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WE:HN oML AFZRN PINRBATHR (S ELBAAETALT MPYERKRAT ARG T R FE  RABRIHE MRS
AR BEAT AT 4L 22 RN b BeAR &5 B TR R (ICP — MS) sl 2 4 5% 45 (Ph) (48 (Cd) . AF (As) . R (Hg) 4R (Cu)S A+ £ 4% B £ 7T
F b F R AR S RRAN G B IR (UPLC - MS/ MS) 3l 58 B i AP T & k& AR 2 FORM R 377 M MedtEs 1,3 -
ZORE R v BB R R R R MR RS B TR MRS R LB L S Aok bR AR AR EORF A ek Rk |
6 - TR ZA TNk CERE 24 AN AR AT HANERE ST ER S ETLBAAEAL MPYAKRAT AN EA R ZRAR
B ALAMNTE/ WAL EE v SR T REM X R R4 (r>0.990,n = 6) , M FR 5 5] 4 0.000 2 ~0.001 0 mg/ kg.0.01~
0.10 mg/ kg, T FMEH %14 0.000 5~ 0. 003 5 mg / kg.0. 03 ~0.30 mg / kg; 45 5 B AT XIe 2k R4 RSD 30 F 5. 0% ; F 3 A
EDECF 53 1 90. 18% ~ 105. 12%(RSD %1 0. 59% ~2. 22%) \75. 31% ~90. 82%(RSD # 0.31% ~4.61%)(n = 6) ;27 #t4f 5 7 £ 4 5%
A d 3P 43t Ph ARAR, 1 b He #2847, 1 3k Cd ABAF; # sk 5 B2 BEAX 8,42 4 0. 012~0. 096 mg/ kg, 12394 T2 2 FR(0. 15mg/ kg ).
G Py RBRAER R AR, TN T AR AR PANREA e,

KR A ALK A R RABSF BT RM LR B SR RAMEE BN LR, T2 5 AE LT ;MM EKRAS H

Residues of Exogenous Harmful Substances in Rabdosiae Rubescentis Herba Pieces
YANG Qiuhong,LI Shan*,HUANG Xia,Ll Haiyan,LIU Yanan,WANG Haibo

(Henan Institute for Drug and Medical Device Control + Henan Province Engineering Research Center for Quality Control of Traditional Chinese Medicine,
Zhengzhou , Henan 450018, China)

Abstract: Objective To establish a method for the determination of exogenous harmful substances (including heavy metals and
harmful elements, as well as plant growth regulators) in Rabdosiae Rubescentis Herba pieces. Methods The samples were
pretreated by microwave digestion. Inductively coupled plasma mass spectrometry (ICP — MS) was used to determine the contents
of five heavy metals and harmful elements, including lead (Pb),cadmium (Cd),arsenic (As),mercury (Hg) and copper (Cu) in
the samples. Ultra — performance liquid chromatography — tandem mass spectrometry (UPLC — MS / MS) was used to determine
the residues of 24 plant growth regulators, including atrazine, butralin, chlormequat chloride, fruitone CPA, chlorpropham, guayule,2 -
diethylaminoethyl hexanoate, 1, 3 - diphenylurea, ethychlozate, flumetralin, flurprimidol, kinetin, inabenfide, mepiquat, enadenine,
naphthylacetamide, paclobutrazol, pyripropanol, trans - zeatin, triapenthenol, uniconazole, 6 — benzylaminopurine, forchlorfenuron and
thidiazuron. Results All heavy metals and harmful elements, as well as plant growth regulators showed good linear relationships
with the instrument response value of analyte / internal standard element or peak area in the corresponding concentration ranges
(r > 0.990,n = 6). The limits of detection were 0.000 2 -0.001 0 mg / kg and 0.01 - 0.10 mg / kg, respectively;the limits of
quantitation were 0.000 5-0.003 5 mg / kg and 0.03 -0.30 mg / kg,respectively. The RSDs of precision and stability tests were all
lower than 5.0%. The average recoveries were 90. 18% ~ 105. 12% (with RSDs of 0.59% - 2.22%) and 75.31% - 90. 82% (with RSDs
of 0.31% — 4.61%) ,respectively (n = 6). Heavy metals were detected in all 27 batches of samples, among which four batches
exceeded the limit of Pb,one batch exceeded the limit of Hg and one batch exceeded the limit of Cd. Pyripropanoll residues were
detected in five batches of samples, the contents range was 0.012 — 0.096 mg / kg, all of which were lower than the limit of
quantitation (0.15 mg / kg). Conclusion The established method is simple and accurate, and can be used for the control of
exogenous harmful substances in Rabdosiae Rubescentis Herba pieces.

