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Validation Study on Analyte Expansion to the Simultaneous Determination Method
for Clothianidin, Dinotefuran and Thiamethoxam
in Rice Straw, Whole-crop Rice Silage and Paddy Rice by LC-MS/MS for Imidacloprid

Hironobu TATEISHI" and Masayoshi KUWABARA"

(* Kobe Regional Center, Food and Agricultural Materials Inspection Center)

A study to validate the inclusion of imidacloprid in analytes for the simultaneous determination
method of clothianidin, dinotefuran and thiamethoxam contained in rice straw, whole-crop rice
silage (WCRS) and paddy rice was conducted. The method, which uses a liquid chromatograph-
electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS), has been listed in the Feed
Analysis Standard of Japan.

After adding water to a sample, imidacloprid and other pesticides were extracted with acetone, and
the resulting solution was filtered. The filtrate was then diluted with acetone to a volume of 200
mL. The solution was purified with two types of SPE columns (Chem Elut, 5SmL, Agilent
Technologies Inc.; Santa Clara, CA, USA and InertSep GC/NH,, GL Sciences Inc.; Tokyo, Japan),
and injected into a LC-MS/MS for determination of the concentration of pesticides including
imidacloprid. LC separation was carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1
mm i.d. x 150 mm, 5 pm from Agilent Technologies Inc.) with a gradient of 5 mmol/L ammonium
acetate solution and acetonitrile as a mobile phase. In the MS/MS analysis, positive mode
electrospray ionization (ESI+) was used.

Recovery tests were conducted on rice straw, WCRS and paddy rice to which imidacloprid had
been added intentionally: 0.01 and 10 mg/kg for rice straw, 0.004 and 3.1 mg/kg for WCRS, and
0.01 and 1 mg/kg to paddy rice respectively. The resulting mean recoveries ranged from 83.1 %
to 97.7 %, and the repeatability in the form of relative standard deviation (RSD,) was less than
9.0 %.

This method was thus validated for use in the inspection of imidacloprid in rice straw, WCRS and
paddy rice for feed.

Key words: imidacloprid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); rice straw; whole-crop rice silage; paddy rice
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A IF 7w NiE, 1985 I A AR EERERASE Bl Afzrrmy I fom 2
HASH) TRV INZZer=aF=AREBATHY, BATIT 1992 FITH)D TR
FREnTwa V. B ORBEEREE P, AAE, KE, ME, EILAZLETA 2T 0.05
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B (AR TWCRS) &9, ) RUWIKT3mgkg Le>Tn5 2.
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Clothianidin Dinotefuran
(E)-1-(2-chloro-1,3-thiazol-5-yImethyl)-3- (RS)-1-methyl-2-nitro-3-
methyl-2-nitroguanidine (tetrahydro-3-furylmethyl)guanidine
CsHsCIN5O2S  MW: 249.7 C7H14N4O3 MW: 202.2
CAS No.: 210880-92-5 CAS No.:165252-70-0
N| X N/> ‘ O\N/O
cl Z N)\NH N\(N N\
\N§ 0 N\/E>\Cl
o/ 0 ~ S
Imidacloprid Thiamethoxam
(E)-1-(6-chloro-3-pyridylmethyl)-N- (EZ)-3-(2-chloro-1,3-thiazol-5-yImethyl)
nitroimidazolidin-2-ylideneamine -5-methyl-1,3,5-oxadiazinan-4-ylidene(nitro)amine
CgH1oC|N502 MW: 255.7 CsH1oC|N50sS MW: 291.7
CAS No.: 138261-41-3 CAS No.: 1563719-23-4

Fig. 1 Chemical structures of clothianidin, dinotefuran, imidacloprid and thiamethoxam
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WCRS 1% 60 °C T 10~21 FERFLHE L, FIZENICERE L CREL L7721k, RIS L7-.
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) 7Er=FU (LC-MS/MS HRIERFOEERBER DA LC-MS H (FEMisE TER) ), 7&
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Millipore #) |2 X 0 ML L =88k (JISKO0211 @ 5218 [ EFE I N MiA) 2 H -
2) KRIEAEUES,
raFr=vy, VI)T77Y, AXX 707 KEORTFT A MY AOEREMLIL, Table 1
R LTE R ZER, MEDO S D& Az,
3) A AT UE R
RREAENL K 25 mg B EREICE > TENLEN 50 mL ORET T A2ZAN, /70T 7=
VEOFTARXTRCONWTIETE N EZMATENL, P I)T 770 ROAIF 70T
RIZOWTIEA Y /= Z M TEMNL, FITHERRE TRV 2 N 2 T4 2 3R e R0 2 5
L7 (ZRBHDMEA 1mL L, FRELLTOSmgaEHT L. ) .
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4) BEIEAEER
4 Ry DOKBEEBWRERKO - TEREZREAL, K—2A% /=1 (9+1) TEMIZHRL, 1 mL
HIZERIEE LT lopug 2567 2 RERGEERIRZ TR L.
EHICEE LT, BERIEAEEFIRO —ERE, K— 2%/ —/ (9+1) TEMIZHRL, 1
mL A EEE L LT 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 4.0, 6.0, 8.0, 10, 20, 40, 60, 80
K ON100 ng & & AT 5 At BRSO BESRIE G ER 2 L 7-.

