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88 Jx/IhiS 63.7 10.7 84,0 25.1 36.7 15.9
80 JxhVY 78,9 8.1 86,6 12.8 75.6 1.7
61 JzwEpxvAi—F 71.3 7.9 71.3 3.3 72,8 5.3
62 T U~FUIF 1.7 5.0 63.7 4.0 48.3 5.7
63 I NIx/ VDY 80,5 6.2 o1, 3 8.6 71.7 7.8
64 Jnsnox 68,6 3.8 81.5 18.2 81,4 7.1
65 JolEINT 0.0 0.0 447 16.1 6.1 0.0
86 JoEary—iv 8L 1 3.7 8.9 3.5 757 5.8
61  JaRFJy—Ib 6.0 0.0 3.6 7.2 16,9 7.1
68 JoRxAN 73.6 12.5 707.0 38.7 52.1 7.4
60 AFHatr—iL 80,8 4.8 0.0 5.3 69,1 [ )
T ~AFCFTITR 81,2 8.1 56, 1 7.0 5.0 3.6
T Roobaw 85,7 5.7 80.3 7.3 76, 1 [N
72 ROVARIAVEIFN 36,0 1.9 53, 3 3.7 47,1 7.3
73 ROAALTBIT 0.0 0,0 120, 1 59.8 0.0 0.0
T RAAYE 86.7 a7 83.8 8.0 76,1 .6
76 RAFFH—F 73,3 5.9 100. 4 79,1 70.7 1.7
76 AUSI 76.3 24,8 474 10.2 74.5 3.2
71 ZRARGXFFXOY B1.1 8.7 847 1i.8 69,7 5. -
78 ARS5XYN FIN] 13.4 87.4 27.2 8.6 0.6
79 AFFHILT 781 7.2 160, 9 22.7 52,5 7.2
TR0 AFHFAY 92.8 7.0 8.7 38.4 59.7 16.2
81 A RANTBUIFN 36.8 3.4 517 8.0 42,9 6.6
82 XhSou—ib 90.1 10.8 §3.5 17,0 75.2 1.2
EETE 0.3 10.4 8.3 16.8 58.7 3.3
88 —apy 88,3 5.9 93.6 3.3 70.7 1.9
Ay 725807 46.0 3.2 53,1 5.8 50,6 3.3

85
TR n=3, HMEE : 0, 0tng/ke
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Determination of Residual Pesticides in Processed Foods

Yukari Kobayashi, Yuriko Tsuchida, Natsumi Iwasaki and Toshilide Tanji
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1 BLoHic

20084 1 BiC A L hEERM X a S WIZL5HEY
VRBEDBZIVEFREBC, NIXSGORESHECHT 8
OHBE -2 e0%, FHERRIZBVTLMIESRTOR
BBREOTRELXITIZ L Eirotz.

MTAESDOBRERECRBELL VTR, HRY VR
BELMRIC, RELEKFEET Y 0L TRKLERS
FEi = F A CHI L TRIET 5 FER, BREFHEEER
SEALEEREREESNORENREL". LL, 20

FETHE, HERER TRV EHIITRR S BERLST <,

£ OREAEEL THNETIICHBE -7, £/
KES!RYFABE s~ 7T 7 (GPC) 1L AR S
ECRIFRERZBTWAD, ZOFETKBOBRENL
By AEFNRH 5.

AR, FRY CRBECERCAA A FRB
ETHERID, MERFEMECL > THTERPOR
BREESHTHEHEERE L

2 BBAL

2.1 ®O®

HIRDGHE s Y PREL bav b L —& ATz,
2.2 REH

FEIRITE G, - FOMIE TR, AMEE TR R, MK
{62 (Bk), Dr.Ehrenstorfer GmbiB UfRiedel-de Hadn{ido
RERERRPRESL Ak,

FREBRE 7T by, BEBTFARVAS ) =B
B ERD R, ~%0 i festgi L B Rok e
REA, FoRB/RRERAVE. :

2 = Z A VARIANGS MEGA BOND ELUT C1B (1000mg)

(LLF, C18) R UWARIANG BOND ELUT PSA (500mg) (LA
T, PSA) Z AL,
©0,2un7 48— WatersBlAcrodise GHP% HIv vic,
2.3 KERCUNERME
2.3.1 GC/MS

%E: BB HEREFRY  GCMS-QP5050A

HZ 2 : Agilent Technologies® DB-5MS (0. 25mn

i.d. X 30m, NAEO. 25 m)

VAL Ea—X NV Y HFa—7 (2n)

H T LNRE : 50°C (lmin) —25C/Rin—125C (Omin)
—10°C /nin—300°C (8. Suin)

EAQRE : 250C

A vE—7x—ZRIRE ; 280C

¥4 UTHR @GMBE~Y 74, 1.5nl/nin

HEAR:20L (A7Y v F L R)

4 % Ll : EI

MEE— | : SIM
2.3.2 LC/MS/MS

R Waters® Micromass Quatiro Premier XE B {F
Acquity UPLC system

#7 b o Waters@ XTerra MS Ci8 (3.5um, 2.1 X 150mm)

B 7 ARE : 40°C

AR :50L

BOHR - (A) Smmol /LEEEE T > T = 7 LBIR, (B) #
g —n, SIUT S (B)5%Omin) —90%(15nin)
—90%(25min), HEH : 0. 20L/min

A A kil BSI (ROF 4 7)

Ee— K : MRM

Xv 7 UBE 1k

A4 # BRI : 120°C
2.4 HABRIEEE

RRWEREEZH 1 6 32/ L, Ak (1) 13,
HEGHEOHE E L&, 7T h= b L/ ~FF
SEUT L AMERER TV I =45 Ao L 2 HNEEL T2
7LD THD., I=HTLAORRIZHE TR, BEE5EH
ROFENRBEROCSHMODOFE 282 L, BESE
ERRETHLDITCI8%, ARCEPRELRET L0
EPSAZ W, Bk (R12) 18, Alklcsi a7
b= b YA/ ~EY RS TORECEBL R
DTHS. CE (K3) 1, BEETORMNERENS, ik
HO—BEELZT-ELOTHD.
2.5 WMENLHSR

PO 1l g/egd 125 X9 BRRAIEBIERZIRML, 2.
ARBIEERRIE IR U FET, =304 1T- 1=
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[ I — LU o 10g)
KRR RV L 90g
—FrEE=F A 1EE100mL, 2@ E50mL

bl K
TRLE] 3000rpm 5537F)
WA, ZRaE
FEh= L ~ ¥ E |
L PAae*f-/me, AT b= Y 30l X 208
(T LB | - (~F 9 R RERFERIE)
AmL(7ER=Y )
TISERM |. 7tr=MASm= F 4 a=rs
B RHGEImLAT, 7th=A3mLIER
TEE:
T/ ~FH) 2ml
PSABRL Fotrhi ) ~FH L )Sm F Az S
= RRHmaLEAR, 7/ ~F Yo omLTEH

2

0.2 pm7 47 —A

1 RERRBREIE (AE)

[EEgis— (LU7Beft 10g]

il 26mi

—Fhb=bt 1ERG0mL, 2B R25mL
MEREST AR
3000rpm 553}

[FEF=AE | (~% 4 BRI RE)
100mu ({7 &b=FIA)

TLr= N ASay F sz
fhiiE2smLA N, 7eh=hY2mliEH
Bk | EKRRETHIT A

AEE, ZRun

Tt | 7b s~ 2ml
RARE | 7k /~F AL )smarF4azs S

BUBHImLA- A, 72k /~ AL LOmL i
G, B |

2.5mL(7Er) (ImLA33kkH g )
[02m_ &R )

[ee/vs ]

tml (A2 /=) (L A33REH0. 250 20)
0.2y m7 45— 5
LC/MS/MS

E2 RRBITHEE (BIE)

