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Quantitative Determination of Trace Elements in Hedysari Radix from

Different Places in Gansu Province
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[ Abstract ] Objective; To determine the contents of trace elements in Hedysari Radix from different
places in Gansu province, and provide reliable method for the effective quality control of Hedysari Radix. Method :
Wet digestion method was used to process the samples and flame atomic absorption spectrometry was used to
determine the contents of Fe, Cu, Ca, Mn, Zn, Mg, Cd, Cr, Co, Na, Li, Ni and K in Hedysari Radix. The
analysis of variance and clustering analysis were applied to analyze the results. Result; The elemental contents in
Hedysari Radix were as follows: Fe (0.865 9-2.607 1 pg-g~'), Cu (0.185 6-0.467 3 pg-g~'), Ca (2.770 1-
3.411 6 pgeg '), Mn (0.797 6-0.994 4 pg-g™'), Zn (2.732 2-6.482 0 pg-g '), Mg (88.725 8-99.263 5
pgeg '), Ni (0.196 6-0.232 4 pg-g™'), Cr (0.059 9-0.068 9 wg-g '), Co (0.067 0-0.071 6 pg-g™'), Na
(20.758 5-27.021 8 pg-g™ '), Li (0.341 2-0.423 0 pg-g™ '), K (16.695 9-18.753 5 pg-g '). Cd was not
detected in Hedysari Radix. The order for average elemental contents was Mg > Na >K >Zn > Ca > Fe > Mn > Li >
Cu > Ni > Co > Cr > Cd from high to low. There was significant difference in contents of Fe, K, Zn, Ni, Na, Mg,
Mn and Cr (P <0.05), but the difference was not significant in contents of Cu, Ca, Li and Co in Hedysari Radix

from 32 places. The results of clustering analysis showed that 32 samples were clustered into four different groups.
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The majority of cultivated Hedysari Radix samples were classified into the first group, and wild Hedysari Radix

samples were classified into the second group. Conclusion: The differences of trace elements content in Hedysari

Radix are not only related to places, but also related to cultivated Hedysari Radix or wild Hedysari Radix.
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Table 1 Informations of Hedysari Radix samples
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L3 F HoRbrERw (B 1 000 mg- Cd,Co,Li,Cr,Mg,Cu,Fe,Na, Ni FrifEiF W Y 2. 5 mL

L) ¥ F [ R AT (0 4 T8 B 1 R R4 A K
>, Fe ( GSB 04-1726-20049 , fit % 153029-1), Cu
(GSB 04-1725-2004 , it 5 153040-1), Ca ( GSB 04-
17202004 , #it & 152030-2 ), Mn ( GSB 04-1736-
2004, 4lt5 152021-2) ,Zn [ GSB 62025-90 (3001 ) , 4t
507092978 1, Mg ( GSB 04-1726-2004, it =
152033-2) ,Cd( GSB 04-1721-2004 , #it %= 153008-2) ,
Cr( GSB 04-1722-2004 ,4tt*5 153001-1) , Co[ GSB 04-
1723-2004 (a), it & 153111 ], Na ( GSB 04-1738-
2004, 41t 5 152034-3 ), Li ( GSB 04-17-2004, it &
153002-1) ,Ni ( GSB 04-1740-2004 ,#t = 153034-1) ,
K( GSB 04-1733-2004 , #it*5 153004-1) ; = A2 e fil§
1R 34 2 o3 A 4l o
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Table 2 Determine conditions of trace elements
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Table 3  Regerssion equation of standard solution concentration

and correlation coefficient

Ca x 5 422.7 0.5 1.4
K X 4 766. 5 0.5 1.2
Zn 4R SR AT 5 213.9 0.2 1.2
Mn ESNYS) 5 279.5 0.2 1.0
Cd 928 AR AT 4 228.8 0.5 1.2
Co (ESFNRS 6 240.7 0.2 1.0
Li ¥ 4 670. 8 0.5 0.9
Cr x 5 357.9 0.5 1.4
Mg (ESSTRS 4 285.2 0.5 1.1
Cu UL SR AT 4 324.8 0.5 1.1
Fe WESNYS) 8 248.3 0.2 0.9
Na T 5 589.0 0.2 1.1
Ni (ESFNRS) 8 232.0 0.2 0.9

