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Simultaneous Determination of Clothianidin, Dinotefuran and Thiamethoxam
in Rice Straw, Whole-crop rice silage and Paddy rice for Feed by LC-MS/MS Simultaneous

Yasutoshi SUGIMOTO®

(*Food and Agricultural Materials Inspection Center, Fukuoka regional Center)

An analytical method was developed to determine clothianidin, dinotefuran and thiamethoxam levels
in rice straw and rice products for feed using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After addition of water to samples, clothianidin, dinotefuran and thiamethoxam were extracted with
acetone and solutions were filtered. The filtrate was diluted with acetone to a final volume of 200 mL.
The sample solution was evaporated to dryness and dissolved in water, and then purified by Chem Elut
cartridge (Agilent Technologies Inc.; Santa Clara, CA, U.S.) with ethyl acetate. The elute was
evaporated to dryness and dissolved in acetonitrile, and then purified by an ENVI-Carb/NH, cartridge
(GL Sciences Inc.; Tokyo, Japan), with acetonitrile. The elute was desolvated again, dissolved in a
water-methanol solution (9:1 v/v) and analyzed by LC-ESI-MS/MS for determination of clothianidin,
dinotefuran and thiamethoxam. The LC separation was carried out on an ODS column (Mightysil
RP-18 GP, 2.0 mm i.d.x150 mm, 3 um from Kanto Chemical Co., Inc.; Tokyo, Japan) using gradient
with 5 mmol/L ammonium acetate solution and acetonitrile as a mobile phase. The MS/MS analysis

was performed using the selected reaction monitoring (SRM) mode.

Spike tests were conducted on rice straw, whole-crop rice silage and paddy rice spiked with 0.01, 0.02,
0.2, 2 or 5 mg/kg of clothianidin, dinotefuran and thiamethoxam. The mean recoveries of
clothianidin were 77.5 to 101 % and its repeatability in terms of relative standard deviations (RSD;)
was not more than 16 %. The mean recoveries of dinotefuran were 76.9 to 106 %, and RSD, were not
more than 13 %. The mean recoveries of thiamethoxam were 79.8 to 105 %, and RSD, were not

more than 8.7 %.

A collaborative study was conducted in nine laboratories using rice straw, whole-crop rice silage and
paddy rice spiked with clothianidin, dinotefuran and thiamethoxam at 5, 3 and 0.2 mg/kg,
respectively. The mean recoveries of clothianidin were 90.4 to 94.5 % and the repeatability (RSD,)
and reproducibility (RSDg) in terms of relative standard deviation, and Horwitz ratio (HorRat) were 8.3
%, 14 % and 0.68, respectively. The values for dinotefuran were 89.3 to 94.4 %, 4.0 %, 15 % and
0.71 respectively. The values for thiamethoxam were 92.1 to 98.6 %, 9.5 %, 11 % and 0.72

respectively.

This method was validated and established for use in inspection of rice straw and rice products for feed

for clothianidin, dinotefuran and thiamethoxam.
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Clothianidin Dinotefuran

(E)-1-(2-chloro-1,3-thiazol-5-ylmethyl)-3-
methyl-2-nitroguanidine

(RS)-1-methyl-2-nitro-3-
(tetrahydro-3-furylmethyl)guanidine

C6H8C1N502$ MW: 249.7 C7H14N403 MW: 202.2
CAS No.: 210880-92-5 CAS No.:165252-70-0
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Thiamethoxam
(EZ)-3-(2-chloro-1,3-thiazol-5-ylmethyl)
-5-methyl-1,3,5-oxadiazinan-4-ylidene(nitro)amine
CsHoCINsOsS  MW: 291.7

CAS No.: 153719-23-4

Fig. 1 Chemical structures of clothianidin, dinotefuran and thiamethoxam
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Table 1 Operating conditions of LC-MS/MS for analyzing clothianidin, dinotefuran and thiamethoxam
Column Kanto Chemical, Mightysil RP-18 GP (2.0 mm i.d.x150 mm, 3 pm)

Mobile phase 5 mmol/L ammonium acetate solution-acetonitrile (9:1) — 15 min —

acetonitrile (2 min) — 0.1 min — 5 mmol/L ammonium acetate solution-

acetonitrile (9:1) (5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 110 °C

