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Simultaneous Determination of Glufosinate, 3-(Methyl phosphinico) propanoic acid and
N-Acetylglufosinate in grains, grass hay and rice straw by LC-MS/MS

Daisaku MAKINO™', Youichi WAKAMIYA"', Yoshinari SAKAKIBARA ™' and Tomohiro UENOYAMA ™

(*1 Food and Agricultural Materials Inspection Center, Kobe Regional Center
"2 Food and Agricultural Materials Inspection Center, Kobe Regional Center
(Now Ministry of Agriculture, Forestry and Fisheries of Japan))

An analytical method was developed to determine levels of glufosinate (GLUF), 3-(methyl
phosphinico) propanoic acid (MPPA), and N-acetylglufosinate (NAG) in feed using liquid
chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

GLUF, MPPA, and NAG were extracted with water. These compounds were then derivatized
with trimethyl orthoacetate. The sample solution was purified with two types of SPE mini-
columns (Sep-pak Plus NH, and Silica from Waters; Milford, MA, U.S.) and injected into the LC-
MS/MS. LC separation was carried out on ODS column (ZORBAX Eclipse XDB-C18, 4.6 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 MS/MS, positive mode
electrospray ionization (ESI+) was used.

Spike tests were conducted on feed ingredients. Barley was spiked with 5 or 0.5 mg/kg of GLUF
and MPPA. Corn, alfalfa hay, and rice straw were spiked with the same compounds at 0.1 or 0.05
mg/kg, 15, 1.5, or 0.5 mg/kg, and 0.5 or 0.05 mg/kg, respectively. Recoveries ranged from
76.8 % to 111 % for GLUF and 71.6 % to 93.4 % for MPPA. The relative standard deviations of
repeatability (n = 3) were not more than 19 % for GLUF and 10 % for MPPA. Subsequently,
barley was spiked with 5 or 0.5 mg/kg of NAG, while corn, alfalfa hay, and rice straw were spiked
with the same compound at 0.1 or 0.05 mg/kg, 15, 1.5, or 0.5 mg/kg, and 0.5 or 0.05 mg/kg,
respectively. NAG recoveries ranged from 87.7 % to 116 %. The relative standard deviations
of repeatability (n = 3) were not more than 19 % for NAG.

A collaborative study was conducted in eight laboratories, using feed ingredients spiked with
GLUF, MPPA, and NAG in the following quantities: 5 mg/kg of GLUF or MPPA and 5 mg/kg of
NAG for barley, and 15 mg/kg of GLUF or MPPA and 15 mg/kg of NAG for alfalfa hay.

For each compound, the resulting range of mean recovery, repeatability, and reproducibility in
terms of relative standard deviations and HorRat, respectively, were 100 to 101 % and not more
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than 6.7 %, 14 %, and 1.3 for GLUF, 91.4 to 92.8 % and not more than 10 %, 13 %, and 1.2 for
MPPA, and 107 to 110 % and not more than 4.4 %, 12 %, and 1.1 for NAG.

This method was validated and established for use in the inspection of GLUF, MPPA, and NAG in
grains excluding wheat, grass hay and rice straw.

Key words: glufosinate ; 3-(methyl phosphinico) propanoic acid ; N-acetylglufosinate ; liquid
chromatograph-tandem mass spectrometer (LC-MS/MS) ; electrospray ionization (ESI) ;
feed ; collaborative study
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Glufosinate 3-(Methyl phosphinico) propanoic acid

0
I

HO\[(\/P\\OH
0

(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl] butyric
» 3-(methylphosphinico)propanoic acid
aci

CsH12NO4P  MW: 181.1 CAS No.: 51276-47-2 C4HoO4P MW:152.1 CAS No.: 15090-23-0

N—Acetyl glufosinate

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

butyric acid
C7H14sNOsP  MW: 223.2 CAS No.: 73634-73-8

Fig. 1 Chemical structures of glufosinate, 3-(methyl phosphinico) propanoic acid
and N-Acetyl glufosinate
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KZ, &5%%*b TNT g7 7 HERORRDLEZZNEN 1 mm OS5 0% EiRT 5
ECOHREL, fEEREE L.
22 O
1) 7R r— MERERIK
TR RX— T =7 LFEREN, (Dr. Ehrenstorfer B, HliE 97.5 %) 25 mg # EfEIC &>
T25mL OAET7 T AICAN, KEMZTHENL, TITERE TKEMZ TIZ LR R—
MERERE AR L2 (Z0# ImLi%, GLUF & LTClmg (f=0978) 2#&HT5. ) .
2) 3-AFIAKRRAT 4 =ar At EREERK
3-AFNARAT g =ara e d URiEESR (M3 TR, ML 99.7 %) 25 mg 2 EffElC
BEoT 25 mL O&ET T A3ZAN, KEMAZTENML, BITERETKEMZT 3-AF L
RATZ7 4 =ara 4 o BEEREAZRE LZ (Z0#) | mL X, MPPA £ LT 1 mg (f =
1.00) Z&5HT5. ) .
3) N-TBFIT IRy F— MMEUER K
N-TEFNLITNRR— b MU o AR (MRAMSE TR, ME 99.9 %) 25 mg & EfE
ICES>T 25 mL OE&®ET T AIZAN, KEMXTEML, BITERETKEMZ T N-TE



