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Determination of Carbendazim, Thiophanate, Thiophanate-methyl and Benomyl in Feed by LC-MS
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An analytical method to determine carbendazim, benomyl and thiophanate-methyl in feed by
liquid chromatography-mass spectrometry (LC-MS) was developed. Benomyl and
thiophanate-methyl are transformed to carbendazim during analytical procedure and carbendazim,
benomyl and thiophanate-methyl are determined as total quantity of carbendazim.  Thiophanate
in feed was also transformed to ethyl-2-benzimidazole carbamate (EBC) and could be detected in
this method.

A spike test resulted in the mean recovery of carbendazim, benomyl, thiophanate-methyl and
thiophanate of 94.6~98.3%, 101.4~105.8%, 82.1~84.4% and 57.9~64.2%, respectively.

A collaborative study was conducted with corn spiked with thiophanate-methyl and
thiophanate at 1.3 mg/kg respectively, and with timothy spiked with thiophanate-methyl and
thiophanate at 20 mg/kg respectively.  For corn, the mean recovery of thiophanate-methyl was
87.8%, and the repeatability and reproducibility as the relative standard deviation (RSD, and
RSDgR) were 3.2% and 15% respectively, and the mean recovery of thiophanate was 53.5%. For
timothy, these values of thiophanate-methyl were 83.1%, 4.6% and 19% respectively, and those of
thiophanate were 41.6%, 4.3% and 26% respectively.
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TR,
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(1) FEEESHARKSICHT 2 Z &

(2) T 77 32— AFALOUEIZIZTT A7 7 X — M ATFNVIEREREZFEHTDHZ &

REOEERIEIZOWTCIT B X — k2T EHE L. o, ¥ —ETIEORISE R
STWRNF AT 73— MOV TH, BEHFOREHEIZEETNTWD 2D, F—BIETOFE7
7 F— N OWMEIGRER K QLRI 21TV, KIETF A7 7 X — FOEEN AN S HOE THRE
L.

B, RIETEHBEFRIZ, 747 72— b AT VKRR INVEIARUE Y NCERINDT-
W, ANRUEI N, FET 73— RNAF VKON IO Zflisy% DN 2 P 5E LT LC-MS
TE®RL. 747 7% — MIBEFIZ=TF L2-R VA I XY — v "~— |k (LLF TEBC))
(A SN D72 EBC & LTEREL, BAETEE OSHriE L [FERIC EBC ®ICHRE 052 2k CTH
NN B NIRRT,

H ©:NHCSNHCO CH
| 225
N
@: )—NHCO,CHj NHCSNHCO,C H.
N 2 2
(a) Carbendazim (b) Thiophanate
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Fig.1  Structure of carbendazim, thiophanate-ethyl, thiophanate-methyl and benomyl
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2 NWAE
21 &g
TR DOEREE (58 AZ L) ROEBE (FEY—) 2ZNE1 1 mm OS5 D% 8
THECTHML, MEEEE L.
22 A ¥
1) NN H Y NEARER
TR Y I [CoHgN3O,)  (Dr. Ehrenstorfer #, #i 99.0%) 10 mg % [EfEIZ & > T 100 mL
DERFET T AN, AX ) —NVEMATENL, LITERETAY ) =L EMZTHAX
VY MMERERG P U (ZO I mL X, DARVEVAELTO0ImgE2EH/T 5. ) .
FHICEE LT, ZORIERO—ERE A X ) —/VTIEMIZHRL, ImLHIZ20ug2E567 5
TN B WERER 2 TR L7z
2) FAT 7 r— b AFIRENRERR
FATZ 7 X — b AF I [CoHEuN4O4S,)  (FOEHIBE TR, i 99.9%) 10 mg % IEfEIZ & -
T 100 mL OERET T AT AIN, AF ) —ZMATHENL, FIERETAZ ) —LE
ACTFF 77X — M ATFNVIEREREKEZRBE LT (ZOW 1 mL X, 77— AFLEL
TOolmgaa AT 5. ) .
BRI LT, ZORKO—E&E AH /) — /L CIERICHRL, 1mL FI220pug 25HT 5
FF T 7 F— b AFAEAER A TR LT
3) FAT 7 r— MEMER
F A7 7 &2 — b [C14H|gN404S,)  (Dr. Ehrenstorfer #, #fi 99.0%) 10 mg # IEfEIZ & > T 100
mL ORET T AZAIN, AZ ) —/VEMZTENL, TIERETAY ) —LEMZTTF
F7 7 F— MEEFIEER L (ZOWImLIE, FA 77 %= hELT0lmgaE&HmT5.).
FHICEE LT, ZORIERO—ER% A X ) —/VTIEMIZHRL, ImLHIZ20ug2E567 5
FA7 73— MEEREZ TR LT
4) X/ L [CHisN,O;) FEHES
Dr. Ehrenstorfer ., #lifE 97.5%D & D % /-,
5) AZ =), YrmuaRrREr, ~FH L, FEBRT TV RORET U oA (BEK) (TR E
AR Z W, FRL L TV D LA ORI DWW TRk Z2 vz,
23 HEROEGE
1) WikZ v~ 77 7 E&E&5H . Agilent Technologies 2 1100 Series
2) LW ¥ ATyl LTy ——SR2W
3) =KL —%—:BUCHI# R-200
4)  mEEE OB AREPEER KM-15200
5) X =% 7 A : Varian & Bond Elut Jr. PSA
24 EEIFE
1 #h
SRR 10.0 g Z &> T200mL O =H T T X 3IT AN, L-7 A2 /LE 0.4 g KUK
15mL (FzHOE1X 30 mL) A2z, 30 pflfuE Lict, A%/ —/L 100 mL (2813 120 mL)
ZMNZ, 30 DRIEVEE T Lz, 300 mL ® h—LE—h—% 7 7F—JF}D FICEE,
Tk Z A% (5FEB) TWS|IABLEE, KO=A7 T AaRUOESE AKX/ —/L 50 mL T
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Yerr L, ik E ARICHE b=, A% 200 mL O 7 7 A3l A, FIZEET7 T Aa0
TRRE TA Y ) — & INZ TRIR B TITHE3 23 08HA R & LTz,
2) RSB T

