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11 RAOOKNT S48 T LBEEHHTET (LC-MS/MS) 12X 5

MR DASIU RV T XILEED FEEIE

J\ARFR !, FERIE |
X—U—R B, AT, ST VR, iRk u~ N T 2 T W R TR

I

1. [XC&HIZ

ATINIATIVBIEE O FEIE LTl S, IR TSRS QD —J7, U7 RVERIZATIUHE
UL A THY, HBERFEFOFEE L TEASN TS, miE BN ERNICEDIAENTZ S AITKF A
FOFEODEATIL VT X — U TR IR ISR A OREZ 5 X 2B TN,

JEEHHREL T, AZ33HA TRIHSN TS ZE6 5528, [EN Tt A 2RO LTI 20,
LNL7e 030, JEEtO EHR > ChHEFR wa A, S P 328 L <, IBEHZBERIMIZIRA ST
720, FIHEFEICB WU AR E R 2 KR DB A FES DRI & L CREIC > T Y.

ATZIVPMETICRAT T D22 m TG IO BATRE CTRLIEREIZZ LS, Fo, 5%ATIVES
A UT- AR ASHEE - 02 B o3 S 72358120, (B ~OBAT EREGR D7D O ik B L 7e -
TLA. BUE, IEEHHDAZIL O3 HHEITESDBRSNTOE2 Y0, FEMEDEMED T DOATIL D 53Hr
IEOBIF IR TEAR0.

ZD7=® FDA AVRLIZESHDATIV RO T VRO E LY (LU, FDA 1EE95) 25512, (BT
DATIL O T VRO [RIREHE 2 R iR L2 L 2 A BAF R & & 15 7- D CE O #5375,

728, AT KOV T VIO ER A 1 1IZRLT.

R1
N)%N R, R, Ry MF MW  CAS No.
)I\ /)\ A3 NH, NH, NH, C3HNg 126.12 108-78-1
R N Rj UTRLEE OH OH OH C3H3N;O; 129.07  108-80-5

K1 AT RO T ZVEE O G
2. MERUAZE
1) #Estsis

HERIEME L QIS MEHLHD, - BINELC, MERBRCHEHINIa~Y ), ZLTRIUSIGRERSE: T
R EBOHLF 7P AR OH T, SHIC= P a W, 2D EMI I IE T ARSI 80 43 1 e LT

RSEATECIE N AR K T B 22 A il s 2 — IR e R A
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%, awF, FUT YA RON TV 2, =0 VAT A4 (40 °C) CT—BhRZEEL 7= 1%, HBHZ 500

um DAZY— i oE T, ot FHEEIE LTz, 72035, [RIRFI SREERO K maflEL, B

REAERL, BIHT- o E &ML TE5IoIL.

2) BEZFOHAR

(1) /K: AKRLERE (Elix Advantage5 & OF Milli-Q Academic A-10,Millipore) THEHLL 7= JIS K 0557 (2
HETD A4 Y OKERH .

(2) 7TEb=R: JISK 8032 [ZHIE T 2 HFkREL.

(3) ¥WE: LC-MS Ak,

(4) ETERIRWL (4 vv%) : X 4 mL 1Z/KENZC 100 mL &EL7=.

(5) FWETEh=RIILIEIK (4 vv%) : Mk 4 mL (7 Eh=RL &M% T 100 mL &L7-.

(6) TrE=TK: JSK 8085 (ZHIET D 25 wiwhe DRI,

(7) TrE=TEIRGVVY%) . TrE=T7/K20mL IZKEMZ T 100 mL &L7-.

®) Y=FATI: Rtk

(9) P=FNTIUTRI=RNIWRIKR 2 vv%) : V= F T2 mLACT =RV A MZ T 100 mL &L
7z,

(10) P=F LTI TEH=FIWEIR (02 VvV%) : P=F /L7002 mLIZT7 b=k T 100 mL
Ll

(11) EEEET > E= LRI (1 mol/L) : mhdiifiikrn~hr o7 kiR,

(12) EEEET > E=7 AV (10 mmol/L) : FEfE T > &= AHE (1 mol/L) 1 mL {Z/KZ 2T 100 mL &L
7-.