Table 1  Pesticides standards used in this study

Pesticides Manufacturers Chemical formula MW  CAS No. Purity (%)
Clothianidin Dr.Ehrenstorfer CsH3CIN5O,S 249.7  210880-92-5 99.2
Dinotefuran Wako Pure Chemical Industries ~ C7H14N4O3 202.2  165252-70-0 99.0
Imidacloprid Kanto Chemical CoH9CIN50> 2557 138261-41-3 99.6

Thiamethoxam Wako Pure Chemical Industries CgH10CIN5O3S 291.7 153719-23-4 99.8

23 HEROSGE
1) ek
et 1 CBCKH)  : ZM 200 Retsch 8 (HBAE 1 mm 227 U — 2, [E#55 14000 rpm)
iRk 2 (e & K1Y WCRS M) : SM 2000 Retsch 8 (APB#E 1 mm 227 U —>, [E#EEHK
(f:£K) 1690 rpm)
2) RE O By = — 7 —MW-DRV B ARBRAF TR (6 IR & 5 %% 300 rpm)
3) 24 A YU+t H T L ChemElut, SmL (5mL £&%fH)  Agilent Technologies
4y 77774 M=K/ TI )T UMb Y A SAERBI =75 (LU T2=74
F 5] 9. ) :InertSep GC/NH, (500 mg/500 mg) ¥ —T LA = Al
5) LC-MS/MS :
LC & : ACQUITY UPLC System Waters H
MS/MS #B : ACQUITY TQ Detector Waters f
24 TERFIE
D #h
MR 10.0 g 28> T 300 mL o3t =/~ 7 232 Ak, 7K 30 mL CBLKiX 20 mL) %
Mz, 30 rEEER, L7 M2 120 mL CBKIX 100 mL) 20z, 30 43R 0 IR THi
L7z, 200 mL O&&E7 7 Aa%27 7 —F}to TICEE, fbiis A% (5 f# B) Tksl
Al LT, KO=MA7 T Aa KOS EIERT N 50 mL CTHEL, FRERICHES]AEL
o, MIZERET7 7 AaOERETTE N ZMATZ. 20K 20 mL % 100 mL D72 T K7 7 A
TZIEREIZARL, 40 °C LLFOKIBTH 2 mL £ CTRUERM L, H 7 L0817 2 508HA
we L=,
2) N7 LNALERT
REHAR A Z M A4 Y U+ h 7 KA, BEBHEKO A > TWeR TR T 7 Aa%K 2
mL THHEL, WiKE D7 L2ICMAT-%, 10 sHEELE. EOoRTIETZ I A az~x¥
25 mL "2 T2 |y L, YR ZNER D 7 LISz, Wi FETAF O EIRIcET 5 % Tt
R
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200 L DT T7 T A% AT LOTFIZES, KORTIET 7 A azfiiErF /L 20 mL T
DT 2 EIYEE L, RIRENRRSD 7 DA CEBEREZRH ST,

WK Z 40 °C LL N ORI TR & A EHLE 3 2 £ CTRITERME Lk, ZERT AL ko Tzl
Lic. 728 b=R U V5 mLA#MMA TEEHEZENL, 77 L0 T 53 BHAKR E L7z,

3) T ARLER I

R=HWT7L%T7ERF=FUNLI10 mL THEFLZ. 100 mL ORTE T T AL I =T LD
TIEE, BEHAKE I =17 HIZAN, WEDFTTAKO EIGIZET HETH FL, FE%K
S, BBHERO N> TW T B 77 A2%2 7 h=FJ /L 10 mL 72T 2 [Al¥E
L, WREIER =07 22z, FRECHEH S 7.

