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(1.EB3GB KR 5 A 515, Eig 200240;
2. LT ARG R IR, LiE 201203)

W E 4B R4 AS, AR QUECHERS 7 kst iTATA 3, # oM d ikt & — $HMA#E (UPLC-
MS/MS) B R kAN AsF P Dk, THR, AATT. BEAE, FCHSHENBGOI T k. HRBHARS
#&J5 M 0.1 mol/L 3858k Mk 5 # A8 & & 32 30 min, &R JG#) A TH A QuEChERS #y R (6 g L KR#AEE L 1.5¢
TKBEBRAN) B, BOBERAREFEREFMN. EiE0HBLMHN: B R 4KEM ACQUITY UPLCTM BEH
HILIC &i#4: (1.7 um, 2.1x100 mm) , #3148 A5 54 0.1% F B T 0.1% T B 49 10 mmol/L 7 B %%
RAATA M, 28 REFEST (ESI) XL HA LR L LM (MRM) o4fx M= B AR &4, it F
9 AT E DRI N KERITRIE. Z2REY, ARELESNDHE. THRGXMKETLEN 5~250 ng/mL, st
HERXZESHEEA, ATT., FCHGEAHKELAA 1~50 ngmL, ELANXEEA NS BREEHFKE
(ng/mL) &40 X & & KT 0.995, 5 £yt kA 0.6~3.7 nghkg, £ EMH 2.0~12.4 pg/kg, -F¥ieir
EDE (n=6) # 80%~110% Z ], AAsfARBth £ F 10%, 9 AT EHFBASL DR ZRF S MHEy. 47 H484%
Bk E, RBAES, ERT DA S HEDRG TR E R E TN
F 4R A F RORAR &% - B B (UPLC-MS/MS ) , QUEChERS, 4 # 8%, > .57
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Rapid Determination of Five Alkaloids in Catering Crayfish
by QuEChERS-UPLC-MS/MS
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Abstract: In this study, a method for the determination of morphine, codeine, nacodine, papaverine and tibain residues in
catering crayfish by ultra-high-performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) was
established. After preparation of crush and mixture, the samples were stirred and dispersed with 0.1 mol/L hydrochloric acid
solution and ultrasonic treated for 30 min, then extracted with acetonitrile and QUEChERS powder (6 g anhydrous
magnesium sulfate and 1.5 g anhydrous sodium acetate). After centrifugation, the supernatant was pipetted for analysis. The
chromatographic separation conditions were as follows: Stationary phase was used ACQUITY UPLCTM BEH HILIC
chromatographic column (1.7 um, 2.1x100 mm). The mobile phase of gradient elution was composed of acetonitrile and
10 mmol/L ammonium formate containing 0.1% formic acid, respectively. The target compounds were analyzed and
quantified via electrospray ionization (ESI") mode ionization and multiple reaction monitoring (MRM), and 9 kinds of

commercial crayfish were selected as samples for inspection. The results showed that the linear range of internal standard
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method for quantitative analysis of morphine and codeine was 5~250 ng/mL, and that of external standard method for

quantitative analysis of papaverine, nacodine and tibain was 1~50 ng/mL. Within the linear range, the correlation coefficient

between peak area and injection concentration (ng/mL) was greater than 0.995. The detection limits and the limits of

quantitation of five alkaloids were 0.6~3.7 pg/kg and 2.0~12.4 pg/kg, respectively. The averaged recoveries (n=6) were

80%~110% and the relative standard deviations (RSDs) were below 10%, and the papaverine and other 5 components were

detected in 9 commercial samples. The method was suitable for the qualitative and quantitative analysis of five alkaloids,

and was fast, simple, and sensitive.

