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Determination of Molinate in Feed by GC-MS

Shingo MATSUO®
(* Food and Agricultural Materials Inspection Center, Sapporo Regional Center)

An analytical method was developed to determine the level of molinate in feed using gas
chromatograph-mass spectrometer (GC-MS).

After adding water to the samples, molinate was extracted with acetone and the resulting solutions
were filtered. The filtrate was then diluted with acetone to a final volume of 200 mL. The extract
was purified in a separatory funnel with sodium chloride solution (10 % w/w) and hexane. The
sample solution was purified with Bond Elut PSA (Agilent Technologies Inc.; Santa Clara, CA,
U.S.) connected in tandem over Sep-Pak Plus Florisil cartridge (Waters; Milford, MA, U.S.) and
injected into the GC-MS system for determination of the molinate level. GC separation was
carried out on a fused silica capillary column (Rtx-5MS ; 0.25 mm i.d.x 30 m, film thickness 0.25
pm from Restek Corporation; Bellefonte, PA, U.S.). The mass spectrometer was operated using
electron ionization (EI).

Spike tests were conducted on rice straw, whole-crop rice silage and paddy rice spiked with 0.05,
0.1 or 0.3 mg/kg of molinate. Formula feed (cattle and chicken use) was also spiked with molinate
at levels of 0.1 or 0.3 mg/kg. The resulting mean recoveries ranged from 90.8 % to 111 %, and the
relative standard deviations (RSD,) were not more than 7.6 %.

A collaborative study was conducted in nine laboratories using rice straw, paddy rice, and formula
feed (cattle use) spiked with 0.3 mg/kg, 0.05 mg/kg, and 0.1 mg/kg of molinate, respectively. The
mean recovery, and the repeatability and reproducibility, in terms of the relative standard deviation
(RSD; and RSDg) and HorRat, respectively, were 105 % and 5.1 %, 16 %, and 0.84 for rice straw,
103 % and 5.6 %, 11 %, and 0.50 for paddy rice, and 107 %, and 7.4 %, 12 %, and 0.54 for
formula feed.

This method was validated and established for use in the inspection of molinate in feed.

Key words: rice straw ; rice whole-crop silage roughage ; paddy rice ; feed ; molinate ; gas
chromatograph-mass spectrometer (GC-MS) ; electron ionization (EI)
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Molinate
S-ethyl azepane-1-carbothioate
CoH7NOS MW: 187.3
CAS No.: 2212-67-1
Fig. 1 Chemical structure of molinate
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Table 1 Composition of the formula feed
Kind of .GrouI.) of Proportion Ingredients
formula feed ingredients (%)

For cattle Grains 76 Corn, barley, wheat, lupins

Brans 17 Wheat bran, corn gulten feed, cron distiller's dried grains
with solubles, screening pellet

Oil meals 5 Soybean meal, rapeseed meal
Others 2 Calcium carbonate, molasses, Salt

For Grains 64 Corn, dehulled rice

growing chicken  Oil meals 20 Soybean meal, rapeseed meal, corn gulten meal
Animal by-products 3 Fish meal, dried whey
Brans 2 Rice bran, bran, corn distiller's dried grains with solubles
Others 11 Calcium carbonate, animal fat, calcium phosphate, salt,

solanum melanoxylon powder, saccharomyces cerevisiae,
processed paprika extract, silica

e
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1) £V x— MEER

£ U 3x— MEXEL (Dr. Ehrenstorfer i,

FEE 99.0 %) 25 mg Z EfEICE > T 50 mL DR &E Y

FAIZAN, T AEMZTELL, FITERE CREEZ M TEY 3 — MEERKZ
FRL7 (ZoW®1ImLiE, EYVR—FELTOSmgZEHTD (F=0.990) . ) .

