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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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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
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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.
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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)
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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 !
0 50 100 150 200 0 50 100 150 200
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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c
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©
>
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g
£
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B
3000 -
2
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2 2000 -
£ 2
:> 1
glOOO- J/ \l,
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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



12 RIS Vol. 42 (2017)

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.
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