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BhsS 109.8°C) OBRHEEEABARELH W, BERK
(1,000 mg/L) 1&, EV F¥ 10mg 2F/HL, 7EbF=1
DoV 10 mL AR L TR 7o, REBRIERA B L TR
NENER SR OEREAE 3, BERKREA 7/ -V THE
FIRLUCHEIL .

755774 =Ry i=h5s(FETAES00 mg)
13, SUPELCO %+ %! Supelclean ENVI-Carb (E T A E
500 mg) #HWVE., YU ASNVI =T LI, Waters
%84 Sep-Pak Vac Silica (2 TAE 1,000 mg) =AW
fr. TF LY VT IVN-TaENY )by Y A3
=# 545 (PSAY=H 5 4, FTAES0 mg I,
Varian % Bond Elut Jr-PSA (B8 TAE500 mg) B
LUV — x4 T v R4tE Inertsep Slim-] PSA (2T
A= B00mg) ZHWLI

3. ¥ =

7 — K # v ¥ — & Retsch #1#! Grindomix GM200, &
0o ¥ Wr 8% 13 Retsch #1 81 ZM 200, & € ¥ F+ 4 ¥ — &
Kinematica #+ #I Polytron PT 10-35 GT 2 H W 7z, &
HKERIERE 13, BEEUER () HoB S REKER

3ERE NZJ-2DSYW %R\ 7z, LC-MS/MS &, Waters #t
BIEEEA 7 o< b 75 7 Alliance 2695 38 &k U'[al4LES
BE5WE Micromass Quattro Premier Z{#H L 7z,

4. LC-MS/MS AIE%&E

41 LC&H

# 5 & Inertsil ODS-4 (HEX 2.1 mm, £ & 150 mm,
WFZ3um, Y-z A v 2AHED, #—FH 54
Inertsil ODS-4 (A% 1.5 mm, £& 10 mm, fIF& 3 um,
-zt A Ty AED), #5AEE 40C, EAE!
Sul, BEHE: 10 mmol/LEiEE 7 v & =7 LAER (AR
BLU10 mmol/LEERR T v &= -4 ¥ / — VIR
(B i), HENEFHE: 020 mL/min, 75 ¥z v b &
04} (A:B=80:20)—>15%} (A:B=5:95—>254%3 (A:B=
5:95)—25.1 4 (A:B=0:100)—35%) (A:B=0:100)~
35.1 43 (A:B=80:20), FRIEFIEHE: 14.1 45

4.2 MS &

A4 vibE—F: vy ra R rv—AF v{bEXH
5 4+ 7 & — F (ESI(—)), #lFE € — F: multiple reaction
monitoring (MRM), % + £ 5 ) —Z&FF: 0.5 kV, V¥ — 2
JERE: 120°C, I — v #H A: 50 L/h (Np), BiAHERE:
400°C, BR7AIE A Zx: 800 L/h (Ng), 2V ¥ 3 VAR
+3.1 Xe ¥ mbar (Ar), BIEA & ¥ (m/z): 229—116 (&
44y, a—VEELON), 2V YVavzxiF—35
(eV) B & 1229172 CEMA A+ v, 2~ YEFE 50
(V), 2V Yarvzizi¥F¥—21(V)

5. HEBAEOHEE

HRESA TR OIIR % Fig. 2 IR L k.

5.1 HH

5.1.1 HiE BEESLUEEHOES

AL 100 g 2EBO®RD, RMEIERICE VL TRER
WARENT 25481 10 ng/LEEFK 1 mL Z2/ML T

30ARIME L. Chic, K20 mL A MATE 5130
ﬁﬁsﬁjﬁﬁbfi.

TEFy100mLEMATKREYF A X LI, 74
votEHlecm OES W ARERVW TR ARL
to. BEYIARD, T b r50mL AMATHRE IS A
R L7tk WEIAELI. BonicAzabdE, 7L
v A INA TIEREIC 200 mL & L7,
fiHIR 40 mL GREL 2.0 g M2 £y, 40 CLIFT
e mLICEE LA ThiE10%EAr by v AEK
100 mL B U~F+ > 100 mL THERHHL, 59
iR E S L. ~F3H VvEBERD, KEBIZA~+4 50
mL 2%, 5 5MRES L. ~F 4 VvEEADE, #
BOMKFHES ~ ) v 4224 T 156 SEKER, EAKR
B b ) axkARIL, 40°CLITFCAEEREL .
BRI ~F4 v 30mL 2MA, ~+4 V807 €
= rY30mL T3EHRE SHH LI, TNV
BEA&DLYE, 0OCLUTTHREELZREL, BEYEZ~+v
V-HER T 5 L-FBE (180:20: 1) 2 mL ICARE L 7.

5.1.2 RE BESLUXOESE
BEBIUHZOEAIE, RE200g2BORYD, &
MENNERR I B W CRERFRERMNT 25813 20 ug/L
EEAK 1 mLA2RMNL T30 0BIKE L. ROEE
F, 5E5.00 g 2B DD, RMEIGERICS W TERE
BEARINT 254813 10 pg/L BEARK 0.5 mL Z 40
LT305EHmEL, Thit/k20mL 2N T 54T 30
SFERE L 7.

T rv100mLAEMATHEEYFA I LK, 74
Vot EKlem OES IV ARERVTHRS | AAL
7o, AEEFOBIYICT L v 50 mL 2 MATHE Y F
A XL, WEIABLE BonldEraby, T
N v EINATIEREIC 200 mL & L7z,
it 20 mL (F0#HEE 80 mL, Bk 2.0 g YY) %
B0, 40°CLITFTH 3 mL FoBE&IEH 12 mL) KR
mELt., ThEx 10%EILs MY Y ABK 100mL BLU
~F 4 v 100 mL THERFCH L, 5afke D L
~FHVBEERD, KBIC~FH Y 50mL 2MA, 55
BRE S Lz, ~F4 vErxS&bYE, BEOEKRKRES b
) AERINAT 15 HRIKE L7c, EAKWES M) v o
BEI%, 40°CLITCAEE2kREL, BEWE ~+F4 B
B F L-F (180:20: 1) 2 mL ITEREL /2.

5.2 HEH

5.2.1 BREBLUHFEDESR

75754 A=Ky I=HFAB00mE) DTV
BNV =HF A (1,000 mg) ZBEELIA S L%, ~F
+ v-FERE T F U-FEE (180:20: 1) 10 mL THEE L 72,
ToEREN S LI, 51 THRONBEREERFL, oI
~F 4 v-FEE T F A-FEE(180:20:1) 18 mL ZFEAL
to. BRRESUCLEHBOBEE 40°CITFTREL,
BEYIAA S/ —VICEBLTERIC ImL & Lcb0%
HErawk (2.0 g3E/mL) &Lk,
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Sample

r Extraction

filter with suction

10% NaCl aq.~hexane partitioning

filter

evaporate to dryness

vegetables and fruits: 20.0 g

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

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

Acetonitrile-hexane partitioning (For cereals and beans)

evaporate to dryness

Graphitized carbon column (500 mg)

Silica gel column (1,000 mg)

evaporate to dryness

load on PSA column

evaporate to dryness

LC-MS/MS analysis

dissolve in 30 mL of hexane

dissolve in 1 mL of methanol

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)

PSA column (500 mg) (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

522 RE EH BEESHSLUEOES
5774 M-I =H 5 A ((B00mg) DTV
ATNI=HhS5A(1,000mg) 2EELLS S L%, ~%
VB T FL-FER (180:20: 1) 10 mL TEEEL 7=,
COEREN T L, 51 TELNEAREATL, &5
ANEY U-FEEE T F -FFE (180:20: 1) 18 mL AL
7. BRREECLBHEEOBE%: 4A0CUTFTlREL,
BEME~FS -T2 bV (1:1) 2mL AR L 2.

