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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

THs
N/N‘N
Y OCHs
/ N
N, ) SO,NHCONH—/ N
: -
CHs OCH,4

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

AL

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—

W SOENH{:ONH~€N

—

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
0—S0,NHCONH—/
-
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
N 3—SO,NHCONH—¢/
N N=

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
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6) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS/MS #B : ACQUITY TQ Detector Waters f

24 TEEIE
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4) LC-MS/MS (T X % #l7E
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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)

2.5 IRANEI G ER

22 D 4D EIIBR AR 2 7 & F v CTIEMICHR LRI A7,

FREHEE LT, 5T 0.04 KON 0.5 mg/kg FHY & (R&RENAR T T 4 LT 50 ng/mL) ,
WCRS {Z i #a 5 L C 0.02 X T 0.2 mg/kg fHY4 & ([F] 4 LTV 50 ng/mL) 12722 X D ICZENENIR
MLUTESBAL, —HEELZEIC 24 12> TERL, FHEILERK OHER UKSE 2 KD 7-.
FRFIZ, ZOREHRKZ T h=rUb—K (1+1) TA4EXF S FITHRLZbObERLTE

723 WCRS IZ2W T, HWIMTEAFZDFEHIx L CH BRI L LT 0.04 KO 0.5mg/kg 124 BT 72
D E TV, B hIRE~OBE L, FEWh R ORGSO KGER BEE 60 %KLY 10 % & fHE
LT, JF¥ OKSEH R 60 %) FRE=R{Y OKSEHEE 10 %) FERE 225 O L 0IT

> 7.
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3 BWRERUBER
3.1 <~ MU w7 AR OMER
BRI FEORFHIBNT, EEREBHAREZRNT L2 LIV~ MY v 7 AR AR TE
LAREMENRO BN, 2T, 240 DO DI VA L= 5 KO WCRS D7 7 > 73k
BHAMRIC A IR L LT 0.1 mg/kg Y E (AR U722 WEEFUEHA 1 C 10 ng/mL AR Y &) 20
L7eK~ b v 7 ZEERIGONCFE~ Y v 7 ZAEERZ T2 b=V -k (1+1) T 4 5k
DS HICHFRLTIZIE TN ZNITONT, 2.2 O 4)ITHE-> THEL U 7= [F 3 0 25 IE A B UK |2kt
THE—7 WML ZMR L. TOMEIT Table 4 DB THY, TVLALTRY, XA
a s RAF), Y aRA)LVT Ay, TR TaLENTLE RNALT B IO,
< hNU w7 R EBAEBIIRD LN ST, "NBAL T AFLARERA Y AL T1ENID
WTIEREHRRZ 4 530 5 AT 2526 T, BEEAEERICHT D E— 7 mHiELA
80~120 %A & 720, it~ R U v 7 ZDMEME~DOHERZEITRO bR oTz.

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



o & R ORBIEBEHE R O 2 T 1w A F VPO DM SR 6 sy DR v~ 75 7 8 07 MR RGHTEHT KD AREHHEORRE 9

mg/kg TIE 22 %LL T, 0.5mg/kg TIE 18 %LA F) Ziifi/= L Cuiz.
7B, BFOHNTZSRM 7 a~ b7 7 AO—Hl% Fig. 2 12 L7z,
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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
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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\

X oy

1) BMZEZESREGMEAES  BEMEE X221 7m s A5, FERk22410 A (2010).

2) EMOKPEL SRR R@A - B OR FEWE ORISR OVEBEREIZOWT, B 63 4 10 A
14 H, 63+ B % 2050 75 (1988).

3) EBMAKEENEE - ZRREEA G EEDOHIEICOWT, L2044 A1 H, 19 HZ
%5 14729 B (2008).

4y ®H K, R Rk, A 4 SEHBTR O AL T e U AFADRIK s v 7T
72T DRV ESHTENC X D o IEOBSE, SEMITIEEE, 47, 46-61 (2022).
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2 MOLRUMBEEBHAMPORNVISAILTRUAILRRAILIZOD
BAEOOT IS 73 T LBEENHETICLE ARIBSITEDRRE

AR HE—T, EH RBEET, UTER BT, MK Bl

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

F—U— R ROTITGHNLVT  AAVRANLVT 7o RiK7a~ N7 T 74057 LBEES
Wat:, v 7 v 27 v —A A 1biE ; b & ;) MR EH R

1 % H
R T T HIVTIERES, DNVRALVT 7 0F FMC CKE) Ik vBIR Szl — A — |
REBFTHY, RAOMRGERICHFET 7 EFLal) v AT 7 —BOFEWERET L 2 L
ICRVEBIEERTEBEZ LN TS D, BBETIE, X777 1F 1986 I, HLKRR
VT 7 0 1983 FEICHIENEEBEGEINTWD. DARANLT 7 AZDWTIE, filkhd o i v
E2E LT, féd 5 TO0.7 mgke, FRFEMETE (AT TWCRS) W9 . ) T 1 mgkg BWikE I
TWBD, SHTIENER AT DICRE S TWARY. 72, R 7T AT IoN Tk

©OMSEATEOE N EMOKPEH B L il o 2 —HLiR v 7 —
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DEEMMIIFXESIN TRV EDOD, X T T N7 RO IVRANVT 7 o OI@ G - o <
bHDHHNKT T XIE 3-0H HIVRT 7 Uit EnN-5a, TOBILEMEHERT 570D, N
TIANT EINVRANVT 7 XFEIKHIZOT CTELZENRNLEELNEB 2 HND.

W FEN B ARSI > 2 — D3R 21 B DR O 23 428 NPk O H W B 55 o Hrik
BRELFECBVWTHELEGAE O 7T HNVT R RANVRANVT 7 o O58TE (LT
[JFRL &) & 9. ) ZEIZ, S 3 FE, BHAD 9% Fbo 5 KT WCRS & xt5 & L Tk
HEADOWNEH OB EZRFT L 2 A, JFRL IETHOWONTWA A7 X Ty Uik U a5
NI =T ATIEEBEEO BN SR &V LT,

2T, A, BAEGEEBMRBIE DAL, MHOOKRWCRS O T T NT ROV
wa77/®&¢7mvb777&/7AWEE“ﬁﬁ(quummmmj&wo ) 12X
FIREEBIEZBR L, MBI EE~ONHEO M KE2RF L0 T, TOMELHRETS.
BERTTANT ROBNAR AN T 7 OREERS % Fig. 1 lITR LT=.

O CH;  CH(CHy),

ot— —N— g —NCH,CH,CO,CH,CH
O, CHj,
CHj

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

2 EEBRAE
2.1 & OB
FhOIZHEBZEX 1l mm ORAZ Y — 2335 UM e L, SR EE L7-. WCRS I
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60 °C T 10 RFM %, HIZENICHE L CREL L2k, FERICHFEL, o8 etk e Lz,
22 O3

) 7Ebhy, BT RONFY IFRE RS - PCB BT AZ Wz, 7k b= KU Lidsk
RS - PCB B K OVLC-MS Al (BAH b FHR) Z M /2. 1mol/L il 7 » & = U LAEHRIE
AR o~ 77 7 (BHLFR) 2072, IR, U UEAKFE - N U AR
UM TIOKFE U U AT RER 2 2. K Milli-Q Advantage (Merck Millipore ) (2 X D
FERLL -8Rk (JIS KO211 @ 5218 |2 EF S 7= BiHliAk) Z iz,

2) 1/15mol/L V »FefE iR (pH 8.0)

1/15 mol/L VU > /K3 —F b U 7 AYEIE 800 mL (Z 1/15 mol/L U >R —/KFE AV 7 AVEIE 50
mL Z /1%, ®IZ 1/15mol/L U > —/KFEH VY 7 AVEHE T pH 8.0 [IZFHHIE L 7-.

3) R T T HNTIEREFR

N T IANTERES (FL7 AV LAFEMEER, M 99.6%) 25mg &> T 50mL O4
B7 7 AN, TEMAZNMZTENPL, BIERETTE N ZMATXT TNV T
EREFE AR L7 (ZOE 1ImLE, X707 LT05mga2ah) .

4) HIVIR AT 7 o KERER

ANRANT 7 AAERES (B L7 AV LFEMBER, #E 99.8%) 25mg Z & > T 50mL @
RETTAIICAN, TEMNAZMZATENL, LIERETTE N EZMZTAHNLRALT
7 UIEMERR AR L (2O 1ImL X, WLVRALT7 7 LTO0S5mgaaH) .

5) IREGIEAERR

FIEMERHR 1 mL % 50 mL O2&E 7 7 A ANTERG L, BIERETTE M Z2INZT
RAERERKEZRAL L (Z0E 1 mLIi%, XTI HLVTRODLVRALT 78 LTH 10
wg = EH) .

FERHICE LT, BEAERERKEO—H %, 72 b= IV LV TEMIZHRL, 1 mL HlzX> 7
FTHANT R RA VR AT 7o LT 005 0075, 0.1, 025, 0.5, 0.75, 1, 2, 3, 4 RO 5
ng 5 AT DIREIRER 2 L7z,

23 HEROEGE
1) Fyiedg : SM 100 Retsch ! (1mm 227 U —>, [Al#EEH (fH6E) 1430 rpm)
2) WOERETH : Ly 7oy 2 — T —SR2W ¥ A7 v 78 (ff AR EI % 300 rpm)
3y V9774 MNI—R /T 7 Vb VANV EBI =T 5 (LUF TX=7
Z 2] W9, ) : ENVI-Carb/LC-NH> (500 mg/500 mg)  Sigma-Aldrich %
4) LC-MS/MS :
LC ¥ : ACQUITY UPLC System Waters
MS #B : Quattro Premier XE  Waters
24 TEEIFE
1 #h

TR 10 g 28> T 500 mL O3tk =47 7 A 22 A4, 0.1 mol/L iERERIANR 2 mL & O
1/15mol/L VU » FefE R 30 mL Z 1z, 30 /rfFkE#, HICT7 & 120 mL 2%, 30 47 fH
ROBRETHH L. 200mL 02E 77 2227 7 =K} FiIcEE, ks A K (5
B) TWHIAMELTth, O =M7 7 2AaROFEIZIART & > 40 mL THEF L, [FERICK
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SlAB LT, FICREBET7 T AaDERETT v N 2A. ZOKE, RKR RIS 55
BHAWR & LTz,
2)  HRHE ST EL
FREHANE O ¥ % 1/15 mol/L U > BRFR ik CIEREIC 20 f5ICA R L7z, #Fi 2 mL % 10 mL
ety DR EE I IEREIC AL, 1/15 mol/L UV EBFEMER 1| mL Mz 72%, ~F¥ o —Fifg—
Fu (743) 5mL ZIEMEICIZ, B2 LTRLT v 7 A% —Z2 AT 30 BEEMLLS hE
BT, 100xg T 5 BRELOBEL, BB (~F)r - FIVE) &0 7 L0EICHT 5
REHAK & LT,
3) BT L0
RN T LEFRTF L SmL KON E Y2 SmL TS L2, SOmL ORI T T Aax 0
FLAOTICEE, REHAK 2 mL 2 =07 ACEMICAN, WRENFE TARIO ESICET S
ETHFL, XTI ITHANTRRIVARANLNT 7 oSz, B2, ~%4% 0 —FgoF
v (7+3) 8 mL & I =7 KA, FEERICHE S, Kz 40 °)CLLFOKIBTIEZE A
ERL[ET D F RN Lok, ER T AL THgELEZ., 7 b=V b 2 mL & EMIZ
Iz CHEREMERM L, LC-MS/MS (2 X 5 HlE I3 2 EHRIR & LT,
4) LC-MS/MS (2 X 5 H|7E
REHA M O IR A S YER 45 2 uL %2 LC-MS/MS IZVEA L, @IREUSHH (LLF TSRM) &
Wo. ) Zua~w 7T AESGE. WESRMN%E Table 1 X2 12/ L7z

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




Fao & R OFERBEEIE DR 7 I T ROBNRANT 7 L DR 7 0~ § 75 7 % o F DRVERMSHTEHC & 5 k0B % 19

5 B &
HoN SRM Z7a~ NI AL E—JHBEEZ RO TREREZIERL, EHFDO 77
HINTEREOHINLVEANLT 7 o EREH L.
kB, EBEHEOME % Scheme 1 127 L7-.

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)

2.5 WRIRSTECAZ F D il S A K Ol (e 8 oD e 28

faio & KT WCRS % 2.4 O DIZHE-> THi, AR OVER L7 2.5 mL % 50 mL O2& 7 7
A LTz, SR T T HANT R OHNVRANLT 7oL LT BIZ 0.7 mg/kg fHY &,
WCRS (Z 2 mg/kg FAY4 B A2 IR LIESR E T 1/15 mol/L V VU EEFEEIRZ M7=, Z DK 2 mL % 10
mL AR O TR (S IEREIC AN, 1/15mol/L VU U EEREENR 1 mL 2N x 7=, ~F %, ~FH
VR TV (743) X~V —FiR =T (1+1) SmL Z2ZNENIEMIZINZ, AT
v 7 AIFH—FHNT 30 BRHE L »ERE. 100xg T 5 BiE Lo L, ~%3 2 —F
feF L 2 mL % 50 mL 72387 7 A 2 ZIEMEIZAFL, 40 °C LT OKIBETITZE A ERET 5
FORERME L%, BEIRAZE->THELE. 7 hb=1FV /b 2 mL 2 EMICNZ TEEY
BWL, 24 O HR QR SHIZHEWER L, BEIELZ RO, otz ok&kE o e OKE)
2O 10 mL e OIREE AL, ~F Yy, ~x U —FR= T L (743) E~F Y
y—Eig v (1+1) SmL ZZ NN EMICIZ, [FFRICEINEREZ KD 7.
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2.6 WINEIIGERBR

22D DKWY HYDR T T HNVTIEEFIR G VD NVRANVT 7 NERERKZ T h=F U LT
EREICATIR LIS vz,

RUTTHNTROHNVRANLT 7o LTENEN, T HIZ 0.7 mgkg fHY & (B&alet
VAR H C 0.7ng/mL) , WCRS ([ZJFH5 L C 1 mg/kg 4 & ([F2.25ng/mL) 2725 X oicEh
FREMNE L EAL, —KEBE L7-%BIZ 24 10> TER L, FHEITER K OHKR UK E % 5k
7.

2%, WCRS ~OHEIMIBEEAEHI KT L TR T I AN T ROV RANLT 7L LT 225
mg/kg tHY BT/ D K 94TV, IR ~OHEIL, R KR oKy &R EE 60 %
LV 10 %EBELT, B Y ORGEARE 60 %) FIRE=REY OkoEAE 10 %) HIRE/
225 DU L VAT T2,

3 WBRRUER
3.1 RIS ERA F U D il VI K OVl (2] 5 oD et

B 3FE, X TTANT ROTNVARANT 7 2 OFEINENLGRER I 35U TEIEH > BT BRI &
3 ORBRIEOZY ML A RT7A4 2 (LLF TRYMMBIETA RTA4 ] L. ) ITED
O BB AW TRENME O N7, ZORKEZRELZLEZA, AF LU IVE= R
VEVIKEAERI =N T AFEOEWREFEIEZFOUMEDO I =0 7 AT U o R
PERIEZ DT O FICEH LW &, ST A VY U +h T A b IgEigRF L2 0T
FCEEH L2 E B L. 22T, EAGEABARRIEEZSEIC, WK X 5k
HERMT L& L L.

JEAE G B B A R BRYE T, BRI 10 wvoetfidb T B U O AR A N 2 ~F% Y > — B = T
b (1+1) 100 mL OV 50 mL T 2 [EHR D iR R 247 > T\ 5. #fE O g (b K& OV 155 00 35K
O BHIE O 72D 12 m DR E 2 WD HikE LT, 2.5 > TR EITo 7. T ORERIT
Table3 D& BV TH Y, ~FH L 2HWHGEIE, 1EHOHIET 70 %L EEIR S, 2HHE S
—IEREUL S 2D, ATy —FER T L (7+3) KON —EifR =T L (1+1) TiX1[E
HoORH T 80 %L B &4, 2B IEME Snknotz. 22T, IROA T LAFEEAE~DK
DRNZEFNRIZT D720, =T LOEIE N D~ %H v —Ffg=F L (7+3) 5mL T 1
B EITS 2 & & LT,
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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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ANRANT 7 o ORFELL T 58— 27 13580 biienoT-.
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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))

4 FL&&H
o & KX WCRS Ep@r_ﬁflgg-g‘—éx\“‘/7573/1/7“&()373}1/7\151/1/77‘/GC’DI/\“C, JEAE G784 8
TR G & BEIC, LC-MS/MS 12 X % E RIEDEF BT EE~ OO T HEERF LIzL 25, L

TORENE ST,

1) BEAEOREAL K ORI M H BEHI O 72 DL BE BmamRRIEN S, ~F v —FB=F /L
(743) T 1 EWRIES B ZATV, ~F Y v - F VgL 7 7 7744 N AI—AR /T /7w
AU AL Y B FAFEE R = T AT Tﬁﬁﬁlﬁ*%ﬁ“éjﬂi’ﬁﬁbt.

2) fHHKRWCRSIZOWT, KEHE > TR v~ 7T A2, BIREZTIT 22—
VAR oAV A WAL Y

3) KRIEIZHENGE LN EHRRIZOWT~ MY v 7 AR EZER LIZAER, At~ M) v 7 20
HIEME~DBE R BITFR O bR o 7.
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PR L T4 1 mg/kg Y BEZTML, ARIEICHE - TS5 AT 2 EM L, BIRE OWSR UK
EraRDIZE A, ZUVEHERIETA FIA VICTED BIV-EE R OHMTHE O B EE AT L
TWiz.
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Development of Simultaneous Determination Method of Diquat and Paraquat
in Feed by LC-MS/MS

IZAWA Atsunobu™!, KATO Koichi*!, KUWABARA Masayoshi*!, SHIOTSU Momoko™?,
YAMAGAMI Yohei*? and YASUDA Iyo™?
(*! Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have developed a simultaneous quantitative determination method of the concentration of diquat
and paraquat in feed using a liquid-chromatograph electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

Diquat and paraquat were extracted with water and sulfuric acid by heating under reflux, and the
extracted solution was filtered. The filtrate was then purified with two types of solid phase
extraction (SPE) columns (Oasis MCX and Oasis MAX, Waters Co.; Milford, MA, USA). Having
oxidized these compounds, the sample solution was purified with an SPE column (Oasis HLB,
Waters Co.), and injected into an LC-MS/MS to determine the concentration of diquat and paraquat.
LC separation was then carried out on an ODS column (Inertsil ODS-3, 2.1 mm i.d. X 150 mm, 4
pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of 0.1 v/v% formic acid 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 formula feed for layers, as well as corn, rye, ryegrass hay, rice
straw and whole-crop rice silage (WCRS). Diquat was added at different levels as following: 0.02
and 0.15 mg/kg for formula feed for layers; 0.02 and 0.1 mg/kg for corn; 0.01 and 0.06 mg/kg for
rye; 1 and 100 mg/kg for ryegrass hay; 0.01 and 0.05 mg/kg for rice straw; 0.004 and 0.05 mg/kg
for WCRS. Paraquat was added at different levels as following: 0.02 and 0.15 mg/kg for formula
feed for layers; 0.02 and 0.2 mg/kg for corn; 0.01 and 0.1 mg/kg for rye; 1 and 5 mg/kg for ryegrass
hay; 0.01 and 0.3 mg/kg for rice straw; 0.004 and 0.05 mg/kg for WCRS. The resulting mean
recoveries ranged from 79.4 % to 108 % for diquat, and 73.4 % to 113 % for paraquat respectively.
The repeatability in the form of the relative standard deviation (RSDy) was less than 17 % for diquat
and paraquat.

Key words: diquat; paraquat; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed

F—U—R: VU b RXTa—b ks~ NS T T X T ARV ESE , =L
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U7 9y N R OVT a— ~Z, Imperial Chemical Industries (¥{ Syngenta) (A4 Z) 2LV Bi%
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SNTIERPEEMA O Y Y DU v ARRERTHY, HWYWONRARIZEY, Y7 Uy hTIEE
by, /X7 a— M CIIEHBENIBAEL, WMYMRAEET 2 2 L TREDRZRTEEZD
nNTnsnh2,

7Ty ME, BAETIE 1963 FICHEEIERGF SN TR Y, RO EEE Ve LT, x
NE, INEXR DR~ A 1T 2mgkg, KET 5mgkg, £5HAZ LT 0.05mgkg, 747&T 0.03
mg/kg, AAFLT 100 mg/kg 23X E STV D, SR OFHIEREE YL LTI, b b MO TR
fikk (LLF TWCRS) & 9. ) TO0.05 mgkg BN E SN TWD. AN TIEI—a v X, TUT%,
BEL OETHRESNTEY DY), Py HAE, KGPLIBAZ LEOBESLEBEIHH S
TW% 0,

T a— NME, HAETIE 1965 FIHEEERGEI N TR Y, fERoREER Y LT, *
WEKR R~ A 1T 0.5 mgkg, K&E, NEKDPTAZETO0.05 mgkeg, &95HAZLTO.1 mgkg, &%
BT 5mgkg ERESN TV, B oFEREHEM YL LT, fid 5 T 0.3 mgkg, WCRS T
0.05 mg/kg EHESNTWD., WBITIE, TAVD, hFH, A=A T VT, HEKETEHEDS
INTEY, KU, £H5HAZ LEOBELRME, WEFIHEHINTND 999,

ARt DY 7 Ty NERORT a— okl LT, SRR E 19280V TRE7 v~ k
7T 7K BEBGATEDINE SN TWDHR, EETRELEEN -HTL2b008H0, £z, %
DADBZENRHL7 oV hEFEH]THI 00, SHEOHENREE LTV,

2T, —RWENEAN AR OB 2 —5 TR 28 ARk o R IR T iE B R B Rt 3
ICBWTHE LR T DY 7 Uy NEROUST a— ORIy a~ 75 7 52 07 AEVE &S AT
(LLF TLC-MS/MSJ w9 . ) IC Xk pFEkRgERE D (LLF [JFRL ] LW o. ) ITo\T, fid
B B E~DONE O A K2R+ 5 2L & Lz, 3 EEORMNTIIMER, ~ U v 2%
BROGEME OWR, H T ABRBE~OERBRETESOMTN 21T, SRM4EE TS i
WONEGRER, E& FIRE ORI FIROMRE FEH L7-DT, TOMELRETH.

¥, FEFOAHTEMETIE, BICU /7 Uy FERBLIEGEEIY 7Yy N 2RIk E, £7-37 2
— MR LG RII NN T a— N B AT ERHESNL TS 2 2D, ARFNTHY 7D
v B XIFIRNT a— b EFERE LGSR OHE N E L.

BBV Ty PRORT a— hOHEREZ Fig. 1 IR LTz,

Diquat (dibromide) Paraquat (dichloride)
\ / \_

9,10-dihydro-8a,10a-diazoniaphenanthrene dibromide 1,1'-dimethyl-4,4'-bipyridinium dichloride
C12H12N2Br2 MW:344.05 CAS No.:85-00-7 C12H14CI2N2 MW: 257.16 CAS No.: 1910-42-5

Fig. 1 Chemical structures of diquat and paraquat
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2 EERAZE
2.1 & OB
REEE B AR, 9 bAZ L, MHE (T4 77 AWE) KOTbLIZENEERZ
lmm DAY U — %3535 LI e L, o AEEEE L7=. WCRS IE 60 °C T 10 FfffH#z
BEL, TICENICHE L CREL L%, FRICHIELOmAREE Lz, Tk 74 % (BRAA
Bopy e &) X 1 mm @S2 W aEEiE Lzb oz o Halk e L.
7B, MEHIHWIZE Gk %2 Table 1 128 L72.

Table 1  Compositions of the formula feed

. Proportion .
Formula feed type Ingredient types %) Ingredients
(V]
For layers Grains 54 Corn
Oil seed meal 25 Soybean meal, rapeseed meal, corn gluten meal,

corn germ meal

Animal by-products 2 Fish meal
Brans 1 Rice bran
Others 18 Calcium carbonate, animal fat, food by-products,

corn steep liquor, calcium phosphate, salt,

paprika extract, feed additives

22 &I
) 7Ebr=hUVIIEEREE--PCB RBHEH W, A% 7 — 3RS - PCB B
(LC-MS/MS DIEEER D LC-MS H (& L7 A v AFfeiisksl) ) 2 Mz, $Eid LC-MS
A (BEE7 AV afestisiid) 2R\, k7 =L, EEE, KBRLEST NI UL, 7
U7 A U o AR ORI T RSEFR R 2 H v 72, KX Milli-Q Integral 5 (Merck Millipore %)
IC X DR L -8Rk (JIS K0211 @ 5218 |[ZEFHE S #BHtiAk) %Az,
2) VU7 U v MERERE
TERALY Uy F— KRS, (BT A L ARDEHIEEEL, HEE 99.0 %) 2631 mg & &
ST 50 mL O2ET7 T 232 AN, HEE (0.01 mol/L) M TN L, FITERE Tl
(0.0 mol/L) ZMMAT¥ 7 Uy MEEFRKRAZMBLZ (ZO# 1 mL X, 27Uy e LT
0.5mg & H) .
3) /8T a— NMERERUK
NRTa—hrvrnal FERELS (BT AV Lfeiisisl, Wi 98.0 %) 25 mg 2 8-> T 50
mL OEET7 T A2 AN, HEE (001 mol/L) ZMx CTE&EMNL, FICEMRE CTHEE (0.01
mol/L) %Mz CT/N7 a— MEMFERZAKL L7 (ZORImLiX, XF7a3—rELT05mg%
=h) .
4) RAEERIK
P Uy MEERK 1 mL X ONT a— MEERKE 1| mL % 25 mL ORFET 7 X 3 [TEMRIC
ANTEA L, BITEMRE CHEEE (0.01 mol/L) #Mx TRAEERIKRZFM L (Z0WK 1
mLi%, Y7 Uy hERORTa—hE LT 20ug 25H) .
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23 HEROSGE
1) ek
M 1 (BB EHE SRR, &9 bAZ L)
ZM 200 Retsch i (HBA&E 1mm A2 U—, i HEFE#ER5Z 14000 rpm)
ek 2 (REACE, Fihdo b &Y WCRS H)
SM 100 Retsch 8 (HBIZ 1mm A~ U —>, [ ((0HE) 1430 rpm)
2) 4 T ey AEENYE= AR —N-E=r e ) RUOERESERI =T L (LT
IMAX X=#7A] &£WW9. ) :Oasis MAX (FETAKI&E 500 mg, U — —%K& 6 mL)
Waters
3) ANFUVEBEEMHCE =AU EYy—N-E=rvrl) FOEEGERI =T L (UF
TMCX X=#7 4] &£\W9. ) :Oasis MCX (R TAAKIE 500 mg, V¥ — —%&E 6 mL)
Waters il
4) VE=AXRBU—N-E=rte ) FORESKI=NT L (UUF HLBI =47 4] &
9. ) :OasisHLB (FECAHI&E 60 mg, V¥ —/3—% & 20 mL) Waters
5) AT T2 7 4% — : 13HPO4SAN (FLEZ 045 um, ERE 13 mm, KUV 7 N7 74T
L) BRI
6) LC-MS/MS :
LC #F : Nexera X2 BEtfl/EpTHl
MS/MS 5 : LCMS-8040 & i { iy il
24 TEEIFE
1 #h
HTEREN 10 g 28> T300mL D723 7 7 A 22 AL, /K 60 mL K OEEE 30 mL % Iz,
ZEIE 2 AHT 120 °C O T 60 oy MINEGEF L Tl L7z, 200mL O &®& 7 7 Aa% 7 7 )
—RFOTICEE, BHEOMmHEEZ A (5 F B) TWEIA@ L%, KoRrTE7 7 A2
F Ok E &AW K 100 mL THEF L, FARICKGI AW L. S5, RET7 7 AaDERET
KEMZA Tz, Z O 2mL (FAEIE, HIZHEE (3mol/L) TIEMIZ 25 MR L7-1%&, DK
2mL) ZR Y 7rb L ole—0 —IZIEMICOEL, K 30mL 2%, Kb hU U AR
% (12 mol/L) T pH 5.5~65 IZFHE L7-%, SOmLRRELRD L HIKEMZ, BT LMETIZ
T D FEHRIR & L7z,
2) T LAERT
MAX KOMCX R =H T hEZTNZENAY /—/L 5mL KO/K SmL THERFES L, MAX 2
=H T L0 RIZY == (FE3I0mL) WY 1F, MAXI=HF LD FICMCX I=h7
L Ui, BREHER Z ) P — " —IC AR, REAFETARO BIRISET HFE TR (B
20 U Tt 1 mL/min FREICZ2 D X oWl Lz, BUFREER. ) L7z, BEHERO A>T
R 7Lyl ——%/K S5 mL 95T 2 myEH L, PRiREZIERER I =07 A2z,
[FARIC U S 72,
MAX S =HF724%F7TL, I0mLARY 7oLy flefE 77 2a%2 MCX S =87 LD FIZ
BE, BT =0 AEK 25 wiv%) 9mL 2 MCX 2 =07 A2z, Y77 v kRO
Ta— hEBEHSER., SOICERE CTHEAT VT U ARK (25 wv%) Iz, Bt
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T HREHAR & LTz,
3) ik

AEHAK 2mL 2, SO CoOKEIT MY v AEK (12mol/L) 10mL X7 =V > 7 1k
HU AR (1 wiv%) 1 mL Z ARRE LAY Ve rfle—n—Ii2, EMICiZ T8
B2 X ORVIRYE, 77 ALE I 2EHAIR E L.

