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Development of Determination Method of Thiophanate in Feed by LC-MS/MS
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We have developed a quantitative determination method of the concentration of thiophanate in feed
using a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS).

Having added water and sodium L-ascorbate to a sample, thiophanate was extracted with methanol,
and the extracted solution was filtered. ~The filtrate was diluted with methanol. An aliquot of the
filtrate was refluxed at 120 °C for 30 minutes with copper acetate in 50 % acetic acid solution to
form ethyl benzimidazole-2-ylcarbamate (EBC) by ring closure reaction. The solution was washed
with n-hexane and the aqueous layer was adjusted to pH 6.8~6.9 with 1~10 mol/L sodium hydroxide
solution. EBC was extracted with ethyl acetate, inverted into a methanol solution and then injected
into an LC-MS/MS to determine the concentration of EBC. LC separation was then carried out on
an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. x 150 mm, 5 pum, Agilent Technologies
Inc.; Santa Clara, CA, USA) with a gradient of 2 mmol/L ammonium acetate solution and methanol
as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization (ESI+) was
used. Standard solution of EBC to make the calibration curve was also prepared from thiophanate
by ring closure reaction.

Recovery tests were conducted on formula feed for layers, barley, maize, timothy hay, rice straw,
paddy rice and whole-crop rice silage (WCRS). Thiophanate was added at different levels as
following: 0.2 and 1.5 mg/kg for formula feed for layers; 0.2 and 1.2 mg/kg for barley; 0.2 and 1.5
mg/kg for maize; 3 and 20 mg/kg for timothy hay; 7 and 40 mg/kg for rice straw; 1 and 10 mg/kg
for paddy rice; and 1.78 and 11.1 mg/kg for WCRS. The resulting mean recoveries ranged from
83.8 % to 116 % for EBC, excluding 122 % of paddy rice for which the recovery rate was out of
target. The repeatability in the form of the relative standard deviation (RSD;) was less than 10 %
for EBC.

Key words: thiophanate; ethyl benzimidazole-2-ylcarbamate; ring closure reaction; liquid-
chromatograph tandem mass spectrometer (LC-MS/MS); electrospray ionization (ESI); feed
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1 #% B

FAT7 72— MIAAREENFIE LIZEEO Y Foafy, RO ER, R0 7 vk micmEi
ENDHERVAALAIFY =V REEATHD. HATIE 1969 HFITEIEE L THEI LR,
1974~1987 AT T TERERAKRZD VL, 1983 R CREDORIE T2 T4 7 7 F— M A FVICE
Ebolml ENTWD Y. N TOREIRDLIZ OV T, 2021 FERAICBWT EU, 7T AU b,
T F BT OBGFRIIMR TE TV RW— T, FAO N7 U7 B % %512 2015 F121T - 718 T,
ME—JLFAREIC B W THIE D BREN H D LR SN TS Y.

ENRETORBBIF ORI, IARUEIL, X)) IANEIARE D LAGEICHRE LT 0,
FA T 7 X — b WNRUE TV AEGREICBAELEZLOR T AT 7 F— A FNLE IR H YA
BRICHBELZbODRIE LT, AR, KE, INE, Ak T7AET 0.6 mgke, &9
A Z LT0.7mgkg, I T 10mgkg, Fad 5 T20mgkg, FRIEEMEIE (LK TWCRS) &9, )
K OVIK T 5 mg/kg & 72> TW5 99,

R OSHTEE LTIE, Rk 17 FEICHK S OB v~ 7T 7 E &5t 2 o 72 il
B DI NS ZV N, FAT 72— b, TAT 73— F AT VKON IVORINE RILE Bt
LIed, 747 7 % — bOBRPEN HEED 70 %& Fhlo7izd, F47 73— &R 3 foy
DRI BHIEN RO Y DI S TWD. F47 7 F— MoV TiE, PRk 22 I,
WHEN ARSI & =80 TE O EDEESITERBRLFEE] BT, XL
DFHEEEBEE 7 v~ 7T 75207 LREESHE (LT TLC-MS/MS) &WwW9H . ) v
EEE (BLF NFRLIE] 0D, ) OGS EITo720, ZOFHEINEIT 66.2~81.2 %L 20, —
HORBHZBWT, SR BT R UER R 3 ORBRIED Y VEMERIET A FT A4 > (BUF T34 PERER
EAARTA ] Lo ) IZED DAL BAME (70~120 %) ZHi7Z LW odz.
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BT BEA~ DI DO W B2 H LD T, ZOMELERET D.
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Thiophanate

