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Determination of Indoxacarb in Feeds by LC-MS

Daisaku MAKINO®, Rie MATSUNO® and Miho YAMADA"
("Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office
(Now Kobe Regional Center))

An analytical method for determination of indoxacarb in feeds using a liquid
chromatography-atmospheric pressure chemical ionization-mass spectrometry (LC-APCI-MS) was
developed.  After the addition of 20 mL (30 mL for grass hay) of water, the sample was left
standing for 30 minutes.  Indoxacarb was extracted with 100 mL of methanol. ~ The extract was
filtered and topped up to 200 mL with methanol. 20 mL of sample solution (20 mL of 100 times
diluted sample solution for grass hay) was condensed and purified by Chem Elut cartridge (Varian)
with 100 mL of ethyl acetate-hexane (1:1) and evaporated to dryness.  The residue was dissolved
in 5 mL of hexane-diethyl ether (9:1) and purified by Sep-Pak Plus Silica cartridge (Waters) and Sep-
Pak Plus Florisil cartridge (Waters) with 20 mL of hexane-acetone (17:3).  After the eluate was
evaporated to dryness, the residue was dissolved in 2 mL of acetonitrile and subjected to LC-APCI-
MS for determination of indoxacarb. = The LC separation was carried out on an ODS column
(ZORBAX Eclipse XDB-C18, 3.0 mm i.d.x250 mm, 5 um (Agilent Technologies)) using
methanol-5 mmol/L. ammonium acetate solution (4:1) as a mobile phase.  The determination was
performed in a selected ion monitoring (SIM) mode. A recovery test was conducted using
formula feed for layers, and for beef cattle corn and alfalfa hay spiked with 500 and 50 pg/kg (50
and 5 mg/kg for alfalfa hay) of indoxacarb.  These resulted in the mean recovery of indoxacarb of
77.7~91.7 %, with relative standard deviations (RSD) of within 4.8 %. A collaborative study was
conducted in six laboratories using formula feed for beef cattle and alfalfa hay spiked with
indoxacarb at 50 pg/kg and 5 mg/kg.  The mean recovery of formula feed for beef cattle was 93.8
%, and the repeatability and reproducibility in terms of the relative standard deviation (RSD, and
RSDg) and HorRat were 5.1 %, 8.1 % and 0.37 respectively.  These respective values were 87.6
%, 4.9 %, 14 % and 1.1 for alfalfa hay.

Key words: 7&8 3 pesticide residue ; £ HF| insecticide ; - > K¥¥ /L7 indoxacarb ;
fAkl feed ; WZHLFL grass hay ; #RIKZ v~ 7T 7' EH&53#15F liquid chromatograph-
mass spectrometer (LC-MS) ; K&UE{LFA 4 > {kiE atmospheric pressure chemical
ionization (APCI) ; $:[FIFAER collaborative study
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methyl (S)-N-[7-chloro-2,3,4a,5-tetrahydro-4a-(metoxycarbonyl)indeno
[1,2-¢][1,3,4]oxadiazin-2-ylcarbonyl]-4'-(trifluoromethoxy)carbanilate
CH,CIF;N30;  MW: 5279  CAS No.: 173584-44-6 ((S)-isomer)

Fig.1  Chemical structure of indoxacarb
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Table1  Compositions of the formula feeds used in this study

Formula feed Ingredient Proportion

Ingredients
types types (%)
For layer Grains 59  Corn
Oil meal 25 Soybean meal, Rapeseed meal, Corn gluten meal
Animal by-products 1 Fish meal
Brans 1 Rice bran
Others 14  Calcium carbonate, Calcium phosphate,

Paprika extract, Feed additives

For beef cattle Grains 63 Corn, Milo, Barley
Brans 18 Wheat bran, Rice bran, Corn gluten feed
Oil meal 10 Soybean meal
Others 9 Alfalfa hay, Molasses, Calcium carbonate, Salt,
Feed additives
22 & ¥

1) A2 RV 7R
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Table2  Operating conditions for LC-MS for analysing indoxacarb

Column Agilent ZORBAX Eclipse XDB-C18 (3.0 mm i.d.X250 mm, 5 pm)
Mobile phase Methanol-5 mmol/L ammonium acetate solution (4:1)

Flow rate 0.5 mL/min

Column temp. 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)

Mode Positive

Nebulizer gas N, (2.5 L/min)

Interface temp. 400 °C

Heat block temp. 200 °C

CDL temp. 250 °C
Monitor ion m/z 528
Sample 10 g

— add 20 mL of water (grass hay: 30 mL)
— allow to stand for 30 min

— add 100 mL of methanol

— shake for 30 min

— filtrate under suction filter (No.5B)

