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HPLC-ICP-MS #ff 33 48 5l X A 25 B 712 725 B9 22 i)
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o7 T 85 8 VBAH 0 3 - T SRR 4 45 B TR B R LB R (HPLC-ICP-MS) #E 57 T i 2 ip As . As'

MMA Fl DMA 4§ pu b fift J 25 (0 [R] Bef 0 52 5 » PO sk X 86 . K8 . #5480 L (a1 1% . b o 45 b o 2 M il
Hi o B 25 IR LA T T BRI 9T, IR X — 4~ A A A 1 &% U FORE B AT TR S A 40 A . Ik SR BRIE
FH . PUREE SN RO AR TF 0.998 4, R (LOQARA 0. 8~1.0 pg » L7 Z [, A A
T M 108 R X s 7 i 22 (RSD) B/ F- 1026, Jin b [T 6 4R 7E 82, 4006 ~119. 5% Z 8], ML R BIR: T2
W TR 25 DAL CASY R AsY ) S 325 REHOR IR P 25 R BB R AL MMA F1 DMA, H& B s G T

MMA; fi il . T F P 25 LI G &5 BAR 8L T LT,

KA

hE %S 0657.3 XaktRiIRAD: A

5 5

2 e gl CAs) 5 Bk ) o S 4% R ROGTE I R . B
RFFRY], FOCE WIS A ETESHE MRS =M
filt CAS"O LA B CAs D) J& T IEALA . B MEAR 5%, Horp 3L
As" R P BB ;B AR ER (MMA) il — H 2L il iR (DMA)
B TAL, A —E T, EE TN T I I g
(ASC) | FEH I (AsB) LA K 4% i 2 2 1) fif B CAsS) AL fig
(AsL)SIEBTR LW h i 2 . 2L L#HR . Wik,
BN R, A R R R EABN, BN
A ANIIE S0 & RER R TR Y & A

MR E A E R, P EE R, Ak
250, BEPESE 7T AT AT A U o A SO R RO €535 F
S A 55 B T K BT I Pl R (HPLC-ICP-MS, high per-
formance liquid chromatography-inductively coupled plasma
mass spectrometry) , f— 4~ SR BR 19 & 8L 5 BRE B AT
TROIEA A3 HT, 25487 AN R 2 6 TS R A i AR
b, AT TR RRETS%.

1 a5y

LR 2 2 B T A T X (ICP-MS) Agilent 7500a( Agi-
lent Technologies Co. Ltd, USA), [F.0% L%, B RAEHE R
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B 4HE, Agilent 1100 B 550 32 W AH @ 3% R 45, Agilent
G3154-65001 8 F 38 e W JE#E (4. 6 mm X 150 mm, 5 pm)
(EEZ A AD . KQ-800KDE % #7543 (E 1l 4 75 X 28
AT . CS-6KR centrifuge % i 75 % 25 .0 HL (BECKMAN
D, Ak AL B R % Gk B MILLIPORE, Synthesis) ,
METTLER TOLEDO XP 205 B, K (i = ME45 81 28 7).
101A-2 UL A X TR AH ( B SE B0 4% S ) ) . RT-02A #l
HEREBL (AL 5 3R 3 K ST ML B R A BR 4 |lD . LABOROTA
4000 Jifg i 76 K AL (% [/ HEIDOLPH A7),

As" kR M ¥ WK ( GBWO08666 ). AsV kR M B W
(GBWO08667) . MMA #5 #E i # (GBWO08668) . DMA #5 #ff: i
W (GBWO08669) 3 14 [ [ 5 45 4 T 0F 52 vh 0 TR W R
Li, Y, Ce. Tl, CoiBE W10 pg + L 1), Agilent A8 /™ i
45 5184-3566, #B4li /K i1 MILLIPORE ## 4l /K & S il 5% .

2 J5 ik

2.1 HPLC-ICP-MS T{£5#
WA N 2 mmol « L' NH, H,PO, #1 0.2 mmol -
LAy EDTACE K% pH 6.0), #ii# N 0.8 mL » min™',
RF Zh#& 1 500 W3 RAEEFEE 7. 2 mm, % (Carrier
Gas)0.62 L« min~ ', % 7 K i % (Makeup Gas) 0.4 L
min ', EEAREEEHE 18 v e min |, BALERIE 2 C. REEK
.24 Time Resolved Analysis; W&, TRA; RHEILE A As

