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Validation Study on Analyte Expansion of the Simultaneous Determination Method
for Glyphosate, Glufosinate and its Metabolites in Feed
by LC-MS/MS to Include N-acetylglyphosate, Soybean and Soybean Meal

Masakazu SAIKI" and Toshiaki HIROI"
(" Sapporo Regional Center, Food and Agricultural Materials Inspection Center)

We have made a validation study on the inclusion of N-acetylglyphosate in analyte compounds,
and soybean and soybean meal in analyte samples for the simultaneous determination method of
glyphosate (GLYP), glufosinate (GLUF), 3-(methyl phosphinico)propanoic acid (MPPA), N-
acetylglyphosate and N-acetylglufosinate contained in feed. The method, which uses a liquid
chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS), has been
listed in the Feed Analysis Standard of Japan.

N-acetylglyphosate in corn and GLY P, GLUF, MPPA, N-acetylglyphosate and N-acetylglufosinate
in soybean and soybean meal were extracted with water, and the extracted solution was 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.; Milford, MA,
USA), and injected into a LC-MS/MS to determine the concentration of these compounds. The
L C separation was then carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d.
x 150 mm, 5 pum, Agilent Technologies Inc.; Santa Clara, CA, USA) with a gradient of 0.01 v/v %
formic acid solution and acetonitrile as a mobile phase. In the MS/IMS analysis, the positive
mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on corn. N-acetylglyphosate was intentionally added to corn at the
levels of 0.04, 1 and 5 mg/kg. The resulting mean recoveries ranged from 96.0 % to 118 %.
The repeatability in the form of the relative standard deviation (RSD,) was less than 7.1 %.

Recovery tests were also conducted on soybean and soybean meal. Soybean meal was added
with 20 mg/kg of GLYP and N-acetylglyphosate, and 2 mg/kg of GLUF, MPPA and N-
acetylglufosinate respectively. The resulting mean recoveries ranged from 98.0 % to 133 %. The
repeatability in the form of the relative standard deviation (RSD,) was less than 7.1 %. Soybean
was unmeasurable because it could not have been purified with column for cloudiness of its
extract.
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Z VAP —k (LLF TGLYP) &5 . ) (E Monsanto Company CKIE) 723BHFE L 7= FER IR 2L 5E
WO T I BRBRERITHY, TABESRICUEADOTERT I /JBOAKREREFET 52 L1
F O REEIEME AR T, GLYP MRS T 2P Tk N-72F A7 U RS — M@ an s
ZenmeEnTnG Y

ARy F—F (LLF TGLUF] 5. ) X Hoechst AG (K1) 2BH%E L7 JEEIRMEZEEELL
HAOT I JBRRBREATHY, T TN Y I VERBEREZMET 2 2 LI X 0 BEEEE R
9. £7, GLUF %, FBEFHBIMEY T CTIL SFATFARAT7 1 =ayaeF B (LT

IMPPA] &5, ) , GLUF MBI T T N-TBEF L7 AR 2 — MCRE S
HZEBHBNLTWD

BAE, SR OR MO K OB OWEICE T 5 B TS X BOKERE AR LT
GLYP (it {5 1 % O GLUF MMEBE 7282 L 9 b AZ LROKENEEH E L THREBLTWS.

GLYP DEWICI T 5 kb o gy Sl D1k, K#E, 2 AEKRVP~A 1T 20 mgkyg, hETS
mg/kg, &9 HAZ L T1mgkg, 74 % T0.2 mgkgilf NZHELT 120 mglkg & EDH HI TS,
F7o, BHKEEREBMICEAEOAEEWEOFEERERE YT, b bk OB T
02 mgkg L EDBNTIND. E6IC, FAFEHE O/, WRNYEOBKILE Yok R
Y, BEY (KRE, L28AZ LEORZR) KOEEMIZONTIHE, GLYP XWX N-7 k& F
NTVARY— & GLYPIZHERE L2 b O DL 2> T 5.