UBHAR 10 mL (REHCRIZ 5 - CIEFREHAR 20 mL) % [E/EIC 500 mL O A IZ AR,
L-7ZAa)ve U fg3g, HEST MY LK (10 wv%) 150 mL L TOMA~F %2 100 mL % 1%,
5 MRV IR iE LT,

Kig (FE) %200 mL O F—/E——IZ A, KT MU U LAEK (4 mol/L XTr0.4
mol/L) Z MW T pH % 6.7~7.1 IZFH¥& L 7=.

pH #Het% O KJE % 500 mL O3k BIZBE L, Y7rr A2 100 mL Mz, 557k
VIBETLHBHEL, Yr7ruxrz22@ (FE) 4 300 mL O =A7 7 2AailZ A, 7k
3 BIZy7mm A% 100 mL 2, 5 pHIRVIBELLEZEHEL, Y7rn X2 U E@aelk
D=AT7 7 2allEGbWl. Y/7un X2 EICEEORET Y v s (HK) 2z THK
L, 300mL ORTHET ZAIAMK (5FEB) TAHBLE, KO- MT7TAazbE&DOY Y
ne AL THEL, WREARICEDbE .

AN HERR 0.5 mL & %, 40°C UL FOKEE BT 0.5 mL £ CTRIERM L%, BFZ A%
Ko THIE L7z, A% /7 —/ 2 mL Mz CTEREWEZEN L, BBRBUSCHET 23 EHAIR & L
7.

3) PABRBUS

ABHAIR I HERE (1+1) 10 mL, FEFESRH 0.2 g K ONBA 2~3 lZ %, 7297 7 A 2ITiE
AR A Hefr L7212, 120°C Olia £ T30 s MnE L7z, Huntk, HEE (1 mol/L) 10 mL &
WEEIZRD EEA bz TEREZVEGR L, SEHRIKICE b, WRIKSEL LI 2 30BHE IR &
L.

4) R STEC T

HENER %2 100 mL O3} C I L, REHERO A > TWek 37 7 2 a2z (1
mol/L) 20 mL CT¥#H L, iRz ENAIRICE b=, BT v 7 A 5g KOA~FH 2 20
mL 21z, 5o0MIRVIEEZ&ZFHEL, KE (THE) % 100 mL O43ikik}F D I L.

SRR DIZA~FH 20 mL 2 00%, SRV IBE%EHE L. KE%Z 100 mL O k—
LB —H—IZ A, KEg{LF U AR (10 mol/L LN 1 mol/L) % W T pH % 6.8~6.9 |
I U721, 300 mL OAERF E B L.

