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

Shizuka Sarro*, Satoru NEmMoTo 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
81-939%, 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.
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Fig. 1. Chemical structure of pindone
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HROTHK, KE, Ehvl x, BO5HAZFS, F+N
Y, VAT, L vy, boh, 30 BLUEXEZHV
fr. BEBIUCHEOESR 7 — FH v & — THUIE—(L
L7z, 88, BEEBLUEDESID, 425 um OEEREI.
BWVEED LD L TE— kL

2. HE-HK '

EAES X ORI, BELE®RD 72 3ADERET
(M oBRFEEEABRAAE LAV, FM4 vyt 0
NHETERDOBIOE S 1 + 545 2HV 1. RBAKD
FABTHOVIOKE, EEMERTKEHEETRELLD
DAEHWV7, LC-MS/MS OB EHEEE L, BIRLZEED
BD LC-MS HRBKBLU A ¥/ —ERAVI,
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RS 109.8°C) oBREEESBRARELHV . EERRK
(1,000 mg/L) iz, ¥¥ Fv 10mg 2FEL, 7=+t
Yov 10 mL AR L CHAB L 7., BERIFRAB LUK
IMENREB R OB EER I, BEREE A ¥/ - VTHE
FRLCHERL 2.

T35 774 R ryI=h5aA(FETAESN mg)
&, SUPELCO #t &Y Supelclean ENVI-Carb (FCTA B
500 mg) *HWk., YUY AF NI =H S5 L3, Waters
%t 8! Sep-Pak Vac Silica (ETAE 1,000 mg) =AW
fo. TFLYITIV-NTaELY YLV Y B0 3
=A75 45 (PSAY =45 4, RTAESBN mg) 3,
Varian #£ 34 Bond Elut Jr-PSA (ETAE 500 mg) B
VY -z A x v 8] Inertsep Slim-J PSA (2T
AE 500 mg) ZHWV.

3. % i

7 — F# v % —id Retsch # 8! Grindomix GM200, i
O #3 PE 8 12 Retsch #: 81 ZM 200, & € ¥ + 4 ¥ — &
Kinematica %Y Polytron PT 10-35 GT 2 W\ 7=, &
BREEEERE I, BRERERT (D B oBEMEREKEE
B NZJ-2DSYW 2B Wiz, LC-MS/MS (&, Waters #t
BIEHEAs o2 b /5 7 Alliance 2695 & & UV EI#E&Y
BEEA¥rEF Micromass Quattro Premier 28 L 7.

4. LC-MS/MS JIZEL&MH

4.1 LC%H

#1 5 & Inertsil ODS-4 (A% 2.1 mm, £ & 150 mm,
WFE3um, V- T ¥4 =V RHED, F—FH T A
Inertsil ODS-4 (9% 1.5 mm, & 10 mm, FFZE 3 um,
-z A v REED, 435 LEE! 40C, EAER:
5ul, BE#E: 10 mmol/LBEEE T v = 478K (AK)
BLUI10 mmol/LEEB T v =29 A-4 % /) — VIBK
(BiK), HEHEMHE: 0.20 mL/min, '3 ¥ = v h M
04 (A:B=80:20)—~15% (A:B=5:95)—>2543 (A:B=
5:95)—>25.1 47 (A:B=0:100)->354r (A:B=0:100)—
35.1 43 (A : B=80:20), ISR 1415

4.2 MS £

43 fbE—F: 2L raRFL—A % v{LEFH
7 4« 7 % — F (ESI(—)), #l%E € — F! multiple reaction
monitoring MRM), + + £©5 ) —8HF: 05kV, Vv — =X
BE: 120°C, o — v # X:50L/h Ny, IRAEHERE:
400°C, BRAE A 2 800 L/h (Ng), 2 U ¥z v H R
+3.1 Xe 3 mbar (Ar), BIFEA & ¥ (m/z): 229—116 (F
Baty, a—vBFSL0(V), 2)VarvIiiv¥— 35
(eV) BL 229172 (EEA 4 v, 73— VvEFE 50
V), a) Yavzixi¥F— 21 (V)

5. HEBRAROAS

HEBARARTEOMER % Fig. 2 1R L k.

5.1 HH

51.1 F|E EESLUEEHODES

HEL 100 g B0 Ry, RMENERICS W TEES
BERMNT 256 10pg/LEBERRK 1 mL 2HFMLT

30 fEIE L. Chic, /K20 mL 212 TE 5T 30
SRRBE L7z,

TP YI00mMLAEWMICHFESF A I LIE, 74
VvotAEHlem OEIIKEWAAKERVTRE 28 L
7z, BEWMAERD, T M YS50mLANATHRE I F A
XU 74, WE|A@BLI. BonirErs&bdE, T
v AEMA TIEREIZ 200 mL & L7z,

fH® 40 mL GXK} 2.0 g#82) 28, b, 40 CRIFT
WemLICEmRBLL Thi10%E{r by vy ABK
100 mL BLF~+4 > 100 mL THERH<HEL, 55
BiRES Lic. ~FH4 VvEEERD, KBic~++ 50
mL 204, 50ERES L. ~FHvEEAbYE, &
BEOEKRES M) v LEMAT 15 9BKRER, EKR
B by o axARIL, 40°CLIF TR ARE LR,

BEYIC~F4 v 30mL 2MA, ~F+ V7€ b
= YA30mL T3EHRE SHH LKL T =Y
BE&HhE, 40CUTTEEEREL, BEYE~*H
V-BEBR T F V-F (180:20:1) 2 mL ICIARE L 72,

5.1.2 B=E, FEBIUROEHE .
BEBIUHZOEAE, B 200g2BVEY, &
MEMGRERIC B W TIEBERERINT 258413 20 pg/L
BEAK]I mLAERMLTIOSEREL . ToiEs
&, HK5.00 g =&Y, RNENEERICE W TEE
B ARRINT 285414 10 pg/L BEEHE 0.5 mL 2 &N
LT30ARIMEL, THaic/AK20mL 21Z TE 5 30

SFERE L7z,

TEbF Y100 mLEMATHREY F4 XL, 74
Ve tEHlom OEICEWAEAEEF VTR AEL
fo. AHELOBEYICT 2 50mL AMATEEY +
4 XLtk BEIABLIE. BohizsEErabE, 7T+
MY EIZ TERIC 200 mL & L7z,

HI 20 mL (054 80 mL, 50K} 2.0 g ) %
B0, 40CLTTH3mL FoFE&EH12ml) i
LI, Tz 10%EkF U v ABK 100 mL BLU
~F 4 100 mL THRERFICHEL, b5aHRE D L.
~EFUBEED, KB~ H v 50mL 2ME, 545
BHRES L, ~+4 vErxabE, EEBOENKFEREF b
Yo ARIAT 15 SRMRE L, EXKmEB Yo L%k
AR, 40°CLITcEAkREL, BEYWE~+v -
B -+ (180:20:1) 2 mL AR L 12,

5.2 HHl

5.2.1 REBLUBEOES

75724 b A—FYI=H5AE0mg) DFITVY
AFNI=H 5L (1,000mg) ZEE LS F L%, ~F
+ V-FEEE T F V-FEE (180:20: 1) 10 mL THE L 72
COBEESN T LI, 51 TRONIEBREARL, =561
~F R T F V-FER(180:20:1) 18 mL 2FEAL
tz. BHEAESUCLBEHBOBEE % 40°CUTFTlREL,
BEMIAEA Y ) —VICERLCERIC ImL & LD %
REAE (20g5E/mL) &L
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Sample

vegetables and fruits: 20.0 g
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