COBREE, HohLLH~NFHU-TEDL V(1:1)10
mL T L7 PSA 3 =4 5 4 (Bond Elut Jr-PSA, 500
mg) ICBRL, SS5iAFH -7 MY (1:1)8mL %
FEALTHHKRRETH., IROT, ~FH V-T2 b v-F
BR(25:256:1) 20 mL 2FEAL, BHEDOEEE 40°CLL
TTRELL BEYEA S/, —VICERL, FREIC1
mL & LcdDREERAK (2.0g & E/mL) & L7
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6. & = VREVT N VEEEET D, @B ORE

AR 0.25, 0.50, 1.0, 1.5, 20 8L U 3.0 pg/L % #
5 —VTHEEL, zhEFh5ul Z LC-MS/MS iKEA
LT, E—/EBETHREREERL . RBERK 5L
% LC-MS/MS IZ/EA L, RERD SHESREREICLD
BEARD .

7. HFET U I ROABNDE

75 v RBAK (K KE Ehwvls, BohA
Z9, ey, DAT, ALvY, bPTh, FwH0B
FULRDET 5 v R ERV TR - THAELC
RERAND 100 uL 24 TICERD, EREREFIT
B L otk BREYERINEIGERIC 3 5 EIER 10096
FERY B OEMEARE 100 L ISIAREL T Y v 7 RERHE
BHRE LTz, <)y o RBEEIR S BEEEARE O
IEBRTREICK 2ERIE L, BEEERKEO Y — 7 R
DOEEFEICHT B~ ) v 7 RBEREO ¥~ 7 HEOFE
HEOHAE RS TEE < ) v 7 RDRAENDOEEAFHE
L.

EBRERSLUEBE

1. REREORE

1.1 LC-MS/MS

1.1.1 MS & :

EY F Y3 GCMS K& BEIETRTAEBEENEON
T, BEBELAVTORERTERD -7z, BRELSF
HEABET A%, LCMS/MS 2BV RIEEBRL
-, BEHEE LT, 20 mmol/LEFEET v = LB
A% 7= (1:1)F1E 20 mmol/L BT v £ =9 LA
B-7Er=bYU VA DEHVT To—A VY7
va Y TCMSEHEBLUREIES 4 v ORELET- 72,
A% ) =NBRETE = b VROBEFETIE, HRA A
VOREBEILREBEVIROA LA -/, ESI(+H) BLU
ESI(—) TOREZRME LR, ESI(~) TEW S/N
HES NI, a— VEEICDWT 20~60 (V) OEEFHT 10
VHAHTHRNLEER, 7V h—S—AF v ELTRS
o b VLS F IM—H]™ m/z 229 BEESh, 50V TH@
EBNEREL -7, Fi, AU V3 vIxNF-IZOVT
T~49 (eV) OEFT 7 eV 2| THRET LR, Tu sy
FAAYELTm/z 116, 144, 172 B EBEBES O,
Eok&x\wm/z 116 (2 Yasvzxi¥—35eV) %
EBAA Y, m/z172 (Y Yz ryzxIFE—-21eV) %
EMAAvELE F+EFTY-BFEIKO>WT, 05,1,
1.5, 2, 2.5 3kV 2R LR, 05kV TA 4 VREMN
BEREE -, £-T, BIEERESI(—) TITY, F+rEF
J—BFER 05KV ERHWSAIEE LT,

1.1.2. LC &

BEEET v E =9 AVRK-T 2 b= b Y, I 3FEEET
VESY AGHE-A Y/ —VERWT, Sh 5 A0KR
ZfFotz, EVFYRODSASATHF—V VI LT
{, BT -7 RAEES N7, EVE

Byr—y v IoEREHRE N £IT, BAx O ODS
NS LERFLIEDS, BEYS /- VEBIUEEAR
/LIS O Inertsil ODS4 (Y — v H 4 = v 2 #ED
TRIFR Y —-7ERPESH, BEREMSE L. o
H5LERAVT, SOICHEMEEGEREILIGER, T
b=k Y LED b A Y ) —VAESUBEIEOIE S
BlEL o728, E—J7BREWEL, S —vB@E
BELNK. T, BER7TVYE-YL0EEICOVLTS,
10, 20 mmol/L #H#& L& 2 A, 10 mmol/L TE—7
BENEAREE -1, INOOERNPS, SH 5 s
Inertsil ODS-4, B EN#HIC 13 10 mmol /L BB 7 v €=
LEEBELC 10 mmol/LEER T vE=9 -2 5 /) =
BRBEREEHOCTHEZTO> & E Lk

1.2 BER

RIENGBR TEEICHVWLEBESERTH 5 0.25~3.0
ng/L T, BREBEEERLALEA, BHGSERE(=
0.999) BN, Ff, BEGHELZEEMCEEL
72 0.5~20 ug/L DEEICB VT H, REFIIBIFLEE
# (r=0.999) B SN 7z,

2. HBRAERBAEORE

2.1 HHAE
BYEROBMRBE TR, MRS L TRRVELE
OILEYARMET 2 Z LW T £ P vASRES T
3. BV RVIIKICEATH B, BEAEOEEALIC
BERTHBEIENDS, T M VYEROVTHELLED A,
FAREZ  EUNAIRETH - fo. & » TASETE, WMEE
MELTTR Y EHRVWAI EE L.

2.2 ERAAE

~NEG Y, ~NFHU-FERBzF V(1) BLUOER 7
WERWT, 10%E/LF ~ VD LEE» S OENNEE
L7 (Table 1). WEFNOBEE TS, BIFEEINERNIE
S, —igic, [ERRHAEE RO E S h3kEsl
RSBV E0 D, 10%ELF MY v A 100 mL
Mo ~F4 T 2E (100 mL, 50 mL) MHATH> T & &
L7z,

2.3 BEAE

231 7= PUI-A~NFHUHE

B, TEBIUBEBORIEAELLTT =Y
N=~FH VSEERS LI, EYFY0lug ety v
30mL IC/EEL, ~FH vEEMT =Y v30mL T

Table 1. Recovery of pindone from 100mL 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
0-5mL 5-10 mL 10-15mL 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 8. 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

*! Bond Elut Jr-PSA (500 mg, Varian)
*2 Inertsep Slim-J] PSA (500 mg, GL Sciences)

3 Bt 21T - 7B OENER G, 1 [EIES 90%, 2 [[EH A
8%, 3EIEHAM 2% TH b, 3[EMHETIZE 100%DBIFS
ENERE SN, £-T, ~FH30mLhd, ~*
U7 b= ) r30mL T3EMHRTEIEEL
7.

2832 YUAFINIZHSLICLBIBE

VATV =H S5 A (1,000 mg) TORREREL 7.
EVY R v~ -FrRzF L (9:1) TREELE» -
fods, ~NFHU-FEER T F L-FE (180:20: 1) 15 mL T
143 100% A L7z (Table 2). YU A VI =H 35 sk
Bl kD, SMEORMERDIN S s icFEsh, Tho
L&, ¥+, DAT, 4LV IPBIUM TR, B
BYDREA LB VEBORBRBESBOIN. LhLE
Bo, XK, BEINAZIBLUZw SV TREBEES X
UEBEROBRENARTATH - Eh o, BEOKRE
KOWTHRETF BT & & Lk

233 BROKE

75774 A—KYI=854B00mg) 2HVTE
HFOBREFEERST L, YV AX VI ZH S AHLDE
HCHWIBEE (~N+ BB F L -FB (180: 20 :
)T, 795774 b 0—KvizhSabdboktsi
HlicEzan, ErrFviz15ml T3iE 100%EH L7
(Table 2). BRZRERICEREOKMEKD ZHRET S
e, U574 b A—FEYI=H 354 (B00mg) OFic
YUAFINVI=ZAS5L(1,000mg) ZEE LIS LAHDS
ODEHERMNLIZECA, ~FH VB FL-¥ER
(180:20:1) 16 mL TRHFZEINKENES N, AR
M)y 7 2Lk > TETOBHEMEDTNIZSH 2 D0,
20 mL DIEOESICRBHEEINE L -2 ED 5, EH
BEEA20mL &L V9774 h—Kvizhs
LEVYATNI =h 5 L DEEN S ML BRERIT, 13
INAZEIBLUZw H ) OREBRBLUHBBEZEOR
EWFRETH > 7ets, RTREBRBROBHMNRLAL.

