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Determination of Diuron in Feeds by LC-MS
Masayo NOMURA"', Yasutoshi SUGIMOTO"? and Kazuya WASHIO
(*lFood and Agricultural Materials Inspection Center, Fukuoka Regional Center
(Now Fertilizer and Feed Inspection Department),

“Food and Agricultural Materials Inspection Center, Fukuoka Regional Center)

An analytical method for determination of diuron in feeds wusing liquid

chromatography-electrospray ionization-mass spectrometry (LC-ESI-MS) was developed.  After
addition of 15 mL (30 mL for grass hay) of water, the sample was left for 30 minutes. = Diuron
was extracted with 100 mL of acetone and filtered. (The extract was topped up to 200 mL for grass
hay.)  All sample solution (20 mL of the sample solution for grass hay) was condensed.  After
the addition of 5 g of sodium chloride (10 mL of water and 5 g of sodium chloride for grass hay)
into the condensed solution, the sample solutions were purified by Chem Elut cartridge with
hexane and evaporated to dryness.  The residue was dissolved in cyclohexane-acetone (4:1).
It was purified by gel permeation chromatography (GPC) with cyclohexane-acetone (4:1) and
Sep-Pak Plus Florisil cartridge with hexane-acetone (17:3).  The eluate was evaporated to
dryness and dissolved in 2 mL of methanol, and subjected to LC-ESI-MS for determination of
diuron.  The LC separation was carried out on an ODS column (ZORBAX Eclipse XDB-C18,
2.1 mm i.d.x150 mm, 5 pm (Agilent Technologies)) using methanol-2 mmol/L ammonium acetate
solution (13:7) as a mobile phase. = The determination was performed in selected ion monitoring
(SIM) mode using [M("*Co'H;0*CL"*N,'°0)+H] "ion at m/z 233
( [M(12C91H103’5C13’7C114N216O)+H]+ ion at m/z 235 for ryegrass straw). A recovery test was
conducted using two kinds of formula feed, corn, oats hay and ryegrass straw spiked with diuron at
0.2 and 0.02 mg/kg (4 and 0.4 mg/kg for oats hay, 2, 1 and 0.4 mg/kg for ryegrass straw).  The
mean recoveries of diuron were 84.8~99.2 % and the relative standard deviations (RSD) were
within 7.8 %. A collaborative study was conducted in seven laboratories using formula feed for
breeding hen and corn and oats hay spiked with diuron at 0.05 mg/kg (4 mg/kg for oats hay).
The mean recovery of formula feed for breeding hen was 92.3 %, and the repeatability and
reproducibility in terms of the relative standard deviations (RSD, and RSDyg) were 4.7 % and 12 %
respectively.  These values were 86.9 %, 3.3 % and 12 % for corn ; 91.0 %, 2.6 % and 8.3 % for

oats hay respectively.
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Diuron
3-(3,4-dichlorophenyl)-1,1-dimethylurea
CoH1oCLLN,O  MW:233.1

CAS No.: 330-54-1
Fig. 1 Chemical structure of diuron
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Table 1  Compositions of the formula feeds

Formula feed Ingredient types Proportion Ingredients
types (%)
For broiler Grains 67 Milo, Corn
finishing chick Oil seed meal 22 Soybean meal, Rapeseed meal
Animal by-products 2 Fish meal, Chicken meal, Feather meal
Others 9 Animal fat, Calcium carbonate, Calcium phosphate, Salt,

Garlic powder, Green tea extract, Fermented milk powder,
Dried yeast cell wall, Cinnamon, Pumpkin seed, Feed additives

For beef cattle Grains 75 Corn, Barley
Brans 17 Wheat bran, Corn gluten feed
Oil seed meal 7 Soybean meal, Rapeseed meal
Othes 1 Calcium carbonate, Salt
22 &K

