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Development and Collaborative Study of Simultaneous Determination Method of Phosphorus-
Containing Amino-Acid-Based Pesticides in Soybeans and Soybean Meal by LC-MS/MS

SAIKI Masakazu®!, ARAYA Hisanori 2 and MIYANOYA Kyo ™
("! Sapporo Regional Center, Food and Agricultural Materials Inspection Center (FAMIC) (Now Hokkaido
District Agriculture Office, Ministry of Agriculture, Forestry and Fisheries of Japan)
*2 Sapporo Regional Center, FAMIC)

We have developed a quantitative determination method of the concentration of phosphorus-
containing amino-acid-based pesticides in soybeans and soybean meal using a liquid-chromatograph
electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS), and conducted a collaborative
study.

Phosphorus-containing amino-acid-based pesticides in soybeans and soybean meal were extracted
with water and the extract was centrifuged. The supernatant was diluted with acetone and
centrifuged. The supernatant was then purified with two types of SPE columns (Oasis HLB and
Oasis Plus MCX, Waters Co.; Milford, MA, USA). Having derivatized these compounds with
trimethyl orthoacetate, the sample solution was purified with two types of SPE columns (Sep-Pak
Plus NH2 and Silica, Waters Co.), and injected into a LC-MS/MS to determine the concentration of
phosphorus-containing amino acid-based pesticides. LC separation was then carried out on an
ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. x 150 mm, 5 um, Agilent Technologies
Inc.; Santa Clara, CA, USA) with a gradient of 0.01 v/v % formic acid solution and acetonitrile as
amobile phase. Inthe MS/MS analysis, the positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on soybean, kinako (roasted soybean flour) and soybean meal.
Glyphosate (GLYP) and N-acetylglyphosate were intentionally added at the levels of 0.04 and 20
mg/kg, and glufosinate (GLUF), N-acetylglufosinate and 3-(methyl phosphinico) propionic acid
(MPPA) were intentionally added at the levels of 0.05 and 2 mg/kg respectively. The resulting
mean recoveries ranged from 82.3 % to 115 % for GLYP, 84.5 % to 110 % for N-acetylglyphosate,
80.9 % to 111 % for GLUF, 86.0 % to 117 % for N-acetylglufosinate, and 79.1 % to 113 % for MPPA
respectively. The repeatability in the form of the relative standard deviation (RSDy) was less than
18 % for GLYP, less than 15 % for N-acetylglyphosate, less than 12 % for GLUF, less than 18 % for
N-acetylglufosinate, and less than 11 % for MPPA.

A collaborative study was conducted by eight laboratories using two kinds of soybeans, kinako and
three kinds of soybean meal, all of which were added with GLYP, GLUF and MPPA according to
the following specifications: the first soybean was spiked with 0.2 mg/kg of GLYP, and 0.1 mg/kg
of GLUF and MPPA, the second soybean was spiked with 20 mg/kg of GLYP, and 2 mg/kg of GLUF
and MPPA; kinako was spiked with 5 mg/kg of GLYP, and 0.5 mg/kg of GLUF and MPPA; the first
soybean meal was spiked with 1 mg/kg of GLYP, and 0.2 mg/kg of GLUF and MPPA, while the
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second soybean meal was spiked with 12 mg/kg of GLYP, and 1.5 mg/kg of GLUF and MPPA, and
finally the third soybean meal was spiked with 24 mg/kg of GLYP, and 2.5 mg/kg of GLUF and
MPPA. The resulting mean recoveries ranged from 84.9 % to 98.3 % for GLYP, 94.3 % to 105 %
for GLUF and 102 % to 117 % for MPPA. The repeatability and reproducibility in the form of
relative standard deviation (RSD; and RSDg) were less than 13 % and less than 17 % for GLYP, less
than 13 % and less than 23 % for GLUP, less than 20 % and less than 26 % for MPPA respectively.
The HorRat was less than 1.6 for GLYP, less than 1.3 for GLUF, and less than 1.6 for MPPA.

This method was thus validated as useful for inspections of phosphorus-containing amino acid-based
pesticides in soybeans and soybean meal.

Key words: phosphorus-containing amino-acid-based pesticide; glyphosate; glufosinate; 3-(methyl
phosphinico) propanoic acid; N-acetylglyphosate; N-acetylglufosinate; liquid-chromatograph
tandem mass spectrometer (LC-MS/MS); electrospray ionization (ESI); soybean; soybean
meal; collaborative study
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(2RS)-2-acetamido-4-[hydroxy(methyl)phosphinoyl]
butyric acid
C7H14NOsP  MW: 223.2 CAS No.: 73634-73-8
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Glufosinate (GLUF)

(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl]
butyric acid
CsH12NO4P  MW: 181.1  CAS No.: 51276-47-2

o
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N-acetylglyphosate

2-[acetyl(phosphonomethyl)amino]acetic acid
CsH1oNOsP  MW: 211.1 CAS No.: 129660-96-4

