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Determination of Spinosad in Feeds by LC-MS

Daisaku MAKINO™', Miho YAMADA “ and Yoshihiro SANO™
(*lFood and Agricultural Materials Inspection Center, Kobe Regional Center
(Now Fertilizer and Feed Inspection Department),

“Food and Agricultural Materials Inspection Center, Kobe Regional Center)

An analytical method for determination of spinosad in feeds using liquid chromatography-
electrospray ionization-mass spectrometry (LC-ESI-MS) was developed.  After addition of 50
mL of water, the sample was left standing for 30 minutes. = Spinosad was extracted with 50 mL
of acetonitrile.  The extract was filtered and topped up to 200 mL with acetonitrile-water (1:1).
10 mL of sample solution (10 mL of 10 times diluted sample solution for grass hay except rice
straw) was purified by Mega bond Elut CH with 10 mL of acetonitrile-triethylamine (49:1).
After the elute was evaporated to dryness, the residue was dissolved in 1 mL of acetonitrile-water
(9:1) and subjected to LC-ESI-MS for determination of spinosyn A and D.  Spinosad were
determined as sum total quantity of spinosyn A and D.  The LC separation was carried out on an
ODS column (Inertsil ODS-3, 2.1 mm i.d.x150 mm, 5 um (GL Sciences)) using acetonitrile-5
mmol/L ammonium acetate solution (9:1) as a mobile phase.  The determination was performed
in a selected ion monitoring (SIM) mode. A spike test was conducted with formula feed for
layer, for growing cattle, corn, alfalfa hay and rice straw spiked with 0.10 and 0.010 mg/kg (1.0
and 0.10 mg/kg for alfalfa hay, 0.25 and 0.025 mg/kg for rice straw) of spinosyn A and D.  The
spike test resulted in recoveries ranging from 86.8 % to 106 % for spinosyn A and from 86.5 % to
100 % for spinosyn D, and in relative standard deviations (RSD) within 5.4 % and 6.5 %
respectively. A collaborative study was conducted in eight laboratories using formula feed for
layer, rice straw and corn spiked with spinosyn A and D at 0.10 mg/kg (0.25 mg/kg for rice straw ).
The mean recovery of spinosyn A in the formula feed for layer was 96.3 %, and the repeatability
and reproducibility in terms of the relative standard deviation (RSD, and RSDg) and HorRat were
2.7 %, 11 % and 0.49 respectively.  These values were 90.1 %, 1.8 %, 8.5 % and 0.43 for rice
straw, 93.2 %, 4.5 %, 9.2 % and 0.42 for corn respectively. = The mean recovery of spinosyn D
in the formula feed for layer was 95.2 %, and the repeatability and reproducibility in terms of the
relative standard deviation (RSD, and RSDg) and HorRat were 3.6 %, 12 % and 0.52 respectively.
These values were 92.8 %, 2.8 %, 10 % and 0.52 for rice straw, 93.2 %, 3.7 %, 14 % and 0.62 for

corn respectively.
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rice straw ; WKk 7 v~ 7T 7H iﬁj #HrEt liquid chromatograph-mass spectrometer
(LC-MS) ; =L 7 br AT L —A A {kik electrospray ionization (ESI) ; H:[F]7{ER

collaborative study
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YAROD DORDIBEMERNR G ETHY I 0T A RRZBBAIT, 1999 I [E N TRIEE G
ENTWS. ZOEREREL, =aF M7t Fral U SFEEREEELT D2 X0 BRI
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Spinosyn A Spinosyn D
C41H65N010 MW: 732.0 C42H67N010 MW: 746.0
CAS No.: 131929-60-7 CAS No.: 131929-63-0

Fig. 1 Chemical structures of spinosyn A and D
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Table 1  Compositions of the formula feeds

Formula feed . Proportion .
Ingredient types Ingredients
types (%)

For layer Grains 59 Corn
Oil seed meal 25 Soybean meal, Rapeseed meal, Corn gluten meal
Animal by-products 1 Fish meal
Brans 1 Rice bran
Others 14 Calcium carbonate, Calcium phosphate,

Paprika extract, Feed additives

For growing Grains 56 Corn,Wheat flour
cattle Brans 21 Wheat bran
Oil seed meal 11 Soybean meal
Others 12 Calcium carbonate, Calcium phosphate, Alfalfa hay,