ethyl N-[[2-(ethoxycarbonylcarbamothioylamino)phenyl]lcarbamothioyl]lcarbamate

C14H18N4O4S2  MW: 370.5 CAS No.: 23564-06-9

Fig. 1 Chemical structure of thiophanate
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Table 1 Compositions of the formula feed

Formula feed type Ingredient type Prop((:/rt)ion Ingredients
0
For layers Grains 53 Corn, polished white rice, paddy rice
Oil seed meal 24 Soybean meal, rapeseed meal, linseed meal
Brans 7 Dried distiller's grains with solubles
Animal by-products 2 Fish meal, poultry by-product meal
Others 14 Animal fat, Calcium carbonate, salt, calcium phosphate, citric acid,

purified wood vinegar, soft chacoal powder, paprika extract,
silicic anhydride, extract of marigold petal, fermented milk powder,

culture of Pannier Bacillus, feed additives

22 &I
1) FEfET TV KON TR SR - PCB B 2 2. A & — VITIEBER e OV
%ﬁﬂmw X LC-MS Ml (& L7 A v ARDEHEBERSOIEA R b R/) 2 v, Zallsh
IR - PCB RBA A V. LT A E VT Y A, LT NY A, K
ﬁé, FERE, BEEERER (1) —/KF# KOS N U v & (oK) TRFE/FKREH W, 1
mol/L EHEfET &= v ARIRITE IR 7 v~ N7 7 (BEL 74 v afiepisisl) %
M=, AKIZHRO LC-MS i (B + 7 A 4 AFe s s LB s b2 8) 2 -,
2) FAT 7 xr— MERERIK
FH7 7 x— MEES (BEL7 AV AFEMEER, #E 99.6 %) 25 mg Z IEMEIZE > T 50
mL OEET T AIZAN, A¥ /) —VEMLTENML, TITERE CRREZN: T 47
7 r— MEWEFFRAZFHLZ (ZO@RImLiX, 47 75x—hrELTO05mg 2EH) .
I LT, ZOEERKRO —ER&RE A ¥/ — /L TEMIZHIRL, 1 mL FIZF47 7%
—%&LTMMg%@ﬁ?é@%%ﬁ&%@%ﬁﬁ%%@b,zmomﬁ%@iﬁ@@ﬁ%ﬁ
BHER & [FERICAT o 72, EOFEEIRO —E&RE A X/ — /L THRL, 1 mL FIZFF7 7 % —
%ELTI,LIQ2&5Qlmﬁwﬂm@(I?W%Nyf4iﬁ7%wﬁWN7%ﬁ(u
T TEBCJ &w9H. ) &L 7TO0.554, 1.11, 2.77, 5.54, 11.1, 27.7, 554 KN 1llng) = &HT
% i B O B AR ER 2 TR L 7.
3) EBC fZ#Ej%
EBC FEYES (MM T 25, S 98.9 %) 10 mg Z EFEICE > T 100 mL D& T 7 A 2|Z
A, AZ ) —)VEMZCTWMNHL, FIERE CHRBE %N T EBC EH¥FKZHR L7
(ZO# 1mLi%, EBC X LTCO0.1mg&&4) .
EAICE L C, EBCEEFIRO —EREZ A X/ — /L CIEMIZAHRL, 1mL FIZEBC & LT
TN 05, 1, 2.5, 5, 10, 25, 50 KO 100 ng & &4 T 5 M ERRVERH 0O 418 HE ik % 8
L7z,
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23 WELUOHE
1) Fofet :
Mg 1 (FRAER, K&, &95bAZ LEKUREKH)
ZM 200 Retsch ! (HBI& 1mm A2 U —>, 4 flF[E655 14000 rpm)