234 LK, KEBLUEOBEMBR

LK, REBXURTR, /9774 bh—Kv iz
SAEVYUNFINI =N T LDEREN S AL EEROA
TR DBRENARTATH Y, BERERICEZY
DBRED LN, TOBEWIA 5 — v (ERRBRBKOD
BRI ~OBEBBAR+STH -7, FTTPSA 1 =%
Z & (500 mg) & B W B A #ET L 72 (Table 3). Bond
Elut Jr-PSA (Varian#8) 2#HWk & A, Ev vz
~NEF V=TV (1:1) 15mL TRAHET, ~F4 -
T b - (25:25:1) 5 mL TIEE 100%EH L 7.
Inertsep Slim-J PSA (500 mg, ¥ — x4 4 = v X&)
D oOEHEIZOWT B L& 2 A, Bond Elut Jr-PSA
EROWIEELERICAFS V-T2 b U-FEE(25:25: 1)
5mL TRELSBBHEN DD, 5~20 mL OESICD
BEPRON. ThoDERE»S, ~FHv-TE bV
(1:1) 10 mL TE&EL, ~F4 -7 b ~FEH(25:25:
D20mL TEETAIEE LA BB, RNENRRICS
WT{Z Bond Elut Jr-PSA (500 mg, Varian #%) ZHW
fo. PSA Y =A 5 o RBIZEMNT A LIk, ROHE
BROBRESN, THK AEBLUETRERTEREY
VDR EALTVERARNE O N ,

BB, KRR TED B, BEYORN, S LT,
BRODEBVEEY TR 774 b A—R Y I=h5a
BRlrHIRTE 2 LRI NAL. THLE, Thulek
EERODITVEREBIUHETR YIS VI =H T 4
BEOAT, £/, TRBLUKRER IS 28T EEY
THERENDBTVSDTHNE, YV AFX VI =T ad
PSA 3 =45 &ICk B8E8IDA T, LC-MS/MS CRIER
REREHBRAESBONS LHRlEN A, UL, SEESHE
BEEVCHERATELIAERET 210, BEBLUHET
B7S577AMI=—FR Vv IzhSaEv YA VI=nS
LDEREN S A TREL, B8 58 BEEBIUET
ZEAES S AICMATPSA 3 =4 5 A TRET 2 HESE
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Table 4. Recoveries of pindone from agricultural

Table 5. Matrix effect of pindone in agricultural

products products
Sample Recovery* RSD (%) Sample Matrix effect™® (% mean, n=2)
(9% mean)
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
B
\ (a)
Intih st AR e
0ty T T T T v T Time
10.00 15.00 20.00
¥ 2: MRM of 6 Channels ES-
100+ 228.92 > 1158
p 1.80e3
CI (b)
C T T T T T
10.00 15.00 20.00
{ 2: MRM of 6 Channels ES-
100+ 228.92 > 115.8
1.80e3
* (c)

o

Time

T

1000 15.00 20.00

Fig. 8. Chromatograms of (a) extract of tea, (b) extract
of tea spiked with 0.001 mg/kg of pindone, (c)
standard solution of pindone (2 ug/L)

R L.

3. AMENXEER

LH, KE, Fholx, B2RAFS, F+Y, D
AT, ALy Y, bRk, FedDBIUREHVT &
TOEREE L L CEEEE EFE U 0.001 mg/kg icBiF B, 546
FTORMENGRER 21T - 72. DR, BT L/ 108
DEEYTI, EE 81~93%, HHTHE 2~T% DRI
BEMNE SN (Table 4), TEA A v, EHEAA v &b
i, WFhOBEYTL 77 v RECEERXET 3
E— 2731 - o (Fig. 3). BHEEEARICNT 5= b
)y o ZEREEKE O ¥ — 7 EREH % Table 5 1Z/R L 72,
et L 10 BEOEEY O L — 7 @&, 90~106%
THy, EVFVERE<T MY v 7 RICLBREUEFES
ZFBTENLRIETRETH - 7. £/, 10 BEOERE

* 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.

MIOERMENGRERICB VW TE, v Fror—2RRICK
xRZRREONEL - e, REEAVCERFOE v ¥
VOEERRS/NzZ10)E LT, BEFLAVWITNOEE
Yz BWTd 0.001 mg/kg ZREFRETDH - 7.

F & O

EEMHROY Y FUYSHTEE LT, TN THREBL,
~FY v TEER GHE TEBIUEEROEERET
b= b Yo-nE S v SRETHRIET ), 737 A M-
RV IZhASABIUOYYAFA VI =ASLEEELA
FLATREL GE S BEEBIURDOEER
PSA 3 =7 5 LA TEMERETS), LC-MS/MS TEED
FUBET A FEZHERE L. K RKE dhvl g,
BA50AED, v, DAZ, #L vy, b2b,
X5 BLUOED I0FBEOEEYICER LLEER E
BE 81~93%, DHTHE 2~T%DRIFREENE Sk,
AWFEIR [ 20 EEEEFEHEEERSFERESE
HERSEEEIBET AR YT« T X MEBEEALKRS S
FrEpAREE ] X 0ERKL .

&&E X
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4-t FoFv 7o <) vREEFIOTE
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EREBET RABEH RVA T RHEHLATF

Determination of 4-Hydroxycoumarin Rodenticides in Animal Products, Fishery Products,

and Honey by Liquid Chromatography-Tandem Mass Spectrometry

Shizuka Sarro*, Takatoshi Saxal, Satoru NEMoTo and Rieko MATSUDA

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

A sensitive and selective method for the determination of 4-hydroxycoumarin-type rodenti-
cides (warfarin, coumatetralyl, bromadiolone, and brodifacoum) in animal products, fishery prod-
ucts, and honey was developed. 4-Hydroxycoumarin rodenticides were extracted with acidified
acetone, and the crude extract was purified by liquid-liquid partitioning followed by PSA column
cleanup. Gradient liquid chromatographic separation was performed by using an Inertsil ODS-4
column, with methanol and water containing ammonium acetate as the mobile phase. Detection
was carried out on a tandem mass spectrometer with electrospray ionization in the negative mode.
Average recoveries from bovine muscle, bovine liver, bovine fat, swine muscle, salmon, eel,
freshwater clam, egg, milk, and honey spiked at 0.0005-0.001 mg/kg were in the range of 79—
108%, and the relative standard deviations were 2-8%. The limits of quantitations of the
developed method were 0.0005 mg/kg for brodifacoum, 0.001 mg/kg for warfarin, coumatetralyl,
and bromadiolone.

(Received February 22, 2011)

Key words: #% [ #l rodenticide; 4-t F o+ v 7 <1 v 4-hydroxycoumarin; 7 V7 » !) ¥ war-
farin; 7 =5 b 5 U JV coumatetralyl; 7 @< ¥4 o v bromadiolone; 72 ¥ 1 7 v 2 ¥ 4 brodi-

facoum; ks v = ~ 75 7-4 v F L EHESWPEL LC-MS/MS

&

TNT Y, JRFEIVIN, TETVABrBLU
Te 47 ravsid(Figl), 4 FoFvr<) vE
WAEHTIEREFTHY, MBRBEMSIEREZRTY. C
NoD 4t Foxvs <) vREBRIRERE R E TR
KELNTEY, KRLEORECLHFEIHYOLREICL SH
BEEAPHESNTVELY, bPETIH4-EFaFy s
<) YRREHIOSD, VT Y vBLUTEF Ty
Y AIZOWVWT, BEYB L UBKEYIC 0.0005~0.001
ppm OEEREEHNREEINTEY, SRELSBREDL
MEEXNTWVS,

INETIT AL Fod vy <) vREBEHOSIER,
UV D#ERHEA = HPLC 2BV HERE CE S
NTWABIY UL Luss, Zhb0HERLCMS
(/MS) BRI k& i L CRES X BRIt OE TH
3. H&iETIELC-MS(/MS) % H V- MmiE", MmiEy, I

il

* B4 shizsaito@nihs.go.jp
EvEERASEEWIR: T158-8501 ERHAHEHAK
B 1-18-1

(o NgHe] (e Nge)
CLC o ¢

OH O OH l
Warfarin Coumatetraly!

Bromadiolone

Fig. 1.

