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T OE AR SCEN T R AR AR - IS S5 ER R DUARAT BT RE (UPLC-MS/MS) il %€ 7K & ' MC-RR 1 MC-LR
BT LOBE T IARBIIN AT AR [RI K AR B SRR FR T MCs 00 VE B 3 AR 45 SRR, L 2 FK (1945 0.1%
FR ) A shAHIF , MC-RR Fl MC-LR 7E Acquity UPLC BEH C, {353 B4 (2.1 mmx100 mm i.d 4042 1.7 wm,
L2 130 A) T 4 min NSERSE. ZMAL TGS E, %48 m/z 519.8>134.3 F1 995.5>134.6 43514 MC-RR \MC-
LR Ui I i) 22 25 0 7 ik 2 I e R B ZE r i e i ik | B ik S50 % 4T, UPLC-MS/MS X} MC-RR Fl
MC-LR FIAH B 43504 2.0 ng- L7 A11.0 ng-L™", B B R4 5144 6.0 ng- L7 i1 3.0 ng- L', B 43 1 18
98. 9%—106.5% 1 98.4%—101.5% .1 & K IHFZEVE /K AERT , K44 MCs V& 755 UPLC-MS/MS J5 i €
R 20 A5, 773 3 A N AR5 R Il ik, S B (O 283 /KA w48 ) ELUERR (AHXT BR fE D 22 <5.0% ) 1)
MC-RR 5 MC-LR Il E.
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Determination of microcystin in water samples by ultra-performance liquid
chromatography-mass spectrometry coupled with internal standard

LI Hong PAN Gang ™" ZHANG Honggang

(Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China)

Abstract; Preconcentration of water sample is required for the determination of microcystins using
liquid chromatography-mass spectrometry method, during which the matrix effects and loss of
substrates may influence the accuracy. An ultra performance liquid chromatography electrospray
ionization tandem triple quadrupole/mass spectrometry ( UPLC-MS/MS) method was developed to
determine microcystins (MC-RR and MC-LR) in water samples, and the impact of internal standard
on MCs measurement accuracy under different precocentration volumes were assessed. Results show
that when acetonitrile and water ( both containing 0.1% formic acid) were used as mobile phase,
MC-RR and MC-LR were separated in an acquity UPLC BEH C,; column (2.1 mmx100 mm i.d.
particle size 1.7 wm, pore size 130 A) within 4 mins. Product-ion traces at m/z 519.8>134.3 and
995.5>134.6 were set as quantitative ions of MC-RR and MC-LR, respectively. Upon method
validation, the limit of detection (LOD) for MC-RR and MC-LR was 2.0 and 1.0 ng-L™", the limit
of quantification (LOQ) was 6.0 and 3.0 ng-L™", and the recoveries were in the range of 98.9%—
106.5% and 98.4%—101.5%, respectively. When the method was applied for determination of MC-
RR and MC-LR in water samples of Taihu Lake, rapid (without preconcentration of water samples)

and accurate (RSD<5.0% ) determination of MCs was achieved when internal standard (leucine
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enkephalin) was added in the raw water and microcystins levels were above 20-fold of the LOQ.

Keywords : toxic algal blooms, microcystins, UPLC-MS/MS, internal standard.

) o 0 R A T SRR P R S s Il R K AR TR B S UM 38 B R (Mlicrocystins , MCs ) [
B AR K K AR KR R VA MCs YR B8 H 7E 0.1—10.0 g - L7120 {EUB 5422 fioh 5 R vk )
MCs FI7KAR, i K &4 T MCs B7K 7= i, 2 S BRI IE S50 1 % A=) TR e e | ofi i
DK A R R 7 T MCs P14y FL 2R