Extraction

homogenize with acetone (100 mL +50 mL)

filter with suction

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)

10%

NaCl ag.—hexane partitioning

add 100 mL of 10% NaCl aq.

extract with hexane (100 mL-+50 mL)
dehydrate with anhydrous NazSO,4
filter

evaporate to dryness

Acetonitrile-hexane partitioning (For cereals and beans)

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)

Graphitized carbon column (500 mg)

Silica gel column (1,000 mg)

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)

evaporate to dryness

PSA column (500 mg) (For cereals, beans and tea)

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

load on PSA column

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

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

evaporate to dryness

dissolve in 1 mL of methanol

LC-MS/MS analysis

Fig. 2. Schematic representation of the analytical procedure

522 BE EE BEESLUEOBE

75774 bH—KY3I=H35A4(500mg) DTV
ATNVI=HSA(1,000me) 2EFE LTS 6%, ~F
+ -BEEE = F L-FER (180 :20: 1) 10 mL T L /.
TOEEESN S A, 51 TEROLNABEEATL, S5
~F Y v-FEB T F L -FFER (180:20: 1) 18 mL 2 FEAL
. BFMBEEECL2BRHBOBEE 40°CITTREL,
BEYAE~FY -7 (1:1) 2mL KB L 7.

CDBHEE, o UHAFHY-TE L (1:1)10
mL T##& L7 PSA 3 =4 5 & (Bond Elut Jr-PSA, 500
mg) AL, I5ic~FH+y-TE Y (1:1)8mlL %
FEALTREBIBE T, ROWT, ~F$v-T b v-F
B8 (25:25:1) 20 mL 27EA L, BHEOEEA 40°CLL
TThELL BEYA» 5/ —VICHERL, EEIC1
mL & LicbozHEBRmmE (2.0 g Fk/mL) & U7

—128—



240 A% Vol 52, No. 4
6. F 2 VRB VTN EBEEET ALY, £BERHYEOES

EHEPR IR 0.25, 0.50, 1.0, 1.5, 20 L ¥ 3.0 pg/L % #
y/—VTHARL, 2hE¥h 5ul % LC-MS/MS iciEA
LT, E—vERETRERZERL . HBRAK 5L
% LC-MS/MS iciEEA L, RERD SEIREREICLD
BEARD 1.

7. BET M v T RADOAEADEE

75 v BBER XK KE, Bhvly, @504
9, F+xXY, DA, L vy, bbb, w508
FURDE TS5 v SRRV THITECH - TREL.
RKEAVAIR) 100 pL %54 7ICERD, EREFREFUT
EE Lk, BREYERINENIEGER B 5 EIE 100%
HERBEOEERKE 100yl AL T MY v 7 XIZHE
BRE L, = by o RIBEEAR & RIEEERRE D
IEFECREICE 2EHIE L, BEZEERRKRO Y — 7 @&
OEHEEICHT B+ Y v 7 RBERKED ©— 7 EROF
EEOHERDTRE < MY » 7 RORIENOEE L TH
L.

EREREELUEE

1. REEHEORES

1.1 LC-MS/MS

1.1.1 MS%&f# -

EY F Y i3 GCMS i & 3RIETRHHEEENSE SO
3, BEELVVTORERTEL, - o, EREROWF
HEAEBERT 7%, LCMS/MS 2BV RlEZ L
tz. BEIMEE LT, 20 mmol/LBEER T v & = AJRIE-
2%/ = (1:1)E7i3 20 mmol/L BFlE 7 €= 474
BT F=FILA:DEEAVT, 70—-A VI
Va VTMSEHEBLTRIES 4 v ORBILET- k.
A% =NFRETEP= M) NVROBEHRE T, ERA A
VOREBICKETEVEIRON A, ESI(H) BLU
ESI(—) TORIEZHE U kER, ESI(—) TEHWV S/N Lt
BELNt. 33— VBEICDWVT 20~60 (V) DT 10
VHA TR LUIER, SV A - —aF v ELTHRY
o b AESF IM—H]" m/z 229 BEZE s h, 50V TR
EhgEAKEE -1 Ft, 2 VavzxF—Iio0WT
T~49 (eV) OHFET 7 eV A TRET LR, 7oy
M AYELTm/z 116, 144, 172 5 EBEES h, &
EoKEWVWwm/z116 (Y YVavzxV¥— 35eV) %
FEBAA Y, m/z172 () Vavzi¥E—2leV) %
EWA A ELE FrESY)-BFEKOVT, 05,1,
15,2, 25, 3kV 28 LR, 05kV TA 4 VHEN
BAREE -7, KT, BIERESI(~) T, ++E35
)-BFIROSKVERVWAI &L LI

1.1.2. LC&H

BrR 7 v E=9U LIB/K-T b= U N, EHEEEET
VEZY LABK-A S/ —VERVT, 9Fh 5 L0R
fTot. EYFVRODSHSATRT—Y ¥2LPT
, BEEH T r—sBRIEES W Lo, BV F

Byr—) v7oRREMERNE N, 22T, BA D ODS
NS LERFLICETA, BEYS/ —VEBIULER
Bi¥nH3/D 150 Inertsil ODS-4 (Y — z b4 4 = ¥ X8
TRIFRE—7ERBEB N, RERESHELELK. <0
B35 LERAVWT, IORBEESGEARNLIER 7
F= b YLK D B XY —WESOBEED I S BEER
BB M- 1228, E—RATEL, B — ke
NEON. i/, BTV Ev ADBEICHSOWVWTS,
10, 20 mmol/L ZH& L& T 5, 10 mmol/L TE—7
BENRAKENE 1. TNODERLS, A5 ik
Inertsil ODS-4, B E#H I 2 10 mmol /LEEBE T v =9
LABEBEB L 10 mmol /LB T v E=9 A—X & / — I
BRBREROTRIEERT> L& Lk,

1.2 RER

AMENGBR TERCHEVBESERTH 5 0.25~3.0
ug/L T, REBEERLE TS, BFLEZEE (=
0.999) BB ohi, 7, BEGHESZEEMERL
72 0.5~20 pg/L OEBFICB VT H, REFIIBITFLEE
# (r=0.999) HFEDH S 7z,

2. HBRBARABAEORE

2.1 HHBEE
BEEREOBMRRETR, MHAEE L TREVESE
OILEYAEMET A ENHRER T & b vASREShTY
3, EVFVRKCHEETH B, 3EAEDERARIC
BATHAIEMD, TN VEHOVTHELEZED A,
RARE7S C EUXARE T H » Fo. & » THADFETIE, HHA
BELTTE N VEBRWAI EE LT

2.2 EARE

~FY Y, ~NFFU-EEBRIFV (1) BLOFRB T
WERWT, 10%E/bF + U v AEEH» S OEIER %
B L7z (Table 1). WFhoBEETd, BIFHSEINERLE
Sttt —fic, (EREAELE O ERD 13 5 pEsl
BEBSFEOWI 0D, 10%E ks MY Y LK 100 mL
HEAFH YT 2HE (100 mL, 50 mL) HAEI TS T & &
L.