SRR SE EICHEE =L 50 mL 2%, 5 MR VIBEE-%EE L, KE (T/E) % 300mL
Do FIZAN, Fig=FVE (EJE) % 200 mL O =f~7 7 A2l Ahviz. 3k F
[ZHEEE =T L 50 mL 20Nz, 5 oMEVIRE-%mHEL, KEZ2E . =T LEEzko
=MT7 T AAZEDYE, BEOHET N UL (HK) THAKL, 200mL O2THT7 T X2l
AHE (5FEB) TAH L.

AR % 40°C LLF 0K ETK 1 mL E THUERME Lok, BRI ALk Tzl L7z, HEE2
TF)N—RAE =) (19+1) S5mL Z M2 CTEEWEENL, 77 LB 530K E L
7.

5) 1T LALER

R=h T AEFEHEICHEEL, BT LS mL CTHRF L. 50 mLORTHET 7 A%

=T LD TICEE, BEHAKZ ERFEIC AN, KEN AT L0 BEGIC#ET 5 F Tl S 87z,
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REHARD A > TV TI 7 F A azfig=F /L — A% 7 —/L (19+1) SmL § 2T 2 [HIVEH
L, WIRAZIMER I =H T 2I2MNZ, WRERH T L0 EWICET 2 TCHRESE-. BICHRT
FN—RAH 7 — (19+1) 10mL % I =47 AIMAT, IR H Y AKOEBC #[AEICHE
HEE., (ZOREETIE, FAT7 73— b AF VRO INTIAINRE D BT, FTF
77 % — MIEBCIZEHEN TS, )

WK A 40°C LLF O KIE TR 1 mL £ CTRUERNE Lok, ER T A ZE- THE Lz, K
— A% /= (1+1) 2 mL ZIEMEICINZ THREW 2L, 5,000xg T 5 0oL, b
BRRERE 7 v~ b7 T 7ERESHICHT 2 HAKR & L7

6) FEUENR D BHBR MG

AN B DEERNIXT A7 7 X — M AFVEERER | mL %2 200mL 7297 7 XA 2TiE
M ANUBABROGCHE T DR & Lz, Wiz, AEF 47 7 32— MZOWTHFR—E/ETO
WE R ATREDMRFN T D72, FA4 7 73— MEHER | mL Z EfEICNZ, AR PHBR RS It
L.

PABR SIS 14, B RERICIRIE AL T L OV = T A BIEH &, BUERNE, wE Lo
HBAK—=—A% /= (1+1) 20 mL Z EFEICMZ TEBE L., ZORD —EREK—AHX ) —)b
(1+41) TEMICHRL, 1 mLHFICHINRE P LANIET A7 7 32— F AF LR ORTF A7 7 %
— k& L T4 %5ng, 10ng, 20 ng, 50 ng, 100 ng & Y200 ng FHY &% & H T 5 KA HEWK 2 1
B, 5,000xg T 5 pEE LML, EERREZERE o~ N7 7 7EESITFHT X 2 HIEIC
g AR & LTz,

7 R~ 7T TEESRIC K BHEIE

RENRIR, FAEMERS 2 uL 2Rk o~ 77 7ERESHFHZIEA L, Table 1 ORIE S

ICREVERINA A (LR [SIMJ ) 7 e~ hJ7 T A&7,

Table1  Operating conditions for LC-MS

Column Agilent ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 3.5 um)
Mobile phase A: 2 mmol/L Ammonium acetate solution B: Methanol
B(%) 25%—15 min—60%—0.1 min—90%(7 min)—0.1 min—25%(8 min)
Flow rate 0.2 mL/min
Column temp. 40°C
Ionization Electrospray ionization (ESI)
Mode Positive
Fragmentor 100 V
Nebulizer N, (50 psi)
Drying gas N, (10 L/min, 350°C)
Capillary voltage 4,000 V
Monitor ion m/z 192 (Carbendazim), 206 (EBC)
8) it &

BonNF-ERSA AU B 7o~ NI a0 b — 7 EiEZ RO THRERAZERL, BB o
ANSRUBEDEE (FAT7 73— MATFAROR ) INEDNR T NIER LT OEE
ip. ) MO'EBC & (FA7 73— h&2 EBCIZE#HLI-bD) ZHHE L. B, WA H
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VAL LTOEEEZRDDHERICIE, EBC BB 052 2F U TCHONAR AU LE~ME L.
B, EEEOHEIE % Scheme 1 {IZ/R L7-.

