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Simultaneous Determination of Ethiprole and 5 Pesticides
in Rice Straw, Whole-crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

Masayuki YOSHIMOTO, Mitsunori YAKATA " and Masakazu SAIKI®
(* Food and Agricultural Materials Inspection Center, Sapporo Regional Center)

An analytical method was developed to simultaneously determine the levels of six pesticides
(carpropamide, chlorantraniliprole, chromafenozide, ethiprole, pyroquilon and thifluzamide) in
rice straw, whole-crop rice silage and paddy rice for feed using liquid chromatograph-electrospray
ionization-tandem mass spectrometer (LC-ESI-MS/MS).

After adding water to the samples, the above pesticides were extracted with acetone and resulting
solutions were filtered. The filtrate was then diluted with acetone to a final volume of 200 mL.
Sample solutions were then purified with InertSep Slim-J C18-B (GL Sciences Inc.; Tokyo, Japan),
Chem Elut (Agilent Technologies Inc.; Santa Clara, CA, USA) and ENVI-Carb/NH, (Supelco Inc.;
Bellefonte, PA, USA), and injected into the LC-ESI-MS/MS for determination of the levels of six
pesticides. LC separation was carried out on an ODS column (Inertsil ODS-SP, 2.1 mm i.d. X
150 mm, 5 pum from GL Sciences Inc.; Tokyo, Japan) using a 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 for feed. Rice
straw was spiked with 3.0 or 0.1 mg/kg of carpropamide, 0.1 or 0.01 mg/kg of chlorantraniliprole,
5.0 or 0.1 mg/kg of chromafenozide, 3.0 or 0.1 mg/kg of ethiprole, 3.0 or 0.1 mg/kg of
pyroquilon, and 1.0 or 0.1 mg/kg of thifluzamide. Whole-crop rice silage was spiked with 0.89
or 0.044 mg/kg of carpropamide and pyroquilon, and 1.3 or 0.044 mg/kg of other four pesticides.
Paddy rice was spiked with 3.0 or 0.1 mg/kg of chromafenozide, and 1.0 or 0.1 mg/kg of other five
pesticides. The resulting mean recovery and repeatability in terms of relative standard deviations
(RSDy,), respectively, were 83.3 to 105 % and not more than 12 % for carpropamide, 93.5 to 103 %
and not more than 10 % for chlorantraniliprole, 85.9 to 105 % and not more than 11 % for
chromafenozide, 83.5 to 94.6 % and not more than 16 % for ethiprole, 79.4 to 103 % and not more
than 13 % for pyroquilon and 85.2 to 119 % and not more than 20 % for thifluzamide .

A collaborative study was conducted in eight laboratories using rice straw and paddy rice spiked
with the six pesticides. The rice straw was spiked with 0.1 mg/kg of chlorantraniliprole, and with
1.0 mg/kg each of the other pesticides. Paddy rice was spiked with 1.0 mg/kg each of the six
pesticides. The mean recoveries of carpropamide were 91.7 to 97.0 % and repeatability and
reproducibility in terms of relative standard deviations (RSD, and RSDg) and HorRat were 3.5 %,
4.0 %, 4.6 %, 4.3 %, 0.28, and 0.27, respectively. The respective values obtained for the other
pesticides were as follows: (chlorantraniliprole) 75.8 %, 95.6 %, 11 %, 7.3 %, 25 %, 9.4 %, 1.2,
and 0.58; (chromafenozide) 94.8 %, 101 %, 8.1 %, 1.9 %, 8.1 %, 4.3 %, 0.50, and 0.27; (ethiprole)
92.5 %, 98.5 %, 5.0 %, 4.8 %, 6.0 %, 8.0 %, 0.37, and 0.50; (pyroquilon) 90.8 %, 94.2 %, 4.4 %,
3.8 %, 6.3 %, 5.8 %, 0.39, and 0.36; (thifluzamide) 92.6 %, 99.2 %, 5.4 %, 3.5 %, 6.4 %, 5.1 %,
0.40, and 0.32.

This method was validated and established for use in the inspection of six pesticides in rice straw,
whole-crop rice silage and paddy rice for feed.
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Table 1  Regulation values of the pesticides in feed

Regulation value

Pesticide Feed types
(mg/kg)
. Rice straw 3
Carpropamide .
Whole-crop rice silage 0.7
Chlorantraniliprole Rice straw 0.1
) Rice straw 5
Chromafenozide
Paddy rice 3
. Rice straw 3
Ethiprole )
Paddy rice 1
. Rice straw 3
Pyroquilon .
Whole-crop rice silage 0.5
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(1RS,38R)-2,2-dichloro-N-[1-(4-chlorophenyl)ethyl]-1-ethyl- 3-bromo-N-[4-chloro-2-methyl-6-
3-methylcyclopropanecarboxamide (methylcarbamoyl)phenyl]-1-(3-chloropyridin-2-yl)-1H-

pyrazole-5-carboxamide
CsH;sCIs3NO MW: 3347 CAS No.: 104030-54-8 CgH4BrCILbNsO, MW: 483.2 CAS No.: 500008-45-7
Fig. 1-1  Chemical structure of carpropamide Fig. 1-2  Chemical structure of
chlorantraniliprole
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2'-tert-butyl-5-methyl-2'-(3,5-xyloyl)chromane-6- 5-amino-1-(2,6-dichloro-a,a,a-trifluoro-p-tolyl)-4-ethyl-
carbohydrazide sulfinylpyrazole-3-carbonitrile
CyH30N,03 MW:394.5 CAS No.: 143807-66-3 C3HyCL,FsN,OS  MW: 397.2  CAS No.: 181587-01-9
Fig. 1-3  Chemical structure of Fig. 1-4  Chemical structure of ethiprole
chromafenozide
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1,2,5,6-tetrahydropyrrolo[3,2,1-i/]quinolin-4-one 2',6'-dibromo-2-methyl-4'-trifluoromethoxy-4-
trifluoromethyl-1,3-thiazole-5-carboxanilide
C H i NO MW: 217.2 CAS No.: 57369-21-1 C13HBr,FgN,0,S  MW: 528.1 CAS No.: 130000-40-7