2.3 ®WEFE

231 7TEbr=Z FUI-~FYHE

B SEBLUEERORIESELLTTREN=Y)
W=~FH VRRAERS L. EY Ry 0lugd~Fvy
30 mL KA L, ~F4 vEfl7 e =F YL 30mL T

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

Recovery
Extraction solvent 1st 2nd
Total
100mL 50 mL
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

ota

0-5 mL 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 3. Recovery of pindone from PSA columns
' Recovery (%)
Column Hexane-acetone (1:1) Hexane—acetone~formic acid (25:25: 1) -
otal
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 Inertsep Slim-J PSA (500 mg, GL Sciences)

3 [ElH £ 1T - 7B OEIERE, 1 [EEH 90%, 2 BE
8%, 3[EEM 2% TH v, 3[EHHHTIZIZ 100%DBIFI
EINEASEB LN, £o>T, ~F4r30mLH»5, ~F
+yfEfl7Te b=t Y1 30mL T3EMETBEIEEL
7c.

232 VUNFNIZASALICKBER

VY BN =H T 4 (1,000 mg) TORERIAZHRETL 72,
EYRrviRady BB FL9:1) TREHLEDL-
7ohs, ~FH BB F U-FE(180:20:1) 15 mL T
1321F 100% A L7z (Table 2). ¥V AV =45 %
Bk, BREORMERS IS S sicEEsH, T
Li, #+X)v, DAZ, AL voBXUN<+THE, B
HYDEEAEBVEBOHBRARNESN. Ll
2o, K, BEINAEHIBLUEZ 5V TRFEERBX
VEBEZROBREVBRTDTH T D, BREOKRE
KoWTHREdT B EE LT

2.3.3 BROKRE

75774 b H—KvI=H5 s (B00mg) FHNTE
ROREFEEZBRITI L. Y AX NI =H S 6D 5DE
HiIcBOWEE (N9 v-FrBx 5 V-F8 (180: 20:
) T, 5774 h—RYI=2h S5 ahoORHER
MlikEcar EYFvid15mL TEIE 100%EH L
(Table 2). EFE%ERERICEREDOKREERS EHRET S
e, 5774 b A—KYI=H 354 (500mg) DFIC
YYAFNI A5 A (1,000mg) BERE LTS A0S
DEHEBRF LIET A, ~F9 VR F V¥R
(180:20:1) 15 mL TEHFSEINESE SN BE<
MYy 7 RC& > THETOBEHMNEDTNIES 5 D0,
20 mL IO EN I BRI N - 05, BEH
BEEE20mL &L, V93774 v h—Kvi=h3
LEVNAFNI =S LDEED S ATk BRERIT, 3
INAZIBLUEw 5 D ORBERBLURBERDOR
EDTRETH » 1c08, FTCRBRBEOBEHMR SN

2.34 TR, KEBLUFEOEMBR

Tk, RKEBLUETHE, /'5774 b h—Kvi=p
SAEVYHFNIZH S LOEEN S ATk BBEOA
TRRERDDOBRENRTATHD, BERERICEEY
BRH LN, COBZYRA Y/ - (BRRBIERD
BRRIAIED) ~NOBBRBA+ATH-7e, TTTPSAI=%
5 & (500 mg) 2 WV KBl 2 K5 L 72 (Table 8). Bond
Elut Jr-PSA (Varian #&D) #HW\w/k &I 3, ¥ Y FViZ
~FH -7 b (1:1) 15 mL TRAHET, ~F4 -
T -FEE(25:25:1) 5mL TiEiF 100%EH L 7,
Inertsep Slim-J PSA (500 mg, ¥ — T A4 4 = v 248D
Do DEHIC>VWT L7 & 5, Bond Elut Jr-PSA
ZHOKESEERICAF -T2 M —FEE(25:25: 1)
5mL TRESBBEHE NI bDD, 5~20 mL OEASITS
BHBR LN, TNOOERELL, ~FHv-TH IV
(1:1D) 10 mL TEEL, ~FH-7TE b ~-FE(25:25:
1)20mL THEHT AT & &L BB, RINENRRICS
T iZ Bond Elut Jr-PSA (500 mg, Varian #&) ZHW
72. PSA 3 =4 5 ARBIZENT A LIk, ROEE
BRbLBESN, K KEBIURTREGTEERE
MIDIEE A EBRVHERBERNE S

B, ®RETIEH 50, BEYORFED SERTL T,
BERODEVEBEN TR IS5 774 A—Rri=h A
BRIAEIETE B LHES A, THubE, Fhol sl
CEROPEVBEBIUHBETRIVI IS VI=H S L
BEOAT, £, TEBLOKREREIEN S0 BEY
THEENDRVWSDTHNEE, YV AFIVI=hFad
PSA ¥ =74 5 Al kB3OS T, LC-MS/MS THIER]
enHRARSB OIS LSS, L L, ZEEHK
REEYICERETE3FEET S, BEBIUVEET
BIS5 774 h—RYI=HFTLEVIAFVI=AT
LOEREN S LATREIL, B8 BB BEEBIUXRT
BERES 5 LICIMATPSA 3 =4 5 A TRET 2 HES
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Table 4. Recoveries of pindone from agricultural

Table 5. Matrix effect of pindone in agricultural

products products
%

Sample ?;C(:;:Sz) RSD (%) Sample Matrix effect® (% 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-

10 228.92 > 115.8
1000
b3
\ (a)
Ittt spatinp s Myt fiin
T T T T T T Time
10.00 15.00 20.00
. * 2: MRM of 6 Channels ES-
1004 228.92>115.8
1.80e3
B (b)
c T T T T T T
10.00 15.00 20.00
* 2: MRM of 6 Channels ES-
100+ 22892 >115.8
1.80e3
* (c)
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) ‘

BRL..

3. AMEUEER

K, KRG, Ehuvl g, B354, F+XY, D
AT, FLVY, bbb, w3 DBIUREZHVT, &
IR E L CEBEEE L 0001 mg/kglcBid 3, 54
TORMEMNGREZT- . TOFKE, Bt Lk 10EHE
DEEYITI, EE 81~93%, HHTRE 2~7%DRIFR
BEME SN/ (Table 4). FEA AV, EEAL v ED
i, WFNOBEYTL 75 v/ REKEBZHEST S
E— 7375 -/ (Fig. 8). BEEERKICNT S b
Uy 7 REBEBRKEO E— 7 L% Table 5 iR L .
BEtL7c 10 BEHOBEY O ¥ — 7 BRI, 90~106%
THY, EVFVRERTN) v 7 Rk BRENEEL
FIFBETEULBERRETH - o, T, 10EEOEE

* 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
>1009% indicates ionization enhancement, and value of
<100% indicates ionization suppression.

YVORMENGER B W TR, Y Fryor—7ERICK
EUEMRRON - e, KEEHVE o Y
YOEBRAS/N210) & LT, BELALVWThOERE
P HBWT S 0.001 mg/kg ZHRTEFEETH - 7o,

F & &

BEYFOE Y FUySEE LT, Ty THEL
~F 4 v TEAEER GE TEBLUEEEOBEAE T
b=t Y~ F Y v HBETHIET3), /5774 b A—
RYI=hSaBIEY YNNI =HS A EE LS
FATHKEL B BE BEEBLIUVRXOEEE
PSA I =4 5 o TEIMEET ), LCMS/MS TEES
S UM T 3 FEERR L. K KE, Thul g,
Bo20AZTd, F+XY, DAZ, AL vy, b=b,
X O DBLORD 0 EHOEREY CERL-EE, B
BE81~93%, BHTRE 2~T%0BRIFRERENE NI,

AHFFEIE L 20 EEEASBEREARFERESE
REEEEICEHT AR YT 4+ 7Y X MEEEAILRESD
WriEBEREE ] ck0EML .