Brodifacoum

Chemical structures of warfarin, coumatetralyl,
bromadiolone, and brodifacoum

B 9B L UBEIFTD 4 For vy <) v REFREIO
SHESESN TV A, BELVEKEYICERTE S
ERERSTEOHREFIET V. £ I TRHETIE, 7
TV vBRUTuF 73y s, BEENREED
J2FrSYNMBLIOTow VA0 v EMNA 4-E Ko
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Table 1. LC-MS/MS analysis parameters for 4-hydroxycoumarin rodenticides

Compound ggc:r(lg?rr:) Prec(t;;;g)r ion Pro&?ﬁ) ion Cone g/_o)ltage . I?;lél;lg{[ )

Warfarin 13.8 307 [M—H]™ 161% 30 28
250 30 28

Coumatetralyl 14.0 291 [M—H]1~ 141% 40 28
106 40 28

Bromadiolone 18.8 527 [M—H]™ 250% 60 35
93 60 35

Brodifacoum 20.3 523 [M—H]™ 135* 60 35
81 60 42

* Transition used for quantitation.

v =) YRERBEHALEWIOVT, BKEDE X
VRbHAODHOFEER 7V — T atrEEZFEFKEL, 108
ENOEAZRET LIcOTHRET 5.

EBR A&

1. = #

TIRO4OFHA, FolEl FOFE KO/AE, &
F, 7 E, LUA, BN, SEABLCEBADERL
fo. FO#A, 0N F0oFES L TKROHA R,
7= FHy s —THVIE—LL. STBITHILER,
AW (NEIRERL) 27— A v ¥ — THUE—LL
2. LUAERRERER, 77— Fhy & —THlEUIE—LL
fo. BIREBRERER, L RABE—bLEL. 8B
LTiERBADIE, LLEELTHE L.

2. HE-H K

FHAE S ORI, BIRFEGR F 3T
EWoBHBRESBRARAE AV rMv v,
WA TEROE DT A~ 545 BHV . FBE D
BLUERE BESFA) & fDbMETEGDEZHL
7z,

TNT VY, IRFIFSIVABIUToT VAo VB
#5132 Dr. Ehrenstorfer GmbH #H&8I O B
WA WK, 705 47 39 AEER IS Riedel-de
HasntBloBEHEEXBRAAELZH V. BERK
(1,000 mg/L) 3B EEL 10 mg 2FFEL, 7EF=1MY
V10 mL ISR L CRBLL 7o, REBIEREB X URN
BB OB EEREKE, BERRKREA ¥/ —VTH
EFRLCERELL 38, BifoRMEIEEICB VT
&, A5/ —VTHEBLIEERKR (1 mg/L) 2T b
THRL 72 O ZANENGEERHE ORGERERK & L.

IFLYITIVNTOELY YY) AL =
7515 4 (500 mg) (¥, Varian #%! Bond Elut Jr-PSA (32
A& 500 mg) AWV

3. E B

7 — K # » % — 13 BRAUN #: 8! multiquick profes-
sional MR 5550 M CA, & & ¥ + A ¥ — |& Kinematica
tt#&! Polytron PT 10-35 GT 2 W/, pHA — % — 3
Horiba %t 84 F-52 % i\ 72, LC-MS/MS i3, Waters &t

BIEHEKA s o< b 75 7 Alliance 2695 8 & UEHE
BEE5HET Micromass Quattro Premier Z2{#H L 7.

4. LC-MS/MS AIE£HF

41 LC&#

# 5 &0 Inertsil ODS-4 (A 2.1 mm, £& 150 mm,
kI F# 3 um, GL Sciences ##)), # — F# 5 4! Inert-
sil ODS-4 (#E 1.5 mm, £ 10 mm, f/F£ 3 um, GL
Sciences #E&D, # 5 4EE: 40°C, EAE: 5ul, BEH
#: 10 mmol/L BEf# 7 v £ = AR (AR BLU
10mmol/L B BT v E =D & « £ ¥/ — ViEHKE (BiK),
BEMEME: 020 mL/min, '35 Yz v M 04 (A
B=80:20)—>15%43 (A:B=5:95)—=254%7 (A: B=5:95)—>
261 5 (A:B=0:1000—35% (A:B=0:100)—35.1 4%
(A:B=80:20), fREFIER: Table 1 IT/R L 7z,

4.2 MS &%

A 4 v{t®'— F: ESI(—), HIZE € — F! MRM (multi-
ple reaction monitoring), ¥ + ¥ 3 Y —8MF: 05 kV,
v —Z\EE: 120°C, 7 — YA RFRE: 50 L/h (Ny), iiE
IRRE: 40°C, AR A XE: 800L/h (Ny), 2V V=
VA RFEE: £3.1Xe ® mbar (Ar), IEA Z ¥ (m/2):
Table 1 iIZ/R L 7z,

5. HEBAKROHER

HERA AR E ORI % Fig. 2 TR L.

5.1 fH

¥ 100 g JElHDESIRB500g) 2BV -7, &
HAHODBRESRERE 100 g 2EVED, K20 mL ZNX
THEMB LY. ChiICEEEB I mLBLUT 7€+~ 100 mL
EMAT2HM+EYFA X LIE 714915281
cm DESRE VA EEHVWTT h &b EREERR T
RS A@ L. BEWERD, T 50mL 20X
TrEERERICxEYF 4 X LR, BEIABLE BD
NABrEbE, A0CTFTH I0mL (354208
&13% 30 mL) ICEEEREL 2.

INE 10%EbF b Y v LK 100 mL B8 K~ F 4
vEEER T F v (1: 1) 100 mL THKRIICHEB L, 54MHE
REH%, BEBER 7. 8, <Y s vHBERL
1eBE3, E49 3,000 [EExT 5 aRELABEET - 2.
KEESmERFCREL, ~F9 BBk F v (1:1) 50
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’ Sample ‘

fat, 5.00 g

‘ Extraction {

filter with suction

Liquid-liquid partitioning

filter

Acetonitrile-hexane partitioning

PSA column (500 mg)

LC-MS/MS analysis

Fig. 2.

mL ZhA, FEREERCBRELL. BRELELYE, &
BEOEKRERF ) D LENAT 156 9RKRER, EKEH
BrbrUoaxEBPL, ~F B FL(1:1) 2N
Z7T, IFFEIC 200mL & L 72,

& 20 mL (ERF B4 1E 40 mL, 3 1 g 824 %
®h, 40°CLITTH 2 mL £ TRITEBRER, ZEZRKHRIC
K OBEAEE L, COBREYE~F Y 30mL B
U~F4 V872 = b Y30 mL THKRHICHE
L, 69fRE D, T M=FUNMEETE -/ ~Fy

VEFIT 2 b= b YL 30 mL AN, LIEEEROERE

Z2EEDE L. TEF=b Y VBESDHE, 40°CHL
FTH 2 mL & THEUTEMRER, SXR[RICL0BAEEEE
L, BEWA~F4v-TE v (1:1)2mLIcA@EL 7.

add 1 mL of acetic acid

evaporate to dryness

load on PSA column

evaporate to dryness

10.0 g (for honey, dissolve in 20 mL of water)

homogenize with acetone (100 mL+50 mL)

evaporate to obtain an aqueous residue

add 100 mL of 10% NacCl aq.

extract with hexane—ethyl acetate (1:1) (100 mL+50 mL)

dehydrate with anhydrous Na;SOy

make up the volume to 200 mL with hexane-ethyl acetate (1:1)

evaporate 20 mL (fat, 40 mL) of crude extract to dryness

dissolve in 30 mL of hexane

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

dissolve in 2 mL of hexane-acetone (1:1)

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)

dissolve in 1 mL of methanol

Schematic representation of the analytical procedure

5.2 HBH

DB E, HohLOAFH-TEF(1:1) 10
mL TEEE L7 PSA 3 =45 4 (500 mg) icBFL, &
SitA~FHv-TE kv (1:1)8mL ZFAL TRk
BTH, ROT, ~FH -T2 b - (25:25:1) 20
mLZFEAL, BHEOEEZ A0CLFTH2mLET
BEEMER, ER[RKL0EEEREELL. B8, 5
L5 DBEHEFFRE 1~2mL/min &5 3 XS EEMEL
fo. BEMIAE A ¥ — 1l mL IR L TRERARK (1.0
g Hkl/mL) & L7

6. & B

HEHEFS I 0.125, 0.25, 0.50, 0.75, 1.0 B L U 1.5 ng/L
(Za57477av s, SOHA, FOFES XKD
BRI B\ T3 0.0625, 0.125, 0.25, 0.375, 050 B L T
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075 ug/L) 24 %/ —VTHEL, ZhThb5ul %
LC-MS/MS iciEA LT, E— /7 ARETHRERAERL
7z. RERAWE 5wl & LC-MS/MS ICFEAL, BREHN, L
MR BERIEIC L D BEANRYD 2, BB, TuavViov
BREEMAEO - EREOMERVWTERL .