[FEET {3t 20g]
e 26ml
—Th= A 1B 50mL, 20 8 25ml

FLb=bASM=e F A azs S
RS mL AT, 7-Eb=RA/ K@ 2)1 omLiEH
KRR P L

JEIER TN FEER
I | Tl /~F9r0:1) ml
PSARM | 7THho/~F YA )imar T ya=r s

5
SoshEmLA Ak, 7/~ P (11)20mliEH
DEFE S, S REHA

EE | amL(7 b)) (ImLA3i0.5et8 5)
[oeems ]

Lmk (A% /1) (1mL A3, 14 )
02 pum7 AT =28

E3 REBEiREE (CR)

2.6 Hil=w b v 7 ADREOR

MEASEENRAVREERWT, 2 4RREIRRREC
RUFETHEN U -RBEIRIE, BERSEEIERETMN
L, 2 5imEIR Rz AR BI0NIBETHRE
ZLbo AT, = b oy REE WML B
OELEETHR L SRR (UL, BERE) =Yoo
AEWE FLbzL, RE= Y v 7 ABBECRETRE
{2 THREIL /-,

3 HRLER

3.1 NEshhitd B s

REloY 7Y VW IRELMBT A0 L, RO
BELYHD, Al BETREROMEBRTELRS
~F Y UBERGEAL, BHRORMELZT . BSR4
1w L.

1 ~FY B SR EEROLE (=5
ik Sl IV A

i EBL—

BENS Tt (mg/g) | RSD(%) | AERS I (me/g) | RSD (%)
AE 96.8 1. 56 41.4 1. 60
Bk 2.1 3,30 41.8 1.37

RIS &EIL, BlXa U 0BIE CHRAEHR
32 (RSD) A33, 3R E R o 7L BRI TH Y, 10eDREHE
TFRd 7Y v IVRELERTEL &bl

MELBEORRE RS DL, v b b AL —TEiE
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LA EENREh S, B 8 U TIAAIZEL~BIET
DEHRARLPV VR E R, ZOREN—DEL
T, BEX 3 oV ABECHB L L # B0 RERICITE
MMBEEHELLT, ~FFUBRER Lz a2
REZLND, JORYEETDL, BETLAEEKER

~%
ol

<HEMBOMBAFTIRTH Y, RBEOREEORVBETH

S>THHBRSIERBIZBITCEI L BELBNT.

3.2 AW, BIEIZ L ARBER
SEHOBRICHOWT, AERUBER X5 RNERRS

iToT-fER A R2IIF L.

$2 ARy Y RUV PRIV — &2 RV INEIRIEREE I (Aik,BIR)

A
GC/MSHljE LC/MS/MSHE
Atk All: Bk
[GilFR <My | EIRE +Ny7 | EiLER -y | H22 ) ERER My
e @ C(RSD() A @ ( RSD(®)) | o) ( RSDOW) 2| (g RSDM) A% |
acephate 4302 ( 10,70 )} 500} 261.7 ( 754 )| 423) 820 ( 51491 101 663 ( 328 )| 0.98
bendiocarb 1128 ( 3000 1.22] 1118 ( 220 1.23] 879 ( 382 )] 1.00] 896 ( 458 ) 1.03
carbaryl 1029 ( 253 )] 1.05] 1067 ( 2.06 )| 1L16] 843 ( 3.03 )| 160l 02 ( 359 )1 1.00
edifenphos 157.2 ( 389 )| 1690 1746 ( 420 )) 2,031 744 ( 365 )] 0931 814 ( 342 )] 0.9
malethion 1488 ( 1.26 )} 1.661 164.6 ( 070 )] 1801 835 ( 5.26 )| 0.99] 88.6 ( 4.04 )| 0.99
methamidophas 112.4 ( 156 )] 105] 1216 ( 177 )1 1721 s0.6 ( 456 )] 096] 625 ( 1,78 }| 1.02
irimicarb 0.0 ( — ] 1181 936 ( 6532 3 1.17 00 ( - )] 1oo] 742 ( 7.24)[ 101
tolclofos-methvl | 106.7 ( 0.76 )1 1.20f to4.t ( 255 )] 1.20] 848 ( 704 )| ov6] 859 ( 212 )| 0490
Viab—
GC/MSTlE LC/MS/MSHE
AIE B At Bt
- EES +Hy7 | BILE *My? | EHL s | *Mo0 | B R <Ny
RS ®) ( RSD(®)) awm| o ( RSD(%)) 2EE| () ( RSD{%) ) s ( RSD(%) ) ABE
acephate 169.0 ( 5.25 }] 1,940 4560 ( 696 )| 7131 974 ( 421 )] 100} 726 (11,12 )] 0.96
bendiacarb 104.1 ( 49201 1af 1015 ( 350 t1o] 433 ( 295 )) o1 889 ( 229)] 1.00
carbaryl B5.7 ( 10.15 )] 0.93] 83.0 ( 249 )| o098 947 ( 184)1 1.00f 890 ( 237)] 1.00
edifenphos 146.4 { 1.95 )] (611 1554 ( 263 )] 1.67] 89.6 ( 043 )] 0921 860 ( 2.00 )| 0.95
imalathion 1139 ( 261 )] 1.25] 133.8 ( 6.5 )] 1.47] 949 ( 410 )] 1,001 930 ( 567 )] t.0L
methamidophos 156.9 ( 4.27 )| 1.86f 1619 ( 152 )] 2281 869 ( 350 )f 098] 730 C 1141 )| 0.99
pirimicarb 00 ( — ) to8] 831 ( 497 )] 097 00 ¢ =~ )] 1ot 835 (242 )1 089
tolclofos-methyl 94.6 ( 524 )| 1071 907 ( 298 )] 1.o2] 91t ( 487 )] 1.01] 894 ( 803 )| 1.04

&) <My RER= s ABRDY —2 TR/ R - RIEO B RNOY — 26 HY

AETHE, &lixa oY, LA bdL—EbitYY R

HATOENREBRNE Ko7, REZP~<57H, CI8IC
MIERAENEE (0. 1pg/nl) ILZAWL, BHEELE
ZTCHBERRERR;EZA, Y IALTETE =
YA TrRCSMBERILIZS W b o (B4). A
ETHCIS~DAEMIERA L RWID EY 2 7 RHEIR
TE& Mmoo L, BETIARHRREM25LE £ <,
F MBI cREHIRDAINEERTVA I L b T
Y IAATRERTELLELZLRS.

100
80
z o T i B
= @ 6~10mL
@ 40 8 4~6mb
20 B2~4imL
D aff~2ml
0 S 1Y ERE N IS M s N
o o .0 @ .0 D @
acephote  cerboryl  edifenplios  pirimicarh

B4 CIsNHnFRENTH
(D:; 7 b= AGH @ TEb=b/ARE:DERD

—BBIETHL, CIBFIROBRIZ, fhiithoOF LA
=AZALBICHESPTICIEK, BHEATLESR. =
L, =77 ACART A IERAABIZH<TS
LHREEEX LML, BETOSHBOBRL +5B5
MR, I=A7 A~AW T MBEDRYE ST VE
BhBdLExLNE.