Sample 10 g

—add 0.4 g of ascorbic acid and 15 mL (30 mL for grass hay) of water
— stand for 30 min

—add 100 mL (120 mL for grass hay) of methanol and shake for 30 min
— filtrate through the suction filter (No.5B)

— wash with methanol

— fill up to 200 mL with methanol (grass hay; then dilute with methanol 20 times)
500 mL separating funnel A

— 10 mL of sample solution

—add 3 g of ascorbic acid, 150 mL of 10% NaCl solution and 100 mL of hexane
— shake for 5 min

I I
Upper (hexane) layer (waste) Lower (water) layer
— adjust pH to 6.7~7.1 with 4 mol/L NaOH solution
(approximately 4 mL needed)

500 mL separating funnel B
—add 100 mL of dichloromethane and shake for 5 min
I I
Upper (water) layer Lower (dichloromethane) layer
add 100 mL of dichloromethane

shake for 5 min
| |

Upper layer (waste) Lower layer
l

— dehydrate with Na,SO, anhydrate

Standard solution — filtrate through filter paper (No.5B)

— 1 mL of 20 pg/mL carbendazim solution or
20 pg/mL thiophanate-methyl solution
— 1 mL of 20 pg/mL thiophanate solution

add 10 mL of acetic acid-water (1+1),

0.2g of copper acetate and boiling stones

—add 0.5 mL of acetic acid
— evaporate to dryness under 40°C
— add 2 mL of methanol

Ring closure reaction

reflux in oil bath (120°C) for 30 min
wash with 30 mL of 1 mol/L hydrochloric acid

100 mL separating funnel C

(To be continued to next page.)



36 fREHFFFEHR S Vol.32 (2007)

add 5 g of NaCl and 20 mL of hexane and shake for Smin
I I

Upper (hexane) layer (waste) Lower (water) layer

100 mL separating funnel D
I_ add 20 mL of hexane and shake for S5min

Upper layer (waste) Lower layer

— adjust pH to 6.8~6.9 with 10 mol/L NaOH solution
(approximately 14 mL needed)

300 mL separating funnel E

— add 50 mL of ethyl acetate and shake for 5 min

| |
Upper (ethyl acetate) layer Lower (water) layer

300 mL separating funnel F
I— add 50 mL of ethyl acetate and shake for 5 min
I I

Upper layer Lower layer (waste)
I—

— dehydrate with Na,SO, anhydrate

— filtrate through filter paper (No.5B)

— evaporate to dryness under 40°C

—add 5 mL of ethyl acetate-methanol (19+1)

Bond Elut Jr. PSA cartridge (prewash with SmL of ethyl acetate)
— wash with SmL of ethyl acetate-methanol (19+1) (twice)
— clute with 10mL of acetate-methanol (19+1)

— evaporate to dryness under 40°C

—add 2 mL of methanol-water (1+1) (standard solution; then dilute stepwisely)
— centrifuge (5,000xg , Smin)

LC-MS

Scheme 1  Analytical procedure for carbendazim, benomyl, thiophanate and thiophanate-methyl
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PABR I (& D% OEREE D G Te) 128 D EILEN, AR F D ATIEN 3%, 7477
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D% DOBAETOREIEAZ I L7z & 2 5, Table2 O & 350 BABR UL OERAE TEIEDS 76 % R
ETFRDTENRDN-T2DT, BEEFRIZHOWT S ARG LARE, SBHAK & RO EBIEZ1T 5
ZLELl.

Table 2  Recovery after each procedure

Procedure Carbendazim EBC
ring closure reaction 100% 100%
ring closure reaction and washing with hexane 96% 100%

ring closure reaction, washing with hexane

) 83% 84%
and ethyl acetate extraction

ring closure reaction, washing with hexane, ethyl acetate

() o0
extraction and PSA cartridge 76% 76%

32 FA T 7 Fx— b AFIEEROFEHIZ DN T

AIETIE, A7 72— B AF VKO IVIEOITEIEFIC AR Z Y ACERIND -
O, INRXUHETL, FTHET 7R —=FATFILVEOR ) INVDO=Z{guE N AELTER
T5. ZDD, B F—iETIE R =S ORIEITIZ AN 2D DEER Z2 AR LR
EERTDHZE Lo TND.