92 fREHFZE S Vol. 38 (2013)

FNTIVER Y F— MERERKZRR L7 (208 1 mLIiE, NAG £ LT Ilmg (f=0.835) %5
BT 5. ) .
4)  FRESERH RIEKIR SRR
TR R— MEHERK, 3-AFINVHAT 4 =ar a F VBRERTIRO —ERZIRA L,
HICAKTIEMICHR L, 1 mL H1Z GLUF LT MPPA & L CZNEN 100 pg 2547 5 EKIE
A REE R 2 RS L7
5)  0.01 v/v% X ERIA IR
Xfe GREEFRL. 98.0 %L EDOH D) I mLIZ/KZMATIL &L, BIZZ O 100 mL 12K
ZMZTIL & LT,

6) KEOT7TE = VWX, WEIZa~ 77 7HE2HWE. 78 b ROEB T VX, 5
BRI - PCB RBA A H W o, Fefe X, ARk A Wz, A0 MEEEE R Y A F X, BT
LRk T2 (GHE 98.0 %LL L) b D& W=,

23 HEEROZHE

1) Wikra~ oo 752057 ARG
WRiKk7 a~ N7 7% . Waters .. ACQUITY UPLC System
X T ARV By HTERES © Waters 8 ACQUITY TQ Detector

2) W& O HARM LER A = —F— MW-DRV

3) LB AREBMERTR T — 70 by TE L 4000

4) m—H# Y —=x /KL —%— : BUCHI Labortechnik #! Rotavapor R-200 (EZfz> hr—F V-
800 fif &)

5) fEHIREZERME 9 S RERTRE SNH-215S  (H 28%HAAY)

6) W5|~=7R"—/ K : Waters f{ Extraction manifold

7 T2 T AU b U A I =T A Waters 0 Sep-Pak”™ Plus NH, #— U » ¥

(360 mg) {2V HF—s3— (10mL) ZE#FEL72H D
8) Y UMHF NI =HF L Waters L Sep-Pak” Plus Silica #— kU v (690 mg)
24 TEEIFE
1 #h
IIHTRREE 10.0 g 28> T 300 mL Ok =447 7 2 22 A, 7K 200 mL % Iz T 30 43[R
DIEET (300 rpm) fhH U7, iR 2 ke O B I AdL 1500xg (3000 rpm) T 10 43
s Dot U, B 258 I3 5 BRI & LTz,
2) FHEK
AREHATE 2 mL (B2 CIE, HIZ/K CTEMIC 105N L%, TOH 2mL) % 200 mL O
BRI T T A ZIERIZAIL, 50 °C L FOKIBTIEE A LHFET 5 £ CRIERM L%, =
FH AL o CHLE L7z, FEEE 1| mL KOV hEEEE b U A F)L 4 mL & 001 CHRE W &V
L, L T100°C T2 REEMEA L 7= B L, 50 °C LLFO/KIBTlE & A EHLE 3 5 £ T
JEisfs L=, BFEH A& ko THIE L7z,
HEfg—F /v 4 mL & EFECINZ TERED 2L, BT DB 550K & LT,
3) BT L
T 7ae v Ik U BTN =0T A (360 mg) DFRICY VAT NI=HT A
(690 mg) ZufEL, EifgT—F /L 10 mL THEFLEZ (Kol~v=A—V FZEHL, l#H 2~3
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mL/min & L7z. BAFREILC. ) .

AEHANK 2 mL Z RSB 7 AICIEREIZAIL, WKEZFTETAR O ESIZET 5 F Tt S ¥z,
FIZHE =TV 18 mL & 41 7 ANz, [FARICHEH S 7.