CC/MS & LC/MS/MSIC L DI B 2 tua+ 5 &, 6C/MSIZ
K HME TR, Ak, Bikk LEMTRA100%% B2 SBEH
Zrot. BRI, 77 x— MIENPE400%5 B 2 5188
Yotz £/, TE7x—bRA& I kAR, EiE
L BRI E CRIBE N C— 2 DREFFERATH, B
BILXEddbofe, BRIEHL~ b Y v 7 AT L B
LEBa s, U— 72 HoERLREFMoOTAAROhE
ZEdL, THHHEWTRLRE RN v ROEBICE
ALmbEZ G

LC/MS/MSIZ X B TNE Tlx, BEDKEFa v ¥ 77
=2— RG22 Y I FRRAODBWERTIO%NEETTE -2
i, BhBGLERFELN. BiEELrY o
AFHE DWEBRICITEAVERLRLS, RE~w Y v 2
ADBRITIZEAERVEEZ OGN,

3.3 CEECL2RBRER

M DES R GBIEE ~BEE LICEITSW T, HRR

EEHPeLTRILEL. CETR, RE0BBRERL~
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T2 FITCIs~DAFIRR A B O T 012, ik % 20g,
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= kY Ak (2 10nLE BV, £k, PSADB Y FEE
bBETET =— FRFHBEHLEWBENDH T2
BIIZRAWAT & b /~F 4 (101) DR Z20nLICE R
L.

£ BEO MBI REE LR IIIRLL.

CC/MSIZ & B Il THEIR B A 100% % B 2 5 RIAE <
By, BRTE4URED IS, MUX s 7Y TR,
LoRb b L— CORBIEAM BN R 1205 2 B A fo. EHLR
DE— 2 EHICHT S Y v 7 AFERO E— 2 GO
ARHBE, BLORKTIELBATRY, HEF¥a Y
FTI@E, LM hhL—CIBER2EEEAL, &
Ay MRBEEs T, LEAMAL—LLHEEOE
Mhot., ZDI s, Rt by v 7 ADEETER
EAHHOME I LoRBNnEEILhL, v by
ABETEINRSWET S L, ERENI1206ZHMA5LD
Al Y, AEX s VFTIBRE LAV RAL—-TI
B A EURERTO~ 12050 G & e 1o, RAHEE S
AERRM MY vV RAOEEGETABEELCEREITD
VLERHBEELZLNRS. U7 arRREEREME],
Az ¥, L b bA L= LEI30ROEIE & 2o
s, ZRBEERERCERLEbOEBIORL.

LCAMS/MSIC E BRE T, ERTEEVBENI D, &
WA 2 7Y CI0MRE, L by by L —TAREEAREIRETO
~120%OFEF & fe o7, BRUERE = b Y v 2 A
LSS HERERRLNT, BRBE< M) IR
BHTHELT LR ) B Bhbol, =FL T2
SR s VT, TaFARR, FATRRILRHEX
a HEBROL M R AL—CEBHIZ, EIRBHHIEORE 2
ot ZAGIEGC/NSICESRIE (= b Y v AIER)
TLEBOERE L 2720, RERXTHTHY, §8EH
IR TILENHS.

BR Ay MELC/MSASIT X A RED, BHEEDE—7@
BMATGTE o EMihorz, BLLTREELEIA AF/
— NP THET B Edbhors. ICCTRELLBS,
0.026 g/l A ¥ J — MERHED € — 2 T, BE»S 4
MM 1o 4980%, 16MERIEIZA0%E CET L (B56).
SEOHRMEIRR T, RREEOMM L IERIEZE
B AR L, Eio, MERRNE L EHEE L 22 EIILC/MS/MS
TME L s, RENRIE L S FREZSLL T,
BAMTERGAEIRSBEZ-LEZEZ LS. RAA Y b
IBCCASRIE TR~ Y v 7 ADEBAKREL, ERE
RTENELWEELGRARD, REBEETE=T
YNERAE ) — LSO TR L TLC/MS/MS TIET
5K, EHIZRTBLETHS.

723, SEOLC/USMSHEIZBHT 5 BWMIBORIFIL, A
i, BEREMOLOEEOETWMA LA, REEWERHIS
SMEICE OBEFEPLTREESND Y, CETHR

SUABIII ST A2, HE D RIFRFHTILRP-
fz. BUEREIZSWTLELIZRHTOILEADSLE
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BA TP ko RS
Analysis of Demeton-S-methyl, Oxydemeton-methyl and Demeton-S-methylsulfone
in Agricultural Products by LC-MS
Eiji UeNo!*, Yuka KaBastiMa!, Harumi OsuiMal, Tsutomu OHNO!,
Satoru NEmMoTo? and Tamio MaiTani®?
1Aichi Prefectural Institute of Public Health: 7-6 Nagare, Tsuji-machi,
Kita-ku, Nagoya 462-8576, Japan;
?National Institute of Health Science: 1-18-1 Kamiyoga, Setagava-ku,
Tokyo 1568-8501, Japan;
5 Present address: University of Shizuoka: 52-1 Yada, Suruga-ku,
Shizuoka 422-8526, Japan;
*Corresponding author
We studied the simultaneous determination of demeton-S-methyl, oxydemeton-methyl, and
their oxide demeton-S-methylsulfone, in agricultural products by liquid chromatography coupled
with mass spectrometry (LC-MS). The sample homogenized with antioxidants L-ascorbic acid and
butylhydroxytoluene was extracted with acetone. An aliquot of the crude extract was reextracted
with ethyl acetate by using an EXtrelut® column. After hexane/acetonitrile partitioning lipid-
rich samples such as cereals, the extract was cleaned up on a PSA column or tandem graphitized
carbon/PSA column, and determined by ESI-SIM mode LC-MS. Average recoveries (n=5) of
compounds from ten kinds of samples fortified at the analyte concentration of 0.05ug/g were
from 73.8% to 102.5%, and the relative standard deviations were =5.7%.
{Received October 23, 2008)
Key words: 7 # bt v-S-4 F v demeton-S-methyl # F ¥ 7 X b v A FIb oxydemeton-methyl; ¥ 2
F V8- A F RNk v demeton-S-methylsulfone; BEY agricultural product: J{& 7 o= + &
57 4 —/EEDE LCMS
# B

FAP VS AFUBEIEFFYFA LV AFNGE, B
BHRITHOBERKY v RRA¥TH, BETEEELLT
BER AN TWRL, F A b S A F g, 1974 LB G
BEGLIAFNTA L vORGELTRONTE DM,
SUHEBEESE L, BB LBINEhPT VI &S EYR
YR L D BEEMICIEEShTH S, ToBEICT
Fr—FNEBL, EHMENTALE Y FEOF+ V7
ARMVAFI ROVTANVE VEDFT A NS AF

* JEARSE

| EE B R T462-8576 & EBEHILEGEETEFR 7-6

PEHUVEELAGHEWRR TI58-SS01HEMEHSK

AR 1-18-1

P HRE HREEY RE:

52-1

T422-8526 HEHRAXSH

WRNK VICEbE N B (Fig 1), gk, #AFvF2 by
AF I, log Pow 5 —0.74 (21°C) LIKIBHEEAE L, L
REWES DD, BOMETEIENL GCTRET &N
TELNDD,

fEFR, TOXIUMILENPTOER) L REEONF
LElT, BEMILTE velhiEL, Yooy v
KERiBTR, ~F Y/ TR = b ASEICE 0 E &
WTEBT VA VEEA Y Y LAERRWTEREB LR VR F v
FlRz 2 vh oRIC—EERL, Y7 oox s v cHERE
LT GCFPD B ECRIEST 2HE (LT, GCE)I® 8
—fBIcHVWLNTYVWA, L, GCH, EBHEARKOX
EWCroary rESEBICERTS 20k, AU
SAFNBIUF+ Y72 YR FUCHRMEIRGEE %
Totc&h, BEPICL > TRENENRZCF O X
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O Table 1. Retention times, and monitor ions of 3
H3CO H compounds obtained by ESI-SIM mode LC-MS
AN
P—S_C2H4_" S—“Csz, RT Monitor ion, m/z
H CO/ Compound L
3 min Target Qualifier
Demeton-S-methyl (m.w. 230.3) Oxydemeton-methyl 7.49 247.0 169.0
Demeton-S-methylsulione 7.80 263.1 265.1
Demeton-S-methyl 14,06 231.0 89.0
@) 0
HSCQJI 20 (20 mL {##H) #M /. PSA # 5 413 Varian i
/P_S—Cﬁh S—CaHs % Bond Elut Jr-PSA(B00 mg), 75771 Fh—FKv/
H3CO PSA##E # 5 £ 43 Varian %! Bond Elut Jr-PSA (500
Oxydemeton-methy! (m.w. 246.3) mg) ® FJi i Supelco 18 ENVI-Carb (1,000 mg) %8
BLELOAZNENT Y 10mL, ROTAF 4 v
10 mL T#EE L TRV,
O 3. BEBLUEH
HSCO\IHDSCH S—C,H @ =
H.CO" 2t4 2’5 SEHUERE: Retsch B2 5 1 v F 1 44— GM
3

