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RP-HPLC-ICP-MS R A FHi¥St
SR BAHFEREESSH

MREAE WA E, TRE, TN AL
(1. B Rl S T S0 58 | FE S 330047 2. P EIGEVE KR ML T 22 B . 7755 266003 ;
3. I TREEBR TR 3 T A S0 0028, JE 1] 3610055
4. EREERE BRI, 78TO TRAE 5 P 25 bR L A S0 0 a | T8 266061)

WE RGBT RTE (ICP-MS) F1 R AH = S0 A € 15 - i BHE A 55 3 IR 35 5 FH 4% R (RP-
HPLC-ICP-MS) Xt Fa 2 ( Panax quinquefolium. L) X TGS P ZMIC R K& & Lot E MBS AT T i
5. MPEFES I ZFOC R K . CEEMEDT SR R I R TP, 58 T X Seon ZAE R AR i
FRHARYE, SR ICP-MS 0 Hgh A7/ Sl 5E 5 2R F RP-HPLC-ICP-MS B AR 5t 78 1 2 /K 4R U Hh 22 F
JGE (P, Mg, Al, Ca, Mn, Fe, Zn, Ni, Cu 1 Sr) BIEA#AT T 40#T. S5RFW, JUR FEHERBE IR BRI
BRGNS , FR AR ILAE Mg, Ca, P, Mn, Sr, Mo #1 Pb %70 & I+ ; SR HPLC-ICP-MS £ AR7ELL 0. 1 mol/L
HIAG RS R AR LK s, WK 0. 4 mL/min, #EFERR 20 pL IRMT, KoK WIS MAILSHH
B RAf5r e,

KB THES; TTRE MR STRIESSIT; RS SORA (55 f BRSBTS I B A
HESES 0657 XEEFRIRES A XEHS  0251-0790(2006) 10-1844-05

PAER, MEITTE S AR R Z R W OCH:, OAANPEEXS PP ITT R T T
W, (AU 5T 02 R AR RE T I R T 2, T EXC R AL S TS, e R B {UH 4
— AU ER B ARARAMETE AL, IR AR R CR L ST EZ F-BE. A M 1980 4F Hirschfeld"" & K 2
S FHE AR ISE , 45 R 4 R s & e, Horh HPLC Ml ICP-MS BEHE & B s n iRz —. H
ANZEAR T Z 0 TI5E . MR R A A B2 R fh P e R RS0, Rl 2 2 S5 6 0 ] sf 58 i, 2
TR A I T AP,

AT XS KR | 25k TP OC RIS AT T IR ARG, F HPLC-ICP-AES #Ef7 T 2% 0 h £
JCRIEEME 00 R C AR I bR B T A ML IT R K 5 i il BR R i B EHL S A LS T R
P FI-ICP-AES BERIFSY T FFERMIHAE 25 Zn, Mn, Fe Fl Mg B9 AR A B 2500 A SCHE I 5
Rl b, XPEES b 2R oT R % B R E PSS KRR T OT R AETE IR S AT T ESY, K R R
% (RP-HPLC) - LB & 55 85 AR 3k (1CP-MS) BX B AR B H TS s RIB S0, AESZ
FRIEPE R UE— AT R AL TR AR .

1 KEaERsy

1.1 K758

HRAEIK (18.2 MQ) ; FEFRFIBUE K g4l & Mg, Al, P, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Sr, Mo, Cd fl Pb & FHIRAAME (KT RN EIREIN 5 ne/ml) . FrifESZYHEAR 24
A FE GBW07603 FIASH GBO7605 FHuar FRALEE /AT I Wi s i 40k, PRV ER S A AR L5 K.

MK- Il BSGEF FE J7 455 PR DR i 22 498 BB S AR HE AR 9T T ), Agilent 1100 755 30

Wi H 31 2005-10-12.
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FHAATE (FE [ Agilent A F]) , HPAS00 Z2 41 HL B & 55 B AR BRI (321 Agilent 24 F]) 5 Milli-Q™ i
ali7K AL R 48 (3£ Millipore 22 7] ). B AL I HERE ICP-MS B9 TAESM(WE 1), HfTZRTE
) [ B 72

