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TP R, KHBR N 0.03~0.30 pg/L, 5 AEBRA 0.1~1.0 ng/Lo XHREPIZIHEA TR . . m s vk 3 /K7 m
PRI, [EISCRIE N 60.1%~100.5%, FMIXIFREMZE N 1.8%~14.4% (n=6). S8 A7 IEFE b AL FER
AR, RN SR . RN, & T O S A W 2 A A b 22 A W) PR AT
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Rapid determination of 40 kinds of alkaloids in botanical medicated wines
by high performance liquid chromatography-tandem mass spectrometry
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SUN Jin-Ying, LAI Jian-Hui

(Longgang District Center for Disease Control and Prevention, Shenzhen 518172, China)

ABSTRACT: Objective To establish a analysis method for the rapid determination of 40 kinds of alkaloids in
botanical medicated wine by high performance liquid chromatography-tandem triple quadrupole mass spectrometry
(HPLC-MS/MS). Methods The sample was extracted by acetonitrile, purified by N-propyl ethylenediamine adsorbent,
condensed by nitrogen blowing. The residues were redissolved with the initial mobile phase solution. The solution was
separated with a Waters CORTECS Cg+ column (100 mmx3.0 mm, 2.7 um) using acetonitrile-5 mmol/L ammonium
formate (containing 0.1% formic acid) aqueous solution as mobile phase for gradient elution. Mass spectrometry with
electrospray ionization in positive mode and multiple reaction monitoring were used for alkaloids qualitative and
quantitative analysis. Results All the 40 kinds of alkaloids had good linear relationship, the limits of detection were
0.03-0.30 pg/L, and the limits of quantification were 0.1-1.0 pg/L. The 3 level standard addition recovery test of low,
medium and high concentration was carried out on the botanical wine, and the recoveries were 60.1%—-100.5%, and
the relative standard deviations were 1.8%-14.4% (n=6). Conclusion The method has the advantages of fast and

simple sample pretreatment, high detection sensitivity and good selectivity, and is suitable for the rapid analysis of
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various alkaloids in large quantities of botanical medicated wine samples.

KEY WORDS: alkaloids; botanical medicated wine; QUEChERS; high performance liquid chromatography tandem

mass spectrometry; electrospray ionization; multiple reaction monitoring
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TP 2530 2 vh B 2 S AR G AL s & Y, B
SR B EA B A B A AR £ A SR AL, IR IRz,
2 R ) R A ik, ek D s AN A
B2 T B2 v Y T A AY, LA 2 R A Y
T R 2 A g O R E AR R4 S AT AT OBIR 2
M JERE o FAMEWIBRANROKALDE . 2 kB2 iA Y7 i
SRR, R RIS AT A B e
ARG BT 5k g, Ak B b i s, ek 2
AHOCHE ) v (1) S B RN 25 A B S 2 BB B b I AR B
ZEO1 A, ST BT (8T BT I L G 2k
WIms N/ INBERR | AT PSS RS A W R R R B R
GIATTTIZ, T b g LD BE S A A W ot A RN Sl A
P o SO R AR, L EEEEN, AR
PRI AR, RIS . 207 B AR S
R, EEERMERG . MRS, LU
LSO, AR ASTR] S R i A A [ R AL
YRS R 2 S, R 2R A 2B
A S 5k gl T R a] R A4 210G BT v
ZRIETTIZ, T RS TR R AR IR, S BOR A
SRR B TR 2530 5 | K A AN R B B b #g R R A 4
T8, RGN AE )20 vh 22 A ] A s R
PR PR R BT T

