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Development of Simultaneous Determination Method of Benfuracarb and Carbosulfan
in Rice Straw by LC-MS/MS
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We have developed a simultaneous quantitative determination method of the concentration of
benfuracarb and carbosulfan in rice straw using a liquid-chromatograph electrospray-ionization
tandem mass spectrometer (LC-ESI-MS/MS).

Having added silver nitrate solution and phosphate buffer (pH 8.0) to a sample, benfuracarb and
carbosulfan were extracted with acetone, and the extracted solution was filtered. The filtrate was
then diluted with acetone. The diluted solution was purified with a solid phase extraction (SPE)
column I (Bond Elut Jr C18, Agilent Technologies Inc.; Santa Clara, CA, USA), and injected into
an LC-MS/MS to determine the concentration of benfuracarb and carbosulfan. LC separation was
then carried out on a ODS column (Mightysil RP-18GP, 2.0 mm i.d. X 150 mm, 5 pum, Kanto
Chemical Inc.; Tokyo, Japan) with a gradient of 2 mmol/L ammonium acetate solution and
acetonitrile as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization
(ESI+) was used.

An elution pattern study of benfracarb and carbosulfan from the SPE column I was conducted. A
sample solution prepared by adding pesticides to acetone was applied to the SPE column I and eluted
with acetonitrile, acetone, and hexane. As a result, benfracarb was not sufficiently eluted.

Elution pattern and matrix effect studies of the pesticides were then conducted using the SPE column
IT (InertSep PLS-2, GL Sciences Inc.; Tokyo, Japan) instead of the SPE column I. A sample
solution prepared by adding the pesticides to a rice straw extract was applied to the SPE column II
and eluted with hexane. As a result, it was confirmed that the pesticides was sufficiently eluted
with hexane and the eluate with hexane effectively determined the pesticides without being affected
by matrix.

In addition, an elution pattern study of the pesticides from the SPE column IIT (ENVI-Carb/LC-NH2,
Sigma-Aldrich Co. LLC.; St. Louis, MO, USA) was conducted for adding a procedure of purification.
A sample solution prepared by adding the pesticides to hexane was applied to the SPE column III,
and eluted with different kinds of organic solvents. As a result, it was confirmed that the pesticides
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were sufficiently eluted with hexane-ethyl acetate (7:3).

Key words: benfuracarb; carbosulfan; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); rice straw
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Benfuracarb
ethyl N-[2,3-dihydro-2,2-dimethylbenzofuran-7-
yloxycarbonyl(methyl)-aminothio]-N-isopropyl-B-alaninate
C20H30N205S  MW: 410.5 CAS No.: 82560-54-1

CH3 N /S\
N~ “N[(CH,);CH,],

oéko
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Carbosulfan
2,3-dihydro-2,2-dimethylbenzofuran-7-
yl(dibutylaminothio)methylcarbamate
C20H32N203S  MW: 380.5 CAS No.: 565285-14-8
Fig. 1 Chemical structures of benfuracarb and carbosulfan
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W - PCB ] (LC-MS/MS DR DA LC-MS H (B{b5H) ) Z M7z, 1 mol/L
FEfE 7 =0 AT EEIRE 7 v~ b7 2 7 (BB R) 2RV, EEEER, U @
KFZEZFT PV TAROY U KFH VU LFTRERZLE H vz, Kl Milli-Q Advantage

(Merck Millipore ) (2 X 0 FH U=k (JIS KO211 @ 5218 [ZEF I =@ itiA) ZHwn
7.
2) 1/15mol/L U > [#% % (pH 8.0)
1/15mol/L U U EE/KFE —F N U o AFEIRIZ 1/15mol/L U g —/KFEH U v LK = Nz T pH
8.0 [IZFHEE L 7=,
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INTEEFEREEZRAL L (ZOW IlmLik, X757 HL7LLT05mg2ahH) .
4) ANVRANT 7 NERERR

ANKRANT 7 AERES (B L7 A4V LFEHMEER, #ME 99.8 %) 25 mg & EMEIZE > T
50 mL ODRFET T AZAN, TN ZMATHENL, BIERE CRREEZMZ TH AR
ANT 7 REMERE AR L (ZOW 1ImLi%, PLVRALT 7L T05mg2ahH) .