AR LT, U 32— MEEREO —EE&Z~F % TEMRIZARL,

1 mL FiZEY %
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1) HAZu~< 77 78&SHEr : BEEAEFT GCMS-QP2010 Plus
) IWEIOI XA T v Ly Ty 2 — I —SR2W
3) m—HY—xT AR —F—:

HORER LA A5 NAT-160
4y =F LUV TIVN-TrELTY AT Y IS =0T A (500 mg)

: Agilent

Technologies #! Bond Elut PSA LRC #— ~ U v ¥ (U ' —/3—% & 10 mL)

5 BT AB~ XU LAI=TT A (910 mg)
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: Waters ! Sep-Pak Plus Florisil Cartridge

IHTEREL 100 g Z B> T300mL O =FA 7T 232 AN, K20mL (Fab S & OFgs

BEMLEREHT 30 mL) 2%, 30 sM##ER, EICT7 & M2 100 mL (Féo & & OFE R B
fAEHT 120 mL) 0%, 30 RHEV IRE T (300 rpm) flil L7=. 200 mL D& 7 T 2 2
77— OTICEE, htiEEsE AH (5 fE B) TWREIAB L%, Lo =Af7 T
A ROFESZNERT & R 50 mL THEE L, RERICWEIAB L. BIZEET T A a0
METTE M EMATZ. ZOW 20 mL % 200 mL D2 3E 7 7 A 2 (ZEMIC AR, 40 °C
LIFOKETHI 3 mL F CHUEREM L, RiRoEICHd 250HAK & Lz,
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AUBHATE 2 300 mL O3 HKiRSF A IC A, (kT MU O LK (10 wiv%) 100 mL &
OAFH 2 50 mL 2z 7. REHRIEDO A > TWERTIET I A aZ2~F % 25 mL T2
[EIed L, Yok &0k A lIcG b, Sikiek A %2 5 iV IR (300 rpm) #
e L, KE (FHE) % 300 mL O3} B IZAN, Eolo~XH¥ )@ (BfE) % 300
mL D=7 T A3l AN, BiER; BIZ~%H 2 50 mL 2012 C 5 pMIEVIRET-
(300 rpm) H“EFEL, KEE2ETAFVUVBLZEO=fA 7T 23 IChbER. Z0O=f
Z7IAAZHEEOREST N UL (EK) A TAFH U AENAKL, 300 mL D723
77 AZAH (5 FL A) TAHABELE. HiZ, A7 7 RAazLbEaOANTH U THREL,
R Z O Al L TAHAIREEDLET. A% 40 °C L FOKHE TH 3 mL £ CTHUEIR
ML, 77 2B T 2REHAR & L.
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TFL VT IVUNTae AT IR ) BV =BT A (BLF IPSA S =07
Ll EWS. ) ODFICAKRTAB~ I RV U AI=AT7.5 (LT 700 vI=07
L) WD) BEFEL, ~F T 10 mL THEF L BBl~=FR— L REMFHL, iHH
1~2mL/min FEE L L7z, LFRIL) .

50 mL ORI 77 Aaz2@#fE LI =T L0 FICES, REHREZ I =07 A2
X, WENFETAHO ESRICETH2E TR FSE, U X— bEiM S, TICREHE
WDONSTWE T 7 7 A a%~FH 2 5mL $-OC3EIPEFL, RRZIERI =77
LN Z, FERICHE S, RIZ, PSA S=H T 2% 3T, 7ol VL= T7L0
EICEREEEMS L, ~F V-V Frz—TL (9+1) 15 mL ZMAZTEY F—h
ERH 7. WHEIC T2 Ry —Y=F L7 U a—n (100+1) 1 mL #A01%, 40 °C
LFOKIBTIZE AL HET D E CTRIERM L%, BRI AL ES THE L., ~FH
v 1 mL ZIEMEICNMZ TERBWZRNL, A7~ ~7T 7EBSEHIC L 2HE It
T HREHRK & Lz,

A v~ ~7 7 7HEmSHretic X 2 H1E

AREHAR R OFE D F— MEWRS 2 uL 2 H A7 a~ W77 7EREGITFHZEAL,
BIRA At (LLF ISIM] EW9H . ) Zua~ 7T LxEE. BIESM% Table 2 (27
L7z,
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Table 2 Operating conditions of GC-MS

Column Rtx-5MS (0.25 mm i.d.x30 m,0.25 um film thickness)
Column temperature 80 °C (1 min) —» 20 °C/min - 280 °C (10 min) - 300 °C (10 min)
Injection mode Splitless (60 s)