MCs E—HIRZ IR T, BA 90 FlOR R B SEA R Forh i v WL TP i 19 43 A JEMC-RR
I MC-LR, 5t PA ALK MC-LR e SRR 1.0 pg- L' H AT T3 85 2480 09 A Ak o #r
T UV BAFIER A 2 R o 85 P PR AT ) 45 LB S S MCs i, TEIEXS MCs SRR kA7 5 1 SSORRE 8,
T ERIR B 2 (HPLC-MS/MS) A% MCs £ Ff s A AR A TAG I, X MC-RR 1 MC-LR 1% 2 2t BR fe {1R 43 31)
K02 pg L' A0 gL' HPLC-MS/MS JERll 1 % JE e 5K 0 8 25 500 AH €6 1% - Fi % 3 B I DO A
FEFE (UPLC-MS/MS) 2R T /INURE 5 : G hr 0 78 2 HE 8 1 6 V2 LA B T A R A A ARG 24
BRI T oA RABUE ™ % MC-RR Al MC-LR A2 2 BR &I 7T 350.06 pg- 17"V A1 0.08 pg- L7 {HH
FRIRAKM T MCs A HEAK | T8 & HPLC-MS/MS £ J&= UPLC-MS/MS , #5754 7K Bf 38 18 [ AH £ IOk 57
£ 1000 f5 22 A7) PV R SR , SR 5 FH F Pk 0 R A 1 4R A% BOHE B A MCs SRR, e JE 80 48 I 77
FHTF50 8, R A BRI A0 T 6 2 28 A0 s A KRR B AR AR R MCs (9451 % BRI S 58 42 %5 K
F AR B, W EL T KR R B MCs A9 E , BI(E 2602 1000 A5 5 51 ke rb i HoAh A HL
W) ] 52 F 20 43 (R B KON AL 2 B2 ) MCs A 2 (R B 2 1O R AKORE PP I A PR 226450 437 1T A BRI
02 A it SRS 00 %) S ) 1) DA Ak e A P A I R A R AT W T
T2 B R A 4, e AL A R B A R AR R IR (kb A A AR S 3] A 2 i K
TERIRIA B KM P ATETE  FRAR G0 5 B K ARRL Xu S06—E WR s IR AN ME R S 4 Fh R R
PRREIR G 5 F HPLC-MS/MS 28T, R BT 2 5 s MR M ME IR v ARG 43 85, B NSCR AR, BRI
SE AR MR RR AT DAAE R S I A P AR (X T AR A A AR [R] K BE B 45 R MCs 1052
T 2 T B 5 8 T T

AR ST T e ASOROR €1 LT 55 HR I DU AR S ( UPLC-MS/MS) il %2 7K 44 MC-RR Al MC-LR
P75 I LA T RARAKFELEA [R5 SRR A I DI b (2 2R il I k) Xk MCs 000 5 e i sz i, H
FAIFE Tl 37— oA S8 A 22 o R TR KRR & A2 10 MCs T2 J7 ik

1 BPRVRT %

L1 a5 S5

MC-RR K MC-LR #Rke (40 B 2R T 95%) W A 3% 80 357 BB A BR S 7, 9 A5 ) 5 22 Ml ik
(Leucine Enkephalin, CAS number 81678-16-2)l4 H Sigma 2 7). K MC-RR f MC-LR 435! FH B B ol ol
WP 1.0 pg-mL ™ AUBE, -20 CIRAE. H 50% H BER KA BCHIVE B 10.0 pg - L™ 52 2R Gk
BRI, TE 3 °C LN AR W . 28 ¥ 0 (6335 46 ( Fisher) , B R A 40 #r 4, B2 47K Fy Millipore 47K 28 45 il
2% [EAHAE B A Supelclean™ LC—18. ] Acquity # & SR AH (35 AU FT Quattro Premier XE 515 ( 58
waters /A\ﬁ‘[ ) Xﬁfiﬁ?l&?ﬁ‘ﬁ*ﬁ
1.2 o3k 5 Bk &

Acquity UPLC BEH C 854 (1.7 wm,2.1 mmx100 mm) , #:i 40 °C s8N A K;B. 2, A B
Y& 01% W R AL #E A 0.3 mL-min™", FEAE R 10 pL BSEELEILFR I 4 . 7€ 3 min N ZJE M 10% 354 Jin 3]
100% , P45 2 min, £E 0.1 min J5 JSIAH LB T EIRTERAR S, IF PR 2 min LIS (% .

