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Validation Study of Simultaneous Determination Method of Phosphorus-Containing Amino Acid-
Based Pesticides in Feed by LC-MS/MS
~Application of N-acetylglyphosate to Grains, Rice straw and Whole-Crop Rice Silage~

Masakazu SAIKI*! and Kyo MIYANOYA™
(*! Sapporo Regional Center, Food and Agricultural Materials Inspection Center,
*2 Sapporo Regional Center, Food and Agricultural Materials Inspection Center

(Now Nagoya Regional Center))

We have made a validation study on the inclusion of grains, rice straw and whole-crop rice silage
(WCRS) in the analytes of N-acetylglyphosate for the simultaneous determination method of
phosphorus-containing amino acid-based pesticides 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 grains, rice straw and WCRS was 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 N-
acetylglyphosate. The LC separation was then carried out on an ODS column (ZORBAX Eclipse
XDB-C18, 2.1 mm i.d. x 150 mm, 5 pm, 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/MS
analysis, the positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on oat, barley, rice straw and WCRS. N-acetylglyphosate was
intentionally added at the following levels: 0.04 and 20 mg/kg for oat and barley; 0.04 and 0.2 mg/kg
for rice straw; and 0.02, 0.04 and 0.2 mg/kg for WCRS in original matter respectively. The
resulting mean recoveries ranged from 101 % to 114 %. The repeatability in the form of the relative
standard deviation (RSDy) was less than 14 %.

This method was thus validated as useful for inspections of N-acetylglyphosate in grains, rice straw
and WCRS.

Key words: glyphosate; N-acetylglyphosate; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); grains; oat; barley; rice straw; whole-crop rice silage
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F 0 BEFIGVEZ R 7. GLYP MHEEE P P CIEN-7 B F A7 VRS — Mof#and =
EDRHBILTWDHD.