Injectionport temperatur 250 °C

Carrier gas He 1.0 mL/min
Transferline temperature 280 °C

Ion source temperature 230 °C

Ionization energy 70 eV

Tonization Electron ionization (EI)

Monitor ion m/z 187 (quantification), 126 (confirmation)
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Sample 10.0 g (300 mL of erlenmeyer flask)

— add 20 mL of water (Rice straw and Whole-crop rice silage :30 mL) and allow to stand for 30 min
—add 100 mL of acetone (Rice straw and Whole-crop rice silage : 120 mL) and shake for 30 min
— filtrate with suction filter (No.5B)

— wash with 50 mL of acetone

— top up to 200 mL with acetone

— 20 mL of sample solution

— evaporate to the volume of 3 mL under 40 °C

liquid liquid extraction (300 mL of separatory funnel A)

—add 100 mL of 10 % sodium chloride solution

— add 100 mL of hexane

— shake for 5 min

I
Hexane layer Aqueous layer (300 mL of separatory funnel B)

—add 50 mL of hexane

— shake for 5 min

Hexane layer Aqueous layer (waste)

— 300 mL of Erlenmeyer flask

— add sodium sulfate

— filtration

— evaporate to the volume of 3 mL under 40 °C

Bond Elut LRC PSA - Florisil joint cartridge

— attach Elut LRC PSA above Florisil cartridge, wash with 10 mL of hexane

— add Sample solution to mini columns

— wash with 5 mL of hexane (three times)

— remove Bond Elut LRC PSA from Florisil cartridge

— clute with 15 mL of hexane-diethylether (9:1) from Florisil cartridge
—add 1 mL of acetone-diethylene glycol (100:1)

— evaporate to dryness under 40 °C

— dissolve in 1.0 mL of hexane
GC-MS
Scheme 1 Analytical procedure for molinate in feed
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T 3— FOWEBEICLDBRESIET 2720, BEBEOSH TX— =L LTHHSN
L7 b=y F LY a—n (100+1) KTFE (49+1) OFEHOHIZHOWT, LLTFDJ
BEIZIEWER L 7.

AEHIFGD 5 %2 HWT JFRL IBICEWBIEEZ T o722 =0 7 A0 b ORHIRIZE Y 32—~ (&
PrafBth CE Y *— h & LT 03 mgkg fHY &) MM 7%, ThENLOF—/ " —1mL 2 Mz 7.
BONTREHRRZ 40 °CLLTOKIBTIZE A EHET 5 & TRIEREME L%, EF T A %%
STHIE LTz, £D%, ~F 42 1 mL % EfEICNZCTHEREMERNL, A~ N7 78
EONTRHZ XD HE ST 23 BHE IR & LT,

3 WBRRUBE
3.1 MEMROIERK
0.03, 0.1, 0.2, 0.3, 04 }2Tr0.5 pg/mL OEF Y x— MEERS 2 WL x T A7 a~ N7 778
BOMFHZIEAL, o7 SIM Z7a~ 77 A5 E—7 B LE S 2RO TRERZ(E
L7z,
ZORER, BMERIL 0.03~0.5 uyg/mL (FEAEL LT 0.06~1.0 ng) DOHFiPH CEMRMEZ TR LT,

1 y=290554x + 178.53 | y=239140x + 1204.5
R2=10.9996 R2=0.9998
3 e
E
0 0.1 0.2 0.3 04 0.5 0 0.1 0.2 0.3 0.4 0.5
Molinate / [pg/mL] Molinate / [pg/mL]

Fig. 2 Calibration curves of molinate
(left : area, right : height)