Key words: Rabdosiae Rubescentis Herba pieces; inductively coupled plasma mass spectrometry; ultra — performance liquid

chromatography — tandem mass spectrometry;heavy metal;harmful element;plant growth regulator
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AT L) HRPy H, HETE , B B R T P
AR 1E S 2 DAk 2 2 bh S B A Tl R L PG S,
HT R AT LU K (T IR AR SR ) | T - AR IR
BRER FWEAL, QO ZAM B 77X LR
rb S B T S AR IS A, DL R A e
KA W R A LR SE RS, AR R
HEAPR P50 JARESEERD -7, i H o JEoRHR
B8 25 A B S AR A i A T T T S R % 2 R
[ i 5 2 A PR R R F R W 1 DR B 4 A
BT I, AR 5T T 2% 2020 R E 25 L (—35) ), A
27 kA& R R TR AN E A Y R (S E AR A
FEICR AW, LU RIZ K R 19 5 4 )
BRI S HGEIT

1 XBE5RE

1.1 {2z8

Agilent 7900 B it JEAH 5 55 25 11X (SE [ Agilent 23
i) ; QTRAP6500 + #4 i 1% 4% ( 3¢ [E] AB Sciex 23 H ) , it
A UPLC - 30AD # = RO AH (354X ( H 4% Shimadzu 2%
A)) s MARS BRI A (36 CEM A ]) s EHD — 40 Y
EERR AN (A 5 ZR B Z A BR 23 ) ) s Milli — Q Advan-
tage A 10 BB 47K R 48 (3 E Millipore A F] ) ; SIGMA3 -
30K 75 2 3 A R B O HL (] Sigma 28 F]) s XPE205 B H
F K (Fi =+ Mettler Toledo 23 F] A5 A 0. 01 mg) o
1.2 iK%

#5(Pb) A (Cd) 1 (As) TR (Hg) i (Cu)TRA X HE S
T L 2 R e R e L dit5 o 610014 - 201701,
Pb 198.7 pg/ mL.Cd 10.0 pg/ mL,As 103.2 pg/ mL,
Hg 10. 0 pg/ mL.Cu 1 007. 5 pg/ mL) ; 5 (Bi) 5 (Ge) |
B (In) b A B AT €64 i S 1B R E 3 Al i
L, 3154 23D71332, 100 g / mlL) 3 24 Rl 4 A= K8
FI(F5 2 T R R AR ORI R B
Jie JEEETR (1,3 — ZORBEIIR (2R | R0 B | vk
BREFEERS BB | URES s RS (2R O 2
ZAs I P SRR A RO 6 - TR
M SR TR ) TR A IR VA TR (R P AR
HEFE AR MR S5 A R L LS4 19448 — G240901 , 5 A
L4 wg / mL VAR R 20 wg / mL 25 LR 4 g / mL,
MERERE 10 we / mL, A3 2 pg/ mL) s HEE | L0
ikl L NG RS R Ay B el KB AliK .

