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Development and Validation of Simultaneous Determination Method
of Benfuresate and Cyhalofop-butyl in Whole-crop Rice Silage by LC-MS/MS

Kozue SATOU™', Eiko ARAI"' and Reiko KAZAMA™
("' Sendai Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
"2 Fertilizer and Feed Inspection Department, FAMIC)

An analytical method was developed to simultaneously determine the levels of benfuresate and
cyhalofop-butyl in whole-crop rice silage (WCRS) using a liquid chromatograph-atmospheric
pressure chemical ionization-tandem mass spectrometer (LC-APCI-MS/MS).

After adding water to the sample, benfuresate and cyhalofop-butyl were extracted with acetone
and the extracted solutions were filtered. The filtrate was purified with two types of SPE
columns (InertSep K-solute, GL Sciences Inc.; Tokyo, Japan and ENVI-Carb/LC-NH,, Sigma-
Aldrich Co. LLC.; St. Louis, MO, USA), and injected into the LC-APCI-MS/MS to determine the
levels of benfuresate and cyhalofop-butyl. LC separation was carried out on an ODS column
(Inertsil ODS-3, 2.1 mm i.d. x 150 mm, 3 pm from GL Sciences Inc.) using a gradient with 0.1
v/v% formic acid aqueous solution and 0.1 v/v% formic acid methanol solution as a mobile phase.
In the MS/MS analysis, positive mode atmospheric pressure chemical ionization (APCI+) was
used.

Recovery tests were conducted on WCRS spiked with benfuresate at the levels of 0.009 or 0.2
mg/kg original matter and cyhalofop-butyl at the levels of 0.009 or 0.1 mg/kg original matter.
The resulting mean recoveries ranged from 86.0 % to 101 % for benfuresate and 85.3 % to 93.2 %
for cyhalofop-butyl. The repeatability in terms of the relative standard deviations (RSD,) were
not more than 12 % for benfuresate and 14 % for cyhalofop-butyl.

A collaborative study was conducted in eleven laboratories using two kinds of WCRS. One
WCRS was spiked with 0.2 mg/kg air-dry matter of benfuresate and 0.1 mg/kg air-dry matter of
cyhalofop-butyl. The other of WCRS was spiked with 0.02 mg/kg air-dry matter of benfuresate
and cyhalofop-butyl. The resulting mean recoveries, RSD;, reproducibility in terms of the
relative standard deviations (RSDg), and HorRat, respectively for two kinds of spiked WCRS,
were 96.1 % and 94.7 %, 2.6 % and 3.7 %, 8.1 % and 10 %, and not more than 0.45 for
benfuresate, and 92.7 % and 97.0 %, 2.7 % and 4.8 %, 22 % and 32 %, and not more than 1.5 for
cyhalofop-butyl.

This method was validated and established for use in the inspection of benfuresate and cyhalofop-
butyl in whole-crop rice silage.

Key words: benfuresate; cyhalofop-butyl; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); atmospheric pressure chemical ionization (APCI); whole-crop rice silage;
collaborative study
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1 # E

N7 Lt — ME, Schering Agrochemicals (¥[E) ([ZX VP INIZR Y 7T =0T )LF LA
AR VEBEZRRERTH Y, (FHBEOFEMIIMH I TR0V, [RFEK 18 L EORSEOIENEE
DAEREME L EZEZ LN TEHY, HARLE L O HEARIC L B EmrtE 2R+ D wAETIE, 1994
FEL KRR, EENGIEBEBREINTRY, METOEEEERE YL LT, b5 T 0.3 mgke,
Fn s Ea R (LN TWCRS) &5 . ) TO0.2mgkg N EINTND,

vona Ry 77 F UL, The Dow Chemical Company CKE) [CL VB EINZT VL AFT 7 =
R UIBIEE AT OREAITH Y, TOMEMEMEIL, TEF L CoA IVARFT T —EBE2HETD
LK BIENBOAESEOMETH D V. BB ETIT 1996 HFITKREEZ M RICEIETHEINTE
D, fAEtROEEIEAER VL LT, fiib O KUK T 2 mgkg, WCRS T 0.1 mgkg 23a8E ST
W5,

Rk 24 LT, EHROIX, MEEANRB AR GTE 2 — 03k 22 4R O EYE S 5y
Wb EFLFEICBWTHE LT A7 e~ N7 7 7E&5HE (BLF TGC-MS) &\ 9. )
CE BT DY Ry T TF RN T LE— hOSHEY (LLF JFRL ] L0109, )
BRI, FEHA 3 b b, TMIEEHEE R ORIK) Zxtg & U TERE T E1E D~ o w
BEBFL, Wb ROWEKICEA TR EREE (BT IGC-MS ) Lo, ) Zfesr Lz 9.
ZOE, WCRS IZOWTHME L7=2Y, BEIENEWEMICH Y, FRL5BHAPMHETH -7 0.

ZZ T, AEl, GC-MS #EA#HIZ, WCRS H1OXRy 7Lt — KRRk y 7T FILOHE
n~ 777 H T ARUGRGNE (LLF TLC-MS/MS] & ). ) Ik DRI EREZFREL,
BT B E~OBE P OB EZBEF LD T, ZoMEZRETD.

ZEIINT L= MRV m Ry 7T FLOEXEL Fig. 1 ITR LT
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Benfuresate

2,3-dihydro-3,3-dimethylbenzofuran-5-yl ethanesulfonate
C12H1604S  MW:256.3 CAS No.: 68505-69-1

Cyhalofop-butyl
butyl (R)-2-[4-(4-cyano-2-fluorophenoxy)phenoxy]propionate
C20H20FNOs  MW:357.1 CAS No.: 122008-85-9

Fig. 1 Chemical structures of benfuresate and cyhalofop-butyl

2 EERAE
2.1 B
2 FEFHD WCRS % 60 °C LLFC 20 WFfERZ#E L, BIZENICERE L CREZ L72%, 1 mm DR 7
U — U mHERE LT RS TR L7,
22 O
) 7Ebhy, HEBRTZFIRONFTY AIRERIE - PCB R RBHE2 HWe. A X ) — V3ikik s
n~ N7 7HAMOKBITEEZ o~ 7T 7H (K 99 %, FtHsR TR 2Huvi=. K
1% Milli-Q Advantage (Merck Millipore ) (2 & VR L 7= flik (JIS KO211 0 5218 |[ZE %
InTcMiAK) W,
2) Ny 7 Lt— MMEUERK
N7 be— MEAES (HEE 99.8 %, FIHMBK T M) 25 mg # EMEICE > T S50mL O &E
7 IAIZAN, TN EMATENL, BICEMRE CRVEEAZMZ TRy 7 Lt — MEHE
AR L7 (ZOW ImLiE, N7 —hELTO05SmgZaBaTS. ) .
3) voaky 7T FOVERERK
oaRy T FOURERES (MEE 99.7 %, FOGMBET3EE) 25 mg # IEMEIZE > T 50 mL @
RETTAIICAN, TEMNAZMZATENL, LIERE CREEEZMA Ty vk y 7T
FOMERER R 2 L7z (Z0 1 mLi%, ¥ aky77F e LTCo05mgaahl+5. ) .
4)  RIIR AR AR
N7 bt — MERFRE N aky 77 FOUEBRES S mL % 50 mL D& 7 7 A 2
ICIEREIC AN, FICHERETTE b 2MA T, 1 mL Flt_r 7= Ry mky 7



4 EAEHETFFERR T Vol. 42 (2017)

TFNLELTENEN S0 pg 25 A T 2 REIRGEERK 2T L.
5) MEARER T R IR AR ER

EHICEE LT, BRIEAEEFIRO —TEEE, K—2%/—/ (1+1) TEMIZHRL, 1
mL FIZR 7 L= RO aRy F7TFLE L TERER 1.0, 2.5, 50, 10, 25, 50,
75, 100, 125, 150, 175, 200ng # &5 HA T H KR GIEER Z R L7z,

23 HEROZHE
1) Byiet : SM-100 Retsch ! (1 mm 227 U —>, [Al#5 (fE6E) 1430 rpm)
2) WEO: LT v =2 —H—SR2W XA T v 78 (EHRE S S %300 rpm)
3 M A Y 74 H T L InertSep K-solute (5 mL, 10 mL &2 T8 20 mL fREFH) v—= 1
B A
4 7777 A M=K/ TI 7T U U S EREI =T A (LU THEE
=717 5] L\WH. ) :ENVI-Carb/LC-NH, (500 mg/500 mg)  Sigma-Aldrich %
5) LC-MS/MS :
LC #F : Nexera X2 [SiEH/ERT L
MS/MS #5 : LCMS-8040 & e/ py
24 EEIFE
1 #h

IINTEE 10.0 g 28> T 200 mL O3de =/ 7 T 2|2 AL, /K20 mL Z01%, 30 5
Bis, LIZT7E 100 mL #00Z, 30 RV B TR L72. 200 mL O2&E7 7 A 2%
T7F—RIOTFICES, fHEE A (5 B) TRSIABLER, KO=AT7 T Aa L)
RIS ZNERT & F > 50 mL THEF L, FRRICRGI AL, FIZEEY 7 A aDiERETT
EhoZMMATZ. ZOWS mL% 50 mL D72 T BT 7 A2 TIERMEIZ AL, 40 °C LL T OKET
$05mL E CIERMEL, H T L0 I R EHATRE Lz,

2) N7 LB

RENR R E LI A Y o7 5 (5 mL fRFEH) ICAR, REHERDO A>T\l T8
77 A%k K4mL THEL, WKE S T HTMx 2%, 10 HEHE L.

200 mL ORTIET7 T A2z A7 LD FIZES, BREHRROAS>TWERTIET 7 A a iz~
FY 25 mL I OT2EIBESL, FTIRAIERD T MM, WHPFTTARO EMICET 2 F
TMFLT, X7l —h EQRnmRy 77T FAEENRSEE. TIZ, ~FH > 90 mL
ZH T LIINA, FRRICEE ST,

WK % 40 °C LT OKIBTIE & A EHE T 2 £ TRERME Lk, R T AZ k- Tzl
L7c. Bife—F v 2mL 22 CHREW AR L, 17 208 I3 2 30BHAR & LTz,

3) AT LRI

FEE I =77 L&EFHETT L 10 mL THF L. 50 mL ORTH I T A2 I =0T LD
TlcE, REHEREZ I =77 DA, WEHBFETARO EICET 2 E TR T (AR T
4, HLENZIG UTHGED 1 mL/min F2EEIZR2 2 X9 WEI Lz, LAFREE. ) LTV 7Lk
—FROvw Ry T FAERESEE. BHARDO A > TWe kT T 7 X az g F
A2 mLFOT2EESL, WRENEKRI =87 AN, RERCHEHSEZ. FHiC, Ekx
Fh4mL & I=H7 KM, FERRICHE S 7.



TRHBEMEE P O T Lt — FROV AR Ry FTFADRK I n~ b 7572 07 WEESIFHI L 2RERE 5

Ttk 2 40 °C DL FOKIBTIE & A ER[E T 5 £ CRUERME L1k, EFRT A& ko Tzl
L7z, K—=A% 77— (1+1) | mL % EFECINZ THEREDEZR,M L, 5000xg T 5 5ty
BEL, RBZEZ LC-MS/MS 2 & 2 HIEICHT 23 0Ek & Lz,

4) LC-MS/MS 2 X B HlE

FBHR IR S OV 1 AR VE RO B SRR S A B & 10 uL & LC-MS/MS (ZVEA L, BIRBUGHR

H (BLF ISRMJ EWo . ) Zu~ 7T L&, BESM% Table 1 X2 1ZR LTz,

Table 1 Operating conditions of LC-MS/MS
Column Inertsil ODS-3 (2.1 mm id. X 150 mm, 3 pm), GL Sciences
Mobile phase 0.1 v/v% formic acid aqueous solution — 0.1 v/v% formic acid methanol solution (2:3)
(hold for 1 min) — 12 min — (1:99) (hold for 20 min)

Flow rate 0.1 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)
Mode Positive

Nebulizer gas Air (4.4 L/min)

Drying gas N2 (20 L/min)

Interface temperature 350 °C

Heat block temperature 300 °C

Desolvation line temperature 300 °C

Collision gas Ar (230 kPa)

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
163 — 11
Benfuresate 257
— 121 22
Cyhalofop-butyl 358 256 — 1l
alofop-bu
Y p-outy — 120 28

5 Bt &

BoNiz SRM Z7u~ h 7 7406 =7 HBLAONEG I ZRO THREREZEKRL, HEHF O
RyT7Lv— b EERRY  "OFRy FTFLELZEH L

kB, EEHEOME % Scheme 1 127 L7-.
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Sample 10.0 g (200 mL Erlenmeyer flask)

add 20 mL of water and allow to stand for 30 min

add 100 mL of acetone and shake for 30 min

— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

(receiver: 200 mL volumetric flask )

wash with 50 mL of acetone

—fill up to 200 mL with acetone

5 mL of sample solution (50 mL eggplant flask)
l—evaporate to about 0.5 mL under 40 °C

InertSep K-solute (5 mL)

apply sample solution

wash with 4 mL of water and allow to stand for 10 min

place a receiver

wash with 5 mL of hexane (twice)

elute with 90 mL of hexane

evaporate to dryness under 40 °C
——dissolve in 2 mL of ethyl acetate
ENVI-Carb/LC-NH:z (500 mg/500 mg)

(prewash with 10 mL of ethyl acetate)

place a receiver and apply sample solution

wash with 2 mL of ethyl acetate (twice)

elute with 4 mL of ethyl acetate

evaporate to dryness under 40 °C

——dissolve in 1 mL of water—methanol (1:1)

centrifuge for 5 min at 5000xg
LC-APCI-MS/MS

Scheme 1 Analytical procedure for benfuresate and cyhalofop-butyl
in whole-crop rice silage (WCRS)

2.5 FHERWR O 53 B & Ot 7 1%

WCRS 10.0 g % 2.4 ® DIZHE-> THIH, ABEOER LZHK S, 10 XX 20mL % 50 mL O 723
B7 27 23T, 40 mL Z 100 mL D727 7 XA allmpRLz. Zhilththxr7Lt—Fh
ELTO04mgkgtHEE, > afly 7 7F/0ELTO02 mgkg HHYEZWRNM L=, 40 °C LLF
DK TENENL 0.5, 1, 2 X4 mL £ CTRIERMEL, SBUKE S mL IZOWTIHRFFA &
285 mL, ZHUEE 10 mL (IZ DWW TIIRFFAED 10 mL, 0 BUE & 20 XV 40 mL (22D TR
BEREN 20 mL Oy A4 Vv th T 202, REHRE K OBEHAIR D A > T\t IE 7 Z
AaZzPWE LizK 4 mL 286 L7z, 2B0RE 5 mL 220\ TiE~F4 2 100 mL T, Bk &
10, 20 ZTN40 mLiIZoWTIEZENETRAF T 80 mL THEREZEHN ST, ~FHh gk
WL 2.4 ITIEWER L, FUELZ RO, 728, 24 O )TEHELNTZ EEARRO —H %2 K—
AL = (1+41) T, EEE 10 mL 225\ TIE 2 6%, 2 BURE 20 mL ([2oW i 4 f%, 4 E
HRE 40 mL 22V TIL 8 fFICA N L T LC-MS/MS IZ L AHIEZEIT - 72,
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3 WBRERUBE
3.1 PlffES

GC-MS {£TiX, GC-MS ICXHME I W THRMED O BELZT, X7 L= MRy nm
By T TFL HITEERN 120 %% LRl 72, HKHEMIC X DB ORI AR AT, GC-MS
TIERBH RN E SN -T2

Ry 7= RO BRy 7 TF O LC-MS/MS (XD 08H & LT, AN L
7=, LC-MS/MS (L7 hr AT L—AF1kik (LT TESI) EWwWo. ) ) XD 7Dk
I —F 05 "RD 5. ZOHEEBEBICHEGEZ RGN LR, R EAED 3k —
FOMETHHEA SN TV LHEE I =0 7 A L DS BN B A 2 [BIR NS =0, &
NaRy T FNAOEIERIIA 5 ThoTz. ZOERE LT, A4 ULREORERE X L
lie, A A Ak T A A AL E OB A D 0 L S D RAERZEA A 1Lk (BLF
FAPCI] W95 . ) ICZEHE L THIE LR, M & &I RAF R BINERLZG 7.
TIRETOBRNS, GC-MS EE —HAEF L, BRICIEEEI =7 5% H\, LC-MS/MS
(APCI) THIET 2 HIEIZO W TLLFREMICHRET 2T o2& & LT,

3.2 LC-MS/MS (APCI) DI7E S

Bk v~ N7 7 78 BEICOWTIE, MALOHFIEICHEL, 727U nies Va7 n
7 (R 2.1 mm, £ 150 mm, KifE3 pm) &V, 0.1 v/v%XEEIEIK —0.1 viv% Xk A #
J VR D 7TV = SORBHE CHIE L2 E 25, WERF O Ry 77T FILNFHEKIC
BHEL, ROWERDZ o~ 77 MIRHSNDZERH -T2, 20728, Fel) OUBER AL
0.1 VV%XBR A X ) — VIR 55 %7025 60 %ICZEE L, 100 % TOREEREZ 10 207005 15 4y
WZL7eE 25, BEIERL R, Wln & bRIEFRE—7BEONT. £, MEEE R THEYLE
WAEBE LIREE, 0.1l mL/min & L72GE8ICE RS Bho7-.

BEOITEMEIZONTIE, RN 7 be— MEEFIRL O a Ry 77 FOAERER RO —E &
EENTIK—AX ) —) (1+1) TIERICHR L EEER> DA BN~ A A7 hL (Fig.
2) kO©&a 7 A A A7 ~v (Fig. 3) "HE=F —A 4 %% Table 2 DL BV EDT-.

WIZA v B —T oA AREOFMERF LTz, ¥R EZEV K UAE LR, ek y 7
TIFNDOE—=IBEDIXLOENRKEL, ZOREBA U F—T =4 AREITHDLEBEZ BN,
IO, £ F—T A RAREEE Z CTHEMERZNE LR, 350 °C The bk LR
BiFChotzlzd, £ v Z—7 x4 AREEIX350°C &£ L7,

A B
7 5lnten. (x10, 000) 1 5Lnten. (x10, 000)
] 257.1 ] 358. 2
5. 0] 1 041 256. 1 297.2
: : 279.3
2. 5207,1 274.9 0.5 21? 3 3 T1 s 1
] 219. 2 : ] ‘ .
ool ? ___ 2%9"1‘ ‘ \‘ “ ‘ “ ‘ 00"“! ‘M“ ‘\MM‘\\ ‘\‘\\\‘?‘6‘%\2\“\\‘\ i BT \\‘3‘4]"3““ ‘ ‘\‘ ‘H\?\‘H\‘
"200.0 225.0 250.0 275.0 w2 2000 225.0 250.0 275.0 300.0 3250 350.0 375.0 mz

Fig. 2 Mass spectra of benfuresate (A) and cyhalofop-butyl (B)
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A-1 A-2
Inten. (x1,000) Inten. (x1,000)
i 1.5
3.0—: 163. 1 1 163. 1
201 1.0
] ] 121.2
1.0 0.5 123.2135.2
ooE — ‘12}.‘3 A ‘]59'(‘5 — — 00510\?.‘9 “‘ ﬁ : T‘ : ‘ L ‘1f‘3?.‘9 — 1‘9%‘9
1000 125.0 150.0 175.0 n/z "100.0 125.0 150.0 175.0 2
B-1 B-2
Inten. (x10, 000) Inten. (x1,000)
- 256.0 1 120.2
o.75—f ' 3‘02 ’
0.50—2 2.0
0.25—2 109 107.0 15?.8 1840 22?_3 ZST.B
0-00:\‘H‘\‘H‘\‘H‘\‘H‘\HH\HH\HH\HH 0-0:\“/“\‘H‘\“H‘\“H‘\HH\‘HH\HH\HH
100.0 1250 150.0 175.0 200.0 225.0 250.0 275.0 m/z 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 m/z

Fig. 3  Product ion spectra of benfuresate and cyhalofop-butyl
A-1: Benfuresate (precursor ion: m/z 257, collision energy: 11 eV)
A-2: Benfuresate (precursor ion: m/z 257, collision energy: 22 eV)
B-1: Cyhalofop-butyl (precursor ion: m/z 358, collision energy: 11 eV)
B-2: Cyhalofop-butyl (precursor ion: m/z 358, collision energy: 28 eV)

3.3 MREMR
22 @ 5T L0 PR L 7 AR EROH R IIRAEER S 10 uL & LC-MS/MS IZHEAL, 556
Nz SRM 7 v~ R I AL E—7HELOE S E AW TRERZER L. S5 mEk
O —HlE, Fig. 4-1 XKW Fig. 42 DELBY THY, % 1~200 ng/mL (FEAEE LT 0.01~2 ng fHY
&) O#PECHEMAEEL R L.
B, YUHMREROBERGHT, X7 e— ROy uky 7 7FILE 0.004~0.8 mgkg
BT DT AR 2 AR ITIE VT U 7 e e RUEHA I T O A R IR EE G IS S 975 .

