LC-MSUMS OO UOOOO0doooodnn

oo gooooon
ISSN 00156426
aoao oo,oo
0o,O
ogo,000
ooo [D0000000]
0/0 521 40
goood p.237-243
oooo 20110 80
godobobbooooboooobooooboboooo GAQ
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oMyrinnowiedage

Secretariat



August 2011 237

B X
LC-MS/MS IZ X B3 EEYIF DY v ¥ vk

CEk 23452 H 22 B35

Ewm#ET W|RA T MHLATF

Determination of Pindone in Agricultural Products by LC-MS/MS

Shizuka Sarro*, Satoru Nemoro and Rieko MATSUDA

National Institute of Health Sciences: 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

A sensitive and selective analytical method for the determination of pindone in agricultural
products by LC-MS/MS was developed. Pindone was extracted with acetone, and an aliquot of the
crude extract was re-extracted with hexane. For lipid-rich samples, the crude extract was further
cleaned up by acetonitrile-hexane partitioning. The extract was cleaned up on a tandem graphi-
tized carbon-silica gel column. For brown rice, soybean, and tea, PSA column cleanup was added
prior to LC-MS/MS determination. Average recoveries of pindone from brown rice, soybean,
potato, spinach, cabbage, apple, orange, tomato, cucumber, and tea fortified at 0.001 mg/kg were
81-93%, and the relative standard deviations were 2-7%. The limit of quantitation (S/N=10) of
the developed method was 0.001 mg/kg for all the tested agricultural products.

(Received February 22, 2011)

Key words: Y~ K pindone; #%E#] rodenticide; 4 > ¥ > ¥4 ~ indandione; k7 o< r 735

7% v 7 NEESHE LC-MS/MS; 43#riE analytical method

2

EYRyRA4 vy vy o v BREETARBAITH 5
(Fig. 1). 772 vDTaF 47737 LBED 4k
Fofvy <) v REER &R MEEEDGIER %2R
TV bHETRBEYS L UEKEYIC 0.001 ppm OF
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Fig. 1. Chemical structure of pindone
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Rl 109.8°C) OERFEREABAGZELH V. FHERE
(1,000 mg/L) 13, ¥ ¥ 10mg #&FFEL, 7=t
Dor 10 mLICERE L TR L2 REBERHEB X UR
HEGEER F OIREAR S, BERKE A ¥/ -V THEHE
FIRLTHAML 7.

75754 A=K I=2H5 s (FTAES00 me)
12, SUPELCO #t #{ Supelclean ENVI-Carb (8 T A &
500 mg) ZHW/, YD AFXFNVI=H 5 A, Waters
%1 Sep-Pak Vac Silica (R TA&E 1,000 mg) 2HV
fo. TF LY YT I VN-TZToELY )by A v 3
=# 3546 (PSAY =4 5 4, BTAZED0 mg) i,
Varian 1 %4 Bond Elut Jr-PSA (3 TCTAZ500 mg) B
LY -z A v 2fEE Inertsep Slim-J PSA (38T
AE 500 mg) EHWVK.

3. = [

7 — F# v ¥ —d Retsch #:8! Grindomix GM200, 1%
IO ¥ B B 13 Retsch 1 84 ZM 200, &+ & ¥ F 1 + — (&
Kinematica #1#4 Polytron PT 10-35 GT ZH 7z, #&
BKIEREEE L, RS ER (BD Bl il Sl 28 /K g iy
ZEE NZJ-2DSYW AW/, LC-MS/MS {4, Waters #t
BUEEA 7 o<~ 75 7 Alliance 2695 B & U [EH:8Y
HES e Micromass Quattro Premier 28 L 72.

4. LC-MS/MS et

4.1 LC%f

# 5 40 Inertsil ODS-4 (R 2.1 mm, £ & 150 mm,
PWFE3um, Y—x ¥4 v RED), H—FH 54
Inertsil ODS-4 (IR 1.5 mm, £ 10 mm, K/ FE 3um,
V=T ohH A v REED, 45 AERE 40°C, EAE:
S5ul, BEHE: 10 mmol/LEF#ET v &= v 451K (AT
BLO10 mmol /LB T v £ = 4-X ¥ / — VKW
(B i), HERGEHE: 0.20 mL/min, 7' 5 ¥ x v b5
043 (A:B=80:200—»15%47 (A:B=5:95)>254 (A:B=
5:95)—25.1 47 (A:B=0:100)—35% (A:B=0:100)—
35.1 47 (A : B=80:20), {£EIHMH: 14.1 5