BITE, fRtOLZEEOHEERLOCREOYWEICHT DEEIICE ST BARKERELHR L
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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 N-acetylglyphosate
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2) GLYP FEYEF K
7 VAR — MERES (BT AV AR, #E 99.3 %) 25 mg & IEfEIZE > T 25 mL
DEET T AZAN, KEMZTENL, FITERE CTREEEZ N 2 C GLYP R % 71
Lz (ZOW ImLiE, GLYP S LClIlmgz2&HT5. ) .
3) N-7EFNT YR — MMERERK
N-7®F N7 U RS — MEHES (Tronto Research Chemicals #, HifE 97 %) 25 mg % [EfEIC
BoT25mL O2ET7 I AalC AR, KEMATHEML, BICERE CHEREEZ ML T N-T
BFNALT VARV — MEEFREZFHL L7 (ZO® 1 mL 1%, N-TEFALZ VAP —1RELTI
mgxEHETDH. ) .
4) A Rl A HE SR
GLYP HEHEF 1 mL % 10 mL D287 7 A3 AN TIEA L, FITEHE TKkEZML TH
B ER AR AR L7 (Zo 1mLlE, GLYP & LTCI100pug 2 &4H63 5. ) .
5)  0.01 v/v%¥ BRIA IR
XL I mLIZ/KEZMZCTILEL, FIZZOWK100mL IZKEZMZTIL & L7,
23 HEROSGE
1) ek
M 1 (R Ak, RE, DNERO~A 2 H)
ZM 200 Retsch # (1 mm A2 U —, [Al#54% 14000 rpm)
Frmei 2 (fido 5 & Y WCRS )
SM 100 Retsch # (1 mm 227 U —, [H#z$k (f14£) 1430 rpm)
2) IREHIHE: Ly T ur2—H—SR2W ¥ A 7 v 7 & (i HEHES) %L 300 rppm)
3) VE=ARVEBY—N-E=brl RUHEASKI =T L : Oasis HLB I— KV v ¥
(FBTAAIES00mg) IV F—~"— (FE6mL) ZHFE LD Waters
4) ANLKRUBEMYE =LY —N-E= bl Fo4EEAKI = F L Oasis Plus
MCX #1— VU v ¥ (ETAHKIE225mg)  Waters
5 77Uk U BV =T A Sep-Pak Plus NHy — bt U v (FETAH
it 360 mg) Waters ®UZ Y F—"— (F&E 10mL) ZHEHELLZHO
6) > UHBZF NI =747 L : Sep-Pak Plus Silica 7 — + U v ¥ (FETAKIE 690 mg)  Waters H
7) LC-MS/MS :
LC #F : ACQUITY UPLC Waters
MS #B : Quattro Premier XE  Waters
24 EEIE
1 #h
INrEREL 10.0 g 28> T 300 mL Ot =fA~7 T 2 a2 Ak, /K200 mL 01z, 30 55HEHRE
VIR CTHI L7, il 2 ok i DR 12 AL, 1500xg C 10 im0 srBE L, BB AR
D—ERZKTIEMIZ 25 FICHIRL, BT L0 LI 2 50BHA & LTz,
2) N7 LB
VEEARCEB=N-E=rtn ) FOMEAERI =0T L (500mg) O FIZ ALK RE
fiive=A1_XEBr—N-v=btnl FOVHEEGERI=TT L (225mg) ZHEFEL, A¥ /) —
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Jb6mL M OVUK 12mL CTHEREE Lz (W5l~=hR—/L R&EH L, ¥W®E2~3mL/min & L7=.
UTFREUT. ) . 50mLORTHEITA%EI =T LOTICES, REHAR |l mL&I=h7
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L, #FERicfT 23K & L
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AEHEIK 2 50 °C A FOKIBTIZ & A E [T 5 £ CRIERM L2k, ERTAZE-> Tz
B L7-. BEfE 1| mL KONV REEFE R U ATV 4 mL 22 CHEREWERNL, ZORGEE
B LT 100 °C T2 BB L 72%%, b L, 50 °C L F DK TIE & A R4 5 £ CRUE R
Mo Li-th, BRHAZE- Tl Lz, HiE—F /L 4 mL % EMECNMZ CREDEZENL, B
T LALER T SRR & LTz,
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T/ T Uk Y B SN I =T A (360 mg) DTV I AT NAVI=HT A
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mL/min & L7z, LFREIC. ) . BEHAK 2mL % 2 =F 7 ACIEMEIC AN, DS FETAHID
FUHCET D E Tl SEE. IS, BTV 18mL & 2 =F T A, FERICHH S &
7.

S0mL DRTIET7 I A% BT LADOTICESE, TN 10mLZ =07 AIMNE, WK
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75, 100, 150, 200, 250 & TN300 ng fHY Ea & A 9 DIEHERZ g5 L7z,
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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
Source temperature 120 °C
Desolvation gas N2 (600 L/h, 400 °C)
Cone gas N2 (50 L/h)
Capillary voltage 3.0kV
Collision gas Ar (0.25 mL/min)
Table2  MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier — Qualifier volltage energy
(m/z) (m/z) (m/z) V) (eV)
.9 102 - 22 17
Glyphosate (GLYP) derivative 254 - 52 > T
a) Derivative of GLYP and N-acetylglyphosate
7 Bt
FHhe SRM 7 v~ b7 T Linb E— 7 LU S 25RO TRERZIER L, sk o

GLYP & (N-TE®F N7 VKRV —bhHkE2ET) ZHHB L.
77, 2.4 O )OFHEEHEMRIIZEY GLYP KON-7T & F V7 U R — I GLYP #FE KI5
2D, WMENGRER 21T > 2B OREINE (%) OFFEIE, BER»LROZ GLYP ORE

(mg/kg) & N-7EFNTVARY— FORE (mgkg) (ZHEREL, HRMLE

P— hDEE (mg/kg) THRLTEZDEEGZKRDDZ LICXLVITHT.
B, EEEOME% Scheme 1 1IZ/R L7,

N-7TE2TF VT VR
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10.0 g of Sample