Fig. 1-5  Chemical structure of pyroquilon Fig. 1-6  Chemical structure of thifluzamide
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2) AEIEAEEL
HNTaXI R, ragr s =)7a—, JuvZ7xz /YK, =mFFo—), roxno
VROF AP I ROFEYE T, Table2 2R L2 %E, MiEO L DO Z W=,

3) A AR MR U
RIS B4 50 mg & EREICE > TENEN 100 mL O T 7 A3l A, 7' k&
A THENL, BITERE TREHEZ N2 THREREEREZRR L2 (25 0#4% 1 mL I,
BZEELLTOSmgEaATH. ) .

4) RIKEAEUER
6 Koy D ERERERES 2 mL & 100 mL O2E 7 7 A3 CEMICANTREA L, TICER
EFTTE M ZMA TREBEAEERKZRM L (2o 1 mL 1%, &EIHEELTEAETN
opugzEHT 5. ) .
FRICE L C, BEREAERERKO —T&%, 7 h=rV L—K (3+2) TIERREICHRL,
1 mL &I L LT 0.5, 0.1, 2.5, 5, 7.5, 10, 25 T 50 ng &4 9 5% IR A 1S U
2 TR L7z

Table 2  Pesticide standards used in this study

Pesticides Manufacturers Purity (%)
Carpropamide Kanto Chemical 98
Chlorantraniliprole Dr. Ehrenstorfer 99.5
Chromafenozide Kanto Chemical 99
Ethiprole Dr. Ehrenstorfer 97.5
Pyroquilon Wako Pure Chemical Industries 98.0
Thifluzamide Wako Pure Chemical Industries 99.0

23 HEROEGE
1) Byiet : ZM-100 Retsch 8 (1 mm 2 7 U —>, [Al#53% 14000 rpm)
2) HLACEIH RS 0 SM-100 Retsch # (1 mm A 7 U — >, [Al#5%% 1430 rpm)
3y AU BTNV ML U AF NI =5 T A InertSep Slim-] C18-B (F& T AHI&E 500 mg)
Ve A o AR Y PN L b O
4) 247 A YUt Z L ChemElut (5mL £&FfH) Agilent Technologies
5 77774 =R/ T 7a Uik U h S IVEEE I =5 T L 0 ENVI-
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Carb/LC-NH, (F& T A& 500 mg, 500 mg)  Supelco H
6) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS #1 : Quattro Premier XE  Waters #
24 EEIFE
D # M
IINTEREL 10.0 g 28> T 300 mL o3k =/~ 7 232 Ak, 7K 30 mL (BKiX 20 mL) %
Mz, 30 rR#FE%, FIZ7 2 b2 120 mL BRI 100 mL) Z00%, 30 Z3fEHE D IRE T
(300 rpm) #IHL7Z. 200 mL O£ ET7 I 23427 7 —KI}OFICEE, fHkzZ AH (5
i B) TWSIABLIH, KO=M7F72Aa OBk IZIEXRTE b 50 mL THHEL, [FER
WS AL, BICRRT7 I RAaDERETTE N ZMA T2, ZOK 2 mL % 50 mL D72
T 7 A ZEMIZAI, K20mL M2 T, BT 0B IZHT 250EHRK E LTz,
2) T LALERT
BTN YN Y BV I =h T AETE =KV L5 mL KOUK 5 mL CIERLE
WLl (Bel~=FR— /L FEMHLTHE | mL/min & L7z. LFTXTOH T LAHEIZE N
TRHEOBRIEEZITo7-. ) . REHAKZ I =5 7 AT AN, iEE 1 mL/min 25 TH5| L THK
AT TAHIO ESICET D £ TRIBSEZ. BICREBHAKRDO A>T tIET7 I XA a%
K=T7Ebr=hrU (9+1) SmL FOT2HEWEHEL, WHKZIERI =0T HI2INZ, FRERICH
HEEZ, 10 mLOER7 I RAaA%2 I =T AOTFICES, 7T F=FJ/b—K (3+2) 9 mL
EI=HTAIMZ, FREAZRERHBSEL. BIC2ET 7 A3 OERE CREEZ N2 7-.
ZOWSmL % S50mL O TIET 7 A ZIERMEIZ AL, 40°C L FOKETH 2 mL £ CRUER
M L7, AK2mL 22 CTH T L0 I3 2 30BHER & LT-.
3) AT LRI
RENAIR Z M A4 Y o8 T A AR, 10 pMEE L. 100 mL DR T Y 7 A 3%
N7 LDTICESE, BREHAKOAS> TWeRTIET 7 A aZFiE=F /L 5 mL 32T 4 Bk
L, WRENER S 7 22Nz, WRESFTETAAIO ERICET 2 E TR F L TERBELRNSE
7o, BIAZFEPEEL 10 mL 20 7 22 CRBRICEH S8, BHEE 40 °C LLFOKIBE TR 1
mL £ CHIEEML, EFRVAZX->THELEZ. 7 h=rJb— x> (3+1) 5 mL %
Mz CTEEWMAEI L, 717 LAAEE NN 23R & Lz,
4) 1T LALER I
T35 A NI—R /T 770N I b VB FLVEEI =757 =}
UJ—hrxy (3+1) 10 mL THF L. 100 mL DR T 7 T A2 I =T LD FICEX,
REHRIRZ X =8 7 DI AN, RENSFTECTAFIO ESICET 5 Tt F LT EERZ RS
7o, BREHARIRDO N> T\ T 7 I Aa%2 7 = ) )b— kb= (3+1) 5 mL 2T 3
B L, WRAIEXR I =0 7 A2, RSB ESE2. Ei27e h=r)v— Lz
(G+1) 5 mL =47 LA TRERICHE S 7. iK% 40 °C LT OKE TR 1 mL
FOWIERM L, R A& ko THIE L7z,
T R=RMU =K (3+2) 1 mL ZEfICNZ TEREMZEED L, 5000xg T 5 4Ly
BEL, RBARIEO—E &% FEEECIEMIC 10 54 L T LC-MS/MS 12 X 2 |IE 7 2 50k
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Table 3  Operating conditions of LC-MS/MS