4) H17 NALEE 1T

HLB X =h77 L% 7 r=1rVU /L 5mL KOUK S mL THHLZ. EHRKE I =57 AT
A, REDAFTRTAAIO BEGICET 2 F T S E72. BEHERDO A > TWeR Y e L
Y —H—ZK10mL T2 T2EPEHF L, WREZIAKRI =0 7 2Tz, FEFICHRESE72.
50 mL ORTIBT7 T Aa2I=AT7LOFIEE, 7=V 5mLEZI=07 LM,
I Ty FRORT a— R EEHIET.

WK Z 40 °C LL N ORI Tl & A EHE 3 2 £ CTRUTERME L1k, ERT AL ko Tzl
L7z, K=A%/7—0 (4+1) I mL (£HHAZ LI 2 mL, #HEIL 4 mL) % IEfMIZMZT
PR 2 Va7 L, LC-MS/MS |2 X M@t 230 hAK & Uiz,

5) FEEMEROML K O T LB

IREGIEERR 1lmL % 20mL ORE T 7 A 2T AR, FE#HRFE THEE (0.0l mol/L) #INZ THE
ICHIRAEER AR L (ZOW 1mL 1%, 27Uy hRUOARTa—hELTH 1 ug 28
H) . HET =T AR (25 wiv%) 2 mL ISR LR AERERR 0.1 mL & EREICINZ 72 b
D%, HHHUOHKEET FU U AEE (12 mol/L) 10 mL X OX7 = U o7 b U 7 AR

(1 wv%) 1 mLZANBRAGLER) Zr L@y —0—2mxlz. LT 3)LKTHOHEEE
AREHRIR & FARICAT o 7o, K—A X /7 —)b (4+1) TIEREICHRL, 1mLHIZT 7Ty MR
O Fa—krELTO1, 02, 04, 06, 08, 1, 2, 4, 6, 8, 10, 15 XN 20ng AN EZEAH
TORGIEER AL 7.

6) LC-MS/MS (2 X 2 HlE

FREHATE f VR A EUE 4 10 uL 2 LC-MS/MS (Z7EA L, BIRFUGHE (LLF TSRM] &

Wo. ) Zua~w 7T AESGE. WESRMN%E Table2 XT3 12/ L7,

Table 2  Operation conditions of LC-MS/MS

Column Inertsil ODS-3 (2.1 mm i.d. X 150 mm, 4 um), GL Sciences

Mobile phase 0.1 v/v% formic acid aqueous solution — methanol (4:1) — 10 min —
(3:7) (hold for 2 min) — 5 min — (4:1)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer

Tonization Electrospray ionization (ESI) (Positive ion mode)

Nebulizer gas Air (3 L/min)

Drying gas N> (15 L/min)

Interface temperature 300 °C

Heat block temperature 500 °C

Desolvation line tenperature 100 °C
Collision gas Ar (230 kPa)
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Table 3 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)

) . 171 — 25
Diquat oxide 215

— 153 10

. 174 - 31
Paraquat oxide 217

— 104 45

7 i OE

oIz SRM 7 n< 7T L6 E— 7 HiEZ RO THRERZERL, oY 70y

FEEONRNTa— EZRHB L.
0k, EFEHEOWEZ % Scheme 1 128 L7-.
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Sample 10.0 g (300 mL evaporator flask)
——added 60 mL of water and 30 mL of sulfuric acid
— heated under reflux at 120 °C for 60 min
—— cooled to room temperature
—filtered through filter paper (No. 5B of JIS P3801) under reduced pressure
— washed with 50 mL of water
—filled up to 200 mL with water
I
1 mL of sample solution (25 mL volumetric flask) (grass hay)
filled up with 3 mol/L sulfuric acid
2 mL of sample solution (100 mL polypropylene beaker)
—added 30 mL of water
—adjusted pH to 5.5-6.5 with 12 mol/L sodium hydroxide aqueous solution
——added water to make about 50 mL
Oasis MAX-Oasis MCX jointed cartridge
—— prewashed with 5 mL of methanol and 5 mL of water
—attached Oasis MCX under Oasis MAX
—applied pH adjusted sample solution and drain

——washed with 5 mL of water (two times)

——removed Oasis MAX

—placed a receiver (10 mL polypropylene volumetric flask)
—eluted with 9 mL of 25 w/v% ammonium chloride

—filled up with 25 w/v% ammonium chloride

I
2 mL of sample solution 0.1 mL of 1 ug/mL mixed standard solution

Oxidation (polypropylene beaker) |—

— 10 mL of 12 mol/L sodium hydroxide solution

. . . —2 mL of 25 w/v% ammonium chloride
— 1 mL of 1 w/v% potassium ferricyanide

— homogenized

Oasis HLB

—— prewashed with 5 mL of acetonitrile and 5 mL of water
—— applied sample solution and drain

——washed with 10 mL of water (two times)

—placed a receiver (50 mL evaporator flask)

—eluted with 5 mL of acetonitrile

— evaporated under 40 °C and dried with nitrogen gas
—dissolved in water-methanol (4:1) (4 mL for grass hay, 2 mL for corn and 1 mL for the other samples)
— filtered through membrane filter (PTFE 0.45 pm)
LC-MS/MS

Scheme 1 Analytical procedure for diquat and paraquat in feed

25 HTAgREOWEITE
IOy FRONRT a— MNITT AR EIZEE LT W D72, AT L0
WO Z T > 7= D& A=,
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>
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1) 2.4 @O DHTHHEIZHWZ 300 mL 2237 7 220, KEEEF N U o AR (1 mol/L) 12X
DIETE E WS (K9 15 o) L7ztk, HEAREEFRICK DR ETTo72.
2) DO EITSTe2TIBET7 7 A2 EZDEHTH22TON 7 AGREIZ OV THRE (1+10) |
LoETEEEE (—K) 21T-o7-.
2.6 IRINENGERER
22D D)KONDOT 7 Ty MEEFRE K O T a— MEEFHKZHERE (0.01 mol/L) TIEMEIZAT
R LB W,
Uy hELT, REFETHEASENS 0.02 LT00.15 mg/kg YR (& EHATK H T 0.4
KO¥3ng/mL) , £9HAZLIT0.02 XO0.1 mgkg FA4E (A 0.2 XN 1 ng/mL) , T A FIZ
0.01 2T 0.06 mg/kg FHY & ([A] 0.2 XY 1.2ng/mL) , T4 7 F AMEIZ 1 LT 100 mg/kg #1324 &
(A 0.2 2 T* 20 ng/mL) , Fg4> 512 0.01 KT 0.05 mg/kg FH4 & ([ 0.2 X O¥ 1 ng/mL) , WCRS
IR HLRE LT 0.004 KT8 0.05 mg/kg A4 & ([F] 0.2 LTV 2.25 ng/mL) , /XT7a— K& LT, K
i E HEAEEHT 0.02 LT 0.15 mg/kg #8245 (A 0.4 X3 ng/mL) , &9 HAZ LIC0.02 &
V0.2 mg/kg FEY & ([F] 0.2 X OF 2 ng/mL) , 7 A &2 0.01 0.1 mg/kg FHY & ([F 0.2 LT 2
ng/mL) , 7477 AHEIZ 1 KOS5 mgkg FHY&E (A 0.2 LTV 1 ng/mL) , iz HIZ 0.01 LY
osm@gﬁ%%(ﬁuzﬁwégmm,\wmsmﬁ%mﬁbfow4&mowmygm%%
(A 0.2 X225 ng/mL) IZ72b X2 lcZnEnmmtk L<EEG L, —&KiFE L7k (hris
STERL, FHEIEE KL OWIR LR 2Rk 72
728, WCRS ~OUIITEAFSAEHI LTV 7 Uy FEROVST 2— k& LT0.01 £10.1125
mg/kg tHY BT/ D K 94TV, PR ~OHEIL, R K OREZY T oKy &R EE 60%
LV 10 %EBELT, B ORGEARE 60 %) FIRE=REY OkoEAE 10 %) HIRE
225 DT L VAT T2,

3 BRERUBR
3.1 WIEHEWE OB
2.6 DEMEUGGRER ORI RHAEI D> G, LH5bAZ L, 7477 AHE, Fib b KON WCRS (2
DWTII A3 EEITHRFE A DT D, KEETTh o TR E HELA B L DT A ZIZHOW0
T, REICL VAL 72EHAR 2 LC-MS/MS IZIEA L, B 6M72 SRM 7 u~ k7 J A& fifgid
L7z, ZORER, P70y PRONRTa— b NOEEEHITLHIE—27IERO NN T-. 728,
BT E AE AL DT A EICBNTY 7 Uy RO T a— k&R URFRREIIC E— 7 2358
DO, TA RO TIIEE AT HEAERFR 3 ORBRIEOZ Y MMRIETA RT74 (LR
(U HRERBIETA RTA ) E0n ). ) KEDONEHHFEY —27 OFF@BEN GEUEEITFE Y
THE—ZHEED 1/10 Ki) THY, EHAEFTHEGERHIB W TS ZYMMRIETA NI A
VNZED DT E Y — 7 OFEFAN GEEEDAED A TWARWEAIE, E& FIRIEEICH
VI HE— 7 HEED 1/3 Kiii) Thoiz.
B, o/ SRM 7 n~ b7 T A% Fig. 2 (TR LTz,
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Fig. 2 Typical selected reaction monitoring (SRM) chromatograms of diquat oxide and
paraquat oxide in standard and blank sample solutions
(LC-MS/MS conditions are shown in Table 2. Arrows indicate the retention times of 1:
diquat oxide and 2: paraquat oxide. The baselines are shifted for display.)
A, B: Standard solution (A: The oxidative product of 0.4 ng/mL each as diquat and paraquat,
B: The oxidative product of 0.6 ng/mL as diquat and 1 ng/mL as paraquat),
C, D: Blank sample solution (C: Formula feed for layers, D: Rye)

32 < hU v A RO
B3 FEITRRF CTH - To B ERHE GBI LT A ZIZOWT, v b v 7 AR %
Rl 24 O DS HITK YR L 7T HE G807 7 7 3 BHSRIC, 77 v |k
KORT7a— k& LTO0.15mgkg fHY & OiEEBHARH T3 ng/mL fHY &) %, 74?0)7’7
v REHAIRIZ, Y7 U v hELTO0.03 mgkg FHY & (A 0.6 ng/mL AHY &) KON T7a— k&
LT 0.05 mg/kg fHY & ([ 1 ng/mL MY &) ZRIMNMLIESE~ Y v 7 ZEERITHOWT, 22 D
)5 HKN 2.4 D 5ITHE - TR L2 [FRE O & BEEERIC ST 2 ¥ — 7 miEh 2 fiE L7
ZORER, Tabled DBV, REI~ Y v 7 AOWEE~OBHE R EBITRD Lo T,
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Table 4  Matrix effect study

Concentration b
) 2) Matrix effect
Matrix standard Sample
Samples . (%)
solution (ng/mL) (mg/kg)
Diquat  Paraquat Diquat  Paraquat Diquat  Paraquat
Formula feed for layers 3 3 0.15 0.15 100 101
Rye 0.6 1 0.03 0.05 105 107
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

3.3 WHnENGGRER
26 I XV IEMEIGERERZ E L 72, TOREIL Table s DERBY, 7 Uy MIHOWTITEY

[EI I 79.4~108 %, & Ol UKEEE TSR AR 2 (RSDy) & LT 17 %LAF, /X7 a— hiC

DOV TIT B AT 73.4~113 %, RSD, 1T 17 %L FORGENSE DAL, Z4VEMGRIETA KT A

NZED DT BEM (B 70 %Ll E 120 %LLTF, KR : 22 %L T (FRINEEE 0.01~0.1125

mg/kg) , 21 %LLF (A 0.15 mg/kg) , 20 %LLF (A 0.2 mg/kg) , 19 %LA T (7] 0.3 mg/kg)

16 %LL T (A 1 mg/kg) , 13%LLT (A Smgkg) , 8%LL T (IF 100 mg/kg) ) Z i/ LTz,
7k, o SRM 7 v~ 7T ADO—f% Fig. 31T LT,
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Table 5 Recoveries for diquat and paraquat

Diquat Paraquat
Spiked level b Spiked level
) ©) b) ©)
Feed types (mg/kg as fed Recovery RSDx (mg/kg as fed Recovery RSD;
0 1) 1) 1)
Formula feed 0.02 106 17 0.02 88.5 9.7
for layers 0.15 94.7 4.4 0.15 92.3 4.1
0.02 79.4 4.4 0.02 74.7 15
Corn
0.1 87.4 4.5 0.2 88.4 6.8
0.01 81.8 12 0.01 85.5 17
Rye
0.06 81.3 6.2 0.1 90.1 5.2
R b 1 93.3 6.8 1 91.5 2.9
egrass ha
yegrass iy 100 86.7 24 5 86.2 43
. 0.01 104 6.0 0.01 73.4 7.4
Rice straw
0.05 102 4.0 0.3 87.0 2.8
0.004 108 11 0.004 113 11
WCRS
0.05 96.1 4.2 0.05 91.7 4.2

a) The pesticides were spiked to air-dried WCRS samples one night prior to extraction.
The spiked levels were 0.01 and 0.1125 mg/kg as air-dry basis for each pesticide. 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 = 6, except corn (n = 5))

¢) Relative standard deviation of repeatability
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Fig. 3 Typical SRM chromatograms of diquat oxide and paraquat oxide in standard
and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of 1: diquat

oxide and 2: paraquat oxide.)

A: Standard solution (The oxidative product of 0.2 ng/mL: 0.002 ng as each pesticide)

B: Sample solution of corn (spiked at 0.02 mg/kg of each pesticide (as 0.2 ng/mL in sample
solution))

C: Sample solution of ryegrass hay (spiked at 1 mg/kg of each pesticide (as 0.2 ng/mL in
sample solution))

D: Sample solution of rice straw (spiked at 0.01 mg/kg of each pesticide (as 0.2 ng/mL in

sample solution))
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3.4 EETIREKOHH TROMBG

U Uy B RURT a— N ORERDERMEZ R UZ#E, 4 0.1~20 ng/mL O FuEAF T & e
HIRE (RREHEE AE AR T 0.02 mg/kg fHY & (FERBHART 0.4 ng/mLFHYE) , &9 %
AZ L TO002 mgkg tHHY & (A 0.2 ng/mLFHY &) , 74 %&, Fbo b KR WCRS (E&ZyH) T
0.01 mg/kg tH4 & (A 0.2 ng/mL Y &) , 74 77 AME T 1 mg/kg fHY4 & (A 0.2 ng/mL #4324
&) ) OWRMENGAEROFERIL Table 5 D LBV BAFTHY, o572 — 27 D SN A 10 LUk
Tholeleh, Y7 Uy NRUONT a— FNOER FIROBEIIREEEHESEER L RE S B A
Z LT0.02 mgkg, 7A4Z, fisb>o KO WCRS (A H) T 0.01 mgkg, 7177 AFET 1
mgkg & L7z, ZOREREX, YZ7TUy FRONRTa—MIOWTEIBAZ LOKEEEM (22
AL 0.05 mg/kg KON 0.1 mg/kg) 1ZxF L TENEI 2/5 KR 1/5, T4 ZDOIEMEE (£ 0.03
mg/kg X T 0.05 mg/kg) (2K LTENEIN 13 K5, T4 7T AGEOEMEME (L £ 100
mg/kg & OV S mg/kg) (2K L CENEI1/100 OV 1/5, Fiido & OF LI (221 0.05 mg/kg
F O 0.3 mg/kg) ICKLTERZN 1/5 KO 1/30, WCRS H oD% H L VAl o Jal 52 4 v #a 554
(0.1125 mg/kg) 2k LT /11 THY, ZYMWHERIETA FT7 4 ICED vz HEEE (GEHEE
0.1 mg/kg Adii : 2/5 AT, FEYEME 0.1 mgkg UL E : 1/5LF) ZHi/=L Tz,

RIEOHH TIRZMRT 2720, BIMEGRBRICEVGEONTE—27 D SN A 3 L 2R E
BROIZ. TORR, Y7 Uy FEROUST a— OB FIRIIREFEET ARSI L OTE S B A
Z LC0.006 mgkg, 7AZ, fib S KO WCRS (REZHH) T 0.003 mgkg, 747 7 AEET
0.3 mg/kg TH Y, FFRICZYERRIETA RTA4 ICED LI BAEM GE¥EE 0.1 mgkg R
it FEYEE O 1/5 BLF, FEYEE 0.1 mg/kg UL L FEHEEO 1/10 LLF) &7 LTz,

4 F&EOH
AR DY 7 Ty F RT3 — MZHOWT, JFRL #4512, LC-MS/MS % V7= [ & &%

DENE T EIESDINEH DO AT RIZHOWTHE L7 & 25, ITORERG L.

1) REEHFHESEE R ORI A FIZHONT, REE->THELNTZZ e~ N T H2E, Y7 U
v MR OVST a— k& [E U FFRER S t»—&z’;m&b%ntﬁx FMVERERRIE T A RT A VITED
LN EY—7 OFRHANTHY, TEEHITIE—7ITRD LR T.

2) W%%ﬁﬂﬁﬁﬁﬁﬂé\ﬁﬂﬂ&0\7/fiGZOb\T, KRIEZHENG S TR EHARIZ DWW T~ R Y v 7 R
IR AR LR, B~ b v 7 ZOWUEMB~OBEE L EEBITRD bR o7,

3) VU Uw RELT, REMABEHAEAEFEENZ 0.02 KO 0.15 mgkg FHYNE, &9 H A2 LI 0.02
K ON0.1 mg/kg FAY &, T4 12 0.01 X TV0.06 mgkg FHM &, T4 7T AHEIZ 1 KO 100 mg/kg
FAY &, fBd 512 0.01 KO0 0.05 mg/kg FH2Y &, WCRS (2P L T 0.004 % T 0.05 mg/kg 134
&, NT7a— e LT, KBEHEREASERNZ0.02 XTN0.15mgkg fHY &, &5 H A LIZ0.02
K OY0.2mg/kg fHE F, T4 FI120.01 XOV0.1 mgkg tHE &, T4 7T AFEIZ 1 KO 5mg/kg fH
W, Fibd 512 0.01 X003 mg/kg 4 E, WCRS ([ZHMHT L T 0.004 % T 0.05 mg/kg A1 &
AWML, AREHE- THM A FM L, BEUEEROHOR UEE A RO L 25, 4 MEMRIED
A RTA4NZED LN EE R OPHTREE O BAEME £ 7c TR R85 6.
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4y KEOTI Ty NRONRT a— OEE FROEEITAEHEHESEELRE S HEAZ LT
0.02mg/kg, 74 %, fido b LK WCRS (BEHF) T0.01lmgkg, 7277 AHET 1mgkg T
HY, B TFTRIZKESEEHREAFEE R RE S HAZ LT 0.006 mgkg, 7A4%, bbb kW
WCRS (JEF#)H) T 0.003 mgkg, 74127 7 AET03 mgkg ThoTo. RELLERE FEREK
OB TR, ZUMEMGRIET A RT A4 ICED bR BEEZ M- LTz,
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4 BABESGAHDPDOIRAFY, YoYU, AFAZURUVMLAZVDT
S/ BEBINEEICK S TEDRET

T HERET, R B

Study of Determination Method of Cystine, Lysine, Methionine and Threonine
in Formula Feed for Pigs by Automatic Amino Acid Analyzer

DOI Yugo® and YAMAGAMI Yohei*

(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

We have researched a determination method of amino acids (cystine, lysine, methionine and
threonine) in formula feed generally used by feed-related companies. Based on the research results,
we have further conducted preliminary study to develop a determination method of methionine in
formula feed for pigs.

In the performic acid oxidation method, methionine sulfone was quantified as following: Methionine
in a sample was oxidized to methionine sulfone with performic acid solution. The sample solution
was hydrolyzed with hydrochloric acid. The sample solution was then concentrated under the
reduced pressure, and diluted with sodium citrate buffer. Then, methionine sulfone in the sample
solution was determined by an automatic amino acid analyzer. In the hydrobromic acid addition
method, methionine sulfone was quantified as following: Methionine in a sample was oxidized to
methionine sulfone with performic acid solution.  The sample solution was added with
hydrobromic acid to decompose performic acid. After that, methionine sulfone in the sample
solution was determined by the same preparation as performic acid oxidation method. In the
simultaneous analysis method, methionine in a sample was pretreated according to the simultaneous
amino acid analysis method, listed in the Feed Analysis Standard of Japan.

Consequently, the performic acid oxidation method resulted in the higher measured value of
methionine compared to the simultaneous analysis method. On the other hand, the hydrobromic acid
addition method did not bring about the higher measured value of methionine compared to the
performic acid oxidation method.

Key words: amino acid; cysteine; lysine; methionine; methionine sulfone; threonine; automatic
amino acid analyzer; formula feed for pigs
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T LIS IS WD RES IR DIREZ R ZAPHEOHIBIZAT T Y, BREA MR
BIELA RO KN HFRE S TN D,

BUE, BRI DA F A = OHIEIZ DWW THEE T EEE D TIET I o iratic X 2 RRE 4
(LT TREFFSHED S0 H. ) BIRER SN TW D2, KEROMER S H. £/, v AF v,
JOUKER R A=W THE KB AEEHZ B W TR YL HRE T 2 LERNH L. 22T, %
TG e HTEERET DI, T S ﬁ%ﬁoﬂ\éﬁﬁﬂﬁé%%% F ot RICFERBRHE 2T
ST FER, fFAREREREOM CIREAFAE DA TF A= ZRFMUEIZ LY A TF A= ARy
ZERAE LTk, SEEEIK R ZATY, TR /%E%\HK%TMmﬁéﬁ&(qu X el b AL
L] S ) BDEBICHVWL RTINS 2 EAVHB LTz,

F7o, AAREEFEEK DR VTIHERFTO AT URORATF A= AIEEE LT, BFAs%,
BALKFRIEIR A RINT 5 2 & T, RGO ofF LR 72 @b 4286 < ik (LUF TRAEK
FREELWME) L), ) BEREShTn5

ZZTAE, BRI E L TAF A= 250 T 2B EEEHCSWT, R HTE, B
FRmR AL LR IE K N RAL K BRI INE TAF A= 2 E L, HEMEE LT D200 Piaa 217
STEDTEOMELRET S.

BEIAF A= F A F A= 2Lk OfERE Fig. 1 IR LT-.

DL-Methionine Methionine sulfone
NH- 2 0
(S)-2-Amino-4-(methylsulfanyl)-butanoic acid 2-Amino-4-methanesulfonylbutanoic acid
CsH11INO2S MW: 149.21 CAS No.: 59-51-8 CsH11NO4S MW: 181.21 CAS No.: 820-10-0

Fig. 1 Chemical structures of methionine and methionine sulfone

2 EBRAE
2.1 &K
EAI KB AR AR, TKE R SRR CAKIEE A S8 NI En T ERE 1
mm DAYV — %L LTl L, ST HREE L, BEhT W72 Bl & BBk o Jsp
BHZ DWW T Table 1 (2R L7=.
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Table 1  Compositions of the formula feed

. P rti .
Formula feed types Ingredient types ro(](a;)) on Ingredients
(V]
For suckling pigs ~ Grains 58 Corn, heat-treated corn, heat-treated soybean
Oil seed meal 18 Soybean meal, linseed meal
Animal by-products 6 Dried whey, fish meal, skim milk, swine and poultry by-product meal
Others 18 Confection, calcium carbonate, animal fat, calcium phosphate, salt,

fructooligosaccharide, silic acid, cultured paenibacillus , yeast for feed,

citrict acid, tartaric acid, lactic acid, malic acid, sepiolite, feed additives

For growing pigs  Grains 75 Corn, wheat, rice, milo
Oil seed meal 21 Soybean meal, rapeseed meal
Brans 1 Wheat bran, distiller’s dried grains with solubles
Others 3 Animal fat, calcium carbonate, calcium phosphate, salt,

licorice root extract, stevia, feed additives

For pork pigs Grains 73 Milo, wheat, rice, cassava, barley, heat-treated milo
Brans 7 Rice bran, corn gluten feed, wheat bran
Oil seed meal 6 Soybean meal, rapeseed meal, wheat bran
Others 14 Confection, calcium carbonate, molasses, calcium phosphate, salt,

bakery yeast, feed additives

22 @3
1) KEgibF U oA, HEEE, X (HESE 98 %) NMORALKEZERITAIEELEZ A=, pH

2.