50 mL O $TIT7 722207 5O FICES, 7B M 10 mL 247 AI2NMZ, WKEAFR
TARO EWIZET 5 F Tt F LT MPPA K2 A H S w72,

Wiz, 7272 7abe U b YV B F VI =T A EIET L, T =K (19+1) 10
mL Z Y A7V =H T KT A T MPPA 7538 (K J O GLUF 8K 2 S8 7z,

B % 50 °C LT ORISR TIE E A CHLE T 5 & CRUERME Lo, ERET A2 ko Tz
L72. 0.01 vVV%FXMIAIR | mL % EfEICIN 2 TR EEN L, Wik a~ N7 7207 A
BB B TRt X D MEICHET 23 EAIR & L7z,

4) fEAER OFERL

R ARV R A YE G 1 mL %2 200 mL D729 7 T 2 2 IZIEMEIC AL, 50 °C LLF
DKW TIE L A EHEET 2 F TRUERME L7c#%, EFT A %% THE L

FEfZ 1 mL X ONA L REEEE N U A F 0 4 mL 22 THREDZREN L, HERLTI100 °C T2
RERDNER L7288 i L, 50 °C LA T ORI TIE & A ElEl+ 5 £ CRITIEN L7=%, E@FH R
ko THzlE L7z,

0.01 v/v% XK 10 mL Z IEfEICNZ THREW 2o L, BICREEBEECERICHRL, 1
mL #112 GLUF &X' MPPA & L CZN < 1.0, 2.5, 5.0, 7.5, 10, 25, 50, 75, 100, 150,
200, 250 X OV300ng fHY B4 EH T 5 KR UER 2R L 7.

5) itk a~ 7T 7T DEBOSGITFICE D HE

REHAIE M OV RS 4 5wl ZiRA 7 v~ b7 7 7 2 07 ARV B GMFHCEAL, @R

FOGH 7 v~ 77 La57. WESM% Table | X2 IR L7z,

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 120 °C

Capillary voltage 3kV
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Table 2 MS/MS parameters

. Precursor Product Qualifier Cone Collision
Target ion voltage energy
(m/z) (m/z) (m/z) %) (eV)
GLUEF derivative 252 210 150 26 14
MPPA derivative 181 149 93 21 14

6) &t H
EBONTBINE SR Z7 o~ F 275 L7065 GLUF 78K KN MPPA #FEADO Y — 7 mifE%
ROTENENREBREZER L, RBH D GLUF (NAG HkZEZET) &K MPPA OZFNFi
OEZEH L.

728, MPPA % GLUF 1I2#18 L CREF O GLUF & L ToRfz Rk 2551013k &
DEH L.

Bt O GLUF & (ug/kg) =4+ B x 1.30

A BRERH D RO BT O GLUF (NAG HkZE &) ORE (ugke)
B : BEAE DR D T-FHE D MPPA ORE  (ng/kg)

F72, NAG OFHZIRM L THRMENGRER A 1T o 2BEOEINE (%) OFHEIZ, REHR,D
K72 GLUF DO (pg/kg) % NAG OEE (pgkg) ITHE L, RIML7E NAG O
(ng/kg) THRLTEDHGEZRDLZ LITE VT

e, EEIEOBE % Scheme 1 (Z/R LTz,

25 MEEZHEL LERMSITE X —1EOWR THWE ik
1 Hh H

IIMTRREE 10.0 g 2 8- T 300 mL O3 =/ 7 T 232 A, K200mL 2% 7. 60°C T
2 RpMEFE%, 30 MRV IRE T (300 rpm) fH L7z, fHIK 2 34 im DIk BV I A
1500xg (3000 rpm) T 10 4y [z Dy BEL, ¥R E FH RIS 23 0BAK & LTz,
LI, 24D D05 6)IZE> TEEEIT- .
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Sample of 10 g
add 200 mL of water
—— shake for 30 min

— centrifuge at 1500xg for 10 min

——2 mL of supernatant (grasshay:2 mL of
10-fold diluted sample solution with water)

—— transfer to 200 mL eggplant flask

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

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 with nitrogen gas

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

Scheme 1 Analytical procedure for GLUF, MPPA and NAG in feed

3 HBRRUEE

3.1 LC-MS/MS & & o ¥t

JFRL i O TR 7 n~ + 279 7 5&4FHF, 0.01 vW%XBEIAK —7 % b=F UL (93+7) 12X
HAVITTT 4y WM ERSTVDEN, UE L NEEMY R Z x4 & LT GLUF %04
Wiz et L2BRIc ¥, sCRHAT h O MR/ 7 & OB OB Z A& LT, JFRL EDOA Y
7 TT 4 v VNG, WEREERSOEREBICS TV 2 MER T T A& 5 HikRICE
BLTWDHIZ &b, EELHRIEKMETHRE L.

