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Determination of Phthalide
in Rice Straw, Whole-crop Rice Silage and Paddy Rice for Feed by GC-MS

Katsumi YAMAMOTO"', Shinpei NAGAKUBO “ and Yoshihiro SEKIGUCHI

(! Food and Agricultural Materials Inspection Center, Sendai Regional Center

2 Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now Fertilizer and Feed Inspection Department)

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department)

An analytical method was developed to determine the level of phthalide in rice straw, whole-crop
rice silage and paddy rice for feed using gas chromatography-mass spectrometry (GC-MS).

After adding water to the sample, phthalide was extracted with acetone and resulting solution was
filtered. The sample solution was then diluted with acetone to a final volume of 200 mL. The
extract was purified with InertSep K-solute (GL Sciences Inc.; Tokyo, Japan) and Presep-C
Florisil cartridge (Wako Pure Chemical Industries Ltd.; Osaka, Japan). The resulting solution
was injected into the GC-MS for determination of the phthalide level. The GC separation was
carried out on a fused silica capillary column (DB-5MS; 0.25 mm i.d.x 30 m, film thickness 0.25
um from Agilent Technologies Inc.; Santa Clara, CA, USA). The mass spectrometer was
operated in electron ionization (EI) mode.

Recovery tests were conducted on rice straw, whole-crop rice silage and paddy rice. Rice straw
spiked with 6.5, 13 and 130 mg/kg, whole-crop rice silage spiked with 1.5, 3 and 30 mg/kg and
paddy rice spiked with 0.5 and 10 mg/kg of phthalide respectively. The resulting mean
recoveries ranged from 88.1 % to 102 %, and the relative standard deviations (RSD,) were not
more than 4.0 %.

A collaborative study was conducted in nine laboratories using rice straw, whole-crop rice silage
and paddy rice spiked with 130 mg/kg, 30 mg/kg and 1 mg/kg of phthalide respectively. The
mean recovery, repeatability and reproducibility in the terms of relative standard deviations (RSD,
and RSDg) and HorRat, respectively, were 100 %, 2.1 %, 6.3 % and 0.83 for rice straw, 93.7 %,
1.8 %, 3.8 % and 0.40 for whole-crop rice silage, and 94.9 %, 5.0 %, 7.4 % and 0.46 for paddy
rice.

This method was validated and established for use in the inspection of phthalide in rice straw,
whole-crop rice silage and paddy rice for feed.

Key words: phthalide; gas chromatograph-mass spectrometer (GC-MS); electron ionization (EI);
rice straw; whole-crop rice silage; paddy rice; collaborative study
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4,5,6,7-tetrachlorophthalide
CgH2Cl4O02 MW: 271.9 CAS No.: 27355-22-2

Fig. 1 Chemical structure of phthalide

2 EBRAE
2.1 #Ok
B O R OMKIZZENEN | mm DAY U — 2355 L2l T L7z, WCS 1% 60 °C
T 5 MR, FICENICEE LR Lok, RBRICHELZ.
22 K
)y 7EbhYy, PEFALZ—TI, VZa~FH U RONF T IR RO A E . K
TR (JIS K 0211 @ 5218 IZEFR I NLIZ@MA) %2, KV=F L7 Ja—n (LT
[PEG) &\ 5. ) X FEHH 78300 DL 0%, Hb) MU o A3k E iz,
2) AR
PEG | mLIZ7E hv&MxTI100 mL & L, FIZZOWK 1 mLIZ~FH & 01% T 200 mL
DR 2 R L7z,
3) T7H T A NEERERK
T T A NERES GHE 99.8 %, BIR LML) 25 mg # EfEICE > TS0mL OL&ET T A2
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AN, TR 2N THEMNL, FICERE CREEZIMZ TV 74 FEREFK 2 FHR L
7o (ZOW1ImLiE, 774 K& LTO0Smgaafa7T5. ) .