Column Inertsil ODS-SP (2.1 mm i.d.x150 mm, 5 um), GL Sciences
Mobile phase 2 mmol/L. Ammonium acetate solution - acetonitrile (4:1)

— 15 min - (1:9) (hold for 5 min)— (4:1) (hold for 5 min)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Ion source temperature 120 °C

Desolvation gas N,, 450 °C, 600 L/h

Cone gas N,, 50 L/h

Capillary voltage Positive: 2.0 kV, Negative: 1.0 kV

Table4 MS/MS parameters

Precursor Product Qualifier Cone Collision
Target Mode
ion (m/z) ion (m/z) ion(m/z)  voltage (V) energy (eV)

) 139 30 20
Carpropamide + 334

103 30 40

» 284 25 15
Chlorantraniliprole + 482

112 25 50

) 175 15 15
Chromafenozide + 395

91 15 50

i 330 20 15
Ethiprole - 395

250 20 25

) 132 45 20
Pyroquilon + 174

117 45 25

) ) 125 25 45
Thifluzamide - 527

166 25 30

6) & H
BLRE SRM 27 B~ N7 5 D B2 EiRiA RO TRESE R L, 30BR & MR
zREE L.

0k, EFEHEOWEZ % Scheme 1 128 L7-.
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Sample 10 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

—filter through No.5B under reduced pressure

wash with 50 mL of acetone
—fill up to 200 mL with acetone

add 20 mL of water to 2 mL of sample solution
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)

elute with 10 mL of acetonitrile-water (3:2)
—fill up to 10 mL with acetonitrile-water (3:2)

evaporate 5 mL of sample solution to about 2 mL
add 2 mL of water
Chem Elut (5 mL)

apply sample solution

allow to stand for 10 min

wash with 5 mL of ethyl acetate (four times)

elute with 10 mL of ethyl acetate

evaporate to dryness under 40 °C
——dissolve in 5 mL of acetonitrile-toluene (3:1)
ENVI-Carb/LC-NH2 (500 mg)

prewash with 10 mL of acetonitrile-toluene (3:1)

apply sample solution

wash with 5 mL of acetnitrale-toluene (3:1) (three times)

elute with 5 mL of acetnitrale-toluene (3:1)

evaporate to dryness under 40 °C

——dissolve in 1 mL of acetonitrile-water (3:2)

centrifuge for 5 min at 5000xg

LC-MS/MS

(for chlorantraniliprole in rice straw)

_I—dilute sample solution 10-fold with acetonitrile-water (3:2)
LC-MS/MS
(for the others)

Scheme 1 Analytical procedure for the 6 pesticides in rice straw,
whole-crop rice silage and paddy rice for feed

3 HBRRUBR
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22 D HTHE- TR L 7= % BB A SN A 5 uL 2 LC-MS/MS (2 EA L, & 57= SRM 7
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Rv NI APLE—7EBEEHOTREREZIER L. GOoNTCRERO—HIL, Fig. 2 D&
BYTHY, 0.5~50 ng/mL FHY & (FEAREE L T0.0025~0.25 ng fHY4 &) OFIFH CEMAMEZ R L
7.

o y = 863.16x + 41.948 . y = 1236.5x - 7.6078
g R2? =0.9996 g R?=0.9997
A4 A4
s s
~ ~
0 10 20 30 40 50 0 10 20 30 40 50
carpropamide / [ng/mL] chlorantraniliprole / [ng/mL]
y = 10532x + 2058 y = 847.28x - 32.909
8 R*=0.9999 8 R2 = 0.9999
< <
3 3
~ ~
0 10 20 30 40 50 0 10 20 30 40 50
chromafenozide / [ng/mL] ethiprole / [ng/mL ]
5 yig??&%gz 5 y = 200.09x + 64.442
S e S R?=0.9996
3 3
~ ~
0 10 20 30 40 50 0 10 20 30 40 50
pyroquilon / [ng/mL] thifluzamide / [ng/mL]

Fig. 2  Calibration curves of six pesticides (carpropamide, chlorantraniliprole,
chromafenozide, ethiprole, pyroquilon and thifluzamide)

