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Simultaneous Determination of Glyphosate, Glufosinate and its Metabolites in Grains,
Grass Hay, Rice Straw and Whole-crop Rice Silage for Feed by LC-MS/MS

Yasutoshi SUGIMOTO", Norio FUNAKI and Yoshinari SAKAKIBARA”
(* Food and Agricultural Materials Inspection Center, Kobe Regional Center)

An analytical method was developed to determine the levels of glyphosate, glufosinate and its
metabolites (3-(methyl phosphinico) propionic acid and N-acetylglufosinate) in grains, grass hay,
rice straw and whole-crop rice silage for feed using liquid chromatograph-tandem mass
spectrometer (LC-MS/MS).

Glyphosate (GLYP), glufosinate (GLUF), 3-(methyl phosphinico) propionic acid (MPPA) and N-
acetylglufosinate (NAG) in the samples were extracted with water. The extract was purified with
two types of SPE mini-columns (Oasis HLB and MCX from Waters; Milford, MA, USA). These
compounds were then derivatized with trimethyl orthoacetate. The sample solution was further
purified with two other types of SPE mini-columns (Sep-Pak Plus NH, and Silica from Waters)
and injected into the LC-MS/MS for determination of the levels of GLYP, GLUF, MPPA and NAG.
LC separation was carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. x
150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara, CA, USA) using 0.01 v/v % formic
acid solution-acetonitrile (93:7 v/v) as a mobile phase. In the MS/MS analysis, positive mode
electrospray ionization (ESI+) was used.

Barley was spiked with GLYP at the levels of 20 or 0.04 mg/kg and with GLUF and MPPA at the
levels of 0.5 or 0.05 mg/kg. Wheat was spiked with GLYP at the levels of 5 or 0.5 mg/kg and
with GLUF and MPPA at the levels of 0.2 or 0.05 mg/kg. Corn was spiked with GLYP at the
levels of 1 or 0.1 mg/kg and with GLUF and MPPA at the levels of 0.1 or 0.05 mg/kg. Alfalfa
hay was spiked with GLYP at the levels of 120 or 20 mg/kg. Rice straw and whole-crop rice
silage were spiked with GLYP at the levels of 0.2 or 0.04 mg/kg and spiked with GLUF and MPPA
at the levels of 0.5 or 0.05 mg/kg. Spike tests were conducted on each sample, the resulting
mean recoveries ranged from 78.2 to 117 % for GLYP, 84.6 to 112 % for GLUF, and 76.9 % to 117
for MPPA. Repeatability in terms of relative standard deviations (RSD,) were not more than
17 % for GLYP, 16 % for GLUF and 17 % for MPPA. Subsequently, barley was spiked with
NAG at the levels of 0.5 or 0.05 mg/kg, while wheat, corn, rice straw and whole-crop rice silage
were spiked with the same compound at 0.2 or 0.05 mg/kg, 0.1 or 0.05 mg/kg, 0.5 or 0.05 mg/kg
and 0.5 or 0.05 mg/kg. The resulting mean recoveries ranged from 73.0 to 101 % and
repeatability in terms of relative standard deviations (RSD,) were not more than 19 % for NAG.

A collaborative study was conducted in ten laboratories using barley, corn, rice straw and whole-
crop rice silage spiked with GLYP, GLUF and MPPA and grass hay spiked with GLYP in the
following quantities: 20 mg/kg of GLYP and 0.5 mg/kg of GLUF and MPPA for barley, 1 mg/kg of
GLYP and 0.1 mg/kg of GLUF and MPPA for corn, 0.2 mg/kg of GLYP and 0.5 mg/kg of GLUF
and MPPA for rice straw and whole-crop rice silage, and 120 mg/kg of GLYP for alfalfa hay,
respectively. For each compounds, the resulting range of mean recovery, repeatability and
reproducibility in terms of relative standard deviations (RSD, and RSDg) and HorRat, respectively,
were 75.4 % to 88.7 %, and not more than 18 %, 32 % and 2.0 for GLYP, 89.1 % to 99.3 %, and
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not more than 11 %, 21 % and 0.96 for GLUF, and 86.2 % to 91.1 % and not more than 13 %,
33 % and 1.5 for MPPA.

This method was validated and established for use in the inspection of GLYP, GLUF, MPPA and
NAG in grains, rice straw and whole-crop rice silage for feed, and for use in the inspection of
GLYP in grass hay for feed.

Key words: glyphosate; glufosinate; 3-(methyl phosphinico) propionic acid; N-acetylglufosinate;
liquid chromatograph-tandem mass spectrometer (LC-MS/MS); electrospray ionization (ESI);
grains; rice straw; whole-crop rice silage; grass hay; collaborative study
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LAY F—K (LLTF INAG) 09, ) Icf@isnszenmbnTting Y.
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IZNAG # GLUF IZH#UBE L7 b 00T LTEREINTEY, KETO0.5 mgkg, /ME 0.2 mgkg,
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Glyphosate (GLYP)

)K/ \/P\OH

N-(phosphonomethyl)glycine
C;HgNOsP MW: 169.1 CAS No.: 1071-83-6

3-(methylphosphinico)propionic acid (MPPA)

0
I

HOWP\\OH

)

3-(methylphosphinico)propionic acid
CHoO,P MW: 152.1 CAS No.: 15090-23-0

Fig. 1

MPPA K& TN NAG DO 1ENE % Fig. 1 IZR L7z,

Glufosinate (GLUF)

i
P\
HO \ ©OH
NH,
(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl] butyric acid

CsH;,NO,P MW: 181.1 CAS No.: 51276-47-2

N-Acetylglufosinate (NAG)

i
HO P\\OH

OYNH
(2RS)-2-acetamido-4-[hydroxy(methyl)phosphinoyl]

butyric acid
C,H4,NOsP MW: 2232 CAS No.: 73634-73-8

Chemical structures of glyphosate (GLYP), glufosinate (GLUF),

3-(methylphosphinico)propionic acid (MPPA) and N-acetylglufosinate (NAG)
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X 1 mL
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7Y b ROEEE T T UL, R R .
XHE (98 %D bH D) KOEEERIL, ki Huvi-.