AICBR LT, ¥R 2 mL % 50 mL O2R 7 7 AT EMRICAN, FITERETTE
CEMAZT, 1 mLYIC 74+ T4 FELT2 pg 286 THEARELEZ. Z0ko—E&
AIREEECIEMEICAR L, 1 mL FIZ7HZ 4 K& LT 0.002, 0.005, 0.01, 0.025, 0.05, 0.1,
0.15 X 02ug 5 AT DRI ER AR L 7=,

HEE L O

1) ¥k - ZM-100 Retsch # (1 mm A2 U —, i HEF[A#54% 14000 rpm)

2)

LS e SM-100 Retsch B (1 mm 227 U — >, [Elfizsk ((EEE) 1430 rpm)

3) IREOIHE: LY T u i 2 — I —SR2W ¥ A 7 v 7% (ff R EI %L 300 rppm)

4)

Z AN A Y 7 £ & : InertSep K-solute (10 mL }2 T8 20 mL fRFFH) Y—= %A x>
s

5) BT A~ 27 =77 A : Presep-C Florisil Cartridge (£ CAKI& 800 mg)  Fi

MR TG ) P —N—Z2d@fE L2 b O

6) GC-MS :

GC &% : 7890A  Agilent Technologies
MS 5 : 5975C  Agilent Technologies $

7) GC-ECD :

GC I : GC-2010 Plus BB /E
ECD # : ECD-2010 Plus & v 8 /iy fd

8) AV 7 T2 7 4)H— :DISMIC-25HP (fL£% 0.45 um, [Ef 25 mm, PTFE)  HVEJEMKHR

9) FNiRBZE /e~ Z77 (LLF [GPCl] &W9H. ) :GPC VAT L V—x Az 2l
2.4 EEFGIE

1 #

2)

IINrEREL 10.0 g 28> T 300 mL O3 =fA~7 T 232 Ak, /K30 mL CBKiX 20 mL) %
Iz, 30 rEE#, ETICT7 & e 120 mL Bk 100 mL) & 00%, 30 43[R 0 IRE CHl
L7z, 200 mL O&&ET7 7 Aa%27 7 —F}to FICEE, fbiis A% (5 B) CTksl
A LT, KO=MA7 T Aa KOS ZIERT N 50 mL THEL, FERICES]AEL
o, BIZERT7 7 AaOERETTE N ZMATZ. ZOWK I ML % 50 mL O T 7T A
(ZIEFEIZ AL, 40 °C LA F ORI T 1 mL LA T £ CREREM L72%, KSmLZIMZTh 7 A
JLER T3 2 BURHAK & LTz,

735 DALER |

REHR R 2 Z A A Y 7+ 7 5 (10 mLARFFH) I AfL, 10 I EE L7, 200 mL @
RYWT7 T A% T LOTICEE, BEHAKRDOA> TWERTIET 7 XA az~F %210 mL
FTOTIEPEH L, WREIAR S 7 22Nz, WEAFETAHO LS ETL2ETIRFLTY
BT A RERESEZ., BIZAFHY 2 70 mL 20 7 A2 CRRRICEH S8, ImHiK%E
40 °C A FOKIBTIE L A EHET 5 F TRHERM L7o%, SRV RAEEo THRELE. ~%F
B 2mL 2 CEREVMEENL, 7 20T oA & LT,
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3) T ARLER L
BT AR~ T XY T LI =T LE~FH 2 10 mL THE L. REHAREZ I =0 T L
AR, REAFETAHD BiwiZET 5 F Tt S 872, BRI DO N> TWe R T BT 7 *
T A~FH 2 mLFOT2EPESL, WKEZIERI =07 22, FECHRESEZ. &'
ZAFH =V F Lo —70 (24+1) 20 mL #I=H 7 AT x, FFCHEBSEZ. 50
mL ORTHTITATEI=ZNTLADOFICEE, ~FH o =T (19+1) 10 mL #Mx T
TH T4 REBEHSEE. BHIEE 40 °C LLFTOKB TIE & A CRolE T 25 £ CTRUE RN L 72%,
BRI AL CTHE L., ARG S mL 2 EMICNZ THEREMZRML, EIZIOWRO—
TE B & A RIAEE CIEREICAI (b D 50 %, WCS 25 1%, Bk 4 %) L, GC-MS IZ L% HIE
(R DR & LTz

4) GC-MS 2 X 2 HlE
FRUBHA IR M OV REHEWR 2 uL & GC-MS IZVEA L, BIRA A /i (LT ISIM] w5, )
sua~ 7T Lx2&. WESM% Table 1 IR L7z,

Table 1 Operating conditions of GC-MS

Column DB-5MS (0.25 mm i.d.x30 m, 0.25 pm film thickness),
Agilent Technologies

Column temperature 70 °C (hold for 2 min) — ramp 20 °C/min — 280 °C (hold for 10 min)

Injection mode Splitless (120 s)