KT Air-CH, o

2.3 ks
2.3.1 vl 2R 00 2
.56 -

ﬁ}%”ﬂ"x Ca’K’Zn’Mn9

22 B e IR R
Ca 0,1,2.3.4.5 Y=0.036 40X +0.006 8  0.996 8
K 0,0.2,1,1.2 Y =0.190 86X -0.009 0 0.996 2
Zn  0,0.5,1,1.5,2,2.5 Y=0.29255X+0.0266  0.990 9
Mn  0,1,2.3.4.5 Y=0.087 92X +0.013 1 0.996 2
Cd 0,0.2,0.6,0.8,1 Y =0.258 03X -0.002 3 0.998 5
Co 0,1,2,3,4,5 ¥=0.059 30X +0.001 3  0.999 6
L 0,0.5.1.2.2.53 Y=0.221 67X +0.003 6  0.999 1
Cr 0,0.5,1,2,2.5,3 =0.022 05X -0.001 2 0.999 6
Mg  0,0.1,0.2,0.4 Y=1.006 12X +0.016 6  0.992 1
Cu 0,1,2.3.4.5 Y=0.082 35X +0.0020  1.000 0
Fe  0,0.5.1.2,2.5.3 Y=0.058 05X +0.000 6  0.999 9
Na 0,0.2,0.4,1 Y =0.296 97X -0. 009 6 0.995 6
Ni  0,0.5.1.2.2.5.3 Y=0.062 26X —0.004 4  0.999 3

2.3.2 B®EERE nincH 3,4,1.5,2,0.2,2,
3,2,0.9,5,2,2,5 mg-L""¥y Ca,K,Zn,Mn, Cd, Co,
Li,Cr,Mg,Cu,Fe,Na,Ni FRUEVETR , 7% 2. 2 T F %44
e e, R UERE 6 IR, 45 B T Z WL
RSD 725 1.2% ,1.5% ,1.2% ,0.8% ,1. 1% ,
0.9% ,1.6% ,0.4% ,1.8% ,1.3% ,0.7% ,0.5% , 3
B O 3 A 25 % T R A
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WL EERE AL AT 6 £, 3 2. 1 TR Oy o A A A
B, M E AL S Ca,K,Zn,Mn, Co,Li, Cr, Mg, Cu,
Fe,Na,Ni & 5 , 45 3R % J0 R WOCE RSD 433
1.2% ,0.6% ,1.1% ,0.9% ,1.5% ,1.9% ,1.3% ,
2.4% ,1.3% ,1.7% ,2.6% ,1.2% , i % 5k &
BERLE
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MG SRR L4000 T 0,8,16,24 h BFi#E#E, Ca K,
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IR 1.9% ,2.4% ,1.1% ,1.8% ,1.5% ,1.9% ,
0.5% ,1.4% ,2.2% ,2.5% ,1.6% ,2.3% , 3% B fitist
SRR RTE 2 IRBEE R 24 h NERE PR EDR
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Table 4 Results of average recovery test of Hedysari Radix(n =6)

e Feaha AR MAFE P EE RSD

/g /g /g /% /%
Cu 1.8272  2.0000  3.856 6 101. 47 0.9
Fe 0.2608  0.2000  0.450 8 94.99 0.5
Ca 3.2889  3.0000  6.3211 101. 07 1.4
K 17.5297  17.000 0  34.480 1 99.71 1.2
Zn 3.5494  3.0000  6.4812 97.73 0.6
Ni 0.2258  0.2000  0.4300 102. 08 1.6
Na  23.0594 20.0000 42.881 1 99. 11 1.8
Mg  92.2963  90.0000 180.784 0 98.32 1.1
Mn  0.8683  0.5000  1.4015 106. 64 11
Cr 0.0654  0.0500  0.1095 88.23 1.4
Li 0.3567  0.3000  0.6500 97.76 0.5
Co 0.0670  0.0500  0.1192 104. 37 1.5