42 MS&H

4 F ' —F v bR T r—a4F AbiEERN
F 4 7 & — F(ESI{—)), #l%E & — F. multiple reaction
monitoring (MRM), ¥+ + £ 5 J —&ME: 05 kV, v — X
BED 1200C, = — v #H R 50 L/h (No), FiiEsEE:
400°C, B/ A =: 800 L/h (No), =7 1) ¥ a v H R
+3.1 Xe™® mbar (Ar), HlFE A1 & ¥ (m/z): 229—116 CE
BAAY, 2—-VvEFEBONV), 2 VavyIiriLF— 35
(eV)) BXUr229—-172 GE¥EA # v, 72— v &FEJE 50
(V), 20 ¥Ya vyiux— 21 (V)

5. HREBAXRORES

AERIA BT RO IE % Fig. 2 1R L 7z,

5.1 HhiH

5.1.1 ¥, EESIUVEEROBS

HEL10.0 g Z&E DB, RINENGRERIC B W CIEER
WATIT A58 10 pg/LEBEEE 1 mL 2RNLT

0AIME L., Thic, K20 mL 2MATE 5230
SEE L 7.

T b 100mLEMATHREYF A XL A
votAlom OESICE W AEAER VTS| AMAL
7o, BEYAERYD, T2 YyE0mLEMNATRE Y F 4
XUt WEIAELI. BohksrlEEabe, 7T
v EMATIEREIC 200 mL & L2,

I 40 mL GUEE 2.0 g #829) %2R0, 40 CRITT
H6 mLICIEBME L. ThE 10%ELT b ) v AEHK
100 mL B L F~F+ ~ 100 mL THERHHEL, 59
BlRE D Lic, ~F9 VvEEFED, KBK~*4 50
mL ZMA, 5 9RRE S Lic. ~F4 vErabd, @
BOMBKKEES N ) v ARINA T 15 NMEKRER, HEKE
B b ) aEARIL, 40°CLIT Ol E L .

BEYNC~F 4 v 30 mL 204, ~F4% /87 &+
=rU30mL T3EHRESHHE L. TR =P YL
BEabhE, AOCLTTREEREL, BEYE~+Y
VHERE T F L -FEE(180:20: 1) 2 mL ITiARRE L /-,

512 RE, FBESLIUVEDEHE

REBIUHZOESE, 5k 200g 280y, &
HNENNERER I 3 W TSR A RN 25413 20 ng/L
AR 1 mL2RML T30 HMKE L. XoBEs
i, 3k 5.00 g AR DERY, RINEIGRER I B L T
BHRAETRINYT 35413 10 pg/L EBEEAR 0.5 mL % RN
LT304MIRE L, oKk 20mL 24T 51 30
SyREIRE L 7.

T VIO0OmMLEMATHEYF4 X LK, 74
Vot EH lem OESICEW - ARERCTIERG| A8 L
fz. A EOBEYIC T2y 50 mL AMATHRE UF
A XLtk RFIABLE BonkdEzsdby, T
b v ENACEMEIC 200 mL & L.

T 20 mL (ZE0IEE13 80 mL, 3k 2.0 g 1BY) %
B0, 40CLTTH3mL (FRoBa 112 mL) K@
L Iz 10%EF ) v 4K 100 mL B LU
~F 42 100 mL THERHCEL, 59MIRE S L
~FH VBERY, KBIIA~FY Y50 mL 24, 55
BRE S Lk, ~Fv vEEZSbhYE, HEOE/KRRF b
Voo AEMAT 15 MKRE L, Sk Y v a%
AR, 40CLIT Tl AL, BRYE~+v v
B 7 L-FF (180:20:1) 2 mL IC/AfE L #2.