Fig. 1  Chemical structures of GLYP, GLUF, MPPA, N-acetylglyphosate and N-acetylglufosinate
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212 O3
1) A% /=, 78 NROEBET VITEREEE - PCBRABHEZ AW, A0 NEERR N U A
FTH ALk T8 (M 98.0 %L ) Z MWz, BRIk a2 /-, 7 h=1hD
I LC-MS Al (B bR 2 Wie. FERIX LC-MS [l (B L7 A v Afeiligisl) % Hv
7. JKI% Milli-Q Direct8 (Merck Millipore ) (2 X 0 S L 7=# ik (JIS K0211 @ 5218 (2 7F
WINTMBHAK) Z2HN. A =ik a~ b7 T 7 (Fehisi TR % fAviz
2) GLYP 1% % 5%
7V ARY— MERES (BL7 A LF00HEEE, W 99.3 %) 25 mg & IEfEIZ & > T 25 mL
DEET7 T AZAN, KEMZTHENL, FIERE CRABZ N 2 T GLYP H % 50K % 5/
WL (Zo1mLiE, GLYP L CIlmg%25H) .
3) GLUF fE#E R
TR F— T =7 AMEXES (Dr.Ehrenstorfer GmbH #, #i% 99.2 %) 25 mg % IEfk
ICE->T 25mL ORET T A AN, KEMX TENML, BITERE CREB 2N T
GLUF ¥k # MR L7z (Z o ImL1%, GLUF & LClmgZ&H) .
4) MPPA FEHEJFHR
MPPA HEH#ESL (& L7 A L AFIYEMISESRL, M 99.9 %) 25 mg % IEfEIZ &> T 25 mL D&
77 AR, KEMZTENL, LITERE CREEAZ M2 T MPPAIEERK 21 L /-
(ZD# 1 mL 1%, MPPA & LT Img&2&4) .
5) N-7E&FNT VRV — NMERFHK
N-7®F N7 U AR — MEAHES (Tronto Research Chemicals 8, #iE 97 %) 25 mg Z# EfEIC
B-oT25mL O&ET T Az AN, KEMZTENL, FIERE CRESE 2N T N-T
vFT YRV — MEEFRAEFAR L (ZO | mL 1L, -7 EFAZ YA —RELTI
mg X5 H) .
6) N-7BF 7Lk %— bEAER K
N-TEFNVIT IR F—bF FU o LERES (Tronto Research Chemicals 5, #fiE 95 %) 25
mg % EfEICE ST 25 mL OLET 7 A 3IZ AN, KEMZTENML, LITERE CRELZ
MATN-TEFNLT AR — MEEFRIKRZFHE L7 (Z0# 1 mL X, N-7EF LT LRY
F—hELT0836mgaEhH) .
7)  BEBRAERT IR G AR YR
GLYP #E#EJF %, GLUF AEHEJFIK & Y MPPA fE YK 1 mL Z 10 mL O&&E Y 7 X 3T A
TRAEL, BITERE TREMZ THREBMRIEKRHIRESEERREZAR L7 (20K 1 mL 13,
GLYP, GLUF (X MPPA & L C#%5 100 pg & 4) .
8) 0.01 v/v%XERIAIR
FEE1mLIZ/KEZMATILEL, BIZZOW100mL IZKEMAZTIL & L7z,
2,13 HEEKOEGE
1) 3#ef% : ZM 200 Retsch ! (HBEE 1mm 227 U —2, i HKEEZS 14000 rpm)
2) IEEIHE: Ly = —H—SR2W XA T v 78 (AR S 9% 300 rpm)
3) YE=ARVELY—-N-v=Atrl RUREAKI =T A : Oasis HLB #—F VU v
(F& TAAIE 500 mg) Waters BIZ Y F— "— (F&E 6mL) ZHFELZHD
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4) ANLKUBEMYE= AR P Nt nl) FUo©EBEAKI =H T L Oasis
Plus MCX #— kU v ¥ (FETAHIE 225 mg)  Waters il

5) 7 /7ue v Unib U ISV =47 A Sep-Pak Plus NH2 71— KU wv ¥ (FET
A 360 mg) Waters I U HF— 83— (K& 10mL) Z#EfE L72H D

6) v UHBF NI =H7T L Sep-Pak Plus Silica #— ~ VU v ¥ (FETAHIE 690 mg)  Waters
@

7) LC-MS/MS :
LC &5 : ACQUITY UPLC Waters
MS #F : Quattro Premier XE ~ Waters 4

2.1.4 E=mE

D #

IrEkEl 10.0 g 2B - T 300mL O =47 7 A 32 Ah, K200mL 2%, 30 4R
DIRECTHi U7z, fliiR & Jeie i DR E 12 AL, 1500xg T 10 sy filim DB L, Rk
D—EBEET Y P CTEMIC 25 FICHIRL, 15 mL OHeEOIBE I A L, 1500xg T 5%
MO L, BB E DT LI 2R BHAIRE LT

2) T LALERT

VU= AN EBU—N-E= ) RURESGEKRI =N T LD FTICALKR UVBEMYE =L
RUBy—N-v=rtnl) RVEEAERI =T 2285 L, A%/ —/L 6 mL KUK 12 mL
TERPEEE Lz (W5l ~=A— v FZHEHL, §® 2~3mL/min & L7=. BAFHELT. ) . 50mL
DRTIET T AAa%I=NTLOTFIZES, BEHEK | mL 2 I =7 7 LMZIEMIC AN, Kk
MIETARD EEGICETDETHRILT, BHSELZ. 612, K 18mL I =47 A2
Z, FRRICIEH S W72, IWHIRZDVEDOKT 200 mL DT 7 7 2aicB L, #Ekbicdt
T OMBHAKR & LTz,

3) @hEARk

AREBHAT % 50 °C LLFOKIBTIE & A EH[E T 2 £ TRIERME L7212, EH#F T A &2 ko> TH
B L7=. FEfE 1| mL L ONA L hEEEE R U A F v 4 mL 22 CERBWERNL, ZORx2E
Fe LT 100 °C T2 BERIMEA L 72, M L, 50°C L FOKIBTIZ E A CHLlE T 5 £ CTRUER
MELTot%, BRI A K- THERBE L. HEfR=F/V 4 mL ZIEfEICNZ THREMEENL, &
T LA I SRR IR & LTz

4) H T AME

T/ T7a Ay I b Y ATV I=H T A (360 mg) DTV I BT NI =NT A
(690 mg) Z R L, Wi F /L 10 mL TUHEHF L (Kol~=FR—/L FZMH L, H#E 2~3
mL/min & L7z, LLFREIC. ) . BEHAK 2mL % X =7 7 M IEMIC AR, KE DT TAFIO
ESRICET S ETHHSER. FHIZ, BTV 1I8mL 2 =% 7 A, FEEICHHSE
7.

