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Development of Simultaneous Determination Method of Benfuracarb and Carbosulfan
in Rice Straw and Whole-Crop Rice Silage by LC-MS/MS

SAIKI Masakazu®, HIRATA Erika®, KONDO Masaru® and FUNAMIZU Etsuko”

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

We have developed a quantitative determination method of the concentration of benfuracarb and
carbosulfan in rice straw and whole-crop rice silage (WCRS) 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 phosphate buffer. Benfuracarb and carbosulfan were extracted from the diluted
solution with hexane-ethyl acetate (7:3). The hexane-ethyl acetate layer was purified with a solid
phase extraction column (ENVI-Carb/LC-NH;, Sigma-Aldrich Co. LLC.; St. Louis, MO, USA), and
injected into the LC-MS/MS to determine the levels 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 um, 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.

Recovery tests were conducted on rice straw and WCRS. Benfuracarb and carbosulfan were added
at the levels of 0.7 mg/kg for rice straw, and 1 mg/kg for WCRS respectively. The resulting mean
recoveries ranged from 86.6 % to 89.3 % for benfuracarb, and 83.1 % to 83.4 % for carbosulfan
respectively. The repeatability in the form of the relative standard deviation (RSDy) was less than
9.9 % for benfuracarb, and less than 7.2 % for carbosulfan.

Key words: benfuracarb; carbosulfan; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); rice straw; whole-crop rice silage
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Benfuracarb
ethyl N-[2,3-dihydro-2,2-dimethylbenzofuran-7-
yloxycarbonyl(methyl)-aminothio]-N-isopropyl-g-alaninate
C20H30N205S  MW: 410.53 CAS No.: 82560-54-1

CH3\ /S\
N~ “N[(CH,);CH,],

= ”:OXCH3
X CH,
Carbosulfan
2,3-dihydro-2,2-dimethylbenzofuran-7-

yl(dibutylaminothio)methylcarbamate

C20H32N203S  MW: 380.54 CAS No.: 55285-14-8

Fig. 1 Chemical structure of benfuracarb and carbosulfan
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Table 1 Operation conditions of LC-MS/MS

Column Mightysil RP-18GP (2 mm i.d. x 150 mm, 5 pm), Kanto Chemical

Mobile phase 2 mmol/L ammonium acetate — acetonitrile (1:1) — 3 min
— (1:19) (hold for 15 min)— (1:1) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer

Ionization Electrospray ionization (ESI) (Positive ion mode)

Ion source temperature 120 °C

Desolvation gas N> (800 L/h, 400 °C )

Cone gas N, (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
(mlz) (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 (500 mL 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

— filtered through filter paper (No. 5B of JIS P3801) under reduced pressure
—— washed with 40 mL of acetone

— filled up to 200 mL with acetone

— diluted 20-fold with 1/15 mol/L phosphate buffer (pH 8.0)

2 mL of sample solution (10 mL centrifuge tube)

——added 1 mL of 1/15 mol/L. phosphate buffer (pH 8.0)

——added 5 mL of hexane-ethyl acetate (7:3)

—agitated for 30 sec

centrifuged at 100xg for 5 sec

ENVI-Carb/LC-NH; (500 mg/500 mg)

(prewashed with 5 mL of ethyl acetate and 5 mL of hexane)

—placed a receiver (50 mL evaporator flask)

—applied 2 mL of hexane-ethyl acetate layer (upper layer)
——eluted with 8 mL of hexane-ethyl acetate (7:3)
——evaporated to dryness under 40 °C

—dissolved in 2 mL of acetonitrile

LC-MS/MS

Scheme 1 Analytical procedure for benfuracarb and carbosulfan in
rice straw and whole-crop silage (WCRS)
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Table 3  Recoveries on extraction solvents and extraction numbers of the liquid-liquid partition

o Recovery (%)
Pesticides Samples Solvents — -
First time  Second time Total
Hexane 89 0 89
Rice straw Hexane-ethyl acetate (7:3) 85 0 85
Hexane-ethyl acetate (1:1) 86 0 86
Benfuracarb
Hexane 98 1 98
WCRS  Hexane-ethyl acetate (7:3) 97 0 97
Hexane-ethyl acetate (1:1) 96 0 96
Hexane 73 1 74
Rice straw Hexane-ethyl acetate (7:3) 84 0 84
Hexane-ethyl acetate (1:1) 81 0 81
Carbosulfan
Hexane 70 14 84
WCRS  Hexane-ethyl acetate (7:3) 96 0 96
Hexane-ethyl acetate (1:1) 101 0 101

n=3

32 V9774 MNI—R/TI 7T Uy ) B FAVEERE I =8 T L0 O % E Sy
DR

JEA 5848 T AR BR L T, WRIR Ay B ORI & KRR EE T N U U ATHOK, A, JRHE L
BIZTFZT7A NI —R I =BT LTI Fa v UMb VAT NI =0T L0 2 FE
¥DOI =D T2V THERLTND., 22T, BIEOHBALOT-DIZ, WRIKSELDO~FY 2 —
W~ T NVEO—MEBEHES 7774 M I—R /T 7 7abe vy by ) B 7 AVERER =
717 DA W LTS 2 TEORMEITo -

e bz 24 O DD DL VFAKL, HFHoNTREHERIZ R 7 T VT ROV A )L
77 e LT0.7Tmgkg Y B (B&ERENART T 0.7ng/mL FHYE) 2N L7I-1%, 2.43)IC#
CCR=AT7A0L0MHE 2R L. TOMREIL Tabled D LBV THY, ~FF o —[E
fe=F L (7+3) 0~10 mL DE Sy TR 7T H VT FOHNVEAILT 7 o BiEH L, 10~20 mL D
FICEEITFRD bnemnole. 2O Enb, ~FH o —FgEF L (7+3) 10 mL GUEHE
2 mL L OV 8 mL) TiitHa®s 2 & & L.