5.2 FHH

52.1 RELLIUHEDSE

75754 h—ErI=H3545E00mg DTV
NI =5 L (1,000mg) BEFELLS S LR, ~F
+ VFEEE T F L-FFE (180:20: 1) 10 mL T#E#E L 7.
CoEREN T 41T, 51 THRONAEREENL, S5k
~F 4 R T F OL-FEE (180:20: 1) 18 mL 27EAL
. BT EUEBEREORESE 40°CLITThEL,
HEYEA Y, VAR LU CEMIC IlmL & LicbD%
b (2.0 g #kl/mL) & L.
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Sample

Extraction

filter with suction

10% NaCl aq.~hexane partitioning

filter

evaporate to dryness

Acetonitrile~hexane partitioning

evaporate to dryness

Graphitized carbon column (5600 mg)

Silica gel column (1,000 mg)

evaporate to dryness

PSA column (500 mg)

load on PSA column

evaporate to dryness

LC-MS/MS analysis

vegetables and fruits: 200 g

add 100 mL of 10% NaCl aq.
extract with hexane (100 mL+50 mL)

dissolve.in 30 mL of hexane

dissolve in 1 mL of methanol

cereals and beans: 10.0 g, add 20 mL of water and stand for 30 min before extraction

tea: 5.00 g, add 20 mL of water and stand for 30 min before extraction

homogenize with acetone (100 mL+50 mL)

make up the volume to 200 mL with acetone

evaporate an aliquot of the extract to obtain an aqueous residue

(vegetables and fruits: 20 mL, cereals and beans: 40 mL, tea: 80 mL)

dehydrate with anhydrous Na,SO4

(For cereals and beans)

extract with 30 mL of acetonitrile saturated with hexane (three times)

dissolve in 2 mL of hexane—-ethyl acetate-formic acid (180:20:1)

precondition with 10 mL of hexane-ethyl acetate~formic acid (180:20:1)

load on tandem graphitized carbon-silica gel column

elute with additional 18 mL of hexane-ethyl acetate~formic acid (180:20:1)

(For cereals, beans and tea)

precondition with 10 mL of hexane—acetone (1:1)

wash with additional 8 mL of hexane-acetone (1:1)

elute with 20 mL of hexane-acetone—formic acid (25:25:1)

Fig. 2. Schematic representation of the analytical procedure

5.2.2 ¥, TH BESSLUEOES

TS5 24 b h—FKrI=h35L(B00mg OTITYY
HAE NI ZH 5 A (1,000 mg) BBEELILS S AR, ~F
F U T F L -FEE(180:20: 1) 10 mL THEF L 2.
CoERES S A, B THRLOWIBEEARL, 5K
~F 4 -FEEE T F oL - (180:20: 1) 18 mL AEAL
fo. BT EC2BENROBEE 40°CLUMclRrEL,
BRI A ~F 4 -T2 b v (1:1) 2 mL iA1=,

D E, HohULD~NFHF -T2 (1:1)10
mL TH#E L7 PSA 3 =4 F 4 (Bond Elut Jr-PSA, 500
mg) KAERL, &sk~AF¥yr-7Er»(1:1)8mlL %
FEALTHRBERIE T, ROWT, ~FHv-T® b v-F
BE(25:25:1) 20 mL Z2FEA L, BHEOEE S 40°CLI
TThELL BEWMEA Y ) —VITERL, ERECL
mL & L7z ozl (2.0 g3 k/mL) & Lk,
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6. & 2 VIRB-Tr N VBB EET A0, BN E oS

TEHESIE 0.25, 0.50, 1.0, 1.5, 2.0 BL U 3.0 pg/L % #
¥/ —VTHEEL, #hFh5ul 2 LC-MS/MS iiHEA
LT, ¥ EEETHREREERL . BBRIEK 5L
% LC-MS/MS iKEA L, BB SHHREREIC LD
BEARD .

7. Bl MU v RORENORE

7o v EBEE (kK KE, Bhula, Eo50A
Z9, F+Xv, VAT, ALy, b=h, ZuH0B
FUROE T 5 v 7 ARV TOERICE - GHRL -
HERATD) 100 pL &4 TUICERD, BFEREMIFT
BB Lotk BREYARINENGER B AEIEE 100%
MR ORI 100 L KERLTY b v 7 AEHE
BREE Lo, = b )y o REREIAIR & R T D
IEHTRAICE 2ERIEL, BEREBRRO ©— 7 mHE
OB T B = b Y v 7 BB D E— 7 WO
BEokERDTEE < ) v 7 ZORIENDRELFTH
L7z,