Injection port temperature 250 °C

Carrier gas He 1.0 mL/min

Interface temperature 280 °C

Ion source temperature 250 °C

Ionization Electron ionization

Ionization energy 70 eV

Monitor ion m/z 243 (for quantification) , 272 (for confirmation)
5 @ H

Honl SIM Z7a~<x I 7974 RO — 7 X RO THRERELERL, 3B
o7 T4 REEREH L.
B, TEEOME% Scheme 1 [IZ/x L7,
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Sample 10 g (300 mL 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 under reduced pressure

wash with 50 mL of acetone

—fill up to 200 mL with acetone

evaporate 4 mL of sample solution to about 1 mL under 40 °C
add 5 mL of water

InertSep K-solute

apply sample solution and allow to stand for 10 min

wash flask with 10 mL of hexane (three times)

elute with 70 mL of hexane

evaporate to dryness under 40 °C

dissolve in 2 mL of hexane

Presep-C Florisil cartridge

prewash with 10 mL of hexane

apply sample solution

wash flask with 2 mL of hexane (twice)
wash with 20 mL of hexane-diethylether (24:1)

elute with 10 mL of hexane-acetone (19:1)

evaporate to dryness under 40 °C

dissolve in 5 mL of PEG-added hexane and dilute with the same solvent

(rice straw: 50-fold, whole-crop rice silage: 25-fold, paddy rice: 4-fold)
GC-MS

Scheme 1 Analytical procedure for phthalide in rice straw,
whole-crop rice silage and paddy rice for feed by GC-MS

2.5 GC-ECD (T L B HlE
22D NTHEWFHRLL 72 20 pg/mL HEHER DO —EEE~F V> CTEMICHIRL, 1 mL 74
74 K& LTO0.005 001, 0025 0.05 0.1 K%ON025 ug 20T 585 EMEREZFHLIZ. KIiE
W 1 uL % GC-ECD IZHEA L, Z7u~ h7 T L% 457-. BESM % Table 2 (2R L7-.

Table 2  Operating conditions of GC-ECD

Column DB-1701 (0.25 mm i.d.x30 m, 0.25 um film thickness),
Agilent Technologies
Column temperature 70 °C (hold for 2 min) — ramp 20 °C/min — 280 °C (hold for 10 min)
Injection mode Splitless (120 s)
Injection port temperature 250 °C
Carrier gas He 1.0 mL/min
Make-up gas N2 60 mL/min
Detector temperature 300 °C

2.6 1T KAV TITHR D MRET Tk
Wb LEH, 240 DITHENTEM L 7-3BHAIKIC 7% 54 FE LT 65 my/kg AN & (R&H
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BHAW 7 0.052 pg/mL AHYSEEE) 2L, /KS mL iXfgfE{br U A% 10 mL (E
BOBIETCEZ AN A Y v+ 0T A (20 mLRFEH) ZHWESEEE 20 mL) 2z 7. 0K
BEAMESS A Y T LT A (10 mL RFFH 30T 20 mL R£EH) 1A, 10 5REEL, UUTF 24
D DLURRIZHENT T4 REER LT,
2.7 GPC I K DK HBEZ BN LT E &1L
UK 2 IV, 2.4 O DEODICHEWVERIEL TH O A T 2B T OF A 40 °C LLFOK
WCIEEACHET L E THUERME L%, ERITRAEETHELLE. v araxHhr—T7%
Ky (4+1) 10 mL ZERICMA CEREDERNL, AV T T 74 0F—TAHBLE. ZOHK
50 mL % GPC I[ZiEAL, Z7¥ T4 RBEHT L4 % 200 mL ORTET7 7 A =alT4HL,
40 °C LLFOKIBTIZ & A EHET 2 F THIERME Lok, EF T A&k CTHE L. 2B,
GPC D% Table 3 1Z/R L7-.
X 2mL 2N CTHEREMZRPL, 2.4 O DITHEWEIELTZ.

Table 3  Operating condition of GPC

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x300 mm, 15 pm), Showa Denko
Guard column Shodex CLNpak EV-G AC (20 mm i.d.X100 mm, 15 pm), Showa Denko
Eluent Cyclohexane - acetone (4:1)

Flow rate 5 mL/min

Fraction volume 110~135 mL

2.8 GPC T L 2 HHEAE DB D A ESIT4R D Mt ik
THT A FELTHKIZ 10 mg/kg Y & (REREHAK T T GPCIZ X 2R AZE L-5G
£ 0.1 pg/mL AHY &, A L2RWEAE0.05 ng/mL A4 E) ZIRIML, 2.4 KON 2.7 IZHEWVRIE
LTHELNT-RBHAK Z GC-MS I EA L, BEURZ il L7-.