& B X
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Determination of 4-Hydroxycoumarin Rodenticides in Animal Products, Fishery Products
and Honey by Liquid Chromatography-Tandem Mass Spectrometry

i

Shizuka SAITo*, Takatoshi Sakal, 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: X #lrodenticide; 4-& F o % ¥ 7 <Y ¥ 4-hydroxycoumarin; 7V 7 » Y ¥ war-
farin; 7 =7 F 5 Y JU coumatetralyl; 7 o< ¥4 o ~ bromadiolone; 71+ 4 7 » 2 % A brodi-
facoum; ks o= + 75 7-4 v 7 LERSHTEF LC-MS/MS

w®

i

INTrY Y, 72T SV, ToeIturBLY
7uF47rav a3 (Fig l), e Fofvr<) vE
BEETLIREATHY, MKBENHERZRSD. <
No6D 4 Fasy s <) Y REFHEERS L E L
{EHNTHBY, BREDREPHEFYOBREICX 5
BEODHESNTVED 2, bAETRAL FoFy s
Y URBREHIOIE, T ) vBLOTeT 4T,
IYLITDOWT, BEYE L UEKEYIC 0.0005~0.001
ppm OYFEREMEFNBRESNTEY, BRELHREH
MEEINTWV S,

INETIA-E Fo+ vy < v REEH DML,
UV PEOER S & HPLC 2V A HESE ik s
NTWBIO L LEss, hdohERLCMS
(/MS) &R\ 7o bk & i U TRES L CRIREDE T
%. B TIRILC-MS(/MS)% B W/ MmE", mi®, i
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EuEELERHEWER: T158-8501 HEIHEARKX
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Warfarin

Bromadiolone Brodifacoum

Fig. 1. Chemical structures of warfarin, coumatetralyl,
bromadiolone, and brodifacoum
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Table 1. LC-MS/MS analysis parameters for 4-hydroxycoumarin rodenticides

Compound

Retention Precursor ion Production Cone voltage

Collision

time (min) (m/z) (m/2) (V) energy (eV)

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

Coumatetralyl 14.0 291 [M—H]™ 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.

For=) vRERBEH4LEYICOWT, BKEYS X
CidbApohOERER V- 7o EE2ERL, 108
EANDBEE TR L O THET B,

EBRAFE

1. & #

MROF DA, FolEl, FOE KofRA, &
i, 57 E, LUA, BN $ABLCRBEEA2EZHL
fo. FOBN, 0, FOFBS L UCEKOHRNE,
T—=Fhy sy —THTE—LLk. STBLUIRER,
TR (NEEKRL) 27— Fh v ¥ —THIIE—L
fe. LUABRRERER, 7 Fhy & —CHETE—LL
7o, BONERREBRER, K RBAE—LLE 438
KvRbAHDE, KBELTHEALLL

2. HE-H K

ERRED L OHREE, BERLEGR £ 7o 3fmesEET
X oBFEEARARE LAV, Y1 v vt
HHBETEROBD LT 1 b 545 FHWE, FEE (B
BLUFER BEMTHE) &, FBMETEGRIZAL
7e.

TJNWT YV, 7F b UNMBIUToe V4o vE
#5213 Dr. Ehrenstorfer GmbH #5810 EE 5 B #ERER FI X
EAEABWI., 705 47 7 39 LB E T Riedel-de
Hatn OB HEXABRHAAE LR V. EERE
(1,000 mg/L) (I BEEE 10 mg 2RFEL, 7Eb=1 Y
V10 mLIC/ER L THBL 2. RERIERAB X URD
EGBRAOBESEEER L, BEFEEEL ¥/ -V THE
HARL GRS L. 4B, BIoRmENERCBS VT
iE, *# %/ —NTHEHELEERKE (1 mg/L) 27
THRL 7 b OEFRMENGERH OB SEERE & L.

TFLYITIVNTaERNY )My ) Zy Ve =
715 & (500 mg) i3, Varian %% Bond Elut Jr-PSA (E
A8 500 mg) =MW1

3. & [

7 — F# v ¥ — {3 BRAUN %t & multiquick profes-
sional MR 5550 M CA, & € ¥ #+ 4 ¥ — |Z Kinematica
# 8 Polytron PT 10-35 GT 2\ /. pH A — ¥ — &
Horiba #t 8 F-52 =\ 72, LC-MS/MS |3, Waters &

BIEEEE s o< b 75 7 Alliance 2695 3 & U[E]#t &Y
BEESHEr Micromass Quattro Premier 2 L 7-.

4. LC-MS/MS JIFELRME

4.1 LC&#

A 5 & Inertsil ODS-4 (B 2.1 mm, £ ¥ 150 mm,
FILF# 3 um, GL Sciences #&), #'— F# 5 4! Inert-
sil ODS-4 (X 1.5 mm, £ 10 mm, FF&E 3um, GL
Sciences #:8)), # 5 4B 40°C, FAE: 5L, BH
F: 10 mmol/L BB 7 v £ = 4K (AR BLY
10 mmol/L Bf87 v =9 A&« x ¥/ —ViEHK (B,
BEERS: 020 mL/min, 7’5 Y v FEEF 05 (A
B=80:20)—154y (A:B=5:95—254y (A:B=5:95)—>
251453 (A:B=0:100~35% (A:B=0:100)—35.1 73
(A:B=80:20), {REFERI: Table 1 IT/RL 72,

4.2 MS &K

4 A& v{b®—= F: ESI (—), MIEE — F: MRM (multi-
ple reaction monitoring), ¥ + €35 Uy —&F: 0.5 kV,
v - RBE: 120°C, 23— v A RFEE: 50 L/h (Ny), A
HEE: 40°C, BRAEA RRE: 800L/h(Ny), 7V Y a
VHRARE: £3.1Xe  mbar (Ar), BIEA & ¥ (m/2):
Table 1 /R L 7z,

5. HEBRBHROAR

RERARGAB OIIE % Fig. 2 IT/R Lk,

51 #iH ‘

Hk 100 g Jeff0BEAIE500g) 2B0E-7. &
LAHODBERIER 100 2B, K 20mlL N4
THERLE, COARHRI mLBLU 72~ 100 mL
EMATC2HBAEYFA XL 1ot i2H1
cm DEZX W AEEVWTT &b REERSE
ks 5B L. BREYMZRY, 7+ 50mL EZMNA
TEEEERICATYFA XL, BFA2BLE B5
NicABEEHLE, 40°CUUTTH 10 mL (3bHDDE
A3# 30 mL) ITRERHE L /2.