SOmL ORTHT T A% AT LAOTICESE, T M10mL 2 =07 AIMZ, KN
FTAHID ESRICET 2 E T F L, GLYP &AL Y MPPA 58 R A2 s 7. Wiz, 7
27 e VI VA TN I =T AEITT L, T M=K (19+41) 1I0mLZ2 U S
T =H T MIHNZ, MPPA #%5EK K OV GLUF #58 K 2 ¥ S8 7. iR E 50 °C LLF o
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KB TIEE A LHET L E THIERM LR, ERTAZ2%o THELEZ. 0.01 vv%FEEE
1 mL % EfECNZ CTHEREDZED L, LC-MS/MS (2 X 2 HIEICHT 23R & Lz,

PR O F5 5AR 1

BEARVE R SRR A E R 1 mL & 200 mL O FIE 7 7 A 2 ZIEMEIC AR, 50 °C LLTF

DK\ TIZE A ERET 5 F THIERM L72th, ER T A &% CTHE L. FEE 1| mL KO
v FEEE R Y AF v 4 mL 2N THEREBWMEZENL, RTBT7 7 Aaz2% 1L T 100 °C T2
REfENEA L7142, Hm Lic. Z 0%, 50 °C LLFOKIBTIEE A LT 5 F CRUEREM L
Toth, BRI ALEES THE L. 0.01 viveXEEVEIR 10 mL % EfEICINZ CHREM AR L,
FIZRRIECEMEICAR L, 1 mL 12 GLYP, GLUF } " MPPA & L T 0.3, 0.5, 1.0, 2.5,
5.0, 7.5, 10, 25, 50, 75, 100, 150, 200, 250 (X300 ng fHY E% &H T HIEUER 2B L
7.
6) LC-MS/MS (2 X % lE

AREHR L OB LU 4 5 uL %2 LC-MS/MS 2 EA L, BRI (BLF TSRMJ &
5. ) ru~x I LEG. WESRME Table ] X2 1ZRLTZ.

Table 1  Operation conditions of LC-MS/MS

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 0.01 v/v% formic acid aqueous solution — acetonitorile (93:7) (hold for 12 min)
— 3 min — (5:95) (hold for 10 min)— 6 min — (93:7) (hold for 8 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Ton source temperature 120 °C

Desolvation gas N, (600 L/h, 400 °C)
Cone gas N2 (50 L/h)
Capillary voltage 3.0kV

Collision gas Ar (0.25 mL/min)

Table 2 MS/MS parameters

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

I
/oMo SRM 7 v~ b7 T Anb E— 7 FEL O S 25RO TRERZIER L, #BHho
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GLYP & (N-7tEFnA7 VARV — R MhkaETe) , GLUF & (N-7E2EF L7 AR x—hHK
ZEte) KROVMPPA A2 L.

£72, I)OFEERILICL Y GLYP KON N-7 2 F /27 U k¥ — ME GLYP #E K12, GLUF &
O N-TEF NI NAEYF— MI GLUF FEEICENENRD 2 D, N-TEF ATV R
— NI N-TEF VTR v F— N BRI L CRMEIGRER 21T > B oEILE (%) OFHE
%, BEMRHRD - GLYP XX GLUF OJRE (mg/kg) % N-7kBF A7 Y ARV — KT N-T
TFATNRF— FORE (mgkg) IZHBEL, WILEZN-TEFALZ VRS — FXIEN-T
TFALTNVART R — FORE (mgkg) TRLTZOREGEZROALZ EICTLVIToT-.

ks, TEIEOWE% Scheme 1 [Z/R L7z,
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10.0 g of Sample

——added 200 mL of water

— shook for 30 min

— centrifuged at 1500xg for 10 min

—transfered 4 mL of supernatant to 10 mL volumetric flask

—filled up to 10 mL with acetone

— centrifuged at 1500xg for 5 min

Oasis HLB-Oasis Plus MCX joint cartridge (attach Oasis Plus MCX under Oasis HLB)
I—washed with 6 mL of methanol and 12 mL of water

50 mL lant flask
©8ep n S ) Standard solution
——applied 1 mL of sample solution
eluted with 18 mL of water ——1 mL of mixed standard solution

—transfered to 200 mL eggplant flask transfered to 200 mL eggplant flask

Derivatization

—— evaporated under 50 °C and dry with nitrogen gas
——added 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
— plugged air-tightly and heated for 2 h at 100 °C

——cooled to room temperature

——evaporated under 50 °C and dry with nitrogen gas

——added 4 mL of ethyl acetate Standard solution
Sep-Pak Plus NH,-Sep-Pak Plus Silica joint cartridge added 10 mL of 0.01 v/v% formic
(attached Sep-Pak Plus Silica under Sep-Pak Plus NH>) acid solution

——washed with 10 mL of ethyl acetate 10 pg/mL of standard solution

——applied 2 mL of sample solution

——washed with 18 mL of ethyl acetate

50 mL eggplant flask

—eluted with 10 mL of acetone

——removed Sep-Pak Plus NH;

Sep-Pak Plus Silica

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

——evaporated under 50 °C and dried with nitrogen gas

——added 1 mL of 0.01 v/v% formic acid solution

LC-MS/MS

Scheme 1 Analytical procedure for GLYP, GLUF, MPPA, N-acetylglyphosate
and N-acetylglufosinate in soybean and soybean meal

2.1.5  IINENERER

2.1.2 @ 2) ~6)® GLYP #E#EJ#K, GLUF HEUEJFHK, MPPA YK, N-7®F L7 U RS — b
EERE KL RNN-T 2 F L7 VR R — MEERRK Z2 K CIEMICAR LRI Az,

KE, B OKEMNTIC GLYP & LT 0.04 %O 20 mg/kg FHY & (B&REHART® T
GLYP & LT 0.4 %1200 ng/mL fH¥% &) , GLUF & LT 0.05 %12 mg/kg fH% & ([d] GLUF &
LT 0.5 %120 ng/mL fH4 &) KO MPPA & LT 0.05 %02 mg/kg fH24 & (7]l MPPA & LT 0.5
OV 20 ng/mL FHY &) , N-7&F N7 UARH— K& LTO0.04 20 mgkg fHYS & ([F GLYP &



10 fREHFZEHE Vol. 46 (2021)

LT032 KN 16ng/mL Y4 &) RON-TEF L7 LRy F— k& LTO0.05 &2 mgkg fA4 &
([ GLUF & LT 0.37 X' 1.5ng/mL FHY &) 1225 X5 ICEZNZENRMLTESEEL, —K
FHE LICRICARIEICHE > TER L, FHEIE K OMR UIEE Z RD 7.