3.2 AR O A REAEIZ DN T

fbodhnrunTy v =070 —/LiZoNnTIE, FHEEEED 0.1 mgkg (REREHRE
0.5 ng/mL) LEDHNTWA. JFRLEIE, 7% btk 200 mL ICERL, FIZ 10 EHRE
T2, EETMRAFEERLEELFELT 0.1 mgkg THHZ EnD, LVEKWEREE TERETREZ
TFLOMERDHD. Z0e, KD 10 EHRITIThRVWZ & & L TUZROmFEZ1To72.
Flo, ZHNICAEDLET, WCS KUWIkH D7 Ty 7= 7 a— Ll NZFEEHHA RH D7
07 T2 Fa— LSO 5 S DERICBWNTE T & FofHZIC 10 FARETHT,
A7 DAL TH OB 2 10 AR+ 52 & & LTUBRORBE 21T o7z,
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33 AU EZFTINATI Y BTV =D T LD O S O

b b ROk ZE Y, 24 O DIZHE> TR L 2REHAIRICA B L U CR&ERBEHAIR+T T
8 ng/mL MHYEAIRINL, 7 XTI N VLT Y BT NI =0T LD OB 2R L
oo DB LA 2T N UMY U BTV = T AEHRIE, FREN 2.4 O DR HD
WA T 2% EEICH Lz, T OREIE Table 5-1 XX Table 5-2 DBV TH Y, WIFhoik
BHIB W T HIESRETHHAK—T 8 F=F U/ (9+1) 10 mL O TIXEEOEHITIR O
T, WHEBETHL 72 h=FrVY L—7K (3+2) 0~9 mL OHE[/FICT X TOEENEHL, TOHK
D 9~20 mL D W/ ITITIRH Liehno 7.

JFRLIETIX, IWHEHETH LT =1V /=K (3+2) 10 mL THEHEEZRH SE TV 508,
WHKZ 10 mL OB 7 7 AaT%T 5100, ERZE2B8ZANH 5. 20, EHE
EZ DR TERVIBNLIEEZA, ERROEBYVTEF=RMYb—K (3+2) 9mL TT
TOREOEHPERINTZZ &N, JFRL Exd AR LT, 7 h=hrU -k (3+2) 9
mL 247 27TV U U B AN =0T MINZ THEEEZER S, 27 =+
Us—K (3+2) TIOmLIZERSEDHZ L& L.

Table 5-1  Elution patterns of 6 pesticides from InertSep Slim-J C18-B (rice straw)

Rec overya) (%)

Water - acetonitrile

Pesticides

9:1) (2:3) (2:3) Total

10 mL 0~9mL  9~20 mL
Carpropamide 0 96 0 96
Chlorantraniliprole 0 88 0 88
Chromafenozide 0 90 0 90
Ethiprole 0 93 0 93
Pyroquilon 0 90 0 90
Thifluzamide 0 88 0 88

a) Mean (n=2)

Table 5-2  Elution patterns of 6 pesticides from InertSep Slim-J C18-B (paddy rice)

Rec overya) (%)

Water - acetonitrile

Pesticides

(9:1) (2:3) (2:3) Total

10 mL 0~9mL  9~20 mL
Carpropamide 0 97 0 97
Chlorantraniliprole 0 86 0 86
Chromafenozide 0 88 0 88
Ethiprole 0 95 0 95
Pyroquilon 0 91 0 91
Thifluzamide 0 85 0 85

a) Mean (n=2)
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34 ZHAMT A VU LT A0S OFRHE S O e
T & R OMKAZ F, 2.4 O 1) 2)ITHE- TR L 72 3UBHARK I & B3 b L TRk BHE
W T 10 ng/mL NS EZRINL, 2T A Y U0 T 00 OBy 2 MR L. ol L
AT A Y T LT AL OEHKIE, TREN 24 O HOREREITo B EREICH L.
Z DOFERIT Table 6-1 KO Table 6-2 278 L7z &30, JFRL i & RIS W34 S BElE = F /L 0~30
mL OFE/FZT X TORIENFEH L, 30~35 mL OWEFITITEH Lo 7.

Table 6-1  Elution patterns of 6 pesticides from Chem Elut (rice straw)

Rec overya) (%)

Pesticid
esticides Ethyl acetate Total
0~20 mL  20~30 mL  30~35mL
Carpropamide 97 0 0 97
Chlorantraniliprole 90 0 0 90
Chromafenozide 93 0 0 93
Ethiprole 98 0 0 98
Pyroquilon 91 0 0 91
Thifluzamide 98 0 0 98
a) n=1

Table 6-2  Elution patterns of 6 pesticides from Chem Elut (paddy rice)

Rec overya) (%)

Pesticides Ethyl acetate Total
0~20 mL  20~30 mL  30~35mL
Carpropamide 92 4 0 96
Chlorantraniliprole 90 2 0 92
Chromafenozide 91 3 0 94
Ethiprole 99 2 0 101
Pyroquilon 87 0 0 87
Thifluzamide 96 3 0 99

a) n=l1

35 U975 A4A M=K T2 7 U by U B FVEERE X =B T L5 O H 4y

DR

b O EOBEkE G, 2.4 O 1), 2K NHE-> TR L2 REHARIC A B & L TRKR
BHAWEH C 10 ng/mL FASEZWIL, 77774 M=K/ 77 Faer Uik Uh
FNANEE I =H T D05 OFHE Sy 28 L. T ORESIX Table 7-1 X O Table 7-2 [Z/x L7z &
B, WFhbT7Ebr=brU— bz (3+1) 0~20 mL DOE AT X TOEIBENTHL L,
20~45 mL OB ITHEH L7z o7z,

JFRL {ETiE, 7 =YL — k= (3+1) 15 mL THEEZ B ST TWDA, JFRL
EOXMBE TR ARORFHINATZ7 0T 87 =0 Fa—)LiE, 15~20 mL O[5 i H
WD BN, £ T, JFRLIEZ —HAEHE LT, 7 h=rU/L— kx> (3+1) 20 mL T/
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HnzimbsEs 2L L L.