72, HESWEFMHICOVTYH, WELORF YRR —VEERTY V3 VT RAF
— DM FRERE T L7~ Dk, E&EA 42 ROHRA A O—HER 51T o7

3.2 FREMR

22 D HK 2.4 O HIHE- TR L2 GLUF Y MPPA & L T4 1.0, 2.5, 5.0, 7.5, 10,
25, 50, 75, 100, 150, 200, 250 & TX 300 ng/mL A4 BDOKIEHERSL S pL 2Rk a~ N7
TR T MRVEESITEHCEAL, SO BRKISHEE 7 o~ N7 7 Ah b — 7 miEE W
THREREMERLEZ. 5N RERIT, Fig. 2DV THY, GLUF XX MPPA T% 1~300
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ng/mL 84 &

33
)

2)

(FEARE L TO0.005~1.5ng FAY &) OHIFH CHEMMEL R LT,

y=582.61x + 101.3
R?=0.9999

y=109.27x + 3.1101
R?=0.9997

Peak area
Peak area

100 150 300

200

50 100 250 300 50 250

150
GLUF / [ng/mL]

200
MPPA / [ng/mL]

Fig. 2 Calibration curves of GLUF and MPPA by peak area
RO [ OVINE 2 b5 & LU 7= JFRL IO W B ORFHZI DWW T

R\ DWW T

HZBORIZ DWW T, JFRL EDQEH DO RS ORF 21T & 24, INEIR
NSRBI REE TH - 722 & h, WEORT 2IT- 72,

T, KHERICHEKT DA A AL DREN DN DS AT BHAROFIRNEN TH
LEHANE N L, EEEMBEOLEMEIT 15 ppm L HENERECTHY, HENAREZMIRL
Th, EEELSZD 110 BEDOREZET 2 DICKEITRNWEEZLNDZ LD, 7
V7 7 V7 7 BLEZ GLUF e OY MPPA & L C 15 mg/kg FAY B2 RN L7230k (sl EHA R
T4 0.075 pg/mL A4 &) KO'NAG & LT 15 mg/kg Y &2 L7k (& REHA TR
HC0.075 ug/mL A4 &) 2 HWT, 240 HTEHELN EEAIKZ KT 10 fFICHIR L7214,
24 O DLUBEOEIEEITV, HIRBIEOFEDEEZ R LTZ. T OFEIX Table 3 D& BV BT
REERNE LN Z LD, EHREIZOWTIX JFRL %2 — AT LC, #hiti#, KT 10 £%
AREAT O BEEZBINT D Z LT L.

AR D RN R

-
—

Table 3 Comparison of recoveries of pesticides in grass hay
by dilution level of extract solutions

undiluted 10-fold diluted *
Pesticide  Recovery” ~ RSD,” Recovery”  RSD,”
(%) (%) (%) (%)
GLUF 68.5 2.8 90.1 12
MPPA 72.5 5.1 78.6 32
NAG 70.6 10 93.5 8.3

a) Mean(n=3). Spiked level was 15 mg/kg in sample.
b) Relative standard deviation of repeatability

c¢) Extract solutions were the same origin of the left column.

INFEIZHOWT
3 FEHD/NFIZ GLUF KT MPPA & LT 0.2 mg/kg fAS B2 T L72alkl (iAo
T4 0.010 pg/mL FHY &) WOV NAG & LT 0.2 mg/kg FIS &2 FMN L 723E (& iEAR
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T 0.010 pg/mL MY &) (ZOWT, JFRL EQBMH O RIS ORF 21T-72L 25H, BTO/N
i ZEUNT 30~50 %FREE DRI L2MvE b v o 7.

2T, W HIFETEAEEZ S5 L L- GLUF £0E &EORFICENT Y, 7: %
h%éuuu%@gzi)@b%ﬁﬁﬁﬂﬂ TOWTIIKRZEMA 2%, KL 5 AiHATIZ 60 °C T 2 FrfH#HE

THZELLELTWNDLZEND, EHLBRKMETHRE LR B RERIIEONRN ST,

ZDEHIT, BED L ZABINEOUEFENRONLRWZ), SH%BEICHRNTLIZ L L

L, AE, /IMEICOWTEAEOBEHHHA LRI+ D2 &L L.

3.4 BiEWE OB

EIOBAZL, v, KRE, AR, STF, REMNT, @HE (T 77 V7 7 EEK
CARA—=F 7T AFE) |, fib b, FHEEEHLEE R OBk A IV, ARIEIC K0 RS L 72 30RHE IR
BREa~ NI 72 0T AR BSHFHCEAL, EREZGTIE -7 OFEEHER LI L
ZA, ETY—JITED N o T,

3.5 IINENREER

2.1 THH L2 KFEIZ GLUF X MPPA & LT 5 X005 mgkg fIY%E, to9HAH5Z LI
KX 0.05 mg/kg fHYSE, T 7 707 7 #EIZ 15 KON 1.5 mg/kg IS EXORED HIZ 0.5 KO
0.05 mg/kg FEY EARM L3 2 HWT, RIEIZED 3 5MTTERE L, [BEUGE K OWR UK
FEZRpat Lz,