Table 1 ICP-MS operating conditions

RF power/W 1 200 Flow rate of auxiliary gas/(L + min~!) 1.0
Diameter of sampler/mm 1.0 Resolving power/AMU 0.7
Flow rate of plasma gas/ (L + min~") 16.0 Integration time/ms 300
Flow rate of carrier gas/ (L + min ') 0.98 Sample uptake rate/(mL + min ~!) 1.0
S/C temperature/ “C 2.0 No. of replicates 3

| Diameter of skimmer/mm 0.4 Vacuum pressure/Pa 2.23 %1073

1.2 XEFHE

1.2.1 B&EEHE (1) TSR, FPPESHE O BRI ES J5 3 60 Hif, F(103 +
2) CHERMEE L. (2) KIEBUAIHIAE . FRECL. 50 g PUEESFES,, ARSI, A 80 mL #4tik
(18.2 MQ), T 100 CARBHFFEEI 1 h, WA ZEE, PL6 000 r/min HEEE.L> 10 min, BREDT
UE, # LIEWAE 55 CF0.095 MPa B S Pk =1, & . (3) CEEHREIRYHl & . Ry
1.50 g e, 180 mL LT 90 CAK RGN 1 h, JFALHFEFG. (4) S5 B A6 5. FREL
1.50 g #Edih, H180 mL &5 T 70 CARMG PRI 1 h, JFALBREHG. (5) AKPEHPOR A ENE . Lb3 Ty ik
DR (2), HIhn—2 LW 0. 45 wm LIRS FE L F2.

1.2.2 HEOHEME SMSCGRT %, BOTESHE R & LRI & F PTFE HAFGHET, A S mL
AR, T N PN, TERORIE i R G h I s IR R SO R . W2 (800 W), 0.5 MPa,
1 min; 1.0 MPa, 1 min; 1.5 MPa, 3 min; HSRBRHGEEH, A 2 mL A&FGECN 30% REK, T
1 MPa S IEFE 3 min, WEIFHUE, BBA 50 mL i, HBAUKEREZE,; iES By s A
FESCR AR 7 0 i, R S AR 28 (1 —X03

1.2.3 frEpmmsl &t ENE BOCRIR AWM, HBLiK S BIEHIR 1, 4, 16,
32, 50, 100 1200 ng/mL f R FIFRAEIE . ] ICP-MS HEAT ZIC Z RN E | el E R brfEA i,
R HIbRIE TAEMZE. SRIGMRRINAETE 1. 2. 2 T IR Tl bR S BB Y | PEPES R RIS S L ).
1.2.4 HPLC-ICP-MS # & 7 3% HPLC Wi 2 R U L0645 ik S AR 1CP-MS W RO i 55 1
w, BEE R AFEE TR, R Time resolved analysis B3, HS A, XA B AERR 0. 1 s SREE
1A BE R, SRS E LI 2 1 B #Y).

1.2.5 RP-HPLC-ICP-MS T& M A M €3 & FERTC S TAERYIERE I, 2t bscsbnfe LT (i
ZAE. (1) BT RIEAHT: Sinochrom C (3% (200 mm x4. 6 mm, 5 wm) , 0. 1 mol/L filERIE R NI
BAH, W 0.4 mL/min, DAD K:ill#s, i, #FAEE 20 pl. (2) HEZITEIELE ST SR A A
(1), WA R ASER - KU ; SRR EE YRR, VEERE Y A LB 4K ZEE 0 ~ 15 min, LLO. 1 mol/L fiffiR
VTR GERR 15 ~50 min.

2 #HRE5iTR

2.1 ICP-MS METTERENFEFEN

NFHEEARTTIE W E, R 0 TAESRMET, o0 T B 5 — Sbr e 4 05 A B 4 &
GBWO07603 F1Z5it GBO7605. 45K, FH MR AR (1422 Py 7 54 5ok R 9 25 44 5 1647 6 Wl 2,
HrhIt®E Mg, Ca, Zn, P, Sr, Al A1 Pb I E(E SR EME AR 2218/, 2576 5% LA TR Cr, Mn,
Fe, Co, Ni Al Cu A9 E fi 25 LERTE 10% LA, TIEEICE V, As, Se, Mo Fll Cd il {8 545 EAEL i 2=
AIRTAE R (29 20% ), FEWAFFHA SCRERE (1) ICP-MS TAESEXT 18 FpoC R kAT e, Ha 2 45 SR e
.
2.2 BEFESHEMTERHERILR

3R PEIES KSR IY) | KPR U . £ EESR I A T SR IO AT R O e T R A i, )
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IORAREZS 1, TGP RBOLPE (n =3) , 48R IR 2.

Table 2 Transfer characterastics of elements via different solvents

Sample content/ Water extraction Water extraction filtrated Ethanol extraction Chloroform extraction
Element (pg-g™") w( %) by 0.45 pm film( % ) w(% ) w(% )
Mg 1900 + 100 51.16 43.81 0.83 0.22
Al 176 £12 3.01 1.61 1.40 1.34
p 2231 +180 85.51 57.55 2.98 0.71
Ca 1587 £120 20. 07 18.39 4.03 0.58
\ 0.19 £0. 02 — — — 16. 88
Cr 0.54 £0. 04 71.75 21.07 19.92 15.85
Mn 38 +2 33.05 30. 82 0.57 1. 16
Fe 239 =11 6.01 3.06 2.31 5.78
Co — — — — —
Ni 0.73 £0.05 79.35 53. 64 41. 48 29. 86
Cu 2.5+0.2 69. 45 48. 66 26. 61 12.45
Zn 17 £0.5 63. 82 47. 45 36.57 5.63
As 0.12 £0. 02 85.99 72.27 32.21 17.94
Se — — — — —
Sr 14 +0.3 16. 87 13.41 0. 06 0. 06
Mo 0.13 £0. 02 83. 89 64. 50 — —
Cd — — — — —
Pb 0.52 +0.06 35.63 24.00 9.40 4.63

