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Simultaneous Determination of Imazapic and Imazapyr in Feed by LC-MS/MS

Masayoshi KUWABARA" and Satoru NAKAMURA"

(* Food and Agricultural Materials Inspection Center, Kobe Regional Center)

An analytical method was developed to determine the levels of imazapic and imazapyr in feed
using liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS).

After adding water to the samples, imazapic and imazapyr were extracted with hydrochloric acid
(0.02 mol/L)-methanol (2:3) and the resulting solutions were filtered. The filtrate was then
diluted with hydrochloric acid (0.02 mol/L)-methanol (2:3) to a final volume of 200 mL. The
sample solution was purified with InertSep C18-C (GL sciences Inc.; Tokyo, Japan) and Bond Elut
SCX (Agilent Technologies Inc.; Santa Clara, CA, USA), and injected into the LC-ESI-MS/MS for
determination of the levels of imazapic and imazapyr. LC separation was carried out on an ODS
column (Inertsil ODS-3, 2.1 mm i.d. X 150 mm, 4 um from GL Sciences Inc.; Tokyo, Japan) using
a gradient with 0.1 v/v% formic acid solution and methanol as the mobile phase. In the MS/MS
analysis, negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on formula feed for finishing beef cattle, wheat, soybean, corn,
soybean meal and Sudangrass hay. The formula feed for cattle was spiked with 0.005 or 0.01
mg/kg of imazapic, and 0.005, 0.01 or 0.05 mg/kg of imazapyr. Wheat was spiked with 0.005,
0.01 or 0.05 mg/kg of imazapic, and 0.005, 0.01 or 0.05 mg/kg of imazapyr. Soybean was spiked
with 0.005, 0.05 or 0.5 mg/kg of imazapic, and 0.005, 0.05 or 5 mg/kg of imazapyr. Corn was
spiked with 0.005 or 0.01 mg/kg of imazapic, and 0.005, 0.01 or 0.05 mg/kg of imazapyr.
Soybean meal was spiked with 0.005, 0.05 or 0.5 mg/kg of imazapic, and 0.005, 0.05 or 7 mg/kg
of imazapyr. Sudangrass hay was spiked with 0.05, 0.5 or 3 mg/kg of imazapic, and 0.05, 0.5 or
30 mg/kg of imazapyr. The mean recoveries ranged from 82.7 % to 106 % for imazapic and
84.9 % to 109 % for imazapyr. The relative standard deviations of repeatability (RSD,) were not
more than 7.0 % for imazapic and 6.7 % for imazapyr.

A collaborative study was conducted in nine laboratories using formula feed for finishing beef
cattle, wheat, corn, soybean meal and Sudangrass hay spiked with imazapic and imazapyr.
Formula feed for finishing beef cattle was spiked with 0.01 mg/kg of imazapic and 0.05 mg/kg of
imazapyr. Wheat was spiked with 0.05 mg/kg of imazapic and 0.05 mg/kg of imazapyr. Corn
was spiked with 0.01 mg/kg of imazapic and 0.05 mg/kg of imazapyr. Soybean meal was spiked
with 0.5 mg/kg of imazapic and 7 mg/kg of imazapyr. Sudangrass hay was spiked with 3 mg/kg
of imazapic and 30 mg/kg of imazapyr. The ranges of mean recoveries, the relative standard
deviations of repeatability (RSD,), the relative standard deviations of reproducibility (RSDg) and
HorRat, respectively, were 81.4 % to 98.2 %, 3.6 % to 10 %, 6.8 % to 14 % and 0.38 to 0.65 for
imazapic, and 76.6 % to 91.0 %, 2.2 % to 13 %, 6.2 % to 20 % and 0.49 to 0.90 for imazapyr.

This method was validated and established for use in the inspection of imazapic and imazapyr in
feed.
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A~y 7 KA ~HF /L, American Cyanamid Co. (Bl BASF SE) I[Z X VBRI A 2
ZN ) UHRBRERITH D, 2O OERABEII ST X BOMMIENTOELSREF DT &
Mo R X o@mamiER %L, DNA Gk Ol s# 2L L THESE EE X T
% DD fRE OB IEEEL, A~y ZI2B W TIE, /ME 0.05 mgkg, KT 0.5 mgkg, &9
H A2 L 0.0l mgkg, KEMANT 0.5 mgkg KO 3 mg/kg, F7=, A vHFEMIBNTIE, hE
0.05 mg/kg, KT 5 mgkg, & 9HAZL 0.05 mgkg, KEHMNT 7 mgkg & OHE 30 mg/kg TH
%Y,

fAELE O WIEL, —fRVRIEN BARS O & 2 —2 [ERE 26 R fREH O HEWE 5 5%
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Imazapic Imazapyr