500000 - 50000 -
y:2005.38x— 291.40 y:212.47x-70.51
R2 =0.9994 R? =0.9993

400000 - 40000
2 2
= =
: 2
£ 300000 - £ 30000 -
© ®
~ b
© ey
o =
© 200000 - 2 20000 -
3 %
o o)
o o

100000 - 10000 -

0 ; ; ; . 0 ; ; ; .
0 50 100 150 200 0 50 100 150 200
Concentration of benfuresate / [ng/mL] Concentration of benfuresate / [ng/mL]

Fig. 4-1  Calibration curves of benfuresate by peak area (left) and peak height (right)



TRHBEHEE P O~ T L — R ROV Aa Ry PTFADRK o~ v 757 52 07 DEESIFHC L 2RINERE 9

600000 A 80000 A
y=2671.95x- 3,576.67 4 70000 - y=335.26x-438.58
500000 - R? =0.9992 R? =0.9991 b4
@ % 60000 -
g 400000 - =]
P ©o 50000 -
= ®
© =
® 300000 - = 40000 -
g .%
©
~ < 30000 -
T 200000 - S
o}
o Q. 20000 -
100000 -
10000 -
0 T T T | 0 T T T !
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Concentration of cyhalofop-butyl / [ng/mL] Concentration of cyhalofop-butyl / [ng/mL]

Fig. 4-2  Calibration curves of cyhalofop-butyl by peak area (left) and peak height (right)

3.4 HlHE AR 0 53 B B O B
GC-MS {ETIEoHrakEl 10.0 g #2495 2.4 O DIZHE-> THi, A& OVER L72#K 40 mL % 4y
L, REFEN 20 mL OZAMETr A Y 0T AL T D2, RHEDIKE 2 W#F LT,
LHNMA AV T+ h T AT A ERIE DS BIEEICOWT, 2.5 I2it-> TRt a1T- 7.
ZORER, 5N MEILERT Table 3 DEBY Thotz., T2 T, HEMEILEO B I 725 BUk
#S5mL K10 mL O5EICHONWT, RERBHARICK T 2K EEDO~ M) v 7 A REmiR L
Tl 2 A, SrEUEE 10 mL 2 HOWTIEA A AuRER R o7, i ERR O 5 Bk &% 5
mL & L7z

Table 3  Effects of volume of sample solution for purification on recoveries
Recovery (%)

.. Spiked level
Pest \ - .-
esticides (me/kg air-dry matter) Volume of sample solution for purification
5mL 10 mL 20 mL 40 mL
Benfuresate 0.4 95.8 116 120 116
Cyhalofop-butyl 0.2 98.3 106 86.3 44.6

n=1

3.5 ST A Y T EH T AND OEHE Sy ORERR
WCRS 10.0 g ZAR{E 2.4 O D)IZHE-> THIH, AEOTERL, SFoNTHEHAERK S mL 1T~
TZLE— MR B Ry I TTFELTENEN 0.4 LY 0.2 mgkg FAY & (RAEaURHATR H
TS50 KON25 ng/mL MY &) 2L, ZMETrA Y oL h 7 LD OEHE Y ZHER L. <
DFERIT Table 4 DEBH THY, X7 Lt — KR mRy 7 7TFIE, 0~60 mL OFE 5y
WCRKES Bt L, vonaky 77 F 2O TIE 60~100 mL OEFIZEBWT HIRHEHNRD
nizi=, ZHMTr A Y T E 0T EANEDO~XH U TORHEEIX 100 mL & L7z,
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Table 4  Elution pattern of benfuresate and cyhalofop-butyl from InertSep K-solute
Recovery (%)

Pesticides Hexane
Total
0~60 mL 60~80 mL  80~100 mL 100~120 mL
Benfuresate 90 0 0 0 90
Cyhalofop-butyl 90 2 1 0 93

n=1

3.6 flE I =57 LD Oy 4 O R
WCRS 10.0 g & 2.4 O DR 2> THE L, GoNEHRICRC 7 LE— MRy e
Yy T TFNLELTENEN 04 K02 mgkg FHY & (RMEHEHAH T 100 & T 50 ng/mL
M) AL, BMEI =720 00MHES 2R L. £ORRIL Table 5 DB ThH
D, WTROEEDS 0~10 mL OESICHIHL, ZOMOEFIIEFHEIERD bhienol. =
D E,nn, FEET=F L 10mL TRHESESZ L& L.

Table 5 Elution pattern of benfuresate and cyhalofop-butyl from ENVI-Carb/LC-NH;
Recovery (%)

Pesticides Ethyl acetate
Total
0~10 mL 10~12 mL 12~14 mL
Benfuresate 99 0 0 99
Cyhalofop-butyl 100 0 0 100

n=1

3.7 WiEWE OB
WCRS 2 % Hvy, RIEICE R L7 3EHAKR Z LC-MS/MS IZIEA L, 557 SRM 7
v NI AEHERLIEEZA, WTHOREHZBWTHEX 7 L= N aRy 77T
NDERZEG T HE—27ITFBD 6o,
7B, 5N/ SRM 7 n~ b7 T A% Fig. 5 (TR L7z,
38 v MU w7 AFOMR
24 O DS NTE VAR L WCRS O 7 7 v 7 EHAIKIC N 7 L®— & LT 0.02 KO
0.4 mg/kg MY E ORKREHAKT T 5 KO 100 ng/mL FHY4E) , 1 oky 77F L e LT
0.02 LT 0.2 mg/kg FH% B (B&alEHART C© 5 LT 50 ng/mL A4 &) 22N NRNL-%&
7 MU w7 ARG ONT, 2.2 O SHITHE S THRE L 72 R EE OS5 B3 ER IS T 56—
HFEL 2R L& 2 A, Table 6 OBV THY, FEEIHE~ MY v 7 AL DKRERE
BhEZ DL WEAETH T,
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Fig. 5 Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solution
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times
of 1: benfuresate and 2: cyhalofop-butyl. The baselines are shifted for display.)

A: Standard solution (5 ng/mL: 50 pg as each pesticide)
B: Sample solution of WCRS (blank)

Table 6  Results of matrix effect study

Concentration of pesticides

. b
Matrix effect )

Pesticides in matrix standard in samplea) %)
0
solution (ng/mL) (mg/kg air-dry matter)

5 0.02 100
Benfuresate

100 0.4 100

Cvhalofon-butvl 5 0.02 112
alofop-bu

Y p-ouy 50 0.2 107

n=1
a) Converted from the concentration in matrix standard solution

b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

3.9 EnENN ERER
22D 2D T L — MEHEFREE R vk y 77T FURREERRKZ 7 & b CEMICA
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RLUBIZ W,

WCRS IZ2WT, Ry 7 LbtE—Re LT, FHPHEFE L T 0.009 K02 mgke Y& (FEHR
BHAWH T 5 KOV 100 ng/mL) , ¥ »aky 77 Fe LT, JFWHRE L T0.009 XT0.1 mgkg
Y B (R f&RUBASIE P © 5 O 50 ng/mL) IZ72 2 Ko IcEnEnmmL CL<EAL, —&
FiE L7722 ICAREICHE > TERE L, FHEIGE & OMGR LIS 2R 7.

B, IR L TR 7 — e L T0.02 KT 0.4 mgkg FHY &, T miR
v 7T FELT0.02 HN0.2 mgkg FRS B D X O1TV, FEWHRE~OHE L, Fhh Kk
OREZ R DK EHEEZ 60 %X N0 % EBE LT, JFY OKDEH R 60 %) HiRE =Ry

R EHE10%) FIRE 225 ORI V1T 7.

ZORERIL Table 7 D B0, X7 LE— FOFELENLHET 86.0~101 %, RSD, X, 12 %L
T, vk ey 7T FIOVO AR 85.3~93.2 %, T OMUK LKL RSD, & LT 14 %LL T
DREEAEDE DAL, SR EED L EMERIET A RT 4 Y (LLT T4 ERET A R T4
Y EWH L) ICEDONTEEEKROHITHEO BEE A2 L Tz,

ek, O SRM 7 a~ K77 AO—1fl% Fig. 6 [Z/R LT,

Table 7 Recoveries for benfuresate and cyhalofop-butyl

Sample
o Spiked level WCRS 1 WCRS 2
Pesticides . a) b) 5) b) P)
(mg/kg original matter) *  Recovery RSD: Recovery RSD:
(%0) (%0) (%0) (%0)
0.009 86.0 6.4 91.1 12
Benfuresate
0.2 89.2 11 101 2.7
0.009 93.2 7.7 85.3 14
Cyhalofop-butyl
0.1 87.0 11 91.0 5.4

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) The pesticides were spiked to air-dried WCRS samples one night prior to extraction. The
spiked levels were 0.02 and 0.4 mg/kg air-dry matter for benfuresate and 0.02 and 0.2
mg/kg air-dry matter for cyhalofop-butyl, respectively. The levels of pesticides in
original matter were calculated with following equation on the assumption that the
moisture content of WCRS samples was 60 % for original matter and 10 % for air-dry
matter.

The levels of pesticides in original matter (moisture 60 %)

= the levels of pesticides in air-dry matter (moisture 10 %) / 2.25
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Fig. 6 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of 1: benfuresate
and 2: cyhalofop-butyl. The baselines are shifted for display.)
A: Standard solution (100 ng/mL: 1 ng as benfuresate and 50 ng/mL: 0.5 ng as cyhalofop-butyl)
B: Sample solution of WCRS (spiked at 0.2 mg/kg original matter of benfuresate (as 100 ng/mL in
sample solution), and 0.1 mg/kg original matter of cyhalofop-butyl (as 50 ng/mL in sample

solution))

3.10 E&E FRAE OB TR

R T L= MR mRy T T TR ER DN ERRE A R L7 EiPE, 4 1~200 ng/mL O T
T &7 B (WCRS BEZY T 0.02 mg/kg HYE (RKHEHAE T T 5 ng/mL fH4 &) )
OUMENREBROFER, Hon/-e—270 SN 2 10 LETho7z/d, X7 Lbt— KW
oy T FOOERTFROBEEIL WCRS OREY T T 0.02 mgkg & Lz, ZOREE,
Ny 7Lt — ROV Ry 77 F LD WCRS FOEHELEREO By AL (thFh
0.45 T 0.225 mg/kg) XL TENEN 1722 KO V11 TH Y, ZUMEHRIETA R7 A4 VIZE
Do BEEZ I LTV,

RIEOKBRH TRZMERT D720, BRMEIGRBRICEVGONT-E—27 O SN S 3 L biRNE
BRI, FORE, B TFRIZEEZY TR 7 LE— I 0.006 mgkg, vk ST F
VX 0.0005 mgkg TH Y, FFICZYMERRIETA RTA4 VIZED B BEE7- LTz,

723, Table 7 IZ/RL7z&BY, MiZE & NRIEEIZH T 2 MEINGURE RIZRAFTH - 72,

3.1 Sh[EEER
RIEO BB B E 2R T 5720, REIEEM, N OIEPIRO 2 sUKHE CHIERENT L 53
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[ B A FE e L7z

Hmalel & LCiE, WCRS | (AEZ9) X7 L&—hE L T045 mgkg tHYEX T 1
Ry T TFNELT0225 mgkg FHY & (DHTHRE 10g 2k LT ImL iz 7 LkE— K45
ug KXvoaly 7T F 225 ng EEAT HIRAGIEMER | mL) %, WCRS 2 (JA#&ZY) (2~
ZLt— RO mRy T TFL L TEALN 0.045 mg/kg Y& (ST HEUEE 10 g l2kF L
TImLHICR 7= MO Bl y T FN% 045 png 2o H T 2RAERER 1 mL) %,
ITNENERBREIZTONBE O BIZUIN L TR L7230 2 v 7z

BANERBR L, — MM EHEANBARESSW | o & — B8R, — i AMb S0 S AT A
JUMEME RO ST, — M EE AU R L RO Y & —, 74— F - U UK
FERFZERT, BRAS M EEERERT OIS EE S a— ST T = a VR X —, BT
ITBOE NEMOKPETH B 22 it o 2 — Rkt 2 Ass, FALRt 27—, Fiiat s 2 —,
A4 fREE % —, FAfFEr 2 —kOFEEME % — GF 11 RBRE) Thotz. MROMIT
IZOWTIE, EBRMIC A —FF A a7 EFERBRICET 2 FIE ¥ Y% 2512, Cochran HiiE,
SR FUVIE 1 18 > Grubbs #iE K& O FUIE 2 f# @ Grubbs 1 E 21TV, AIUEOAHEZ R L= L TF
HEl =R, #ak URSEE (RSD,) KR OV=EMIFBUREE (RSDr) Z#H ML, o7 RSDr 206, &
1E Horwitz & '"% T HorRat % R & 7=

N7 — hOfERIT Table 8 D& F Y THY, WCRS 1 LT WCRS 2125\ T, AN
X 96.1 KN 94.7 %, RSD % 2.6 2 *3.7 %, RSDpiZ 8.1 XX 10 %, HorRat |% 0.45 & T* 0.45
THY, ZYUMHERBIETA RT A4 ICED SN EEHIUEE O BAZ{E %72 L TV /=, HorRat
205 DTN TESTED, SIBENEBNEECH LD EEZ X b,

voaR ey T T FOOFEFRIL Table 9 D LBV THY, WCRS 1 LT WCRS 2122\ T, ¥
B =R 1E 92.7 TN 97.0 %, RSD, (2.7 & 1¥ 4.8 %, RSDg (% 22 TN 32 %, HorRat (% 1.1 X TV 1.5
ThHY, RRIEOZYUERRIETA RT A VICED LN BEHEREEO BEME AR LTz
Ry T T FO RSDy L, X2 7 Lt— MR RKEIWEADBFED S en, —HoiRER
ENOLINARR Yy T TFNVDEENZELRNEORENRH 72 L226, LC-MS/MS #ED =
VT4 a il ARBEZIT T LILDEE L.

SEDD, FBRE THEH L7- LC-MS/MS O#%fE% % Table 10 (27~ L7z,
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Table 8 Collaborative study for benfuresate

Sample
Lab. No. WCRS 1 WCRS 2

(mg/kg air-dry matter) (mg/kg air-dry matter)
1 0.426 0.420 0.0435 0.0407
2 0.398 0.397 0.0386 0.0394
3 0.459 0.437 0.0466 0.0512
4 0.444 0.408 0.0470 0.0456
5 0.403 0.390 0.0394 0.0375
6 0.480 0.483 0.0370 0.0379
7 0.442 0.445 0.0413 0.0409
8 0.485 0.509 0.0475 0.0482
9 0.383 0.394 0.0402 0.0375
10 0.444 0.435 0.0468 0.0458
11 0.420 0.415 0.0440 0.0409

Spiked level (mg/kg air-dry matter) 0.45 0.045
Mean value” (mg/kg air-dry matter) 0.433 0.0426
Mean recovery” (%) 96.1 94.7
RSD:” (%) 2.6 3.7
RSDx” (%) 8.1 10
PRSDr” (%) 18 22
HorRat 0.45 0.45

ayn=22

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 9  Collaborative study for cyhalofop-butyl

Sample
Lab. No. WCRS 1 WCRS 2
(mg/kg air-dry matter) (mg/kg air-dry matter)
1 0.213 0.212 0.0444 0.0383
2 0.179 0.175 0.0337 0.0332
3 0.193 0.181 0.0324 0.0327
4 0.324 0.314 0.0708 0.0688
5 0.211 0.212 0.0561 0.0586
6 0.184 0.180 0.0368 0.0386
7 0.251 0.246 0.0643 0.0644
8 0.217 0.210 0.0399 0.0388
9 0.128 0.143 0.0260 0.0261
10 0.199 0.210 0.0399 0.0333
11 0.206 0.201 0.0419 0.0409
Spiked level (mg/kg air-dry matter) 0.045
Mean value” (mg/kg air-dry matter) 0.0436
Mean recovery” (%) 97.0
RSD."” (%) 4.8
RSD:” (%) 32
PRSDR" (%) 22
HorRat 1.5

ayn=22

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 10  Instruments used in the collaborative study
Lab.No LC-MS/MS L€ column
(i.d.xlength, particle size)
LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
! MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
2 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
3 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
4 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18
5 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(4.6 mmx150 mm, 3.5 um)
LC: ACQUITY UPLC, Waters Mightysil RP-18GP
6 MS/MS: ACQUITY TQD, Waters Kanto Chemical
(2.0 mmx150 mm, 3 pm)
LC: Nexera XR, Shimadzu Inertsil ODS-3, GL Sciences
/ MS/MS: QTRAP 5500 AB SCIEX (2.1 mmx150 mm, 3 pm)
LC: Alliance 2695, Waters Inertsil ODS-3, GL Sciences
8 MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 pm)
LC: Prominence Shimadzu Inertsil ODS-3, GL Sciences
’ MS/MS: QTRAP 5500 AB SCIEX (2.1 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu Inertsil ODS-3 HP, GL Sciences
10 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
LC: 1200 Series Agilent Technologies Inertsil ODS-3, GL Sciences
11 MS/MS: 6410 Triple Quadrupole LC/MS (2.1 mmx150 mm, 3 pm)

Agilent Technologies

4 F&EOH

WCRS [ZEET L7 L= ROy vRy 7 TF IO T, GC-MS % KiZ, LC-
MS/MS % V7= R E BB O BT FEEA~ O H O A IOV TR L2 & 2 A, Il ERIK
DHBIREDOEL, ZAMETA Y T Lh T AORFEREOEL, FAVREI/ v~ NI T 7 Kk RTF
LYy UT IVN-7Ta Ay Uk VA F VI =T ML DR EBBEI =0 7 A X DR
IZEFAF N GC-MS IZ X B HIEDH LC-MS/MS (APCD) IZ X HWEICEFICTHZ ET, LAFD
FERDEOI, EHNAETHDL EEZX L.
1) BEHITZZNZN 1~200ng/mL (GEARE LTO0.01~2ng fY4E) O CERMELZ R L.

B, YUHMREROBERGHIL, 71— kR y uky 77 FILE 0.004~0.8 mgkg

BHT DB FHEE 2 RIEIHE VR U 72 S UBHA IR P 0 & R SKIR EHPRICH Y 3 5.
2) WCRS IZ9OWT, REZH-THLNEZZ e~ M7 T L1001, EBEZHTHE—2713RD LN

Rino .
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3) AREBEIZHENELNIZHEHARICOW T MY v 7 AR EHER LR, <7t — KD
oaRy T TFMTREIY M) v 7 AR DRERPELZITHZ LR EFRETH T,

4) FHPICHRE L TR 7 LE— R & LT 0009 KON 0.2 mgkg Y&, v raky 7 7F e
LT 0.009 X 0.1 mgkg FHY EZRIML, RIEICHES TS SOMTONT 2 %M L, B K O
WU A RO & A, BEMWMRIETA FT A4 ED DIV EE K OPHTREE O B IEE %
7= BAF 2 s s bz,

5) RKEOX 7 Lt — FOFERE FRIZEFEYH T 0.02 mgkg, B TFRIE0.006 mg/kg, >/ vk
v 7 FOVOE R T RIZEFZY H T 0.02 mg/kg, B TFIRIE 0.0005 mgkg THh o7z, BiE LIZE
B FREOBE TR, ZUERGRIETA RT A4 ICED LR BEZHE LT

6) WCRS 1 (JR#z#) [2_X> 7 1bt—h&LT045 mgkg HHYER N vk y F7FLELT
0.225 mg/kg fHY B %, WCRS 2 (JAF:H) ([c_X 7Lk — ROy vRy 7T7F L LTER
ZH 0.045 mg/kg Y EAZ RN L7REE AW T 11 RBREICE W TAIEICE W 3L [RFRBR 2 F i
L7c& 2 A, ZUMEMRIETA BT 4 VICED b= B BURSE O B A % 7= 3 B i 7o ik 5
NE LT,

Bl i
EFEREBIZS I L T2 2D e— M FE N B AR B ST o 2 —Z8 e, — kAL
LV RN SO RO AT, RV EIE AR R BEMEIE R CBREOR R X —, T4 — R -
U RS AR ST AT R Ok Nt B R BT o T st S 2 7 a — S 7 7Y —v g SR
2 —IZBIT D BEBRESMICEH OB AR L ET.