TR %A 40 °C LLF ORI TIE & A CHE T 5 & TRUERM L7o%, EFR T A& %o CHLH
L7z, K—=A% /=L (9+1) 20 mL % EMICINZ THEREMZENL, LC-MS/MS 12 X 2 HIE
(R DR & LTz

4) LC-MS/MS (2 X B HlE

FUBHRIE e O 2 IR ARSI 5 pL & LC-MS/MS IZVEA L, #IREUSHE (LU TSRM|

Lo, ) ravw 7T AES. BESRMNE Table2 KN 3 IZR LT,

Table 2  Operating conditions of LC-MS/MS

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. X 150 mm, 5 pm), Agilent Technologies
Mobile phase 5 mmol/L ammonium acetate solution-acetonitrile (9:1) — 15 min

— acetonitrile (2 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Ion source temperature 120 °C

Desolvation gas Nz (800 L/h, 500 °C)

Cone gas N2 (50 L/h)

Capillary voltage 0.5kV

Collision gas Ar (0.25 mL/min)
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Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier  Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
132 — 15 15
Clothianidin 250
— 169 15 15
12 — 1 1
Dinotefuran 203 > > 0
— 157 15 10
175 — 25 20
Imidacloprid 256
— 209 25 15
211 — 2 1
Thiamethoxam 292 0 >
— 132 20 15

5 &t ®
FoHNle SRM 7 0= 7T L0 b E— 27 FEEXIEE S 2RO THRERZIER L, #Edho
IaFT =V, VI)TTT, AKX uTY REOTFT A MR LAEERNLE.
7k, EEEOME % Scheme 1 1278 L7e.
Sample 10.0 g
— add 30 mL of water (paddy rice:20 mL)
— allow to stand for 30 min
— add 120 mL of acetone (paddy rice: 100 mL)
— shake for 30 min
— filtrate with suction filter (No. 5B of JIS P 3801)
— wash with 50 mL of acetone
— fill up to 200 mL with acetone
— evaporate 20 mL of sample solution to the volume of about 2 mL under 40 °C
Chem Elut cartridge
— apply concentrated sample solution
— wash with 2 mL of water
— allow to stand for 10 min
— wash with 25 mL of hexane (twice)
— elute with 40 mL of ethyl acetate
— evaporate to dryness under 40 °C
— dissolve in 5 mL of acetonitrile
InertSep GC/NH,
— prewash with 10 mL of acetonitrile
— apply sample solution
— wash with 10 mL of acetonitrile (twice)

— evaporate to dryness under 40 °C

— dissolve in 20 mL of water-methanol (9:1)
LC-MS/MS

Scheme 1 Analytical procedure for clothianidin, dinotefuran, imidacloprid and thiamethoxam
in rice straw, whole-crop rice silage (WCRS) and paddy rice
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3.1 LC-MS/MS T X 2 HlESAt

k7 v~ 77 Z7EHOWPESMEL, SEOTEERNEED LB E L. /XX 7u 7)Y
ROEESH ORESRMEIZOWTHE, Fig. 2 CRT~YARAXT MLEY TV h—H—A 4 %
m/z 256 \Zi®E L, Fig. 31T 7V I—H—A A4 (m/z 256) OTa X T MAF L AT hL
W, TaX s M A miz 175 ZERAIC, miz209 ZHERAICHWD Z L E L.

Flo, TOMOEESWEME (M A PRE, 7YV _X—Ta ViRE, ¥y 7Y —&EE,

—VEEATCIY Va X F—) IZOWTYHRBRETHEA Lo as~ o217 o 72,

s

oo o &— 256 [M+H]

257.7

Abundance / %

Fig. 2 Mass spectrum of imidacloprid (m/z 150~300)

oo & 175
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7 1 1570 215.0

Fig. 3  Product ion spectrum of imidacloprid
(precursor ion m/z 256, collision energy 20eV, m/z 150~260)

3.2 MREAR
22 D HITHE S THB L 72 KB EHIERH 2R AEERS 5 uL & LC-MS/MS I[ZIEAL, 15
57 SRM 7~ b T ANLE—ZHBELOE I ZHNTREREZIER L. Hohl-mE
MO—FlX, Fig. 4 DBV THY, A IX¥ 717U FiE 0.1~100 ng/mL (FEA&EE LT
0.0005~0.5 ng AH 4 &) OFiPH CEMRME AR L.
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Fig. 4 Calibration curves of imidacloprid by peak area (left) and peak height (right)
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Fhio & 2 MK, WCRS 4 BAKROMIK 2 ki vy, ARIEIC K 0GR L 723K 2 LC-
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Fig. 5 Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of
imidacloprid.)
A: Standard solution (0.5 ng/mL: 2.5 pg as imidacloprid)
B~D: Blank samples (B: Rice straw, C: Whole-crop rice silage (WCRS), D: Paddy rice)