2 7 UBRT B U U ARRERITECEA IR (8 -7 A L AF0EHERED) 2 vz, ER{eok

FKIX Ultrapur (BIH{b22HL, M 30~32 %) Z# MW7z, U =i SRX 310 (BHL - ¥ 7
a—=278) ZHWiz. KiE Milli-Q Integral 5 (Merck Millipore ) 2 L 0 ¥EH U 7= Hflik

2)

i

ii

(JISK 0211 @ 5218 [ZEFK S L7 @fliAK) & Huiz.
PRI

[ IR§ A 15
L-ATF A =S (L7 AV AFOEMEER, #EE 99.0%) 30mg Z &> T 100 mL D4
/7T ATAN, pH22 7 =) MU U MEEKZINZ THE L, HTITEMRE T pH 2.2
I UWET N T AEEREINATAF A= ERERIE AR L7 (20 1 mL X, AF
F=rELT03mgZafH) .

FERICEE LT, ATFA=UFEHERKE I mL X2 mL ZZ20ZE4 25 mL ORET 7 X 2l
EREIZAIL, EMETpH22 7= BT MY U AREEKAZMZ T, 1 mL FUIZAT A =&
LCRug kP24 ug 2 50T DHAT A= AEHERR 1 OV 2 e L 7=,

R AL AL B L K OV RAL K SR FR R N ik
L-A F A= EHEN, 30 mg Z 5> T 100 mL O2 &7 7 A 2T A, 1 mol/L KER{EF RV
U AR AR INZ T L, FITHESRE T 1 mol/L KE{ET U U AEKREINZ CTAF A=
AR REREFERERBE L (20| ImLiEX, AF4=21LCT03mga2&4) .

AR LT, AF A= 2R HEERRK 1 mL KO 2 mL 2 £ 50 mL 72 97%
7 7 A ZIEREIZ AR, UBEIE 2.4 @ 2)EREEROBAEAITV, 1 mL FIZAFA=& LT
Rug MR 24pg ZEHTHAFF =0 AR ERER 1 ROV 2 A8 L 7-.
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3) EERLAKFEK « FRRIAHK
R K FEK 50 mL (2 2 450 mL 2 02 7o t%, 1 BFRETEE L TR L 7-.
4)  TRBIER M OSSO
72 e E BT O T A WEBERZ X Amino Buffer Na-LG Ist, 2nd, 3rd XV 4th (HAK
s, DIF Tist) , 2nd) , [3rd) KON T4th) &%, ) ZEH L. KIGHKIE Amino
Reagent Na-LG (Hypo Reagent) (HARZrtH) I ONZ Amino Reagent Na-LG (OPA Reagent)
(AARSER) 1000 mL (2, =%/ —/v (AARZIER, HE 99.5 %) 10 mL THEHD LA /v h
THELT AT E R (AAREHE, HE 99.0 %) 500 mg %N % THHHL L 7= OPA SGSHR % i A L
72 TRBEE OFERIZ DUV TUE Table 2 12, SUSTROFLRIZ DTk Table 3 (278 L7z,

Table 2  Compositions of the mobile phase

Mobile phase name Manufacturer Substance name PI‘O(I;ZI‘)UOH
Amino Buffer Na-LG 1st  JASCO Corporation Ultrapure water <80
Ethanol 15
Citric acid monohydrate <5
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 2nd JASCO Corporation Ultrapure water <90
Citric acid monohydrate <5
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 3rd  JASCO Corporation Ultrapure water <95
Citric acid monohydrate <1
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 4th  JASCO Corporation Ultrapure water > 08
Sodium hydroxide <1
Table 3  Compositions of the reagent
Reagent name Manufacturer Substance name PI‘O(I?)ZI;IIOH
Amino Reagent Na-LG JASCO Corporation Ultrapure water > 95
(HYPO Reagent) Boric acid <2
Sodium hydroxide <1
sodium hypochlorite <0.1
Amino Reagent Na-LG JASCO Corporation Ultrapure water > 95
(OPA Reagent) Boric acid <2
Sodium hydroxide <1
Brij-35, 30 % Solution <0.5

3-mercaptopropionic acid <0.5
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23 HEROSGE
1) ¥k : ZM 200 Retsch & (HBE & 1mm A2 U —, i HEFE#53% 14000 rpm)
2) TR /EBEEONEE  EXTREMA B AR 6l
24 TERFIE
1) [FRES ATk
i ks fiE
BBt - AREE LT 10 mg MY &E (A TIKERAESEE 57 mg, TKHE
AR 66 mg, WIKIEE HAEL AL 83 mg) % & - THADREIZ AN, 6 mol/L Hfg
ZSmL Mz, WEILZRL oIl L, BT AZKE L. IKOMEEZERLCE
— k7 vy ZIZAN, 110°C T 20 FERIMNEN L CTHME L%k Lz,
SRR A KT S0 mL D77 T A3 L, 50 °C OKIE CRERAM L, /K 10 mL 20
Z, [FREICIHUE M L CHM AR S, 0% pH 22 7o BT b v LEE KR T
25mL OERET7 7 AIKL, FICEMRECTpH22 7 = U N U AEEREINZ, A&
(5FEA) TAHIBL, 7 /BEBOITEEICHT 2REHARKRE Lz
i 7 EBEHBHTIEEIC L D E
RENAM, ATF A= EYER 1 K O24 10 L 27 2 BRHBOEBICIEAL, 7o~
N7T K&, MIESM% Table 4 IZ/R L7z,

Table 4  Operation conditions of automatic amino acid analyzer

Detector Fluorescent detector (excitation wavelength: 345 nm, fluorescent wavelength: 455 nm)
Separation column AApak Na-LG (6.0 mm i.d. x 50 mm, 4 pm), JASCO

Ammonia removal column AECpak Na-LG (4.6 mm i.d. x 35 mm), JASCO

Mobile phase 1st (hold for 1.5 min) — 0.5 min — 1st—2nd—3rd (44+5+1) — 1 min —

2nd—3rd (24+1) — 4 min — 2nd—3rd (22+3) — 8 min —2nd—3rd (41+9) —
10 min — 2nd—3rd (1+1) — 5 min — 2nd—3rd (1+4) — 5 min — 3rd (hold for 5
min) — 0.1 min — 4th (hold for 0.9 min) — 0.5 min — Ist (hold for 18.5 min)

Flow rate Mobile phase: 0.5 mL/min, Reagent: 0.5 mL
Column temperature 60 °C
i FF 5

mBonlrZ7ao~ T AL E—EmIERD, AEFOATFA= v EFEH L.
e, EEIEOBE %A Scheme 1 (2R L7z,
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A fixed amount of sample (vacuum reaction tube)

——added 5 mL of 6 mol/L hydrochloric acid, deaerated and inflated with nitrogen
— heated for 20 hours (110 °C)

Rinsed sample solution with water (50 mL evaporator flask)

——evaporated to dryness under 50 °C

——added 10 mL of water

——evaporated to dryness under 50 °C

Rinsed sample solution with pH 2.2 sodium citrate buffer (25 mL measuring flask)
l—ﬁ]led up with pH 2.2 sodium citrate buffer, filtrated through a filter paper (No.5A of JIS P3801)
Automatic amino acid analyzer

Scheme 1 Analytical procedure for methionine assay in feed
(simultaneous analysis method)

2) R L AL L
i ek
Ko EI - ABEEE L TI0 mg fHY & (IFAM KBRS 57 mg, TKE
B A R 66 mg, PIKIEE AR AR 83 mg) L2225 K 2ICE-ATS0mLORTIEY T
A T AL, W@EELKFEK — FEREKR (1+49) 10 mL 22 THEER L, W7 (0~4 °C) 1&—
WEE Lz, ZhieEaAls LTy arvill2aeinzg, g A CE%ET 5% TS50 °C O
AR IR IR A L 7=t i Lz
i ANk oyfiE
FD72TIET7 7 A 22 6 mol/L g 25 mL # Mz, WEVEZMT74% L, 135°C DY
2 R T 20 RERIINEN U Corfig L 7= t2 i Lz, ik % 50 °C 7K CIUEIRAME L,
K10 mL Z 0%, FERICHERNE L CHEBAERI Y. Z0REZ pH22 7= @7 Y
U LRER T 25 mL ORR T F A B L, FITEMRE T pH 2.2 7 =BT Y U AR
aEMz, A/ (SFEA) TAHBL, 7/ BAEOHEEICHT 2R E Lz,
i 7 X VBEEONTEEIC L DAE
REHRIR, AT A=V A VRERER 1| L2 & 10 uL 27 2/ B A By Hrad @ ic s A
L, 7o~ b7 Izl MERKET24D 1DHDiHDLEEBY.
iv i &
Bonlrza~v N7 7 hb =7 @E3 &R, ATFA=VANVKMEERO Y — 7 5 S
R OATF A= BEEE T L.
3) RALKFEEEINE
BBtz AAE E LT 10 mg Y& (IZAI KB RHE S B 57 mg, FIKE K
HBLA R 66 mg, WIKINE HEL AL 83 mg) Z& -S> TS50 mL DR THT 7 XA 2|Z A,
FR{L K FAK — XA (1+49) 10 mL ZNx THER L, WAT (0~4 °C) I —RFE L=, TD
% BALKF IR 1.6 mL 212, 300K ECEFE L. ZHICHEEAIE LT avifl~2
Wanzx, 1F& A EHET S E T 50 °C QKW TRIERM LIc&m Lz, LT, 2.4 O 2)Dii
NEIvICIE- T2,
ek, EEIEOMEE % Scheme 2 [Z/R LTz,
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A fixed amount of sample (50 mL evaporator flask)
——added 10 mL of hydrogen peroxide-formic acid (1:9), plugged evaporator flask
—left overnight (0~4 °C)
——added 1.6 mL hydrobromic acid, left in ice bath for 30 min (only hydrobromic acid addition method)
added a few drops of silicone oil, evaporated to dryness under 50 °C
——added 25 mL of 6 mol/L hydrochloric acid, plugged evaporator flask with cooling tube
——heated for 20 hours in oil bath (135 °C)
——evaporated to dryness under 50 °C
——added 10 mL of water
——evaporated to dryness under 50 °C
Rinsed sample solution with pH 2.2 sodium citrate buffer (25 mL measuring flask)
}—ﬁ]led up with pH 2.2 sodium citrate buffer, filtered through a filter paper (No.5A of JIS P3801)
Automatic amino acid analyzer

Scheme 2 Analytical procedure for methionine assay in feed
(performic acid oxidation method and hydrobromic acid addition method)

3 BWRERUBR
3.1 BLAEEH O T I B HTIZ OV T O R AR 5
T X BN EIT S TV D ERIBMREET E A RN RICEERELITo 7. ZOMKE, SBERE
F14 BB K OB B R ERER 2 BRE O 16 BR=ED, BAETOT I VB (b L
SIFZFICELDMEEH) 21ToTC0D EREIBZERH -T2, MU 16 RBR=E I3 L TR O FiL e
DHEEMRLIZEZA, 11 RBRENY DU RN A = AZ DWW TIEEEIN K 55 O HAT W,
VAF U R RATF I = AT OW TR F IR LRI IR R ZAT > Tnio, 70, HIEKSs
WZOWTIET I VBEEOITEELZ AT 2RAMELN 12 ARETh o7z, L EORRENS, fi
BIBfRER OM CIXEL AR T DA F A= U ZRFEBAIIZ LY A F A= A VR Bk LT
%, HRMAKSMRZITY, 72 A ST EE CHET 2 HER KAWL TS Z &
DB L 7.
3.2 FOATIEIC X 2 RIERE
24 1ZHE- T, FEAFEHZ DWW TRFONHEICL Y A TF A=, WXL & Bk
FERIRINEIC LDV AT A= AR ERELZEZ A, Fig. 2 KOV Fig. 3Rz~ 7
TLABELN, BV OEINbAT A= EERHH L EZ A, Table 5 OFRERBGE LN
AFFAZVANVKR L OE—TIZONWTIE, BEY—7 LEZR->TEBY, DEEEIX 08 BETH-
7o), EEMNETH-7-. TITE—INERSMALTWDEREL, HESNDIEE—
7 DEEERDIZEZAH, T~10 BEREOHEIE TEL > Tz, 2B, SHEEFUTORIZLY
FH L.

'ro =tr1  _ ng(fRz"tRl)
(Wl +W, )/2 Wi+ Wi, o

tr1 1 A B — 7 ORFFIER tra @ 1% 5D — 7 O FREER
W, : BiOE—27 O — 71 W, : %508 —7 DO —71ig
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Wina @ BiODE— 27 OYAE g Winy : A DE— 27 OFEIE

HRH>TWNDHE—7OEIEZELGIWTYH, FRIEFDHTE L R U G P ERER L ALER L D 5 )% A
F A= OREMED 1.4~1.7 ERIEFE -7, —F, SO BBV Tl FERLFRE# O BALK
FEOTWIMZ LD AF A= ORIEMBIEIN T DTSR TE R o7z,

Table 5 Measurement result of methionine
Methionine (%)

Formula feed types Simultaneous analysis ~ Performic acid oxidation Hydrobromic acid
method method addition method
For suckling pigs - 0.512 0.529
For growing pigs 0.203 0.325 0.308
For pork pigs 0.188 0.352 0.323
n=1
A 200000 - B 400000 -
350000 4 350000 4
300000 A 300000 -
% 250000 4 %250000 -
; 200000 | ;ZDDDDD _
‘Z 150000 - L B 150000 -
£ 100000 £ 100000 l
50000 A A 50000 -
-30000 T T T T T ! -50000 , T T : . )
0 3 10 15 20 25 30 [i] 5 10 15 20 25 30
Retension time # min Retension time / min

Fig. 2  Typical chromatograms of methionine in standard and sample solution
(Operating conditions of automatic amino acid analyzer are shown in Table 4. Arrows
indicate the peaks of methionine.)
A: Standard solution 1 (12 pg/mL, 120 ng as methionine)

B: Sample solution of formula feed for growing pigs (Simultaneous analysis method)
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Fig. 3  Typical chromatograms of methionine sulfone in standard and sample solution

(Operating conditions of automatic amino acid analyzer are shown in Table 4. Arrows

indicate the peaks of methionine sulfone.)

A: Standard solution 2 (24 pg/mL, 240 ng as methionine)

B-1, 2: Sample solution of formula feed for growing pigs (performic acid oxidation method,

B-2 is an enlarged view of a portion of B-1 along the horizontal axis.)

C-1, 2: Sample solution of formula feed for growing pigs (hydrobromic acid addition method,

BN Z D ATF A= AV AR Lok, HEEINK 5 g %

C-2 is an enlarged view of a portion of C-1 along the horizontal axis.)
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Study of Determination Method of Aflatoxin, Sterigmatocystin and Zearalenone
in Corn Dried Distillers Grains with Solubles by LC-MS/MS

WATANABE Chitose*! and HAYASHI Natsuki*? 3
("' Sendai Regional Center, Food and Agricultural Materials Inspection Center (FAMIC) (Now National
Livestock Breeding Center),
*2 Fertilizer and Feed Inspection Department, FAMIC,

*3 Institute of Food Research, National Agriculture and Food Research Organization)

We have studied a quantitative determination method of the concentration of aflatoxin (AFB;, AFB,,
AFG and AFGy), sterigmatocystin (STC), and zearalenone (ZEN) in brans and food processing by-
products, and oil seed meal using a liquid-chromatograph electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

AFs, STC and ZEN were extracted with acetonitrile-water (21:4), and the extracted solution was
centrifuged. The supernatant (10 mL) was transferred to another centrifuge tube, added with
magnesium sulfate and sodium chloride, and shaken. Organic layer was purified with two types of
columns (Captiva EMR-Lipid, Agilent Technologies, Inc.; CA, US and MultiSep #226 AflaZon+,
Romer Labs Division Holding GmbH; Getzersdorf, Austria), and injected into LC-MS/MS to
determine the concentration of AFs, STC and ZEN. LC separation was then carried out on an ODS
column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 1.8 pm, Agilent Technologies Inc.)
with a gradient of 0.5 mmol/L ammonium acetate-0.1 % formic acid aqueous solution and 0.5
mmol/L ammonium acetate-0.1 % formic acid methanol solution as a mobile phase. In the MS/MS
analysis, the positive mode electrospray ionization (ESI+) was used for AFs and STC, while the
negative mode electrospray ionization (ESI-) was used for ZEN.

Corn dried distillers grains with solubles was used as an analytical sample to confirm the
concentration of each mycotoxin in the effluent fraction from MultiSep 226 AflaZon+. Asaresult,
good recoveries were obtained with 0-0.5 mL for AFs, and with 0.5 mL or more for STC and ZEN,
whereas ionization suppression due to matrix effect was observed for AFG;. The necessity to
reduce the matrix effect was thus suggested.

Key words: aflatoxin; sterigmatocystin, zearalenone; liquid-chromatograph tandem mass
spectrometer (LC-MS/MS); electrospray ionization (ESI); brans and food processing by-
product; oil seed meal; corn dried distillers grains with solubles
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KLU RN TEY O T 7T vy, ATV I R VAFUROET I L IO NT,
BhEREY 7253 BT D FEfite o O3 BT % Fefits L CTUWDNR W RS ~ D XIS D728, BTk & ML 5 BN
H5.

Z 0 O EE ORI T R O ONES A RETH 2 BRIL, ThENORFERRE~ Y ¥
7 ACHETHHEDETHL EEZOND. ZOMEEZMRRT S HEE LT, FMEERSH
ToNAEHEE 2 N2 FERH Y, BRI O P OETESIHEIC BISH SN TWD R 9, hE—FIE
IZBWTHE IR G ONEREYE 2 2 Lo a X hoBinainz, fiRE TV NIEEEYE
MPESNTWDZ ENBEMRMEICOXRITSH. Fio, EEROEEICEE~ N v 7 2205~
M) w7 A<y F U 7EDRH LN, £ 52 O HEMCHEMMER T HIINOEHRORNT T 7
REOAFRHETH 5.

WA, AN OEEIC~ Y v 7 RAEGBET A HikE L TRAHIZE & L TWb QuEChERS £ ©
I, 2OESHICbEH SN TEY, EMEBEEEZTD Az FiEb@RESIN TS D, 22T,
ZH T OO TEHYOT 7T Ry, ATV IS RV AFURRET T L IO
T, QuEChERS IEIZ X 2 HUERA ICEMEMMIC L VB L, ks u~ NI 7207 2HER
SHrEE (LUF TLC-MS/MS| W9 . ) ICX VW EET L HikEma Lo TcHET 5. ok, Bt
W~ M) w7 AREHETHDHEEZEZOND LI BAILVARAFTI—XT LAY Y aTd L (BT
DDGS| & 5. ) ZHW-.

BELT 77 Xy, ATV AFURRET TV o OBERE% Fig. 1 IR L2
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H O o)
Aflatoxin B+
(6aR,9a8S)-2,3,6a,9a-Tetrahydro-4-
methoxycyclopenta[c]furo[3',2":4,5]furo

[2,3-h][1]benzopyran-1,11-dione

Ci7H1206e MW:312.06 CAS No.: 1162-65-8
0O 0

H O o)
Aflatoxin G
(7aR,10aS) -3,4,7a,10a-tetrahydro-5-Methoxy-
1H, 12H-furo[3',2":4,5]furo[2,3-h]pyrano
[3,4-c][1]benzopyran-1,12-dione
C17H1207 MW: 328.06 CAS No.: 1165-39-5

0]

Sterigmatocystin
(3aR-cis)3a,12c¢-dihydro-8-hydroxy-6-methoxy-7H-
furo[3',2":4,5]furo[2,3-c]xanthen-7-one

C1sH1206 MW: 324.28 CAS No.: 10048-13-2

O

)

\\:.
N
H

@)

Aflatoxin B2
(6aR,9aS)-2,3,6a,8,9,9a-hexahydro-4-
methoxy-cyclopenta[c]furo[3',2":4,5]furo[2,3-h]

[1]benzopyran-1,11-dione

C17H1406 MW: 314.08 CAS No.: 7220-81-7
@) @)

H O o)
Aflatoxin G2
(7aR,10aS) -3,4,7a,9,10,10a-hexahydro-5-Methoxy-
1H,12H-furo[3',2":4,5]furo[2,3-h]pyrano
[3,4-c][1]benzopyran-1,12-dione
C17H1407 MW: 330.07 CAS No.: 7241-98-7

OH @)

HO

Zearalenone
(4S,12E)-15,17-dihydroxy-4-methyl-3-

oxabicyclo[12.4.0]octadeca-12,15,17,19-tetraene-2,8-

dione
C18H22005 MW: 318.36 CAS No.: 17924-92-4

Fig. 1 Chemical structures of aflatoxins, sterigmatocystin and zearalenone
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2 EBRAE
2.1 & OB
DDGS # HBHE 1mm DAY U — U 2335 LIzt T L, St HREEE L7z,
22 &I
) AT N U ANEREREE W, T b= MY uE LOMS O (BIREERSOTE £
AV BFOEHISER) 2o, X, BRBE VA Z 2 —d LCMS H (B L7 A v 2 Fokhd
) 2RV, Bifg~ 73Ry v MR R (BRI R) 2z, 1 mol/L BT & =
valdmEiEik s v~ b7 77 0= (BRMAFER) 2 vz, KT Milli-Q Advantage
(Merck Millipore ) (2 X 0 F5HL L 728K (JIS KO211 @ 5218 [ZEF: SNz HliAK) W
7.
2) T 77 bRy UREAERR
TROT 77 % (By, By, Gi, Go) IRAEHER (4777 ¥ 25 pg/mL, L
TA LT 27 7T bR U MERERIE & LT
3) AT U T~ b AT UAEHEFR
ATV T~ N AT UERER, (B L7 AV SRS, W 98.7 %) 2.5 mg # &> T 10
mL ORETZ7IZAIZAN, TEIN= NI ALEZMXTENL, LIEHREETCTEIN=FI L E
MZTCAT VT~ b AF UAEREFUR AT LT (ZOW® 1 mL X, ATV~ by RAF UL
LT250 ug 2 54) .
4 BT IV AEUER
BT IV AAREESR (BE7 AV AFORMEER, MEE 99.7 %) 10mg & &> T 50 mL D&
7T AAZAIN, TEIN=RIAZMZTENL, LIERETTEIN=RFIALEZNZTET
T UEERE AR L (Z0W ImLiE, BE7IL /1L T20ug 254) .
5) MOEIEAEER
BRI O ARG L, 7 b= b UL TERICHR L OERAE YRR % 7
7z,
ERICEE LT, DORIEAEERKEO 5%, 7' h=FY L —K—F#E (20.5+78.5+1)
TIEMEIZAR L, Table 1 1Z7% 9 i BEHIFH O M EARVERUH 22 OV R S AR MBI 2 i L 7=,

Table 1  Concentration of mycotoxin mixed standard solution

Concentration of standard solution (ng/mL)

Mycotoxin

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11
Aflatoxin B, 0.25 0.5 1 2 3 4 10 15 20 25
Aflatoxin B, 0.25 0.5 1 2 3 4 10 15 20 25
Aflatoxin G 0.25 0.5 1 2 3 4 10 15 20 25
Aflatoxin G; 0.25 0.5 1 2 3 4 10 15 20 25
Sterigmatocystin 0.5 1 2 4 6 8 10 20 30 40 50
Zearalenone 2 4 8 16 24 32 40 80 120 160 200

6) WA OFRIRAIEAER
DO FEREEREEZ 72 F= MV LV TEMIZHIRL, 1mL 720777 k&% B, By,
G MG ELT625ng, AT U<V RAF L ELT1R25ng KOET I L/ & LT 50ng
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EETINMAN»OFIRGEER UUT TRIARAEERO] W), ), 1mLe&ke 7>
7 8%V By, By GIAOG ELTHK25ug, AT VIR AFELTSug KOET 7
L/ LT20 pg z @ WML RIRAGEER (LU TRINBIREARERO] Lvwo. )
ZRBIL7. £, WIHERAEEROZ 7 b= KU /L TIEMIZ 10 FHNRL, WSIHERES
RHEEQZ MR L 7.
23 HEROSGE
1) Fyiet : ZM 200 Retsch B (1 mm 227 U —>, ffi HFEEEEEL 14000 rpm)
2) RVEEHE : Ly 7 ay2—H—SR2W ¥ A 7 v 78 (i HFRE% 300 rpm)
3) EARHF =—7 :DigiTUBEs 15mL KU ZFm¥E L SCPScience &
4) MEEWAEMKEMNERN Y ~—T 75 (LLF, TIREBREMNLTZ 5] LS. ) : Captiva EMR-
Lipid (78 CAAI& 600 mg)  Agilent Technologies
5) ZHBEHEH 7 2 MultiSep 226 AflaZon+ Romer Labs
6) AT 77 4/L%— :DISMIC-13HP (4L%% 0.45 um, EE 13 mm, #HKME PTFE)  RYEIE
IR
7) LC-MS/MS :
LC-MS/MS 1 :
LC [ : Nexera X2 Sfl/Eprdl
MS #B : LCMS-8040 & x5 {E pr il
LC-MS/MS 2 :
LC #B : Nexera X2 [SEHI/ERT L
MS #B : QTrap 4500 AB Sciex
24 EEIE
1 #h
TR 25 g ST 300 mL O =A 7 7 A3l AN, T h=bFUL—K (21+4)
100 mL Z A0 %, 60 Zrff#i 0 iR THIH U7z, sk 2 Jeke s DI S 12 AL, 1700xg T 5 47
iz O Ay e L 7.
2) |
FEAWI10mL Z 15mL 77 AF v 7 mILE I EMEICAN, BT hY DA 0.25g LOMEK
g~ 72> U1 gxMz, EHICFTRVIEEE®, AT v 7 AIFH—T1 o
B 7. 1700xg T 5 M OmaEEL, REAREELERHT = — 71T AN, BER2 100 uL %
IMZT=%AKTIOmMLICERL, 77 0B TIZHT 258K E LTz,
3) BT LR
JEEBREMR DT LOTIZ 10 mL OH T ARBRE 4 E &, WEHARAIEEREN T 7 LA
n, EERHSE, 77 A0 T 53EHRIKR E Lz,
4) T NALER I
SHEEET T LA by T ay 7 REFEL, TOFIZ10mL OH T ARBPELZEES, ZLHGE
T DMCHRBHRIRE AN T oy 7 26T, K ERBREICE o7, MHKRO % K TIERMIC
FIRL, AT T 74V F—TAiL, LC-MS/MS IZ X M E 4 23 HAK & Lz,
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5) LC-MS/MS I X % #lE
FBHAIR L OV 1 A VER A > OB IR AR HEWR 4 5 uL & LC-MS/MS IZ{EA L, BIRKSMHR
H (LT ISRMJ W9 . ) Za~w N7 L&, FEEOWNESM% Table 2 KT 3 1R
L7z.

