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An analytical method was developed to determine the level of glyphosate in grains, rice straw and
whole-crop rice silage for feed using liquid chromatograph-tandem mass spectrometer (LC-
MS/MS).

Glyphosate was extracted with water. The extract was purified with two types of SPE mini-
columns (Oasis HLB and plus MCX from Waters; Milford, MA, U.S.). Glyphosate was 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. 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, U.S.) 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.

Spike tests were conducted on feed ingredients spiked with glyphosate at the levels of 20, 2, or
0.04 mg/kg (barley), 5 or 0.5 mg/kg (wheat), 1 or 0.1 mg/kg (corn), 0.2 or 0.04 mg/kg (rice straw),
and 0.2 or 0.04 mg/kg (whole-crop rice silage). The resulting mean recoveries ranged from 74.2
to 102 % and the repeatability in terms of relative standard deviations (RSD,) was not more than
13 %.

A collaborative study was conducted in ten laboratories using corn and rice straw spiked with 1
and 0.2 mg/kg of glyphosate, respectively. The mean recovery, repeatability and reproducibility
in terms of relative standard deviations (RSD, and RSDg) and HorRat, respectively, were 98.1 %,
9.2 %, 13 % and 0.79 for corn and 92.5 %, 7.5 %, 13 % and 0.61 for rice straw

This method was validated and established for use in the inspection of glyphosate in grains, rice
straw and whole-crop rice silage for feed.
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Fig. 1  Chemical structure of glyphosate
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R FERRIL, REEERAE W, AL FEEER R U A FUE, Rk TR (il
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7V AR — MEAES, (et T 38 G 99.3 %) 25 mg Z IEfEIC R > T 25mL &R~
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3) HCAE AR R - Retsch B2 ZM-200
4) PRE O RPN LR ALY = — 7 — MW-DRV
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LU Y BN I =T A ETTL, TER—K (19+41) 10mLZ> Y B 70 =
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LERGT-. WESM % Table | K2 (2R LT,
Table 1 Operating conditions of LC-MS/MS

Column Agilent Technologies, ZORBAX Eclipse XDB-C18
(2.1 mmi.d. x 150 mm, 5 um)

Mobile phase 0.01 v/v% Formic acid solution - acetonitrile (93:7) (12 min)
- 3 min - (5:95) (10 min)— 6 min — (93:7) (8 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Desolvation gas N,, 400 °C, 800 L/h

Cone gas N,, 50 L/h

Ion source temperature 120 °C

Capillary voltage 3kV

Table 2 MS/MS parameters

Precursor Product Qualifier Cone Collision
Target ion ion ion voltage energy
(m/z) (miz) (m/z) V) (eV)
glyphosate derivative 254 102 152 22 17

F
Boilz SRM Z7a~ b7 L0567 U RS — MNEEKRDO E— 7 HFE % RO TH B2 1ERKR
L, RBPO7 VR —FNEZBEH L. 7B, TEBEOBE% Scheme 1 IZ-R LT,
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10 g 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
HLB-MCX joint cartridge (attach MCX under HLB)
|—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
— transfer to 200 mL eggplant flask
Derivatization
—— evaporate under 50 °C and dry up 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 up with nitrogen gas
——add 4 mL of ethyl acetate
NH,-Silica joint cartridge (attach Silica under NH,)
— 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 NH, cartridge
Silica cartridge
— elute with 10 mL of acetone-water (19:1)
—— evaporate under 50 °C and dry up with nitrogen gas
——add 1 mL of 0.01 v/v% formic acid solution
LC-MS/MS