PIKEEYh TR & mAE TR, RIS EPCR & 2 ERE AT, BHE T KR
MI5E. 2 AIUL, FEREINE /Y 18 B CHLOTE T, PUVESh Mg, Ca Ml P SRR, ¥l T
1 000 pg/g, 7 H Mg A SRR A /0 WA, X rl g Mg 32 DLRT i 1) i 2 56 A i 58
FEETHYIPA L, Ca FRARE, (AHFEMEE AR E, X BN Ca 2 LIGL IR 5L FBEIR 5
A AL, TAS TR IRERE K P, BRIRER ARIA TOK™S  PREPIVES R SRR, I HIR A S
H ik 85.51% 5 P§HESh Al, Mn, Fe, Cu, Zn 1 Sr (& E7E 2. 478 ~239.0 wg/g WEHEN, Cu Ml Zn
IS TE 0 LY HIT 60% |, Mn BT 40N 33.05% , HiAy3 Mo & Al, Fe A1 Sr HUVEMAS T4 H
YIINT 20% ; A #E0FK Pb Al As B RS A 3 L2 3R 35. 63% F185.99% , LA WP e F 2D
BFAEAGIRAMETE, RS EE ML EANRS PGS, WILEESEK, 2T
St #E.

A LA PR OCE B3 R AT, Ph Al As WM AS B L BIR g , (HA AR A IR &, i &
JCER Cd LB RAEVTHESHE M R R Th R R s B RS HT Y 12 ROt S, JeR V KR
U BB Y R A T SO B O T At BB VRl BR S AR RN R A A 2
43 JGE Cr, Ni Al Mo A B/ L EHEIE 70% 3 KK Se il Co Z5I02. e 2 XFHLabrl %0, fEBE
5 IO R AR 38 R OIS A 05 B A A K ), JCRIRBCRIE K, JeHLC R BCR 5 BUE
FURESEAS S AE LU G R, R RINAE Mg, Ca, P, Mn, Sr, Mo #ll Pb JGE L.

2.3 FEHFESKREERBETERSHT

R2EIEY, PURENFES TS RE&EMICE, I HAEWFESKEIOE T, TR P 3R
Wi, XPEFESKEEROR T P TR WIE S AT T 200, 45REH, 7ELL 0. 1 mol/L HIH i R M I 51
FH, TR 0.4 mL/min FIFFAERSY 20 wL 5AE T, VEFES KR P e R IEA 0l 15 854 H 3
B CRPEVESOKIRBOR T P RIS ICP-MS g, R 1 nl W, P e DL 6 MO E R A
FEETVHRESAKREGE T, B iy 1 eSS T, 52 ~6 M3 RRIER M 58 7. 3
SCHR[9 J4iiE , 78 HPLC-ICP-MS LM c RIS B, WaHEGE Wi 4 0. 1 ~ 1. 0 mL/min, A4
SR E R, VR A 0. 4 mL/min BAEN & HPLC XF P CE LS B, WAL S BRI 1CP-
MS 554k hFLE , HPLC-ICP-MS W RE AR5 a0 . 5256 rf FH AR [a) vk B A il R b Ve s 7l , R B0
0.1 mol/L HNO, FIMA LR P M C o EVERLT R, HAFES N 5 FAPLA, RWREE KA HNO, %
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Fig.1 ICP-MS chromatogram of speciation analysis Fig.2 Total ion chromatogram of speciation
of P for Panax quinquefolium. L analysis for Panax quinquefolium. L
Peak 1 Inorganic ion of speciation; peaks 2—6: ion Peak 1: Inorganic speciation;
combined speciation. peaks 2,3 : organic speciation.

2.4 FEFSKREARSHITERSES S

SEI R P PE S KRR T I 2 Mot R Mg, Al, Ca, Mn, Fe, Zn, Ni, Cu I Sr (IS HEAT T 7Rk IR
HoHT, TR EIEAMT, LA ICP-MS R 2ot E Mg, Al, Ca, Mn, Fe, Zn, Ni, Cu fl Sr.
B2 NS KRR T LI RSP R ICP-MS BB 1 Fi, ZbrE AL R B IR S WA,
2 g 1 AL TR I, T 2 A 3 WA HLA TR 0. SEER R BRBE VRN, LK A shiAe n]
DK TCHLASITTRBEH , LLO. 1 mol/L RIFRAS IR M ik shAH v] LUK AT ML I T R P, &R I B
1 ICP-MS I3 WL 3.