Table 2-1  Operation conditions of LC-MS/MS 1

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150mm, 1.8 um), GL Sciences
Mobile phase 0.5 mmol/L ammonium acetate 0.1 % formic acid aqueous solution -
0.5 mmol/L ammonium acetate 0.1 % formic acid methanol solution (4:1) —
8 min — (1:4) 9 min — (0:10) (hold for 5 min) — (4:1) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer
Tonization Electrospray ionization (ESI)
Nebulizer gas N3 (3 L/min)

Drying gas N2 (15 L/min)

Interface temperature 350 °C

Heat block temperature 400 °C

Desolvation line temperature 250 °C

Collision gas Ar (230 kPa)

Table 2-2  MS/MS parameters of LC-MS/MS 1

Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)

) 241 - 41
Aflatoxin B, + 313

- 285 24

) 287 - 28
Aflatoxin B, + 315

- 259 31

. 243 - 29
Aflatoxin G + 329

- 200 42

. 245 - 31
Aflatoxin G + 331

- 313 25

Sterigmatocysti + 325 281 - 39

erigmatocystin

gmatoey - 310 26

175 - 25
Zearalenone - 317

- 131 31
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Table 3-1  Operation conditions of LC-MS/MS 2
Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150mm, 1.8 pm), GL Sciences
Mobile phase 0.5 mmol/L ammonium acetate 0.1 % formic acid aqueous solution -

0.5 mmol/L ammonium acetate 0.1 % formic acid methanol solution (4:1) —
8 min — (1:4) 9 min — (0:10) (hold for 5 min) — (4:1) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer
Ionization Electrospray ionization (ESI)

Ion source temperature 600 °C

Curtain gas N2 (40 psi)
Cone gas Air (80 psi)
Turbo gas Air (80 psi)
Collision gas N2 (8)
Capillary voltage 4500 V

Table 3-2 MS/MS parameters of LC-MS/MS 2

Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)

. 241 - 49
Aflatoxin B, + 313

- 285 31

. 287 - 35
Aflatoxin B, + 315

- 259 39

. 243 - 35
Aflatoxin G; + 329

- 200 51

. 189 - 53
Aflatoxin G + 331

- 313 33

Sterigmatocysti + 325 310 . 33

erigmatocystin

e Y - 281 47

175 - 32
Zearalenone - 317

- 131 38

6) # H
Boilz SRM Z7a~ b7 I L0 bE—J HBEEZ RO THREREZIERL, PO OH
BEAEH L.
B, TEEOME% Scheme 1 [IZ/R L 7.



LABATILYRFFI—RI ALY Y aTARDT 7T by, AF U I~ N RAFUROET I L) L Oifilhs v~ k7574 o F DRI & 2 S0 B 57

Sample 25 g (300 mL Erlenmeyer flask)
added 100 mL of acetonitrile - water (21:4) and shook for 60 min
— centrifuged for 5 min at 1700xg

transferred 10 mL of supernatant to centrifuge tube

added 0.25 g of sodium chloride and 1 g of magnesium sulfate
—— immediately shook by hand and agitated for 1 min by vortex mixer
— centrifuged for 5 min at 1700xg

transferred supernatant to 15 mL volumetric tube

added 100 pL of acetic acid and filled up to 10 mL with water
Captiva EMR-Lipid (600 mg/6 mL)

placed a receiver (10 mL test tube)

applied sample solution

MultiSep 226 AflaZon+

placed a receiver (stoppered 10 mL test tube)

applied sample solution

collected some of the effluent

— diluted part of the effluent with water

— filtered through hydrophilic PTFE membrane filter (pore size: 0.45 um)
LC-MS/MS

Scheme 1 Analytical procedure for aflatoxins, sterigmatcystin and zearalenone in
corn distillers dried grains with solubles (DDGS)

2.5 NEEMRERT T 255 O H 4y O TR

1) WINARAEEROERERER D 7 JZAN, WiHEE 2 mL Z &MWLz, SRl
HHKE D 9 6 200 uL Z ZNZFAVEREIZE D, ZiLHITK 600 uL % EFEICMZ, AT T 7
4 NF—=TAHiL, LC-MS/MS 2 IZHeF 2Bk & LTz, Bon-ilbiasiks 2.4 © 5 kW
OIZEVER L, FIURZRDT.

2) DDGS % 2.4 ® DIZfE- THIH, #=O0BEL, EBAMK10mL % 15mL 77 AF v 7 mikd&
(ZIEFEIZ 0L, IR GIEMER @25 uL (%7 77 % & LT 0.025 mg/kg FHY &, A
TV~ U AF L LT005 mghkg HHEEKTET T L/ & LT0.2 mgkg FHY & (Fi&
AEHEIEFIZT 77 %22 Bi, By, GIAUG & LT 1.56 ng/mL, A7 U7~ kT AF
LT3 13ngmL, ¥7 7L /L L TI125ng/mLFH4E) ) Z2RIMLEZ (BLF NRINREHA
") o) o ZhEENie, EEARKR 10 mL 2 15 mL 77 AF v 7wk E [ 1IEMEIZ 5 L
L7e (AT MERMGEHEIR] Lo, ) o BSIIRCEHE IR & OIERINFBHA R IC DWW T, 2.4
DD DCHEVEAEL, BT LA TICHEIT AR EZ 2 mL Z Lol L7z. Bk
INFREHATE O Fit iR 200 pL 2 F NN EMICE Y, 25K 600 L ZIEMEICINZ, AV 7
TUT 4 NE—THBL, FMENLEREZRD D=0 OREHAK & Lz, £72, B L8N
AEHRIR OFEHTE 195 pL 2 ZNENIEREIC LV, TIMARSGIEREROS nL FiEalEHA R $
DOEDPOFEEXFE L) Z2MLEEE, K 600 pL 2 EFEICNZ, AT T2 7 40H—ThH
WL, v Vw7 ZARERODTLDOREBHER E L. B ONTHEHEKZ 2.4 D 5)K T 6)
[ZHEV LC-MS/MS 2 Z W TER L, FEIERZ R 72
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2.6 ZHERES T LD O HE 5y DR

DDGS % 2.4 ® 1)ZHE» T, = OoBEEL, EEAR I0mL 2 1SmL 77 AF v 7 @mLEIC
EfEIZERL, 2.5 0 2) & [FERICIRINEBHE IR K OERINGRUEBHE IR 2 R U 7. BSINEUEHA K &
CMERINFBHAIRIZ DWW T, 2.4 O )05 HICHEVEREL, 51T LPR 11 21T 20 E 0.5
mL Z 2L, S ER L T IRINECEHE IR O3 K 300 L 2 Z AV EAVIEREIZ & D, K 900 pL
BEMICMZ, AT T T74N0E—TAIRBL, BIMBIREZRD D 7-OORENARKRE Lz, &
72, ERIMAREHARR O WK 195 uL 2 T NN IEREIC &0, RIMA» OVHERAEEROS L (5
WRRBHATR T OF O FIEE IR E) 2%, K 600 uL # ERECIZ, AT T 74
NA—=TAHBL, ~ b v 7 AR ERDODLIZDORENRIKR E Lz, oA KE 24 O
S)YATOIZHEV LC-MS/MS 2 ZHWTiERE L, [EIUEEEZRD .

3 HBRRUER
3.1 HREAR

22 D SHIZ KV L 72E P DFIRAIEERS S uL 2 LC-MS/MS 2 IZEAL, fFH4172 SRM
7a~v N7 7 Ahb =7 HEBELEOE S AW THREREZER L.

Bon=mERO I Fig 2 DBV THY, 777 F*2 2By, By, GEAPGITZENTE
A 0.25~25 ng/mL (JEAE L LT 0.00125~0.125 ng FHY4 &) O#HPAT, ATV 7/~ b AF 0%
0.5~50 ng/mL ([A] 0.0025~0.25 ng fHY &) OFIPH T, €7 T L/ /13 2~200 ng/mL (7] 0.01~1 ng
Y &) o CHEBRMEZ R L.

B, YHMEROBERGIIL, 777 X2 B, By G KO Gy #ZNZH 0.004~0.4
mg/kg, ATV 7~ kI AF % 0.008~0.8 mg/kg, ¥7 T L/ % 0.032~3.2 mg/kg &H T D HHT
FFEE AREIZIE VTR U 72 B SURHAIR R O & D OV IR EE PR IS 4 3 5.

3000000 - 200000 -
@ -
@ 2500000 1 Y =108367x +8943.5 2 y= 705%8X + 808.62 L
g R2 = 0.9999 . g 150000 - R? = 0.9996 .
5 2000000 - ’ )
o 1500000 - _ £ 100000 -
) 5
1000000 - P 2 -
o < 50000 +
o 500000 - ..__.-‘ D '._,-'
4 o
0 T T T T T 1 0 # T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Concentration of aflatoxin B, / [ng/mL] Concentration of aflatoxin B; / [ng/mL]

Fig. 2-1  Calibration curves of aflatoxin B1 by peak area (left) and peak height (right)
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Peak area,”arb. units Peak area,”arb. units

Peak area,”arb. units

6000000 -
5000000 -
4000000 -
3000000 -
2000000 +

1000000 -

y = 197653x + 23825
R? =0.9998

Fig. 2-2

1600000 -

1200000 -

800000

400000

5 10 15 20 25
Concentration of aflatoxin B, / [ng/mL]

30

Peak height,”arb. units

350000
300000 - y =12249x + 1745.1 .
R? = 0.9996

250000
200000
150000
100000

50000 - .

0* T T : : :

L

Calibration curves of aflatoxin B2 by peak area (left) and peak height (right)

y =53761x +6318.1
R? = 0.9999

Fig. 2-3

1600000 -
1200000 -
800000 -

400000 H

5 10 15 20 25
Concentration of aflatoxin G, / [ng/mL]

30

Peak height”arb. units

Calibration curves of aflatoxin G1 by peak area (left) and peak height (right)

y = 53761x + 6318.1
Re = 0.9999 o

Fig. 2-4

5 10 15 20 25
Concentration of aflatoxin G, / [ng/mL]

30

Peak height arb. units

0 5 10 15 20 25 30
Concentration of aflatoxin B, / [ng/mL]
100000 -
y = 3360x + 659.07 .
80000 - R2 = 0.9993 .
.
60000 - .
.-"..
40000 - -
.~".
20000 _ "........
.'."
0oL . . . . .
0 5 10 15 20 25 30
Concentration of aflatoxin G, / [ng/mL]
100000 -
y = 3360x + 659.07
80000 - R? = 0.9993 O
60000 - .
.-"..
40000 -
..
20000 - ..',......
i
0 -P. T T T T T 1
0 5 10 15 20 25 30

Concentration of aflatoxin G, / [ng/mL]

Calibration curves of aflatoxin G2 by peak area (left) and peak height (right)
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14000000 - 1200000 -
= + _
__g ::igggggg : y 222??;4(1,)(999%6530 ' ‘g 1000000 - y 1}32122())(.2;'93g20.2 .
S - £ 800000 1 -
g 8000000 - o é 600000 - . .
8 6000000 1 5 |
% 4000000 - - E 400000 1 L.
@ 2000000 ,..-"" 05_1‘3 200000 1 ge”
0w’ : : : : . 0 : : : ; .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Congentration of sterigmatocystin / [ng/ml] Concentration of sterigmatocystin / [ng/mL]

Fig. 2-5  Calibration curves of sterigmatocystin by peak area (left) and peak height (right)

12000000 - 1000000 1
P | y=49036x + 31916 P y = 3846.3x + 2121.5
£ 10000000 Re = 0.9998 o S 800000 - R =0.9999 .
£ 8000000 - e g e
& 600000 -
N 6000000 - o >
5 S 400000 - -~
S 4000000 A o 2 o
© <
& 2000000 { o ¢ 200000 1 e
o o ®
"4 .0
0 T T T T 1 O T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Concentration of zearalenone / [ng/mL] Concentration of zearalenone/ [ng/mL]

Fig. 2-6  Calibration curves of zearalenone by peak area (left) and peak height (right)

3.2 JREFREHD T 205 OFE H E 4y O HERR
250 DK VWIRERER T 7 A0 b OWHE 3 2R LTz, TORERIX Tabled DBV, %
NOFEDIRAIEER Z RERER T 7 A Ah,mﬁéﬁtﬁm,%ﬂw%ims%uﬁﬁmb
k.it,vﬁ)y&x@ﬁﬁﬁ%#0ﬂ®ﬁmZ&if%@%%mfét@ 2.5 D DI
Uit Sy A fERR LT Trds, Fm%£%ﬁ7A®ﬁTi%§# T&ék%z%ﬂtk
FIRFZ~ N Y v 7 AR 5720 OREHRIR 2 HE L, %htmmﬁ @%#Uﬁ®ﬁw
ThAINTHRTZETY N v A REMIELT. %@ﬁ%iT%hS@&%@,%#Uﬁm
TR DEINEEIT 80.5 %L ETH Y, v N v 7 22 G056, IBERED 7 20006 0&NDE
DENEAME T 2@ MR LT,

Table 4  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
from Captiva EMR-Lipid (standard solution)

Fraction Mycotoxins
(mL) Aflatoxin B, Aflatoxin B Aflatoxin G; Aflatoxin G,  Sterigmatocystin ~ Zearalenone
0—2 95.1 97.9 97.3 103 95.4 99.1
2—4 97.3 95.9 97.9 102 97.7 97.7
Re;;)‘;ery 4—6 91.5 100 99.8 99.4 9.2 97.0
6—8 94.4 100 97.4 101 95.8 98.1
8—10 94.8 99.5 98.7 105 99.1 98.8
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Table 5  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
from Captiva EMR-Lipid (matrix spike)

Fraction Mycotoxins
(mL) Aflatoxin B, Aflatoxin B, Aflatoxin Gy Aflatoxin G, Sterigmatocystin Zearalenone
0—2 73.5 59.8 71.0 88.3 98.6 88.2
Matrix 2—4 69.6 55.8 79.6 91.1 89.3 84.6
effect” 4—6 72.6 58.3 77.2 91.8 87.8 83.4
(%) 6—8 67.5 57.0 77.2 87.6 87.0 85.8
8§—10 71.2 56.3 78.5 88.2 85.9 85.0
0—2 59.7 50.7 69.9 77.9 79.4 77.3
2—4 62.2 51.8 66.3 77.4 75.0 73.0
Ref‘;v)ery 4—6 59.9 49.0 64.0 78.7 72.4 717
6—8 57.1 48.4 64.8 74.8 72.9 71.5
8—10 58.0 48.9 64.2 80.6 72.2 74.8
0—2 81.2 84.7 98.5 88.3 80.5 87.7
Corrected 2—4 89.4 92.8 83.3 85.0 83.9 86.2
recovery” ~ 4—6 82.5 84.1 83.0 85.7 82.4 85.9
(%) 6—38 84.6 85.0 83.9 85.3 83.8 83.3
8—10 81.4 86.8 81.8 91.4 84.0 88.0
n=1

a) Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of matrix

b) 100 Xrecovery / matrix effect

3.3 ZHEEED T LD ORI 4y ORETR

26 180 ZEEREN T LD OFRHHE Sy O Z FEhi L7z, TOREFRIL Table6 D& B, #£7T
77 FXT0E 0~0.5 mL DOEST 914 %l b, ATV~ v AFURPET T L 0% 05
mL PLFEDEiH T 86.1 %LL LD &2 R 7=,

F7, 777 %2 By, B KOG ld 0~0.5 mL O&PH T~ U v 7 ZAZhED 80.6 %Ll E72
ST, T77 X2 GUETANTOWMES T80 %% TV, v U v 7 ZAZREEET 5
TOORFNMEL RSN, BB, AT VI M AFURRET TV 0%, Ak~ Y
v I ADEBLIIEZ T TICHENFRETH - 7-.
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Table 6  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
from MultiSep 226 AflaZon+

Fraction Mycotoxins
(mL) Aflatoxin B, Aflatoxin B, Aflatoxin G Aflatoxin G, Sterigmatocystin Zearalenone

0—0.5 83.2 86.8 79.4 80.6 97.5 94.1
0.5—1 69.8 59.8 68.5 85.6 98.6 91.6
1—1.5 54.7 41.3 55.4 67.1 80.5 73.1
1.5—2 67.4 53.0 66.9 88.0 100 95.0
Matrix effect” 2-25 66.2 525 66.8 83.8 103 94.2
(%) 25—3 66.2 53.8 65.7 87.0 101 94.4
3—35 65.0 55.9 66.7 82.4 103 99.7
3.5—4 57.2 52.2 62.1 79.2 103 94.8
4—45 57.7 52.4 63.6 75.9 101 99.2
45—5 55.8 50.9 60.3 73.3 99.2 95.9
0—0.5 93.1 94.2 91.4 94.4 67.0 49.4
0.5—1 67.8 55.0 60.9 80.6 86.1 98.7

1—1.5 62.3 47.9 58.0 77.6 91.6 100
1.5—2 58.3 49.5 60.7 77.7 94.6 96.3
Recovery 2—25 57.7 49.9 60.2 78.2 92.9 93.3
(%) 253 57.7 48.7 60.4 77.4 94.5 91.0
3—35 56.0 50.3 58.7 76.1 93.3 91.2
3.5—4 50.7 45.6 55.4 70.5 92.5 92.3
4—45 50.0 43.1 51.4 65.9 88.3 91.6
45—5 48.7 44.0 50.9 61.2 88.0 91.1

n=1

a) Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of matrix

3.4 WIEHEWE OB
DDGS 1 Rz vy, ARIEC L0 G L 723EHE K 2 LC-MS/MS 1 IZIEA L, #5172 SRM 7
N~ NI LEHRBLIEZEZA, T7T7 8% By, G, G KOAT Y T~ hTAF o0
THEEREZHT D=7 IO N>, T7T7 %y By KBTI L 2O T
%, BBHZ B W TR & R CRFFREMICE—7 BB O L. ZTNHOE—2IZ250\WT, &
AT EHRAT DA LIZE 2 A, BBEREFAFE LTI b, 777 FF v
BILORETZ Vv /v ThsbEHB L.
ek, HHNZSRM 7 a~ 7T AO—fl% Fig. 3 IZ/R LT,
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Typical selected reaction monitoring chromatograms of aflatoxins, sterigmatcystin and

zearalenone in standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables 3 and 4. Arrows indicate the retention times of

The baselines were shifted for display.)

1: aflatoxin G», 2: aflatoxin G, 3: aflatoxin B,, 4: aflatoxin B, 5: zearalenone and 6:

A: Standard solution (aflatoxins: 0.25 ng/mL each, sterigmatocystin: 0.5 ng/mL, zearalenone:

2.0 ng/mL),

B: Sample solution of DDGS

4 FLo

DDGS HD7 77 hxv v, AT VT b AFURORET T L/ 22T, QUEChERS {£(C
L MR CEAARHIC L 0 EBRLL, LC-MS/MS IC LW EBT S HEaMi Lz 2 A, ITOD
FERDE L.
1) BREMRIZONWT, 777 bFT > (Bi, By, Gt X Gy) 134 0.25~25 ng/mL (JEA&EE LT

0.00125~0.125ng fHY% &) , A7V 7~ F ¥ AF 1% 0.5~50 ng/mL ([7] 0.0025~0.25 ng fHY &)

7 71 % 2~200 ng/mL ([F] 0.01~1 ng Y4 &) OFMH CEHMAEEZ R L. v, Y%ME

FOWREFFIX, 777 F¥T 2 By, By, G KNG, &% 0.004~0.4 mg/kg, AT Y 7~ KV RAF

% 0.008~0.8 mg/kg, BT 7 L/ % 0.032~3.2 mg/kg G AT 5o HElE 2 RIEIZe ViR L

T A RUBHAIR R O R JEFIPHICAH Y 3 5.
2) JREBRERDZ 20O OMHEI S OMRE LIRER, ~ N v 7 225054, IBEREL S

WAV YOO AN EINVE: A (il N X (- [ VA ¥ g Wy el
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3) ZHEEED T AOWMHE y E R LI R, 777 F¥T 2 Bi, By, Gi XY Gy OENERE
0~0.5mL O/ T, AT VI~ I AFURORET T L/ 0% 0.5 mL BAEOE 5y T+ 12 H
L7,

4) DDGS O~ U v 7 ZWREHHELIEFE, 777 hxT 2 G IFZHWEN 7 2D TOHY
EPZBNT Y v 7 AL DEERBED LI, ~ b v 7 RGBT 5720 OB B4
LR ST,

5) DDGS IZ2W T, KEZHE-THLNEZ7 8~ N7 T AZEEPEOEREZH T HE— 271X
RO LN T,

# &
AWFIE ) L"C%tt“t.iﬁh%%ﬁ/ﬁ]\}—% B i PE SR DR B DT JE B A R Sn AT FE AR K
O SAEBARATTEAT & E ST e o # — 2B 1T 2 BRESMLITEH OB LR L ET.

X w

1) BEMOKEEHE - ZeREEm - ST EEOHIEIZSOWT, Fa 2044 3 1 B, 19 %
% 14729 5 (2008).

2) gk JnEE, KB S, N B, Hil 2T hUOROREKZ e NI T 20T AEE
SIMTRHC & 2 —F O HriE OV 2> T8I 9 2 2 L MRS, SBHIFZE s, 41, 118-121
(2016).

3) BRMOKERSERR@BH e OAEWE OREIEER OFHIEEICOWT, B0 63 4 10 A
14 H, 63 % B % 2050 5 (1988).

4) Jackson LC, Kudupoje MB, Yiannikouris A: Simultaneous multiple mycotoxin quantification in feed
samples using three isotopically labeled internal standards applied for isotopic dilution and data
normalization through ultra-performance liquid chromatography/electrospray ionization tandem mass
spectrometry, Rapid Commun. Mass Spectrom., 26, 2697-2713 (2012).

5) Dzuman Z, Zachariasovan M, Lacina O, Veprikova Z, Slavikova P, Hajslova J: A rugged high-throughput
analytical approach for the determination and quantification of multiple mycotoxins in complex feed
matrices, Talanta, 121, 263-272 (2014).

6) Anastassiades M, Lehotay S J: Fast and Easy Multiresidue Method Employing Acetonitrile Extraction/
Partitioning and “Dispersive Solid-Phase Extraction” for the Determination of Pesticide Residues in
Produce, J. AOAC Int., 86 (2), 412-431 (2003).

7y HA B, I e, Tl %IE t’gﬂ ER RN @i = B =Sy W Vi VNS = i LAY el N
AT B RV EHED LC-MS/MS @REE —F ok, RanfiAEFHERS, 55 (1), 19-24 (2014).
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6 ZHUERURHLLFDHA NI ILDRFRELEFICISIEE
ERDAREMIC R DE L MERER

EAD

JoAR KR, MRAR %5, PR AT

Validation Study for Addition of Wet Decomposition to Determination Method of Cadmium
in Grass Hay and Rice Straw by Atomic Absorption Spectrometer

MOTOKI Taro*!, ITABASHI Aoi*? and KADOYA Hina™
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Kanto Regional Agricultural Administration Office, Ministry of Agriculture,
Forestry and Fisheries of Japan),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have made a validation study for addition of wet decomposition to the determination method of

cadmium in grass hay and rice straw. The method, which uses an atomic absorption spectrometer,
has been listed in the Feed Analysis Standard of Japan.

Having heated a sample at 400 °C for 8 hours by an electric furnace, nitric acid and perchloric acid
were added to the residue. The residue was further heated by sand bath. With the addition of
water and hydrochloric acid, the residue was further heated. The heated solution was diluted with
water, and then filtered. Cadmium in the filtrate was quantified by an atomic absorption
spectrometer.

Recovery tests were conducted on timothy hay and rice straw. Cadmium was added at the levels
of 0.1 and 1 mg/kg for timothy hay and 0.2 and 1 mg/kg for rice straw. The resulting mean
recoveries ranged from 84.6 % to 101 % for timothy hay, and 86.2 % to 112 % for rice straw. The
repeatability in the form of the relative standard deviations (RSD;) was less than 7.0 % for timothy
hay and less than 4.0 % for rice straw. After the sample amount reduction to prevent bumping, the
limit of detection (LOD) and limit of quantification (LOQ) of rice straw were reevaluated, and
determined as 0.05 mg/kg and 0.2 mg/kg, respectively.

Key words: cadmium; atomic absorption spectrometer; rice straw; glass hay

F—U—=F: B FITL RFBREEER ; b o ; i

1 # Bl

B O N NI U AE, EEEFEET 0.8 mg/ke, FACHSET 1 mgkg, MK, WHLXCRER T3
mg/kg DEBIEMENFE D LI TWNDH D,

A RITLOGHEE LTE, RBOKIEE, BICKDEMEITY, RAWOEEERHT X v flE
T o EDNER TR D (LUT TEE T ENEE] L), ) ICIEENnTWwD. Lo, &
TCAEE OB b N L 2FHEME T 7 A~ E 'O EHED Z Y MEHER Z1T 5 WE T, b b Ok}
SN EREE COFERMENEME I D BARWATREMEDS /R S 4L, B 3 FEICHKD YOMET, fifhsy
Hr BRI B T B IKABIREE DS @y & Fd o & O 8 B L OVRINEIGRER IZ L D EIENMER T 32 2 &

UOMNIATBOE N BEMOKEH R L 2 o 7 —BEEMZ AR, Bl RMOKEER B AR B
2 MNLATBUE N BEMOKETH B 2 2 E o 7 — NEEREZ S A
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PHBILT.. 2oL E, 400 °C TOKILER, ML CEERER 2 v RN 251k (LUF
NEXMEIE] LD, ) T, EREROEIERORN EASHER S .

Z ZTAENE, i b RO EIZOWT, SR 3T R YE L~ O 25 A OB N AR % 2 4 Pk
REFEMLIZOT, ZOMELRETD.

2 EBRAE
2.1 &g
Wb bROHHE (TLV7 7 V7 yHE, FEV—HERNA—F 7T AWE) ZHBAE 1
mm DA 7V — &35 Lo T L, T HEEEE LTz,
22 &I
1) e, HBEACRERBIIAESBRBUER (EL7 A4V 2f0EMIER) 2 Hnz. Kix
Milli-Q Integral 5 (Merck Millipore #) (2 &V F5# L 728 #i7Kk (JIS K0211 @ 5218 IZ/EF STz
HERAK) & .
2) H FI U LEHER
ARy AERERURIT, 7RI 7 ARERER (Cd 100) (B L7 A L AFeidei, (REE[H
100.6 pg/mL, JCSS xfi) MW/, MEHICEL T, I NI U LEEFRKO —#%2, HiE
(1+10) TEMICARL, ImLPICh FI A ELTENREN 002, 0.04, 0.08, 02 K1 0.4
ng ZEH T HSIEER AR LT,
23 HEEROGE
1) Fyietk - SM 100 Retsch 8 (1 mm 227 U —2, [El#EE ((EEE) 1500 rpm)
2) R —~ VIR PRI EERE - Z-2310 B AL HRUYERTRY
24 EEIE
1) FUBHATK o P Y
i fRR o AT BLUEVE

B M ERESS 4 A 1 8o 112 A RI v L] © 1122 iG] [ZH-o7o. FEMIEEL
ToLEBY.