Demeton-S-methylisulfone (m.w. 262.3)

Fig. 1. Structures of demeton-S-methyl, oxydemeton-
methyl and demeton-S-methylsulfone

OFWT EMKBIL ., E£1, FAM VS AT, FF
UF R b A F G, BRREERICKD TR TIRBEE
BEHBESNTED, TRoOBMEERcHE 724 b -
S-2 F R INNAVESD 3RS ERLIERTELZNINE
T LW, FI7sE, Yvrvory vAEERTLLE
1<, SR LOMBEEREV 3RHEHER EEEE
EdBibic, fifkr o= bS5 74— /EESHE
(LC-MS) x WK RIATEERIT LIt L A, BIFS
EWREAELNLOTRET .

EBH K
1. 828

elg, THROBEY (B% KRE, #huvlx, B9
NAZTS, £+, bzbh, DAZD, WED, AL vy
BXUOE) 2RV

2. BELIEER

L-72avevEsio7FvevFoF bz sid
FReaE T OIS ERV L. TothoFRIERTDE
METEMORIBREARHEI LI LCMSHZAY
7.

FRPMYSAFN, FFYTFALVYAFNONBIOEFTA
PSS AF VR M BRI RREETEG) OREE
MERESRA MY, T MY AIKERLT I mg/mL E
EEiEEL, #7/ - VTHERRL TRSBFEERBOR
LB E L, ¥, BEREETITATEIVT
FRL, RmEMGEERAOZEEREE L

2T 4V v+ H 5 213 Merck 8 EXtrelut® NT

200.

LC-MS #&: (M) S@Ru{ERE LCMS-2010A v 2 7
N

b LC-MS &4

h5 s (FR)ELEH Capeell Pak C18 AQ (NiE 2
mm, X 150mm, WFE3um), #7 LEE. 40°C,
B A5 mmol/L BEBE 7 v T =9 LKA, Bilk
Smmol/LBFERT v T =0 A A Y/ — B, V35V
v b BYIBE 15—-95%(16 min)—>959%(25 min)—
15%(25.01 min)— Stop(39 min), Fs#E: 0.2 mL/min,
HEAE 3uL.

44 b ESIRY 5 4 7, 25350 —8BF: 45
kV, £—t 7oy Z7EBE: 200°C, CDLEE: 250°C,
F75AF—HZ (BF) 15L/min, FS14vIr#az
(ZF%): 10L/min, BEE—F: SIM, 1 v ¥ —s;
0.8 sec, RFBHIBLIUT T =4 -4 4 (3 Table 1 17K
L7,

4, HEIRME

a #Et—1t

MBI LD 2~3 cm IBREE ) - 2588 500 g g,
10%L-TRINE VERKIENE 90 g, (IRWT 10% 7 F bk
Fod v bhvx vt VB 10 g 2RI0%E, Us—
A

b #Ht

ML 24 g GRDDD WK, RKEHLER 12 g,
#i36g EEORD, LA RKEHIEKI12mL, Fi
K18 mLEZMA CTIONMEKELL., ThiICTE v
100 mL 2MA THE I+ 4 XHHL, 3,000 ElEz/H T
5 RO EHE EEAWEIABLAE. BIRssT
b r50mL THIHL, BEABLE. AEESDY,
T b rEMAT200mLICERL-OE, #0 80 mL
500mLEF A7 5 ZAIIERY, 15mL BT cRE
Bl ChicEltrbyoadgamiciRviBER
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Table 2. Concentrations of 3 compounds in test solutions of agricultural products spiked with demeton-S-methyl

without antioxidant

Concentration, ug/g (n=>5)%

Sample Demeton-S-methyl Oxydemeton-methyl  Demeton-S-methylsulfone Total as demeton-S-methyl

Mean=® SD¥ Mean®SD Mean=*SD Mean=®SD
Brown rice 0.041%£0.003 0.003£0.001 nd 0.044%0.002
Soybean 0.031£0.001 0.010£0.000 nd 0.0400.001
Potato 0.033£0.001 0.005*0.001 nd 0.037£0.001
Spinach 0.028=%0.015 0.016£0.016 0.000£0.001 0.043%£0.001
Cabbage 0.04210.001 0.005+0.000 nd 0.046+0.001
Tomato 0.048+0.003 0.004£0.000 nd 0.051£0.003
Apple 0.023£0.005 0.02310.006 nd 0.044%0.001
Strawberry 0.019£0.011 0.034£0.013 nd 0.051£0.002
Orange 0.041£0.001 0.004£0.001 nd 0.044%0.001
Tea 0.024£0.005 0.028£0.006 nd 0.050+0.003

“nd” not detected. :
# Samples were spiked with 0.05 ug/g of demeton-S-methyl.
Y SD=standard deviation.

Db, BHMTrA VoS AICEBL, 15 5HREBL
7o 500mLAF X7 5 R TICEEx # v 150 mL £H0Z
THWVIAL, AR LAV 9T AT LIKEALE.
EHIEE, FEE 4~5 mL/S B LT 300 mL EF X
75 XCEED, Weml ETREBHL, BRI
HiGEsEEL

c Hilg
FEEOZWE¥, KEE, BEE~+4 v 30mLiiE
BEL, 100 mL &ENHRIICHELEL. 300mLEFR7 5
ZalE~FHoEFITE = YA 30mL AHA TR
Ad, IhEEEROoSIBHIBEL T aBkRE S L,
BER TEr= MY VBESNT ZEEL 2EIEDE
Lz, T b=t YVBEEDLETH 2 mL = CRIEEM
L, EZERRIcEhEESEE LK

d B
BXAT7Ebv-~F41:1)5mLiciaRlL, B
DPILVESH, KE, BNVl x @ PSA NS A, Th
LA TS 7 74 b h— K /PSA#EED 5 sicBR LI
OB, THbr-~FH (1) 10mL TEHLE, B
HEELETHW2mL ETREBHBL, ERIJRICKDIE
AR L, COBBEAY /) —vT4ml (XK K
FHEE2mL, AR Iml) CEELTHBRER Qg
#HEl/mL) & L1

e TE

FAPVSAFN, FFIVFALVAFUBLYFA
b v-S-A F RNk D002 005 010, 0158 LU
0.20 ug/mL IBSBERIE 3 L 2 LCMS IKEALT,
£ — 7 EREC X h i RBR e R Ui, BERERICD
W HEHRICIREL, IRAEERE CIER U iR 2R
ABOT, FEEOFA P VS AFL, FFYFANY
AFNBIUEFAN VS AFNANLG Y OBEERZNT
sk, B, FAPYSAFABIUOAF ST AL
v AFVOFEEICE, REEROWE.

FALPYSAFNELTORBE=F2 b -S-AF N
DBEE+AFVYFAD VA FLOBENX09350+ F A b
v-S- A F R v DEE X0.8780.
AFVFAPNVAFNELTOBRBE =%V FA by
AFNDEBE+FAP VS AFARIAF Y DBEN
0.9390.