RHIES T E B (ES+) | B TR 100 C, BRI ELEE 250 C, %5 /)R 3.5 kv, LAl
AP 500 Leh™' HEFLAE 50 Leh™, PUZFFIE Fl m/z 100—1200, £ Jz i W5 I ( multiple reaction
monitoring,MRM)*ﬁiﬁ?ﬁiﬁ}*ﬁ,ﬁ’%?ﬁﬁ 0.2 mL-min".
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1.3 SEBR/KAE R FiAb 2

162012 4 1 A (WEHIKERBEED RS 1) 5 10 H (3K R BB 2) SR8 I 42 745 4
KAKRE, 23 2 41, B4 5 LA —4IA 10 mL #REEN 10.0 wg- L7 A58 R IKMERK bR, KRS
AR FESM RS FEE 0.45 pum JEIR L BRI TR BRI 5, B 1 mL ZKEE B 32T UPLC-MS/MS 2347, 75
B 10,100,1000 mL 7K#E43 515 SPE A & 4. 55— AP FRIE , K FEad 0.45 pum JEARSEL 1 mL EL#E A
T UPLC-MS/MS 2347, [EFEC 10,100 1000 mL ZKAE 5T SPE #E 5 4E. DL FAMFRIA i 3 Ik E &

IKFEREINEMT JH 10 mL BRI 10 mL /K iE 4k SPE FEIARZHUE B FARZKAELL 5.0 mL-min™' 1)
TLHE L O G ARY SPE A5, H 10 mL 20% H VR4 SPE A, 5 J5 FH 10 mlL 2l Y sy Aot e of 7 [ 4 42
B ) MCs, W 4B VR T 50 mL 45,30 C FHE 4RSS T )5, FH 50% P B KRR ERE
1 mL,3F 0.22 wm BEAE)S F T4
1.4 Bdlikba

JH SPSS 18.0 #AHAANRI AR EN 22 (RSD) , B PR 3 05 22 70 r PS8t ) 22 e vk, e 3t B 3 koK
Sk P<0.05.

2 AR5

2.1 A K s A

AR Acquity UPLC BEH C 354 (2.1 mmx 100 mm i.d B8 1.7 pum) , H: 130 A A2 W] 2
MC-RR,MC-LR <1000 43 1 (1) 43 B 2K 1 T s s R 2 ko A7 Sl ey, i s A Hom A —
SE B IR T 0 MCs 43 BAICR ST | PRI AR S 6 ) 38 sl R R AL 0. 19% R 1) 26 AN ZK 2 H
brae @ RRIMER , MC-RR F1 MC-LR JR& JG #EEE 16 4 min N AT 5220058, H A4 008 B, (A id X
PR, AR (B 1) 38 % R ] HPLC-MS/MS ¥ 25 min ZE45 4 B8 S8 MC-RR 1 MC-LR #4355,
Ochrle %5 HE 37 1) UPLC-MS/MS 35 43 B (] 456 2 7 min' ). 5 L3RI W AH LU, AR SO 7 18 7 ik ml i
ARSI ]

100 — ~
| R

X
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t/min

Bl 1 MC-RRMC-LR KWNPRAYIR & PR R (i ]
Fig.1 LC-MS/MS chromatograms of MC-RR, MC-LR and internal standard

2.2 JigAMF
2.2.1 BEEFRYILEE

FREA AP MCs 73T 454, 288 ESI(+) 1E i B AR, 1 MC-RR FT MC-LR A #E 5 43 591 i i) 1
500 pg- L7 VAR, 8 0 239 7 2R F R ARHE [ M+H ] "5 M+2H ] MES T B T IR 5 AR
EMEIATF S A AL R S8 45 R W, MC-RR 44 T 56058 m/z 519.8 B[ M+H 1> & | 1fif MC-LR
25 LISl m/z 995.5 B[ M+H | T MC-RR (m/z 519.8) ZEHEFLHLIE N 50 V IS4 B it mi 1 (18] 2a)
MC-LR (m/z 995.5) 7£— % i [l PN il L AL e A 34 o o 107 34 K, M 4 fL HL ok 80 VB {5 5 die i
(2b).
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Fig.2 Full scan MS spectra of MC-RR (a) and MC-LR (b)

222 FRIEE TSR

fdiFH Daughter S0 77 =0, 1 A fE R &, BEREFE R I S TS TAE b E i 7, FE RSB T
VEREEES -+, JF 0 Hom A5 iR e e (H. 45 SR 3R W], m/z 134.3 Fll m/z 134.6 43 Jl /& MC-RR #
MC-LRIJE B T, m/z 455.9( 18 3a) Fl m/z 199.5( & 3b) 43 HIE N @B 7 I & Tk BB 1 8
HET ENE T AESEOLE 1.

