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Development of Determination Method of Bensulfuron-Methyl in Rice Straw,
Whole-Crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

TAKEDA Zenya®, FUNAKI Norio” and SEKIGUCHI Yoshihiro"
(" Nagoya Regional Center, Food and Agricultural Materials Inspection Center)

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

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 azimsulfuron, bensulfuron-methyl,
cyclosulfamuron, ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron. LC
separation was then carried out on an ODS column (Mightysil RP-18, 2.1 mm i.d. x 150 mm, 5 pum,
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, WCRS and paddy rice. Azimsulfuron, bensulfuron-
methyl, cyclosulfamuron, ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
were added at the levels of 0.01 and 0.2 mg/kg for rice straw, 0.004 and 0.09 mg/kg for WCRS, and
0.01 and 0.2 mg/kg for paddy rice respectively. The resulting mean recoveries ranged as following:
65.1 % to 84.7 % for azimsulfuron; 88.4 % to 102 % for bensulfuron-methyl; 88.8 % to 105 % for
cyclosulfamuron; 84.9 % to 91.2 % for ethoxysulfuron; 78.4 % to 87.9 % for flucetosulfuron; 60.9 %
to 87.9 % for halosulfuron-methyl; and 62.5 % to 74.5 % for imazosulfuron. The repeatability in
the form of the relative standard deviation (RSD;) was as following: less than 14 % for azimsulfuron;
less than 5.3 % for bensulfuron-methyl; less than 7.1 % for cyclosulfamuron; less than 8.8 % for
ethoxysulfuron; less than 18 % for flucetosulfuron; less than 15 % for halosulfuron-methyl; and less
than 14 % for imazosulfuron.

Key words: bensulfuron-methyl; azimsulfuron; cyclosulfamuron; ethoxysulfuron; flucetosulfuron;
halosulfuron-methyl; imazosulfuron; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); rice straw; whole-crop rice silage; paddy rice
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Azimsulfuron Bensulfuron-methyl
CHs
N —
NN \ /—COLH; OCH,
A N~ CHy—SONHCONH— )
N, 3—SO,NHCONH—{/ N=
N N= OCH,
CHs OCHj
1-(4,6-dimethoxypyrimidin-2-yl)-3-[1-methyl-4-(2-methyl- Methyl @-(4,6-dimethoxypyrimidin-2-
2H-tetrazol-5-yl)pyrazol-5-ylsulfonyllurea ylcarbamoylsulfamoyl)-o-toluate

C13H16N100sS  MW: 424.4  CAS No.: 120162-55-2 CieH1sN4O7S  MW:410.4  CAS No.: 83055-99-6

Cyclosulfamuron Ethoxysulfuron

f 5 o OCH3 : :OCHQCH3 OCH3

c* N N
NH-SO,NHCONH— O—SO,NHCONH—
N= N=

OCH; OCHj

1-[2-(cyclopropylcarbonyl)phenylsulfamoyl]-3-(4,6- 1-(4,6-dimethoxypyrimidin-2-yl)-3-(2-
dimethoxypyrimidin-2-yl)urea ethoxyphenoxysulfonyl)urea

Ci7H19N5OeS  MW:421.4  CAS No.: 136849-15-5 CisH1sN4O7S  MW: 398.4  CAS No.: 126801-58-9

Flucetosulfuron Halosulfuron-methyl

CHyCHF Cl CO,CH3 N OCH3
CH-OCOCH;0CH- 0~-CH, [

N= N N\\ SO,NHCONH—(/ \

\ ) —SONHCONH-{ llxl N=
N= OCH
0~CH, CHs 3
1-{3- [(4,6-dimethoxypyrimidin-2-ylcarbamoyl)sulfamoyl]- methyl 3-chloro-5-(4,6-dimethoxypyrimidin-2-

2-pyridyl}-2-fluoropropyl methoxyacetate ylcarbamoylsulfamoyl)-1-methylpyrazole-4-carboxylate

C18H22FNsOsS  MW: 487.5 CAS No.: 412928-75-7 C13H15CINeO7S  MW:434.8 CAS No.: 100784-20-1

Imazosulfuron

Cl OCH,
N N
l ’\g-SOZNHCONH-</ N
B N=
_ OCHj

1-(2-chloroimidazo[1,2-a]pyridin-3-ylsulfonyl)-3-(4,6-
dimethoxypyrimidin-2-yl)urea
C14H13CINeOsS  MW: 412.8 CAS No.: 122548-33-8

Fig. 1 Chemical structures of azimsulfuron, bensulfuron-methyl, cyclosulfamuron,
ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron



SRR O T N2 AF VDR uv b 7T T 8T DWEESHTENT & D 0O % 49

2 EBRAE
2.1 3Ok
bR OMKTZENZENHERE | mm O A7 Y — 258 UM oL, ofrARE
& L72. WCRS (X 60 °C T 10 FEfazfts, HICENICH®E L CREL L2%, FRERICHEL, o
HrlaerE LTz,
22 O
) 7Er=FUN, TELY, BIRTZTLEENFTH U IRE R - PCB REEAZ A7z, £
Z)—=FiEE s a< 757 (BT AV AROEMEERD) 2 v, gL OXR (&
4R 98 %) XML AE V. BFET RS v AMEEmdEkik s v~ ~ 2 F 7 (1 mol/L K
Wik, &7 A v Afndesigsl) A2 Huvz. KiZ Milli-Q Advantage (Merck Millipore #) {2 X
DARERL L 728tk (JIS KO211 @ 5218 IZ/EFE S = lBAtiK) Z v,
2) A FRARAEMES
TIOLARNNTOY, NRUOAALTAUAF, YAV T rAay, TRhFIANLTOL,
TN RALTEY, NBALTAUAFALRRA Y A7 0 ORI, Table 1 1273
L7otfa e, MEOLDE Huniz.
3) BEFIEAERK
JREFEAE LK 25 mg  EMEICE > TENZEN SOmML DR T 7 A3 AR, Tk a2z
TN L, BICERE CREEZ A THEBEFEERKZFHL L (26 0% 1 mL (3,
KREHELLTOSmgEEA) .
4) RIREAELER
7 ROy D FEFIEMEFR A 1 mL % 25 mL O2&E T 7 AT EMIZ AN TREG L, FITERE
TT7E a2z CREKEAEEFTIREZMAE L (20K 1 mL 1%, FEEELTEREN 20
ug xEA) .
BRI LC, BERGEERKRO —E&%, 7T h=FrU/b—K (1+1) TEMEIZHRL,
Il mL PCA&EEL L T05, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80 XX 100 ng & AT 5452
IR A AR & g L7z,
5) 1 vV%FXRIEIK
FIe 1 mLIZKZIMZ T 100mL & L7z,

Table 1  Pesticide standards used in the present study

Compound Manufacturer Molecular formula MW CAS No. Purity(%)
Azimsulfuron FUJIFILM Wako Pure Chemical Ci3Hi6N10OsS 424.40 120162-55-2 99.9
Bensulfuron-methyl FUJIFILM Wako Pure Chemical Ci6HisN4O7S 410.40 83055-99-6 100
Cyclosulfamuron FUJIFILM Wako Pure Chemical Ci17H19N506S 421.43 136849-15-5 99.3
Ethoxysulfuron FUJIFILM Wako Pure Chemical CisHigN4O7S 398.39 126801-58-9 99.7
Flucetosulfuron FUJIFILM Wako Pure Chemical CisH22FNsOsS 487.46 412928-75-7 99.6
Halosulfuron-methyl FUJIFILM Wako Pure Chemical Ci3HisCIN6O7S 434.81 100784-20-1 99.9

Imazosulfuron FUJIFILM Wako Pure Chemical Ci14H13CIN6OsS 412.81 122548-33-8 100
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6) LC-MS/MS :
LC B : ACQUITY UPLC System Waters i
MS/MS # : ACQUITY TQ Detector Waters H
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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 pm), Kanto Chemical

Mobile phase 2 mmol/L ammonium acetate solution- 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

Ionization Electrospray ionization (ESI) (Positive ion mode)

Source temperature 120 °C

Desolvation gas N2 (600 L/h, 400 °C)

Capillary voltage 1.OkV

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) V) 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 eggplant flask

evaporated to the volume of 1 mL under 40 °C

added 2.5 mL of 0.1 mol/L hydrochloric acid

InertSep K-solute (applicable sample volume 5 mL)

placed a receiver (100 mL eggplant flask)

applied sample solution and allowed to stand for 10 min

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

evaporated to 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 eggplant flask with 5 mL of acetonitrile-formic acid (99:1) and eluted (twice)
—placed a receiver (100 mL eggplant flask)

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

evaporated to under 40 °C and dried with nitrogen gas

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

— filtrated through a membrane filter (0.2 um)