BRESLUER

1. LCMSICLBER
GCHREBOLTEMNEN NS vFPFWELERE L
T, TAPYSAFNANK Y b A FYFA bV RAFN
EEERIC GCEABICBRE L THASRLP T, < h Yy
IRAMBNC LB E - BEOLRELE - T, GCORE
EHHPREWTEBEZL SNk, TDD GCHETERM
ORTHENSS 5 LML, LCMS 2#H03 I &Lk,
BAHBEBEHD LC-MS i< & 2 BEED KRRk
(DT, BEE*IRSATYS LCEEERVLTHRIL
fo. TORER, FAL S AFAVEBIFNLE— 2 HED
SN, BEOFHVAF O FA Y AFABLIUFA b
IS AFNANEYFA T ANDRENEL, H 5k
o TREFEB~ORELH > TE— I PKRELF—Y v
T Ut BT, WEMDEL, hoBEOSVES %
{RFFT 57 5 4 & LT Capeell Pak C18 AQ #FA L,
FAEERSuL O3 uL KEBE LA E T S, BIFHE~
7 BF oI (Fig 2). 4B, RERBAREBEHIEOMRE
WRIESH, AHOBMES XURSOEEREAZE LT
BREEERIRRIC £ 5/ — ViRiEE L, $ 72, MS &4
G ERAA Y ELTIRAE ST M+H]* 28R L
(Table 1), &4 & v OMER LA RBICN B L 5 ICHFE

H EASHEEEARRASELNERN ‘BRCBET A
BE SRRIN LSRR ESORS TH IMEOR
BiicouT” ERI17TE1H24 8, ALRE 0124001
£ (2005),
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Table 3. Concentrations of 3 compounds in test solutions of agricultural products spiked with demeton-S-methyl with

L-ascorbic acid and butylhydroxytoluene

Concentration, ng/g (n=5)%

Sample Demeton-S-methyl Oxvydemeton-methyl  Demeton-S-methylsulfone Total as demeton-S-methyl
Mean = SDY Mean*+SD Mean*=8D Mean 8D
Brown rice 0.044%0.002 nd nd 0.044%+0,002
Soybean 0.0410.001 0.001£0.000 nd 0.041£0.001
Poi ato 0.038%0.001 0.000£0.000 nd 0.038£0.001
Spinach 0.046+0.002 0.001£0.000 nd (3.048+0.002
Cabbage 0.0471+0.001 0.000+0.000 nd 0.047£0.001
Tomato 0.048::0.003 0.0000.000 nd 0.049+0.003
Apple 0.04510,002 0.001 =0.001 nd 0.0460.001
Strawberry 0.048+0.001 0.001=0.001 nd 0.048%0.001
Orange 0.0450.001 nd nd 0.045%0.001
Tea 0.047+0.001 0.0020.000 nd 0.048:+0.001

“nd” not detected.
2 Samples were spiked with 0.05 ug/g of demeton-S-methyl.
Y SD=standard deviation.

L#. MBEBE, F4bvS2F07T002~05upg/mL
(0.06~15ng), * F YV FA P v A FUBIUOF AL V-
S-A F 2k VT 0.01~05ug/mL (0.03~1.5ng) @
T BT EEE (> 0.999) BB oM.

2. WB{LHIOFM

mEklic 7 A b oS- 4 FovOZEEERE 1 mL GRER
BE 005 ug/g) EHME, 1BEKELLLDOIK2VT
BIEL, RBERDO SKAOBEE KD, TOER,
Table 2 1IZR L E DL FA b S 2 FELTORIBE
WCE LI o, BOhATHIREERICE-TRT
AR USAF VOB BBERRKAF S TFA VAT
1B b s N T EMHER L, kB, AF Y TAL VAT
WDFA R VS AF AN Y ~DOEILEDTDPTSH >
¥ 2T, BEMERIE Lok oL-T RAave v EER
kUl 7F v Fod v bv vEERL, RI0A
B rUBic VT L AE00gicg LTh~
0% L-T A I NE LEKENE 90 g F/cd 5~20% 7 F v
EFoEv baAry~F4 VB 10 g ZIRML TERYNE
— Lt bDEBVLELA, TRENL0WL-TRA I N
b Bk 90 g, 10% 7 F vE Fod v b vz v ~nd 4
TG 10 g DERICE D 74 b 8- 2 F v ER{LZ N
+ B MNE M, -, A 51, Table 3Rl &K
10% L-7 Rane vEKBHE 0 gL 10%7F v FD
F b T v~FF AR 10 g ZEBRCEM L THEYIE
—f{bF a3 HEILLD, ELOHRBTTA L Y82 F LD
B EhE & A S x . ak, st Eing
T AHEHIc, ERAHRCRLEL LD ICBEOHEERECE
WTHIEOZWEREEBE TS L L bic, RBpEROER
& TORELEP D (6 BRI KiT-1

3. KBTI FIES

BRI BRI O T D ORER X UKD DI,
Bk O I ICEEA T A HEREMRET L. 10%38 b b
o AEESHAKBE 100 mL o LT, FEigx v 100 mL

Table 4. Recoveries of 3 compounds through each
cleanup procedure

Recovery, %?

Compound EXtrelut Hexane/ Gra-PSA
column acetonitrile column
SPE  partitioning SPEY
Oxydemeton-methyl 95 102 93
Demeton-S-methylsulfone 97 101 96
Demeton-S-methyl 98 99 101

3 Mean of 3 replicates.

® Tandem graphitized carbon-PSA column SPE: Each
compound in 5mL acetone~hexane (1:1) was loaded
on the column, and eluted with 10 mL acetone-hexane
(1:1).

T2EHEE L&A, FA b S A FITiE Q0% IREE
DEBEBEONLD, BEOFVAF Y FA L YA F N
T30%IEE, F A b VS-AF AR F T S0%IEE
DEVMEIEETH -F, LT, BAEr A v ot A
EROTEHAET ZAFEICEBLLEC A, BBz F
150 mL TWEFNOKS & 95% Ll Lo BIF iR E e
St (Table 4). 158, Bk T3 Yy 1V v+
NT A OIRSMEE L, £k, BldaEnss0
BEGHIC L SHERETE b, SRyt v o ta
S ANDRBEENES 8 g UKDDDIWEN, KEny
iddg Fiz2g HHELL

4. Rilg, BHE

~EG/TE = b Y SEIC & B RS o W TR E
L. ~F4vE30mL LT, ~F4+ /8f7+ b
—rU30mLT2EEEELLE TS, WTFhOoRS Y
1313 100% DA% (Table 4) TH - 12D T, EBEDOEZ WL
Lk, KEIWH LTI DOEEEmML .