(13) ATAEAEFR (100 pg/mL) : AT [C3HNg] (FIEMISE T2, A5 00TH) 0.01 g 2O xH &I
LY, TOEEE 0.1 mg OF7=FTHELE. VEOTER=R/L—K (1+1) TEIL, 2BET7T722 100
mL IZRE LA, BERE CRIVEEE AN 2 7=

(14) ATIAEHENR (10 pg/mL) : ATIUAEAEFHKE (100 pg/mL) 10 mL 242577 A= 100 mL (280,

FTTER=NA—K(+1) 22T

(15) 2 RN TR AT (AF30-PC " Ny) PEEHER (1 pg/mL) - #5332 [PC3Hg " NN3 i
% (100 ug/mL) (CIL) 1 mL 2287722 100 mL (280, E#RETT vh=RN A2z 7.

(16) FREAHATIAZHERL (0 ng/mL~1000 ng/mL) : fl FHRFZATIUAZAER (10 pg/mL) D 0 mL~5
mL 242877 A3 50 mL IZBEMERIICEY, LE RN AR C R ATI PEEHERR (1 ug/mL) @ 0.5 mL %
FER7IANIENENINZ TERE T F LTI T2 h=NVIETK (2 viv%) ZINZ 7=

(17) 7 XVEREERE)RHE (100 pg/mL) @ 7 R/VER[C3HaN;O5 ] (MG T3, R ot 1) 0.01 g 20 %
IRMICEY, TOEEE 0.1 mg OF7-FTHELE. D EOTER=RIL—K (1+1) TENIL, 2BETT
23100 mL (2B LA, TR E CRIEEA N Z 72

(18) 7 XVEBEEYENRL (10 pg/mL) : 7 XOVEREEAERHE (100 pg/mL) 10 mL Z42 77 A= 100 mL (Z&
D, ERETTER=NL—K(1+1) ZINZ 7.

(19) ZE RN ICEEGR S 7 VR (7 XVEE-PC,) S YER (10 pg/mL) : 27 L2 [P C3HN;04]
(MBS T2, AR50 HTH) 0.001 g 2O ) RILICED, ZOE E% 0.1 mg DI 7=FTHEL. L EOT
TR=RNILTEMNL, 287742 100 mL 1B LA, M E CRIERZ N 72

(20) FREARA Y 7 VIS AR (0 ng/mL~1000 ng/mL) : S 7 OVEREEHERE (10 pg/mL) D 0
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mL~5 mL #2877 A2 50 mL (ZEFEICED, ZERIN A TTRIER S 7 XV EENEZHER (10 pg/mL)
D 0.5 mL ZRIEET77ANIENE N THEMRETEEET 2= N WIRIE (4 vivo) ZInZ 7=,
(21) BEEERH T 2h=RF)/L: LC-MS HFZK.

3) BERUVEE
(1) Wikra~rrZ740 7 DVE 50T (LC-MS/MS) : Waters Quattro Premier XE
H1Z25: ZIC-HILIC (N 2.1 mm, £& 150 mm, HiFE 3.5 um)
(2) PPELAL NRBRE: Y—x /LY (T2 DigiTUBEs
(3) #REOHE: iuch AW-1
(4) ~v=F—nLK
(5) L/ BfER%: KOKUSAN H-26F
(6) i LA : AS ONE MCD-2000
(7) SREEMERGAA L AR T — N T A
: Waters Oasis MCX (F8 CAAIE 150 mg, &= 6 mL, F7£E 60 um)
(8) FREEMEFEAA L AR — N> T A
: Waters Oasis MAX (FECAAIE 150 mg, & 6 mL, KifE 60 um)

4) HBRIRME

(1) #h

SHTEREL 0.50 g & PPALIALT OEERE 50 mL IS AF, ATF30-BC N, PIEEHEE K OV 7 XV ER-Cy P
Yl 2 IEREIZ TN 250 nL Nz 7=, WRIZT B h=FL-7K (14+1) 20 mL Z[7 PP.ALZAT HERBRE 12Nz, RE
IRET 15 S RIRVIBETZ. 3E04 1,300 X g T 5 4w oL, EEsEAmhiEe L.

(2) K =

AT DB

MCX #—N T A7 5% THT7EN= /L 5§ mL KOEEBIER (4 v/v%)5 mL THEL, TEEIEIK (4
v/v%)3 mL R 2 mL E&EID—R P T A, RE TR CAAID LEGIET HE TS 7.
RIZTER=RIL S mL RO =F 77 Bh=RLEEIR (0.2 vIv%) 5 mL &MY R — R > 2 717 20
OS2, BBRE 10 mL 2RI —N oD DT LD FICEE, PoF LTI T EI=RVEER (2 vivY) 4
mL Z[FH—N P BT MIINZ TATIV RS, W E 7T AT 7 8ls DIk EAE (R & 1.5 mL) (1
AT, 20T 5,000xg T 5yl LoyBEL, B AR ERERRRE L.