X oy

1) REATREEFEES DEREENSEENERES (B 23 ) KEIGEBITR D RIESERRE
BEEOREICHET 28R, PRk 22411 A 19 H (2010).

2) RAKPEE KPERR @A  FE O EWE OFEEER OF IOV T, B 63 4 10 A
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Development of Simultaneous Determination Method
of Carbaryl, Carbofuran and Fenobucarb in Feed by LC-MS/MS

Satomi TANAKA " and Masayoshi KUWABARA®

(* Kobe Regional Center, Food and Agricultural Materials Inspection Center)

An analytical method was developed to determine the levels of carbaryl, carbofuran and
fenobucarb in feed using a liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After adding water to the sample, carbaryl, carbofuran and fenobucarb were extracted with acetone
and the extracted solutions were filtered. The filtrate was then diluted with acetone to a volume
of 200 mL. The sample solution was purified with a SPE column (InertSep Slim-J C18-B, GL
sciences Inc.; Tokyo, Japan) and injected into the LC-MS/MS to determine the levels of carbaryl,
carbofuran and fenobucarb. LC separation was carried out on an ODS column (ZORBAX
Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 5 pum from Agilent Technologies Inc.; Santa Clara, CA,
USA) using a gradient with 2 mmol/L ammonium acetate solution and acetonitrile as a mobile
phase. In the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on formula feed for finishing beef cattle, wheat, corn, milo and
oaten hay. Formula feed for finishing beef cattle and corn were spiked with 0.01 or 0.1 mg/kg of
carbaryl, 0.01 or 0.05 mg/kg of carbofuran and 0.01 or 0.3 mg/kg of fenobucarb. Wheat was
spiked with 0.01 or 2 mg/kg of carbaryl, 0.01 or 0.2 mg/kg of carbofuran and 0.01 or 0.3 mg/kg of
fenobucarb. Milo was spiked with 0.01 or 10 mg/kg of carbaryl, 0.01 or 0.1 mg/kg of carbofuran
and 0.01 or 0.3 mg/kg of fenobucarb. Oaten hay was spiked with 0.1 or 250 mg/kg of carbaryl,
0.1 or 13 mg/kg of carbofuran and 0.1 or 10 mg/kg of fenobucarb. The mean recoveries ranged
from 86.6 to 103 % for carbaryl, 91.3 to 105 % for carbofuran and 85.5 to 99.1 % for fenobucarb.
The relative standard deviations of repeatability (RSD,) were not more than 10 % for carbaryl,
7.4 % for carbofuran and 11 % for fenobucarb.

Key words: carbaryl; carbofuran; fenobucarb; liquid chromatograph-tandem mass spectrometer
(LC-MS/MNS); electrospray ionization (ESI); feed
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ThY, ENERIISATEOT, KETHLHEANFIEENTWD P 7=/ T HIATIR7 74
EENBRE LTl — " A — R ROZBRAITH Y, 1968 FFICEHNBERES LTS Y,

INOOREOBMBEICKIT DAL O EREL U ClE, HEER OGRS O Bk oy R %12
BT 285 N2B 0T, IARNY LT ZARRD~A 1T 10 mgkg, KENNRT A XTS5 mgkg,
/INZET2mgkg, &9 HAZLTO.1 mgkg MOHE T 250 mg/kg, HIVRT T 0%, HIVRT T~
BOX3-0H HVRT T2 HVRT7 T oaRICER LEZbOOTERESN Y, 2%, ~1ak
T A4 %&T0.1 mglkg, KEMOVNETO0.2mgkeg, &9 HAHZLTO0.05 mgkg & OHE T 13 mg/kg,
T ) THNTIEZAE, KE, INE, E9HAZL, v~/ a kDT 4ELBHIZ 0.3 mgkg DR
EARESNTWD. F£h2, 7=/ THATIE, FEOAEYE OB R OEREE Q2B
THEEHA R (b o, TISEEAE R ORK) OFBIREMENHRE SN TWND.

fakl (FEHA R Z2R<. ) TOHZI KD E BN — A — FREIFEOFRFFEEELE LT,
SR IEHE ISR A N T AEEFEREAR 2 v~ ST 7 TERT A OMESRE S LT
. oL, ZOHEITEREEEL SFICE WY MHHERNER I TRV, Ee, HIERE
IOV TSH, KOVPHAMEDOHDLHDREE L.

il X, EEN B ARSI ' o 2 — 03k 21 FEERE OB EYE T IER R R LR E
ICBWTH% L LC-MSMS Z W= E&iE Y (BLF TJFRL k) 2w 9. ) Z&iC, fEHHA %
R DME% 3 oy & Ede 8 il DRI EBEICOW TR S RE~OE A ORI B2 HET L, b b,
TR B AR R ORI AT 2 E &k P (LUF T %k WD, ) 2N L. 4El, fik

(FARLHA X Z<. ) FOBIARY L, IANRT TR ONT = ) 7T HNTIZHONT, JFRL EK
A 155 FLITETEH T EA~ DN E Z Bk & LIZRIRE &RIEORBEIC OV TR LZD T, &
OMEARET D.

BBEIZHNANY I, INVRT T RONT = ) T HNVT OREERE%E Fig. 1 IR LTz,

\|N \|N \|N
HO)\O Ho)\o Ho)\o
o]
Carbaryl Carbofuran Fenobucarb
2,3-dihydro-2,2-dimethylbenzofuran- (RS)-2-sec-butylphenyl
1-naphthyl methylcarbamate
7-yl methylcarbamate methylcarbamate
C12H44NO, MW: 201.2 C12H15NOs MW: 221.3 Ci2H17NO>, MW: 207.3
CAS No.: 63-25-2 CAS No.: 1563-66-2 CAS No.: 3766-81-2

Fig. 1 Chemical structures of carbaryl, carbofuran and fenobucarb
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Table 1  Compositions of the formula feed
Formula feed Ingredient types Proportion Ingredients
types (%)
For breeding  Grains 55 Corn, brown rice, milo
Ic)f)rici:(;in Oil seed meal 26 Soybean meal, rapeseed meal, corn gluten meal, sesame meal,
corn germ meal
Animal by-products 1 Meat-and-bone meal
Brans 2 Rice bran, corn gluten feed
Others 16 Calcium carbonate, animal fat, dried leftover, corn steep liquor,
calcium phosphate, salt, enzyme-treated copra meal, feed additives
For breeding Grains 65 Corn, milo, oat
period pigs Oil seed meal 13 Soybean meal
Animal by-products 3 Fish meal
Brans 8 Wheat bran, rice powder
Others 11 Alfalfa meal, bakery waste, calcium carbonate, calcium phosphate,
salt, feed additives
For finishing  Grains 56 Barley, corn, corn starch, potato starch
beef cattle Oil seed meal 5 Soybean meal
Brans 38 Wheat bran, hominy feed, soybean hulls, corn gluten feed, rice bran,
brewers grains
Others 1 Molasses, calcium carbonate, salt, lactic acid bacteria, brewers yeast,
butyric acid bacteria, saccharification bacteria, natural aluminum silicate,
light silicic acid, galacto-oligosaccharide, glucose, zeolite, calcium propionate
22 K
1) 7 M ATEREER-PCB BAHZHWEZ., 7 h= 1MV W h T DALEI TR 3K
PCB B Z H\Vy, IRIER & T LC-MS/MS ¥ EERIC i&%7D7F777%%%wt.%%
TR U LIEERE o~ 877 7 (1 mol/L WK, FOGHMBE T HER) & M. Kix

Millipore, DIRECT-Q UV 3 (Merck Millipore )

EFREINTEHMA) 2RV,
2) TR L AEUE R

I X DR 72k (JIS K0211 @ 5218 (2

TS VEEAE S, GRLEE 99.8 %, BIAILFHL) 25 mg Z EfEIZE>TS0mL ODRET 7 A2
AR, TR EZMATENL, TITERETTE 2L TH N UAEAE R % 57 5
L7z (ZOW 1mLiE, ZANYLELTO0SmgEzalHTDH. ) .

TR T T EAE R

TINVIR T T RERERL (M 99.8 %, BIH(LFHR) 25 mg # EfEICE > TS50mL D&Y T A
AN, TEMAZMZTENL, FIERETTE N Z2MATHVRT T U NEREFR 2
FEL7- (oW ImLiE, IVRZ750LLTO05mgaa AT 5. )

3)
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4 Tz )T HNTERERR

Tz )T HANTRERER (M 98.4 %, BAR L) 25mg Z EFEICE S TS0mL D&Y 7
A AN, TERAZMATENL, BITERETTE N ZIMZTT =) 7 VT EHER
WMLz (Zol ImLix, 7=/ 7V 7ELT05mgaaad 5. ) .

5) IRAIEHER

FIEEF A 2 mL % 100 mL D275 22l ALTRAL, BICERETTE Fr2m
ZCIRAOEEFTIEZFAM L7 (Z0W 1 mLIiX, IARNUL, HIVRT TR T =) T )
TELTK IOug a8 HTDH. ) .

RICEE LT, BRAEERED ~E&4%, 7 b=tV L—/Kk (3+2) TIEMICHFRL, 1
mL FICHANRY L, INVRT T RO T =) T HATELTH 0.04, 0.06, 0.08, 0.1, 0.2,
0.4, 0.6, 0.8, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 200, 400 KX T* 600 ng Z &A%
IREGAEER 2R L 7.

23 HEEROZHE
1) ek
Fmet 1 (B LIS ) @ ZM 200 Retsch 8 (1 mm A 7 U — 2, fEHRFEIEREL 14000 rpm)
otk 2 (REACRH)  : SM 2000 Retsch 8 (1mm 227 U —2, [Al#E8 (f£R) 835 rpm)
2) #RE O : MW-DRV AT TR (I HRFHR & 5 %X 300 rpm)
3y AU EFTINT VALY U AN =T A InertSep Slim-J C18-B (£ T A& 500 mg)
VI AY A AR Y PN =R E L2 O
4) LC-MS/MS :
LC & : ACQUITY UPLC System Waters %
MS/MS #B : ACQUITY TQ Detector Waters
24 TERFIE
D #h

TR 10.0 g 28> T 300 mL O3k =/~ F 222 A, 7K 20 mL (F2¥CH1E 30 mL)
Nz, 30 pREEE%, BFI27 ' b2 100 mL (24081 120 mL) 0%, 30 />R RE
THIH L7z, 200 mL O2RE7 I 22427 7 —RIOFIcES, MtiEz 58 5 # B) T
Wl A L7z, EDO=A7 7 2AaRUHESLIART &~ 50 mL THEEL, RERICEKSA
WL/, BIZRBET7TAIDERETTE RN ZMAT. ZOWK 2 mL (FEBEEIZ DWW T,
ZOWRD—ERET & M TIEMIZ 10 fEHRLZHK 2 mL) % 50 mL O3 7 7 A 2TIE
el AFL, K20mL ZMx T, » 7 LI 23HAKR E LT

2) T LHLER

FI ATV I N Y BTNV I=H T L ETER=FY LS mL UK 5 mL CIAKYE
WL, WENAKZ R =8 7 A2 AR, FiiE 1| mL/min FEE CTW 5| L Tk 27 TAAIO bk
WCETHE T SE. BICRBARDO A>T\ RTIE 7 I Aazk—Tk =K UL

(9+1) SmL > T2 [EFEHL, WRAEINEXRI =1 T ANz, FERCHEESEZ. 10 mL O
PETITIAAEZI=ANTLAOTICESE, 7EF=M) =K (B+2) 9mLZI =07 AIIMNx,
FARICR S L CREER D 2R S, 287 7 A a0EfRE CREEZMZ, ZOHO—
E R % 5000xg T 5 pMiELHEEL, EEAEEZ LC-MS/MS IZ X A HIEICHT 23 AR & L
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3) LC-MS/MS (2 Xk B HlE
FBHATE M OB IR A SRR % 5 uL & LC-MS/MS IZVEA L, @IREUSHH (BLF TSRM] &
W9, ) va~v N7 AESE. WESME% Table 2 XT3 TR L7z,

Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature

ZORBAX Eclipse XDB-C18 (2.1mm i.d. X 150 mm, 5 pm), Agilent Technologies

2 mmol/L ammonium acetate solution—acetonitrile (4:1)
— 15 min — (1:9) (hold for 5 min)

0.2 mL/min

40 °C

Ionization Electrospray ionization (EST)
Mode Positive
Source temperature 120 °C
Desolvation gas N2 (650 L/h, 350 °C)
Capillary voltage 1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.20 mL/h)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) Q%) (eV)
145 — 22 12
Carbaryl 202
— 127 22 28
165 — 24 12
Carbofuran 222
— 123 24 23
95 — 24 16
Fenobucarb 208
— 77 24 36
4 F R

Bo7 SRM 7 a~ N7 7 AL E—7 HELRE S 2RO TREBMREZIERL, HEHHFO
HNNY I, INVKRT TRV T =) T ANVTwmEE L.
e, EEIEOBE %A Scheme 1 (TR L7z,
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Sample 10.0 g (300 mL Erlenmeyer flask)

add 20 mL of water (grass hay: 30 mL) and allow to stand for 30 min

add 100mL of acetone (grass hay: 120 mL) and shake for 30 min
— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

(receiver: 200 mL volumetric flask)

wash with 50 mL of acetone

—fill up to 200 mL with acetone

dilute sample solution of grass hay 10-fold with acetone

2 mL of sample solution (50 mL eggplant flask)

|—add 20 mL of water

InertSep Slim-J C18-B (500 mg)

(prewash with 5 mL of acetonitrile and 5 mL of water)

apply sample solution

wash with 5 mL of water—acetonitrile (9:1) (twice)

—place a receiver (10 mL volumetric flask)

elute with 9 mL of acetonitrile-water (3:2)

—fill up to 10 mL with acetonitrile—water (3:2)

centrifuge for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for carbaryl, carbofuran and fenobucarb in feed

3 BWRRUBE
3.1 s
22 D HITHE- TR L 7= BB AEERS 5 uL 2 LC-MS/MS IZIEA L, 57~ SRM 7 o<
N7 T APLE—7HBELROE S ZHWNTHREREIER L. GonTmERO—FIIX, Fig. 2-
17152308 THY, IANY L, INVKRTTURONT = /)7 V7134 0.04~600 ng/mL
(A& E LT 0.0002~3 ng) DO#iH CHEMMEL R LT,
kB, BEBEROEEGIL, IANUL, BLRTZITROT =/ T HNT % 0.004~60
mg/kg AT D N BB 2 RIEICE WAL U 72 e fKRENEIR R O I AR Y v, BIVIRT T v R
W7 = /) 7NV TIREREICHEY T 5.
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Fig. 2-1  Calibration curves of carbaryl by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of carbofuran by peak area (left) and peak height (right)
300000 -
_ 1400000 -
250000 - y—4:z7.=83>;;;3;34.54 y = 2352.4x +4318.0
’ 1200000 - R?=0.9996
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Fig. 2-3  Calibration curves of fenobucarb by peak area (left) and peak height (right)
3.2 fhHE& oA RBIEICONT

LEDLNTWD., A XEE, 7Tk % 200 mL ICER

AR D A LS VEFEIZON Tl IRV, IART7 70D E 5 55T LT O0.05 mgkg

L, WIZ 10 fEA R (R %6 P AL A

BHE 100 (5758 2179525, EEFIRMN 0.1 mgkg THHZ Enb, FEHIEMAT 57201213 &
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DIRWREE CTERNRE FFA2RERDH L. T, FEEMENEWEZHRELIMNI SN T,
% O 10 AR 2TV & & LTUBRORMEIT- 7.
33 AUV ETFTINTIIMMET Y BTN =T B O HE S OWHeRR
NEEZHW, 24 © DICX VR L72H T LI 23EHEIKRIZ, TN L, TR T
FURRT7 2 ) THNTELT 1 mgkg Y & (REFEHERH T 10 ng/mL FHY4 &) ZIRNL,
F I BTN DN Y BTNV =H T A0S OIS R LT, £ OREHIL Table 4 @
LB THY, AT, ﬁw?7?y&w7l/fww717tb:%Uw—m(Hﬂ
0~9 mL OFE /M L, 9~18 mL O E/MTITIEH A R b 2o 7=, JFRL i YTl 10 mL TI&
HEETWVD A, %mﬂ%xﬁé*“#10mLéi77x:T%Dﬁﬁ%ﬁzék%n#%é
ZEMnD, RIETIE, 9 mL THEMIE%, RET 7 A2 OERE CRIELELEZ N Z LC-MS/MS
IZ R DHEICHT 2 EHRIK & LT,

Table 4  Elution pattern of pesticides from InertSep Slim-J C18-B

Mean recovery (%)

Water-acetonitrile Acetonitrile-water Acetonitrile-water

Pesticides
(9:1) (3:2) (3:2) Total
10 mL 0~9 mL 9~18 mL
Carbaryl 0 97.0 0 97.0
Carbofuran 0 96.6 0 96.6
Fenobucarb 0 97.8 0 97.8
n=73

3.4 BiEWE OB
RCE A B G RE, A HELA SR, WASIEEHE AR, 2AZE, KE, IE, &
IBAIL, v B, FTAE, TNT7NANT 7 HEROF—YHES 1| B2 e LT, 24
D DEO 2T X %@Ltﬁﬂ%ﬁ%[ﬁM&Ms*&AL,%%MKSMA&vaﬁ?A%
MR L2 A, WTFRORBHICBWTHEIANRNI L, IARTITURNRT = ) T HILTDIE
BT L= IO oo,
72¥5, MEHEIO SRM 7 o~ k75 L% Fig. 3 10/ L=,
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Fig. 3  Selected reaction monitoring (SRM) chromatograms
of standard solution and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of 1:
carbaryl, 2: carbofuran and 3: fenobucarb. The scale of vertical axis is normalized to
chromatogram A, in which the peak height of the 0.1 ng/mL standard solution is to be shown as
100 % in each segment. The baselines are shifted for display.)