_loopa 1343
2L
®oor
g 13400556 455.9
= [ U407 544 173.11824199 2570 3042 61.4368.0 377 + 4761484 3
= 0 i b il o U wh |l'62]19'5%3|5'§2‘?(f‘24 \2(243 2181}? 1\3}|l’0L 3]28\6551-8\“' 4ol 3?|2’6|4l?'24128\{ﬂh I (18'21 17,4925
100 120 140 160 180 200 220 240 260 280 300 320 340 360 350 400 420 440 460 480 500
m/z
100 - b 1346
S
31(; C
o 1995
' [ 1126 1342 1636 : 2680
= 52 1549 1920 1036 212622102258 Mhsys 602823
B EN00g 157200 59), L& | 1674176 1842 po1p [J042P020020585 s T35 2577 | 2698”361 29423969
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
m/z
B3 MC-RR(a) Ml MC-LR(b) ) — g k44 &
Fig.3 MS/MS spectra of MC-RR (a) and MC-LR (b)
F1 MRM S SE
Table 1 Multi Reaction Monitoring conditions for detecting MC-RR and MC-LR
Feri 49y J5e BT X B L (m/z) HEfLHL E/V HlifEE g/ eV 1422 15} 8]/ min
. 3 32
MC-RR 519.8>134.3 50 1.21
519.8>455.9 45
6" 75
VMCALR 995.5>134.6 %0 53
995.5>199.5 65

TE: a NEEBET.

2.3 FESERIIE
2.3.1  trdfEfh gzl

Ay I HIMeE 4 0.2.0.4.0.8.1.2.1.6,2.0,10.0 wg- L") MC-RR FI¥EE J 0.1.0.2.0.4.0.6.0.8,
1.0.5.0 pg-L 7" MC-LR FRUEMETE R VAW, B 10 WL HERE $5°1.2 357 (38 B S35 00 & | LL MCs
WA TR AR A R AR A, MCs R B2 N A b A bt 2 (3% 2) 45 2R % W], 7E 0.2—10.0 pg+L'MC-RR 5 0.1—
5.0 pg-L™' MC-LR AYTERIPY , A€ R BT 0.999 , 7642 T I (10 1 31 il N 422 R APk e R
232 kefR5ERR

23 5 MC-RR F1 MC-LR Bl e BE R 1.0 wg- L™ ABRIEIR UG HERE  LIEME L (S/N) 2 3 I
VR RS BR , MC-RR \MC-LR A6 H B (limit of detection, LOD) 43514 0.002 ,0.001 wg-L™". LL{E Mg
Fe R 10 B B A 0k B R E BB (limit of quantification, LOQ) , JI] MC-RR \MC-LR (%€ & FR (LOQ) 4351 A
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0.006.0.003 wg- L™, 5 Z Wi 48 /99 & MC-RR F MC-LR Y UPLC-MS/MS % (& it PR f fK 7l 3k
0.06 wg-L "I H10.08 pg- L) ERBRFEAR T 10 £5. Wang 253 i B /K BE 5 4 1000 1%, i MC-RR
I MC-LR AYE RBRIAFN T 6.0 ng- L7 fil 2.5 ng- L7 SRATE ST K 10 78 28 15 AH 2K B/ 8 5 RO A €
T/ BRI DURRAT B 76 15 mL AR A9 2508 T MC-RR F1 MC-LR %7 & FR 43 %135 0.07 ng- L™
0.17 ng- L") FEARSCRFRE a3 Fi% 244 T, UPLC-MS/MS %f MC-RR Hl MC-LR Il 5€ (1) 5 2 FR 15
KET ng- L' 25

F 2 MC-RR,MC-LR RYZPE R A R A 4 f
Table 2 Linear relationship, limits of detection and quantification for MC-RR andMC-LR

LRVEVE . HHSE R AL PR/ &R/
P 5 IR(AIIE] , e o
(pg-L™h) (r*) (pg-L7) (pg-L7)
MC-RR 0.2—10.0 ¥=0.0235X-0.3019 0.9999 0.002 0.006
MC-LR 0.1—5.0 ¥Y=0.1618X-0.0153 0.9998 0.001 0.003

e Y MCg WREE, X UL,

233 AEEERE

WO 8.0 wg- L7 B MC-RR #14.0 pg- L™ #Y MC-LR Arke. 4R BE ARG I3 4y, TE H RS
JES, — RN E 6 Y, M H ARS8 BEI R0 5E 1k, FE4p 2l 5 d, AR 1.2 197 iy i
ST EIRE . H A DA R R A5 R R I, AR SO 7. 19 UPLC-MS/MS J5 %01 % MC-RR Al
MC-LR FJAHXFhRUE(R 2 (relative standard deviation, RSD) ¥KT 3% (£ 3) , UL BHAS 5 s s vEEHA.