Molasses, Salt, Feed additives

22 FE%E
1) AY /v AERERK
AE Vv AREURES, (BRHISR T2 H0PE 94.9 %) 10 mg & EFEICE > T 50 mL O&&E 7
FAALZAN, TER=FIAEZMATENL, BICERE CREEZMZTAE v A
EHEFEAZFAR L7 (Zoi 1 mL 1%, A /3> A LT 02mg (f=0949) Z&4A7
%) .
2) AV v DEMERRK
AE Ty DERES, (MRS T 3R, % 99.2 %) 10 mg % EfEICE > T 50 mL O2&E Y
TFAWZAN, TEF=FIAZMATENL, BITERE CREHEELZMZTALEY > D
R AR L (Z0 1 mL 1%, A /3> D LT 02mg (f=0992) 24547
5.0) .
3) REGEMER
AL T, A/ v A RO D FHERKEO —E&RZIRG LIk, 7 =M L—K
(9+1) TIEFEICHARL, 1 mL FIZAE > A KD & LT 0.001, 0.002, 0.005, 0.01,
0.02, 0.05, 0.1, 0.5 X1 ug #E5H T D SIEHER 2 I L 7=
4) TEr=FMIME, EEBERBHENEE e~ N7 7 7HEZRHWZ., 20, Rl T
WD LIS ORI LR A O 2
23 HEEROZHE
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MS S REFT R LCMS-2010EV
2) e oM AR T ER AUy = — B —MW-DR &
3) B—X U =T UKL —&—  HAE LR N-IN A
4y LR o BT RUERTRL  SCTISB
5) vrzua~xi v Uk U SV =7 A Varian 8 Mega Bond Elut CH (F8 T A A
#1g)
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24 TERFIE
n #h

AR 100 g (FEb HI1X 5 g ZIEMEIC) 28> T200 mL 03t =/ 7 7 2 a2 A, /K
50 mL # 0% C 30 /rffEfE#, LICT7 & h=RFU /50 mL ZM%x, 30 MR EE T L
72. 200 mL ORET7 7 Aa%27 7 F—F}OTICEE, ftikz A (5 fE B) THRSIAH
L7otk, O 7 7 AakOEEEIERTE h=hrYL—K (1+1) 50 mL TEHHEFL, R
WG A LTz, BIZRET7 FAaDERETTE =M=k (1+1) ZMZ, BT L0
BT 5 3BAIR & LT,

2) T LHLER

vt YT Y BTNV I =T A ETER= YL 5 mL XTOVUK 5 mL Tk
L.

AEHAIR 10 mL (Fao & 2 FR< AR TIE, BT h=hFU—7K (1+1) TIEMIZ 10 %
WU, ZO 10 mL) Z I =07 LA, WKEDATAKO EEGICET 5 E TR NS
.

FIZ7E =ML 10 mL ZMZTI=A T L52WELIEE, 50 mL ORTET T A a%
=T LOFICESE, TEF=FI A=V ZF AT I (49+1) 10 mL & X = 7 L2
ATCAE ) A KO D ZEH S, WHKZE 40 °)C L TOKIRTIZE A LHET L2 ET
WERRAE LT=t%, BRI Ao THE L.

TER=RFU =K (9+1) 1 mL Z EMICINZ CTEREMEZEIL, 5,000xg T 5 FrflE sy
L, EBRIREREZ o~ N7 7 7EESHFHC X D2WEICT 23 BHAK & L.

3) ks~ 7T TERESEHNC X DHIE

AUBHAIE M OV HEHE G 45 5 L 2K 7 n~ - 77 7B EBONFHCIEA L, Table 2 OHIES

I > TRIRA A v 7 v~ N7 T A&7,
4) i H

BoONTBIRA A U7 a0~ N7 A0 E— 7 EEXITE S 2RO TREMRZIER L,
AEthoAE ) AROD &E2REL, ZOGEEZAE B FEE LK.

BE, EEEOHEZ % Scheme 1 128 L7-.