SSHTRREL5.0g 25 T 100mL O b —/LE—H —IZ AN, BLRIF T TRELITIE LRI
SHEHLBIRAIZHIRL, 480 °C T 15 R L THEIZIRKIL S . BEMILEDO KK
OHERR 10mL 22 12z, FIZKEZMAT30mL &L, h—E—h—%WFFHILTEV,
my T U— b ETHEOBER L-BEm L. ZOfEKT 100 mL O2ET7 7 A3l
L, WICTERETKEMA 2%, A (6F) THmL, HABHAKSE L7z,

i WA EINE (FE AT L & OERE TR TR LEZ. )

SINTEEE 5.0 g 28> T 200 mL (figdo & DFEIFEE 2.5 ¢ X1 5.0 g & 500 mL) D ~—
NE =TI —IZ A, BRI P TESNITMNE L RIL S BBk 2 IZHIE L, 400°C T 8 i
BN U 7. RIS S mL (RO O OHAIE 15 mL) KOUSEFREE S mL 2%, FEEHL
THEW, BLALHETLETHIR ETMESM L. 2k, BWIREYHFE - I IREE TR
EPEHAD LEGEEWENAGTAL, Bmtk, ik | mL BBEZ M, Win L CEIZMEE
feld 7. SRS, BB N R RV EENE Lok, FEEIILAETL, 13&A
CHLET D E TN LB L, FREMICOBOKKEOER 10mL Z2%&:2 12z, EIC
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KzMAZT30mL &L, F—bE—H—ZWFEHILTEY, Ry P L— b ETHEL 2%k
WL, ZOREKTIOONML DEET T A2 ZB L, TITERE TKREMZ 2%, A/ (6
) TAHEL, RENAIRE L.
2) RO ERC X 5 HIE
FRUBHA IR B OV R 2 R TR ERHC L2 7B F L —ZER 7 L— A TR 228.8 nm
DOWLIEE Z JE L7z,
3) # H
BoONTERNENSREBERZERL, REtbPob FIvaBZRH L.
ek, EEIEOME % Scheme 1 LTV 2 IZ/x L7z,

Sample 5.0 g (100 mL tall beaker)
l—ashed by heating at no more than 500 °C
Residue
——added a little water
——added 10 mL of hydrochloric acid
—filled up to 30 mL with water
— boiled for a few minutes and allowed to cool
100 mL of volumetric flask
—transferred with the water
— filled up to 100 mL with water
—filtered through a filter paper (No.6 of JIS P3801)
Atomic absorption spectrometer

Scheme 1 Analytical procedure (Analytical Standards of Feeds)

Sample 2.5~5.0 g (200 or 500 mL tall beaker)
l—heated at no more than 400 °C for 8 hours
Residue
——added 10 mL (15 mL for rice straw) of nitric acid and 5 mL of perchloric acid
——moderately heated on a sand bath and decomposed until almost dry
Residue
——added a little water
——added 10 mL of hydrochloric acid
— filled up to 30 mL with water
—heated for a few minutes and allowed to cool
100 mL of volumetric flask
—transferred with the water
— filled up to 100 mL with water
— filtered through a filter paper (No.6 of JIS P3801)

Atomic absorption spectrometer

Scheme 2 Analytical procedure (method of wet decomposition)
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2.5 WNE ERER

22D 2)D7 B XU LEREFHE 2 RN vz,

WHE (TN T 7 VT 7R, FEY—ENRNRA—FX T T AWE) [T RITAELT
0.1 2O 1 mg/kg FH Y & (BfalBHATR T 10 LTV 50 ng/mL) , fgb iz RI v AL L TO0.2
KOV mg/kg FHE & ([ 10 XN 25 ng/mL) &7 b K5I, 241> CTEREL, FHENY
R ORI LKSE 2R 7=, 727210, b 5 0.2 mgkg MY EHMNT D 5130l OB
BA250gé L, | mgkg HYBRINT 285580125 g s Lz, B, wiEIZE T 21808
MNETO 0.1 mg/kg A4 & O FMENGRERIZ DWW T, B ETOMBSRUIKED TR %2 81
Xy Ar—N L TiTo 7.

F72, R RFI T LAZEMLARWERE TS o VB2 i L, BINRITRE T 5 7 Wik
DIEZEZLSIWTHRH L.

3 WBRRUER
3.1 IRANEN AR
2.5 K0 dshnED a2 FEhE L 7-.
1) EE AT A e vk
480 °C TIKALZEAT -T2 & EDEINEL, TAT7 77 7 EET 948 %, FE L —HET
69.8 %, A—H 2T T AFETA1.0%, gD TS554%&720, 53 FEEITHKSBHRE LT
fibo & & RERIC OB BN THREUEREL 725 2 B3R I L.
2) A fRE Nk
DTCEIEROE T RRD LNERAEI D 2 B, FE—HEEORED 520 TR0 fif 2B
ML, EHEUR R OO UK 2R 7. 7k, RNk OB B T OIS RO EFEIZ 3
WT, b= E—T—NOEREMDOZEBITE VRES F— =T = ~TRET 2 BENNRH
L7280, F—LE—H—1% 200 L 500 mL BEDOH D&V, EHREEIL 2.5 XX 50g & L
7.
Z OGS, Table 1 O LBV ORGENE GV, FHENE K OZE OO UK o xR (R
72 (RSDy) 1XZEI, HAE T 84.6~101 %X TN 7.0 %LA T, FaioH T 86.2~112 %} T 4.0 %
UTTHY, kot EHERIE 3 ORBRIEDZ Y EMBIET A R7 4 (LLT T2 ek
TARTA ] V). ) CEDONTEEEROHTRHED BAEME (LLF) &6z LT\
1) B ;70 %LA =120 %LL T
2) KHEE 1 22 %LAT (WSINEEEE 0.1 mg/kg) , 20 %LAF (A 0.2 mg/kg) , 16 %LLF (A 1 mg/kg)
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Table 1 Recoveries for cadmium in method of wet decomposition

Blank” Spiked level Recoveryb) RSD,”
Feed types
(mg/kg) (mg/kg) (%0) (%)
) 0.1 84.6 7.0
Timothy hay ND
1 101 52
. 0.2 112 1.8
Rice straw 0.377
1 86.2 4.0

a) Mean (n =3)

b) 100 x (mean of the five samples — natural contamination) / spiked level
c) Relative standard deviation of repeatability

ND: Not detected

3.2 EE TREOW: T RRO MG

AR HT EAERIZB N T R v A0 ERE FIRIT 0.1 mgkg EHEINLTWD R, BRA0fifE
IEIZ L DR HIZ 20T, B AFRED 29I L 2B OB Z B < 72 D BHR BLE O LR
I E TFOMERDH DL D, ER FREUKE FTRIZOW T THRETEZIT > 7.

0.2 mg/kg FI 4 & (RARFUEHE FIRE 10 ng/mL FIY &) (2B 2 ENEIGRER 2 e L= & 2
%, 3.1 DD LEBVERIIRIFTHY, o, EERFED 10 FIT8ZEBELZBI T R1-o
7o, PEo CEE FIROEEIX 0.2 mgkg & L7,

Flo, B TRIZ, CoEEREICHBE 4, FAEAKLE 0.05 O Student O -l % 5 U7 fE
D2 {EDME (=0.047) 225 0.05 mg/kg & L7z,

BRE L7 EE FRAOR M TIRIE, ZHREFEON NI U LAOFEBEEEIC L TENEN 1/5
120 THY, ZUPEHERIENA RIA4 VICED DAL EHEMEIC KT 2 BEM (E& TR :
/5 LLF, MHE TR : 1/10 LLF) Zii7= L Tz,

4 F&EOH
WHEL R OO B O K7 LADERIEICHOWNT, BT L~ O R38O B INER D

SUMEREEM LI 25, UTORENELNT.

1) —EBOFHBOE K O B DWW TR AT B EVE I EE D S UONEINGRER 217 5 & [BUE MK <
DT ENHRINT. EIT, MEEIZA I LALELTO01 L1 mgkg Y&, bbbl
I RITLELTO02 KON mg/kg F8Y &2 RN L 72 30BHZ D W TR A B INE TIRANENR R
B & it L, FHIENELE OE UREZ RO 2 A, ZUMWRIETA RTA4 VITED LR
7o BARME A i 7 LTz,

2) MHOBITHOWTIE, 22 X 2B ORI LD 72 ORI EZ O T HENH 722 &9
b, EEFREEXOBRH TROBMRE 2T 2 A, E& FRIT 0.2 mgkg, B TIRIE 0.05
mgkg ThHholo. BRELILERE FTREOME TRIL, ZAMEMEETA R4 ZEDORIZH
A 7= LTz,
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1 SHAFEAMNFORXEAMICEILIONEEICDONT
Proficiency Test (in the Fiscal Year 2022)

T BB, Ok BT, JE R HERT,
AN PR, PR KSR, SR AT

1 B iy
ﬁ?*%*ﬂéﬁ?‘ﬁ%%%% ﬁ?ﬂ ﬁ?ﬂﬁﬁﬂ%%*“%% BRI TR B A 2 P 1T, A5 o0 Sl Ukt
SINTHEZAT O Z & D, AT R OMEE B OMERFIA B2 XY, PR TR E R L,

@ﬂ#@ﬁEﬁ%m&U%E§ﬁ®£mmgﬁé.

2 HBEHHORWE
AREL B RAHAE R - WHAFIEE HE S iR
C BB} - -8 AR FCEHE A 50
DBl IFHMTHRERA T LI v 7 R
¥ BB (FF) OOHICOWTIE, S04 FEEIXER L TWhRw,

3 HaEasEHoRRE
3.1 FHREEH B
SR4E6H 16 AL 6H 17H
3.2 RGP
TNTAT B N AR OK PE Y B e S i 2 v 2 — B Rk 2 S R AT T
3.3 aREITE
1) ARE
HBEE 1 mm DAY U — v &35 Li-hfas Th# LSS WA B - WAAIEE AldA
fABHY 100 kg Z AV, LFOFIEIC L0 ilEt 2Rl L7z,
WEELCIBALEE, 9 S5 L. Z0OH0D 4 Kliz —DIZAbETEILBALEE, 4
FHLTRICKE L., ZoEFEEZR 1 ORGXKERICEY 7EFEVIRL-H%, £XH
2 (20g) #EIZAN, 14847205180 g AV OFEF 340 {8 278 L 7-.

UOMSEATBOE N R AROKEETE B et o 7 — RSB A

2 OMSEATEOE N EMOKPEH B L e fidfre v 2 —FLif v 2 —

SOMNIATBOE NEMOKEEE B Z it v ¥ — ittt 2 —, Bl BEEEL SR
OMSIATBOE N BEMOKENE L2 4 -2 B ¥ —

S OMSEATEOE N EMOKEHE L et v —fF 2 —

"6 MNIATEUE NEMOKEH R L 2l o & — @it o 2 —
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*x1 EEEREZXR
I G | I m v V VI VI
2 8 6 1 8 8 2
4 7 5 9 6 5 3
X 1] 7% 5
9 3 7 4 4 9 6
1 5 3 2 7 1 5

2) C Rk
BB O R 2 bR LT-th, MBS U THREL, £ 2 1R L7z 10 MO FE % [F %
DIREGHE CTIREA OB GRERN 100 kg) AV, A REE RIERIC 14827205 180 ¢
A OFE 340 fE &2 FHR L 7=,

£2 CHHOERHERUZDESIE

- RA# A - RA# A
Bk 4 %) Bk 4 %)
Eo9HAHAZ L 25 7ot g 10
K& 25 K 3
DDGS 10 o 3
REM»T 10 SREE T L T I 2
ZEMmT 10 B 2

3) Dkt
2yFXr7IFt— (F®EA400L) TI0 3RS LEEAIFKRERN LI v 7 2 9 kg A
DOME I WEZNETN2%ESL, KA45kg AVOEE 1I8EBE L. Z0o2b 98 % 1 &
v hELTE 2 By MEKL, ZhEnoty FZTEICKEERLY —FEE (8 20 g #WITA
A, 14847- 05 180 g AV OFE} 340 8 2 FHH8L L 7=,

4 HWETEHERUVERER
4.1 HiriEEHEA
ARREL - - - Koy, MTEABE, MR, HMHME, MK, Ao s, Vo RBERC T
RN
CREl -« « SEUREI O M O DIRAEIG OHEE
Dkl -« - dl, WA RO = BET TV
4.2 FEhE 6
(T4 Rk OB X 2 o & FER B (127 X—) 12X 5.



AR 4 AR BRSO SEEREHNT X B S HHEEIC ST 73

5 #EHAMOHEHHER
A REHCITH 7 A BB LUK 5y, D 3B CIIER & OVdfigh % 4347 L, Thompson © @ harmonized
protocol MIZHD &, KRB OLEMEEZ MR LT,
TS BTHRER 72 10 8 TH 2 ST L7eRE2 R 312, £72, TORBRICES —x
Bl D BT Rz & 4 IR LT,
WTNOREHIBW TS, kbt Fold FEREZ THEY, AEKE S %IBWTRBRICAE
22T b, RO SE ML ARV &I L.

&3 ARUDHAHMOLHHER

AREF DB}
5 MEARE HLIK 53 i il
B (%) (%) (g/kg) (g/kg)
No. runl run2 runl run2 runl run2 runl run2

19.79  19.43 5.73 5.81 31.68 31.03 5395 51.77
19.93  19.46 5.75 5.75 31.14  30.90 52.13  50.87
20.03  20.06 5.90 5.78 32.09 3347 5245 56.10
19.80  19.93 5.70 5.72 33.25  31.82 55.14  53.17
20.08 19.43 5.80 5.86 31.84  30.79 53.68  51.90
20.13  19.85 5.80 5.69 31.87 31.31 55.17 53.54
19.72 20.30 5.75 5.78 31.00 31.56 51.57 53.48
19.78  19.87 5.81 5.80 31.10  31.05 51.23  52.99
20.00 20.10 5.75 5.87 31.56  31.94 53.62 5241
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7':} : éﬂcﬁﬂﬁ No,z—scol‘e: /ﬁﬂﬂﬁ No.z—score: %}f)ﬂﬁ No,z-scol'e: §N‘)‘Hﬁ No.z—scol‘e: /ﬁﬂﬂﬁ No.z-score: %}f)ﬂﬁ No,z-scol'e: /ﬁ*)ﬂﬁ No. z-score
! L) ) L) ) ! L)
2790 1198 1 062, 1996 2 091, 333 1 0.8} L 609 1 114} :
2831 1159 1-0.89! 1986 3 047! 326 20331 642 3 LI12' 599 1 047! 0842 2 L0551 1052
286 11.84 1 0071 1975 3 0.00: 318 2 -0.93: 610 3 042: 597 1 0331 0872 2 i 0571 1 097
288) 1185 1 001! 1974 3 -004! 318 2-093) 435 2339! 592 1 000! 0909 2 0661 1 7.71
2800 1192 1 038! 1992 3 073 314 2-1231 651 2 1321 575 1 -L14: 0840 2 0560 1 0.14
2900 1172 1 0381  19.63 3 -0.52. 312 1 -1.38: i i
201, i ; i 5
203 1199 1 065!  19.89 Po560 12150
2041 1190 1 031+  19.48 312 2-1387 585 1-0.02% 589 1-020% 0927 2 0540 1 -1.34
(298 1180 10071 2023 3 2081 307 20008 59610261 0837 200! 0528 1224
2961 1158 1-0931  19.63 L 564 1-1881 0814 2 0.539 1 -1.42
2990 1212 1 116,  20.22 330 2 -0.03! L0595 1 020 0893 2 0576 1 134
3010 1269 1 337! 19.75 3.00 1 -228! P 601 1 060
3020 1178 10151 19.11 343 1 0.93: 519 2 -156: 596 1 0261 0826 2 0563 1 037
3050 1192 1 0.38! : ' 589 1-020!
3060 1196 1 0541  20.09 346 1 116° 527 2-138: 571 1 -141:
3070 1156 1-100:  19.55 335 1 033: 591 1-006: 0888 2 0.556 1 -0.14
310] 1144 1-147!  19.56 389 2 438! 573 3-038) 549 1-290! 0919 1 0546 1 -0.89
310 1187 1 0190 2030 327 30260 601 3 0221 594 1 0131 0776 2 0589 1 2.32
3120 1196 1 0545 19.60 | : | 590 1-0.13: 0875 2 0.576 1 134
a3 1137 2 -174) 2003 3 1210 T CoTTTTTTTTTT VT ss0 2080y AT
3170 1171 10420 19.74 327 1-026% 586 20090 592 1 000! 0862 2 0535 1-1.72
3190 1166 1062, 19.74 322 1-063, 619 2 062% 574 1-121. 0807 1 0559 1 0.07
322, E ! E E !
323! P1978 4 0131 322 2 -0.63
3231 L1952 5-1000 3.8 3-093. : ' :
3260 1179 10010 1967 3 -034! 302 1-213! 565 2-055! 574 1-121! 0828 2-L15! 0535 1 -1.72
3270 1188 1 0231 1991 3 0.69: 351 1 1531 622 3 0681 602 1 0.67: 0830 1-110: 0578 1 149
3370 1166 1 0621 19.65 3-043! 348 1 1311 618 3 060! 593 1 006! 0912 2 LI5S} 0559 1 0.07
L z-score DMIC TR A A L7c b DL, #sHE 3 LoD THS.
2« AFEONoME, STiEE =T, SSIFLTO LB Th 5.
Koy itV HAE R FERAE FIR Sy VNI A7N U
No. 531 ik No. ﬁj\fffr)z/fL No. 73471 Hik No. 5341 ik No. 73 #1 H ik No. 5341 Fik No. Z#1 ik
T R Gl Y N 7N T Bt LA B v =
2 Zoft 2 PIBEIR ) mmsr 2 Hilhik 2 Zoft e
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4 HEHTRE 4 Z O
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DR ARIE (4)

- D&M _ R
' Ivlk(:’é"fi/ﬁ’f)r‘(f) ' »1N<ﬁ4ﬂ*46ﬁ)r%$) ' E] ' g :71‘{@;‘%7‘/7w:,“§,§
: /ﬁﬂﬂﬁ No. z-scol'e: /ﬁﬂﬂﬁ No. z-scol‘e: %T)‘Hﬁ No. z-score: é}tﬁfﬁ No. z—score: %ﬂﬂﬁ No. z—scol‘e: 7EJI—
(g JIAi) /1) (g UIAi) /1) ' (g/kg) ' (g/kg) L (g/ke) !
: H H H : 1279
L2760 12460 5495 1 069! 298 1 2.3 283
s e s s s B
! ! '2887 1-1220 5324 1 011! ' 288
P250 3-0231 3136 1 1217 5421 1 044% 306 1-1.56% 289
. : H H ' 1290
P303 2 043! ' 291
E i i i E 293
' V268 3 191. 2950 1-0.60. 5084 1-070.  31.6 1 -0.85, 294
314 10991 296
: : . . , 1299
E : i i E L 301
313 1 106 ©3019 1 0061 5154 1-046: '302
: : ' 3008 1-003' 4928 1 -123! ' 305
E i i i E L 306
5 5 5 5 5 w
: H H H : 310
©2950 1-0600 5133 1-0.53 ' 311
264 3 1.43i 2894 1 -1 15i 5244 1 -015i 321 1 -0.49L 312
o o o T o L1313
L2908 1-101% 5429 1 047! 334 1 042: 317
' 294 1-0020 252 3 000, 3071 1 057. 5179 1-037. 328 1 0.00: 319
E i i i E D322
E i i i E 323
: H H H : 1323
L0255 3 0350 3042 1 0290 5650 1 1220 293 1 248! 326
bo292 10251 1327
: : ©2888 1-1210 5166 1-042! ' 337

TRV F MU A (MN) &l ik
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£6 ARHOMRITRER

sy Koy ML= A HE FHLAE I FH AR AE FLIK 53
(%) (%) (%) (%) (%)
T — 2 198 194 166 112 193
o il 11.82 19.75 3.31 5.91 5.92
TR B Rl 11.05 19.06 2.90 4.53 5.48
- BREE S 12.59 20.44 3.71 7.28 6.36
S 11.80 19.76 3.31 5.87 5.89
T AR 72 0.25 0.24 0.13 0.42 0.15
ZEEREL (%) 2.1 1.2 4.0 7.1 2.5
95 %IEMHIX M  11.77~11.84 19.73~19.79  3.29~3.33 5.79~5.95 5.87~5.91

SEPN VA N D% MN CEFBLHTEE) TPMN (ko b i us) ™
(%) (%) (g(Zily ~ ) (g(Jiiy/ K >)
F— 28 128 135 24 36
g 0.870 0.558 29.6 25.2
N i 0.761 0.518 24.8 22.7
- BREE S 0.979 0.598 34.4 27.7
S 44 0.870 0.557 29.9 25.1
AR 72 0.043 0.014 1.7 0.8
ZEEREL (%) 4.9 2.5 5.6 3.2
95 %fE XM 0.862~0.877 0.554~0.559 29.2~30.6 24.8~25.4

1 RO OBEITHRESNZoE»SRHLEZFEETHY, Ko 21Xy 1 TR
L7cz- 2 a7 Ot s 3 A EORFHEZEII L TR LEFERTHD.
2 z-AA T OFERHEN 3 DESFYETH 5.
3 MN (BEOHIE) X, TP M) v AOREERER 70 —A Tzl
Va kR LR THD.
4 MN (FEHSHrEEYE) 1%, TRV YT MU DADHIKI o~ 7T 7ikEERHL

RERTHD.
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x7 DHEMOENER
X 4y il i T UBEET TV
(g/kg) (g/kg) (g/kg)
T — 2 62 62 45
: o i 30.12 52.90 32.8
TR i L 2 27.06 44.10 28.6
= BREE 5 33.18 61.70 37.0
2 fE 29.95 52.80 32.6
) 1o A 72 1.01 3.08 L5
EEREL (%) 3.4 5.8 4.7
95 %5 #H X fH] 29.69~30.21 52.03~53.58 32.19~33.09

W1 Ko OBEITRE S A EN SR LICERTHY, Ko
201X 1 THEH L7z z-2 2 7 OffakHE A 3 LLEo B EZ RS L
THEHMLEMRTHD.

2 z-A3T OHERHEN 3 DEFETH 5.

x8 EALEEMOETERE

RO s REES iﬁ - 0 - Bl
’ SRl g2 gy = A ?

E 9L A L 25 102 7 0 109 0 100
K # 25 66 28 1 95 14 87
D D G S 10 1 47 14 62 47 57
= i N DO 10 6 87 8 101 8 93
- S N 10 1 9 12 22 87 20
Al W |/ N 10 11 90 7 108 1 99
ks H * 3 4 63 35 102 7 94
a ¥ 3 0 6 76 82 27 75
R LT A 2 0 1 100 101 8 93
i e 2 0 0 95 95 14 87
H 1 B LZEEOHE SN AEAEEN 15% L EeRfEShTb 0.

2 BRH L7ZJEEOHEE S DIRAEEIE N 5 %l E~15 %Rl L HiE S bo.

3 M LB OHEE S TVDIREEIG D 1 %L E~5 %A & @il Sz b d.
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1

&9 EALEEMLUSNBRHEHRESAELD

T R 44 A B2 g o

I—=2 I NT )b 2 30 12 )
INE 16 17 3 36
KW g 0 15 13 28
DABETIN T I 0 0 23 23
ST E 0 7 8 15
FxI— 0 0 13 13
A 0 2 7 9
=T NT T 4 — K 0 5 3 8
LK 2 2 2 6
~ A a 0 2 3 5
WA 0 2 1 3

R L 0 0 3 3
By 0 0 3 3
=g 0 0 3 3
THNT 7Ty I—)b 0 0 2 2
TAE 0 1 1 2
Z Y 1 0 1 5
Z 0 0 1 1
HE=SHP/RNCn 0 0 1 1
V7T U —HnT 0 0 1 1
INE 0 0 1 1
AT V== Ty b 0 1 0 1
R R 0 0 1 1
i L7 BOHEE SN DIEGHIE D 15 %L Ee@REShebo.

2 B L7ZJEEOHETE ST DR EIG DY 5 %L E~15 %R & ®miE S nizbo.
3 M LIEREIOHEE SN DIREEIG D 1 %LL E~5 %Al & @i Sz b D.

8 HHMORMERRVEERE

, I HTIERIDIRATRE R TIE, ATIERNC /T 727 —# Tr AR MEICHES 222 a7 2R,

%EODﬂ%xTﬁ5ﬁ>3 LEDSHEZ SRR S UTHEAN L, VFIHE, EAEREL O EERZZ RO 7.

8.1

Tho7-.

B AT L YE DT

ARE S BARFER - WHAEEHESER) O H
nH K 4

IINTEIX 198 HFOHMENH Y, B AR MEIZE D -2 2 7 OHRHEN 3 LLEDO S 01X 12 1
IS EBROWTZEHMEIL 11.80% T, 2D 95 %lE XX 11.77~11.84 % CThH > 7-.
IHEROEATHER L, LT EEY THhHoT-.

X, 1951 (96 z-AaT7 OHeetiEn 3 LEObL O 11 1) oREND
V., ZONEIE, FEER &K O HEER 2L Z 0 11.80 %, 024 %XV 2.0% Th o 7.
ZOMDFIETIEIAN (DB -2 a7 OMHEN 3L LD DIX 1) OWMENH -7
2) M7-ABHE

SSHEIE 194 HEDMENRH D, BN R MEIZL D z-A a7 OfHED 3 LLED & D1 10 14



TN 4 ARFE AR O Sl X D i E IS oW T 89

Tholz. ZTNDHERWZEHMIZ19.76% T, Z 0 95 %FHEXMIX 17.73~17.79% CTH - 7-.

SIHTEBIOENTFERIL, LFO LB Thoiz.

AR AT FLVE - BRERAEYEIRRIIOE T, 12 1 (9B -2 a7 OfERHEN 3 LLEo b oix 2
) OWMENRDH Y, ZONYE, U K& OFE XM 21X Z 024 19.53 %, 0.30 %K
1.5%THo7=.

AR T ELYE - R U BREIRWIGE T, 19 1 (95 -2 a7 Ot Es? 3 Lo b old 1
) OWMERDH Y, ZONYME, AR K OFE XM 21X 224 19.73 %, 020 %K
1.0% TH o 7.

FRRR AT FEHE « RBELETIE, 1271 (9B -2 a 7 OMERHME 3 LLEDO S DT 3 ) D&
DoV, TDONVE, FEAERZEL OHSEERZTIZ T 19.81 %, 023 %K N 1.2%TH -
7.

BEISHTHEIC L B HIETIE, 354 (96 z-2 a7 OfsHEN 3 LLED S DX 44h) OHEN
bV, TOVEE, FEAER L OFEXIE MR 21T 2 24 19.63 %, 026 %KX TN 1.3% Th-o7-.
ZOMOHETIE I (DB 22227 OMHEN 3 UL LD DI 0) oFERH T

3) CHAEWS

SIHTELE 166 O HERH Y, B AR MEIZ KD -2 2 7 OffkHER 3 LLEO b O1% 13 {4
Tholz. ZTNDHERWZEHMIZ3.31%T, 20 95 %EHEXMIX 3.29~3.33 % Th - 7=.

IHTER ORATRERIE, LFTD LB ThoTz.

RN EEHETIE, 951 (D B z-Aa T OMIHENR 3L EO L DIX 7)) OMERH Y, %
DL, R 2= K OFE X R MR 221X 2 0 3.34 %, 0.12 %KX V3.6 % Th o 7-.