1) Yvun fERER
Yoo Rl (B SRR, S 99.9 %) 25 mg & EfEICE > TS50mL DEET T A 2|2
A, T2 M CEMZTENL, LICERE CREBEZMA T U r JEEREZFHE L (2
DWW 1ImLIZYvrr L T05mg (F=0.999) & AT 5. ) . MEHICELT, EERKD—
EREAEAZ ) —)LVTERICHFRL, ImLHicy e & LT0.01, 0.02, 0.04, 0.1, 0.2, 0.4,
1, 2Kk 4ug #8H T2V SEEREZFRR L.
2) 3R
TER=FUN, AZ =)V ROEREKZIEE v~ 77 7HREEZHWZ, 7k,
AFY RN T moasF P 3R RIGBHRIEEZ H 2, FRE L Th LS oREEIZ o
TIXFfkE Ve,
23 HEEROHE
1) k7o~ N7T 7 EESHE
LC B : BESY/EATH.  Prominence
MS # - BERAERTR. LCMS-2010EV
2) IREIK: FAT v/ Ly Tz —h—SR2W
3) m—# Y —=x /KL —%— : BUCHI Labortechnik # R-210
4) O HERE - AREEERTR 5100
5) Z4LMESr A Y v T A Varian 8 Chem Elut, 20 mL (20 mL f&FFH)
6) FNERBIsu~ NI T 7 EERERR GPC VAT A
R 7 . LC-10ATvp
F— h¥ 75— : SIL-10AP
753 aral s #—: FRC-10A
7 BRI AW~ T FXT U LI =H T A Waters . Sep-Pak Plus Florisil cartridge (72 CAHI &
910 mg) (Z Y HF—"—ZHfELZbD
8) AVT T T 4K —  HEEEMRKE DISMIC-25HP (fL£% 0.45 pm, [E£E 25 mm, PTFE)



4 fREHFZE S Vol. 35 (2010)

24 TEEIFE
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O IINTEEL 10.0 g 2 8-> T 200 mL O 3the =7 F 2 2|2 Ak, K30mL %,

30 rfEERE R, FIZT7 &' F2 100 mL #00%, 60 /rRIHEYV IBE T L7=. 200 mL O4&

77 A% 7 7 =IO TICES, e A (5 B) TWEIA®LLE. ko =M47

TAAROESZNERT 2 h 2 50mL THF L, FERICEKSIABL, TICE&ET T A a0
METTE M EMATZ. 2O 20mL % 300 mL O 7237 T 2 2 IZIEMEIZ AL, 40 °C LA
TOKBTImL LLT £ CRUERME L, 57 20 I+ 25ERAIKR S LT,
it & Ofth oAk SIATECEE 10.0 g & B> T 200 mL O3 =447 7 X 22 Ad, K 15mL %
Mz, 30 srMEFER, EICT7E b 100 mL 200%, 60 ZrEHE Y RE T L7z, 300 mL

DRI T 7 Aa%2T7 7 F—FRI}OTFICES, MKz A (5 fE B) TRG|AiELE,
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40 °C LA F ORI T 15 mL LA N £ THUERM L, 77 DB ST 250K & LTz
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ST A Y T LB T ACARN, 5OoMEE L. 300mL ORI T AaE2 0T LD TICE
&, ABHABRD A TV T 7 7 A3 ~F%H 5 mL 35T 3 EVESEL, TRiKZIEXSD
T LA, WENFTETAKIO EMICETH2E TR L, Yyl 2t IEz. FiZ, ~F
P85 mL &4 T AN A TRKRICIEH S, EHEE 40 °C L FOKB TIE & A ERLlE T 5
FOMWERM Lictk, SR T AL Lo Tzl L7z,

vrua~ndtr =7t~ (4+1) 10 mL Z EREICNZ TEREWMZENL, 2O % 10 mL
DO im DR 12 AFL, 1,000xg T 5 iz OmBE L7k, EBARREA LTI 7 4V
—TABL, FIVREBEI/ v~ T 7 40—t oA E LTz,

3y FNRGBI/u~Y NS TT 40—

AREHATK 4 mL GEAEIX 2 mL) 27 VigiEr a~ 77 7ICEAL, YuryBNEHT S
E5y% 50 mL O T 7 T A2 H L, 40 °C LLFOKB TIE & A EMET 2 F CRUTE R
L7cth, BFRITAZESTCHE L., FVREZ B~ N7 7 O5M% Table 2 123 L7z,