O O

/ OH / OH

@] @]
(RS)-2-(4-isopropyl-4-methyl-5-o0x0-2-imidazolin-2-yl)-5-  (RS)-2-(4-isopropyl-4-methyl-5-o0x0-2-imidazolin-2-yl)
methylnicotinic acid nicotinic acid
C14H17N30O3 MW: 275.3 CAS No.: 104098-48-8 C13H1sN3O3 MW: 261.3 CAS No.: 81334-34-1

Fig. 1 Chemical structures of imazapic and imazapyr
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Table 1  Compositions of the formula feeds

Formula feed Proportion

types Ingredient types ) Ingredients
For finishing Grains 61 Corn, polished rice, milo
period broiler i} seed meal 27 Soybean meal, rapeseed meal
Animal by-products 3 Chicken meal, fish meal, pork chicken meal
Brans 1 Rice bran
Others 8 Animal fat, calcium phosphate, calcium carbonate, salt,
feed yeast, fructo-oligosaccharides syrup, silica, feed additives
For finishing Grains 74 Corn, polished rice, milo, wheat, bread crumb
pig Oil seed meal 19 Soybean meal, rapeseed meal
Brans 2 Bran, rice bran
Others 5 Bakery waste, calcium carbonate, calcium phosphate, salt, animal fat,
feed additives
For finishing Grains 63 Corn, barley, milo
beef cattle Brans 30 Bran, corn gluten feed, hominy feed, rice bran
Oil seed meal 4 Soybean meal, rapeseed meal
Others 3 Molasses, soybean curd residue, calcium carbonate, salt, feed additives
22 A&

1) A= VT R O REAE IS I3 R - PCB B %2, BWHHRICIZE 7 n~ 7 F
THERWE. 7T AR EE - PCB RBHAE MWL, T =T K, XK OYEREIX
IR (FBEOT V=T KITZENEILI %K 28 %D b D) HHW. 74 YU ik
Celite 545 (Imerys Minerals California, Inc.®) % F\ 7=, ZKIZEHMK (JIS K0211 @ 5218 IZ7E
FTENTHHIA) 2 HW=.

2) A~V 7 ERERIR

A=Wy 7 EYEN, (GRREEEGKER T, M 99.9 %, FOEHEK T ¥R 25 mg 2 EfEICR -
TS50mL OEFET7TAICAN, T M ZMATHENL, LITERE CREEZMZ TA
<~y ZEEREERR L (ZO® ImLlE, A~V¥PEv 7L LT05mgaahmd5b. ) .

3) A~V

A~ EVIERES (R ERIRBRA, ME 99.7 %, B# 7)) 25 mg & EMEICE-> T 50
mL ORET 7 AZAN, FEEZMZ TENL, TIERETTE N ZMATA~FE
MEHEFIR AR L7 (ZOW ImLIE, A ~FEALELTO0SmgEEAT5H. ) .

4) RIEAIFEER

FAEHEIT WL 2 mL % 50 mL D287 7 A ZIEHICANTRAL, TIEREFTcTE %
Iz CERKBAEREFEZR L (Z0® 1 mL X, A ~FEy 7 ERA~FELLE LTH
20 ug ZEAET S, ) . HBIZ, BERESEREFTKRO —EEL, 0.1 VVAFXBEIK— A%/ —/
(743) TEMICAHRL, 1 mL FiIZA vy 7 KA v e LT 0.2, 04, 06, 0.8,
1.0, 2.0, 4.0, 6.0, 8.0, 10, 20, 40, 60, 80, 100, 200, 400, 600, 800, 1000 K TX 2000 ng
AT O BERKIEGEER TR L.
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23 HEROZHE
1) Bkt - ZM-200 Retsch B (1 mm 227 U —>, ffi FHEEEEEEL 14000 rpm)
2) WCAREL B 0 SM-2000 Retsch . (1 mm 227 U —>, [E#sE (fLEE) 1690 rpm)
3) IEEOHIHE: Ly T ur2—H—SR2W ¥ A 7 v 7 & (i HEHES)$K 250 rppm)
4 A ETFTINNT YL Y BNV =H T A InertSep C18-C (FECA&E 1000 mg) v—=x
LA A
5) NuvBUAAKR= AT LT YT Y ISV =5 T A Bond Elut SCX (F8 T A& 500
mg) Agilent Technologies #
6) Wik~ 7o 7% 7 AREESHH (LLF TLC-MS/MS) &9, )
LC # : ACQUITY UPLC System Waters H
MS 5 : ACQUITY TQD Waters
24 TERFIE
1 #h