EETR e RHIFR S L 5 (B2009B032) H T A= ¥k 51 B2 B [ 2% 3 (bj-2008-117) %% Bl

EEEIN: &M%, 1978 44k, TA AL 5t & b &) AT 25 )W
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e CL JTTHE BT ELE 0.5 s,
2.2 HHHESR

HRGEH: N5 REG=H: T, w7 W
6O fTE S =il W) . M =, W) B A J6 5T 4
HABRAT; £ WMEREG M. HiE) N RGN,
KT AR W REE L T Sy B S A e
Wiy £ 24 402 BECCHR [0 28 SOV 5 A bR o kD I R T AR . DL D RE
MABREHB S . o 70 B, Ao CHF, BT
TR v A T 4% Mt MR A A S 0 R T E
.
2.3 HiXFBAROEE

K 2 R 250 B S b 25 ML 0.5 g FES.O AR, dm
505 (@) FBRVAT 10 mL 23 1 h, #7420 30 min, B.0HL
5000 r » min~' B0 15 min, 480, BB 4RSI 2
W AR, TR ZE RN 40 CURIRAE 2= T . H B4l
KERHE 10 mL B ZHAE M, B4, 825, 0. 20pm 4L
TR E I, A% R R SV R A I T PR S A O kT
TE T BEL Aol B R SR IO = A R
AR FRFE
2.4 IREBHMHE

e 25 5 B IO o TS 25 94 i o RO L S R K o 4
W PEJg 1000 pg « L7HCRL As i) BB TE A5 &I, TR 2%
B0 o T 25 1 0 45 980, LR 0 7 B o 5 7S I R BB B O IR
BFRUEV I R AR R . As™ R AsY (9 e B 4 B R
0, 10, 20, 40, 100 Fl 200 pg « L™'; MMA Fl DMA ) ik fF
SrBIh: 0, 2.5, 5, 10, 25 M1 50 pg = L',
2.5 WEFZEMITHE

BN AW B IR A bR VW, A3 BN HERE 20 pL, 0SR B
TFURATEE DA R b R O 2 €055 e Y i 1] R R A A
s AH L 0 JO R VA R O B AR AR PR AR R . A T TR
W43 RE 20 L, 3 5 b o i 2R 00 AR LE AR AT DU FR D T 25 Y

VI AR R G R R A o RO 5
3 &ifHifie
3.1 FAEFRIE

311 &HKEATEMR
DO i T S B bR v 27 AR . SRR R B LR 1.

Table 1 Linearity and LOQ
Speciations Calibration curve r , L()Q7
/(;Lg < LD
Asll y=18 665244 064 0.998 4 0.8
DMA y=21 035x—4 452 0.999 5 1.0
MMA y=19 189x+9 297 0.999 8 1.0
AsV y=19 901x+15 223 0.999 8 0.8

BUR AR MR, K ZRHR., HEAE TRA
T T o A5 T A 0 4 {5 M L S/ IND #4508 10 (R B R iR T
AW R LOQ) . PURMIE A M PRI 1.
3.1.2 ETEAM, BREBFEKE

Fm R A M R OK 0.5 g, #72. 370N 1ML B
B, FATI Sy THESTE A S ® AT ¥ E K& RSD, # &
KA DMA, As", MMA #1 As" B RSD 43 5%y 1. 18%,
2.71% M 4.18% , R RIT . I —10 4 CrkH A7 1t
WRMEBR P F 1, 35 dWE. As™. MMA il As™ i1y
RSD 433k 4. 46 %, 1.89% F1 5. 12% , £ 5 d N EMR
it

WA NE TR 0.5 ¢ TRi.OAFY, JREEM T
KA A WS i, 272,370 F AL 81, F
A RE =y, LA a0 5E 09 & 5P B T A TR 2 |l
W AR Dy sk, s IR = A R Y A 1 SR AR A
82.40%~119.5% Z Al (WL 2) .

Table 2 Results of spiked recovery test

Speciations Original/(pg « L™1) Added/(pg « L7™H Found/(pg + L™1) Recovery/ % RSD(n=3)/%

