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Comparison of difference of inorganic elements content between Radix
astragali and Radix hedysari
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ABSTRACT: Objective To compare the difference of inorganic elements content in Radix astragali and Radix
hedysari in Gansu Province. Methods Inductively coupled plasma mass spectrometry (ICP-MS) was used to
simultaneously determine the content of 19 kinds of inorganic elements in Radix astragali and Radix hedysari. The
statistical differences of the inorganic elements were identified by nonparametric test. The similarity of element
content was compared by the vector angle method, and the characteristic inorganic elements of Radix astragali and
Radix hedysari as well as the synergistic or antagonistic relationships among elements were determined by principal
component analysis and correlation analysis. Results The content of inorganic elements in Radix astragali and
Radix hedysari had significant difference (except Zn) (P<0.01). The total content and most of inorganic elements
(except Zn, Cr. Mo) in Radix astragali were less than that in Radix hedysari, both of them had high content of Ca,
Mg, Al, Sr, Zn and Mn, vector angle method suggested that the average and median of inorganic elements similarity

was 0.946 and 0.919. The principal component analysis showed that Li, Al, Ba, Ca, Mg, B, Be and Pb were the
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characteristic of Radix astragali, and As, Cr, Co, Li, Be, Al and Mo were the characteristic of Radix hedysari. Most of

elements had positive correlations with at least other 8 kinds of inorganic elements, which meant synergistic

promotion. Conclusion

Inorganic element content of Radix astragali and Radix hedysari have significant

difference, the elements of Ba, Ca, Mg, B and Pb or As, Cr, Co and Mo can be used as reference indicators for

discriminate Radix astragali and Radix hedysari.

KEY WORDS: Radix astragali; Radix hedysari; inorganic elements; inductively coupled plasma mass spectrometry;

vectorial angle method; characteristic element; correlation analysis
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¥ f(Radix astragali)fZL T (Radix hedysari)# ZH#M<,
FZih. 2015 (R EZGHL) rhoE SCHEJE S B R IR
WEEN TR, 275 S TR, BA R R
LAV HEM . Sos AR SR, ER T A A H
B2, W5 B & B AL EE A 25 R A 35 R SR UL
D HA P Y PrEeP b e w2 A . 1
PiARARBLvh ) T AR s Al ], IR A AL R
T R AR 1977 45 H A K A RIS 78 LT v 43— Fil
A PR, WRARZR KRB ML
FR Ak 27 B AN 2 A R A7 A 0 i 22 ) 2 B i S e T
VEFHRIRR R 25 S 2000 o P, M & A 12w
RN VO R RE AR BT A T VR O 2GR AR — Y,
A A USRS LG RS XA —E 2R, 4
TR BIBFFE 45 B R B AT FE R g e R, #1E
A IEAN: N 1195 0 e B/ S 2 i< Sl i [T 74
fase, e HAALBRI, AR BRI 52y
WYIIR, (HRER 25 R0E M R RIS, IR S8R B
AU A, HEANRNS S Z R4 A R0 i
FHHEL(Ca). MR AKRLTENERITE, S5,
TR, 2 5REZMW0Es; MO TRE AGHE
B . B, (R USR], AV 2P AE(Mn) . B
(Zn) & BRI AU, Zn SO AN . B R
GEpRaR . ENLREIE . JLEMER K SRR UIAR DG, A B

FENNINEZG ) Mn 75 5 TIEVEZY, k(Fe) & AR THEMEZY,

SPHEZBAK) S AR TE SRS R 25 b e
JUER IR L5 B n R AN S 25U R R e e 2%
PO gl e PIGIRFIZS . A 00 R L L b Z
PR TR AT TRINFI T, dA X R OCR i & AT
FUBEAMT A SCHRE 2 Y GBI TR S e/ N, R
T I TIEANREA UK o L2 5, T [ e A3 m] LUK )
SEARRUEE RS ZGhA i TR 43250, SE A AT Il 2564 (A )
RO A I e A BT B S RIZT B TEH LT SRR S
TEARBLEE, ARPXBAEE T 1, TBARMPT,

