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Additional Consideration and Collaborative Study of Determination Method of Ferimzone
in Rice Straw, Whole-Crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

Chika SUZUKI*, Eiko ARAI"? and Naoko SAEGUSA ™
("! Food and Agricultural Materials Inspection Center (FAMIC), Sendai Regional Center,
"2 FAMIC, Sendai Regional Center (Now Food Safety and Consumer Affairs Bureau, Ministry of
Agriculture, Forestry and Fisheries of Japan))

We have conducted a collaborative study for validating the determination method of (£)-ferimzone
and (2)-ferimzone in rice straw, whole-crop rice silage (WCRS) and paddy rice for feed using a
liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

Having added water to a sample, ferimzone was extracted with acetone, and the extracted solution
was filtered. The filtrate was then diluted with acetone to a volume of 200 mL. The diluted
solution was purified with a SPE column (InertSep Slim-J C18-B, GL Sciences Inc.; Tokyo, Japan),
and injected into a LC-MS/MS to determine the concentration of ferimzone. LC separation was
then carried out on an ODS column (Inertsil ODS-SP, 2.1 mm i.d. x 100 mm, 3 um, GL Sciences
Inc.) with agradient of 2 mmol/L ammonium acetate solution and acetonitrile as a mobile phase. In
the MS/M S analysis, the positive mode electrospray ionization (ESI+) was used.

A collaborative study was conducted by eleven laboratories using rice straw, WCRS and paddy rice,
all of which were added with (E)-ferimzone and (Z)-ferimzone according to the following
specifications: 2 and 20 mg/kg for rice straw, 5 and 30 mg/kg for WCRS, 0.5 and 10 mg/kg for
paddy rice. The resulting mean recoveries, repeatability and reproducibility in the form of
relative standard deviation (RSD, and RSDg), and HorRat, were 85.6 % to 96.0 %, less than 5.9 %
and less than 10 %, and less than 1.0 for (E)-ferimzone, and 91.8 % to 97.3 %, less than 4.8 % and
less than 6.6 %, and less than 0.64 for (Z)-ferimzone respectively.

This method was thus validated as useful for inspections of (E)-ferimzone and (Z)-ferimzone in
rice straw, WCRS and paddy rice for feed.

Key words: ferimzone; (E)-ferimzone; (Z)-ferimzone; liquid chromatograph-tandem mass
spectrometer (LC-MS/IMS); electrospray ionization (ESI); rice for feed; rice straw;
whole-crop rice silage; paddy rice; collaborative study
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7z AV UL, AR EOREZ B E L TR BEES TENB L, 1991 FICENBEK I N
U I VUVRREAITH S V. BAETIE, WEOAEDEOFRE LR OE B BT,
figd> & T 20 mglkg, FRFEEEHLEE N ORIk © 5 mglkg DEHAEENRESI LTS, £,
JBEHBE OB, RMDEOHKEEICE T 2R EEEREE N3, LkiconTT7=) LYy
L DECERD THDH(E)2-AFNT VN T2 ) -46-VAFNLEY IV 2L KTV
(KiElcbBWwWTidthzZn 72V AV ZIK, 72V LAY ERERTS.) ofe LT 2 ppm
ERESNTNWD. EEEE LTUL, BEABEE LV o~ 7T 7 E&ES5HE (LCIMS) |
K5I —FREBRIE | (BEY) RERTOVDN, fE L7 9 _Wﬁénﬁ:ﬁﬂﬂqﬂ@mg
B3, TOMMNEEL->TWN5.

ZDT, HHEN B ARRLOH & v ¥ — 3Rk 20 4EEFE P OF EME S HERBE R HEEI
BWTHIE LK v~ s 7578 07 2REESHEE (LLF TLC-MSIMS] L9 .) v
EEED (LUF TIFRL ) L)) 28I, Yo a—ckBnT, MEARTO 7= LY 0
LC-MSIMS & 7= E ik O BIgs Lm L 2 A Th LM, FICAHE, B E OH@EREZ v
T LR BRBR 2 FEhE L, SRRy AT FEHE~ D3 H o AT A5 |2 Ob\ffﬁﬁ#bk@f, ZOMBEEHRET H.

