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Development of Simultaneous Determination Method of Bensulfuron-Methyl and
Other 6 Pesticide Ingredients in Rice Straw and Whole-Crop Rice Silage by LC-MS/MS

FUNAKI Norio®, KOBORI Takuya® and SEKIGUCHI Yoshihiro"
(* Nagoya Regional Center, Food and Agricultural Materials Inspection Center)

We have developed a simultaneous quantitative determination method of the concentration of
azimsulfuron, bensulfuron-methyl, cyclosulfamuron, ethoxysulfuron, flucetosulfuron, halosulfuron-
methyl and imazosulfuron in rice straw and whole-crop rice silage (WCRS) using a liquid-
chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS).

Having added water to a sample, azimsulfuron, bensulfuron-methyl, cyclosulfamuron,
ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron were extracted with
acetone, and the extracted solution was filtered. The filtrate was then diluted with acetone. The
diluted solution was purified with two types of solid phase extraction columns (InertSep K-solute,
GL Sciences Inc.; Tokyo, Japan and ENVI-Carb, Sigma-Aldrich Co. LLC.; St. Louis, MO, USA),
and injected into an LC-MS/MS to determine the concentration of seven pesticides. LC separation
was then carried out on an ODS column (Mightysil RP-18, 2.1 mm i.d. x 150 mm, 5 pm, Kanto
Chemical Co.,Inc.; Tokyo, Japan) with a gradient of 2 mmol/L ammonium acetate solution and
methanol 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. Seven pesticide ingredients were added
at the levels of 0.04 and 0.5 mg/kg for rice straw and 0.02 and 0.2 mg/kg for WCRS respectively.
The resulting mean recoveries ranged as following: 84.1 % to 96.0 % for azimsulfuron; 91.7 % to
120 % for bensulfuron-methyl; 89.7 % to 118 % for cyclosulfamuron; 70.7 % to 90.0 % for
ethoxysulfuron; 72.6 % to 85.7 % for flucetosulfuron; 71.4 % to 82.8 % for halosulfuron-methyl;
and 75.2 % to 82.5 % for imazosulfuron. The repeatability in the form of the relative standard
deviation (RSD;) was as following: less than 8.4 % for azimsulfuron; less than 3.2 % for
bensulfuron-methyl; less than 3.4 % for cyclosulfamuron; less than 4.7 % for ethoxysulfuron; less
than 6.4 % for flucetosulfuron; less than 8.9 % for halosulfuron-methyl; and less than 15 % for
imazosulfuron.

Key words: azimsulfuron; bensulfuron-methyl; cyclosulfarmuron; ethoxysulfuron; flucetosulfuron;
hlosulfuron-methyl; imazosulfuron; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); rice straw; whole-crop rice silage
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Azimsulfuron
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1-(4,6-dimethoxypyrimidin-2-yl)-3-[1-methyl-4-(2-methyl-
2H-tetrazol-5-yl)pyrazol-5-ylsulfonyl]urea
C13H16N1005S MW: 424.40 CAS No.: 120162-55-2
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Cyclosulfamuron

c* N
NH-SO,NHCONH—/ \
-

OCHj

1-[2-(cyclopropylcarbonyl)phenylsulfamoyl]-3-(4,6-
dimethoxypyrimidin-2-yl)urea
C17H19N506S MW: 421.43 CAS No.: 136849-15-5

Flucetosulfuron

CHyCHF
CH-OCOCH,0CH;  O=~CH,

N= N—
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O"CHa

1-{3-[(4,6-dimethoxypyrimidin-2-ylcarbamoyl)sulfamoyl]-
2-pyridyl}-2-fluoropropyl methoxyacetate
C18H22FNsOsS MW: 487.46 CAS No.: 412928-75-7

Imazosulfuron

cl OCHj4
N N
/—§;—SOZNHCONH—<’ \

) N=
~ OCHS

1-(2-chloroimidazo[1,2-a]pyridin-3-ylsulfonyl)-3-(4,6-
dimethoxypyrimidin-2-yl)urea
C14H13CIN6OsS  MW: 412.81 CAS No.: 122548-33-8

Fig. 1

Bensulfuron-methyl

\ )—COLHs

N
CHo—SONHCONH— )
=

OCHa

OCH-

Methyl a-(4,6-dimethoxypyrimidin-2-
ylcarbamoylsulfamoyl)-o-toluate
C16H1sN4O7S MW:410.40 CAS No.: 83055-99-6

Ethoxysulfuron

OCH,CHs OCH,
[::[: ABN
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-
OCHs