34 < MU v 7 AR OMHRE
240 DM DL VFARLZFEbH 5, WCRS K OMKDT T v 7 BHARRIC 7 v F T =V,
CI)TTT, AIFa T Y REOTFT A RS AL LTO01 mgkg FIY & (R aUEHARK F
TS5 ng/mL FYE) Z2ZNENHRMLIEE~ MY v 7 ZAEHERIZONT, 2.2 O HITHE - TR
L 7o AR D& R HAEVER I T2 B — 7 S A i L7 & 25, Table 4 LBV THY,
FRETREI MY v 7 AR DREREEEZT T L LR HMEMRETH 2.
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Table 4  Results of matrix effect study
Rice straw WCRS Paddy rice
Concentration of Concentration of Concentration of
pesticides . pesticides . pesticides .
) ) Matrix ) . > Matrix ) ) Matrix
Pesticides I Mt in samplea) effect” ™ matrix - in sample effect” 1 matrix in samplea) effect ”
stand.ard %) stand.ard (mg/kg %) stand'ard %)
solution solution air-dry solution
(ng/mLl)  (mg/ke) (ng/mL)  matter) (ng/mL)  (mo/kg)
Clothianidin 5 0.1 85 5 0.1 86 5 0.1 95
Dinotefuran 5 0.1 100 5 0.1 101 5 0.1 98
Imidacloprid 5 0.1 92 5 0.1 97 5 0.1 97
Thiamethoxam 5 0.1 92 5 0.1 94 5 0.1 99
n=3

a) Converted from the concentration in matrix standard solution

b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

3.5 WhnENGRER

22 DO NNCTKVPFAR L2 v F T =V UBERIFKR, YT 7T UBERIK, AKX 7a 7Y R
EAEFR e VT 7 A b ¥4 MMEHEFIR A 7 & b2 CERICAHAR LRI V-,

b HIZoNWT, A2 7u7U KELTO0.01 X 10 mgkg 4 E (K&REHART T 0.5
ng/mL %X X500 ng/mL) , 70 F 7=V KONV /)T 7T LT 10 mgkg tHY & (&R EHA
W T 500 ng/mL) , F7 A FFHLLELTO02 mekg HHYE (BE&REHART T 10 ng/mL)
WCRS {Z2W T, A&7 a7 FELTO0.004 O 3.1 mgkg Y4 & (&R EHARF T 0.5
KU350ng/mL) , 7 uaF 7=t L 7T09 mgkg tHYE (B&RENAKR® T 100 ng/mL) , ¥
)T 77E LT 49 mgkg Y E (REREHEK T T 550 ng/mL) , 7 A RMFHLELT
0.09 mg/kg Y B (K REBHAK T T 10 ng/mL) , BKIZHOWT, 41342707 RELT
0.01 %O 1 mgkg FIME (GRERAEHAKRT T 0.5 LT 50 ng/mL) , 7 ueF7=y> LTS5
mg/kg FHY B (A&REHRI T © 250 ng/mL) , ¥/ 7 77> & LT 15 mgkg M4 & (GRf&alk
Wi T 750 ng/mL) , F7 A ¥V AL LT3 mgkg FYE (EEREHARE T T 150 ng/mL)
Wb X2z EZnimng L <IREL, —&KERE L2 BISARIEICHE > TIRIMEIGRER 2 i L,
I ENEE R O RS 2SR D7z, 7272 L, I RURHAIR o R 3K JE 3 M B di Pl 2 88 2. 5
BAE, BERBHAKEK— A% 2 — (9+1) TI0MEHIRL, MEEITo7-.

72%, WCRS ~OFIE, EEHFREHIH LT/ 342727 ) FELTO0.01 X7 mgkg
WE, /nF 7=V L T2 mgkg fHHYE, /777 LT 11 mgkg A% E, F7 X b
FHLELTO02 mgkg FHSEIZ/R D X 21TV, JRMHIRE~OHE X, R+ & VRS H D
KGEGEREZEZ 60 %KX T10%EMEL T, BY OKGEHRRE60%) TIRE=REZY OK3Ea &
10 %) HigE, 225 ORI L VIiTo 7.