\Z/AKZMZTIL &L, ®IZZ DK 100 mL

INEEL LA BATL, wARm, TATZ7AT77FEE fib b KUK
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AL CT/AK AN Z T GLYP ¥R 2 L7 (Z o
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W1mLiE, GLYP & LT lmgZx&HA795 (f=0.993) . ) .
4) GLUF fZ %5
TR H— 87 =7 LEAES (Dr. Ehrenstorfer ¢, #i/E 97.5 %) 25 mg & EfEIZ & -
T 25 mL ORET T AIZAN, KEMATEHENL, TITERE TAKEZMZ T GLUF 1R
M L7 (Zof ImLiX, GLUF: LClIlmgZzafET5 (f=0975) . ) .
5) MPPA %K
3AFNRAT 4 =aF v A CEERES (FOGMIE TER, MM 99.7 %) 25 mg & IEREIZ
BoT25mL O2&ET T A3 AN, KEMZTENML, BITERE TKEMZ T MPPA 1Z
R ZFAKL7Z (Z0 ImLi%, MPPA X LClmg2&aHT5 (F=0.997) . ) .
6) NAG FEHAEFUK
N-7EBF TR r— MEAENM (Dr. Ehrenstorfer 8, #ifE 99.9 %) 25 mg % [EffEIZ &> T
25 mL ORET 7 A2IZ AN, KEMZTHENL, FITERE CTKEIMZ T NAG EAEFIKZ
B L7 (ZoO 1mLI%, NAGELTIimgZzafET5 (F=0999) . ) .
7)  REBRAERCH IR G YRR
GLYP #R¥EJUK, GLUF FEUEJFHE KO8 MPPA FEHEJFHR D —E & Z /K CTIEMEICAR L, 1 mL
112 GLYP, GLUF O MPPA & L CZNEI 100 ug & 58 7 5 iR @R ERH IR G HE UK
LT,
23 HEEXOHRE
1) ¥tk : ZM-200 Retsch ¢ (1 mm A7 U —, [Alfi5#% 14000 rpm)
2) EZACE R AR 0 SM-2000 Retsch ¢ (1 mm A7 U — ) [AlHi5#L 835 rpm)
3) veE= ARy Bry—N-E=Atr ) FOEEAKRI=HT L Oasis HLB I— LU v ¥ (R
TAFNIE 500 mg) 2V F—"— (FRE6mL) ZHEHLI-HD Waters
4) ANKUBEMYE= AP —N-E=Lbtn ) RUOEEAKRI =5 F L Oasis Plus
MCX #— btV v (FETAAKIE 225mg)  Waters
5 77y by BV =H T A : Sep-Pak Plus NH, 7 — VU v ¥ (FETAA
i 360 mg) Waters f{C Y ' — N— (F&E 10mL) ZHEFELZHO
6) v UHBZ IV =717 L :Sep-Pak Plus Silica 7 — VU v (FETAKIE 690 mg)  Waters H
7) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS #B : ACQUITY TQ Detector Waters
24 TERFIE
1 Hh H
MR 10.0 g 2 B> T 300 mL o3fe =/~ T 2 a2 A, 7K 200 mL 212 T, 30 43
WO IRET (300 rpm) FlH U7z, flH#E 2 2ok ORI 12 A FL 1500xg T 10 4y [l 04y B
L, EBAREKO—EREZ/KTEMRIZ 2.5 FICHR GEREIL, EICKTERIZ 500 FARL
7. ) L, A7 I 2R E LT,
2) T LR
oA R P —N-E= bl RUORESERI =T LD TICALRUBEM Y =1
N BU—=N-E=nrbenl NROHERESGRI =D T LzHEEL, A%/ —/ 6 mL &K 12 mL
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THER B L 7.

50 L DR FTHT7 T A% I=AT7LOTFICES, BMEHEK] mLAZ =87 LIEMRICA
AU, il 2~3 mL/min TS| L CIRAA TR CTAFR O EGIZET 2 F Tl & 872. BIZK 18
mL % I="7 AIIMx, EEFZHHSET.

MR AZ D> EOKT200mL ORTHET 7 22l L, FHERICHET 23BHARKRE LT,

3) wHEKL

FEHAIR A 50 °C LLFOKIBTIZ & A CHZ[E T 5 F THUERM L 721k, EF T A%k TH
L7, Wi 1| mL ROVAL REEEE R U A F L 4 mL 22 CTEEWEZRML, BEHRLT
100 °C T2 REfIEA L 782 i L, 50 °C LA F ORI TIE & A ERE[ET 2 F TR RN L 721,
BRI AL CHE L7z, BB F /v 4 mL Z IEMEICINZ TREMEZEN L, BT L0AHE 1T
(S DR & LTz

4) T LB

T2 TN I VATV I = AT ADO TR ATV =0T LxEE L, g
TF /L 10 mL THHE L7 (KBl~=A— /L RZMHEHL, W##E 2~3 mL/min & L7z. BLFHE
C.) .

AEHAIK 2 mL 2 I =5 7 ATIEREIZAIL, WREZFTETAFO ESIZET 5 F Tt S ¥z,
FIZHE =T L 18mL & X =4 7 A&, FRERICHH S H7-.

50 mL ORTIBT7 T Aa%I=AT7LOFIZEE, 72 h 10 mL 2= 7 AITMZ,
WH DS FECTAFIO ESICET HE Tl T L CEBEEEH S E-.

WIWZ, 7I 7270 U b YV BAALI= AT L 5IETL, 7 RF—7K (19+1) 10
mLZ U BTN =8 T AMIINZ T EEEED S S,

B % 50 °C LT ORI TIE E A CHEE T 5 & CRUERME Lo, ERET A2 ko Tz
L72. 0.01 viv%FXRAIR | mL Z EfEICINZ CHEREBMEZEN L, K7 a~ N7 7807 A
AU By HTEHc X D HIEICHE T 2 REHATR & LT,

5) AEHEROFHEEIRL

R R E R IR A YE K 1 mL Z 200 mL O 7247 T A 2 IZIERMEIC AL, 50 °C LA Dk
WTIEE A CTHET 5 E CTRUERMG L%, ERHT A&k THE L.

FEfZ 1 mL KONV REEEE N U A F 0 4 mL N2 THEREDZEN L, B L TI100 °C T2
RERANER L7288 i L, 50 °C LA T ORI TIE & A ElEl+ 5 £ CRITIERM L721%, EF R
ko CHLE L7z, 7238, GLYP, GLUF, MPPA }x O NAG OB KL% Fig. 2 \ZR L7=.