Key words: ultra high performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS); QuEChERS;

alkaloid; crayfish

BIES N B SERHEY B SE (Papaver somniferum)
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JLAEAWIFE R A QUEChERS JyiE#EATRTALHRIS, F)
FHAAH O E- T 57 s A (- T R A 2R A T
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ARIREITAE %, DAL H BT XK/ N IR o B S AR A
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1 MR5E%
1.1 #MR5SNEE

NJERREAG & TSRO, S35k A =

ANPEAST, BEAHE =P TR (R MR, =),
Fh TR AS 500 g5 M HE(2EREE 99.1%) . AJ {37 A (4l 3
99.6%) . PRIEHH(LET 100%) . AL (LEEE 100%) .
AR T (LEEE 100%)  Hrifedn, 5 E APl Shad e i
FERBE; WME-D3 (M 1 mg/mL) . 7] 13 K -D3 (¥ )&
1 mg/mL) & Cerilliant 2> F]; FHEE, Z 5. H R
Yk taiati, 35 E Merck 23l ; W R gL ((A3%40)

Z&[E Sigma-Aldrich 235 &5 . A 7k (60~90 °C) |
2K, WL, $hig . S8 ki B orbral, 254
B2 R A BR S 7l s MCX A 25[E Waters 23 1l
QuEChERS #37R (6 g TL/K#iliREE 51.5 g To/KEEAR
IFNREHAR)  dEEIONRBHE A BRAF]; 0.22 pm
JEIRUERE RS F o

APT4000 JFI%{Y  SEFE AB SCIEX 23FH]; Acquity
UPLC MERGRARCI%{ . ACQUITY UPLCTM BEH
HILIC & 3% 45 (1.7 um, 2.1x100 mm) . ACQUITY
UPLC BEH C,g {i#%#5(1.7 pm, 2.1x100 mm) , MCX
£  ZE[E Waters 23 F); MS3 iR ey fH[E IKA
I HE]; 5810R 0L FEE Eppendorf 23 H]; BO500S
HEFAEANHES H#F Branson 23E]; AB4i/KAL Millipore
ONT] RS Sartorius 2N o
1.2 SEWFHE
1.2.1 PRAEmm s ArRuiEht e R PR E A SR
B AR T, A EL AL RS MEFRT AT R PR S B,
0.5% HH 72 - F Pt 5 VR 1 1) i 25 S . IR m) T 35
o P AT A DR 34 1.0 mg/mL BORR HE G
I

IREPRHER A R W EH BN 1.0 mg/mL 11
BASERY . ABE] T A LA A4S 0.1 mL FNERE
1.0 mg/mL YAk | AT 1% it 45 3 45 0.5 mL T
20 mL SRS, FHONEEAEZZ20E, #75), BMS 52
SERE ., ARAT T A BRSNS pg/mL FNIGHE | WIS
Rk 25 pg/mL FIR-GARMERIR Ao

RGP B: K WIBOR AR UERE A 0.3 mL
T 10 mL FEIHP, OIS E A= Z20%E, #857, B
FrERIR BN, AT T SFELEMREE A 150 ng/mL
Nl WA N 750 ng/mL TR-SHRAEETR B.

[FINL 2R NARTR A TAES W (5.0 ng/mL): 43 5ikG
P B E-D3 | AT 1 KR -D3 PN AR A I (R R 34 Ry
1 mg/mL)4% 1 mL B F 200 mL & &, AR B
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KR ZIE, 1S3 ME-D3, 755 K -D3 1 Hk N
5.0 ng/mL IREG PIFRIAEE -

RN ISR A 75 5 A MrmibnvE S 43 H
CNERRE, Horb BESER . IR AT T A T R BE 435 N
1~50 ng/mL, DIBASERK . 3 PR RIS AT Tty 2 g0 i
BRGAAL R, BRI . 45 L B RTIBA] T 0 e BE i Als
breztil bR TAEZ; nME | wT A R T MR g ik
(U o T RE BT RO B2 ), A W YO Sl 5~
250 ng/mL(MEMEZEL_iRAGHE-D3 | n] 3 -D3 [Fl7
RENPREES TAER W, INARIVEPRHEth & nis b,
PIBRBY R SR BE A 50.0 ng/mL), RARGHEFI AT 3R A
PR EA I S5 AR N, PN R TR RR I LEAE R AL B, R
AR PR R B A R AL bR s AR HE TAE R (R 1)

#£1 ARELLMEIERE (ng/mL)

Table 1 Linear range of standard curve concentration range
(ng/mL)
W WER ¢ c, cy c, cs C