5) IRAIEMER

FREWEFIK 1 mL % 50 mL OR&ET7 7 A2 AN THREE L, BIERETTE M 22T
BAEEEFRZRU L7 (ZOW 1 mLi%, RTITHAVTROEILVRA LT 7 LTH 10
ng EAH) .

EAICE LT, RAEEREO —TC®&%, 7 F= MV L TERICHRL, 1 mL il
TIHNTROBILRANLT 7oL LT 005 0.1, 025, 0.5, 075, 1, 2, 3, 4 KX 5ng %
GHETOHIREEER LT,

23 WELUOHE

1) #Het% : SM 100 Retsch 8 (HBHE 1mm 227 U —, [Al#Es5 ((EEE) 1430 rpm)

2) WOEREHE : Ly 7oy =—h—SR2W Z AT v 78 (AR L 9% 300 rpm)

3y AV ETINTINMET U B FAI=hT A (LLF [2=8F 4 1) £vwW9. ) :Bond Elut
JrC18 (500 mg)  Agilent Technologies

4) AFLUVEARVEBUVRBESERI =T LA (LT IX=A745 1) 0. )
InertSep PLS-2 (270 mg) ¥ — = /LA = il

5Y U777 ANI—R/STI 7NN YN Y A SAEEI =T A (LLF T2 =0

Z L1 V9. ) : ENVI-Carb/LC-NH2 (500 mg/500 mg)  Sigma-Aldrich #

6) A7 77 4% — :DISMIC-13HP (fL#% 0.45 um, E 13mm, FAKM PTFE)  HVEIR
i
7) LC-MS/MS :
LC B : ACQUITY UPLC System Waters H
MS #F : Quattro Premier XE  Waters
24 E&EJIE (JFRLIE)
D #

INTEREL 10.0 g 8-> T 300 mL O =/ 7 7 222 A, 0.1 mol/L i§ERERIATE 2 mL &
O 1/15mol/L U > BR#EMTR 30 mL Z 1 2, 30 rfMEkEs%, BT & b 120mL 2%, 3045
MRV IBECHE L. 200 mL O2E 7 7 Aa%27 7 —HI O FICEE, Mz A (5
EB) CTWSIABLIE, O =AT7T7AaROEIZIERT £~ 40mL THE L, [FERIC
WAL, EHICEETTAAOERETT N 2. ZOWKE, BT L0ABRIZH
TOMBHAK & LTz,

2) H T AP

R=HTATIETERN=FUASmL KUK S mL THEF L. REHRR 2 mL2H 50U
K20 mL 2 AN RECEREICMZIBIL, =0T A TIZAN, KENFETAAIO LG E
T 5 FETHMH (IED 1~2 mL/min FREIC2 5 K5 %5 Lz, DLFREEE. ) S, 3 BHAIK
DANS>TWEREHEZTE M=V /b—/K (243) 10mL THE L, BEEREZI =V T 2112,
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EAZRHIEL. I0mLOE®ET7 7 A 252 I=AT7 21O FICESE, 7BEr=FJ/L 10 mL
I TATIEMATRUY T TANT RODIVEANLNT 7V BRH ST %I A T T 7
4 IVH—TAHE L, LC-MS/MS IZ L D HIEICHET 2REHARE LTz

3) LC-MS/MS (Z X % lE
AREHAIR K O IR B HER 45 2 uL 2 LC-MS/MS ([ZVEA L, BIREJSHE (LLF TSRMJ &
Wo. ) ru~ NI ARG, WESRMZ Table 1 X2 IZR LTz,