T XVEBRDBE

MAX B—RN)wPhT7 2% FHT =)L 5 mL L OT - E=TIRIE (5 vv%) 5 mL CHEFL, 7oE=T
VI (5 vIv%) 3 mL LA 2 mL L& [ —R P H T MR, KT TAFIO I ET D E TR S
Wiz, WIZTER=N)V S mL R —K v A7 NI TR S, 3BRE 10 mL 2[R —K > 7 A
DTICEE, T BER=NAEIK (4 vv%)2 mL Z[FA— Ny P T MIMA T T IR E RS T, &
k%77 AF 7 lim DR S (R 8 1.5 mL) ICAR, 30 7) 5,000xg T 5 [z 0oL, EEARER
BRIk L=
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(3) Wkra~hr57 2 F MBS I HHIE

FEHAIR M OV B i AT MR F 72 13 B i o 7 SOVBRREHER 5 pL 2Rk o~ 7 o7 4
T DRVEESHE (LFTLC-MS/MS | 2V ) IZHEAL, £ 1 OJIE SIS GRIRFOSH H 7~ 75
N2 =

#1 LC-MS/MSHIlESAM:
HT 2 ZIC-HILIC (N££2.1 mm, £ X150 mm, K7£%3.5 pm)
AFERE T = DR (10 mmol/L)- 7 Eh=kJ /L [5+95]

Gl ol B:fA T L= A(10 mmol/L) (7 h=RUb-k (1 +1) ) Fi

PSP 0 min (9 %B) —10 min (O'%B) —11 min (59 %B)
—20 min (50 %B)—21 min (0 %B)—30 min (0 %B)

it 0.3 mL/min

A7 LFE IR 40 °C

AZ AL L7 aAF L — A% A% (ESI)

FYNR—q T A N, (800 L/h)

a—2H A Ar (50 L/h)

A PR 120 °C

TR R 400 °C

T—K F2D LY

Fy’T—EE Fo2DERY

a—EE F20LEY

aVar R — F2DLRY

T=H— A F2DLEY

2 BEWEDE=S— A4 FF%

e TUI—Y— TUEINMAY TOBIAEY SYDEN

L T S N R
(m/z) (m/z) (m/z) (eV)
AT + 4.0 127 85 68 34 25
A5-BCPN, + 4.0 133 89 34 16
STV - 35 128 42 85 2 12
ST EAERRC, - 3.5 131 43 2 10

4) & &

BONIDBIRUSH N 0= b T LB ATIL L OATI -0 Ny OB — RS £33 7 U e O
T RR-PCy DY — iR RO THEEHEIEIC KO ERATERR L, sUBHh OATI BEI3s 7 Vs %
L.

7k, EEIEOMEA] 2 |TRLTZ.
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| SyHrakkl 0.50 g | P.p AL OREBE 50 mL

— PUREYERRAN (A530-°C5" N3 : 250 nghfl 24 #, 1 pg/mL%250 L)

— PUEEHERRAN (2 7 XL C: 2500 nghf 24 &, 10 pg/mLA250 plL)
— 7Er=F’L-ZK (1+1) 20 mL

| 1RES il | 154y
|
| 04 B | 1300xg, 5434

MATI A HT RO ML R
C 7 RV Gy W RE D AL PR

—M: ZERVRIE (4 v/v¥%) 3 mL+HH% 2 mL
—C: TUBE=T IR (5 viv%) 3 mL+#H% 2 mL

i | B
MMCX =k HTh (EE 6 mL)
(TP He: 72h=R)V S mL, SEETAENE (4 viv%) 5mL)
CMAX H—W) oo h7h(FE 6mL)
(FAEBEE: 72 =NV 5 mL, T2 E=TI1E (5 v/v%) 5 mL)