Desolvation gas N, (800 L/h, 400 °C)

Cone gas N, (50 L/h)

Capillary voltage 1kV

Table 2 MS/MS Parameters

Target ion Precursor Product  Qualifier vgl(z :ge C:;lel:g/n
m/z m/z m/z
mz) e () " )
Clothianidin 250 132 169 15 15
Dinotefuran 203 129 157 10 10
Thiamethoxam 292 211 132 15 15

5 5 H
BoNTEIRE GBI o~ 87T A6 E— 7 HEIEm S 2RO THRERAZER L, 3Bt
DruaFr=vy, V)T IT7ITUROTFT A NS LABREREH L.

kB, TEEOMEES Scheme 1 [Z/R LT-.
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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)

— wash with 50 mL of acetone

— top 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)

— clute 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 and thiamethoxam
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Fig. 2 Calibration curves of clothianidin (left : peak area, right : peak height)
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Fig. 3 Calibration curves of dinotefuran (left : peak area, right : peak height)
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Table 3 Results of elution and spillage from column I, Il and neutral alumina

Recovery (%) ¥
Pesticide Spiked level Column I Column II Neutral alumina
(mg/kg) Hexane Ethyl acetate ~ Acetonitril Ethyl acetate
(50 mL) (40 mL) e (25 mL)
Clothianidin 2 0 92.0 97.0 56.0
Dinotefuran 2 0 99.0 95.0 28.0
Thiamethoxam 2 0 91.0 91.0 11.0

a) n=1
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FebblicrzaFr=yr, V)T 7T ROFT A RS AL LTH 02 mgkg fNEEZRMLT-
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L7z,

Table 4 Comparison of recoveries of clothianidin, dinotefuran and thiamethoxam
by dilution level

Pesticide Spiked level . Recovery (%) *
(mg/kg) undiluted 2-fold 5-fold 10-fold 20-fold
Clothianidin 0.2 43.8 61.3 84.2 94.0 94.1
Dinotefuran 0.2 96.7 96.0 101 91.2 94.6
Thiamethoxam 0.2 58.9 71.7 94.9 95.1 92.8
a) n=1

3.4 BiEWE O

b o 4 M) , FRFsEEER Q iR KOWKk G i) 2V, AR Xk 0L
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Fig. 5 SRM chromatograms of rice straw (non-spiked)

(Arrows indicate the retention time of thiamethoxam (A), clothianidin (B) and dinotefuran (C).)
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T8I%NLLTFThHoT-.
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Table 5 Recoveries for clothianidin

' Feed types
Slp 1keld Rice straw 1 Rice straw 2 Whole-crop rice silage Paddy rice
(meg‘;ig) Recovery” RSD,” Recovery” RSD,””  Recovery”” RSD,”  Recovery”’ RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
5 88.0 3.6 90.0 3.7 83.1 2.7 87.5 4.5
2 99.5 2.4 86.5 0.7 101 2.7 94.0 1.9
0.2 91.0 3.5 914 2.6 98.0 3.1 91.6 7.0

a) Mean (n=3)

b) Relative standard deviation of repeatability
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Table 6 Recoveries for dinotefuran

Feed types
Slp ikeld Rice straw 1 Rice straw 2 Whole-crop rice silage Paddy rice
(m:;ig) Recovery” RSD,” Recovery” RSD,””  Recovery”” RSD,”  Recovery” RSD,”
@) ) (%) (%) (%) %) (%)
5 87.0 4.9 88.0 4.8 84.0 6.6 89.0 5.7
2 99.0 2.8 85.0 1.4 100 2.2 85.7 2.7
0.2 95.2 9.1 106 8.9 96.0 33 81.5 3.4
a) Mean (n=3)
b) Relative standard deviation of repeatability
Table 7 Recoveries for thiamethoxam
Feed types
Slpikeid Rice straw 1 Rice straw 2 Whole-crop rice silage Paddy rice
(meg\;lig) Recovery” RSD,”  Recovery” RSD,”  Recovery” RSD,”  Recovery” RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
5 95.0 3.0 93.0 2.0 96.0 2.7 91.0 2.1
2 105 8.0 96.8 2.3 101 2.7 95.7 1.4
0.2 102 6.5 92.0 8.2 87.9 8.7 98.8 5.7

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig. 6 SRM chromatograms of clothianidin, dinotefuran and thiamethoxam
(A) Standard solution (The amount of clothianidin, dinotefuran and thiamethoxam are each 0.25 ng.)