27 A EAR T (G5 R S1 - S27) M4 EE I
ks, R E T 2477, LT g 6 It Tk 4 41t WAL
LY CH R £ 34t 2B T I] BEPE CHTTTAS 24 R
S1 - S15 WAV FK 7, FE b S16 — S27 Ry i B 4 1
ZRE G AR 24 i R T A ORS 50 e T R AR AT 24 0
BESE N AE L 1% 2020 R 24 8 (7)) ) A FEAR
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Tab.1 Sample information

Y5 A Ak 3
S1 A B A (M) 254k A TR 8] i
S2 A B A (Z M) P ik i A TR F) e
S3 AR 4 R P 25 AR K A PR 8] EY
S4 T 36 R 254 7 A TR ) ElS
S5 AR AR R T NI
S6 LR HR A 2R B A PR B B
S7 LR AR A AR 5 R R 8] FHf
S8 LiEFE R LR HARA T RS EL
S9 EHEFEAEP SR T ARNE T4k
S10 L AP R AR F) T
S11 FAZ P 25 45 B A R 3] # e
S12 FAZ W 25 4 ) AT PR ) # b
S13 ki B Ak A TR 8] T
S14 PR £ P A A A RN 8] u:Bl)
S15 AT A0 P AR R A R R 8] )|
S16 WA o]
S17 A T
S18 S EEI
S19 ] lELS
$20 ] ok
S21 B HH
S22 A b 75
$23 W ) 79
S24 7 4% K 75
825 AR % 75
826 i AE ]
827 & a3

2 FHEEER
2.1 EEEREETERN
2.1.1 BmRERBHEFEFEMECP - MS) K% 4 1
AL B BB A 01 500 W, 20 2 0. 9 L/ min;
AMER DL 0. 25 L/ mins SR Eh 2 0. 1 v/ s; TR
é&ﬁiﬁ*% . 208Pb ﬂ}n 202[,1g [/j\ 209Bi ﬂ\j W*ﬁ , ll4cd [)J\ IISIn ﬂil
HNFR, 7 As F193Cu LA 3Ge B AR o
TR T F AL - N ES TR 10 min N THIEL S 120 °C  f4#
5 10 min; 5 min N FHE E 160 °C A£4F 10 min; 5 min N
THE 2 180 °C A%H5 30 min; T Ky 1 600 W,
2.1.2 EilH%&
TRAPRE I A % B U P .Cd  As \Hg . Cu IS X}
MRS 1 mL, B 100 mL 25 5, 0 5% i 1R A B
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#l B 4 1 mL % Pb 1 987 ng.Cd 100 ng.As 1 032 ng.
Hg 100 ng.Cu 10 075 ng fIIR S HRAEA .

TRA PRI RS % U Bi L Ge In bRyfEV OE i,
HKABERLEE | mL A% Bi Ge In4% 1 wg IIRA PR

FRYNR A R ET W - 43 0K % 2 BUR G A HE VW
0.2,0.5,1,2,5,10 mL, & 100 mL 25 H 0, in 5% filig
e & B 45 1 mL 4> % & Pb 3.974, 9.935, 19. 87,
39.74,99.35,198.7 ng,Cd 0.2,0.5, 1.0 ,2.0 ,5.0 ,
10. 0 ng, As 2. 064, 5. 16, 10. 32,20. 64,51. 6,103. 2 ng,
Hg 0.2,0.5,1.0,2.0,5.0,10.0 ng, Cu 20. 15,50. 375,
100. 75, 201. 5, 503. 75, 1 007. 5 ng ) Z& 1) I 45 by e
R

BER AR RSB R 20 0. 5 o, KB FRE , BTN
FEd IARSES 10 mL, 4%2. 1. 150 FRUE M, B HEE
I HUE 120 CREERIE R 1 mL, B2 A 50 mL A 5
rh, /D K BRI T AR 3 U BRI G T T ik K
FEZEPEA), 400, 22 pm A FLUE IR UE ISR IE TR, BIAS-