% 10%EALr + Y v 4K 100 mL BEXO~F 4
v-BEBE = F v (1: 1) 100 mL THERHE L, 548
REH% BEEER > BB, <Y a yIBERL
1BE R, B4 3,000 EExT 5 oRELOBEET - k.
KEEDBERIPCEL, ~*4 BB F v (1:1) 50
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l Sample ]

fat, 5.00 g

l Extraction '

filter with suction

Liquid-liquid partitioning

filter

Acetonitrile-hexane partitioning

PSA column (500 mg)

LC-MS/MS analysis

Fig. 2.

mL 204, FREFERBCEBEL. BRELXEGDE, B
BOJKFEER> M) U4 EMAT 15 SHRER, KR
B b o AEARIL, ~FH-EEEFV(1:1) %M
AT, IEFEIZ 200 mL & L7z,

HIH# 20 mL (IERF D354 1d 40 mL, 3k 1 g M) %
By, 40CLITTH 2 mL £ TRITEREE, ERIMIC
LOBEEERELL. COBREYE~F:Y v 30mL B&
UANFH 872 = b Y L300 mL THKRHCHE
L, 5AHERESHE, Tebr=rYNVEEE . ~FH
VEAFI7 £ b= b Y30 mL 2i0A, _EE0EEREOEBE
. 2 2[EBYEL:. T MY VEESDE, 40°CL

TTH2mL F TRERHKR, ERJRICLVEBEELEE
L, BEYaE~FH -7y (1:1) 2mL ITERL .

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% NaCl aq.

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

dehydrate with anhydrous NaySO4

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 fHE

CDRHE, BobLd~FH -7V (1:1) 10
mL TH#E# L7 PSA 3 =4 5 4 (500 mg) KAWL, &
Slc~aFH -T2 (1:1) 8mL 2FANL THHBKI
BTH, IRWT, ~FH -7 /-FB(25:25:1) 20
mL 2FEAL, BHBOBEEE 40CLUTTH2mLET
BEBRER, ERJRCL0BEEREE L. B8, 45
A5 DEHIEHE 1~2 mL/min &7 5 XS BEEMEL
to. BEWIA 2 ¥/ — v 1 mL AR L CRERAK (1.0
g&¥E/mL) & L7

6. F 2

EHEPR K 0.125, 0.25, 0.50, 0.75, 1.0 B LU 1.5 ug/L
(Fu7477av a3, FOBRE, FOFESLTED
HIC BV T 0.0625, 0.125, 0.25, 0.375, 0.50 B & TF
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075 ug/L) 22 %/ —VTHEL, Thehbul %
LC-MS/MS icEA LT, E— /7 EEETREEEZERL
7. REREHE S5 L & LC-MS/MS IcEA L, BREE,» S
B EEEIC LD BEERD . BB, TowVioy
REEHREO Y~ HREOMEAVTERL .

7. ZRT MY v I XOAUEANDEE

75 v BRERVT, 2RI - TRE L HRE
W (735 v o REREHK) 100 ul 284 7 VTR, BER
ZWREMFITEE L. THICEEEAK 100wl 2NA T
BEEL, < Y v RBEEAKE L. RICBEDO< b
)y 7 RN & RIRERERR R R EICRIEL, -7
EREEHEL TR M) » 7 ZORIE~NOFEZ T L
7-.

EBRERESLUEER

1. REEHEOKS

1.1 LC-MS/MS

1.1.1 MS %4

BEMEELT, 20 mmol/LEEE Y v E=v ABKEB &
YAy = (1: 1)K %7320 mmol/LEEEY v =
=Y ABAEBELOT =Y LA D) BREERBVTY
a—A4 vV Ya Y TMSEHBLIURES A+ VOB
BLAETo7. A5/ —AFRETEF= MY LVRELEL
feb TH, HERAA VPBEIRRKERNEVRRONE S -
7o, BE L 4{bEPiE, ESI(H)BEXTESI(—) DO/l
E - FTRIEERETH - 72205, ESI(—) TORIEDIE S B3
BWS/NEBEBSNE a—-rvEERIKDVWTI0O~T0V
DEHFTIOVZIATHRELLZEZ A, 485V FNS
7 e b v F IM—H]- BEESHh, VA -5 -
A4 CHRELF, £, 2Y Vs VIFAFE—ZONVT
7~56 eV DEIFT 7 eVZIATRETL, BEIh/A S0
T A FvORTHROIBEORETVA A VEEEA A
v, 2BHITREOA & VEEMA 4+ v & L (Table 1)
1.1.2 LC %K

9, DS LB ET- BT vE= U AR
BBLU7E = VIVEKE, FREE7T =945
BBLU X%/, —WVEEEBEWT, Xterra MS C18
(Waters # 81), Atlantis dC18 (Waters#t8) B & ¢
Inertsil ODS-4 (GL Sciences tH8D) ZH& L. T 0O
&, Inertsil ODS-4 TERIFEAIERES L U — 7 FikHs
‘Boni., Ric, BEMELHERET L. BT v 2=
LABEBIUOTE =P YNEBKE, BT vE= o AV
BBLUA Y/ ~VIBEERET LICRER, R LIceRT
DB TA Y/ —VEROWEEIBE VY — 7 BENE
St £t BEBR7 v E=9 20EEICS>VTS, 10,
20 mmol/L 2 L&A, 10 mmol/L T u<=y
Ao vBLUPToF 47,3007 BENERE
Bole, 7°F S YAMBIUTINT 7Y vidBRETLE
ETRE—/BECRERERRON I, -1,

INCDERDS, S 5 £412id Inertsil ODS4, #

#1213 10 mmol /LEFBE 7 v == v oA B L V10
mmol/LEEEE T v E=9 4 « X ¥ 7 — ViIBHKBEEHV
THIEETH> T & & LT

B (10 pg/L) SLBINBED T 5 v 7 SBRARER
HICRIEL, BoRLAEICHT = MY v 7 2O
DWTHRET L7, TR, BRI L4t odh Ttk
HIBHOBWT O F 4 77 3V ATBWT, BORLEA
Kk - 7EENGRL TR L, BRKT1HEEARE
DRI 60WICETHAD LIz, Thidh 5 akELRTHT
HU, EANCHELZT M) v 7 20DF ¢ Y —F —s3—238
FRREHERM SN MEREERFTLLER To7ag
Ty av ABEHLULBICBEMEBE - 100%TOH 5 A
A 10475 8, 7uF s 7739408 — 7 EE
BEOETHEREONEL Ko7, 1045 0Hh 5 k%M
A ICRIRESRMET, IRAEREAK (10 ug/L) LBID 7 5 v
I RBRAEE COIRBECRERSEIRAIELZE A, B
HL%4{baMo ¥ — 7 BREOLES RSD) R0 Fhb
2~3% L2 0, BIFRHEEESE S,

1.2 BER

BET U7 4k, BmMENGERTERICH VIR
EEHETERIFSESME 720999 2R/ L. £, BE
HiFH % 05~20pg/L L SEEMICER L THEIFLER
# (r>0.999) BB Stz

2. HEBAERUFEOBRE

2.1 mEEE

Bt L bBz S n B (L Th 5720, BN
REDEREMAERTARLORT £ vOA&TIRHS N
Rl WEFEE N, BRO pH Tk ST REEEAE
ET Bk, BEMATTYT b vy THIBETS >TEEL
7.