ZEILT 2 ) LY ERKRZEOHEXEL Fig. 11T LTz,

(E)-Ferimzone (2)-Ferimzone
~<\ g :\/ HN—<\
(E)-2’-methylacetophenone (2)-2'-methylacetophenone
4,6-dimethylpyrimidin-2-ylhydrazone 4,6-dimethylpyrimidin-2-ylhydrazone
CisHisNa MW: 254.3 CAS No.: 77359-18-3 CisHisNa  MW: 254.3 CAS No.: 89269-64-7

Fig. 1  Chemical structure of (E)-ferimzone and (2)-ferimzone
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1) 7k bh=hVU IR EK . PCB B (LC-MSIMS Il E R DA D2 LCIMS i (B -+~
AV LFOERISREL) ) 2z, T MR B - PCB B A W, BT v E=v
LixmdiEk s o~ b 77 7 H (A mollL 817, &+ 7 A /L A F e %ﬁ%bw‘: AKiE Milli-Q
Advantage(Merck Millipore ) |Z X 0 8L U 72 B ifli/K (IS K 0211 ¢ 5218 |2 E & S AL 7= B HliK)



RO 7 =) AV oMKy a~ v 7T 7 X o7 ARG ESHTFHC X 2 EEEOBIIMRGH R OFEFERE 107

LAY
2) 7=V ALY E KRR

7z AV ERERES (L7 A VAR MIER, M 99.3%) 25mg 4 IEfEIZ & > T 50
mL OBEEET 7 AZAN, T M EZMATENL, BIERE CREELZMZT7 =
UL ERERERGEZFHR L (ZoimLix, 7=V LAY ERELTOSMgZE&AT
5.).

3) 7=V LY ZIREYERE

TNy ZIREERER (8 7 A v SRS R, M 100 %) 25 mg & IEfE I &> T 50 mL
DBt ET7 T A AN, TEMAZMATENL, BIHERE CRBEEZMNZTT7 2V A
Vo Z AR A L (o ImL i, 7= U LAY ZIKE LT O05SmgEE AT D).

4 7=V LV RBIERERR

T )ALV ERERFEE T = U LAY Z R A L mL 2 50 mL OBELET 7
A ZIEMEIZAI, BIERETTE RN ZMAT, 1ML HPIC7 =2V LAYV ERKRD ZIKE L
TENEN IO PG 2 EHT D7 U LY VIRGIEERIKEZFTAR L. FHICELT, RAEE
FiDO—E&E=T7 2 h=rU/b—/K (3+2) TEMIZHRL, 1mLHIC7 =) LAY v ERED
ZIEE LTENFN 01, 02, 04, 06, 08, 1, 2, 4, 6, 8 10, 20, 30, 40 X} 50 ng % &
AT HHIEAIEERZAR L 7.

213 HLEROEHE
1) #Efg 0 SM-100 Retsch # (HBHE 1mm 27 U —>, [mls$k (fLEE) 1430 rpm)
2) BEHI: LTy 2—H—SR2W ¥ A 7 v 7 & (ff FFEE % 300 rpm)
) A ETINTINMMET Y BTNV =H T A InertSep Slim-J C18-B (8 T A#| & 500 mg) ¥
—T YA A P N—F L D
4) LC-MS/MS:
LC # : NexeraX2 [l /EprT il
MS 5 : LCMS-8040 & 7 fE iy
214 E=IIE
ARIEE, EXSEM T TITo 72,
1)

IHTElE 10.0 g & &> T 300 mL Otk =7 T 2 a2 A, /K 30mL CBKiE 20 mL)
ZANZx 30 rfEkER, BT & M 120 mL CFKIE 100 mL) Zhnx, 30 43[R 0 IEE Thhi
HL7z. 200mL O&ET7 7 XAa%27 7F—w}FO FICES, fiilika A# (5 f B) TRIIA
W L72%, KOZAT7 T AaROFESZIERT E h> 50 mL T L, REICKS] A L7,
FICEBE7 7 AaOEBRETCTE N 2NA, 20RO %27 & b TIERMIC 105/ R L7
%, R 2mL 2 50mL ORI 7 7 A2 ZIEMIZAIL, K20mL 22 TH T LAHEIC
T HREHAR & LTz,

2) h T LALE

G BTN IR ) SN I =T 5% T = MY 5mL KUUK 5 mL CTIER GEH
L7z, BUBHANEZ X =7 7 HMC AR, FiiE 1 mL/min B2 TWAI L, WEE A FE TAFHI O i E
THETHHE S, REHEIERDOA > T2 7 7 Aa%/K—7& h=FrU /L (9+1) 5mL
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FTOT2EPEE L, WRAIERI =87 MM, FERCHRH S E72. 10 mL OBfas® 7 7

AaBI=NTLDOFICESE, TEF=FU =K (3+2) OmLEZI=FHTAZMZT, 7=

UL UEBRHESEE. Hi2, BALE 77 AT OERE CREBEAMX 2%, ZORO—E

% 5000xg C 557 fE Doy EfE L, B AR E LC-MSIMS I X 2 HlE It 2 5 EHAIKR & LT-.
3) LC-MS/IMSIZ k2 HlE

ARENATR KR O 7 = U LY VIR A R4 S uL 2 LC-MSIMSIZVEA L, SR SE ) (SRM)

vnma~v h7T LESE. WESRMEL Tablel KM 2 12 LTe.