BT L D HIETIE, 681F (96 -2 7 OMKHEMN 3 LLED S DI 5 ) OEMN
BV, TONVEE, FEAERZER OFHESIRERZITZE 3.27 %, 013 %L 4.1 %ThHh-o7-

ZOMDFIETIEIAN (DB -2 a7 OMHEN 3L LD DIX 1) OWMENH -7

4) HLRAME

NI 12 FORERH Y, aNNR MNEIZED -2 2 7 OHRHEMN 3 LLEDO S DX 4 T
Holz. TNHERWT ML S.87 % T, Z 0D 95 %IEHEXMIX 5.79~5.95 % TH > 7-.

SIHTEBIOENTFERIL, LFO LB Thoiz.

BT ELHE « BB E I, 11 (DB -2 a7 OMKEN 3L EO L DL 1) OEN
BV, FONYEE, FEEAER L OFE R HER 21X 224 5.62 %, 034 %K 6.1 %ThoT-

BB HTHUE « AVETIE, 631 (9B -2 a7 OHMkHEN 3 LL ED b D1E 2 ) OWsEN
BV, TONVEE, FEAERZER O SIRERZITZE 573 %, 0.50 %X 8.7 %Th -7

BT LD FETIE, 334 (Db -2 7 OfSHENR 3L ED S DIE 1) OEMN
BV, FONYEE, FEEAER L OFE R ER 21X 224 6.15 %, 021 %K U35 %ThoT

ZOMDIFETIES A (DB 222 a7 OMHED 3L LD DIX0F) OWMENH -7

5) MKy

SIHTEIE 193 FoHERH Y, AR MEIZK D -2 27 OffkHER 3 LLEo b oi% 11 44
Tholz. ZNHERWIZEHEIL 5.8 % T, 2D 95 %EHEXMIX 5.87~5.91 % TH - 7-.

IHTER ORATRERIE, LTD LB ThoTz.

R AT EEHETIE, 1901 (D 6 z-A a7 OfkHEN 3 LL LD DIX 11 1) ORERH Y,
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Z O, LN 22 K O R HER 221X Z V24 5.90 %, 0.14 %KX TN 2.3 % Th - 7=,

ZOMDFIETIEIAN (DB -2 a7 OMHED 3 L LD DIX01F) OMENH -7

6) WD A

IINHEIX 128 thOHENRH Y, v /NA MEIZE D 2222 7 OHRHEN 3 L EO b DX 4 1T
Holz. ZNHEROVTZ ML 0.870 % T, Z D 95 %EHEKXMIX 0.862~0.877 % TH - 7.

SIHTEBIOENTFERIL, LFO LB Thoiz.

FRBHIMTREYE - 2 UBRT V=T AIETIE, 214 (O b z-2a 7 OHEN 3 L ED S D
F 1) OWERDH Y, FOVEE, FEAER R O R ER 21X Z 1LE 4 0.866 %, 0.034 %
4.0 %ThHoT-.

AR AT FLHE « TR YRR UL, 1054F (9 B z-A 2 7 OfERHEA 3LL LD & D13 1)
DH|ENRDH Y, ZOFEE, FFHER 2N OMHEEERZ T ZZ 1 0.870 %, 0.043 %KX T 4.9
% Thoi-.

ZOMDFIETIE 2/ (DB 222 a7 OEHED 3 L LD DIX01F) OMENH -7

n U

SYFHEIL 135 hOHERH Y, v/ MEIZE D 2223 7 OffixHEs 3 LLED ok 10 £
Thol-. ZNOERWIZEHMEIL0.557% T, 2D 95 %EFE XM 0.554~0.559 % T - 7-.

IHTER ORATRERIZ, LFTD LB ThoTz.

BRI AT EHETIE, 1311 (D b z-A a7 OfkHEN 3 L EO L DI 1014) ORERH Y,
ZOWEIHE, R 7S K O SHE R 22132 21 0.556 %, 0.014 %K N 2.5% Th - 7-.

ZOMDIFIETIZ 4 (DB 222 a7 OEHED 3L LD DIX0F) OMENH -7

) TRV UT MU TA

BEONTIETIE, OFEIXER T B Y O AERINEE (CREAR) ©O7 7 7 EICE D
MERBETH L0, SEIFMIESNRWOIEORE Th 572, SEH T U X 2 04
BEDMICENECDAREERH -T2 nh, T A2 0Bl THE L.

FIAREEL, R EREOMAEFNERIEC L2 ERME, MO EEDORKEK s 7
v N T THBECEDERMEEDENRE DT ENE, IO EDXIZEN L. HiKksa
< NI THEIBOTEER VY VABEER VT P DLABELELTVER, SEEDA
REHZOWTIE, XY TFT R TLAFDOER T A DFERLRENZ LRSS
7.

BENTE GREERER N7 o —( V=7 v a k) TiE, OWEIE 24 fFoRERH
D, BNRZXMEICED z-2a T ORHER 3 LLEDO LD 0 fFTh o7, ZOFHEIL 29.9
g/ R 2T, T D 95 WlE X 2Y 29.2~30.5 g(Jiffi))/ b > ThH - 7=.

AR EEYE (RIK 7 v~ b7 T 7R OB E&IE) TiE, o0 38 Homd
WY, BANRNMEZED -2 a7 OFHENR 3 L EDOLDIZ 0 TH - 7.

IHTER ORATRERIX, LFTD LB ThoTz.

EEAHTE - M ERIETIE, 19 FOWMERSH Y, = OVLIME, HEAENR 2= M OFH o 2% HE R
FEIENER 29.4 g(Fif) b, 1.5 g(Fif) B B OV5.0 % T - 7-.

BEONE s 7a—A V27 v a 3BT, S FOWEND Y, O VEHE, EERE
K OFH AR HE(R 2213 2 24 31.0 g(JIfl)/ Ry 1.1 g(ifli) b v KX 3.4 % TH - 7.

-
—
-
—
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FREH Y HTHEHE « itk 7 u~ N T 7IETIE, 36 HEOWRENDH Y, T OVHME, EUEREKL
OEME R LT 20 25.1 g(Dfl)/ b >, 0.8 g(Ffli) b > TN 32 % Th - 7=,

FRBHI T R YE - PRAEMFIERIETIE, 2 ho@ERH VY, MEES VRN ZD R ME
ICRDMATIEE T, 2B L COREHEEFE T LEER, 29.0gJiffi)/ b Th o7z,

8.2 DB (IFAMFHEEWRM T LI v 7 R) DT R
1) &

IIWHEIX 62 fFOWMENH Y, BN MEIZLD 22227 OMxHEs 3 L EO S DX 4 T
Holo. ZTNHEBRWEEHMEIL 29.95 g/kg T, Z 0 95 %IFHEX X 29.69~30.21 g/kg T >
7.

SHFEBIOMENTFERIL, LFTOLEBY Thoie.

R AT EAETIE, 611 (DB z-AaT7 OMMEN I EOb DI 44E) OFRERHD, £
DI, R 22 B OV R MR 221X 2 AL 4 29.94 g/kg, 1.02 glkg KTV 3.4 % Th o7z,

ZOMDITETIZ L (DB 222 a7 OEHED 3L ED S DIX 0 ) OWmENRH - 7-.

2) #

IINHEIX 62 FOMENRH Y, BN MNEIZLD 22227 OxHEN 3 L EO b DX 1 4T
Hol=. TN ERWTZ ML 52.80 ghkg T, Z D 95 %IFHEX X 52.03~53.58 g/kg TdH >
7.

IHTER ORATRERIE, LFTD LB ThoTz.

RN EEHETIE, 611F (DB z-Aa T OIHENR 3L EO b DIX 1) OMERH Y, %
DI, R 22 B OV R M (R 22 1L 2 AL 52.73 g/kg, 3.05 glkg KTV 5.8 % Th o 7-.

ZOMDFETIE L (DD 222 a7 OfHES 3L ED DI 0 #) oWENRH - 7-.

3) V- UMET TV

OINTEIE 45 HEOWENH Y, v NNRA MEICLD 22227 OMEN 3 L EO LT 1 T
Holz. T ERWIZEMIL32.6gkg T, Z 0 95 % FHHEXMIX 32.2~33.1 g/kg TH > 7=.

IHTER ORATRERIE, LTFTD LB ThoTz.

RN EEHETIX, 441 (DB z-AaT OMIHENR 3L EO b DI 1) OMERH Y, %
DI, R A2 B OFE R MR 221X 2 L€ 32.7 g/kg, 1.5 glkg KDV 4.7 % Th o7z

ZOMDFETIE L (DB 222 a7 OfHE 3L ED b DI 0 ) oWENRH - 7-.

8.5 C#rl (BEEHFE) O EE

BE L7 10 EOFEE O & 2 DIRAFIGOWELZITo 7. FEHEGRI G OHETEIX, 15 %
Ul bAa%8, 5% E 15 %RiEaTE, 1% Es %Rz bEL L T#HEL RO,

109 ko ERH VY, 1RE LTSN & & 03 H o T2 UEHT 23 FE TH - /-

BAE LIZEBHZOWT, &9 6AZ L (REHEIG 25 %) 1%, 109 F (= 100 %) O#HEH
HY, FEHEABIAOHEEONRIZZEN 1021, FES 71, PENOHETH-T-.

KE (BAEEIEG 25 %) 1, 95 (BRHZE 8T %) OWMENDH Y, TONFRIZZLEN 66 14, +
N2, bENIMETHS T,

DDGS (EAHEIE 10 %) 1%, 621 RHHE ST %) OMENH Y, TONRIZLEN 114, &+
BN AT, VEN 4 TH o T

KRG d (REEE 10 %) (X, 101 4 (BHER 93 %) ORERH Y, TOWNRITZLEN 6



92 fREHFIEHE Vol 48 (2023)

i, HEN 8T, PENSIETHT.

TEMNT (BRAEHEIS 10 %) 1%, 22/ (BHE20%) OHERH Y, TONFUILER 114+,
HENIM, LENRBETHT-.

iR T (REHIE 10 %) 1%, 108 (BH=E 99 %) ORERH Y, £OWNFITZL ED
114, a2 90 1, LENTHTHT.

FEk (BAEIA 3 %) 1X, 1024 (BHE 94 %) OFENRHY, TONRITLEN 414, |
N 631, LENISHETHSTZ.

o QREHIA 3 %) 1%, 821 (BRHE 75%) OWMERH Y, ZONFIZZEN 04, T&
N6, LENT6TH T,

REETI T L (BREEIG 2 %) 1%, 10144 (BRIE=ER93 %) OWERH Y, TONRITZLED

0, H&EN 1M, LEN 100 THT.

B GREHIA 2 %) 1%, 951 (RHE 87 %) OWMENRH Y, TONRITLZEN 01, T&
DO, DENISHTH-T.

Mo THRHENTZFERE LT, a— v 77 I —Anib%<, 4 thOMENH - 7=,
WNT, /NED 361, Kanimmnd a8 28 & iz,

X H

1) Michael Thompson, Stephen L.R.Ellison, Roger Wood: The international harmonized protocol for the
proficiency testing of analytical chemistry laboratories, Pure Appl. Chem., 78(1), 145-196 (2006).

2) BRMOKEEHE - LEREIER WS EEORIEICHOWT, ¥ 2044 4 1 H, 19HE
%5 14729 5 (2008).
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TN 4 F BRSO @ RBHT & % ol & S

1. B ®

fA R A AR, kL - SRR G 3, R MBI S 2 kP51, B o Hmik
BHZ X D0 E 21T 2 LI XD, Sk OE T OME M 20, e ToriisEz i
BL, ko ERflbE N O EEROERICET .

2. HLEFEEIORNE
AGREE IR AAE R - AR E FHES fE
C Bt 8 7 F A BHRHE A 50k
DB IZHM FRBERH T LI v 7 X
X BEUEL (aB) oofriE, SFEEIXERLETEA.

3. irdEEEA
ARUEL - - - Koy, MiTCABE, HIEN, HMEHE, HIKS, UL, VU ROERCTY

FhU DA
Calkl - « - fABHEE O &K R EEIA OHEE
D#E e « -8, RO UBET TV

4. SyNTHEE EE
(1) BT EFIEZ,  [EEOHERE] CER204FE4 A 1 BT 19 L 14729 52K
KEAWE - REREBEM) CEDLHFELENC THY )~ F MU AIIER Y VYV
FRU T AEEREEOFIEIE] (BBF 63 45 H 11 BT 63 & B 996 5 EMKES S
PEFRRIEEN) KO TR K OB DRl Bk ST 28 O — 2 WET 2E4TED
FEATIZOWT)  (BEFN 60 42 10 A 15 HAFIF 60 & B 2928 5, EMKEEGEREK - KET
FEE#ELAEN) ONRICHDITY )~ F M) D AITER Y F M) U aEERAH
FAEL DT IEICHERL L T 72 &0,
BB, BEETICING OOIEOHRE (AT EUEE (kF) ) ZiRFLET.
Fio, BoMEORREIC, HREEREEDO —flz#ELELLOT, 2FLLTFIW
(2) ERSICRLEAHEEHHED YL, FRRBICBWTCEMAGEREA (2HA TR TH
A]) AT OW T L E 21TV, T 5 FEEOREERA (Microsoft Excel B, AT
X5 (1) 2. ) 12T, @B LT a0,
(3) HBFEHIMEEICHRE L, AT B0, ®BEICEL T Z3 0.
(4) BEOHE BI2E, HiZABEIZBT D7 F— Wik R OYREEE) [ZX > THor Lz
B, BUH D OBRLALTEREELILGRER L W&, THELEE .
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5. o HrEE RGO R

(1) BB O ERE RIS OV T, M TBUE NEMOKEER ZaHit v ¥ —FR— A X—
v
(http //www. famic. go. jp/ffis/feed/sub2_teawase.html) XV [47F0 4 FF e o Hmile

DO TR RHREE] 24 U 2— RFL T Microsoft Excel FTEAL, #MEL T
éw

(2) ABFEZITA, CRXUODRETERENE LY EFTOT, SR EBET 2HEHZIOWT
FNENGRALTLEZEEWN. (BREVFLOFFIIARBOREBEZE FZ2RBREEZETLE LETOD
T, ARBIOREBEZIZOWVTIEISTEZITLRVWGEAE LML TIHAL T ZI V. )

SN, Koy, Mo ABE, MY, HMHE, HIKS, BT AR Ao T
%T, EXYVFT R TAZOWTIT g(Ufl)/ F T, 8, BRI ZoBET TV
IZDWTIE g/kg DAL TR L TSV,

, M7= A BE, HAENS, MEKE, MUKy, KOS O E L, NIURLLTE 3%
mﬁﬁﬂbfﬂ 2L ¥ T, ﬁw/ﬁbﬁoj/w\ﬁmidﬁ AT A ZUERAL T
M 3MET, TRV RN TARNI 2 UBET VT NVOSHHEIX/NEURLL TS 2 L %
T AL TR 1AM E TRRALTLIEIN.

INTER O N TSR 1E, WEMRICRE S E T2 A L, £ Oz ®EFHRASiEw,
AL TS0,

it,”ﬁk@%ﬁ%@%ﬁ%hi ZOEHLRWAL T EE0.

KT DWT, FEIRFZERME 2 O TR T R EDO SRR L 0 E L2 HE1ix, (1L e
Aﬁ%ﬁj% BIRL TSV, BIREEEUS OBEREZ H W G60, EiRGEEE Hvi-

3, NEMREE, WM NEER T R MED S L B 255A1%, 2. 2ofio FiE) ZBIRL, H
WeBERR O A — T —, PEFRMFEOFEMZTAL T EI .

*Hf:/uE’f’f IDOWT, I ALRBEROEREEBRZHVTEAEL, B2y MMEEHWTRHE
L7eG a1l T SR T R (72— vk (BREBEEEIRRIE) ) | FE 720X T2, ek ir
ﬁﬁ(&w&~w&(fﬁ%m&&m&))J%@Rbf<téw.E%%%%L#T%%%,
WELISGaIE T4 BEV i) 2RI T 7230,

HUK A DWT, JRIGIREZFTAL T ES 0.

(3) EEMBIT, B LEEEA Z®REE (4) O MO LR ORI &8 A TR
BIAMICEEA L, HEINDIRAHAIE, Z& (16%LL L) , & (5% E 15%K0) &
OB (1 %LLE5 %R BT ESW. 1 %R EHESIBEDIT, BER
BHAMIZIZFEA L 72N T 728V, 7ok, CRENZIT 10 FEEOFREZIRA L TV ET.

BB, SN T5E52BRLTLKEEY. (BHERAIZSNIBERLEOMERIRSN
TeHt, FEMAR (M) i AL T Zawn. )

(4) M O—E#E2BORBRESECEE LIZHAIE, £ L-RBR=E4 & OMERZ2HREED (5)
O S L <ITHMEREO XA — LARTFH L TS & 0.

(5) BM4F9H30H (&) ETICHELTIZIW.

(6) WMEEIL, BT HEAEMELERESFICLY TRIWE STEHRERXRA—LT RLRITE
FLTLEEN. EEDO 7 7 A NVAITRBRERES (ARBOES) _HBELA L L TR
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EV. (B RBREEST1IEFAMI CAEHOEA : [1_FAMI CAE )

B OREEZRHINDIGHEE, 77 ANVADORBIZEERERDOND X OICE ST
TS, (il 32 ooREFELRETLI5E, 12L& 2-2727LY)

WA=V OHLT TRMAFEFEOEOIHRBE _RBREL] L LTS

A= VORBIIHBMN 7 7 AV E2ED THLTAF IOMB L FIZ L TL E &0,

RHEAORE BT EEND 2551341 [FiRH] L ANz A —1b LITERET
MESRICH Y EH A~ THEKE L ZE 0,

ELSZETELSE, 10A1 BETICXEHREA -V EZREWZLET. (FYHE
AR SN2 5h, ZLOBREDPEND ATREED TSWETHRIT TEI LIV, )

FEHLTEWMEET 7 A VITZEHERA—ADPES ETHELRZRNVTS S0,

A— L TOHREEREDE L WVIGAITH YT E CIEK S Z 0.

KA
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TN 4 R A O SEREHT X o ol ER R E R Bk )

REREAL ik
MAIL
TEL
(1) ABEE MR B
SIMT R34 ST E ik
Koy 4TI 1 filkh oy A FEvE
% 2 ZDOMD 5k
WA BRE 4TI 1 SR EENE (v Z—vih (RREEAEMERR N EE) )
% 2 fABy AT EHE (v — ik (R U IR IGE) )
3 FEL T ELUE (BRBETE)  A—d—
N
4 BHEN T A—T—
2
5 =DM ik
FAE G SyHTiE 1 fl koA FEvE
% 2 BEhHTI A—Hy—
iRy
3 FDMoFIk
HHARAE SyHTiE 1 fBh oA 5 Ve (FREs)
% 2 fA By AT EHE (AiRTE)
3 BE T A—T—
2
4 = DMoFk
MK 5y SyHTiE 1 filkh oy A FEvE
% JRACIRE °C
2 =DM FHk
HIV T I VoRIRes | BB T EEE (S 2 U RT B =T LK)
% 2 FABL AT BLHE (OO EE )
3 =DM Fk
Vo LIRS 1 fil oy A FEvE
% 2 ZDOMD Ik
Y 4TI 1 3P E ik
F Ry 2 HERE (Tu— V= g VEEMER)
g (i) / bv 3 BT e (RIS v~ N7 T 7ik)
LC x—H—/Hx
Mtias  A—H— T
T h A—H— A
PN (im) 5 X (mm)
BRI (um)
4 BB AT EEHE (BUE PR E BE)
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(2) DB OWHER B
SIMT R34 ST E ik
kil 4TI 1 flkh oy A FEvE
2 Z DDk
g/kg
[Tk 4TI 1 fl koA FEvE
2 Z DDk
g/kg
J T UBETE 43R 1 fil koA FEvE
7T W E S
g/kg LC z—#H—/H=Rk
MR A—H— T
T h A—H— A
A% (mm) £ & (mm)
BRI (um)
2 ZDOMD Ik
(3) C3B} HmEMR B
T HH B4 BAEIE |tk i ROHEIS
T iEIR
%8 (15%2 1)
FE (5% _L15%AT)

DB (1%L E5RAT)

BT

ThbEHEZ@ER
FOMDBFEREE A
1 IR

2 PRALER

3 TIH Y ALER

4 DA

) 10O ZRAE L TWEY, oA DY 2 FPBER LTI IZE0,

T HA SRS

T BB

RZE 2 NFE TAE INE

IINE Ky EobATL ~Au B2 S

ICA=B S Fp STFE F W
K¥apling E— L SV AT T4 —F RS Y —m Tl Ly R
AI=—74—F A= INT )L HEITHNT BT I U =g
Ak AV bR SR R Liliad TEMhT
KEMNT DDGS SEEgy) FFI—/L
o TITFINT 7 I —)b E— khL7 INA Ty ST
PR B IREETI N DN OAFRTINY T A

(4) REEOEMEHSE TEFREF OB L5 00r#E) LT, BR, &M,

BHENHIUTFWAL T ZE W,

(A—IVARICTH AN
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REER
1 fAHPOEEYVEZDE=_F ) VIJEDOHERIZONT (FHM4EE)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2022)

A2 iR AT AR 5 —
FRP L E 5

{11T.= {1}
S 3=

1 B i

MNTATEE N EMOKEEE Z 22— (BLF [FAMIC) w5 . ) Tik, S ofH
WRR E72oT, AESEEY (FEEONW, I, ToMOBMAICHINDEEM TAORELZZ 2
ROBENNDDL D) BEESH, XIIFESFITHENELDZ EICL Y EEMOAFENLE S
N5 a2 G, BHKEEPBEED TWD [REOZEMEICEAT 268 FE L TME
DY —_A TR« F=F ) U TREREHHE)] FICESE, EFETEDLN TV L EREESEOHEE
WRDOE=2 ) o Z R OREEEENRRES N TV ARWEEMESEDEH EELIET DDV —
RATUA (LUF 2=V 7%) L), ) 2EBLTNDS. G, SF4EEOE=%Y
TEOFEREZRY £ L OO THRETS.

2 A oy
2.1 F=X U T EORGEAE
THAFAANPOLBFSHEI HETOMIC, BHKES (MARBJSE) RO 2MEORH
RE OB OSEICEAT 2EME D (BT TEBZ 2k ). ) 8 56 FOBTEICESE,
B A micxt L O ARE 2 I L7ZBRIC IS L2k, FAMIC JEfREhZ AR, Lt
g—, it —, ARV ¥ —, MEE X —ROREME &2 —2, fEtL2EE 57 &
OBEICHESE, HARGE TS, BURA R LIHSICKR LT AR 2 FM L7z BIC BB L 7=
BHENF N — XA F 2 RN I W T2 72D T LS 365 I B W TR I L 7 Bt 2 kb g & L 72
EFE=H VU THEOMRE LA LR ER LI RLTE.
22 F=HZ N T EDORGRSY
BBV RIESE 3 &% 1| HOBEICESE, R OEEHRINY O BEEICET 285 2
(LT TR BEES S £ ). ) 1BV, Bt oREWESE O EE (LLT 1855
W] Lo, ) DEDLNTWD. £z, WEOAREFME OFELNER OE LY BT,
BRLEL R O F E W E oY BILEE R OVE L (LLT THREEEESE) Lvo. ) BEDLR
TWa., RN T 28 =4V v FEERRDIE, b OEEFEOM, fEOFFER, #E
ORHEREZMET L L L bic, BIBRBSFABOMRFES, BHINL TV RESEICLEE L
TUTOEBIEELT.
1) AEWE
i 0w (24 B57)
7 OREEEEENED LN TS HO (4 5K5))
EHH AT L XITAIRA FEHC I SR EE T E B EEENED LN TWVWDHT 77 b ¥



ARt OFEEMELEDE=H ) o T EOFERICONT (50 4 ) 99

VUBy, BT TV Y, TAEFV=AL ) =LK TE=V Y (B, By KON B; OFRF.
UTEUT. ) Zxt4 e L.
A TLUHNONDESE (20 K5y
B AT HEUE D FIEDNHE STV DL T O N 20 iy & xf& & Lz,
DONEE T 77 hX T2 By, Gi, Gy, ATV~ MU AF, HT2 F¥v Yy, T2 b &%
VU, FA VT =F =, THFL X, 3-TRETFAT AR =L ) — )L,
15- T2 FATA XL =L ) —)b, = L) —)L, VT FFLAIINLAL) —
Ny, TAEXRV=ARNL ) =3 TN ar R, 7T RRVA YRV =y, a8
TIT )=, BT TT =, BT TT ), a-BT TV =R BT
Vv /=
i EeBR% (455)
BHEEMENED LN TWDH A FI UL, KB, SEPOFEEZHNZE L.
i (123 BlAy)
7 OAREEENLEDLNLTNDLEOD
PO HAS EE T RIRE 1 D 1 O(ICEATEEEDNED AL TWDRIE 61 D o Ho
34 iy kg & L.
A4 TUSDRI
AR AT EAEIC HIEDNHE SN TWDERIED I H O 89 il axtg & L.
2) BSE AP ILI24R Dk Sy
i Bidki-ABRE
RO BB TR 1 O 2 ICHE SN AL G LT 56, Simki- A AE X
K- AR EZ )RR T A OB Sk A R B RS L LT,
i ALY
RO B EE A RNES 1 O 5 OITHE S8R 238 & L.
3) WIRMAEY (FLEXRT)
AL TR & fRlEE e OV B S BE 2 kP 2 & L Tz,
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1 TRV EERLEERRURAE
IH B B 0 R S
TEA S TRO AR HEWE BSEREVI IR D BB
) B ek A 1L ‘
b5 A jg O EEeR BRI e ELISA  PCR igg} 2;%
35 H RO B A AR 1 1 1
K5 H R LA EDE 1 1 1 1
5 i B R G Ak 29 28 6 5 4
7 v A Z—EE w A 2 2
T a7 —E %A E A R 5 3 1 2 1
Ui i 5 A 75 PR A B Rk 1 1 1
AT —UH (T2 HE7 IR E ST b ) 1 1
BHE AT — VW T 5, 7 e E G E RN b 0) 1 1 1 1
E AL TR E A A R 5 2
TR E R B A ARk 4 4 1 1 1
WA IR IE B B A5 Ak 15 12 5 5 1
TR B B A B A R ek 7 7 1
il BEHAT—VH (FHAMTFHRAZEER20E0) 4 4 1
1B EFLH R E ROT AT AL TR & SR 1 1
B LB TR A R 3 3 1 1 1 1 1
B e ot it B 8 4 1 2 6 6 6 2
# FL A 2R LA B R 7 4 3 2 6 6 6 3
S A B R I & f R 1 1
A A A= IEE A sk 19 14 2 1 9 9 9 2
P A= <A i A fl 6 2 1 4 4 4 1
FEBAT—VH FLMFFRE &S WAFHEEERV L) 1 1
FEBAT—UW LHEREGR, LM EEEZEERV L 0) 1 1 1 1 1 1
AT — UM (FRUTAE, WHEHEEE2050) 1 1
T GH K PE B 1 I & f R 32 32
FEARALE DAL - Ty FRIR A B 1 1 1 1 1 1 1 1
7o A BB IR A BRE 2 2 2 2 2
bl W A R R 1 1 1 1 1
LR DR A R 18 3 1 3 18 18 18 6
AN it 180 103 58 27 50 49 49 31
FER A KZE 1 1
RKE 3 3
n TVLA U IINVHL (A1) 4 4 4
fg N 2 2
- L HZL 48 48 48
K (bBKY A L—2) 1 1 1 1
AN it 59 58 52 1 1 1
K8 5 5
e ilad 7 7 1
L a—V I ANFr 7 4—F 44 44
? LOBAILIAFT—=ZXT LAV 27 (DDGS) 7 7
g v— T 2 2
¥ ST % 10 10
D 2 2
N 2t 77 77 1
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F1 EZHUIEEFERLEBEHRURE (E)

