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Simultaneous Determination of Carbaryl and 8 Pesticides
in Rice Straw, Whole-crop rice silage and Paddy rice for Feed by LC-MS/MS

Yoshinari SAKAKIBARA"

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

An analytical method was developed to determine nine pesticides (carbaryl, carbofuran, fenobucarb,
fludioxonil, furametpyr, furametpyr-hydroxy, methoxyfenozide, tebufenozide, and thiacloprid) levels in
rice straw and rice products for feed using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After adding water to the samples, 9 pesticides 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 purified
with octadecylsilanized silica gel mini column (InertSep Slim-J C18-B from GL sciences Inc.; Tokyo,
Japan) and analyzed by LC-ESI-MS/MS. The LC separation was carried out with an ODS column
(ZORBAX Eclipse XDB-18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara,
CA, U.S)) using gradient with 2 mmol/L ammonium acetate and acetonitrile as a mobile phase.
MS/MS analysis was performed in the selected reaction monitoring (SRM) mode. Spike tests were
conducted on rice straw, whole-crop rice silage and paddy rice spiked with 0.05 or 0.1 mg/kg of
fludioxonil and 0.1, 0.2 or 1.0 mg/kg of other eight pesticides. This resulted in recoveries ranging from

77.1 % to 115 % with not more than 16 % in relative standard deviations of repeatability.

A collaborative study was conducted in 12 laboratories using rice straw and paddy rice spiked with 0.1
mg/kg of fludioxonil and 1.0 mg/kg each of the other eight pesticides. The mean recoveries of the
pesticides in rice straw were 94.0 to 100%, the relative standard deviations of repeatability and
reproducibility (RSD, and RSDgr) were 4.4 to 9.8 % and 4.7 to 12 %, respectively. The mean
recoveries of the pesticides in paddy rice were 92.5 to 107 %, RSD, and RSDy were 2.8 to 5.1 % and 5.2
to 12 %, respectively.

These results suggested that this method will be added to the Official Methods of Feed Analysis. This
method was validated and established for use in the inspection for nine pesticides in rice straw and
rice products for feed.

Key words: carbaryl ; carbofuran ; fenobucarb ; fludioxonil ; furametpyr ; furametpyr-hydroxy ;
methoxyfenozide ; tebufenozide, ; thiacloprid ; liquid chromatograph-tandem mass spectrometer
(LC-MS/MS) ; electrospray ionization (ESI) ; feed ; rice straw ; whole crop rice silage ; paddy rice

; collaborative study
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Table 1 Regulation values of the harmful substances in feed (extract)

Kind of pesticide Target feed Regulation value
(mg/kg)
Fenobucarb Rice straw 5
Whole-crop rice silage 5
Paddy Rice 3
Fludioxonil Rice straw 0.05
Whole-crop rice silage 0.1
Furametpyr Rice straw 5
Whole-crop rice silage 1
Methoxyfenozide Rice straw 5
Whole-crop rice silage 2
Paddy Rice 2
Tebufenozide Rice straw 20
Whole-crop rice silage 10
Thiacloprid Rice straw 0.5
Whole-crop rice silage 0.2

2 EBRAE
21 & B
o 6 R OBKICOWTIEZENEN 1 mm OS5 WA RS 5 £ ThfkL, dakalel e Lz, fi
RN OV, W L2tk e b R OWEK & [ERRICHR L, ftakalel & L7z,
22 K%
1) B REFARYEIK
Table 2 DA EFAEAET, 25 mg & IEMEIC > CENZEN S50 mL D&Y 7 A3 AN, Tk hr
EINATENL, HITHERRE CREEEZ I 2 TA BIEERIRZ A L7 (250 1 mL i,
FRIEO0Smg 2 EHTH. ) .
2) REKIRA YRR
TN Y = UAEHEFR 10 mL K OVE Ol 8 [ii5y DA EFIEEFR 2 mL % 100 mL D45~
TFAIZANTIRAL, HIERETTE b2z CRKEAEREREZRLEZ (Z0fE 1
mL %, ZATAFY = LT50ug, TOMBARSDREIEL LTHI0pg 2 EHT D, ) .
BRICE L C, BRESEEREO —ER&%E, 7 h=rULb—/k (3+2) TEMICHRL, 1
mL 27 VT A% =L TO0S5, 1, 25, 5KUN10ng, FOM kD EEE LTO.1, 0.2,
0.5, 1 XU 2ng # 5 AT HEBIIRAIEER AR LT,
3) T b AT - PCB B 2 V. T b= b U b R OV AR R 3 R K
PCB B H %, WHERIZITRIEZ v~ N7 F 7 HE W, KITEMAKZ V-
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Table 2  Pesticide standards