GLUF Ofialkb b o 8 FLvEE 1L, BUEIZHB WV Tid GLUF, MPPA % GLUF (2% L7 8 O Y N-
TYFNITNVEYF— a2 GLUFIZHBRE L7200 LTED LN TEY, K&ET 0.5 mgkg,
INET 02 mglkg KL DYE D HEAZLT01mglkg Thb. F7-, fALtOFEYE OB BILEMIX
a5 T05mglkg & EHHNTWVD

Zi5 GLYP, GLUF, MPPA X IXN-7 & F V7 iRy % — F O O E&EE LT, fk
Sy EE IR S - B, SRR OFED b GLUF, MPPA RN N-7 & F /L 7 L ak & 5 —
ORI v~ N7 T T H T AREESHE (LT TLC-MSIMS) W5, ) (2 X2 FIKE &
W OW NS ESE, b b R ORRREEEHLE RN O 7 Y ¥ — b O LC-MSIMS |2 X 5 A& &1L ¥25 &
5. L, N-TEFALT VAR — MO TREOWEN L, £/, KEELOKRGEHMTHO
GLYP, GLUF, MPPA Jx(XN-TEF L7 LR v F— MZOWT b ZYEDOMFEEZIT > TR0,

ZIT, EOHLAZLICEETD N-TEFATZVEY— FERICKE R NRE M T HICEE
9% GLYP, GLUF, MPPA, N-7tF N7 U KRS — KK N-7EF LT ILKRTF— MIDONT,
BB AT B VEICINER SN TV D HTIED R4 VEEZ R LoD T, TOMELRET 5.

¥, BT EERETIE, BZ GLUF J:na%zut AT vE=vABEERETEREIATY
HZLh, ARBFETN TS GLUF &Rl L7285 A IS X R OHF W E L.
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Z#|Z GLYP, GLUF, MPPA, N-7tF N7 YRS — KK N-7EF NIRRT X— hOEE

KM% Fig. LITR L7z,
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Glyphosate (GLYP)

N-(phosphonomethyl)glycine

C3HgNOsP MW: 169.1 CAS No.: 1071-83-6

e

3-(methylphosphinico)propionic acid (MPPA)

p— )

~

—T

o

3-(methylphosphinico)propionic acid
C4HoO4P MW: 152.1 CAS No.: 15090-23-0

0]

A
o

N-acetylglufosinate

(2RS)-2-acetamido-4-[hydroxy(methyl)phosphinoyl]
butyric acid
C7H14NOsP  MW: 223.2 CAS No.: 73634-73-8

NH,
Glufosinate (GLUF)

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

HO/ OH

O—‘U:O
Z

H
N-acetylglyphosate

2-[acetyl(phosphonomethyl)amino]acetic acid
CsH1oNOgP  MW: 211.1 CAS No.: 129660-96-4

