ANE T OWERT v= b 7T 7 EEISHTFNT K DML D 22 PEfERR 87

7 ALEYTORAIOT LTS TEESIEIC L ZHITEOR LR

~AT7A—=HY A L—ADER~
IRE B, BEA BT, BB AT

Validation Study of Determination Method of Cartap by LC-MS
~Application to Ear Corn Silage~

KATO Koichi*, KADEKARU Mai" and KUWABARA Masayoshi"
(" Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC))

We have made a validation study on application of a cartap determination method, which had been
validated for corn and grass hay, to ear-corn silage (ECS). The method, which uses a liquid-
chromatograph electrospray-ionization mass spectrometer (LC-ESI-MS), has been listed in the Feed
Analysis Standard of Japan.

Cartap in ECS was extracted with hydrochloric acid (1:100) containing 1 w/v% L-cysteine
hydrochloride monohydrate, and cartap was hydrolyzed to nereistoxin with nickel (IT) chloride and
ammonia. The sample solution was purified with Chem Elut (volume: 50 mL) (Agilent
Technologies Inc.; Santa Clara, CA, USA) and injected into an LC-MS to determine the
concentration of cartap. The LC separation was then carried out on an ODS column (ZORBAX
Eclipse XDB-C18, 2.1 mm i.d. x 150 mm, 3.5 pm, Agilent Technologies Inc.) with 1 v/v%
heptafluorobutyric acid solution-methanol (4:1) as a mobile phase. In the MS analysis, the positive
mode electrospray ionization (ESI+) was used.

As documented in the previous report, recovery test results on ECS and corn were both low. The
cause investigation result indicated that acetone-diethylene glycol (49:1) added as a keeper to
prevent vaporization of nereistoxin might have caused the low recovery rate because of ionization
inhibition at mass spectrometry.

New recovery tests were conducted on ECS, applying the reduced volume of the keeper to 0.03 mL.
ECS was added with 0.0175 and 0.614 mg/kg of cartap. The resulting mean recoveries ranged
from 79.7 % to 83.7 %, and the repeatability in the form of the relative standard deviation (RSD;)
was less than 6.9 %. The reduced volume of the keeper to 0.03 mL was verified as effective for
cartap recovery tast.

This method was thus validated as useful for inspections of cartap in ECS.

Key words: cartap; nereistoxin; liquid-chromatograph mass spectrometer (LC-MS); electrospray
ionization (ESI); ear-corn silage; corn
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EANTIEL 1967 FICHIERIERFEI N TWD D EWNICK T 28BF OB EEE (WL v
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XUNCEM LR, SHAMES A Y LI T ATHERL, Rk e~ NS T TEESHE (LLT
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I, BEABER EOESNREROBHO—2E LA T a—rvHA1L—y (EH5HAZ L
DAE, BRONEPLRHBY LA L—0 LIF [TECS) EW9H. ) OAFEROFIH R HERE S 7
TWAHLZATHD. ECSDRFAHEME AKX 5 1= DI2I1EF DRSO NEE TH 50, FE I
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Cartap hydrochloride

S,S’-2-dimethylaminotrimethylene bis (thiocarbamate) hydrochloride
C7H16CIN3O2S2 MW: 273.8  CAS No.: 15263-52-2

