 5 Aow, Z+ JRof tjgt » B

=l A S .
gl 43

zide, chromafenozide % tebufenozide®] E4A43HA = 242 HE sodium(Na)o] ATE Hejol HrpgaEe] B4
% 0.04 mg/kg o & AAIElo] REAPY 7|& 31?&'6}%4. A9l 27 fragmentsS I £ 9JYth
Table 7. Recovery ratio of methoxyfenozide in different crop samples
Crop Fortification (mg/kg) Recovery ratio (%)" CV (%) MQL (mg/kg)
0.4 97.24+0.52 0.54
Soybean 0.04
2.0 91.69+0.89 0.97
. 0.4 97.97+1.38 1.41
Hulled rice 0.04
2.0 02.16+0.66 0.65
0.4 93.64+1.79 1.94
Apple 0.04
2.0 96.41+3.57 3.71
0.4 88.98+1.38 1.55
Green pepper 0.04
2.0 92.00+0.94 1.02
. 0.4 94.55+0.41 0.43
Chinese cabbage 0.04
2.0 93.69+1.92 2.05

YMean values of triplicate samples with standard deviations.
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Table 8. Recovery ratio of chromafenozide in different crop samples

Crop Fortification (mg/kg)  Recovery ratio (%)" CV (%) MOQL (mg/kg)
0.4 97.26+1.55 1.60
Soybean 0.04
2.0 92.55+0.75 0.81
0.4 100.16+1.14 1.14
Hulled rice 0.04
2.0 104.75+0.70 0.67
0.4 94.20+1.98 2.10
Apple 0.04
2.0 96.34+3.71 3.85
0.4 90.66+2.56 2.82
Green pepper 0.04
2.0 92.40+0.77 0.84
. 0.4 96.46+1.19 1.24
Chinese cabbage 0.04
2.0 93.83£1.75 1.86
YMean values of triplicate samples with standard deviations,
Table 9. Recovery ratio of tebufenozide in different crop samples
Crop Fortification (mg/kg) Recovery ratio %" CV (%) MQL (mg/kg)
0.4 100.06+0.76 0.75
Soybean 0.04
2.0 97.79+0.74 0.76
. 0.4 99.44+1.95 1.96
Hulled rice 0.04
2.0 100.70+2.10 2.08
0.4 95.58+1.38 1.44
Apple 0.04
2.0 100.85+1.61 1.60
0.4 95.58+1.13 1.18
Green pepper 0.04
2.0 98.21+0.47 0.48
. 0.4 95.89+0.37 0.39
Chinese cabbage 0.04
2.0 99.11+1.77 1.79

YMean values of triplicate samples with standard deviations.
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Fig. 5. Total-ion chromatogram of methoxyfenozide, chroma-
fenozide and tebufenozide in LC/MS (Each 5 ng was injected).

Fig. 79|l A= selected ion monitoring(SIM) modeo}]
2 ABo] A3 54H2) EA AZoH methoxyfeno-
zide, chromafenozide % tebufenozide®] &5 Aslo]
& chromatogramoftt. 2 A§ oA} ALt FAHE 0] FA]2
A= T 59 peakrt A3 FHAER] ggkon,
A AgolMe Zh Ry FY oif S A7l A

3} methoxyfenozide, chromafenozide ¥ tebufenozide9)
ZFEukS 2918 = 9l9irk E3F methoxyfenozide, chro-
mafenozide B tebufenozide Al AE BT A2 £ QL
A= EFE S/N >10914 0.02 mgkg $52 22 744
=2 5 Qe =& A=E Vel 539 diE & o
& 35&E A5 27 10 % 50 MQL 404 86.5~
96.7%9] %23 S5 B, AUAYE FEstq(CV <
1.8%) AL, Aelad 4 $AHE Alg Z5d #A 8ol
AHEA7|22 348 70~120% HEek B4 23} 10% o]
S st B depa] 2 dolA A8 LOMS
o] SIMzE 0|88 o= HPLC/UVDE ©] 8% A%
H3} t 8o} methoxyfenozide, chromafenozide o tebufe-
nozide?| F7}H2¢l AP R T ABskA Abgo] 7hgd A
o2 yridr}
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Fig. 6. Typical mass spectra of methoxyfenozide, chromafenozide and tebufenozide.




HPLC-UVD/MSE 0|88t T8 £ methoxylenozide, chromatenozide 2 tebufenozided] 24 i 47

e Soybean I e Hulled rice
- Fortification - Fortification
- R
- i 301 s |~ i 301 i 375
e ik 417 - ik 417
| e Apple I D Chinese cabbage
™1 Fortification Fortification
- m/zz 391 mll(ﬂﬁ - w2 301 mfps 375
- " mAk 417

-l Green pepper

Fonification p
. ik a1 mipk 375
- mek 417

Fig. 7. SIM chromatograms of methoxyfenozide, chromafenozide and tebufenozide for agricultural commodities {fortification concen-

tration: ten-fold of MQL).

24
=

2
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HPLC-UVD/MSE 0]8st 2= = methoxyfenozide, chromafenozide X tebufenozide2| 2A1H sizl
olaal - st - M - BuE - SHOf - §TEf - 0|7’ - Har

ATk Aot (A Eelok BT sahe s, 2 EojekEA ABs1Ew, STustn AYas
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2 ¢ HPLC-UVD/MSE |43} HAME % diacylhydrazine ] A%4|¢] methoxyfenozide, chromafenozide & tebu-
fenozide | 7 BAYS Fstglom, g e dn|, 3, A vl € 125 4R8I AR acetone 713}

#2 % methoxyfenozide, chromafenozide ¥ tebufenozide 4¥-& dichloromethane Eu¥3} florisil 2 Z&ntE 7
g os HAste] HPLC-UVD/MS BA A} A28 ohgict ik 5ok SARAE 943t )3 HPLC 242718 34
st om, BAY ok EAYFTAMQL)E 0.04 mg/kg oict 2 i sAHEo] dis] AaFatAlo] 10 2 504 2
AA 242 AT A BE AsEoA 89.0~104.8% $55 YeRlon, vhE 7t WolACV)E A 3.9%S
UEhfjo] AREA 712 S 70~120% B EALA 10%0]HE 53471 158 208 T&3iginh B dFofA
35 diacylhydrazined] 44|91 methoxyfenozide, chromafenozide ¥ tebufenozide®] HPLC-UVD B4¥.& A &3}
A, 3& 9@ S} HolA =42 B47]8-E TS #ok opel, LOMS SIME o] 83 49 E3t 3j4=go] £}

=4

o el U HFUOR A§7HE Whalo| ek

MOIo| methoxyfenozide, chromafenozide, tebufenozide, Z5-E5, HPLC-UVD/MS