TR 10.0 g 28> T 300 mL O3t =/~ F 232 A, 7K 20 mL (F2¥CH1E 30 mL)
ZIMZ 30 & E%, FICHEER (0.02 mol/L) — A% /—/L (2+43) 100 mL (FZAXH (T 120
mL) ZMz, 30 MRV IEE T L7Z. 200 mL OB 7 T2 2% 7 7F—F}0 FICE
X, il ZH o0 CLO A VYU L& 1| em OREIIZHE WA (5 FE B) TWHl A L7,
D=7 T A a RO S ZERER (0.02mol/L) — A%/ —/L (243) 60 mL THEHF L, [[
BRIZESI AR LTz, HICAREY 7 A2 OEMRE CHEEE (0.02 mol/L) — A%/ —/L (2+3) %
Mz 7=, Z O 2 mL (AR, FICHEE (0.02 mol/L) — A% / —/L (2+43) TIEREIZ 10 f%
R L72%, 20 2 mL) % 20 mL UL EORBESEDOH 7 ARMICIERIC A, HEEE (0.01
mol/L) 18 mL Z W% T, HT LMFRICHd Halkhimin & L.

2) T LKLER

G 2TIN I NMMET Y BTNV =H T B AKX 7 —L 10 mL K OUERE (0.01 mol/L) 10
mL CHERBEE Lz, BEHAKZ 2 =5 7 KA, WWEDTE TAKIO ESICET 5 £ Tt
S/, DI =BT LAOTFIZHLNESH A X 7 —/L 10 mL K OHEEE (0.01 mol/L) 10 mL T
ER e LIz_o B AR = LT a ey VA U DAV =8 T A adiE L, REHAK
DA TN H T ARZRZWE (0.0 mol/L) — A% /— b (1+1) 5 mL §2T 2 BI¥EH L,
WRENER X =07 22Nz, RIS S 7.

Wiz, A7 H2T NV I Y DTNV I =D T EEINL, AX ) —5mL EZXEBU A
NR= AT v U VA5V =07 M2, RIS SE72. 50 mL 0723
T7ITAAEI=ATLEADOTICES, TUVE=TK—AK/—/ (1499) 10 mL % I =47 Al
Mz, A~V 7 KEOA~FENLEERSEZ, FHEE 40 °C LLFOKB TIEE A S HH
T 5 ECRIEIRM Lok, BT AZ%o THBELEZ. 0.1 vVBFXEBIAIKR — A% 7 — /L (7+3)
1 mL %z ERECI 2 TREW AR L, LC-MS/MS I X BHlE it 2bkhaik & Lz

3) LC-MS/MS (T L % HlE

FUBHRIE e O 2 IR A S 4 pL & LC-MS/MS IZVEA L, #IREUSHE (LU TSRM|
EWH. ) Tav NI AERT.

LC-MS/MS D HIE 51 % Table 2 & O Table 3 127" L7z.
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Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase
Flow rate

Column temperature

Inertsil ODS-3 (2.1 mm i.d. x 150 mm, 4 pm), GL Sciences

0.1 v/v% formic acid-methanol (8:2) —10 min — (1:9) (hold for 5 min)
0.2 mL/min

40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Source temperature 150 °C
Desolvation gas N2 (650 L/h, 500 °C)
Capillary voltage 1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.20 mL/min)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (mlz) M (eV)
Imazapic 276 =k — 35 20
— 163 25
Tmazapyr 262 2 — 35 2
— 69 30
G

SOz SRM 7~ 7AW bA~TE Y 7 RS ~TELOE— 7 HRENLEOE I &K

O THEMZ B L,

REHF DA v Py 7 BROA v FELEZR T L.

0k, EFEHEOWEZ % Scheme 1 128 L7-.
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Sample 10 g (300 mL Erlenmeyer flask)

——add 20 mL of water (30 mL for grass hay) and allow to stand for 30 min
——add 100 mL of HCI (0.02 mol/L)-methanol (2:3) (120 mL for grass hay)
—shake for 30 min

filter through No.5B using diatomite under reduced pressure

wash with 60 mL of HCI (0.02 mol/L)-methanol (2:3)

— fill up to 200 mL with HCI (0.02 mol/L)-methanol (2:3)

—dilute sample solution of grass hay 10-fold dilution with HCI (0.02 mol/L)-methanol (2:3)
transfer 2 mL of sample solution to 20 mL centrifuge tube and add 18 mL of HCI (0.01 mol/L))
InertSep C18-C and Bond Elut SCX

prewash each minicolumn with 10 mL of methanol and 10 mL of HCI1 (0.01 mol/L)
—apply the sample solution to InertSep C18-C