Fig. 1  Chemical structures of glyphosate (GLYP), glufosinate (GLUF),
3-(methylphosphinico)propionic acid (MPPA), N-acetylglyphosate and N-acetylglufosinate
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2 EBRAE
21 #® B
KE, K& (IEJE~A) , L9 bAZ LAVTREHITIZENENERE I mmMOAT7 U —
VEMFE LDV T L. EmiXt o EHEA L.
22 B3
1) Eig—F L, 7E R RORAY ) —/VTERE R - PCBRBRHEZH W, 72 =M LiE
Witk o~ v 27770 (BEHEFER) 2 Mz, A0 MEERE b U A FOUIT s bk T35 (it
&£ 98.0 %Ll k) Rz, XL Merck il (M 98 %Lk ) # MW=, BEERILRSEARHRZ H
Wiz, KL Milli-Q Advantage (Merck Millipore ) 12 X v k58 L 7-#8#tik (JIS KO211 @ 5218
IZER SN HIK) &2V,
2) GLYPEAEF
VAR — MEES (8§17 AV 2R, iR 99.3 %) 25 mg % EMEIC &> T 25 mL
DEET 7 AN, KEMZTENL, LITERE CREGZ N % T GLY P ZHEFUK % 7
WL (Zo1ImLiE, GLYPELTImga&EAT 5. ) .
3) GLUF ¥R
TIVRYF— R T =T LERES, (Dr.Ehrenstorfer GmbH #, #ifE 99.2 %) 25 mg % 1Efife
IZE-T 25 mL ORET7 T AT AN, KEMAXTENL, TITERE CREEZ X T
GLUF MR AHR L7 (Zof1mLiE, GLUF: LTImg42&695. ) .
4) MPPA FEHEJFR
MPPA HEHENL (8 7 A v A TSRS, HiEE 99.9 %) 25 mg # IEfEICE > T 25 mL O &
7T AL, KEMATENL, FITHEMRE CRIEEEZ N2 T MPPA fEHERR A2 R L
72 (Zo1mLix, MPPA L LC1Imga&aT 5. ) .
5) N-7&F NI VAW — MERERK
N-7®F N7 U RS — MEHES (Tronto Research Chemicals #, #fifE 97 %) 25 mg % [EfEIC
BEOT 25 mL ODERET T AIZAN, KEMATENL, BITERE CRIEEZ M2 T N-T
TFNT Y ARV — MEEFREAZFAK L (Z0o 1 mL X, N-7EFL7 VAP —hELT1
mgEEaTH. ) .
6) N-7&F /NI Ik x— MMEURERIK
N-7E®F TR Fx—rF b U 7 LEAES (Tronto Research Chemicals Y, #if 95 %) 25
mg Z EREICE->T25 mL O2RET7 7 A2 AN, KEMZTENL, BITERE TR
MMAZTN-TEFNAIZ VAR R — MEEFRKZRE L7 (20K LI mLiE, N-TEFLIAERY
F%—h&LTO08BMgEEETH. ) .
7)  HREARAER TR AR MR
GLYP IEHEJR K, GLUF AR & O MPPA FEYEJRIE 1 mL 2 10 mL O &Y 7 X alZ AR
TRAEL, BITERE TKREMZ THRERERHIESEERKZME L7 (20 1 mL i3,
GLYP, GLUF . O*MPPA & LC#& 100pg = &H T 5. ) .
8) 0.01 v/Vo%F iRk
XM 1mLICAKZMAZTILEL, BICZDHE 100mL I2KkEZMAT1IL & L7z,
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23 HEERUEGE
1) Bt : ZM 200 Retsch 8 (I1mm 2 7 U — 2, fif FIR¢[a] 8545 14000 rpm)
2) REHIH: LT a2 —H—SR2W ¥ A 7 v 78 (i AR RSN %% 300 rpm)
3) Vb= ARy BU—N-bE=btrl) FUOHEAKI=FT L O0asis HLB I—F VU v (&
T AFIH 500 mg) Waters I ) ' — — (KR 6mL) ZHEfEL7-b O
4 ZANKRUBEHYE= AR P L —N-E=rbt ) FUOMEASIKI =T L Oass Plus
MCX 71— U v (FETAKIE225mg)  Waters fl
5 7X/7vbnr b U BNV =T A Sep-Pak Plus NH2 71—~ U » ¥ (F8TAA
i 360 mg) Waters ®Z U F— "— (& 10mL) ZHEFE LB O
6) VUM NI=HT L :Sep-Pak PlusSilica7— FVU v (FECTAHKIE 690mg)  Waters
7y =FLUTTIV-N-TrEAL I LYY BV =T A BOND ELUT LRC-PSA 77—
U v (FETAFKIE 500mg)  Agilent Technologies %!
8 7nrUUNI=07 L :Sep-PakPlusFlorisil 7— U v (FETAHKIE9I0mg)  Waters fil
9) LC-MS/MS:
LC#} : ACQUITY UPLC Waters il
MS i : Quattro Premier XE  Waters Hl
24 EEITE
1) #h
INTERE 10.0 g 2 B> T 300 mL o3pe =7 T 2 a2 A, 7k 200 mL ZH1 %, 30 43[R
VIR CHI U7z, fhi i & Jede i Ok 12 A 4L, 1500xg C 10 4y R o L, R Ak
D—E A K TIEMEIZ 25 FIZHIRL, B 7 L0 | I3 23 0EK & LTz,
2) H T LHLE
V=R —N-E=Arrr ) ROEESGEKRI =N T L (500 mg) D FIZ ALK R
Efive=L_XrEr—N-vt=rtel FOHESGKI=IT L (225 mg) ZHEFKEL, A ¥
/=6 mL KUK 12 mL TIERGEF L. (K5l~=h—/L FZH L, ¥iE 2~3 mL/min &
L7z, UFEILC. ) . 50 mLORTHETZ T AaE2I=ATLOFICES, AR L mL % 2
=7 T KMMIIEMICAI, WHAFE TAF O ESICET S E Tl SE2. Fig, K 18 mL %
=T ATMA, FRRICHRE ST, iR E D EOKT 200 mL ORI T A alZBL,
HEARICHE T 2 RBHAR & LTz,
3) FHEIKL
FEHANR A 50 CC LA F OKIBTIZ & A CHZ[E T 5 F THUERM L 721k, EF T A%k TH
L7-. Mg 1 mL R OVA /L FEERE R U AF /L 4 mL 22 TEEWZENL, ZORKREE
e LC 100 °C T 2 WFREMEA L 724, m L, 50 °C UL ROk TIE & A CH[E T 5 £ CTRUE R
M L7-th, BRI ALES CHE L. BT /L 4 mL 2 EICIZ CEREMER»L, &
T DALER T B REHATK & L.
4) 17 LNRLER
TI)TaEenNT UMM ) AT NAI =T 5 (360 mg) DT Y BTNV =TT A
(690 mg) #ufs L, FEfE—F /L 10 mL THEH L7z (KB~ =F— /L FZEHL, HH2~3
mL/min & L7z, LLFRELC. ) . REHAK 2 mL % =07 MCIEfEIC AR, #RE AT TAH
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O EMWCET 2 E T IS HIZ, BRIV 18 mL =4 T Az, RERICHH
SHT.

