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Distribution of 13 Inorganic Elements in Different Parts of Hedysari Radix

QIANG Zheng-ze , WANG Yan, WANG Ming-wei, LI Shuo, LI Cheng-yi~
Gansu University of Traditional Chinese Medicine ,Lanzhou 730000 ,China

Abstract: The contents of 13 inorganic elements in different parts of Hedysari Radix were determined by ICP-MS. The
distribution of the 13 inorganic elements in different samples was analyzed by one-way ANOVA | cluster analysis, correla-
tion analysis and factor analysis. The results found that different parts of Hedysari Radix contained abundant inorganic
elements , and the contents of As,Pb in different parts had no significant difference ( P >0.05) ,but the contents of B,
Hg,Be,Al,Ti,V,Ga,Ba,Ce,Sr, Mo had significant difference (P <0.05). There were maximum and minimum values
for the content of 13 inorganic elements in different parts of Hedysari Radix and a significant positive or negative correla-
tion existed between the contents of elements. Different parts of Hedysari Radix can be divided into two categories, by
these 13 inorganic elements. Among them, roots, leaves and fruits clustered into the first group (1), stems and flowers
clustered into the second group (IT). Ba, Mo and Al were the characteristic elements of different samples. The results
showed that different parts of Hedysari Radix had a certain selectivity in absorption of different elements, and the con-
tents of inorganic elements in different parts existed correlations.
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RAEH R4S B v B8 P 1 BH A (104°25712.
34"E,35°05'44.67 'N,1896.9 m)2014 4E 10 H #y#k
FRELER(G) (Z5(T) (YY) AE(H) SRS (gs) , &
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(F 5 55 Dy AR R JEA FRAA F)) (BS 224 4 53#r
K- AR REARA ) o L5
it AR A, (T X P AR R VR MR 1 24 h,
J& F A SRR IR e T, 50 CHET# ] .
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AR AF IR R HE I 1 % BRI E 25T 50 mL 75
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Table 1 The measurement conditions and standard curve
Lioell ey HEF N L e s - YN
- e WEE FA R bLE, e, DEVRRE i
- R ki i Jok i Hi 93"”3W‘{JIL% AL T A ﬂﬂt(mdg RF 1% op g
LR . Pulse Nebulizer Analog Cooling .
Detection Plasma RPq . RF power Linear
Elements £ ol . i ol voltage flow voltage (mL/min) air flow (W) i
of elemen ow rate V) (L/min) (V) mL/min (L/min) equation
mass (L/min)

As 74.922 15 950 8 -1900 0.25 1.2 1100 y =286.52x
Pb 207.977 15 950 8 -1900 0.25 1.2 1100 y =2069. 89x
Hg 201.971 15 950 8 -1900 0.25 1.2 1100 y =297.366x
Be 9.012 15 950 8 -1900 0.25 1.2 1100 y =71.8548x
B 11.009 15 950 8 -1900 0.25 1.2 1100 y =47.404x
Al 26.982 15 950 8 -1900 0.25 1.2 1100 y =885.183x
Ti 46.952 15 950 8 -1900 0.25 1.2 1100 y =136.072x
v 50.944 15 950 8 -1900 0.25 1.2 1100 y =1866.47x
Ga 68.9257 15 950 8 -1900 0.25 1.2 1100 y =1439.04x
Ba 137.905 15 950 8 -1900 0.25 1.2 1100 y =3094. 4x
Ce 139.905 15 950 8 -1900 0.25 1.2 1100 y =3527. 84x
Sr 87.9056 15 950 8 -1900 0.25 1.2 1100 y =3043. 83x
Mo 97.9055 15 950 8 -1900 0.25 1.2 1100 y =712.886x
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Ak PR £1 FEAN TR AR (A it AR U A P S
BB TS 4 I8 2. 27 R ICP-MS % 5 A
FARMEI LRI 2 4 13 FhCHLC RS, N

TGN TR AR, LT FER R SR T e
IR, AT 6 G, IAE IRy 93.2275% ~
106.6430% ,RSD {E 4 0.5% ~2.5% ,f56 5L 3
SR LLFERIRH 13 FhIEHLIEZ At 2.

xR2 LARAREM 13 FHEHNITRSE(mg/Ke)
Table 2 The content of 13 inorganic elements of different parts from Hedysari Radix( mg/Kg)