Kind of pesticide Manufacturer Molecular formula MW CAS No Purity(%)
Carbaryl Wako pure chemical industries  Cj,H;;NO, 201.2  63-25-2 99.0
Carbofuran Wako pure chemical industries  Cj,H;5NO; 2213  1563-66-2 98.0
Fenobucarb Wako pure chemical industries C;,H;7;NO, 207.3  3766-81-2 99.8
Fludioxonil Wako pure chemical industries C;,H¢F,N,O, 2482 131341-86-1 99.0
Furametpyr Wako pure chemical industries  Cj7HoCIN;O, 333.8  123572-88-3 99.0
Furametpyr-hydroxy Wako pure chemical industries ~ Ci7HoCIN;O;  349.8 - 99.0
Methoxyfenozide Dr.Ehrenstorfer C5,H,5N,0;4 368.5 161050-58-4 99.5
Tebufenozide Wako pure chemical industries  C,,HpN,0, 352.5 112410-23-8 99.0
Thiacloprid Wako pure chemical industries  C;oHyCIN,S 2527 111988-49-9 98.0

23 EK U E
1) Wikr o~ 7574 T ZAVE RS
LC #B : Waters 82 ACQUITY UPLC System
MS 5 : Waters 2 ACQUITY TQ Detector
2) WREHGW: 2147y 78 LT ry 2 —N—SR2W
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TAHIE 500mg) 2V — "—%EFE Lzt 0
4) WE|l~v=Fr—)L K V—x YA A8 GL-SPE W5|~=FHK—/L F
5) kLB a7 YR H-51
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Tt Sz, FIZHEBHRIRDO A > TWe T 7 7 XA az k=T h=K U/ (9+1) 5mL T
T2EWER L, WRZIER I =7 7 M2, FRRICRE S S, 1I0mLORET7 7 XA a%2 I =
TLADFICEE, TEF=FU/—K (3+2) 10 mL %I =47 A%, JEEL CTKEREKD %
WS-, B, 287 7 A aOERE CREEZ N, TORO—EE% 5,000xg (10,000
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TOREHAR & LTz,
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MS/MS| L 9. ) IZHEAL, Table3 K& Table 4 DHEESIFICHE > CTRINKEKRIE 2 v~ N7
L aFFTz.

Table 3  Operating conditions of LC-MS/MS for analysing pesticide

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 um)

Mobile phase 2 mmol/L. Ammonium acetate-acetonitrile (4:1) — 15 min — (1:9) (5 min)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Source temperature 120 °C

Desolvation temperature N, (650 L/h, 350 °C)

Cone gas N, (50 L/h)

Capillary voltage Positive: 3.5 kV, Negative: 1.0 kV

Table4 MS/MS Parameters

Cone Collision
Precursor Product Qualifier

Target ion Mode voltage  energy
(m/z) (m/z) (m/z) V) (eV)

145 - 24 11

Carbaryl + 202
- 127 24 25
165 - 32 11

Carbofuran + 222
- 123 32 23
95 - 28 13

Fenobucarb + 208
- 77 28 35
Fludioxonil - 247 180 — 48 28
- 126 48 28
157 - 36 32

Furametpyr + 334
- 290 36 16
157 - 38 22

Furametpyr-hydrox + 332
PYFRY Y - 76 38 56
149 - 18 18

Methoxyfenozide + 369
- 133 18 28
Tebufenozide + 353 133 — 18 20
- 105 18 42

12 - 2

Thiacloprid + 253 6 36 0
- 90 36 36

4) % "
SoN-EBIRM o 7o~ M7 A0 b — 7 HBXIIE I EZ RO THREREZER L, B
‘:P@%\E%E%%ﬁ L7-.
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8, EEIEOME% Scheme 1 (2R L7,

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

—add 20 mL of water to 2 mL of sample solution (Except for Fludioxonil :

2 mL of sample solution diluted ten-fold with acetone)

InertSep Slim-J C18-B (500 mg)

— prewash with 5 mL of acetonitrile and 5 mL of water
— apply sample solution

—wash with 5 mL of water-acetonitrile (9:1) (twice)
— clute with 10 mL of acetonitrile-water (3:2)

—top up to 10 mL with acetonitrile-water (3:2)