2.2 JL[EEER
221 & OB
GLYP, GLUF Jx ' MPPA 5 L7aW\WZ & Zffsd L7z 2 FEO KRG KO 3 FHO KRG M7
EENZNHBE Ilmm ORAZ V — 235 UM Tl Lz, b ok RO GLYP,
GLUF XL UXMPPA BN ERH L72AWNWZ L 2R L 1 FEOX 2BIc VW T 12g T2/ yiF Lizb
O GRUEHIERIEAR) 45 2 2B ARE L LT 12 82 %R BR= i AT Lz,
222 O
) 7ER=RFU I LC-MS AT EREU EObDEH W, 7R My, 22— K
OFEfe = T VI3 IR R 3K - PCBRBRA I Z N E RS LD b D& Wi, iR K OV IR 135
WMNEZnEREUL LD DR W, A0 MEEE R U A FVITHE 98 %L Lo b o x vy
7o KWLM (JIS K0211 @ 5218 IZEHR SN EEHMiK) XXk 7 v~ N7 7 72V,
2) GLYP 1% %E 5%

GLYP 1E#EN (B L7 A /L AR MBERL, L 98.9 %) 200 mg & [EfEIZ & > T 200 mL D4
B7 7 ACAN, KEMZXTENL, BITERE CTREE AN Z T GLYP #E YRR & i L
72 (ZO#W 1mL 1%, GLYP £ LT 1lmgz&4) .

3) GLUF % 5E

TNVARRX— "7 =7 LEHES, (Dr. Ehrenstorfer GmbH %, H{iE 99.04 %) 100 mg % 1E
MEIZ &> T 100 mL OR&ET 7 A2 AN, KEMX TEPL, FITERE CRIEEZ M%<
GLUF ¥R 2 L7z (Z0i® ImLiX, GLUF & LT lmg Z2&A) .

4) MPPA 4 JFUK

MPPA ¥R (B L7 A L AFOEHSER, M 99.7 %) 100 mg % IEfEIZE > T 100 mL D4
B'7 7 AACAN, KEMATENL, TR E TREE 22 T MPPA B4R 2 8 L
72 (ZO#E 1 mL 1%, MPPA & LT 1mg Z&4) .

5) AR AR R T AR HE R

2), )KL N4 THHHLL 7= GLYP, GLUF } U8 MPPA FHEHER545 20 mL % 200mL D& &7 7
A AN TRA L, FICERETREMNZT, RERIERAEERKZRELZ (Z0]& 1
mL X, GLYP, GLUF }¢T* MPPA & L T4 100 pg =& 4) .

6) GLYP H& ¥k

) THMBEL L7 GLYP EHEJFiE 10 mL % 100 mL O L8 ~7 7 A 32 Ak, FITHERE TKEM

ZC, GLYP ¥R ZHM L7 (Z O 1 mL X, GLYP & LT 100 ug 2 54) .
7) 100 ug/mL GLUF, MPPA &AL

X 4)TH L7z GLUF &Y MPPA A EYERHEA 10 mL 4 100 mL O®R&E~7 7 A 2T A
, FICHERE TAKEZIMZ T, 100 pg/mL GLUF, MPPA BAEMER ZAELL7- (Z D 1 mL
I%, GLUF 2, (O*MPPA & L T4 100 ug 2 & 4) .
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8) 10 pg/mL GLUF, MPPA jE &1 #Eif
7)THEL L7z 100 pg/mL GLUF, MPPA IR GHEERR 10 mL 4 100 mL O & 7 7 X 22 A,
WA R E TARZMZ T, 10 pg/mL GLUF, MPPA {EAHEHERZ MR L7 (Z 0k 1 mL 1%,
GLUF X U'MPPA & LTH& 10 ug #&H) .
9) K& 1 W HEEER
6) CHL L 7= GLYP FZEHERK 2 mL Jx OY 8) Tl L 7= 10 ng/mL GLUF, MPPA JEGZ L 10 mL
Z100mL D287 7 A3 AN, BICHEHRETKEMZ, 1mLPICGLYP & LT2ug, GLUF
MOYMPPA & LTCENEN 1 ng 25 AT 2 RKE 1 BINAERERZFHE L 72
10) K 2 WK
2)THRBL L7~ GLYP FEYE U K& O 7) TR #d L 7= 100 pg/mL GLUF, MPPA JE &5 467 4% 20 mL
Z 100 mL O&&E 7 7 A 3T A, LITHEMRE TKEMZ, 1 mL 12 GLYP & L T 200 pg,
GLUF JxO'MPPA & L CENZEN 20 ug #5092 KE 2 IRINAFEAER 2708 L7-.
11) & 72 IR0 A HEHR
2)THBL U 7= GLYP BEHE UK K O 7) TR#L L 7= 100 pg/mL GLUF, MPPA JE A EYER 4 5 mL
Z 100 mL O&&E~7 7 A2 A, BITERETRKEMZ, 1 mL FIi2 GLYP & LT 50 pg,
GLUF xO'MPPA & L CENZEN Spug #5085 2 X iR EEAERR 2 JH L L 7-.
12)  KEMDT 1 RN R
6) Taidd L7 GLYP f5£¥#% 10 mL & O 8) THi#d L 72 10 pg/mL GLUF, MPPA B 1R YE#K 20
mL % 100mL O&&7 7 A 3T A, BIEMRETKEMZ, ImL FIZ GLYP & LT 10 ug,
GLUF X O'MPPA & L TENEN 2 ug 5 AT 2 RKEMT 1 BONAAEER 2785 L7z,
13)  KEHAT 2 U FHIE R
2)THHE L7~ GLYP FEHEFE 15mL %2 50 mL D287 T A2 2|2 A, BICERE TKREZMNZ
2. ZDK 40 mL KON 7)THEL L 72 100 pg/mL GLUF, MPPA {EAHEYHERE 15 mL % 100 mL &
BT T AIICAN, BICERETAKEMZ, 1 mL FIZ GLYP & LT 120 ug, GLUF KO
MPPA & L CEZNEN 15 ng #EH T 2 KE M 2 IIIAFERER 2 8 L 7.
14)  KEMT 3 WINAE R
2) T L7~ GLYP =% 30 mL % 50 mL D428 7 F X 22 Ak, FITHERE TKEIMNZ
7o, Z O 40 mL O 7)THRBL L 72 100 pg/mL GLUF, MPPA {R&HEH#ERE 25 mL % 100 mL @
BT T AN, FIERETKEZMLZ, 1| mL Fi2 GLYP & LT 240 pg, GLUF K O®
MPPA & L CTENEN 25 g AT D KG9 3 IR UERR 2 B L 7-.
5Ya 1 AR O)~14) %45 2 A, EEIIIE@EM T 2.2.1 OREBAHRE & 08 THRBR=EICE AT L
2. 72k, DOREIZOWTIERBREIZIB W CHEF L 7-.
223 otradEt
221 ORBARE ZIEF RO 2 SETHWZ. KE 112 GLYP & LT 0.2 mg/kg A4 &,
GLUF X TUYMPPA & L TZENZ4 0.1 mg/kg FHY & GREAAFE 10 g ioxt LTRE 1 RINFE %
1 mL ) %, KE 212 GLYP & LT 20 mg/kg fHY &, GLUF X TMPPA & L CTZEIEi2
mg/kg HH% B GRER AR 10 g loxt L CRE 2 IRIMAERER 1 mL ¥ %, 72812 GLYP &
L T 5 mg/kg fHY4 &, GLUF X UYMPPA & L CTZNE 0.5 mg/kg fHY & GRERAZE 10 g l2xf
L CE R AEAER 1 mL W) %, KREMMAT 112 GLYP & L C 1 mg/kg fH24 &, GLUF &