Table 1  Operation conditions of LC-MS/MS

Column Mightysil RP-18GP (2 mm i.d. x 150 mm, 5 um), Kanto Chemical
Mobile phase 2 mmol/L ammonium acetate — acetonitrile (1:1) — 3 min
— (1:19) (hold for 15 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 120 °C

Desolvation gas N> (800 L/h,400 °C )

Cone gas Nz (50 L/h)

Capillary voltage 2.5kV

Collision gas Ar (0.25 mL/min)

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier volltage energy
(m/z) (m/z) (m/z) V) (eV)
195 - 46 31
Benfuracarb 411
- 190 46 17
118 - 21 27
Carbosulfan 381
- 160 21 21
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Sample 10.0 g (300 mL amber Erlenmeyer flask)
——added 2 mL of 0.1 mol/L silver nitrate and 30 mL of 1/15 mol/L Phosphate buffer (pH 8.0)
—allowed to stand for 30 min
——added 120 mL of acetone
—shook for 30 min
— filtrated through (No. 5B of JIS P3801) GFP under reduced pressure (reciever: 200 mL volumetric flask)
—— washed with 40 mL of acetone
— filled up with acetone
2 mL of sample solution (50 mL test tube)
l—added 20 mL of water
Bond Elut Jr C18 (500 mg)
——washed with 5 mL of acetonitrile and 5 mL of water
— applied sample solution
——washed with 10 mL of acetonitrile-water (2:3)
eluted with 10 mL of acetonitrile
— filtrated through hydrophilic PTFE membrene filter (0.45 um)

LC-MS/MS

Scheme 1 Analytical procedure for benfuracarb and carbosulfan (developed by JFRL)

25 2=#7 A1 (BondElut Jr C18) 75 OIRH 4y DR
RUTTHANT ORIV RANVNT 70 LTENEN 00T mgkg FEYEE DX OWIMLTET
Ehr2mL%, HH00CHK20 mL 2 ANTCEFRITMAIRTIL, BT NP 5 1R 4K %
PR LU7Z, LI, B22520y FOI=FTATICONT, UTFOERBYEHE Y OMR %2 £
L7z,
) ~F¥Hrs5mL, 7#ho5mL, 7Eh=FU L 5mL KUK SmLDJEIZI =H T A1 %%
ik, EERAINZ, WREDSFETARO FIHIET 2 ETHRE IS, To2EAHERLZ
2) HO%, FBEEEROAS> TR EETE M=V /L—K (2+3) 10mL THFL, WHkKE I =
AT ATICMARHEE, To2EEZHEILLTE
3) 2y0tk, TEF=NINLEI=HTALTIZMZ, 0~5mL, 5~10mL, 10~15mL, 15~20 mL ®
B oy A BRI L T2
4) HTTEIF=PIUAVEMATE, BIZT7EFS5mL, ~F P4 5mL ZIHKI =T LTI
%, 20~25 mL K& OY 25~30 mL O¥F HE 5y & $REL L 7=
D, XN HITHONWTIE, BEEZT ' b=V VICE#RE, L )ICOVTUIEDOEE 24 O
MWL HITE->TERE L.
26 =% 7 L1 (InertSep PLS-2) 75 DI H 43 O Hfe 72
RTITANTRKORANKRANLNT 700 LTENEN0.0Tmgkg FHY EE D L HWRM LT
thr2ml %, HH00C0HK20 mL Z ANTEERITMAIRTIL, BT ZABIZ S 5 1R 4K %
L2, S=H T2 E~FH o 5mL, 7 5mL, 7 b=F U/ 5mL UK 5mL @
NEWZ Vi te, BRMERZ I =07 LA, WEAFLRTAHRO BIRIZET 5 ETRIBSERZ. £
D%, BEERDAN> TWIRKERETZ h=RFUL—K (243) THHEL, HKEZI=H T LI
Mz, WEDSFEAO EEICET 5 E CRHESE 10mL 28I LESKE L. T0%, 7 b
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=hrU—kK 3+2) , T h=btVUL—K (743) , 7T h=hVU L=k (4+1) , TE F=F
Jav—K (9+1) , 78 br=brVUN, TEF A KRONFHDIAIZAE 10 mL ZNEXR I =07 5 10
Nz, JHEZE 10mL Z S ICBRBLEE & Lz, SEBRLIZEE OB E 7% = kUL
B, 24 DKV D> TERE L.