Table 1 Operating conditions of LC-MS/MS
Column Inertsil ODS-SP (2.1 mm i.d. x 100 mm, 3 pm), GL Sciences
2 mmol/L ammonium acetate solution - acetonitrile (13:7) (hold for 14 min)

Mobile phase — 1 min — (19) (hold for 5 min)
Flow rate 0.2mL/min
Column temperature 40°C
| onizarion Electrospray ionization (ESI)
Mode Positive
Nebulizer gas N2 (1.5 L/min)
Drying gas N2 (10 L/min)
Heat block temperature 350°C
DL temperature 150°C
Callision gas Ar (230 kPa)
Table 2 MS/MS parameters
Monitor ion (m/ isi
Target i (mlz) ' Callision energy
Precursor ion product ion (eV)
132 (quantifier 21
(E)-Ferimzone and (Z)-Ferimzone 255 @ » )

91 (qualifier) 35

4 i R

HFoiie SRM 7~ 7706 E— 7 HBLADRE I ZRO TREMRZERL, 3B
T ULV ERBERZ7 LY v ZIKEZET LT,
kB, EEEOME % Schemel [Z/r L7-.
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Sample 10.0 g (300 mL amber Erlenmeyer flask)
——add 30 mL of water (paddy rice: 20 mL) and allow to stand for 30 min
——add 120 mL of acetone (paddy rice: 100 mL) and shake for 30 min
—filtrate through No. 5B (JIS P3801) under reduced pressure
——wash with 50 mL of acetone
—fill up to 200 mL with acetone
—dilute 10-fold
2 mL of sample solution (50 mL eggplant flask)
|—add 20 mL of water

InertSep Slim-J C18-B (500 mg)

(prewash with 5 mL of acetonitrile and with 5 mL of water)
—— apply sample solution
——wash with 5 mL of water-acetonitrile (9:1) (twice)
—— place a receiver (10 mL amber volumetric flask)
—— elute with 9 mL of acetonitrile-water (3:2)
—fill up to 10 mL with acetonitrile-water (3:2)
—— centrifuge for 5 min at 5000xg
LC-MSMS