2.3.6  FESOGE KA 0 LD EERE SR 2.2 T

TSR HERE I SR A5 TC R OB AR IR I 1T
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%5,
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] = M 2T EERE b 13 R R M & i, S R Bon i
Jh Ml = 25 6 4T Ca, K, Zn, Mn, Co, Li, Cd, Mg,
Cu,Fe,Na, Ni {9 & B R 2.770 1 ~3.411 6,
16.695 9 ~18.753 5,2.732 2 ~6.482 0,0.797 6 ~
0.994 4,0.067 0 ~0.071 6,0.341 2 ~0.423 0,
0.059 9 ~0.068 9,88.725 8 ~99.263 5,0.185 6 ~
0.467 3,0.865 9 ~2.607 1,20.758 5 ~27.021 8,
0.196 6 ~0.232 4 pg-g ', Hr Cd KRG, 20

HZILEEYSESMM)F H Mg >Na >K >7Zn >
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RS TARAFMMARBRELERES B (v +5,n=3)
Table 5 Elemental concentrations of Hedysari Radix in different places(x +s,n=3) ng-g -!
No. hi h2 h3 h4 hS h6 h7 h8

Fe  2.0625+0.0142 0.968 0+0.0676 1.8272+0.1178 1.711 1+0.0045 1.6443+0.0132 1.7145+0.0620 2.3130+0.0007  2.2091£0.130 0
Cu  0.4297+0.0222 0.3099+0.0098 0.260 8 £+0.0725 0.2127+0.0496 0.3026+0.1307 0.296 1 +0.0882 0.3105+0.1478  0.2842+0.116 6
Ca 3.2787+0.2583 3.1858+0.2590 3.2889+0.2518 3.1027+0.2438 3.0079+0.2424 3.1232+0.2308 3.2418+0.2253  3.161 6+0.2252
K 17.7544£0.2779 18.1000+0.4899 17.5297+0.020 0 18.0762+0.082 1 18.3065+0.1777 17.3514+0.1721 16.814 8 +0.0402 17.306 5+0.181 4
Zn  6.4820+0.2171 3.2717+0.2967 3.5494+0.3651 3.3113+0.1564 4.1958+0.1138 3.658 5+0.0537 3.7735+0.0215 3.8395=+0.173 5
Ni  0.2198+0.001 1  0.2311+0.0013 0.2258+0.0003 0.2287+0.0024 0.230 8 +0.000 8 0.2142+0.0026 0.2155+0.0008  0.214 4 +0.003 7
Na 27.021 8 £0.348 7 22.666 1 £0.297 5 23.059 4 +0.5629 21.211 8 +0.3851 20.9753 +0.3764 24.1723 +0.4426 26.3102+0.3574 23.3740+0.301 §
Mg 95.7470+0.6406 95.0755+0.6163 92.296 3 +0.278 0 92.060 8 +0.468 6 90.323 8 +0.284 1 91.6393 +0.151 1 95.8426+0.2709 93.878 5+0.4222
Mn 0.9157+0.0124 0.797 6 +0.0032 0.868 3+0.008 6 0.9162+0.0104 0.8903+0.0033 0.9105+0.0082 0.9595+0.0062  0.980 6 +0.001 3
Cr 0.0649+0.0032 0.0657+0.0030 0.0654+0.0021 0.0627+0.0020 0.0637+0.0020 0.0668+0.0021 0.0599+0.0013 0.0665+0.002 4
Li 0.3635+0.0494 0.3412+0.0460 0.3567+0.0472 0.3583+0.0495 0.3613+0.0478 0.3778+0.0452 0.4054+0.0440  0.3902+0.039 1
Co  0.070 5+0.001 7 0.0674+0.0012 0.0670+0.0007 0.0690+0.0015 0.0689+0.0016 0.0704+0.0018 0.0714+0.0010 0.069 7 +0.000 9
No. h9 h10 hi1 hi2 hi3 h14 h15 h16