0.01 v/v% ¥R 10 mL Z IEfEICIZ CTHREMAZENL, LICREHE CERICHRL, 1
mL F(Z GLYP, GLUF &Y MPPA & LT, Z# <4 03, 0.5, 1.0, 2.5, 5.0, 7.5, 10, 25,
50, 75, 100, 150, 200, 250 &% TN300 ng fHY4 &G H T HAEHERZ R L 7=,
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O CH,COOH+CH,C(OCH,), 0
HO—P—CH,~NHCH,COOH >H,CO —P—CH,NCH,COOCH,
OH 100°C. 2h OCH, COCH,
GLYP GLYP-derivative
O CH,COOH + CH,C(OCH,), 0
H,G—P —CH,CH,—CHCOOH > H,C—P—CH,CH,GH COOCH,
OH NH, 100°C, 2h OCH, NHCOCH,
GLUF s
CH3COOH GLUF—derivative
+
9' CH,C(OCH,),
H,C—P—CH,CH,—CHCOOH .
I 1 100°C. 2h
OH NHCOCH,
NAG
o CH,COOH + CH,C(OCH,), Q
H,C—P—CH,CH,COOH »H,C—P—CH,CH,COOCH,
OH 100°C, 2h OCH,
MPPA MPPA—derivative
Fig. 2  Scheme of derivatization reactions of GLYP, GLUF, MPPA and NAG
6) LC-MS/MS (T X % HlE

ABEHATE e VS = U 45 5 ul 2 LC-MS/MS IZEA L, BIRKIGSHE (SRM) 7~ 7
LEfT. BIESM % Table 1 LN 2 1T/R LT,

Table 1  Operating conditions of LC-MS/MS

Column

Mobile phase

Flow rate

Column temperature
Ionization

Mode

Ion source temperature
Desolvation gas temperature

Capillary voltage

ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 5 pm),
Agilent Technologies

0.01 v/v% Formic acid solution - acetonitrile (93:7) (hold for 12 min)
- 3 min - (5:95) (hold for 10 min)- 6 min - (93:7) (hold for 8 min)
0.2 mL/min

40 °C

Electrospray ionization (ESI)

Positive

120 °C

400 °C

3kV
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Table 2 MS/MS parameters

Precursor Product Qualifier Cone Collision
Target ion ion ion voltage energy
(m/z) (m/z) (m/z) V) (eV)
GLYP derivative 254 102 152 22 17
GLUF derivative 252 210 150 26 14
MPPA derivative 181 149 93 21 14

7 E H
BFoNle SRM 7 v~ h 7T LD GLYP #5354k, GLUF §58{K K& O MPPA #E/kD e— 7
HfEZ RO TENRENMREREZER L, 3B+ O GLYP, GLUF (NAG H3k&Te) &KUY MPPA
DFENEFNOEFEL LT
F72, NAG OFHZ ML THRMEGRER 217 > 72EROEUER (%) OFHERIEL, BRER» S
K7 GLUF DORE (ng/kg) % NAG OIRE (ngkg) IZHARE L, WL NAG ORE
(ng/kg) TRLTZOHIAGEZRDDZ LIZEV T2, ok, EREOWME L Schemel 1T/
L.
2.5 ELHEE A~ MO
TINT 7V T 7 HLELZ, GLYP, GLUF X OYMPPA & L CEIZ4 120 mg/kg fH4 & (GLYP @
YA Y B, RKRBHAKR TENEN 24 ng/mL FHYS &) 2N LR Z AW, 240 1) ©
BAEICIE > TR O N TRBHAMK 2 /K THIZ 10 5, 100 fiF, 250 5K 00500 fFICARL, 2.4 @ 2)
DA T LR T 2 30 & LTz,
PIF, 2.4 O 2D~DICHEV, EELT-.
2.6 /INEOEIMENGRER D IRET 715
INEOEIMENGRBRIC WL E Y 7 2 RREOBMMIREGEER L, DITD LByl
L7,
22D 3)6) THB LA ZY 07 IV BREEERETRKO —EBE ZNENA Y /) — /L TIEMH
1220 MM LT, BIZINHDOWEDO—E&EE AL /) —/L—K (19+1) TIEFIZHR L TH/NE
W PR & L L 7z
LU 72 B/ NN AR 2 /NS L, 2.4 OB THEY 7 2 ) BREERE
EE LTz,
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Sample 10 g

add 200 mL of water

shake for 30 min

centrifuge at 1500xg for 10 min

add 1.5 mL of water to 1 mL of supernatant (grass hay: 500-fold dilution with water)
HLB-MCX joint cartridge (attach MCX under HLB)

wash with 6 mL of methanol and 12 mL of water

50 mL eggplant flask
g8ep Standard solution

apply 1 mL of sample solution

elute with 18 mL of water ——1 mL of mixed standard solution

transfer to 200 mL eggplant flask transfer to 200 mL eggplant flask

Derivatization

evaporate under 50 °C and dry with nitrogen gas

dissolve in 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
plug air-tightly and heat for 2 h at 100 °C

cool to room temperature

evaporate under 50 °C and dry with nitrogen gas

——Adissolve in 4 mL of ethyl acetate Standard solution
NH;-silica joint cartridge (attach silica under NH>) l—dissolve in 10 mL of 0.01 v/v% formic acid solution
wash with 10 mL of ethyl acetate 10 pg/mL standard solution

apply 2 mL of sample solution

wash with 18 mL of ethyl acetate
50 mL eggplant flask

elute with 10 mL of acetone

remove NH; cartridge

Silica cartridge

elute with 10 mL of acetone-water (19:1)

evaporate under 50 °C and dry with nitrogen gas
——Adissolve in 1 mL of 0.01 v/v% formic acid solution
LC-MS/MS

Scheme 1 Analytical procedure for GLYP, GLUF, MPPA and NAG in grains, grass hay,
rice straw and whole-crop rice silage for feed

3 WBRRUER
3.1 MEAR
2.4 D HITHE- T L 72 GLYP, GLUF MU} MPPA % &4 %R AR 5 ul ik 7 o
~ N7 E T LAREESHFHCIEAL, HFHiL7e SRM /e~ N T AL E— 7 EHiEE H
WTHEREZIER L. SO RERIE, Fig. 3080 THY GLYP, GLUF X MPPA T
4% 0.3~300 ng/mL A1 & (JE A& L LT 0.0015~1.5 ng FAY4 &) OFPH CEMRMEZ R L=,
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3.2
1)

A B

y =202.226 x + 397.738 y =74.570 x + 145.822
R?=0.9990 R?=0.9989

Area
Area

0 200 0 200
GLYP/ [ng/mL] GLUF/ [ng/mL]
C
y =210.435 x + 206.435

R?=0.9997
53
g
<

0 200

MPPA / [ng/mL]