LL, (M) BAREDHEL & —0li e\ T, MBS TOF AT 7 F— kA FLn
DHNNRUE D ASORISFEILSONRETH D Z ERbro TS, Fiz, BAEFEE O IHE
WZBWTY, T4 7 7% — M AFVITMARKIEDBIRPFFIERNO T, FA7 71— FAF )L
EEBRTHHETT AT 73— b A FIOUERER Z ARSI L, ERLIEI N F Y AE R
WERELTHWDZEERoTWD., UEDZ EnD, KEICBWTYH, 477X — M AF L
EERTHHEIET A7 72— M ATFUEELEZABRROGICH L, AR LI Z D NE
R ETHR&ELEEZ LN

mE, NI onTE (M) BARESSITE Y —OBRFOT T, X I OERMNENIE
B (N INVETIMLANRE Y MERERE AV TRERE S £ ¥ —1ETHEE) ORRIX
FEJEUEE 93% T, AR Z Y AORMENGRER O EINE 3% L A% Th o7z, DI L
ME, X IANE IR Z Y AS~OLEHEITIZFIE 100%ThhTnbEEZLN, X/ Ik
ERTDHERITIIAINR U Z Y AOBEELEZH N THE2WEEZEZ NS,

UEDZ &Enb, BAEZBHEDOSIEELFRERIC, IARCEIZAROR ) INVEEET LHE
XN ZY MMEREREZR, TFT7 73— MATFLVEEETLIEAICIET A7 7 X — N AT
IAEYENE 2 FABREUSICHE L, R LI AR AR e L THWSRE L EZ BT,

EoT, RIEEFHWDORFIZIE, BEOHEHRNNO DL T AR IVOKRENE 2
DNDHEEI NN F Y LMEREREH, T4 7 73— M AFLOEENEZ LN DHHE1TIX
FH 77X — M ATFNVIEEREHNDZ & LT

Fo, TAHT7 7 X — MIOWTIE, ARKINICEY EBBCICEMIND oD, T4 7 7 % — ME
U 2 BBRROUSICHE L, AR L72 EBC ZAEHER L L CHWA Z & L Lz,

3.3 REMOIER
TN ZY DB T A7 7 F— b A F VB R OF A 7 7 F— MEAERE 1| mL &R
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BEE FEARICHBRKIS, WRIRAE KO =07 LOBEEZITo7-. I =07 A0 bEME, WE
BfE, wE Lo bKk—A% 7= (1+41) 20 mL % EMEICINZ CTEMR LTz, SHICK—AHX ) —
Vo (141) THIRL, 1mLHFICHONRE D AXIEITF AT 7 F— M AFAROTF LT 75— h &
LTENZEILS, 10, 20, 50, 100, 200 ng FHY &% EH T HEEREIERR L. & 2 uL 2K
sa< b7 7ERSEHIEALG LN 0~ 7T LD — 7 HfE» S BERAER LT,
ZOFERNT RO ERR & B 5~200 ng 2 B ORI CHERME AR LT,
3.4 BiEWE OB
(M) BARBESGITE 2 —OBFtoh T, i 1B EICOWTEEZYET HE—27 B3RS
NN ERHERIN TS, REOEEBRET S X —IENOEER RN &b, WRITA
L7z
3.5 IRINENEER
EOBLATZLICANRUFE Y AL LTO0.70mg/kg, B E (FET—) ITHNARUEVLEL
T 10 mg/kg FEY &2 RN L 72302 WO TRIBGE K VTG 2 gt Lz, £ OfER, Table 3
D LB Y SEHENLHE 94.6~98.3%, Mk UG I XHERER2E (RSD) & LT 6.8%LL FTHh-oiz

Table 3  Spike test of carbendazim

(%)
Spiked level .
Corn Timothy
(mg/kg)
0.70 94.6” (6.8)” -
10 - 98.3%(0.75) "

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

FiZ, L9 AZLIERN IELTL0Omg/kg, FE—IZX/ I E LT 15 mgkg FHY &
UL 72 R & O TEMLER R O TR EE 2 Rt L7z, Z ORGSR, Table 4 O & 350 SF-HyEIILE

101.4~105.8%, R UKEEIZRSD & LT 5.0% L FTh o7z,

Table 4  Spike test of benomyl

(%)
Spiked level .
Corn Timothy
(mg/kg)
1.0 101.4% (3.2)” —
15 - 105.8¥ (5.0)

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

B2, E9bAZLIZTFAT7 73— M AF L ELTO0.70 mg/kg X ONTFE—IZ 10 mg/kg & U
MU 722 O TREIGE R OS2 et Lo, ZOFR5E, Table 5 @ &30 FHEIILHE
82.1~84.4%, #iK UFEFEEIZRSD & LT I9.5%LL FTh o7z,

Fle, TAZ77Xx—MIONWThH, TA47 7% — M AFLOERMEINGRR & FIRFIZTF 47 7 31
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— & LT 0.70 mg/kg K OFE > —IZ 10 mg/kg Z B L 7238082 BV CRILER B OV Bk B %
MEt L7z, ZOREE, Table 6 O &350 FHEIULE 57.9~64.2% T, JEEIEDOENLIZ 40 7[R
Bonienot. 7ok, MR UREEIZRSD & LTRI%NU FTHoT.