No. As Pb Hg Be B Al Ti
G 0.360 +0.042 1.485 +0.573 0.025 +0.001 0.026 £0.001  32.520 £1.980 649.035 £9.270 10.070 +0. 665
J 0.230 +0.106 1.61 £0.240 0.008 +0.002 0.013 £0.002  35.690 +£0.226 303.570 £25.399 10. 870 +0.339
Y 0.180 +0.134 1.795 +0.346 0.007 £0.000 0.047 £0.004  37.015 +£4.999 563.275 +87.759 24.780 £2.418
H 0.170 +0.021 0.895 +0. 064 0.004 +0.001 0.010 +£0.003  21.810 +3.804 211.080 +19.898 11.905 +0.813
gs 0.210 +0.007 0.765 +0.233 0.002 +0.000 0.010 £0.001  39.895 +£0.262 789.765 +8.521 14.240 +4.186
NO. A% Ga Ba Ce Sr Mo
G 2.135 +0.007 0.500 +£0.028 7.345 +£0.346 1.015 +£0.035  43.970 £0.198 3.285 +0.064
J 1.615 +0.304 0.525+0.035  11.175 £0.700 0.535+0.078  41.420 +0.283 1.215 +0.559
19.280 £2.418 1.735£0.403  21.270 +1.556 1.435£0.092  70.520 +£3.451 0.360 +0. 141
6.220 +£1.075 0.305 +0.007 3.910 £0.042 0.330 £0.000  16.450 +0.071 0.450 +0.057
gs 25.100 = 1.966 1.385 +0.078 5.540 +0.905 0.330 +0.028  23.270 +1.315 1.155 +0.318

2.4 HiREALE
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Table 3 The results of single factors analysis of variance

No. Suni?sfﬁlare df Mea?:juare ¥ Sig.
As 0.064 4 0.016 2.522 0.169
Pb 1.650 4 0.413 3.655 0.094
Hg 0.001 4 0.000 121.964 0.000
Be 0.002 4 0.000 95.750 0.000
B 391.198 4 97.799 11.240 0.010
Al 464364.957 4 116091.239 65.211 0.000
Ti 290. 402 4 72.601 14.762 0.006
v 913.598 4 228.399 104. 196 0.000
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No. Sum of square dt Mean square ¥ Sie.
Ga 3.173 4 0.793 23.250 0.002
Ba 384.613 4 96. 153 124.839 0.000
Ce 1.873 4 0.468 141.431 0.000
Sr 3559. 847 4 889.962 323.359 0.000
Mo 11.149 4 2.787 31.633 0.001

2.4.2 AR MHHT

AL AR R AL A 7R e, 13 R EHLICR & 2 h
PRI AZ o W AT AR OG0, S5 2R I 4, 45 2R3k
W], £ BRI 13 FhICHILIG 35 i 2 A7 A %
Y it 5 AR OGOC R , Hor Ph ST 5 Hg \Be \Ba,
Ce JLR T H 2 [ AFTEA B F MO IE A DGR R, MR R
$4rH1h 0.793 0. 830 ,0. 806 ,0. 894, 15 Sr JLE
A AR S E A IEASE G R HOC R BN 0. 758 5
Hg JUE 5 Be Ce St JUa & B Z A7 78 3 Y 1EAH
S Z MR BN H 0.750 0. 758 0. 6523 Be IT
F 5 Ce . Sr U & & Z M7 7 35 1Y IE A OCOG
A MRREST 0 0.918 0. 855, 55 Ba LR i

ZIHAFAE 8 I IE A OGO AR, MR R BN 0. 7215 B
JLER Y Ga JUR IR Z M A7 18 3 I IEACE &,
HRAREON 0.721;Ti 5 V U & i Z B A7 AE
MIEAHSE AR, AR R MM 0. 648, 5 Mo JLR & &
ZIHAFAER B I AR SE O 2, HSC R BN 0. 8185
Ga 5 Ba JUER & 8 Z A A7 75 k35 I TE A G G &2, A
KEKN 0.648;Ba JLE & i1 Ce St LR TR Z[H]
FAAER R F I IEARSC G A, AHSC R B8 0. 851,
0.891;Ce JLER 5 Sr UL & 1 Z M7 1EM i 25 Y IE
TR ZR MR RN 0. 936 ; HoAh o3 & 5 Z [AIAH

x4 HEXESWER

Table 4 The results of correlations

No. As Pb Hg Be B Al Ti v Ga Ba Ce Sr Mo
As 1.000

Pb 0.309 1.000

Hg 0.555 0.793** 1.000

Be 0.370 0.830"* 0.750"  1.000

B 0.006  0.248 -0.146  0.139 1.000

Al 0.333  -0.055 -0.018 0.103  0.539 1.000

Ti 0.527 0.006 -0.494 0.115 0.248 -0.079  1.000

A 0.442 0.418 -0.616 0.176  0.321 0.491 0.648*  1.000

Ga 0.164  0.370 -0.006 0.455 0.721* 0.576  0.527  0.527 1.000

Ba 0.515 0.806** 0.518 0.721* 0.467  0.091 0.176  -0.200 0.648*  1.000

Ce 0.462 0.894** 0.758* 0.918** 0.182  0.122 0.109 -0.207 0.498 0.851** 1.000

Sr 0.600 0.758" 0.652* 0.855"" 0.321 0.273  0.067 0.115 0.576 0.891** 0.936** 1.000