F 3 MC-RR Hl MC-LR 1) H A 25 2 A H [H) A% 25
Table 3 Intra- and inter-day precision of MC-RR and MC-LR
F PR HIRRE R (n=5)
MC-RR(8 pg-L™") MC-LR(4 pg-L71) MC-RR(8 pg-L7") MC-LR(4 pg-L7")
RSD/% 2.03 2.33 2.77 2.85

2.3.4 AR

B M KRS, 2050 A 0.5.1.0.10.0 pg-L™" MC-RR F10.2.0.5.5.0 wg-L™" MC-LR, k£ 5hd%<1.2 157
A 0L T RS 3 A5 A 0 A AR s 2 R0 S B (T35 bR [l e 5 2R mT i 3 Rk BEARS B R
MC-RR (Y [EISCRLE 98.9% 1] 106.5% 2 [H] ,MC-LR 7E 98.4% % 101.5% 2 [8] (% 4) HK5% & 5 IR S5
SRR A ST ST B A AT SR LS

%4 MC-RR I MC-LR Az [l fi
Table 4 Recovery for method validation of MC-RR and MC-LR

Tk &t/ MC-RR MC-LR

(pg-L™) 0.5 1.0 10.0 0.2 0.5 5.0
Kol (pg-L7") 0.49+0.01 1.07+0.01 9.89+0.02 0.20+0.02 0.49+0.01 5.01x0.01
IR/ % 99.4 106.5 98.9 101.5 98.4 100.2

2.4 SEFRAKAERIN 2

O TR O 3015 R R 22 300 %) A TR M 2V KR L 82 1.3 157 BIE/R 7 b KR B R RS TR 3 80R , iR
“1.2 57 BN A8 AT SR T E 5 B < 2.3.17 R R A9 MC-RR 5 MC-LR #3FE, il A 100 L ¥
FER10.0 pg- LAY R IGMERK , 28 UPLC-MS/MS {52 J5 LA MCs 1 11 B 5 P9 s 068 T AL A9 HEAE R 2 22
B, DL MCs W i Abbr 2 1545 iEl 22 (MC-RR: ¥=0.0235X-0.3019; MC-LR: ¥=0.1618X-0.0153,
FSERB R KT 0.998) 4 AT RAE MK BEFR A T ARET, L MCs 16 i A5 P A 06 1 AR LA M 9
AEbR, MCs WeBE R AR bR 7E IR bR M2k a5 R NARIY LA MCs W T LA LA B, MCs ViR B2 A
ArbR, M “2.3.17 Bt brifi i 45

X FARAR R BEAEAKAE (FESY 1), AN NI bR BT, B 2 6 SR KRR AR R 18 o, &z D 391 /) MC-RR Al
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MC-LRIP & BE B2 380, A & 4 AH LT 1000 £i515 5, MC-RR H1 MC-LR ¥ £ 437X 50.24% F1 57.19%
(%5), 25783 (P<0.05) HEIZKHEIMANIRG K &£ 5 E 4 10,100,1000 fi540 3 12 &
) MC-RR ¢4 0.19£0.01 pg-L™' MC-LR 2} 0.06+0.01 pg-L™" RSD 43514 1.15% 1 2.77% , & & %
SRR S SRR I E ) MC-RR A1 MC-LR ¥ B 22 S5 AN 0 2 (P>0.05) , 1 B 5 HEAf , M0 ko B2 49 1)
AT T BR Y 30 A1 20 A5 AR 2 B9 E G5 R ER I RIS NN AR B R B AR S AR T
12 YR E ) MC-RR 4 5.13+0.02 pg-L™" MC-LR 4y 0.82+0.03 wg-L™", BINAIFRIT 12 YR I E A9 MC-
RR 4 5.14+0.03 pg-L™',MC-LR *~ 0.84+0.02 wg-L™' (£ 5) , B0 PR XTI 58 45 5 6 i & % i (P <
0.05) FFiZAE 3L 24 Y E MC-RR 1 MC-LR #J RSD 23918 0.6% 1 3.5% A% T 5% , 01 & HE HEf
IEHFMC-RRFN MC-LR R BE 43 S8 AS 7% 52 FBR 114 830 13511 280 475, hd WA 24 103000 ) e 85 e 5 T 2% i i
FRAS , K FEANZ S B BRI NARY), 7T UPLC-MS/MS J5 547 R I 2 .