Fe  0.8659+0.0519 0.8915+0.1544 1.4833+0.1645 1.3784+0.021 1 1.2226+0.0201 1.1644+0.0115 2.1276+0.2575  1.769 9 +0.080 2
Cu  0.2604+0.1301 0.3217+0.0164 0.2525+0.0336 0.2640+0.0927 0.3121+0.0064 0.2649+0.0343 0.2149+0.0103  0.185 6 +0.006 2
Ca 3.1570+0.2209 2.9978+0.2175 3.0367+0.1988 3.4116+0.2060 3.069 1+0.1947 3.089 1+0.1848 3.0302+0.1328  3.227 3 +0.166 1
K 172716 +0.0802 17.6178 +0.139 1 16.748 7+0.041 9 17.7814 +0.1175 17.5397+0.1108 17.7825+0.2009 17.3368+0.193 1 17.2602 +0.018 8
Zn  3.0139+0.0482 3.4727+0.0807 3.1640+0.0234 3.1379+0.064 5 3.8083+0.0302 4.2598+0.1707 3.6374+0.1435  3.3954+0.081 2
Ni  0.2252+0.0018 0.2241+0.0001 0.2291+0.0007 0.2230+0.001 8 0.2255+0.001 0 0.1972+0.0044 0.2115+0.0009  0.196 6 +0.004 6
Na 23.5674+0.3710 20.758 5+0.146 1 22.9258+0.153 4 24.1620+0.1758 24.0920+0.406 8 24.9963 +0.288 5 23.458 6+0.040 7 25.0250+0.144 7
Mg 92.6101+0.440 1 90.9025+0.4757 91.8134+0.2420 94.047 8 +0.484 3 90.868 2+0.1434 91.5467+0.3889 89.750 7+0.1727 91.084 5 +0.080 0
Mn 0.8347+0.0016 0.8248+0.0032 0.8403+0.0054 0.8403+0.004 1 0.8545+0.0062 0.8687+0.0057 0.9492+0.0075 0.9260+0.003 8
Cr 0.06510.0017 0.0671+0.0016 0.0675+0.0023 0.0653+0.0013 0.0676+0.0019 0.068 1+0.0021 0.064 6+0.0018 0.0658 +0.001 6
Li  0.3565+0.0397 0.3648+0.0414 0.3696+0.0440 0.3821+0.0439 0.379920.0435 0.367520.0422 0.3883+0.0411 0.370 1 £0.046 2
Co  0.0689+0.0003 0.0686+0.0010 0.0710+0.0016 0.0683+0.0023 0.0697+0.0005 0.0693+0.0002 0.0692=+0.0005 0.0693+0.0016
No. h17 hi8 h19 h20 h21 h22 h23 h24

Fe  1.0149x0.1086 1.6821+0.0078 1.2757+0.1143 0.809 0+0.0134 1.4177+0.1149 1.1047+0.006 5 2.5250+0.030 8  2.607 1 £0.023 §
Cu  0.2467+0.1187 0.3096+0.0020 0.2492+0.0344 0.3086+0.163 1 0.3848+0.0217 0.3959+0.0914 0.4037+0.0305 0.3513+0.019 4
Ca 3.0040+0.1366 3.1831+0.1657 2.7701+0.1436 2.8351+0.1332 3.0464+0.1422 3.0836+0.1205 3.1450+0.1320 3.2155+0.1279
K 17.7332+0.1070 17.2813+0.069 7 18.137 1+0.1553 17.901 5+0.1314 18.7535+0.238 0 18.2864 +0.2445 17.6458+0.1802 17.994 2 +0.098 6
Zn 2.7322+0.0811 3.1860+0.0720 3.3786+0.0245 3.6390+0.1687 3.6022+0.077 8 3.2882+0.0313 3.8533+0.0493  3.8576£0.1643
Ni  0.2245+0.0040 0.2135+0.0019 0.2242+0.0026 0.2324+0.0035 0.2292+0.0053 0.2257+0.0036 0.208 0+0.000 8  0.208 7 +0.001 6
Na 22.9336+0.2818 24.1992+0.1880 21.9565+0.1278 21.5592+0.1559 21.6266+0.1472 23.7140+0.278 7 23.093 9+0.087 6  23.000 2 +0.019 4
Mg 89.4144£0.1273 91.3593+0.1002 88.877 1 +0.114 4 88.7258 +0.034 3 99.263 5+0.1404 93.8505+0.2415 93.0293+0.0599 94.3292+0.2127
Mn 0.8153+0.0066 0.8493+0.0069 0.8795+0.0085 0.7806+0.0057 0.887 0+0.0049 0.8256+0.008 8 0.9852+0.004 0  0.994 4 £0.008 6
Cr  0.0677+0.0012 0.0681+0.0017 0.0688+0.0015 0.0661+0.0014 0.0687+0.0008 0.0680=+0.0011 0.0680=+0.0013 0.0678+0.0012
Li 0.3812+0.0448 0.3912+0.0441 0.3953+0.0434 0.3694+0.0421 0.4029+0.0462 0.381 1+0.0419 0.4178+0.0420  0.4053 +0.039 1
Co  0.06930.0027 0.06900.0023 0.0683+0.0045 0.0693+0.0003 0.0694+0.0030 0.0686=0.0013 0.0716+0.0030 0.071 5+0.000 3
No. h25 h26 h27 h28 h29 h30 h31 h32