Table 7-1  Elution patterns of 6 pesticides from ENVI-Carb/LC-NH; (rice straw)

Recoverya) (%)

Pesticides Acetonitrile - toluene (3:1) Total

0~15mL 15~20 mL 20~45 mL
Carpropamide 92 0 0 92
Chlorantraniliprole 98 2 0 100
Chromafenozide 97 0 0 97
Ethiprole 99 0 0 99
Pyroquilon 90 0 0 90
Thifluzamide 101 0 0 101
a) n=I

Table 7-2  Elution patterns of 6 pesticides from ENVI-Carb/LC-NH, (paddy rice)

Recoverya) (%)

Pesticides Acetonitrile - toluene (3:1) Total

0~15mL 15~20 mL 20~45 mL
Carpropamide 94 0 0 94
Chlorantraniliprole 92 4 0 96
Chromafenozide 96 0 0 96
Ethiprole 98 0 0 98
Pyroquilon 86 0 0 86
Thifluzamide 100 0 0 100
a) n=I

3.6 ¥ MU w7 AEROMER

240 1), 2), XV HIZL VMY LIZFDO S, WCS KUOMLKD 7 F 7 G UBHATR 1T 45 3K &
LTIl mgkgtiYE (FRooForrnI s 7 =072 —/1%0.1 mgkeg fHY&E) (HEABHE
TS ng/mL fHY &) #ZNENRMLIEE~ R v 7 ZEHERICONT, 2.2 D H)ITHE- T

TR U 72 AR o & SRR I kT 5 B — 7 T FE L & e
90~113 % TH Y, HEK IR~ MY v 7 AL B K&

> 7.

3.7 WiEWHOR

B2 98
A

it A, BE— 7 miEkIx
EZTHTERHENRETH

fao B 1 Bk, WCS | AL UMLK | ik Zi e e LT, 24 1k iRl L= AR Z LC-
MS/MS IZHEAL, BON7ZSRM 7~ M7 J A5 MRLIEEZA, WTHLOREHZIBWTHE

BEYT D=7 IO bR T,

7B, EDEOBRTTELN/ZSRM 7 n~ 87 T A% Fig. 3 1R L7z,
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Fig. 3  SRM chromatograms of rice straw (blank) and standard solution
(Arrows indicate the retention times of pesticides. Scales of y-axis are the same
between A and B for each pesticide.)

A: Rice straw
B: Standard solution (0.5 ng/mL: 2.5 pg as each pesticide)
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3.8 WHnEIGEER

21X VAR L 7B H A R 2o\, A7 r X FELT, b5z 3.0 X1 0.1 mgkg
FEY & (BRI C 15 TV 0.5 ng/mL) , WCS IZRHE LT 0.89 & TF 0.044 mg/kg fH
Y (REFUEHARK T 10 210 0.5 ng/mL) , HKIZ 1.0 20 0.1 mg/kg FAY &8 (B & RURHA IR
HTSKO05ngmL) , 7e7 o h7=07a— L& LT, fboI20.1 &V 0.01 mgkg fHY
B (REREHART T 5 KO 0.5 ng/mL) , WCS IZHEMHFE LT 1.3 KO 0.044 mg/kg FHY4 &

(B A&FREHAIR T T 15 LTV 0.5 ng/mL) , BRI 1.0 X OV 0.1 mg/kg MY & (R fslERAK ¢
54005 ng/mL) , Z7r~x7x /Y RELT, fPHIZ5.0 K01 mgkg Y& (R&EREHE
H ¢ 25 X TN0.5 ng/mL) , WCS IZFEMHE LT 1.3 LT 0.044 mg/kg #1348 (& REHNAR K
T 15 KO 0.5 ng/mL) , BFLKIZ 3.0 KON 0.1 mgkg Y E (REHREHRK T T 15 LT 0.5
ng/mlL) , =F 7 —L Lt LT, fHHIZ3.0 KO0.1 mgkg F1YE (B&RENEERT T 15 KO
0.5 ng/mL) , WCS I[ZJF##HE LT 1.3 LT 0.044 mg/kg FH4 8 (RK&RBHAK T T 15 LTV 0.5
ng/mL) , KFIKIZ 1.0 LT 0.1 mg/kg FHE & (RA&REHSIRT TS5 KTV 0.5 ng/mL) , Bufm
LLT, WhHiZ3.0 L1001 mgkg tHY & (& aEHRE T 15 LT 0.5 ng/mL) , WCS IZJi
WHAE L C 0.89 (1 0.044 mg/kg FHY & (Rl EHAIRH 10 LTV 0.5 ng/mL) , #KIZ 1.0 &
V0.1 mg/kg MY E (REREHAKF TS5 X105 ngmL) , 7L I RELT, fbHIZ1.0
KON 0.1 mgkg MY & (HAEHBHAKRT T 5 LT 0.5 ng/mL) , WCS I[ZEM#HE LT 1.3 KO
0.044 mg/kg fHY4 & (Ff&RUEHAIR T 15 LTV 0.5 ng/mL) , FLKIZ 1.0 L TN 0.1 mg/kg 04 &

(BB T 5 LTV 0.5 ng/mL) ZALZAUIN L, ARIEIZHE > THRMENL SR & Fhi L,
SSSIEIIVE Y EON  STABY Y R oY

£/, WCSIZOWTIHEMOKRDEREE 60 %EMBEL, FWHIRE~OWHBEIX, K% Ok
AR 60 %) TRE=EEY OKDEHE10%) THRE 225 OXNERD .