3 BRRUEBE
3.1 GC-ECD T X 55t

25 ICHEWVIHRI L7270 T 4 FEHERS 1 uL % GC-ECD IZHFEAL, #Fonl-ru~ 7T A
MHET7H T4 RO —7HEEONE S EZHWTHRERZIEMR L. TOREE, Fig. 2 0&E0,
7% A RiX 0.005~0.25 pg/mL (FEAFE LT 0.005~0.25 ng 1Y &) O THRERE 0.99 L
FOEROBERIEGEONT-LOO, KRETIIZOEBND FICANDIERERST2. ZORK
ERERWESES, RBECTIEZY 74 FOBRENME REL LN &0, EFLRHWV
72 GC-ECD IZ X 2 E&EIZNEHETH 5 L Hllr L 7=
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Fig. 2  Calibration curves of phthalide by peak area (left) and peak height (right) for GC-ECD

3.2 GC-MS 2 Xk 285t
1) E=F—AF O
22 O DTHEVRB L7V T4 FEEREZHAVT, KEOWESRMFICEIY 2%y E— K
THIE L& Z A, Fig. 3ICRTYARARART MABRELNTZ. ZORERNS, T=X—A 4
E LT mlz243 ZEEA A NS, mlz272 ZWERA A ICRE LT,

abundance

m Zes - 2 20 a0 3%0 400 %0 50

Fig. 3  Mass spectrum of phthalide standard solution

2) ARIEH O

JFRL T, MBI~ Z2HWD 2 800, REEE O TEREREZ L GC-
MS IZHEALIZE ZA, RREIZRDHIZHENWT I TAL RO =27 DT =V VIR RKRELRDY,
BAF R EREIERT D 2 LN TE ol

TDOZEEMRET L0, ~FH AT PEG & 0.005 v/iv% M &R L 72 A RIS &2 VL C
BEHER 2 L GC-MS ICHEALIZE 2 A, TV VI RUeESHh, ©—7BRPRIF L 72
o, ZOZEND, RIETIEMAIEBE L LT 0.005 vivefH % & PEG Z iR L7c~FH %
T2 &Lz
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Fig. 4 Selected ion monitoring chromatograms of phthalide standard solution (0.05 pg/mL)
(Arrows indicate the retention time of phthalide.)
A: Standard solution prepared with hexane
B: Standard solution prepared with 0.005 % PEG-added hexane

3.3 MEAR
22 D3NNHEVREL L= 7 3T 4 FIERER A 2 uL 2 GC-MS IZIEA L, 57z SIM 7 a~
N7 APLE—JHBLROE—7 B ZHWTHREREZIER L. ZOME, Fig. 5 DB,
E— 7 WEOEHA, 7Y T4 Fik 0.002~0.2 pg/mL (FEAEE LT 0.004~0.4 ng fH4 &) O#ipH
TEHMEZ R L., V=7 @33 —7HELY bIRERUDEN -T2, U— 7 HETER
THZ L ELE.

5.0E+05 - y = 2218481 x - 6767 y = 164291 x - 782
R?=0.9986 326404 R%?=0.9952
2E+04
4.0E+05
8 £ 24E+04 |
£ g
S5 3.0E405 [ >
o 2
© ©
5 T 16404
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5 2.0E+05 F ‘T
X ey
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Fig. 5 Calibration curves of phthalide by peak area (left) and peak height (right) for GC-MS

3.4 T NLVER1ICER D R
JFRL 75 CIIPRFFAE D 20 mL @ InertSep K-solute Z W\ T\ 523, R ESK 6 mL TH 5
TLEEBETOIERENRKREVWEEZZONTZ. F72, JFRL {EBICEIT 2fH 5 TOMGHHER A
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I 85 %L RWMHIM RO b Z b, 2T A Y T LN T DT T4 R LT
WARREMEN B 2 bz, ZDZ &b, 2.6 12HESE, REAENDZ 10 mL O LALLM 7 A
VU LH T AMERHORE, BIZFEAT N U AEROMEHORBEREIGRICE 2 5L
L7z,

FEHIX Table 4 ® LBV, RFEFAFR 10 mL TRFE/T U U AEREHOWRWERERED B
WEINZRTH - 7.