Fig. 3  Calibration curves of GLYP, GLUF and MPPA by peak area
A: GLYP; B: GLUF; C: MPPA

R e OV K~ oD il FH 1 oD

BBz DN T

B & 3t L7z GLYP 2B W T, Eﬁ%foc%*%z’ﬁ?%%niﬁbmﬁ:%%%&i, 1 F P 2>
ATV D. ZORKE LTI, KHEDIC X 5B CHERIISCBERED A A4 o ALA Bl
SNTWVDLEOAREMENE 2 b,

T, ﬁi%ﬁ@ﬁﬁﬁ? ¥ GLYP T 120 mg/kg & BRI CTodH VU, GLUF L E S 41T
WRNZ &, KHEMIC WRZ KB IE S HNT, 2.5 ORIEICHE > TR A R
EZINZ, Elulaﬁ@fz{@bm%aaﬁé TRV AR EO I T B L7z,

ZDOFERIT Table 3 DBV THY, GLYP TIHEARERNKE L R DIZ o0 TR IZSH
DD B, 500 P%%ﬂfaﬂ) T WEIERGE S/, —J7, GLUF &KUY MPPA TR
FOEWIC L AEIRICEETRO T, REREEN ST,

INHLDOZ ENnD, MEFEIZOWTIE, EEENHEE I TWARY GLUF, MPPA KT}
NAG Z ARSI ORI L, EEEIRET SN TND GLYP OAERGIMGRET L L LTz,
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Table 3  Comparison of recoveries of GLYP, GLUF and MPPA

Dilution factor

. 10-fold 100-fold 250-fold 500-fold
Pesticides - m . m m
Spiked level Recovery Recovery Recovery Recovery
(mg/kg) (%) (%) (%) (%)
GLYP 120 52.1 61.4 60.4 82.5
GLUF 120 68.5 49.0 69.9 52.4
MPPA 120 63.4 73.4 60.0 54.1

a) Mean (n=2)

2) HFKIZHONWT
BIKIZ GLYP & LT 0.2 mg/kg fH24 &, GLUF XU MPPA & L CZNZ4 0.5 mg/kg Y4 &
WML B2 VY, 24 IZHEWIRITEINGRER 21T > 72 & 24, BRIZBWT GLUF K OF
MPPA [ZZHZE 4 70 %Ll EDEILENFF H ALY, GLYP X 50 %FfRRE & FIUNCEENME LS oo 7-.
GLYP OREICEOJRAIIARHTH Y, BEKITx LTk GLYP &Y GLUF O B EE R E S
NTNRNWZ Enh, FEKEARBRFLORAT 2L L L.
33 ~ U w7 ABEOMR
24 O DL HICE VAR LIEKRE, L, £95bAZ L, Mbb, WCS KT L7 7 L7
THLELD T T 7 EHAIRIZ 2.4 O HITHE- TR L7 GLYP & LT, ¥4 20, 5, 1, 0.2,
0.2 Y 120 mg/kg FHYM & (REREHAIRF T £ 200, 50, 10, 2, 2 %O 2.4 ng/mL i34
B) #ENENRMLIEES~ N v 7 AERERL, GLUF & LT, Z7<h 0.5, 0.2, 0.1, 0.5 &
V0.5 mg/kg fY & (R&RENARP TZENEILS, 2, 1, 5 KON Sng/mL MY E) 2 ZNEHE
MUT=%~ N v 7 ZAEEHRERR, MPPA & L C, £ 0.5, 0.2, 0.1, 0.5 %TN0.5 mg/kg fHY &
(iR cERZEN S, 2, 1, 5 KOVS ngmL M%&) 2ZnERELizg~ U v
7 ANEHETIZONT, 2.4 D SHITHE- THREL L /- [FIEE D GLYP, GLUF K& U MPPA fZ ¥ (2 xt
THE - HMEEAERBE LA, V=2 HBELIZTZENLZN 91.1~110, 93.0~101 K O
90.5~101 % ToH v, 3 e bkt~ M) v 7 AKX DRERPELZITHZ L2 JEFHRE
ol
3.4 BiEWE OB
RFE QHBIK) , 2AFE ARBIEK) , 0% QK , hE QRBRIEK) , 585201 QM
), ~A4nm, 7V77VT7 7, b QBE) KTTWCS Q2 #BE) 2wy, RiEIZEY
P L 7RENAR ERIK 7 v~ N 7T 72 o7 DRV RBSHFHIEAL, EBEZHITHE—27 0
AR LT %@n‘*% K#E (1 i) KO~ A 2220\ T GLYP & [A] UIRFFIFRIC E— 2
DHERINT=D, EBEA T VT TRAMREBAT L THOEELZToTLE A, EEMEMPTHE T—
L=z 9:73:%%%% GLYP ICHKTHE—7 LS, EREZHITIHELY -7 TRV ES
bz,
3.5 IRINENEER
2.1 THRHL L 72 K&EIZ GLYP & LT 20 10 0.04 mg/kg tHY & (& REHAR T 200 X 0.4
ng/mL AHY &) , /PNEIZS LTN0.5 mgkg FHY & (RAEFUEHAR € 50 L OS5 ng/mL FHY &)
EDHATLITT KDN0.1 mgkg FHY & (RERUEHAIRF T 10 XU 1 ng/mL MY &) , b bHIT
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0.2 }2 ¥ 0.04 mg/kg Y B8 (REREHRE T T2 X1 0.4 ng/mL Y4 &) , WCS IZJEMHF L T
0.2 TN 0.04 mg/kg ¥4 B (RMERENAKF T 4.5 X009 ng/mL AN E) , TV 7 7V 7 7L
BT 120 J2 Y 20 mg/kg FH Y B GRfEalEHAI € 2.4 KOV 0.4 ng/mL A4 &) 28N L7z k&
AWT, REICEY 3 AT CTER L, BILERE OMER UK E 2 st L7z,

KZIZ GLUF &Y MPPA & L CTZIZH 0.5 LT 0.05 mgkg fHY & (R&alEhAR T ¢ 5 &
O 0.5 ng/mL MY &) , /hEIZZNE 02 KO 0.05 mgkg Y & (R&REHERT T2 KO
0.5 ng/mL FHY4E) , 9 HAZLIC 0.1 & 0.05 mgkg MY (REHREHAKRT T 1 LW 0.5
ng/mL fHY &) , FEdHIZ 0.5 LT 0.05 mg/kg Y & (& EHARK T 5 X0 0.5 ng/mL FH24
&), WCS I[ZEM#HFE LT 0.5 & 0.05 mgkg FME (REREHAERT T 1125 KO 1.125
ng/mL FI4 &) ZRML7EREZHWT, KEICLD 3 ST TERL, RIS LOMELR UK E
whRE L7z,