Scheme 1  Analytical procedure for (E)-ferimzone and (Z)-ferimzone

2.2 JL[ERER
221 H[EEER R
Tz VLAYV ERKOZEREERE LW L 2R L 2FEEORD L KOk EZ, 1 mm D
Ay Y = RS LT TR LT, £, 2 B ORMmIEESHE R (LLF TWCRS) &9 ,)
Z 60°C LLF T 20 el #zige LU, SICE|NICHE L CRGL L7, FERICHIELZ. 2 bizon
T, 812 g0/ g Lizb o B4 ITIEIR) & 2 82 BAHRE & L CEF 12 8% %35
EITHELAT LT,
222 PFfFREK
1) 7=V LY EREYER K
7 AV ERERES (B bR, #iE 99.9 %) 200 mg Z IEFEIZ &> T 20 mL O£ &
7IAZAN, TR CEMZTEHENL, BICERE CREBEELZNZTT7 2 &YV EKIE
WFRRZFAR L (ZoiEimLix, 7=V LAYV ERLELTIOMgEEATS.).
2) 7= U LY Z IREEYE R
7LV ZREYES, (BB LR, H#EE 100 %) 200 mg & IEfEIC > T 20mL D4 & 7
FAIZAN, TN CAEMXTENL, BICERE CREHEZMA TT7 =) LY v Z (KIEYE
FRAEZHRAM L (o 1mLix, 7=V AV ZKELTIOMgZE&EHT5.).
3) R AR AR AR AR Y R R
DO 2) TS L7 SARHERR 25 mL 22N 2N 50mL OEFET 7 A I AN, FITERE
T7E M AZMAT,IML P72V LAYV ERERT7 2 LAY > ZRE LTERZH 500 ug
EEBETHRERM L. Zhooi2mL 2 100mL OERE 7 7 23l A, BICERETT
EhrEMAZ,IMLFIC 72V LAYV ERERT7 = AV ZIRELTENETN 10U 25 F
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5 M B E R AR E R 2 TR L 7.
4) Fab 6 LUK
DEC2)THE L -FEEFK AmL 2 200mL OERET T 222 AN, BICERETT
YEMZ, AmLFIIZT 2V LAYV ERERT 2 U AV ZIRELTENRZEN 200 ug & EH T
LG b LRMAEAER 2 TR L 7.
5 fRb b 2 IR
HTHB LMD 1 HRINAERER 20 mL %2 200 mL D& E 7 7 A a2 Af, BICERE T
TR AZMZ, 1ML HFIZT7 2 VLAYV ERKRRT7 2V LY ZIRELTEREN 200 &5
BT DR 6 2 IMNAEER 2 TR L 7.
6) WCRS 1 iR HEHR
DEO2)THM U -FEEFK 6mL 2 200mL ODEET 7 A2 AN, TITERETTE b
YEMZ, AmML I 2 LAY EERERT =Y LAY ZIKE LTENREN 300 ug =& H T
% WCRS 1 i IN R iR 2 e L 7=
7) WCRS 2 iRInH#E HE iR
DEOC2)THB L -FEEFKR 1mL 2 200mL OE®ET T 222 AN, BICERETT b
CEMZ,AMLFIC T 2 LAYV ERERT =Y AV ZIRELTENRTENONg EE AT D
WCRS 2 iR HAR AR 2 T B U 7z
8) KUK 1 VRN HER
DEO2)THB U -FEERK 2mL 2 200mL DEET 7 A2 AR, TITERETT & b
YEMZ, AmML P72 LAYV ERERT =Y LAY ZIKE LTENREN 100 ug 2 & H T
DRk L IR AR HEWR & B L 7.
9) UK 2 UsHnHAE e
7) CHHEL L 7~ WCRS 2 WRINAFE#ERE 20 mL 2 200 mL D47 T A a2 Ak, FICHE#ET
TR AZMZ, IMLFIZT = LAYV ERKDPT7 =) LY ZRELTERENS Ng &5
BT DHK 2 IR Z R L 7.
)% 1A 4)~9) % & 2 A, I A 1T @A T 2.2.1 ORBR B & fF THRBR= ISR L7z,
223 orirakEl
FEPRD 2 5KE T, 221 ORBAREZ AW, ofret e LTiE, 72V AV ERED
T2V ALY ZIRE L TRDD 11I2ENETH 20 mg/kg A% & GRERAHRE 10g 12k L TRgb b 1
WONAREYER 1 mL B8N %, fib D 2122 2 mg/kg F24 & GRER R 10 g loxt L CHE
o 2 WINAERER 1 mL RN %, WCRS1I(ZZh <4 30 mg/kg f124 & GRERAHFE 10 g (12Xt
L C WCRS 1 s fEE e 1 mL %) %, WCRS2 IZZ N F1 5mg/kg #1245 & GRER H#E 10 ¢
(Z%f L C WCRS 2 BN AR #ERL 1 mL sA0) %, Bk L2 £ 10 mo/kg #H2 &  GRER HIE0R
10 g {2k L TRk L IRINAAESERR L mL ¥RAI0) %, Bk 2 122 E 4 0.5 mg/kg #0224 & (BRUBR AR
BF10 g (ot UCRK 2 IR AAEHERR 1 mL iRN) %, &3BREEIC CTHMrBRAa O B W L CHl
U725 2 Tz,
224 EEHE
2141k »7-.
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225 WEHE
223 DHTEEL 12 RO HHEE, oHTREHRIRE (mglkg) TE L, 4HTEAZMUERLALTEH
IMTEL BMTE CHE S HZ L & LTz,

2.2.6 53 S 11 ]
WAk 304F 11 A 27 H2 6 R 304F 12 H 25 HE T

227 fEtriis
HHROMATIZONWTIE, EEMIC A —FF A XSz kFARRICHET 2 FIE 92522,
Cochran ¥ &2, single Grubbs #: & & O paired Grubbs #7E 217\, AAVE DA M 2R Lz LT
Hlapy =g, O URSEE (RSD,) M OVEMEBIRKE (RSDr) ZHM L, 5472 RSDrM D, EIE
Horwitz 2. 9% FI\»C HorRat % sk 7-.

228 HNABR=E
A HAARL b WEI MR A S E R 2o -t v & —, V=T L oA = ARRASH,
—RAEREN AAREERER SR NEEST B ¥ —, —RWEEAN B ARBYHRE 2 e
AT, — MR ENEAN BRSO v 2 —ZBESTHT, IRNAATBOE N BMOKEN B 2 it o ¥
— R e A, Rt % —, Rty 22—, R4bTREr 22—, FMAts 2 —K
ORfE R v 2 — (BF 11 R B =)

3 BRRUEE
31 B
311 RMEAEDITEEC OV TORES
T2V ALYV ERERNZIEDOREIREEIZBWT, ZO08RMAEDOE— 7 O45EED [ &35
5 BORSICHAFT 5 = Lo, Table 31T LI 7 AZoVTHBEE A TR LI, ¥,
SyBEREIZREUT L o TR 72,

fpa =lp  _ 118(tpp —tr1)
(7, +7,)/2 Wi 1+ W2 2
tre : BITOD B — 27 OLRFFRE ] tro : 85D E— 7 OLREFRFRH
Wy HIOE =27 OV =708 W, RAOE—7DE—71I§
Wiz @ BID B — 27 OH-EE Wipo @ $2 A DY — 27 O g