12 fREHFZEHE Vol. 46 (2021)

UNMPPA & L TENLEI 0.2 mg/kg fHY & GURAZEL 10 g loxt LCRE M2 1 BN A MBI
I mL %0 %, KEHMNT 212 GLYP & L C 12 mg/kg fH% &, GLUF X O'MPPA & LTENnZ
1.5 mg/kg FHY & GRBRHEUEE 10 g 123t L CREMNAT 2 IMAERER 1 mL I®MN) %, K=
/9 312 GLYP & LT 24 mg/kg fH% &, GLUF KON MPPA & L CEIZI 2.5 mg/kg 4 &
(BRI EEF 10 g 1ok UL CRE NS 3 BOMMEESER 1| mL RN %, At R BIZRINL
TR L 7=,
224 ERFGIE
21412k -7,
225 #WENIE
SYHHELE, SATREHRIRE (mg/kg) THEL, 4 HTHZMUEHA L CTHOMTE 3 HrE THE S
7.
2.2.6 Sy ISR
BR2FE12A1THLLSF24 12 H28 HET
227 fRMTITIE
FEROMATIX, EEEMICN—F A XEI N FERBICBET 2 FIE 1D D255, FHEIL
F, MR URE (RSD,) K OVEMHEHAMGE (RSDr) #HH L, 547 RSDr 205, EIE
Horwitz =X ¥ % IV T HorRat Z R 7.
2.2.8 =
Ve A = AR, M BN B ARR ST v X — A SEET, — AR R A
HOR BB & & BRE OF e o F —, MSIATBOIE NRMOKPETE B 22t o 2 — Bk 2 4
A, Rt 22—, Flektr¥—, AAHRE 2 —ROEMFESZ— (G 8 RERE)

3 BRERUBER
3.1 rHriLBAgE
3.1.1  REHHiRo A#EbRE oG

YRk 30 FEEORFHIB W T, IWEORG~O@EAZHR LLE 25, it AA®BL, &
TADOHFEEY NEU TUMROEBENTZ -T2 b, BBLONE WiesE I, il
W7 hraEmz, #mLoHT52E CABERET 2 HEERE L.

ZORER, 04~08 FEDOT & b ZMMZTHIHRIZABERE S22, 1~15 5807 %
INZ T ERIZ AR 72 < 720, BT MMUBNFARETH 7. BEDLDOHIETIZ 08 FEDT &
MR CABARESNTODA, IHEE IR 1.5 FEOoKEMZTHD
ZEDD, FREERAFELCERD LS, MBRIC 15 BEOTE N2 d 25 EaR) JF
ERHEY THDLEEZ DN,

ZOHEDO BHEA M ~DORBEHRT 5120, KEOMBIEO ABEREMCSILA W ER
EWRMLIEbO L, ABBREZRICHLEWIEERZIRNM LI OOREL R LTz, = OREE,
Table3 D L3V, HEFREBEEZEML THENCRIZHEIZERD b oTz.
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Table 3  Spiked before/after removal of cloudiness

) ) spike before removal of spike after removal of
Spiked  Concentration of

cloudiness cloudiness
Targets level sample solution 2 2
(mg/kg) (ng/mL) recovery recovery
(%) (%)
GLYP 20 200 99.2 111
GLUF 2 20 117 121
MPPA 2 20 112 105
N-acetylglyphosate 20 160 106 114
N -acetylglufosinate 2 15 119 120
a)n=1

3.1.2 RO O I7EDO KT 3 ~ 05 H O 1
R 30 EEOBRFHIRWT, KT TiconTid, v MY v 27 ZRIC L DA A oAb
D7, [AULENZ Y VEMGRIET A RTA4 VICED DN BEED HIEM A= S ho7-. K&
WA T OO EBEAIITE Y X2V R T2 N rZ2M2bZ I8 BET 5720, MHEE
IZ X BHRHEOBRE L LT, KOO IFENKEM I IZ8E# A FTREN 2 Mt Lz, BIEIGR
B o Lo 0, SOUMERRRIE N A R I A VITED DAL BEE R OWHTREE o B 2 7= L
e EnD, REMOATICOREOMB AFIELZETT 252 & 035N &l L.
3.1.3 WiEWE OB
RE 2K, 20 1 BRAEL RGN T 3R EZHEE LT, 21412 K0 % U723 URHS IR
Z LC-MS/MS IZVEAL, b7 SRM 7 B~ N T AER L&A, WTnoEHZB W
THEEZGT A =7 TGO N7z
7k, BONIZSRM 7 rn~ N7 T AD—fl% Fig. 2 IZ/R LT,
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Fig. 2

of standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables 1 and 2.