A RS A 2R A A e B U R i
PRI SRR S - BRSO RO
-T2 e R - TR 0 [ LA S A
FE AT EE Ty, A R R, AR R B A i o
PR o VROAH C0 335 J5 1 DN S A O P AR Ot Ak 2
D7 A A LR T 1 ek PO A REBGR T A AEER
¥ (solid phase extraction, SPE)[ZI]& QuEChERS (Quick,
Easy, Cheap, Rug and Safe)i:?145 | fa] BAYE RS 6 ok £ 14
25 i Z R S A2 A, BRIV R AR
e SRR )R =N S 7Bl 2N REE S S [TRE L (FN
GUEATEER, RS IRET . SRBCICRAL, SPE JEXT
FER S ALRCR T, SR A AT R . T LT T A
%4 . QUEChERS 4t PR, 7ERMAR, H2jE5k
FEAIN BTz, O T e R I Y A Pk
Hr (ALl BT AR PS> QUECKERS 5 SPE A HLIHEACR:
AR, (HAEAETE R AR, R RS D, FERMAL ISRy, H
e T TIPS 28 o HHTET XA PRE S R AR P iy
R 7 bt 2, X2 bR IR . AR %

TR Wiy SRS A4 o ARG T T2
40 vk WAEAHRAY) QUECHERS - Alcpoke (- sl —
VUM AT % (high performance liquid chromatography-tandem
triple quadrupole mass spectrometry, HPLC-MS/MS) #4377
%, S B AEYZGE b Z AR e H R, LA
BEFHI SRR R AR S

1 #MRI5R%

1.1 UFE5EE

TR R 3 ER B = T DU AT R S id 4% 1260 Y
WA TE L (25 Agilent A F]); TURBO V™ HLIEZ 55
5. API 4000 # = PUMRAT IS (35 E AB SCIEX /A rl);
EVA32 BIZ T RERE S AR 461 \UMV-2 B 285 TR IR &
BT S BB AT FR A FD); ALLEGRA X-12R BRI K%
A 2 RIR & 2O AL(3EE Beckman A H]); RIUF LN
(polytetrafluoroethylene, PTFE)%f kil JE#%(0.22 pm, K
HHE S0 A A BR A D), N- 3 & i (N-propyl
ethylenediamine, PSA)W&H#](46~60 pm, FIEFHHEAIK
BHEARD; Milli-Q Halik RE: (3 E %M F]);, Waters
CORTECS C g+ &% 4 (100 mmx3.0 mm, 2.7 pum, 3 H
Waters 23 7))o
1.2 #R5R

40 Fl A W bR o O (S = 98%): S IR BRARMRA . A7
Cy A1 S RN D N [ =0 A TR R T NN
BERK . BT . Eh R A SR LR S B A IR
Al RS RS R | B O, T
BUFCEL . DB, IEREREL. B, POk, T
Kl Bkml. RSk, HOHE | HABE. FA
FERIR(GEE QCC Awl); WHGH . HMEREFW. A
PR . BT, RIFEI . SR . R . ARG
BT B(3E [ CFW Labs A rl); {81 B Y66 T HBIER
. THEET . RRTEAET . el o-FAEEE
Chroma Dex 23 A]).

s, g i%4l, 15 Fisher Chemical 23+]); H
% . HIREL(LEEE =98.0%, 1B CNW A, Aibihiigt
4y JCAE R B (4 A 4l (1 245 B A Ak 2230 A BR A D) o

16y F AL 25 T R & P R A, PR
T8 kA 20 AR i
1.3 XWHE
1.3.1 HSara®

TERIIREL 5.0 mL BEARTF 50 mL HIERR LS,
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B0, A RO - FR I TG DRE RGN AR ) 2590 T ) 40 Fof AR e 1203

JIA 20 mL 2GR ZEHERIR A #IRFE 2 min, F0
A 1.0 g &AL, 4.0 g TOKERIREE, FIFERHZE ERIE
BHARFE 5 min, BESTE 10000 r/min, 4 °CEL> 5 min, Y
£ FRAHAT 25 mL 8T, HOBEREEZIE. 1)
10 mL 2 B0R & T 15 mL HIE0E H, JA 0.2 g PSA Fil
0.6 g JOKBIREE, HEZEIRINIRARERE 2 min, FL
10000 r/min. 4 °CE.L> 5 min, B FZER 5 mL K%
15 mL BEES AW b, BT 50 °C/KH | MR AT e s
BT, RELUYIRRIHBEREINERFEAZE 1 mL,
£ 0.22 pm PTFE %13k 205 P8 a0 8 2 AE GOm0 &
1.3.2  TAE W &RAT RS