ZOFERIT Table 8 D &RV, BT a /]I RIZOWTITERENEIL 83.3~105 %, T DOk
LFEEIXZRSD, & LT 12 %L T, 772 b7=U7 81— L2\ TIEFEE R E X
93.5~103 %, CTO#KR UKEEILZRSD, & LT 10 %LLF, 7ua~v7x /¥ RIZOW T YRR
1% 85.9~105 %, Z OMIK UFEEIT RSD, & LT 11 %LLF, =F 7o — /i o0\ TIEEH RIS
1% 83.5~94.6 %, £ DI UKSEIZFHEER2E (RSD,) & LT 16 %A T, ErFr Ao T
IR ENY T 79.4~103 %, Z O LFSEIT RSD, & LT 13 %LLF, F7/4% I RIZonT
LR IT 85.2~119 %, Z DK UKEEE L RSD, & LT 20 %LL FORAE 1T H LT,

ek, HHNZSRM 7 a~ 7T AO—fl% Fig. 4 I[Z/R LT,
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Table 8 Recoveries of pesticides

Feed types
. Spiked level Rice straw Whole-crop rice silage Paddy rice
Pesticides 2 b) a) b) a) b)
(mg/kg) Recovery ' RSDx Recovery ©  RSD: Recovery ' RSDx
(%) (%) (%0) (%0) (%) (%)
3.0 83.3 3.7 - - - -
1.0 - - - - 91.8 6.6
Carpropamide 0.89 - - 89.9 4.3 - -
0.1 100 12 - - 102 9.2
0.044 - - 105 3.5 - -
1.3 - - 93.5 5.6 - -
1.0 - - - - 103 2.9
Chlorantraniliprole 0.1 95.5 2.8 - - 103 10
0.044 - - 98.3 4.2 - -
0.01 96.8 10 - - - -
5.0 85.9 1.5 - - - -
3.0 - - - - 92.7 1.1
Chromafenozide 1.3 - - 97.4 2.7 - -
0.1 105 11 - - 101 1.6
0.044 - - 99.9 2.8 - -
3.0 90.4 5.0 - - - -
1.3 - - 86.5 2.2 - -
Ethiprole 1.0 - - - - 94.6 4.3
0.1 83.5 16 - - 86.7 10
0.044 - - 88.8 12 - -
3.0 79.4 13 - - - -
1.0 - - - - 88.7 12
Pyroquilon 0.89 - - 97.4 3.7 - -
0.1 103 9.9 - - 102 5.5
0.044 - - 103 3.8 - -
1.3 - - 119 6.6 - -
Thifluzamide 1.0 85.2 6.7 - - 92.3 4.6
0.1 87.8 20 - - 90.8 11
0.044 - - 98.2 3.6 - -

a) Mean (n =3)
b) Relative standard deviation of repeatability
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Fig. 4 SRM chromatograms of 6 pesticides
(The highest intensity peak is shown as 100 % in each segment.)
A: Standard solution (The concentration is 0.5 ng/mL for all pesticides.)

B: Sample solution of barley (spiked at 0.1 mg/kg of all pesticides)
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3.9 E&EFREOHH TR

KIEOTEBETRE OB TRZMERT 5720, 2.1 [/t THB LR 22k e LT
FREEZRML, RMNESGREBRICE VB oI E—27 0 SN D 10 KO3 L7225 RIEZRDT-.

srmaZy 7= 7a—llonTlE, BN —27 0 SN W 10 LLEE 22, Fil
5T 0.0l mgkg, WCS (JRFY) KOMIKTO.1 mgkg THo7z. LT uaXI K, sav”
/) VR, =FTa—), raxa KO F TP I RIZonTE, oz —2 o SN R
10 LA E &2 B REE, fib b, WCS (AEZY) UMK T 0.1 mgkg ThH o7z,

U EDOFERNS, Ko 5= Fa—LOEE FRIZRE (WCS IZREY) fc
0.1 mg/kg (FEb 5 0.01 mgkg) , B FRIZEE (WCS 1ZEFY) T 0.03 mgke (i b
0.003 mg/kg) , AT u/NI R, ya~vT7x /YR, =FTe—), EaxarLRF 7Y
2 FOEEFRITHE (WCS IZEFEY) T 0.1 mgkg, BH FRITHEE (WCS IZJEZY) +
T 0.03 mg/kg ThH o7z,

3.10  FH[FEIFER

REOEMHBREE 2RI 5720, REF@M, HOEFRO 2 fKE @B X 53t
A 3R 2 20 L 7=,

HoEaElE LT, Mo b RUOWLKICAEIK L LT 1 mgkg FIEE (AT HFE 10 g okt L
T1mLHIZ] pg 26T HEHER 1 mLIEN)  FobHdorsres s 7= 71—/10%0.1
mg/kg Y &) %, BB THOMBBOF AR L CHM L72RE 2 vz, SniiEs
1, EEEZEGFHEAEAS SRS E T R EET, — MRV EIEAN B ARG o 2 — BT
AT, ANZATBOE N RMOKEE B Z 2 v % — B2 2 RAEE, Rkt % —, etk
VE—, A4 ERE X —, R —KOEERE Y 2 — G 8RBR=E) Tholm. iR
DRI HOWTIE, EEEICAN—FF A XS LFERBRICET 2 FIE Y 2% 2%12, Cochran
RAE, SMAVIE 1 D Grubbs #E & QSR AUIE 2 {8 0O Grubbs 2 E 217V, FMAVEOF M4 fEFE L7z
ETEHEINER, #X UHEE (RSD,) MOVEFBBKE (RSDp) ZHML, S5/ RSDy 7»
5, {EIE Horwitz 2 ©% H\ T HorRat Z 3R 7-.