25 U0 BRI ASTINRE &, DA RR 10 mL, ¥ 9H
F e b, et SV VR R B L 4, RS
2.1.3 FHEFEEE

LRME K R EE I S5% TR 2. 1. 210 R4
TR PRUEV I, 4% 2. 1. 1300 F R0 4 AR 2 L R
AR AR IE , AR T 3 3T 4t MR B2 (X, ng / mL) Ay A
Ap bR RN T Z 5 T HE N AR T Z A T N (R Y LR
(V) R AR AT N S5 L3R 2.
K2 SHELEREETELAUXE RNR. EEBREEKE

ERER

Tab.2 Results of linear relationship,limit of detection,limit of

quantitation and recovery rate for five heavy metals and harmful

elements
#a , L BAR REIR O mEEKE(%)
) BaF# r —_——
ik (ng/mL) (mg/kg) (mglke) X RSD

Pb F=0.01524-0.0028  0~198.7 0.9988 0.0002  0.0005  92.32 0.8
€ 1%=0.0103%,-0.00004 0~10.0 10000 0.0002  0.0005  90.18 0.5
A 1=0.01604,-0.00024  0~103.2  1.0000 0.0010 ~ 0.0035 105.12 2.2
Hg  ¥,=0.0035%,-0.0018  0~10.0  0.99%1 0.0010 0.0035 99.86 134
Co K=0.2009%-0.2198  0~1007.5 0.9998 0.0000 ~ 0.0035 10216 1.92

ORI PR 55 7 B PR AR I 2. 1. 2300 25 X0 R
ARG B H 2. 1. 130 R RS AR R SR 11K,
T SRASCA e O AR S AR A 22 (SD) , LA 3 4%, 10 %
SD XL %) £5 A I o0 2% Jo e Yk R A Sy A R R 1 FR o
g2,

Fa % B B2, 12 30T RYNR G hn e W (5
1 mL %354 Pb.Cd . As \Hg.Cu 19.87,1.1,10.32,1.0,
100. 75 ng )i 2, 4% 2. 1. 1300 N3R5 45 (4 i SRR 22

6 VK, IC A AR IR (B o 25 5 Ph . Cd \ As , Hg . Cu {325 Wi 7
B B RSD 435 5 0. 33%, 1. 62%,2. 13%, 1. 72%,2. 47%
(n=6), RIULZHKG R R4

R s I R]— A (5 o S Il i,
ST IRCE 0,2,4,6,8, 12 h 4% 2. 1. 130 FikL6
SAFHERED AE | 10 SR e W . 45 5 Pb . Cd \ As  Hg.
Cu {25 W5 1 1 ) RSD 43 %1 4 0. 62%, 1. 76%, 2. 12%),
0.82%,1.77%(n = 6) , WML SR AE R E 12 h
WHEATRE

R ORE (G5 SRR 0.5 ¢, R % R
L AL 67, He 2. 1. 2300 F Jy vk i A b A W, R
2. 1 VIR a0 45 A AR 2 |, 3 SR A A I 1 AE, I3
B 45 Ph.Cd. As Hg. Cu & & 9 RSD 43 51 A
0.64%,1.83%,0.46%,1.58%,2.13%(n = 6) , W )7
BEERL.

IR [l s 5 - B 0 A i (4 5 ST B R
0.25 ¢ K%M, B R VU L0 I f e, e 47, in
NIBBARER 0. 5 mL, #% 2. 1. 2350 F )7 sl 4 kit i
VW, R 2. 1. 1300 T a0 45 PR R AR 2, 1 SR AL i)
MR, IR TR IR R S5 3 L3R 2.

2.1.4 £ENE

B 27 HLFE ok R 4538 B, #8220 1. 2 300 F Jy vk il a5
P AT, #5220 1. 1300 6 S5 R R R 5 1T SRAX
sl 7 {158 5 5, P ATHERAE 3 IR TR TR AR Y 1 2%
P #4728 OO R, HERR T 45 2R L3R 3.