2y LT[R IR R AR Fi IR AL ST R A SUR 2GR )
Jit. 2020 4 [E 5 1A=l e 22 15 ST B B R UL B (20

SR Y, TH R AR (LT FIE A 32 5 X,
BN RS, AFFERE TR I e . 2Lk,
A, P ERL R A 4 TR T 1S 5 (inductively  coupled plasma
mass spectrometry, ICP-MS)#EillE Hip 19 FlooE M (Li). B
(Be). #i(B). BEMg). FR(AD). £5(Ca). #4(Cr). Hi(Mn). &b
(Co). BA(Ni), #i(Cu). BE(Zn). Ti(As). £8(Sr). 4H(Mo). %
(Cd). Bl(Ba). £E(T1). (P&, JEXTEEE | £LEEHTEHL
JCRTH . JURAARHE . RO LASOTR ALy
M ZERIET IR, DR BN ERIEY
GIE RIS | A B TR AL 2 A8 SR

1 #MR57H%

1.1 MRS

SCEC RS S8 4%, SRAMEE . THUE . URE . PR,
EE L MR AR, LI 48 kR, RAHIREEE . &
B THIE . RACRIBETY . . AEREMIAHINE AR
o B 5% e 25

MES-16 ZICZEHR(100.0 pg/mL, 2 Accustandard
Inc A A)); B HIGEFRHEA T (GSB04-1716-2004) . Al FoT
2 bR E 5 W (GSB04-1713-2004) . Ba 85T % b5 M ¥ W
(GSB04-1717-2004) (1000.0 pg/mL, FEZRA (A48 KB F4
B, TSR Tune A[FCRHE(10.0£0.1) pg/L,
3% [# Thermo Fisher Scientific Aw]]; MFR(GEES 4, 7= Bk
Ao
1.2 UFE5E%

X Series 2 HBHEA S T AR %IY (35 E Thermo
Scientific 23 l); UltraWAVE 8 2% i3k 1 1@ °F- & (B KH)
Milestone 2\ F); FA2004 J7 432 —HL F 437 R (i) &
WAL A AL A PR F]); Milli-Q Zli7K A (FELFH 2 18.2 MQ-cm,
2£ [# Millipore 23 7)o
1.3 LWHE
13.1 #Rmfsg

Je BRI BRI LR b B AT £ ok T,
FHZEBAKIE VS BT, FifEid 80 Hif, & H.
132 #Hsara
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LK RS, BN 2 mL AR S N aE, T
L SO TH R e USRS RS IR P 47K 8 45 %5 100 mL 7§
W, R A .
1.3.3  HeunE

FHEIE RO ICP-MS {0, TR B | AR
T fb S PR R IR EI K, A TAES R & TR
91340 W, BEIEEREEIE %S %, SR 0.80 L/min, X
Wik 0.85 L/min, I 13.0 L/min; W7 Ak
R MR TS 3, MHERTE] 90 s, nhikrtia] 30's, RARHE(NI)
1.1 mm, FHGENI) 0.75 mm, Kl 19 FhoCEREAZ L.
9Be\ HB\ 24Mg\ 27A1\ 44Ca\ SZCI\ SSMH\ SQCO\ 60Ni\ 65Cu\
66211\ 75AS\ SSSr\ QSMO\ IHCd\ 137Ba\ ZOSTI\ 208PbO

B IOLRIRER R B LR, FohillibrE R4 . Hrp
Li. Be. Cr. Co. Ni, Zn, As. Mo. Cd. TI. Pb il
0.2, 0.5, 1.0, 5.0, 20.0. 50.0. 100.0 pg/L fkRr#EZS; B,
Mg, Ca, Mn, Cu. Al, Sr. Ba Bl 0.5, 1.0, 5.0, 20.0,
50.0. 100.0. 250.0. 500.0 pg/L (FRUER S, HAPRUER

A 10 pg/L BINARE W, I 2% (V) E 4.