A3 BIHERFR IS A Wi bs e s i, 2 ST R, 15
PR AL R 1.0 mg/mL (9455 A W BbR v ik 5 VA e
WIBCAE Wi ERE # W % 1 mL, IS EZ 2 50 mL, 15
B P B R 20 mg/L ARG PRIER TR . HERINZEL 20 mg/L
TRAPAMEEAR 1 mL, FPIGRIR AN E 78 % 20 mL, 155
W 1.0 mg/L MIRAFRMER R . FERVIIR I AHZ K
Fi ke 1.0 mg/LIRA Ry I, #3305 43504 0.1.0.
2.0, 5.0, 10.0, 20.0, 50.0, 100.0 pg/L HIESFRIE T/ER
W WORKS B ARA P00 FPERE & 8 3, B33 5.0 mL, #%
FERAE ST AL B, DR -G FRE AR 1 mL Wrfigsk

#, £ 022 pm PTFE #3kanluf il ik A 0k, 15315
WS4 0. 1.0, 2.0, 5.0, 10.0. 20.0, 50.0. 100.0 pg/L
B BT VE P AR A ARV
133 &#mEitt

(O

Waters CORTECS C g+ 4 3% #F (100 mmx3.0 mm,
2.7 pm); FEfE: 40 °C; WishHH: ZNE(A #). 5 mmol/L HIRE:
(& 0.1% MR KIEFWR(B ), BEEEVEHFEFATT: 0~1.0 min,
10% A; 1.0~3.0 min, 10%~20% A; 3.0~9.0 min, 20%~90% A,
9.0~11.0 min, 90% A; 11.1~15.0 min, 10% A; i #:
0.5 mL/min; #FER: 10 uL,

Q)4

HL I 25 25 1~ 1Jf (electrospray ionization, ESI), 1F &1
FU(ESIY), £ ) b Wil (multiple reaction monitor, MRM)#&:
X BTFIHIE: 5500 V; Z540 S S0 55 psi; SHBYSUE:
55 psi; ARSI 25 psi; EFIRIREE: 550 °C; Rl
H 7 (cell xit otential, CXP): 10 V,

40 FhA W CAS 5. - F3 . REEBT R BT
FB . % H [ (declastering potential, DP) . filf & il B &
(collision energy, CE)3 i i S HH ILE 1,