FERIL Table 9-1~9-6 D L H0 THoT-. b b IO KIZONT, BT a3 ROFHFE
IE#IE 91.7 TN 97.0 %, RSD X 3.5 TN 4.0 %, RSDgiX 4.6 TN 4.3 %, HorRat (% 0.28 KO
027, 7a 7 h7=V7a—LOYEENTERIT 75.8 LT 95.6 %, RSD, X 11 LT 7.3 %, RSDg
1% 25 %X 9.4 %, HorRat 1% 1.2 XTN0.58, Z7u~7 = /Y ROFEHEILEIL 94.8 KN 101 %,
RSD, % 8.1 KT 1.9 %, RSDgiE 8.1 }2 T} 4.3 %, HorRat (X 0.50 }x T} 0.27, =F 7 1 — LD
YT 92.5 K10 98.5 %, RSD, (% 5.0 X1N4.8 %, RSDg!E 6.0 %X T*8.0 %, HorRat % 0.37 &K
0.50, Er¥o o FEREILERT 90.8 KON 942 %, RSD, L 4.4 KON 3.8 %, RSDg (X 6.3 L
5.8 %, HorRat (X 0.39 %11 0.36, F7 /¥ I KO FHEULHEIL 92.6 T 99.2 %, RSD, (T 5.4 &
3.5 %, RSDriE 6.4 2 T*5.1 %, HorRat X 0.40 21X 0.32 ThH-o7-. 5 5417- HorRat (2D T,
0.50 Z FEl>TWVWD ORI N, SEREREBENEE THLZ LIZED2bD LA
b,

SEOD, FBR=ETHEH L= LC-MS/MS O#¥%fE% % Table 10 (27 L7z,
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Table 9-1  Collaborative study results of carpropamide
Feed types
Lab.No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.940 0.857 0.884 0.999
2 0.875 0.869 0.947 0.927
3 0.862 0.902 0.969 0.966
4 0.949 0.974 1.03 1.02
5 0.925 0.910 0.947 0.990
6 0.932 0.860 0.930 0.975
7 0.977 0.931 0.914 0.994
8 0.956 0.951 1.01 1.01
Spiked level (mg/kg) 1 1
Mean value (mg/kg) 0.917 0.970
Recovery Y (%) 91.7 97.0
RSDr ” (%) 3.5 4.0
RSDR? (%) 4.6 43
PRSDr" (%) 16 16
HorRat 0.28 0.27

a)
b)
c)
d)

Rice straw: n=16; Paddy rice: n=16

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 9-2  Collaborative study results of chlorantraniliprole

Feed types
Lab.No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.111 0.0872 1.02 1.02
2 0.0589 0.0527 0.867 0.873
3 0.0644 0.0681 0.874 0.795
4 0.0582 0.0558 1.01 1.02
5 0.0980 0.0850 1.08 0.847
6 0.0745 0.0679 0.863 0.958
7 0.0930 0.107 1.07 0.980
8 0.0655 0.0650 1.02 0.994
Spiked level (mg/kg) 0.1 1
Mean value * (mg/kg) 0.0758 0.956
Recovery Y (%) 75.8 95.6
RSDr ” (%) 11 7.3
RSDR? (%) 25 9.4
PRSDr" (%) 22 16
HorRat 1.2 0.58
a) n=16

b) Relative standard deviation of repeatability within laboratory

c¢) 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 9-3  Collaborative study results of chromafenozide

Feed types
Lab.No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.956 0.971 1.09 1.06
2 0.912 0.909 0.996 0.990
3 0.914 0.963 1.05 1.00
4 0.984 0.967 1.04 1.04
5 0.877 1.14 0.947 0.970
6 0.965 0.815 0.931 0.975
7 0.952 0.964 1.01 1.01
8 0.926 0.947 1.01 0.999
Spiked level (mg/kg) 1 1
Mean value * (mg/kg) 0.948 1.01
Recovery ” (%) 94.8 101
RSDr ” (%) 8.1 1.9
RSDR? (%) 8.1 43
PRSDR” (%) 16.0 16
HorRat 0.50 0.27
a) n=16

b) Relative standard deviation of repeatability within laboratory

c¢) 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 9-4  Collaborative study results of ethiprole
Feed types
Lab.No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.906 0.900 1.05 0.933
2 0.903 0.925 0.962 0.972
3 0.875 0.926 0.946 0.985
4 1.01 0.991 0.989 1.02
5 0.909 0.853 1.01 0.876
6 0.950 0.802 0.856 0.896
7 0.924 0.995 1.13 1.12
8 0.964 0.970 0.997 1.01
Spiked level (mg/kg) 1 1
Mean value * (mg/kg) 0.925 0.985
Recovery Y (%) 92.5 98.5

RSDr ” (%) 5.0 48

RSDR? (%) 6.0 8.0

PRSDr" (%) 16 16

HorRat 0.37 0.50
a) n=16

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between

laboratories calculated from the modified Horwitz equation



38 fREHFZEHE Vol. 40 (2015)