T, BHBELRENTVWEYS 754 VhH—K v/
NH2 (500 mg/500mg) # 5 AB X UBEHEEE LT £ b
ZhY bz v 3 ) ERVAEEEICO VLTS L
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fo. FOFER, BOohATD, BTR, 75771 FH—
EVBHLBERANEHR L, ToL, ThooRAD
PN X b NH. @7 SIEIHER S S oRMR S BEH L,
SERTATEIC A AEES S, 0T, S LD
EIEFEBEEASEZ UV PSA (500 mg) 71 7 4 OFHiIC, BA&
LTS5 7+4 A= (1,000mg) 45 L5EELT
BuwaAks Lk, BHEGE, »o7/ 1 FEZCESEYE
RADOBRENRIAEZE L CT b y-~FH v (1:1) %
i T A, 3B 10 mL TEE L (Table 4).
B, REBIEE02um 7 4 V7 —TABLELELA, #*
FUFAPYAFNORE EEZL LNBBRENED LN

5. ANHIERERER

RENZ I0EHO BEDOBER I, 3Ry oEE
i 1 mL GREHhBE 005 ug/g) %02 EmE
1EEERE LA SO >WTEIREL RS . F0iEER
Table 5 R L1 & 512, 73.8~102.5% OEULE, 0.9~
ST%OEMBEREMNE O N, KR EOBIFHERN
DERRE NI, F£/, SIMY o= b5 A I BEYH
FOPBELRLZLIUE— 7 BRO N Uum -, Bt
LCMS solution DY 7 b o = T2BWT, S/N # 10
252 3EBMBRMEERDLETH, FA P v-SAFN
THREPEBE 0008 ug/g, A3V FA M VAFUBLY

CEmE, JTOBRETERLL FAbVSAFURNFy TEEPEE 0004 ug/gT
Table 5. Recoveries of 3 compounds from fortified agricultural products
Recovery, % (n=>5)¥
Sample Demeton-S-methyl Oxydemeton-methyl Demeton-S-methylsulfone
Mean RSDY Mean RSD Mean RSD
Brown rice 88.6 3.9 92.3 1.7 98.0 2.3
Soybean 83.0 1.9 80.2 2.8 90.9 2.1
Potato 76.9 1.9 77.2 2.0 80.1 4,6
Spinach 95.4 4.1 785 3.0 88.0 3.0
Cabbage 93.8 2.8 93.8 1.6 98.7 1.3
Tomato 97.4 5.9 94.3 2.1 80.5 0.9
Apple 92.7 29 87.6 45 96.8 2.3
Strawberry 96.9 2.0 989 2.0 94.6 1.8
Orange 90.4 2.0 822 2.7 94.5 3.0
Tea 97.0 2.3 73.8 57 1025 2.8
3 Samples were spiked with 0.05 ug/g of each compound.
b RSD=relative standard deviation.
(A)
X 10,000 X 10.000 X 10,000
84  Demeton-S-methyl 16 4 Oxydemeton-methyt 18 4 Demeton-S-methyisulfone
) | AN “a,
4 81 91
\ mfz miz mfz
231 247 263
04 1 T T 1 89 0 T T T T T 169 04 1 T T T /\l 265
12 13 14 15 min 4 5 6 7 8 min 4 5 8 7 8 min
(8)
X 10,000 * x 10,000 x 10,000
8 16 v 184 ]
4 8 9
miz A miz } miz
231 247 A 263
° H T T T 89 o 1 1] T 1 T 169 04 T i] 1] T T 265
12 13 14 15 min 4 5 8 7 8 min 4 S 8 7 8 min
(©)
X 10,000 X 10,000 X 10,000
s8] 16 18
84 9-
4 + miz + miz * miz
231 247 263
04 T T H T 88 04 T T T ] T 169 04 T i T 265
12 13 14 15 min 4 5 6 7 8 min 4 5 8 ; é min

Fig. 2. SIM chromatograms of (A) standard solution of demeton-S-methyl, oxydemeton-methyl and demeton-S-methyl-
sulfone (0.1 ug/mL), (B} extract of brown rice spiked with 0.05ug/g of each compound, (C) extract of blank

brown rice.
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&1, Fig 212 3RS OEEERE, EESTHRMLIX
WO S L SEERO T 5 7 REREIEO SIM 2 o
SA WA PN N U

F & &

EEMROF A b S AFL, AFFAIVATA
BEUINSOBILERTHE T A L V-S-AF RN
t U AEEROERT A DO SITETREAEL .

1. LCMSickby, WmiEAEL, REKEET LT+
A by AFAREIHRAERIFICOREL TERT S
v R T ADNEET R,

2. FEHC 2 EHONBMERNT 2 AL EEER
L, 4 b vS-2F LOEBR{LEREHETLILNT
=

o

3. BHMY Vo tH I A EROTERERET S Ak
HEAEAT A LT, Voo iy yOEREERT S
ENTER.

4, BERgT T VLR, ~F T /TR =Y ASERS
YU U572 4 =K /PSAGEEEN I AFEIL S
BLhEs I LT, KERAEDERIIBRET A LNT
-

BB AWER TRIOFEELESHERERLR

SRELMBEEEEIIMT A VT 1 7Y X MHIEEA
b B DIERREEC LV ERELLLOTH B,
SEW R & ¥ LA BRREBEESINERETEOREST I
g LEd. T, RAXOERICSLY, BEUTE
B Wi W BN EES AREERAROMRED A TR
CRE L ET

0y

*
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Determination Method for Ractopamine in Swine and Cattle
Tissues Using LC/MS
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Chigasaki-shi, Kanagawa 253-0087, Japan: * Corresponding author

Simple and reliable methods using LC/MS have been developed for the determination of the
B-agonist ractopamine in swine and cattle tissues. Ractopamine was extracted with ethyl acetate
from muscle and liver, and the ethyl acetate layer was evaporated to dryness. The residue was
purified by partition with acetonitrile/n-hexane. In the case of fat, ractopamine was extracted and
purified by partition with acetonitrile/n-hexane. The resulting acetonitrile solutions were evapo-
rated to dryness. The residue was dissolved in methanol, and subjected to LC/MS. The LC
separation was performed on a Wakosil-Il 3C18HG column (150X 3 mm i.d.) in isocratic mode with
0.05% trifluoroacetic acid-acetonitrile (80 : 20) as a mobile phase at a flow rate of 0.4 mL/min. The
MS detection was performed in the selected ion recording (SIR) mode, with detection of the M+H™*
ion of ractopamine (m/z 302) produced by electrospray ionization (ESI). The mean recoveries of
the drug from swine muscle (0.01 ug/g fortified), fat (0.01 ug/g fortified) and liver (0.04 ug/g
fortified) were 99.79%, 99.5% and 100.8%, and those from cattle samples were 108.3%, 97.0% and

109.4%, respectively. The relative standard deviations (RSDs) ranged from 0.1% to 9.5%.

The

limit of quantification (LOQ) of the drug was 1 ng/g.

Key words:

Introduction

B-Adrenergic agonists (8-agonists) are widely used as
bronchodilators, tocolytics and heart tonics in clinical
and veterinary medicine!. Ractopamine (Fig. 1) is a
B-agonist, and the impact of this drug on growth per-
formance and carcass quality has been clearly
demonstrated in pig, mainly in terms of increased
weight gain and lean tissue accretion, as well as im-
proved feed conversion ratio®¥ The advantages of
feeding pigs with this drug have been reported as in-
creased daily weight gain, improved feed efficiency,
saving on feed, increased nitrogen retention and
shortened breeding period® -,

Recently, veterinary drug residues have become a
matter of public concern because of possible adverse
effects on human health owing to carryover from drug-
treated animals to the human diet. Ractopamine has
been approved as a feed supplement in the U.S.A. and
Australia. On the other hand, the EU has officially
banned the use of such adrenergic drugs as growth-
promoting agents and the import of ractopamine-
treated meat. In Japan, the use of this drug has also

ractopamine; S-agonist: swine; cattle; LC/MS

been banned and maximum residue limits {(MRLs) have
been set for the drug as shown in Table 1.

Several screening methods for ractopamine have
been reported based on enzyme immunoassay (EIA) or
enzyme-linked immunosorbent assay (ELISA)"®. The
detection limits of these methods were in the 1-50 ng/
mL (ppb) range, and the cross-reactivities for other
B-agonists were generally less than 05%. These
methods are able to detect ractopamine without compli-
cated purification, due to the specificity of antibody
used, though matrix effects often occur. Other screen-
ing methods using HPLC with electrochemical
detection!® M UV detection'®¥, and fuorescence

Table 1. Maximum residue limits (MRLs) for ractopa-
mine in Japan

Animals Tissues MRL (ppm)
Muscle 0.01
Fat 0.01
Cattle and Swine Liver 0.04
Kidney 0.09
Other edible parts 0.04
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detection® have also been reported. These methods are
sensitive, but generally require complicated pre-
treatments and are also time-consuming for detection of
ppb levels of ractopamine (Table 1). The methods using
HPLC with tandem mass spectrometry (LC/MS/MS)
are highly sensitive® '™ ¥ but these instruments are
expensive.