140 FHEIWE CAS S RRIZESH

Table 1 CAS numbers and mass parameters for 40 kinds of alkaloids

B oy CAS 2 STt {%Fﬁﬁjl‘ﬁﬂ BEgg¥ EREF EVERE T
/min (m/z) (m/z) (m/z)
1 BB (accoline) 63-75-2 CgH3NO, 0.76 156.1/50 44.1/33 113.1/20
2 £ #H(Iycorine) 476-28-8 C16H7NO, 0.90 288.2/80 147.1/39 119.3/53
3 P79 48 (monocrotaline) 315-22-0 C16HsNO, 0.95 326.6/115 121.4/38 237.2/32
4 TR RZEF I (pilocarpine) 92-13-7 CHN,0, 1.00 209.1/80 95.1/45 163.1/28
5 LA (Iycopsamine) 10285-07-1 C,5HysNOs 1.16 300.5/105 138.4/28 94.4/37
6 7 FER(DL-coniine) 3238-60-6 CsHN 1.29 128.1/50 69.0/25 55.0/30
7 1L B 259 (racanisodamine) 17659-49-3 Cy7H,5NO, 1.49 306.2/110 140.6/36 122.5/39
8 R E i (hyoscine) 51-34-3 Cy-H,NO, 1.66 304.3/55 138.4/33 156.3/23
9 FW) % FH (gelsemine) 509-15-9 CaoH,N,0, 1.89 323.4/120 236.4/36 195.1/66
10 81 BB (retrorsine) 480-54-6 C,5HsNO, 1.90 352.3/110 120.1/42 138.1/42
11 KT+ 30 (heliotrine) 303-33-3 C1HNO, 225 314.4/125 138.3/52 156.2/52
12 B i 5L (physostigmine) 57-47-6 Ci5sH21N;0, 227 276.3/60 219.3/17 162.5/27
13 T B E3E R A (seneciphylline) 480-81-9 C15H,3NO; 2.55 334.5/110 306.1/36 138.5/37
14 [ (4 (strychnine) 57-24-9 Cy1HyoN,0, 2.68 335.3/120 184.2/54 156.1/60
15 FAIFE i (atropine) 51-55-8 C7Hy3NO; 3.02 290.5/105 124.3/35 93.4/48
16 TR F % (brucine) 357-57-3 CyiH,00N, 3.27 395.2/105 244.5/46 324.6/46
17 #4W) 2 F(koumine) 1358-76-5 CaoHN,0O 3.35 307.2/100 180.0/63 220.0/42
18 BT B (talatisamine) 20501-56-8 Ca4H39NO; 4.03 422.4/100 390.7/47 358.3/47
19 T Bl (senecionine) 130-01-8 C15H,5NO; 421 336.4/120 120.3/38 138.2/40
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20 B C (gelsenicine) 82354-38-9 Ci9H,N,05 4.88 327.2/65 296.3/30 265.2/40
21 5 [GT- BT (senkirkine) 2318-18-5 C1oHNOg 5.11 366.5/125 168.4/43 122.4/43
22 W8 5 (echimidine) 520-68-3 CaH3NO; 5.24 398.5/110 120.4/36 83.3/42
23 J5Bi i (protopine) 130-86-9 CaoHi9yNOs 577 354.2/80 189.1/40 149.3/36
24 | 5 B (allocryptopine) 485-91-6 Cy1H,3NO; 6.14 370.2/80 352.3/30 206.0/37
25 T - (nuciferine) 475-83-2 C1oH5NO, 6.53 296.3/60 265.2/23 250.0/30
26 LA B8 (sanguinarine) 2447-54-3 CaoH1NO," 6.59 332.1/100 274.1/45 317.1/40
27 a-71if(alpha-solanine) 20562-02-1 C4sH73NO, 5 6.71 868.7/150 398.4/100 722.7/100
28 o~ #ii(alpha-chaconine) 20562-03-2 C4sH;NOy, 6.74 852.6/140 706.5/90 398.4/95
29 3*/NEEf (berberine) 2086-83-1 CaoHsNO, 6.74 336.2/80 320.0/40 292.0/40
30 F g (jervine) 469-59-0 C3HsNOy, 6.82 426.2/130 114.0/50 313.2/40
31 Fk KAl (colchicine) 64-86-8 CH,sNOs 6.86 400.2/90 358.3/30 326.1/38
32 EM (camptothecin) 7689-03-4 CaoHisN> 04 7.03 349.3/90 333.0/39 305.2/36
33 * i 3417 (chelerythrine) 34316-15-9 CyHisNO, 7.03 348.1/85 332.1/40 304.1/40
34 FEPT R B (veratridine) 71-62-5 C3HyNOy, 7.13 674.6/150 456.3/65 572.6/45
35 rh 13, 3 fifi(mesaconitine) 2752-64-9 C3HysNOy, 727 632.5/110 572.6/45 540.4/50
36 13,3 fifi(aconitine) 302-27-2 C3HyNOy, 7.58 646.5/80 586.5/45 526.3/50
37 53K T (hypaconitine) 6900-87-4 C3HyNOy 7.59 616.3/55 556.4/45 524.4/51
38 £ 19 1 2 (bulleyaconitine A) 107668-79-1  CisHyNOy 7.85 644.3/90 584.4/45 552.4/52
39 O Bl (wilforgine) 37239-47-7 CyHyyNOyo 9.32 858.8/120 206.4/52 178.4/50
40 AU B (wilforine) 11088-09-8 CyaHyNO 9.68 869.0/190 206.2/55 178.4/80