Fe  1.4467+0.2310 2.1257+0.1710 2.7473+0.1165 1.987+0.0712 2.1404+0.0248 2.1210+0.1562 2.009 6+0.1343  1.787 1 £0.027 6
Cu  0.3259+0.0038 0.3643+0.0503 0.3325+0.0623 0.461 5+0.2723  0.4673+0.2214 0.3137+0.058 1  0.3558+0.0058  0.3525+0.005 4
Ca 3.2159+0.1321 3.1448+0.1363 3.2465+0.0938 2.9348+0.0877 2.9148+0.0990 3.1220+0.0473 3.2128+0.0689  3.3229+0.071 9
K 17.600 5+0.011 4 18.0879+0.2524 18.2269+0.041 8 16.6959+0.0954 17.4530+0.101 8 17.2358+0.3497 16.9284+0.0264 17.601 6 +0.274 1
Zn  4.0571+0.1152 3.8594+0.1896 4.4189+0.256 1 3.5003+0.2262 4.5258+0.0318 3.1826+0.0884 3.0849+0.0725  3.502 5+0.069 0
Ni  0.2173£0.0007 0.2125+0.0004 0.2035+0.0092 0.2155+0.0032 0.197 5+0.004 4 0.206 7+0.0054 0.2162+0.004 4  0.222 8 +0.000 6
Na 24.5700+0.121 1 23.0582+0.1807 24.6340+0.224 1 22.186 1 +0.0238  23.904 9 +0.1057 23.067 6 +0.314 8 26.085 0 +0.178 7  23.265 0 £0.057 3
Mg 95.0422+0.0901 92.7510+0.2165 95.8571+0.336 6 91.1822+0.2163 94.1419+0.160 0 96.541 3 +0.601 0 94.301 7+0.069 0  93.982 0 +0.089 1
Mn 0.8635+0.0045 0.9239+0.0094 0.9890+0.0137 0.9705+0.0043 0.980 8 +0.004 4 0.878 6+0.0140 0.8453+0.0076  0.886 3 +0.002 0
Cr 0.06890.0012 0.0684+0.0014 0.0677+0.0002 0.0682+0.0004 0.0674+0.00017 0.0681=+0.0011 0.0680=«0.0011 0.0683+0.0010
Li  0.3812+0.0359 0.4029+0.0325 0.4230+0.0421 0.4106+0.0378 0.4141+0.0355 0.4094+0.0384 0.4218+0.0417  0.410 1 £0.031 0
Co  0.0706+0.001 0 0.0699+0.0006 0.0694+0.0009 0.0689+0.0025 0.0697+0.0003 0.0708+0.0001 0.0697+0.0013 0.068 6+0.000 7
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Table 6 Results of single factors analysis of variance

S gE| SS MS F P
Fe 17. 607 0. 568 51.665 0. 000
Cu 0.294 0. 009 1.077 0.418
Ca 1.217 0. 039 1.266 0. 255
K 14. 681 0.474 14.418 0. 000
Zn 27. 021 0.872 41. 489 0. 000
Ni 0. 007 0. 000 20. 745 0. 000
Na 137. 566 4.438 63. 894 0. 000
Mg 366. 625 11. 827 120. 323 0. 000
Mn 0.226 0. 007 142. 032 0. 000
Cr 0. 000 0. 000 2.776 0. 003
Li 0. 030 0. 001 0. 541 0.955
Co 0. 000 0. 000 0. 854 0. 669
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Fig. 1 Dendrogram of trace elements in Hedysari Radix from

different regions
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