/
—N

/S HO

S OH

O
Nereistoxin oxalate

N,N-dimethyldithiolan-4-amine;oxalic acid

CsH11NS2-C2H204  MW: 239.3  CAS No.: 1631-52-3

Fig. 1  Chemical structures of cartap hydrochloride and nereistoxin oxalate

2 EBRAE
2.1 3B
ECS 1%, 60 °C T 6 WfHfz L7, HICENICHEL CREZ L. ZhZHEE 1 mm DX
Y=V EEFE LD T 0 T IVTHEL, SHTRREE LT,
REMEDJRREEHICHNZE 26 AZ L (FEDOHR) X, HEE 1 mm DAY U — 1 &35E
Lok T L, o fr B S LT,
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) 7R AKROSNFTY 3RS - PCB BHAZH W, A% 7 —/LIZ LC-MS H (Bt~
AV AFEREERY) 2. - AT A VIRERIE KR, Hilb=> v (D) (MEK)
HWg, 7o' =T K EESFE 2830 %) KOV F L o7 ) a— L idaldERkz vz, K
%, LC-MS Al (Bt 7 A v afepiskil) % Milli-Q Element A-10 (Merck Millipore ) (2
X VRHRLL 72K (JIS K0211 @ 5218 I[EF S -#EHAK) & Hvwiz
2) T XTI v ERIRYA TR
N E T A R GRS, Ton-Pair Reagent for LC-MS (#J 0.5 mol/L ¥&#) ) 10
mL Z/KIZE2SLTIL &L, AEFERL-.
3) FTA AT UAEAER
RXTAA MRy (L7 AV AR, R R, M 98%) 64.1
mg % EREICE -S> TI00mL O2ET 7 A 2IZAN, AX ) —IVEMZTENML, BICERET
[FAEZ A TR T A A M F v UFEEFREZFHE L2 (Z0# 1 mL X, RTA A RF L
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BRICELT, FT7A4AA ST UEERK SmL 2 100mL O2&E Y 7 A2 |ZIEMEIZAN, &
ICHERRE CAZ ) — &Mz, ImLFIWCFERTA AT ELT20ug 2 EBTHRAZFHRLL
. ZOWRD—ERENTZ T NFaBEEEK— A%/ —/v (4+1) TIEFECAHRL, 1 mLH
IR TA A RFT L LTEREN 02, 2, 2.5, 5, 10, 15, 20, 25, 50, 100, 150 K TX 200
ng # 5H T &M EMRAEERE HEHR L.

<~ VY v 7 ZNBEOMERRBRTIE, FFEICImL FICR T A A RFT e LT 19 ng Z28H
T OREMER & AR L 7.

4) ANE sy TRERERR
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L-3 AT A UHERE — KW 10 g #HfE (1+100) (2L CIL &L, AHEHRRLZ.
6) M= 7 VIR
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23 HEROGE
) By7 4273/ :SM-2000 Retsch B (HPHE Imm A7 U —, [E#sE ((HER) 835
rpm)
2) KREE% - ZM-200 Retsch 0 (HBEE 1mm 227 U—>, ff AKFEER5 14000 rpm)
3) IRV IEEH : MW-DRV = ABRMF T 3% (ff HIFR & 5 %% 300 rpm)
4y M A4 Y 7+ 7 2 Chem Elut (50 mL ££¥5f])  Agilent Technologies i
5) LC-MS :
LC ¥ : Prominence & S A il
MS #B : LCMS-2010EV &t/ pr
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L, EW#EZHE 20 mL %2 200 mL O3 =44 7 5 2 2 (ZIEREIC AN, T VKSR %
AREHEIR E LT,
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ABHRIK I L=y F AR 2 mL R OV7 U E =T K 5 mL 22 7% 15 5 FHE D IBE, &
WE TR TA AT ATNKDMEL, BT DB 23 EaI & LT
3) T LB

RENAK Z S AN A VT £ 8T 2T AR 10 pEE L. 300 mL ORI 7 T Aa%h
TZADOTICEE, BEHRROA> TN =77 A2z ~FH% > 10mL T2 T3EBEHFL,
WENER T T DTN Z Tz, WWEAFTETAAID EICET I ETHRITSE TR IS A PR U%



HNE TR v~ -7 T 7EEDHFHT L2 50Tk O2 4 MRS 91

WHEH, TIZAFH 2 120 mL 27 7 2SN x CTRBRICIEH S8 72%, EHRICS — =&
LT, 7T Yy —Yx=F L7 U a—)b (49+1) 0.03 mL ZiRIN L7z, &HE%E 37 °C LLFD
K THI 2 mL ¥ T 280 hPa [£ /) 5 THRUERME L 72, 37°CLLTF CTHRill L, ®E L7z, ~7
BT IF aBEBRIATR — A ¥ /) —)v (4+1) 4mL % EfEICINZ CTHREME AL, 5000xg T5%
Moy L, EEAZ LC-MS I X D HIEICHT oA & L.
4) LC-MSIZ X pHlE

AUBHRIE e OV M BB RS ME 2 L & LC-MS IZVEA L, #IRA Ao (LLF [SIM] &
WH. ) vua~w T AEET. BIESM % Table 1 1Zx L7z,

Table 1  Operation conditions of LC-MS

Column 1 ZORBAX Eclipse XDB-C18 (2.1 mm i.d. X 150 mm, 3.5 um), Agilent Technologies
Column 2 VP-ODS (2.0 mm i.d. X 150 mm, 4.6 um), Shimadzu
Mobile phase 1 v/v% heptafluorobutyric acid solution-methanol (4:1)
Flow rate 0.2 mL/min
Column temperature 40 °C
Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Nz (1.5 L/min)
Drying gas N2 (10 L/min)
Heat block temperature 200 °C
CDL temperature 250 °C
Monitor ion m/z 150
5) #tH