UEDFERNG, ZHMETA Y T +H T LIRFFEE 10 mL O b DOx AV, ofafilfft
NP 7237 % = LA N AN DY

Table 4  Recoveries of phthalide compared by aqueous capacity of InertSep K-solute
and use of saturated NaCl solution
Aqueous capacity of Saturated NaCl Recoverya) RSDrb)

InertSep K-solute (mL) solution (%) (%)
20 Not used 92.9 9.8
20 Used 85.3 2.5
10 Not used 96.5 43
10 Used 95.4 2.1

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

3.5 GPC T X % FEBIEDE I O MGt
JFRL IECIE, fb b 2R FABHIBWT, U7 LA 1 247> 7-3EHANK Z GPC 12 L v fE i
LTWBA, b b CIIMHKOBRBEZKS L, 2o~ UL mREREZEDDHZ LI
XV GPC [Tk 2HHBIEEZEI L C\D. £ 2T, fAEHAA 3O bARERN K HIRVLEK
W, [ARRIC GPC IZ X 2 B EDE I D rREME % 2.8 ITHES T MET L 7.
FERIL Table 5 LBV, WER CHBERENRBD NN &0 b, FEHA RIZBN
TIL GPC 12 L 2 EBEN A RETH D L E X b,

Table 5 Effects of omission of clean-up by GPC

Spiked Run Preparation with Preparation without
level No. clean-up by GPC clean-up by GPC
(mg/kg) Recovery (%) Recovery (%)
1 108 103
10 2 110 105
3 101 105
Mean recovery (%) 106 104
RSD:" (%) 4.5 1.5

a) Relative standard deviation of repeatability

3.6 WiEWEOKG
b6 4 MK, WCS 4 R KOk 2 MRz vy, KRB X 0L 72 R BHAK 2 GC-MS 12
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EAL, bl SIM 7 rv N7 7 LEERLIEEZA, WTHLORBHIBWTH EREA T
HE—J IO LN oI
B, BHoNZSIM 7 r~v s 7T ADO—f#l% Fig. 6 12~ L7z,
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Fig. 6  Selected ion monitoring chromatograms of standard solution and sample solution (blank)
(Arrows indicate the retention time of phthalide.)
A: Standard solution (0.005 pg/mL: 0.01 ng as phthalide)
B: Rice straw
C: Whole-crop rice silage
D: Paddy rice

3.7 ~ bV w7 AR OMER
24 O D5 NI VAR LD D, WCS RUOMKDO T T v 7 REHARIC 774 KEL
T 12,5, 275 KOV 1 mg/kg tHY & (& aBHAI T T 0.01 pg/mL MY &) 22 ZniminL iz
B~ bV w7 ZERERIZOWT, 22 O D> THB LEFREDO 7% 7 4 MEERICHT 5
P AR LI E A, B HBEKITZENTN 104 %, 97 %K 108 % THY, 71
FA RNTRB~ R v 7 AR DREREELZ T L L RCAEMETH ST,
3.8 IRINENEER
2IICE VR LB A RIZONWT, 7H T4 KELT, MbHIZ6.5, 13 LT 130 mg/kg
Y & (B &RUEHA TR T T 0.0052, 0.0104 K& T8 0.104 pg/mL FHM &) Z RN L7Z#E, WCS 2
) FIZHE LT 1.5, 3 KO 30 mg/kg FHYE (RERBHA T T 0.0055, 0.0109 & T* 0.109
pg/mL FHYS R ) K OBIKIZ 0.5 LT 10 mg/kg MY & (R EHUBHANR H C 0.005 & TV 0.1 pg/mL
FYSIRE) 22N ENEINL, ARIEICHE > THINENEERZ Fh L, BRI O UK
RO
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F72, WCSIZOWTIIFRMOKSIEAREE 60 % BEL, FWHRE~OBEIX, F Ok
e 60 %) TIRE=EEZY OKDEAE10%) TRE 225 OXNERDT-.