fE ICP-MS (U# ARSI 22, LAoG R i k% (X,
mg/kg) WREARAR . W AE AL AR, fbRdEZ (). 7E
AR W02 3550 28 1 BBV T

1.4 HIFLIE
141 AMAE

SE AL R

BARGEAHT R SPSS 18.0, H1 B B AL sEbEAS i
MR, AEILRESBATFEIES A, H Mann-Whitney U
K 6 X B AT M, FHHR L E(M) . 25% 1 75% 5 fE

(QI~Q)XM & RAATHIHR, Z FUHE/NT 0 FoRprE I+
PE/NFIR#H, RZWZERTFIEE; SR KK 0=0.05,
P<0.05 B 2R, P<0.01 B AR BEEER.

F RS54 HT A SPSS EF 4T, Fa e TH
JS AT RE /4 DR F i e W A5 S R REAE o TR 43 Bl o
4, TP BOUA F R TR S ah Ml AR 5 i K ER 415 B,
FEIE AR N Tk 2 2 R 1 T A AR -
1.4.2  $8 B EAR LM

FH T S AN MG R S P MU ) 5 2L
P13 A AR EE FH e £ A % O ARMBLEE EA 73R 40F, XTRREE . 41
B P ICHLIG 3R % 1 6 (B T 3R 43 B SR BUJe f AR R AE,
ARVZAEMEEE T 1, JEAR

2 FER55H

2.1 ZMRREE

JH ICP-MS A B AL EEH 19 FPOTE bR IERTLZE,
AR BB KT 0.9990, LRPEK R R, il FREAR, fE
R TR, AR 1,
22 HE, AEHPREZSESW

nF 2, B Zn CREME R G EEA 255N, HA
18 FOCEHA M 03 25 H(P<0.01), #1EH Zn, Cr. Mo 3
FOCE M &R LT iy, HiAl 16 Fhoo s & 19 F
JCE MRS AT LR, MRS RS T 6 TITE
B Ca, Mg, Al, Zn, Sr. Mn, ZEEHREHAET 6 1
JLEMHE Ca, Mg, Al Sr, B, Zn.

F1 BRREEHFE. HXRBMLEMER

Table 1 Regression equations, correlation coefficients, and linear ranges of determined elements
JCE Ltk B3 (G) LRSI A(ng/L) 6 R/ (ug/L)
Li Y=9478.78X+418.34 0.9999 0.2~100.0 1.5x1072
Be Y=1800.84X+10.83 0.9999 0.2~100.0 1.5x107
B Y=2849.32X+7150.50 0.9999 0.5~500.0 4.5x107
Mg Y=10145.72X+5730.25 0.9999 0.5~500.0 2.0x107*
Al Y=12678.59X+10688.37 0.9999 0.5~500.0 3.0x10?
Ca Y=588.93X+70704.84 0.9993 0.5~500.0 7.0x107!
Cr Y=12624.76X+9716.22 0.9999 0.2~100.0 4.5%10°
Mn Y=28730.38X+1505.99 0.9998 0.5~500.0 3.0x107
Co Y=14473.94X+67.51 0.9999 0.2~100.0 1.5x107
Ni ¥Y=2800.03X+325.00 0.9999 0.2~100.0 3.5x107
Cu Y=3212.49X+509.15 0.9999 0.5~500.0 4.5x107
Zn Y=2683.95X+5622.76 0.9999 0.5~500.0 4.0x1072
As Y=2175.61X-116.68 0.9999 0.2~100.0 4.5x10°
Sr Y=440532.64X+404.19 0.9997 0.5~500.0 4.5%10°
Mo Y=4602.56X+50.83 0.9999 0.2~100.0 3.0x10°
Cd Y=3505.70X+1.67 0.9999 0.2~100.0 3.0x107
Ba Y=5143.94X+190.00 0.9999 0.5~500.0 1.5x1072
Tl Y=18308.04X+285.00 0.9999 0.2~100.0 3.5x1073
Pb Y=59137.70X+706.66 0.9995 0.2~100.0 0.0035
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Table 2 Comparison the content of elements in Radix astragali and Radix hedysari (mg/kg)
M Qi ~Q3)