— centrifuge for 5 min at 5,000xg
LC-MS/MS

Scheme 1 Analytical procedure for pesticides in feeds

3 BRRUER
3.1 MEMOIER
2.2 O DITHES TR L 7= SRR AENERR A 5 uL %2 LC-MS/MS (27 EA L, 557 @R s
ru< N7 AP bE—ZEBAOE S 2RO TREMRZIER L. £ORE, Fig. 1-1 726 12 O
ERBY, TAUARY =L, 05~10 ng/mL (FFEARE LT 0.0025~0.05 ng) O#HiPH CEAREZ R L
7o, Ot 8 ASy DEERKIL 0.1~2 ng/mL (FFE AR E LT 0.0005~0.01 ng) D& CEMRNMEZ /R LT,
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Calibration curves of five pesticides by peak area (Left) and peak height (Right)
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Furametpyr-hydroxy Peak area Peak height
6000 r _
4000 r
20000 r
2000 r 10000 |
0 0
0 0.5 1 1.5 2 0 0.5 1 15 2
Methoxyfenozide
6000 | R2=0.9999 40000 - R2=0.9999
4500 r 30000 r
z 3000 - £ 20000 f
.E g
5 1500 r & 10000 |
o) =
E 0 S 0
2 0 05 1 15 2 Z 0 05 1 15 2
Tebufenozide § E
- ~ 60000
8 6000 r R2=10.9999 %o R*>=0.9999
= 'S 40000
4000 r T
2000 | 20000 F
0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Thiacloprid
3000 r
R2=0.9995 25000 - R2=10.9998
2000 F 20000 r
15000 r
1000 r 10000 r
5000 r
0 1 1 1 | 0 1 1 1 ]
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Concentration (ng/mL) Concentration (ng/mL)
Fig. 1-2  Calibration curves of four pesticides by peak area (Left) and peak height (Right)
32 A7 ET NI Y BNV =T AOTEHE G ORER

TR OFGD &, FEAFAREE R OBk A VY, ARIEIC LD i U7 3UBRAR IS & IR OREHENR 0.1
g MY BZIRML T, A7 2T N Vb U BTNV =0T 5D ORMBEIy 2R Lz, %
DFEF, Table 5-1 776 53 DEBYV WVWTNOHEIZENTHEBFIKR TCHLK—T =MV

(9+1) 10 mL IZITEER S OWMHITA AT, EHKTHLTE F=FU/L—K (3+2) TIL10 mL
TETOEERY OWRHIHEGR SN, -2 OHO 10 mL IIXEH TR SN e o7z,
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Table 5-1  Elution pattern of pesticides from InertSep Slim-J C18-B (rice straw)

Recovery” (%)

Water-acetonitrile
pesticide (91)(23) ............ ( 23) ...... Total
10mL 0~10mL ~20mL
Carbaryl 0 93 0 93
Carbofuran 0 94 0 94
Fenobucarb 0 98 0 98
Fludioxonil 0 86 0 86
Furametpyr 0 98 0 98
Furametpyr-hydroxy 0 99 0 99
Methoxyfenozide 0 95 0 95
Tebufenozide 0 97 0 97
Thiacloprid 0 99 0 99
a) n=1

Table 5-2  Elution pattern of pesticides from InertSep Slim-J C18-B (whole-crop rice silage)

Recovery” (%)
Water-acetonitrile
pesticide (91)(23) ............ ( 23) ...... Total
10mL 0~10mL ~20mL
Carbaryl 0 99 0 99
Carbofuran 0 99 0 99
Fenobucarb 0 100 0 100
Fludioxonil 0 87 0 87
Furametpyr 0 99 0 99
Furametpyr-hydroxy 0 103 0 103
Methoxyfenozide 0 104 0 104
Tebufenozide 0 102 0 102
Thiacloprid 0 102 0 102

a) n=1
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Table 5-3  Elution pattern of pesticides from InertSep Slim-J C18-B (paddy rice)

Recovery” (%)
Water-acetonitrile
pesticide (91)(23) ............ ( 23) ...... Total
10mL 0~10mL ~20mL

Carbaryl 0 105 0 105
Carbofuran 0 102 0 102
Fenobucarb 0 105 0 105
Fludioxonil 0 96 0 96
Furametpyr 0 101 0 101
Furametpyr-hydroxy 0 99 0 99
Methoxyfenozide 0 99 0 99
Tebufenozide 0 102 0 102
Thiacloprid 0 102 0 102
a) n=1

3.3 WIEWEOKE

o6 1 MR, FRFEEEFETE 1 MR L OWK 3 ik z JHVy, AREIC L0 it U723 EHAi &2 LC-
MSMS (ZIEAL, ERmEHTHE—7 OFEZHERLIZEZAH, WTHOREBHIB W THIE L2
HE—=ZIIRRO N T,

W EYE ORGFHCHE DN RIS 7 v~ ~ 77 AO—f5l% Fig. 2-1 [IZR L7z,

72%, Fig. 2-1 ICBWTRFFRFHOME I NDO E— 27 BERO LMD AN ANV VKA hF 2T =
J Y RIZHOWT, ERTIRMAYOELER (0.1 ng/mL) OZBIRSHH 7 v~ 77 AL Ok % Fig.
22 1T LTz,
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Tebufenozide i ¢ '|

Methoxyfenozide ¢ b I k

Fludioxonil W.q\w
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Fig. 2-1  SRM chromatograms of rice straw (non-spiked)
LC-MS/MS conditions are shown in Table 3 and 4.