212D 4)ITHE-> THB L7245 20 ng/mL DIRASIEHERK S UL &2 LC-MSIMSIZIEA LHIE L7 & 2
%, Table3 OV Fig. 2D & B DAEEE KN NSRM 7 i~ + 7' 7 5345 5 iz, Inertsil ODS-SP(150
mm), Inertsil ODS-SP (100 mm), InertSustain C18 (150 mm), InertSustain C18 (100 mm) & OF Inertsil
ODS-3 D4yBEE 1T # L F 4 2.213, 1.654, 1.511, 1.261 K TX1.809 TH Y, 4 BEE 1.5 L, Edsy
Wih o 2xH05Z L THECOUENAIREESZ 2 b,

F72, Table3 D 7 LD 5 BLAYEERE O B Inertsil ODS-SP (150 mm) , Inertsil ODS-SP (100 mm)
KN Inertsil ODS-3 # VT, 212D 4> THBE L= 7 =V &Y VRGERER (01, 0.2,
04, 06, 08, 1, 2, 4, 6, 8 10, 20, 30, 40 X U*50ng/mL) 5uL % LC-MS/MS |2 A LHIE
L, BN SRM 7~ b7 7 b= HBELAOE S ZANT T = LAY ERED Z K
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ZRERIZOVTRERZER L. HONCRERIT Fig. 31~-833DLBH THY, WIhb
0.1~50 ng/mL AR 4 BEO#IPH CEMBIEEZ R L. 2O ZE0E, HEEANES TOEENAETH
HEZEZ BRI,

FZ, AREXNIMOSHTICB W TEIE LEH L TWD 00 7 A2\ T 212 O 4ITiE-> T
FHELL 7245 20 ng/mL DIRAHEHERR 5L &2 LC-MSIMSIZIEALHEIE L= & 2 A, Tabled D LBV
DIYEEE DG AL, 7T LOREER OME IR E RSB ICBE 535 &£ B 2 bz,

Table 3 Column and resolution (Use new columns)

. Particle Surface Pore Pore . Carbon Retention time
3 i.d.xlength . ] Functional " " - .
Column Manufacturer size area  diameter  volume Endcap loading (z)-Ferimzone (E)-Ferimzone Resolution
) x ) @ o m) g TP @) (mn (min
Inertsil ODS-SP GL Sciences 2.1 x 150 3 450 10 1.05 Octadecyl Yes 85 16.291 17.609 2.213
Inertsil ODS-SP GL Sciences 2.1 x 100 3 450 10 1.05 Octadecyl Yes 85 10.664 11.535 1.654
InertSustain C18  GL Sciences 2.1x 150 3 350 10 0.85 Octadecyl Yes 14 15.342 16.200 1511
InertSustain C18  GL Sciences 2.1x100 3 350 10 0.85 Octadecyl Yes 14 10.253 10.822 1.261
Inertsil ODS-3 GL Sciences 2.1x 150 3 450 10 1.05 Octadecyl Yes 15 18.572 19.768 1.809

a) Columns started to be used in this study

Table 4 Column and resolution (Use columns repeatedly used)

. Particle Surface Pore Pore . Carbon Retention time
3 i.d.xlength . : Functional : " - .
Column Manufacturer size area  diameter  volume aroup Endcap loading (7)-Ferimzone  (E)-Ferimzone  Resolution
() x(mm)  m) @G (m) (Mg ®) (mir) (mi)
Inertsil ODS-SP GL Sciences 2.1x100 3 450 10 1.05 Octadecyl Yes 85 11.873 12.819 1.296
InertSustain C18 ~ GL Sciences 2.1x150 3 350 10 0.85 Octadecyl Yes 14 15.446 16.293 1.3%4
Inertsil ODS-3 GL Sciences 2.1x150 3 450 10 1.05 Octadecyl Yes 15 18.781 20.032 1.669
Inertsil ODS-4 GL Sciences 3.0x 150 3 450 10 1.05 Octadecyl Yes 11 16.035 17.860 1.427
Atlantis T3 Waters 2.1x150 3 330 10 1.00 O.Ct . vl Yes 14 16.702 18.211 2217
(Trifunctional)
Atlantis dC18 Waters 2.1x150 3 330 10 1.00 OCT N vl Yes 12 9.228 WIthOL.'t
(Difunctional) separation
Shim-pak XR-ODS . Octadecyl
I Shimadzu 3.0x 150 22 470 8 1.00 (Moncfunctional) Yes 20.2 7.380 8.863 1.344
gﬁBPACSLL PAK Osaka Soda 2.0x 150 5 300 8 Unknown Octadecyl —b 11 13.015 14.183 1.820
ZORBAX Eclipse Agilent Yes
Plus C18 Technolagies 2.1x 150 35 160 95 Unknown Octadecyl (double) 9 12.318 13.220 1.525
ZORBAX Eclipse Agilent Yes
XDB-C18 Technologies 2.1x150 5 180 8 Unknown Octadecyl (double) 10 11.982 12.600 0.748
B ’ Octadecyl
Mightsil RP-18 GP  Kanto Chemical 2.0x 150 3 330 125 Unknown _ Yes 19 12.438 12.885 1.059
(Monof unctional)