Scheme 1 Analytical procedure for glyphosate
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7 7 A ZIEREIZ AL, 50 °C L FOKBTIZ & A EREET 5 & CIRUEIRM L7-%, EEH A
ko THIE L7z, HERE 1 mL ROV NEEEE N U ATV 4 mL # N2 THEREMEZE»L, &
LT 100 °C T2 BBV L 721%, Bb L=, “hk, 50 °C L FOKIBTIEE A CHLET %
FORERME Lz, BEIAZE-> THE Lz, BR=F /L 4 mL 2 EMECINZ TEREY %
WL, 7 20T 230BHAR & LTz,
LLF 2.4 O 46 DIZHEW, E&LT-.
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R, LAF M) i) (258 U728 E2 OV TRET L 7.
REROTNT 707 7 ¥EEZRAW, ZUVERY$—hE L TENRETN 20 LT 120 mg/kg FHY4 &
(BRI TN 200 LY 60 ng/mL FHY&E) ZIRML, 24 (TA7 7 V7 7 iEX
2.5) \ZRHE L2 ER LT M) i) ISR L=y NMEEZSBIC LB L i a E
L., Z VARV —boRINEKREZNENRDTZ. £, TAT7 707 78, REERBHRRO
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1 #h
IIMTRREE 10.0 g 28> T 300 mL O3 = 7 T 222 A, 7K 200 mL 21z T 60 °C T2
RFfEERE L7, 30 Zr[#R 0 IRE CTHiH L7z, IR 2 eie s DIk 8 12 AL 1500xg (3000
rpm) T 10 ZyfEDoiE L, EEARO—ERZ/KTEMIZ 2.5 (FHEETE, 25 %) (1
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Fig. 2  Calibration curve of glyphosate by peak area
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3.2 AR FR— MEO®EHAMEOBRE
TNER Y F— MERZ VRS — MIEATE 2 0R5 L
EOBATL, RE, TAT7 N T 7HERUHROLIZZ VAR —Re LTEREN 1, 20,
120 TN 0.2 mg/kg tHY & (CGERMEEHF Y&, &K TEhZEh 50, 1000, 600 &Y 10
ng/mLAHY &) ZRINL, 2.6 1296, 3 AT TCEE L, FIUCEEROWOR UK E L2 RET L7z,
ZOFEFRIL Table 3D LY, KREKRT VT 7))V 7 7 HEIZEBWT, FEEIEDN 44.5 KO
60.4 %K< 72, ZUARY—MIH LTI NAAYF—  MEEZBEAT LI Z LT LWLEEZ LN

7z.
Table 3  Recovery test for glyphosate by using glufosinate method
Corn Barley Alfalfa hay Rice straw
Pesticide  Recovery” RSD,” Recovery” RSD,” Recovery” RSD,” Recovery’  RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
glyphosate 77.4 1.4 44.5 12 60.4 5.2 93.8 3.2

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

33 Ny MEEZE L LIRS

W25 NI~y MEORFNCEE L, REIEZ LR T 57251, fHETIC 60 °C T 2 FEiINE
LCHiELZHRB L, FERMANCEIC 2.5 AR L%, I=07 L2082 EMN L THERZE
AR LTWDS. £22T, ZARyx— MEORBHE A TICHRS 2720112 6 OBt o ER
ERTO A FREAER NI = T ALELZ BN L 7 ARE R Oy METHIEREA R L2 iiEz bt
WRE L2, 32 TIREUR L R KREROT VT 707 7 82V, 2.7 IZit-> TERL
7o, ZTOFERIL Table 4 DBV, 7777 7HEIL, Wb BIEFRERPELNRN-
7o, REIXIZFERZEO BA 2 BUERS L. 728, MHETNZ 60 °C T 2 REfMNET 2 #/E
XENVRB e o7 2 0D, RikE, AR T3 — MECHEERILATO 2.5 HFAIREBIELE O =
71T AR A B LT ke Lz

Table 4 Comparison of two methods
Barley Alfalfa hay

Recovery’  Recovery”

(%) (%)
This method 84.5 60.7
Method for pet food 84.6 67.7

a)yn=1

RO, REROT V7 77 7HHEEZHAN, ZUVERb—FELTEREN 20 KT 120
mg/kg Y& (B UBHAT T 200 LT 120 ng/mL FHS &) 2L, Kk GHEEICHOWT
X 2.5 ICREH O FE) 12k Y, 3 HIMTCERL, BUCELOME UREEZRE Lz, T ORKE,
TNT VT 7 ELELE, SEREILERDR 67.3 %, T OMGK UFEEIX RSD, & LT 10 %& Bif 75
DGOl Z LD, HHEE, R0 AREO#EAX G E Lz, 7eds, KEIX, Table6
DEBY, BEFRBENEONIZZ LD, KikoOmEAxg L ukrLix.
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3.4 NFEIZEET 2 WINENGEER O FIE O