F£72, NAG IZDOWTIE, GLUF & NAG OFHENFE—THLZ &b, MENEFLTVD
BB ERMEIE GLUF & NAG O/ ‘L LTHEIHENS Y. Z0Z L5 NAG OFRMEILH
BRI K 2 BROBRIZIE NAG OAHZWIM L TRl 2475 2 & & L, KREIZNAG & LTS5 K0S
mg/kg HHYE, &9 HAZLIC 0.1 KT 0.05 mgkg fHYE, TV 7 7 /L7 7 HEIZ 15 TV 1.5
mg/kg HHY &KL OFGH 512 0.5 LT 0.05 mg/kg A &2 RN L 723 B 2 W T, KRiEICED 3 1
DT CER L, BN E UMK UK 2 /Gt LTz,

ZOFER A Table 4, 5 KO 6 ([Z/”L7=. GLUF (Z2W T, KETIZEYEIE 955 KO
713 %, O UREE L, MAxHZ#ERFZ (RSD,) & LT7.8 %L T, FKICEHI A LTIE
99.3 KN 84.5 %I TN 19 %LA R, T/ 7 7 /b7 78 TiE 90.1 KT 87.9 %I TNT 13 %LLTF,
Fgd B TIL 76.8 1" 84.8 %l NT 7.1 %LL FTH - 7=.

MPPA |22\ C, KZE TIXFEHEIULEE 87.1 KN T71.6 %, £ O UIEEIEL, RSD, & LT 10 %
IR, £98AZ LTI 723 KON 79.9 %IFNT 9.6 %LAF, T/7 7 )7 7 HLH TlX 78.6 X
78.4 %I TN 10 %LA T, Fad B TiE 74.2 KT 90.8 %I N 8.8 %L FTH - 7-.

NAG IZ2WT, KRETIHFHEULE 115 KT 99.0 %, Z O UIEEX, RSD, & LT 14 %
LT, &9 852 LTIk 87.7 K 116 %I TNC 19 %LA T, 77 7 /L7 7 @8 Tl 93.5 K
97.5 %I TNZ 8.3 %LA T, Fiido B Tl 94.9 KON 111 %I TNT 11 %L FTH - 7=,

ek, WMENGRER CHE o BIREICHRNZ v~ 77 A0 —H#]% Fig. 31T LT
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Table 4 Recoveries of GLUF

Feed types
Spiked Barley Corn Alfalfa hay Rice straw
level a) b) a) b) a) b) a) b)
(mg/kg) Recovery” RSD, Recovery RSD, Recovery” RSD, Recovery” RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
15 - - - - 90.1 13 - -
5 95.5 4.9 - - - - - -
1.5 - - - - 87.9 10 - -
0.5 77.3 7.8 - - - - 76.8 5.0
0.1 - - 99.3 19 - - - -
0.05 - - 84.5 5.5 - - 84.8 7.1
a) Mean(n=3)
b) Relative standard deviation of repeatability
Table 5 Recoveries of MPPA
Feed types
Spiked Barley Corn Alfalfa hay Rice straw
level Recovery”” RSD,”  Recovery’ RSD,” Recovery” RSD,””  Recovery”’ RSD,”
(mg/kg) ry r ry r ry T ry r
(%) (%) (%) (%) (%) (%) (%) (%)
15 - - - - 78.6 3.2 - -
5 87.1 8.3 - - - - - -
1.5 - - - - 78.4 10 - -
0.5 71.6 10 - - - - 742 3.1
0.1 - - 72.3 9.6 - - - -
0.05 - - 79.9 0.9 - - 90.8 8.8
a) Mean(n=3)
b) Relative standard deviation of repeatability
Table 6 Recoveries of NAG
Feed types
Spiked Barley Corn Alfalfa hay Rice straw
level Recovery”  RSD,” Recovery’”  RSD,” Recovery”” RSD,”  Recovery” RSD,”
(mg/kg) ry t ry r ry r ry r
(%) (%) (%) (%) (%) () (%) (%)
15 - - - - 93.5 8.3 - -
5 115 14 - - - - - -
1.5 - - - 97.5 4.5 - -
0.5 99.0 5.7 - - - - 94.9 2.3
0.1 - 87.7 19 - - - -
0.05 - 116 1.6 - - 111 11

a) Mean(n=3)
b) Relative standard deviation of repeatability
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Fig. 3  Selected reaction monitoring chromatograms

(Arrows indicate the peaks of 1: GLUF derivative and 2:MPPA derivative and each peak is shown
as 100 % in each segment, but the chromatogram of B) is scaled as 100 % of the lowest standard
solution (1 ng/mL).)