72, NAG IZ2OWTIE, GLUF & NAG OFERERNE—ThHDHZ &b, MAENLEEL TND
LA ZIXE &L GLUF & NAG OfF&E L TRIHENS. 202 L2 NAG ORMNEILGER
W2 X DHRBROERIZIE NAG OB ZRMLUTRHMiZiT5> 2 & & L, KEIZ NAG & LT 05 kW
0.05 mg/kg FH Y& (REFEHNANH C GLUF & LT 4.44 0 0.444 ng/mL fHY &) , /NEIZ 0.2
KON 0.05 mg/kg A B (RKREHAK T T GLUF & LT 1.78 &1 0.444 ng/mL FH4 &) , &9
HAHZLIZ 0.1 KT 0.05 mg/kg tHY & (Fef& B T GLUF & LT 0.888 & TN 0.444 ng/mL
FEYE) , fEHOHIZ 0.5 LT 0.05 mg/kg tHY & (F&alBHATR ' C GLUF & LT 4.44 T 0.444
ng/mL FH% &) , WCS IZFEWHHE L C 0.5 LT 0.05 mg/kg A4 & (B&alBHA KR+ ¢ GLUF &
LT 9.99 &LTr0.999 ng/mL AH4&) Z U L72alkEt 2 T, REICKk Y 3 80T cEREL, B
I J OV UKE JE & it L7z

ZTORER%E Table 4, 5, 6 KO 7 /- L7, GLYP 2\ T, KF Tl FE¥IREUER
82.8~117 %, Z DIk UKFE L, MR~ (RSD,) & LT 17 %L, FERIZ/NETIE
85.0~86.4 %K TN 7.0 %LLF, &5 HA5Z LTIt 80.1~854 %N 13 %L T, fab b Tik
97.3~100 %K% % 14 %LLT, WCS Tix 83.0~88.6 %K (N 8.8 %LL T, 7/ 7 7 /L7 7 i K Tk
78.2~81.4 % (X 9.4 %L FTH 7=,

GLUF 22\ T, KETIZFEHEULE 88.0~100 %, <+ D#K LKL, RSD, & LT 14 %LL
T, FEERIS/INETIX 93.1~102 %KXV 16 %L T, &9 HAHZ LTI 103~112 %L Y 14 %LL T, Fi
5 TIE 94.2~103 %% TN 16 %LL T, WCS TiX 84.6~92.7 %X N 11 %L FTH - 7=,

MPPA (22T, KFE TITFEHEIULER 81.2~89.9 %, T DMK UKL, RSD, & LT 17 %LL
T, [FEERIZ/INETIE 80.0~98.0 %X 1M 8.9 %LL T, &9 HAZ LTIL857~108 %K TN 7.0 %LL T,
Fdo 6 TIE 92.4~117 %M N 7.2 %LL T, WCS T 76.9~91.1 %% N 10 %LL FThH - 7=.

NAG (Z2W T, KETITFEHEILE 89.0~101 %, O LKL, RSD, & LT 19 %LL
T, FERIZ/NETIL 741~ 822 % TN 11 %UAT, &£ 96 AT L Tid 85.4~88.0 %K TN 11 %LLT,
Fado & TlE 82.4~84.4 %L TN 16 %LL T, WCS Tl 73.0~82.3 % & TN 10 %LL FTH - 7=.

2B, WMNENGAEBR TE SN SRM 7 u~ 77 LD —fl% Fig. 4 IR L7z,



82 fREHFZEHE Vol. 40 (2015)

Table 4  Recovery test for GLYP

Feed types
SII:kZId Barley Wheat Corn Rice straw Whole-crop rice silage Alfalfa hay
(mg‘;kg) Recoverya> RSD;” Recoverya) RSD;” Recoverya> RSD;” Recoverya) RSD;” Recoverya) RSD;” Recoverya) RSD;”
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
120 - - - - 78.2 8.3
20 82.8 6.5 - - - - 81.4 9.4
5 - 86.4 6.1 - - - -
1 - - 80.1 7.6 - - -
0.5 - 85.0 7.0 - - - -
0.2 - - - 97.3 4.2 88.6 8.8 -
0.1 - - 85.4 13 - - -
0.04 117 17 - - 100 14 83.0 7.2 -

a) Mean (n=3)
b) Relative standard deviation of repeatability

Table 5 Recovery test for GLUF

Feed types
Spiked Barley Wheat Corn Rice straw Whole-crop rice silage
level a) b) a) b) a) b) a) b) a) b)
(mg/kg) Recovery RSDr Recovery RSDx Recovery RSDr Recovery RSDr Recovery RSDx
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.5 100 6.5 - - 94.2 5.4 84.6 2.2
0.2 - 93.1 6.2 - - -
0.1 - - 112 2.6 - -
0.05 88.0 14 102 16 103 14 103 16 92.7 11
a) Mean (n=3)
b) Relative standard deviation of repeatability
Table 6  Recovery test for MPPA
Feed types
Spiked Barley Wheat Corn Rice straw Whole-crop rice silage
level ) b) ) b) a) b) ) b) ) b)
(mg/kg) Recovery RSDr Recovery RSDr Recovery RSD: Recovery RSDx Recovery RSDr
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.5 89.9 5.3 - 92.4 7.2 76.9 10
0.2 - 80.0 8.9 - -
0.1 - 85.7 7.0 -
0.05 81.2 17 98.0 7.2 108 5.5 117 3.3 91.1 4.1

a) Mean (n=3)

b) Relative standard deviation of repeatability
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Table 7 Recovery test for NAG
Feed types
Spiked Barley Wheat Corn Rice straw Whole-crop rice silage
level a) b) a) b) a) b) a) b) a) b)
(mg/kg) Recovery RSDr Recovery RSDr Recovery RSDr Recovery RSDr Recovery RSDr
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.5 89.0 7.0 - - 824 13 73.0 8.3
0.2 - 82.2 7.4 - - -
0.1 - - 88.0 5.3 - -
0.05 101 19 74.1 11 85.4 11 84.4 16 82.3 10
a) Mean (n=3)
b) Relative standard deviation of repeatability
A B
3
2 1
1 Intensity
Intensity I
3
L
M
J BT
oo T2t T abo el :;u!u . 'u 13'@ ood ' 200 ' a00 | 600 aR'o: ' m/'nu
ention time / min tention time / min
C D
3 1
2 Intensity 1
1 1 1
Intensity l

g _—

OV DO,
000 200 40 &bo 800 ' 1000 ooo 206 T 40 &b Boo | 1060
Retention time / min Retention time / min
Fig. 4  Selected reaction monitoring chromatograms

(Arrows indicate the peaks or retention times of 1: GLUF derivative, 2: MPPA derivative and
3: GLYP derivative, and each peak is shown as 100 % in each segment except B, in which the
peak height of the lowest standard solution (0.3 ng/mL) is to be shown as 100 %.)