—M,C:7Er=FL 5 mL

MDD I =T )VT I T R=NIVIETR (0.2 v/vY) 5 mL

ARBRE | 10BmI5I<

M TF T I T B A= RWRTE (2 viv%) 4 mL A H
—C:XWET =NV (4 viv%) 2 mLIEH

| i e Dy e | 5.000xg, 5%

| LC-MS/MS |

2 NEMIFHDATI RO T XD EBE T o —

3. WRBIUEE

1) HHBRORERTAEEEDOEET

ARIEIZFDA EE L TEEL T T O AZZE B LTZ. FDA JEICB W TR EHRIED 5 g THD, Ak
ICBWTE3.3) OMET I EZ T 0.5 g &L, £z, REY 2 AP — (LA TIIAL, I|EHZER AL,
—HFBHZ DWW TR HH BB O S TR LR I IR 258D LT 7o iz O oy B O B E A B L 7=, 2o
fh, LC-MS/MS &Stk 0 — ¥ 24 IR EHI AW BRI A TR 1 L OE 2 0ERBVICET LI-.

2) WREROER
2.2) D (16) BN (20) (2HE > CRRBLL 7K % & 5 uL, LC-MS/MS IZHEAL, LIRS 7 a~h
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75 IS ATIL R OATIL BNy OB — V7 HERE £33 7 VIR N O 7 ROLEE-C; Db — 7 ik Z KD
THIEEEIC LD SR A R LT, ZOFER, AT KO 7 LRSS | ng/mL~1,000 ng/mL (FEA&EL
T 5 pg~5,000 pg) DEIFH CEMMEZ R LTZ. ZFLL TRERO —FIZX 3 KO 4 ITRLTZ.

760
b b
[
S S 500
(T3] (i3]
¥ g
= 250
ng/fml . ngdfnl
0 250 &00  7A0 1000 0 250 A00  7A0 1000
R?*=1.000 R?*=1.000
3 ATILOMER X4 7 XVERORK B

3) EHHSEDRKE

FDA JEIZEB W T, REHREUEZ 5.0 g &L, LI 2.4) ICHEWVRERRIR OFARAIT > C0D. L LD,
AEAWERICBEL T, REHE G BN S & CTFORMUZPEEYE ORILR NI LI -T2, i
[T B ACERR H DRMERL 73 DR L DA A ALIHIN R B BN 72D THDHEB Z BT, 23480 R Bl
T DIV P ITHAF L QOO 7y BA O T ZENF R ThLHT20, FREHREEZ BPEHIIC 1.0 g
B 0.5 g LEBL, PARE 2.4) ICTEWEREHER O ZAT Y, WIRERE ORI T EOMEEITo28sl
7= ISR BA2F 3 IR, IEEEETHDATIL PN RO 7 LEE-C; D[RR 33 B HE
BAHOTIEE M L. DRI RO UL L TIE 40 %Ll EHESE BELS TV D, Zofz), =
D FYEZT L LT3 URHR R 0.5 g Z2ARTEICER LT

723, WIEHEDEN AR T HI L LFIRFIC, RBRAVICATIV KO T OVEEL L CTEILE L 2,000 pg/ke
FAY EARINLC, WNEIGRERIC LD Y 35 OEICERERBAT 7208, REHE G &2 5.0 ¢ DBEGOHE
FE (B 3) Je OEEE 1350 RHIt 58 1.0 g 7213 0.5 g [T R TR E) o 72,
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23 BOEHIE G ROB