27 LR A o Ph . Cd | As . Hg . Cu 5% B4 3 Bl 43 31 0
0.355~13.267 mg/ kg, 0. 016 ~ 1. 222 mg / kg, 0. 129 ~
1.942 mg/kg,0~0.525 mg/ kg,5. 289 ~ 18. 272 mg / kg,
Fi¢ 2020 4F p 25 M (PO )45 S )5 0] 9302 Hh 2 3
B B B i o 48 5 N AR E R E (P < 5. 0 mg / kg
Cd<1.0mg/ kg, As <2.0 mg/ kg,Hg <0.2 mg/ kg,
Cu < 20. 0 mg / kg) HI5E , A 4 A (S2,56,515,518)
PR, LHEFE L (S18)He AR, 1 AR (S12) Cd s o
2.2 HEYAEKRATFIREE
2.2.1  #E BURAR& 3E & Bk fUiE (UPLC - MS/ MS) ik
T &M

o3 2 - (3% B Waters CORTECS® T, C o 1
(100 mm x 2. 1 mm, 2.7 wm) ; Ji ZhAH R 0. 05% H R %
W (A, 7510 mmol / L RS ) — 75 0. 05% HI R i) HY Bt i
W (B, & 10 mmol / L H R % ) , & B Vi (0 ~ 1 min B}
5%B, 1 ~ 4 min i} 5%B — 60%B, 4 ~ 8 min i} 60%B —
64%B, 8 ~ 8.5 min I} 64%B — 68%B, 8.5 ~9 min i}
68%B — 75%B,9 ~ 16 min i 75%B — 95% B,16 ~ 20 min
i} 95%B, 20 ~ 21 min B} 95%B — 5%B, 21 ~ 25 min i}
5%B) ;H o~ 0. 35 mL / mins AR 35 CsHERER K 3 pl.
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®3 HRPSHESERFELRSENELR (mg/ kg,
n=3)
Tab.3 Results of the content determination of five heavy metals

and harmful elements in samples (mg / kg,n = 3)

%5 Pb Cd As Hg Cu

S1 3.972 0.473 0.938 0.072 8. 087
S2 13. 267 0. 869 1. 426 0.072 7.326
S3 3.260 0. 055 0. 158 0.083 7.125
S4 2.684 0.791 1.927 0.023 6.732
S5 1. 642 0. 050 0. 321 0 8. 187
S6 6.756 0. 498 1.266 0. 151 8. 156
S7 4. 629 0. 604 1.942 0.125 8. 647
S8 3.117 0. 683 1.526 0.138 13. 185
S9 2.003 0.712 1. 850 0.102 11. 675
S10 3.771 0.232 0. 667 0.172 6.814
S11 2.495 0. 041 0. 380 0. 087 18.272
S12 2.738 1.222 1. 694 0. 145 8. 602
S13 3.211 0. 131 0.353 0. 101 6. 695
S14 1.221 0. 050 0. 241 0.071 8.392
S15 8.383 0. 827 1. 082 0.014 7.101
S16 3.138 0. 650 1. 347 0. 102 6.423
S17 2.706 0.561 1.182 0.103 5.728
S18 8.457 0.530 1. 110 0. 525 5. 669
S19 3.332 0.583 1. 176 0.115 5.885
S20 2.205 0. 634 1. 296 0. 098 6. 424
S21 3.437 0.582 1.213 0.038 5.794
S22 3.859 0.615 1.224 0.031 6.179
S23 2.223 0. 655 1. 344 0.137 6.757
S24 0. 355 0.016 0. 129 0. 087 6. 980
S25 0.853 0.029 0. 369 0. 086 5.289
S26 1. 868 0.163 0.339 0. 086 5.289
S27 1. 695 0.118 0.435 0.200 5.652

Jo i 25 A« A AR O BB 1 ] I R AR AR T
17 MRM, & 7 4 ESL; 15 %5 HL i EST* 5 500V ESI-
4 500 V; Z AL E R 550 °C; A AR M 30 psi; Gasl N
55 psi; Gas2 K 55 psi; X 454G 9 Wi il 2 %§ . DP . CE
LT AL IS IS SEOL K 4,
2.2.2 BRHE A&