e L (n=58) LLEE (n=4T) g F
Li 0.181 (0.127~0.232) 0.318 (0.293~0.464) —7.044 <0.001
Be 0.008 (0.006~0.011) 0.013 (0.009~0.019) -5.259 <0.001
B 2.194 (-3.517~5.207) 33.217 (10.440~69.100) -7.617 <0.001
Mg 1294.057 (1184.309~1444.464) 1976.586 (1787.000~2253.000) -7.198 <0.001
Al 204.530 (169.599~266.057) 436.240 (339.000~542.000) —6.857 <0.001
Ca 1626.421 (1409.742~1883.305) 6021.098 (4998.000~7367.000) —8.635 <0.001
Cr 1.300 (0.925~1.740) 0.631 (0.443~0.999) —4.782 <0.001
Mn 9.411 (-7.057~10.751) 11.033 (9.000~14.590) -3.345 0.001
Co 0.064 (0.050~0.081) 0.169 (0.140~0.217) -8.500 <0.001
Ni 1.217 (1.059~1.683) 2.944 (1.500~3.950) -5.439 <0.001
Cu 4.629 (3.303~5.813) 6.111 (4.720~7.370) —4.002 <0.001
Zn 21.125 (18.054~25.687) 18.497 (17.100~23.480) —-1.508 0.132
As 0.135 (0.106~0.164) 0.176 (0.148~0.213) —4.208 <0.001
Sr 10.158 (6.362~19.293) 50.031 (32.330~85.000) —7.527 <0.001
Mo 4.715 (2.842~6.148) 2.604 (1.140~4.460) -3.087 0.002
Cd 0.021 (0.015~0.028) 0.059 (0.043~0.088) -7.946 <0.001
Ba 4.067 (3.109~4.889) 7.595 (5.900~10.220) —7.334 <0.001
Tl 0.006 (0.004~0.009) 0.017 (0.013~0.020) -7.630 <0.001
Pb 0.076 (0.038~0.173) 0.172 (0.132~0.245) —4.053 <0.001

B 3211.398 (2871.567~3641.511) 9007.192 (7435.962~10245.245) ~8.668 <0.001

E: P<0.05, 7 RFZESR; P<0.01, AMEHESR.

23 EBYEERTREUESHT

DIBEEE . 2reErh 19 FocR & a g kb, TRET
FEECh B AR R, AT . ARG RIES R, BT
AN O R S i BOR  FEROR, PNARBR R 4 BUAE B,
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JefaAni E, LIE 19 Mot R EER R, Jeffnsk
{H4 0.946, BIWIE TR F-BMEMAHLIE R 0.946; FHPIH
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Table 3 Initial eigenvalues and cumulative contribution rates of
rincipal components . N
priCipy comb T4 EERER
WIHRARAE(E Table 4 Rotational composition matrix
EMSy AT /% s
FHIE(E Ti 2 TR/ % S
1 2 3 4 5 6
1 7.899 41.571 41.571
Li 0.893  0.196 0.117 0.258 0.128 —0.005
2 2.636 13.876 55.447
Be 0.489 0.074 -0.077 —-0.010 0.803 —0.046
3 1.660 8.737 64.183
B  -0.019 0.146 -0.088 0.803 0218 -0.168
4 1.519 7.993 72.176
Mg 0.190  0.037 0.829 0.160 0.003 -0.221
5 1.30 6.881 .05
7 79.057 Al 0931 0.214 0.020 —-0.023 0.145  0.054
6 1.095 5.763 84.820

FA R Aar 46 Ml 2o B A TR AT (R 4), WTRLE IS 1
FRH Li (0.893). Al (0.931) R, 45 2 W4 Ba
(0.926) R EH, 5 3 FALSY Ca (0.904), Mg (0.829) R %L
B, 8 4 EMS B (0.803) BB, 5 FSr Be
(0.803) REH =, #5 6 F 4 Pb (0.873) REH =y, LA
AN Li. Al, Ba, Ca. Mg. B, Be. Pb EH M
HIoTE .