EHE DD LI VR Y 3 — METIE, /DMEOTIEIGRBRIZHB W T, BB FE R LTl
RN D > 2720, WNEEZBEAIENSERA L Y. ZU A — hEadS e LEARETH R
DZENTRENTZZ LD, RO Z2FEE LIz,

ARAEL S EAET DI, Z AR Y Rx— METH, EEFREZKCTHBLEZZ END, /IEICHE
My 2EERE LK THB LW dikbdeBxonz. 22T, KEAWCRELZRINA
IR KON 2.2 D HITTEVTRE U 7o/ N RN ARE R 2 vy, /NRIZEINS 2 B HER AR D H ik
Bt & S L7z

INEIZXF L, TNOOWNMAEEREZNEN 7 VAR —FE LTS megkg FHY & (il
VR TT 50 ng/mL fHY &) IRIML, REICED 7 VARY— hORINERE L Lz, ZOkE,
Table 5 O LBV EINKOKENRO L. Ko T, KL, NEICHLEHATRETHD EEX
bive. 7ok, LTFORFICEWTY, NERICEMT H2EERIZIA X 7 ——K (19+1) Tl
BL-bDZ Wz,

Table 5 Examination of suitability for wheat

a)
Kind of the solvent Recovery
(%)
Water 50.1
Methanol-water (19:1) 95.6

ayn=1

3.5 WiEWE O
EHHLAZL (2 M), v v, KE G HEE , hE Q HEE , 2AE bb 2
), FRREEHLAE Q fE) ROWKZE RV, AREICE 0 RE L7 3UEHAR 2 LC-MS/MS (1Z7E
AL, EEZHITHE—7 OFEEZHER LN, hELRAIE—TIIRO NN T,
ek, KRE (1 #H) MO~A 2lZB8WTZ YRS —FEE URFRHEICE—7 DRI
e, EEAFTIET TR, MRA A TCHOEREIToLEZ A, MHEBTERMEN—HLTZ
ENDL T YR — MERIZX DB E— 7 LT L.
3.6 WHNIENNERER
JURY—FELT, KEIZ20, 2 KO 0.04 mgkg fHYE (&R S T 200, 20 KL
0.4 ng/mL Y &) , /NEIZS KTN0.5 mgkg tHYS & (A 50 XTS5 ng/mL MY &) , 98 AZ
L2 1 &T00.1 mg/kg FHYS & ([A 10 2TV 1 ng/mL fHY &) , Fid 512 0.2 & T 0.04 mg/kg 1134 &
([f 2 %O 0.4 ng/mL FH2Y &) |, FEREEHLETRHC 0.2 X TY 0.04 mg/kg Y & ([A] 2 X T 0.4 ng/mL
MM E) 2L, REICRE, 3 AT CERL, BIIEROWE URE 2R L7z,
ZDOFRERIX, Table 6 O LBV, FHEULE K OE OBOR UREE I3 HEERF 2 (RSD,) & L
T, RETIL742~99.0 %K% " 7.1 %LLT, /INETIE 80.9~92.8 %M N80 %LL T, £H9HAHAZ LT
X 79.1~102 %K%Y 9.7 %LL T, Fai D TIE 89.0~98.7 % KON 13 %LL T, Fi% Ak Tk
88.2~93.3 %K TN 10 %LL FTH - 7=
2B, WNENRBR TH O SRM 7 a~ 7 LD —1fl% Fig. 3 (2~ L7z,
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Table 6  Recovery test for glyphosate

Feed types
Slpikfid Barley Wheat Corn Rice straw Whole-crop rice silage
(meg\;le(g) Recovery’ RSD,”  Recovery”  RSD,” Recovery” RSD,”  Recovery” RSD,”  Recovery” RSD,”
(o) (o) (o) (%0) (o) (o) (%) (%) (o) (%0)
20 74.2 6.8 - - - -
5 - 80.9 7.7 - - -
2 71.5 1.1 - - - -
1 - - 79.1 7.6 - -
0.5 - 92.8 8.0 - - -
0.2 - - - 98.7 11 933 8.2
0.1 - - 102 9.7 - -
0.04 99.0 7.1 - - 89.0 13 88.2 10
a) Mean (n = 3)
b) Relative standard deviation of repeatability
A) Intensity l B) Intensity |
97| 3

”
| .