(Arrows indicate the retention time of pesticides and highest intensity peak is shown as 100 % in each segment.)
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Fig. 2-2  SRM chromatograms of rice straw (non-spiked) and standard solution
LC-MS/MS conditions are shown in Table 3 and 4.
(Arrows indicate the retention time of pesticides.)
(A)(C)  Sample solution of rice straw (non-spiked)
(B) (D)  Standard solution (The amount of carbaryl and methoxyfenozide are 0.1 ng/mlL..)

3.4 UshnmEyERER

2.1 THEL LD 6, FRIBEHATE R OPKIC 7 P %Y =18 LT 0.1 KT 0.05 mgkg A4
w, TOM 8 i DREIIZONTIIHREIEL LTI LTUN0.2 mgkg fHYEZTRML, KEICHEST3
ROMTMT 2 I L, BIGE R ORIR URSEE 2 et L7z,

ZORERIZ, Table 6 DLV, HANY JUZDOWTHIEHEILER 90.1~101 %, & OHK UG I
FAXHE#ERZE (RSD,) & LT 82 %LLTF, HART T A HONTILEHEIULE 82.5~101 %, + Dk
LKL RSD, & LT 9.1 %LAF, 7=/ 7 HATIZONTITEHEIULER 86.1~103 %, DK LK
JEIZ RSD, & LT 7.9 %L, ZAPFF Y =/ oWNTITEHEITER 92.0~104 %, F Ok Uk E
IZRSD, & LT 7.6 %AT, 77 A NEMIOWTITELENE 87.0~104 %, & Dffuk UK X RSD,
ELTILL %L T, 774 FEE R XK ON T EHEIILER 78.5~90.4 %, <+ Ofguk UKSE
IZRSD, & LT 7.1 %L, A FFT 7=/ RIZOWTITEHEIER 77.1~93.2 %, Z OHRR LK
IZ RSD, £ LT 7.7 %UATF, T7 7=/ Y RIZOWTITEHEILER 88.8~94.2 %, F Dk UKSE X
RSD, & LT 3.7 %LU, F727u7 ) RZOWTL ALK 88.0~94.2 %, T DOk UKEE X RSD,
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E LT 4.0 % FORGENE SN,
7ok, TINEINGRER TS ORISR 7 v~ 7 F 5O—fi% Fig. 3 12~ L7,

Table 6 Recoveries of pesticides

Feed types
Kind of Spiked Rice straw th;i;g;p riee Paddy rice
.. level
pesticide (mg/kg) Recovery’ RSD,”  Recovery’” RSD,”  Recovery” RSD,”
(%) (%) (%) (%) (%) (%)
Carbaryl 1.0 96.0 4.0 99.4 1.6 99.0 0.7
0.2 101 0.8 97.7 8.2 90.1 6.2
Carbofuran 1.0 89.0 2.5 96.7 1.8 96.3 7.1
0.2 101 8.6 96.6 3.0 82.5 9.1
Fenobucarb 1.0 86.1 1.7 943 6.9 94.4 3.6
0.2 103 6.4 96.3 6.9 914 7.9
Fludioxonil 0.1 92.9 2.6 92.0 1.7 95.9 2.7
0.05 104 7.6 99.3 6.8 98.9 1.7
Furametpyr 1.0 87.0 4.1 93.8 3.7 93.7 3.0
0.2 104 9.8 103 11 87.8 7.4
Furametpyr-hydroxy 1.0 89.6 3.7 90.4 4.9 90.0 3.5
0.2 85.5 7.1 82.0 6.5 78.5 1.4
Methoxyfenozide 1.0 91.6 3.7 92.9 1.1 93.2 0.4
0.2 92.5 6.3 77.1 7.7 90.7 5.1
Tebufenozide 1.0 89.2 1.0 94.2 1.9 92.9 2.8
0.2 92.7 2.6 92.7 3.7 88.8 2.4
Thiacloprid 1.0 88.0 1.7 94.2 0.4 91.7 2.6
0.2 89.9 2.9 89.3 34 89.5 4.0

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig.3 SRM chromatograms of pesticides
LC-MS/MS conditions are shown in Table 3 and 4.
(A)  Standard solution (The concentration is 10 ng/mL for fludioxonil and 2 ng/mL for other pesticides.)

(B)  Sample solution of rice straw (Spiked at 0.1 mg/kg of fludioxonil and 1 mg/kg of other pesticides)

1ghest mtensit €ak 1S Sshown as o In each segment.
Highest intensity peak is sh 100 % in each segment.)
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3.5 EE FREOWH TR

REOFERE TRE OB TRZMRT 5720, ftb b, FAREHEE L OWKIZ 9 oy D% KA
WL, WMEGRERIZE VSO E—27 O SN 10 XT3 L2 DIREZRDT-.

TINTHF Y ZJIONTIE, BE—27 O SN A 10 LLEE 22 5T 0.05 mgkeg THY, iz,
SN LA 3 L 72 HIREIX 0.02 mg/kg ThoTe.