Table 2  Operating conditions of LC-MS for analyzing spinosad

Column GL Sciences Inertsil ODS-3 (2.1 mm i.d.x150 mm, 5 pm)
Mobile phase Acetonitrile-5 mmol/L ammonium acetate solution (9:1)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Nebulizer gas N, (1.5 L/min)

Heat block temperature 200 °C

CDL temperature 250 °C

Monitor ion m/z 732 (spinosyn A) , m/z 746 (spinosyn D)
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Sample 10.0 g (rice straw:5 g)

—add 50 mL of water

— allow to stand for 30 min

—add 50 mL of acetonitrile

— shake for 30 min

— filtrate under suction filter (No.5B)

— wash with 50 mL of acetonitrile-water (1:1)

— top up to 200 mL with acetonitrile-water (1:1)

Mega Bond Elut CH

— prewash with 5 mL of acetonitrile and water

— apply 10 mL of sample solution (grass hay except rice straw:
10 mL of 10 times diluted sample solution with acetonitrile-water (1:1))
— wash with 10 mL of acetonitrile

— elute with 10 mL of acetonitrile-triethylamine (49:1)

— evaporate to dryness under 40 °C

— dissolve in 1 mL of acetonitrile-water (9:1)

— centrifuge for 5 min at 5,000xg
LC-MS

Scheme 1 Analytical procedure for spinosad in feeds
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Fig. 2 Mass spectrum of standard solution
(A) Spinosyn A (B) Spinosyn D

32 K7 v~ 7T 7 RMEORT
AE v A RO D BEEREZRE I v~ N7 7 7EESTFHCEAT LI Z LI LD, &K
sna~< ~7TTREORFZAIT 7.
ST Z—iE VT, BEEEE LTCT b= hU L —2 mmol/L FERET > =T AR
(9+1) ZEHLTWS. 22T, BT v E= 7 ARIKROEEIZHSOWT 2, 5 XY 10 mmol/L
EREI LI E DA, BT T AR 2 mmol/L XVt 5 mmol/L X% 10 mmol/L % A
W FNEEIZRGTHY, 5 mmol/L & 10 mmol/L & TIHFHIZREICEZR IIE)N 7=, Z D2
s, T =T AREIX Smmol/L THEEZ LU,
N6 End, WHHRE L TT7E F=HMY /L —5 mmol/L BT > =7 AEKR (9+1) %
BHL.
3.3 MEMOIER
22 O NITHE- TR LKL S L ZikiKk7 v~ 877 7EE&SHEFHIEAL, Hoh
EIRA AR o~ N T AL E—7 @S LHEE KD TREREER L. £ ORI,
Fig. 3 L' 4 LBV, REHRIZAL /> A KON D £ LT 1~1,000 ng/mL (EA&EE LT
0.005~5 ng) D #iFH CTEMRMEZ R L7z,



RO )Y ROWKs v~ 7T 7EESHFHT L D ERE 21

R2=0.9985 R2=0.9974

*
2 2
= =
> 3
£ P
© ©

@ > D >
4 <
@ x
@ 3
o
0 200 400 600 800 1,000 0 200 400 600 800 1,000
Concentration of spinosyn A/ng/mL Concentration of spinosyn A/ng/mL

Fig. 3  Calibration curves of spinosyn A by peak area(left) and peak height(right)
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Fig. 4  Calibration curves of spinosyn D by peak area(left) and peak height(right)
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EICHER L 7.

ZORER, Table 3 DBV, AL/ A KODIE, 7= IV I ZFALT IV

(49+1) 0~10 mL (Z¥EH L, ZTNLAOEGICITEH SN eho7z. LLEDORERNS, RIETIX
G 2 —iE YL RBRICTE =R L— RUZF AT I (49+41) 10 mL THEHTH L &
L7,

Table 3  Elution pattern from mini column

Acetonitrile-water _ Acetonitrile-triethylamine
Acetonitrile
(1+1) (49+1)
0~10 mL 0~10 mL 0~10 mL ~15mL Total
Recovery of spinosyn A (%) 0 0 98 0 98

Recovery of spinosyn D (%) 0 0 98 0 98
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Fig. 5 SIM chromatograms of blank solutions

LC-MS conditions are shown in Table 2.
(A) Sample solution of corn (not spiked)
(B) Sample solution of alfalfa hay (not spiked)

(Arrows indicate the retention time of spinosyn A and D)

3.6 WHNIENNERER

2.1 TR L 72BN T HEL AR, BHATERHEGEREDE I A LIZAE Vv A
KLOYD & LT0.10 XTr0.010 mg/kg FHY &, 7L 7 7 /L7 78I 1.0 2 T¥0.10 mg/kg FH2 &,
Fgd 512 0.25 L T00.025 mg/kg FRY BEZ RN L7-3E 2 W T, RILICEY 3 80MTCERL,
[EIUS 38 e OVl UK B & f st L7z