32 BV R— NOHEERIEIC X HHEEOB L
AREHZE Y Xx— & LT 03 mgkg fHYEZIRML, JFRL EIZHEW 3 BV KL ERE LT &
A, feb b T, BRI 483 %, € Ok UK IIFH S E R~ (RSD,) & LT 14 %,
F7o, FRRBHLEE CIT BRI 555 %, TOMK UEEIZRSD, ELT17% Tho7o. =
NHDEEINERDFER & LT, S oOREBIFEICES2EY XR— FOBEROARENSZ 2 bz,
ZIT, 25 VR R T o728 2 A, Table 3D LB, WEHAKOEMERFICEF —/S—L L
Trebhr—vzFrorrUa—n (100+41) % 1 mL M2 52 EI2ED, FEUGRICEEDNGED
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Siviz. Fiz, A (49+1) TIEBEUL E e >0, ZhiE, REHAKRTP O =F L7 ) a—
NVBENREWZ LICLD, TAZ7u~ 7T 70RBBEANSTO~ MY v 7 2RO BLEZ
b,

INDDOFERND, RIETE, ~F T UEEkORRRITZEE I, =80T A~EFEAT
HOWZmE Y 7emE (3~5 mL) ICEREMT 22 L. £, =07 A0 00EMHIKIZITE,
T hr—vEFL s Y a—n (100+41) 1 mL 2Nz CTHEREICLSETY 32— FOBEKED
kL.

Table 3  Recovery test with addition of keeper in sample solution

Acetone-diethylene glycol

Spiked level 100:1 1 mL 49:1 1mL
(mgke) ) - R
Recovery(%)”  RSD; Recovery(%)”  RSD:
0.3 103 35 115 0.0

a) Mean (n=3)

b) Relative standard deviations repeatability

33 TY X— FOANFH U A~DHRER

AEHZ R & 2 L T JFRL {EICEWV G D 7o iHiRIZE Y 2 — b 0.3 ng/mL FHY & (8T
B 03 mg/kg FINE) ZHIML, ~FV o ~DIRERE MR LIz,

ZOFESR, Table 4 DLV, EY Rx— MI~FH 2 100 mL T97 %, ZD% 50 mL T 3 %ix
WL, ZO#%D 50 mL TITERENRD SNRholz. ZNHDZ Ennd, KETIE JFRL i & [F)
BRIZ 1R E X 100 mL, 2 [EH X 50 mL O~F 52 2 O TR fEa 175> 2 L & Lz

RE, ANF Y R BRIELLRE AR - TEIEZ KD 7.

Table 4  Result of liquid-liquid extraction

. Hexane
Spiked level 0-100 mL 100-150 mL 150-200 mL Total
(mg/kg) 2
Recovery (%)
0.3 97 3 0 100

a) Mean (n=2)

3.4 =0T L5 OEHE Sy O

PSA S=W T LROERT A~ T XL T AI =N T ANPLOEY X — FORHE S ZLLT
DHFIZL VR LT,

JFRLIEIZREW, TR b AEGKT & F T L, ~FH V8217 - TR b IV o slUEHA IR
Z#) 3 mL £ T 40 °C LLFOKIB CHJLEREM L72%, FY %*— b 0.3 ng/mL fH4 & (OHralet
H 0.3 mgkg FHNE) ZRML, RO HEUR2)DEBY I =87 JEEITV, THENORH
B2 3 B AU Z R 7.

1) PSA =7 LH)bOyMHES)
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HENEW %2 PSA R =0T KM AN, BIZA~FH % PSA S =47 AIZMA T, ZOfHHE
FIZOWNWTEY X —RFEMEL, PSAI =TT L000E Y 3x— FOFHRNZ R LT,
ZORER, Table SO LBV, TU X — hMI~FH U 15 mL TREJRH LZZ 0D, Kk
TIEPSA I =T LICA~AFH L 15mLZMAxTEY Xx— hafiisds2 L L LTz,

Table 5 Elution pattern from Bond Elut PSA

Hexane

0-10 mL 10-15 mL 15-20 mL Total

Spiked level
(mg/kg)

Recovery(%) Y
0.3 95 10 0 105
a) Mean (n=3)

2) PSAI=NTLRPERTABY TR T LI =T L0 HHE S
PSA S=W T LD TIZERTABY IR U AI =T 278G L0 (BLF TER
BT L] WS ) IZOWNT, 1) Iy, BRI EZE Y T A0 B (PSA 2 =07
L) AR, HIZAFH 2 15 mL A T &7z, WIS, PSA S=0 7 2%1FTL, &
A~ 72 T AI=H T MEREEESEL, ~F Y =Fro—F (9+1) &
BRIz, #EFET T L0 OF U 2— ORI 2R L=,
ZOFER, Table 6 DBV, HiED T A ~FH 2 15 mL 2 MAZRETE Y 12— b3
WHEIZLTS%MH L, TOH%RPSA DT L2E2ITTL, AT A~ X T AI =0T AT~
¥ —VEFoo—70 (9+1) & 10 mL X 7=FES CIRIERENEH L.