W VIR Al Sl A TR BR AR A B (arecoline hydrobromide, CAS: 300-08-3, 43 T& 236.21); "W B &l b Jy +h 8 B 5 25 & Bl (pilocarpine
hydrochloride, CAS: 54-71-7, 43+ 244.72); "W & 2l i AL R/ NEERR (berberine hydrochloride, CAS: 633-65-8, 431~ 244.72); ©I B4l i

6% 11 JE 3240 B (chelerythrine chlorde, CAS: 3895-92-9, 434t 383.82).

2 HER5HH

2.1 BIERIEFHMNK
2.1.1 &AL

HEIRECR B A S, FERR TR ST B B BTk,
— R R IE B 22 S WA A T A o TR
100 pg/L (AW B8 SAARAR UERS W 53 5 TE S A A BT
iS5k, el R QDA ERk ik
15— Ry Bk, Piik DP A K H JE (entrance potential,
EP), FEXTHEE M+ 17 F 3 F(Q2)HH#, ik CE Al
CXP, ffiZr+ & X5 558 Rm HiR e . B Biriit
PRI SO g B4 VR XoF 4 ke, LA S e g R X o ) T
VR Ry g e 5k, i o AR AR 1) o7 — A~ X HE e
PEBTFXE, 40 B ARG PO SEOLE 1, W%t
R A5 N IO B 5 A N A P T S AL

2,12 &L

ASHIFFT A Wl (2,33 435 BT i Waters CORTECS Cg+8
TEAT SRR R I IE AT, BRI LS I IETE, &
FARER B 55 N A0 30T o 552 T i Al AT HLAH R
FH R 6 0 X3, R B NG Ve BE e, e 4 A st
[ RIS B T S s AR KA 267K . 5 mmol/L H R
BRI . 5 mmol/L W ERE KW (& 0.1% H i)
5 mmol/L H BREKIET (& 0.1%Z1R)4 T il R 0B
RV, A5 R EOR, A H BRE TR R EST AT & B
R B Ak, BRI mT Rk Ny, A IA 0.1%
H IR AT i — 2048 40 FiE P00 ik 1, LA H i
BRI R . AR R AEFEZNE-5 mmol/L F sk (&
0.1% FH 2 ) K I Wl T s AR AR R R AT 16 BE VDG, 453224
BRI A TR B, 40 Fh H AR AE Y108 ] 7E 10 min PN H 0558 52,
L W DL 1, 55 1~40 o R AR s B 45 4 B
] L3R 1.
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il
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A5 B4 15} (] /min

T 1L AR 2. i 3. BFE A 4. BRET S GG 6. TR 7. LITEEER 8. AR 9. SR 10, BT B 11 KIF
30K 12. B E0; 13, T-HEOGIERGE; 14, L0077 15, FIFEAY; 16, a0 17. SAW)ERT 18, BB, 19. T HYGT; 20. AMEC; 21.
ST HDE T 22, W, 23, JBT Ro; 24. BRGSO, 25. FibB; 26. IMARDH; 27. o-H08; 28. o-RAHHH; 29. /NEERK; 30. BEPH4; 31. BokAl

s 32. EAI; 33, FUBSRLIHE; 34, B2, 35, 53k 36. 3kii; 37. WSSk 38, W HIE; 39. B

ST 40. TR

B 1 40 FlAEPI B A bR UER (5.0 pe/L)Z SN 5 Pl
Fig. MRM chromatogram for 40 kinds of alkaloids mixed standard solutions (5.0 pg/L)