50 ML ORTHTZ T A% AT LAOFICES, 7 N 10mL 2 =77 KM%, K
MIETAHKIO EMHZET 5 F T F SH, GLYP 8K L MPPA S8 A2 A SE7-. KRIC
T 7TubnNT I MM Y BTSNV =T L EITTL, T Rr—K (19+1) 10mL &2V
BTV =0T AT A, MPPA 58K &% O GLUF #5338 K 2 A S 7. IR A 50 °CLLF
DKW TIZE AL HLET 2 F CRIERME Lok, BFRT AL LS THLE L7z, 0.01 vivye i
Wi 1 mL Z IERECIN 2 TR ZE» L, LC-MSIMS 12 & B lEICt4 2 EHAIKR & Lz,

5) FEAER O EIRAL

T ARAVE R SRR A YE R 1 mL 2 200 mL D722 3K 7 7 A 2 |ZIERMEIC A4, 50 °C LA R
DKW TIT L A EHET D F TRHIERM L72%, SR T A% CHE L. BFE 1 mL KO
AV MHERE R Y AF v AmL 2Nz TEREBMEZENL, RTIBE7 7 A axEHs LT 100 °C T 2
RERAINEA L 7288, Hd L7z, Z 0%, 50 °C LA FOKIB TIE & Al 3 2 £ CRULRM L
Toth, BRI AZESTHIE L. 0.01 VIVOFEETAIR 10 mL % EMEICI 2 CTHREMZ ML,
T [AVASE CIEMICAIR L, 1 mL 2 GLYP, GLUF XX MPPA & LT 0.3, 0.5 1.0, 25,
5.0, 7.5, 10, 25, 50, 75, 100, 150, 200, 250 }% (% 300 ng FH % &4 3 2 EEAER % 3R 5

L7z

6) LC-MS/IMSI|Z X % iflE
ABHA IR K VSR 4 5 ub & LC-MSIMS ([Z7EA L, BIREJSME (BLF TSRM] &
5. ) vuvw NI LEG. WESMNE Tablel KTV 2 1ZRx LTz,

Table 1 Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature
| onization

Mode

Source temperature
Desolvation gas
Cone gas

Capillary voltage
Collision gas

ZORBAX Eclipse XDB-C18 (2.1 mm i.d. X 150 mm, 5 pm), Agilent Technologies
0.01 v/v% formic acid agueous solution — acetonitorile (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

N2 (600 L/h, 400 °C)

N2 (50 L/h)

3.0kv

Ar (0.25 mL/min)
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Table 2 MS/MS parameters
Precursor Product ion Cone Caollision
Target ion Quantifier  Qualifier volltage energy
(mlz) (mlz) (mlz) V) (ev)

o 102 — 22 17
GLY P derivative 254

— 152 22 17

- 210 — 26 14
GLUF derivative 252

— 150 26 14

- 149 — 21 14
MPPA derivative 181

— 93 21 14

7 i H

ol SRM 7 u~ 7T L0 bE—27 HEKLKOE S Z RO THRERZIERL, 3o
GLYP & (N-TEFA 7Y ARY— MhkEZET) , GLUF & (N-7&F V7 dR v r— MK
Zaite) MO'MPPA &2 B L7z,

T2, GLYP K O'N-T®F N7 VRS — Mk 2.4 O I)OFEMKIIZ LY A —OfFEAE (LT
[GLYP #FiER] L9, ) 1T, GLUF KONN-T & F L7 LRy F— M 2.4 O 3)DOakE KL
IZE VR oOFEMLR (LT IGLUF #FEL] L\Wo. ) IZRDZ b, N-TEF LT VUIR

P h L N-TEBEF AT AR R— N ZRN L TEIMEL

R ZAT > TR OBEIE (%) D

SREIE, BRERSRDZ GLYP XL GLUF O (mglkg) % N-7EF L7 U AY— kX
N-TEFNT R X — FOIRE (mgkg) I[ZHEL, WML N-7®F 7 U R — Xk
N-TEF NI NERx— FORE (mgkg) TERLTEZOHEIGZRD L Z LITEVIToT.