—attach Bond Elut SCX under InertSep C18-C

——wash with 5 mL of HCI1 (0.01 mol/L)-methanol (1:1) (twice)

remove InertSep C18-C and wash with 5 mL of methanol

—elute with 10 mL of ammonia-methanol (1:99)

evaporate to dryness under 40 °C

——dissolve in 1 mL of 0.1 v/v% formic acid-methanol (7:3)

LC-MS/MS

Scheme 1 Analytical procedure for imazapic and imazapyr in feed

3 HRRUBE
3.1 HREAR
22 D HITHSTHB LA ~TFE Y 7 KA ~PFELE LTS 02, 04, 0.6, 0.8, 1.0, 2.0,
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Fig. 2-1  Calibration curves of imazapic by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of imazapyr by peak (left) area and peak height (right)
32 =0T LD OERMHHE S ORER

=T A

KEMMHTZHY, 24 O D> TR L7 ENRRICA ~ Ty 7 RO ~F L& L
T 0.5 mg/kg f4 & (Ff&RUEHANR H T 50 ng/mL) ZiRIML, A7 %7 Uk U 47
NI =T AP DOEHE S Z MR L. ZORRIEL, Table 4 DEBH, A ~HF &y 7 kW
A ~HEITHERE (0.01 mol/L) 10 mL D4y TiXiAH w9, HEE (0.0l mol/L) — A X / —)L
(1+1) 0~10 mL DMEZFIZIEH L, 10~20 mL OEICIFAEH Lo 7=. DLEORERNS
JFRL & ERBRICA T 7 MR T 2 MR EX., E# (0.01 mol/L) — A%/ —/L (1+1) 10
mL & L7z,
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Table 4  Elution pattern of imazapic and imazapyr from InertSep C18-C
Recoverya) (%)

Pesticide HCI (0.01 mol/L) HCI (0.01 mol/L)-methanol (1:1) Total
0~5mL 5~10mL 0~5mL  5~10mL 10~15mL 15~20 mL

Imazapic 0 0 89 3 0 0 92

Imazapyr 0 0 90 0 0 0 90

a) Mean (n=3)

2) RUBUVANKF= AT N YN U BTV =0T A
RN TEHY, 24 O DIZE> TR ZITW, 2) 047 2T Uk U B 702
=T ML DR AT TR BHAIRICA ~ v 7 KOS =~ EL & LT 0.5 mgkg Y&
(B AHFUBHATE T 50 ng/mL) ZHML, XRUBrRLR= L7y V) h7 L
=T EADNLOEME SR L., EORRIE, Table 5 LBV, A vFELKROA ~
P 73T 2T N Vb U BTNV =0 T AOEHEETh 5 8# (0.01 mol/L)
— A% 7 — (1+1) 0~10 mL O I NA K /—/L 5 mL TIHREHET, 7o E=7 /K2
% 7=/ (1+499) 0~10 mL OE/FIZAEH L, 10~20 mL OE S IITEH Lisho 7z, L EDORE
BEND, KB I LCBTAEHEEILZT v E=TAK—A% /7 —/ (1+99) 10mL & L7-.

Table 5  Elution pattern of imazapic and imazapyr from Bond Elut SCX
Recovery” (%)

Pesticide Hileiga?lllng(fl/ﬁ) Methanol Ammonia solution-methanol (1:99) Total
0~5mL 5~10mL 0~5 mL 0~5mL 5~10mL 10~15mL 15~20 mL

Imazapic 0 0 0 43 54 0 0 97

Imazapyr 0 0 0 41 51 0 0 92

a) Mean (n=3)

3.3 WiEWE ORGET
BLAEE (ZuA 7—EEHMA, AREEHLOCHAFIEER) , h#, KE, 2852

L, REM»T RO (T 77 V7 7 ER A —Z 7T AFE) & 1 iEx Ay, K
%Ki@%@btﬁﬂ%ﬁ%[ﬁMyMsmﬁkb,ﬁi%% LAY OFEAER LI
A, hEY—7 3RO Tz,

B, %i% IO TEONZ SRM 7 u~ k75 LD —fl% Fig. 3 IR L7T-.
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Fig. 3  Selected reaction monitoring chromatograms
(Arrows indicate the retention times of 1: imazapyr and 2: imazapic. The peak height of the 5 ng/mL

standard solution is to be shown as 100 %, and the baselines were shifted for display.)