a) Columns repeatedly used in this study or other analysis
b) Coated with a mono-layer silicone-polymer
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Fig. 2 Selected reaction monitoring (SRM) chromatograms
of (E)-ferimzone and (Z)-ferimzone by each column
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of
1: (2)-ferimzone and 2: (E)-ferimzone.)

A: Inertsil ODS-SP (150 mm)

B: Inertsil ODS-SP (100 mm)

C: InertSustain C18 (150 mm)

D: InertSustain C18 (100 mm)

E: Inertsil ODS-3 (150 mm)



114 fAEHFZEHR S Vol. 44 (2019)
16000000 700000
y = 285027x + 40955 y=11991x + 1864.2
14000000 R?=0.9998 /’ 600000 | R? = 0.0999 /0
2 1200
£ 12000000 £ s00000
= 10000000 =
= £ 400000
£ 8000000 / <
z - £ 300000
2 6000000 /y’ E
-} ]
£ 4000000 £ 200000 - /
2000000 100000
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Concentration of (E}-ferimzone / [ng/mL] Concentration of (E)-ferimzone / [ng/mL]
18000000 700000
16000000 - ¥ =307341x+ 23430 y =13674x +859.71
R®=0.9998 e g 600000 | g:=0.9999
14000000 - P
€ 12000000 - z 500000 | //
2 10000000 - E 400000 |
— S >
é: 8000000 - 'E 300000 /
[ s
6000000 -
2 ,/ £ 200000 | -
= 4000000 - / =
2000000 '/ 100000 | /
0 0 I ;
0 10 20 30 40 50 0 10 20 30 40 50
Concentration of (Z)-ferimzone / [ng/mL] Concentration of (2)-ferimzone / [ng/mL]
Fig. 3-1 Calibration curves of (E)-ferimzone and (Z)-ferimzone
by peak area (left) and height (right)
(Used column: Inertsil ODS-SP (150 mm))
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Fig. 3-2 Calibration curves of (E)-ferimzone and (Z)-ferimzone
by peak area (left) and height (right)
(Used column: Inertsil ODS-SP (100 mm))
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Fig. 3-3 Calibration curves of (E)-ferimzone and (Z)-ferimzone
by peak area (left) and height (right)
(Used column: Inertsil ODS-3 (150 mm))
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Table 5 Influence of time required for column processing on quantification
Spiked components
i i E)-ferimzone Z)-ferimzone
Operation T|r_ne Spiked level (E) - 2) -
required (mgkg) Recovery RSD; Recovery RSD;
(%) (%) (%) (%)
Vacuum suction 3h 20 101 11 104 28
V acuum suction and standstill for 4 h 7h 20 102 0.5 106 15
Gravity flow 7h 20 102 12 107 20
n=3

a) Relative standard deviation of repeatability

3.2 JL[AEEAER

B L7 ATk O BRI BB E 2 MB8T5 72, 2.212 10 AR & FEhe L7z,

72U LY Y EROFERIZTable6 D &FBY Thoto. b6 1, figb> b 2, WCRS1, WCRS 2,
Bk 1 ROk 2 [2oWTENEI, FHEIEIL 91.2, 85.6, 922, 91.0, 96.0 &) 94.1 %,
RSD, /% 5.9, 3.3, 1.7, 2.6, 3.7 %1} 25 %, RSDgi% 10, 3.3, 6.2, 7.2, 5.0 } 1" 3.9 %, HorRat
I3 1.0, 0.22, 0.64, 0.56, 0.43 %X 0.22 THh - 7-.

