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Method Validations of the Determination Method of Imidacloprid by LC-MS
for Wheat, Rice Straw and Whole-crop Rice Silage

Satoru NAKAMURA ™' and Tomoe INOUE
("' Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
(Now Food Labeling Monitoring Department, FAMIC)
"2 Kobe Regional Center, FAMIC)

A method wvalidation of determination method of imidacloprid by liquid chromatograph-
electrospray ionization-mass spectrometer (LC-ESI-MS), which had been listed in analytical
standards of feeds, was conducted for application to wheat, rice straw and whole-crop rice silage
(WCRYS).

Imidacloprid was extracted with acetonitrile-water (13:7) and the extracted solution was filtered.
The filtrate was diluted with acetonitrile to a volume of 200 mL (100 mL for wheat). The sample
solutions of rice straw and WCRS were diluted 10-fold with acetonitrile. The sample solution
was purified with liquid-liquid extraction and two types of SPE columns (Supelclean LC-18,
Agilent Technologies Inc.; Santa Clara, CA, USA and ENVI-Carb/LC-NH,, Sigma-Aldrich Co.
LLC.; St. Louis, MO, USA), and injected into the LC-MS to determine the level of imidacloprid.
LC separation was carried out on an ODS column (ZORBAX Eclipse XDB-C18, 3.0 mm i.d.
250 mm, 5 pm from Agilent Technologies Inc.) using a gradient with 5 mmol/L ammonium acetate
aqueous solution and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In the
MS analysis, positive mode electrospray ionization (ESI+) was used.

Spike tests were conducted on wheat, rice straw and WCRS. Imidacloprid was spiked at the
levels of 0.005 or 0.2 mg/kg for wheat, 0.01 or 10 mg/kg for rice straw, and 0.009 or 3 mg/kg
original matter for WCRS, respectively. The mean recoveries of imidacloprid ranged from 69.1
to 87.9 %. The relative standard deviations of repeatability (RSD,) were not more than 3.8 %.

As a result of recoveries and RSD,, the method was validated for wheat and WCRS. However,
recoveries for imidacloprid in rice straw were under 70 %. Furthermore, the dilution of sample
solution was necessary to apply the method to rice straw and WCRS, regardless of imidacloprid
concentration.

Key words: imidacloprid; liquid chromatograph-mass spectrometer (LC-MS); electrospray
ionization (ESI); wheat; rice straw; whole-crop rice silage
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(E)-1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine
CoH10CINsO2 MW: 255.7 CAS No.: 138261-41-3

Fig. 1 Chemical structure of imidacloprid
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Table 1  Operating conditions of LC-MS

Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. X 250 mm, 5 pm), Agilent Technologies

Mobile phase 5 mmol/L ammonium acetate aqueous solution—5 mmol/L ammonium acetate methanol solution
(17:3) — 1 min — (3:2) (hold for 2.5 min) — 2.5 min — (1:1) — 2 min — (9:11)
— 9.5 min — (1:19) (hold for 12.5 min) — (17:3) (hold for 17 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Nebulizing gas

N2 (2.5 L/min)

Drying gas N2 (10 L/min)
Heat block temperature 200 °C
Curved desolvation line temperature 250 °C

Monitor ion

m/z 256

Sample 10.0 g (200 mL Erlenmeyer flask)

add 50 mL (rice straw and WCRS: 100 mL) of acetonitrile-water (13:7)
shake for 30 min

— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure
wash with 25 mL (rice straw and WCRS: 50 mL) of acetonitrile

——fill up to 100 mL (rice straw and WCRS: 200 mL) with acetonitorile

——dilute sample solution with acetonitrile

(rice straw, WCRS, and if concentration of imidacloprid in wheat is over 0.2 mg/kg)
Liquid-liquid extraction (100 mL separatory funnel)

——20 mL (rice straw and WCRS: 10 mL) of sample solution

add 10 g of sodium chloride and 20 mL of 0.5 mol/L phosphate buffer solution (pH 7.0)

shake for 10 min

Upper layer (acetonitrile layer)

I
Supelclean LC-18 (500 mg)