LC-MS/MS

Scheme 1 Analytical procedure for azimsulfuron, bensulfuron-methyl, cyclosulfamuron,

ethoxysulfuron, flucetosulfuron, halosulfuron-methyl and imazosulfuron
in rice straw, whole-crop silage (WCRS) and paddy rice
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0.09 mg/kg FH Y 8 (&N T 1 %20 ng/mL) , FUKIZ 0.01 &8 0.2 mg/kg HHY & (i
EAREHRIRF T 1 KO 20 ng/mL) 12725 X5 ICEFRERIEMZ L IRA L, —&KEFE L7Z&IC
24 12> TERE L, FRENE K OHER URE 2RO 7.
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Fig. 2-1  Calibration curves of azimsulfuron by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of bensulfuron-methyl by peak area (left) and peak height (right)
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Fig. 2-3  Calibration curves of cyclosulfamuron by peak area (left) and peak height (right)
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Fig. 2-4  Calibration curves of ethoxysulfuron by peak area (left) and peak height (right)
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Fig. 2-5

Calibration curves of flucetosulfuron by peak area (left) and peak height (right)
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Fig. 2-6  Calibration curves of halosulfuron-methyl by peak area (left) and peak height (right)
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Calibration curves of imazosulfuron by peak area (left) and peak height (right)
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Fig. 3  Typical selected reaction monitoring (SRM) chromatograms of pesticides in standard and

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

blank sample solutions

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 (1 ng/mL: 0.004 ng as each pesticide), B: Sample solution of rice straw,

C: Sample solution of WCRS, D: Sample solution of paddy rice
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33 ~ MU v 7 AR OMER

240 DN H DICE VML L, WCRS KOWKD T Z 7 SBEHRKRIC T Y A AL T7 1
v, RUALTa U AT, YIuALTyrhshay, ThXRUANLTOLY, TAEBERALTOYV,
NBALTAYAF NI, v A T7ar e LTERZEN 0.1 mgkg FIY & (REalEHR IR+
T 10ng/mL fHY &) ZIRIML7EE~ N U v 7 ZAEHERIZOWNT, 2.2 O 4)ITHE-> TR L 7R
JEDBIKIBAIEERICK T o8 — 7 miEL AR L7Z. ZO/RRIL Table 4 O LBV THY, T
DOHKN WCRS FOT VLA LTay, NaALTarsAF LA~ A7 |l 20T
A A Mzl 2~ MY v 7 2R NRBO NN, FOMTIE~Y MY v 7 2ARITREO L
N otz.

Table 4  Matrix effect study
Matrix effect” (%)

Pesticides
Rice straw WCRS Paddy rice

Azimsulfuron 62.4 68.9 89.1
Bensulfuron-methyl 109 107 102

Cyclosulfamuron 105 105 96.1
Ethoxysulfuron 91.7 93.3 94.1
Flucetosulfuron 82.7 87.7 96.8
Halosulfuron-methyl 51.3 49.7 85.2
Imazosulfuron 49.1 58.2 87.4

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).

3.4 WINENTEER
SIZEVESMENGGRERZ LM L. TORIT Table 5 L0, XA L7820 AFNIZO0N

TUX, FEHEILEIL 88.4~102 %, Z Dl UG FEIIAE S EEME(R 2 (RSDy) & LT 5.3 %LA F DR
MG O, SR IEYERIR 3 O Y MEMERIET A RT4 Y (LLT T34 VEMRIET A N7
A2 LWL ) ICED BN B (B 70 %L E 120 %LA T, REEE 0 22 %L T (Fshnig s
0.01 mg/kg) Xi%20%LLF ([ 0.2mgkg) ) Zii-+TEBEFRERTH -7,

FERIS, TP AA T a Al onTE, BRI 65.1~84.7 %, RSD X 14 %L, v 71
AT 7 ABAZOWTIE, EHEILHET 88.8~105 %, RSDIE 7.1 %LLF, = hFvALr7my
WZOWTIE, EHEIETT 84.9~91.2 %, RSD: X 8.8 %L T, 7/t hALT B NI 20T,
SEHS AL 1L 78.4~87.4 %, RSD:IE 18 %LL T, /N AL 7oy AF o0 T, EHEIN R
60.9~87.9%, RSD I 15%LLTF, A4~V AL 7050 TIE, FEHEIERT 62.5~74.5 %, RSD;
T 4% UTTHY, YurLT7huy, TEXRVALTRKOT R FALT 0 3%
UPEMERIETA RIA VICED b BIEEELZ M2 T RIFRERTHo72. LrL, 7YVARL
TRy, NBALTOAUAFLRRA, 7Y AT a Al HONTIE, fib b KT WCRS TIRELEE
O B &2 72 L TR o 7z,