HHECINZ 2Bic>WT, B, FBELUFRER
St 4O 100gic 2mol/L EBEE I mL £7-13F
Bl mLAMAAE 7y (1EE 100 ml, 2EE
50 mL) THIH L& T 5, REERSKREICHE SN
fo. ThicH LT, FEEE 1 mL 23N L THIH LAES R
BROMHENIER D, -, BIMHE (T b v
BER OpHAERIELZEZA, T VOATHHL
TG EREESE HILIE) 2R 72d, EEE%E 1 mL
A THELALEAICIZPH 3D, BBRElLew
(pK. 4~5) TH B 4 FuFv <y v REBEH OML
DEEEEZ S, BIRVERICEARRES SRS T
B, HMHAESTRTORETHE—L, ¥EE1lmL %
fnA##, 72 brv (1EB100mL, 2EE 50 mL) T
FHTEE L. COMBBAELBVWTEOIEEE R E Y
FARXULIET D, H—IHH LI ELD, EHoBL
TORMHAE CHERIREE E X Shi,

2.2 ERBE

~NEG Y, ~AFHU-FEBIF(: ) BLUBERTF
WERWT, 10%iE/F U Y AERP > OENEAE
B L7 (Table 2). ~FH TR NVT77Y) Yy, Tuwy
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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
1st 2nd 1st 2nd 1st 2nd
(100mL) (0mL)  Totl  (oomL) (0mL) Tl (100mL) (50mry  Total
Warfarin 7 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) |
Tota
0-15mL 0-5 mL 5-10 mL 10-15 mL 15-20 mL  20-25mL
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 6 Channels ES-

2: MRM of 6 Channels ES- 4: MRM of 4 Channals ES- 4: MRM of 4 Channels ES-

306.97 > 160.85 280.97 > 140.85 526.75 > 249.99 522.8 > 134.82
100y 4.20e3 100, 5.50e3 100, 3.8083 100, 1.70e3
B ¥ S * ®
o T T T T T T o T T T T T T T T T T T T G T T T T T T T
12.00 14. 16.00 12.00 14.00 16.00 16.00 18.00 20.00 22.00 16.00 18.00 20.00 .00
2: MRM of 8 Channels 2: MRM of 8 Channels ES- 4 4 Channels ES- 3 of annels ES-
hi ES- IRM of 8 Ch MRM of 4 Ch ES. 4: MRM of 4 Ch: is ES-
10 306.97 > 160.85 4 290.97 > 140.85 4 526.75>249.98 490 522.8> 134.82
0“ 4.20e3 00-‘ L 5.50e3 00-‘ 3.80e3 \ 1.70e3
| [t_/ % ) |
0 T T T T T T A T T T T T T U T T T T T T T T T T T T T T
12.0 X . : . X . z . . X . . |
0 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-
1004 308.97 > 160.85  4g0. 290.97 > 140.85 400., 626.75>249.99 4 522.8> 134.62
. 4.20e3 5.50e3 . 3.80e3 Brodifacoum 1.70e3
( ) /Warfarm Coumatetralyl Bromadiolone
ES 8 R £ B ¥
o B e A S ARE Aas s p et Time L AR aans so T Time 0t T T T T T - Time Oty T T T T T = 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 (¢) 1 nug/L (0.5 pg/L for brodifacoum) standard

solution of 4-hydroxycoumarin rodenticides

ForvBiU7ueFs7rava, BBz FALTR IO
VAo ryPRERENRKRTH - 2h, ~FH VBB F L
(1:1) TERET L 7o T NT L&Y cBEFZEINENE S
hic, 7o=vtorid, SEMEEKERVIEE R
SHETEBOVTHEFERR T 7 VTR 90% LI Lo EINESE
S5hg, ~FV U-FEBRcF(1:1) L0 SEERRzF LS
HOicaoid 5 PEEMEVERIGAE TS - 7. ~
FH BB F (1) TR, 4tETCFRG, LE
H (100 mL) O H < 98% LI L D [EINER NG & L7205,

FRck-Tlrz vV a VIERICK 2HHERETOBZ
noid B, 10%E/LF b U Y AR 100 mL 5 5~
F 4 v-FeER— ¥V (1:1) T 2 [E (100 mL, 50 mL) fliH %
o &&lLi,

2.3 BEAE

231 PSAI=HhSA

PSA 3 =% 5 4 (500 mg) TOFBRIEZHKRET LR &
U a{bemiE~Fy -7 (1:1) 15mL Tk
BHEY, ~FH -T2 b~ (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) RSD (%) 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

BIFSEINERSE SNz (Table 3). 707 7 ) vBLY
7=F b5 UNE, bITLTERDSEHDOD 10~20mL
B bR SN foh, ~FFv-Tr R v (1:1)
10 mL THE#H, ~F4+ -7+ b -FE (25:25:1) 20
mL TEHT 2 & & Lk,

232 FTEFZ PUI-AFHIHE

Bais AEE LTT & b= b ) b—~F 4 VI AR L
7o, RIEEDOlug A~F4 v 30mL BXU~F+ V48
M7 b=1bY130mL THRRHCHEL, 500K
2%, TEF=MINVEER K ~NFHUBIIAFY Y
M7 =r Y30 mLINZ, BEEOCEBIEL2ET
WV, ZELEYORINERERD 1. FOFER, WTFhofbs
Y1 b BIFREINE (>94%) BEBLNL I ELDS, T+

= b Y-~Ey v HETHRIEEZTOICE E L

3. RMENNEE

L OHA, 4ol SOFFR, KOs, <, 57
¥, LUA, B, £IABLTRBAOEHEVT, 5447
DEIEISGRER 21T - /2. BIMEE L Table 4 iR L 7z,
MHERIER, EEERERINL T» 5 30 5%ICkB L
te. 38, LN OBRTIEA ¥/ —VTHEEL 8
BRARIN L. IBIicB VL TiE, REA ¥ — VB
LRAELBLsTctcd, * 8 7 —VTHEL HESEBER
% (1mg/L)y%2 7€ b v THERLIZBEERML T
BETL 10 BRTI, BEE79~108%, PHTHE 2~
8% DBIFBERME SN (Table 4). 7z, WTFhoD
BRICBVTH 7S v/ HBICEEBEIFET A -7 37

—139—



250

B Vol 52, No. 4

» 7o (Fig. 8). AEEEFRRICHTE <Y v 7 REHE
WO Y — 7 EREHL% Table 4 iR L. 94077 ) v
BEEI b Y v 7 ZOKRESBEHEBEZIT 5T LI RIEN
AEETH -7, 77 F VN, ToedrorBLUT
0¥ 773963, LUATETOED< LY v 2 2%
ERRonic b0, HEBREOFEIC IR EER R
TERfELE AL ok, AEERHVERGDOERRA I,

WTFHOBRBRICBVWTS, 785747739 401300005
mg/kg, TVT7 )Y, 7T S YUNBLXUO TR UL
o i3 0.001 mg/kg Th - 7z,

¥ & 0
BKEMBLTEbA>HD4 L FuFvs<) YR
BEA (77 Yy, 27500, Juwdto
Y, 7uF47ravs) OEBRESSTEZRRL .
4-b Fafvr =) vREBHEEKENE L CRbEAD
DOBFMBRET 72 b Tt L, FFBRzF LEBLU~F
YV VORBETEARE, Tr=b )/ ~FHUvREBL
U'PSA ¥ =7 5 A THEEIL T LC-MS/MS THIRE 21T »
fe. FOFA, FONE, 4olEl KRoBR, i, 5
BE, LU& B, £ABLTREBAOD 10 EBEEH
W, RAITERE 0.0005 ¥ 7243 0.001 mg/kg T5H#TD
AMEMNEER = 1T - /R, EE 79~108%, HFHTHRE
2~8% DRIFIERSE SN,