A) Standard solution (The concentration is 100 ng/mL for GLUF and MPPA)

B) Blank sample solution (barley)

C) Sample solution of barley (Spiked at 5 mg/kg of GLUF and MPPA)

D) Sample solution of barley (Spiked at 5 mg/kg of NAG)

3.6 E&E FREOHH TR
RIEOTER TRE OB FRZMET 5720, EH95bAZ LERT VT 7 V7 7 FHIZ GLUF
Y MPPA % JRIN L 72 30EHIE TNE NAG Z 3N L 7=30EHZ >\ T, IRINEIGRBRIC L v o b
E— 27 O SN A 10 LT3 L7 DiREZRDT-.
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ZORER, HoNZE—27 O SN A 10 LLEERDEEIXE D HAZ LT 0.05 mgkg KOT
VT 7 VT 7 HLETC 0.5 mg/kg Th o7z,

ROz, £HH AT LIZ GLUF LT MPPA & LT 0.05 mg/kg FHY4 &KL 7=k

(B A&FRUBHATR T4 0.0025 pg/mL FHY &) M TOYNAG & LT 0.05 mg/kg A124 & 4 U0 L 7250k

(B RFREHRIR T 0.0025 pg/mL F1% &) W NS T V7 7 V7 7 W EIZ GLUF )2 OY MPPA & L
T 0.5 mg/kg MY EZ R L 725kl (BA&aUEHAK T4 0.0025 pg/mL fH2 &) K OYNAG & L
T 0.5 mg/kg P B A RN L 72308 (Boi& RS I C 0.0025 pg/mL #HY &) & W\ T, KL
£V 3 AT O 2 EhE L, % OFEEUTE K ORI UIEE 2k 7-.

ZOFERIL, Table 7D BV, &9 HAZ LICBUWT GLUF OFEHEILERIL 84.5 %, T Dk
W UREEE L, M EYERZE (RSD,) & LT 5.5 %, MPPA ORI 79.9 %, * O LK
JE1X, RSD, & LT 0.9 %, NAG O F¥EILEIL 116 %, Z O LIEEIX, RSD, & LT 1.6 %
Thotz. TNT7 77 7 HEIZEBWT GLUF O EHELERIL 111 %, < O UKSE X, M
E¥EfR 2= (RSD,) & LT 18 %, MPPA O FHJEINERIT 93.4 %, ZO#K LKL, RSD, & LT
4.5 %, NAG OFEJEILERIT 110 %, Z O UKL, RSD, & LT 6.7 % Th o7z,

FTo, SNEBN3 ERDEEILE S AL TO0.02 mgkg KOT VT 7/ 7 7 #E T 0.2 mg/kg
Thot-.

LEDOFERNS, RIEOER FIRIL 0.05 mgke (FEHE TIX 0.5 mgkg) , HH FRIZ 0.02
mg/kg (FZHUE Tl 0.2 mgkg) Tho7z.

Table 7  Recoveries of pesticides at the level of limit of quantification

. Feed types
. Spiked Corn Alfalfa hay
Pesticide level > b 2 b)
(mg/kg) Recovery” RSD, Recovery” RSD,
() (%) (%) (%)
GLUF 0.5 - - 111 18
0.05 84.5 5.5 - -
MPPA 0.5 - - 93.4 4.5
0.05 79.9 0.9 - -
NAG 0.5 - - 110 6.7
0.05 116 1.6 - -

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

3.7 FEFEIFER

ARiEORMHBREE 2 WR T 5720, makhc X 2 LR 2 I L7-.

AEHE, KZEIZ GLUF KON MPPA & L TENEI 5 mgkg MY & (A HEE 10 g 1T LT
1 mL FIZ4 50 mg Z&5A T 2RAEAER | mL KN KT /LT 707 7 HEIZ GLUF KO
MPPA & L CZNZH 15 mg/kg Y & (AT FHEEN 10 g 12k LT 1 mL 24 150 mg 25 H T
DIRGHEMERR 1| mL iS0) %, SRBREICTHONBLEORT B IZHRM L TR L 72308 ONT K&
IZNAG & LT 5 mg/kg FYSE (OFHZE 10 g6 LT 1 mL H1IZ 50 mg 2 & A9 5 EEHER |
mL /) K ONT VT 77 7 ELEIZ NAG & LT 15 mg/kg A4 & (O HRE 10 glaxt LT 1



B8 HHERORDORO I VR A=, 3AFVRAT 4227 aCAVBRON-TYFV I V2= bl ne )5 75 /7 MERMHT L AR ERE 101

mL T 150 mg &4 T UK | mL RN %, FRBEIC CofrBRiaoRT BIZEM L TR
L7cikBh 2 vy, REFEEE, 20RO 2 KB CHEM L7z, SIRBREE, —&EFEA
H AR PR S B B st e o & —, —REEN B ARSI o % —Z B 5EET, Az
ITBOE NRMOKPEH & 2 2t o &2 —Bfakl 2 amas, Rkt 22—, Fiietsr ¥ —,
A4 EE % —, R 2 —ROFERME 2 — GF8HER=E) Thotz. fROMITIC
DNVTIE, EHEUE, @R LREE (RSD,) KMOEMBFEREE (RSDr) #HM L. HFohiz
RSDg 725, f&IE Horwitz 2% T HorRat % R 7-.