(B) Sample solution of rice straw spiked with clothianidin, dinotefuran and thiamethoxam at each 2 mg/kg

3.6 EE FREUHH TR

KREOEE FRE O FREZM#ET 5720, MbbRKOWKIInF 7=y, V)T 770k
OF T A MFHLZRML, WINENGBRICEVEONDE—2 D SN A 10 KT 3 LR 5REL
k7.

ZTORER, HoNTZE—27 O SN 10 LI EE 72 53 E1L 0.01 mgkg TH o7z

WeRDT-DIZ, MOOROMKIZ 7 aFT =0, P2 TF 757 ROFT A AL LTEH 0.02
mg/kg K& T8 0.01 mg/kg FYBEAZ M LZ3B2 HWT, KEICED 3 S0HMTOE2ER L, [FIRE
OV U RS EE A fat LTz,

ZOFERIL, Table 8~10 D E KBV, 7 aF 7=V OFHEULERIT 77.5~93.0 %, < OMEK UKSE
IIAHERER 2 (RSD,) & LT 16 %L, ¥/ 7 77 OWHEILERIT 76.9~89.1 %, Ok LK
FEIZRSD, & LT 13 %LL T, F7 A &% LD FHEILERIL 79.8~96.1 %, T DK UK5HE X RSD, &

LT65%UTFTHoT.
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F72, SNHAS3 L 72 BILEEIL 0,003 mgkg T o7
LLEDOFERMN S, REOEETFRIZZ aF 7=V, V)T 770 ROFT A MFHALEH120.01
mg/kg, R TFERIZ 0.003 mgkg THh-o7-.

Table 8 Recoveries for clothianidin at levels near the limit of quantification

' Feed types
Spiked Rice straw 1 Paddy rice
level - -
(mg/kg) Recovery’ RSD,”  Recovery” RSD,”
(%) (%) (%) (%)
0.02 81.6 3.7 93.0 23
0.01 71.5 7.3 80.2 16

a) Mean (n=3)

b) Relative standard deviation of repeatability

Table 9 Recoveries for dinotefuran at levels near the limit of quantification

' Feed types
Spiked Rice straw 1 Paddy rice
level . -
(mg/kg) Recovery” RSD,””  Recovery” RSD,”
(%) (%) (%) (7o)
0.02 89.1 5.4 86.8 2.1
0.01 82.8 4.8 76.9 13

a) Mean (n=3)

b) Relative standard deviation of repeatability

Table 10 Recoveries for thiamethoxam at levels near the limit of quantification

. Feed types
Spiked Rice straw 1 Paddy rice
level T -
(mg/kg) Recovery” RSD,”  Recovery” RSD,”
(%) (%) (%) (%)
0.02 79.8 59 89.0 2.1
0.01 96.1 4.6 95.6 6.5

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.7 JL[ERER

REOEMBBIEEZRET 5720, HiEFUEHT L 5 KRR Z F0E L 7.

b, MBEEHHEE L ORI aTF T =0y, V)T 770 FOFT A RS LALELTENE
#10.2 mg/kg, 3 mgkg KOS5 mg/kg FI4E (1 mL FIZENZEIL2 pg, 30 ug, S0 ug =269 H4%
YL 1 mL N 28 L7zakeh 2 vy, tEEE N B ARV AR EH SR AR o 2 —, WAL
NBARBSRSHTE o # —ZBEGEET, B AN SRS RBFEET, JSZATEOE N RMOKEEHE 224
Hiirt o ¥ —Efafr e s, Ffit s ¥ —, FEiletr 42—, B4 hEtZ—, FEFzs
2 — R OVFEIERE v 2 — (G 9 RER=) 128\ T, ARJEICHEWIERIRER 2 50 L7, #E RO IS
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WL, IUPAC D7 1 b =—/L Ny, Cochran #7E, #MUVIE 1 {E D Grubbs #7E M OSMUE 2 f#
® Grubbs MEZITV, AIUEOZEEME4T - 7 L CEHEIEE, MK UKE (RSD,) KR H IS
& (RSDp) ZHML7-. S 5472 RSDr 25, {EIE Horwitz 20% VT HorRat % 3R 7-.