(prewash with 10 mL of acetonitrile)

place a receiver (100 mL Erlenmeyer flask)

apply sample solution

elute with 2 mL of acetonitrile

dehydrate with sodium sulfate anhydrous
—filtrate through filter paper (No. 5B of JIS P3801)
wash with acetonitrile

evaporate to dryness under 40 °C

dissolve in 2 mL of acetonitrile-toluene (3:1)
ENVI-Carb/LC-NH: (500 mg/500 mg)
(prewash with 10 mL of acetonitrile—toluene (3:1))

place a receiver (50 mL eggplant flask)

apply sample solution and wash with 2 mL of acetonitrile—toluene (3:1) (twice)

elute with 16 mL of acetonitrile—toluene (3:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of methanol

centrifuge for 5 min at 5000xg
LC-MS

Scheme 1 Analytical procedure for imidacloprid in feed
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Fig. 2  Selected ion monitoring (SIM) chromatograms
of standard solution and blank sample solutions

(LC-MS conditions are shown in Table 1. Arrows indicate the retention time of imidacloprid.)

A: Standard solution (0.004 pg/mL: 0.02 ng as imidacloprid)
B: Wheat

C: Rice straw

D: WCRS
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Y B (R EHA T T 0.2 pg/mL) , WCRS (2 7 mg/kg Y8 (R&KRBHAKE S T 0.175
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Table 2 Matrix effect of samples

Concentration of imidacloprid

Feed types - ) ] ) Matrix effect’
of matrix in mat.rlx standard in sample (%)
solution (pg/mL) (ng/mL)
Wheat 1 0.2 0.2 91
Wheat 2 0.2 0.2 92
Rice straw 1 0.2 8 104
Rice straw 2 0.2 8 100
WCRS 1 0.175 7¢ 104
WCRS 2 0.175 7¢ 98
n=73

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak area of imidacloprid in the presence of matrix to that in the
absence of matrix

c) mg/kg air-dry matter

3.3 WhnENGRER

INE, T B KRR WCRS IZDOWT, A XX 7ar) FELT, /MEIZ0.005 &TO0.2 mg/kg #H
W (& RUEHAR T 0.005 X TN 0.2 pg/mL) , fEH 512 0.2 OV 10 mg/kg fH4 & (BIH D 9
B, KRR 2 RIS L2 b oz d » T, &R T 0.05 pg/mL. 10 %24
R U728 2 R B L7 b D2 - T, Hofks BRI T 0.005 pg/mL. %35 1 kit
BHAW T 0.125 pg/mL. ) , WCRS IZJEW#LHE L T 0.09 XT3 mgkg tHY & (RiHED I H, K
AR UR % IR A BRI Bt L7z b DI o T, BB T 0.05 pg/mL. 10 fFICAR L7
TR 2 W TR L7 b DI o T, FefEslEHAI P T 0.005 pg/mL. %74 13 f i BHA K
HC 0.0875 pg/mL. ) X225 X9 ICENENHRME LSIRE L, —HiFE L7RICRIEICHE-
TUHMEINGRER 2 F2 0 U, P2 a0 K O U RS B & SR b 7z

72%, WCRS IZHT 2WWINTBEALFEHZ A I X7 a 7 ) RELT02 K7 mgkg FHY RIS
25 X7, R IRE~OBEL, R R ONRFZY R DK ER EE 60 %L TN10 %E K
ELT, B OKDEARRE60 %) HiRE=EGZY OKoEAaE10 %) HiRE, 22502k
1To7-.

ZORER (Fib B KON WCRS IZ2W T 10 fFICAIR L 72K &2 Wi o Bl i L7 k6 5. ) 1X
Table 3 D LBV, FHENLHEIL 69.1~87.9 %, & O UK IXHIZ#ER 2= (RSD,) & LT
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Table 3  Recoveries for imidacloprid
Feed types

Spiked level Wheat Rice straw WCRS?