, AL G . VIR Y RS A YR

(2 S L2 S T oS o
AT 2,000 119.3 5.6 4.7

5o ST IV 2,000 109.0 15.5 14.2

#5300, PN, - 26.2 1.2 4.4

o7 UEE-PC, - 4.0 0.6 15.4

AFI 2,000 101.3 1.5 1.5

- 0 yfxzfé 15 2,000 103.4 6.4 6.2
#5380, PN, - 32.2 1.0 3.3

LT ZLER-C, - 44.8 1.5 3.4

AT 2,000 92.3 2.0 2.2

05 ST IR 2,000 88.7 7.3 8.3

#5328 PN, - 54.6 0.8 1.6

T UEE-PC, - 67.1 3.6 53

a) AT N O T SOVER I B T A TSI &
#A73BO PN O T V- BRI o L B0 ERINLT,
b) n=3DHE[HR

4) HEMEDERE
FHGEEHZ DN T, ARIEIC IR 7250 AR % S L, LC-MS/MS IZIEAL, EREHIT A8 —20f
AR LT-L2A, IIEE—2I3580bRh T,

5) FinEURELER

FHEEEUEHT, LRI LA DO B D ATIV HIEE THS 2,500 pgkg #5BI1ZLY, Lk T
D 2,000 pg/kg & 500 pgkg MY EDATIL KO T SR ETRINL, AIEICHEST 3 ST EiT-7-.
DI EBIENLEE & O TASHEER 2223 4 12, ZOFEROITNEEAED P2 R EE S OMF THE HE
WA S ITRLIZ. A7 ROV T VBRI — 7 RSN EE CHYE R DI LN TEpoTe. Eie, T
T ADY T ZUE-"Cy bIEIER L 40 %% L Flalo7z. ZhBIXEY O IHER M LD A AL
NIRREE Z DI, ¥ T XVERIIATIATH AR TIMER 7y DR A2 TR0 T W RTREED RIRS 2. 2720,
PAZHED AL 40 %Lh EFFDIL, AIEICLDE RS ATHERVEMIL, AT W TUEA IR L- 3T
DIEZOWTHEH FTRETHY, VT INBRIZOW T~ Y F R R=0 P Thoto. TIHDATIL D
BIELERIE 782 %~109.7 %, FHXHEHE(R 7= (RSD) X 1.1 %~11.3 % THY, > 7 XVEEO R ENLERIE
83.7 %~109.1 %, FHXMEHERZE (RSD) 1% 2.7~8.3 % & BAFZRIENER K MM TREE NGO, 0, 2ELL
T, YaZunEEER TS5 - T HorRat il (HorRat,) (22U ThZ 4 (2R L7~ HorRat, 1 X554 5 1E DK
JE DRI 2T 572012 VWS TEY, HorRat, (X RSD/PRSD, (280K 5115, PRSDg 13 I E #AE D
Horwitz DEERY L0k, PRSD, 1% Horwitz DIEIERUAREL (5/8) 2T U TR 7210 1D ZD 55 HorRat,
1% 0.10~0.98 THY, Wb 2 LN Th-orz1?.

Z O, BEER N OVRINEINGGRER T DN o~V FIC B RIS 7 a~ b T A0—fFl%X] 5 12
~LTE.
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K4 IIMENERERRSE R

I E AR FEE(RSE R o e

1EW RS Ji%53 4 (k) %) (%) (%) HorRat,
AT 500 109.7 9.6 8.7 0.80
X 2,000 923 2.0 22 0.24
VYT rsum 500 83.7 23 27 0.24
2,000 88.7 73 8.3 0.90
AT 500 78.2 8.9 113 0.98
. 2,000 103.5 6.7 6.4 0.72
T 500 106.5 3.8 3.5 —
2,000 109.1 8.2 75 -
AT 500 85.6 7.6 8.9 0.78
) 2,000 98.7 44 45 0.50
7 T VIR 500 N.D. N.D. N.D. —
2,000 N.D. N.D. N.D. -
AT 500 99.5 1.1 1.1 0.10
. 2,000 101.7 52 5.1 0.56
= L 500 88.0 52 5.9 0.52
2,000 98.7 5.7 5.8 0.64
a) WEREM )T A ES NS
b) n=3DEH[EILHR
#*5 WIEEAEDRNY R
\ \ SIIE Y PEYE(RZE  FH TR YR 2
IRk W “;jg[/'i) e e
#5320 PN, 500 56.7 0.8 1.5
‘ 2,000 54.6 0.8 1.6
VYT rsum-ie, 500 44.4 1.8 4.1
2,000 67.1 3.6 53
A53-C, PN, 500 45.8 1.7 3.7
. 2,000 49.8 3.0 6.1
T e, 500 8.2 0.0 0.5
2,000 10.7 0.3 27
2A53-BC, PN, 500 50.8 22 43
] 2,000 48.1 1.7 3.5
Rz ST LR, 500 6.2 22 35.8
2,000 5.4 1.8 32.8
2A53-PC, PN, 500 60.6 24 4.0
. 2,000 59.9 3.5 5.8
= P, 500 443 2.4 5.4
2,000 414 0.4 1.1

a) BB EMI T D AT 13 7 SOVER ORI (41251 I)
b) n=3D¥ R
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(A)
1
i)
=
=
E
z )
7
=
Q
£
0 Retention Time / min 12 0 Retention Time / min 12
(C)
=
=
£
o]
‘é\. k
wn
2
Q
E LL—‘—
0 Retention Time / min 12 Retention Time / min

5 WINENGRR TR ER IS 7 a~ 7T Ao —f4)

(A) FEUERR (1: 4532 250 ng/mL, 2: PAEHE A53-5C5°Ny)