— wash with 50 mL of methanol

— top up to 200 mL with methanol

20 mL of sample solution(grass hay: 20 mL of 100 times diluted sample solution)
|—evap0rate to the volume of 2 mL (grass hay: to the near dryness) under 40 °C

Chem Elut cartridge

—add 15 mL of water to the sample solution

— apply sample solution

—allow to stand for 5 min

— wash and elute with 20 mL of ethyl acetate-hexane (1:1) (three times)

— clute with 40 mL of ethyl acetate-hexane (1:1)

— evaporate to the dryness under 40 °C

— dissolve in 5 mL of hexane-diethyl ether (9:1)

Sep-Pak Plus Silica cartridge (prewash with 5 mL of hexane-diethyl ether (9:1))

— apply sample solution

— wash with 5 mL of hexane-diethyl ether (9:1)(three times)

— wash with 10 mL of hexane-diethyl ether (17:3)

— connect Sep-Pak Plus Florisil cartridge (prewash with 5 mL of

hexane-diethyl ether(7:3)) under the Sep-Pak Plus Silica cartridge

— elute with 20 mL of hexane-diethyl ether (7:3)

— remove Sep-Pak Plus Silica cartridge

Sep-Pak Plus Florisil cartridge

— elute with 20 mL of hexane-acetone (17:3)

— evaporate to the dryness under 40 °C

— dissolve in 2 mL of acetonitrile

— centrifuge for 5 min at 5,000xg (10,000 rpm)
LC-MS

Scheme 1  Analytical procedure for indoxacarb in feed
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Fig.2  Mass spectrum of standard solution
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Fig.3  Calibration curves of indoxacarb by peak area (left) and peak height (right)
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Table 3  Elution pattern from Chem Elut cartridge
(%)
Fraction volume (mL) 0~50 ~100 ~120 ~140 Total
Recovery of indoxacarb® 90 7 0 0 97
a) Mean recovery (n=2)
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SICEREIC AL, ZE8EH Ao ho THELT-%, ~F WL —VTFLo—F (9+1) 5mL 22T
BRI LT, O, 2.4 O 3)OH T DAL OEO L) 7V =0T W8 EME
W2t » THFR ATV, Aff « IBFHIR CH H~FHT o —TV o F Lo —7 L (9+41) KOY (17+3) N
VUHGLRED T AP EDBHHTHHF Sy — VEF LT =T (743) 12k ST &
TNENZRTIRT T AWM LTz, T D 2L, ik, Mz 7 & b=V ucEnL
t%®%@%7ﬂ?%777ﬁi%ﬁ# KOMEICHRL, A PV IALTOL I DTNI=T

BT DA - Yl O H DA HE K O iR O i 5y 2 e L7z,

%0%**% Table 4 D LBV, A > NFHHATIIAM - WK THH~F > —VxFLrz—F
JL(9+1) ROV (1743) IR LT iehotz. F72, WHICE L CE~F -~V F 1o —
FIL (143) 020 mL 1TV L, ZRLLEOMmIS IR S 7o to. DL EOSERN G, AETE
ST v Z—E2 LRI~ — U F L —F L (743) 20mL THHT A2 L L L.

Table4  Elution pattern from Silica-gel mini column

(%)
Hexane-diethyl ether ~ Hexane-diethyl ether Hexane-diethyl ether
9:1) (17:3) (7:3)
0~20 mL 0~10 mL 0~10 mL ~20 mL. ~30 mL Total
Recovery of 0 0 98 1 0 99

indoxacarb

a) Mean recovery (n=2)

37 BT AWM~ 7 XD LI =0T LOE B ORRES
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WE R, REWET Y F= UV WTEN LTI b DRk v~ b 77 7 EESHTENC L S REIC AR
L, A YRRV DVTOERT A~ 7 F LT LI =0T NIBT A6 - P h Ot OF 8L T
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Table 5  Elution pattern from Florisil mini column

(%)
Hexane-diethyl ether Hexane-acetone
(7:3) (17:3)
0~20 mL 0~10 mL ~20 mL ~30mL  Total
Recovery of indoxacarb 0 96 1 0 97

a) Mean recovery (n=2)
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WO T.
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Fig.4  SIM chromatograms of each sample solution
LC-MS condition are shown in Table 2
(A) Sample solution of corn (not spiked)
(B) Sample solution of tall fescue straw (not spiked)

(| : Retention time of indoxacarb )
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Table 6  Results of recovery test for indoxacarb