Tz LY ZHROERILTable7T DBV ThoTo. fitbo b 1, fabo b 2, WCRS1, WCRS?2,
oK 1L ROVRK 2 IZOWTERZE R, FHEIERIE 93,7, 91.8, 96.4, 96.0, 97.3 & T* 95.2 %,
RSD, I% 2.5, 3.3, 4.8, 23, 1.3 %117 %, RSDgi% 6.6, 3.3, 59, 6.0, 2.8 % (*50 %, HorRat
IX 0.64, 0.22, 0.62, 0.48, 0.25 }x(} 0.28 TH Y, TNENDOY & bIT, ZUMEMRRIESTA R
TANTED LN R EHEEE O BEM A7~ LTz, HorRat (Z2>W\WTIX, 0.5% Fla%
ORBRENTZD, SIHBRIEPHRNEE CH LT B2 b,

BEOEYD, FRBR=ECTHEH L7 LC-MSIMS O#FESE %4 Table 8 IZ/R L=, 72, FRBR=ET
R L7207 L0 % Table9 IZ/r L7z,
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Table 6  Collaborative study for (E)-ferimzone

Lab. No. Rice straw 1 Rice straw 2 WCRS 1 WCRS 2 Paddy rice 1 Paddy rice 2
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 175 165 1.70 1.73 27.0 27.3 4.78 482 9.73 .68 0.476 0.476
2 18.9 19.0 163 173 29.4 28.0 458 463 9.7 9.89 0.486 0.494
3 18.4 18.9 177 171 28.4 271 4.63 4.62 9.62 9.78 0.481 0.474
4 18.7 18.1 175 1.59 26.8 26.8 4.68 445 9.60 9.47 0.463 0.454
5 18.4 19.4 1.66 1.76 27.8 27.8 4.28 4,55 9.42 9.75 0.446 0.472
6 185 185 172 1.72 27.6 27.9 4.69 454 9.62 9.45 0.473 0.499
7 202 204 2.06” 1.98" 311 30.9 5.06 4.98 103Y  106? 0551”  0539”
8 165 12.7 173 1.76 24.9 256 4.65 4.38 8139 9.65° 0.470 0.466
9 18.8 216 133" 134" 2717 3247 3.78 3.87 9.56 9.62 0419”  0.369"
10 195 18.8 171 1.78 287 29.0 481 482 9.73 9.79 0.484 0.480
11 15.8 16.3 1.68 1.67 25.7 25.3 4.38 4.12 9.219 8.88? 0.424 0.453
Spiked level (mg/kg) 20 2 30 5 10 05
No. labs® 1 9 10 1 1 9
No. outliers” 0 2 1 0 0 2
Mean value (mg/kg) 182 171 217 455 9.60 0471
Mean recovery (%) 91.2 85.6 922 91.0 9%.0 94.1
RSD: ¢ (%) 59 33 17 26 37 25
RSDr " (%) 10 33 6.2 7.2 50 39
PRSD: " (%) 10 15 9.7 13 1 18
HorRat 10 0.2 0.64 0.56 0.43 0.22

a) Data excluded by Cochran test

b) Data excluded by paired Grubbs test

c) Data excluded by Cochran test but effective as the exclusion |aboratories exceeded 2/9

d) Data excluded by paired Grubbs test but effective as the exclusion laboratories exceeded 2/9

€) Number of laboratories retained after eliminating outliers

f) Number of outlier laboratories removed in parentheses

0) Relative standard deviation of repeatability within laboratory

h) Relative standard deviation of reproducibility between laboratories

i) Predicted relative standard deviation of reproducibility between laboratories calculated from the
modified Horwitz equation
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Table 7 Collaborative study for (Z2)-ferimzone

Lab. No. Rice straw 1 Rice straw 2 WCRS 1 WCRS 2 Paddy rice 1 Paddy rice 2
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 18.6 17.5 1.86 1.83 28.8 29.4 5.08 5.04 10.2 10.1 0,513 0.514
2 20.1 19.4 176 1.90 311 295 488 5.14 9.92 10.0 0.492 0.505
3 19.2 19.6 1.88 1.84 29.4 29.0 488 492 9.66 9.82 0.442 0.447
4 19.7 19.9 1.92 178 287 296 521 5.19 9.69 10.1 0.472 0.495
5 18.6 19.4 1.82 1.83 285 28.0 452 4.69 9.25 9.32 0.442 0.449
6 19.6 19.2 1.82 1.85 296 295 4.89 4.76 9.74 9.76 0.486 0.488
7 19.2 19.0 1.94 1.81 298 295 4.94 485 9.66 9.67 0.469 0.470
8 17.1 16.0 1.70° 1542 2569 26.69 4.72 4.41 9.01? 1039 0.495 0.475
9 1957 2287 150" 1.44" 27.5° 335° 419 4.36 9.72 9.69 04327  0385°
10 19.7 19.4 1.80 1.87 296 29.9 492 498 9.78 9.84 0.486 0.477
11 16.5 17.2 178 177 27.0° 26.2° 455 4.45 9.50 9.19 0.452 0.447
Spiked level (mg/kg) 20 2 30 5 10 05
No. labs® 10 9 1 1 10 10
No. outliers” 1 2 0 0 1 1
Mesan value (mg/kg) 187 184 289 480 9.73 0.476
Mean recovery (%) ®.7 918 %.4 %.0 97.3 %5.2
RSD: ¥ (%) 25 33 48 23 13 17
RSDr " (%) 6.6 33 5.9 6.0 28 5.0
PRSDr ” (%) 10 15 9.6 13 1 18
HorRat 0.64 0.2 0.62 048 0.25 0.28