AFY U 10mL ZMZ CTEEMZRENL, B 7 LA NI 28 EHRKR E Lz

Table 2  Operating conditions of GPC for analyzing diuron

Column Shodex CLNpak EV-2000AC (20 mm i.d.x300 mm, 15 pm)
Guard column Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm)
Eluent Cyclohexane-acetone(4:1)

Flow rate 5 mL/min

Fraction volume 90~110 mL

4) T NALER I
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TR (1743) 2mL TO T3PS L, R EIERI =07 A2 Z, WENFE TAHO E

WIZETAETHRIL Yy 2EH &S~ B, ~FH9 o —7%8 R (1743) 19 mL %

=T ANA, ERRICEE ST

WHIR % 40 °C LLF ORI TIZ & A CREE T 2 £ TRUEIRMG L7o%, ER T A& %o THIE
L7z

AH =2 mL % EMICMA TEEDZENL, RiKk7a~ N7 7EESHFHC L5
ENAE T 2 BRI & LTz

Rik7 v~ 277 7 EE&SHEHT X 2HE

REHATR L O 2 U 1 ARHERRAS 2 pL ik m~ 77 7 EESHTEHTIEA L, Table 3
OPELRMIHE- T, BIRA A7 u~ 7T LE1HT-.

Table 3  Operating conditions of LC-MS for analyzing diuron

Column Agilent Technologies ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 pum)
Mobile phase Methanol-2 mmol/L ammonium acetate solution(13:7)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Nebulizer gas N, (1.5 L/min)

Heat block temperature 200 °C

CDL temperature 250 °C

Monitor ion m/z 233 (235 for rye grass straw)
6) &t &

BoNE-BIRAA B 70~ NS AL E—HEBXIIES S 2RO TRHREHELEER L,
AEtFoOYv o BEEH L.
B, EEIEOEE % Scheme 1 (TR L7z,
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Sample 10.0 g

Al

oy

Che

GPC

add 15 mL (30 mL for grass hay) of water
allow to stand for 30 min

add 100 mL of acetone and shake for 60 min
filtrate under suction filter (No.5B)

wash with 50 mL of acetone

(grass hay ; top up to 200 mL with acetone)

Sample solution (grass hay ; 20 mL)
evaporate to the volume of 15 mL (grass hay ; 3 mL) under 40 °C
add 5 g of NaCl (grass hay ; add 10 mL of water and 5g of NaCl)

m Elut cartridge

apply sample solution and allow to stand for 5 min

wash and elute with 5 mL of hexane (three times)

elute with 85 mL of hexane

evaporate to dryness under 40 °C

dissolve in 10 mL of cyclohexane-acetone (4:1)

centrifuge for 5 min at 1,000xg
—— filtrate with membrane filter (0.45 pm)

apply 4 mL (grass hay ; 2 mL) of sample solution
collect 90~110 mL fraction
evaporate to dryness under 40 °C

dissolve in 10 mL of hexane

Sep-Pak Plus Florisil Cartridge (prewash with 5 mL of hexane)

LC-

apply sample solution
wash and elute with 2 mL of hexane-acetone (17:3) (three times)

elute with 19 mL of hexane-acetone (17:3)

evaporate to dryness under 40 °C

dissolve in 2 mL of methanol

MS
Scheme 1 Analytical procedure for diuron in feeds
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Fig. 2 Mass spectrum of standard solution of diuron

3.2 MEMROIERK
FEL L 72 0.01, 0.02, 0.04, 0.1, 02, 0.4, 1, 2 XU 4ugmL O v S ERERKRK 2 uL & iRIK
rua< b7 7ERESEHCEAL, BN u~ h I 00— EHBELOE S 2RO TH
iR a2 R L7z,
ZOFRER, BEHITFig.3 DEEBY 0.01~4 pg/mL (FEAEE LT 0.02~8 ng) DHiH TREERM: %
~ LT,

R2=0.9991 R#=0.9983

Peak area/ arb.units
Peak height/ arb.units

0 1 2 3 4 0 1 2 3 4
Concentration of diuron/ pg/mL Concentration of diuron/ pg/mL

Fig. 3  Calibration curves of diuron by peak area (left) and peak height (right)
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Table 4  Elution pattern from Chem Elut cartridge
Fraction volume (mL) 0~50 ~100 ~150 ~200 Total
Recovery of diuron” (%) 93 5 0 0 98
a) Mean (n=2)