¥, EEIEOHE Z Scheme 1 (2R L7z,
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10.0g of Sample

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
Oasis HLB-Oasis Plus MCX joint cartridge (attach Oasis Plus MCX under Oasis HLB)

l—wash with 6 mL of methanol and 12 mL of water

50 mL eggplant flask
——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

Standard solution

Derivatization

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

——add 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

|
——add 4 mL of ethyl acetate Standard solution

Sep-Pak Plus NH»-Sep-Pak Plus Sllica joint cartridge I—add 10 mL of 0.01 v/v% formic acid solution
(attach Sep-Pak Plus Silica under Sep-Pak Plus NH>) 10 pg/mL of standard solution
—wash with 10 mL of ethyl acetate

——apply 2 mL of sample solution

——wash with 18 mL of ethyl acetate

50 mL eggplant flask

—— elute with 10 mL of acetone

——remove Sep-Pak Plus NH»

Sep-Pak Plus Silica

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

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

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

LC-MSMS

Schemel Analytical procedure for GLYP, GLUF, MPPA, N-acetylglyphosate
and N-acetylglufosinate

25 TFVLUVTIVN-TRELVZ YA Y BTN =0T MK D KRG ORROBRE

Ji ik
TFLVTIVN-Tar LU Y SV =T A (500mg) &, T b 5mL K&

OFEfe=F /L 5 mL THEKRPESE Lz (W5l~=h—/L FEMHL, f®E 2~3 mL/min & L7=. LA
TRIC. ) . 2405k VR L7z 1 mL F(Z GLYP, GLUF KT MPPA & L T4% 100 ng fH34
BEGLAFHENERER 1L mL % 50 °CLLFOKBTIEE A CHET 5 & CRUTERM L%, %
RAA ko THAE L, BEfg—F /L —7 k& b (18+2) & (17+3) 5 mL Z IEMEIZINZ THED
L7c. PHEAAERERR 2 mL & X = 7 AICEMICAN, WREDS T TAAIO EiIcET 5 £ Tt
S 50 mL ORTETZIAa%2I=HT7 LD FICES, REELZN, GLYP iFEE,
GLUF #FE A} O MPPA R38R 2 IR H S W72, WK A 40 °CLLFOKIBTIEE A BT 5 %
THUEEME Lt, BEH A E2 K- THE L. 0.01 vVIVOFEREHE 1 mL Z EMEICIN 2 TEREY
WML, LC-MSIMSIZ X 2 HIEICHT 2 3EHAK & LT-.
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26 7 U UNI=HT AL REMNT ORBROMRE 7L

Ta )N =aT7h (910 mg) &, TR R5mL THlREFLE (REl~=Fh— REMHL,
Wi 2~3 mL/min & L7=. LFRIL. ) . 24 5L v FH L7~ 1 mL H2 GLYP, GLUF KO}
MPPA & L T4 100 ng Y4 &% & $o 45 o SR YHERR 1 mL % 50 °C LA F ORI Tl & A E Rz
L F CRUEIRM L%, BT AL THEL, 7 M5 mL ZIEMIIMX TEN L. &
ERKERER 2 mL &2 I =0 7 LZIEMICAN, REA TR TAHO LI ET 5 F Tt Sz,
50 mL ORTIET I AazI=AT7LOFIESE, 7EF 183 mL %, GLYP #FEE,
GLUF #E AL N MPPA FEAZ AN S, &5, T hr—2 %/ —)b (17+3) &z
WHESET, EHIEEZ 40 CCLLTOKBTIEE A ST 5 £ TRIERM L%, BRI A&k
- CTHL[E L7z, 0.01 VIVS%XFRIATR 1 mL Z IEfMECIN X CHEREY 2D L, LC-MSIMS 2 X 2 JIE
(R DRI & LTz,

RKEZMHNT 1009 % 24D 1) 6 I K 0 IR L 7230EHAWK A 50 °CLL FOKIBTIZ & A
B9 2% £ CTRUERM Lok, BRI ALK THE L, FHEAREHER 2 mL 2 EfMINx TED
L7o. B MIERERZNMZT=7 7 73 BEHATK 2 mL % 2 =5 7 KM A HE 23 78 T AHI O L
WCETHE CHE S, BEREEKEZMATZT7 T 7 BHARNB A > T\t 7 7 22
7 M2 mL T2EIESL, WREZIERI =27 AN, RERICHEES®72. 50 mL O 72
TR T I A% I=AT7LDOFICEE, 7 9mL 1%, GLYP ik, GLUF #FEA K
O MPPA FHERZEHEET. S0IZ, 7B Yy =A% — (17+3) ZMABEH ST, &
iK% 40 °CEL FOKIBTIE L A CHEE T 5 & TRUERM L7o%, ER T A&k CTHE L.
0.01 VIV% X BETA#E 1 mL Z (EfEICIN 2 THREW 2w L, LC-MSIMSIZ X 2 HIEIZ i3 25 3UBHE
e Uiz,

2.7 IRANEN G

22D 5D N-7EBF N7 Y AR — MEERHK 2 K CTEMICHR LRI AW,

EIYBLAZLIZDONWT, N-TEFALZ VRS —hKELT, 004, 1 O 5 mg/kg FHY & (B
FEHARF TGLYP & L T0.32, 80040 ng/mL) (2725 K HricEnNENHRME LISEAL, —
BERE L T2 12 IS AIEISAE - CHINENGGRER 2 Ff L, FAIEIE  OR LIRS 2 R 7.