1-(4,6-dimethoxypyrimidin-2-yl)-3-(2-
ethoxyphenoxysulfonyl)urea
C1sH1sN4O7S MW: 398.39 CAS No.: 126801-58-9

Halosulfuron-methyl

Cl  CO,CHjs OCHs

/ \ N
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CH3 OCH3

methyl 3-chloro-5-(4,6-dimethoxypyrimidin-2-
ylcarbamoylsulfamoyl)-1-methylpyrazole-4-carboxylate
C13H15CIN6O7S  MW: 434.81 CAS No.: 100784-20-1

Chemical structures of azimsulfuron, bensulfuron-methyl, cyclosulfamuron,

ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
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Table 1  Pesticide standards used in this study

Compound Manufacturer Purity(%)
Azimsulfuron FUJIFILM Wako Pure Chemical Corporation 99.9
Bensulfuron-methyl FUJIFILM Wako Pure Chemical Corporation 100
Cyclosulfamuron FUJIFILM Wako Pure Chemical Corporation 99.3
Ethoxysulfuron FUJIFILM Wako Pure Chemical Corporation 99.7
Flucetosulfuron FUJIFILM Wako Pure Chemical Corporation 99.6
Halosulfuron-methyl FUJIFILM Wako Pure Chemical Corporation 99.9
Imazosulfuron FUJIFILM Wako Pure Chemical Corporation 100

3) BRI
KA LK 25 mg A B> CTENENS0mML DR T 7 A2 AN, 7T¥ a2z TED
L, BICERETT B M Z2MA THBFEEERKZRZ L7 (250K E 1 mL 1%, &2
HWLLTO0S5mg2ahH) .
4) RIKEAEUER
7 RSy D EIIEREFE A | mL 2 25 mL O2E 7 7 A2 IZERICAN TRA L, FICERE
TT7 R a2z CRERBAEREFIEAZRH L (Z0® 1 mL 1%, SEEELT20 g 25
) .
AL C, BIEREAERFKRO %, 7 h=krUL—/k (1+1) TEMIZHRL,
I mL & ZEKLELTO05 1, 2, 4, 6, 8, 10, 20, 40, 60, 80 %N 100 ng &A% 3K
IRATEER 2 RS L7z,
23 HEROSGE
1) FyRet : SM 100 Retsch @ (HBIE Imm 227 U —, [EliEEk ((hEE) 1430 rpm)
2) BVIREHE : Ly T uy = —H—SR2W Z A7 v 7l (ff A EE% 300 rppm)



Foo B R OTERBAETE T O~ 2L 7 1 2 X F VR OZE DO 6 fioy OWRIK s v~ F 7T 7 2 07 DB RGHFHNT & 5 RESHTEORE 5

3) Z4MES A Y U H T A InertSep K-solute (5 mL f&FfH) Y—= /¥4 2l

4 7777 A MNI—ARI=AT5 (LLF 2= F25) L9, ) : ENVI-Carb (500 mg)
Sigma-Aldrich 4

5) A7 Z 27 4)L%— :DISMIC-25HP (4L#%0.20 um, EFE25mm, BAKME PTFE)  H¥EIE
LY

6) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS/MS #B : ACQUITY TQ Detector Waters f
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T 2 40 °C LR OKIB TR & A EHE[E T 5 £ CRUERME L7k, SR TAZ ko Tzl
L7z, 7 r=RFUb—0K (1+1) 5mL Z EfEICMZ THEREMZRNL, AT 70T 4 00H
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Table 2  Operation conditions of LC-MS/MS

Column Mightysil RP-18 GP (2.0 mm i.d. x 150 mm, 5 um), Kanto Chemical

Mobile phase 2 mmol/L ammonium acetate- methanol (9:1) —5 min — (1:1) (hold for 15 min)
— (1:9) (hold for 15 min) —5 min — (9:1)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detecter Quadrupole mass spectrometer

Tonization Electrospray ionization (ESI) (Positive ion mode)

Ion source temperature 120 °C

Desolvation gas N2 (600 L/h, 400 °C)

Capillary voltage 1.0kV

Cone gas N2 (50 L/h)

Collision gas Ar (0.25 mL/min)

Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) Q%) (eV)
. 182 — 25 15
Azimsulfuron 425
— 156 25 36
149 — 28 21
Bensulfuron-methyl 411
— 91 28 58
261 — 25 16
Cyclosulfamuron 422
— 218 25 27
261 — 27 14
Ethoxysulfuron 399
— 218 27 24
156 - 32 17
Flucetosulfuron 488
— 273 32 23
182 — 27 20
Halosulfuron-methyl 435
— 83 27 52
153 — 22 10
Imazosulfuron 413
— 258 22 23
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Sample 10.0 g (300 mL Erlenmeyer flask)

added 30 mL of water and allowed to stand for 30 min

added 120 mL of acetone and shook for 30 min

—filtered through filter paper (No. 5B of JIS P3801) under reduced pressure
washed with 50 mL of acetone