3.4 FNRE7 v~ NI T 7 0 — O OB

FIREBEI v~ N7 T 7 4 —DORHE Sy OREREIT - 7=,

WHAIEE HEAEEZ 24 O DERDIC IV EELREAERIC e & LT 1 mgkg fH
MEEZRML, 24 D3)DOFNViREBE7a~ 777 40— 250EHAK E L, 80 mL 705 115 mL
DORZ SmL M CHE Lz, T0%, REICLVERELER, EHESORINEZ R LT

FOREE, Table 5D BV Vv ijivsa~dHh o —7 % b (4+1) 90~110 mL D452
WHEL, 90 mL LET A N 110 mL LB OWESIIXIRH SN eno 7=, Ot 2 —ETix, &
gman~nFkY =78 b2 (4+1) 85~105 mL DM 73 20 L TWDH A, KIETIET 7 ma~fy
=7k Fr (4+1) 90~110 mL OEHE 23T 22 L & L.

Table 5  Elution pattern from GPC
Fraction volume (mL)  80~85 ~90 ~95 ~100  ~105 ~110  ~115  Total
Recovery of diuron” (%) 0 0 54 31 3 0 97
a) Mean (n=2)

O

3.5 BT A~ 732U LI =TT LOU TS O

BT A~ T XU NI =0T LOEHBE Y OMEREIT- 7.

WAFIEE HEAEEZ 2.4 O 1), )LD L 0 EELZRENARKICY e v & LT 1 mgkg
HYEZRML, 24 O 4O 7 L0 IITHET 2 AR E L, 10 mL 284 L7z2®&RIC~F
=7 by (1743) TYUBRUVEBESGICENR L. Z20%, REICIBELE, WHES
DAY =R % fifggd L7z

ZORESR, Table6 D LB YT jd~FHr—7 8 (17+3) 0~25 mL O 5 THH L,
25 mL I OB ZITITEH Lier o7z, BLEDORERND, KI 7 AZBT 2EHICIEsirt ¥
—E LRI~ =T b (1743) 25SmL VWb L & LTz

Table 6  Elution pattern from Florisil mini column

Hexane Hexane-acetone (17:3)
0~10mL 0~10mL ~20mL ~25mL ~30mL  Total
Recovery of diuron® (%) 0 84 11 1 0 96

a) Mean (n=2)

3.6 WiEHEWE OB
TR OB AR (AAERER, WAFRER, “uda 7—EE%HA, EEFEEH, THKE
AR OHEKEER) , LH56A5Z L, K&E, hE, ZAE, v1Mn1, STEROEHE (A
R, TVT 7NV T 7 HERONTA 77 A05) 2RV, RIEIHE-> TRE L 7-3UEHRIR 2 1R
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Koo~ 77 7EESTEHIEAL, BEE—V OFBELHARLTLEZA, T4 T T7ADOLD
HICBWCEREZGTOE—I BRRDOONTEN, TE=F—A 4% mlz 235 \ZEETHEHEY
—JIFRO NN oTe. 2D, T4 7T AL LDRFEIZBNTIL, E=F —A 4 % m/z235
WCEET HMEND - T-.

BB, WEWEOBRNTHLNIZERS ARt o~ 77 AO—fl% Fig. 4 (TR LT,

(A) Intensityfarh units

(=1 OO0
1.30

130,000

1.004

3

oo

T T
uln} 05 1.0 15 20 2h 30 348 40 4.5 5.0 A&
Eetention Tirme f min

(B) Intensitvlarh units

(1 00,0000
1.20 120,000
1.004
aio
T T T T T T T T

T T
utn] o5 1.0 1.5 20 25 30 35 4.0 45 0 b5
Fetention Time f min

Fig.4  SIM chromatograms of blank solutions

LC-MS conditions are shown in Table 3.

(A) Sample solution of corn (not spiked)

(B) Sample solution of formula feed for beef cattle (not spiked)

(Arrows indicate the retention times of diuron.)