HSonl- SIM Zu~ b7 AL -7 HEEZRD THREREZIEKRL, REHPTORT A R
R U EE2EHL, ZNICI83 2F U TCRETOONLVY v T EEZFET L.
B, EEEOHESE %L Scheme 1 (2R L7,
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Sample 10.0 g (200 mL Erlenmeyer flask)
——added 100 mL of 1 w/v% L-cysteine hydrochloride monohydrate solution in hydrochloric acid (1:100)
—shook for 30 min

centrifuged for 5 min at 650xg

—transfered 20 mL of supernatant to 200 mL Erlenmeyer flask
Alkaline hydrolysis

——added 2 mL of 2 w/v% nickel chloride (II)

——added 5 mL of 28 v/v% ammonia water

—shook for 15 min

Chem Elut (volume: 50 mL)

—applied sample solution and allowed to stand for 10 min

— placed receiver (300 mL of evaporator flask)

——washed 200 mL of Erlenmeyer flask with 10 mL of hexane (3 times)
— eluted with 120 mL of hexane

——added 0.03 mL of acetone-diethylene glycol (49:1)

Evaporated to 2 mL at 280 hPa under 37 °C and dried under 37 °C
——added 4 mL of 1 v/v% heptafluorobutyric acid solution-methanol (4:1)
—centrifuged for 5 min at 5000xg

LC-MS

(Cartap is quantified as nereistoxin. Concentration of cartap = Concentration of nereistoxin X 1.83.)

Scheme 1 Analytical procedure for cartap in ECS

2.5 AEREN R o 5 K 58 I
) EH9HAZLIE, IVZy T ELT 02 mgkg HYE (HERABHART TRIA A RFT v
ELTSS5ng/mL) (2725 K 91222D H)THBE LAV E v THEREREZ FRINE L IRA L.
ZOEZICHHEEAZINZ, 2.4 0O D226 )T - THAIEL, BMERNICF—/3—% 0.5 mL (£
BRI AT HRENEIEORME) KON 2 mL @ 2 FETHRML, TREOREHEREZMRE L 7.
K ARBHRIE . O 2 (A RaRBHRIE (T2 7NV A aFRIBIR — A 2/ —/b (4+1) T 2[5
WU & 2.4 D405 SHITHE-> TERE L.
2) DERERIS, F—/X—OWME%L 0mL (FMEL) , 0.1 mL, 0.3 mL %TV0.5 mL & L728K
Bra Sl L7-.
2.6 F— X—IRINEOKE
EOYBLAZLIL, IAZ vy T ELT 02 mgkeg Y E (BEHABHART TR IA AR L
LT55ng/mL) IZ725 X 912220 TR L= v TEEREZRNEEISEEG L., 20
ERICHPEEZNZ, 24 120> TEE L, VFHBENE L IR UK E 2RO 7.
2B, F—/N—OUMEX 0.03mL, 0.1 mL %0 0.5 mL @ 3 & THMEIGRER 21T - 7-.
2.7 ECS TORMENGER
ECS T, HNE 7 &JFMEE LT 0.0175 10 0.614 mg/kg fHY & (R EHART T 74
A RFT L TS55ng/mL KON 191ng/mL) &725 K 51222D H)THRHB LI E » TEHER
EENENLBME LSRG L., ZOERICHEEELZMA, 24 12> TEEL, FHEILE
K OOR UREE 2R 7=, 7238, ECS ~OUINIEEZSREHI R LAV E » 7 L LT 002 KO
0.7 mg/kg HYEIZZRD X 1TV, FEHHPIRE~OHEIL, Y Xk OREZM T oK &HEE
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BR2EEICEMLIZLE D HAZ LICK 2WIMNEIGRER T, KEUEL RS JRDO—2LE
2 b A F AL EICHSOWT, OHPLC # F L DEV, QREEKRBHAK ORI OAHEIZ X1 %
WEND MR L. 70, WIERMERNICMZ 2 X —/—DIRINEZHLCT 2 8T, BB O
@AMz b, BANMERS 2D TERVWNESZ 2, ERMREIET25 0 DIZE->TE
9 b A LI L B IRINEIGGRER 21T - 7=

ZORERIT Table 2 DEBY THY, BT7L2L0EHT A1 OEUCRERMENTE L, RER
BHAR ORI LD BEICEOLE TR DO LN oTz. 2, = "—0ORNMEEZHEST Z 2T
£V, KIEIZEEMMET L.