—filled up to 200 mL with acetone

transferred 10 mL of sample solution to 50 mL evaporator flask
evaporated to the volume of 2 mL under 40 °C

added 2.5 mL of 0.1 mol/L hydrochloric acid

InertSep K-solute (applicable sample volume SmL)

—placed a receiver (100 mL evaporator flask)

applied sample solution and allowed to stand for 10 min

washed the 50 mL evaporator flask with 5 mL of hexane-ethyl acetate (3:1) and eluted (twice)
eluted with 40 mL of hexane-ethyl acetate (3:1)

evaporated under 40 °C and dried with nitrogen gas

added 10 mL of acetonitrile-water-formic acid (50:50:1)

ENVI-carb (500 mg)

washed with 5 mL of acetonitrile and 5 mL of 1 v/v% formic acid solution

applied sample solution

washed the evaporator flask with 5 mL of acetonitrile-formic acid (99:1) and eluted(twice)
—placed a receiver (100 mL evaporator flask)

eluted with 30 mL of acetonitrile-toluene-formic acid (75:25:1)

evaporated under 40 °C and dried with nitrogen gas

added 5 mL of acetonitrile-water (1:1)

—filtered through a membrane filter (0.2 ym)

(five-fold dilution with acetonitrile-water (1:1) )

LC-MS/MS

Scheme 1 Analytical procedure for azimsurufuron, bensulfuron-methyl, cyclosurufamuron,

etoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
in rice straw and whole-crop rice silage (WCRS)
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FREHEE LT, 5T 0.04 KON 0.5 mg/kg FHY & (R&RENAR T T 4 LT 50 ng/mL) ,
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Table 4  Matrix effect study by diluted sample solution

Matrix effect’(%)
Pesticides Rice straw WCRS

17 x4? x5” 1" x4? x5"
Azimsulfuron 93.5 102 96.5 88.0 99.1 96.2
Bensulfuron-methyl 99.1 105 106 98.1 101 102
Cyclosulfamuron 101 103 104 98.5 99.7 104
Ethoxysulfuron 94.6 104 100 96.3 100 100
Flucetosulfuron 87.5 99.5 101 92.1 101 99.8
Halosulfuron-methyl 74.2 97.9 97.0 77.0 96.3 96.2
Imazosulfuron 72.1 91.0 97.5 72.3 92.1 90.0

n=3

a) Ratio of peak area of pesticides in the presence of matrix to that in the absence of
matrix. The concentration in matrix standard solution was 10 ng/mL (spiked at
0.1 mg/kg as air-dry basis).

b) No dilution

¢) 4-times dilution

d) 5-times dilution

3.2 IRANEN AR
2.5 12X 0 IRMEIGRER 2 FEhi L7=. ZOMRIT Table s DB, X270 AF VKR
I BANLT A AZONTIE, ABBEREARL2WGESE CEYREIREIIZENNE N
91.7~120 %} T~ 89.7~118 %, % Ol UKGEEIIAHRMEMER 2= (RSDy) & L TENEI 3.2 %L T
KON 34 %UTOREREONT. 7TVAALTBRY, T XU ALTRY, LB RALTR
Y, NBRANLTALAFILRNA, 7S AT Al ONTIE, REHAR A 5 (AR LG4 TF
P RITZ I Z 4 84.1~96.0 %, 70.7~90.0 %, 72.6~85.7 %, 71.4~82.8 %} TN 75.2~82.5 %, RSD;
IXZNZEI 8.4 %LU T, 4.7 %LLTF, 6.4%LL T, 8.9 %LLFREONI5 %L FOMMENE L. Zh
DIT Y VEMERIET A RTA4 ICED O BIEE (EE 70 %2l | 120 %LLF, FHE @ 0.04
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Table 5 Recoveries for pesticides (1)