7. BRT M v I RORAENDEE

75 v RRERWT, SR - THAR L EHBRE
W (75 v RERAEK 1000l 254 7VICERD, B3R
ZREFTEE L/, ISR 100 0L 204 T
BREL, =Y vy RBEEKEE L, BCEBED= b
)y o BRI & AENERER AR BICAEL, £—7
EEEHEL TR b v 2 2OBIE~NOREEZFMHL
7z,

ERERBLUEBE

1. RIELGORE

1.1 LC-MS/MS

111 MS £

BEMEE LT, 20 mmol/LEEET v = v ATRHEE £
UAY 7= (1: D) iBE, %7320 mmol/L g7 v =
SO ABEBLUT =YV DEBEEERVTY
O—AvVzsva Yy TMSEEHEBIOREAA YO
BILET -7, A5/ —NVRETEN= P VREHEL
& A, ERAA vOREIRRENEVEIRESALD -
fo. BE L7z 4{b&WE, ESI (+) B X U ESI (—) O
T— FTRIEARETH - 7cd8, ESI(—) TOREDE S H
EWS/N BNk a—rvBFEIKS2VWTI0~T0V
DEFT 10 VHIATRET L&A, 48V Thd
Bira b v+ IM—H]- P8ZEsh, 7V —+v—
LA VICEELN, Fh, TV Vs VIFAE—ZOVT
T~56 eV OEFT 7 eVHIATRITL, BHE SIS0
T A A VORTHROBEDOREVAA VEEEA 4
v, 2BHICKEVA & VEEMA 4 v & L (Table 1).
1.1.2 LC£fH

P, SO 5 LORE AT, BT v E=9 LA
BBXUTEb= b VIVER, ZLEEET vE=Y AR
XU x5/, —VIEBEAEBWT, Xterra MS C18
(Waters ¥+ 84), Atlantis dC18 (Waters #t &) 8 L ¥
Inertsil ODS-4 (GL Sciences {80 ZHB L. 20
&, Inertsil ODS-4 TRIFHSRHERE LB LU L — 7 FARD
Bohic, T, BEHESEERST L. BT v 2=
ABEBEU TN =P YVRKSE, BEET v E= T AR
BBIU A/ = VRBEERET LR, R LT RT
DILEYITA S 7 —VEBWIEIBEWE — 7 BENE
bt ¥4, BElE7 v = =v L 0EEIIOWVWTH 10,
20 mmol/L ZH# L& 5, 10 mmol/L 7 o<y
FaVvBIUToF s 7,30 L0 - 7BENRAE
ot 7F b3 YAMBLITINT 7Y YEIBRHLELE
ETRE—BEICAELEIR SN L .

INSDEERD S, SIS 5 512 Inertsil ODS-4, #

BT I3 10 mmol /LEEBR T v E= v ABEEB LU 10
mmol/LEEEE T v E= v & » X ¥/ — LIRS L
THIEEITH & & LT

TEEERIE (10 ug/L) LI ED T 5 v 7 HERAR 23
HICRIEL, B0ELAEICNT < MY v 7 2B
SWTHRET L., ZOKE, ®RiTlL 4t odh i
SBEHOBWIToF 4+ 773V ACBVWT, BOELEA
kO E— s EESRL EADL, &ART 1 EIBEAR
DI BORICE TR Lz, THiRA T 2 8EBRTSDT
0, BECRIELAEZFY v 2 ZADF v Y —F —/N=38
FEREHH SN, MEREERFT LAER, 7o 4
7y av ABERLCBRCBEHHEBE 1006 TOH T A
EE 10T &, 7ueF1 77300 — 7 ERE
BOETHARONKEL B -7, 1095HEOH 5 &8EE%E
A IESRMET, IREEEAR 10ug/L) EHENO 75 v
o BBRAERE COIFETRAERSERELE IS, B
HL74bBYO € — 7 BRIEDOEE RSD) VIR b
2~3% L1z, BHEERENEON

1.2 BER

BEF Lz a{b&dnd, BEGEBR TERICH W E
EEHETRIFSEEE 720999 2R L. k1, BE
% 05~20 pg/L EHEEAICEE L T b BIFLER
# (r>0.999) BB SN,

2. HBARRARGEORS

2.1 HHAEE

BETLcfbaz I s BIE(LETH B 7%, FRIP
REDEEWARTEEP OB T vOATIEHHHEN
K WEFBE N, BRO pH IC & &Sl EEER ik
ETEY, BAEMATT 2 Y THEETY>CEEL
7z,

HHECIDZ 3EIc>WT, B8, FBBIUTERE®
StL7. OB 100gic 2mol/L & 1 mL £/ F
B1lmLAMMA72%, 7y (1EH100mL, 2[EH
50 mL) THIHLAZEZ A, FEERMSREICHHS L
fo. THICKLT, B 1 mL ARMUTHE L2848
EBREOMEENSIEE I D -7, BITER (7 v
BEH) OpHAEBIELALETS, T yOA&THHL
RBEEEEE HILIE) 2R, BFEE% 1 mL
A THMELALESICIIPH 3 &80, BEE/LEY
(PKa 4~5)TH 3 4-£ Fox v s <) v RERH OHH
PEEEEEZ Shic. BEAVERICERTFRERSITES T
B, WMHEAEEZTRTORRTHR—L, iRl mL %
mz 7%, 7€brv (1EE1LI00mL 2EE50mL) T
152 && L. COMBBEEAVWTEOERE:+E Y
FARX LIz ET D, H—ItDH LI EhD, BHoBL
THARMHAEE cHtfEE EZ S h .

2.2 ERAAE

~NFEF Y, AFFU-FEBIFU (1) BRURR T F
WEBWT, 10%E/lF U Y ABEE» S OECEL
B L7z (Table 2). ~FH vTlEIAMT7 7)Y, TowY
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Table 2. Extraction rates of 4-hydroxycoumarin rodenticides from 100 mL of 10% sodium chloride aqueous solution

Extraction rate (%, n=1)

Compound Hexane Hexane-ethyl acetate (1:1) Ethyl acetate
st 2nd 1st 2nd Ist 2nd
(100mL) (50mL) 1ol (jo0mL) (omr) Tl (100mL) (50mL)  Total
Warfarin L7 5 12 103 1 104 102 1 103
Coumatetralyl 89 6 95 99 1 100 102 0 102
Bromadiolone 2 1 3 98 0 98 55 0 55
Brodifacoum 66 2 68 100 1 101 89 1 90
Table 3. Recoveries of 4-hydroxycoumarin rodenticides from PSA column
Recovery (%, n=1)
Compound Hexane-acetone (1:1) Hexane—acetone—formic acid (25:25:1)
Total
0-15mL 0-5mL 5-10 mL 10~15 mL 15-20 mL 20-25 mL
Warfarin 0 82 13 <1 <1 0 95
Coumatetralyl 0 101 <1 <1 0 0 101
Bromadiolone 0 86 <1 0 0 0 86
Brodifacoum 0 98 <1 0 0 0 98