FSORIIMFRIE AR E ML MC-RR I MC-LR A9RIE (pg-L7")
Table 5 Concentration of MC-RR and MC-LR in water sampls from Meiliang Bay,

Taihu, under different preconcentration volumes

RA AR UL

.
i Rt R 10F AR 10045 EIE 1000 £ REHE BHE 1045 B%E 10065 AT 1000 £

MC-RR 0.09+0.02 0.10+0.02 0.16+0.03 0.18+0.01 0.18+0.02 0.20+0.02 0.19+0.01 0.20+0.01
! MC-LR 0.03£0.01 0.04+0.01 0.06+0.01 0.07+£0.01 0.06+£0.01 0.05+£0.02 0.06+£0.02 0.07+0.01
5 MC-RR 5.12+0.02 5.14+0.02 5.16+0.03 5.11+0.02 5.14+0.02 5.16+0.04 5.13+0.04 5.17+0.03

MC-LR  0.85+0.03  0.79x0.05  0.83x0.02  0.85:0.04  0.84:0.05  0.85x0.04  0.87x0.03  0.82x0.02
T R PR AR T T SR KRR PR BRI S (R K P MCs YR P P IR 241

H 7 SCRRHRIE 19 ] HPLC-MS/MS I UPLC-MS/MS Wl & MCs 477 15 K £ 38 b S b e o 411014157
M TAMR Ik 2 Z IR 5T BALER S5 A AR AL B FE A [R5 MCs B /KA HR A7 78 1978 BILJSE AN HL At 5 e 9 mT e X6
J e AT N MCs 052 VR . A T U I o R e ) LAt A DL X A 45 R
M), ZKFEI & EAT 1000 £5 4247 A B SRR AR = AR P 78 ST 3w (45511 3398 Jonn Gl ¢ B i) 143 A
BAS, RIS KA MCs 78 5 A 2 R i i 4 2 th JE 12 b AR SO XEFoR AR PR B MCs i (BEAR 1),
ANE 1000 ml & ERBUR BTN MCs YR 225 B3 (£ 5) , X T RESE N AR & i K R Hoph A
LI T MCs 78535 im0, B2 SE PR A3, A5 I 420 4 {5 1 | DT SI 34 Ay v i 114 7
AL A KARE I bR, AT DA IE R BRI A A L 45 SR = A s 2 R R R 1 AR A P A
Jei AT AN SR T B A

ARSI FE LRI, Y SEBR/KAE MCs Y B 38 J7 74 2 5 R 20 A5, AKEEAEIN A ARG, TN &
RS T AR S FHAD BT R 40 2 ) T A I 2 . Song 45 % B MCs 15 AE 8 & 1 R 90 T HL W L IX. (6 S
10 A ) WELE 0.5—6.7 pg- L' FEfE b, KA MCs(5 A8 10 A)ATF 0.61—1.0 pg- L' 1kl
1] MCs A FRe Ik B TR AR ST 7/ UPLC-MS/MS 32 %2 T BRAY I 80 %5, AT LATE A bR | TR 4R R 7K
FERPARZKAE B A A T8 BT MCs ¥ B2 IR B /K AE ( BRYR BEAIC T 2 5 PR 20 ) B9 L4200
E LA P X S R AR 8 P52 T A 5 2E— 25 (R S5 43 #
3 ZEip

(1) PLZFEFIK (95 0.19% H BR) M A, MC-RR Fil MC-LR 7£ Acquity UPLC BEH C,, {654
(2.1 mmx100 mm i.d. $i48 1.7 pm, FL4% 130 A) FBETE 4 min N5ER0E.

(2) TEA S SE I3 B 4518, UPLC-MS/MS X} MC-RR 1 MC-LR £ I %) 72 2 R 43 Wil 3k
6.0 ng- L™ F1 3.0 ng-L™", IR S35k 98.9%—106.5% ,98.4%—101.5%.

(3) 5 AR, HKEEH MC-RR Fil MC-LR A9 B ik UPLC-MS/MS il %€ MCs 5 7 FR 20 %
IF, AT S 205 AR () T R A v A 9 2 2R A v A O
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