A: Standard solution (The concentrations are 100 ng/mL for GLYP, GLUF and MPPA.)

B: Sample solution of barley (blank)

C: Sample solution of barley (spiked at 20 mg/kg of GLYP, 0.5 mg/kg of GLUF and MPPA)
D: Sample solution of barley (spiked at 0.5 mg/kg of NAG)
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3.6 /NEDOUINEIGER O E T ik

o B2 ET L7 GLUF 5 TIE, BAF2RRIMNENGRERRSE RGO e 0o T/ EITHOW T,
WA E S Tnd Y. —J5, GLYP o T, NEOREIEOFAL, A THEL
Te MR IR &2 /N EICIRIN L 72 2 LIS K o THAEMO EmWILA R S T ZHE L7720 T
XV EE L, ISMAEEROMEZ A2 ) ——Kk (19+1) ICEFELZLE A, BEFRE
INEN GRS R 215 T D

T, zti@aaﬂ‘fM’FEE@*@%EE%%%L, 2.6 (ZHE > THNNENNERER 2 FE i L 725 R,
35D EBY BARKREGDL Z LN TE.

3.7 EETREOHH TR

RIEOERE TIRE OB FIREZMIET 5720, KE, /&, bbb, WCS (REY) kU7
VT VT 7 HEHEIS GLYP Z L, IINEIGRBRIC L VG605 B — 2 @ SN 3 10 KT 3
LT DIE A RD T, ZOREE, SN A 10 &7 2L 0.04 mg/kg (F2HH TIE 20 mg/kg)
SN A 3 L 72 DR FE1X 0.01 mg/kg (FZAUE TiX 6 mgkg) Th o7,

FERIC, K&, /INE, £26AZ L, MbbAKTWCS (AFEY) & GLUF XU MPPA Z N
L 7230EHE N NAG Z RN L 723 BHZ W T, INENGRERIC L B o b B —27 @ SN b
10 K ON3 LR b REARDIZ. ZORE, FoENTE—27 O SN A 10 L k& 72 53 E1E 0.05
mg/kg ThoTz. £z, SNHA 3 LRDWEITES>HAZ L TO0.02mgkg Th-o7z.

U EDORERMNS, REDO GLYP OEE FIRIZEE (WCS IXEFY) H T 0.04 mg/kg (FLfEL
TIX 20 mg/kg) , M FRIZEE (WCS IZJEFH) FC 0.01 mg/kg (R4 TIE 6 mg/kg) ThH
©72. GLUF, MPPA }x(*NAG O E & FRITFEE (WCSIZREZY) F T3 d 0.05 mgke,
B R IRIEECEE (WCS 3R EZY) T3 0.02 mgkg ThH o7z,

3.8 JL[ARAER

RIEORM B 2R T 5720, REIEEM, N OIEPIRO 2 sUKE CHIERENT L 53
[l kR 2 it L 7.

Homalel & LCix, KEICGLYP & LT, 20 mgkg A4 E (O ARE 10gicx LT 1mL H
12200 ug = &AH T HEERERR 1 mL ¥RM) , GLUF X O*MPPA & LC, ZTHZH 0.5 mg/kg 14 &

(ZNZNHTHREEI 10 gl LTI mL HIZK Spg 256 T 2R Il mL M) , &9 5
ZLIZGLYP &£ LT, 1 mgkg fHE & (OHTHEE 10 glcxt LT 1 mLHIC 10 pg #E5H T D%
HE 1 mL A1) , GLUF O MPPA & LT, £ 24 0.1 mgkg Y& (ZEnmobr Halkt
10 g 126 LT 1 mL FIZH 1 pg 5 AT DR 1| mL @00 , fGHHIZ GLYP & LT, 0.2
mg/kg FHYS B (OHTHFEEN 10 g2kt L T1 mLHIZ2 ng 25 H T HEHER | mL ¥H) , GLUF
JKTOYMPPA & LT, £HE 0.5 mgkg tHY & (Lot HEE 10 g 2% LT 1 mL T4
Sug EEA T HMEUER 1 mLIRM) , WCSIZHEMH#HE LT GLYP & LT, 0.2 mgkg fH4 & (4
BrAaEl 10 g i26f LT 1 mL U2 4.5 pg #5 A3 D% 1 mL /™1 , GLUF 2 T* MPPA & L
T, TNEN 0.5 mgkg HYE (ZNENSHTHFE 10 g 12k LT 1 mL T2 11.25 pg 28 H
T AHERER 1 mL ) , TILT 7 LT 7RIS GLYP & LT, 120 mg/kg *Eé% (3 #r FHREE
10 glZxF LT 1 mL H1IZ 1200 pg # 5 AT DR 1 mL IR %, ARBREISTHONTBH L ORI

AL IR L 72308 2 W e, SInERBRE1E, 1 IR R Bk U A 5E T, il%%%%lﬁ],%ﬂ

B EEHEPE T IR, — MR EEN BRSO o 2 — 2B SEET, — M EE AN~



BOH, LR, T b b RORERMLE R O ) 7 XV BARREOWIE, n~ 1777 5 07 MUEESHTFHC L D RIFE &k 85

A3 bR UOMARS, MIATEIENEMOKEN B L a7 — LR AR, [FALIR

trx—, Wit r—, BLAHREYZ—, FAMFEry 2 —KOE®E T % — GF 10 &
BRe) Thol-. FEROMITICOWVTIZEBEMIC AN —FEF A X &N ELFERBRICET 2 FIE

Y %%3\2, Cochran FiE, FMUE 1 {8 D Grubbs & & USRI 2 8 D Grubbs M E & 1TV, Fb
WIEOH AR Lo ECTREHEILE, @K UEE (RSD,) K O=EMFEEE (RSDr) ZHH
L, 547 RSDg 725, fEIE Horwitz X % 1\ T HorRat %z 3R & 7=

GLYP OfERIT Table 8 D LBV THY, KE, £258AZ L, bbb, WCS KT V7 7L
7 7 WEAZOWTC, E¥EIN#EL 754, 79.7, 88.7, 81.7 XY 77.9 %, RSD, X 10, 5.1, 18, 12
K10 %, RSDgi& 22, 20, 32, 23 ¢V 12 %, HorRat X 2.0, 1.2, 1.6, 1.1 KN 1.5 ThH-o7-.