Spiked level St b) RSD,?
Pesticides Feed types plrecieve ) Dilution Recovery 8
(mg/kg as fed basis)® ratio (%) (%)
x19 50.2 23
0.04 x4” 83.6 3.8
il
Rice straw x5 87.2 5.7
x1 81.0 6.4
0.5 x4 93.4 5.5
Azimsulfuron x5 96.0 7.0
x1 79.8 7.1
0.02 x4 85.3 22
x1 78.4 8.7
0.2 x4 89.1 8.2
x5 94.4 8.4
x1 91.7 1.9
0.04 x4 99.5 3.2
Rice straw x5 103 3.7
x1 116 32
0.5 x4 120 3.8
Bensulfuron-methyl x5 123 2.7
x1 120 1.4
0.02 x4 120 5.0
x1 119 1.5
0.2 x4 122 0.8
x5 125 1.3
x1 89.7 34
0.04 x4 92.0 2.7
Rice straw x5 94.7 3.8
x1 109 2.0
0.5 x4 117 34
Cyclosulfamuron x5 119 3.3
x1 116 1.4
0.02 x4 118 3.7
x1 118 1.7
0.2 x4 119 1.2
x5 120 1.9
x1 62.0 3.6
0.04 x4 71.9 7.4
Rice straw x5 77.5 4.7
x1 83.9 2.4
0.5 x4 89.2 2.2
Ethoxysulfuron x5 90.0 2.5
x1 71.9 3.6
0.02 x4 69.9 32
x1 74.8 1.2
0.2 x4 74.1 2.0

x5 76.9 3.8
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Table 5 Recoveries for pesticides (2)

Spiked level Tt b) R DrC)
Pesticides Feed types plrecieve Dilution Recovery 8
(mg/kg as fed basis)” ratio (%) (%)
x1 59.0 3.8
0.04 x4 75.6 5.8
Rice straw x5 85.7 5.8
x1 76.0 2.7
0.5 x4 84.0 32
Flucetosulfuron x5 84.9 5.4
x1 69.5 4.2
0.02 x4 70.9 4.3
WCRS x5 72.6 6.4
x1 72.8 9.7
0.2 x4 72.9 3.3
x5 75.8 6.0
x1 47.8 2.0
0.04 x4 74.3 8.0
Rice straw a 82.8 1.7
x1 61.7 3.2
0.5 x4 78.1 4.8
Halosulfuron-methyl x5 80.6 5.1
x1 58.5 2.2
0.02 x4 71.8 3.6
x1 62.8 6.4
0.2 x4 72.5 6.1
x5 75.4 8.9
x1 46.8 5.8
0.04 x4 75.1 7.2
Rice straw abl 78.8 15
x1 62.5 6.4
0.5 x4 78.6 6.4
x5 82.5 5.8
Imazosulfuron
x1 61.1 10
0.02 x4 75.1 4.9
WCRS x5 75.3 2.8
x1 64.9 8.8
0.2 x4 70.9 8.8
x5 75.2 7.3

a) The pesticides were spiked to air-dried WCRS samples one night prior to extraction. The spiked
levels were 0.04 and 0.5 mg/kg as air-dry basis for each pesticide. The levels of each pesticide
as fed basis were calculated with following equation on the assumption that the moisture content
of WCRS samples was 60 % as fed basis and 10 % as 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)

c¢) Relative standard deviation of repeatability

d) No dilution

e) 4-times dilution

f) 5-times dilution



12 fREHRFZEHE Vol. 48 (2023)

4500000 - 4500000 - 6
4000000 - 4000000 - l 7
3500000 - 3500000 - l
(2] (2]
‘€ 3000000 - ‘€ 3000000 -
it 4 7 >
€ 2500000 - l 5 6 l € 2500000 - P
N 3y | | N 3|
2 2000000 - 2 2000000 -
"é 1 l A é 1 l r\
[ [
£ 1500000 | |, | £ 1500000 | 1,
1000000 - l 1000000 - l
500000 e 500000 B —
0 T T T T T T | 0 T T T T T T Y
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
Retention time / min Retention time / min
4500000 -
4000000 | 6
3500000 | 7

(2]
‘€ 3000000 -
=]

o

£ 2500000 - s
~ 4

2 2000000 ! i

1500000 -

Intensi

:

2
1000000 - !
500000 { ~ —A—F

0 4 é é 1‘0 1‘2 1‘4 1‘6 1é
Retention time / min
Fig. 2  Typical selected reaction monitoring chromatograms of pesticides in standard and spiked
sample solutions

(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention times of 1:

azimsulfuron, 2: imazosulfuron, 3: flucetosulfuron, 4: halosulfuron-methyl, 5: ethoxysulfuron, 6:
bensulfuron-methyl and 7: cyclosulfamuron. The baselines are shifted for display.)