WEBDT=0IZ, Fab b, FRRBEHETE L ORI 7 Lo % Y =1 & LT 0.05 mg/kg HH 24 & & RN
L7 EHZ DWW, REICHE- T3 ST e FEiE L& 25, ORI EITEE K OWMEK USSR X
Table7 D EEBY THoT-.

Z Dt 8 Ay DEIKIZONWTIE, BoNZE—27 D SN S 10 LLEE 725X 0.1 mgkg TH
O, F7o, SNEHR3 L2 DREIL 0.03 mgkg Th o7z,

R DT, bbb, TaISEEHLATE L UK IZZ Ot 8 plir D EE E LT 0.1 mg/kg MY &% TN
L7ZiRBHZ DWW, RIEIZHE- T3 mOHMTO a2 L& 25, ORI K UK UFEE X
Table7 D LY TH-oT-.

UL EDFERD G, RIEOTVTF Y =)L OER FIRIZ 0.05 mgkg, M TRRIE 0.02mgkg TH Y,
Z DML 8 Ay D EESK D E R T IRIE 0.1 mg/kg, #H FIRIZ 0.03 mgkg ToHh - 7.

Table 7 Recoveries of pesticides at the level of limit of quantification

Feed types
Slzlxl;eld Rice straw Whole-crop rice silage Paddy rice
(mg/kg)  Recovery” RSD,” Recovery”  RSD, " Recovery”  RSD, "
(%) (%) (%) (%) (%) (%)

Carbaryl 0.1 103 6.7 115 11 106 9.3
Carbofuran 0.1 89.4 11 92.1 16 94.4 8.0
Fenobucarb 0.1 99.1 9.3 101 2.8 92.3 13
Fludioxonil 0.05 104 7.6 99.3 6.8 98.9 1.7
Furametpyr 0.1 103 12 104 12 111 5.7
Furametpyr-hydroxy 0.1 102 5.7 96.4 9.9 89.1 9.8
Methoxyfenozide 0.1 95.3 6.7 96.7 9.6 89.8 0.7
Tebufenozide 0.1 102 12 97.3 1.6 93.0 7.3
Thiacloprid 0.1 107 11 99.1 6.9 97.0 11

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.6 JLfEEER
AIEOBMFBUEE 2 AT 5720, HisEaehc X 2 AR 2 5206 L7z,
b bR ORKIC TNV AF Y = LT0.1 mgkg MM E (1 mL HIZ2 ng &0 T HIEAERR
0.5 mL #i5AN) , 2Ol 8 il DRI E LTZENZTIL 1 mgkg A% E (1 mL HIZ20 pg 256795
PEAERR 0.5 mL #9023 L 7306k 2 vy, R EHE ST, thlsthBdr 7 2 U ¥—
¥, REERERFMGES SO ¥ —, HEEAN AR FEEHG SR e s v 2 —,
HVEN B AR T8 o 2 —ZEEE T, Elzfi/\bﬁiiﬁ%ﬁqj%ﬁ%ﬁﬁ, MSTATBUE N BMOKPETE B
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TR 4 — BN A, FALRE 2 —, FilErr 2 —, R4 ERE 2 —, [ffE
A —ROEERE 2 — G 12 BBR=E) 128\ T, REICEWILFERRERZ i L. fSROM
Fric oW TIE, TUPAC O 71k =—1 YZHEVy, Cochran i, #RHUE 1 80D Grubbs #iE M U4k
filfl 2 {8 Grubbs BEZTTVY, AIUEDOTEHZAT -7 ECEBENLER, K LFEE (RSD,) KUM=
FESE (RSDp) #H M L7z, 55172 RSDr /b, EIE Horwitz 20% FV T HorRat Z 3R ¥ 7-.

fEH% Table 8 5 16 (TR L7z,

AN S Y VTGS 6 LOBKIZOWT, FEEIERIE 97.6 LT 101 %, RSDIFZNZEh 44 K&
4.3 %, RSDRIZTNEH 7.7 e T¥ 11 %, HorRat [ZZH 24 0.48 }1X0.69 T -7z,

TNV T T TERRD 6 K ORERIZOWT, SPEHEIERTT 992 KOV 102 %, RSD, (ZZiL£i 4.6
FX3.8%, RSDpiZZN 24 6.1 K1X7.8%, HorRat ZZ 14 0.38 K11 0.49 Th-7-.

7 x ) TN T TIERRD B R OREKIZOWT, FHEIERIL 99.3 LTV 105 %, RSDIFZIEILS.S
F 5.0 %, RSDpidxZ# 24 10 21X 6.2 %, HorRat IZZHEH 0.65 KTr0.39 TH o7z,

TN XY =)V TiERRD b L OBEKIZOWT, SEHEIE 100 LT 107 %, RSD, ILEEiL
9.8 X 13.8%, RSDpIZZTNEH 12 KN 12 %, HorRat IZZ1ZF4 0.55 K1Y 0.53 Th-7-.