GLUF Of5HIE Table 9 D LBV THY, KE, £95HAZ L, MbbL LK WCSIZONWT, F
PN #1E 99.3, 98.3, 96.8 XX 89.1 %, RSD, (X 11, 8.1, 6.5 % TN8.0 %, RSDg X 15, 21, 17
TN 15 %, HorRat |% 0.84, 0.96, 0.93 XX 0.85 T~ 7=.

MPPA DRI Table 10 D&Y THY, K&, £956AZ L, MbdbLKD WCS IZDOWT,
RN ERIE 91.1, 90.5, 91.1 1Y 86.2 %, RSD, % 10, 13, 6.3 X' 5.7 %, RSDg i 14, 33,
13 28 17 %, HorRat 1% 0.77, 1.5, 0.71 )10 0.93 Th -7z,

SEOD, FBR=E THEH L7- LC-MS/MS O#§fE% % Table 11 12/~ L7-.

Table 8  Collaborative study results of GLYP
Feed types
Laboratory No. Barley Corn Rice straw Whole-crop rice silage Alfalfa hay
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 15.2 12.6 0.872 0.854 0.160 0.240 0.163 0.154 97.7 72.0
2 18.9 18.3 0.985 0.984 0.205 0.200 0.219 0.263 114 108
3 15.3 15.2 0.747 0.755 0.181 0.226 0.170 0.156 95.5 84.1
4 19.6 15.7 1.00” 0.740" 0.186 0.245 0.170 0.166 99.1 97.3
5 14.7 12.8 0.564 0.615 0.140 0.149 0.165 0.166 88.0 92.0
6 12.2 9.07 0.548 0.640 0.0906  0.113 0.108 0.159 7347 128
7 8.37 11.6 0.569 0.701 0.0889  0.0571 0.114 0.106 15.0” 13.47
8 19.1 19.0 0.957 0.989 0.214 0.184 0.133 0.173 87.7 85.2
9 16.5 16.8 0.850 0.867 0.264 0.196 0.180 0.212 85.9 89.2
10 15.6 15.1 0.920 0.930 0.219 0.190 0.150 0.140 88.1 112.0
Spiked level (mg/kg) 20 1 0.2 0.2 120
Mean value © (mg/kg) 15.1 0.797 0.177 0.163 93.5
Recovery (%) 75.4 79.7 88.7 81.7 77.9
RSD: ¥ (%) 10 5.1 18 12 10
RSD ¢ (%) 2 20 2 23 12
PRSDr " (%) 11 17 21 21 8
HorRat 2.0 1.2 1.6 1.1 L.5
a) Data excluded by Cochran test
b) Data excluded by single Grubbs test
¢) Corn: n=18; Barley: n=20 ; Rice straw: n=20; WCS: n=20; Alfalfa hay: n=16
d) Relative standard deviation of repeatability within laboratory
e) Relative standard deviation of reproducibility between laboratories
f) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 9  Collaborative study results of GLUF
Feed types
Laboratory No. Barley Corn Rice straw Whole-crop rice silage
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.502 0.442 0.100 0.114 0.490 0.553 0.438 0.388
2 0.612 0.583 0.111 0.103 0.546 0.544 0.540 0.614
3 0.583 0.566 0.0875 0.0869 0.438 0.472 0.466 0.473
4 0.536 0.436 0.152 0.132 0.466 0.512 0.467 0.423
5 0.463 0.457 0.0815 0.0834 0.438 0.410 0.438 0.428
6 0.433 0.352 0.0642 0.0688 0.356 0.354 0.402 0.452
7 0.618 0.435 0.0883 0.0911 0.435 0.378 0.346 0.346
8 0.479 0.510 0.105 0.105 0.530 0.447 0.362 0.473
9 0.528 0.545 0.111 0.0868 0.601 0.636 0.507 0.525
10 0.440 0.407 0.0986 0.0963 0.532 0.545 0.406 0.419
Spiked level (mg/kg) 0.5 0.1 0.5 0.5
Mean value © (mg/kg) 0.496 0.0983 0.484 0.446
Recovery (%) 99.3 98.3 96.8 89.1
RSD; ? (%) 11 8.1 6.5 8.0
RSDr ¢ (%) 15 21 17 15
PRSDr ” (%) 18 22 18 18
HorRat 0.84 0.96 0.93 0.85

n=20

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 10  Collaborative study results of MPPA

Feed types
Laboratory No. Barley Corn Rice straw Whole-crop rice silage
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.463 0.357 0.105 0.0900 0.390 0.312 0.400 0.421
2 0.581 0.550 0.109 0.101 0.452 0.449 0.574 0.586
3 0.429 0.426 0.0838  0.0849 0.551 0.495 0.393 0.409
4 0.922" 0.579" 2.43Y 0.741? 0.529”  0.901" 0.376 0.382
5 0.433 0.477 0.0097  0.0881 0.409 0.434 0.347 0.347
6 0.512 0.377 0.308”  0.414” 0.422 0.420 0.393”  0.547"
7 0.416 0.375 0.0257  0.0354 0.454 0.422 0.443 0.395
8 0.521 0.502 0.107 0.142 0.488 0.481 0.440 0.506
9 0.445 0.482 0.0901  0.105 0.519 0.512 0.456 0.512
10 0.458 0.393 1.93" 2.58" 0.524 0.463 0.393 0.377
Spiked level (mg/kg) 0.5 0.1 0.5 0.5
Mean value © (mg/kg) 0.455 0.0905 0.455 0.431
Recovery (%) 91.1 90.5 91.1 86.2
RSD; ¥ (%) 10 13 6.3 5.7
RSDr ? (%) 14 33 13 17
PRSDr ” (%) 18 22 18 18
HorRat 0.77 15 0.71 0.93