B3 100 2.00 500 10.00 20.00  50.00

SMREE - BATT 100 2,00 500  10.00  20.00  50.00
HEE 1.00 200 500 1000 20.00  50.00

MARE  AIFE 500 10.00  25.00  50.00  100.00  250.00
mEE 500 10.00  25.00  50.00 100.00  250.00

1.2.2 FEAAATARTE  BUNBEREES,, 2558, Bl 1R
4], FREL 2.0 gCREARE] 0.001 g), 4352 A~ $2E
75‘7%:

Frik—(70% -0 2B F 50 mL 3R
PUSR 205 HLZE B H, A 70% FIE 20 mL, S
ALFE 30 min, LA ECHLH, LA 4000 r/min PYFEEHES
2> 5 min, BBH 3w, _LiEwzE T, FH 0.1 mol/L [
R 20 mL A, TR Z 5 wcim =k b, I A T ik
(60~90 °C)20 mL, ¥&HE, FFF A VmEEAH, KA HZEK
VT pH %2 9, FHEDFHREL 2 ¥R, B3R 20 mL, & IF4
D5, ST ZE T, W B3 g T 2 45 % 10 mL,
0.22 pm JEAFEE, Bl .

77 (0.1 mol/L 1R IR - P R Bk ). +
50 mL FRE VUG &) B ZE B804 P, in 0.1 mol/L 11
ELWR 20 mL, # S AT 30 min, A E.CHLE, DL
4000 r/min PYFEHESC> 5 min, BBE FIEWR, HIEWREE
B 2= awim=l v, InACA ik (60~90 °C)20 mL, HiE
¥, I A HEEAE, AKAE A ZOKIETY pH 2 9, FHSET
PR 2 IR, BIR 20 mL, GIFEDTH, 251, FH B
IFEARZ 10 mL. 0.22 um JEART 3%, BUOERARI

J7% =.(0.1 mol/L 1) &k 12 - [&1 A #E Bk ) P8
50 mL R VUG 2075 B2 5048, il 0.1 mol/L 1)
EL1R 20 mL, #7754 B 30 min, A B LHLF, LU
4000 r/min BYFEHES.C> 5 min, BE W, FIEWR
2 =, In A A TR (60~90 °C)20 mL, R
&, e A A, KA LA 3 mL/min i@ id MCX £
(5 3 mL A, 3 mL 0.1 mol/L 19 HC1 i%4k), 43
S 10 mL 1 mol/L B9 HCI. 20 mL 50% F sk ik,

P 5% /KB EE 20 mL Sk, 281, JH I I
fREIFREZEZE 10 mLo 0.22 pm JEAR U8, BOEmfsil .
J7: P49 (QuEChERS 7£)P: F 50 mL R IUH L
Jis HLZE B LA T, INA NG HE-D3 ., TR A-D3 1R G
FRAEWE 150 pl, B0 A 10 mL 0.1 mol/L AERHER, i
BE 1 min, #7743 30 min, JH 1 mol/L & EALENIA
WV pH b, InA 15 mL 20, I 215215 i i
1 min, FEIIA 6 g TOKERIREERN 1.5 g TC/KEEIRENTY
TRERAR, WEEA 1 min, AL, LL 4000 r/min
FAFL B 5.0 S min, BBH_ VR, 0.22 pum B IE,
B e AR
1.2.3 fai%s&{}F ACQUITY UPLCTM BEH HILIC
EREAE (1.7 pm, 2.1x100 mm); FEBhAH: A A5 0.1%
R 25, B M7 0.1% HIBRAY 10 mmol/L F iRe%
VR AR VR PREEE. 5 ul; FiI#E: 0.3 mL/min; B
PEVRMAAA N 2 s

*2 BV

Table 2 Gradient elution procedure

FF 18] (min ) A(%) B(%)
0 90 10
2.50 90 10
3.00 75 25
6.50 75 25
7.00 90 10
10.00 90 10

1.2.4 RS SAFE IR Fmiss B (ESD I 1EES
TR AR AR A R A
A Z AR (KRTF 99.999% ) ; ALK T1: 50 psi; AT
R TJ7: 22 psi; K FNSETT: 45 psi; WEss LR
5500 V; EIEFITLEE: 500 °C; ff#E<)EST: 5 psi; BT
TERRITE]: 32928 50 ms; £-AbA W ARIN ES xF . ik
HL R (DP B | filfd# AE R (CE 1H) & % S50k 3

35 MY R I ] E R T i TR
Il AE A )
Table 3 Retention time, qualitative ion pair, quantitative ion
pair and collision energy information of five
poppy shell alkaloids!"