On the other hand, LC/MS systems are widely avail-
able, and are sensitive enough to detect ppb levels of
ractopamine as listed in Table 1. So, if a simple and
reliable method using LC/MS is developed, more in-
spection agencies will be able to perform residue analy-
sis of ractopamine.

The aim of this study was to develop a simple and
reliable method for the quantification and confirmation
of trace amounts of ractopamine in swine and cattle
tissues using LC/MS. The procedure was developed for
use in routine monitoring of ractopamine residues, as
mandated by the inspection agencies.

Materials and Methods

Samples, chemicals and materials

Swine and cattle tissues {(muscle, fat and liver) were
purchased from a market in Tokyo, Japan. These
samples were stored at —40°C until analysis. Standard
ractopamine hydrochloride was obtained from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). Racto-
pamine standard solutions were prepared as described
below. A standard stock solution containing 100 ug/
mL of ractopamine was prepared in methanol, and the
solution was diluted successively with methanol. These
standard solutions were stored at —20°C until analysis.
All the solvents used were of LC grade and other chem-
icals used were of analvtical grade unless otherwise
stated.

Liquid chromatograph and mass spectrometer

Alliance 2695 separation module liquid chromato-
graph (Waters, Co,, Milford, MA, USA) coupled with a
micromass ZQ 2000 mass spectrometer (Waters).

LC/MS conditions

Column: Walkosil-Il 3C18HG (150x3 mm id., 3um,
Wako Pure Chemical Industries, Ltd.)

Column oven temperature: 40°C

Mobile phase composition: 0.05% trifluoroacetic acid-
acetonitrile (80: 20)

Flow rate: 0.4 mL/min

Source temperature: 100°C

Desolvation temperature: 350°C

Gas: nitrogen, flow rate: ca. 360 L/hr

Capillary voltage: 3.5 kV

lonization mode: ESI, positive ion mode

Measuring mode: SIR

Monitoring ion: m/z 302

Cone voltage: 20V

Sample preparation
For meat and liver, a finely chopped sample (5.0 g)

was weighed into a 50 mL centrifuge tube. Then 20 mL
of ethyl acetate and 1 mL of 4 mol/L potassium carbon-
ate solution were added to the tube, and the sample was
homogenized for 2 min and centrifuged for 10 min at
3000 rpm. The ethyl acetate layer was transferred to a
recovery flask, and 20 mL of ethyl acetate was added to
the pellet in the tube. The mixture was homogenized
and centrifuged. The resulting ethyl acetate solutions
were combined and evaporated to dryness below 40°C.
The residue was dissolved in 30 mL of acetonitrile, and
the acetonitrile solution was vigorously shaken twice
with 30 mL of n-hexane saturated with acetonitrile.
The resulting acetonitrile solution was evaporated to
dryness, and the residue was redissolved in 1.0 mL of
methanol.

For fat samples, preparation of the test solution was
performed as described below. A sample (5.0 g) was
weighed into a 250 mL glass tube. Then 30 mL of
acetonitrile and an equivalent volume of n-hexane satu-
rated with acetonitrile were added, and the sample was
homogenized for 2 min and centrifuged for 10 min at
3,000 rpm. The acetonitrile layer was transferred to a
recovery flask, and 30 mL of acetonitrile was added to
the glass tube. The mixture was homogenized and
centrifuged. The two acetonitrile layers were combined
and defatted with 30 mL of n-hexane saturated with
acetonitrile. The acetonitrile layer was evaporated to
dryness, and the residue was redissolved in 1.0 mL of
methanol.

Determination of ractopamine

Determination of ractopamine was performed by LC/
MS. Aliquots of 2ul. of the ractopamine standard
solutions and the test solutions were injected into the
LC/MS system. The quantification was performed by

calculating the peak areas. Detection was performed by
SIR at m/z 302.

Results and Discussion

MS conditions

Ractopamine is a basic compound possessing an
amino group (Fig. 1). Therefore, the positive ESI mode
was applied for the analysis of this drug. In the MS
spectrum of ractopamine, the proton adduct of the
ractopamine molecule (M+H)* (m/z 302) was observed
as a base peak. Therefore, the m/z 302 ion was selected
as the monitor ion for SIR. The cone voltage was set to

20V, since the monitoring ion {7n/z 302) was observed
most strongly.

OH
OH I|1
N
*
CH,
HO
Fig. 1. Structure of the B-agonist ractopamine

The asterisks indicate asymmetric carbon atoms.
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Fig. 2. Chromatograms of ractopamine standard solu-
tions with two different mobile phases
0.2 ug/mL of ractopamine standard solution was
injected into the LC/MS with the mobile phase of
0.05% trifluoroacetic acid-acetonitrile {85: 15) (a)
or (80: 20) (b).

HPLC conditions

A standard C18 column, which is generally used for
the analysis of veterinary drugs, was selected as the
analytical HPLC column.

Acetonitrile and 0.05% trifluoroacetic acid were
selected as the mobile phase and the flow rate was set to
0.4 mL/min, based on the Multiresidue Method [ for
Veterinary Drugs, etc. by HPLC (Ministry of Health,
Labour and Walfare, Japan).

The standard solution of ractopamine was subjected
to LC/MS using 2 different mobile phases (0.05% tri-
fluoroacetic acid—-acetonitrile (80 :20 and 85:15)). The
chromatograms obtained are shown in Fig. 2. The peak
obtained was very sharp with 0.05% trifluoroacetic
acid—acetonitrile (80:20), whereas it was slightly
broadened with 0.05% trifluoroacetic acid-acetonitrile
(85:15). It was considered that the isomers of racto-
pamine were partially separated in the latter mobile
phase.

The MRLs for ractopamine are set as the total concen-
tration of these isomers. Therefore the mobile phase of
0.056% trifluoroacetic acid-acetonitrile {80:20) was
selected in this study and the ractopamine was deter-
mined based on the one peak.

Extraction and clean-up

First, solvents for the extraction of ractopamine were
investigated. Almost all added ractopamine was ex-
tracted by using methanol/acetic acid?, methanol® or
acetonitrile, but materials which interfered with the
determination of ractopamine were also extracted.
Therefore, we used ethyl acetate as a solvent for extrac-
tion, and transferred un-ionized ractopamine to the
ethyl acetate layer by adding 4 mol/L potassium car-
bonate. This method could extract ractopamine almost
entirely, without extracting any interfering material.
In the case of fat, ractopamine was extracted and
purified by partition with acetonitrile/n-hexane, be-
cause no interfering material was extracted.

Table 2. Results of recovery tests for ractopamine

Swine Cattle
Fortified
(ppm) Recovery RSD  Recovery RSD
. (%) (%) (%) (%)
Muscle 0.01 99.7 6.6 108.3 0.1
Fat 0.01 99.5 9.5 97.0 0.1
Liver 0.04 100.8 5.7 109.4 1.9

n=3

Next, clean-up procedures were investigated using
several cartridge columns (polymer, C18 reverse phase
and cation-exchange type). The retention and elution of
ractopamine were good in the case of the standard
solution, but less good in the case of food matrices, and
the recoveries varied widely. So, the chosen clean-up
procedure consisted of only partition with acetonitrile/
n-hexane, without using the cartridge columns.