77 A MENLTERD B L ORERIZOWT, FEHEIET 982 KTY 100 %, RSD, IZZHE1L 7.6
J X 4.5%, RSDpIZZNZEH 7.9 9.5 %, HorRat [ZZE4 0.50 K1 0.60 TH-7=.

7T A RELE Rad R TIERD D R UOBEKIZOWT, EEEIERIL 94.0 KT 92.5 %, RSD, i
ENEI 5.5 3.7 %, RSDRIZENEIL 7.3 TN 8.0 %, HorRat (ZEIE4L 045 TR 049 ThH-o
7z.

A RXT T /Y RTERGD LR OBLKIZOWT, EHEILERIT 97.3 LN 103 %, RSD, (ZZh <
5.0 X150 %, RSDRIZZTNEH 7.8 1859 %, HorRat T4 049 KR0.37 THoT-.

F7 a7 ) RTHERD L KOPKIZOWNT, FHEIEIE 99.0 LT 103 %, RSDXEILEIL4.5
F X 2.8 %, RSDpidxZN 24 8.6 KT1N5.2%, HorRat IXZHF40.53 K 110.33 ThH-7-.

T77x )Y RTIERD LR OMEKIZOWT, SEHEIET 952 TN 102 %, RSD IXZZ1 5.1
J 5.1 %, RSDpiZZNZEH 4.7 6.1 %, HorRat [ZZ1E4 029 10039 TH-7=.

BEDTD, FkBRETH A L 72 LC-MS/MS OREFESE % Table 17 1277 L7z,
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Table 8 Collaborate study results of carbaryl
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.900 0.872 0.946 0.858
2 1.01 1.01 1.05 0.994
3 0.894 0.805 0.774 0.718
4 1.09 1.02 1.04 1.12
5 0.974 0.976 1.03 1.07
6 0.992 1.09 0.967 0.981
7 0.939 0.891 0.961 0.959
8 0.925 0.994 1.05 1.04
9 1.01 0.946 1.08 1.10
10 0.989 0.916 1.05 1.05
11 1.04 1.02 1.16 1.11
12 1.10 1.03 1.19 1.05
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.976 1.01
Recovery ¥ (%) 97.6 101
RSD, ” (%) 4.4 4.3
RSDg 9 (%) 7.7 11
PRSDy @ (%) 16 16
HorRat 0.48 0.69
a) n=24

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 9  Collaborate study results of carbofuran
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.986 0.932 0.841 0.854
2 0.986 0.989 1.01 1.00
3 0.936 0.990 1.17 1.04
4 1.06 1.06 0.992 1.06
5 0.952 0.971 1.00 1.01
6 1.04 1.15 1.14 1.08
7 0.946 1.03 1.01 0.975
8 1.03 1.02 1.01 0.941
9 1.01 0.889 0.965 0.999
10 0.900 0.924 1.01 1.00
11 0.973 1.07 1.14 1.09
12 0.978 0.978 1.09 1.05
Spiked level (mg/kg) 1.00 1.00
Mean value * (mg/kg) 0.992 1.02
Recovery * (%) 99.2 102
RSD, ” (%) 4.6 3.8
RSDg ? (%) 6.1 7.8
PRSD; @ (%) 16 16
HorRat 0.38 0.49

a) n=24

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 10  Collaborate study results of fenobucarb
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.987 0.927 0.96 0.99
2 0.961 0.982 1.03 1.02
3 0.840 0.747 0763  0.7427
4 1.10 0.967 1.05 1.07
5 0.993 1.02 1.02 1.02
6 1.03 1.18 1.17 1.06
7 0.975 0.969 1.01 0.99
8 1.04 0.974 1.11 1.12
9 1.00 0.927 1.03 0.93
10 0.952 0.976 1.05 1.02
11 1.21 1.19 1.08 1.01
12 0.988 0.908 1.21 1.04
Spiked level (mg/kg) 1.00 1.00
Mean value ” (mg/kg) 0.993 1.05
Recovery b (%) 99.3 105
RSD, 9 (%) 5.5 5.0
RSDg ¥ (%) 10 6.2
PRSDg © (%) 16 16
HorRat 0.65 0.39

Data excluded by single Grubbs test

Rice straw: n = 24 ; Paddy rice: n =22

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 11 Collaborate study results of fludioxonil
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.0924 0.0855 0.0909 0.0933
2 0.105 0.107 0.111 0.113
3 0.114 0.108 0.108 0.110
4 0.107 0.100 0.106 0.109
5 0.0936 0.0982 0.110 0.106
6 0.103 0.114 0.118 0.125
7 0.106 0.103 0.109 0.119
8 0.131 0.0969 0.0904 0.0926
9 0.0968 0.0847 0.0838 0.0940
10 0.0826 0.0833 0.103 0.101
11 0.0991 0.112 0.126 0.133
12 0.102 0.0790 0.100 0.107
Spiked level (mg/kg) 0.100 0.100
Mean value ¥ (mg/kg) 0.100 0.107
Recovery * (%) 100 107
RSD, ” (%) 9.8 3.8
RSDg © (%) 12 12
PRSD; @ (%) 22 22
HorRat 0.55 0.53
a) n=24