FGNIR AT HR T BUR A 0 IR I WO 2,
% 1 0, ) M s R ) o £ Vi B2 43 0 29 R 5 ng / mLL
10 ng/ mL.20 ng/ mL.50 ng / mL 5 100 ng / mL (/] £ %]
TRA X HE AR TR

Bl W B Y K2 3 o, KB ROE , B
50 mL R O H IR B4 T R B INOK 10 mL, iR E
HCE 30 min, K HMA N5 15 mL, IR HETR S, BHRG 4%
FRIZUIRZ 5 min, INTJCKGRBREE AL AN AT ETIR — A
AR R —ANERA AR (4:1 1 :0.5,m/m/m/m)

78

R4 RUBEHBERGSH

Tab.4 Optimized mass spectrometry condition parameters

REWE AEF RIHF/IRM

Fagy A2 W)l Bl CE(eV)  DP(V)
AEiE ESI* 581 2163 146.0/131.9 3% 130
BTR ESI* 1251 2960 240.1/222.0 20/30 130
BEE ESI© 068 1223 58.2/6.8 219 130
¥R % ES 5.2 2000 154.9/127.0 18/27 130
AR ESI* 729 2140 171.9/154.2 1212 130
i ESI* 5.04 2621 100.1/57.9 %15 130
B b B EST 458 2160 143.1/100.2 2602 130
13-244K B ST2 0 232 94.0/76.9 166 130
| 3 ESI© 628 2391 164.9/193.1 2B/19 130
R ESI° 1250 421 143.0/107.0 19/100 130
hH ES 735 3131 270.1/269.1 4147 130
wELES B 441 260 80.7/147.9 419130
Rl ESC 677 3392 320.2/79.9 2313%6 130
ok dh ES 072 141 98.1/58.2 3503 130
g ESI© 504 2040 136.0/148.1 4120 130
RUBE ESI* 499 1861  140.8/115.0 26/5 130
Stk ESC 7.3 2942 70.1/125.0 5205 130
LB ES 074 1379 120.1/92.0 /31 130
RAEAE ESI* 3.82 2201 136.0/147.0 25/ 130
ek ESI* 9.21 2642 69.7/109.0 30/29 130
Hitek ESI* 878 2920 69.9/124.8 37139 130
6-FaL24  ESIT 49 2242 133.0/106.0  -31/-46 130
Bk ES© 603 2459 126.6/90.9  -11/-31 -130
EXRE EST 520 2189 9.9/70.7  -16/-45  -130

6.5 g, 5 BIHR L, B iR #% LRIZIHR Y 3 min, T ki
Y21 10 min, 8 000 r/ min &0 5 min (T [R]) , 4% 25 W H
B9 mL, BB TR A A R 4 0 A EE
FALE D e Fe IR A 1 B R B RIZUR
5 min, B0, KB W E FIEW S mL, 40 CTF A 2D
0.4 mL, MMZHERMBER 1 mL, WHEIRA),20.22 pm il
FLUE ML 8 WS UE W, BN A% .
2.2.3 FHE¥FE

A G058 PRI 4 B E 2. 2. 2 00 IR A X R
BEIR S R A5 T B, 42 2. 2. 1 300 a6 A R R 5
TC SR 0 R 5 SR TR A5 T it V8 VB0 0 €2 3 R T 1 P
I [R]Ah YA H 0 23 B ORI DL IET 1

LRPE e R 2. 2. 270 F R ANIR A% I VA TR
T 2. 2. 130T R A A A I i SR AR, LU
WETHTAR (Y) AN ALFR EI AL 43 0T i Mk B2 (X, ng / mL) A
AR BRI TR M 25 SR WL 5,
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BITOREE /X 100 TSR /X 106
6,15,16,22
35 1.6
3.07 b4
i 1.2
2.54
1.0 A
2 0 i 424
’ 0.8
1.5 1 51418 . 0.6 1
8
1.0 0.4
0 s 5|7 0 2 18
2,10 4
o 912 z; ) }‘Nﬂ.“* A h) “" J i
0 ' }bn . R t/ min 0 T T T . ¢/ min
2 4 10 12 5 10 15 20
A B