a) Data excluded for concern for carry-over of MPPA from standard solution

b) Data excluded by Cochran test

¢) Corn: n=14; Barley: n=18; Rice straw: n=18; WCS: n=18

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

f) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 11 Instruments used in the collaborative study
Lab. No. LC-MS/MS LC column
(i.d.xlength, particle size)
| LC: ACQUITY UPLC, Waters XBridge C18, Waters
MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
2 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
3 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: 1200, Agilent Technologies ZORBAX Eclipse XDB-C18,
4 MS/MS: 6410 Triple Quad LC/MS, Agilent Technologies
Agilent Technologies (2.1 mmx150 mm, 5 pm)
s LC: Shimadzu LC-20AD Mightysil RP-18 GP, Kanto Chemical
MS/MS: API-3200 Q TRAP, AB Sciex (2.0 mmx150 mm, 5 pm)
6 LC: ACQUITY UPLC, Waters ACQUITY UPLC BEH C18, Waters
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 1.7 pm)
; LC: UFLC XR, Shimadzu Inertsil ODS-SP, GL Sciences
MS/MS: TSQ Quantam Ultra , (2.1 mmx150 mm, 5 pm)
Thermo Scientific
LC: LC-30AD, Shimadzu ZORBAX Eclipse XDB-C18,
8 MS/MS: LCMS-8040, Shimadzu Agilent Technologies
(2.1 mmx150 mm, 3.5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
9 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
10 MS/MS: ACQUITY TQD, Waters Agilent Technologies

(2.1 mmx150 mm, 5 pm)

4 F&EOH

BOHE, WME, fib b kY WCS 10 GLYP, GLUF, MPPA K ' NAG DRI EEEL LT
GLYP {EDHEHA DA HIZHOWTHRET L7z & 2 A, LITOMENRTELIL, BIE, fMbb&kD WCS X
RN THD EEZ LN, F7-, HHEIZHOWTIEL, GLYP MEIC X i L=, =050
L 7= BHATR S A IR E 2B IN9 5 Z & TUTOREENE LI GLYP DML LT o
HNRaREThHL EE X LT
1) GLYP, GLUF K&} MPPA D& EHM{IE, 0.3~300 ng/mL FH4 & (JEA&E L LT 0.0015~1.5 ng

Y &) O CHEBREZ R L.

7B, YHEBREBRICBITA2%~ M) v 7 ZOEMENGRBR O EREIL, GLYP 2B\ T,
KFET 200 V0.4 ng/mL FHYEPREE, /INETS50 KOS ng/mL FHYRE, £9HAZLTI0 KLY
1 ng/mL FEJEEE, Fgdb 5 T2 KON0.4 ng/mL FHYSIRAE, WCS T 4.5 KT00.9 ng/mL #1242,
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TNT VT 7 HLET 2.4 KON 0.4 ng/mL AR L L7z, GLUF KUY MPPA 1B W TIE, KE
TENEI S5 KON0.5 ng/mL FIYSIEIE, /NETENEN 2 KON0.5 ng/mL AHYSEE, L5852
LTENEN 1 KLD0.5 ng/mL ABYSIEEE, fib b TEREN 5 K TV0.5 ng/mL FH4#EE, WCS T
ZIEI 11.25 KO 1.125 ng/mL FHYSIRE & L=, NAG 128\ TIE, GLUF & L TKET 4.440
KX 0.444 ng/mL FRS RS, /NETZENE 1.78 18 0.444 ng/mL FAMIEE, L9 HAZ L TE
NZH 0.888 TN 0.444 ng/mL FHMSEE, fib b TEREH 4.44 KON 0.444 ng/mL FH 248,
WCS TZEI 9.99 LT 0.999 ng/mL FH 4R & L7z,

2) WAELIZOWTIE, GLYP {EICK L CTRERIELZ BN LT & 2 A, x4k 28 GLYP D7
THOIIRHRERENEONEHANAIETHD B2 b=, —JF, GLUF, MPPA K&}’ NAG
IAREOHEARSNE T 5 Z LT L. Fio, BEKIZOWTIE, 2 TORNT KGR DAL~ D
HPREECTH-T=Z e, #EHRNAETAZEITLT.

3) ARBZENE LN HRENEKIZOWT~ MU v 7 AB R 2R L7-#5 %, GLYP, GLUF KO
MPPA (FT#kEl~ b U v 7 R KD REREE LT L2 ERHETRETH -T2,

4) AREIZWES> THONTEINKSHRHZ o~ 77 AT, 14 FEOEHERFEEHIB W TESR
W5 =713 6ol

5) KZ&Z, /&, LH5bAZL, bbb, WCS KIXT V7 7 V7 7 W HIZ GLYP & LTENER
R0 2 MEOBREZIRM LR Z A WT, AEICEY 38T CERL, BIUGER OHIK L
WE AT LIz ZABRMRBER/F L.

6) KF, /INE, LobAZ L, bbb & WCSIZ GLUF, MPPA I NAG & L CENENRZ
52 FEOBEZFRMULREEZANT, AEICLY 38T TERL, BICGEE OHR UK E
R LTe & 2 ARIREERDGE DL

7)) AEIZ LD GLYP O FEE FIRITFAEF T 0.04 mg/kg (H4XE TIX 20 mg/kg) , #HH TR 0.01
mg/kg (FAXETIE 6 mg/kg) TH-o7-. K¥EIZ X D GLUF, MPPA X TX NAG O E® FRIEX, W
T HEEH T 0.05 mg/kg, R TIRIE 0.02 mg/kg TH o7z,

8) KFIZ GLYP & LT, 20 mg/kg FH¥Y &, GLUF XUXMPPA & LC, ZiE1 0.5 mg/kg 64 &,
EH9HLAZ LICGLYP & LT, | mgkg fHY &, GLUF X O MPPA & LT, Z1Z4 0.1 mgkg
Y&, b HlZ GLYP & LT, 0.2 mgkg fH¥ %, GLUF X' MPPA & LT, 1<l 05
mg/kg FHY &, WCS IZ GLYP & LT, 0.2 mg/kg A% &, GLUF X O'MPPA & LT, Z£iLE4 0.5
mg/kg FHN &, TV 7V 7 7 HEIZ GLYP & LC, 120 mg/kg FHY &4 N L7Z#EZ2 AW T
10 MBREIZBWTAREICEWIERIRBRZEM L7 L 25, BRERAIGLNE

# ##
FLRIFERIZSI L T2 72072 1 RSB U AL AETE AT, 22l 2= 36 1 ARG 5 2 SRk o 2 Hh o
WHIERT, —MRMEIEN BRI o 2 =S BT L O kM HIEAN~ A =2 b U REH S
BT D BMRESAMIEM OB ER L ET.
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