A: Standard solution (5 ng/mL: 20 pg as each pesticide)

B: Standard solution (0.5 ng/mL: 2 pg as each pesticide)

C: Sample solution of wheat (blank)

D: Sample solution of wheat spiked at 0.05 mg/kg of imazapic and imazapyr (5 ng/mL as each
pesticide)

E: Sample solution of Sudangrass hay (blank)

F: Sample solution of Sudangrass hay spiked at 0.05 mg/kg of imazapic and imazapyr (0.5 ng/mL
as each pesticide)

~ U v 7 AR ORER
24 O DD DT XV FHR LRGSR (Trg 7 —BEFERHH, AKRIEEHEXOCARBIES
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H) , MERDEIBAZLOT T 7REHEIRIZA ~PFE Y 7 KOS v HF L s LTH 0.01
mg/kg HHY & (BEEEHAR T T4 | ng/mL MY &) , KEKOKEMNTOT Z7 v 7 FBHAR
24 0.04 mg/kg FHY & (REFEHAR P T 4ng/mL FAYS &) , @4 (T 7 7 V7 7 HLE K
CA—=H v 7T AqE) OF7 7 v 7 @HRKIZS 0.2 mgke Y& GREREHART ©F 2
ng/mL FHY &) 22N ENHRMLTEAE~ Y v 7 AEBERIZOWNT, 22 O )ITHE-> THE L
[ O B E R I T 2 ¥ — V7 HfEL 2R LI 2 A, A~V E > 71 88~98 %, A
~ LT 88~101 % THY, A v T E Y 7 LA v FELFRAE~ M) v 7 R KDKRERE
BhZ DL WEAETH -T2,

3.5 EANIEIERER

APy 72O TIE, WHAEEHEGEEHZ 0.005 LT 0.01 mg/kg MY & (RA&REBHA
H T 0.5 1 ng/mL) , /NFEIZ 0.005, 0.01 &O0.05 mg/kg FH%4 & (BEaEHATRH T 0.5,
1 V5 ng/mL) %, KEIZ 0.005, 0.05 %N 0.5 mg/kg F4E (B EHAK T T 0.5, 5 K
50 ng/mL) %, &9 HAZ LI 0.005 LT 0.01 mgkg MR GREREHAKFT T 0.5 L 1
ng/mL) %, KEIM2TIZ 0.005, 0.05 %N 0.5 mg/kg FA4 & (fEREHAKF T 0.5, 5 KO 50
ng/mL) %, A—X 77 AHEIZ 0.05, 0.5 L3 mgkg HHY & (R&EREHAKRT TO05, 5K
O30 ng/mL) %, A ~HFEMZONTIE, WHFEEHEGEEHZ 0.005, 0.01 T 0.05 mg/kg
FEY R (R EREHART T 0.5, 1 XOV5 ng/mL) %, /N#EIZ0.005, 0.01 %O 0.05 mg/kg FH24 &
(B lBHA R T 0.5, 1 X5 ng/mL) %, KEIZ 0.005, 0.05 &5 mg/kg FAY & (GRf&at
BHAW T 0.5, 5 XTV500 ng/mL) %, &9 A LIC0.005 0.01 XTr0.05 mg/kg FHY & (i
FERBHAR T 0.5, 1 LOVS ng/mL) %, KEJHHNTIT 0.005, 0.05 X7 mg/kg tHY & (&
AEHAK T 0.5, 5 XTN700 ng/mL) %, A—X& 27T AFEIZ 0.05, 0.5 Xi% 30 mg/kg fH4 &
(B A& FUBHAIR T 0.5, 5 X TV300 ng/mL) #ZNZEIRIML, RIEIZEY 3 80MTo0 % i
L TR K O LR 4 SR D 7=

FOREFIL Table 6 DEBY, £ ~HF "y ZIZOWTITEHENLER 82.7~106 %, F DI LK
FEVIAE AR MER 22 (RSD,) & LT 7.0 %A T, A P /T HOW T LA 84.9~109 %, £
DR UREEIZRSD, & LT 67% LT THY, BARMENIEOLTZ.
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Table 6  Recoveries for imazapic and imazapyr
Feed types
i F la feed fq
. Spiked c?rn.qua ceator Wheat Soybean
Pesticides level finishing beef cattle
(mg/ke) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb)
(%) (%) (%) (%) (%) (%)
0.005 93.2 2.4 82.7 3.5 89.5 4.4
. 0.01 96.0 6.5 87.8 2.3 — —
Imazapic
0.05 — — 100 2.4 96.3 3.3
0.5 - - - - 96.2 0.4
0.005 87.9 6.7 88.9 4.9 90.1 6.5
0.01 93.4 3.8 98.5 3.5 — —
Imazapyr
0.05 84.9 0.8 105 2.2 102 1.4
5 - - — — 94.0 0.7
Spiked Feed types
. level Corn Soybean meal Sudangrass hay
Pesticide 2 b) a) b) a) b)
(mg/ke) Recovery™ RSD: Recovery RSD; Recovery RSD;
(%) (%) (%) (%) (%) (%)
0.005 87.7 1.7 89.9 5.1 — -
0.01 97.7 5.0 — — — —
Imazapic 0.05 — — 106 2.1 91.7 7.0
0.5 — — 102 1.2 99.4 1.5
3 - - - - 92.9 0.9
0.005 95.2 6.2 87.1 4.1 — -
0.01 100 4.9 — — - —
0.05 85.4 0.7 107 2.1 100 5.1
Imazapyr
0.5 — — — — 109 2.3
7 — — 98.5 1.4 — —
30 - - - - 92.5 0.4
—: Not tested