LFEE 24P TR 3. 8&8%F 4 2R% S RFEKRL 6 MM 7. MEERE8.1,3 - XAk 9. uIAE 10, AV
11 ok B 12, MREUR o 13, il 14 ToRER 1S IRROA 16 ROBUE 17, Zack 18 B 19 RXERF
20. 3k 21 Wk 22.6 - FRURTRY 230 ANk 24, K%
A AT B RER B B RIER
El1 MRM & i&E
1. Atrazine 2. Butralin 3. Chlormequat chloride 4. Fruitone CPA 5. Chlorpropham 6. Guayule 7.2 - Diethylaminoethyl hexanoate 8. 13 — Diphe-
nylurea 9. Ethychlozate 10. Flumetralin  11. Flurprimidol ~12. Kinetin  13. Inabenfide 14. Mepiquat 15. Enadenine 16. Naphthylacetamide 17. Pa-
clobutrazol 18. Pyripropanol 19. Trans — zeatin 20. Triapenthenol 21. Uniconazole 22.6 - Benzylaminopurine 23. Forchlorfenuron 24. Thidiazuron
A. Mixed reference solution B. Test solution

Fig.1 MRM chromatograms

RS UMENERKFTHEEXR AQNR. EERREEKEEZRER

Tab.5 Results of linear relationship,limit of detection,limit of quantitation and recovery for 24 plant growth regulators

) . ZESEE i R £ F R e E (%)
A5 %4 )35 A r —

(ng / mL) (mg / kg) (mg/kg) X RSD

FEE Y, =23273.5X,+ 16 430. 4 5~100 0. 996 6 0.01 0.03 75.31 1.22
TR Y,=37149.5X,-4223.3 5~100 0.9923 0.01 0.03 85.19 2.34
BHE Y,=9682.1X,-9772.5 5~100 0.9912 0.01 0.03 83.82 4.22
AR Y, =18 210. 8X, + 8 679. 5 10~ 200 0.996 0 0.02 0.06 90. 06 1.91
AR R Y,,=2667.5X,-42383.7 50~1000 0.9962 0.1 0.30 77. 89 2.57
¥ R Y, =70015.7X,, +23 870.9 5~100 0.997 6 0.01 0.03 86. 82 0. 87
Jz 81 B Y,, = 138 010X,, + 193 808 5~100 0.999 4 0.01 0.03 77. 64 0.31
1,3 - =Rk Y,, = 127 832X,, + 56 553.9 5~100 0.9958 0.01 0.03 80. 21 1.22
v3) 3 B Y,, =49 058. 6X,, + 114 806 5~100 0.996 5 0.01 0.03 87.53 1.72
E 3 Y, =1666.1X,,—1648.4 5~100 0.993 1 0.01 0.03 86. 54 2.81
vk v B Y, =71786.7X,,+ 11 609. 5 5~100 0.997 4 0.01 0.03 89. 56 3.04
A Y,, = 51760.9X,, - 20 324.7 5~100 0.999 6 0.01 0.03 86.72 4.23
Fo A8 Bz Y, =52848. 1X,, - 10 843.5 5~100 0.998 8 0.01 0.03 85.74 2.56
ok 45 Y, =44 223.6X,, - 42231.8 5~100 0.990 7 0.01 0.03 79. 58 1.72
A Y,, = 189 439X,, — 46 956. 6 5~100 0.999 1 0.01 0.03 86. 69 2.13
R UB Y, =107 185X,, + 402 238 10~ 200 0. 996 6 0.02 0. 06 86.92 4.61
EZ & Y,, =39 907X,, + 39 576. 6 5~100 0.999 6 0.01 0.03 87. 54 3.88
LR B Y,, =33 966. 2X,, — 210 033 25~500 0.998 6 0.05 0.15 88.91 2.51
RXERE Y,, =41 734.8X,, - 15729.7 5~100 0.999 6 0.01 0.03 90. 20 2.73
Fip B vk Y, =50389X,, - 10 616. 9 5~100 0.997 0 0.01 0.03 87.63 1.62
W2tk Y, =13 874. 1X,, + 6 334. 8 5~100 0.996 7 0.01 0.03 90. 82 0.88
6 - F A FS Y,, = 506 258X, + 457 991 5~100 0.998 8 0.01 0.03 85.72 0.72
AR Y,e=3423.5X,, - 1507.5 5~100 0.998 6 0.01 0.03 88. 56 0.54
EOR % Y,, =2376.3X,, + 835. 1 5~100 0.998 7 0. 01 0.03 90. 32 1.22
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o PR 5 2 e B 2% 4« OR A 6 BRI TGS i,
AR, MERE L (S/ N) Ry 31 110+ 145 R 00 A 43
F14) o Y R A A B R PR o 25 SR L 5