SRR %iiﬂ:llﬁﬂ EMEE T ERE TN FERE REERER

) (m/z) (m/z) (DP)/V  (CE)/eV

IRIT 324 jijjgigé 414.4/220.5 95 gg
W 3.89 gigjﬁgﬁ 340.4/202.2 92 22
HUE 515 33112%33//25485%1 312.3/58.3 52 ;2
AR 595 igg:iﬁézj 300.4/215.2 90 i;‘
nyif: 6.11 ;zggﬁgéz 286.0/181.3 97 28
ﬂﬁ;' 5.96 ig;:ﬁéi; 303.5/215.3 80 Zg
D3 6.10 289471832 289.4/185.2 95 o

289.4/165.2 53
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FtR ChAR S 86 2 B 7 O 5280 28 70O U™ Ad R
VHTT A SEUT T RABVE IR BN R, AR50
BB S %30k [15].

1.2.5 cEVERERIMT  Eh: TEAHRI S5 F T i
FEARUE ROV S, AR AT R P AR g D)
R B I (8] S5 AR D AR AR (i I P £ BE e e — 2, L
At P VR 1) B T 2 X A X = B 5 VAR A X B v
W ST B T AR R AR LU, 2% e s hh A il
BB AR AT 7 B R R FUV P 22 BRI, DA SRR
PR XRF AR 2458 BE I 72 1 R A SO (1 — FRER BTk
FEPESWT AR, AHXT 12 () AR i 22 A5 48
i 4 MUE AT, W RTHE RS TP A ALY

F 4 EHERE A B TR IR VR 2E
Table 4 Maximum allowable deviation of relative ion
abundance in qualitative determination
AHXS B4 (%) k>50  50=k>20 20=k>10 k<10
FVF BN 22 (%) +20 25 £30 £50

AEH: BEZEGH . BRAT T A LR R FH A MR TR E
s R EFT AT AR5 PRER T N AR SE i o
1.2.6 [IESTHR XL 9 4/ NBIREE 525
PREX 2 g, 53 I AR G AR EE R ACEESERL . AR AT
T A EPREE S 5 ng/mL FONGME AT PRI R Sy
25 ug/mL)30 uL, #88 1.2.2 F 9520 (QUEChERS
B BEATRE S AT B, DL ARV TR ME | AT AR Y
B, SMPRIE T BE SER . IS W] T A0 LR Ay [
gz
1.3 HIEAIE

UPLC-MS/MS %5 R4 /] AB SCIEX Anal-
yst software B4, 4bFRELPE AN 1EI SR FH g GraphPad
Prism 3%14:(version 7, San Diego, CA); Arfg SL56 14
A =K, R LSEEIEESD B,

R 2O R IR A ) BRSNS Y & B

X = cxVxfx1000

M

Ao X FoR e & R4 19 5 2= (png/ke) s
© 7 MR IE 2R HP s ) A AR A T TR R A AR
PR EE (png/L) s V R i FE IBUA T (L) s M FoR
BRI T (2); £ PRI T
2 FBREZ
2.1 EHEEIE - REKRIEFRERTRE
2.1.1 A3EFEmEEE 5 0RAH ACQUITY UPLC
BEH C,; {Ai%4£(1.7 um, 2.1x100 mm) . ACQUITY
UPLCTM BEH HILIC fa§i%£#(1.7 pum, 2.1x100 mm)
AT E, G5 RAERPETLSAH (DA 0.1% H kK
A YA, HE L AT fRERILE C g A oI,
{HAE HILIC 354 O~ B8 B 148858 ; ZE P v sh4H
(P4 10 mmol/L HFRE M /KA M4, Nk nl4<¢
EHE C g g4l HgTEHL =, (HAE HILIC 354t -