ek 2 (FF v —HLHR, fid b KO WCRS M)
SM 100 Retsch ! (HPA& 1mm 227 U—, [E#zE ((E4£) 1430 rpm)
2) IRVIEEHE: Ly 7 ui =—H—SR-2DW ¥ A 7 v 78 (AR L 9 %% 300 rpm)
3) LC-MS/MS :
LC #F : Nexera X2 BE#l{EA U
MS/MS #5 : LCMS-8045 & il = fip il
24 TEEHFE
1 #h
SIATEREE 100 g 8-> T 300 mL OIAe =7 7 AT AN, L-TAIALE BT NI T A
lg, K20mL (FEL—#HE, fitb b LK WCRS OHA1X 30 mL) %1% 30 5 MEE%, &
IZAZ 7 —/L 100 mL (FE ¥ —HE, fibo bk WCRS O%4A 1% 120 mL) 1%, 30 43[H
ROBEETHH L, 200mLOE2ET7 7 Aa%27 7 —F}IO FICES, Mtz A% (57
B) TWARIAM LI, D =A7 7 A aRUOFEIZIERAZ /7 —/L 50 mL THEF L, [FERIC
WEl A LT, SHICRET TAIOEMRETAY ) — NV EMxT. EHEEHESEE, X
Z, Lo2bAZ LI, ZOWREMBRKIGICIT 2HEHAKRE Lic, T2 —HE, bbb, W
KBEOYWCRS 1E, ZOW2mL % 20mL ORET 7 A2IMZ, BEMRETAY /—LEMNMZT-
% PABRBOS I3 2 BUBHA K & L7z
2) PHBRBOG
AEHAR 1 mL &2 S0mL D723 ~7 7 A CEMIC AR, S512, FifE (1+1) 10 mL, #E
fRgR (1) —/KFd 0.2 ¢ B OVhA 2 50BN 2, Z8miE 2 4ke L7=1%, 120 °C Ol T30 5y
BN L CF A7 72— b & EBCICAM Lic& i Uiz, Juntk, 1 mol/L Hil% 10 mL % 25
BO RS IMA TEREZ T L, REHAIRICA DY, iESE 1+ 2530kHAK & LTz
MEMIZH WD 400 ng/mL T4 7 7 x— MEMERK | mL & FERICPHBEROSICH L, DUREFURE
IR & R OBEEIT - 7.
3) WRIRSHEL 1
WEHRRZH S UL MU U A5 g & A7z 200 mL O3 iR Az, #EHAIR
DA> TN TIE T 7 A% 1 mol/L #gfE 20 mL TP L, iRz RENARICAE DY, &
SITHRIEF AlZ~F 2 20mL 2%, 5HOMRVIBEEZHEL, KE (T/E) % 200mL
DR BICANTZ. DR BICA~FH 2 20mL 1%, 5OMIRVIEEEBEHEL, K
J& (FHE) % 100 mL @ b — L E——IZ A, WRIKSE I 2 aehaii & L.
4) RIS 1T
ABHAW Z 1 mol/L & T 10 mol/L /KEE{kT N U o A¥EHK T pH 6.8~6.9 |[ZFH%E L 7=, 300 mL
DR Clz ATz, BEHEIR D A > Tz b —b B — 1 — % Fifig = F /L 50 mL TS L,
Pl REHR IR IC G bW, SikiEF C & 5 IRV IBE - %§HFEL, KB (TE) % 300
mL D3R D IS A, B~ F vk (BE) % 200 mL D=7 7 A3l Az, 2k
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S DICHEFR = F L 50mL 2N A, 5 oIV IBEIRFHEL, KE2#ET, FR-FILVEE%E
DA77 AIHLEL. MR- FVEZEEOMEET MY v o (BEK) THAKL, 300
mL ORTIET7 7 AIAH (5 fE B) TAHMLE. BO=ZA7 7 AazbaOFETF /LT
Ve L, RIREZ LD AMEE L TARICAEDETZ. A% 40 °C L FOKIBTH 1 mL F T
JEIRMG L7oth, ERFAZES THE L. AF /—/ 2 mL & EMICNZ TEREDEZENL,
5000 X g T 54y Loy L, EEAMK%EZ LC-MS/MS ORIEIZHET 2 3EHEK & LT-.