7B, BN SRM 7 a~ 7T AO—f% Fig. 4 lIZR LT,
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Table 5 Recoveries for pesticides
Spiked level Azimsulfuron Bensulfuron-methyl Cyclosulfamuron Ethoxysulfuron
Feed types (mg/kg as fed Recoveryb) RSD,” Recoveryb) RSD,? Recoveryb) RSD,” Recoveryb) RSD,”
basis)” (%) (%) (%) (%) (%) (%) (%) (%)
. 0.01 75.2 9.8 96.2 2.6 99.2 1.4 88.7 4.1
Rice straw
0.2 66.4 14 97.9 2.0 100 3.0 88.9 2.9
0.004 65.1 14 838.4 2.2 95.4 3.8 84.9 4.0
WCRS
0.09 73.0 10 102 2.4 105 1.2 89.2 5.5
. 0.01 77.4 2.0 91.9 53 88.8 7.1 85.3 8.8
Paddy rice
0.2 84.7 4.0 95.9 1.4 99.5 1.4 91.2 3.9
Spiked level Flucetosulfuron Halosulfuron-methyl Imazosulfuron
Feed types (mg/kg as fed Recoveryb) RSDTC) Recoveryb) RSDrc) Recoveryb) RSDrc)
basis)” (%) (%) (%) (%) (%) (%)
. 0.01 82.5 9.7 66.0 15 64.1 12
Rice straw
0.2 80.8 6.8 60.9 11 62.5 7.0
0.004 78.4 12 61.1 11 63.1 14
WCRS
0.09 82.4 15 65.5 15 67.6 9.6
. 0.01 87.4 18 77.2 4.2 71.8 7.2
Paddy rice
0.2 85.1 6.9 87.9 11 74.5 9.0

a) The pesticides were spiked to air-dried WCRS samples one night prior to extraction.

were 0.01 and 0.2 mg/kg as air-dry basis for each pesticide.

The spiked levels

The levels of pesticides 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
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A 1 > B
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Fig. 4  Typical SRM chromatograms of pesticides in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks 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 (20 ng/mL: 0.08 ng as each pesticide)
B: Sample solution of rice straw (spiked at 0.2 mg/kg of each pesticide (as 20 ng/mL in sample solution))
C: Sample solution of WCRS (spiked at 0.09 mg/kg fed basis of each pesticide (as 20 ng/mL in sample
solution))

D: Sample solution of paddy rice (spiked at 0.2 mg/kg of each pesticide (as 20 ng/mL in sample solution))

3.5 EETREOHH TR

R AT A ATV ORERDERIEZE R LT, % 0.5~100 ng/mL O Rl & 72 2%
B (GUEHH T 0.01 mg/kg AHY B (R4 aBHE IR 1 ng/mL A &) ) OWANEIGEER O R
Table 5 DBV B THY, HONIZE—T D SN N 10 LETH-=720, XA Lv7nm v
AFIVOER FROPEEITHE T T0.0lmgkg & Lz, ZTOREE, X270 r 2T LR
D6 MY WCRS F1 O UL O R iz h i EE (24240 0.1 T 0.1125 mg/kg) IZXFLTE
ALEIL 110 oY 4/45 TH Y, ZUMEMRBIET A R4 ITED vl BEEE GEHEfEIZX L T
1/5 UUTF) 7L TWr., £, RUZALT7a U AFLOBRE TRAHKERT A0, WINEIY
REBICEVEONTE—2 0 SN W 3 ERDZBEEZRD. ZORE, HRH TFRIZEE T
0.003 mg/kg TH Y, [FRICZYWEMBIETA RT7A4 ZED S BAZRME (E¥EMIZx LT
1/10 LL'F) %7z LTz,

BRI, WINENGRBOERNBIF CHo7zv /v ANVT 7y auYy, T hFvALTaY KR
TN RALTRIZONTY, SONIEE—7DOSNENI0LLETH-T2728, E&TFRORE
FEIXREHH T 0.01 mgkg & L7z, F7z, IRMEGRBRICE VGO =27 D SNER3 LD
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WREZRDIZE ZA, Bl FRIZHEH T 0.003 mg/kg Th o7z,