ZORERIT Table 5 D LBV, A I X707 Y RIZOWTUTEEENLHEIL 83.1~97.7 %, £ Dk
W URE IR R 22 (RSD,) & LT 9.0 %LL N ORAE G Hav, fkk oAt 2 o 2 M e e
EHARTA Ly (LLF TZYMMRIETA RIA42] 0. ) CEDONLEEE RO TRE
ORAEEZ#MI- LW, £, suaFTr=Ur, V)T TT50, A3F 70T REROFT A
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b Y A2 FERICIRINLIZSE THOEREEROERE~D

B 38
oA

TR NN D, fET

EERINFEIEDO S ARG ME L TAIX 77 FBINTL52ZERAEEEZEZ LN,
2k, HoNZ SRM 7 v~ 7T ADO—Hfl% Fig. 6 ([Zx L7z,

Table 5 Recoveries for pesticides
Sample
o Spiked level Rice straw WCRS ¢ Paddy rice
Pesticides - ; ;
(mg/kg) Recovery” RSD,”  Recovery” RSD,”  Recovery” RSD,”
(%0) (%0) (%) (%) (%0) (%0)
0.9 - — 87.1 5.7 — -
Clothianidin 5 — — — 94.3 1.4
10 90.6 1.4 — — —
49° - - 93.4 1.7 — —
Dinotefuran 10 91.4 1.1 — — —
15 - - — — 91.4 5.5
0.004 " — — 90.6 8.0 — —
0.01 83.1 5.9 - - 97.7 9.0
Imidacloprid 1 — — — 93.0 2.3
319 — — 91.5 2.0 - -
10 90.3 1.8 — — —
0.00" - - 90.3 3.7 - -
Thiamethoxam 0.2 89.5 4.0
3 - - — — 94.1 0.8
—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

c) Pesticides were spiked to air-dried WCRS samples one night prior to extraction. The levels of

pesticides 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 pesticides in original matter (moisture 60 %)

= the levels of pesticides in air-dry matter (moisture 10 %) / 2.25

d) The spiked level was 2 mg/kg air-dry matter.

e) The spiked level was 11 mg/kg air-dry matter.

f) The spiked level was 0.01mg/kg air-dry matter.

g) The spiked level was 7 mg/kg air-dry matter.

h) The spiked level was 0.2 mg/kg air-dry matter.
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Fig. 6 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of 1:

clothianidin, 2: dinotefuran, 3: imidacloprid and 4: thiamethoxam. The baselines are
shifted for display.)

A: Standard solution (50 ng/mL: 0.25 ng as clothianidin, dinotefuran and imidacloprid and 10
ng/mL: 0.05 ng as thiamethoxam)

B: Sample solution of rice straw (spiked at 10 mg/kg original matter of clothianidin,
dinotefuran and imidacloprid (as 50 ng/mL in 10-fold diluted sample solution), and 0.2

mg/kg original matter of thiamethoxam (as 10 ng/mL in sample solution))

3.6 & TR O TR OB
AIF a7 Y ROBRERPERMEL R LICHPE, 0.1~100 ng/mL @ gl & 2 2 E (F#
6, WCRS (JAFHH) OB T 0.01 mgkg MY & (REaUEHE TR 0.5 ng/mL FHY &) )
OUWIMENGREROFER (Table 5) , LN HHEOIERERZED 10 5L 0 2REL, bbb,
WCRS (BEZ#H) KK T, i 0.005 mgkg, 0.007 mgkg &% 0.009 mgkg Th -7
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720, A4 77 ROEETFROBEEIL 001 mgkg & L7-. ZOREX, AIXx7u7
KOfE & OEFHEILAEM (10 mg/kg) , WCRS FOEHILHEME O A i) P REE (6.75 mg/kg)
O OB ELFLYERE (3 mg/kg) 12K L CENEI 1/1000, 1/675 TN 1/300 TH Y, =4
IETA RTAVICED LN BIEAEW T2 LTV, 723, Table 5 IZ/RL72EEBY, ¥YEUERE
TR IC I T 2 RMENGRER RILBRGF Th o7z,

B FRRIE,  ERCEINEIGRERIZ X 0 15 5 72 oM O AR (R 7212 Student O - % 3 U 726
D2 EE#BHI20.004 mgkg & L=, ZOREL, FRICZYEMBIETA R4 VICED LI
T-HEEZMZ LTz,

4 F&EOH
FAEHHA RIZEB T DA 22707 ) RIZoOWT, fBoir SRUEREIHE 2 B ICEH o /512>
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