2: MRM of 8 Channels ES-
306.97 > 160.85

2: MRM of 6 Channels ES-

4: MRM of 4 Channels ES-
- 526.75 > 249.99

4: MRM of 4 Channels ES-

290.97 > 140.85 522.8>134.82
1007 42003 10 55083 17 agoes 1% 1.70e3
LIS B ® 4
N ) Y N S N
o T Ty 5 T e e Oy T T T T T T by v T T T T v
12.00 14.00 16.00 12.00 14.00 16.00 16.00 18.00 20.00 22.00 16.00 18.00 20.00 22.00
2: MRM of 6 Channels ES- 2: MRM of 8 Channels ES- 4: MRM of 4 Channels ES- 4: MRM of 4 Channels ES-
100, 306.97 > 160.85 490, 290.97 > 140.85 44 526.75>249.99 400, 5228> 134,82
4.20e3 5.50e3 3.80e3 1.70e3
ES ES| B &
0 T T T T T T T T T T T T T T U T T T T T T o T T T T T T T
12.00 14.00 16.00 12.00 14.00 16.00 16.00 18.00 20.00 22.00 18.00 18.00 20.00 22.00
2: MRM of 6 Channels ES- 2: MRM of 6 Channels ES- 4: MRM of 4 Channels ES- 4: MRM of 4 Channels ES-
1004 306.97 > 160.85 40, 290.97 > 140.85 40 526.75>249.99 g 522.8 > 134.82
. 4.20e3 5.50e3 . 3.80e3 Brodifacoum 1.70e3
Warfarin Coumatetraly! Bromadiolone
by LIRS ES 8 ¥
T T T T T T T Time T T T T T T T Time T T T T 0 T — Time T T T T y T v Time
12.00 14.00 16.00 12.00 14.00 16.00 16.00 18.00 20.00 22.00 16.00 18.00 20.00 22.00

Fig. 3. Chromatograms of (a) extract of blank bovine liver, (b) extract of bovine liver spiked with 0.001 mg/kg (0.0005
mg/kg for brodifacoum) of 4-hydroxycoumarin rodenticides, and (c¢) 1 pg/L (0.5 ug/L for brodifacoum) standard

solution of 4-hydroxycoumarin rodenticides

FovBLUrsoFs 7 ravn, BBz F VTR T
Ao v EEINETH - 288, ~FH o-FEE
(1:1) TR LicT T oA T RIFZEINENSE S
nic, 7a<wvdo v, EaEkERWCES B
ZBETIRBVWTHHEE T 7 LT 90% Ll E o [EINERHE
She, ~FHUvFEBRIF(1:1) L0 bEERT F L%
AOicGa0 i’ > BEREMEVERERHETS - 72 ~
FHU-FEB I F (1 1) TR, 4tEVFhs, 1E
H (100 mL) O T 98% LI E 0 BINER 318 & 4172 8,

SR E TRz VY a VERICE AHRETOEBZ
nBH B, 10%ElF Y v AEK 100 mL o5~
F4 v-FEBz F 0 (1:1) T 2[E (100 mL, 50 mL) fiH %
T2 & &L

2.3 FFEIAE

231 PSAI=ASA

PSA I =77 & (500 mg) TORMERE LER, #&
L4 bamia~Fy -7 (1:1) 15mL T
BHED, ~FH TP - (25:25:1) 10mL T
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Table 4. Recoveries of 4-hydroxycoumarin rodenticides from animal products, fishery products, and honey
MRL Spiked level Recovery Peak area
Compound Samples (mg/kg) (mg/kg) (% mean, n=5) oD (%0 ratio®
Warfarin Bovine muscle 0.001 0.001 98 4 0.93
Bovine fat 0.001 0.001 98 4 0.99
Bovine liver 0.001 0.001 102 3 1.00
Swine muscle 0.001 0.001 92 4 0.92
Salmon 0.001 0.001 96 3 0.94
Eel 0.001 0.001 99 4 0.99
Freshwater clam 0.001 0.001 91 2 0.94
Egg 0.001 0.001 97 7 1.07
Milk 0.001 0.001 98 4 0.98
Honey 0.001 0.001 108 2 0.91
Coumatetralyl Bovine muscle — 0.001 95 4 0.98
Bovine fat — 0.001 93 4 0.94
Bovine liver — 0.001 93 4 1.00
Swine muscle - 0.001 98 5 1.03
Salmon — 0.001 99 3 0.96
Eel — 0.001 97 3 0.98
Freshwater clam — 0.001 79 4 0.80
Egg — 0.001 94 2 1.01
Milk — 0.001 95 3 0.96
Honey — 0.001 104 3 1.01
Bromadiolone Bovine muscle — 0.001 86 4 0.97
Bovine fat — 0.001 89 3 0.92
Bovine liver — 0.001 84 4 0.88
Swine muscle — 0.001 90 6 1.04
Salmon — 0.001 91 6 0.98
Eel — 0.001 88 8 1.02
Freshwater clam — 0.001 87 7 0.85
Egg — 0.001 95 6 0.93
Milk — 0.001 89 6 0.96
Honey — 0.001 92 7 1.09
Brodifacoum Bovine muscle 0.0005 0.0005 92 5 0.97
Bovine fat 0.001 0.001 84 2 0.91
Bovine liver 0.0005 0.0005 86 5 0.93
Swine muscle 0.0005 0.0005 98 6 1.04
Salmon 0.001 0.001 94 3 0.95
Eel 0.001 0.001 91 5 0.88
Freshwater clam 0.001 0.001 86 2 0.87
Egg 0.001 0.001 93 5 0.91
Milk 0.001 0.001 91 3 1.00
Honey 0.001 0.001 108 3 0.97

a Matrix standard/standard in solvent

B EINNERE SN (Table 3). 777 ) vELY
725 bS )i, DIHLTERHFEZHDD 10~20mL D
BT SBEHBRRE SN0, ~FHv-TE b (1:1)
10 mL TEe#EER, ~+4 -7+ b v-F(25:25:1) 20
mL CiEHET I EE LK.

232 FEFZ MUI-AFHUHE

B HEE LTT 2 b= b Jb-~F 4 v AEERSTL
7o, BEEROIlug 2~F 4 30mL BLU~F4+ 88
7€ b=k Y30 mL THERHCEL, 5O0RE
S, TN YIVBEE T ~NFHVBIIAFY Y
BAFI 7 = =+ Y30 mLNZ, EROEEE 2ET
W, BLEYORINERERD .. FOER, VWTFhokds
Wb BIFREIE (>94%) BEoh/i I &ML, T b

= b ) =~F oy DB THRIEETY T & & L.

3. AINEMEER

L O/A, 4IRS FOFFE, BofN, <, 5%
¥, LUA B, 4£IABLTRBADEHOVT, 56T
DEIEIEERZT - 7. BRINERE I Table 4 127K L 7.
HHBRIEL, EEBREERINL T» 5 30 9% IcBE L
7z, 5B, BEHLAOEBETEA ¥/ — VTR -8
AU, EHcB VTR, BRSA ¥ — VIEK
LBE LD ott®d, A/ — VTR B EEEE
W (1lmg/L) %27+ v TERLLBBEZRMDL 7.
METLc 10 BT, BEE79~108%, #HTHEE 2~
Y DEIFHEENE LN (Table 4). £/, WTFho
BRICBVWTL 75 v/ BICEEARTET A~ i
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» ot (Fig. 3). BEEMERERICHT 57 MY v 7 XiEHEE
BHED Y — 7 EEHL % Table 4 IR Lz, 907 7Y v
BEE~ MY v 7 ADOREREBEEZITH T L PEN
HRETH -7, 77T b5V, TuwVIovBIUT
oF 4 77ravsiE, LUATETFORDY MY v 7 2%
ERonicbon, HEREOFMICIIREZRER Rl
EAREE B Z ok, AERRVIGREIhOEERR I,

WTROBRICBEWTS, Yo+ 773w 410300005
mg/kg, VN7 )V, IRTFFIUNBIU T UL
o it 0.001 mg/kg Th - 7.