2.2 ARG
22.1 RIEA

ABEFE 40 FIREI A PR AR PG RESS | Sk
2. HOAHEZE ., B B3s . RIEmZE . WHN
%, DR AR R, Mk MR
K, BHOENE . PEEmE . SR, STvERE)T, HECRA
QUEChERS A THE A HTALEE . 2 QUECHhERS Py
PR BRI FIPO U, A58 R AR - Z RO 4
PER IR, IART NaCl FIJG7K MgSO, 7R EIM K AE Y
I ES FT A P= 2, AT oo 2 B R 3 v e A= M A K A 1)
ZIEAREERS . HE—2ET NaCl FIJGK MgSO, AR Kn
A LA MR B R, WF9E B8 NaCl FIJEK MgSO,
3914 1.0 g F14.0 g NaCl 5 J67K MgSO,MMA LA 1:4 (m/m)
B, PRICHCRAT . 20T EH A I TARAE R IL
HHZ 50 CRIBHER 25 T O FHE FIMA RS PGSR
i, WRES L EE A YIEE 5 T LIE AR A O, IF
R[] 2 B AR S A B A (AT
222 HEME

2 R T A R S A 2 Rk L, a0
WiZE ., &L, EAEE . AR, F . EARIMIES,
2 GRS TR AU B R . MY & CIEIRBUS
HIE T RE S AR A . TR . AHLIR . BiZsAn/b
WO RGET YRS, 0B RE 48 5 g il 5 of
S G I 45 S AT 52 N A PSA BEAT SO B R b
PRI, A= G R SR ), TR i A G K B R

PLitE—25 R BRI BOR K4, FIFRSamikss . w5
WARIMA PSA FIJE/K MgSO, 4510 0.2 g #1 0.6 g, PSA
HIAK MgSO, AR 1:3 (m/m)ist, BB LR TH
WAy, &Y R R R AT
223 HERREE

LR DT TAE MR RLR SIS AR TR R R Z
KL F, FEBR R FAE 0.8~1.2 305 B P A AT A Sk i s i e
AN, FERFEF/NT 0.8 BERIEFAIHIN, FHEHEFRT 1.2
IR SRR, . AP BRI RN, AFSEAE 1.3.2 2Bl
AR T AR 2k B SERRVC RS TAEMZR, Jorh LR ILihR
HETAEE W R GR AR AR P00 B A (R 22
Sy NMIACT . A S PRI . S5 SRR,
FEI RN, AR . A, BFE AR, BARIEE
W E | TR 00 . TR AR RS R I ST RO, H
REETTRUNE N B T2 R Z5I0 L3 25 5 3RO H 24800
BN TCIRVEIRARAS, L SR T 250 A DR
KRB ATRED A RSN AR I, Ak P g i rp it 2
JUPRBR BT RSl P AL P | B S DU, EEER FVE
FUARIE TAE BRI AT A Do e e AT 2R
23 %Mol HHRMESR

FEARACISEBG 550F T, X SE R VC R AR BOR A bnifE
ROV ST, LA 1 (Y 0 TR AR AR (Y) AR
N H AR S3Hr oik ve BE R RR AR AR (X, ng/LPEIR, S5 3 IR
40 AR A T A N T ek VAR Y TR N S8 AT R R G R,
AHRRFCRT 0.995. L 3 AFHEME L (S/N = 3) M W A X6 1 1
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e FEAE A6 H BR (limits of detection, LODs), 10 515 MLt
(S/NZ=10) % L7 F #e J&2 {8 1 4 22 1t B (limits of quantitation,
LOQs), i iz B ETREAR IR T i Wk 1 )5 i3k A5 40 FhA:9)
B A A BR(S/N=3)H 0.03~0.30 pg/L, ERBR(S/N=10)
9 0.1~1.0 pg/L, 40 FAEYIBRZ MG . fr bR . =R ([H
ATEPRAERE, ok e iR BRI 2.
24 [EWEFIEEE