A: Standard solution (The concentration is each 0.1 ng/mL as carbaryl, carbofuran and fenobucarb.)
B~L: Blank sample solution (B: formula feed for breeding period chicken, C: formula feed for breeding
period pigs, D: formula feed for finishing beef cattle, E: oat, F: barley, G: wheat, H: corn, I: milo, J:

rye, K: alfalfa hay, L: oaten hay)
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3.5 ¥ MU v ZEROMR

24 O DEO )T LV IRK L2k E AR A Gk, FKEE SR, WA EHR S
R R ONE DB A LDT T 7 HREHEIRIC A AN L E LT 1 mgkg Y& (BEBHAR S
T10ng/mL AHYE) , IAVRTZ TR0 T =/ 7TH7E L TO0.5mgkg Y E (REREHAK
HCSngmL Y E) %, 2AE, KE, NhE A KkOTAEDOT T 7 B EHRIRIC LN
UL & LT 2 mgkg Y& (REREHAKF T 20 ngmL M4 &) , WLVRT7IUERNT =) T
ANT L LT 1 mgkg fAY & (RiEEHRIE T T 10 ng/mL fHY &) %, 77 7V 7 78K
WA —VWEDT T o 7 BBEIRIZ A NRY L, IART TR NT =) THALT & LT 20
mg/kg MY & (RAREHRIRT T 20 ng/mL MY &) ZZNTIIRMLIZE~ MY v 7 AEHER
IZDWT, 2.2 O SITHE S TR L7 RRE ORSGEERICRIT 2 ¥ — 7 bz iR Lz & 2
%, E— 7 HfEkIEL Table 5O LBV, HANYILTI3~108 %, HNVRT T2 T9I7~109 %, 7
= /) T HNVT T 93~104 %THY, WAV, DNVRTTZURORT = ) T HANVT L~ R Y
I RAZEDREREELZTHZLRPEARTHo -

Table 5 Results of matrix effect study
Carbaryl Carbofuran Fenobucarb
Concentration Concentration Concentration
Feed types of matrix in matrix Matr i"b‘) in matrix Matri);) in matrix Matr i"b‘)
standard in samplea) effect standard  ing amplea) effect standard in samplea) effect
solution (mg/kg) (%) solution (mg/kg) (%) solution (mg/kg) (%)
(ng/mL) (ug/mL) (ng/mL)
Formula feed for
breeding period chicken 10 1 96 5 0.5 98 5 0.5 93
breeding period pigs 10 1 96 5 0.5 99 5 0.5 96
finishing beef cattle 10 1 108 5 0.5 103 5 0.5 104
Oat 20 2 93 10 1 97 10 1 99
Barley 20 2 104 10 1 106 10 1 97
Wheat 20 2 106 10 1 109 10 1 104
Corn 10 1 97 5 0.5 101 5 0.5 94
Milo 20 2 98 10 1 101 10 1 93
Rye 20 2 104 10 1 103 10 1 100
Alfalfa hay 20 20 108 20 20 101 20 20 97
Oaten hay 20 20 102 20 20 101 20 20 101
n=1

a) Converted from the concentration in the matrix standard solution

b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

3.6 IRANEN AR

22 D 2)~AYD I NN NAEREE R, VR T T AERFE RO = ) TNV TERER G T
F= KU —ok (3+2) TIEMIZARLEIMZH W,

WAAEEREARE R RNE S HAHZ LICDNT, AU e LT0.01 &ON0.1 mgkg FH4
B (EERBHAK T T 0.1 2O ng/mL) , BART7 T L LT0.01 HTR0.05 mg/kg FY4 & (K
R EHAR T 0.1 XV 0.5 ng/mL) , 7=/ 7 HAT7ELTO0.01 K03 mgkg FHY & (&
BN T 0.1 LY 3 ng/mL) , /NEIZHOWT, AU LE LT 001 O 2 mgkg FHXY &
(R BHRIR T T 0.1 X820 ng/mL) , HART T & LT0.01 HT0.2 mgkg A& (i
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BRI T 0.1 Y2 ng/mL) , 7=/ 7 HATELTO0.01 K03 mgkg fHYE (RKakk
W T 0.1 O 3 ng/mL) , ~A 2ZOWT, AUl LT 0.00 LU 10 mgkg 14 &

(B SRR IR T T 0.1 2TV 100 ng/mL) , HARTF & LT0.01 &OY0.1 mgkg FYE (&
HERBHAE T 01 OV 1 ng/mL) , 7=/ 7 HN7 & LT0.01 K03 mgkg MY E (R
BHATK T T 0.1 XT3 ng/mL) , A—YVEEIZHOWT, BT L LT 0.1 K250 mgkg
HE (AR T 0.1 &Y 250 ng/mL) , AAART T & LT 0.1 KON 13 mgkg tHY &

(BRI T 0.1 OV 13 ng/mL) , 7=/ 7 A7 &L LTO0.1 KO 10 mgkg FHY&E (&
FEFBHAR T 0.1 XV 10 ng/mL) 12725 L2 ICZNZENEMNE LEAG L, —KEFE L2
ARIEHE > TER L, FHEIUE K QR LR E %2 R 7.

ZDOFEFIL Table 6 D LBV, AU LOEEEUTEIT 86.6~103 %, F Ot LK X
RSD, & LT 10 %A, HART T OFHEUET 91.3~105 %, % O LKSEEIL RSD, & L
TT4%LT, 7=/ 707 OFHEIEIT 85.5~99.1 %, % OE UKEIZRSD, & LT 11 %
LLF OFAENF DAL, R MDY ERGRIE T A RT A4 v D (ULF TS PEeRE T A R
FAL] EVnH ) ITEDONTZEEROPHTRE O BAEE 272 L T\,

ek, HoNSRM 7 u~ 7T ADO—f% Fig. 4 IR LT,

Table 6  Recoveries for carbaryl, carbofran and fenobucarb

Feed types
Spiked  Formula feed for cattle Wheat Corn Milo Qaten hay
Pesticides level > =y > 5 > =y > ) > )
(mg/kg) Recovery RSD: Recovery RSD: Recovery RSD: Recovery RSD: Recovery RSD:
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0.01 89.6 7.2 92.6 8.8 96.0 10 90.6 7.2 — —

0.1 96.9 2.5 - - 96.2 4.5 - - 86.6 6.6
Carbaryl 2 — 92.9 4.0 — — — — — —
10 — - - - - 96.4 1.1 — —

250 — - - - - - - 103 1.1
0.01 93.2 6.6 95.1 6.5 105 7.4 97.8 4.3 — —
0.05 95.8 3.7 - - 94.0 1.2 - - — —

Carbofuran 0.1 — — — — — 93.4 6.9 92.8 5.0
0.2 — — 91.3 1.9 - - - - — —

13 — — - - - - - - 95.7 2.1
0.01 89.4 6.8 85.5 11 92.9 7.3 86.8 7.3 — —

Fenobucarb 01 B B B R B R B R 9.3 >3
0.3 95.0 1.3 91.8 2.7 94.3 3.1 95.6 2.2 — —

10 — — — — — — — 99.1 2.6

—: Not tested

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Fig. 4  Selected reaction monitoring chromatograms of standard solutions and spiked samples
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peak of 1: carbaryl,

2: carbofuran and 3: fenobucarb. Each peak is shown as 100 % in each segment. The

baselines are shifted for display.)

A: Standard solution (The concentrations of carbaryl, carbofuran and fenobucarb are 1 ng/mL,
0.5 ng/mL and 0.3 ng/mL, respectively.)

B: Sample solution of formula feed for cattle spiked at 0.1 mg/kg of carbaryl, 0.05 mg/kg of
carbofran and 0.3 mg/kg of fenobucarb (corresponding to 1 ng/mL as carbaryl, 0.5 ng/mL
as carbofuran and 0.3 ng/mL as fenobucarb)

C: Sample solution of corn spiked at 0.1 mg/kg of carbaryl, 0.05 mg/kg of carbofran and 0.3
mg/kg of fenobucarb (corresponding to 1 ng/mL as carbaryl, 0.5 ng/mL as carbofuran and
0.3 ng/mL as fenobucarb)

D: Standard solution (The concentrations of carbaryl, carbofuran and fenobucarb are 250
ng/mL,13 ng/mL and 10 ng/mL, respectively.)

E: Sample solution of oaten hay spiked at 250 mg/kg of carbaryl, 13 mg/kg of carbofran and
10 mg/kg of fenobucarb (corresponding to 250 ng/mL as carbaryl, 13 ng/mL as carbofuran
and 10 ng/mL as fenobucarb)

3.7 EETREOWH TR
KREOERETREOHRH TREZ#HRT 5720, ARAFREBEAME, &, 252 L,
AV RONA—=VHEIZANNY IV, VR T TR T = ) T ANT RN, BMEGUER
IZE0BELNDIE =7 D SN 10 K3 L biREERDT-.
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ZORER, SNHN 10 L3 LB L, DAV, WIVRT TR RN T =) THNVT L
Hiz, A—VEEUANAOFEHI DUV T 0.01 mg/kg & T8 0.003 mg/kg, A — Y #EIZ DWW TIL 0.1
mg/kg KT* 0.03 mgkg Tho7/2Z &b, BEHHP TER FRIL 0.01 mgkg (FAXEIZ OV T
0.1 mg/kg) , MH FBRIX 0.003 mgkg (FAXEIZOWTIL 0.03 mgkg) Thotz. RELEZECE
TIRIE, A6 NCEDLNIFEEFOU LR T T o OEMEHEOK/NEE 0.05 mg/kg 2% LT 1/5
DRETH Y, ZUMWHERIETA T4 ICHE SN BELZTZ LT\ e, B TRIZOWT
HIRERICBEE 2072 LTz,

72¥%, Table 6 [Z/RL7c& B0, MELE&E FIRIEEICK T 20MEINGRERF RIZRIFTH > 7-.

4 F&EOH
BN T DN NNU L, VR T TN T = ) T HLTIZONT, JERL IEROA k%

I, LC-MS/MS % W T2 & EIE D T B E~OEH O A HIC O THRE L& 25, flil#&

OREHA Z 10 fEAR L7222 & (MEEEZRS) KON 7 DRI E T D HEEEE 4 10 mL

MNHImMLICAEET S LT, UTFOMENELNT.

1) FMEHIT, 0.04~600 ng/mL (FEAEE LT 0.0002~3 ng) DOHiPH CHEMRMEE R LT,

E, UHRBROBERGEIZX, ANV, BVRTTURRT =) T AT % 0.004~60
mg/kg AT D oMHREE . RBIZHEWVIRE L 72 &SRR O VY v, INRT T
MO T7 = ) TN T REGHEICHEY T 5.

2) AEREE RS EE, FEREGE ARG, WHPEERESER, 2AE, KE, IE, &
PHLAHZL, vAn, TAE, TAT7NT 7L NA—VEHEIZONT, KEICHE->THD
Ni-rzna~ N7 7 A82%, EEEZITHE—7FBONRhoT.

3) ARBIZHENEFSNIZBHEHARIZOW T~ MY v 7 2R EMHER UIRER, BN, BAR
TR NT 2 ) THNTITRE~ Y v 7 AL DREREELZ L2 LR HENETH
> 7.

4 WHFEEHEAEE, £, LH2HAZL, ~ Ak OA—=YEEIZOANI IV, TILRT
TRV T =) TN T E LT 0.01~250 mg/kg Y EZIRML, KiEIZE-T 5 ST %
FhE L, ECER O LR E 2 RO 25, ZUMHERIETA RI7A4 VICED LN EE R
OMMTRE O BREE &2 7= 3 BAF i s b iz,

5) ARIEOANANRVN, HIVRTTURONT =) T AT OERE FRIZEEH T 0.01 mgkg (R4
ELZOWTIL 0.1 mg/kg) , MHTFBRIX 0.003 mg/kg (FEAXELIZ DV TiX 0.03 mg/kg) Thoi-.
RE LT E R TIRE ORI TIRIE, Z4PEMRIETA R4 VICED NI BEEZN 2L T
7.

X B
1) —MAEEEAN A AREDBE S - BN KT v 7 2016 4R (SGRTHTR) , 420-421, HAHE
WbhEE 2, B, (2016) (ISBN: 978-4-88926-146-2).
2) NEIMEMLERZES  BRMEEREERV AT 4,
http://www.fsc.go.jp/fsciis/foodSafetyMaterial/show/syu02850270108, cited 21 Dec. 2016.
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Bl L AR—

2 fAHGED 3-OH AILAKRI7ZSoDFRAFAIOR NI ST T LEEE D
etk A EEEDRAFE

fRE gHiE, BAR &
Development of Determination Method of 3-Hydroxycarbofuran in Feed by LC-MS/MS

Iyo YASUDA *and Shinpei NAGAKUBO®

(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

An analytical method was developed to determine the level of 3-hydroxycarbofuran in feed using
liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

3-Hydroxycarbofuran was extracted by boiling hydrochloric acid (1:29) and the extracted solution
was filtered. The filtrate was diluted with hydrochloric acid (1:29) to a volume of 200 mL. The
sample solution was purified with two other types of SPE columns (InertSep K-solute, GL
Sciences Inc.; Tokyo, Japan and Sep-Pak Plus Silica cartridge, Waters Co.; Milford, MA, USA),
and injected into the LC-MS/MS to determine the level of 3-hydroxycarbofuran. LC separation
was carried out on an ODS column (Mightysil RP-18 GP, 2.0 mm i.d. x 150 mm, 5 pm from Kanto
Chemical Co., Inc.; Tokyo, Japan) using a gradient with 2 mmol/L ammonium acetate solution and
acetonitrile as a mobile phase. In the MS/MS analysis, positive mode electrospray ionization
(ESI+) was used.

Spike tests were conducted on formula feeds (for growing pigs and for dairy cattle), wheat, corn,
alfalfa hay, rice straw and whole-crop rice silage. 3-Hydroxycarbofuran was spiked at the levels
of 0.01 or 0.05 mg/kg for formula feeds and corn, 0.01 or 0.1 mg/kg for wheat, 0.01 or 13 mg/kg
for alfalfa hay, 0.01 or 0.4 mg/kg for rice straw, and 0.004 or 0.6 mg/kg air-dry matter for whole-
crop rice silage, respectively. The mean recoveries of 3-hydroxycarbofuran ranged from 82.2 to
91.3 %. The relative standard deviations of repeatability (RSD,) were not more than 6.1 %.

Key words: 3-hydroxycarbofuran; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed

X—U—R:3.0H HVRT7Ty  Wilkra~ NI 7% 0 F A REESITE . =L 27 b
0 A7 L—A Akl fEE

1 % E
3-O0H HVRT7 T B-t RuXxs IARTT) 1%, I—"A—FZZEBHTHDLHILRT T
VBEBEDOINRANT 7, TITFFINTROR T T HLTOREETHD VP AR
V7 7 I KE FMC t, 7 7 F 4 V7 1% Ciba-Geigy £t (8L : Syngenta ££) , N> 7 Z h 7%
KGR (Bl OAT 77U Ak ath) ko Tl sz P ZART7 T b FMC #
Lo THEINTERETH LD, BRTOREKILR. £, 77 FAHAT1E 2006 £ 1 HIZ
ENTOBENKDLTND .

T OMRNEATECE N BERROK BE I R 2 A A v & — IR AR A



RO 3-O0H I VAR T Z DRy u~ 75 7% 057 DRVEBSHTFHIC Emk 35

B EICEB T DERH OB BREICE A REM VL, ERA4DDI L, IAVRT T
WTHESNTWD., ANART T ORHEEEERIL, ILVART7T7 KO 3-0H ILVRT7 T 0%
ANRT T ERICHBA L OOMEBESH Y, KET 13 mgkg, KEKOUNET 0.2 mgkg,
AN, vABKRTAETO1 mgkg, £2HAZLTO0.05 mgkg £72>TW5., Fiz, fkH
OEFHLUER 01, FREEABSDOI L, WAVRALT 7 VZOWTREINTEY, boT
0.7 mg/kg, FRFEEHLETEE (LT TWCRS) &5, ) Tl mgkg Lo TW5h. HIZ, WAKRANL
77/&UﬁwT77/ R DR AT BE O MRS RIS I U B R R IR ik, LR AL
T BB ENTESBAICRY, IARAAL Ty (AR TFTUKRN3-0H WILRT T %L
$2W77/EEL@§LR%@%EU.)&LT,K*TOQm@@&@OTPé.ik,ﬁw
f7?yR@30Hﬁwf7?yﬁ@mén MZTHONRKRANT 7, TTFAHNT IR
TITANT BRI SN0 T2 H AR, INAVRT7 TR 3-0H BNVKRT T INVKRT T

g_@%bk%@@ﬁkbf,z*fomm@&@ofwé

3-OH HVR 75 3Rt —EhE k& U CHAE L, IS CImaicht+s 2 &n
T&ERW. 2071, WEEZRML TNET 5 2 & TRBEEREZ KSR L, #HT 2 5ENEH S
nTERY VD ER T EREEICIIBEIC, RA MU T AEEHERRA s n~ VT T TER
DHENRE SN TS P UL, Ao RIS ST 5 HiEE, BIR 4K, Sk
AR ERFIGRE L TCWehole, Fo, MEERICOWVWTE, KVHAHMEOS 2 L ONEE LU,

Alal, MHFENBARBSHONE Z =N 21 FEER R O EWE SR EFEICB D
TR L, k7~ 7774207 DRV &EGHE (LT TLC-MS/MS] EWH . ) ZHWZ
s Y (BLF NIFRL ) W9, ) 241, RO R E~OI#E %2 Bk L Lok %

BIZOWTHRHF LD T, ToMEL2HETD.

BEIZ3-0H HIVR 7 T v OGRS % Fig. 1 IR LT,

[t T

\N

N

HO (@)

OH

2,3-dihydro-3-hydroxy-2,2-dimethylbenzofuran-7-yl
methylcarbamate
C12H1sNO4 MW: 237.3 CAS No.: 16655-82-6

Fig. 1  Chemical structure of 3-hydroxycarbofuran

2 ZEEBRAZE
2.1 & B
BA R (WRIEEREOILHFFREER) , NE, £H5bA2 L, BHE (TA77 V7 7#
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B, A=K 7T AGERNFEY—HE) ROROLLIEZNZN 1l mm DAY U — &35 L
To B TR L 7=, WCRS 1X 60 °C T 10 FFf iz, TITENICHRE LR L2k, R
Wt L7z,

7E, MEHI AW TZBLA B O F] A Table 1 127 L7z,

Table 1  Compositions of the formula feeds

Formula feed . Proportion .
Ingredient types Ingredients
types (%0)
For growing pigs Grains 77 Corn, milo, wheat flour, wheat, barley
Oil seed meal 21 Soybean meal, rapeseed meal
Animal by-products 1 Fish meal
Others 1 Animal fat, calcium carbonate, salt, calcium phosphate,

feed additives

For dairy cattle Grains 48 Heat-treated corn, wheat flour, corn, milo
Brans 24 Wheat bran, corn gluten feed, rice bran
Oil seed meal 23 Soybean meal, rapeseed meal
Others 5 Molasses, calcium carbonate, salt, feed additives
22 O3

) 7TEF=RIUAKEORAZ ) —iT LC-MS HEHWE. 7& by, BEE=TF LR OANF P
IR AR - PCB BB AW, BT B v AdEmdikAE s v~ 875 7 H (1 mol/L
KA, BARALRR N OFOEMEBE TR 2 v, HEERIR SRRk z A, 9 a iy
A et T38) 2w/, U ik SRX310 (BRL « Fya—=r78) ZHuvi-.
7K1 Milli-Q Integral 5 (Millipore ) (2 X 0 FEH L 72 #HiK (JIS KO211 @ 5218 [ZERK S L7
HRiAK) & .

2) 3-OH H VR 7 T o FEHEg

3-OH HVAR 7 T U FEHES (W 99.0 %, FiYehisk T3¥%) 10 mg Z IEMEICE > T 100 mL
DEET T AN, AX 7 —VEMXTENL, FITERE CREEE %% T 3-OH #/L
R7 T U EREFIR A2 L7 (Zo# 1 mL 1%, 3-OH #LR7Z7 L LT 01 mg 2547
5.) .

FEAIZEE L C, 3-OH VA7 7 URERERKK 4 mL % 20 mL ORET 7 A 2 TIEMIZ AR,
MR ECTAZ )=V EMAT, ImLHIZ3-O0HB VAT T LTC20ug 2 aH T D%
PR L, ZoRO—EREE, T2 h=FU AL TEMIZHRL, 1| mL FIZ 3-OH ALK TZ
»ELTO01, 02, 04, 06, 0.8, 1, 2, 4, 6, 8, 10, 15 KT 20 ng Z&A T D FKAEUEHL &
TR 7.

23 HEROEGE

1) ek
Btk 1 (Bl Ak, NEEOE S BAZLH) : ZM-200 Retsch # (1 mm A2 U —1, fi
FHIRF[EIER2 14000 rpm)

Fyrek% 2 (RoAEE, FRd S KO WCRS fl)  : SM-100 Retsch & (1 mm 22 U —, [H#izkk

(f:£K) 1500 rpm)
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2)
3)
4)

5)

2.4

1))

2)

3)

4)

T T AMEHE S HE © GFP-95  Hil 111 5/ i A

Z AL A Y v 1 F I InertSep K-solute (5 mL fRFFH) v—x 1 = il

U BN =H T A Sep-Pak Plus Silica (78 CAAI&E 690 mg) Waters |2 U ' — —%
HELEZL D

LC-MS/MS :

LC #F : ACQUITY UPLC System Waters
MS/MS # : Xevo TQD Waters

5

oo

IINTEREL S g ZIEREIZE ST 500 mL O3 7 7 2 22 A, HiE (1+29) 130 mL, #hiE
£ 3~4 KL O ) 3 K 1 mL 2R, EBiRm AR L, 1 RFEINEGEIE L2, 200 mL
DERETTAa%T 7F—K}O FICES, MHKE T 7 ABHEARK TR A L2%, ko
T T A RO ZIERERE (1+29) —7 & F> (5+2) 50 mL THEH L, [RERICWS]
A LTz, WIZERT 7 AT OB E CHEEE (1+29) MMz 7. 2O 2 mL % 10 mL ORER
BICIEREC AN, e (1429) 2mL 2N C, BT LHE It 2 EhARK & L .

717 LALER T

REAT 2 2 A YV 7+ H T DA, 10 SREE L2, 100 mL ORTH T T 2%
AT LDOTFICEE, MEHAKDO N> TWIZRBRE 2 ~F ¥ —Fg—F /L (1+41) SmL 32T
4 [BIEE L, WREZNERAT 7 XNz, WA F CAHIO EiGc#ET 2 £ THR T LT 3-O0H &
NRT7 TR S, BIZEEE 20 mL 20 7 222 TRBICEE S8, BHiEZ
40 °C LA F ORI THI 1 mL £ TIRERME L%, ER T ALK Tzl L7z,

et —F /L 1 mL # N2 CEEMZENLT2HE, ~F 49 mL 22T, 77 L0 I
T D FBHRIR & L7z,

77 NALER 11

SUBTNI =T L EFBTF VS mL KON FH 5 mL TIERGES L7 (MEIZSC,
P2 1 mL/min FREEIC 72 D K95l L7z, BAFREER. ) .