(B) #EYEG (1:37 XLk 200 ng/mL, 2: PNEEHE < 7 XLEE-1C5)

(C) BHAK (2~VF, 1:3EF P AT 2,000 pg/kg FHY EHRIN, 2: EEHE 2730-PC,N3)
(D) BEBHEIK (<Y, 1B 7 2LEE 2,000 pg/kg AHYS EHIN, 2: EEYE S 7 SLEE-1Cs)

6) EETFRRUEL TR

awYF R O= DU EHANT, OHTRREH R DOATIU RO T VR D& A B L TH 500 pgkg (Z725K
NZENENRINL T, 7 SO TRBRE ML, AT KO T IO E & IR & O FIROMR AR
ITolefi a6 IRz, B FRRIX MR 22) <10, F7=, M T IRIL (BEHE(R 722) x2xt (n-1, 0.05) LT
IRENDDT, AIEDOTEE FIREOEH FRRIZATIATOWTIL 500 pg/kg B KON 200 pg/kg FRE, 7 X
JUREZ DT 300 pg/kg FREE K& TN 150 pg/kg P28 SHEE <47z,

7B, AV F R R=U T DK EA RIT 90 B TH LT, Bihd -0 O E & PR & O FIRIZA
FAZOWTIE 50 pglkg FEEE K T8 20 pg/kg FRIE, &7 VIR OV TIE 30 pg/kg FREE KON 15 pglkg FRAEL
HeES 7.
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#6 TR FIREOMEHBRE R
(ug/kg)
ERE TR MRHETR

T 7 Y

EmiEE o % HEEY EREERMEY EEFE

. ATV 500 484.8 41.2 412 201
a "

T RVEE 500 433.2 26.8 268 131

e AT 500 395.9 25.4 254 124
=TV .

VT FVER 500 469.1 30.8 308 151

a) RO ERE

b) 7EPHTIERO I fE
o) EMERZEX10

d) HEHERZEX2xt(n-1,0.05)

4. FEH

TEMIHR D AT R O 7 VIR D[RR E 15 O 2 S VEfERR O 720D OFRBRAE T LT-L 25, IROFERA
7.
1) PUMEAELEZ W CE — 7 RIS LR B A AER L 722 A, ATV KO T LRSS 1 ng/mL ~1,000
ng/mL (7EAFEEL T 5 pg ~5,000 pg) D& CRE#RIEZ R LT-.
2) A=Vt FUTUYA, AT, =V ATOWTRIBIZNE S TATIV KON T VR ORI E % ke L7
FEgE, EEA L HE T DIME — 21380 o7
3) A, FUTUNA, BT, SV UATOWTATIV RO T SOVBED & A 5D 500 pg/kg K TN 2,000
ng/kg 12722 IR L IRINIEN ERER A S0t U765 5, BV E R D ATGIAT BAFREIEER GO,
[T 78.2 %~109.7 Y%, DO TRE EEIFAEHEHER 22 (RSD) LT 11.3 %A F CThotz. Fiz, Foory

PRl 1T 83.7 %~109.1 %, Z O GFTRE L ITFHRHR HE(R 22 (RSD) £ LT 8.3 %LA FTh-o7-.

4) AREOa<IF R OR= P HDOATI O T VRO E B TR &K O FIRIZATIAZ W T
500 pg/kg F2IE K T8 200 pg/kg FREE, &7 RVERICOUWTIE 300 pg/kg FEEE KON 150 pg/kg FRlELHETE S
72 B, awV T R O=s D ORGEARIL 90 %fRE THHI-0, BMh-voE R FIRE ORI T
FRIZATIAZOWNTIE 50 pg/kg FREER N 20 pg/kg FREE, &7 SOVERIZ DWW T 30 pgkg FREE KON 15
ng/kg PR EHEE STz,

X

1) EAROKPER T - 20 2R B PE 2 AR PR R W A 0 PR 22 O R GRIZ B9-2 S T O IR 2D T,
Rk 23 44 H 15 B, 23 %S 524 5 (2011)

2) HIMIE, KA T A0~ T T77 G BOHraHGC/MS)IEIZ LD AR D AT o O O BEE Y E O
[RIREHE, AREHFFEEE, 1, 114~121 (2008)