ZOFEFIL, Table 4 KNS5 D EBY, AE v AIZHOWTIE BRI E 86.8~106 %, <D
MoK URSEE 1L, MRMEYEFZE (RSD) & LT 54 %LLF, AE /v D IZOW TR ES RN R
86.5~100 %, * D#iE UKFEIL, RSD & LT 6.5 %LL T ORAE S BTz,

7B, WIENGRER TR ONTEIRA A il 7 v~ s 77 5O —fl% Fig. 6 IZ/R LTz,
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Table 4  Recoveries of spinosyn A from five kinds of feed
Feed types
i F la feed F la feed
Spiked ormuia tee ormuta fee Corn Alfalfa hay Rice straw

level for layer for growing cattle
(mgkg)  Recovery” RSD”  Recovery” RSD”  Recovery” RSD®  Recovery”? RSD®  Recovery” RSD”
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1.0 91.6 1.0
0.25 98.2 2.6
0.10 106 1.6 93.4 24 95.8 1.2 96.8 4.2
0.025 86.8 0.9
0.010 91.7 54 92.9 0.3 101 2.2
a) Mean (n=3)
b) Relative standard deviation of repeatability
Table 5 Recoveries of spinosyn D from five kinds of feed
Feed types
i F la feed F la feed
Spiked ormuta fee ormuta fee Corn Alfalfa hay Rice straw

level for layer for growing cattle
(mgkg)  Recovery” RSD”  Recovery” RSD®  Recovery” RSD?  Recovery” RSD?  Recovery” RSD”
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1.0 89.2 1.6
0.25 100 2.0
0.10 99.6 43 94.7 2.9 98.0 1.7 91.9 6.5
0.025 86.5 4.0

0.010 90.1 24 95.2 4.8 98.9 1.4

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig.6  SIM chromatograms of spinosyn A and D
LC-MS conditions are shown in Table 2.
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25000

(A) Standard solution of spinosyn A and D (The amount was each 0.25 ng.)
(B) Sample solution of formula feed for layer spiked at each 0.10 mg/kg
(Arrows indicate the peak of spinosyn A and D)

3.7 EETREOHH TR

KEOERTRE OB FTIREZMEBT 572018, RBREAEAEE, s (Fr7 77
7THLE) KOO BIZ, A/ A KON D 22 hEL, imeEIGBRIC LB D
E— 27 ®O SN R 10 LT3 LR biRELEZNENRDT-.

ZORER, A/ AIZBWTIE, B —27 0 SN A 10 LI E L7 531X 0.0025
mg/kg (FZHCE Tl 0.025 mg/kg, fEd> 5 TiX 0.0050 mg/kg) Thoto. £l2, A/ DB
WTIE, b —2 O SN HA 10 UL B & 722 2R EE1E 0.0050 mg/kg (R4 TiX 0.050 mg/ke,
fiio 5 T1% 0.010 mg/kg) TH 7=,

ROz, A/ A & LT, RBEEHEGEE, s (TAr7r 7 righ) &
O B, £ 0.0025, 0.025 & T8 0.0050 mg/kg f134 B2 I L72iEHZ DWW T, ARIEIC
0 3 EIMTCEREZITIZMERIL Table 6 D& B0 TH Y, WEMHETHE AR, miE (7
VT T 7 EEE) KOED HIZBWT, FBENNERIT 95.2, 102 X1 89.9 %, £ Dk UK
IFFEXHIE MR 2 (RSD) & LT 26, 48 XN 1.4%THoT-.

Fio, A/ v D LT, WBFEEREGER, HHRE (TL7 77y ) KORD
52, ZHEI 0.0050, 0.050 &N 0.010 mg/kg FIYEEZIRM L2 EHZ DWW T, KRBk D 3
SOHMT CERZIToT2/ERIT Table 7 LBV TH Y, RBHEHHESEE, ©HE (TAr7 7
VT 7 ) RO RD HIZBWT, EHENEL 88.7, 90.8 KN 84.1 %, & DffiK LR IX
RSD &£ LT44, 61 X1N02%TH 7=,

UEORERENL, AV 2 A TiE, RIEOERTFRIT 0.0025 mgkg (FZ4E TiX 0.025
mg/kg, FfE 5 TiX 0.0050 mgkg) Thoto. Fio, B TRIZ SN N 3 L7225 RED D 0.001
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mg/kg (FZACE TlE 0.008 mg/kg, i H TIE 0.002 mg/kg) Th - 7-.