5) LC-MS/MS (Z X % lE
FUBHA IR M OV EBC A HEIR 4 2 uL & LC-MS/MS IZEA L, EREJGH T (LU TSRMJ &
Wo. ) rm~ NI AEG. WERMA Table2 XU 3 ITR LT,
Table 2  Operation conditions of LC-MS/MS
Column ZORBAX Eclipse XDB-CI18 (2.1 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 2 mmol/L. ammonium acetate-methanol (3:2) (hold for 5 min) — 5 min
— (5:95) (hold for 5 min) — 0.1 min — (3:2) (hold for 8 min)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Air (3 L/min)
Drying gas N2 (10 L/min)
Heating gas N> (10 L/min)
Interface temperature 350 °C
Heat block temperature 500 °C
Desolvation line temperature 120 °C
Collision gas Ar (230 kPa)

Table 3 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
. 160 - 17
Thiophanate 206
- 134 20

6) #t 5
ol SRM 7 e~ b7 T L)L E—7 HELADOE S 2RO THREMRZIERL, B
EBC xR L7z, 7ok, RIETIE, T4 7 7% — MIBREFIZ EBC IZE#H I NS 7-® EBC
ELTERL, EBCEIZ1.806 2 U CTF A7 7 x— MEIZHEFE L7,
B, EEIEOEE% Scheme 1 (TR L7z,
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Sample 10.0 g (300 mL Erlenmeyer flask)

—added 1 g of sodium L-ascorbate and 20 mL of water (30 mL for hay, rice straw and WCRS)
——allowed to stand for 30 min

—-added 100 mL of methanol (120 mL for hay, rice straw and WCRS)

——shook for 30 min

— filtrated under pressure (No. 5B of JIS P3801, receiver: 200 mL volumetric flask)

—— washed with 50 mL of methanol

—filled up to 200 mL with methanol

— diluted sample solution of hay, rice straw, paddy rice and WCRS 10-fold with methanol
Ring closure reaction (50 mL evaporator flask)

—— 1 mL of sample solution L1 mL of 400 ng/mL standard solution
|

followed the same process as sample solution

——added 10 mL of 50 v/v% acetic acid, 0.2 g of acetic acid copper (II) salt monohydrate and 2~3 grains of zeol
—— connected evaporator flask to waterless condenser

— reflux in oil bath (120 °C ) for 30 min

—— washed the condenser with 10 mL of 1 mol/L hydrochloric acid

Liquid-liquid distribution I
|
200 mL separating funnel A

——added 5 g of sodium chloride

—— transferred sample solution to separating funnel A

—— washed the evaporator flask with 20 mL of 1 mol/L hydrochloric acid
——added 20 mL of n -hexane

——shook for 5 min

|

Aqueous layer (lower layer) n -hexane layer (upper layer)
| |

200 mL separating funnel B waste

——added 20 mL of n -hexane
—— shook for 5 min

|

Aqueous layer (lower layer) n -hexane layer (upper layer)
| |

Liquid-liquid distribution II waste

l—adjusted to pH 6.8~6.9 with 1~10 mol/L sodium hydroxide solution
300 mL separating funnel C
added 50 mL of ethyl acetate
shook for 5 min
[ 1

Ethyl acetate layer (upper layer) Aqueous layer (lower layer)

|
300 mL separating funnel D

added 50 mL of ethyl acetate
shook for 5 min

200 mL Erlenmeyer flask

[ |
Ethyl acetate layer (upper layer) Aqueous layer (lower layer)
| |

i¢
—added suitable amount of sodium sulfate and dehydrated the ethyl acetate waste

— filtrated through filter paper (No. 5B of JIS P3801, receiver: 300 mL evaporator flask)
——washed the evaporator flask with small amount of ethyl acetate

——evaporated to dryness under 40 °C and dried with nitrogen gas

—dissolved in 2 mL of methanol

— centrifuged for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for thiophanate in feed
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2.5 IINEGER