3) HKEL, KEFFE, FKOCH )Y, @i E T, BERIE  RIERY EIEEE P DO ATI RO T SXVEED
TEMERRERE, IEEHFTEHR S, 1, 168~172 (2008)

4) IRNIATEOE NEEMOKETE B 22 ity #— (FAMIC) : IR BRTE (2012)
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<http://www.famic.go.jp/ffis/fert/sub9.html >

5) Michael Smoker and Alexander J. Krynitsky: Interim Method for Determination of Melamine and Cyanuric
Acid Residues In Foods using LC-MS/MS: Versionl.0, U.S Food and Drug Administration, Laboratory
Information Bulletin LIB 4422 (2008)

6) Kk & fEFHDOATIL DRIKI v~ N7 520 T DIRVE BT EHI LD ERIE, SEFIERE,
36, 1~12 (2011)

7) JRA ST RS R R R 2 AR A R R AN - RS P D AT I DFRERIEICOWT, R 20 4R
10 A 2 B, &LEHRE 1002003 5 (2008)

8) EihKZEEAR ATIVFIID@EHEEICIOWT, PR 20 £ 10 H 9 B (2008)

9) Thompson, M.: Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation to
fitness for purpose criteria in proficiency testing, Analyst, 125, 385~386 (2000)

10) AOAC OFFICIAL METHODS OF ANALYSIS Appendix E: Laboratory Quality Assurance, AOAC
INTERNATIONAL, Gaithersburg (2005)

11) Horwitz, W., Kamps, L.R., Boyer, K.W.: Quality control. Quality assurance in the analysis of foods for
trace constituents, J. AOAC Int., 63 (6), 1344~1354 (1980)
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Simultaneous Determination of Melamine and Cyanuric acid in Crops by Liquid
Chromatograph-Tandem Mass Spectrometer (LC-MS/MS)

Toshiharu YAGI' and Yuji SHIRAI'
' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

An analytical method for simultaneous determination of melamine and cyanuric acid in crops (qing-geng-cai,
turnip, carrot and komatsuna) by liquid chromatograph-electrospray ionization-tandem mass spectrometer
(LC-ESI-MS/MS) was inquired. After addition of 20 mL of acetonitrile-water (1+1), melamine-"C;"°N; and
cyanuric acid-">C; to sample 0.50 g, they were shaked for extraction. The extract was centrifuged for 15 min at
1,300xg. The sample solution for melamine analysis was purified by strong acidic cation-exchange mini column
(Waters, Oasis MCX) with 4 mL of diethylamine acetonitrile solution (2 v/v%). On the other hand, the sample
solution for cyanuric acid analysis was purified by strong acidic anion-exchange mini column (Waters, Oasis
MAX) with 2 mL of formic acid acetonitrile solution (4 v/v%). They were analyzed by LC-ESI-MS/MS in
positive mode for melamine, or in negative mode for cyanuric acid. The LC separation was carried out on an
hydrophilic interaction chromatography column (MERCK, SeQuant ZIC-HILIC, 2.1 mm i.d.x150 mm, 3.5 pm)
using solvent gradient with ammonium acetate solution (10 mmol/L) — acetonitrile (5+95) and ammonium acetate
solution (10 mmol/L) [acetonitrile solution (50 v/v%)] as a mobile phase. The determination was performed in
selected reaction monitoring (SRM) mode.

A spiked test was conducted with four kinds of crops spiked with 500 and 2,000 pg/kg of melamine or cyanuric
acid. As a result, although melamine has been applied in four kinds of crops, cyanuric acid has been analyzed only
two kinds of crops(carrot and komatsuna). The spike test of melamine resulted in recoveries ranging from 78.2 %
to 109.7 % and in relative standard deviations (RSD) within 11.3 % respectively. And the spike test of cyanuric
acid resulted in recoveries ranging from 83.7 % to 109.1 % and in relative standard deviations (RSD) within 8.3 %
respectively. On the basis of 7 replicate measurements of spiked samples(carrot and komatsuna), the LOQ values
were estimated melamine 500 pg/kg, cyanuric acid 300 pg/kg in dry crops and melamine 50 pg/kg, cyanuric acid
30 pg/kg in actual thing crops. Those results indicated that the developed method was valid for the determination

of melamine and cyanuric acid in crops.

Key words  crops, melamine, cyanuric acid, simultaneous determination, liquid chromatograph-tandem mass
spectrometer (LC-MS/MS)

(Research Report of Fertilizer, 5, 114~125, 2012)
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