ERERSLUBE

1. RIERHFORET

1.1 LC-MS/MS

1.1.1 MS &4
EYFidGCMS KL BHIETRTAHEEENE LN
P, BEEVAXLVCORERTEL L -7, SRERSH
HEMET S0, LCMS/MSAHWLHMEERE L
fo. BEMEE LT, 20 mmol/LEFRT v & =¥ AAH-
A%/ = (1:1)FE73 20 mmol/LEFET v &= A5
H-7TEbr=rU LA DEBVT 70—A Y27
Vg YT MSEHEBLUCMEA A+~ ORBEIET- /.
AEy ) —=NFRETE =Y NVROBEE TR, £ A
VRORBILKEREVRRSNE M - ESI(H) BLU
ESI(—) TORIEABET LR, ESI(—) TEBWL S/N
BN, 3 — YEBEFICOWT 20~60 (V) ofif < 10
VHATHRE LEER 7YV - —AF v ELTHRY
o b AESF IM—H] " m/z 229 BEHESN, 50V TH
EBEREN 72, Fh, 3N VavIizhF—|[ToNnT
7~49 (eV) OHFET 7 eV A TR LR, 7o sy
M A YELTm/z 116, 144, 172 18 EREE X H, B
BoRK&EWm/z 116 () Yz vz zivF¥— 35eV) &
TEAAY, m/z172 ()Y a vz iF—-21eV) %
FEHAAvELL F+ESY-BBEKDO>WT, 051,
1.5, 2,25, 3kV 23 L7fEE, 05kV TA & ViR
mAER -7, 7T, BIERESI(—) TITL, F+bE35
J—BER05kV 2HWE I && L1

1.1.2. LC&f

B 7 v E=v AT M= YN, EBEREET
VESYLBE-A 5 —ERWT, SFh 5 ADKRE
ZfTofc, BV FYERODSATLATRT—Y v 7L
{, BHEETHE - BIREBIE SN h o/, BV F

BF—-Y v IsoBEREHREN. Z22T, a0 0DS
HTLERETLICEIAH, BEYS / —VEBLUEER
FEDH/L 750 Inertsil ODS-4 (¥ —x v+ 4 = v X 8D
TRIFR - 7RPEB LN, MERENSHELLL o
H5LERWT, SOICBEREEERETLER T
F=FUNED b2 S - VEESDBEHEOIZ S HUEEE
BIEELS 2o, E—7BRVEEL, V-7 EE
PEONE F£, BT 220 A0BEIIS>NVWTS,
10, 20 mmol/L ZH# L& T 5, 10 mmol/L TE—7
BENRAKEL -7, CTROOHEMS, HFH S5 LI
Inertsil ODS-4, BENIEICIE 10 mmol /L EEEE 7 v &=
LBHEEBE XU 10 mmol/LERT v E=D L4 ¥ 7 =
BIRRREBOTRIEZITS> & & Lk,

1.2 &g

aRMEEE cERICH W BEERTH 5 0.25~3.0
ng/L T, MBBEEHRLALEIA, BIFLERE (=
0999 Mg SN, T/, BEHELTSEEMCEEL
72 0.5~20 pg/L OEFICB VTS, HERE BT /RELRE
M (r=10.999) HFEH N7z,

2. HESHRARAEORE

2.1 WmBEE
BEBEOBNRBRETIE, MEAE S U TRE VR
OILEWEME T 2 T EAHRER T & b YIS T
b, EVFVIKICEAETH BD, BEAFOFREEK
BIETHEIEDS, T YERVWTHHLAZEC A,
B S [EINFIRETH - . & - TASRETIE, HHE
WELTTEb VvEHVWSEIEE LT

2.2 BRIADE

~NEFY Y, ~NFEHU-BEBIFLO D) BLUTRT F
WERFWT, 10%E b+ b ) v AEKD» S OEINEE T
B L7z (Table 1) WFhOBEETS, RIFREINEIE
S, Rk, ERREAEE O CERE D D HREE
GEFBN &S, 10%3E{k Y v A 100 mL
b A~FH T 2[E (100 mL, 50 mL) Ml AT> 2 & &
L7z,

2.3 FEAK

231 7E b= PUI-~FHUHE

B, EEBIUEEHOREAEELTTEN =Y
No=~FH VABERS L, B P v 0lpg ety v
30mL IC/EREL, ~FH VBT F=F Y 30mL T

Table 1. Recovery of pindone from 100 mL of 10%
sodium chloride agueous solution

Recovery
Extraction solvent 1st ond
Total
100 mL  50mL
Hexane 105 2 107
Hexane-ethyl acetate (1:1) 98 1 99
Ethyl acetate 101 1 102
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Table 2. Recovery of pindone from silica gel and graphitized carbon columns