3.6 WRKIZBITD~ MY v 7 AR OHER
331I2BWVWT, MMOOLKLDWCRS FOT7 Y AhA LTy, NaAL7ars AF LA <Y
N7 ANZDNT, FIERICA A A ZIHT 2~ MY v 7 ZRBRRBO LN, £ T, K&
AR ZH/INT D LICEV~ MY v 7 29RO ERGFT LTz, 24 © DD )T L Vi
L7 & KON WCRS O 7 7 v 7 SBHAIKIZ, &3 L LT 0.1 mg/kg Y& (FE AR
T 10 ng/mL FHYE) ZIRML7E~ MY v 7 ZEHERIT RZF~ N Y v 7 AEHERE T & F=
FUL—7K (1+1) T2, 5, 7KO10 FICAR LRI OWT, [RIRE O BIRIR A R I3
A — 7 AR L., ZOMEIEX Table 6 DBV, 7VLA LTy, N ATy
AFNVEOA S AN T ATHDNWT, FRTHZETY MY v 7 ZAFIT K DA A bl o
BEARBO SN, 5 FUEOFHRET D2 LT, BREAEERICHT I E— 7 mELN
80~120 %LIN L 720, v~ MY v 7 RCRDREREELZITHZ LR EENARETH 2.

Table 6  Matrix effect study by diluted sample soluton
Matrix effect” (%)

Pesticides Rice straw WCRS

x1” x2” x5Y x7” x10" x1” x2” x5 x7” %10
Azimsulfuron 74.8 87.8 94.4 102 99.1 66.6 64.1 95.4 101 101
Bensulfuron-methyl 96.9 100 96.7 93.2 91.0 9.7 922 100 103 91.8
Cyclosulfamuron 96.4 101 96.8 102 92.3 96.1 98.0 97.5 104 94.7
Ethoxysulfuron 87.7 99.3 92.7 103 82.3 89.8 84.9 94.3 102 86.6
Flucetosulfuron 79.5 90.5 100 107 88.0 78.1 74.0 98.0 104 86.0
Halosulfuron-methyl 70.2 82.6 92.4 102 105 63.8 59.6 82.9 104 111
Imazosulfuron 67.7  83.1 91.9 98.1 86.6 65.5 670 89.7 104 81.0

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) n =3 (no dilution)

c) n =1 (2 times dilution)

d) n =3 (5 times dilution)

e) n =2 (7 times dilution)

f) n=1 (10 times dilution)

4 FE&®H

fAEHARICER T 5 X AL T8 AF IO T, LC-MS/MS % V7= & &5 O il i Y
ANDORE DO HIZHOWTHRFILTIZE 2 A, UTORENELNT-. /7, TVLALTBR Y, [~
2 Tuy, ThFVANLTRY, YT ANT Ay, NBALTarAFILERT LR
ANT B ANZDNT, RALTa Yy AF N EDRIKREREE LTOEMHAZMTL TRFILIE & Z
5, UTORERPGELNT.
1) BREMRIIZNZI 0.5~100 ng/mL fHY & (FEARE LT 0.002~0.4 ng FHY4 &) O FLPH CE %

s L.

P, UHMEROBERMEIT, £52K%E 0.005~1 mgkg &HT 500 HREZ AEICHEVHR
B 72 e BRI P O IR EERIPHICH S 97 5.
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2) REZE-THEONTZa~ N T A2, EEEZHLTA2E—27FRBO oo,

3) RELHEWE LSRRI OWT Y b v 7 2R EZHER LIZRER, XvALTar AF
MZOWTIE~ MY v 7 AR D SN2 o720, Fib L& WCRS HOT P AA LT 1
YV, AT AT KON AL T B AT EY MY v 7 AT XD RERRD L.

4) FEo S K OBKICAEIE L LT 0.01 2T 0.2 mg/kg FAY4 &, WCRS IZ& KL L CIRMHaR L
T 0.004 }2Tr0.09 mg/kg FHY EA MM L, ARIEIZHE S T 5 BTN &2 FEhi L, B K& OHE
LEBELZRDIELEZA, RUAL T AFUTONTITRZYMEHRBIETA RIA4 VITED B
TeHEROOHMTREO AR 2w 3 R RERPGONT. o, = bR 217wy, V7
DANLT 7L kO T7E hALT O A ONW TGS U MERIETA T A o BHEME T
[P QAY .

5) RIEORUA LT oy AFIVOERE FIRIZ0.01 mgkg, & FIRIZ0.003mg/kg THH-7=. HIE
L7c & TRE O TIRIE, ZUMEMERIET A RIA4 VICED b BEMEZN 72 L T\
FFEIC, = hFv ATy, YIuaALTZysars kO 7)0 hZ2v7arOEE FIRIZ0.01
mg/kg, R FIRIX 0.003 mg/kg Th - 7-.

6) RKEIZEBWT M v 7 RCEDEERROONTMOOEOPWCRS FOT VAR LT R,
A=V ANTaRONTRALT B AFZONT, EEREHATR 2 W Ca R L CllE Lz
LA, SHEUEICART 2L T, v ) w7 2 RICEDEELZ T TITHEN TR TH -
7.
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