NEEE TR, XA IS TR, &
3 ANHRBE KPR SE o 2P Bl o A S M 20.0 pg/L
AT B82S R BT INARK T 0.4 4.0 F1120.0 pg/L, kMsE

Pl e o e B R MR N 50.0 png/L RAantil . B9 Al . BRZE
Fll . ARG RITEL. SR . I SRLLmA R
£ 8 Pl meizs FAEERINARZKE4 1.0, 10.0 Fl 50.0 pg/L, H:
4 31 PP AR K- 2.0, 20.0 #1100.0 pg/L, %, 1.
W 3 AN AT 45 6 D3RR, TS RIS R FoRs 2
ZEILER 2, 40 Fh AP INAR FICRIEFIAE 60.1%~100.5%
Z I8, K% B (FHXT bR IR 22, relative standard deviations,
RSDsY/T 1.8%~14.4% (n=6), NNkx [EIWZFINE 5 B /&
GB/T 27404—2008 { SLH = i hliye & b )

B3 F s G Il FORS 28 B 1 253K

£2 40 MEYRL LC-MS/MS U E B AR M REIRHT
Table 2 Technique performance indexes for 40 kinds of alkaloids by LC-MS/MS

—_— e (397355 e e

fetety gppmge S gy R GEER
= - /(ng/L) " Aug/L)  /(ug/L) BR  RSDs  [EICE RSDs %  RSDs
/% 1% /% /% 1% 1%
HEAB O Y=1.26x10"X-1.81x10° 1.0~100.0  0.9972 0.30 1.0 77.8 100 678 65 817 13.0
VaF=R ¥Y=2.90x10°X +1.59x10*  0.3~50.0 0.9982 0.10 0.3 81.8 72 939 67  99.8 2.5
B EH AR Y=8.12x10°X +4.50x10°  1.0~50.0 0.9993 0.30 1.0 70.3 13.0 965 88 974 43
BREEM  ¥=3.66x10"X +1.44x10*  0.3~50.0 0.9976 0.10 0.3 74.6 9.1 88.0 90  87.1 43
VLN s ¥=3.90x10"X -2.62x10 0.3~50.0 0.9991 0.10 0.3 747 132 804 104  91.1 1.8
BETT0 Y=1.20x10°X +3.50x10*  0.1~100.0  0.9984 0.03 0.1 739 119 795 112 852 7.5
I Y=1.50x10"X+1.43x10°  1.0~100.0  0.9988 0.30 1.0 843 137 807 63 928 6.4
R Y=9.10x10°X +3.24x10°  0.6~100.0  0.9977 0.20 0.6 91.8 108 835 41 965 5.8
all/EE Y=1.37x10*X +1.77x10° 1.0~100.0 0.9982 0.30 1.0 85.4 76 788 43 95.8 4.7
BT HYEIE y=1.72x10°X+1.09x10°  1.0~100.0 0.9995 0.30 1.0 77.2 11.8 723 76 921 3.3
RIFHE, ¥=1.43x10"X -1.59%10° 1.0~50.0 0.9989 0.30 1.0 90.7 93 793 63 904 5.9
Tl AR Y=2.71x10°X +3.04x10*  0.1~100.0  0.9979 0.03 0.1 81.4 62 715 63 873 49
FHOEFERL  y=1.24x10*X+3.39x10>  1.0~100.0 0.9986 0.30 1.0 72.8 72 715 6.5 935 6.7
LT V=2.12x10*X -3.09x10? 1.0~100.0 0.9994 0.30 1.0 71.5 114 83.8 2.1 90.1 4.8
FATFE i Y=1.10x10°X +8.50x10°  0.3~100.0 0.9987 0.10 1.0 81.9 5.9 81.6 47 948 6.2
HERTI ¥=6.90x10°X -5.59x10? 1.0~100.0 0.9970 0.30 1.0 92.4 98 810 77 968 4.1