F72, A/ T D T, AKEOEE TR 0.0050 mg/kg (F4XETIE 0.050 mg/kg, fab b
TIX 0.010 mgkg) THoT-. £z, MH TR SN N 3 L7225 EDD 0.002 mg/kg (FLHHE
TIX 0.02 mg/kg, i 5 TIiX 0.003 mg/kg) Th-o7z.

Table 6 Recoveries and limit of quantification of spinosyn A in feeds

Feed types
Spiked Formula feed Alfalfa hay Rice straw
level for layer
(mg/kg)  Recovery” RSD®  Recovery” RSD”  Recovery” RSD”
(%) (%) (%) (%) (%) (%)
0.025 102 4.8
0.0050 89.9 1.4

0.0025 952 2.6
a) Mean (n=3)
b) Relative standard deviation of repeatability

Table 7 Recoveries and limit of quantification of spinosyn D in feeds

Feed types
Spiked Formula feed Alfalfa hay Rice straw
level for layer
(mg/kg)  Recovery” RSDY  Recovery” RSD”  Recovery” RSD”
(o) (%) (o) (%) (%) (%)
0.050 90.8 6.1
0.010 84.1 0.2

0.0050 88.7 4.4
a) Mean (n=3)
b) Relative standard deviation of repeatability

3.8 JL[AE]EAER
REOBFBEEEZRTET 5720, RBFATHEAFERLDTE I BAZLIZAE v A KO
A/ DELTENENO010 mgkg tHY &, FROOICALE ) Y AKRRAE D EL
TENZI 025 mg/kg M EZTM L=k 2 VT, JA HAARL & W BRSNS E %
BE, MEENBARRS ST o2 —ZBEOEET, RSt RERG ot o ¥ —, M7
BOE N EMOKEEE Z2ETE v ¥ — BBt eRER, FMletr¥—, R4AfEE ¥ —,
A 2 — R OFEmE 2 — (8 RBRE) 128\ T, KB THhFARBRZ I L 7.
ZDOFER, Table 8 DEFY, AV AICHOWT, REMGREHESER TIX, FHEIR
X 963 %, TOENHEIK UKEE K OERBEREEIZEN TR ERZ2E (RSD, &' RSDR)
ELT27 %Kkl %THY, HorRat [£ 049 TH-o7=. Fgb b TiE, FHEILET 90.1 %, <
DHEWNBE UK EE K OE MBS IXZ N4 RSD, L' RSDr & LT 1.8 %KLV 8.5 % TH Y,
HorRat (£ 043 Tho7z. &5 HAZ L TIE, FEHEIUEIT 93.2 %, ZOENHIK URFE K=
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MFEBREIZEN T RSD, L OV RSDg & LT 4.5 %% 10 9.2 % Tdh Y, HorRat I% 042 THh 7=,

F£7-, Table 9 DBV, A2 DIZHOWT, BT HEAEGE CIT B EILERIL 95.2
%, OB USEE &K OEMFBREEILZ N EEE %R (RSD, XY RSDg) & LT
3.6 %K% N 12 % TH Y, HorRat 1 0.52 ThHho7z. fb b TiE, FEHEIULEKIL 92.8 %, TD=EN
MR U B S VR R - BURG BE 132 240 RSD, X OV RSDg & LT 2.8 %Y 10 % ThH ¥, HorRat
1% 052 THolz. &H2HAZLTIE, FHEULEIT 932 %, OB UG K OV M 8L
FEEIXZENEARSD, L OYRSDg & LT 3.7%K& N 14 %TH Y, HorRat (X 0.62 ThH o7z,