30000 - , 3
= 1 J[ ‘l’
5
220000 - J
E
‘210000 -
3
= W‘“
0 T T T 1
0 4 6 8 10
Retention time/min
30000 - , 3
= 1 J[ ‘l’
5
220000 - !
E
‘210000 -
3
0 wﬂtfu ‘
0 4 6 8 10

Retention time/min

Typical selected reaction monitoring (SRM) chromatograms

Arrows indicate the retention times of 1: GLUF

derivative, 2: MPPA derivative and 3: GLYP derivative. The baselines were shifted for display.))

A: Standard solution (0.5 ng/mL each)

B~D: Blank sample solution (B: soybean, C: kinako and D: soybean meal)

314 ~ MU v 7 A ROMER

214 O DED HIZE VAR LERKREEORGHNTOT T 07 REHAKIZ GLYP 8K %
GLYP & L T 20 mg/kg A4 & (e KalEHAT ' © GLYP & L T 200 ng/mL 1% &) , GLUF #%#&
K% GLUF & L C 2mg/kg f124& ([7] GLUF & L T 20 ng/mL fH¥4 &) , MPPA #% & {K% MPPA &
LT 2 mgkg fHY & ([Fl MPPA & LT 20 ng/mL fHY &) ZRNML7e~ bY v 7 AEERIZ OV
T, 2.1.4 O 5> THBE L EFREDOSAAEMEERICH T O — 7 mfEL 2R LI L 2
5, Table 4 D EBV THY, ZALEWITHAB~ N v 7 AT K DREREELZITLHZ L7

HMERRETdH o 7.
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Table 4  Matrix effect study

Concentration of targets Matrix effect® (%)
Targets in matrix standard in samplea) Sovbean Sovbean meal
solution (ng/mL)  (mg/kg) 4 4
GLYP derivative 200 20 101 109
GLUEF derivative 20 2 111 110
MPPA derivative 20 2 95.4 104

n=3
a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of compounds in the presence of matrix to that in the absence

of matrix

3.1.5  UshnmENGGRER

2.1.5 12 K 0 aomEGRER A il L7z, £ OREERIX Table 5 ® 231, GLYP (DWW THEH[EY
R 82.3~115 %, % DR UK ITMXHERERZ~E (RSDy) & LT 18 %LL T, GLUF IZDW T
PIEL T 80.9~111 %, RSD, IE 12 %LLF, MPPA (2 2\ CEHEIILERIL 79.1~113 %, RSD, IX
11 %LLT, N-T2F A7 U RS — MTOW TS RN ERIE 84.5~110 %, RSD X 15 %LL T, N-7
TN T NR Y F— MOV TCOEREIN L 86.0~117 %, RSD, (X 18 %Ll FOKMBEAE L, #*
UYERERIET A RIA VITED BT DR O2)DEE K TS E 0 B EE £ 72 3 B AT 70 ik 5

ThHoTl-.
1) HEFE 70 %20 E 120 %L T

2) PHTHEEE : 22%LL T (IR EE 0.04 mg/kg X 0 0.05 mg/kg) , 14%LLTF (A 2mg/kg) , 10%

LIF ([F 20 mg/kg)
7B, BFOHNTZSRM 7 a~ v 7T AO—fl% Fig. 312" L7z,

Table 5 Recoveries for GLYP, GLUF, MPPA, N-acetylglyphosate and N-acetylglufosinate

Spiked Soybean Kinako Soybean meal
Targets level  recovery ¥ RSD,” recovery * RSD,” recovery * RSD,”
(mgkg) (%) (o) (%) (%) (%) (%)
0.04 115 12 85.6 18 95.7 13
GLYP
20 109 4.1 82.3 4.1 104 4.6
0.05 102 12 102 12 84.8 3.7
GLUF
2 111 9.4 80.9 11 111 8.2
0.05 107 3.7 94.4 10 79.1 11
MPPA
2 111 3.1 90.0 3.7 113 6.0
0.04 110 15 89.0 6.9 93.9 11
N-acetylglyphosate
20 92.6 4.9 84.5 5.4 104 4.4
) 0.05 92.1 9.0 107 17 86.0 18
N -acetylglufosinate
2 111 5.7 88.4 8.1 117 3.3

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Fig. 3  Typical SRM chromatograms of standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of 1: GLUF
derivative, 2: MPPA derivative and 3: GLYP derivative. The baselines were shifted for
display.)

A: Standard solution (The concentration is 0.5 ng/mL as GLYP, GLUF and MPPA.)

B: Sample solution of soybean spiked at 0.04 mg/kg of GLYP (the concentration in the sample
solution is about 0.4 ng/mL as GLYP) and 0.05 mg/kg of GLUF and MPPA (the concentration
in the sample solution is about 0.5 ng/mL as GLUF and MPPA).

C: Sample solution of kinako spiked at 0.04 mg/kg of GLYP (the concentration in the sample
solution is about 0.4 ng/mL as GLYP) and 0.05 mg/kg of GLUF and MPPA (the concentration
in the sample solution is about 0.5 ng/mL as GLUF and MPPA).

D: Sample solution of soybean meal spiked at 0.04 mg/kg of GLYP (the concentration in the
sample solution is about 0.4 ng/mL as GLYP) and 0.05 mg/kg of GLUF and MPPA (the
concentration in the sample solution is about 0.5 ng/mL as GLUF and MPPA).