ZOFEFRIT Table 6 D EEBY, bbb, WCS RUMIKIZEBIT D 7474 FOFEHENLRIL
88.1~102 %, # D UKEELITMIHEMERZ2E (RSD,) & LT 4.0 %Ll FORGENS BT,

ek, ol SIM 2y a~ 7T ADO—Hl% Fig. 712w LT,

Table 6 Recoveries for phthalide

Feed types
Spiked Rice straw Whole-crop rice silage Paddy rice
level ) 5 2) b) a) b)
(mg/kg) Recovery RSD: Recovery RSD: Recovery RSD:
(%) (%) (%) (%0) (%) (%)
0.5 — — — — 92.8 2.1
1.5 — — 90.5 4.0 — —
3.0 — — 92.0 2.9 — —
6.5 92.1 3.4 — — — —
10 — — — — 102 1.4
13 89.0 3.4 — — — —
30 — — 93.9 0.4 — —
130 88.1 0.9 — — — —
—: Not tested

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Retention Time / min Retention Time / min

Fig. 7  Selected ion monitoring chromatograms
(Arrows indicate the retention time of phthalide.)
A: Standard solution (0.1 pg/mL: 0.2 ng as phthalide)
B: Sample solution of rice straw spiked at 130 mg/kg of phthalide (0.104
pg/mL as phthalide)

3.9 E&E FREOWH TR
KIEDOFEETIRL O TREZMERT D720, bbb, WCS XUWEKIZCTZH T4 REEINL
TZHMEINGRBRIC L VB SNZE— 27 D SN AR 10 K3 LR 5 EEARDT-.
ZTORER, SO —27 D SN S 10 LLEL 228 E IS, WCS (REY) LUK
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HTEREN T, 3 %005 mgkg, SNEN3 ERIBEETZAETN2, 1 X00.2 mgkg ThH-o
el b, REORDL, WCS (JREY) KOWKkH CoER FRIZENRZER 7, 3 KO 0.5
mg/kg, B FRIZZNRZN 2, 1 X02mgkg ThH-o7z

7%, Table 6 (/R LBV, YUakE R FIRREEIZK T 2 RMENGRBRER IR TH o7,

3.10 HL[EFER

RIEOBB B L 2 R T 5720, REIHEEM, 20RO 2 mKE cHhmaihic X 2 4
[ Bk 2 it L 7.

Hmiel s LTk, 7974 FE L TR HIC 130 mgkg (O ARE 10 g2k LT 1 mL
(2 1300 pg Z&A T HHEUERR 1 mL RN %, WCSIZHEMHE LT 30 mgkg (AT HRE 10 g
WZRF LT 1 mL IZ 675 ug 258 HEEER 1| mL ¥ %, BKIC 1 mg/kg fAYS & (O R
BE10 g l2%F LT 1 mL FIZ 10 pg # 3 A T 2R 1 mL IR %, T2 &REREIZTHON
BIAAORT HICHRI L TR LR 2 AV, 2mABR=EE, —BMHEEA~A 2 hF U RE

2, JA HAARL D WETEHEX S M E L2 2o - ey ¥ —, 7V b T2 /1
R EHT TV r—va v ¥ —, MNATBUE N EMOKEEE B L e it v ¥ — IRk
BRRAEE, FELEE 22—, FMletr%—, A tBEtr 2 —, FEfF 2 — K OEREM 2
vH— GFIRBR=E) Thoto. fBEOMITICHONTIE, FEEMICAA—F T 1 XS HFERBR
\ZBET 5 FIE @ "% % %(2, Cochran #i7E, #MAUIE 1 8D Grubbs i E M O UIE 2 i D Grubbs
REZATV, MIUEOF B4R L7z LRy EIE, MoK UHEE (RSD,) K& OV BUR
(RSDp) ZH ML, 547 RSDr 25, {EIE Horwitz 3 Y% JV T HorRat 3K 7.

X Table 7D LB Y Thotz. fib b, WCS RUHLKIZOWT, 79T A KO FEHEIN R
1% 100, 93.7 21X 94.9 %, RSD, (% 2.1, 1.8 }2T*5.0 %, RSDg % 6.3, 3.8 X" 7.4 %, HorRat |%
0.83, 0.40 & X 0.46 TV B2 %R T »7=. HorRat 2% 0.50 ZHO T FE->TWVWDEH DN
boTe i, HITEERENEE ChL Z Ltk b0 L Bbiiz.