Table 6  Elution pattern from Florisil cartridge

Soiked kvl Recovery(%) Y
piked leve )
Hexane Hexane-Diethylether (9:1
(mg/kg) Y S, Total
15 mL 0-10 mL 10-15 mL 15-20 mL
0.3 5 92 Tr 0 97

a) Mean (n=3)

DA )ORFHER S, RIETIE, Y Rx— FBRMH LK OVER T 5 /8D & 2 4y % )i <
BIRT 22 &L, HEEDTLADEDANFY 2 15 mL I K DFHERME O PSA BT L %133 L
BOBRIT A~ TR TLI =N T LNEDANFF L —PoF Lo —F )L (9+1) 15 mL 1T X
DR E TR 5 ke Lz

3.5 WiEWE OB
o &, FRRBEMLAEL, POk, FHEGEE, BHRGEE, £98AZ LERSTEEZHN
T, KIECI AR LR E A7 u~ 7T 7EBESWEHCIEAL, EREHIT 5 E—
JOFWEMRLI-EZ A, EREYTIE—7IIHRHEIN o702, 0d, UiEDEORGT
Bohi-SIM 7 ua~ 7T LAO—fl% Fig. 3 {28 L=,
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Intensity / arb.units

3.6

(%100, 000) Max Intensity - 12,902
L@
3.0;
2.0—3
molinate
1.0-
: %5 Ly oo

0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

Retention Time / min

Fig.3 Chromatogram of rice straw (non-spiked)

G & 7

2.1 TR LZREHCE Y 2 — &2 GofraEid 0.3, 0.1 &1 0.05 mg/kg Y E) LK

BHE W, AREICHE - T3 B80T 21TV, 2 OEIE K OWK U EIZ W TRET L7z,
ZOREHRIT, Table 7D LB TH Y, FHJEILRIL 90.8~111 %, T O UK R I3AH xR 1

iz (RSD,) & LT 7.6 %A FERIFTH-T=. 7ok, WMEBEIGREROREF T/ LI SIM 7

n~v 77 L5O—Hl% Fig. 4 IZR LT,

Table 7  Recovery test of molinate

Spiked level ~ Rice straw

Whole crop . Formula feed for ~ Formula feed for
. Paddy rice .
rice silage cattle chicken

(mg/kg)
Recovery” RSD,” Recovery” RSD,” Recovery” RSD,” Recovery” RSD,” Recovery” RSD,”
0.3 106 3.1 104 42 96.3 0.4 90.8 1.4 91.9 52
0.1 110 3.9 98.5 1.2 96.3 2.8 95.7 4.1 94.1 2.0
0.05 111 7.6 108 4.8 94.5 24 - - - -

a) Mean recovery (n=3)

b) Relative standard deviation of repeatability

Intensity / arb.units

(

100, 000) Max Intensity : 8, 864

4.0
3.0
2.0

1.0]

molinate

|

) J\_.JUI\MJULWWJK

o4

0 555 6.0 6.5 7.0 7.5 8.0 8.5
Retention Time / min

Fig.4 Chromatogram of rice straw (0.3 mg/kg)
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3.7 EETREOHH TR

AREOERTRE OB TRA R T 5720, bbb KOMKICEY 2— MEEHRIML, KL
W T3 MOHTOWNEER L, HoNIZE—27 O SN K REILRSE 2 KD 7.