(%)
Formula feed Formula feed
Spiked for layer for beef cattle Corn Alfalfa hay
level - - - -
Recoverya) RSD” Recoverya) RSD” Recoverya) RSD” Recoverya) RSD”
50 mg/kg 78.7  ( 2.8)
5 mg/kg 77.7  ( 3.0)
500 pg/kg 89.1 (29 91.7 ( 2.5) 82.7 ( 4.8)
50 ug/kg 855 (3.2 89.4 ( 3.8) 85.0 ( 1L.6)

a) Mean (n=3)

b) Relative standard deviation of repeatability

Intensityfarb.ounits 1
(/\) EEDDDésza.@D [1.00)
30000
25000
200003
150003

1 G'DDD—E
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10000

5060 J

0 2 50 18 oo 1275 1570 Refention Tine/nin
Fig.5 SIM chromatograms of standard solution and sample solution
LC-MS condition are shown in Table 2
(A) Standard solution (The amount of indoxacarb is 0.125 ng.)
(B) Sample solution of formula feed for layer spiked indoxacarb at 50 pg/kg

(| : Retention time of indoxacarb)

3.10 & TRE O H TR
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LTS5 pghkg Y E, WBE (7L 7 707 7HE) 12 0.5 mgkg FHYEZRIN L 72 EHZ SN T,
KIECED 3 HIHMTCERZITo72. ZOFERIL Table 7 DL BV TH Y, pBEEHEHEAEE, A
MAEEHESFEE L NE 5 A Z LIZOWTIE, FHEIERIE 77.2~83.5 %, & OfEK URSEE (340
SEAEMRZE (RSD) & LT 93 %UATTHY, Tz, WBE (TA7 707 7 HE) ([ZO0WTIE, F
PIENERIE 91.8 %, L OMuK LFEEEIZRSD & LT 17% CTh o7z,

PLEDOFERNG, REOERTIRIT S ngkg GZHETIX 0.5 mgkg) &2 b,

F72, BHETIRIE, SNEEA3 L2 EELE LT 2ugke (FEHE TIL 0.2 mgkg) ThHoT-.

Table 7  Results of recovery test for indoxacarb at the level of limit of quantification

(7o)
_ Formula feed Formula feed C Alfalfa b
orn alfa ha
Spiked for layer for beef cattle Y
level s - s s
Recovery) RSD”  Recovery’” RSD”  Recovery’ RSD”  Recovery” RSD”
0.5 mg/kg 91.8 (17 )
5 ng/kg 81.5 (9.3 83.5 (4.3) 772 ( 6.3)

a) Mean recovery (n=3)

b) Relative standard deviation of repeatability

3.1 FE[EFER

RIEOFBUEE ZFHET 5720, WHFIEEHESFEEL T VT 7 V7 7 HEIZ, A2 KR40
NTE LT, ZNEI S0 nghkg XTS5 mghkg tHY EAZ R LB A HWT, 7YV~ -T2\
VAT TV r—va o2 —, BASHEBHRE IR ¥ —, 2EEEERFES
AR 2 —, #ETEN AAR ARG SR P I o 2 —, MEIEAN B ARSI
X —Z R EET, MSIATEOE NEMOKEEE B 2 a7 o 2 — R R L A, Filatr 2 —K&
ORI F Y # — RIFEBAT (8 HBRE) 2B\ T, AIEIHE > THFERBR % F05i L 7-.

ZZTAFUAEE LT ESHEA SN U T RIRER 4 i U7 ilBR== 2 SBR== b o 7208, FEE D
DOHFETRONTZDOLFRKEEZEZXONDEIEEDIKT 3.2 2H) PROLNEHBREN b7 L
26, ESI JEIC L 2585 RIbRA L, APCI I CIHFEIRBRZ345E L= 6 REBREIZ OV TREROENT
1T o77.

ZDOfER, Table 8 D L3V, WHAILE B G LD EINERIT 93.8 %, Z Dl KGR KO
EHFFBUGE X, HEERZE (RSD, XU RSDr) & LTENLEIN 5.1 %M 8.1 % THY, HorRat
12037 ThH-o7-.

Fio, TNAT 7T 7R EOFEEEINERIL 87.6 %, T OMER UKE K O=EMHHRE X, RSD, &
O'RSDR & LTENEN 49 %KL N 14%TH Y, HorRat (X 1.1 THo7=.

Bo BB EHZ BT, HorRat 28 0.5 & Flal> TV 2R, RESARIIHTE O FIE K O3E [F3RER 0 BAE |2 5
Wbl EIXBZ LN Tz.