B, BEORD, FRRETHEN LILEEK 7 o~ N7 T 7 ERESHTE O % Table 10
IR L7z,

Table 8 Collaborative study for spinosyn A

Formula feed

Rice straw Corn
Lab.No. for layer
(mg/kg) (mg/kg) (mg/kg)
1 0.107 0.107 0.250 0.249 0.0956 0.0971
2 0.0971 0.0990 0.233 0.235 0.0971 0.0909
3 0.109 0.110 0.247 0.241 0.100 0.103
4 0.0923 0.0922 0.222 0.229 0.0918 0.0956
5 0.0905 0.0939 0.200 0.190 0.0817 0.0713
6 0.0754 0.0813 0.237 0.229 0.102 0.0984
7 0.106 0.100 0.206 0.202 0.0911 0.101
8 0.0875 0.0918 0.215 0.217 0.0880 0.0871
Spiked level (mg/kg) 0.10 0.25 0.10
Mean value ¥ (mg/kg) 0.0963 0.225 0.0932
Recovery * (%) 96.3 90.1 93.2
RSD, " (%) 2.7 1.8 4.5
RSDg ¥ (%) 11 8.5 9.2
PRSDR @ (%) 22 20 22
HorRat 0.49 0.43 0.42
a) n=16

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 9  Collaborative study for spinosyn D

Formula feed

Lab.No. for layer Rice straw Com
(mg/kg) (mg/kg) (mg/kg)
1 0.103 0.101 0.256 0.252 0.100 0.0979
2 0.104 0.108 0.244 0.237 0.102 0.0970
3 0.109 0.110 0.246 0.247 0.101 0.103
4 0.0992 0.0958 0.230 0.229 0.0951 0.0956
5 0.0897 0.0934 0.194 0.190 0.0784 0.0751
6 0.0814 0.0922 0.251 0.274 0.115 0.103
7 0.0797 0.0745 0.220 0.216 0.0721 0.0745
8 0.0918 0.0909 0.217 0.210 0.0904 0.0912
Spiked level (mg/kg) 0.10 0.25 0.10
Mean value ¥ (mg/kg) 0.0952 0.232 0.0932
Recovery ¥ (%) 95.2 92.8 93.2
RSD,” (%) 3.6 2.8 3.7
RSDg ? (%) 12 10 14
PRSD; ¥ (%) 22 20 22
HorRat 0.52 0.52 0.62
a) n=16

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation

Table 10  Instruments used in the collaborative study

LC column
Lab.No. Instrument (i.d. x length,particle size)
| SHIMADZU GL Sciences Inertsil ODS-3
LCMS-2010EV (2.1x150 mm, 5 um)
) Waters Agilent Technologies ZORBAX Eclipse XDB-C18
micromass Quattro Micro (2.1x150 mm, 3.5 um)
3 SHIMADZU GL Sciences Inertsil ODS-3
LCMS-2010EV (2.1x150 mm, 5 um)
4 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY TQ Detector (2.1x150 mm, 5 pm)
5 SHIMADZU GL Sciences Inertsil ODS-3
LCMS-2010EV (2.1x150 mm, 5 um)
6 SHIMADZU GL Sciences Inertsil ODS-3
LCMS-2010EV (2.1x150 mm, 5 um)
7 SHIMADZU SHIMADZU Shim-pack VP-ODS
LCMS-2010EV (2.0x150 mm, 5 um)
8 Agilent Technologies GL Sciences Inertsil ODS-3

G1946C (2.1x150 mm, 5 pm)
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4 F&EOH
RO A ) RIZ2NWTC, ot ¥ —EE i, kK ve~ 77 7E&NHEI 2RV

TEBIE DB B HE~DEH O A HZICOWTHE LIZE 25, ROFEREET-.

) 441kt LT, =7 b AT L—A44 1k (BSD & (EA/ A4 E—F) , E=%—A
FrELT, A VU AKRDIZOWTENEIN m/z 732 KN T746 (T~ T7 w0 b A5+
[M+H]") Z@H L= & 2 ARERMENATRETH - 7.

2) iR v~ 7T 7EESWFIOBEBERICT 2 b=k UL —5 mmol/L EEET > = AR
(9+1) , # 7 AT Inertsil ODS-3 (NE 2.1 mm, £ 150 mm, FifE5um) Z@EHA L& ZAR
72 PIENFRECTH - 7=