3.7 IRINENEER

21 TR LTS 7 —BERMAHEAEE, AAFEEHESGER L OE > AT LIC
vul bl L7T0.2 &KUN0.02 mgkg fHY &, 2 AETEIZ 4 LT 0.4 mg/kg fHY4 &% U Lt.ﬂcﬂ%

HAWT, RIEICED 3EMTTERL, BUCELE MR URFELBREG Lo, ZORRIE, Table 7
DEBY, YrarOFEILEIL 84.8~97.5 %, € OMK UREEIL, MHIHMEHERFZE (RSD) & L
T 6.9 NWATOMRBNEONTZ. 7, EEV—IRRBOONTZTA T T ADHIZ2, 1 LTN0.4
mg/kg FIY BEARMUTZHBI 2N T, miz235 DE=F —A F o 2R TER LIRS E, FEHE
INERIE 90.3~99.2 %, £ O UKEEIE, MXHEMER2E (RSD) & LT 7.8 %L FORAENSE B 1
7.

¥, WINEGRER CH O NTEIRA Aol v~ N7 7 AO—fl% Fig. 5 IZ/R LT,
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Table 7 Recoveries of diuron from five kinds of feed
Feed types
i F la feed fi F la feed
Spiked .ormu ? e.e or. ormuta fee Comn Oats hay Ryegrass straw
level  broiler finishing chick for beef cattle
(mg/kg) Recovery” RSDP  Recovery” RSD”  Recovery’ RSD®  Recovery” RSD® Recovery” RSDY
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
4 97.2 1.0
2 98.3 7.8
1 90.3 5.5
0.4 97.5 2.6 99.2 1.5
0.2 84.8 6.9 88.0 4.2 96.6 2.2
0.02 95.0 2.6 95.8 5.4 94.2 3.1
a) Mean (n=3)
b) Relative standard deviation of repeatability
Intensitylath units
(4) (=1 00,0000
130 14 30000
1.004
oo
0o 05 10 15 20 25 30 15 40 45 50 5.5
Retention Tirme f min
(B) Intensityiarh units
(el 00,000
130 1 30000
1.00H
i)
oo 05 10 15 20 25 30 15 40 45 50 5.5
Eetention Tirme f min
Fig. 5 SIM chromatograms of diuron

LC-MS conditions are shown in Table 3.

(A) Standard solution (The amount of diuron is 0.8 ng.)

(B) Sample solution of formula feed for broiler finishing chick spiked diuron at 200 pg/kg

(Arrows indicate the peak of diuron.)
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3.8 EE FREUHH TR

RIEOTER TRE OB FIRZMET 572012, a7 —BERHHE SR, WHFEE
RBLAEE, &9 bAZ LEADERE (AAXRGLE) |2, YrvuarzzhZhiinL, KECR
STHMEIHEMITCEBL, HONTZE—7DOSNEN 10 KNI LR 5BELZLENRDT-.

T4 7 —BERSARAER, AAFIEERREAFRELOTESI A LIL, YuRryELT
0.005 B T 0.01 mg/kg tHY &, RFAE (R AEFZE) 12 0.1 LTN0.2 mg/kg F824 & Z RN L 72308}
[ZDWT, RIEIZWES THotra 3 siffT CEME L7oAER, SN A 10 &2 2R, 0.01 mg/kg
(RZHECTIX 0.2 mg/kg) TH U, KIEOFE&E FIRIZ 0.01 mg/kg (FZ40ETiX 0.2 mg/kg) Tho7-.
F, ZOFEFRIX Table 8 DL BV, 0.01 mg/kg HHY BEANMITIIT 5 FHEULRIL 93.3~95.0 %,
Z DM UK E I X HE R 2 (RSD) & LT 6.2 %L FTH Y, 0.2 mgkg H2Y4 EHRIN O FHE
(Z AFEFE) 12OV TIE, EHEILEIT 90.0 %, T OMGRE LFEEIZRSD & LTS5.6% CThH-o7-.
R FIRIZ SN EE2Y 3 L 72 DR E N D 0.003 mg/kg (HZHCH Tl 0.06 mg/kg) Th - 7-.