Recovery (%)

Column Hexane-ethyl acetate-formic acid (180:20:1)
Total
0~5 mL 5-10 mL 10~15 mL 15-20 mL 20-25 mL
Silica gel 81 16 1 0 0 98
Graphitized carbon 76 19 1 0 0 96
Graphitized carbon-silica gel 0 101 1 1 0 103
Table 3. Recovery of pindone from PSA columns
Recovery (%)
Column Hexane-acetone (1:1) Hexane—acetone—formic acid (25:25:1)
Total
0-15 mL 0-5 mL 5-10mL  10-15mL  15-20mL  20-25mL
A 0 92 0 0 0 0 92
B *2 0 87 3 1 1 0 92

*1 Bond Elut Jr-PSA (500 mg, Varian)
*2 Tnertsep Slim-J PSA (500 mg, GL Sciences)

SEHH AT - B OEINERE, 1 EEM90%, 2 EER
8%, 3EIEAS 2% TH Y, 3[EHHETIZE 100D BTk
EUNRBE LN, £-T, ~FH430mLb5, ~F
F VBT b= Y 30mL TEHETAIEEL
7-.

232 VUAFINIZHSACLBREE

YRV =H T A (1,000 mg) TORBELERETL .
Yy Fyig~nd+d -z F v (9 1) TREBLE»L -
fohs, ~Fy o-FEEE T F - (180:20:1) 15 mL T
1341E 100%7EH L (Table 2). ¥ U A7V =h 5 o4
Blicky, SHBREOTMRSEH 5 2E RSN, Tho
L, oy, DAZ, AL v oBLUb= TR, B
B0 i3 & A ERVEBORBRBFRMPEONI. LHLE
WMo, &K, BHINAZIBLUSE I Y TREEEERL
UEBEZOBRENITHTH - b5, BEOKRE
oWTEtd s & & L,

2.3.3 BROKRE

75754 =Ry I=H546B00meg) 2HVTE
FZOBEFEERE LA, VUBIFLIZH S ADODE
Hi B O AR (N v-FEfEx 5 -8 (180 : 20 :
)T 757754 h—RvIohsahsDERER
BLET A, EVFErid1smL TEIE 100%EH L
{Table 2). BREBRERCESHBEORMESZHRET S
teh, U574 A—KYI=AF A (500mg) DT
YUBHF NI =H S A (1,000me) BERE LSS ALDS
DEHEBELALETA, ~F 9 v-HilEx F L-F i
(180:20:1) 15 mL TRIFAENESEO L. AR~
PUw s ALK > TEHETOBRHABEDOTNIZH S 5DD,
20 mL PBoBESICRBHSW Lol &M, BH
AEEE20mL & LKk 3T A ARV IZAT
LEYYHEINI =N S ADEREN 5 ATk BREET, 13
INAZEIBLUZ 5 D ORFEERBLIUHEBEROK
EMTRETH - 1o, RTREBBEROBEMLR SN,

234 TK, XKEBLUEOEBMFER

Lk, REBLUETHE, /5774 ba—-Kvizp
SLEVYBNFNI=H S LDEEN T LICEIBERDOA
TR DBRESATHTH Y, BHERERICEEY
BEDL LN, TOBRBMEA Y, - (GHRERAEKD
TBIRTAED) ~OBEBA+DITH -7z, £TTPSA I =7
5 4 (500 mg) & W EEE BET L /2 (Table 3). Bond
Elut Jr-PSA (Varian #8) ZHW/ LT A, BV Frid
~FHr-TE b (1:1) 16 mL TREHRTET, ~F¥ -
T -FEE25:25:1) 5 mL TIEIE 100%AH L .
Inertsep Slim-] PSA (500 mg, ¥ — x4 4 = v X #HED
PoOBEHICOVT HMET LI & T 5, Bond Elut Jr-PSA
EFRHOZBA LRI~ -TE M -FEE(25:25:1)
5mlL TKEPHIPBEHEENIZSDD, 5~20 mL OEZICE
BHEMER LN, ChOoORRLS, ~FHv-TE Y
(1:1) 10 mL THAEL, ~F¥ -7 b v-FHE(25:25:
D20mL TEHTAIEE L B, RNENGERIcH
W T3 Bond Elut Jr-PSA (500 mg, Varian 248D 2 H 0
fo. PSA I = 5 aBBIZENT A LIk, KOHEE
EEbBESN, LK KEBLIURTRESTREREY
YD i3 & AR WEBRBEPE SN,