T B B ok sk
TESY TR OR G frEE BSER/ABS IR DB 0
(LYl P =k
i $H %fg MHOGE EHEeRE B WifisE FELISA PCR iﬁ% 47;1/;:_
i W RmR
E =V INT Il 28 28
% RZIMHd 8 8
g A etV 8 7 1
o F 44 43 1
A T B IR 1 1 1 1
A 71 B IR 1 1 1 1
FXI—L 24 24 24 24 16
g =PI 11 11 11 11 1
ﬁ RE T 1 1 1 1
@ 7 2 T PR A i 1 1 1 1 1
fii £k 63 36 34 34 34 27
B iR omEy 21 1 21 21 14
AR 1 1 1
SRERT) 3 3 3 1
AN it 127 37 73 98 98 60
TNT FIVT T 3 3 3
F—= A 1 1 1
L TV VT TR 2 2 2
g A—=H T T A 1 1 1
FE T — 2 2 2
AN H) 9 9 9
AR RS 1 1 1 1
7 BrEIE 53 53
D FEEBYMEINE 1 1
@‘ﬁi 6 6
AN it 61 6 1 1 1 54
S 557 287 104 88 125 149 149 54 93

23 YTV T HES
1) AFEWE KOS ERAY O 55 b
AOBHT, fBHEMAEMESE Nk, I, RE L. LA LRKUEEIE, fkd
DRIORAEIIRD B N XD, HEL
ST EEHE, BBH T B UESS 2 EoOHEIC L VIR L 2.
2) @k A BB S O T HEUEE
BN, BB ERESS 16 = 1 HioMEIC LY, BE, REROFH L.
3)  ARYEEMEAR A D Sy AT R
FEHEMAR ATl BRIE DO REHR UG IEICHEIL L 72 R O FIEDIC X D S B L 7-.
PG 2 AT X 7 u— ) —HO B OS5 EZBT, K790 77— (FEH
300mL) ZHWT /Ay FO EE, PHECFHO 3 & bBmrEMiE28mL, hb xR
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ELTHREE LT

2.4 RBRJTIE
1) HEWE
i NOFE

B BL Sy AT ZEHESE 5 FEICHUE STz HIEIc K 0 S L7
i EHeRE
BRI T FEHESE 4 T 1 (S BLE S FIEIC K 0 e L7z
i 2 3K
BBy AT FEHESE 6 T HLE STz FIEIc K 0 i L7
i~iii OFRBRGFIEOERE TR, B TR & OB SR AT I STV 5.
2) AR~ OB KT A HE S OR AR
UTO3EEFHLCERLEZ. 2k, BRAERORRIL, FExt5 e 3260 HMRAE
OISR D EGEAE QOOHEFNE (F)  (LLF NEARERHEFIE Lo, ) Ik,
WEBNTHIE L.
i SRS
ARy HT ELTESS 19 B 1.1 BRESRAIL O 1.2 BMEImA L IS L8 E ik 0ic Ly, BR
B (BB OFELZHER L. BEFEOMELX 1 IR L.
ii ELISA i
FRBH T EEUESS 17 3255 2 1 1.1 OQ)ICTHE SN HEIC L v Fh L7-.
iii PCR #Bk
AR A GENT, SR ERER 16 T 2/ L1 ICHE S FEIC kY, (FHEWH
K DNA ZXGICIRADOE WA MR L. A%, T3 I — %, WEHE RO AL
1%, ERRHTEEMESS 16 T 2 Hi 1.2 ICHE S HIEIC XY, KT 9 Btk DNA % %4
WCRADOFEA MR LTz, 72k, FLEBENFEE LTl SUTIRA D RENMED & 2 3 EHE,
AR AT EEVESS 16 B85 2 8 11 fFRICHE SN HEIC LY, ARG ERELEEZIT- -
%, ERlaERE I L 7.
3) ANEEMEARHY
AT RSB SRR FE 1 OS5 O (1) OTITHRE I N HFEIC K0 FEhi L=,
4) FLEXT
FRBH T BLVESS 18 B2 1 ICHLE SN HIEIC K0 FEhE L7z,



B OFEMBELEDE=F ) o VEOFERIZONT (5F1 4 F5E) 103

By
—— 1 mmiffd 5D\ VA i
— 1 g2 Ok
LE Sy
—— LB S m L A AND
—— BB AN IRED
—— K205 P B
% i
L ursL A8 (FIB) (oML 7= BREHEUR & 3% (STEA) TAiE
—— S
—— A EOESE100 mLO~—/LE— B — (281
TV IV AL
5 Y% KA TN L EI20 mLE 2.5
—— 304> FH& b
KB
F—remzctms, Limmebis GREsEC s E TR IET)
SRS E

B EE (5 2850~1001%)
FRPAMEL (53£20~301%)

1 BAHPORENFOBEMBREETE

3 & e
3.1 AEWHE
BEMEDOE=2 ) 7HEOFRERIZONWT, HEHEEHELOCESEEHESEOFEICLY) ZNE
WY £ L7,
1) »HOFH
BliRABTE 103 5, HRETE 184 I oW TC, FHEEEESENRED LN TNWLET 77 h¥ v
Y By, BTYIVL /Y, THAFV=EAL A ROBTE=ZV D 4 Ky OE=Z Y 7 KO
—_A T A, WG EREEERNED LN TWRWNADE 20 KOO —XA T A% 5%
i L7, FEEEEEENED LN TND 4 OO REER2-1 12, EEEEHEENED LT
WIRUN 20 R DOFERZ R 22 IR LTe. ERDPPFIZOWVTOREIL, UToLEh Tho
7.
i 777 X By
BIR A EREE 102 /0 20 2B &4 (B 20%) , &RMEIL 0.004 mg/kg, iS4
b OOWHE (LLTFEEE) 1X 0.001 mgkeg TH Y, HELUEM (FLASM 0.01 mgke) K&
OEBLEEYEME (BT oM, 7 aAa4 7 —mi#iH, L8 KA X ONEAH 74 H1X 0.01 mgkg,
ZNLANOEIRAEEHE 0.02 mg/kg. ) ZHBZ DL DR T-.
EOBLAT LA AT 17T A b S (B35 %) , &KX 0.018 mg/kg, FHHE
1% 0.003 mg/kg TH v, EHEIELAEM (0.02mgkg) ZHx 5 H DL T-.
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ii

iii

v

B rov v

B AR 102 /A 100 S bR S (B 98 %) , A KMEIL 0.19 mg/kg, FHIEIE
0.032 mg/kg TH Y, EFHEEE (REXOREEAICKHE SN HEEEET 0.5 mgke) Zi#
2D DL o Tz,

HERFRE O FRE I EESITED DN TWVARVA, LB AT L 48 S 45 Anbitisn
(=R 94 %) , FKfEIE 0.12 mg/kg, FHJMEIT 0.028 mgkg THh-o72. ¥ 2D 1 LTE
BENENLONRH Y, ZOMIZ 1.9 mgkg ThoTo., £/, LHHAZ LOMLEIEDD
—WbERMPELS, I— T NT T 0 — FOFEEIL 0.24 mg/kg (A KfE 1.8 mg/kg)
DDGS OV E 13 0.18 mg/kg (B KA 0.34 mg/kg) KN — 2 7T v 2 — )LD EE)ME13 0.43
mg/kg (B KfE 1.8 mg/kg) THo7=.

TAXT =L ) — v

BT A BB 103 420 84 i iR S0 (BRHIEE 82 %) , FeKMEIL 0.86 mg/kg, “FHIfEIL
0.25 mgkg Th v, FHEEME (KT 588 (FAMOLOER. ) K5I LA
BHE 3 mgkg, F& (KT 288 (FHAMOLOERLS. ) ZR<. ) KORZACHE S
NAEIEHT 1 mg/kg) 22 bR oT.

BRI OFF B EE ST ED DN TRV, L9 HAZ L 48 HH 37 SAhbiilsn
(B 77%) , fKRMEIT 0.69 mg/kg, FHIEIX 0.23mgkg THHo7=. /IhED 1 L TEEM
DENLEDONRHY, ZOMEIE 1.3 mgkg Thot-. 1=, £ 652 LOMILEIEY D
bERMENRELS, 2= T NT 7 4 — FOFEEIL 2.9 mg/keg (R AfE 13 mg/kg) , DDGS
DOYEIEI 2.2 mg/kg (GRARME 4.2 mgkg) MO a—2 707 I —/LOYHIEIT 0.18 mg/kg
(KB 1.4mg/kg) ThoT-.

TE=V

BRAETEE 103 ST O S, RKRMIE 1.6 mgkg, FHEIT 0.44 mgkg TH Y,
BHILERE (FELOFEZACKH G SNAEAEEHT 4 mg/kg) 225 bDIEX Mo,
BRI OFF B EE ST ED DN TRV, L9652 Lk 35 SeThbiiian,
BRI 2.5 mg/kg, FEHEIX 0.61 mgkg Tholz. &5 HAZ LOMLEIEY O —H Tk
EREPENLONRH Y, a— T NT I —/LOFEHEIX 1.4 mgkg (BKfE 8.7 mg/kg)
ThHol-.
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K21 HEREEENEDOLNTVINUEDEZLZ Y VIRV —RAISUADHER

775 FET B GRITFRE 0.0003 merke) 7T/ (TR 0.0003 mg/ke)
E=R YL IED NS R b SN b0 e o S bRt EnZbo
ISV H AR - Mt RO FE HHEfE ,ué-; - MR RORfE
(mg/kg) (%) (mg/kg)  (mg/kg) (mg/kg) (%) (mg/kg)  (mglkg)
775 RELUBD, .
St A om0 0
gﬂ(ii”:i D % 0.01 10 4 40 0.004 0.002 0.5 102 100 98 0.19 0.032
E%ﬁ?gf‘jﬁ@mgﬁﬂﬂ) % 0.02 85 16 19 0.003 0.001
SER A AR 102 20 20 0.004 0.001 102 100 98 0.19 0.032
E~A K — 1 0 0 - 1 1 100 0.0004 0.0004
K — 3 0 0 — 3 1 33 0.15 0.15
TULA Y INH A (=4 0) — 4 1 25 0.0007 0.0007 — 4 3 75 1.9 0.63
N — 2 0 0 — 2 1 50 0.082 0.082
LHybAIL # 0.02 48 17 35 0.018 0.003 — 48 45 94 0.12 0.028
K¥an — —
Kdahng - 7 0 0 — 7 6 86 0.012 0.005
A=V INTF T 4 — — — 44 43 98 1.8 0.24
DDGS — 7 0 0 — 6 6 100 0.34 0.18
B =g — —
SE — 10 0 0 — 10 8 80 0.012 0.004
Fdain — —
O IANT I - — 28 28 100 1.8 0.43
K9 - 8 0 0 — 8 8 100 0.015 0.008
Rt - -
i - —
## 192 38 20 263 250 95

1) 24T HERAEEIOFEIILL TO LB .
T7T7RXT BT O, TaA 7 —BEMMA, 1FHAH AL ONEALE T4
BT IV v ZFERORERE A

2) BEOBRBRIEND DI HONTIE, B OB TRAZZH L.
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x2-1 BEREEBEHINEDOLNTLEINVEDEZF I VIRUS—RLIFUVRADOFER (i F)

FAF =AU —L (B FRR 0.003 mgke) 7E=vr (BitBtBy) (B T PR 0.0006 mg/kg)
s ) S Ht SNz Lo s B} Sbit S b o
Shudl v —————— — Shudl v —— —
W e R ROKE A AL g R RO R
(mg/kg) : (%) (mg/kg)  (mg/kg) (mg/kg) ™ (%) (mg/kg)  (mg/ke)

(777 hxT UBDOH)
Fd At (L)
B iR Ak

el . 3 76 60 79 0.77 0.20 4 103 103 100 1.6 0.44
(FA IR fRE
VELA A=
EE(%*EE uﬂjﬁwmé}ﬁﬂﬂ) 1 27 24 89 0.86 0.38
AFERA AR 103 84 82 0.86 0.25 103 103 100 1.6 0.44
JEAR A KE - 1 0 0 —
K — 3 3 100 0.028 0.019 —
LAY IVH B (=A1) 4 1 25 0.049 0.049
N 2 1 50 13 1.3
LHrHbHZL — 48 37 77 0.69 0.23 — 35 35 100 2.5 0.61
P32V — 5 3 60 0.064 0.029 —
P2Vl s - 5 5 100 0.024 0.018 —
a— INFr T 4— R — 44 44 100 13 2.9 — 44 44 100 1.0 0.18
DDGS — 7 7 100 42 22 —
By - 2 0 0 —
SF — 10 7 70 0.24 0.13 — 1 1 100 0.010 0.010
F b - 2 2 100 0.067 0.044 —
a— AT I — 27 27 100 1.4 0.18 — 28 28 100 8.7 1.4
Ky — 8 4 50 0.034 0.021 —
Ayt etV — 7 1 14 0.011 0.011 —
LEES — 6 6 100 0.44 0.098 —
3 284 232 82 211 211 100

1) B4 F B RRA B OREIEL Fo & 50 .
FAEL=AL = KT OB FRMObOERS. )
TE=VV CREROFEEAUH

2) BORORBIEN b 5ROV T, IR F OB FIR% il L.
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x22 BEREEBEFEIEDONTVELNUEDY —RAIFUADKR

o bRt EhiZb o
B RKME CESE

P—_a T RO *ﬁtﬂ?ﬁﬁ* Ve

mehe)  AH A T gk (mgke)
T 77 FFTUB 0.0003 192 7 4 0.002 0.0007
TT77 MG 0.0003 192 8 4 0.011 0.003
T77 TG 0.0003 192 2 1 0.0005 0.0005
ATV T~ RN AF 0.0003 223 64 29 0.006 0.001
HT-2 R v 0.002 263 60 23 0.062 0.015
T-2 kv 0.002 284 105 37 0.097 0.010
XA T =F—)v 0.002 284 6 2 0.005 0.004
TJHL X 0.003 284 2 0.7 0.029 0.029
3-TEFATAF =N ) —)b 0.006 263 11 4 0.37 0.063
15-TF LTt = /) —) 0.006 263 113 43 3.2 0.20
=L /J—) 0.002 284 80 28 0.39 0.061
T RXFVAIILAR ) — )L 0.002 263 6 2 0.020 0.006
FEhX =1 ) —)3-Frav R 0.002 263 186 71 0.93 0.095
F 7T FbFT A 0.0003 255 32 13 0.013 0.001
Ry = 0.002 255 57 22 0.10 0.012
a-¥T7 77 ) —)b 0.002 213 1 0.5 0.004 0.004
BT 55— 0.002 213 0 0
¥roo v 0.002 213 33 15 0.042 0.008
a-B7I 1L ) —)L 0.003 213 12 6 0.023 0.007
ﬁ-“lf?? v /—Jv 0.003 213 37 17 0.077 0.008

BB ORBIEDN D DI OV TIE, BV OB TIRAFCHE L.

2) HERS%

IR G EE (RADKEESMM ZER<) 23 &, Hik

DE=ZY T ROV —_A T Az FEh L.

ToOLEEY THoT-.
i #FITA

K PEE M & bk < IR G EEE 23 " 6

ZTORRER IR L.

=)

I

9 &, Mm% (B EORAER) 37
JE N OSEHEK FEE ) AR A Rl 32 S5O\ T, BHEEENED SN TWIELBY 4 Yy
fEROMEIL, DL

SR S (= 26 %) , &AM

0.28 mg/kg, “F¥IMEIE 0.09 mgkg TH VY, EEHIEHE (0.8 mgkg) B2 D HDIX o7z
REPLESE 9 b 2 S E N (B 22 %) , RKRMEE 0.24 mg/kg, FE¥IMHEIL 0.14

mg/kg TH Y, EHLMEM (1 mgkg) B2 LOERN-T2.

T E R CIX, AT 36 A8 35 A bR E (=R 97 %) , H&RKMIE 1.6
mg/kg, FHIEIL 0.60 mgkg TH o7, WEM 1 SOWEEIX 0.05 mgkg THo72. WTh

b, BHIELEME G mgke) ZHEIDLOERNoT.

Y=g TR e UTEN LRI EBSY AR A EETIX 32 SaThHbmit S,
KX 1.0 mg/kg, “FIMEIE 0.43 mg/kg Th - 7-.

=

Biia
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i KER

FHOKFEE A & B < BUR AR 23 & 13 Ao BHE 57 %) , &KX
0.10 mg/kg, “FX¥IEIL 0.03 mgkg TH Y, EHIEAEE (0.2 mgke) 22 2HDIE o7,

FERESE 9 B 8 AR S AL (R 89 %) , I KMEIX 0.06 mg/kg, FHIMEIL 0.04
mg/kg ThH Y, EEEMEM (0.4 mgke) ZBIDHDIXRNoT.

B EPEE R CIE, ST 36 A AT LM 4, RARMIZ0.73 mg/ke, “FHEIL0.21
mg/kg THo7=. WEH 1 SOREMEIL0.05mgkg TH-o72. WTNLEHEMEME (1 mgkg)
EHZDLDIE o7,

Y= TR UCHEN L IZEAHKEBSY ARG EE T 32 A 31 irbiitish

(M 97 %) , f KMEIE 0.45 mg/kg, FHIEIL 0.16 mg/kg TdH - 7=.
i $n

FHOKEB A % B < BLR AR 23 S 1 b miish (RHE4 %) , TOMEIE 1.3
mgkg TH Y, FHEMEME Q2mgkeg) ZHIDLDITRN-T-.

RLCELSE O P 1 S BT S (BHE 11 %) , ZOfEIX 02 mgkg TH Y, FHIKE
# 3mgkg) 2D LOFRNoT-.

B EMESENTIE, 36 P 13 i bt S (MR 36%) , A KIEIE 5.4 mg/kg,
EHIEIX 1.5 mglkg ThoTo., WEH 1 SrbidmibiEniahotz. Wind, SHLuEE

(7Tmg/kg) 2 DbHDITRNoT.

P—=_A TR UTHENM LI BHKFEDY HELAFETIX 32 A% 8 iobitiah

(R 25 %) , fOKfEIX 0.5 mg/kg, FHIEIT 0.4 mgkg Th - 7-.

iv OF

BHOKFEEN A 2 B < BLIR G EIEE 23 A 10 S bMEn (Bt 43 %) , KM
0.89 mg/kg, FIMHEIL 0.20 mg/kg Th o7z, fad b &R < GHESE 9 S 4 Ao S

(R 44 %) , HKRAEIX 0.45 mg/kg, FHIEIL 0.19mg/kg Th oz, Wi b EBLEEHEE

(2mgkg) #HEZDHbHDIERNoT-.

B E MR T, AT 36 AATH LM S, &AM 11 mekg, FHHEIT 4.7
mg/kg Th v, FHILHEM (15 mgkg) MR D2 DIERo7. WEH 1 KO LIEFHKRHS
nigmoiz.

Y= TR UCHEN L IZEBKESY AR GEE T 32 SaThrbiitish, &
KAEIL 5.0 mg/kg, “FE¥IMEIT 2.5 mg/kg THH 7=,
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x3 EEREDE=SLYIRUS—ARSLFURADRER

_ . ps YbiiEnicb o
f%g%%{% %Eif‘?ﬁ =20 3/7 ik B%E EAE EHME BRI IR
Wy meke) TR B T ety et
0.8 BliR Akl GERKEE A 2 BR<) 23 6 26 0.28 0.09
1 7 PR 9 2 22 0.24 0.14
BT 3 i) 36 35 97 1.6 0.60 0.03
SREg) 1 1 100 0.05 0.05
— TR E B A B & fl sk 32 32 100 1.0 0.43
3 7t 101 76 75 1.6 0.47
0.2 EURAIE GEAUKEBMNER) 23 13 57 0.10 0.03
0.4 WSS 9 8 89 0.06 0.04
£y 36 36 100 0.73 0.21
KR 1 0.01
=g 1 1 100 0.05 0.05
— FRHE K EE B FA I A fa R 32 31 97 0.45 0.16
b 7t 101 89 88 0.73 0.15
2 BliRa ikl (K EBH % BR<) 23 1 4 1.3 1.3
W PR 9 1 11 0.2 0.2
” ; b5l 36 13 36 5.4 1.5 02
SEe) 1 0 0
— FRHE K EE B FA I A fa R 32 8 25 0.5 0.4
o 2t 101 23 23 5.4 1.0
) BliR Akl GERKEE A 2 BR<) 23 10 43 0.89 0.20
WREEE (i b 2B <) 9 4 44 0.45 0.19
O 15 ok 36 36 100 11 4.7 0.05
7 SREg) 1 0 0
— FRHHK PE BN ) B A B R 32 32 100 5.0 2.5
& &t 101 82 81 11 3.1
3) B K

FCIR AR 27 AL, B (L9 bAZ LKV~ A 1) 52 SE OIS 9 SIC>0 T, B4
FEYEE N TE D HAL TN D 23K 34 plioy M OV A EE A E D DAL TR WK 89 lisr DFF 123
FRAIWZDONWTE=F Y TR —_ A T o2& F i LT, AREEERIEDHNATND 34
RO OFERZFR 410, BHEEBENED LN TRV R KT OFEREZR S IR LT

é%%ﬁm%%mbf@méMK%®i&#otﬁ,&9%5_L%¢u_ﬁ%)/%%¥
THRHPABR S, BROMEIILLTOLEEY ThoT-.

i AR R
BHEHEEMENPTEDOLNTNWDLZ7 BV EVRAATF IV, BUIFRAATI, 7x=taFt
RO TFAUNREICE I A LS. LA LbLDOKRERIE, B
SAHRAATFN3%, 7==bsF L 11 %DIETH 7.
i OO STz R
BHEEBENRED LN TNDIRUT 4 AZ Y O THE T Aol shiz. £,
BHEEENRTED LN TWRWEKIZOWTE, Yubatr Yy —n3iE 1 S En
7.
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x4 BEOEZFVUVIRUG—RLIFURADOKHER (HGEEEAEDH LN TLEES)

e _ e B e ILEHENZL D T
TELVLAES TELILIEO i ;fj;; e A ROk EBE TR
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
y-BHC (U v 7 V) BURATIE (8- 5T5. KA 0.05 17 0 0
BliR A el (5 H) 0.4 10 0 0
W 0.4 9 0 0 0.005
FEAEAE O 7o R — 39 0 0
i — 75 0 0
BHC Bl 18 A R} 0.005 27 0 0
W% ‘ 0.02 9 0 0 0.005
FEAEAE O 72 R} — 39 0 0
i — 75 0 0
DDT Bl 18 A iR} 0.1 27 0 0
o 0.1 9 0 0 0.02
FEAEAE O 72 R} — 39 0 0 ’
i — 75 0 0
T hrIU Eo9HAZ L 0.2 35 0 0
~ A 0.02 4 0 0
W 15 9 0 0 0.02
FEAEAE O 72 R} — 27 0 0
i — 75 0 0
7T a—)v Eo9HAZL 0.02 35 0 0
~A 0.05 4 0 0
W 0.05 9 0 0 0.02
FEHENE D 7o A B — 27 0 0
it — 75 0 0
TNRYEWY Bl IR A B Rk 0.02 27 0 0
T4 RY v B 0.02 9 0 0 0.02
FEHENE D 7o A — 39 0 0 ’
it — 75 0 0
AV T URA EHbAZL 0.02 35 0 0
FEHENE D 7o A — 40 0 0 0.02
it — 75 0 0
TF A BB 20 9 0 0
FEHENE D 7o A — 66 0 0 0.02
it — 75 0 0
Tz R Bl B A B R 0.01 27 0 0
P 0.01 9 0 0 001
FEHEE D 7o A B — 39 0 0 :
it — 75 0 0
TNV F— b EHBLAZ L 0.1 13 0 0 0.02
7 ae kA Lo9b AL 0.1 35 0 0
~A 0.75 4 0 0
Eyg) 13 9 0 0 0.01
FEHEE D 7o A B — 27 0 0
it — 75 0 0
JRAEYRAAFL L HIHLAHTL 7 35 0 0
~ A 10 4 1 25 0.51 0.51 0.02
FEAEAE O 72 W EE) — 36 0
gt — 75 1 1 0.51 0.51
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£4 BEDE-ARANVIRUY—RASUADHER EASHEBIAEDONTWVEIEY, HE)
S EY YL VRNV YE 1 ggﬁ B S oRMENELE PR
(mg/kg) (%)  (mghkg) (mgkg) (mg/kg)
sarZzrErRA EIBATL 0.05 35 0 0
LA D 7o fRDE — 40 0 0 0.02
it — 75 0 0
sanrrazy A Eo9bAZL 0.05 35 0 0
FLVEE D 7o DR — 40 0 0 0.02
it — 75 0 0
JaARyVL—h LIHIHLAZL 0.02 35 0 0
LA D 7o fRDE — 40 0 0 0.02
it — 75 0 0
voa by EIH9HLAHZ L 0.04 35 0 0
~A B 0.2 4 0 0
L 0.6 9 0 0 0.02
LA D 7o fRDE — 27 0 0
it — 75 0 0
VAR — ] EIO9HLAHZ L 1 35 0 0
~A B 0.2 4 0 0
L 2 9 0 0 0.02
FLVEE D 7o DR — 27 0 0
it — 75 0 0
AT ) EovAZ L 0.02 35 0 0
~A B 0.1 4 0 0
e 10 9 0 0 0.02
LA D 7o fRDE — 27 0 0
it — 75 0 0
TNAEARYI KRR EH3HAHAZL 1 35 0 0 0.03
=2 N ANA ~A " 1 4 0 0 0.03
Hr B 5 9 0 0 0.045
FEMEME D 70 ) — 27 0 0 0.03
it — 75 0 0
TIVT R A EHHAZ L 0.01 35 0 0
~ A 0.05 4 0 0
HrE 1 9 0 0 0.005
FEMEME D 70 ) — 27 0 0
it — 75 0 0
NI F X EHHAZ L 0.3 35 0 0
~ A 0.08 4 0 0
HrE 5 9 0 0 0.02
FEMEME D 70 ) — 27 0 0
it — 75 0 0
EY I HRAAFIL EO9HAZL 1 35 11 31 0.26 0.12
~A " 1 4 0 0 0.02
FEMEME O 72 ) — 36 10 28 0.81 0.15 '
it — 75 21 28 0.81 0.13
T4 Ta=)L EO9HAZL 0.02 35 0 0
—z{ = 0.01 4 0 0 0.003
FEMEME O 72 ) — 36 0 0
it — 75 0 0
Jrx=htuFfr EO9HAZL 1 35 4 11 0.08 0.05
~vAnH 1 4 0 0
HrE 10 9 0 0 0.02
FEMEME O 72 ) — 27 1 4 0.44 0.44
it — 75 5 7 0.44 0.13
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x4 BEDEZAVVIRUVI—RASUVADKEER ESEEBELAEHONTULDIES, &HE)
R L 2. Y D S D DRIMENELD ol
AR 2 % R} FL A Joe e BiE RKE  FHHE TR
(mg/ke) (%)  (mgkg) (mgkg) (mgke)
7z hx—h EHBAZL 0.4 35 0 0
~Afn 0.4 4 0 0 0.0
FEHENE O 7o A B — 36 0 0 :
i — 75 0 0
T x NN L— | BLRA R (B - 5 F 5 M) 0.5 9 0 0
Bl &k (KA) 4 8 0 0
BiR AR (%) 8 10 0 0
0.02
i 13 9 0 0
FEHENE D 72 A B — 39 0 0
i — 75 0 0
A= WAl N R § ) 20 9 0 0
FEMEQE O 70 ) — 66 0 0 0.02
i — 75 0 0
A A=Y B 1 A B A 0.02 27 0 0
o 0.02 9 0 0 0.0
FEHENE D 7o A B — 39 0 0 :
i — 75 0 0
SRR v EobAHZ L 2 35 0 0
~ A" 2 4 0 0
by 55 9 0 0 0.02
FEAEAE O 70 W R} — 27 0 0
i — 75 0 0
NUT 4 AHEY v EobAZ L 0.2 35 0 0
~An 0.1 4 0 0
o 15 9 1 11 0.08 0.08 0.02
FEHENE D 72 A — 27 0 0
i — 75 1 1 0.08 0.08
RARA Y b EHBAZL 0.05 35 0 0
~Afn 0.05 4 0 0
by 40 9 0 0 0.02
FEAEAE O 72 W EE} — 27 0 0
i — 75 0 0
AL—k EHBAZL 0.05 35 0 0
~An 0.05 4 0 0
by 1.5 9 0 0 0.02
FEAEAE O 70 W EE} — 27 0 0
i — 75 0 0
~ 7 FF Eo9HAZL 2 35 0 0
~An 2 4 0 0
o 135 9 0 0 0.02
FEHENE D 72 A — 27 2 7 0.13 0.08
i — 75 2 3 0.13 0.08
AFEF A EobAZ L 0.1 35 0 0
~An 0.2 4 0 0
by 12 9 0 0 0.02
FEAEAE O 72 W R} — 27 0 0
i — 75 0 0
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ERIZOWT (45Fn 4 %)