Mo 0.576  0.006  0.415 0.006 0.006 0.527 -0.818** -0.358 -0.152 -0.139 -0.018 0.018 1.000

Note: * * P <0.01; " P<0.05,
2.4.3 RESH

PLLT AR [RFRA RAE o, 13 Rl TCAHLOC R & 2>
PAR B, OR FH R G0 R R0 7 i, X Bl b A7 3R 264y
M, a5 UL 1, AT 50,13 R AL E KA AR
RO A A 2 MR I RS WA — (T 2%),

25 AERHE TRCID) B ORI AR i S R S
13 FPICHLIC R 1Y & i A7 AR S s A QA 2R AL,
LLICHYZE B 13 MOCHLICER B9 i AP AR al
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Fig. 1  Hierarchical clustering of 13 inorganic elements of

different parts in Hedysari Radix
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Table 5 Characteristic roots and contribution rate of principle components

IR FAIE(E PRI FEA e - FIE A
Rl Initial eigenvalue Extraction squared sum Rotation squared sum
Ingredients . R .
&it Ji 2% Eyinl &Hit Ji 2% FM &it T 7% Eyinl
Total Variance( % )Cumulative (% ) Total Variance( % ) Cumulative( % ) Total Variance( % ) Cumulative( % )
1 5.91 45.465 45.465 5.91 45.465 45.465 5.168 39.757 39.757
2 3.545 27.267 72.732 3.545 27.267 72.732 3.273 25.178 64.935
3 2.167 16.672 89.404 2.167 16.672 89.404 3.181 24.469 89.404
6 HAHBHRUER . . o
Table 6  Coefficient matrix of factor scores ~ 05
J 45y Ingredients i:: 0
No. £
1 2 3 205
As 0.019 0.240 0.054 10
-1.0
Pb 0.198 0.036 0.138 L0050 057 hT 002070
Hg 0.029 0.280 0.020 Ingredient 1 Ingredient 3
B 0.182 0.003 0.011 N N
‘ M2 HmEERORSE
B -0.020 0.072 0.249 . . . . .
Fig. 2 The rotating composition diagram in space
Al 0.116 0.174 0.365
Ti 0.141 0.151 0.045
A ‘ ‘
\Y -0.071 -0.100 0.288 3 -L-‘-J--L/k\"—qgﬁl/k\:
Ga 0.021 -0.061 0.241 N N
X v e R LLLT R T B2 RS R
a . . .
s _ 22 AL B2 Ao — o A
. o T g R ICPMS W R GOR 13 ML A
= s L s )
Sr 0.188 0.029 0.019 Y E AL, TR EE AT B R R 7 2550 AH OGRS
Mo 0.072 0.314 0.084 B R B R 7o A i A B, 25 SR SR W21 B[]
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based three principal components.

WAL E A EE M IHLTR , ZLEAFARAL As (Pb JT
REmILWFEMEZER(P>0.05) , LLEEAFFRAL B
Hg .Be Al Ti .V .Ga . Ba . Ce Sr Mo JLE S HHDF
P25 (P <0.05) , [fli As.Pb.B Hg Be Al Ti V.
Ga .Ba,Ce ,Sr Mo JUR & &t 7ELL EEA [R5 457 A7 7E
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A7 035 0 B0 3 ) TE AR OC LAAHDC G R,
FHOE RIS R SRR B A A OG5 2T A AR i SR
S 13 FhEHLT R B & i AEIRAS B
o, 2Ly =22 fer 13 Mo R iy & & AETRIRE
s R BL, Ba Mo | Al JTEER L R [RFR A7 1Y)
FREMETTR o DL BTSSRI, 21 BEA ] AL X AN [+
TR WS EA — & I e 51, AN [R5 1 TE LT
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b A Rk S e 200 e R SR
FEARDC, F 2@ PR VE R SOR A 25 i BT R
Eri Y R

2015 JRd AR N B [ 25 ) I R0 Bl 2
R HESEITR FEME, A5 ERF 58
AR W B, T R A P As LR A
e {E R 0.360 £0.042 mg/ke, /NF 2 me/ke; Pb JC
EEEREEN1.795 £0.346 mg/ke, /NT 5 mg/
ke, He JLR S E M 0.025 £0. 001 mg/kg, /|
T 0.2 mg/kg, BT 2015 R EE 24 ) ALE R
R o R RIS TE R B IS B 2 T

B
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