Table 4  Elution pattern of benfuracarb and carbosulfan from ENVI-Carb/LC-NH3

Recovery (%)
Pesticides Hexane-ethyl acetate (7:3)
Total
0~10 mL 10~20 mL
Benfuracarb 97 0 97
Carbosulfan 99 0 99

n=3

3.3 WiEWE O mE
b6 3R ONWCRS 3 Mk Z vy, AREIC X 0 L 72 EHAK 2 LC-MS/MS IZTEA L,
HoNn7- SRM 7~ b 7 0% ERLIZEZA, WTFTROREBHIBWTHER 7T LT KR
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Fig. 2 Typical selected reaction monitoring (SRM) chromatograms of benfuracarb and
carbosulfan in standard and blank sample solutions
(LC-MS/MS conditions are shown in Table 1 and 2. Arrows indicate the retention times of
1: benfuracarb and 2: carbosulfan. The baselines are shifted for display.)
A: Standard solution (0.1 ng/mL: 0.2 pg as each pesticide)
B: Sample solution of rice straw
C: Sample solution of WCRS

34 < FU w7 AR OMHRE
240 DD DCEVFARLZFO DT T o 7 3 BHRIKRIZ R 7 T VT O TV R AL 7
7 & LTENEN 0.7 mg/kg F 2 & (BRI T CE £ 0.7 ng/mL tH24 &) , WCRS O
77 27 BRI R 2.25 mg/kg FRY B (A 225 ng/mL AN &) 22 ENRMLEZE~ RY »
7 AREHEIRIZDONWT, 22 O SHIZHES> THB LEERREOX 7 T ANVT R OHIVEANT 7
BRI T A — 7 b zR LcE A, Table 5 DBV THY, AEb~FY v 7 2D
HEME~DOBE R BT D b o7z,
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Table 5 Matrix effect study
Concentration of pesticides

Matrix effectb)

Pesticides Samples Matrix standard Samplea) %)
solution (ng/mL) (mg/kg air-dry matter) ’
Rice straw 0.7 0.7 89
Benfuracarb
WCRS 2.25 2.25 94
Rice straw 0.7 0.7 91
Carbosulfan
WCRS 2.25 2.25 92

n=3
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

3.5 IRINENREER
2.6 12X 0 IRMEIGRER Z FEhii L7z, ZTOMEIT Table6 DLV, X7 T HLTIZO0TIX
RN #L 86.6~89.3 %, & DMK U RS ITMHHEHERZ (RSDy) & L TIL9.9%LL T, Bk
AN T 7 ATOWTIEER RN HEIL 83.1~83.4 %, RSD, 1T 7.2 %L FORAENE S, 24
RIETA RTA CED BV B (B 70 %LLE 120 %LLT, FSEE : 0.7 mg/kg TiX 17 %
PLF, 225 mg/kg TiE 14 %LLF) #§i72 LTz,
ek, HoNSRM 7 u~ N7 T ADO—Hfl% Fig. 31T LT,

Table 6  Recoveries for benfuracarb and carbosulfan

Soiked level Rice Straw WCRS
o piked leve . .
Pesticides (mg/kg original mater)”’ Recovery”  RSD;” Recovery”  RSD/”
(%) (%) (%) (%)
0.7 86.6 9.9 — —
Benfuracarb
1 — — 89.3 8.5
0.7 83.4 7.2 — —
Carbosulfan
1 — — 83.1 52
—: Not tested

a) The benfuracarb and carbosulfan were spiked to air-dried WCRS samples one night
prior to extraction. The spiked level was 2.25 mg/kg as air-dry basis for benfuracarb
and carbosulfan. The levels of pesticides as fed basis were calculated with following
equation on the assumption that the moisture content of WCRS samples was 60 % for fed
basis and 10 % for air-dry basis.

The levels of pesticides as fed basis (moisture 60 %)
= the levels of pesticides as air-dry basis (moisture 10 %) / 2.25
b) Mean (n =5)

¢) Relative standard deviation of repeatability
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Fig. 3  Typical SRM chromatograms of benfuracarb and carbosulfan
in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Table 1 and 2. Arrows indicate the peaks of 1: benfuracarb and
2: carbosulfan. The baselines are shifted for display.)

A: Standard solution (1 ng/mL: 2 pg as benfuracarb and carbosulfan)
B: Sample solution of rice straw (spiked at 0.7 mg/kg of benfuracarb and carbosulfan (as 0.7 ng/mL

in sample solution))
C: Sample solution of WCRS (spiked at 2.25 mg/kg fed basis of benfuracarb and carbosulfan (as

2.25 ng/mL in sample solution))
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