nE, RBETED BH, BEDORN, SHETL T,
BEOPEVEBEY TR 7 74 b h—F Y I 2854
BRABIETE S LB I, THhbL, Fhvl o
LBERODBOREBSIUHFRTRY YV AS VI =h T 4
BEloaT, £/, LKBLUKTR EEN2E0BEY
THEENDETVSOTHENE, Y IUIFrvI=hssd
PSA I =43 LIk AEHIOAT, LC-MS/MS THRISER
e ERBAE S B O NS LHElE NG, L L, BTESH
BEEYICEBETE A AHEET ALY, REBLUEFHET
B9 74 A=KV I=HFTLELV YA VI =N
LDEREH 5 LA TIERIL, B T BEEBIURT
ERES 5 AICHIATPSA 3 =4 5 A THEIT 2 5kt
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Table 4. Recoveries of pindone from agricultural

Table 5. Matrix effect of pindone in agricultural

products products
, *

Sample I?;C?;:;; RSD (%) Sample Matrix effect® (96 mean, n=2)
Brown rice 84 4 Brown rice 97
Soybean 81 7 Soybean 106
Potato 91 2 Potato 97
Spinach 91 3 Spinach 102
Cabbage 83 4 Cabbage 99
Apple 87 4 Apple 90
Orange 88 2 Orange 96
Tomato 93 2 Tomato 91
Cucumber 90 3 Cucumber 94
Tea 81 5 Tea 100

* Spiked level: 0.001 mg/kg, n=5

2: MRM of 6 Channels ES-

100 228.92 > 115.8
1000
®
\ (a)
[IRTUIPHV IR VLY W RV TR %
0t ¥ T T T T Time
10.00 15.00 20.00
; 2: MRM of 6 Channels ES-
100+ 228.92>115.8
1.80e3
B (b)
G T T T T T L
10.00 15.00 20.00
‘ 2: MRM of 6 Channels ES-
100+ 228.92>115.8
1.80e3
= (c)
Oy T T T T T Time
10.00 15.00 20.00

Fig. 3. Chromatograms of (a) extract of tea, (b) extract
of tea spiked with 0.001 mg/kg of pindone, (c)
standard solution of pindone (2 pg/L)

L.

3. AMEMLEER

LK, KE, Bhvlx, B50WA%FD, F+xv, b
AT, ALvY, bPTh, T DBLURERVT, R
TOIEEE & L CHEEEME EBEL 0.001 mg/kg o5, 546f
TORMENNGRER AT - 7o, £ OFEER, B Lk 10 BE
DREYTIE, BEE 81~93%, HHTRE 2~7%0BiF
HEME LN (Table 4). EBAA Y, E1 4V &b
i, WENDOEENTL 75 v RECERAIFET 3
E— 2737 h - 7 (Fig. 3). A EEAR IS T 5 < b
Y v 7 AEEIREO E — 7 HfEL % Table 5 12k L fo.
WET L7z 10 BEEOREY O v — 7 EEIE, 90~106%
ThHY, EVFrRREE< Y v 2 2ICX BRSNS L
FIBTERLAEARETH - fo. £/, 10 BEHOBE

* Matrix effect expressed as the ratio of the mean peak
area of matrix standard to the mean peak area of
standard in solvent multiplied by 100. A value of
>100% indicates ionization enhancement, and value of
<100% indicates ionization suppression.

YIOTIENGRRIC BT, EY Fryor—2FRICK
RELGR SN -, KEEHOLEBDPO Y Y F
vOFEERMBR(S/N210) & LT, BEFLZWwWIFhoBEE
P BWTH 0.001 mg/kg ZREFRETH - 72,

F & &

BEYTOY Y Fyattiks LT, 7 v THIHL,
~F Y U TiRAR GHE SEBLUOEEHOBERI TR
P b YNenF Y U SETRIETS), 3T A A~
Ry I=ATLBLIUV VI NI =h T LE8E LD
7 ATREL G O BEEBLUROBAR
PSA 3 =4 5 2 CENERT 3), LC-MS/MS TEES
FUTERT A HEEBERE L. K KT, Ehol g,
BONAZED, F+Y, DAZ, L vV, b=,
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