FERIT Table 11~13 D B0 THHo 72,

yaF7 =V TG, FIEEHETE L OPEKIZOWT, SEYEIERIZZNE 904, 94.5 K&
923 %, RSDIZZTNTH 83, 42 KN 1.8 %, RSDpIZZTNZEH 14, 5.9 KN 44 %, HorRat L%
I 0.68, 046 KT1r0.32 ThoTe.

)T 77T ED D, FRREEHER L OBLKIZOWT, SEYRINERITZENZ 89.3, 94.4 KN
923 %, RSD,IZZNZH 3.4, 40 3.5 %, RSDRIZZNZEI 15, 6.7 K1N8.9 %, HorRat | ZZnZ
3071, 0.53 }r0.65 Th-o7z.

F7 A MFHLATIERD D, FRREEAHLATEL L OBKIZOWT, FEHREIGEZEIEI 92.1, 98.6 &
0 93.7 %, RSDIZZNZH 9.5, 3.8 KUN3.5 %, RSDRIZZNZ4 11, 9.0 XX 58 %, HorRat (3%
NZEI 052, 0.72 K043 ThoTe.

BEDWD, FRRECHEA LLREY o~ N7 7 & 07 MV B OMTES % Table 14 12
~L7z.

Table 11 Collaborative study results of clothianidin

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0213 0.204 505  5.03 270 2.61
2 0.156  0.152 466  4.64 275 275
3 0.160  0.166 466 478 294 292
4 0.167  0.152 432 459 272 2.67
5 0.195  0.169 418 478 267 270
6 0.163  0.185 506  5.03 2.81  2.93
7 0.160  0.170 452 455 273 2.62
8 0222  0.191 624" 594" 290 296
9 0.195 0233 468  5.09 3559 2.65?
Spiked level (mg/kg) 0.2 5 3
Mean value 9 (mg/kg) 0.181 4.73 2.77
Recovery © (%) 90.4 94.5 92.3
RSD, ¥ (%) 8.3 42 1.8
RSDy © (%) 14 5.9 4.4
PRSDy ? (%) 21 13 14
HorRat 0.68 0.46 0.32

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

¢) Rice straw: n = 18 ; whole-crop rice silage and paddy rice: n =16

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

f) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 12 Collaborative study results of dinotefuran

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.178 0.161 4.59 4.79 2.64 243
2 0.182 0.183 4.98 5.05 2.88  2.90
3 0.129 0.134 4.17 4.30 2.83 2.73
4 0.180 0.184 4.72 4.89 277 272
5 0.182  0.171 4.45 4.96 2,61  2.79
6 0.210 0.215 5.23 4.93 2.69 2.64
7 0.168 0.162 5.00 4.63 244 268
8 0214 0.206 6077 6.28" 327 329
9 0.244 % 03157 442 438 355Y 2409
Spiked level (mg/kg) 0.2 5 3
Mean value ¥ (mg/kg) 0.179 4.72 2.77
Recovery © (%) 89.3 94.4 92.3
RSD, ¢ (%) 3.4 4.0 3.5
RSDg ¢ (%) 15 6.7 8.9
PRSDy ? (%) 21 13 14
HorRat 0.71 0.53 0.65

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

¢) Rice straw, whole-crop rice silage and paddy rice: n =16

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

f) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 13  Collaborative study results of thiamethoxam

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.170  0.207 5.15 5.40 278 256
2 0.189 0.193 5.14 5.07 2.86 288
3 0.182 0.182 4.54 4.62 2.81 2.74
4 0.154 0.156 4.54 4.64 270  2.66
5 0.189 0.185 443 4.90 2.89  3.02
6 0.163  0.192 5.25 4.97 290 287
7 0.174  0.168 4.87 4.58 2.51 2.60
8 0212  0.196 5.72 5.87 3.05 2.92
9 0.175 0.230 4.71 4.34 3.06 2.79
Spiked level (mg/kg) 0.2 5 3
Mean value ® (mg/kg) 0.184 4.93 2.81
Recovery ¥ (%) 92.1 98.6 93.7
RSD, ” (%) 9.5 3.8 3.5
RSDy ? (%) 11 9.0 5.8
PRSD; ¥ (%) 21 13 14
HorRat 0.52 0.72 0.43