REHARZ I =0 7 HMZAN, EPA R TAFO EiwlliZET 5 E TRl S 72, 50 mL D7
TIT7 TR %EI=ATLAOTICESE, RSO A> TWERTIET T XA az T —FE
fgrF /L (3+2) SmL O T3MEWEHE L, WKRZIERI =07 H2IZ, Km»A R TAFO Lk
UlZETHDE T F LT 3-OH IART T U2 EH S, BIZFEEE S mL 2 I =757 Al
M2 CRBBICEE S, B ZE 40 °C UL TOAKBR TR | mL £ CTHRIEEM L%, BHFH X
ko TCHIE L, 7 RF=1FU L2 mL & EMICNZ TEEDEZENL, LC-MS/MS IZ X%
BB 23 0BHAEK & LTz,

LC-MS/MS 2 X 5| &E

ABHAIE K OV 3-OH B VAR 7 T U FERERRAS 2 uL % LC-MS/MS [ZiEA L, IR
(LLF ISRMJ &Wo. ) 7r~ 7T L5%21G. WESMHEA Table2 L3 12 L7z,

nE, BT A Y LT L O O EZIT > 7256 kY WCRS (IZE ) # R
LT 0.6 mgkg FHY & D 3-OH WK 7 7 U E2RMUZEAIE, B 3) THRHRICER T A %
Eo THEE L7k, 7 h=1FU /L 20 mL Z# EfECNZ CTEEMZRNL, LC-MS/MS 12 X
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DHEICHT 2K & Lie (BLF 110 fEABEEHEK, Evwo. ) . £, 777 n
7 7 HLEIZ 13 mg/kg FHYED 3-OH HAVART7 T UM LEESEAE, Eid 3)TH Lz E
W O—fZ2TIZT ' = F UL TIEMIZ 100 574 R L, LC-MS/MS IZ X 2 & (24 2 a0k}
WikE Lz (BUF 1100 5 BGEREHER ) &vvo . ) .

Table 2  Operating conditions of LC-MS/MS
Column Mightysil RP-18 GP (2.0 mm i.d. x 150 mm, 5 pm), Kanto Chemical
Mobile phase 2 mmol/L ammonium acetate solution — acetonitrile (95:5)
— 10 min — (10:90) (hold for 5 min)
Flow rate 0.2 mL/min
Column temperature 40 °C

Ionization Electrospray ionization (EST)
Mode Positive
Source temperature 150 °C
Desolvation gas Nz (1000 L/h, 500 °C)
Capillary voltage 3.1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.4 Pa)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifer Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
3-Hydroxycarbofuran 238 163 — 28 14
— 181 28 10

5 Bt &
BoN SRM Z7u~ h 7 7 A6 =7 HBLEAONEG I ZRO THREREZEKL, HEHF O
3-OH VAR 7T o BHBEH L.
B, TEEOME% Scheme 1 IZ/R L7,
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Sample 5.0 g (500 mL eggplant flask)
add 130 mL of hydrochloric acid (1:29), boiling tips and 1 mL of silicone oil

heat under reflux for 60 min

— filter under pressure (glass fiber filter: GFP, receiver: 200 mL volumetric flask)
wash with 50 mL of hydrochloric acid (1:29)-acetone (5:2)
—fill up with hydrochloric acid (1:29)
2 mL of sample solution (10 mL test tube)
b—add 2 mL of hydrochloric acid (1:29)
InertSep K-solute (hold volume: 5 mL)

apply sample solution and allow to stand for 10 min

——place a receiver (100 mL eggplant flask)

wash with 5 mL of hexane-ethyl acetate (1:1) (four times)

elute with 20 mL of hexane-ethyl acetate (1:1)

evaporate to dryness under 40 °C

after dissolved in 1 mL of ethyl acetate, add 9 mL of hexane
Sep-Pak Plus Silica cartridge (690 mg)
(prewash with 5 mL of ethyl acetate and 5 mL of hexane)

apply sample solution and drain

——place a receiver (50 mL eggplant flask)

wash with 5 mL of hexane-ethyl acetate (3:2) (three times)

elute with 5 mL of hexane-ethyl acetate (3:2)

evaporate to dryness under 40 °C
——dissolve in 2 mL of acetonitrile
LC-MS/MS

Scheme 1 Analytical procedure for 3-hydroxycarbofuran in feed

3 WBRRUEER
3.1 AR

22 D DTHES THRBL L7245 3-OH WV R 7 T %L 2 ul & LC-MS/MS I[ZIEA L, H6h
72 SRM 7 u~ NI AMLE—JHBELOESZHWTHRERZER L. SONTRERD
—HiX, Fig. 2D LBV THY, 3-O0H HIVART T 3% 0.1~20 ng/mL (FEAE E LT 0.2~40 pg
Y &) o CHEBRMEEZ R L.

B, UHREROEEHKIFIL, 3-OH Z/LAR 7T % 0.004~0.8 mg/kg & AT 5 o k2
ARIENCHE VTR U 7 S BRI T oD 3-OH /LR 7 T B EHIPHICA S+ 5.
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Fig. 2  Calibration curves of 3-hydroxycarbofuran by peak area (left) and peak height (right)

3.2 WiEWEORGE
Akl (WHRIEER L OHLAFEEH) , ML, £H5bAZ L, TIAT7 77 7 HE, fib
5% TN WCRS 4 1 MifAZ#EHE LT, 24 12X 0 AR L2 EHAR Z LC-MS/MS IZFEAL, 5
SN2 SRM 70~ b T LEHRLIZEZAS, WTROREHZBWTYH 3-O0H IALRT T 2D
EEAHT HE—7 1 3BO N7,
7B, HOHNTZSRM 7 a~ b7 7 LD —Hl% Fig. 312~ LTz,



B 3-OH DIVIR T T v DIRIK 7 v~ v 7T 7 2 5 MVEESHEFHZ L D E&E 41

>

Intensity/ arb. units

@)

Intensity/ arb. units

Intensity/ arb. unit

®

Intensity/ arb. unit

6500 1 i B 6500

5500 - 5500 -
4500 - £ 4500 -
5
3500 - £ 3500 -
@©
>
2500 - £ 2500 -
c
o
1500 - £ 1500 - \J/
500 - 500 -| “
L o PRRON
-500 T T T T T T T -500
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Retention time/ min D Retention time/ min
6500 1 6500 1
5500 - 5500 -
4500 - 2 4500 -
=}
3500 - g 3500 -
>
2500 - £ 2500
c
i
1500 - £ 1500
500 - \l/ h 500 - \J/
M
-500 -500
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Retention time/min F Retention time/min
6500 - 6500 -
5500 - 5500 -
4500 - = 4500 -
3
3500 - % 3500 -
>
2500 - 212500
k5
1500 - \l/ £ 1500 - \l/
500 - 500 -
P " IVRIEUIINY, N JUW OOV v
-500 -500 T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Retention time/ min H Retention time/ min
6500 1 6500
5500 - 5500 -
4500 - = 4500 -
=}
3500 - £ 3500 -
>
2500 - 272500 -
g
1500 - £ 1500
500 - \l/ 500 - \l/
N SO W x M
-500 -500 T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Retention time/ min Retention time/ min

Fig. 3  Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of
3-hydroxycarbofuran.)
A: Standard solution (0.25 ng/mL: 0.5 pg as 3-hydroxycarbofuran)
B~H: Sample solution (blank) (B: formula feed for growing pigs, C: formula feed for dairy
cattle, D: wheat, E: corn, F: alfalfa hay, G: rice straw, H: whole-crop rice silage (WCRS))
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33 ~bhVU w7 AR OMER

24 O 1), D)KL VH L ZEEEE, INE, EOobvAZL, TAT 7T HIE,
DHKETWCRS O 7 7 7 REHAIKRS 1| mL 22414 50 mL O T 7 7 X2l A, =
KA L FEo THEE L7z, 22 D22 > T L7 1 mLHIZ3-OH VA7 Z L LTI ng
EEATHEMER | mL CHEEMZENL, v Y v 7 AEAER (FFEHI3 LT 0.04 mg/kg IR
AN E) 2R L. K~ bV v 7 AEHEFRIZOWT, 22 O DITHE-> THELL - FEERED 3-
OH MWWV 7 7 MEERIZXT A2 — 7 2R L& 25, B — 7 gl Table 4 O &
BY, 100~108 % THY, 3-O0H INRT7 TRk~ ) v 7 AL D REREELZITDH 2
L JIERTRETH o 72

Table 4  Matrix effect of feeds
Concentration of 3-hydroxycarbofuran

Matrix effec £

Feed types of matrix in matrix standard in sample” (%)
solution (ng/mL) (mg/kg)

Formula feed for growing pigs 1 0.04 100
Formula feed for dairy cattle 1 0.04 104
Wheat 1 0.04 108
Corn 1 0.04 100
Alfalfa hay 1 0.04 103
Rice straw 1 0.04 103
WCRS 1 0.04" 102
n=3

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak area of 3-hydroxycarbofuran in the presence of matrix to that in the
absence of matrix

c) mg/kg air-dry matter

3.4 WhnENGRER

22 @ 2)D 3-OH HNAKRT7 T U NERFE A AKX ) — NV EORT & b=k U /L TIEMIZAR LI
AW,

3-OH VA7 T L LT, AR 2 B (WKIEEHKOHLHFEERH) KOES5 AT
LT 0.01 J2TF0.05 mg/kg A4 & (RME&FHEHAK T 0.25 LT 1.25 ng/mL) , /hEIZ 0.01 LT
0.1 mg/kg MY & (RAEEEHAR T T 0.25 LTV 2.5 ng/mL) , 7V 7 7 /L7 7 #EIZ 0.01 13
mg/kg FIY B (R i&RUEHAIR T 0.25 O 3.25 ng/mL) , Fid 5IZ 0.01 &Y 0.4 mg/kg fHY4 &

(B FBHAIE T T 0.25 KX TY 10 ng/mL) , WCRS [ZEW# 5 T 0.004 K T8 0.6 mg/kg fHY & (&
FEFUBHATR T 0.25 LTV 3.5 ng/mL) 12725 X9 ICENENIRMLTELSREL, —K#HE L
BICARIEIHE > TER L, FHEICEE K OROR LR E & R 7=,

72¥%, WCRS (ZxF 3 2 ¥Rz EHoxt LC 3-OH #AR7Z & LT 0.02 KO 0.4
mg/kg HHEIZRD X 24TV, R HFIRE~OWE X, FEYh R ORED T OKGEREE
60 %M TN10 %EMEL T, FY OKOGERRE 60 %) HRE=REZY OKDEA&E 10 %) i
225 ORUT X VITo T2,
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ZOFERIT Table 5 DL B0, FHEULRIL 82.2~91.3 %, T OMhiK UAE B 13k oA U 72
(RSD,) & LT 6.1 %A FTOMMENE S, SR O Y MRERIETA T4 (LT
[ZUBHRERIET A RTA ) En . ) ITHE SN BEE R OO TREE O BAEEE 272 LT
7.

ek, o SRM 7 u~ 7T ADO—Hf% Fig. 4 IR LT,

Table 5 Recoveries for 3-hydroxycarbofuran

Feed types
i Formula feed for Formula feed for
(nfg/ﬂ]:;doi;ial growing pigs dairy cattle Wheat Comn
matter) Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.01 87.4 4.8 83.0 4.0 85.8 2.8 88.6 1.3
0.05 84.8 2.3 82.2 2.3 — — 88.1 2.3
0.1 — — — 91.3 4.2 —
Feed types
Spiked level Alfalfa hay Rice straw WCRS®
(mg/kg original > 5 ) b) 2) b)
matter) Recovery RSDx Recovery RSDx Recovery RSDx
(%) (%) (%) (%) (%) (%)
0.004" - - - 83.7 6.1
0.01 86.2 4.3 88.2 6.1 — —
0.4 — — 84.7 1.4 — —
0.6 — — — 83.4 1.3
13 83.3 1.1 — — —
—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) 3-Hydroxycarbofuran was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.01 and 1.4 mg/kg air-dry matter. The levels of pesticides in original matter

were calculated with following equation on the assumption that the moisture content of WCRS samples
was 60 % for original matter and 10 % for air-dry matter.

The levels of 3-hydroxycarbofuran in original matter (moisture 60 %)

= the levels of 3-hydroxycarbofuran in air-dry matter (moisture 10 %) / 2.25
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Fig. 4 SRM chromatograms of standard solutions and spiked samples
(LC-MS/MS conditions are shown in Tables 2 and 3.
Arrows indicate the peak of 3-hydroxycarbofuran.)
A: Standard solution (The concentration is 1.25 ng/mL for 3-hydroxycarbofuran.)
B: Sample solution of formula feed for growing pigs spiked at 0.05 mg/kg of 3-hydroxycarbofuran
(corresponding to 1.25 ng/mL as 3-hydroxycarbofuran)
C: Sample solution of corn spiked at 0.05 mg/kg of 3-hydroxycarbofuran (corresponding to 1.25 ng/mL
as 3-hydroxycarbofuran)
D: Standard solution (corresponding to is 3.25 ng/mL as 3-hydroxycarbofuran)
E: Sample solution of alfalfa hay spiked at 13 mg/kg of 3-hydroxycarbofuran (corresponding to 3.25
ng/mL as 3-hydroxycarbofuran)
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3.5 EEFREOHH TR
ELRRIE 2 7R 9 2 & 2R L 7o B AR O I L AP 0.1~20 ng/mL @ Fhmff T &£ (0.25 ng/mL (R
BFHT 0.01 mg/kg tHY &) ) TORMEGRBROMSEE, Hon-e—27 O SN A 10 22 T
Wiz, REOTEETFRIZ 0.01 mgkg & L7-. & LIZER FREE X, SEFohLRT
7 OREWEOE TR T 5 R O /MR 0.05 mg/kg & 3-OH VAR 7 T v
Al U726 LT 15 OB IVIR AL 7 7 v O fl ek o0 8 #LIEYEIE O fe /N FE 0.7 mg/kg & 3-
OH WA 7 7 U E LTEIZK LT 1/44 THY, ZEMMZBIETA RT7 A4 VTHE S BEE
2T LTz,
Eo, RMEGRBR L 0 SO R-E— 27006 SN b 3 LB mELEZRH LR, We
(WCRS (XJEFH)) ot FERIZ 0.002 mgkg TH Y, FERICZYMHRIETA FT7 A4
ESNT-BEZNZ LT,
723, Table 5 [T/ L7z& BV, MiZERE NRIEEIZH T 2MEINGURE RIZRLFTH - 72,

4 F&EOH
AR T D 3-OH BV R T T 12O\, JFRL % HIZ, LC-MS/MS % W= EEED
BRI DWW TR Lic & 2 A, JFRLIE L FAEROFIETLUL T ORER S DL,
1) BEHIT, 0.1~20ng/mL (FEAEE L T0.2~40 pg) O#iFH CEMBRIMELZ R L.
2B, UHMEROEERPIL, 3-OH Z/LR 7T % 0.004~0.8 mg/keg & A9 5 0H Rl E %,
AIECRE VTR U 72 e iR BN O 3-OH B VR 7 7 iR EHRIHICAH S 5.

2) EeAfE 2 B (WKRIEE AKX OCAHFEER) , IR, &98AZ L, TAT77 AT 7
B, fib B KLY WCRS I20WT, KB TR re M/ 7 AL, EREBITFLYE
— 7RO LR T,

3) REZENELNTREHARKIZOWT~ MY v 7 AR E2HR LIZRER, 3-0H ILVR7 T
FRE~ MY v 7 AR D REREELZ T L L METRETH T2,

4) AR 3-OH AR T7 7L LT, AR (WKIEEHKOCAHFHEEH) KOES>H A
Z L2 0.01 &ZTN0.05 mg/kg fHY &, /NEIZ 0.01 X TN 0.1 mg/kg Y&, TV 7 7 /L7 7 HEI|C
0.01 O 13 mg/kg FHY4 &, fidb 512 0.01 LT 0.4 mg/kg fHY4 &, WCRS I[ZHMHT L T 0.004 K
0.6 mg/kg HHY EZIM L, RIEICHES T 5 AOHMTONT 2 K L, [BII0EE K OWRK URSEE % 5k
W& Z A, ZUMMRIETA RT A THUE SV BIEME 2672 BAF RS RPGFo T,

5) ARIED 3-OH AR 7 7 O i FIRIZAEEF (WCRS IZJEFZY) T 0.01 mgkg, i TFERIE
0.002 mg/kg Th-o7-. RE LIERE FREORH TRIEL, Z49MEMZEIETA R7 A4 JHES
iz BEE A7 LTz,
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Method Validations of the Determination Method of Imidacloprid by LC-MS
for Wheat, Rice Straw and Whole-crop Rice Silage

Satoru NAKAMURA ™' and Tomoe INOUE
("' Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
(Now Food Labeling Monitoring Department, FAMIC)
"2 Kobe Regional Center, FAMIC)

A method wvalidation of determination method of imidacloprid by liquid chromatograph-
electrospray ionization-mass spectrometer (LC-ESI-MS), which had been listed in analytical
standards of feeds, was conducted for application to wheat, rice straw and whole-crop rice silage
(WCRYS).

Imidacloprid was extracted with acetonitrile-water (13:7) and the extracted solution was filtered.
The filtrate was diluted with acetonitrile to a volume of 200 mL (100 mL for wheat). The sample
solutions of rice straw and WCRS were diluted 10-fold with acetonitrile. The sample solution
was purified with liquid-liquid extraction and two types of SPE columns (Supelclean LC-18,
Agilent Technologies Inc.; Santa Clara, CA, USA and ENVI-Carb/LC-NH,, Sigma-Aldrich Co.
LLC.; St. Louis, MO, USA), and injected into the LC-MS to determine the level of imidacloprid.
LC separation was carried out on an ODS column (ZORBAX Eclipse XDB-C18, 3.0 mm i.d.
250 mm, 5 pm from Agilent Technologies Inc.) using a gradient with 5 mmol/L ammonium acetate
aqueous solution and 5 mmol/L ammonium acetate methanol solution as a mobile phase. In the
MS analysis, positive mode electrospray ionization (ESI+) was used.

Spike tests were conducted on wheat, rice straw and WCRS. Imidacloprid was spiked at the
levels of 0.005 or 0.2 mg/kg for wheat, 0.01 or 10 mg/kg for rice straw, and 0.009 or 3 mg/kg
original matter for WCRS, respectively. The mean recoveries of imidacloprid ranged from 69.1
to 87.9 %. The relative standard deviations of repeatability (RSD,) were not more than 3.8 %.

As a result of recoveries and RSD,, the method was validated for wheat and WCRS. However,
recoveries for imidacloprid in rice straw were under 70 %. Furthermore, the dilution of sample
solution was necessary to apply the method to rice straw and WCRS, regardless of imidacloprid
concentration.

Key words: imidacloprid; liquid chromatograph-mass spectrometer (LC-MS); electrospray
ionization (ESI); wheat; rice straw; whole-crop rice silage

F—U—KR: A3 IR ko~ N7 78&00E , =7 he X7 L —A
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1 # E

ARt OA I X7 a7 ROEREIZOWTE, KKk e~ 77 78 &8585 (LLF TLC-
MS| EW9H. ) ICEBFENBEESN D, TRk 18 FICERITELE S L TR Sz P, 2o
%, FEL 25 FIZED LA LEAUOHBETA IFX 7 n 7Y ROEREEEHEOSIENThiL, FiZ
INBIZOWT LR EEEA RETEIE NS D, 72, bbb K OREEHE R (LT TWCRS)
EWH. ) oA I X7 r Y RIZHONTE, MBORFEMEOEREREL LT, ThZh 10
mg/kg KT 3 mgkg LEDOLNTWS Y. —F, ERIEOBEIEFOME " PR OMHEEA B AR
STk Z—0 TR 18 FERE P OF EME EREEELRET D720 DTk L UFHS
SEAOBITREZLFE] BT R YT, 4342707 Y RE@ERETHRMNLZ/AEOTM
FINERER 21T > CTEB 57, i b MO WCRS IZOWTIIMFINITHh TWino Tz,
UbzZEEL, 4B, fthoA4I427870 KO LC-MS IZX D ERIEIZONT, /INE, fib
5 MY WCRS @ 3 FEDfBHEEI~DOEH Z it L7 DT, TOMEZHET D.