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 12  Collaborate study results of furametpyr
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 1.00 0.906 0.896 0.915
2 0.977 1.02 1.03 1.05
3 1.03 0.813 0.850 0.727
4 1.09 0.981 0.987 1.06
5 0.947 0.940 0.991 1.06
6 1.05 1.16 1.17 1.12
7 1.03 0.884 0.953 0.988
8 0.970 0.948 1.03 0.976
9 1.00 0.943 1.04 0.969
10 0.877 0.923 1.02 0.995
11 0.985 1.11 1.12 1.09
12 1.03 0.942 0.966 1.06
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.982 1.00
Recovery * (%) 98.2 100
RSD,” (%) 7.6 4.5
RSDg ? (%) 7.9 9.5
PRSDg ¢ (%) 16 16
HorRat 0.50 0.60
a) n=24
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 13  Collaborate study results of furametpyr-hydroxy

Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.936 0.944 0.879 0.905
2 0.917 0.931 0.929 0.930
3 0.908 0.850 0.751 0.763
4 1.05 0.959 0.941 1.05
5 0.935 0.982 0.946 0.935
6 1.00 1.15 1.04 0.985
7 0.924 0.919 0.968 0.904
8 0.950 0.937 0.944 0.936
9 0.915 0.879 0.875 0.836
10 0.880 0.841 0.922 0.929
11 0.917 1.01 1.04 0.960
12 0.972 0.842 0.907 0.921
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.940 0.925
Recovery * (%) 94.0 92.5
RSD, ” (%) 5.5 3.7
RSD; @ (%) 7.3 8.0
PRSDy @ (%) 16 16
HorRat 0.45 0.49
a) n=24

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  Collaborate study results of methoxyfenozide

Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
| 0.885 0.941 0.904 1.07
2 0.944 0.952 1.02 0.999
3 0.899 0.922 1.02 0.899
4 1.07 1.05 1.08 1.09
5 0.958 0.967 1.03 0.995
6 1.03 1.14 1.17 1.09
7 0.839 0.887 1.06 0.965
8 1.04 0.998 1.02 1.03
9 0.998 0.884 1.01 0.967
10 0.930 0.926 1.03 1.03
11 0.961 1.09 1.11 1.07
12 1.06 0.981 1.04 1.01
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.973 1.03
Recovery * (%) 97.3 103
RSD, ” (%) 5.0 5.0
RSDg ? (%) 7.8 5.9
PRSD; @ (%) 16 16
HorRat 0.49 0.37
a) n=24
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 15  Collaborative study results of tebufenozide

Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.939 0.928 0.863 0.969
2 0.935 0.945 1.01 1.01
3 0.960 0.923 0.952 0.956
4 1.11% 1.06 % 1.00 1.13
5 0.945 0.997 1.08 1.04
6 0.925 1.05 1.08 1.00
7 0.967 0.839 0.929 1.01
8 0.997 0.978 0.972 1.08
9 0.996 0.945 1.03 0.949
10 0.926 0.899 1.03 1.03
11 0.902 1.00 1.09 1.04
12 1.00 0.951 1.08 1.08
Spiked level (mg/kg) 1.00 1.00
Mean value * (mg/kg) 0.952 1.02
Recovery * (%) 95.2 102
RSD, 9 (%) 5.1 5.1
RSDg ¥ (%) 4.7 6.1
PRSDy, © (%) 16 16
HorRat 0.29 0.39
a) Data excluded by single Grubbs test
b) Rice straw: n =22 ; Paddy rice: n =24
¢) Relative standard deviation of repeatability within laboratory
d) Relative standard deviation of reproducibility between laboratories
e) Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation



SR A R DAY Sl 8 By DERDWER 7 v~ + 7T T Z T WRERSGHTRN K D RN ERE

43

Table 16  Collaborative study results of thiacloprid
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.964 0.947 0.97 0.940
2 0.975 0.995 1.05 1.04
3 0.888 0.817 0.749%  0.7187
4 1.12 1.07 1.07 1.13
5 0.951 0.960 1.04 0.997
6 1.04 1.19 1.14 1.10
7 1.01 0.965 1.00 0.971
8 0.938 1.00 0.97 1.03
9 1.01 0.945 1.03 0.989
10 0.898 0.912 0.98 1.01
11 1.06 1.14 1.05 1.07
12 0.998 0.967 0.97 1.03
Spiked level (mg/kg) 1.00 1.00
Mean value ” (mg/kg) 0.990 1.03
Recovery ®) (%) 99.0 103
RSD, ¢ (%) 4.5 2.8
RSDg ¢ (%) 8.6 5.2
PRSDy, © (%) 16 16
HorRat 0.53 0.33