AR [Pk 22 FEEAEYBHEREAIRARES
HEREEEERZICET ARV T 4 7 ) X MEEBA TR B
WrBAREZE] Ik DERBL .
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Determination of Pindone in Animal Products,
Fishery Products, and Honey by LC-MS/MS

Shizuka Sarro*, Takatoshi Sakal Satoru NEmMoTo and Rieko MATSUDA

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

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 76-929%, 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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EYRVvRBA Vv od v EREET HARERITH 5.
A vyt vEEREHR 4 FuF vy o) vRER
B (gnvz >y vind) GBEERETEIEbOLTE
D, FELHASYOREIC X BhFEEFNRES LT
B30, bHBETE, €V FYREEYS L CBKEDIC
0.001 ppm CHEHBEBENETE N TV 20, DERE
BEREBISH TV, ’ :

INETICE Y F Y OAFEICET SMEZEHS 5
28, GRMOBREENEEICES L TW3 2 0HIEI
ZDF THEATE 3 ERE»DBIREICEN - O RR
EIhTVRY, FE S BRI CRLCEEY ICEE T
BREY FryathEE2RE L. AR CRIHB LU
BAEICSOTEMRS L, SREREKENBLVES
AHOROE Y F yAIEERRFE L. BRL okt
DOEIN, 4o0isls, FOiFE, BOHA, S, SUE
LU&, B, £IABL0E354250 10 AE~OHEA%
BETL7c & CARIFREBEREMBON IO THRET 5.

* HRSE shizsaito@nihs.go.jip
EURERARBEERER: T158-8501 HEFHHAK
LHE 1-18-1

EBRAE

1. R &
TROGOHA, 4Oiel, FOFE BOBRN,
0, 9RE, LU B 4$ABLTEBADEZAL
te. FOHAW, Folglh FOFEB L UCEOHRE,
T—Fhy §—-THRTE—LL SOBXUIBER,
W (WL 27— FHh o 7 —THTIE—{LL

e, LUAWEERER, 77— Fhy s —THIUE—LL

7o, BIIEREBRER, I RAE— LI 3B
LR BEADE, ZEALTH—LLL

2. HE - -H# K '

EREEs L OEER, BERFEGED £ o 3FEEET
EMD 0BRFERESBRRELAV. Y4 v v,
T TEBOBDOE 54 b 545 2HV7z. RBRAKOD
FEBTHWIoKE, EEMEREKEREETEE LD
OxEHW, LC-MS/MS OBEHEE 1, BIRE/LEGR
BID LC-MS RBKBLUA Y 7 —vEBVIL.

¥ v K v HEHE R Z Dr. Ehrenstorfer #1840 55 g 3k a5
BRARIE (MR 985%) %MW, EEEKRIZHEIHEHY I
PE- TR /2.

YUY HH I =H 5 A, Waters i %! Sep-Pak Vac
Silica (FETA= 1,000 mg) Wi, A7 ¥ Fv v
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By ity ) A A (ODS) 3 = 4 5 4 ld, Varian # 5
Bond Elut C18 (FTAE500mg) ZHW\.

3. % B

7 — F# v % — 2 BRAUN # & multiquick profes-
sional MR 5550 M CA, & £ ¥ # 4 ¥ — |4 Kinematica
%4 Polytron PT 10-35 GT 2 H W/, pH2x — % — {2
O EIBBEFRBIF2 2 Vi, REKBRERE K,
O BREHEFHEOBSMERE KFEREEBENZ]-
2DSYW % FH 1\ 7z, LC-MS/MS i3, Waters #H 8 & &k
k7 o< k27 7 Alliance 2695 B & UEHEESF
£ Micromass Quattro Premier % f#f L 7z,

4. LC-MS/MS RIESM

LC-MS/MS HBITE FFIERMCH - TIT - 72,

4.1 LC&H

A1 5 &0 Inertsil ODS-4 (N 2.1 mm, £ & 150 mm,
FFRE3um, Y-z ¥ A v AED, #—Fh 5 A
Inertsil ODS-4 (R 1.5 mm, £& 10 mm, HF& 3 um,
-z %A v ARED, 45 LBE: 40C, EAE:

[ Sample i

fat, 5.00 g
( Extraction ]

filter with suction

| 10% NaCl ag.~hexane partitioning f

filter

Acetonitrile-hexane partitioning . |

Silica gel column (1,000 mg) |

ODS column (500 mg) |

LC-MS/MS analysis

add 1 mL of acetic acid
homogenize with acetone (100 mL+50 mL)

evaporate to dryness
dissolve in 2 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)
evaporate to dryness

dissolve in 2 mL of methanol

evaporate to dryness
dissolve in 1 mL of methanol

5uL, BE#E: 10 mmol/L BT v =2 A5 (A
BLT10 mmol/LEEET v E=v A% ¥ /) — VK
(B, HEHEFEE: 0.20 mL/min, 7’5 ¥V v &M
047 (A:B=80:20>15% (A:B=5:95)—25 % (A:B=
5:95)—>25.1 4 (A:B=0:100)->35 4%} (A: B=0: 100)—
35.1 43 (A:B=80:20), {#HB: 1414

4.2 MS &

4 FEE—F: v bR TFr—A4% s fbExH
7 4 7 % — F (ESI(—)), HI%E € — F: multiple reaction
monitoring MRM), ¥ + £5 ) —&FBFE: 05kV, v —2
EE: 120C, 3 — Y& R: 50 L/h (No), BiAEER:
400°C, BiAfEA =2 800 L/h(Ny), 2V Ya v AR +
3.1 Xe 3 mbar (Ar), BIEA & ¥ (m/z): 229—>116 (EE&
A4 v, a—vBELONV), 23V Yarvyzixr¥F—-35
eV) BXU229-172 (EHEA 2 v, -~ vEE5B0 (V),
aY VavzxiF—21(eV)

5. HERBAROAES

ARG OIS % Fig. 1 ITRL %K.

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

evaporate to obtain an agueous residue

add 100 mL of 10% NaCl aq.
extract with hexane (100 mL~+50 mL)
dehydrate with anhydrous Na;SQO4

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)

precondition with 10 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

Fig. 1. Schematic representation of the analytical procedure
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5.1 HHE

K100 g (EEOEHAIR500g) 2BVE -7 &
L4 ODBSRER100g 2B0HY, K20mL &inZ
THELE. ChicEERBI mLBXU 7+ 100 mL
EMAT2HHE+AEYFAXL, ¥4V vEE2Hlcm D
BXrEWisrRERVWTERS | AB L. BEYEED,
TEbv50mLEZMATLEELRERICKEYF A XL
%, BE|ABLE BohkskiabtE, 40CUTFT
#10mL (3b5&20BARH30mL) CEBFEEHEL
7.