a) Rice straw, whole-crop rice silage and paddy rice: n =18

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 14  Instruments used in the collaborative study
Lab. No. LC-MS/MS . LCcolumn
(i.d.xlength, particle size)
Kanto Chemical
1 Waters Quattro premier XE Mightysil RP-18 GP
(2.0 mmx150 mm, 3 pum)
LC: Waters 2695 Agilent Technologies
2 MS/MS:Micromass ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mmx150 mm, 3.5 pm)
LC: Agilent Technologies 1200 Series GL Sciences
3 MS/MS: Agilent Technologies Inertsil ODS-SP
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 pm)
Kanto Chemical
4 Waters ACQUITY TQD Mightysil RP-18 GP
(2.0 mmx150 mm, 3 pum)
SHISEIDO
5 Waters ACQUITY TQD SHISEIDO CAPCELL PAK C18 AQ
(2.0 mmx150 mm, 5 pm)
Kanto Chemical
6 Waters ACQUITY TQD Mightysil RP-18 GP
(2.0 mmx150 mm, 3 um)
LC: Agilent Technologies 1200 Series GL Sciences
7 MS/MS: AB SCIEX Inertsil ODS-SP
API-3200 (2.1 mmx150 mm, 5 pm)
LC: Agilent Technologies 1200 Series Agilent Technologies
8 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 3 pm)
LC: Agilent Technologies 1100 Series Tosoh
9 MS/MS: AB SCIEX TSKgel ODS-100S

API-2000

(2.0 mmx150 mm, 5 pm)

4 F&OH
fAELHA X T 7uF T =y, V)T T7TUROFT A RFYLIZONT, LC-MS/MS %
W2 E BEOFE O EE~OBEH O A GEICOWTHRE LIz E 25, UTFORENSS, AN
EThdEBEZ LN
1) BEFIIZINEI 0.25~100 ng/mL (FEARE:E LT 0.00125~0.5 ng) O#iPH CHEMMEZ R L7,
2) ZHMETA Y UL T LD OBEBKEDOHG 1T o728 25, WHEEIEX 40 mL T+ Toh -
7-.
3y U977 A NI—RT I )T a T VM Y ASNAEE S =h T A TORBIREORG %
1T & 2 A, MHEEIT20mL THoThoT-.
4) BAOSHE S —IENSTPET LI T H T A X HREREZEM L, BEGUEHATEZ 2 mL 725 20
mL &35 2 & TR RE 2Tz,
5) Wb 4 MK, FEREEHATEL 2 B KL UMLK 3 BRI OV T, RIEICHE > TRIRRSHIE 7 7~ &
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T LR LIZE A, suF 7=y, PITIITURNFT A NSV LAOEREY T HE—2
IR R o7z,

6) FRb D 2 Bk, FREHAREOHKIZZuaF T2, P)T 7T RBFT A RS LEL
T, ZNZEN 02~5 mgkg AL REAZTML, AECXZVTNMENGBRZ L LI 25, 7aF 7=
DUATOWTERENETE, 83.1~101 %, EOMuK UIEEIXRSD, & LT70%LL T, ¥ /777 iC
DWTHELEIRIE, 81.5~106 %, DK UKSEEIZRSD, & LT 9.1 %A, F7 A hFHAIZDON
TEHELERIL, 87.9~105 %, Z DG LIEEIL RSD, & LT 8.7 %LL FORAEN S B ALz

7 AEBZEDEETRIE, 7nF 7=y, V)T T7T70RNFT A MY AL HIZEEHT 0.01
mg/kg, R TBRIE, 0.003 mgkg Tho7-.

8) /mFT =y, VITTITUVROFTA IRV LALELT, fbbIZZNZEI 02 mgkg, Fn%E
HATEHZ Z I Z4 5 mg/kg M UWLKICZENEI 3 mgkg HHYEZ RN L7ZREZ VT 9 BR=ICE
WTARIEICHEW L FRBR 2 i L= & 25, Bk RE2157.

#
HLFRBRICSIN L T2V AR N A AR A B 2 B AR IE o 2 —, WA BARR i
STt o B —ZEERTIERT M O B AN SRS AL P RBFERTIC B 1 % BIRE AALIEH O Z 2R L £
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