Table 9-5  Collaborative study results of pyroquilon

Feed types
Lab.No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.959 0.952 1.01 0.977
2 0.897 0.895 0.931 0.926
3 0.817 0.896 0.898 0.903
4 0.865 0.823 0.897 0.813
5 0.951 0.930 0.979 0.879
6 0.925 0.800 0.939 0.986
7 0.913 0.952 0.978 0.967
8 0.975 0.974 1.00 0.985
Spiked level (mg/kg) 1 1
Mean value * (mg/kg) 0.908 0.942
Recovery Y (%) 90.8 94.2
RSDr ” (%) 4.4 3.8
RSDR? (%) 6.3 5.8
PRSDr" (%) 16 16
HorRat 0.39 0.36

a) n=16

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 9-6  Collaborative study results of thifluzamide

Feed types
Lab.No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.925 0.987 1.06 1.04
2 0.950 0.914 0.981 1.01
3 0.884 0.923 0.955 0.933
4 0.998 1.00 1.02 1.07
5 0.892 0.871 1.04 0.997
6 0.951 0.782 0.890 0.992
7 0.946 1.01 0.974 1.02
8 0.885 0.897 0.959 0.934
Spiked level (mg/kg) 1 1
Mean value * (mg/kg) 0.926 0.992
Recovery Y (%) 92.6 99.2
RSDr ” (%) 5.4 3.5
RSDR? (%) 6.4 5.1
PRSDr"” (%) 16 16
HorRat 0.40 0.32

a) n=16

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  Instruments used in the collaborative study

LC-MS/MS

LC column

(i.d.xlength, particle size)

LC: ACQUITY UPLC, Waters
MS/MS: Quattro premier XE, Waters

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

LC: LC-30AD, Shimadzu
MS/MS: LCMS-8040, Shimadzu

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

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

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

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

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

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

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

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

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

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

ACQUITY UPLC BEH C18, Waters
(2.1 mmx150 mm, 1.7 pm)

LC: 1200, Agilent Technologies
MS/MS: Xevo TQ-S MS, Waters

Mightysil RP-18 GP,
Kanto Chemical)
(2.0 mmx150 mm, 5 pm)

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

ZORBAX Eclipse XDB-C18,
Agilent Technologies

(2.1 mm x150 mm, 5 pm)

4 F&EOH

FAEHH A R IR T 5 3K 6 B3 ic DWW T, JFRL {EE LI, LC-MS/MS % H\ 7= & &5 O fi £
N EIE~DOHEA DO AR ONTHRF Lz & 245, HHRENARZ 10 (FAIRT 2 HENL D T A
MEEEHAE 2 10 (57 RT 25 ik Wbbhoras s b= 7 —LzonTix, HmHRE
IR S O T BALERFEHATR D 10 5/ IR & FEhie L7220 HiE) ~EE L, 77 AMLER IR T 5%
HABEEZ 10mL 75 OmL IZER L, 57 L0 HLICHIT 2 HEE &% 15mL 2>5 20 mL (2
ERFTHZ LT, UTOMENELN, EHNATRETHLIEEZ L.
1) FEROBRERIL, 0.5~50ng/mL (FEA&EL L T0.0025~0.25 ng Y4 &) OFFH CHEMRMEZ R

L7,

B, YHMRERIIBT 248~ N v 7 AORMEIGRER O ERE L, bbb, WCS KW

KIT, KEELE L TO0.5 ng/mL AHEEE, bbb, 7uor 7= 77—V KkOF 7 L)

S RELTS ngmLAHYSEE, Fya~v7x /Y FELT25 ng/mL FHYSIRE, ZOff 3 BEIEE L

T 15 ng/mL MR, WCSIZ, A7 REUOErXr & LT 10 ng/mL FHMEE, =

DO 4 23K L LT 15 ng/mL FHYREE, BKIZ, 7r~7 = /Y K& LTIS ng/mL Y RE,
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ZOMo 5 EZHELE LT Sng/mL FHYSEE L LT,

2) AREZHENMEONIRENERICONWT~ MY v 7 RN R AR LR, £RITRE~ MY
VI ALK DREREEEZTLHZERMAENRETH -7

3) FRHHA RICOWVWT, KBS THORE SRM 7 a~ 77 AIZlE, ERZ2hiF5E8—7
RO ooz,

4) 1 FEEHORD b R OFKICOWT, EBHLFE T COREIEERDOZAMET A VU 1 T DO
MEEZHER LT A, R L EHEE 2 G b7 30 mL TR TORIERSBEH LT,
5) BB A &2 HWT, KIEIHE > TRMEIGRBR 2 i L7 & 2 A, BAF7REIE K OHR L

FEE DN BTz,

6) KiEnraZ v sZ7=07a—1LOEREFRIZHE (WCS ZEFY) FT 0.1 mgkg (Fib o
0.01 mg/kg) , M FRIZFE (WCS (ZEE4) T 0.03 mgkg (Fiido & 0.003 mg/kg) , WL
FuRIR, sruav 7 /YR, =FFe—, vaxa s FOF 7 AR I RoERE FRIZEE
(WCS LR ) H T 0.1 mgkg, i FERIFFEE (WCS IZEEZY) H T 0.03 mgkg Th-o 7.

7 R L EROBEKICEEER S E L TEREN 1 mgkg Y E Fbothorsrasr bo7=07
2 —/U% 0.1 mg/kg FHY &) RN L7Z80EH2 AV T 8 RBREIC B W TARIEIZHE W I [FRIFRBR & £
ML7eE A, RIGFRERPELNT.
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