M & 3 () Ca TCEIL AT ICP-MS Bl I A1, Ca FE 2 LLICHLS A WL (K 2 thig2) g fE
e, HANSZIE R FIHE; Mg FEZUTCHIES AP (K 2 g 2) BN, BEAILSS T
ToLAS; Al FZUZDA P (B 2 Hig 3) BT, TTHLS A PLSH & EIAL; Mo EZ2LIA L
SEREE, IS S EPBRAVISME,; M Cu FEZLIANLS(F 2 ik 3) fIERFE, AILE
(P 2 e 2) B3 ARG, AR TEHLE Cu; Ni JmREIES Y ICP-MS EiE S Zn JTRAEEIE T AH
L, T Fe STTRIEE T Al JTTRAEVEIE LACARRL, 08 B B TR — 3, SCal w20 HEWT Ni Fl Zn, Al Fil Fe
5V S KRB A AR R e A 045 A5 S BB LU P (2 i 2) MIEHLAS B 2067
fE, HICHLAS Sr B B AR FAPLE Sr 1y & .

1wor 10 Sr
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o
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(4]
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Fig.3 ICP-MS chromatogram of speciation analysis for Mg, Al, Ca, Mn, Fe, Zn, Ni, Cu and Sr
RIS ICR ML 0T A5 R -5 SCRR[ 10 ] 0 A - SE ORI AR S5 RARML, A AR SO ik T4
YK SEBOR TP R OC RIS, SERR B AL T HERE RS AT A RSO MR, R BUHEAE RO 20 L B3
SERELF, ACRPERE R R, 223 B TR R, ICP-MS 2 I F G I AR R RO, HE L
BT EAR T ICP-MS AR, JCIEAG . 55 T OT IR B, SRR, 5 N E i A5 WO IS
[F1) TS 125 45 SR ARH X VR Ml 22 24178 4 9% LAWY, B 5 16 ) B O PR A
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HAl, HPLC-ICP-MS &) Z N HF &M R IE SIS, HEEEER A XX B —To ZWIES
M, KT L0 RILER R HGE xR 2 AR B RS 2 Y b 2 FOc R IE AR A4
Py RP-HPLC-ICP-MS J7¥:, MT$2 m o RIES iR, ARS8 LIPSk SR ORI IF 7 X 42,
S HAE R E ) 9 FiotE LA (Mg, Al, Ca, Mn, Fe, Zn, Ni, Cu HI Sr) #4171 R 0H7, 82 Hb S 3R
TIRRA NSNS E, HZITCRIEA R T MY e 2E T 5Em.
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Element Transference Characteristics and Element Speciation Analysis
in Panax quinquefolium. L by RP-HPLC-ICP-MS

CHEN Jun-Hui'?, XIE Ming-Yong'* , WANG Feng-Mei’, WANG Xiao-Ru®*, Frank S. C. LEE*
(1. Key Laboratory of Food Science of Ministry of Education, Nanchang University, Nanchang 330047, China;
2. Faculty of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266003, China;
3. Key Laboratory of Modern Analytical Science of Ministry of Education, Xiamen University, Xiamen 361005, China;

4. Qingdao Key Laboratory of Analytical Technology Development and Standardization of Chinese Medicines ,
First Institute Oceanography of SOA, Qingdao 266061, China)

Abstract Inductively coupled plasma mass spectrometry (ICP-MS) and high performance liquid chromatog-
raphy coupled with ICP-MS ( HPLC-ICP-MS) were applied to the study of the chemical speciation of inorganic
elements in Panax quinquefolium. L. Chloroform, water and ethyl alcohol were employed to extract Panax
quinquefolium. L, and the extracts were then determined by ICP-MS in order to analyze the transference char-
acteristics of the elements. The RP-HPLC-ICP-MS technique was applied for the analysis of element specia-
tion. The results showed that the polarity of the extraction solvent affects significantly the elemental transfer-
ence ratio. The transference characteristics of kinds of elements including Mg, Ca, P, Mn, Sr, Mo and Pb
were in linearity proportion with the polarity of extraction solvent. The inorganic and organic species of the ele-
ments were well separated by HPLC-ICP-MS under the following conditions; C,; bonded silica gel column,
0. 10 mol/L nitric acid and super pure water as the mobile phase, flow rate of 0.4 mL/min and injection
volume of 20 wL.

Keywords Panax quinquefolium. L; Transference characteristics of element; Element speciation analysis;
RP-HPLC-ICP-MS
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