ZORER, B —27 O SN 10 BLEE 72 51X 0.03 mgkg TH Y, F7- Table 8 D& BV if
MMEMGRBROFER S RIF CTh o722 2006, KIEOERETR%EZ 0.03 mgkg & L7, £z, KiE
DO FIRIZ SNt 3 DL EZ2 7o IR & U CRUBHH 0.01 mg/kg & L7z

Table 8 Recovery test at the level of limit of quantification

Spiked level Rice straw Paddy rice
(mg/kg) Recoverya) RSDrb) Recoverya) RSDrb)
0.03 110 2.2 101 12

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

3.8 JL[ARAER
REORMHBREE 2RI 5720, bbb, WALOILHFEEHEASENZETY 22— b2

WL 7= maE 2 Ly, 9 RBECTRBRAFER L. RBROMBEIILU TOEBY THD.

1) srirelklo
Fiddo BB K OB RECAFEHZOWT, 2.1 O &0 RE L =50 FHae 2 %544 L,
FRBREICBOTENZN 10 g 280 B-o 7o, #REEIEE I o RN AR & 43 B4k O Bl
HIZHWIML TR L7z, IINREEREY *r— & LT, WP 5HIZ 0.3 mgkg HHY & (3 pg/mL
DE Y R — MRIAERER Z 1 mL &0 , BRI 0.05 mg/kg tH4 & (FERIC 0.5 pg/mL %
ImL) , FLAAFESGEEHC 0.1 mgkg Y& (FERIZ 1 pg/mL % 1mL) &FHEHZIOWT, FEH]
RO 2 O T CTREBR A L L7

2) ZEBR=E
— MR ENEN ARG o 2 —ZEEFET, — MRS AN B AR AR S B R
et H—, JA HARLS B WERRER S, MSIATEIE N B EN B L it ¥ —
R e 2 A, FfLRE s 2 —, Rttt 44—, R4 TRt 2 —, FfAtr 22—k
V@ > % — (5F 9 #BR=)

3) FEROMEHT
FESRIL Table 9 D LBV Tholo., HESWFHNA A N7 v 7RI 2 REBE=EIZB W
T, EEHOE=F—A A2 m/z 187 TIX, 0.5 pgmL Y DEY 2 — MEMER TH > TH SN
s 10 RGO 7= OB OERPRECHL2EOHEBIC L ERENSELNRI-T. 272
L, ZBHOE=F—AF 2 m/z 126 TERUREENHF LD, BEHEE L THERHOE
=X —AF U TERLEERE Table 9 IR L72. Ko T, MEROMITIL, 14 T v TH
BHERD 2 REBRE 2RV 7T R RBR=EIC OV T, EEMIC A —F T A4 XS LFRBRICET 5
FNE V%&£ E\Z, Cochran MiE, FMHUE 1 180 Grubbs #iidE & O AUIE 2 180> Grubbs # i %
TV, SANEOFEEZIT 572 ETHEEHEIE, MR LKEE (RSD,) K OVE [H i B &
(RSDp) ZHEMHL7-. 57z RSDr 2* 5, {EIE Horwitz 2.% VT HorRat % K & 7-.
oo b TiX, FHEUEIT 105 %, Z OZPMRR UNEEE & OV M R BUR 132 102 AUR RS
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Yl 7= (RSD, X Y RSDg) & LT 5.1 %KV 16 % TH Y, HorRat (X 0.84 Tho7z. KT,
AL 103 %, O NG UKSEE & OV M BUR S 132 2 AU AHIE YR 22 (RSD,
L OVRSDg) & LT5.6%K0N11%THY, HorRat 1% 0.50 TH-o7-. JLAFEEHE AL T
X, CEHEUERIT 107 %, Z OENGHR UK E & OVE [ B L 132 02 10 A Y i 2=
(RSD, X TXRSDg) & LT 7.4%K 12% TV, HorRat X 0.54 ThH-7z.

BEDORD, FRBRECTHEM LT A7 o~ 7T 7 EESHE OMES %2 Table 10 (2R
L.