Data excluded by single Grubbs test

Rice straw: n = 24 ; Paddy rice: n =22

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 17  Instruments used in the collaborative study

LC-MS/MS

LC column
(i.d.xlength, particle size)

LC: Agilent Technologies 1200 Series
MS/MS: AB SCIEX
API-2000

GL Sciences
Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)

LC: Agilent Technologies 1200 Series
MS/MS: Agilent Technologies
6410 Triple Quad LC/MS

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

Waters Quattro premier XE

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)

Waters ACQUITY TQD

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)

Waters ACQUITY TQD

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

LC: Agilent Technologies 1200 Series
MS/MS: Agilent Technologies

Agilent Technologies
ZORBAX Eclipse XDB-C18

6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
Agilent Technologies
Waters ACQUITY TQD ZORBAX Eclipse XDB-C18

(2.1 mmx150 mm, 5 um)

LC: Waters 2695
MS/MS: Waters
Quattro micro API

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 3.5 um)

LC: Agilent Technologies 1200 Series
MS/MS: Agilent Technologies
6410 Triple Quad LC/MS

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

LC: Waters Alliance 2695
MS/MS: Micromass

Quattro micro

KANTO CHEMICAL
Mightysil RP-18 GP Aqua
(2.0 mmx150 mm, 5 pm)

LC: Shimadzu Nexera System
MS/MS: Shimadzu
LCMS-8030

KANTO CHEMICAL
Mightysil RP-18 MS
(2.0 mmx150 mm, 5 pm)

LC: Agilent Technologies 1100 Series
MS/MS: AB SCIEX
API-2000

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

4 F&OH
FRBHH A R I FERE 2 8 FESEH 9 A DL (IR Y L, IANRT Ty, T ) THNT, TP
XY=, TTARELERRTTARELE ReX R, AN T2 /)UK, 777/ Y RIED
ZFT7T 7 a7 Y R) IZOWT, iKYy a~ ~7T 787 MVE ST & T E EVE O SREHHT
WEAOBEHOATFIZONTHRFT LTz E 25, LLFTORERSG O, BANFRETHDL B2 b,
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1) BERIEL, ATV FF Y =E, 0.5~10ng/mL (GEA&EE LT 0.0025~0.05 ng) DHiFH CHEMME L~
L7z, ZOfh 8 5oy D EHKIX 0.1~2 ng/mL (FFE A& L LT 0.0005~0.01 ng) DHEEFH CEMRMEZLZ R LTz,
2) FRb b, FREEEHEEILOBKICONT, 2 =0T A0nb0RHENZHELIZEZS, T =

FUV—IK (3+2) DOEHHEEIZ 10mL THoThHo7z.

3) fRb b, FREEHEIE R OPEKIZONT, REICHE-Tr/u~ NI AEERLIZE 2 A, EREEY
PIT 5 e =713 bk,

4) fRb b, TRREEEHATE R ORKIC 7 L4 % Y =L e LT 0.1 KTV0.05 mgkg FHME, Z DM 8 ik
IYDEINZONWTIIA B E LT1 LDUN0.2 mgkg Y EZRML, AECHES T3 S0HMTo0 23
B L, [EUER K OR UK EE 2 MGt L7 & 2 A RIFRRER PG O

5) AEOTNLTF Y =L OFEE FRIE0.05 mgkg, M TFIRIX0.02 mgkg THY, D8 kD
FEOER FIRIT 0.1 mg/kg, I TIRIZ0.03 mgkg Th-o7z.

6) TR LR OBKIC T LV AH Y =)Ll LTO0.1 mgkg S E, ZOMOEEKL L TZNZEN 1 mgkg
Y B2 L7ZkE 2 VT 12 BBR=EICB W TREICEWILFERER 2 i L7z, TORE, Bif
7R BBUEEME H .

B
BN L T2V RGBS A e, RAStRET 7 /2 U b —F, EEEEE
0T v F—, HEEN BAR R SR EEE e o & —, METEN R AR RS
FERFIERT M OF A AR DR AL T RATZERTIC B 1 5 BIRE S ALIC S O 2 R L £ 7

FH[RIEER 2
G SRS iEa
er2—%

X M

1) EMOKEE S ERRIEM SR OAEWE OFREREDHITEIZOWT, WM 63 4 10 A 14 A, 63
% B % 2050 5-(1988).

2) BRMOKERNE - ZEREEM - SO EEOHEICOWT, E 2044 H 1 H, 19H%
% 14729 5(2008).

3) WHENRBARRSEDN Y 2 — R 21 SFEER PO EDEESITIELEFE WP oaE
WYE S O HTIEDOBFE (2010).

4) Horwitz, W., Protocol for Design, Conduct and Interpretation of Method - Performance Studies, Pure &
appl. Chem,. 67(2), 331-343 (1995).