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.6 EETREOBE TR
AKEODEBETEREOMH TREZHERT L0, APy 7 KOS ~HFEALZRML, HIE

IGRBRICE VGO D E—7 D SNHB 10 KV3 LR biRELZRDT-

ZORER, A ~P Y7 ROA~PENLL BTSN RN 10 & 725X 0.005 mg/kg (FHE
1% 0.05 mg/kg) , SN IS 3 & 725X 0.002 mg/kg (BZHELE 0.02 mg/kg) TH - 7-.
72, Table 6 2R L72& BV, Yi%ERE FIREEICET 20MEINGRERFERIIRIFCTH o 72,

3.7  H:[EIEER

AL D 2 W] PN JE 2 T

[l Al 2 S0 L 7.

ST, BREEIEEE, 2OIEPIRO 2 SUKE THEREHT L 53k
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emakl & LTk, WHAEEHEGREEHCA Py 7 & LT 0.0l mgkg MAYEK A <
P e LTO0.05 megkg AHME (OHARE 10 gz LT 1 mL A~ EYZ 01 pg KO
A=TFEIL 05 ug #EH T HIRAGEER | mLIEN) , WhEIZA~HF >y 7 &L TO0.05 mgkg fH
BEEOA v HFE/L L LTO0.05mekg Y& (OHTAHRE 102 LT 1ImLHIZA vFEY Y
0.5 ug KA ~HFENL 0.5 ng G5 HTHIRGEER I mLiiMN) , £H9bAZ LI/ ~FE Y
ELTO0.0l mgkg fHYEROA ~HFE/LE L TO0.05 mgkg HHY & (b HFRE 10 glzxr LT 1
mL FUZA P E Y7 0.1 pg KA ~HF 0.5 ng 25 H T 2IRAEMER 1 mLIRMN) , KEH
DICA~YFE Y 7 L LT05 mghkg Y ELOA v L L LT 7 mgkg FH4&E (A HBE
10 gliZxf LTI mLHFIZA~FE Y7 5 ug KA P L T0 ug 256 T HIREERER 1| mL K
m WRNCA—=F > 7T AEEILA~PF Y 7 L LT 3 mgkg HYEL RS v E LT 30
mg/kg FHY & (AT BN 10 g l2kF LT 1 mL 24 < E > 27 30 pg LA ~H L 300 ug %
EATHRAELER 1 mL RN %, FRBREIC TONBMBORT B I L TR L 7=3E% H
Wz

ZNARBRE T, 2 E R A A SR G PE TP A gE T, —RMENEAN BRSO 2 —2%
FERFZERT, — MR HE N L BR B A s RS 2T, MSZAT BOE N RMOKPETH & 2 2 it v
& — RS R A, FflRe s ¥ —, Eledtr¥—, AahEEC 22—, RAMEEs % —
KOt % — GEIRBR=E) Thote. FHEOMITICOVTIE, EEMIC A —FT 1 XS
M- ERBRICET 5 FIE 7 2552, Cochran FiE, #MUIE 1 180 Grubbs i & DS UIE
2 > Grubbs BEZATVY, SIVIED A EOHERR M OFEAEF 24T o 7o L THEEHEINER, Hak LS
B (RSD,) M ONEMEHBLHE (RSDr) ZH ML, 5517 RSDr 205, EIE Horwitz 2 Y%
T HorRat # 3R 7=.