2% B - 2. 2. 2 00 [R)— TR A ) R VS TR
(M 248 20 ng / mL) , FESEVERE 6 K, #%2. 2. 1 0
T A R R A i SR 0 1T AR 5 SR 24 Fh AR A
I3 B RSD 79 0.32% ~2.49% (n = 6) , F WL 25 K5 55
SR/

Feoe R u - B 2. 2. 2 T TR A6 I o s YR (o
WREZ 10 ng / mL) , 430l T = i E 0,2,4,8, 12 h i)
F£ 2,201 T T 3R 50 A% 44 1R A, i S 0 T &5
24 FP AR 539 RSD M 0. 63% ~ 2. 32% (n=5) , 4t
TR 2R TR 12 h N AR E .

JIARE RIS 56 - BURE S (SR K 3 o, W Rk e , 3t
610, 43 BIIMATRAX B W (B R B 2408 2 g / mLL)
20 L, 4% 2. 2. 2300 F 7 kil s Bk i s i, % 2. 2. 135
AR AR A HEAE DU 1 Sk W AR T B R O
Ml AR L3R 5,

2.2.4 HEEENE

IRORE Sl RS S PR, 450 2. 2. 2100 N ikl 45 {1k
P AR VA TR, TR 2. 2. 130 R0 AR R BRI S L iC S S
FORBE 45 27 AR A (Y S16.520,824 525,526 H
ot mik BE B RS A 43 5 O 0,067, 0.012, 0. 096,
0.085,0. 012 mg / kg, I T € H R (0. 15 mg / kg) o
3 itig

RO HEAT T 40 REAR R b b A B B R
AR AR 25 5% BRI, 25 SR I ARG Y, R WDZHE IR
FEJFRMFPRE SR 0 T TR AE PR Y, A s AR
BT 2K, R kA W R A AR IS e AR 25 0 R o R,
AR A 25 88 b AU | 8 1A BT 447 5 B4 T 24 o o e 4
BR,

rh 2l v HE G i RN R 24 5k BR ORE A 0] A AR 5
PRLS -1 PR e T e 2 R B N AE A T, T2 AT
VB & R S ASHIFSE R L ICP — MIS 3 %6 S ] 72 i 1 4¢
Ve UK EAT A S B H U R A, 45 S HEAE S
FEAE P Hg Rl Cd RIS, 737 I K A] fig 5 14 K
AR A AR R A ST ASER A O, P e T
S AR E O 4 SO T R AT R A AR L8
KB SRR U S AR H BRARAY UPLC - MS/ MS
N 26 v AR R v 24 iR A A R R R A T PR
A, R S S A I N R R o S AR AR K
VAR AEVE Y 35 AR Kl (i il SRR AR o 3
JE i RO 5O A AR R A DRI 2 6 7
J5 T R B B AE F L (BN & B AH H 2 5 i 24 2 4
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