2.7 X=#7 A1 (InertSep PLS-2) M D DM 4y OREFE (Fid b EHATR)

MHOOZHANT 240 DICXVHIHL, 2RV T7TINTRRINVRANLT 78 LTE
ILZAL 0.7 mg/kg fHY & (RERBHART CENEI 1.4 ng/mL #HY &) 2RI L 72K 0.2
mL %, H520U® 1/15 mol/L U »EEFEMIE 20 mL 2 ANT-REITMZIBFI L, BT LAHEIZH
TOHRENAR AR L., S=AF7 20 %E~FH > 5mL, 7 h=rU /L 5mL LT 1/15 mol/L
U U ERARMETE 5 mL ONEIC e, REHRIREZ X =5 7 LA ILIC AR, WiE 2 FE TAF O b E
THETHHSEZ., 51T =RV b—K (243) 10 mL ZFEHEIR DO A > TV FERIT
M THEHEL, iKEI =N T LM TEEZRSE. Z0%, ~FH L E2I=07 41
2z, 0~5 mL, 5~10 mL, 10~15 mL, 15~20 mL O HE 7 280 U7-. $REL 72 i 5K O %
A2 7% b= FULICERRE, 24 D)XV TERELT.

—J7, BEZEML 2 WHIERICOWTH REARICAE L, BELEESRICS 7 70T K
CANKRANVT 7o LTENEN 0.7 mgkg Y& (RE&REBHAKRT TZEN LI 1.4 ng/mL HH
i) 2Nz, WHEEZ T M= M) VIZERE, 24 O )R HIZES>TERL, v I w7 X
R AR L7z,

2.8 =47 A1 (ENVI-Carb/LC-NH2) 7> 5 O HH 43 O e 78

RUTITHANTRHRINVRANT 72 LTENEI 45 ng TV AU L 7R 10
mL ZFHf L7, S =0T L1 ZFB=F /L 10 mL L O~F 52 10 mL THRHE%, =17 A
I ISEUBHEIE, ~F o —EEg—F v (9+1) , ~FH o —Fg—F v (7+43) , ~FH o —[FF
s (1+1) , ~FHV o —FEg— T (3+7) , ~FH o —EFg=F L (149) , Fig=F /L
DIEICA 10 mL 2%, WHES 2R U2, SR LZESHOBEL2 7 b= b U LICER
%, 24D HKV D> TERE L.
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22 D SHIZT X VIR L - BIRAEENERR S 2 pL & LC-MS/MS I[ZIEAL, & 5H47- SRM 7 n<
N7 T AL E— 7 HEROE S &2 AW CTRRERZER L 7.

B o mERO —F1T Fig. 2-1 KW Fig. 222 DL EBD THY, £ 0.05~5 ng/mL (FEAREE L
T 0.0001~0.01 ng #HY &) OFiIPH CEMMEZ R L.

2B, YEMRERORE®RMPHIL, JFRLIEEL TR T IOV TROIIVEANLT 7 0 hk 4%
0.005~0.5 mg/kg & A4 2 AT FFEL &2 AR ICRE WV R U 72 e i RRUBHAIG P 00 45 i SR 2 46 D L 4
B 5.
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Fig. 2-1  Calibration curves of benfuracarb by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of carbosulfan by peak area (left) and peak height (right)
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7o, ZTOREREIZI Table3 D EBY THY, WTHOEIED JFRLIEOEHBETCHHLTE M=KD
LTIETSICERERTELT, TR 7 I DT EAFH U THFRIBEHR SRV &2
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Table 3  Elution patterns of benfuracarb and carbosulfan from Bond Elut Jr C18
(standard solution)