APy 7 OFERIL Table 7 DL FH THO, WHFEEHEGEER, NE LH58AZL,
RGN T RRA—=F 2 7T AFEEIZONT, FHEILEET 87.6, 81.4, 89.0, 98.2 KX 84.4 %,
RSD; i% 9.3, 8.6, 10, 3.6 X T* 6.7 %, RSDg (Z 11, 13, 14, 6.8 XT* 9.1 %, HorRat (I 0.50,
0.61, 0.64, 0.38 XU} 0.65 TH o7z, #5472 HorRat (22T, 0.50 Z F[EI> T\ D H D RH
ST, OHTRENHEBENEE L ZLiIcLdbDLEX LN,

AP ENLORFERIL Table 8 D LBV THY, WHFIEEREAEE, 2, 5852 L,
KEMNT R OR—F 2 J T AGEIZOWT, FHEILRIL 76.6, 78.8, 83.7, 89.4 KX 91.0 %,
RSD, I% 7.6, 13, 8.6, 2.2 }xT* 3.8 %, RSDg % 19, 20, 19, 6.2 K T* 4.8 %, HorRat I% 0.85,
0.90, 0.85, 0.51 &XTr0.49 THh o7z, #5472 HorRat (22T, 0.50 Z FEI> TV D H D RH
DIV, SHTEENERINfEECH L Z LICL b &b,

SEDY, FRBECHEH LK vu~ N7 7% 07 MAVE BT O % Table

9T L7,
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Table 7  Collaborative study for imazapic
Feed types
Lab. No. .F(.)rn.lula fleed for Wheat Corn Soybean meal Sudangrass hay
finishing beef cattle
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.0103  0.00781  0.0526 0.0463 0.0103 0.00827 0.516  0.490 2.78  2.99
2 0.00894 0.00886  0.0383 0.0484 0.00916  0.00986 0.501 0.476 2.68 2.16
3 0.00724 0.00906  0.0321 0.0345 0.00718  0.00699 0.559  0.527 2.65 2.83
4 0.00720 0.00743  0.0387 0.0453 0.00744  0.00858 0.421 0.456 247 2.53
5 0.00828 0.00897  0.0397 0.0401 0.00883  0.00931 0.507 0.512 2.71  2.58
6 0.00875 0.00891  0.0423 0.0433 0.00949  0.00957 0.487  0.490 247 248
7 0.00989 0.0105 0.0388 0.0409 0.00919 0.0120 0.451 0.459 239  2.63
8 0.00860 0.00858  0.0331 0.0350 0.00742  0.00815 0.494 0.522 239 2.08
9 0.00857 0.00976  0.0395 0.0440 0.00889  0.00950 0.468  0.502 242 235
Spiked level (mg/kg) 0.01 0.05 0.01 0.5 3
Mean value” (mg/kg) 0.00876 0.0407 0.00890 0.491 2.53
Mean recovery” (%) 87.6 81.4 89.0 98.2 84.4
RSD,” (%) 9.3 8.6 10 3.6 6.7
RSDg? (%) 11 13 14 6.8 9.1
PRSDR” (%) 22 22 22 18 14
HorRat 0.50 0.61 0.64 0.38 0.65
a) n=18

b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 8 Collaborative study for imazapyr
Feed types
Formula feed for
Lab. No. o Wheat Corn Soybean meal Sudangrass hay
finishing beef cattle
(mg/kg) (mgkg) (mg/kg) (mgkg) (mg/kg)
1 0.0403  0.0394 0.0554 0.0380  0.0438 0.0415 5.99 5.85 27.1 29.5
2 0.0418  0.0398 0.0393  0.0456 0.0438  0.0473 6.35 6.06 259 25.2
3 0.0280  0.0376 0.0295  0.0323 0.0317  0.0296 6.71 6.50 27.7 29.4
4 0.0257  0.0282 0.0322 0.0414  0.0329 0.0383 3597 350" 27.3 27.5
5 0.0389  0.0415 0.0389  0.0401 0.0418  0.0445 6.82 6.90 27.4 26.9
6 0.0448  0.0445 0.0449  0.0444  0.0467 0.0485 6.17 6.26 28.5 28.3
7 0.0472  0.0484 0.0415 0.0452 0.0464 0.0577 5.74 5.84 25.5 28.2
8 0.0291  0.0311 0.0262  0.0262 0.0300  0.0349 5.99 5.89 28.5 27.0
9 0.0385  0.0447 0.0427  0.0453 0.0447  0.0493 6.37 6.70 25.8 25.8
Spiked level (mg/ke) 0.05 0.05 0.05 7 30
Mean value” (mg/kg) 0.0383 0.0394 0.0419 6.26 27.3
Mean recoveryb) (%) 76.6 78.8 83.7 89.4 91.0
RSD, ? (%) 7.6 13 8.6 2.2 3.8
RSDyg ¢ (%) 19 20 19 6.2 4.8
PRSDg ? (%) 22 22 22 12 10
HorRat 0.85 0.90 0.85 0.51 0.49

a) Data excluded by Cochran test

b) Formula feed for finishing beef cattle: n=18; Wheat: n=18; Corn: n=18; Soybean meal: n=16;