F & O

EKEYBLPRbADFO4- L Fodv <y vHR
LR (L7 >0y, 225500, Towdto
v, 7uF 47 7av L) OEBRERSFTEEZBERL ..
4-EFo+vr <Y Y EREREEKENB L CEBAHD
POFERRRM T 72 b v THIE L, FER=F Vv BLUO~F
Y ORKETEAR, Teh=b U/ ~F 5 v REBX
U'PSA 3 =45 A TREL TLCMS/MS THIEZEIT -
fo. HOEREA, 4O, Fo0iEN, BRomA, I, 5
HE, LU B, FEABLUEHL-20 108EEH
W, FSHDEEREE 0.0005 £ 7213 0.001 mg/kg T 5 #ETD
WRINENNEERR 1T - 1o/ R, EE 79~108%, GHTHEE
2~8U DRIFIEHERNE S,

AW [k 22 FEEEFBHEEEXARRARE S
EGERE BT 3R YT 4 7Y X MEEBAICEES
ERREE | Itk ERL .
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Determination of Pindone in Animal Products,
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A sensitive and selective analytical method for the determination of the rodenticide pindone
in animal products, fishery products, and honey by LC-MS/MS was developed. Pindone was
extracted with acidified acetone, and the crude extract was purified by liquid-liquid partitioning,
followed by silica gel and ODS column chromatography. LC separation was performed on an ODS
column with methanol/water containing ammonium acetate as the mobile phase, and detection
was carried out using tandem mass spectrometry (MS/MS) with electrospray ionization (ESI) in
the negative mode. The average recoveries from fortified bovine muscle, bovine liver, bovine fat,
chicken muscle, salmon, eel, freshwater clam, egg, milk, and honey spiked at 0.001 mg/kg were in
the range of 76-92%, and the relative standard deviations were 4-8%. The limit of quantitation
(S/N=10) of the developed method was 0.001 mg/kg for all the tested foods.

(Received April 1, 2011)
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W8, BEMOREENEEICHEE L TV 3L OHEIC
ZDFE THEATE 3 ERED > BIRMEICEN ST 25
HFINTVRY, FESBFEROCRLCEEDICERAT
BEME Y FUSIELHE L. AWETIREIEB L 08
BIARIC OV TIERET L, SRELEKENBLURSL
HODE Y FUaIEERR L. BERLOTEEL:
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1. H #

HIRO4 DA, £OIEH, FOFE, FROBRN,
g, 27 E, LUA, B, £ABLITRBADEZHEL
fo. FOHN, FOlEN, FOEB XUCROHAIWR,
7= FHy s —THUE—L L., SUBXUIHER,
A (NEII®RL) 27 —-F7 v ¥~ TCHUE—LL
fo. LUAERBRERER, 7 FFy 5 —THETIE—LL
7o, BIRRAERER, LM EAB—bLL. FHB
LUEBADE, LBEE&ELTH— L.

2. HE--HiK

AR S X OEEE, BIELE P /3 FmeEET
(M oRBEEABRAFNELR W Y1 vyt
HHETEROMDOE 51 » 545 FH V. HRBAERD
HETHOIOKE, BEMEREKEREECEE LD
DR, LC-MS/MS OBEFAE L, BER/IEGED
RO LC-MS AREKBLU A 7/ —vaH iz,

vy F VBRI Dr. Ehrenstorfer #H 8 D785 23k
BRI FE985%) TH W/ EEEKITEIHRYIC
PE-THHBIL .

YUY B II =h 5 Ad, Waters #18! Sep-Pak Vac
Silica (BETAE 1,000 mg) WAk, A7 57y
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Jyovfb > ) A AL (ODS) ¥ =4 5 Ald, Varian 8!
Bond Elut C18 (FTAEZE 500 mg) ZMHW.

3. % =

7 — F# v % — & BRAUN # 8 multiquick profes-
sional MR 5550 M CA, & ¥ ¥ 3 4 ¥ — |4 Kinematica
# %! Polytron PT 10-35 GT 2 H W7, pH * — % — &
B EBEEFREF2 2w, RBKBHEES,
GRHEREFFREOBSHEZREKRBEREE NZ]-
2DSYW % F 7z, LC-MS/MS i&, Waters 8 E &k
k2 o=+ 2 5 7 Alliance 2695 B X ORI SVEB DT
£t Micromass Quattro Premier Z{# L 7z,

4. LC-MS/MS RlEZ£HE

LC-MS/MS BIFE ZFERVICHE - TFr- 72,

41 LC&H

#15 &0 Inertsil ODS-4 (RMX 2.1 mm, £ & 150 mm,
WFRE3um, V- AY 4 Ty REED, H—Fh 5 A
Inertsil ODS-4 (& 1.5 mm, £ & 10 mm, H/FE 3 um,
V¥ x v RHED, #5ABE 40C, FAE:

l Sample ‘

fat, 5.00 g
’ Extraction ]

filter with suction

10% NaCl ag.~hexane partitioning

filter

Acetonitrile-hexane partitioning |

Silica gel column (1,000 mg) 1

ODS column (500 mg)

LC-MS/MS analysis

add 1 mL of acetic acid

evaporate to dryness
dissolve in 2 mL of methanol

evaporate to dryness

S5ul, BEME: 10 mmol/L BFER T v €= A7AK (A )
BLU 10 mmol/LEFER 7 v E =9 A-X ¥ /) — VIEW
(Bi#), BEFEHAE: 0.20 mL/min, 75 ¥ x v b &
047 (A:B=80:20)—~154 (A:B=5:95)—254 (A:B=
5:95)—25.143(A:B=0:100—=354% (A:B=0:100)—>
35.1 43 (A:B=80:20), fREIEM: 14.1 4

4.2 MS &

43 L' —F 2L 7 boRTFL—AF {bERY
F 4+ 7 & — F (ESI(—)), #I5€ & — F: multiple reaction
monitoring (MRM), # + £©5 ) —EF: 05kV, v —2
BE: 120C, a—v#X: 50L/h Ny, BiiEisBEE:
400°C, BRAME A 2 800 L/h(Ng), 2 ¥ a v HR: £
3.1 Xe % mbar (Ar), HIFEA & ~ (m/z): 229—116 (EE
44y, a—vEHESO V), 3V Vs vz xv¥F—-35
(eV) BLU229—172 (EM:A A v, 33— VEFE 50 (V)
aY Vg vzRrF—-21 (eV)

5. HEBAHEORAS

SERIAHEABIE RO % Fig. 1 IR L 72,

10.0 g (for honey, dissolve in 20 mL of water)

homogenize with acetone (100 mL+50 mL)

evaporate to obtain an aqueous residue

add 100 mL of 10% NaCl aq.
extract with hexane (100 mL+50 mL)
dehydrate with anhydrous NasSO4

make up the volume to 200 mL with hexane
evaporate 40 mL (fat, 80 mL) of crude extract to dryness

dissolve in 30 mL of hexane

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

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 silica gel column
elute with additional 18 mL of hexane-ethyl acetate—formic acid (180:20:1)

precondition with 10 mL of methanol
load on ODS column
elute with additional 18 mL of methanol

dissolve in 1 mL of methanol

Fig. 1. Schematic representation of the analytical procedure
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5.1 #HH 7. BRI MY 9 I XOBEANDEE

¥ 100 g JEHFDIEAIZ500g) 2B0HE -7 &
b A5 OOEAITEE 100g 2800, /K20mL 2ini
THEBLUI, THIKEFB I mLBLU 7+~ 100 mL
EMAT2HEFEYFARL, ¥4V 2K 1lcm D
EXic#unicalERVTRG | AB L. BEWERDY,
7 b 50mL 2MATEEEERICHREYFA XL
%, ZEIABLI. BoNAREESDE, 40°CUITT
¥10mL (35 &> DEE1E#H 30 mL) ICHTERE L
7c.