WETEXTRR . BESERE. FIBAT T . 35 L R AE PR (A
VIR U PR B E I ST . & LiRas R, SR
HILIC AisAEt 7434 o
2.1.2 WAIFHERE  STsCE A, 7 HILIC &
SRR, FRshAR A P R A, T i S AR A Ak
BT, R R ik B AR A X 25 B2 i AN
TR BIAE Y Y R AT A R SRR L IS AT T AR B BT
AR AT T HNENZ s S shAE i 2 I AT I SR
HAFIM AR B s a], 3 A VAT 2B AR EE, AT fng
| SR S PN BN | B s e S 1| e el e e 2 P
I 2 58 TR ANAHA R : B 0.1% H R I I8 B &
0.1% FFFERAY 10 mmol/L H BRI W AT 10 I BERK o
2.1.3 Ui BIETREE S PR R
M55 25 AR BT, ORI o5 2 IR 7
G387 0.2 pg/mL WUARHE W ORI 1 5 2 1A
P 5 pL/min) i i =38 45 5 7 sh A (R R
0.3 mL/min) & FFEASE FIE T, A1 AL
T, SRS EI SR S TR T, RIS
Ko} B HE ST B T 0643 S A T4 4, SRR i) 8 I v Bsf
i DP {H (235 H ) J5 TRt 7 2 34, 19 2806
BETEE . £ MRM =0T, XF884~F 5 #1743
5, SEER N B i B9 CE {H (RIS RE ) 5 P43 *d
B B s R | SEABR. TR EIREESE
FiigESEa A

LA FIREESR, SRV 0.1% HERAY 10 mmol/L
F R 2% 03 0.1% W IR B9 & i R R sh AR, Rl
HILIC iS4 475387 AR iR 5P 4508 e
PRAES R BB T (TIC) BIHEUNE 1 s, AR A9
Wl BSRUR B A

o i
2.4¢5 BRH
2.0e5
2 15es BEH
:;:‘,( 1.0e5 ABATT
pan
5.0cd A fEA
L frpmi
\“

0.0 B e B ———
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.0

At /] (min)
B el RTRRDE L BRSEGE . AT TR LR R R
(TIC) 3%

Fig.l Total ion chromatograms of morphine, codeine,
papaverine, noscapine and thebaine

2.2 HmBIIETS ANERE

S F XA ST TR B4 PURR T AL B %, FIHEE
FRIARSEEG X FE IS 2R USUR, a5 SR aniEl 2 fros: J7
A = (ERAR- A AR B [RNBCR AR, T — (-
SAOTFERGE) Ay vk — (ER R -5 FR I S mljig
T =, (B R R N BB, AR ST B,
FAA |79 DU (QUEChERS #2) AR A B 42 P40
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Fig.2 Comparison of extraction rates of different extraction
methods

T HA = Fh ik, B 1.2.2 A9 5 PU (QUE-
ChERS 7E)/E e St AT B 775 .
23 TEESNGEREE

i BB E A MRt o BT 7 IR TE S R A as
PRI, PSR, XS FH Y 9 15 FE S 45 FRER 2 g, 5351
IINATE SRR IR A CBRSERHR . AR AT T, 7 B PRI B
2 5 pg/mL FHRGHE . AT REEIHE S 25 pg/mL)30 pL,
¥ I8 1.2.2 P AP0 (QUEChERS ) A 7R S 11T
AEER, LIS R e o AT R . 25 SRR, N EFN
] PR [ ACRTE A 30%~80%, BESER . JITT T
FORE O R B EISCR N 80%~110% (&1 3) o BERAFI A
AR RE A3 B TR MEFD O] £ K] 3245 A 2SBS0 5 1)
I S, TR SRR AR AT T AR L IR A TR 55/ )N o

1507

~ 1004 .2 e %
& Do
v <
v R
50 M 4
Vv PS

IR (%

W AR T UK M T

K3 5 R RIS MR I A 4 [l e 3
Fig.3 Recovery rate of five alkaloids by external standard
method

TR/ N IR Dy il &, 5 TS K25 A
mokh, HAN RIS A AR T 2t A DX, J o
Pegssd 2, Forp AP e R R L ST SRR T, 2%
T TAT AR R R AR TE 4, SN L {554 1T Ak
BB TARICR, AT RES IR SR T B TR
FRBICAR, 7 B TG s AT R SN, R SR TR R
TR R B B R . ST SRR TN A 52
SR AT DIGE R R A e BERE ST R AR
WENNAGE o ABRH R A I W23 B2 A D7 3RS B 2R
TR s UISRAHBRHENNAGE, JE AR 2 45 1
VR . M MEFRT AT A PR AT A SRAS 2 R A A [R] 47
R PRI, A5 IR TR N PR E B AT AN
AT, SRS MRIE E ST B SERR . AR AT T FI