7, WMEIERBR CHE LN o~ N9 A0—6l% Fig2 [o7R L.

Table 5  Spike test of thiophanate-methyl
(%)

Spiked level
(mg/kg)
0.70 84.4% (9.5

10 82.19 (6.1)”

a) Mean recovery (n=5)

b) Relative standard deviation (RSD)
¢) Mean recovery (n=3)

Corn Timothy

Table 6  Spike test of thiophanate-ethyl
(%)

Spiked level
(mg/kg)
0.70 57.9% (4.4)"

10 64.29(8.1)"

a) Mean recovery (n=5)

b) Relative standard deviation (RSD)
¢) Mean recovery (n=3)

Corn Timothy

MED 192, EIC=191.7102.7 (O70110KBWZ21-0601.0)  AFIES, FPos, SIk, Frag: 100, "Sih"
MEDLA 206, EIC=205.7:206.7 (O70110KBYM21-0601.0)  AFPI-ES, FPos, SIk, Frag: 100, "S1h"
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Fig.2  SIM chromatogram of carbendazim (m/z 192) and EBC (m/z 206)
LC/MS conditions are shown in Table 1.
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3.6 EE FIRKEOHHE TR

KEDERTREWRT LD, EIBAZLICHARNUE DL, X)) IVKRRTF AT 7 %
— M AFAENENEZRIML, KIEWE> Tofz3EFEmL, GO/t —27 O SNHNLZ
NENOEETRE OB FREZRKDZ. F47 7 % — MZOWTIE, HIEILRER T+ 7mE
IWHEBG LN R0 Tele®, ER&TREOBHH TRITRkO 2o 7.

EIBAZLICHNRFE VAL LTS50pg/kg HTN100 pg/kg tHY EZ2 RN L7232 W T
A THOMNTZ& 3 I FhE L7k %, SN2 10 & 72 DB E X 50 ug/kg TH Y, B EY
ADFERTRIX 50 ug/kg &E 2 B2, W& 50 pg/kg (28 1F 5 FHIEIULER X Table 7 D L350
115.0%, MK UMBEIZRSD & LT 12%Tholz. Fi2, AR E Y AORHEFIL SN LA 3
LI DIREND 15 ug/kg & RFED BTz,

Table 7  Spike test of carbendazim to define the limit of quantification

(%)
Spiked level
Corn
(ng/kg)
50 115.09 (12) ¥
100 104.6” (3.6)

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

FERIC 7 IO ER FRIZ, SNEEA 10 &R D END R L E L TOBRMEED 60 pg/kg
THY, WINE 60 ng/kg (2B 5 FHJRIILER (X Table 8 D &Y 113.3%, ik LKL RSD &
LTR%THoT=. 7o, X INVOKRHBIRITSNEEN 3 ERDBENS 18 ug/kg & AFEL D
ni-.

Table 8  Spike test of benomyl to define the limit of quantification

(%)
Spiked level
Corn
(ng/kg)
60 11339 (12)

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

FRICT A7 7 32— F AFILOERFIRIE, SNMR 10 ERDBENS, FAT7 72— KA F
L& L TOWRMPBED 40 ug/kg TH Y, USINE 40 png/kg (281 5 FHJ RN Table 9 D &1
72.4%, MK UKEEIXZRSD & LT32%Thotz. £z, ¥4 77 F— b AFLOBREBRRIL SN
PEAS 3 LR BN D 12 pg/kg & REES Bz,
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Table 9  Spike test of thiophanate-methyl to define the limit of quantification

(%)
Spiked level
Corn
(ng/kg)
40 72.4%(3.2)"
80 72.3%(0.86)

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)

36 FAT7 7 F—MAFNAVROTFH 7 71— b OHLFERER

KIEOBHBIEE AR T LD, INVRUEI N FAT7H2— R AFALRRR ) I LDHF T,
T HEERDLOR Lo L bR BN T 47 7 F— b AF IO THERBRZ1T -
7.