70, 2EL LT, EENICA—FF A XENEHFRRBRICET 2 FIE P V225,
Cochran %€, AMAUE 1 8D Grubbs #E & OFRHUIE 2 8D Grubbs #E 217V, FAAVIE O FEHTE
AT o 72 ETWHEILEE, RSD,, RSDr & U HorRat %>R 7.

FE T Table 8~10 D& B0 THD. GLUFICOWTIIRERRT VT 7L 7 7 8 EIZHOWNT,
EEE L 101 LTV 100 %, RSDIXZNZE4L 6.7 XY 5.1 %, RSDRIZZEI 8.2 KT 14 %,
HorRat 1ZZHZH 0.66 LN 1.3 Th o7z, MPPA IZOWTIIREKRRT VT 7L 7 7 HLEIZ O
W, CEREINERIE 91.4 TR 92.8 %, RSDILZNZEIL 8.1 T 10 %, RSDpiFENEIL 12 KT
13 %, HorRat [ZZNZEH 097 KN 1.2 Thotz. 728, RO LB, B2HEL L THEITEZ{T-
LA, TAT7NT 7 HEOFERIZEBV T, Cochran METHNMEE SNDT — X BRD 5
M, ZOT—F &I L TEHREILE, RSD,, RSDg, HorRat [Z DWW THH Lz#ERIL, =2
921, 5.1 KN12%IFNT 1.2 Th o7z, NAGIZOWTIERERRT VT 7 )b 7 7 HLEIZOW
T, FHENEERIE 110 LY 107 %, RSDIZZENEI 3.1 KT 4.4 %, RSDRIZZENEH 10 KT
12 %, HorRat I F4 077 LN 1.1 TH o 7.

2EDID, FRBECHEA LZRE a~ N7 7752 07 KB ESHTEE OFETES % Table
11 Z/RL7=.
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a)
b)
¢)
d)

Table 8 Collaborative study results of GLUF
Feed types
Lab. No. Barley Alfalfa hay
(mg/kg) (mg/kg)
1 4.44 4.73 11.5 13.0
2 4.85 4.60 16.1 15.8
3 4.76 4.94 15.9 14.6
4 5.08 5.29 15.2 13.4
5 5.67 4.65 13.1 13.5
6 5.29 5.97 18.9 19.2
7 4.76 4.97 15.5 14.4
8 5.18 5.34 14.9 15.8
Spiked level (mg/kg) 5 15
Mean value ¥ (mg/kg) 5.03 15.1
Recovery ¥ (%) 101 100
RSD, ” (%) 6.7 5.1
RSD; @ (%) 8.2 14
PRSDy @ (%) 13 11
HorRat 0.66 1.3

n=16

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 9  Collaborative study results of MPPA

Feed types
Lab. No. Barley Alfalfa hay
(mg/kg) (mg/kg)
1 4.88 5.11 172 12,07
2 4.67 5.66 14.4 12.9
3 4.21 4.35 14.1 13.0
4 4.71 4.65 13.6 12.9
5 4.12 3.13 11.2 11.4
6 4.38 4.73 14.8 15.0
7 4.32 4.32 13.7 13.1
8 4.87 5.04 17.5 15.9
Spiked level (mg/kg) 5 15
Mean value * (mg/kg) 4.57 13.9
Recovery ” (%) 914 92.8
RSD, ¢ (%) 8.1 10
RSDy @ (%) 12 13
PRSD; ? (%) 13 11
HorRat 0.97 1.2

a) If this laboratory was excluded by Cochran test, mean value (mg/kg), recovery (%), RSD,
(%), RSDg (%), PRSDg (%) and HorRat for alfalfa hay would be 13.8, 92.1, 5.1, 12, 11 and

1.2, respectively.
b) n=16
¢) 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



104

fREHFZEHE Vol. 38 (2013)

Table 10  Collaborative study results of NAG
Feed types
Lab. No. Barley Alfalfa hay
(mg/kg) (mg/kg)
1 4.74 5.12 13.9 14.6
2 4.51 4.50 13.8 13.3
3 4.71 4.77 13.6 12.8
4 4.41 4.59 13.7 13.6
5 4.00 3.63 12.2 13.6
6 5.42 5.37 16.9 17.0
7 4.70 4.73 11.9 11.3
8 4.77 4.86 14.6 13.1
Spiked level (mg/kg) 5 15
Mean value ¥ (mg/kg) 4.57 13.4
Recovery 2 (%) 110 107
RSD, ¢ (%) 3.1 4.4
RSDg ¢ (%) 10 12
PRSDy © (%) 13 11
HorRat 0.77 1.1

a) n=16

b) The determined values of GLUF were converted to the concentration as NAG to calculate

recovery.