A, LARIB S I 2Rk | SEBR T ErE B A A o

FiZHE 1.2.2 775U (QUEChERS ¥5) £z 1.2.6 [nlik
SR RE Ty iEA TR S RTALEE, DL ARIET ARG ME | T
e ISR, MR T BRI . IR AT T FhA PL A
M ENRCR, 25 R AN K 4 iR, F-MEA Y R R FE
HITE 80%~110% =[],

1101
L] - E e
100
: 5 } . i
;\;\ 904 @ =
~ A
M- 804
=
B 70
60+

W WERT T AELE i A
(4 HMpREEE S BASEmR, AR AT T, A LRI AR
SE BN AR A [l AR
Fig.4 Recoveries of papaverine, nacodine, thebaine by external
standard method and morphine and codeine by
internal standard method

24 FEFHNE

2.4.1 FrRAERNSREENEE bRl Ts EIunEE 5
TS, A S0 J7 e A e | AT FR PR 4 M vk B VS R A
5~250 ng/mL, Z23EMF., ARAT T . 5 LRI L PErc U
27 1~50 ng/mL, £& M J ] P 0 AT AR RN A e B
(ng/mL) 5 RUTFMILRMEIC R, AHC R B KT 0.995,
VLIRSS B ARG IAELEIS Bl N A ARG A e M o

K55 AEYIRE BT

Table 5 Linear range of quantitative analysis of five alkaloids

o2 EIEpFE XA HeETER (ng/mL) 253k
BIEGE  Y=3.91E4X-4.9E3  0.9992 1~50 SR
JBAIT Y=3.58E4X-3.78E3  0.9991 1~50 SR
HUHE Y=136E4-2.92E3  0.9993 1~50 SR

MHE y=0.0185X-0.0241  0.9996 5~250 AR
AR ¥=0.0164X-0.00887  0.9993 5~250 7N

242 FHBR., EEMRMTIE  FIHES X ERE S
N 5 PR EESESEAIERER L BR . B R, UL 3 fiF
15 M L ARSI i S v BR(LOD), L 10 55
W Bl 4RGN e B A 2 2 B (LOQ) , &% T 2 HH 22 S B
K BRA 0.6 ng/kg, "EHFRY 2.0 pg/kg; ARA] TRy
BRM 0.7 ng/kg, ERRRA 2.5 ng/kg; 7 B RIS HS BRAG:
HBRA 0.8 ng/kg, EHFRA 2.7 pg/kgs MHERS H FR
N 3.7 ng/kg, ERIRN 12.4 pg/kgs A1 RAG HY BR A
2.7 ng/kg, EEFL N 9.3 pg/kg(FE 6),

2.4.3 WERHE U EE ST DAMES TR 2 T
M7 R A R, FREL 18 (ke sh (B 0y BT &l 2.0 g,
n=6), Sl E T AL, H. & 3 DU Ay [l s
5, BRI T 6 RAFATEESS . [EISCR 45 R
R 7 Wias, R AP EE TG H bR B S 56 Bl
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Table 6 Detection limit and quantitative limit of five alkaloids
M4 23 AR (ug/kg) [ 5 K BR (pg/kg) E IR (ug/kg)
HSER 2.5 12.3 0.6 2.0
ARAT 25 10.2 0.7 2.5
eS| 2.5 9.3 0.8 2.7
N 12.5 10.1 3.7 12.4
CIEGHES| 12.5 13.5 2.7 9.3
T MEHE SRR (n=6)
Table 7 Accuracy and precision results (n=6)
B 87353 rhyk T
His FES bR (pg/kg)  BICR(%) RSD(%)  FESINARAK T (ug/kg) IR (%) RSD(%)  FEEIIFRAF(pgkg) IR (%) RSD(%)
BESE 11.25 106.1 8.20 75 102.4 1.80 300 875 120
HRAIT 11.25 107.6 220 75 101.8 1.80 300 90.8  6.10
FEN 11.25 109.9 3.70 75 98.4 5.60 300 864  2.60
N 56.25 99.6 0.20 375 93.5 0.06 1500 993 0.07
AIfREA 56.25 96.8 0.07 375 95.3 0.04 1500 982  0.06