Recovery (%)
Pesticides Serial/Lot No. Acetone-water - Acetonitrile- Acetonitrile Acetone  Hexane
(2:20) water (2:3) Total
about 20 mL 10 mL 0~5mL  5~10mL 10~15mL 15~20 mL 20~25 mL 25~30 mL
6577167-02 2 0 39 1 1 3 1 3 50
Benfuracarb
6593655-01 0 1 45 1 4 2 2 4 59
6577167-02 4 1 38 3 3 6 4 19 77
Carbosulfan
6593655-01 0 2 39 6 3 5 7 32 93
n=1
33 =% 7 A1 (InertSep PLS-2) 75 DA HH 43 D fife 72

//)

¢ﬁ7Alqu/77ww7w@mém&m EVHIB L7272, JFRL {ERFIRFICI =
NT7LTEDORBOENBED NPTt RESNTNDLEII=A T A MIZONT, 2.6 IZHEW
W 2 MR Lz, TOREIET Table 4 DBV Thoto., I=F7 AN ITEMBEDO D Z LT
bV, WHEEOWMEPES R 51E EAREITHEEINLT <D, Tabled LV, 7 F=F

Vb= (243) THEHABENBREHINT, ~FH U TlREITXTHEHEEINT-Z D, £FEHK
ZAME, TER=FUL—K (243) THEHEL, ~FV L VEHTLIZENREY B XD
ni-.

WIZ, 2.7 IRV, Fib b OREHEIR Z AV, & RIEO X o OFEHE 5y & O 1 4 @ﬁﬂ
<~ U w7 ACKDMEE~DEELEMHB L. 0B, ~ ) v 7 2AOFBE LRI TDHED
ﬂmmioszkLt.it,ﬁﬂ@w%ﬂrwﬁbtﬁn,Eﬁ&ﬁ%ﬂ%%h@ﬂot:
Linh, ARBHEIL 1/15 mol/L V U FRREEIR CAi$ o 2 L & Lz, TORIRIT Table 5 D & &
D, FRIEI~FH20mL THEH I, WTHOBEGHREE~ M) v 7 A2 KD KREREES
ZTHZERHERRETH > 72,

Table 4  Elution patterns of benfuracarb and carbosulfan from InertSep PLS-2 (standard solution)

Recovery (%)

L. Acetone-water Acetonitrile-water L
Pesticides Acetonitrile Acetone Hexane

(2:20) (2:3) (3:2) (7:3) 4:1) 9:1) Total
about 20 mL 10mL 10mL 10mL 10mL 10mL 10 mL 10 mL 10 mL

Benfuracarb 0 0 5 77 3 1 0 0 0 87

Carbosulfan 0 0 0 4 71 6 0 3 22 105

n=1
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Elution patterns and matrix effects of benfuracarb and carbosulfan from InertSep PLS-2

Table 5
(matrix: rice straw)
Recovery (%)
Pesticides Hexane
Total
0~5mL 5~10mL 10~15mL 15~20 mL
. Benfuracarb 87 12 4 1 103
Elution pattern
Carbosulfan 89 17 12 11 129
) Benfuracarb 88 90 89 85 -
Matrix effect
Carbosulfan 116 117 115 115 -
n=3

R =47 A1 (ENVI-Carb/LC-NH2) 75 O H T 53 O iR
R=ATLUNEANFY U THBEEZERT 256, BEBA+STHLZ BB
D, MORET T LOBEMEZRGF Lz, BAEREEEMSREMZ MR EMRRE 9 (LT @
HE] EWol ) BB, I=AT7 LM »DORMEGZ, 28 216> THER L. ZORE
X Table6 D LBV, FRIEO~FH U EREZAML, ~FH 2 —FEE= T L (7+3) THEHT D
ZEIZEY 70 % EOBEENREINTEX 22 0D, AFEOEEMK THLEII =T LT NHD
ANFYUIEHIKICOWTSE I = AT A I THRENIRETH D Z LAVRIBR S L.