D LG, HPLC 7 7 A DA FE LR AEHSR O MR L 2 8GEE R ITIELS, £, F—
N=DRMEEZELT Z L TOEBETRDOLNT, WIZELLIZZD, ==X b1 41k
FRER BTz,

Table 2  Effect of amount of keeper and dilution on recoveries
Rec overya) (%)

Keeper amount

Dilution

(mL) Column 1 Column 2
No 68.4 56.9
0.5
Yes 54.6 35.2
5 No 39.3 27.0
Yes 41.1 —
—: Not tested

a) Mean (n = 2)

COMPEEEEZ, F—RX—OFRMEZWOT LT, BIEOLKEELZRDLZ L. £
ZTC, 25D 2QICKVEER T T2 2 A, ZORRIL Table3 D LBV, F—/S—DIRIMNEDH
M BIZHE, EUERME T L2, —FH T, ¥—3—RMN2 LOGEIXRML-EAIC A~ TH
IR PBE D> T2

ZDZENDL, F—RNR—FZXTA ATV OEBESHRITE L DD, —FERERL LD
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Table 3  Effect of keeper amount on recoveries

Keeper amount Rec overya)
(mL) (%0)
0 58.7
0.1 76.5
0.3 62.8
0.5 57.7
ayn=1

3.2 F— iR E OB
Bl 72 — N — IR B2 RET 5729, 2.6 206V, &9 b A2 L TORMENGERZ1T 572,
ZOFEFIT Table 4 D LBV THY, F— —DFEMEZ 0.03mL EFT52LTEHIBLAZLIC
B HKEILEN L E SN, ZUMHERIEDNA R T4 VICED SN EE R OPHTREE O B E
T TRERNEONT-Z LD, FEEOSLMTECS TORMNEZITY 2 & & LTz,

Table 4  Recoveries for cartap from maize

Keeper amount Recoverya) RSD,”
(mL) (%) (%)
0.03 71.0 12
0.1 66.4 13
0.5 57.1 4.8

a) Mean (n = 6)

b) Relative standard deviation of repeatability

3.3 BiEWHE OB
ECS ZH\, 24 O ) H HIHt->THELNTESIM 7 u~ 7T Ax MR LR, &L
FoE—7 3R LNt
AR L VB oz SIM 7 v~ 7 F A0O—fl% Fig. 2 [ZR L7z,
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Fig. 2  Typical selected ion monitoring (SIM) chromatograms
of nereistoxin in standard and blank sample solution
(LC-MS conditions are shown in Tables 1. Arrows indicate the peaks of nereistoxin.)
A: Standard solution (5.5 ng/mL as nereistoxin)
B: Sample solution of ECS (blank)

34 ~ MU v AR OMER
240 D)ME NS THBLLIZECSO T 7 73 EHAIRIC R 7 A4 A FF > & LT 191 ng/mL
Y E (R Et o2 7 07 mgkg Y &) ZIRMLTE~ MU v 7 AEHERIZOWT,
22 0 MRS THBLI-FRED R T A A bF o U EERICHT 5 B — 7 mfgk 2R Lz,
ZOFEFIL Table 5 DEBY THY, X TA ATV UERE~ MY v 7 Ak D REhpEL
5 LR JERRETH - 72,

Table 5 Matrix effect study

Concentration of nereistoxin

. b
Sample Matrix standard solution Sample (as cartap)a) Matrlxoeffect :
(ng/mL) (mg/kg) (%)
ECS 191 0.7 98.7
n=3

a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of nereistoxin in the presence of matrix to that in the absence

of matrix

3.5 IRINENGRER
2.7 \ZHE > T ECS Z W iR INENGRER 2 F2hi L7=. Z DFESIE Table 6 @ &30, FHENY
3 79.7~83.7 %, £ DI UKEEITF IR ERZE (RSDy) & LT, 6.9 %LL FOMMENG LI, #*
UMEMERIETA RTA VICED LN EE R OHMTHEO BEE (EE 70 %L E 120 %L T,
FEFE © 0.02 mg/kg Tl 22 %LLF, 0.7 mgkg Tl 17 %LLTF) Zili7-TBHRERTH-T-.
7k, o= SIM 7 ua~ 7T AO—fl% Fig. 3 1Z/R L7z,
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Table 6 Recoveries for cartap from ECS

Spiked level Recovery RSD,”
(mg/kg as fed basis)” (%) (%)
0.0175 79.7" 53
0.614 83.7” 6.9

a) The cartap was spiked to air-dried ECS samples just before extraction. The
spiked levels were 0.02 and 0.7 mg/kg as air dry basis for cartap. The levels of
cartap as fed basis were calculated with following equation on the assumption
that the moisture content of ECS samples was 30 % as fed basis and 20 % as air
dry basis.