ZEIAIX 7T ) ROHEAESL Fig. 1 (IR LTz

N \ N
\

+

/ \O'

(E)-1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine
CoH10CINsO2 MW: 255.7 CAS No.: 138261-41-3

Fig. 1 Chemical structure of imidacloprid

2 EERAE
2.1 B
INER OO LIZZNZEN 1 mm O A7 ) — 2 23535 Ui Tk L7z, WCRS % 60 °C
T 10~21 R L, SEICEMICHE L CRE L2, RRICHEL 7.
22 &I
) 7Er=RFU WK ML= 35 ESE - PCBRBHZ AW, BT R U A, U Rk
FoAVUA, VUBRTIKFEDV T L, BT RY UL (K ROEEET V€= AT
Ktz HW o, A& ) — W dkikr v~ 77 7 HZ& Az, Kix Millipore, DIRECT-Q UV 3
(Merck Millipore ) (2 & 0 R L7284k (JIS KO211 @ 5218 I[Z/EFE S L= @tiAK) % H
Wz
2) AIX 7Y FEAEE
AIF a7 ) FEAES (M 99.6 %, BER{EFH) 10 mg Z EfEICHE>T 100 mL DR &
T7IAIIARN, A —NVEMZTENL, LIERE CRBEAMZ A IX¥ a7 R
EHFREZFRAL L (O ImL X, A4 FELTO0Ilmgaahlmd5. ) .
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B L C, BEH¥ERIEO —E/a A% /) — /L TIEMIZFHFRL, | mL FicA 3% 2707
RELTENEI 0.002~0.2 ng = &5A T DA IENER 2 5 L 7=,
23 HEROHE
1) ¥k

Wi 1 ONEM) : ZM 200 Retsch 8 (1 mm 227 U —>, {# fK[EHE5L 14000 rpm)

iRk 2 (g & KX WCRS ) : SM 2000 Retsch 2 (1 mm 227 U —>, E#EEH (HHER)

1690 rpm)

2) L O By = — 7 —MW-DRV B OARHEIAF TR (fF R & 9 %300 rpm)
3 A 2T UL Y SV =T A Supelelean LC-18 (FE CAAKIE 500 mg)

Sigma-Aldrich f4
4 7775, M=K/ T 7 Vb U B A VEEE S = 7 A ENVI-

Carb/LC-NH, (F T A& 500 mg, 500 mg)  Sigma-Aldrich #

5) LC-MS :
LC #B : LC-20AB  J& /eI
MS ¥ : LCMS-2010EV & i f iy i
24 EEIFE

BT FEESS 6 FEAES 1 £ 28.1 O HFIKIC LV E&E L. LC-MS OHES KM% Table 1 1277 L
7o 728, fEb B KLY WCRS X, #HEOFIEICHE T CHEM L. £, WIRSBLICHET 53
FHATR OB SN T, LTFoE B0 EhL7-.

AIXZ 707 Y N%& 10 mgkg OERETHEM LR S R OFEYHE LT 3 mgkg OEE TR
MU7= WCRS IZH->TiE, 7T h=F UL T200 L IZERX LIZBZORKDO—HZ2T7E h=hKV
JVTCIEREIZ 20 FEATIR U 72 VIR 20 IR Ay BE A 9~ 2 3UBHR IR & L7z

AIF 7 a7 Y R 02 mgkg OIEETHIM L 6 & OEHHE L T 0.09 mgkg OIEE T
WML7- WCRS IZH - TiE, 78 h= kU LT200 mL IZER L7=#% OREKE K SEICHT 5
HENAR E L=y, & idhlic, 7 =KV /L T200 mL IZERLT-EZEOERO—H%T &
b= b UL TIEMEIZ 10 fE/AR L7220 T H IR o Bl o fik Lz,

AIF a7 Y RERMLTH2WED L KON WCRS IZH-TiX, 7& b=k VU /LT 200 mL
WCER LB OWIKEDO—%2 7% h= kUL TEMIZ 10 7R L 78K 2 IRk it Lz,

E ek OB E % Scheme 1 (278 L 7.



50 RIS Vol. 42 (2017)
Table 1  Operating conditions of LC-MS

Column ZORBAX Eclipse XDB-C18 (3.0 mm i.d. X 250 mm, 5 pm), Agilent Technologies

Mobile phase 5 mmol/L ammonium acetate aqueous solution—5 mmol/L ammonium acetate methanol solution
(17:3) — 1 min — (3:2) (hold for 2.5 min) — 2.5 min — (1:1) — 2 min — (9:11)
— 9.5 min — (1:19) (hold for 12.5 min) — (17:3) (hold for 17 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Nebulizing gas

N2 (2.5 L/min)

Drying gas N2 (10 L/min)
Heat block temperature 200 °C
Curved desolvation line temperature 250 °C

Monitor ion

m/z 256

Sample 10.0 g (200 mL Erlenmeyer flask)

add 50 mL (rice straw and WCRS: 100 mL) of acetonitrile-water (13:7)
shake for 30 min

— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure
wash with 25 mL (rice straw and WCRS: 50 mL) of acetonitrile

——fill up to 100 mL (rice straw and WCRS: 200 mL) with acetonitorile

——dilute sample solution with acetonitrile

(rice straw, WCRS, and if concentration of imidacloprid in wheat is over 0.2 mg/kg)
Liquid-liquid extraction (100 mL separatory funnel)

——20 mL (rice straw and WCRS: 10 mL) of sample solution

add 10 g of sodium chloride and 20 mL of 0.5 mol/L phosphate buffer solution (pH 7.0)

shake for 10 min

Upper layer (acetonitrile layer)

I
Supelclean LC-18 (500 mg)

(prewash with 10 mL of acetonitrile)

place a receiver (100 mL Erlenmeyer flask)

apply sample solution

elute with 2 mL of acetonitrile

dehydrate with sodium sulfate anhydrous
—filtrate through filter paper (No. 5B of JIS P3801)
wash with acetonitrile

evaporate to dryness under 40 °C

dissolve in 2 mL of acetonitrile-toluene (3:1)
ENVI-Carb/LC-NH: (500 mg/500 mg)
(prewash with 10 mL of acetonitrile—toluene (3:1))

place a receiver (50 mL eggplant flask)

apply sample solution and wash with 2 mL of acetonitrile—toluene (3:1) (twice)

elute with 16 mL of acetonitrile—toluene (3:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of methanol

centrifuge for 5 min at 5000xg
LC-MS

Scheme 1 Analytical procedure for imidacloprid in feed
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3 HBRRUEE
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LC-MS I[ZIEAL, o 7BERA A M (LK ISIM] W), ) Z7e~ 77 LRl
& A, /INETBIKIZEWT 0.001 mgkg FH2Y, faio b 1 BIKIZIBUVT 0.006 meg/kg FH24 DF
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Fig. 2  Selected ion monitoring (SIM) chromatograms
of standard solution and blank sample solutions

(LC-MS conditions are shown in Table 1. Arrows indicate the retention time of imidacloprid.)

A: Standard solution (0.004 pg/mL: 0.02 ng as imidacloprid)
B: Wheat

C: Rice straw

D: WCRS
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32 ~ bV v AR OMER

24 IC XV LT/ E 2 IR, DD 2 KK N WCRS 2 KD 7 7 o 7 3 BHEIRIZA I ¥
s 7Y FELT, /MEIC02 mgkg HY & (RME&REHEKR T T 0.2 pg/mL) , fidd HIZ 8 mgkg
Y B (R EHA T T 0.2 pg/mL) , WCRS (2 7 mg/kg Y8 (R&KRBHAKE S T 0.175
pug/mL) ZZNZENRMULIEE~ Y v 7 ZAEHERRIZOWT, 2.2 O )IIHE- TR L 7= [FR
DAIF 7T FEERICHTHE— 7 mEL 2R L. ZORE%E, ©— 7 mfEkiT Table
20EED, 91~104 % THY, ABt~ M) v 7 AKX DREREELZITHZ LR YPERRRET
ol

Table 2 Matrix effect of samples

Concentration of imidacloprid

Feed types - ) ] ) Matrix effect’
of matrix in mat.rlx standard in sample (%)
solution (pg/mL) (ng/mL)
Wheat 1 0.2 0.2 91
Wheat 2 0.2 0.2 92
Rice straw 1 0.2 8 104
Rice straw 2 0.2 8 100
WCRS 1 0.175 7¢ 104
WCRS 2 0.175 7¢ 98
n=73

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak area of imidacloprid in the presence of matrix to that in the
absence of matrix

c) mg/kg air-dry matter

3.3 WhnENGRER

INE, T B KRR WCRS IZDOWT, A XX 7ar) FELT, /MEIZ0.005 &TO0.2 mg/kg #H
W (& RUEHAR T 0.005 X TN 0.2 pg/mL) , fEH 512 0.2 OV 10 mg/kg fH4 & (BIH D 9
B, KRR 2 RIS L2 b oz d » T, &R T 0.05 pg/mL. 10 %24
R U728 2 R B L7 b D2 - T, Hofks BRI T 0.005 pg/mL. %35 1 kit
BHAW T 0.125 pg/mL. ) , WCRS IZJEW#LHE L T 0.09 XT3 mgkg tHY & (RiHED I H, K
AR UR % IR A BRI Bt L7z b DI o T, BB T 0.05 pg/mL. 10 fFICAR L7
TR 2 W TR L7 b DI o T, FefEslEHAI P T 0.005 pg/mL. %74 13 f i BHA K
HC 0.0875 pg/mL. ) X225 X9 ICENENHRME LSIRE L, —HiFE L7RICRIEICHE-
TUHMEINGRER 2 F2 0 U, P2 a0 K O U RS B & SR b 7z

72%, WCRS IZHT 2WWINTBEALFEHZ A I X7 a 7 ) RELT02 K7 mgkg FHY RIS
25 X7, R IRE~OBEL, R R ONRFZY R DK ER EE 60 %L TN10 %E K
ELT, B OKDEARRE60 %) HiRE=EGZY OKoEAaE10 %) HiRE, 22502k
1To7-.

ZORER (Fib B KON WCRS IZ2W T 10 fFICAIR L 72K &2 Wi o Bl i L7 k6 5. ) 1X
Table 3 D LBV, FHENLHEIL 69.1~87.9 %, & O UK IXHIZ#ER 2= (RSD,) & LT
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3.8 %L FORGEN S DL, /IEK DY WCRS (F UK 2 K sy Bl iz i L 72356) 1220 T,
ZUMEMETRIE T A BT A4 CHLE SN HE R OPHMTREIEO BEMEZH7- L TW\We., b b kO,
WCRS @ 5 b, RARIEIEZIWIERSEICHE LZEA1E, W LIRREIIL E /e o7, ARl HR
"o, b b KN WCRS IZ2WCIEA I X7 a7 RERIZIr DL THREERLEATH S
e ENT. 7, 10 mgkg HYEBEDOA I X7 a Y RERMLUEMRD O T, ARE
EZAT > T HFHEIERD 70 %% FlEY, AREURO/HF SR 57720, SHiEOWw B3 %E
Thide&EZbILE.
nE, FoinlSIM 7 v 7T AO—Hl% Fig. 31ZxR LT,

Table 3  Recoveries for imidacloprid
Feed types

Spiked level Wheat Rice straw WCRS?

(mg/kg original matter) Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”

(%) (%) (%) (%) (%) (%)
0.01 87.9 3.3 - - - -
0.09” — - — — 68.3 2.4
0.09"9 — — — — 70.8 2.1
0.2 71.1 2.5 53.1 1.0 - -
0.2° — - 74.9 3.8 — —
39 — - — — 73.3 1.9
10 — - 69.1 1.7 — —

—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) Imidacloprid was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.2 and 7 mg/kg air-dry matter. The levels of imidacloprid in
original matter were calculated with following equation on the assumption that the
moisture content of WCRS samples was 60 % for original matter and 10 % for air-dry
matter.

The levels of imidacloprid in original matter (moisture 60 %)
= the levels of imidacloprid in air-dry matter (moisture 10 %)/ 2.25

e) Sample solution was diluted 10-fold with acetonitrile before liquid-liquid extraction.
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Fig. 3  SIM chromatograms of standard solutions and spiked samples

(LC-MS conditions are shown in Table 1. Arrows indicate peaks of imidacloprid.)

A, C and E: Standard solutions (Each concentration of imidacloprid is A: 0.2 pg/mL, C: 0.12
pg/mL and E: 0.08 pg/mL.)

B, D and F: Sample solutions (B: wheat spiked at 0.2 mg/kg of imidacloprid (corresponding
to 0.2 pg/mL), D: rice straw spiked at 10 mg/kg of imidacloprid (corresponding to 0.125
pg/mL) and F: WCRS spiked at 3 mg/kg original matter of imidacloprid (corresponding to
0.0875 pg/mL))
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3.4 EETREOHH TR

REOEETRECHRH TREZ#ERT H720, IE1RIE, bbb 1 BRIEK WCRS 1 i
WZAIF 77 RERINL, RINEGBRICEZVEORAE—27 0 SN RS 10 KV 3 72D
BEZRDZ. 2B, /A XOFEFIET IS K 0136:2015 (26t~ 7=. £7=, fgbd KL WCRS
(ZOWTHE 10 fEA IR HE 2 IR Bl St L7 b o2 LT L7z,

ZORER, INFE, fb b KL OWCRS (EFY) 2B WT SN 10 & 72 5 E X, 0.14 mg/kg,
0.42 mg/kg 2 T* 029 mg/kg ThH-o7-. F£7=, SNLMN 3 &72HREIE, 0.04 mg/kg, 0.13 mg/kg &
O 0.09 mgkg ThH o7, /NEIZHOWTIE, SR EEIZED Sz E®= TR (0.005 mg/kg)
KO TR (0.002 mgkg) Zi7-S720WbDTH-T=. £z, fib b LN WCRS IZ2W\W T,
HHEOEE TR (0.2 mgkg) KMOKH TR (0.05 mgkg) LHELTREWETH-Z. 21
%, Fig. 2 IZRLTWAEEY, A IX47u7 ) ROE—7RiIKICEW TO EWE N 2507
ETHZEMD, JAXDOHBEIZBOWTINSD Y~ ORBEZBIT DL LR TERN-T2C2
CICERNT DI EEZONTZ. 20D, A IX47ua7) RUNOE =7 (ZEASNRWEEE L
T, EEMEOEHERAD 105K 0N4.26 5 (BHE 4Ot 540 0.95 50imD 2 £5) ZE& FR
FOBMHETRELTHEATIZEE L. Z0E, TETROEMMEIL, NE, bbb kD]
WCRS (oW TZENZEH, 0.002 mgkg, 0.08 mgkg KO 0.04 mgkg, i RO ERMI
0.0007 mg/kg, 0.03 mg/kg %X T*0.02 mgkg TH Y, TR I IR SN EE TR -
Tele, UESIEOERE FIRE OB FRICOWTIIERE LenwZ &L L

72, Table 3 TR L72& B0, BT EEICED Lo ER FRIRE (o &Y WCRS
o T, ZHREOEETREE) ICBITDRMEIGREBRERIIRF TH - 7.

4 F&&H
INEE, RRD BTN WCRS IZEE T DA 14707 RIZHOWT, fEI I R ICINE ST
HOMEOZLB M EMHR LI 25, IEKRD WCRS ([ZOWTIEZYMERIETA KT 4 DR
AT L, OVEOZLYUERHERINTD, Wb oIZB W TEIEN 70 %% FED, SHEO
WEPMLETH-7o. Tz, RO EETIE, AT IX a7 ) FEEBRLZVERIZOR
B REZHRINTHZEELTWDER, bbb &N WCRS IZ2oWTiEA I X7 a7l RE&EIZH)H
PHOLTHRBIENRMEATHD Z ENRBRINT.
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Validation Study on Analyte Expansion to the Simultaneous Determination Method
of Pesticides in Feed by GC-MS for Debromo Metabolite of Bromobutide

Yoshinari SAKAKIBARA " and Youichi WAKAMIYA "

(" Fukuoka Regional Center, Food and Agricultural Materials Inspection Center)

An analyte expansion to the simultaneous analysis method of pesticides in feed using a gas
chromatograph-mass spectrometer (GC-MS), which had been listed in analytical standards of
feeds, was studied for debromo metabolite of bromobutide (deBr-bromobutide).

After adding water to the sample, deBr-bromobutide was extracted with acetonitrile and the
extracted solution was filtered. The filtrate was purified with a SPE column (Chem Elut, 20 mL,
Agilent Technologies Inc.; Santa Clara, CA, USA), gel permeation chromatography (GPC) and
two other types of SPE columns (ENVI-Carb/LC-NH, Sigma-Aldrich Co. LLC.; St. Louis, MO,
USA and Sep-Pak Plus Silica cartridge, Waters Co.; Milford, MA, USA), and injected into the GC-
MS to determine the level of deBr-bromobutide. The GC separation was carried out on a fused
silica capillary column (DB-5MS, 0.25 mm i.d. X 30 m, film thickness 0.25 pm from Agilent
Technologies Inc.). The mass spectrometer was operated in electron ionization (EI) mode.

Spike tests were conducted on formula feed for layer, corn, Sudan grass hay, rice straw and whole-
crop rice silage (WCRS). DeBr-bromobutide was spiked at the levels of 0.05 and 0.5 mg/kg for
formula feed for layer, corn and Sudan grass hay, 0.05 and 1.5 mg/kg for rice straw, 0.02 and 0.4
mg/kg air-dry matter for WCRS, respectively. The mean recoveries of deBr-bromobutide
ranged from 87.6 % to 154 %, and the relative standard deviations (RSD,) were not more than
11 %.

A collaborative study was conducted in six laboratories using formula feed for layer and corn
spiked with 1.0 mg/kg, rice straw spiked with 1.5 mg/kg of deBr-bromobutide, respectively. The
mean recovery, RSD, the reproducibility in terms of relative standard deviations RSDy and HorRat,
respectively, were 107 %, 8.7 %, 12 % and 0.77 for formula feed for layer, 113 %, 7.5 %, 13 %
and 0.84 for corn, and 129 %, 7.9 %, 10 % and 0.66 for rice straw.

The simultaneous analysis method of pesticides in feed was validated for analysis of deBr-
bromobutide in feed.

Key words: feed; bromobutide; debromo metabolite of bromobutide; gas chromatograph-mass
spectrometer (GC-MS); electron ionization (EI); collaborative study
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1 #

TaE7F NE, T FERBREAITHY, DO AEDOHEFIZ L > TR H 5 WIZEFERO
MEZHEL, HMEAZMESELLOLEEZLATVS V. AARERNTIIARICHE L THEAR DY,
KEOF IOV TRMEABICES R ERENRE SN TS, ZOERMERIL, BEY
Ck) 2o Ti, 7aE7F FEWQ N(a,0-F A F AR PN)33-DAFLTF AT IR (LT
[deBr-7 B E7F K| \WH. ) 27 aE7FRERICBAELIZME SN TND

—J, et o7 ae7F FiZonTiE, fEtofEYE @%%ﬁﬁﬁoﬁﬁﬁﬁ” BT,
fad & 9T 2 mg/kg, FRIEBEMEATE (LLF TWCRS) & 5. ) HT 0.5 mg/kg O &I UEE S B E
SHTn5.

gt DT a7 F ROEREE LT, kot YicEEo 27 a~ b 77 7 ERESHE
(LLF TGC-MS] &woH. ) ok —Fnfis (LT IKE Lwo. ) BElESA TS, L
MNLARRD, GbETCERETANEDH D deBr-7 1 E 7 F FOLHIEN G R T B I S
TR EDD, OWTEOHESI NG E 7> TN 5.