34

Elution patterns of benfuracarb and carbosulfan from ENVI-Carb/LC-NH2

Table 6
(standard solution)
Recovery (%)
Pesticides Hexane Hexane-ethyl acetate Ethyl
(9:1) (7:3) (1:1) (3:7) (1:9) acetate Total
10 mL I0mL 10mL 10mL 10mL 10mL 10 mL
Benfuracarb 0 69 4 1 1 1 1 76
Carbosulfan 0 97 2 1 0 1 0 101
n=1
4 FEDH
fARHARBICERE T2 7 TNV T H A VR AT 7 20T, LC-MS/MS % f\ 7= [F I E

&% (JFRL 1E) OB o EES~DINE DO v HIZHOWTHRF L7 L 2 5H, UUTOMENT L.

1) HEMITZENZFIIFRL 5 L T4 0.05~5 ng/mL FH4&8 (FEAEE L T4 0.0001~0.01 ng FH4
&) O CTERMEZ R L.
7B, UEBREBROBEREIL, XTI INTRODNVRANLT 7 2% 0.005~0.5 mg/kg
AT DT A2 RIEICTHE VIR U 72 e i URHA I 0 & R SR EE R IR IS 37 5.
S=#F A4 1 (Bond Elut Jr C18) ® 1 v MEZEIZ L A EEL VA Y — v 2 ERT 570,
REHARAZBAET, 7T h=FU—K, TEF=FUJL, T FRONFY 2 CTRHES
AR LR, R LF20y FEBHIT, NUTITHALTOFSREHNED SRR - T

2)
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3) JFRLIEMRFIFICI =T AT L OBHOERRBO NPT bMEINTNWEI =T A1
(InertSep PLS-2) (Z2DW\W T, EHE S % MR L. T OME, FEEORBIZITA~FT 2N HE
BLEZLNT.

4) J=HTLNEHHL, fbbORENRK 0.2 mL 2V, BENEEIT 1/15 mol/L U > FefE i
WHTHNL, BEEOAXTY U OBEHESXROKE O~ b v 7 AR EHB LTz, £ORER
~F P20 mL THEEN FICEH S,

5) =AW T LANMICEDERYE, SDIZEMOI=FT7 AL ERFIT 5720, @MEkEzS
ZlZ, =472, 1 (ENVI-Carb/LC-NH2) 76 OEHE Sy Z R LT, ZORR, I=57 A
I NoDO~FH U EHEEAR L, ~Fr—Fg=TF /L (7+3) I[CXVEHT252 82k,
70 %LL EDORIENRENTE H Z &ENRB I T,

X [y

1) BREATRRERSES DERERSEENEZRS B8 78 B)  KEHEITIR D R UE
ELTREREDED 5 EEOREICHT 2R, SM24 11 A 17 B (2020).

2) BWKELSGEREBRM : fEOFEYEOREEEERL OVEHEEIZONT, 63 4 10 A
14 H, 63 3% B % 2050 5 (1988).

3) MEEANBARESOITE 2 — Rk 21 FEFE T OREMEESIERBEEFE  fE
T OREWEFEOHITIEDRFE (2009).

4) MENENBARR GOSN E 2 — Rk 23 FEEE T O EDEFSIIEFRREECFE e
HOREMEFEOSHTEDORFE (2011).

5) BEMKEBHEE - ZRREEM - FEOITEEDOHIEIZHO>WT, F 2044 A 1 H, 19 {H%
%5 14729 5 (2008).

6) EAEGHEERRELRREMLLEMZEE - ISR T 2B, SR ST E ) E &
DAY Th HWEORERE, R 1741 A 24 H, BZHRE 0124001 5 (2005).