3l -3 LB AR LA RN MRS RenAs wARAS AL RARRS LASBA]

ooo0 | 200 | 400 | 00 800 | 1000 000 200 400 600 8O0 1000

Retention time / min Retention time / min

Fig. 3  Selected reaction monitoring chromatograms of glyphosate derivative

(Arrows indicate the peaks of glyphosate derivative and each peak is shown as 100 % in each
segment.)

A) Standard solution (The concentration is 100 ng/mL as glyphosate .)

B) Sample solution of barley (Spiked at 20 mg/kg of glyphosate )

3.7 EE TR OW: TR OB
AEOERTFREOCHRE FTREZERT -0, KE, bbb EORBEEHEENZZ Y R¥— K
WM U2 RMENGREBRICE DA LNTZE—27 O SN R 10 KO3 L5 REZRDT-.
ORGSR, HFoNTZE—7 O SN 10 UL EE 72 DX 0.04 mgkg &7eo7. £z, SN
23 ERDIREIL 0.0l mgkg & 7Tz,
mEB, ZOEREFRIREIZRT D REIE KOG UIEEIX, B2 Table 6 (TR L2 LB BRAT
THhHoT-.
U EDORERMNS, REOTEETIRIL0.04 mgkg, HH TFIRIX0.01 mgkg THh -7z,
3.8 JL[ARAER
REOEM BB E 2R T 5720, REI@E, N OIEPIRO 2 fK Ml CHIEREHT L 53
A 3R 2 20 L 7=,
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L E LTIE, E98AZLIZZ U AT —ELTI mgkg fHY & (10 g 2% LT 1 mL
HIZ 10 pg #5HTHME)R 1 mL /) KO oIZZ Y AY—FE LT 0.2 mgkg fHY &

(10 glIZR LTI mLHIZ2 ug Z2E5AT DEEER 1 mL RN %, FRBR=EICToONBILEORTH
L CRE L7 2 iz, 2nEBsig, WRGEE S TR, 2E &£ R A
G SRS PE R B SERT, — MM EEAN B ARE ST o F —ZEEFE T, — MR EIEAN~ A
a b xR UMAR S, WMINATEUE N EMOKPEH B LRI o 7 — BN AR, Rt
A=, Wit 2 —, FAEEREES X —, FAMFEr 2 —RkOFE®@RE > 2 — GF 10 R R
R) Tholo. FROMITICOW TIXEBEMIC N —FF A Xan-HFERBRICET 5 FIE 2
%2512, Cochran FRE, #MAUVE 1 18D Grubbs &€ K& OV HUE 2 D Grubbs #E 21TV, 4
EDF A2 R L7z B TRy EINE, #oR LEE (RSD,) K OEMFBRME (RSDr) #HH
L, B 5#7= RSDr 2> 5, {&1E Horwitz 2% Fi\V T HorRat Z KD 7-.

FEEIL Table7 DB THoT-.

EOBAZ LEUREDL HIZOWT, FEHEUTEIL 98.1 KT 92.5 %, RSD X 9.2 XKV 7.5 %,
RSDg 1% 13 210 13 %, HorRat (X 0.79 X1 0.61 T - 7-.
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Table 7  Collaborative study results of glyphosate

Feed types
Lab. No. Corn Rice straw
(mg/kg) (mg/kg)
1 0.729 1.05 0.194 0.216
2 0.837 0.819 0.144 0.167
3 1.05 1.04 0.188 0.190
4 0.972 0.941 0.172 0.155
5 1.01 0.902 0.186 0.156
6 0.953 0.905 126" 0247
7 0.983 0.998 0.184 0.196
8 1.14 1.24 0.199 0.174
9 1.08 1.13 0.224 0.215
10 1.01 0.831 0.524% 3329
Spiked level (mg/kg) 1 0.2
Mean value (mg/kg) 0.981 0.185
Recovery © (%) 98.1 92.5
RSD, ¥ (%) 9.2 7.5
RSDg ¢ (%) 13 13
PRSDy ” (%) 16 21
HorRat 0.79 0.61

a) Data excluded by Cochran test.

b) Data excluded by single Grubbs test.