SEZED, FRBRECHEH L7z GC-MS OF§fE% % Table 8 12/~ L7=.
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Table 7  Collaborative study for phthalide

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 113 112 30.3 28.9 0.954 0.950
2 135 140 28.2 27.9 0.907 1.02
3 132 134 27.4 26.8 0.929 0.920
4 134 132 29.4 28.5 1.08 0.942
5 142 135 28.0 28.4 0.892 0.873
6 120 127 27.9 27.9 0.880 0.914
7 129 130 26.5 27.4 0.926 0.987
8 134 132 29.4 29.2 0.872 0.904
9 135 133 26.6 27.2 1.05 1.09
Spiked level (mg/kg) 130 30 1
Mean value Y (mg/kg) 131 28.1 0.949
Mean recovery Y (%) 100 93.7 94.9
RSD: ” (%) 2.1 1.8 5.0
RSDk ¢ (%) 6.3 3.8 7.4
PRSDr * (%) 7.7 9.7 16
HorRat 0.83 0.40 0.46

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 Instruments used in the collaborative study

Lab. No. GC-MS GC colume
(i.d.xlength, film thickness)
1 GCMS-QP2010 Plus, Shimadzu Rtx-5MS, Restek
(0.25 mmx30 m, 0.25 um)
5 GCMS-QP2010 Plus, Shimadzu Rtx-5MS, Restek
(0.25 mmx30 m, 0.25 pum)
3 GCMS-QP2010 Plus, Shimadzu Rtx-5MS, Restek
(0.25 mmx30 m, 0.25 um)
4 GC: 7890A, Agilent Technologies DB-5MS, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mmx30 m, 0.25 pm)
5 GCMS-QP2010 nc, Shimadzu DB-5MS, Agilent Technologies
(0.25 mmx30 m, 0.25 um)
6 GC: 7890A, Agilent Technologies DB-5MS + DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mmx30 m, 0.25 um, Duraguard 10 m)
; GC: 7890A, Agilent Technologies DB-5MS + DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mmx30 m, 0.25 um, Duraguard 10 m)
g GC: 7890GC, Agilent Technologies DB-5MS, Agilent Technologies
MS: 5977A extractorMSD, Agilent Technologies (0.25 mmx30 m, 0.25 pum)
9 GC: 6890N, Agilent Technologies HP-5MS, Agilent Technologies
MS: 5973 inertMSD, Agilent Technologies (0.25 mmx30 m, 0.25 pm)

4 F&EOH
B A 2R T 5 7Y T4 ROERIEIZOWT, JFRL 4% IS EFRM B H i~ o5 A o

A ERE L& 2 A, mitgs (GC-ECD 725 GC-MS ~) OZEHE, FHHBEBOETE, 57 L

I TORKBAERDOEHE K GPC IZLH0KREEMETHZLIZED, DLTOREN GO, B

AIRECH D EHEZ BT,

1) MEMRIE, 0.002~0.2 pg/mL (FEAEE LT 0.004~0.4 ng A4 &) O®iPH CEMRMEZ R L.

2k, BEBmERICBT 24~ MY v 7 2OEMENGREBROREREIL, fib 5T 0.0052,
0.0104 }2 7% 0.104 pg/mL A8, WCS T 0.0055, 0.0109 } X 0.109 pg/mL #8324 } U1K T 0.005 K&
V0.1 pg/mL FHY & L7z,

2) fARHHA RITONT, REICKE->THELREZZa~ N T AT, EEBEZHTHE— 271309
Lo Tz,

3) 7HIA4 RELT, MbHIT6.5, 13 KT 130 mgkg A4S E, WCSICHEWHFICHRELTIL.5, 3
KO 30 mg/kg AH Y B ORI 0.5 KON 10 mg/kg FHYS &2 RN L 72k 2 v ¢, KBz kv
3RPHMTCERL, BIEE K LEELBREF LI 25, BHRERPGEONT.

4) REOT7H T4 ROERETRIZMED S, WCS (AizH) LKUOBXkFhTERENR 7, 3 K 0.5
mg/kg, HHTIRIIMDO S, WCS (JEEY) KOBEKFTZEAZN 2, 1 LT 0.2 mgkg ThH-o
7.

5) 7% 74 FELT, fgbbIiT 130 mg/kg, WCS IZJFMHATE L T 30 mg/kg X UHIKIZ 1 mg/kg A
VEZIRMLUTZREZHNT9RBREICB O TARBICEWEFRRBRZ EE L= 25, B2
RERHFHTz.
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Bl 23
HFERBRICS ML T2 Wi — M EEA~ A 2 v U REH S, JA BHHARLS H W EE
R B RSN s B 2 —, TV TV Jud—REeT7T 7Y r—va vt
VIR LBEBRESMICEH OB ER L ET.
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