22 O THBMULIZF A7 73— MEBRFIR X ILFNE A F /) — )V CIEMICHAR LI ERER %
I AWT=.

FA 77 Fr—bE LT, RBFAEARAEENC 02 KO 1.5 mgkg Y4 E Gr&EHAK T T
FA47 7% —bh& LT 0.005 %0 0.0375 pg/mL, EBC & L T 0.00277 &% 0.0208 ug/mL) , K#
1202 KON 1.2mg/kg FHY & (BKIEET CF 47 75— k& L T0.005 %000.03 pg/mL, EBC &
L T 0.00277 % *0.0166 pg/mL) , &9 HAHZ LIC 02 KT 1.5mg/kg #1248 (Fei&ilehaig s ©
FA4 7 7 F— k& LT 0.005 % 0.0375 ug/mL, EBC & LT 0.00277 %% 0.0208 ug/mL) , FF
VRT3 KON 20 mg/kg MM E (REARBHAKT CTF A7 7 12— & LT 0.0075 T 0.05
pug/mL, EBC & LT 0.00415 &Y 0.0277ug/mL) , fiid> 512 7 LT 40 mg/kg tHY & (& akHA
WHTF A7 75— hELTO00175 Xr0.1 pg/mL, EBC & L T 0.00969 K O 0.0554 pg/mL)
FIKIZ 1 LN 10 mg/kg Y & (REEREHAR P TF 47 7 % — F & LT 0.0025 % T 0.025 pg/mL,
EBC & L T 0.00138 %} 0.0138 ug/mL) , WCRS (ZJF##% LT 1.78 X OV 11.1 mg/kg FHY & (i
BREHRI P cF A7 7 x— F & LT 0.01 T 0.0625 pg/mL, EBC & L T 0.00554 & O* 0.0346
pg/mL) (2725 X2 ICENFNEMG L SIBA Lz, —&HELZEIC 24 16> T 5 HATE
2L, WINENER K OOR UFSE 2R 7-.

72%, WCRS ~OUIMTBMEm eIk L TF A7 7 % —FE LT 4 KO 25 mg/kg fHY &I
5 EITV, EMTIRE~OHEX, FEWH R OREZAT ORI EREE 60 %L 10 % &8
ELT, FY OkSEER60 %) TRE=REY OKSEAERE10%) FRE 225 oXic kv
1To7-.

2.6 FIRIZIS T 2B o i R A

K 10.0 g 28> T 300 mL D3 =/ 7 T 2 a2 At, 2.4 O DIRT A E 200 mL D4
7T AATERT DBIEETITY, BONTZRBHRRE A2 /7 —/ T 10 £5 (BT OMRER)
20 5 R OV 40 f5 AR L, ZORBHATE 1 mL 2k L, FEKORAEMTH S 10 mg/kg FHY EDF
F7 72— b (REREHERCTTF A7 71— h& LT 0.025 pg/mL Y4 &, EBC & LT 0.0138
ng/mL AHY &) ZIRMEN 40 uL L N2 5 L) IR L7z, &REHT 2.4 @ 2)~3)I2HE > THSE
%, HITW->TARERN 1 mL 22D FTRERMELZSDZ 25 mL DR LT I 232 L,
SOICHEE—F NV 2 mL TBLIALRZIToIct, ER T A ko T Lz, A%/ —%&, 10
EAR U 7230BHZ X 2 mL, 20 f5A R4 L72alkBHTIE 1 mL, 40 54 R4 L72&EHTIL 0.5 mL %
ZNENWERMIZMZ CTHREMEZEN LI, 5000Xg T 5 @O L, EEAEE LC-
MS/MS ORIEIZHET 23EHAIK E L, EBC OEUEZ iR LTz, 7ok, irEfEX 2 RB#E T
FRE 1 HT 2T o7z,

3 HERUER
3.1 JFRLEND DT N

JFRL {EIX TR @O EBC FEHES ) DR EMZMER L TV DR, TOWEREIZENT, F47 7%
— MEWERIZOWTHBRRIE, ~F % U R OEEE = T VERIE 21T o 7286 5, BEIERIE 80.6 %
Poltt#ELTND. Fe, AN ZOBREEZRDOLKOTF £ —iEE AW T PR Lz
LA, BN 70 %% FEIAZMENE SN, £ T, F47 7 F— MEWEK Z AT &
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RIS PHBR RS ICHE L, B 47z EBC IR A W TREMRAIER T2 L H5EE T 52 LIk
D (AR SR A L L7z
32 MEMR
22 D 2)ITHE - T L7~ EBC HEHEH 4% 2 ul %2 LC-MS/MS ICIEA L, 55 7- SRM 7 n~ |
TITADLE—7HELOEIZHNTREREIER L. SO HRERO —FIIX Fig. 20 &
BV THY, EBC IE 0.554~111 ng/mL (FEAE L LT 0.00111~0.222 ng FHY &) O CEMpME
L.
B, YUHMmERORERPIL, T4 77 F— M%E 0.04~8mgkg A T D o k2 Rk
TEWVIHER U 7 B & SUBHA IR P O IR EE G IS M 7 5.
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0 4 T T T T T ) 0 T T T T T )
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Concentration of EBC / [ng/mL] Concentration of EBC / [ng/mL]