ThE 10%i8{EF b U U LB 100 mL BLU~F 4
>~ 100 mL THERHHEL, 5AEHRE 5B, ~Fv v
Bx- 1. KEEZHERICREL, ~F4 > 50mL %
Mz, FEREERICEBIELL. ~FH VvEESDYE, BE
OEEKRERF b ) v AZ AT 15 DREKkiE%R, HAKRE
F LYY AEARBIL, ~FHEMATERIC 200 mL
&Lk

i 40 mL (JERF 05413 80 mL, 5K 2 g #7124 %
B0, 40°CLIFTH 2 mL  THRUTEBHER ERIRIC
K OBEEARELRL, ~FH v 30mL 2MA, ~FH v
M7 2 b=t YL 30mL T3EREE ML, T
F= M) VEESDYE, 40CUTTH 2 mL ¥ TREE
Mtk, ERTJMIcLLBFEEZREL, BEME~FY -
FEfp = F V- (180:20:1) 2 mL ici5MR L 7.

5.2 fEEl

COBEHKE, HobULdD~NFH VBT FA-FEE
(180:20: 1) 10 mL CTHE LAYV AF VI =Hh 54
(1,000 mg) iIcBER/ L, E5I~F4 v-FEBB 7L -¥
(180:20:1) 18 mL 2 FA L7, BRKESULEBEHK
% A0°CLIT T 2 mL F THRIERHER ZERKMICLD
EEEREL, BEYE A Y/ — v 2mLICiE@L 7.

OB E, oAy /- 10mL THELL
ODS ¥ =4 35 4 (500 mg) ICARL, ¥SiIcA Sy /-
18 mL 2FEA L. BFEESULEHEE 40°CLTT
2 mL  TREBME ERTJURKC I VBEEEZREL,
BEBME A ¥, —n 1 mLiciBE L CHBAR (2.0 g =
Bl/mL) & L7

6. & 2

B & ARk, REBRAKS L CEEEK (0.25, 0.50,
1.0, 1.5, 20 8X ¥ 3.0 ug/L) Fh&FH 5ul % LC-MS/
MSICHEAL, -7 EREERVTHESREREICLD
Bl :

7. BB MY 9 I ROAEBANDOHE

ARONENNGAER IS 3B 1 2 EINER 100 %M LBED< ~ Y v
7 A BRSO & AR R AR B & 2 [ERIEL, B
HEEREO Y — 7 EREOFEEEIIT <MY v 7 X
ERED E— 7 EROEEOAERD TEE< b Y v 2
2 DRIE~DOFEETML /2.

ERERELUEER

1. REHRE }
LC-MS/MS HBIE 3B cHBb L &l T - 2.
EYFYiRB-I7 b vBEEEL, sV vZLPTn
e, DFh S ACRBEEY 5/ —VEBXUSBREY
H3/D75 W0 Inertsil ODS-4 W7z,

2. HEBRARBNAEOBRS

BV N RERE LAY T By, FBINE & RN
ERTASGHIPOEI T Y OATIRHE AT WEFE
ahte, BROpHICX S FMEHRES HEL T 5729,
BAEMA 7cHHEORE 2175 T & & L. Tablel 1o
FRORMENGE (GRMEBE 0.01 mg/kg, 3 #:1T) Ot
BARLIE. 7T vyOBZTHHEET - BE IEIER
50%LIT &t otz ThicL, BFEE 1 mL 2RI,
TV THHE LRSI 8% &Y, KigiENEA
mE U7, [EUER 100%H 4 OB EIEERRICHT 5 < »
Yoy o REEBRKOE - 7 EEER WThoEab
1.02~1.04 TH -7 &b, EIEROER~ MY v 27
ZDEEBICLADDTRIEVI EMRBEIN. BITOH
Hik (72 YBRER) O pHZREIELIE A, BER
meEFic7 e b v THE LSS REEEPHILID) %
AL, BRI mLMATT € vy THELEZESR
PH3 Th /. BILEVEKEMCHEHATE 29HEELT
B0, MHHEREEERBET 72 v TIFT5 & &L
BohkcHEKEZT 2 YE2REL, BIERYEFERIC~
F I UANDERIFIC K » TKBHRERSERE LR, 7
= b/ NF S UHEIC X BBIERTT -
EABLUTE M= b Y/ ANF Y VDED S TIRIEE
BEYINEh o720, BIEROEERICY YA VI =h
J & (1,000 mg) TOREEIT-> 7. ZTOER, &, L
UH, BIZEICETNZEEREOSHBEDORERD %
BETAZENTEL, LELEMD, IRTFO0ARART
B, YUAFNY =F S5 AERO A TREBERS OBRE
BRFDTHD, BERERCEEYSRDO N £
T, ODS 3 =# 7 4 (500 mg) =AW/ BIIRBRIERE L

Table 1. Recovery of pindone from egg sample

Extraction solvent

Recovery? Peak area

(% mean) ratio®
Acetone (100 mL+50 mL) 41 1.04
Acetic acid (1 mL) and acetone (100 mL+50 mL) 85 1.02

4 Spiked level: 0.01 mg/kg, n=3

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

Recovery (%)

SPE column Elution solvent
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) niz.
1007 22892, ooes 3. FmEEER
SN, Folsls SO, BOHA, s, 9%
L4 l ¥, LU&, BIE 4EABLUOREASEHENWT, HINE
Bl LTEEETH S 000l mg/kg icBT 3, 58470
o NS INEMNEERZT > /2. 1B, FoEHLAOERTIEA
(b) """ 4oloo ' 1sl00 = 2000 g ) = VTHES L AR R RN, OBV
100+ l 228.92 >2_“°"05ég T, BEBA Y, —VBREBE LD, £ %
J =TI L EREAK (1 mg/L) 27 € F Y THRL
5 foEmAEm L 1.
] BREFLEIBEHOEKEMBLIVREAODTREE
; 76~929, BHTHEEE 4~8% DEUFILEERAE 5N (Table
(C) O~ 10.00 15.00 20.00 3, WFENS TS VIR EEREHET A - iE R
100+ 228.02>115.8 P07l (Fig. 2). £/, BHEBREFRRICETE<MY v
] 2:00e3 xﬁﬁ%ﬁ@@—aﬁ%&m0%~1Mf&@ By K
1 VEIEET M) v s RICKBIREBEEBETI L LIS
=] RMETTEET S - 7z (Table 4). Az HV RGO E Y
FroE8&BRAGS/N=10)iE, WTFLoBRIKBWVLTH
oL, , ; . . — Time 0.001 mg/kg TH» 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 ng/L).

fo. 297 —TOEHERILIZECA, 20mL TR
FREINERE SN (Table 2), YV AXVI=H T4
BLUODS I =45 ai8licky, RELALIBEOS
KEY (GFofl, F0iEH, OB BOoHA, &
i, 918, LUA, B, 43) B8LURbLAOTIH

WM b EBETREERBYORI LA ETVERARNES

¥ & &

BEYHhOE Y ¥ vOTEIE2EKEDNB LTI B A
~NEHT 5720, BEEEFICOWTEMES L. BFESEE
HTF7e by THIEL, ~F4 U TEER TEF=1Y
W/~NEHVRE, VY AFNVI AT LABLTODS 3
=% 5 A TREILTLCMS/MS TEBB L UREZEL 7.
k%, £OHA, F0MEN FoOE BOoHA, &
3, 52X, LUA, B, 4IBLU0READDI08
SICEE LR, HE 76~92%, HHTHE 4~8%0DE
FRERENE SN
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