Fl, TATTADLBIZEBWT, IIMENGRERIZ XY m/iz 235 DF =X —A F o ZHNTHDS
NHE—27DSNERDIZ. TORE, ©—27 O SNEN 10 L2512 02mgkg THY, K
EOTEETFRIZ0.2 mgkg THHo72. 2B, TOREIL Table 8 DL F Y, FHENTEKIL 95.0 %,
Z O URSEEILZRSD & LT3.1 % Tho7z. B TFRIZSN A3 L2 5REND 0.06 mg/kg
Thot-.

Table 8 Recoveries and near level of limit of quantification of diuron
Feed types

Spiked Formula feed for Formula feed
. L . Comn Oats hay Ryegrass straw
level  broiler finishing chick for beef cattle

(mg/kg) Recovery” RSD”  Recovery” RSDP  Recovery RSD”  Recovery” RSD” Recovery” RSDY

(%) (%) ) () ) ) o) ) ) 0
0.2 90.0 56 950 3.1
0.1 86.7 29
0.01 93.3 6.2 95.0 53 93.3 3.1
0.005 90.0 19 767 20 100 10

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

3.9 JL[EEER

RIEOHBIEE Z#HET 2720, H@EEHT X 2 [R5 2 320 L 7=,

FlAfE (BT R AEE) KLOE > A2 LICYvr L LT0.05 mgkg FIY &, #oik
BO(ZAEREGE) 2V yrr e LT 4 mgkg HYEZIRMLUZEEZ T, ASHEERA
SHTRRBR Y v 2 —, WMHIENBARE SO v % — 2B, MSLATECE N RROKPE B 2 4
Bifit v 7 — IR Z 2RER, Filaktr 2 —, RAHRES ¥ —, Rt % — Kk OFEE
Wt — (GF7RBRE) 1CBW TAREICHE - THFERER &2 £ L7=.

ZOFERIT Table 9 D LBV TH Y, EEHEECIIEHENEIL 92.3 %, ZOENMER UK E
T OV R 7 B 2 13 2 02 AU RE S R YE {22 (RSD, L ONRSDg) & LT 4.7 %M V12 % T Y, HorRat
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12053 Thovz. £5HAZ LTI, FHEIERIT 86.9 %, £ DMK UG &K OVE M 5L
FEIXZ NI RSD, JLUVRSDg & LT 3.3 %NV 12 % ThH Y, HorRatX 0.54 THHo7-. FHHLT
1, SEHEIERTX 91.0 %, & O EANMOR UREE X OVER BB EIXZ L1 RSD, XO'RSDr & L
T2.6%K%183%TdHY, HorRat 1% 0.63 ThH -7z,

BEDD, KRRECHEMN LK v~ N7 7 7E RS OMFES % Table 10 1278 L7z,

Table 9
Formula feed

Collaborative study results of diuron

Lab. No. for breeding hen Com Oats hay
(mg/kg) (mg/kg)
1 0.0460 0.0395 0.0385 0.0430 3.89 4.06
2 0.0509 0.0490 0.0489 0.0475 4.04 4.08
3 0.0426 0.0425 0.0370 0.0392 3.43 3.20
4 0.0516 0.0531 0.0472 0.0480 3.41 3.56
5 0.0453 0.0446 0.0452 0.0447 3.71 3.64
6 0.0389 0.0392 0.0363 0.0363 3.35 3.28
7 0.0492 0.0535 0.0489 0.0478 3.70 3.61
Spiked level (mg/kg) 0.050 0.050
Mean value” (mg/kg) 0.0461 0.0435
Recovery ¥ (%) 92.3 86.9
RSD, ” (%) 4.7 33
RSD:? (%) 12 12
PRSDy ¥ (%) 22 22
HorRat 0.53 0.54
a) n=14

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 10  Instruments used in the collaborative study

Lab.No. Instrument . Le colu@ .
(i.d.xlength, particle size)

| Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (2.1x150 mm, 5 um)

, Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (2.1x150 mm, 5 pm)

3 Shimadzu Shimadzu Shim-pack VP-ODS
LCMS-2010EV (2.0x150 mm, 5 pm)

4 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
micromass Quattro micro API  (2.1x150 mm, 3.5 um)

5 Agilent Technologies Kanto Chemical Mightysil RP-18 GP
Agilent 1100 Series G1946A  (2.0x150 mm, 5 pm)

6 Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (2.1x150 mm, 5 um)

7 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY TQ Detector (2.1x150 mm, 5 um)

4 F&EOH
BRI LTV DE Y e Al 2N, Sifrt & =ik Kic, k7 a~ 77 7E &S

FEAOTEEEOFEB ST EE~OBEHO A EICOVWTHREF LI E 25, ROBRESET.