A, RIEOGHRHZIEEMIT deBr-7 07 F REZBIMNT D720 D% EMREIT 72D TE
DOMELWMET D,

BEICT a7 F RN deBr-7 1 E 7 F RO FHEE A% % Fig. 1 IR L7z,

m

Bromobutide Debromo metabolite of bromobutide
(deBr-bromobutide)
(RS)-2-bromo-3,3-dimethyl-N-(1-methyl-1- (RS)-3,3-dimethyl-N-(1-methyl-1-
phenylethyl)butyramide phenylethyl)butyramide
C15H22BrNO  MW: 312.2 CAS No.: 74712-19-9 C1isH23sNO  MW: 233.4 CAS No.: 75463-73-9

Fig. 1 Chemical structures of bromobutide and deBr-bromobutide

2 EEBRAE
2.1 B
EEEIE (T rAa 7—RERHH, AKEEHLOCRAFIEER) , L2852 L, KE,
Zz, ~vAn, WHE (TAV77 V7 7 HEROPA—F 7T AGE) | fGbb ROWKkITERE
A1 mm DAY Y — 2 ZHE85 Ui T L7=. WCRS X 60 °C T 6 RiH iz tgtk, HIZEN
(CFRE L CEGE Lo tk, [FERICHAE LT,
¥, BMEHIAWELA R OBLA HIA % Table 1 128 L7z,
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Table 1  Compositions of the formula feeds

Formula feed types Ingredient types Proz)ojr)tion Ingredients
0
For finishing broiler Grains 63 Corn, polished rice
Oil seed meal 27 Soybean meal, rapeseed meal
Animal by-products 1 Meat and bone meal (derived from pork and chicken),
poultry by-product meal
Others 9 Animal fat, calcium carbonate, calcium phosphate,
salt, feed additives
For fattening pigs Grains 83 Corn, wheat, polished rice, brown rice, milo
Oil seed meal 15 Soybean meal
Others 2 Calcium carbonate, calcium phosphate, animal fat,
salt, feed additives
For beef cattle Grains 43 Milo, corn
Brans 36 Wheat bran
Oil seed meal 16 Rapeseed meal, soybean meal
Others 5 Calcium carbonate, molasses, salt, feed additives

22 |

) 7Ebr=FUL, Ep=FIL, ~FH, TRy, v 7a~FH 350 EE - PCB Rk
HERWEZ. 224- N AFAXZ ATBE I e~ N7 7RHEH W, Y=F Lo 7)) a—
JUITHE 1#% (99.0 %Ll b, BIB{b22M) & M7=, /Kid RFU354BA (REESRIERTRD) 12k
KB 72K (JIS K211 0 5218 IZE 6 S -@EMiAK) & Hui-.

2) deBr-7 1 & 7 F NAEUEJF K

deBr-7 1 &7 F FEEHES (WA 98.0 %, FOGHMEE TEL) 25 mg # IEMEICE > T 50 mL @

BETTAZAN, TEMAZMXTENL, BITERE CRBEEZIMNZ T deBr-7 2E 7
F FERERKZFE L7 (Z0# 1 mL 1%, deB-7BE7F RELTOS mg 2a5HTS. ) .

3) deBr-7 w &7 F FEEUEFK

EAIZEE L C, deBr-7 =7 F FIEEHERK 5 mL % 50 mL OR&ET 7 A 3 (ZIEMIZ AR,
BITHEMET 224- MU AF A H =T 2y (4+1) ZMZT, 1 mL I deBr-7 1 E
TFRELT 50 ug 28 AT HHEZRHMLE., ZOEDO—EREE, 224-F U AF L H
— 7k hr (4+1) TEMICHRL, 1 mL FIC deBr-7 2 E7F F& LT 0.02, 0.03, 0.04,
0.05, 0.1, 0.2, 0.3, 0.4 XN 05ug = EaH T HIEMRAE TR L /-,
23 HEEROZHE

1) Bk
iRk 1 Cmekg 2 A oRUEHH)  : ZM-200 Retsch H (1 mm R 27 U —>, ffi HIR[E]6E 5
14000 rpm)
k% 2 (FRb B K OY WCRS A)  : SM-100 Retsch 8 (1 mm 227 U —, [A[#5H (fHER)
1690 rpm)

2) WL LT a2 —H—SR2W H A T v 78 (AR S 9 % 280 rpm)

3) mALEER T — 7V by T D 4000 AR R ERTR
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4 2T A Y v LT 5 20 mL RFFH) : Chem Elut, 20 mL  Agilent Technologies
5 0977 A MI—R/S T 7anry b ) A VFEE I =4 T A ENVI-
Carb/LC-NH, (500 mg/500 mg) Sigma-Aldrich H!
6) AT AR~ x> A =47 A Sep-Pak Plus Florisil cartridge (F8TAAI& 910 mg)
Waters B2 U Y — R—Z @it L7z b 0
7 AT T2 7 4% — : DISMIC-25HP (L% 0.45 um, [Ef% 25 mm, PTFE) HPEJEE R
8) FNigHE s~ /T 7 GPC VAT A HAASEHL
9) GC-MS :
GC # : 7890A  Agilent Technologies
MS 5 : 5975C  Agilent Technologies %
24 EEFGE
ARy AT IR HES 6 BAH 3 M 1 BEO A AT u~ N7 T TEEOIFHCE 2 —F o iEICiE -
TERELZ. GC-MS IZBII =X —A 40X, EEA AL miz 119, FERA AL miz 233
Ll FAURB7 a~ N7 T 7 KONGC-MS OJIES{f% Table 2 J OF Table 3 IZ/R L7-.

Table 2  Operating conditions of gel permeation chromatography (GPC)

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x300 mm, 15 pm), Showa Denko
Guard columm Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm), Showa Denko
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 60~150 mL

Table 3  Operating conditions of gas chromatograph-mass spectrometer (GC-MS)

Column DB-5MS+DG (0.25 mm i.d x30 m+10 m guard columm,
0.25 pum film thickness), Agillent Technologies

Column temperature 70 °C (hold for 1 min) — ramp 25 °C/min — 150 °C — ramp 3 °C/min
— 200 °C — ramp 8 °C/min — 280 °C (hold for 10 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C
Carrier gas He 1.0 mL/min

Transferline temperature 250 °C

Ion source temperature 230 °C
Ionization Electron ionization (EI)
Ionization energy 70 eV

Monitor ion m/z 119 (for quantification), 233 (for confirmation)
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Sample (grass hay 5.0 g, others 10.0 g) (300 mL Erlenmeyer flask)

add 15 mL of water and allow to stand for 30 min

add 100 mL acetonitrile and shake for 30 min

filtrate through filter paper (No. 5B of JIS P3801) under reeduced pressure

wash with 50 mL of acetonitrile

evaporate to the volume of 15 mL under 40 °C
Chem Elut cartridge (20 mL)

apply sample solution and allow to stand for 5 min

place a receiver (200 mL eggplant flask)

wash with 100 mL of hexane—ethyl acetate (1:1)

add 1 mL of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 10 mL of cyclohexane—acetone (4:1)

filtrate with membrane filter (< 0.5 pm)

Gel permeation chromatography

apply 5 mL of sample solution
collect 60~150 mL fraction

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of ethyl acetate
ENVI-Carb/NH: cartridge (500 mg/500 mg)
(prewash with 10 mL of ethyl acetate)

place a receiver (50 mL eggplant flask)

apply sample solution

elute with 8 mL of ethyl acetate

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in hexane—acetone (7:3) (grass hay 5 mL, others 10 mL)
Sep-Pak Plus Florisil cartridge (910 mg)

(prewash with 5 mL of acetone and 5 mL of hexane)

place a receiver (50 mL eggplant flask)

apply 4 mL of sample solution

elute with 6 mL of hexane—acetone (7:3)

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of 2,2,4-trimethylpentane—acetone (4:1)

GC-MS

Scheme 1 Analytical procedure for simultaneous determination of pesticides
in feeds by GC-MS

3 HBRRUEBHE
3.1 E=HX—AFUDOHRE
deBr-7 2 E7F RO~ AA~XY b (Fig. 2) £V, BEAFIZEmiz119 Q-7 ==17n
CNTOANAF A EWRINT. ) &, WEA T LT miz 233 (OFAFV) 22 Th
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Fig. 2 Mass spectrum of deBr-bromobutide

3.2 EmR
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7. \BoNTRERO—HIE, Fig. 30LEBYTHY, deBr-7 2E7F KiZ 0.02~0.5 pg/mL (7E
A& e L T0.02~0.5 ng FHY &) O#HiH CEMIEL R LT,
B, UHMEROBEFIL, deBr-7 o7 F K%z 0.02~0.5 mgkg &H T 55540 Ak %
AIETHE DTS U 72 e i BHAT T O deBr-7' 0 £ 7 F FIREHIPHICH ST 5.
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Fig. 3  Calibration curve of deBr-bromobutide by peak height
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Fig. 4  Selected ion monitoring chromatograms of standard solution and sample solutions (blank)

(GC-MS conditions are shown in Tables 2 and 3.

deBr-bromobutide.)

Arrows indicate the retention time of

A: Standard solution (0.05 pg/mL: 0.05 ng as deBr-bromobutide)
B~F: Blank samples (B: formula feed for layer, C: corn, D: Sudangrass hay, E: rice straw, F:

whole-crop rice silage (WCRS))
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RIEICK VAR LT oA T —BERMHB SRR, LO5bAZ L, A—X 7T RAEE, F
HE KON WCRS D7 7 2 7 REHANKRIZ deBr-7 2 €7 F R & LT 0.5 mgkg Y& (&R EHA
W T 0.5 pg/mL FHY &) 22N ERIWMLTEE~ Y v 7 ZAEEFRIZOWT, [FRED deBr-
TuETF NEERICRT A B EMBRLIEE A, BE— 7 EEiX Table 4 D L350
112~164 % ThH Y, RE~ N v 7 AL DA A MbRER AN, ok, AE~ MY v 7 R
D=7 ROEITFE D b gh o7z,

Table 4  Matrix effect of feeds

Concentration of deBr-bromobutide

. b
Matrix effect )

Feed types of matrix in matrix standard in samplea) (%)
solution (pg/mL) (mg/kg)

Formula feed for layer 0.5 0.5 145
Corn 0.5 0.5 156
Sudangrass hay 0.5 0.5 112
Rice straw 0.5 0.5 164
WCRS 0.5 0.5° 133
n=1

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak height of deBr-bromobutide in the presence of matrix to that in the
absence of matrix

¢) mg/kg air-dry matter

3.5 WRINENREER

22 @ 2)D deBr-7 0 E® 7 F NEMEFEZ 224-F U AF X 2o —T® b (4+1) TIERE
AR LI N 7z,

deBr-7 2 E 7 F RIZHONT, A 7—BERMHARGEE, L5bAZ LK R—F 7
T ARLEIZZETI 0.05 KON 0.5 mg/kg FHY & (G i&aUEHEIR T 0.05 X0 0.10 pg/mL (2725
L), FEDHIZ 0.05 LT 1.5 mg/kg MY & (Ri&aUEHAR T 0.05 LTV 0.15 pg/mL 1272
5 EHFI) , WCRS IZJEMHE LT 0.02 X8 0.4 mgkg MY E (KRR T T 0.05 KO
0.10 pg/mL 12725 L5 Mmf) Ik dLricznEnmmEg L<RAE L, —&KEE LI-RICRE
> CTER L, FBEINEE K O LR 2R 7z,

72%, WCRS (ZxF 3 2 AN B 5 EHT deBr-7 = £ 7 F K& LT 0.05 LTV 1 mg/kg fHY &
222 K917, EYTIRE~OHEL, FYT kR HOKSEHEZ 60 %KX 10 % &
WELT, F¥ OKDERE60 %) HiRE=miY OKSEEE 10 %) HRE 225 DX X
DiTHo 7.

ZOFERIT Table 5 O LBV, FHEIULEIT 87.6~154 %, Z DMK UK EE 13AR of 12 1 ffF 2=

(RSD,) & LT 11 %A FORGAENRG S, RIEPRE SN YRFAZ L LTI K O
W UK O (2 EH 50~200 %K% TN 20 %L ) WTH -7z,
ek, BHonlzSIM 7~ 7T AO—fl% Fig. 5 1IZR L7,
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Table 5 Recoveries for deBr-Bromobutide
Feed types
Spiked 1?‘/'61 Formula feed for layer Corn Sudangrass hay Rice straw WCRS®
(mg/kg original > o) > ) » b) 5 b) a) b)
matter) Recovery  RSD; Recovery  RSD; Recovery  RSD; Recovery  RSD; Recovery  RSD;
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.02" - - - - - - - - 135 2.6
0.05 131 7.7 142 4.1 114 8.1 154 11 — —
0.4 - - - - - - - - 121 3.8
0.5 87.6 8.8 121 2.6 99.2 8.9 — — — —
1.5 - - - - - - 124 8.1 - -
—: Not tested

a) Mean (n = 5)

b) Relative standard deviation of repeatability

¢) deBr-bromobutide was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.05 and 1 mg/kg air-dry matter.

The levels of deBr-bromobutide in original

matter were calculated with following equation on the assumption that the moisture content of WCRS

samples was 60 % for original matter and 10 % for air-dry matter.

The levels of deBr-bromobutide in original matter (moisture 60 %)

= the levels of deBr-bromobutide in air-dry matter (moisture 10 %) / 2.25
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Fig. 5 Selected ion monitoring chromatograms of standard solution and spiked samples
(GC-MS conditions are shown in Tables 2 and 3. Arrows indicate the peak of deBr-bromobutide.)
A: Standard solution of deBr-bromobutide (0.1 pug/mL: 0.1 ng as deBr-bromobutide)
B: Formula feed for layer spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
C: Corn spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
D: Sudangrass hay spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
E: Rice straw spiked at 1.5 mg/kg of deBr-bromobutide (0.15 ng as deBr-bromobutide)
F: WCRS spiked at 0.4 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
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3.6 EE FREORHE TR

RIEOERETRE OB FIRZMIRT 57120, 7uaA4 7 —BERMARAER, 535201
KOG HIZ deBr-7 €7 F FZ2HRML, RMEINGAURICEVEOLN D E—27 D SN S 10 &
W3 LB REERDT-.

WCRS M ORA—HF 0 75 AMEIZHOWNWTIE, E—ZHiFICRER A ZXNH D Lo b Y
RZED 10 5K 426 1% (HHE 4 O 534D 0.95 53hi8 D 2 1%) ZEBETFTREOCKMH TIRE L
TRHAE L=,

ZTORER, SN LA 10 KOV 3 &2 DIREE, 0.05 mg/kg & T 0.02 mg/kg TH Y, WCRS KA
— AT AGEOHEEREL ZOEEMWEZL TV I END, Tuae 7 F N EFEE, e
(WCRS [ZE\Ez4) F1 o & FIRIE 0.05 mg/kg, M NI 0.02mgkg & L7z, RELZERF
FRE O TIRIBEL, 7rE7F FOBHEEORE/NREES deBr-7 2 EEF RICHE LR
J£ 0.8 mg/kg 12K LT 1/16 LN 1/40 TH Y, FRH BT MO A MEREBIEN A R4 Y (LT
[ZUMEMFBIET A T A2 L0 H. ) [CEDLNTBIEEMZ L T\,

72%5, Table 5 (TR L7 B0, YUakE R FIREEIZK T 2 RMEIGBRER IR TH o7,

3.7 S:[EEER

REOEM B E 2RI 5720, REI@Em, N OIEPIRO 2 Kl @R L 53
)RR 2 FE i L7z

e LTiE, VA 7 —RERHAHESEE L NE S BAZ LIC deBr-7 RETF R &
LT 1mgkg 4 E (DHTHARE10gIlcx LT ImLHIC10pg 2863 HEMER 1 mL) , fid
HITIE 1.5 mg/kg FHY B (W HES g2k LT 1 mL HFIiC 7.5 pg &4 9 51K | mL) %,
FARBREIC COMBIMORTRICHEM U CRE L2232 AWz, SIBR=iL, MoarfTEsE N2
MOKPEIE 2 il o & — BBt L S AR, Rt 72—, Miedtr 22—, A4 TEE
vE—, [AfEECZ—ROEERE 2 — (GEeRRE) Tholk.

FEROMHTICOVWTIE, EBREMIC A=A XS EFRRBRICET D FIE Y Y2552,
Cochran 7, #MUE 1 {E D Grubbs 1 & & UM UE 2 {E D Grubbs fiE 217V, SMUE O A M4
MR8 L7 O R EI =R, #K UK (RSD,) KO=MEBRE (RSDr) ZHML, HbHivk
RSDg 705, EIE Horwitz 2 7% J\\ T HorRat Z R 72.

FERIX Table 6 DL BV ThD. 7rA 7 —EERMHEAEE, &26AZ LEURDLIC
DUWT, deBr-7 B E 7 F NOFHEILHEIT 107, 113 LN 129 %, RSD 1% 8.7, 7.5 KTV 7.9 %,
RSDg 1% 12, 13 &} 10 %, HorRat !X 0.77, 0.84 XX 0.66 TH VY, ZUMHRIENA RT74 1
ED DI E BB E O BREATH- LTz

SEDD, FHRBRECHEH LA a~ N7 T 7E BSOS % Table 7 (2R L7T-.
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Table 6  Collaborative study for deBr-bromobutide

Feed types
Lab. No. Formula feed for layer Corn Rice straw
(mg/kg) (mg/kg) (mg/kg)
1 1.22 1.10 1.24 1.19 1.72 1.96
2 0.966 1.12 0.966 1.04 2.03 2.27
3 1.16 1.16 1.26 1.27 1.82 1.99
4 1.11 1.02 1.16 1.28 1.95 2.25
5 1.01 1.25 1.02 1.26 1.76 1.98
6 0.882 0.848 0.957 0.885 1.77 1.79
Spiked level (mg/kg) 1 1 1.5
Mean value” (mg/kg) 1.07 1.13 1.94
Recoverya) (%) 107 113 129
RSD:” (%) 8.7 7.5 7.9
RSDR” (%) 12 13 10
PRSD:"” (%) 16 16 14
HorRat 0.77 0.84 0.66
a) n=12

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

from the modified Horwitz equation

Table 7  Instruments used in the collaborative study

GC column
Lab.No. GC-MS (i.d. x length, film thickness)
1 GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pum, Duraguard 10 m)
) GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pum, Duraguard 10 m)
. Rtx-5MS, Restek
3 GCMS-QP2010 Plus, Shimadzu (0.25 mm i.d. x 30 m, 0.25 um)
. Rtx-5MS, Restek
4 GCMS-QP2010 Ultra, Shimadzu (0.25 mm i.d. x 30 m, 0.25 ym)
5 GC: 7890A, Agilent Technologies DB-5MS, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pm)
6 GCMS-QP2010 Plus, Shimadzu Rix-3MS, Restek

(0.25 mm i.d. x 30 m, 0.25 pm)

4 FEDH

fEtH D deBr-7 1 E 7 F FIZHOWT, ST EEICIGRORED GC-MS (2 &5 —F ik

RN, ZUMEMR LA, UTORBENEON, EHMFRETHDL LB X L.
1) FMEHIT, 0.02~0.5 pg/mL (FEAEE LT 0.02~0.5ng 14 H) OFPH CEMRIEZ R LT,
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7B, YHMEROBERERKIIL, deBr-7oE7F Fia 0.02~0.5 mgkg &HT 590 R E %
KRIEIZHE VRS U 7 e G BHATR T 0 deBr-7' 10 & 7 F R RIS Y 5.

2) ARECH-STHELNTZSIM 7 u~ b 7T AT, 3 8EOEAEE K O 9 fEo fEHFEEHT B
WCERZTTHE—7 3RO Lo T.

3) REBICHENELNDREHEIRIZCOWT Y MY v 7 AR E R LIZFER, deBr-7 vE 7 F R
TRt~ b v 7 RN K DA A ARER B BT

4) 7oA T7—BEEHRYARAEE, LIO9bAZLERA—F T T AEEIZZNALN 0.05 mg/kg
KON 0.5 mg/kg FHY &, Fiid 512 0.05 mg/kg &K 1.5 mg/kg FHY &, WCRS (2 0.02 mg/kg &
0.4 mg/kg FAYELZIIML, RIEIZHEST 5 SOMTONT 2 FEhE L, [EUIE & UK URSE 2 ko
LA, RENEESNEYBAZE LTOEREIRERE OEBIE UKEEOHE (ZhTh
50~200 %X V20 %LL ) N TH -7z,

5) AIED deBr-7 v E T F FOERE FRITFE (WCRS [3JE#Y) FT 0.05 mgkg, R FRIT
0.02 mg/kg Th o7z, FE LTER FREOB M FTRRIEEIL, ZUMEHRIETA RTA VIED
b BEEZGZ LT,

6) 7uA 7 —EEHRMHARASERLEORE S EAZ LIZ deBr-7 rE7F K& LT 1 mgkg 84
&, P bHIT 1.5 mg/kg Y EAZ RN LR 2 VT 6 BB EIZHB W TAREICHE W L FRIRER %
FEhi LT 2 A, ZUMHERIETNA RIA L CED LN EMEHBEED B 272 LT\,

X B
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Validation Study on Application of the Simultaneous Determination Method
of Organochlorine Pesticides by GC to Snack Type Pet Food

Chika SUZUKI, Yuki OKUTOMI" and Akiko TAKAHASHI"

(* Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

The applicability of a simultaneous determination method of organochlorine pesticides in dry and
semi-dry type pet food using a gas chromatograph equipped with an electron capture detector (GC-
ECD) to snack type pet food was investigated.