3.1.6 E&E FREORE TR

GLYP #%3E (R D AR N EARE 2 7R L7 #1BH, GLYP & L T 0.3~300 ng/mL O Fufiffir & 72 5 i
JE(RE KRR EIM2TIZ GLYP & LT 0.04 mg/kg fA4 & (H&aBHAT 5 T GLYP & LT 0.4
ng/mL FHYE) KO N-TEFALZ VU ARF—FELT 0.04 mgkg tHY4 & ([F GLYP & LT 0.32
ng/mL FH4 &) ) OBFMENGRBROERITRLTHY (Table 5) , HF o7 E—2 D SN A 10
PLETHH-T=728, GLYP MONN-TEF N7 U ARY— FOEE FRIZKEL KRG MHNT T 0.04
mg/kg & L7z,

GLUF #FE(K K Y MPPA 358K O &R 05 EARYE 2 7R L72§iPH, GLUF &KUY MPPA & L C
0.3~300 ng/mL @ FfFir & 72 2R E (RE KX OKE M A 312 GLUF, MPPA X OY N-7 & F /L7
AR FR—FE L TENREN 0.05 mg/kg tA24 & ([A GLUF & L T 0.5 ng/mL #H2 &, MPPA & L
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T 0.5 ng/mL fH¥% &, GLUF & LT 0.37 ng/mL A% &) ) OFMEIGRBROMERIZEFTHY
(Table 5) , 6N/ E—27 D SN M 10 LA ETH 7272, GLUF, MPPA X (X N-7 & F /L7
VIR F— N OFER FIRIZTRKE K OKEM 29T 0.05 mgkg & L7,

AIEOKRH TIRZHFRT 5720, IRMEINGRBRICEVELNTZE—2 O SN X 3 LR 5RE
RO, EORE, BRETRIZIRELXOPRGM2T T GLYP KO N-TEFALZT Y AP — &
LT 0.01 mg/kg, GLUF, MPPA L ONN-7&F V7L F— k& LT O0.02mgkg Tdh o7z

3.2 JL[AEEAER

B L7c ok O =M BB E A M85 5720, 2212 10 AR ER A Fhe L7z,

GLYP D5 Ri% Table 6 D &30 TH Y, FHENNZRIL 84.9~98.3 %, RSD; I 8.7~13 %, RSDr
I% 14~17 %, HorRat [% 0.76~1.6 TH > 7=.

GLUF O R1% Table 7 © L B0 TH Y, FHEULEIT 94.3~105 %, RSD; (% 6.8~13 %, RSDr
1% 15~23 %, HorRat £ 0.77~1.3 Th o 7=.

MPPA D RIE Table8 D LBV ThH Y, FHEIUNEIT 102~117 %, RSD: % 6.2~20 %, RSDr %
16~26 %, HorRat X 1.1~1.6 TH-7~.

INENRORY E BT, ZUEHRBIETA RTA VICED N EMFHRE O B ZHE

(GLYP D KT 1 I22WTIE 41 %L T, KZ 21OV TIE21 %LLT, &2BIiconTid25 %Ll
T, REMA2T 1IN TIE 32 %L, REMNAT 21220 TIE 22 %L, KREHNH$ 312>
W 20 %L, GLUF O KE 1IZ2WTiX 44 %LA T, KE 212250 T 29 %LL T, &7
DWNTIE 35 %LL T, KEMOAT 11220 TIE 41 %LU T, KEMNAT 21220 TIE 30 %L T, K
AT 31DV TIE 28 %LL T, MPPA D KE 1122V TIiX 44 %LL T, KE 2122V TIE29 %
LR, 72220 TiE 35 %A T, KREHMNT 1220 T 40 %L T, KEHNT 212201 T
1329 %L T, REMAT 32OV TIE 27 %UAT) Ziili7z 3 BAF 2R R 23 F 572, HorRat (2D
WTIE, 1.5 ZEA 5B OPHA SN, RETBHIERNREWI &, KOBRRHZEREL b=
R —H—Z A LT D EEIRNTRD 2L, —RNICHFER O TREZELEIELEN
REL DB LR EORBOD EEZEZ LN,

ZEDT, FRBRE T L7z LC-MS/MS O§fE% % Table 9 128 L7-.
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Table 6  Collaborative study for GLYP

Lab. No. Soybean 1 Soybean 2 Kinako Soybean meal 1 Soybean meal 2 Soybean meal 3
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.218 0.210 21.6 20.4 5.86 5.54 1.30 1.32 13.8 14.1 29.1 27.5
2 0.144 0.172 15.2 15.5 3.99 4.84 0.936 0.981 10.5 9.93 20.3 21.0
3 0.162 0.172 17.0 15.2 4.08 4.98 0.929 0.933 10.3 10.8 16.0 20.0
4 0.158 0.161 14.4 14.8 4.38 3.63 0.959 0.739 9.84 10.6 20.2 20.7
5 0.219 0.179 15.8 15.7 4.14 5.05 0.675 1.02 13.0 9.53 224 24.9
6 0.161 0.169 18.8 18.9 4.95 4.61 1.06 0.973 12.0 11.2 24.1 24.6
7 0.191 0.202 14.1 16.8 3.67 4.63 0.970 0.877 10.2 9.48 18.5 20.7
8 0.247 0.165 21.1 16.3 5.99 5.21 0.907 1.15 9.49 12.5 18.9 24.6
Spiked level (mg/kg) 0.2 20 5 1 12 24
No. labs ¥ 8 8 8 8 8 8
No. outliers * 0 0 0 0 0 0
Mean value (mg/kg) 0.183 17.0 4.72 0.983 11.1 22.1
Mean recovery (%) 91.6 84.9 94.4 98.3 92.3 92.1
RSD, ? (%) 13 8.7 11 13 11 9.0
RSDr ? (%) 16 15 15 17 14 16
PRSDg 9 (%) 21 10 13 16 11 10
HorRat 0.76 1.4 1.2 1.1 1.3 1.6

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

c¢) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation

Table 7  Collaborative study for GLUF

Lab. No. Soybean 1 Soybean 2 Kinako Soybean meal 1 Soybean meal 2 Soybean meal 3
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.107 0.102 2.14 2.09 0.620 0.560 0.215 0.236 1.59 1.68 2.85 2.85
2 0.0908 0.104 1.98 1.98 0.458 0.574 0.212 0.226 1.54 1.56 2.80 2.63
3 0.0781 0.0633 1.78 1.56 0.420 0.461 0.203 0.203 1.62 1.50 1.81 2.13
4 0.0889 0.0833 1.60 1.55 0.482 0.465 0.212 0.173 1.34 1.36 2.42 2.32
5 0.129 0.123 2.07 2.05 0.533 0.643 0.188 0.232 1.91 1.66 2.86 2.80
6 0.0751 0.0705 1.54 1.54 0.402 0.396 0.160 0.156 1.20 1.28 2.15 2.11
7 0.116 0.113 2.10 2.45 0.650 0.572 0.247 0.228 2.02 1.64 3.23 3.37
8 0.104 0.0607 2.29 1.57 0.649 0.538 0.140 0.216 1.18 1.59 2.05 2.61
Spiked level (mg/kg) 0.1 2 0.5 0.2 1.5 2.5
No. labs ¥ 8 8 8 8 8 8
No. outliers ” 0 0 0 0 0 0
Mean value (mg/kg) 0.0943 1.89 0.526 0.203 1.54 2.56
Mean recovery (%) 94.3 94.7 105 101 103 102
RSD, ? (%) 13 11 11 12 10 6.8
RSDg ¢ (%) 23 16 17 16 15 18
PRSDx ? (%) 22 15 18 20 15 14
HorRat 1.0 1.1 0.97 0.77 1.0 1.3