£/, BEETICTF A7 7 32— MOV T b RIMFICHRERZ FhE L 7=,

FFT7H— b AFAROF AT 73— b E LTEREN 1.3 megkg N BEEZTRMLIZE S b
AHZLWRCF AT 7 % — b AFAROF A7 7 53— k& LTENLEI 20 mg/kg A0 & 2 N0
L7cigfiE (FEY—) 20T, RASthEEREET Rl 2 &4~ R — b2 —, A
N BARBZRE 2B R R e v % —, MENEN B ARE SO o & —Z R, 2EE
BEEBRMAGEAS It v 2 —, MNATEOENIEFEERAEST (Bl () BHOKEBEEZ S
firz 2 —) REEOEMEFRER (B FlEdtr2—) O 7R BREIZBWNT, RIEICHEST
SR FER A T b L7z

FAT7 7 K= ATFAOFERIZTTable 10D LBV THY, &5 A L TIHFEHEIUEIL-7.8%,
SR PRI RS FEE R OV [ BURS BE 1 3AR R YE R 22 (RSD, X TFRSDR) & L T3.2% K TN 15% TH Y,
HorRat (X 0.95 Tho7=. £/, FF I —TIXEHEIGERIT 83.1%, =PI UG EE K OVE M FF 8L
FEHEIL RSD, X TVRSDg & L T 4.6% KN 19%ToH Y, HorRatlL 1.8 Th -7

FAT 7 X — FOFERIL Table 11 DEBY THY, &95HAHZ L TIEFEHENEEIT 53.5%, =
PRI LS B N OV [ P B 2 1% RSD, L TN RSDR & LT 4.6% K% (8 14% T ¥, HorRat | % 0.85 T
bolz. £z, FE V=TI EHEICRIL 41.6%, FEPNMHE UK E & OV BB E 13 RSD, KO
RSDg & LT 4.3%KTN26%CTdH Y, HorRat 1% 2.2 THo7-. FEHF D HorRat 28 2.0 Z Bz T\ 5
23, ZAVIRESIIN SR E O 72 HorRat % 3K & 2 BE D 75 B D T ARE B - BUR & PRSDy  (Horwitz =
MHEROH D) BDINEL ol b FHELTWL EEZ LN,

BB, BEOREYD, FRBRECHERLERES a~ N7 T 7EEOHE OB %A Table 12 12
T~ L.
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Table 10  Collaborative study of thiophanate-methyl

(mg/kg)
Sample
Laboratory .
Corn Timothy
1 0.923 0911 13.2 13.7
2 2587 268" 3949 4689
3 1.20 1.21 18.1 16.5
4 1.03 1.05 17.9 17.1
5 1.37 1.45 21.5 21.9
6 1.20 1.18 12.8 14.6
7 1.04 1.13 16.3 15.8
Spiked level (mg/kg) 1.30 20.0
Mean value” (mg/kg) 1.14 16.6
Recovery (%) 87.8 83.1
RSD, ” (%) 3.2 4.6
RSDyg ¢ (%) 15 19
PRSD; ¢ (%) 16 10
HorRat 0.95 1.8

a) n=12 (excluding Laboratory 2)

b) Repeatability relative standard deviation within same laboratory

¢) Reproducibility relative standard deviation

d) Predicted reproducibility relative standard deviation calculated by
the modified Horwitz equation

e) Removed by Cochran test

f) Removed by single Grubbs test



FEROANNF YL, FAT 72—, FAT 71— FAFVROR) IVOWEKS v~ b5 7ERMTFCL D ERE

43

Table 11  Collaborative study of thiophanate-ethyl
(mg/kg)
Sample
Laboratory .
Comn Timothy
1 0.629 0.634 8.64 8.69
2 1317 1427 18.29 2.07°
3 0.810 0.840 10.9 10.8
4 0.586 0.623 8.48 7.97
5 0.220 0.782 9.12 8.40
6 0.592 0.600 4.00 4.64
7 0.728 0.806 9.35 8.79
Spiked level (mg/kg) 1.30 20.0
Mean value © (mg/kg) 0.696 8.32
Recovery (%) 53.5 41.6
RSD, ” (%) 4.6 43
RSDy ¢ (%) 14 26
PRSD; ¢ (%) 17 12
HorRat 0.85 2.2

a) n=12 (excluding Laboratory 2)

b) Repeatability relative standard deviation within same laboratory

¢) Reproducibility relative standard deviation

d) Predicted reproducibility relative standard deviation calculated by

the modified Horwitz equation
e) Removed by Cochran test
f) Removed by single Grubbs test

Table 12

Instruments used in the collaborative study

Lab No.