——added 200 mL of water

— shook for 30 min

— centrifuged at 1500xg for 10 min

added 1.5 mL of water to 1 mL of supernatant

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

50 mL lant flask
°2ep n : ) Standard solution
—applied 1 mL of sample solution
—ecluted with 18 mL of water 1 mL of mixed standard solution
— transferred to 200 mL eggplant flask transferred to 200 mL eggplant flask
Derivatization

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

added 4 mL of ethyl acetate Standard solution
Sep-Pak Plus NH»-Sep-Pak Plus Silica jointed 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

—ecluted with 10 mL of acetone

——removed Sep-Pak Plus NH»

Sep-Pak Plus Silica

—ecluted 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 N-acetylglyphosate
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22 D 3)D N-7TEF )T Y aRH— MEREFIK 2 /K TIEMEIZA R LRI AW,

ZNERDPKREIZN-TEF LT VRS — K ELTO0.04 K20 mgkg M4 8 (F&ilbHAR H
T GLYP & LT 032 XU 160 ng/mL #HY45) , FEOHIZ N-TEF AT VRS —KELTO0.04 &
V0.2 mg/kg MY & (A GLYP & LT 0.32 & O 1.6 ng/mL AR &) I ONC WCRS 2 #a 5 L C
N-7®F N7 VRS —kELT002, 004 %02 mgkg tH4E (R GLYP & LT 0.36, 0.72 &
OV 3.6 ng/mL FHY &) 122 X2 ICENENHRMBE LSRG L, —KEE LIZRICAREICHES T
WINEINGAER 2 F2 ki LU, P2 EIEE J OR U RS B & SR ed 72

72¥%, WCRS IZBWT, RINTBEFEDHEHIR LT N-TE8F L7 U RS — K& LT 0.045,
0.09 JTr0.45 mg/kg FHM &IZ72 D X 21TV, JRHIRE~DOBE L, R &K OVREY D K5y
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BHE LT, 24 1k 0 L2 BHATK Z LC-MS/MS I EAL, 55172 SRM 7 u~< k7' F 4
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Fig.2 Typical Selected Reaction Monitoring (SRM) chromatograms of GLYP derivative
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrow indicates the retention time of
GLYP derivative.)
A: Standard solution (0.5 ng/mL GLYP: 0.005 ng as GLYP)
B: Sample solution of oat (blank)
C: Sample solution of WCRS (blank)
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3.2 IRANEN AR

2.5 12X 0 IRMEIGRER 2 FEhi L7=. Z ORI Table3 DBV, N-TEF LT YRS — hZ
DNT, ZAETIHEHEILEIL 104~107 %, < O UK E XM E %R 2 (RSD) & LT
11 %LLF, KRETIEHEHEIILERIL 101~111 %, RSD, IE 5.3 %LLTF, fiidb b Tl EYRIIE T
104~114 %, RSD: % 10 %LA T, WCRS TITFBJENLEIL 101~107 %, RSD: i 14 %LL T O A A
oy, BRI HTEUERIR 3 ORBRIED Y VEMERIET A T4 (LUT T34 MEfERiET A K
FAV L)) LEDONTEEROHMTREO BAEM (EE 70 %L E 120 %L T,
JE 1 0.02 &8 0.04 mg/kg Tl 22 %LA T, 0.2 mg/kg Tix 20 %LL T, 20 mg/kg TiX 10 %LAT) %
W BRARERTH ST,

ek, BHoHNZSRM 7 v~ 7T AO—fl% Fig. 3 IZ/R LT,

Table 3  Recoveries for N-acetylglyphosate

Spiked level Oat Barley Rice straw WCRS?
(mg/kg as fed recoveryb) RSD,C) recoveryb) RSD,C) recoveryb) RSD,C) recoveryb) RSD,C)
basis) %) (%) %) (%) %) (%) %) (%)
0.02 - - - - - - 105 10
0.04 104 11 101 4.7 104 10 101 14
0.2 - - - - 114 5.0 107 9.3
20 107 6.1 111 53 - - - -
—: Not tested

a) N-acetylglyphosate was spiked to air-dried WCRS samples one night prior to extraction. The
spiked levels were 0.045, 0.09 and 0.45 mg/kg as air-dry basis for N-acetylglyphosate. The levels
of N-acetylglyphosate 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 N-acetylglyphosate as fed basis (moisture 60 %)
= the levels of N-acetylglyphosate as air-dry basis (moisture 10 %) / 2.25
b) Mean (n = 5)

c) Relative standard deviation of repeatability
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Fig. 3 Typical SRM chromatograms of GLYP derivative in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrow indicates the retention time of

GLYP derivative.)