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

c¢) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 8 Collaborative study for MPPA
Lab. No. Soybean 1 Soybean 2 Kinako Soybean meal 1 Soybean meal 2 Soybean meal 3
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.161 0.148 2.20 2.18 0.650 0.596 0.265 0.291 2.09 2.06 3.62 3.44
2 0.0870 0.0880 1.92 1.91 0.465 0.541 0.237 0.268 1.92 1.93 3.22 3.16
3 0.0998 0.0908 1.94 1.45 0.413 0.464 0.114 0.124 2.03 1.65 1.79 2.22
4 0.0878 0.0872 1.37 1.49 0.482 0.410 0.190 0.164 1.31 1.38 2.38 2.16
5 0.159 0.138 2.54 2.64 0.720 0.744 0.272 0.254 2.12 2.00 3.28 3.90
6 0.102 0.158 1.97 2.07 0.490 0.474 0.205 0.191 1.51 1.52 2.47 2.49
7 0.124 0.116 2.15 2.04 0.580 0.190 0.232 0.209 1.78 1.68 2.76 2.82
8 0.118 0.0912 2.55 2.15 0.645 0.596 0.165 0.202 1.52 1.65 2.45 2.63
Spiked level (mg/kg) 0.1 2 0.5 0.2 1.5 2.5
No. labs ¥ 8 8 8 8 8 8
No. outliers ” 0 0 0 0 0 0
Mean value (mg/kg) 0.116 2.04 0.529 0.211 1.76 2.80
Mean recovery (%) 116 102 106 106 117 112
RSD, (%) 15 8.2 20 8.2 6.2 7.4
RSDg ¢ (%) 25 19 26 26 16 22
PRSDx ? (%) 22 14 18 20 15 14
HorRat 1.1 1.3 1.5 1.3 1.1 1.6

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

c¢) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation

Table 9  Instruments used in the collaborative study
LC colume
Lab.No LC-MS/MS ) ] )
(i.d. xlength, particle size)
1 LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 5 pm)
) LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: Xevo TQD, Waters (2.1 mmx150 mm, 5 pm)
3 LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 pm)
4 LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 pm)
5 LC: Prominence Shimadzu InertSil C18, GL Sciences
MS/MS: LCMS-8060, Shimadzu (2.1 mmx150 mm, 3 pm)
6 LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
MS/MS: 4000 QTRAP, AB SCIEX (2.1 mmx150 mm, 5 pm)
7 LC: ExionLC AD, AB SCIEX ZORBAX Eclipse XDB-C18, Agilent Technologies
2 LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies

MS/MS: Quattro premier XE, Waters

(2.1 mmx150 mm, 5 pm)

4 FEOH
KK OKRGIMHTICEE T 5 GLYP, GLUF, MPPA, N-TtF L7 UARY— KK N-7TE&F
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NI NIR Y F— MZOWT, [N#EE I, LC-MS/MS Z W= oiiEslx+ 25 & &b, $t
AR 2 20 L, SR E~DINEH DO AT I HOWTHAI L7- & 24, fiHiEom RS 228 F
THZET, UTORENGEL, NHEHNAARETHDL EEZ L.

1) KE, ERBEORTHENTICONT, KECE-s TR v~ b7 T AIERIVEL I
FAHE—7FRBO LR Tz,

2) AREFLZHENELNDIREHARIZCONWT~ MY v 7 AR A2 L7k %, GLYP, GLUF,
MPPA, N-TEF N7 VEY— R KON N-TEF LI NVRYF— MERAE~ ) v 7 22K DK
EREBELZTTLHZERHETRETH .

3) KHE, EZBMEOKEMANTIC GLYP & LT 0.04 %020 mg/kg f124 &, GLUF & LT 0.05 &
W 2mg/kg tHY &, MPPA & LT 0.05 T2 mg/kg 8% &2 IRINIE N N-7 2 F L7 U R Hh— b
& LT 0.04 20 mgkg Y BER NN-TEF /L TR x— k& LT0.05 K2 mgkg Fl4 &
EUWIML, RIEIHE- TS SOMTON &2 %0 L, BEIRE MR USEZRD =& 24, 2491
WEFBIET A T A4 LNTED BT B E R OWHTREE 0 B ARE 2w 72 3 BAF e i R G 6T,

4) ARED GLYP L ONN-T®F N7 VR — hoOgEE FIRIT 0.04 mg/kg, #HH TR 0.01 mg/kg,
GLUF, MPPA KX (X N-7 & F V7 iRy % — ks OER FIRIZ 0.05 mg/kg, B FIRIX 0.01 mg/kg
Thoi-.

5) KE 12 GLYP & L T 0.2mg/kg fi24 &, GLUF X UYMPPA & L CTZ#Z4 0.1 mg/kg 1% &,
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FIMAT 2 12 GLYP & LT 12 mg/kg fH% &, GLUF &KUY MPPA & L CENLE4L 1.5 mg/kg FH34
&, KO’ d 312 GLYP & LT 24 mg/kg fH% &, GLUF & MPPA & L CTZENE4L 2.5 mg/kg
MY EZTM LR 2 AT S HBEICB W TARIEICHEWIFERBRZ L L& 25, 241
WeFBIETA T4 VTED BT ER B E O B 2 w72 3 B RERP G o T,
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