3 WBRRUBE

3.1 B AT FEYE O i M O R
EOBLAZLICN-TEFAZ VRS —hELT 1 mgkg Y E GRKREHAR T GLYP & L
T 8 ng/mL FHY &) RN L=k, KEMXOKEMATIC GLYP & LT 20 mg/kg fH4 & (f#k
BHA R T 200 ng/mL 24 ) , GLUF & LT 2mglkg fH Y4 (& alBHA K T 20 ng/mL A8 4 &)
K&KTOYMPPA & LT 2 mg/kg tHY & (B A&aUBHA TR T 20 ng/mL #HY &) RN L 72308 NZ K=
WMTIC N-T2F L7 VERY—hE LT 20 mglkg FHY & (REHEHAKR T GLYP & LT 160
ng/mL A4 &) M ONN-TEF LT R x— b 2 mglkg FHY & (R&REHATR T GLUF & LT
15 ng/mL AHYS &) WL 72iket 2 W T, 24120t -> TR ZIT o 72, T OFEE, Table3 Dt B
D, LH2HAZLICOWTIE, fEHIHTREAUERE 3 DY IEMERIEN A K74 (LLF 244
WMBIETA RTA4 ) L), ) CEDONT-EEROGHTREO BAEE AT L, ek i
WOBMANRAENTZ., KEMMHTIZONTIE GLUF KON N-7 & F L7 Lk v x— bk ORI
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2133 %M N 121 %L &<, ZYMERERET A RI74 VICED ONT-EEO B EEE 25 7= S 727
Sl F2, KE, MBJERAKE (2 BiK) ROE iz onaid, s Ba®EL T,
BT LN BN T T LOHREEE Y BNE U CUROEBIENTZ 0o 7=,

Table 3  Recoveries of GLYP, GLUF, MPPA, N-acetylglyphosate
and N-acetylglufosinate

Spiked Corn Soybean meal Soybean ©
Compounds level  Recovery? RSD,” Recovery? RSD,”
(mgkg) (%) (%) (%) (%)
GLYP 20 — — 117 51 unmeasurable
GLUF 2 — — 133 7.1 unmeasurable
MPPA 2 — — 9.0 6.8 unmeasurable
N-Acetylglyphosate 118 68 B - -
20 — — 115 14 —
N-Acetylglufosinate 2 — — 121 14 —
—: Not tested
a) Mean (n = 5)
b) Relative standard deviation of repeatability
con=1

REZM»T D GLUF XY N-T B F AT AR F— FOREIENE L o7 2 & OJRIKTEHO
72, = Y v 7 2R OMREIToT-. 24 O D6 HCEVFAKLZKRGHMIATOT T
AEHATRIZ 2.4 O B)ICfE> TR L7z GLYP #FE{& (GLYP & LT 0.05 XU 20 mg/kg fH 4 &

(R AEFEHEIR T 0.5 KT 200 ng/mL #H% &) ) , GLUF #FE{k (GLUF & LT 0.05 XU 2
mg/kg FH2 B (EECEHEIE S T 0.5 U8 20ng/mL A &) ) KO MPPA #ER (MPPA & L
T 0.05 T2 mg/kg fH Y & (F#&slEHATR Y T 05 KOV 20 ng/mL FHY &) ) 2Rl
2~ b v 7 AEHERHIZONWT, 2.4 O B)IIHE- TR L 72 [F#E D GLYP, GLUF, MPPA %
FEREAER IR T D E— 7 HEL AR LZ. TOfE, Table4 LBV, GLYP #HiEikD
0.05 mg/kg 84 8 (FA&FEHAT T 0.5 ng/mL fH4 &) & O GLUF #E (R D 0.05 X OF 2 mg/kg
YR (R &ERERARF T 05 LT 20 ng/mL fHY &) 2B W TA AR EN R Iz, =
@:&ﬁ%,kL&UkLﬁﬂﬁ_omfi,%mﬁﬁxi%%ﬁ&®&ﬁﬂ~£f&é&%i
L.
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Table 4  Matrix effect of soybean meal