¢) Corn: n=20 ; Rice straw : 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 8 Instruments used in the collaborative study

Lab.No. LC-MS/MS . LCcolumn
(i.d.xlength, particle size)
LC: Waters ACQUITY UPLC Agilent Technologies
1 MS/MS: Waters ZORBAX Eclipse XDB-C18
Quattro premier XE (2.1 mmx150 mm, 5 um)
LC: Waters ACQUITY UPLC Agilent Technologies
2 MS/MS: Waters ZORBAX Eclipse XDB-C18
ACQUITY TQD (2.1 mmx150 mm, 5 um)
LC: Waters ACQUITY UPLC Agilent Technologies
3 MS/MS: Waters ZORBAX Eclipse XDB-C18
ACQUITY TQD (2.1 mmx150 mm, 5 um)
LC: Waters ACQUITY UPLC Agilent Technologies
4 MS/MS: Waters ZORBAX Eclipse XDB-C18
ACQUITY TQD (2.1 mmx150 mm, 5 um)
LC: Waters 2695 Agilent Technologies
5 MS/MS: Waters ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mmx150 mm, 3.5 um)
LC: Agilent Technologies 1200 Agilent Technologies
6 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
LC:Shimadzu LC-20A GL Sciences
7 MS/MS: Thermo Scientific Inertsil ODS-SP
TSQ Quantum Ultra (2.1 mmx150 mm, 5 pm)
LC: Agilent Technologies 1200 Agilent Technologies
8 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1200 Kanto Chemical
9 MS/MS: AB Sciex Mightysil RP-18 GP
API-3200 Q TRAP (2.0 mmx150 mm, 5 um)
LC: Waters ACQUITY UPLC Waters
10 MS/MS: Waters ACQUITY UPLC" BEH C18

ACQUITY TQD

(2.1 mmx150 mm, 1.7 pm)

4 F&EOH
B, R b ROREEBHEAR P ICEET 7 ) A — MZonT, Ak r— MEERDORy
MEZIEIZ, LC-MS/MS % W2 E E1E DB T EE~OBEH O K2 REt Lz s 2A, ZK
TR — MEIZAy MEOFHERCLEFTOMREL N =8 T 2B BEZBMT 52 LT, LLFO
FERDEOI, EHNAETHDL EEZEX L.
1) FMEHIT, 0.3~300ng/mLFHY%E (GEARE LTO0.0015~ 1.5 ng Y &) OFiFH CHEMRME 2R
L7,
2) B, Wb bk ORBEBHAEHZ OW IR RERN GO, EHEIZOWTITR A0
ER\FONTRIEOHEARINE 75 Z LT L.
3) AEIZHE-S>THELNEZ SRM 7 2~ b7 T ATIE, 14 BEOHFEEFREHIBW T EREZ 1T 5 &
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4) REIZZVARY—HELT20, 2 XTU0.04 mgkg FHY &, /NEITS5 KT0.5 mg/kg*ﬁé%, &
IHAZ LI 1T RTN0.1 mg/kg FHYS &, FEd 51T 0.2 T 0.04 mg/kg FHY4 &, FERBAHAAEHT
KO 0.04 mg/kg BHEE AL, KRIEICHEW, 3 AT TERL, B K OHRIR Lﬁf%*ﬁﬂ
LicL A, BRIFRHERN GO,

5) ARIEIC LD ER TRRITRE T T 0.04 mg/kg, B TR 0.01 mgkg TH -7

6) EOBLAZLEVCRMOLHIZZ YRS —FELTENEN 1 K02 mgkg HYEZ ML R
BaAnT 10 RBREICE W TAREBICENERRBRZ Ef L& 25, BERBERM GO,

Bl iz
HFEHRBRICB I L T2 W - 1 R Rk NS A 52, 4 [ B 2 W R A A 2 i Bl 35 e e
WFZeET, — xRN B AR SO0 o ¥ — L EERFGEET K O — &Wl&kv%sh%//@E%A
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