ThE 10%EAbF Y Y ABK 100 mL BN+
¥ 100 mL THER=H<B L, 5 aMRE S % ~Fv v
BxE-l. KEEZSWERHCEL, ~F¥ > 50mL %
Iz, EEEERRICEIEL. ~Fr vEBErebY, HE
DHEEFKEREE > ~ U v 42 NA T 15 HREKER, MK
FEYYLEBBIL, ~FFEMATEREI 200 mL
&L

& 40 mL (ERFDIE4&1E 80 mL, k2 g HHY) %
0, 40°CLIFTH 2 mL ¥ TRITEHE®R, EBREHIC
S 0BEEBRELL. ~FH v 30mL 2MA, ~FH v
BIFI7T £ b =1F Y 30mL T3EEREESHH LA, T
b=t U NVBEASDYE, 40CLITTH 2 mL £ THRITE
Mk, ERRMICL L BEELREL, BEYE~F9 v~
Befs = 7 L-FTR (180:20: 1) 2 mL IC/ARE L 72,

52 FEH

CDERE, BODLLD~NF Y FEB T F -
(180:20: 1) 10 mLTHE LAYV AFX VI =H T 4
(1,000 mg) ICEHEL, &sic~F+4 v-FR F L -F8
(180:20:1) 18 mL 2FA L. BEREESULAEK
% 40°CLAT TR 2 mL  TREBHER, EZXRICLD
BEEEREL, BEYEX Y - 2mL ICERL .

CDBEEE, B LHASY/ —10mL THELE
ODS I =435 4 B00mg)iIcER/L, E5lLA%/ —
18 mL 2FA L7, BHEEECEAREE 40CLUTT
¥ 2ml  CREBHER, ERIJRCIVBEEEZREL
BEWA 2 5/ — 0 1 mLICERLTERBRR 20251
#/mL) & L7,

6. & =

AR & EIRE i, HBRAKS L CEERK (0.25, 0.50,
1.0, 1.5, 2.0 8L ¥ 3.0 ug/L) £hZn 5ul % LC-MS/
MSICHEAL, -7 BEELXHOTEMRERFEICIDE

ZL7%..

ANENNESR I &6 B [EINER 100%HEHBED< b ) v
7 ARERRD & BEREER B R 2EAEL, &
BRI O © — 7 WREOFEECET 2w b ) v 7 28
BERO Y — 7 EREOFGEO A RO TEE = M) v 7
2 DRIENDFEEFHE L 7.

ERREEELUER

1. AIERME

LC-MS/MS I 3 Bl cHRdifb L /e & T7 - 7.
EYRYRBIT L VEBEEAL, -0 v LRTn
e, DFH T LICBBEY S —VEB X USBRAY
A3 750 Inertsil ODS-4 2 H W\ ie,

2. HBRAKRARAEOBES

EY R VBB LAY TS B 1w, IS EoiEEME
ERTES,ORT b yOATREIHE I VW ETFE
Eht. BROpH L SPTHMMERERAEET S0,
BAIA fomEEORE 2ITH> T & & L. Tablel ic#
PO nEEE: GRINEE 0.01 mg/kg, 3 4FT) O
Ba2Rlt. 7 b rosTHEET- EEFENINER
BO%LIT &7 » 7. chiext L, BEE 1 mL %2 7RMNE,
TN THELAESIZ85% LY, KiBICEINRS
| U7, [EEE 100% 484 O EEEERICEdT 2 < b
)y o ABEEKFO Y — 7 ERERIE, WIFNoEAD
1.02~1.04 TH -7 &5, EINERDEZ< Y v 7
ZDEFEICLZHDTREBOI EARE SN, FBINOH
Hik (72 vBRER) OpHZREELKE A, BER
MEFIC T2 b T LSS IR pHI DIE) %
ALY, BFBR I mLMAT7 &b vy THIHLAESRE
PH3 Th - 7. BILVWEKENCERTE 20hEkET
B, HHBERERE T 72 v TITHO T & & L1
BonfmHEE 7 v 2REL, RO EEBICA
F 4 UANDERRIT & - TKBMWERMES EREL R, 7
b= Yo/ NFEY VAERIC K BBIEETT - 72,
ERBLUTE = Y/ ~NFH VSRS TIRIERE
BEYINEZh - toicd, BIEROEERRIC Y Y ATV =h
S5 A (1,000 mg) TOREEIT- 7. TOFER, i, L
U&, BINRGEICEE N2 EHRLEDOESHmEDFRMER S %
BRETBEIENTEL, LHLESS, IRNEFEOCRRT
&, YV ATV =45 AREE DS TIHERERS ORRE
BAR+HTHD, BERERCERYLED SN £
T, ODS 3 =% % 4 (500 mg) AW/ BIERERET L

Table 1. Recovery of pindone from egg sample

Peak area

. Recovery*
Extraction solvent (% mean) ratio
Acetone (100 mL+50 mL) 41 1.04
Acetic acid (1 mL) and acetone (100 mL +50 mL) 85 1.02

¢ Spiked level: 0.01 mg/kg, n=3

® Matrix standard/standard in solvent
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Table 2. Recovery of pindone from silica gel and ODS columns

SPE column

Elution solvent

Recovery (%)

0-10mL 10-20mL 20-30mL Total
Silica gel (1,000 mg) Hexane-ethyl acetate (9:1) 0 0 0 0
Hexane—ethyl acetate—formic acid (180:20:1) 96 1 0 97
ODS (500 mg) Methanol 82 12 0 94

Table 8. Recovery of pindone from animal products,
fishery products, and honey

Table 4. Ratio of peak area of matrix standard to that
of standard in solvent

Recovery?

Sample (% mean) RSD (%) Sample Peak area ratio®
Bovine muscle 76 8 Bovine muscle 0.98
Bovine fat 92 4 Bovine fat 1.03
Bovine liver 91 6 Bovine liver 0.98
Chicken muscle 84 4 Chicken muscle 1.04
Salmon 91 7 Salmon 1.03
Eel 88 6 Eel 0.94
Freshwater clam 81 6 Freshwater clam 1.00
Egg 80 4 Egg 0.98
Milk 84 7 Milk 0.93
Honey 83 6 Honey 1.02
4 Spiked level: 0.001 mg/kg, n=5 ¢ Matrix standard/standard in solvent
(a) o ni.
92> 1 .
1007 2.0053 3. FRIEMXEER
EOEA, Solglh SR, BOHRH, U, 5712
L l X, LUA, B, FABLIURBEASDZHVT, &NE
] L LCEEETH S 0.001 mg/kgickiF B, 5T
o e P P RINENEER T /o, B, FOIEHUADERTIE A
(b) ""THoloo 7T 1sloo | 20000 y /) —VTHEBL BRI AN L 7. S olEHics v
100 y 228021158 i3, FKAA S/ —VIEHEBE LMok, A8
J = VTHBILEERE (1 mg/L) 272 VTHERL
o BRI L 72,
] B L OBEOBEKENB LV RbHODTRER
] 76~929%, TR 4~8% D BIFHiEREME SN (Table
(C) o 10,00 15.00 20.00 3, WFNs T v/ HBCEEBRFET A -7 @R
1004 228.92 > 115.8 o fo (Fig. 2). Ff, BEEEEBIIHTE< M) v 7
] 20088 zEMEREO C - 7 BELE 093~104 THY, EVF
VIREET Y v 7 RIS KB RERFEEEZTLI LI
7 BISETT4ET & - 7= (Table 4). A%V EEHO €
] N OFEERR (S/N210) iE, WIFNOoBEFIEBVW TS
o= : : Time 0.001 mg/kg T - 7.
10.00 15.00 20.00

Fig. 2. Chromatograms of (a) extract of blank bovine
liver, (b) extract of bovine liver spiked with
0.001 mg/kg of pindone, and (c) standard
solution of pindone (2 pg/L).

fe. A5/ —VTOREBERFTLILEIA, 20mL TR
FsEINESE SN (Table2), YU AKX VI =H3F A
BXUODS 1 =45 a858licky, BRELALIBEDSE
KEEW (oW, Solelh 4OiFE, BoHA,
i, 91 E, LUA, BU, 43) BLUEBADOTE,
WIN BB TEMEEMOE E A LBVRBRIERNIE S

F & ®

BEYHRO Y Y F vy aREI2BKENB LTI B 4D
~NEFT B, BEEMICSVTERE L. Bk
HET7E b vy THEL, ~F U TERER TEM=NY
W/NFH VAR, Y AFIVI=H 5 ABLTODS 3
=55 A THESLTLC-MS/MS TEEB L R L 7-.
Rik%k, FO/HA, 0B, FOFE BOHA,
W, ORE, LUA, B, FHBLTEBEEDSD 108
SHICHER LR, B 76~92%, HHTRE 4~8%0DE
IFIsFERME L NI,
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