With such a simple method, the extraction of
ractopamine was achieved with high recovery and high
reproducibility, without interfering peaks on the
chromatograms.

Recovery test and precision of analysis

The results of recovery tests are shown in Table 2.
Ractopamine was added to muscle and fat at the level of
0.01 #g/g, and added to liver at the level of 0.04 ug/g.
These samples were analyzed by the proposed methods.
Mean recoveries of ractopamine from swine tissues
were 99.5-100.8%, and those from cattle tissues were
97.0-109.4%. The RSDs (n=3) ranged from 5.7% to
9.5% for swine samples, and from 0.1% to 1.99% for
cattle samples. The LOQ was 1 ng/g (S/N=10). These
results satisfied the standards for residual analysis of
veterinary drugs in foods established by the Codex
Alimentarius Commission (CAC). Therefore the method
proposed in this study offers good performance for the
analysis of ractopamine residues in foods.

Conclusion

A simple and reliable method using LC/MS has been
developed for the determination of ractopamine in
swine and cattle tissues. The method consists of extrac-
tion with ethyl acetate for muscle and liver and with
acetonitrile/n-hexane for fat, clean-up by extraction
with acetonitrile/n-hexane saturated with acetonitrile,
and determination using LC/MS (SIR mode).

The mean recoveries of ractopamine from swine
samples were 99.5-100.8%, and those from cattle
samples were 97.0-109.4%. The RSDs ranged from
0.1% to 9.5% (n=3). The LOQ was 1 ng/g (S/N=10).
These results meet the standards for residual analysis
of veterinary drugs in foods established by CAC. There-
fore, the simple method developed in the present study
is suitable for routine monitoring of ractopamine.
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Determination of Bicozamycin in Livestock Products and Seafoods by Liquid
Chromatography-Tandem Mass Spectrometry
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A novel liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was devel-
oped for trace residue determination of bicozamycin (BZM) in livestock products and seafoods.
BZM was extracted from a sample with acetonitrile-water (4:1), followed by a two-stage SPE
enrichment and cleanup. The first stage involved a styrene-divinylbenzene copolymer cartridge
(GL-Pak PLS-2), and the second stage involved a divinylbenzene-N-vinylpyrrolidone copolymer
cartridge (Oasis HLB). The LC separation was performed on a C18 column using 0.01% formic
acid-methanol (8:2) as the mobile phase and MS detection with negative ion electrospray
ionization. The mean recoveries from swine muscle, liver, yellowtail, and milk fortified at the
minimum residue limit (MRL) levels and 0.01 ug/g were >70%, and the relative standard
deviations (RSDs) were <20%. Limits of quantitation (LOQs) ranged from 0.002 to 0.005 ug/g.
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=B A& Table 2. Operating conditions of LC
1. & ] Column Hydrosphere C18 HS-301-3,
SOk APRIFEA CTBR X T W 7 BRERRY, IRATEE, 70 (8m, 100/ 4.6 mm id)
N o ~ Flow rate 0.2 mL/min
KA A ,
BLU ﬁ:*{‘ﬁfﬁﬁa L. Oven temp. 40°C
2. ® B F Injection volume 5uL
B BZM 3 MILITHREABHKEREL 2 il Eluent A=0.01% Formic acid, B=Methanol
vy —ED (D 916.8ug/mg) FHWIE, Time (min) A (%) B (%)
EEiEGE . BZM EES 20 mg (i L) ZHE 0.00~10.00 100 0
By, 2%/ —20mL ICiERE L B (1,000 ng/ 10.01~24.00 80 20
24.01—34.00 100 0

mL) & L, EEEIEEAEEE 001% FEBTHRL TH
BIL o, B, EEEEREE —25°C TRIEFELE.

GL-Pak PLS-2 #Ai—F U » ¥ (500 mg) Y— x4
TUREEL ARy TEHOHLDAS /- 10
mL BXUK 10mL TavF4vs=v Ltk #R
L.

QOasis HLB #1— b 1) » ¥ (60 mg): Waters 18, # —
FY o SRS omUdAY /7 —NEmL BLUIKS5mL
TaAVvF4va= vy LRE ERLK
LR 2y —BXUFEIZLC/MS BE, oo
SR HIRGHRSE, Kid Millipore thEY Milhi-Q #B#fizk
BLESEE TR L OB R L.

A v75v7 4 vy — Millipore % Millex-LG 0.20
um

3. EBRLUAERY

EaEipks o< by 73, BEREEREELC20 ¥
) - X, 77 L2BRESITEE G Applied Biosystems
% 4000Qtrap £\, Table 1 B L U 2 iR LIc&H
THIE L.

4. ¥ 2 %

BZM iZEEEE 4 001% FECHIRL, 05~25ng/
mL OEEEEAHESL, 20 5L % LC-MS/MS KiE
A Ut #H i@ MRM (Multiple Reaction Monitor-
ing) BiAERL, Bohiksur b 3AakhE—7H
BERke, EUmERECLOREREERL

Table 1. Operating conditions of MS/MS

Ionization ESI, negative

Ion spray voltage —4,500V

Ion spray temp. 450°C

Declustering potential —40V

Dwell time 150 ms

Curtain gas 20 psi

Collision gas 6 psi

Nebulizer gas 60 psi

MRM Transition (m/z) CE*! (eV) CXP*2 (V)
301—209* —22 -3
301—184 —-18 -5
301—124 —34 -7

*1 Collision energy.
*2 Collision exit potential.
* Daughter ion for quantitation.

5. HEBBARORE

RAf 50g ZBEL, TEF= MY A-K(4:1) 40 mL
EMATHEISH A4 X (0B Lk B0
(3,500 rpm, 20°C, 5 537/ L, LEAEESE UL, &
e s ol TR =bY7K(4:1)40 mL 2IA TS
SEIRE SfhE Utk ERicEOSEL 2. LiBamE
£OLDEEDYE, T b=t Y A-IKE: 1) T 100 mL
WEBRL, €0 20mL £29WLAE 170/ -5
mL A CTRETBMEEE L. BEYic 2% Hibr
PUYABEE30mML BRU Yz F vz —~F 0 30 mL &
A TERERE 5 Lt #EO58 (3,500 rpm, 20°C,
558 ULTKkBAESEL, 1-770/%/ — i 10 mL %40
ACHEBBER L 2. BEHM%EK 10 mL (6 mLx2
B ICrEf@L T, GL-Pak PLS-2 #— b1 » JICARL,
A=Yy PEIKEmL THREHER #7577 -1-7K(E3:2)
10mL cAHLL BHEABRITEREE LR B
B a 001% FE 10 mL /AR L%, Oasis HLB
A=t )y AR L EBEORYIO 4 mL 2 EE
L, Bvo6mL 23R LTA Y TS5Sv7 4 vy —T5h
BUTERBRERE L, 20 5uL 4 LCMS/MS kAL
7.

BEBLUERE

1. LC-MS/MS JIELEDIES

1.1 MS/MS &0t

BZM i3, BESBVILEMTH LT E S, 44 Vil
DAVH—7 =24 RELT ESI 2580 L7, EBEERE
(lug/mL) 24 v7 a2~ g viEic kb B MSHiciE
ALTA & MEREEHEI L. 208, Fig 2 Rt
ko, B e b AESF IM-H] (n/z 301) % S RE
KHBRHT 2 EBTERED, TOA4vhTLH—H—
A4 vELTGERL, 14V LBEROPKIY Ya v
FNVE-—RLORMILET-1. Fig3ic7o sy A
YDRARANY bIVERLE, JOERHSL, Toss b
A4 & ViZid, m/z 301 >209, m/z 301 >184, m/z 301>
1240344 »ZHAL, HLEREM m/z 301>209
EBEAAVYEL, MRME-FTllETLZIEELE
(Table 1).
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