3) MEMIIAE /T AKOD & LT 0.005~5 ng O CREERM:Z 7 L7z,

4y rua~XI LU IET ) BTSNV =T AL OREHE S ORGEIToT-E 2 A, WHIER
OB ET 10mL Th - 7=,

5) 5 FEOR SRR 6 FEOMGEEEHNC SWT, KBt Tl u~ NI 058 Ef Lz L
ZAH, A/ VU AKRODOEREZYITHE—7IFTRO Lo T,

6) HEEE HEL AR, ENFERARGER, LO2bAZ L, TATZ 7 AT 7 EKORED D
ICAE ) AROD & LTO0.10 210 0.010 mgkg FHME (77 707 7 HLEIZOWTIX 1.0
KN 0.10 mg/kg FHY &, Fgd HIT DV TIEL 0.25 LT 0.025 mg/kg FHY4 &) ZIRML, KIEIHE-S
THMENGRBR A2 FE L2 25, A/ v A OV TIEREINR 86.8~106 %, & D
UK IE, FEXHEZE¥ERZE (RSD) & LT 54 %LLF, AE /v ¥ D 220 T EHEIIE
86.5~100 %, < O UIEFEIL, RSD & LT 6.5 %LL FOREMNSE L.

7)) KREIZLDAE T A OFER FRIZFEF T 0.0025 mgkg (FzHB0FTiX 0.025 mg/kg, fio
5 ClX 0.0050 mg/kg) , HiH FRIX 0.001 mgkg (BZHE TIX 0.008 mgkg, fid & TiEL 0.002
mg/kg) ThHo7-.

£72, A/ D OEE FRIZFEF T 0.0050 mg/kg (HZHETIX 0.050 mg/kg, fidH T
1% 0.010 mg/kg) , M FFRIX 0.002 mg/kg (F2HCELTIE 0.02 mg/kg, Fiid> 5 Tl 0.003 mg/kg) T
Hol.

8) HEMBTHE AL YL I LA LICAE VY A KA, D & LTERAER 0.10
mg/kg FAYME, fEDODICAEY /) Vv A RDAY ) D & LTENEI 025 mgkg fHYE AU
MU Z T, 8 MR=E|ICHEWT, KEICKFERBREZ T L=, TO/RE, A /v
YA IZOWT, EEE R GEETIX, SFHENEIT 96.3 %, £ DN UK & O H
HBUREE X TN ZNAHE AR 2 (RSD, XX RSDg) & LT 2.7 %,V 11 % Toh Y, HorRat I
049 THo7=. fab b TIE, FHEINERIT 90.1 %, T ORPNMEEK UK E M OV =S HHRE X
NZIRSD, L' RSDr & LT 1.8 %M N85 %T&HY, HorRat 1L 043 THolz. £H9HAHZ L
TUX, FEHEINERIT 93.2 %, £ OENMOK UK E &K Q= FHBUR E X2 RSD, & TF RSDg
ELT45%KTN92 % THY, HorRat (£ 042 TH-o72. AE /> DIZHOWT, AKFEHEAGE HE
A ERFCIXFRIENEIL 95.2 %, £ OENEE UKSEE K& OV ) 13 BURE EE 132 402 3 A R 1 YE {f
7% (RSD, XTYRSDg) &£ LT 3.6 %412 %THY, HorRat 13 0.52 Th-o7-. b b TiX,
PRI T 92.8 %, & DMK UK E K OVE W B EIXE 24 RSD, XV RSDg & LT 2.8
%K TN10 % TH Y, HorRat 1L 0.52 Tholz. &5 HAZ LTIE, FEHEIULERITIZ2 %, ZD=
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R URSE M OVEBHEBREEIZZNF1 RSD, XX RSDg & LT 3.7 %KX 14 % TH Y,
HorRat 1% 0.62 T&H » 7=.

# ##
LFEFBRIC SN L THWE JA AR BH WA S B 2 a8, WEIEAN B AR
o —Z NIRRT, MRSt EERE TR X —ORBREORITEH OB LR LET.

X ik
1) BREZEZEES F S4RREFMMESSFES A ) FRIGHMEE () , Pk 21 £ 38
H 21 B (2009).
2) BMOKEASGEREEMN . “FEORFEWEOREREOH EICONT” , B 63 4 10 A
14 H, 63 & B 2050 5 (1988).

3) EAGHBEERENRREMEASMERN . “BAICERE T DRI, SR SO XY E 3K
B DS T DWE ORBRIEIZOWT” |, Rk 1741 A 24 B, BZFEH 0124001 5 (2005).
4) WHNEANRARES I 2 — Rk 18 FEEE T O EMEFREEELRET 27200
INTIERR M OFEE~OBITHRERTHE ST OFEMESOSIIEORE, 97 (2007).
5) BMOKEBHE - KEREEH . GBI EEORIEICOWT” , FEk 2044 A 1 H, 19

THZH 14729 5 (2008).