Fig. 2 Calibration curves of EBC standard by peak area (left) and height (right)

33 WiEWHEORE
AT AELA R, K&, LH2bAZ L, FEV—RE, bbb, KK WCRS & 1 AL
RV, REICE 0L ZRENAKRE LC-MS/MS IZHEAL, 6N SRM 7~ N/ T L%
R L7z, ZOREE, —fHoREHIB W T EBC &R UAFRFMICE—27 BB N2, 2
PMERIETA RT7A VICED DN YEE—7 OFRFHBIHNTH -T2 0D, YZE—7I13E
BEETL2LOTIEIRWE WLz, ok, 5617 SRM 7 e~ 7 J7 LAO—fl% Fig. 3 12
~ LT
WiEY— 7 OFFRGHE  EETEAEEMBDO 13 LFOHEIE, Tov—7 o (XiTEHS)
2, EEEICHY T2 E—7mfE CUIES) O 1/10 Kl (72720, &= FIREEICHY
THE—ZHEME (EEI) 2@z enI e ) .
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Fig. 3  Typical Selected Reaction Monitaring (SRM)

Retention time / min

chlomatograms of EBC in standard and

blank sample solutions

(LC-MS/MS conditions are shown in Tables 2 and 3.

A: Standard solution (0.5 ng/mL: 0.001 ng as EBC)

B~H: Sample solutions (B: Formula feed for layer, C:
straw, G: Paddy rice, H: WCRS)

34 < U w7 A ROMER

Arrows indicate the peaks of EBC)

Barley, D: Maize, E: Timothy, F: Rice

24 D D~HIZ L VL -k EBEEHE AR, KEZ, £95bAZ L, FEV—HE, bb,
Bk KN WCRS O 7 F o 7V iRBHAIRICT 47 7 32— F & L TENEI 1.44, 1.44, 1.44, 21.7,
39.7, 10.8 XN 21.7 mg/kg F Y & (BEREHAK CTF A7 72— b & LTENEN 0.036, 0.036,
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0.036, 0.054, 0.099, 0.027 }2*0.054pg/mL #H% &, EBC & L CZ# ¥4 20, 20, 20, 30, 55,
15 X030 ng/mL AHY &) @© EBC ZifkM L7z~ bV v 7 AEHERIZOWT, 2.2 D DIZHE- TR
L 7= [FREE @ EBC EEMERRIC XT3 2 v — 7 mifE b 2 fEsB L 7=

ZORERIT Table 4 DL BV THY, RE~ M) v 7 RCLDREREBLZTHL2E
ENARETH - 7.

Table 4  Matrix effect study

Concentration of thiophanate

Samples Matrix standard Samplea) Matrlxoeffectb)
solution (ng/mL) _ (mg/kg air dry-basis) oo
Formula feed for layers 20 1.44 93.4
Barley 20 1.44 99.6
Maize 20 1.44 98.2
Timothy 30 21.7 96.1
Rice straw 55 39.7 106
Paddy rice 15 10.8 103
WCRS 30 21.7 95.4