¢) 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 11 Instruments used in the collaborative study

Lab.No. LC-MS/MS . LCcolumn
(i.d.xlength, particle size)
Agilent Technologies
1 Waters Quattro premier XE ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
2 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)
Agilent Technologies
3 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)
Agilent Technologies
4 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
LC: Waters 2695 Agilent Technologies
5 MS/MS: Waters ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mmx150 mm, 3.5 pm)
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: Agilent Technologies 1200 Kanto Chemical
7 MS/MS: AB Sciex Mightysil RP-18 GP
API-3200 Q TRAP (2.0 mmx150 mm, 5 um)
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 pm)

4 F&EOH
B, WML ORGSR 9% GLUF, MPPA KX NAG (25T, LC-MS/MS % 7=

] B 1 B O Ry T B E~ DO O AR OV TRFT L2 & 2 A, ROFERME LI, #WHAA

BTbhidEELLNT.

1) BERIZZNEI 1~300 ng/mL A% & (FEAREE LTO0.005~1.5 ng fH4 &) O#BH CERMEZ
~LTz.

2) JFRL % MW IRINEGRER 21T o 7o fif R, B oW Tid, s, K TART 2 #4E
Z JFRLJEIZEMT A2 Z LK VAN AEETH D EE X L. MR OV TIEAREOE AR
e+ BHrz iz,

3)ll@%®ﬁﬂﬁﬂ:owf RIEIZHE » CRIREBH 7 o~ N7 T LEER LI EZ A,

BEGITF =7 IRBd LR o7,

4) ki GLUF X T MPPA & LT 5 &Tr0.5 mgkg tHY & (R&REHAK S TH 0.25 & T 0.025
pg/mL FHYE) , L9 HAZLIT 0.1 LT 0.05 mgkg fHY & (BEFUEHA T CTF 0.005 XY
0.0025 pg/mL FHY &) , 77 77 7 HLEIZ 15 LY 1.5 mg/kg fHY & (R&RBHARH T%
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0.075 % TX 0.0075 pg/mL AHYSE) , Fib 51 0.5 KO 0.05 mgkg Y8 (REKREHRK T T%
0.025 J T 0.0025 pg/mL AHY &) AWl L7230 NS KRZIZ NAG & LT 5 KT 0.5 mg/kg tHY
B (RERUEHAR Y T 0.25 X170 0.025 pg/mL FHY &) , &9 HAZ LIC0.1 XT0.05 mg/kg FHY
B (REREHAT T 0.005 LT 0.0025 pg/mL AHNE) , 7A7 707 7 EEIZ 15 KO 1.5
mg/kg 4 & (&R F T 0.075 &Y 0.0075 pg/mL fH%4 &) , fEd 52 0.5 LU 0.05
mg/kg FHY & (A& RUEHAI T 0.025 & T 0.0025 pg/mL FHM &) Z M L2 E 2 HWT, &K
BICLY 3 RHMTCERL, BUCEROWR UEEZHR LIZE 2 A, BRIORFBREN GO,

5) ARIEIC LD ERE FIRIZ GLUF, MPPA KT NAG & HIZEEHH T 0.05 mg/kg (HZHCE TIX 0.5
mg/kg) , BEHTRIE 0.02 mg/keg (2B TIE 0.2 mgkg) ThHoT-.

6) K#EIZ GLUF X MPPA & L CENZH 5 mg/kg FYE (R aBHAT B T4 0.25 pg/mL
WE) KONT VT 7 )V 7 7 HLHIZ GLUF N MPPA & L CENEH 15 mg/kg Y4 & (Fi&ak
IR T4 0.075 pg/mL FHY &) Z 8000 L 7230ERE NZ KZIZ NAG & LT 5 mg/kg tHY & (&
BRI T 025 pg/mL FHYE) KONT LT 707 7 HLEIZ NAG & LT 15 mgkg FHY &
(B A&FUEHAIR € 0.075 pg/mL F14 &) 2RI L72ilel 2 v T 8 B = IZB W TRIEICEW
LR E T L, EREIREEZRERLZLE A, BURBREGZ.

#o
FERBICBM L TV T2 T — AR A A B AR AR SR A BT e o 2 — RO i
ENHARSEOH v & — S BRI B T 2 BRESMICEH OB 2R LET.
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