AR SR Z IMGL LI TE R 19 FIOGE Li. Be, B, Mg,
Al, Ca, Cr. Mn, Co. Ni, Cu., Zn. As. Sr. Mo. Cd.
Ba. Tl 1 Pb BRS04, A As. Cr. Co. Li. Be.
Al, Mo LT EEHIAFELHLICEPY, RBITTHRR A 81.3%.

2.5 TREMEXMS
251 &% K

R ZHO0 R 5 HAh 0 A0 A7 7E 35 sl
MIIEARSENE, L3 5. HiP A 16 Aotk 2405 HAh 8 ffoc
EHMFEBREER, BT B-Li. B-Cu, B-Ba [A/H BEH
IEAHE, B 5HAMTTREAMCH:; Bk Ca-Mg. Ca-Cu,
Ca-Sr, Ca-Cd 1} 2% IEAI A1, Ca 5 H AT HE B AT MK
; Bk Pb-Mg [BIF B & M AHE, Pb-Zn, Pb-Cd A5 B #1EAH
Kb, Pb HIHA TR A FH M
252 ¢ &

LM RZHOCE & i HAb T R AR AE B 2 5
WER MG, Wk 6. HihA 15 FocR 2/ 5 HAh 8
ROCEA MR . BT B-Li H4 2EAIEHE, B
5 T WA MM BR Mg-Ca. Mg-Sr. Mg-Mo.
Mg-Cd, Mg-Ba, Mg-Pb A i & sl i & IEAHEHh, Mg 5
FoAb T Z A AHOEME; 8 Ni-Sr. Ni-Mo )4 5 35 sl i %
A, Ni-Ca. Ni-Co. Ni-Cd. Ni-Ba. Ni-Tl A 8%
WE M, Ni 5HMITEBRAMEME; B Mo-Mg.,
Mo-Cu,Mo-Sr 4 % 8 3 1IEAH 5, Mo-Ni [A145 .35 fAH 2 4h,

Ca -0.050 0.078 0.904 0.025 0.055  0.058
Cr 0.815 0.110 0.008 0.227  -0.059 -0.020
Mn 0.588  0.707 0.069 0.056 0.157 -0.024
Co 0.780  0.472 0.160 0.025 0.303  0.089
Ni 0.447  0.664 0.188 -0.117 0.309  0.139
Cu 0.385  0.469 0.398 0.524 0.007  0.158
Zn 0.361 0.513  —0.002 0.262 0.180  0.509
As 0.854  0.198 0.077 0.051 0.311  0.118
Sr 0.189  0.145 0.509 0.701  -0.165 —0.093
Mo 0.302 -0.155 0.207 0.691 -0.152  0.352
Cd 0.015  0.020 0.429 0.139 0.669  0.470
Ba 0.170  0.926 0.035 0.167 0.056 —0.071
Tl 0.203  0.508

—0.060 —0.015 0.771 -0.124

Pb 0.007 -0.019  —-0.145 -0.089  -0.027  0.873

AR H THITE SRR, EE. 2
e Ca, Mg, Sr. Zn, Mn W& E, ARE AR
T W LA LFIMRETHLIICE Li. Al Be, {H
JE M RFE LT K S Ba, Ca. Mg, B, Pb, MMi4L
f& As, Cr. Co. Mo; EREMAKAKZE CREVHH
Al 8 FloLE)IFA DR ER I, (H2HEEH B, Ca. Pb 5HAh
TEHE MR, Hp Pb 5 Mg fA7ESSHLR IR, 21
B. Mg. Ni. Mo 5 HAMITE MM, Ni TER 5 Sr.
Mo JCE MIA FEHT R I
BRI, BEMAENITHTEIRYRERE ., TEE
B4 TTRM A, A —ENES, AU
Ay A P B EE AN AT B R — i A B S
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