n=1
a) Converted from the concentration in matrix standard solution

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

matrix

3.5 WRINEIIEER
2.5 2HE > TIRINENGRER 2 £ L7-. ZOfEHRIL Table 5 © L B0, 5 HECAGE, K
#z, LHobAI L, FEV—HE, fbb &K WCRS IZ2WCIEFEHENLE 83.8~116 %, T D
MR USRS XA HER 72 (RSDy) & LTIE 10 %A FTH Y, ZUMHERIETA RT4 VICE
D IV EE KOG TR O BAFRE & 72 3 RAF 2/ R G b iviz. Kk & JFRL IE CTORER %
e L7 fE R, W oREBHZB W T O EIRENSE Lz, —JF, BRIV TIE, FHEILE
2 77.0~122 %, RSD: 728 82 %LAF & 720, ZUVEMGRIET A KT 4 VIZED b= EEO B IEfHE
IO & WERME L.
1) EFE 70 %80 E 120 %L F
2) PHTHEEE : 20 %LA T (IRINREE 0.2 mg/kg) , 16 %LL T (A 1 XY 1.2 mg/kg) , 15 %A T
([F 1.5 mg/kg) , 14%LLF (7 3mg/kg) , 13%LLTF ([ 4mg/kg) , 12%LLF ([ 7 mg/kg) ,
11 %LLF (A 10 mg/kg) , 10 %LL T (7 20 & T8 25 mg/kg) , 9 %LL R ([7] 40 mg/kg) .
7k, BoN-SRM 7 rn~ 77 ADO—fl% Fig. 4 IZR LT,
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Intensity/arb.units

Table 5 Recoveries of EBC from spiked feeds

Spiked level Our method JFRL method
Feed types (mg/kg Recovery” RSD,” Recovery” RSD,”
as fed basis) (%) (%) (%) (%)
Formula feed 0.2 99.1 10 75.8 10
for layers 1.5 110 4.4 109 4.6
Barley 0.2 99.6 3.6 77.8 34
1.2 116 4.8 88.6 4.6
Maize 0.2 83.8 2.9 71.0 2.7
1.5 101 4.0 85.4 4.1
Timothy 3 87.2 3.7 70.8 3.8
20 95.4 3.2 72.6 3.1
Rice straw 7 95.2 7.7 71.0 7.9
40 91.5 2.7 45.2 2.8
Paddy rice 1 77.0 8.2 63.0 7.5
10 122 7.4 75.0 8.0
WCRS® 1.78 94.4 2.8 86.2 2.7
11.1 108 2.4 91.9 2.5

a) Mean (n =5)
b) Relative standard deviation of repeatability
c¢) Thiophanate were spiked to air-dried WCRS samples one night prior to extraction. The
spike levels were 4 and 25 mg/kg as air-dry basis for thiophanate. The levels of thiophanate
as fed basis were calculated with following equation on the assumption that the moisture
content of WCRS samples was 60 % as fed basis and 10 % as air-dry basis.
The levels of pesticides as fed basis (moisture 60 %)

= the levels of pesticides as air-dry basis (moisture 10 %) / 2.25

140000 A 140000 A
90000 - € 90000
e
ks
=
40000 A 2 40000 -
[
<
-10000 T . r -10000 r . .
7.5 85 95 10.5 75 85 95 10.5
Retention time / min Retention time / min

Fig. 4 Typical SRM chromatograms of EBC in standard and spiked sample solution
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of EBC.)
A: Standard solution (55.4 ng/mL: 0.111 ng as EBC)
B: Sample solution of rice straw (spiked at 40 mg/kg as thiophanate (22.2 mg/kg: 0.111 ng as EBC))
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3.6 EEFREOHH TR
HUMVEERIETA RTA VICED b E R FTIRO B RIS LT 1/5) T ORE
(BB B AL, KERRE I HAZ LI 0.2 mgkg YR (RE&REHAR T T 0.005
ng/mL fHY &) , FE—HE L 3 mgkg FHY4 & ([F 0.0075 ng/mL F84 &) , fiid 51 7 mgkg
Y& (A 0.0175 ng/mL A1 &) I ONZ WCRS (JAFZ#H) T 4 mg/kg F124 & ([A 0.01 ng/mL #H
YE) ) ICBTAEMENEEBEOREE, ot —2DOSNENRI10LL ETHo72720, Zhb
EFA 7y 3r— FOEETRE L. 723, Table 5 IR L2V, YEEE TREEICET
2 WINENGGRER #E R IT B AF T o 72
RIEOKBH TIRZ2HERT 5720, BIMEGRBRICE DV EONT-E—27 O SN R 3 L biRE
RO, EORE, B TRIIASESRSTHESEE, RELDTE S H A LTO0.06 mgkg, T
£V —FLE T 0.9 mg/kg, fi 5D T2mgkg KON WCRS (JAFHH) T1mgkg THY, RERICE
UHHERIETA FTA CCED b BARE (A EICK LT /10 BLF) &z LTz,