LC-MS

Column
(i.d.xlength, particle size)

LC: Shimadzu LC-20AD
MS: Shimadzu LCMS-2010EV

Agilent LC/MS/MS 6410

LC: Agilent 1100 series
MS: Agilent G1946D

Shimadzu LCMS-2010EV

Waters Quattro micro API Mass
Analyzer

Shimadzu LCMS-2010EV

LC: Waters alliance 2695
MS: Waters Micromass Quattro micro

GL Sciences Inertsil ODS-3
(2.1 mmx150 mm)

Agilent ZORBAX XDB-C18
(4.6mmx50 mm, 1.8 um)
Agilent ZORBAX XDB-C18
(2.1 mmx150 mm, 3.5 pm)
Agilent ZORBAX XDB-C18
(2.0 mm*150 mm, 5 pm)
Agilent ZORBAX XDB-C18
(2.1 mmx150 mm, 3.5 pm)
Phenomenex Gemini 5u C18 110A
(2.0 mmx150 mm, 5 pm)
GL Sciences Inertsil ODS-3
(2.1 mmx150 mm, 5 pm)
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4 FED
() BAREBESONTE X —DREI LT A7 72— AT, IARUZTAFRR ) I LD

Wik v~ W77 7EEBESNFHC L D2BEE oNiEE b L, oI ZO N, F47 7%

— b, FHTZ77 X2 = ATFARKOR) INVOEEBEERF LT & ZARDOEREHT-.

1) FEERIZOWTIE, RIS, REHK & REOBREEZITORE LB DR, 2, T4
77 32— MAFNEEETDIHEET A7 72— MATFVEERE A ND_RE LEX L.
2)  PABRBOS AR O BAE 2 30BHIK & RIBRIZAT o TR HEIRIC DWW, B — 7 HifE A AV TRER 2 (F
LT ZADNRUE TN, THET7 73— M AFALEORTF A7 7 %x— k&Y 5~200ng O#HLPH T

EARE AR LTz,

3) INNRUE T AREESIBEAZLIC0.70 mg/kg , HHE (FE—) 1210 mgkg WML, @
(B ERBR 2 FEh L 7= A5 5, FRIEICERIE 96.5%, Mk UG I XHE#ER 2= (RSD) & LT 6.8%
LT ORAEN S DT,

4) R INELEIHIBEAZLIC1.0mg/kg, FE—IZ 15 mgkg TN L, HIMNENLGERZ £ L 72
FER, FHIEIEIT 103.6%, MG LR IX RSD & LT 5.0%LL FORGAED 1 DALz,

5) FATZ77F—bFAFNELEIEAT LIZ0.70 mg/kg, FE—IZ 10 mg/kg WML, UMMEIIL
FRBR A FE N L 7oA R, SEEIER I 83.3%, MK LB L RSD & LT 9.5%LL FORAEN S 5
7.

6) TETRITREFT, WA FULLELTS50ug/kg, £7203 7 1L LT 60ug/kg LT
F 77 F—FAFNLLELTA0pg/kg Y BELEZ ST,

7 FAT7 7 F—FAFALELTEIHLAZ LIC 1.3 mg/kg, KOTFE T —IT 20 mg/kg 124 B &I
U725k 2 W7 R RIRBR O 5 F, FRIEIER 85.5%, ZENMIK UK K OVEE[H] i BUR 13 M
FHEHER 7= (RSD, X OV RSDg) & LT 4.6%LL F LN 19%LL FTH - 7=,

8) M—HAETOEEN RN LT A7 7 12— MIOWTIE, £ DOEIERD 70% K TH Y,
ERBIEDOWESLIZIZE L 2o Tz,

# &
HFEBRIZSIN L TIHW RS B RIERT, (AN B AR 2R S, MEEAN B ARG
Sy 2 = RO EERRERFMGHES 2 ORBREOSALIEHOT LR LET,

x M
1) ARG 2 — R 1T S RO R EWE F R LR E F R (O TIE OB %)
B O FEWEE D3 HTEDBYE (2006).
2) BAGBHEEERLHEMLEMEBE - “BMICEET 5B, FEHAINY SOXEMY H E 3K
DR T DWEORBRIE", FR 174 1 A 24 B, &I 0124001 5 (2005).