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

c¢) Data excluded by Cochran test but effective as the exclusion laboratories exceeded 2/9

d) Data excluded by paired Grubbs test but effective as the exclusion laboratories exceeded 2/9

€) Number of laboratories retained after eliminating outliers

f) Number of outlier laboratories removed in parentheses

0) Relative standard deviation of repeatability within laboratory

h) Relative standard deviation of reproducibility between laboratories

i) 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

Leb.No LC-MSIMS L colume
(i.d.xlength, particle size)

LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
1 MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
2 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 um)

LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
3 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 um)

LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
4 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 um)

LC: ACQUITY UPLC, Waters Inertsil ODS-SP, GL Sciences
> MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 um)

LC: ACQUITY UPLC, Waters InertSustain C18, GL Sciences
6 MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
! MS/MS: LCMS-8045, Shimadzu (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu Inertsil ODS-SP, GL Sciences
8 MS/MS: 4000Q TRAP, AB SCIEX (2.1 mmx100 mm, 3 um)

LC: Prominence, Shimadzu YMC-Triart C18, YMC
o MS/MS: API4000Q, AB SCIEX (2.2 mmx100 mm, 3 um)

LC: Prominence, Shimadzu Inertsil ODS-SP, GL Sciences
10 MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 um)

LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
u MS/MS: LCMS-8050, Shimadzu (2.1 mmx150 mm, 3 um)

Table 9  Characteristics of column used in the collaborative study

. Particle Surface Pore Pore . Carbon
Column Manufacturer d>dength size aea  dameter voume ' netiond Endcap loading
(mm) x (mm)  (um) (Mg (nm) (mL/g) group (%)
Inertsl ODS-SP GL Sciences 21x150 3 450 10 1.05 Octadecyl Yes 85
Inertsil ODS-SP  GL Sciences 2.1x 150 5 450 10 105 Octadecyl Yes 85
Inertsl ODS-SP GL Sciences 21x100 3 450 10 1.05 Octadecyl Yes 85
InertSustain C18  GL Sciences 21x 150 3 350 10 0.85 Octadecyl Yes 14
Inertsil ODS-3 GL Sciences 2.1x 150 3 450 10 105 Octadecyl Yes 15
YMC-Triart C18 YMC 21x 100 3 360 12 Unknown OSREM v o
(Trifunctional)
4 FED

FABHARGICERE T 5 7 = U LY v ERE O ZIKIZHWT, JFRL % JEICBI%E L72 LC-MS/IMS %
AW BIEIZOWT, B R ORI 4 FEhE U, R T A~ 05 H O f[ &2V TR
LA, UTORERGEGN, EHANAETHL EEZZ LN,

1) S5HEOSN I 7 LEZHY, E—JHBELAORIZHNT 72 AV VY ERED ZBKEREN

[ZOWT BRI Bl % 58 L= fE R, DBEEN 15 LEOOh 7 22 HWAD Z & TCHBETO

HIE N ATRE & B 2 b, BRERIZOT Y 0.1~50 ng/mL O#PH THEMRIMEEZ R LT,
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2) FERH T AP ORFFERGEICE ) R C O EE~ORBEHR LT & A, HREHTICE
WT, ZYMHBIETA RIA VOBEEROKEEZ-THIFACTER/BRICEELLRWVWEEZD
ni-.

3 MLLIZTZz VLAYV ERKDPZELTENEI 20 K2 mg/kg tHHY &, WCRSIZZ = U A
VU EKREQRZIKE L TENEN30 KOS mglkg FHY &, BHKicT7 =2 AV ERERONZIKE
L CZENZEI 10 KT 0.5 mg/kg #8124 &2 RN L 723k 2 WV € 11 B =SRICB W TARIBISRE VW 3
AR ZEEL7mL 2 A, RIFRFBERBE LN,

& &

HFEFRBRICSM L T2z JA RA AL B WEBHR A St E L o o % —,
VA AR, AR EE A A AR ERE R 2 Rt v X —, ML
N B AR E 2= h AT TERT R OV~ i A N AR R S04 & o 2 —Z BEWFIERTIC 38 1) % BAfR A
BRI OE AR LET.
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