3.7 BEKIZI T Dl EU o JFUK A
35128V T, K Z DT m i B O INEN R 2 e sd L 72 BR @ E (122%) L 72-o722
Lo, FIKZFHELZ. 34 L0 LC-MS/MS HIERFDO A A L ALREEFEZ ~ TR 5T, F
7o, FEERRIIREHAIR & A CEEZ T o TB U BE LoEEIIHEI LTV B2 bhb 2k
NG, REHARICE N DI XD HABRISOMRENRE TIERnWnE&EZX bz, £I T,
Bk D7 Z o 7 3B 2 T 2.6 IZHEVy, PABRBUSICHES 2 3UEHA TR O #BUC K 2 IR~ D 52
BEMER L., TOREIL Table6 D L 50, 20 5 40 fEARICB W CGRENR AL E S, *
72 40 5RO 0 BAF R i R3G b LTz,

Table 6  Effect of sample solution volume for ring closure reaction on EBC recovery
Recovery (%)

Examiner - iluti
10-fold dilution ) o1 dilution  40-fold dilution

(original rate)
A 110 86.5 93.3
B 105 82.2 100
n=1
4 FED

fA Bt T 5T A4 7 7 21— MMZDOWT, JFRL ¥E% 2, LC-MS/MS % H 7= & &5 o fi kBt

S RE~DOHEO A FIZONTRFT L&A, 47 75— b &KL RIRFICHBR KR ST

372 EBC M EMICH WD HFIEIZEE T 252 LT, LTOMENGELNT.

1) MEMIL EBC & LT 0.554~111 ng/mL F824 & (GEAREE LT 0.001~0.22 ng tHY &) OHiH T
ERMEEZ R L. 0B, YHREBEROBEHIEILX, 477 %— b% 0.04~8mg/kg &4 T 50N
B2 RIEIHE VTR U 72 B BUBHAIR TP O IR PRI Y 37 5.

2) ARBEEREAEE, KE, LH2bAZ L, FEU—EE, WX, fibb K& WCRS (2o
T, KEIZE->THRNTZZ7a~ N7 T LML, EEZHTHAE—7FRBO LR T2,

3) REZH- THLNLEREHRIRIZONWT Y ) v 7 2R 2B LR, et~ rY v 7 2
WCEDREREBEZTLI LR EENAETH T,
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4) FAETZ7rx— L LT, KBHEHRGEELENE > AT LIC 02 KT 1.5 mgkg, KEIZ
0.2 X" 1.2mg/kg, FE I —HH|Z 3 KON 20mg/kg, Find HIZ 7 KO 40 mg/kg FHY &4, LK
1 XN 10mg/kg fH Y %, WCRS IZEMHHE LT 1.78 KOV 1.1 mg/kg Y &% ZnEnamL,
AIBHE - T 5 MPHMT oM 230 L, [EICER OO L E 2R 25, Bko @R EaNC
BOWCHYMEMRIETA RTA ZEDONEEO B EA BB T 5FE L2720, ZoMic>
W, BEROOHMTRE O BB 2723 BRAF R RS/ bz,

5) AREOEETFREOBME FRIZ, 747 7% —hE LT, WBHEEHRAEE, KEKRONE D
HAZ LTENZEN 0.2 TN 0.06 mg/kg, FF—#F T 3 KO 0.9 mgkg, fabobT7 KO 2
mg/kg ThH-o7=. F7= WCRS TIZREZY T T4 KO 1 mgkg ThoTo. &E LEEE FREOR
HTBRIE, ZUMHERIETA R4V ICED bR BEE AT LTz,

6) BKICEITD, ZUVEMRBIETA RTA VIR TEEOHEMZBE L-RKERE L2
A, PABRBOSITHET 23 0BHATK 2 20 (5 KR OV40 AR5 5 Z I K v lEIR A SE S, F7240
&I D 728 RAF 7255 R DG B ALz,
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