A: Standard solution (10 ng/mL: 0.04 ng as each pesticide)

B: Sample solution of rice straw (spiked at 0.5 mg/kg of azimsulfuron, imazosulfuron,
flucetosulfuron, halosulfuron-methyl and ethoxysulfuron (as 10 ng/mL: 0.04 ng in five-fold
diluted sample solution) and at 0.5 mg/kg bensulfuron-methyl and cyclosulfamuron (as 50
ng/mL: 0.2 ng in sample solution))

C: Sample solution of WCRS (spiked at 0.5 mg/kg of azimsulfuron, imazosulfuron,
flucetosulfuron, halosulfuron-methyl and ethoxysulfuron (as 10 ng/mL: in five-fold diluted
sample solution) and at 0.5 mg/kg of bensulfuron-methyl and cyclosulfamuron (as 50 ng/mL:

0.2 ng in sample solution))

3.3 E&E FREOHH TR
BR3FEEDORFICBNT, "UAL T AF AR AT 7 ha kR 5 EBED
PR E MM 2R L72#iPH, 4 0.5~100 ng/mL @ FUifir & 22 28 % (Fadb 59T 0.04 mg/kg
FEY B (5 {5 R L 723 0RHAIR H C 0.8 ng/mL fH Y &) ) O RINEIGRER O R1E Table 5 D & ¥
DEHFTHY, BoN-E—2DOSNER 10U ETH 7720, Thb 5 EEOER FIROBREE



Too B R OFERBAETE T O~ 2L 7 1 2 X F VR OZE OO 6 foy DWRIK s v~ F 7T 7 2 27 DB RGHFHT & 5 RSO 13

1£0.04 mgkg & L7z, ZOREX, 5EEOPCHEFHEBENREINLTND, "B AT
a2 AFIVORED D & TN WCRS H O & LI UEE o JA ) H RS (2124 0.2 mg/kg & TV0.225
mg/kg) IZKLTENEI 1/5 LT 8/45 TH Y, ZUMEMRIETA FT A VITED bivTe BEEE

(FEYEME 0.1 mg/kg AT : 2/5 AT, FEMEMH 0.1 mg/kg L E - 1/SLLTF) 2L T\, 208, &
KRR 2 HRETICET 2R AL T B U AT AR RN 7 B ALV T 7 AarOER FRO
WA, B3 FEEOMFHIESX 0.0l mgkg & L7,

REOHBH TIRZ MR T 2720, WIMEINGREBRICE VG ONTE—27 O SN S 3 Ll 5RIE
RO, FORE, RETRIZRBF TR AL TZa U AFARKRRS 7 0 AT 7 ha V&R
< 5 BIKT 0.0l mgkg THY, FERICZEYMEMIBIET A FT 4 VICED bV BAEME (R E
0.1 mg/kg Adifi : 1/5 LLF, HEUEE 0.1 mg/kg L E : 1710 LAF) &iiz LT\, 2B, &kl
BWRZARETICHET 2R AL TR ATFNVR N7 a AT 7 ha OB TFIRIZ, S
3EEDORFHIEE S X 0.003 mg/kg & L7-.

4 F&EOH
kAR (Fad & K NWCRS) ICERT A7 VLA LTay, RUZA)LTa s AF )b, 71 A

NT7 vy, ThXVANLTOY, TNAEBRNALTOY, NORALTOLRAFILRRA < AL

71 DWW, JFRL EAFEIC, LC-MS/MS % 7z [A)IRe E & ik o i Bk 53 1 ZEHE ~ D IL#L D 7T A7

WCOWTHRETLIZEZA, RUAALTa U AFALRKRRS 7 0 AT 7 5 DN TR KR EHA

RAEHRETIZ, o 5 BEIZOWTIERmLH LD WCRS H O~ kU v 7 A2 K 5B 2T

D728, mAEHBHAR Z 5 AR T 2 2 L TUTOMER G LN,

1) AREZHENE DN TEREHRIRICOWT~Y b v 7 2R AR LR, £ B~ ) v X
DPEME~DBEREBITBD bR o T,

2) KEIL L THEDHIZ 0.04 LT 0.5 mg/kg FHY &, WCRS ([ZJEHLHE L T 0.02 T 0.2 mg/kg
FIYBEZWIMUL, RIEIZHES TS AOMTONTZEM L, BEUEEORGR UREEZRD =& 25,
FMMERERIETA RTA VICED BV HE RO TREE O BEM 27 LTz,

3) RKIEORALTO U AFAROR 7 ANT yhay (BREHERZ ARETICHE) o8&
TIRRIE 0.01 mg/kg, i FBRIZ 0.003 mg/kg Tho7-. fhd 5 23 GUEHAKRZ 5 4R L CHl
E) OFER TIRIX 0.04 mg/kg, B FIRIZ0.01 mgkg Thotz., T LERE FREOHH TR
X, FUMERERIETA RIA L CED b BEA - LT\
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