A: Standard solution (0.5 ng/mL GLYP: 0.005 ng as GLYP)

B: Sample solution of oat (spiked at 0.04 mg/kg of N-acetylglufosinate (as 0.32 ng/mL as GLYP
in sample solution).

C: Sample solution of WCRS (spiked at 0.04 mg/kg of N-acetylglufosinate (as 0.32 ng/mL as
GLYP in sample solution).

33 EETREOHH TR

GLYP 8K D B 03 EARME 2 7R” L7 #1PH, GLYP & LT 0.3~300 ng/mL & Fuiffir & 72 5
B (2 A, KE, fabb KO WCRS BUEZMIZ N-7EF L7 U RS — k& LTO0.04 mgkg FHY4
B (REFUEHARH T GLYP & LT 032ng/mL Y &) ) OBMENGRBROER, Honv—
JDSNUN 0L ETH 7272, N-TETF LT VRS — OERTRITIZAE, KFE, bbb
S8 WCRS A FZ#)C 0.04 mg/kg & Liz. ZOREE, AEKLOKEFO GLYP OREAEfE 20
mg/kg (N-7EBF 27 U AP — ke LT25mgkg) (ZxF LT 1/625, fgd b H D GLYP D4 B L #E
£ 0.2 mg/kg (N-7&F /L7 VEH—k & L TO025 mgkg) 2% LT 1/6, WCRS H1D GLYP D%
H L HEQE O JRLRZ ) h A B 0.45 mg/kg (N-7 & F L7 V¥ — bk & LT 0.56 mgkg) (2% LT
1/14 THY, ZYMWHBIETA R4 VICED O EEMEICHT 2 ERE TR BIEEE (1/5 B
T) &= LTz, 723, Table 3 IC/RL72E B0, YikEE FIREEICEK T 2 ENEILGER
FERITIBRGTHo T

REOBRH TIRZ MR T 2720, WIMEINGREBRICE VGO N E—27 O SN s 3 L 5RIE
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RO, EOREER, MHTIRIZZAE, K&E, fbb & WCRS JRFEY) T N-7EF L7 YR
PF—hrELTO00lmgkg THY, [FERICZYMEMBIETA RT7 A4 ICED L BEEME (1/10 LA
T) iz LT,

4 F&EOH
B, b5 K WCRS IZFEET 5 N-T BT AT VRS — MIOWT, SR AT EEICI# S
ﬂfwé INTED RS Z MR LI L 2A, LTORRBGELN, EROFIENE O E FHEH A6
Thbr BN,
1) B, WbOLEKUPWCRSIZOWT, KL TH LN v~ N7 T AT, EEEZHT 5
[P A E NSV (WA LN
2) ZAEKOKREIZ0.04 LT 20mg/kg tHYS fE, Fgd 51T 0.04 & TN0.2 mg/kg #HY% &, WCRS I
WL LT 0.02, 0.04 T 0.2 mg/kg FYEAZIRML, RIEHKE-> TS ST &£ L, ([
IR O UK E 2RI b 25, ZUMRMERIET A T A4 VICED DIV HE K O TS E
O B 2w 723 RAF R R DG ST
3) REDON-TEFNALZ VRS —FOERE FRIZEEF T 0.04 mg/kg, #H FIRIX0.01 mg/kg Th
Sf. BELERE FREOKRE FTRIZ, ZYMMEIETA RI7A4 VICED b BEEZ -
LTWriz.
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