Concentration
in matrix Matrix effect”
: )
Compounds standard solution in sample (%)
(ng/mL) (mg/kg)
L 05 0.05 192
GLY P derivative
200 20 115
o 05 0.05 159
GLUF derivative
20 2 140
o 05 0.05 106
MPPA derivative
20 2 98.7

n=1

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

32 ZFLUTTIV-N-Taen UMby U AV =T A2 KD KRG T OO R
BRKEM T O YY) R — FRBE Y2 BB RKEHNATORBRICOWTRHNEZIT-7-. Z0R
BRI F LT I U-N-ZTa N U U B NI = T A7) VLI =hT A
ZEA L7 GLYP OADORBRIETH 5720, GLUF XOXMPPA IZ LA TE 5008 9 AR L
7.

T, F LT IVN-Tae NI ) BN I =T AN DR AR T 51
W, 251250 GLYP #E K, GLUF #HEMAR K N MPPA S KDIRHE /Y DERZIToT-. D
FE, Table 5 @& BV GLYP #FEA KLY MPPA #FEKIIEA=F L — 7 & F v (18+2) XX

(17+3) 10 mL TIEIE 100 %A L722Y, GLUF FFE AR IXFRIELE 25 mL 12 TH 80 %L T Lo
WH LMot Z0Z Ems, ZF LT IV-N-TabE Ay Vb VBF VI =8 T A
EHET, 7oA I =T LA THRIATILZLEE L.

Table 5  Elution pattern from BOND ELUT LRC-PSA
Recovery (%)

Elution solvent Compounds Total
0~10mL 10~15mL 15~20mL 20~25mL
GLY P derivative 95 0 0 0 95
Ethyl acetate-acetone (18:2) GLUF derivative 69 1 0 74
MPPA derivative 103 0 0 0 103
GLY P derivative 92 0 0 0 93
Ethyl acetate-acetone (17:3) GLUF derivative 74 3 1 0 79
MPPA derivative A 0 0 0 A

33 7nUYNAI=NT AL D REMAT ORRO B
TRYUNLNI=HTEADDLORM AR T 572D, 26 ICXVEIEL T GLYP #FE A,
GLUF 58 & Y MPPA FHE(RDIE B 7y OMR AT 7o, ZORER, Table 6 @ & 350 FEHERK
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IZOWTIET & b 15 mL TIEEHET, 7 b — X% 7 —/ (17+3) 20 mL TIZIFE 100 %%
ML7z. L2rL, REWM»rTo~ ) v 7 225 AERESIRICOWTIE, 72y 15 mL K&
TR — A% 7 — (17+43) 20 mL OEH T GLYP FHE KN 117 %, GLUF #FE(K7Y 124 %
E~ MY v I ZAGRICE DA T AMURERRETE TR WE L LNLFER E RS T

Table 6  Elution pattern from Sep-Pak Plus Florisil
Recovery (%)

Matrix Compounds Acetone Acetone-methanol (17:3) Total
0~15mL 0~10mL 10~15mL 15~20mL

GLY P derivative 0 92 1 0 A
None GLUF derivative 0 84 9 1 95
MPPA derivative 0 97 2 1 9
GLY P derivative 2 112 2 1 117
Soybean meal GLUF derivative 0 106 15 3 124
MPPA derivative 1 104 2 1 107

34 WiEWHEORGE

EHOHLAZL 2 RIKERAG, REICK R L RENAKRZ LC-MSIMS IZIEAL, bl
SRM 7~ 7T Lx2HRLIEEZA, WTNOREHZBWTS N-7EF AT YRS —MOE
BEDGT D=7 130 bR o iz,

REMNT 7 BikzE AV, KBk il LzRHRKZ LC-MSIMS IZIEAL, ESbhi
SRM 7 v~ 7T LAEERLIZEZ S, 5 RIKIZEWT GLYP & LT 1.0~3.2 mg/kg 1 &,
GLUF & L T 0.05~0.38 mg/kg fH4 &ED v — 7 Bt &7z (MPPA IXRHIE) . E&A A7
FCRTERA AT THEREIToTET A, MEPIE L7272 GLYP KUY GLUF D%k
BICED2bD L B LIz, YO 2 RIICBWTIE GLYP (N-T 2 F L7 ) A — &8
GLUF (N-TEF LI NEhr3—bEET) KON MPPA OERZYIITHE—27 138D oo
7o, ZO2MRIKITIEBLE TR L O KT IMNTE 57z,

kB, BHONSRM 7 a~ N7 T AO—fl% Fig. 2 1IZ/R LT,
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Fig. 2  Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of 1: GLUF
derivative, 2: MPPA derivative and 3: GLY P derivative. The baselines are shifted for display.)