Table 9 Instruments used in the collaborative study

Feed types
Lab. No. Rice straw Paddy rice Formula feed for
cattle
(ng/kg) (ng/kg) (ng/kg)
1 353 374 58.8 50.4 123 124
2 297 249 412 433 103 98.1
3 333 345 50.6 51.1 106 125
4 358 344 533 53.8 112 92.3
5 318 300 59.8 577 86.7 84.5
6 320 308 50.4 489 105 110
7 256 257 474 53.2 119 110
8 313% 286" 4919 68.0” 113% 131
9 3247 308 54.6" 474" 108" 108"
Spiked level (ng/kg) 300 50 100
Mean value” (pg/kg) 315 514 107
Recovery ” (%) 105 103 107
RSD,” (%) 5.1 5.6 7.4
RSDg ¥ (%) 16 11 12
PRSD;? (%) 19 22 22
HorRat 0.84 0.50 0.54

a) Data obtained by using ion trap type detectors monitoring m/z 126, which were excluded from
statistical calculation.

b) n=14

c) 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 10  Instruments used in the collaborative study
GC Column

Lab. No. GCE-MS (i.d.xlength, film thickness)
1 SHIMADZU GCMS-QP2010 Ultra Agilent Technologies HP-5MS
(0.25 mm i.d.x30 m, 0.25 pm)
) Agilent Technologies Agilent Technologies HP-5MSI
6890N/5973 inert (0.25 mm 1.d.x30 m, 0.25 um)
3 SHIMADZU GCMS-QP2010 Plus RESTEK Rtx-5MS
(0.25 mm i.d.x30 m, 0.25 pm)
4 SHIMADZU GCMS-QP2010 Plus RESTEK Roe-SMS
(0.25 mm 1.d.x30 m, 0.25 pm)
5 SHIMADZU GCMS-QP2010 RESTEK Rtx-5SMS
(0.25 mm i.d.x30 m, 0.25 pm)
6 SHIMADZU GCMS-QP2010 RESTEK Roe-SMS
(0.25 mm 1.d.x30 m, 0.25 pm)
7 Agilent Technologies HP-5MS
SHIMADZU GCMS-QP2010 (0.25 mm .d.x30 m, 0.25 ym)
3 Thermo ELECTRON Thermo TR-5ms SQC
FOCUS GCPOLARIS Q (0.25 mm 1.d.x30 m, 0.25 um)
9 Thermo ELECTRON Thermo TR-5ms SQC
FOCUS GC~POLARIS Q (0.25 mm i.d.x30 m, 0.25 pm)
4 F&D

FRHOEY 2 — MIOWT, HRAZa~ T LNERESITFZ T E&IEO R T FL A~

DEH DA I ONWTHRETLIZE Z A, UTORENELN, BHNAETHDL EE LN,

1) MEHMRIL 0.03~0.5 ng/mL (FEAE L LTO0.06~1.0 ng) DO#iPH CTEFRMEZ R LT,

2) 2 FEHOMb L, 1 FEORBEEMAE L O 2 MEOK, FHESEE, BRAESEE, &
IHEAZLERSTEIZONT, KEIZHE->THOLNZ SIM 7~ N7 750 61%, EU X—
FNOEREZGITFDE—7 RO LR o7z,

3) b, FEISERMETE, Bk, FHEGER X OHBHEAFEEICE Y x— F2iR (b b,
Fo s B AR K OV KIS, BBt TE Y X — R & LT 03, 0.1 KT 0.05 mgkg FHY&. 4 HE
AR O AR A EFRENCFE T < 0.3 LT 0.1 mgkg FHINE) LB 2BV T, REICEVIR
SRR R ER 2 F s L= & 2 A, EHEULERIE, 90.8~111 %, & O UK B 13k o 15 v 72
(RSD,) & LT 7.6%LUTE&RIFRAFERTH T

4y ARIFEC X DERETFRIE, 3B 0.03 mg/kg, B TRRIX 0.0l mgkg TH o7

5) bbb, MKEOHFHEGERICEY x— b2 GREfRTEY X—FELTO03, 0.1 XY
0.05 mg/kg FHY ) L7 B 2 VT 9RBREICB W TAEICE VIR Z E/i L=, Ok
B, 2R BELZRS TRBRECRERERENG LN

# &
HFEBRIZS ML T2 — M AN A AR 3T v 2 — ZEENHSERT, —fttHiE AR
AR ZEER 2B ZE T IEE > 2 —, JA AR B HWEIBRRASALIZ I D BIFR A 4501k
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HOBEERLET.
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