The levels of pesticides as fed basis (moisture 30 %)
= the levels of pesticides as air dry basis (moisture 20 %) / 1.14

b) Mean (n = 6)

¢) Mean (n = 5)

d) Relative standard deviation of repeatability
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Fig. 3  Typical SIM chromatograms of nereistoxin in standard and spiked sample solution
(LC-MS conditions are shown in Table 1. Arrows indicate the peaks of nereistoxin.)
A: Standard solution (191 ng/mL of nereistoxin (382 pg as injection amount))

B: Sample solution of ECS (spiked at 0.614 mg/kg as fed basis of cartap)

3.6 EEFIRMOWRH T RO

BN ERMEZ R L-®PE, 0.2~200 ng/mL O FH# ST & 72 51 (ECS JAFZ T T 0.02
mg/kg Y B (REREHART DX T A A FF 0 55 ng/mL FHYSE) ) OFRINIEIIGER O 5
X Table 6 DEEBY BREFTHY, HoNTE—TDSNEB 10U ETHST720D, IAVZ v T D
TER FROEE X ECS OREZY T 0.02 mgkg & L7=. ECS HDOHNVH v IR EAEM T3
EEINTWARND, BERORFIEUER (0.7 mgkg) 5FEUEFE LTCRIMEILZE A, &
&R E L7z 0.02 mgkg (ZBEFBREMED 1/35 THY, ZUMEMBIETA R4V ICED LT
BiEfE (YO 1/5 L) &0 LTz,

FAREORE TIRIE, 3.5 ORMENGEERIC X V557 E B H O (R 7212 Student @ ¢-f
ERLCIAED 2 5L Lc. TR, 2y 7Okt FIROREITRZYH T 0.003 mgkg T
BV, ZUMEBIETA RTAIZED N BEME GEEEO 1/10 LLF) &7z LT,
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4 i&w
B2 FEDORFITIB T, FlE o A R HE I EE I ST, HUMEMRRE DL O BA T LI

DOWTHEEDBEMEICEES LRhoTzle®, J?l%nﬁﬁbté: A, UWTFORRERNELNTZ. £z,

T2 7 O ERE AT EEHEINEEIZ DUV T ECS ~ D %@TT%@stk A, F—rX—DYs

MEZ 0.03mLICZEET 52 L TUTFOMBENELN, AN THLIEEZ L.

) F=—_"—F3RTA AL OEBE SRR L bOD, —ERBULZHRMNT 5 Z & TH
WEMNMET L, ZORKE LTA A ALLE O mJREME I R ST,

2) LHBLAZLICHNLE vy TELT 02 mgkg MYEZIFRML, F—/S—FME% 0.03 mL,
0.ImL X 0.5 mL &F D58 KMFICHNT 6 mOH 7o &2 FEhi L, B K&K ORI UKSEE 25K
A, F—= =003 mLIRNT D LI EINRTEESN, ZYMERIETA RIA4

WCED LNTEEKOIHMTHEEO BIEMEZHZ T MEN S o,

3) AMFITHWIZECSIZOWT, REIZHE>TH LN/ v~ N T7 AL, EEXHITLHE—
JIERO oo T,

4y AKRIBEIZHENE LN ECSHREHARIZOWT~ hY v 7 AR EHR LR, vy v 73k
Bt~ F) w7 AKX DREREELZ T L RMERBETH- T2

5) ECSIZANHZ 7L L CRMHE LT 0.0175 mg/kg &N 0.614 mg/kg fRY EA ML, KL
Wo TS5 B EOOHT &2 FM L, ECEEEOEER LEZ RO E 25, 28 PEMRIET A
NI A VNTED BT HE K OOHTHEEE O B AR 20 72 385 R 235 b v 7.

6) AED ECS IZBTHHNE v 7 OERE FRIZAZY T T 0.02 mgkeg, R FRIZRZY T
0.003 mg/kg Tho7c. HKE LIER FREAOB TIRIL, ZUMEMBETA FIA4 IZED D
Nl BEMEZW - LT,

X [y
1) ABNWREEERBRIEEMMEAES  hL Y v FERENE, SFITE 6 H2016).
2) RARED - EE R QBRI OB BRI T 28, BMMSIET H 24 B, BHRESE
35 %5 (1976).
3) BEMOKFEBREE - ZREREEM ARSI EEOHIEIZOWT, FK 20444 A1 H, 19 HE
% 14729 5 (2008).
4y BN AR, R K I E v T OWRK s v~ 7T T EESHTEC ST IE 00 FH i PH &
AT a—H A L—UIIERT D720 O Y MR, fEHFZE ﬁm,%,mxuwm)