RIJFLE 80%~110% = [i], RSD £ 0.06%~8.20%
[51], 2 BHAS 7 v HA B A HEiff B ROk 5 B
2.5 EPrF@NELSER

A IIE QUEChERS-UPLC-MS/MS Jy 46 i 4
R/NIBIR 5 Fp AR B A AT A T, MY 7 T PG
ST 9 5y /IN IR MR RG] iy, LAAS SIZ 56 #3E ST AAS IU v
BEATHHT, B RBRAT D BESEON S 5 Fhfseill 28 45, Ut
HJT > 1l g% T Bl N R MR A A R VRSN B SRS | A
SN R FK I R e
3 it

B, CERESRTAR IR A, AR EL AL AT SR
Bl ABTT T R TRt VLR, SRAEHReAE S
EEF KBS, Mk T A VIEE Y, e e ms
IR ) 50 s TR RIS, St BRIRAS I B
T OIEFEAPLER . ART7 1 3T Ehlig - [EAHZEHL
725, B S OERIRGE: . EhR- Sl & QuEChERS
PN 33X T AR AR PR A0 P BUICR:, 45 SRR B ER R - [FAH
ZEHE (MCX AL 2GR EAIN, QUEChERS $2HUSUR
B5hy, 3X S A 2ERY R QUEChERS L2 H S VH
MRS 200 KRR TS5 AT T ASTA], AR TR 8
WO, M E ISR A, $RBGICRAT T ANTA], PRl
Sof AN (R 2 A L 5T (AR i, I B 4 53 ) PR B
Jrik.

FR, AE A 43 B8 0 [ e AR SR T 1aT, P AT
eI A s G S, HETC A% BEH HILIC 41
FHF e | W] A3 R 2 SE e A5 o I - B R FE 40
B3N, AR FRHE—2E X b T % FH A ACQUITY
UPLC BEH Cg 4§ 4 (1.7 pm, 2.1x100 mm) 5
HILIC {43%4E (1.7 pm, 2.1x100 mm) X} 5 i 2= 2755
M5B AU, S5 SRR BESERI. IRVT T . L E A
AT AR B AT S, AH RS AT AR R E
Cg (i A - JOAR BE, BRI, 25 [T ES) ARG 0 /)N i iR

5 Fh AR AL Sy, SR /K B AE (HILIC) SR 4%
U AEFSHARTT I, H AT TAI B SE sk b &4,
FKA#RE 10 mmol/L FFR%E — Z SR F= et i sh
AHEO32 AR ES LA 0.1% R My K AH I, % B |
AIRERITE C g OREAE B ICR B, {HAE HILIC (A% 4E
AR RE S e LArP R shAH FF iR44 (10 mmol/L)
S KAHET, ME AT RERIAE C g ikt H B Hi R,
WAE HILIC (A X AR BRSERR . ABnT T .
A L RZE PR LA T AT By i AR BE BB ) R,
LR TP AR AR B A TR, ARk 0.1% W iR
M) G FITET 0.1% R FR R4 (10 mmol/L) ¥ H
TLAAH, SR HILIC (A A 753 T il ZRAS U111
a2 E O

ATy B R BR AT IA ] 0.6~3.7 pg/kg Z 1], &2
RN 2.0~12.4 pg/kg, AN, R PRI E G 5HT
A | T ASE R LR PR BEYE R A 5~250 ng/mL, SR
TR RS BESEA . ARTT T A P DS P B Y
S 1~50 ng/mL, £ 24V BBl P9 04 T AR 5 AR vk 3
(ng/mL) [A] ¥ AH G R ELI KT 0.995, inks [l e
A1 80%~110%, AHXIARAENRZE/NT 10%, SRR E A
FBAT T A BT e R R, AT R i T A W

ARTTIEIAS R Z AL, A T IEBRIE R 52, SR H
BRI R AT 725 PR 2, {H—BR UL AR
MELLARAS, HIGIN T A2k, AR it ekt
4 &g

ASSCEENT. T s SO £ - R B BT % (UPLC-
MS/MS) B RSN AR AR/ IN R ER g E | AT AR L AR
WT . BASEm . AL 5 RSB ES T O e )
JH QuUEChERS Ry 45 G 2Rk A% (HILIC),
PRAERT R T, vk i SRR L e . SR M
g, AT AT R T N R R B A R P 5 AR
AL i T B SE ST AR Rk B A T 2
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