(mg/kg original matter) Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”

(%) (%) (%) (%) (%) (%)
0.01 87.9 3.3 - - - -
0.09” — - — — 68.3 2.4
0.09"9 — — — — 70.8 2.1
0.2 71.1 2.5 53.1 1.0 - -
0.2° — - 74.9 3.8 — —
39 — - — — 73.3 1.9
10 — - 69.1 1.7 — —

—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) Imidacloprid was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.2 and 7 mg/kg air-dry matter. The levels of imidacloprid in
original matter were calculated with following equation on the assumption that the
moisture content of WCRS samples was 60 % for original matter and 10 % for air-dry
matter.

The levels of imidacloprid in original matter (moisture 60 %)
= the levels of imidacloprid in air-dry matter (moisture 10 %)/ 2.25

e) Sample solution was diluted 10-fold with acetonitrile before liquid-liquid extraction.
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Fig. 3  SIM chromatograms of standard solutions and spiked samples

(LC-MS conditions are shown in Table 1. Arrows indicate peaks of imidacloprid.)

A, C and E: Standard solutions (Each concentration of imidacloprid is A: 0.2 pg/mL, C: 0.12
pg/mL and E: 0.08 pg/mL.)

B, D and F: Sample solutions (B: wheat spiked at 0.2 mg/kg of imidacloprid (corresponding
to 0.2 pg/mL), D: rice straw spiked at 10 mg/kg of imidacloprid (corresponding to 0.125
pg/mL) and F: WCRS spiked at 3 mg/kg original matter of imidacloprid (corresponding to
0.0875 pg/mL))
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REOEETRECHRH TREZ#ERT H720, IE1RIE, bbb 1 BRIEK WCRS 1 i
WZAIF 77 RERINL, RINEGBRICEZVEORAE—27 0 SN RS 10 KV 3 72D
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ZORER, INFE, fb b KL OWCRS (EFY) 2B WT SN 10 & 72 5 E X, 0.14 mg/kg,
0.42 mg/kg 2 T* 029 mg/kg ThH-o7-. F£7=, SNLMN 3 &72HREIE, 0.04 mg/kg, 0.13 mg/kg &
O 0.09 mgkg ThH o7, /NEIZHOWTIE, SR EEIZED Sz E®= TR (0.005 mg/kg)
KO TR (0.002 mgkg) Zi7-S720WbDTH-T=. £z, fib b LN WCRS IZ2W\W T,
HHEOEE TR (0.2 mgkg) KMOKH TR (0.05 mgkg) LHELTREWETH-Z. 21
%, Fig. 2 IZRLTWAEEY, A IX47u7 ) ROE—7RiIKICEW TO EWE N 2507
ETHZEMD, JAXDOHBEIZBOWTINSD Y~ ORBEZBIT DL LR TERN-T2C2
CICERNT DI EEZONTZ. 20D, A IX47ua7) RUNOE =7 (ZEASNRWEEE L
T, EEMEOEHERAD 105K 0N4.26 5 (BHE 4Ot 540 0.95 50imD 2 £5) ZE& FR
FOBMHETRELTHEATIZEE L. Z0E, TETROEMMEIL, NE, bbb kD]
WCRS (oW TZENZEH, 0.002 mgkg, 0.08 mgkg KO 0.04 mgkg, i RO ERMI
0.0007 mg/kg, 0.03 mg/kg %X T*0.02 mgkg TH Y, TR I IR SN EE TR -
Tele, UESIEOERE FIRE OB FRICOWTIIERE LenwZ &L L

72, Table 3 TR L72& B0, BT EEICED Lo ER FRIRE (o &Y WCRS
o T, ZHREOEETREE) ICBITDRMEIGREBRERIIRF TH - 7.

4 F&&H
INEE, RRD BTN WCRS IZEE T DA 14707 RIZHOWT, fEI I R ICINE ST
HOMEOZLB M EMHR LI 25, IEKRD WCRS ([ZOWTIEZYMERIETA KT 4 DR
AT L, OVEOZLYUERHERINTD, Wb oIZB W TEIEN 70 %% FED, SHEO
WEPMLETH-7o. Tz, RO EETIE, AT IX a7 ) FEEBRLZVERIZOR
B REZHRINTHZEELTWDER, bbb &N WCRS IZ2oWTiEA I X7 a7l RE&EIZH)H
PHOLTHRBIENRMEATHD Z ENRBRINT.
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