) A4k LT, =7 haxFLr—A 4 (BESD & (EA A E—F), £E=F—AF
YL LT, mk 233 CPCLiED 7 v b A4 F[M(PCo'Hy o CL''NLO)+H]) (54 75 2b b
[ZOWTIE,  m/z 235 (P°CPCLED 7 1 b A5 FIM(PCo'Hy o CIPCIMN, ' 0)+HTY) ) %3
L7 L ZARMZRMENRRETH > 7.

2) BREMRIIY T L LT0.02~8 ng DFIPH CEMMEEZ R L.

3y ZHMETA Y U LT T LN DR ORGTEIT o728 2A, BHEEOLEREIT 100 mL
Th-oT-.

4 FNREI/a~ ST 74—l BIT AT OREHE S OB EIT oA, BT AR
B 23 1% 90~110 mL 284 & & x T,

5) AT AW~ T XTI =N T EPLOWHBE ORI EIToT L A, WHIEBEO V&
25 mL THo7=.

6) 6 FEOBLAEIER O 9 FHEEOFEEHFEEHZ SDWT, RECHE-TrZ e~ N7 LA &2{ER LTZ &
A, FGATTADLLDARIZIEBWT, PUnyOEEETTAE—IRRBOLN-. 2T, T
AT T ADLLOWEIZBNT, FE=X—AF 2 E mz 235 KR LA, EREZDHTSE—
VA ES LNV A WA RN

7y vorrE LT, 2 EEAORAEENZ 0.2 LT 0.02 mgkg fHYEE, 747 7 AbLERLS 2
FEOEEHFEENZ 4 LT 0.4 mg/kg S B2 L, AREICTEMEGRRE Eii L7z L 25,
AR L, 84.8~97.5 %, T OMK LIS X, FHEHERZ (RSD) & LT 6.9 %LL T Okfk
WL NT. £, AT 2D HIC2, 1 K04 mgkg A EZRML, m/z235 DE=H—4
FrERWTER LR, FHEIERIT 90.3~99.2 %, % O UL, MHAMHE %Rz (RSD)
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E LT T8 %L FORMENAE ST,

8) ARLicksrvrnroEE& FIRIEL, 3B T0.01 mgkg GZIETIEL 0.2 mgkg), M FRIX
0.003 mg/kg (7] 0.06 mg/kg) THY, T4 7T ZADOBIZDONT, mz235 DE=F— A F > ZHW
TERELCER, 8 FERIE, 34T 0.2 mgkg, #MH FRIZ0.06 mgkg THh -7z,

9) FEBEAEHESEEEOE I B AZ LICY 7 & LTO0.05 mgkg FIY &, 2AXRLE|ICYY
mr el LT 4 mgkg Y BEZRMLUZAEZHNT, 78BRIBICB VT, AJEICK D EFRRR%Z
Fhi L7, = OfER, MEEBEE HERA R CIESEIEIL 92.3 %, £ OEANMEK UKEE &K =
MR E I TN AHE#ERZE (RSD, X OVRSDR) & LT 4.7% K% TN 12%T& Y, HorRat |E
053 Thotz. HHAZ LTI, FHEILEIT 86.9 %, F D= NMER UNEEE K& OVER I 7 80k FE
XN RSD, KTO'RSDg & LT 3.3 %&UN12 % THY, HorRat (X 0.54 Th oz, X AFWE
TUX, FEHEINERIT 91.0 %, £ OSENMGK UK E &K Q= BB E X2 7 RSD, & UF RSDg
ELT26%%1083%THY, HorRat 1% 0.63 ThH-7z.

# &
LFEABRICZIN L T WIS BER S ol o % —, MHEEN BRSO
S =L BRI OB E OB EH OB 2 X L ET.
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