W) T ¥=9.37x10°X -2.09x 10> 1.0~100.0 0.9994 0.30 1.0 78.9 96 784 75 933 5.6
R ¥=9.71x10°X -1.23x10° 1.0~100.0 0.9987 0.30 1.0 77.6 84 769 77 8712 5.2
F T Y=2.42x10°X +5.00x10°  0.6~100.0 0.9982 0.20 0.6 72.2 13.0  78.0 55 934 6.5
Al ) Y=2.98x10°X +3.44x10*  0.1~50.0 0.9986 0.03 0.1 77.6 6.1 80.8 33 906 6.5
T HEET  ¥=5.19x10°X +1.48x10°  0.3~100.0 0.9988 0.10 0.3 77.8 11.0  79.1 56 937 6.9
TERIE ¥Y=5.26x10"X+1.09x10*  0.3~100.0  0.9975 0.10 0.3 95.1 73 979 58 907 3.8
BT 5 ¥Y=9.27x10°X +3.47x10*  0.1~100.0 0.9972 0.03 0.1 76.8 6.0 780 3.8 92.4 6.7
B A R Y=4.14x10*X +1.04x10*  0.3~100.0 0.9967 0.10 0.3 85.9 36 778 6.3 89.7 8.3
for - Y=3.73x10°X +1.15x10*  0.1~20.0 0.9996 0.03 0.1 65.9 11.7 81.9 3.8 81.9 48
AR Y=4.00%10"X -1.49%x10* 0.6~100.0  0.9980 0.20 0.6 60.1 107 78.0 55 934 6.5
o= Y=6.34x10°X +1.08x10°>  1.0~100.0  0.9990 0.30 1.0 703 129 813 37 852 3.6
a-F AR ¥Y=1.72x10"X +2.58x10°  1.0~100.0  0.9970 0.30 1.0 777  13.0 845 96 83 115
/INBER, ¥=9.53x10°X +5.41x10°  0.1~100.0  0.9976 0.03 0.1 733 121 743 33 923 5.1
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L Y=1.68x10°X+1.24x10°  0.6~100.0 0.9995 0.20 0.6 69.7 132 68.1 113 875 105
BOKAImE  ¥=3.80x10*X +1.82x10°  0.6~100.0 0.9982 0.20 0.6 829 126 78.5 12.2 90.8 9.5
EWR 7=3.06x10°X-1.39x10*  0.6~100.0 0.9985 0.20 0.6 688 139 67.3 10.4 794 103
FEZELIIR Y=1.47x10°X -3.45x10°  0.1~50.0 0.9977 0.03 0.1 64.8 5.7 63.3 6.1 83.0 8.3
FEPRAR ¥=2.15x10*X+2.88x10°  0.6~100.0 0.9977 0.20 0.6 747 13.1 72.1 7.8 88.1 6.8
A ¥=5.12x10°X-5.18x10  1.0~100.0 0.9983 0.30 1.0 100.5 8.1 88.7 53 98.1 9.4
B3k ¥=1.98x10°X-2.36x10°  1.0~100.0 0.9989 0.30 1.0 853  13.6 78.4 8.6 91.7 7.2
WSk ¥=2.32x10*X+7.87x10*>  0.6~100.0 0.9982 0.20 0.6 85.3 8.6 78.3 4.0 95.8 9.1
HERE  1=1.16x10°X+1.26x10*  0.1~50.0 0.9985 0.03 0.1 75.0 2.7 78.3 6.9 92.9 5.9
THARESTR Y=4.11x10°X +1.45x10°  1.0~100.0 0.9978 0.30 0.3 709 122 83.4 13.3 883 119
TR Y=8.01x10°X-4.95x10"  1.0~100.0 0.9981 0.30 1.0 858 144 88.0 6.1 84.5 6.2
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Fig.2 Total ion chromatograms of real samples
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