Nineteen organochlorine pesticides (aldrin, a-BHC, f-BHC, y-BHC, 6-BHC, 0,p'-DDD, p,p'-DDD,
o,p'-DDE, p,p'-DDE, o0,p'-DDT, p,p'-DDT, dieldrin, endrin, hexachlorobenzene, heptachlor,
heptachlor epoxide, trans-heptachlor epoxide, methoxychlor and nitrofen) were extracted by
adding acetonitrile-water (3:1) and acetonitrile to sample. The extracted solution was filtered
and the filtrate was purified with a SPE column (Chem Elut, 20 mL, Agilent Technologies Inc.;
Santa Clara, CA, USA), gel permeation chromatography (GPC) and a SPE column (Sep-Pak Plus
Florisil cartridge, Waters Corporation; Milford, MA, USA) and injected into the GC-ECD to
determine the levels of the nineteen pesticides. The GC separation was carried out on a fused
silica capillary column (DB-1701, 0.25 mm i.d. X 30 m, film thickness 0.25 pm from Agilent
Technologies Inc.).

Spike tests were conducted on formed jerky, dried jerky (both hard and soft), biscuit and milk
powder spiked with 0.002 or 0.1 mg/kg of six DDT related compounds, 0.01 or 0.05 mg/kg of
methoxychlor and 0.002 or 0.01 mg/kg of other twelve compounds. Recoveries ranged from 81.0
to 118 % for formed jerky, dried jerky and biscuit, and relative standard deviations of repeatability
(RSD;) were not more than 11 %. Meanwhile, recoveries ranged from 46.8 to 170 % and RSD,
were not more than 15 % for milk powder.

This method was validated for analysis of organochlorine pesticides in snack type pet food except
for milk powder.

Key words: organochlorine pesticides; gas chromatograph equipped with electron capture detector
(GC-ECD); gel permeation chromatography (GPC); snack type pet food
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1 #

MSIATEUE NEWOKEMBZ 2N 4 — DN ED S [EmEwHAEORERE) DV (T
ik S ). ) ICRERT 2 00EIC >0 TiE, itk MERLOCEREOZ W, K74, &
SRIALY T =y PG E VWS TERERERSE, FICFERLLTHWLND LD AT L THEHE
ZHEDTETZ. L LR D, AL 254 10 A, KE FDA 25, HEEY v —F—IZRKT 5 L H#E
B END RG~DIFERRADRBBERENEEL TVDEAR L P2 L &2, BUETIIRA Y ¥
—F—, EMEBES v —%— (N—FREATRKRY T EAT) , BEIEEOH IS (LLF T2
Ty 78S 5 L. ) OZYPEMRE D EM L TWDH. AL 25 AR LIRTIS R ARSI S
, AT v 78S SISOV TSR ZIT > TOARWAHIEIZ W TIE, FERE, 8 A P A
RDTZD DR LR AT TN D.

Rk 28 L, RIAHEROEI RIAM L EZHG T2 ERRREDOT A 7a~ N7
T 7K DFERESHIE (20 1) AHEFRBREIE 18 iR oL (DUT TH B3R R IR
Bl EWH. ) 12T, ATy 785 A~ O FPEILR D720 O 2 S MR 1T - T2

AERE Lz o 2 b, B A ORI EICHET 285 DB TERBENED L
NTWDH L D% Table 1 IZ/x LT=.

i

Table 1 Maximum limits of organochlorine pesticides in pet food
Maximum limit

Pesticides

(ng/e)
BHC (Total of a-BHC, f-BHC, y-BHC and ¢ -BHC) 0.01
DDT (Total of p,p'-DDD, p,p'-DDE, p,p'-DDT and o,p'-DDT) 0.1
Total of aldrin and dieldrin 0.01
Endrin 0.01
Total of heptachlor and heptachlor epoxide 0.01
2 EEAE

21 & B
RO AT 7 85 5 O e 23 eHC Y, ZREn 1l mm DR 7 ) — o a3k
HLIEHHE T LT, Oy —F—CTHZROE £ TIIMENREE 23N, X3AFEEZHNT
Hr L7 By R L 7=,
BEHZH W Bt 008, FEA N OJRM B4 % Table 2 2R L7z, 723, FEMEHAIE, B
FHZ AW A REHI R SN T4 RIS HEIL L 72,
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Table 2 Ingredients list of snack type pet foods used in this study
Classification Type Ingredients
Chicken white meat, white fish, corn starch, non-glutinous rice, wheat flour,
powdered mashed potato, salt, vegetable oil (contain soybean oil and canola oil),
Formed jerky (for dogs) powdered starch syrup, collagen peptide (salmon), wheat protein, glycerin,

Formed jerky
(about 20~35 %
moisture content)

propylene glycol, pH adjuster, preservative (potassium sorbate), antioxidants
(sodium erythorbate, V. E), color former (sodium nitrite)

Formed jerky (for cats) 1

Meat (chicken, beef), soybean protein, wheat flour, fish meat, beef tallow, actinidia
polygama, glycerin, thickening agent (modified starch), sorbitol, minerals (Ca, P,
Na) , preservative (sorbic acid, sodium dehydroacetate), seasoning, color former
(sodium nitrite), sodium polyacrylate, coloring agents (caramel, food red no.106),
V.E

Formed jerky (for cats) 2

Tuna, chicken, defatted soybean, beef, starches, wheat protein, lard, yeast, salt,
oligosaccharide, sorbitol, leavening agent, seasoning, minerals (Ca, P), phosphate
(Na, K), sodium lactate, antioxidant (V.C), preservative (sorbic acid), vitamins
(V. E, V. A), calcium lactate, color former (sodium nitrite)

Formed jerky (for cats) 3

Chicken white meat, salt, sorbitol, glycerin, sodium phosphate, antioxidants (V. C),
color former (sodium nitrite)

Dried jerky Lo
Dried jerky (h:
(hard, about 10~15% f:f dfrs)y (hard) Chicken white meat, salt
moisture content) s
Dried jerky (soft) Chicken white meat, glycerin, sodium lactate, trehalose, potassium chloride,

Dried jerky
(soft, about 25 %
moisture content)

(for dogs) 1

antioxidants (V. E, sodium erythorbate), sodium phosphate, preservative
(potassium sorbate)

Dried jerky (soft)
(for dogs) 2

Chicken white meat, glucosamine, fructo-oligosaccharide, glycerin, sodium lactate,
trehalose, potassium chloride, antioxidants (V.E, sodium erythorbate), sodium
phosphate, preservative (potassium sorbate), pH adjuster, flavoring agent, color
former (sodium nitrite)

Dried jerky (soft)
(for dogs) 3

Beef tendon, salt, glycerin, propylene glycol, preservative (potassium sorbate),
antioxidant (sodium erythorbate), color former (sodium nitrite)

Dried jerky (soft)
(for dogs and cats)

Cod, D-sorbitol

Confectionery

Confectionery
(biscuit for dogs) 1

Wheat flour, sugar, vegetable oil, tapioca starch, vegetables (spinach, carrot,
pumpkin), milk powder, chicory extracts (containing dietary fiber and
oligosaccharide), leavening agent, minerals (Ca, Na), flavoring agent, yucca
extracts, coloring agents (food yellow no. 4, food yellow no. 5, food blue no. 1)

Confectionery
(biscuit for dogs) 2

Wheat flour, margarine, granulated sugar, egg, rice germ and soybean fermentation
extracts, trees extracts, galactooligosaccharide, whey protein concentrated powder
(dairy products), non-fat dry milk, lactose, vegetable oil, sweetener (D-sorbitol),
calcium carbonate, green tea extracts, antioxidants (V. E, rosemary extracts)

Milk powder

Milk powder (for dogs) 1

Dry milk (non-fat dry milk, casein), oils and fats (vegetable oil , animal fat, y -
linolenic acid), powdered egg yolk, soybean protein, oligosaccharide, L-carnitine,
minerals (Ca, P, K, Mg, Fe, Cu, Mn, Zn, I, Co), emulsifier, vitamins (V. A, V. B,
V. B2, V. Bs, V. Bi2,V. D, V. E, V. K, nicotinic acid, pantothenic acid, folic acid,
choline), flavoring agent, taurine

Milk powder (for dogs) 2

Milk protein, animal fat, non-fat dry milk, vegetable oil, powdered egg yolk, milk
oligosaccharide, dry yeast, pH adjuster, emulsifier, taurine, L-arginine, L-cystine,
DHA, vitamins (V. A, V. D, V. E, V. K, V. B1, V. B, pantothenic acid, niacin, V. Bs,
folic acid, carotene, biotin, V.Bi2, V.C, choline), minerals (Ca, P, K, Na, Cl, Mg,
Fe, Cu, Mn, Zn, I, Se), nucleotide, flavoring agent (milk cream)
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22 A OE
) 7Ebr=FrU, LT NI DA ~FHy, vuntthy, TR ROV ZF LT —
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FTENTHHA) 2 HWT=.
2) A AR,
R E I, Table 3 128 L7 BidEon, M ORERESR 2 H L.

Table 3  Pesticide standards used in this study

Name Manufacturers Formula MW CAS No.  Purity (%)
Aldrin Dr. Ehrenstorfer GmbH Ci12HsCls 364.9 309-00-2 99.0
a-BHC Dr. Ehrenstorfer GmbH CsHeClo 290.8 319-84-6 98.0
S -BHC Dr. Ehrenstorfer GmbH CsHsCls 290.8 319-85-7 98.4
y-BHC Dr. Ehrenstorfer GmbH CeHsCls 290.8 58-89-9 98.6
0-BHC Sigma-Aldrich CsHsCls 290.8 319-86-8 99.4
o,p'-DDD Sigma-Aldrich Ci14H10Cla 320.0 53-19-0 99.8
p,p'-DDD Sigma-Aldrich Ci4Hi0Cla 320.0 72-54-8 99.5
o,p'-DDE CHEM SERVICE Ci14HsCls 318.0 3424-82-6 99.5
p,p'-DDE CHEM SERVICE Ci14HsCla 318.0 72-55-9 99.5
0,p’-DDT CHEM SERVICE C14HoCls 354.5 789-02-6 97.8
p.p'-DDT Dr. Ehrenstorfer GmbH C14HoCls 354.5 50-29-3 98.5
Dieldrin Dr. Ehrenstorfer GmbH Ci2HsClsO 380.9 60-57-1 99.0
Endrin Dr. Ehrenstorfer GmbH C12HsClsO 380.9 72-20-8 99.5
Heachlorobenzene Dr. Ehrenstorfer GmbH CsCis 284.8 118-74-1 99.5
Heptachlor Dr. Ehrenstorfer GmbH Ci1oHsCly 373.3 76-44-8 99.0
Heptachlor epoxide CHEM SERVICE CioHsCl;0 389.3 1024-57-3 99.5
trans -Heptachlor epoxide CHEM SERVICE CioHsCl70 389.3 28044-83-9 98.7
Methoxychlor CHEM SERVICE Ci6H15CI30 345.7 72-43-5 99.3
Nitrofen Wako Pure Chemical Industries C12H7CLNOs 284.1 1836-75-7 99.0

2.3 HEKRUERA

1) Fywetk
3Rk 10 ZM 200 Retsch 8 (1 mm 227 U —>, i FHE[EIEREL 14000 rpm)
etk 2 0 i 1 1 X 2 MWeai O M e BTG U ) © GM 200 Verder Scientific
il (fif FHIRe[E] 545 2000~8000 rpm)

2) REOIH: APr LT —H—SR2DW ¥ A 7 v 78 (i HKEE & 5 %% 300 rpm)

3 M A Y UL BT (20 mL £REFH) @ Chem Elut, 20 mL  Agilent Technologies #

4y TNRFEIZ v~ NI TT GPC VAT A Vbt T AR

5 AvT7 T 7 4% — : Millex-LH (fL£& 045 pum, EE 25 mm, PTFE #) Merck
Millipore %

6) BT A~ TR U LI =717 L Sep-Pak Plus Florisil cartridge (FECAFI&E 910 mg)
Waters Hil
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7) ErfEmERME I A e~ 7 Z 7 (LLF [GC-ECDJ &9 . ) :GC-2010 Plus 5
HESLE T
8) WRIAKEHMX vy TV —DT L (14%> 7T /) 7BENLT2=)b—86 %Y AT /LAY afi
va—7 4 r7) :DB-1701 (N££0.25 mm, £ & 30 m, [/ 0.25 um) Agilent Technologies
b
9) BEAEMEYET =BT L (5 %P T 2= —95 %P AF AR YaxHhra—F 4
7)) :DB-5 (NfZ0.25mm, £ 30m, BEE 0.25 um) Agilent Technologies #4
24 TERFIE
EREGIE, BAEEE 6 =i 2 i | ARERRREOT A7 n~ 7T 712X 5 RS HHE
(ZD1) ITHE->TEELT.
2L, RIABEROE I R A 8205 &3 5 A B R R R EINGERE O R ERIT, &E
BEEKO—EREEZIRAG L, 224N AFARX =T8> (441) TEMIZHRL, 1 mL
HHZARIEL LTENZEL 0.01~02 ng AT OBAOREGIEERZRKT 5 L8> THDNR,
7V RVU Y, a-BHC, B-BHC, y-BHC, §-BHC, o.,p-DDD, p,p'-DDD, o,p'-DDE, p,p'-DDE, o.p'-
DDT, pp-DDT, T 4V KUY, = KU, ~TFE s, ~FEZ 7l RKExy FED
trans-~7"% 7 B )V THRF L RIZOWTIE, Vv MR ZHRETIMELEFE 6 EF 28 5 F
BIERREEDO T A7 a~ N7 T 72X HRMGHE (20 2) (LT Ty =y MEGAHEIER
FREEEINEE) L)L) EREIEICEHET D, 0.005~0.5 pg/mL O#iFH THREMR S IER T
THZEEMRERLTCND., ~"FHrsoaXoBy, AhFvr7o— k= ra 7z 0I20T
X, U=y MG EE R RERINGEIED SIS EMIT o T, AR, AHEREFRRE
UNHIEICB T D A X7 n— LV PAOF EKO EERBFAE Y E 0.005 pg/mL & e, 1 mL
HFICKEIR L LTZENEH 0.005, 0.01, 0.02, 0.05, 0.1, 0.15 X 02 pg 2 &H T 54 2R
AIEERZHE L, SRFEORERZER L.
trans-~7"% 7 )L TR F LRI, U=y MEEABEE R RERINGE O i R eI E
Fh, ARIERREENEE ISR E ENRWD, BEE TITRHEITo 7.
B, TEIEOWE % Scheme 1 [Z/R L7z, £, FLREI/ v~ NI T 7 O5EMERD GC-
ECD O JI7E 5% Table 4 } (O} Table 5 {2/~ L7-.

Table 4  Operating conditions of gel permeation chromatography (GPC)

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x300 mm, 15 pm), Showa Denko
Guard columm Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm), Showa Denko
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 70~120 mL
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Table 5 Operating conditions of gas chromatograph
equipped with electron capture detector (GC-ECD)

Column DB-1701 (0.25 mm i.d x30 m, 0.25 pm film thickness),
Agillent Technologies
DB-5 (0.25 mm i.d x30 m, 0.25 pm film thickness),
Agillent Technologies
Column temperature 80 °C (hold for 1 min) — ramp 20 °C/min — 180 °C — ramp 2 °C/min

— 260 °C — ramp 5 °C/min — 275 °C (hold for 5 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C

Carrier gas He 1.0 mL/min

Detector Electron capture detector
Detector temperature 280 °C

Injection volume 1 uL

Sample 10.0 g

add 20 mL of acetonitrile—water (3:1) and allow to stand for 10 min
add 100 mL of acetonitrile and shake for 30 min
—filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

wash with 50 mL of acetonitrile

evaporate to dryness under 40 °C
add 20 mL of saturated salt solution
Chem Elut, 20 mL

apply sample solution and allow to stand for 5 min

——place a receiver (200 mL eggplant flask)

wash flask with 20 mL of hexane and apply washed solution (three times)

elute with 60 mL of hexane

evaporate to dryness under 40 °C

dissolve in 10 mL of cyclohexane—acetone (4:1)

filtrate with membrane filter (0.5 pm)

Gel permeation chromatography

apply 5 mL of sample solution
collect the fraction of 70~120 mL

evaporate to dryness under 40 °C

dissolve in 2 mL of hexane
Sep-Pak Plus Florisil cartridge (910 mg)

(prewash with 5 mL of hexane)

place a receiver (50 mL eggplant flask)

apply sample solution and wash with 2 mL of hexane (twice)
elute with 15 mL of hexane—diethyl ether (9:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of 2,2,4-trimethylpentane—acetone (4:1)

GC-ECD

Scheme 1 Analytical procedure for organochlorine pesticides
in dry and semi-dry type pet food
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3 WBRERUBE
3.1 s

Il mL Fic~FH o8y, AhF7o— k=7t L TENREI 0.005,
0.01, 0.02, 0.05, 0.1, 0.15 XTr02 pg ZEH T HFBEEEGIEERZRM L, BEERS 1 pL
EHAIa~ NI 7ICEAL, fonlzr/ua~ 77 A006E—7 &S 2 HWTHRERZER
L7-. REMRO—BIL Fig. 1-1 DLBHTHY, % 0.005~0.2 ng/mL (FEAEE L TH 0.005~0.2
ng FHY &) OFPH CHREFREL 099 LLEOEMOBERZ R L= &N, MBI ERR U
DEAREZ Y = v MU AEHRERRERNEEICEDbED L L L

2k, UEMREROBERIIT, £23%2 0.002~0.08 mgkg &A1 5 oH Rk 2 GG %E
JEEHEAOE T AE W TR B U 7 B RBUBHATIR O 45 SR SR BEREPH IS Y 97 5.

Fo, EZOLNPHWE GC-ECD TIHMEREHPAICEBW THE AN E D HMHmARO 5, 1 mL
Hlz~FH oo P, A RFvr/n—AKkR=brr 7=z & LTEAEN 0.005 0.01,
0.015, 0.02 XTr0.025 ng 5 A7 2 & BREREEIRAGEER 2L, FARICHRERZER L
TofER,  Fig. 1-22 ® &304 0.005~0.025 pg/mL (FFEAEE L T 0.005~0.025 ng FHY &) Ol
P CURERR %L 0.999 LI EDEMRIEE R Lz, JEICHEH T2 GC-ECD 12 L - T, {KREHFET
ERLEEREBRICE DAY Z7oo_rPy, A hFv7o—n k= rn7=rORHENET
HEFZTI.
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Fig. 1-1  Calibration curves of hexachlorobenzene, methoxychlor and nitrofen by peak height
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Fig. 1-2  Calibration curves of hexachlorobenzene, methoxychlor and nitrofen by peak height
(low concentration)

3.2 WiEWE OB

Table 2 1T/~ L72ilB 2 WV, BiEME OB Z1T-72. BEHZHWEm Iv2z (RH) 2 5812
DN, W HMHEBE CIRVIEE 2 EBEE O BNEL, BHIvy (KA) 2 TRl %
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LIRS R E A7 a~ N7 7IZEAL, ol a~ N7 7 AR LTE/RE, I
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EE— 7 ThHHLOHBINITZ IR T2,

mEB, WYy —%— (M) 2 ORBEED 7 n~ 7 F LT, pp'-DDE ORFFRFFICE
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saaXrRBrThDHEHM L.

AEIcHonizrsa~ 7T AO—fl% Fig. 2 IZR LTz,
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Fig.2 Chromatograms of standard and blank solutions

(GC-ECD conditions are shown in Table 5. Arrows indicate the retention time of pesticides.)

1 Hexachlorobenzene 6 fS-BHC 11
2 a-BHC 7 o0-BHC 12
3 y-BHC 8  Heptachlor epoxide 13
4 Heptachlor 9  trans-Heptachlor epoxide (for reference) 14
5 Aldrin 10 o.,p'-DDE 15

A: Standard solution (0.005 pg/mL: 0.005 ng as each pesticide)

p.p'-DDE
Dieldrin
o.,p'-DDD
Endrin

o.,p'-DDT

16  Nitrofen

17  p.,p'-DDD

18  p.,p'-DDT

19 Methoxychlor

B~F: Sample solutions (B: formed jerky (for cats) 3, C: dried jerky (hard) (for dogs), D: dried
jerky (soft) (for dogs) 3, E: confectionery (biscuit for dogs) 2 and F: milk powder (for dogs) 1)






