Sudangrass hay: n=18

¢) 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 9 Instruments used in the collaborative study

Lab. No. LC-MS/MS LC colume
(i.d.xlength, particle size)
i LC: ACQUITY UPLC Waters X Bridge C18, Waters
MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 5 um)
5 LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
3 LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 um)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
4 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
5 LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
MS/MS: ACQUITY TQD, Waters (2.1 mmx*150 mm, 4 um)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
6 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
7 LC: 1200 Series, Agilent Technologies Inertsil ODS-3, GL Sciences
MS/MS: API-3200 Q TRAP, AB SCIEX (2.1 mmx150 mm, 4 um)
8 LC: LC-20AD, Shimadzu Inertsil ODS-3, GL Sciences
MS/MS: API 4000, Applied Biosystems (2.1 mmx150 mm, 4 um)
9 LC: ACQUITY UPLC, Waters BEH C18, Waters
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 1.7 um)
4 F&D

BT 54 P v 7 RO =P ELICHONT, JFRL #4512, LC-MS/MS % Hvi=
[ IR & BB O FA RN T R E~DOBEH O R[S IO TG L7z & 2 A, UTOMEEZS G, AR
AIRETH D L ER LT,

1) BEHITZZNZN 02~2000 ng/mL (FEAEE LT 0.0008~8 ng fH4 &) OHiPH CEMRIEZ R L

7.

BB, UERERIIBID2E~ MY v 7 ZORMBINGRBROREREILX, A~y 7L L

T, AWHFIEE HELAEEHNZ 0.5 X OV 1 ng/mL FH 4R E, /212 0.5, 1 & OV5 ng/mL FH 24 R,

KEIZ 0.5, 5 XTN50 ng/mL AHSREE, L H5HAZ LI 0.5 KUV ng/mL FHEERE, KEMT

(20.5, 5 K ON50 ng/mL FHREE, R—&F 2 7T AEIZ 0.5, 5 K030 ng/mL FIYSEEE, £~

Feard LT, HHFEEHESEENC 0.5, 1 X 5 ng/mL AHYSEE, /IFEIZ 0.5 1 K5

ng/mL FHEEE, KEIZ 0.5, 5 LT 500 ng/mL FHSEE, 955 A2 LI 0.5, 1 LTS5 ng/mL

FHM RS, KEHMATIZ 0.5, 5 KT 700 ng/mL FHYIEE, A—X 27 T AFLEIZ 0.5, 5 KO

300 ng/mL FHYRE & L 7.

2) KBRS THONT SRM Z u~ 27T A TlE, 6 FEOGEEE KO 3 FEOR A FEHS

BWTERLZITHOE—7 TR oT.
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3) WHAEFEREAER, N, KE, L5652 L, REMPTROR—=F 7T AFEEIZA
~HPFE w7 L LT0.005~3 mgkg Y&, A ~HP /L LT0.005~30 mg/kg FI4E A FMNL7ZR
BHZ DWW CTHINEIGRER & FEhE L, AR R OO L E 2R 7= & 2 A BRI RERZE LN
7.

4) KEIZE DA~ E Y7 RS < HF ENLOERE FRIZ 0.005 mgkg (X 0.05 mg/kg) ,
H T FRIZ 0.002 mg/kg (HZA%EIX 0.02 mg/kg) Th o 7-.

5 AHAEEREAfEEHNCA ~VF vy 7 & LT 001 mgkg Y EK A ~FELE LT 0.05
mg/kg FHY B, INEICA Py 7 RO v HFELE LTERZEI 0.05 mgkg HHYE, L9585
ZLIEA~HFEy 7 L LT 001 mgkg FHYENL A ~HF /L L LT 0.05 mgkg FHY4 &, KEjH
WP A~YPEy 7 & LTO05 mgkg FHEEXR A v /L LT 7 mgkg FHY &I N A —F
YT TAGEIIASYTE Yy 7L LT3 mgkg tHYEKLOA v HFE/L L LT 30 mgkg FHEELIR
MUTEE 2 VT, 9 MBREICBW TAREICEWERFRIRBRZFZM L& 25, BARERIE
oY

# ##
SLFEFRBRIZ SN L Tz 2 7o 2 236 0 R R 5 Bk &5 pE T SR BFJE AT,  — Ak EIE N AR L5y
Mrte o &2 — ZEERFFE AT K O — i i [ R N £ Gl BREE AR AL i 2 AU 26T I B U © PR A5 LIS Il o
BaezRLET.
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