10 26.93 97.00 2. 85

Asll 17.23 20 33.71 82. 40 1. 85
30 46. 87 98. 80 3.38

7.5 6.59 87. 87 4.33

DMA 0 10 9.41 94. 10 3.72
12.5 12. 34 98.72 4. 31

3 8. 04 113.7 1.73

MMA 4.63 5.5 9. 86 95. 09 2.92
8 13.54 111.4 5.32

20 63.98 119.5 4. 30

AsV 40. 08 40 82.01 104. 8 1.52
60 109. 3 115.4 1.22

3.2 HmNERERSH

SO S7 09 05 1 0 A IR BB BEAT T B R A 9 a0 BT JE XS
[l I N SN (= R EIN: o i U R v PO N =B
LA TR . BARERIE 3 W, B E. #iE

A ) LR S S R LR 1, BRI A 2 R L3R 3,
ML & sk B . (D TEHLER CAs" F1 AsY D 7E

FRTOIB S S At 28 (20 BT A A 9 ok U P 2 30 R K

MMA il DMA, 3% F1 E /N g i 2 iy 8 50 245 150 — 2%, $8oR
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A28 T 25 AR T BE XS Bl oG RS HL A AR AR M T A (RAE L

BFFRRE T MMA, FRLNERESMOTERLT —EH

HEALAC I 2 Rl . ik A) RE AN A& U B B BT R U B A I

AR HE&MEFEH A", As' Fl MMA 95 & B A

1.23 pge g 'y (UG BEMER(2.12 pg+ g DI 58%, 2
1 1

WU S5t (1. 65 g+ g DY T4% , R & B R A7 —
5 LL A (26 % ~ 4290 R M MBTR 25 . B HRABIR: (D
B 4 R P 25 B AR 1 AL R — S T
b RARHLIRA P — SR AR
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1 500 800 1
| 400 |
4 600
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3 3 200
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Fig. 1 TICs of arsenic speciation

(a): Combined standards (10 pg * L ! for Asl and AsV, 2.5 pg L~ ! for DMA and MMA); (b): Cordyceps;
(¢): Radix Scutellariae; (d): Processed Radix Scutellariae
1. Asl; 2. DMA; 3. MMA; 4. AsY

Table 3 Results of arsenic speciations analysis(pg * g7")
Radix Radix et Radix Radix Polygoni Radix
Speciations Cordyceps Astragali Rhizoma Rhei Scutellariae Multi flori Rehmanniae
Crude  Processed Crude  Processed Crude  Processed Crude  Processed Crude Processed
Asll 0. 34 BL 0. 02 BL 0.24 0.07 0.13 BL 0. 06 0. 20 0.22
DMA UD UD UD UD UD UD UD UD UD UD UD
MMA 0.09 UD UD UD UD UD UD UD UD UD UD
AsV 0. 80 0. 04 0. 04 0.02 0. 31 BL 0.09 0.03 0. 08 0. 14 0.18

UD: Undetectable; BL: Below the LOQ

4 ¥
4.1 SHHEMEE

AT B 25 0 A B SR TR W Ve S A ) . P 2RO 25 00
B B AR A W PE SR R R B R AT
HAXT 255 P2, Rl P RE 2y, fhE REARAR, Zo T b
Tl AR TE 25 X5 vk RO A ZOR R R . HPLC-ICP-MS
JE 20 128 90 ARAUJE BT A R R IR AL B A . Siie; HPLC
7> B T REAN ICP-MS IR M T RE» & Jm 1 A R fg 2 #8
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Study on Arsenic Speciation Changes in Crude and Processed Traditional
Chinese Medicines by HPLC-ICP-MS

JIN Peng-fei, WU Xue-jun, ZOU Ding, KUANG Yong-mei, HU Xin. JIANG Wen-qing, SUN Chun-hua
Department of Pharmaceutical Science, Beijing Hospital, Beijing 100730, China

Abstract A HPLC-ICP-MS method for simultaneous determination of As", As", MMA and DMA in traditional Chinese medi-
cines (TCMs) was established, and the contents of As", As', MMA and DMA in a TCM with high total arsenic content
(Cordyceps) and 5 crude and processed TCMs (Radix Astragali, Radix et Rhizoma Rhei, Radix Scutellariae , Radix Polygo-
ni Multi flori and Radix Rehmanniae) were determined and analyzed. The method validation indicated that the correlative coeffi-
cients (1) for all speciations were bigger than 0. 998 4; the limits of quantitation (LOQ) were {from 0.8 to 1.0 ug + L' ; the re-
producibility and stability were satisfactory with all RSDs less than 10%; the spiked recoveries ranged from 82.40% to
119.5%. The results of samples analysis showed that the inorganic arsenic (As" and As" ) was the dominating speciation in the
tested TCMs; MMA and DMA were not found in all plant resourced TCMs, but MMA was found in Cordyceps; all the tested

TCMs indicated a content increasing of inorganic arsenic after processing.
Keywords HPLC-ICP-MS; Traditional Chinese medicine; Processing; Arsenic speciation
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