B, ZEORD, KRRECHER LICRIEY v~ 7T 7EESHTEFOMRES A Table 9 TR L
7z.
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Table 8  Collaborative study results

Formula feed

Alfalfa hay
Lab. No. for beef cattle
(ng/kg) (mg/kg)
1 50.3 48.7 4.78 4.74
2 43.2 442 3.98 3.82
3 45.5 44.6 433 4.18
4 48.6 56.6 5.22 5.48
5 45.4 45.0 3.56 4.16
6 45.6 45.2 4.26 3.99
Spiked level 50.0 5.00
Mean value” 46.9 438
Recovery (%) 93.8 87.6
RSD,”(%) 5.1 4.9
RSDR?(%) 8.1 14
PRSD? (%) 22 13
HorRat 0.37 1.1
a) n=12

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between

laboratories calculated from the modified Horwitz equation

Table9 Instruments used in the collaborative study

LC column
Lab.No. Instrument (i.d. x length, particle size)

| SHIMADZU Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3%x250 mm, 5 pm)

5 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
micromass Quattro Micro (4.6x150 mm, 5 pm)

3 SHIMADZU Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3%x250 mm, 5 pm)

4 Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
Agilent 6410 (2.1x150 mm, 5 pm)

5 SHIMADZU Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3%x250 mm, 5 pm)

6 Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
Agilent 6410 (3%x250 mm, 5 pm)

4 FLO
ARt DA v RV D ALTIZHONT, otk ¥ —EE2 R, ks o~ N7 Z 788 00EH2 Hu
72 E BIEDOFRM AT RE~ DO ORI HOWTHRFTL, IROFERE G-,
1) A4 AkiEE LT, REFELZEA L1 (APCD) % (EAAE—F) , T=X—A 4t L
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T, m/z528 (Za b AN [MHH]) Z#H L7z s 2 ABAICHENAEETH - 72,

2) RIKZ v~ ~7T 7 EESHEOWEBERIC A ¥/ —/v—5 mmol/L HEfE T > =7 LRI (4+1)
717 22 ZORBAX Eclipse XDB-C18 (N£%3.0 mm, £ & 250 mm, RifkSum) 2@ L ZAR
AHCHE S FRE T o 72

3) BREHIIA > REY AL 7 L LT 0.005~5 ng OFPH CEAMEZ R LTz,

4 ZAMETA Y T LI T B0 OB ORF AT T8 25, WHEEOVE T 100 mL Th
27z,

5) VUBTNI=TT A0 OB ORGEITo7c & 2A, WHIEEEOVERIT 20 mL Th o
7-.

6) BT AW~ TR T LI=NT END OB OREEIT o7 L 25, EHEEEOVLEIFIT 20
mL THo7z.

7)) AOGREERELEREE, AASIREHEAGER, O bAZLENT VT 7V T FHIEICA V K%
JNT L LT 500 KTON50 pgkg S & (T V7 7 V7 7 8EIZOWTIE 50 KT8 5 mg/kg R4S &) %
BINL, ARECHE S THRIMBIGRER 2 i L= & 25, EHIEIEE 77.7~91.7 %, % D6k UKEE
I, MXHERERZE (RSD) & LT 4.8 %L FORMEN S L.

8) AIEIZL DA v RV AT OEE N RITFEEF T 5 pg/ke (FHFEOFETIL 0.5 mgke) , it
TRRIL 2 pg/kg (A 02 mgkg) &Ez BT,

9) WHAREHRELGEE KO T VT 7 V7 7 HEEIZ, A2 RE¥H L7 L LT, ZREh 50 ngkg &
O 5 mg/kg FRY B2 RN L723BH 2 WG, 6 BR=EICB\WC, NEIC K 2 AR ZEw L=, £
DOFER, WHFIEE FEL A EE O I EIILERIE 93.8 %, Z DGR UNKGEE K O M HHRE L, Akt
AR (RSDr L ONRSDg) & LCENZEI 5.1 %M 1N8.1%TH Y, HorRat 13037 THo7/=. F
7o, TNT 7V 7 RO EILERIL 87.6 %, T OMGK UK &K V=M BB E L, RSD, XY
RSD & LTENTN 49 %K N 14%TH Y, HorRat L 1.1 THo7z.

B, AKX, VK 21455 A 1 BAHT CRIRF AT SR EIC G S .

#H OO
HERBRIZSM L CEWZT YLy b - 77 7 n Vet st pidedotridit 4
—, EEREERFMEGEAS, HEEAN B ARERE S K OMEEN B ARSI 2 — 0K
BREOHEMIEHOBEZR L ET.
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