A: Standard solution (1 ng/mL for GLUF, MPPA and GLY P: 0.005 ng as GLUF, MPPA and GLYP)
B: Sample solution of corn (blank)

C: Sample solution of soybean meal (blank)

35 %bﬂ@ﬂ%ﬁ%ﬁ
X0 USNEIGRER 2 FE L7z, T OREEIX Table 7 © & B0, EHEIET 96.0~118 %,
Z DR UK I T HE MR 2= (RSD,) & LT 7.1 %L TN O, Y MMHERIETA R
T A VITED DT EHE R OPHTIEE O BEEE 2 7= BiF e R Th o 7.
kB, BHoNSRM 7~ 77 AO—fil% Fig. 3I1Z/R LT,

Table 7 Recoveries for N-acetylglyphosate in corn
Spiked level Recovery? RSD;”

Compound Mgk ) (%)
0.04 102 7.1
N-Acetylglyphosate 1 118 6.8
5 9.0 7.0
a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 3 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrow indicates the peak of GLY P derivative.)
A: Standard solution (0.5 ng/mL: 0.0025 ng as GLY P derivative)
B: Sample solution of corn (spiked at 0.04 mg/kg original matter of N-acetylglyphosate (as 0.32
ng/mL as GLY P in sample solution)).

3.6 JE& FIR&K O H FIRO MG

GLYP #%38 (kD SR S ELARE 2 7% L7=#6PH, GLYP & LT 0.3~300 ng/mL @ FHiffir & 72 %
BE (EH5HAZLHTN-TEF LT YRS —KE LT 0.04 mykg fH34 5 (Fi&aURHA R R
JE GLYP & LT 0.32 ng/mL fHY &) ) ORIEINGUROFE R, HF ozt —27 D SN s 10 BL
ECholled, N-TEFAT YAV — FOERTIRIL 004 mgkg & L7=. ZOEIE, GLYP
DEIHLAZ LI OFERREEEEM (1 mglkg, N-7®F 27U Ay — k& LT12 mgkg 2% LT
130 TH Y, ZUMEMGBIETA RT A L ITED LN BEMEZmZ LTz,

AIEORH TIRZ MR T D720, WRMNEMGRBRICE VGO —27 O SN ) 3 LR b iRE
RO, TOREER, MHETRII N-T®F L7 VRS — K& LT 001 mgkg TH Y, REEIZE
UVEHERRIET A R T4 VICED bz BAEE A - LTV iz,

7%, Table 7 (/R L7 &30, HE & FREEIZHT 2EMNEIGREBRFE RIZBIFCh -7z,

4 F&®H
EOBLAZLIERE TS N-TEFAZ YA — MERICKRERPRE#BLTHIZERET S
GLYP, GLUF, MPPA, N-7tF L7 U ARY— KKK N-TEF LI IVEKEYF— MTONT, fAgh
M EEIZNER EN TV D IEDO RS ZHIB LI 24, UTOREN GO, £96AHZ L
IZOWTIE, WHARETHD EEZEx LN, o, REEKOCKGMOTIZONTIE, fHFEE
HRAEOLBRBVETH DL EEZ L.
1) L9HAZLAPREMMNTICONT, KEE->THRLATLZ e~ M7 T L2, &L
FAHE—27 3RO bRl
2) EOBLAZLIEN-TEFAZTYUARYS—FELTO004, 1KLKO5 mykg FHSEZTIL, ARIEIZ
P> THEROMT N &2 Fhi L, IR EOMIK UIEEEZ RO 25, YU EMBIETA R7 4
NTED B AVIZEEE R O TREEE 0 B AR 2 i 72 3 BAF R i R MG b Tz,
3 REDEHSIHLAZLHD N-TEFATY ARV — hoERFRIE 0.04 mgkg, i FERIZ 0.01
mg/kg Th o7, RELTCER FREORM TRIZ, ZUMEMBET A RT A4 IZEDBILZH
B A 35 72 L TNz
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4 KE, MBJESRAKRBRERERBIZONT, KEICHE> THothrz3m L& 24, il A
WLAT LE T2 T, METE o,

5 RKGMNTIZONT, RELWESTHoaeFE LA, v~ ) v 7 ZARITL L4 A1k
RED =D, BULENZYBERRIETA T4 ICED LN EEO BEM AR S o7z,
T, TF VT IVUN-TR LTI Y BTN I =T LA RN T e ) DI =T A
WCEDRRARTI LD, v U v 7 ARIZE DA A U AURERRETE Rd o Tz,
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