EpE=H ) TED

-
"

R OFEY

200 0 0 SL YMT &L 200 0 0 SL I —=1ALE
200 0 0 SL N—n g & ¥ 200 0 0 SL M= B LATL 200 0 0 SL d34sL¥n
200 0 0 SL AAnd ¥/ ¥ 7070 0 0 SL AHLAFL 700 0 0 SL N—L B (TFLL
200 0 0 SL =Y 200 0 0 SL AN CFEL 200 0 0 SL A s£TLE
200 0 0 SL VM 4 & 200 0 0 SL LAY LT L 200 0 0 SL AL L&
200 0 0 SL | —a LLwl 200 0 0 SL NE (AT L 200 0 0 SL UL AL LD &
200 0 0 SL ATl 200 0 0 SL AhAngAA 200 0 0 SL VALT LA 4
200 0 0 SL AN UL 700 0 0 SL AT LAFOLAA 200 0 0 SL AL g
200 0 0 SL V=L 200 0 0 SL A& A 200 0 0 L WELELSN—fAUD g
200 0 0 SL N—C e (> 200 0 0 SL AKLAFLEL (A 200 0 0 SL VNLET AR L
200 0 0 SL V=L~ 200 0 0 SL Yoo A 200 0 0 SL AN Ak
200 0 0 SL LEn L 200 0 0 SL AN AFLA 200 0 0 G WLTLLN AFLAL
200 0 0 SL I—1Aansxns 200 0 0 SL XL CDLAT LA 200 0 0 SL VML L
200 0 0 SL d£LxFnL 200 0 0 SL VUL X AHL£ Lo 200 0 0 SL ALLE e FxF
200 0 0 SL YA LT L 200 0 0 SL A Iynsf 200 0 0 SL LMOT (i =
200 0 0 SL YN LO L 200 0 0 L ~AndYAknl i 200 0 0 SL V=L LL T
200 0 0 SL TLonl 200 0 0 SL AL s iy 200 0 0 SL o sy T
200 [l [ I I SL U—LfEA DL 200 0 0 SL I =1Ly 200 0 0 SL \—a¥cd=
200 0 0 SL A cxancn s 200 0 0 SL AL RLAN 200 0 0 L Y4AnLATLT
200 0 0 SL A=yl 200 0 0 SL Al Lt 200 0 0 SL YMWMAF LS LT
700 0 0 SL Alscn L 00 0 0 SL AL L 200 0 0 SL N W 2=
200 0 0 SL AN—B 50l 200 0 0 SL d AT L 200 0 0 SL YA A L)
200 0 0 SL ~d sans 200 0 0 SL V=L B L L 200 0 0 SL ALkLnLiry
200 0 0 SL  AMEANVGAEDLIAL 200 0 0 SL AL £ 200 0 0 SL L L b
200 0 0 SL ALk 200 0 0 SL N—rfm i £ 200 0 0 SL AMEAL
200 0 0 SL R NN 200 0 0 L LW ARAND 4 LY L 200 0 0 SL A—t g (i L
200 0 0 SL A= L (AL 200 0 0 SL AAA L 200 0 0 SL Al AL
200 0 0 SL V=L 200 0 0 SL LAL AL 200 0 0 SL o =L
200 0 0 SL et N R A 200 0 0 SL WA= 200 0 0 SL AU—n gy AL
200 0 0 Gl AMLXLAOLTLL 200 0 0 SL AFLEANL LA 200 0 0 SL Ndd
Sypw) @G1Fw) @yBw) (%) @1fw)  @GyBw) (¢ @yBw) @yBw 9

T W wew wite R0 owe o owsw GO el wow eie R omy o owws G el wew wiw WY v o

e O AURHG ¢ iy W

QRAURTEG ¢

QRUURTHG ¢

(BTN LU QRIGEREFSR) FHOLTCINV—HOEFE

GE
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3.2 fRt~O B KT A BB % DR AR

EANCTRE SN 34 51, ZOMOBMEERZARE4E, FFUI V24 5 R0T =
P = 11 JUZDOWT, BAMEEHEE, ELISA Bk & Y PCR 3R 2 FEh L 72 fE %, FHkiA
HEDOIBANITRO biveno7z. 70k, PCRABRIZIHWTHE 2 806 T 9 @)k DNA 73
M &R 722, ELISARBRICB W TR —REIN S FHEZARERMRE SN2 2D,
IRAFERHEFIEICESXFHRKRZAAEDORAIFRED DLW EREGHIHE Lz, AEH

(R—7 I—)) 34, ZAEH 1 A ROFEEHES RS 21 5250\ T, ELISA 7Bk & O PCR
B A ST L 7oA, FHETEABREORANIRO SN ode. b ORERER T KU 8
=Lz,

xR7 BYHBERLABBEOEZSYVJDORE (AHNE)

WH I B B T ELISAR Bk PCRA B& TN

HRE, BE R AAY K95 @i skDNA  HIE

W B MmHE R Bl BEH=ER R RE BREE S KR

mnE R (%) mnE R (%) mnE R %) %
ok 34 0 0 34 0 0 34 2 6 0
A I R 1 0 0 1 0 0 1 0 0 0
A T3 N 1 R 1 0 0 1 0 0 1 0 0 0
A2 T Y 1 0 0 1 0 0 1 0 0 0
A 2T Nk ARk 1 0 0 1 0 0 1 0 0 0
) 38 0 0 38 0 0 38 2 5 0

%®8 EWHRER-ABEDE=-AZAYIDHER (FXUI—I)L, ABHE)

SE I B ELISA R B PCR R wa

BB, BE FHERZABE 9 5 #itskDNA - HIE

HE B MR KB kR B AR Bt mEER kR

R RE (%) mE ORE (W) R R (%) =% 4
FxLI—I 24 0 0 24 0 0 24 0 0 0
7z P—3I— 11 0 0 11 0 0 11 0 0 0
JFERHE G B R 21 0 0 21 0 0 0
Ry 1 0 0 1 0 0 0
WEB (R—2 2 —1) 3 0 0 3 0 0 0
) 35 0 0 60 0 0 60 0 0 0

ENCHRIE SN -ER AR 37 5, BEEWEEE 1 A, Bk 1 S NicEm A S =4 HES
B 11 A5 DWW T, PEMSESE T, ELISA Bk & OV PCR AR 4 Fhe L7-fE 58, 4FHk-ABHED
BATRBD N7, ZTNHORELZFHFIRPFI10IZTRLTE.
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K9 BYHE-ABBEDE=2 ) VIOKE (BRREFRAGAEAME)

I 5 B ELISA#ER PCR#A R wa
B, BRE sk A EE LB HEEDNA KT O @i ikDNA  HIE

B R BHER REBR R BRE KB R BHER S RB Rl B
K R (W) R ¥ (W) K R (%) R 5% (%) R

7t ) i 2
FEAW AR AN AL HECA SR 1 0 0 0
VE I 2R E R B A R ) 1 0 0 1 0 0 1 0 0 0
AR E T A R k) 6 0 0 6 0 0 6 0 0 0
FLA A B G ikt 6 0 0 6 0 0 6 0 0 0
A AR R & R A ek 9 0 0 9 0 0 9 0 0 0
PA] 2F 5 5 FH 1 G f Rt 4 0 0 4 0 0 4 0 0 0
AT — O GURER G2, EANT R ZEERb0) 1 0 0 1 0 0 1 0 0 0
JEAAE D b B L - W77y R A 1 0 0 1 0 0 1 0 0 0
bl W A AR 1 0 0 1 0 0 1 0 0 0
BB S 1 0 0 1 0 0 1 0 0 0
LA D IR A i B 8 0 0 8 0 0 8 0 0 0
/Naf 39 0 0 38 0 0 38 0 0 0
Ot > 5 F 1 L fRL R
(BYE R % & e b D)
BT A BEIR A Ak 2 0 0 2 0 0 2 0 0 0
NEE 2 0 0 2 0 0 2 0 0 0
10 FIYHBEX-ABBEDE=F2Y)JDER EARRSE)
BEI 0 ELISAZ R PCRA R TN
B, BRE FHEKI-ARE K45 @ okDNA  CHIE
AE R BRHE BB RE REE BB RE BREE R
R SE (%) R R (%) R B (%) R
2 R A A R
T A Y B RE 6 0 0 6 0 0 6 0 0 0
TNHIT 1 0 0 1 0 0 1 0 0 0
AZVT 1 0 0 1 0 0 1 0 0 0
77 A 1 0 0 1 0 0 1 0 0 0
A 1 0 0 1 0 0 1 0 0 0
RPN = ES 1 0 0 1 0 0 1 0 0 0
ol 11 0 0 11 0 0 11 0 0 0

3.3 AEEMEARHA
fBH & U CHIAT, dil LW 2B MEAE (RS BV MR, IR, RS MAESE)
54 JRIZHOWT, REMEAMmOEREZHE LIEEERE, REERMYORSHEEZBLX 2 H O
722 ole. EORREZR1TITRLT.

®1 TBERETHPOE=ZZ) VT DHER

EFE=HY IO N abu e % e K& FHE
&4 A 0.15 %LL T 54 0.085 0.019

34 WILERT
[E] PN CHRIME X7 KRR 62 S OBRIR AR 31 Sl D W TE =X U > 7 & Ehi L7/ R,
HARFARICIE 2 A6 LER TR IS HE 3%) , WInbEWEMNEEE CTH - 7.
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I, AMFEEMOEIAFEE L I AVEX T ITRE S Thwn., BEIRGEFEE T LER T I
B E 72 olz. 7ok, FIFELORIZFEL HICHLERTIIRBIATHRY., ZhAb0
FERER 12 KOE 13 ITR L.

BH SN2 VTR T OMERIEER 14 IZRT B0 THDH. #E 5 FLUNITEED G 4B S
NTFERNL 2o Tz.

B, WEEAEYRHEER DIcks &, MENSSEEIN - oMiER O 9 5, S. Montevideo
K OYS. Alachua (ZEWNTHRAELLEZYLVEXT BT HEORKEL LTREICE F2b bl T
WA, ZIZEEDO A 10 MiERICEEENTWiRhotz, 72, BV omERIZO VWTEH Z
ZHEAFEO EAL 10 MERIZITE ENTW o Tz,

K12 YLERSODEZZ VIV DOHER (BAEFEHOEER)

FB=H Y T EOXGEE ARBUEE Btk B (%)

A B B

FF¥I—/b 16 1 6

Tz —I— 1 0 0

R H T Wi A Ak 1 0 0

K 27 1 4

JFEHE A N B 14 0 0

R A B Fy 1 0 0
5O

Kl AT 1 0 0
TEPE I 7948

Ay ey R 1 0 0

it 62

£13 HILERSOE=ZZ)IDHER (BESHAHDIELER)
T=H ) o TEOX SRR RS R AEK RHEE (%)

A= FIc & et 10 0 0
55 FIC A ket 8 0 0
J R i A i Ak 3 0 0
Z O OIRA R 10 0 0

s 31 0 0

x14 BREEABEICHBESAEYLERSOMBE

1 5
I 7= AR o FEFE
Bt A O S'. Montevideo S'. Othmarschen S'. Alachua
=Rl 1
FxI— 1 1

B 1 1 1
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EERR e R AT SRR E A AR

Results of Official Testing of Specified Feed Additives (in the Fiscal Year 2022)

FeEBIY &%, B OLZEEOHR LK O E OWEIZRE T 5 ERE (0 28 15/ 35 2. 2L
T Mkt 2tk Lo, ) BIEE I HOHEICESETHBENED bR D 5> &, i
BF O RO R K OVLE OUBGEIZB T 2 EEEITS (B S1FEBDE 198 5) 52 &8 2 5
ED LT PLEEMERAN 20D BERINIE, L 2RSS AB 1 HEOMEICL Y, MArfT
BB N BMOKPEE B R 2t 2 — (BLF TFAMIC] W95, ) PITHOREZZT, RES
RN SN TRITIEBGE L CiEebrnZ b &N TWna. =721, ML eEdE 714
B 1 HORER A T TR E B S RE S (LUT DRSS EM A EREES) Lo, ) BREL,
FES 16 -5 1 HORRPT S 72 b O R ONRER 21 555 | THO Bk % 52T 72 6 E R E B 45 1Y
EEFNRIEL, FEE2HORTRIBFINTHDIZHONTIE, ZORD TIER.

B 4 AEEEIZ FAMIC IZXf L CTRIEDHFENH VD, ZHIZH LIEFERNWIZONT, k%
EVFELDTDTEOMELWMEST . £/, B4 F 5 ORGSR EREHERIE R 2 X DR ER
M OREHEEIZ OV THHETHRET 5. 28, S 4FEEROR AT, SMEFRE Ak E
EFZOBEITIR.

1 FEEWINY DR E 5 KONV F

G4 EFEITHREICAR LB ERNMICHONWT, ZOMEE A S L2 HEEEICE IS
~LTe.

HEEIL 4 25 RIFE3IER) »obdbV, SMIFERFOR» o7 1 EENIEL B L
7o, 1 EHWIMLT-. WEObHoT- 4 EF 0N ENORERES X, ORAIORED R EIT
STWDHDN2¥E, QRFIDIMADHEZIToTVWHIDN2EETH-T-. Ik, ERIEDR
FNZH W BT 5 BE B FR XA G Th o 7-.

SR AELEITIREIC AR LI REWRINIL 6 fE, 984iH (AT4REE S FEYE, 7800 CTh o7z,

F7o, BMALEIZOWT, BAOBMALEL, TEIT~vA VUNER, FTUURKE, 7T
RIZAARAT IV AR—=N, YV )AL F NI TLARPER LV NI ORI VA Y T, #
EREEROEALEZ, Y/~ T NI ARORZ T~ URHFET, 4 BE (FiFE
4 HNE) Thoto.
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X1 RERFFRERUVREE-E

AN
(FM45EE)
o N U - f B = & A i
P *1 =t Hl 18 A R P v ﬁz =]
X RS GRS 5 TE VRN 0> FEAE 2o HEE (g fliye)
B o o TEIv A O |[#r—=v 2z 220 200
Ty a Yy SR - Tooo o =T o0
A | AAR==2— bV va VRS B LY YU )~vAF M) TN O YU )wATr 10%RA] K- 100
TN AT O T T ~A T 8%R 80
o 2 2otk B LA Fe R T8
vy 7 AL EL R S AR TR 185 FY AT U A o F U 10%RK 100
PV ) ~vAv S R TA O =7 A100 100
- g PV )AL F R UL O By 7 2200 200
A ot K2 —
# |Huvepharma Japantk 202 PN = > 5 7200 200
TIRTHATH VAR o 7 TR~ A T80 80
il 4¥H 24 Y 6 S 9

M OARERE K B - FERE - R, AT R - E (LpER<) - E
M2 AR TR Y

2 BB OFEER] ORE SR AR

B 4 AL O R E RN OFEFN O RE S FEARE, A ECE R OV & )i A & 4 5 2 R
LOBT3EEORERE L bICR2ITR L.

BSR4 OREABE ST 97 1, AREREIT 631 h > THEEHMBE R 83 (i) T
bolo. M, BEROERNGHEE EOAFEELIE, ZZ1142.6%, 116.5%, 117.7%&
720, R, HEEKOEEDMBREEL GITHEM L. ZHEaR LZ B0, SF 3 GRS
DIl EEDPEZH/RA LI ENBERO—D2EEILNS.

TRAEEORESHKBEEZEENINCAD E, TV )~A v F M) T AREIRD 483 % (Hi
HEFE 582 %) THRHEL, RWTFHT 2 33.0% (RIFEE263%) , TET7~A 22 95% (Hi
FENS%) , 778 7+A7+ IV R—=V73% (RIFE33%) , TR T M) T A13%
(AHFEE0%) , = 7~A 2 0.7% (AIEE 0.7%) Lol Fiz, REMBHEEIZOV
Tk, SMAEETTY ) ~A 2 F M) T LAREIRD 53.8% (FIFEE 59.8%) THRbHEL<, Kk
WTFHFT 2250 % (ATHFEE 201 %) , TEI7~A 22 144 % (RIFEE 177 %) , 7787+
AT VA=V 44% (FIFEE20%) , TRV TRITALI% (RIFEEO%) , =T~
A2 04% (AMHEEEER 0.4 %) &7ro7z.

BEAKBELZEINCAD &, SMA4EEIL, N —T VR0 82.6% (FiFEE 84.4%) , &
WEY~A RN 95% (RIFEE 115%) , RAKRZ U2V Ey KAN T3 % (RIFEE 3.3 %) ,
RYXRXTF REN0.7% (FIFEE 0.7%) Tholo.

BRAFEEOREGKEBELOERNBE R ZAEE LR T HE, TET A 3D
L7y, =2 I~vA vy, 79087 +AT7H VA=, TIT7 U EPRERST T MY T AT
MLz, Zpdks, VU ~A 2 2F U T AZEWTIEFRRIIMM 200 mg(F1il)/g O BLAE A 3 H 2
722 I K0 RE SR BT U AN R Al A R B N L7

FARICERNC AT L T2 &, MEAGKBELOEENMEBRE R IV Y~ A
RIEFADLTmb 0D, RUXTF KR, RAKRTY a2y RREOR Y =—F LR IFEMNL7-.

g /NS b T VAR 28 AEEND, U AT HEA RIESMITEENS, T e RF Y
T AT 22 FEND, BT a T A T MU UANTER I9FENS, Bav g iR
Wk 11 FENOREOHFEN 2L, TALIEAM 4 FESHENRIoT. v, /I~ TH
A FEOZHIr Y RPN UAE, BEORIIRLIEERY, BERERBIFEMEXEICLD
BLEFEE N B - 72,
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3 REE I 0K LR KON Bk 5] D 4 78 B B A K 55

FEWMPIZ, HBREOBEHFIEOE N LY, Bk RISy S d. miFlE, ik
WV DAY D % BRI D S K OSSR U 7o @l o S HFRICH KT 2 0T, #E
X, PUEMBEOERASY, BSOSV EE LAy K OV IR oy % & T B 2R R & Hz i U 7o s AR
RichHkT 2D THS.

BN 4 A O R E RN O K Bk K O EHR B O 1 E AR5, AR R OV R &
PRI

KRRk & EENR O EIA & i 5 &, BN RE SRR D 97.9 % (Fi4FEEE 100 %)
FE SRS BE IR D 98.7 % (BT 100 %) , FE&E Sl &R0 98.1 % (RIFEEE 100 %) %
H7-.

ST HEARKROYY <A b UL, Rk EGFEHROmBEBHE I N TWD
D, A4 FENE, T2 A RIS E RO EH B b REDOFEEN L, VU v A
T N U U AT E R D BARE D EREN B o T

K3 REAKLGH AHRURERVEENMREE BEIE - FGRKRAD

(S04 5£%E)
i) £ i i kBt i
5 g woE o om moms | 0| e | ORI B e | TR
() (kg) (kg2 i) | (#F) (kg) (ke(77 1))
M N> h T — _ _
KRYXTF K% T A T 2 4,120 330
) ~NTHAR — — — — — —
RARZ Y a) vy FR TI9RT AT+ UR—)L 8 46,000 3,680
ANV GV il N MLy AVN - - — 48 304,685 44,841
YT AT AT kUYL — — —
Y =—F L% F5 20 208,625 20,863
ERTFT YT A 2 8,000 1,600
SHuy RF kYT — — —
NI A E TETwA T 17 59,950 11,990
Z D fth o — — —
a i 2 8,000 1,600 95 623,380 81,703
il & (%) 2.1 1.3 1.9 97.9 98.7 98.1

— ER L

¥R, UHEKDOBEB RN L ERT.

4 OB E SRR RUE 2 1T K D REWIINY O RS B 5E

T4 FEYO ORFRT, RSB PR ETES LSRR I~ Ay, Y )~ A
YFRNVTL, JANTEAR, BRI FT NI AR Ty Kb NY U AR DR
EREHFEEEZOREL L L TREINTND.

BN 4 OB G R E RN G T L D RIS O BUE SR OV FE B E R A K 4
W L7, kB, /T2 A REO ey R PR UL, B2 TRLEEBYMREERFIX
RIS TN, BB E AR FRE S IC K D RIEEFE N H o T

B 4 FEOBGRE RS RIEET T LA RERMNY OBIE &L 793 by (GRIRTFEE
93.6 %) , FEEIMIFEEIT 119 ~ (Nl CHATERE L 96.3 %) Tho7-

SR AFEEOREREIX, TRV TRNITA, B A F NI DA, T YRS
FUDL, )T EAR, 2T~ UDIEICE o7, £, EEMHBEEIL, X2
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TRV UL, THYurTRFRNIDL, B )T NI TOLA, T ATy, )TN
FEA RDONEIZE - T,

K4 ERRFRTEAMFHEXRZBICLIIRERNYOMNERESF
(RF3-4FE)

5 Fn34F B R4
ol 5 VI O T 0 B @i%g 0 B @i%g
(kg) (kg(J1 1)) (kg) (kg(J11i))
TS AT 83,560 6,685 64,340 5,147
NN Bl N ) UNTHA R 84,720 3,389 70,800 2,832
/N at 168,280 10,074 135,140 7,979
VAN A R N R v N 153,580 15,358 140,840 14,084
Y LR R SV all N/ RLy AN 379,760 75,952 380,560 76,112
SYm RFRU A 145,860 21,879 136,780 20,517
/)N g 679,200 113,189 658,180 110,713
o E 847,480 123,263 793,320 118,692
st AT A (%) 104.3 102.6 93.6 96.3

XoOBERFRESDEHFEREREE L B SR

5 FEEWRINY DRtk Bk

B4 FEORERMD OBEAKEE (G LOEA) & RaRr et SEREER I Lo
EHEOMKEH (UUF EE 2vwo. ) KOZOERNMEBEEZERSITRLE

SR 4R ICRE R O A SR ERINIT S HEH V, BEELZFENICAD E, U/
~ATrFTRITA Bl3 %), EXCVUCTRITL (2713 %) , TV (14.6 %) DJEIC
%<, HTER) 2—FLZN™EBEL<, 1,179 b (BE : 521 by, Bk 658 b)) &
BIRD 828 %x HHl. £, ERNMBAEEBLZFEENICAHADL L, TEXV T P T A
(385 %) , YU /~A > F MU DA (292%) , 77> (103 %) DIEIZZL, FHIITH
NI =—=TNVRBIRb% <, 178 M (OOffi) (BE : 67 b (), &k : 111 ~ () &4
Ko 88.1 %% H6i=.

AT, R 25 FEEN LA 4 FFE E TOME 10 FERNICE T 2R E RN OB L OV E&E
MR EOFENOWR A~ T E 1 KO 2 IZR LT,

BHEFEELAD D 00, BAOBmTHELEZ., £72, TOERBHMBERIBBIELD
TR L.
REAKBEIZOWTIIEEAH L 00, AN CHS Lz, £/, REHMBREEDRF
BRI ) CTHERS L 7=

PR E B R REEF I X D RGEITEAR 19 FENGRIBINTEY, ZOREKRITFE~
HIL, SFRE 29 EEN O FMOTHEE E TO 3 EMBOE 3 FELKE, REGKEEL L -
TWD. T4 EET, FERNYOBREERIKD 55.7% (HIFE 61.0%) , FEEMiE &2
K> 58.8 % (RIHFE 63.5 %) % B gkirE B RE¥F I L 2 -EN T,
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‘ . \ g | EED :
H|oonl Rr @ o &g Rk | A& A
(kg) (%) (kg(J11ih)) (%)
HWep N b T v — — — —
. op . e A e AV 68,460 4.8 5477 2.7
RYRTF KR ~ -
ST EANR 70,800 5.0 2,832 1.4
/I B 139,260 9.8 8,309 4.1
. TIRTH+ AT+ JKR— 46,000 3.2 3,680 1.8
RARZ Y3y F&k =
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vrTFagwA T F RN DA - - - -
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Y T —F LR +?
EFERVUCFT Y UL 388,560 27.3 77,712 38.5
U= N all Ny AVN 136,780 9.6 20,517 10.2
)N g 1,179,490 82.8 178,017 88.1
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FLRY AT —
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Fatf<A — — — —
Z DAh, =
7N 5 0 0.0 0 0.0
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- ERRL
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