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[ Abstract ] Objective: To establish a rapid inductively coupled plasma-mass spectroscopy (ICP-MS)
method for determing the content of 25 inorganic elements such as Be, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, As and Se in Tougucao. Method: Samples were treated by microwave digestion, and 25 inorganic
elements in 18 batches of samples were determined with ICP-MS method. Principal component analysis and cluster
analysis were done by Mass Profiler Professional ( MPP). Result: The correlation coefficient values of regression
equation were over 0. 999 for various elements. The method exhibited a recovery range of 91. 1% -106. 3% . There
was great difference in content of inorganic elements in Tougucao from different origins and areas, and the elements
presented regular wave type distribution with the atomic number order. The top five elements with high average
content were as follows from high to low: K (19 970.00 pg-g™ '), Ca (15 709.00 png-g '), Mg (3 531.50 pg
cg™'), Al (1755.50 pg-g '), and Fe (1021.00 wg-g '). Principal component analysis results showed that
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Be, Na, Al, Cr, Mn, Fe, Co, Zn, As, Ba, Tl and U were the characteristic inorganic elements of Tougucao. In

clustering analysis, 18 batches of samples were clustered into 2 categories, Vicia cracca clustered into one category ;

and the other five sources of Vicia clustered into another category, indicating that V. cracca had a far genetic

relationship with other five types of Vicia. Conclusion: This determination method provides a high sensitive and

accurate way to simultaneously determine multiple inorganic elements and provides experimental basis for evaluation

of effectiveness and safety as well as quality standard establishment of Tougucao.
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analysis; cluster analysis
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AHCR U B B E | PARE  P R SR Y 2 AR
FT . 2R BT 5T 3 AR TR L AL A 1 40 B
SE AR B i R 2 B2 A T T, 2 0
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(PCA) FIERZEIM A (CA) o HAFME TR, I o0 A
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7500a A ICP-MS( 36 [ Z HERRHHCA R A ),
SW-2 TR IH fif 2 4t (18 [ Berghof 23 7] ) , Acculab
ALC-11C. 4 U+ RV (12 28 2 A £ 4 |, Milli-Q
B 2l 7K 4b PR E (SE [ Millipore 24 F]) o

B R (P0G 4, oK e T Bk 4 A = 330 A BR 2
Al) , ZI0ER IR A X B TR AR T s E 52
Fe ,K,Ca,Na, Mg it ¥ B2 1 000 mg-L ™', Ag,
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Al,As,Ba, Be,Cd, Co, Cr,Cu,Mn, Mo, Ni, Pb,Sb, Se,
T1,V,Zn,Th, U JREWE K 10 mg-L™") , Hg $AIT
ZEXT W (100 mg- L', 2 [E Accustandard Ine. />
) ;Li,Y,Ce,Ti, Co {1 (JF ¥k B A 10 pg-L7",
KGR AR ) ;Li,S¢,6,Y,In, Th, Bi 4
PRV TR M 10 mg- L7, S8 1 2 HER R AT PR A
al) AL >99.99% ) K 4K,

18 i i 7L 24 b 2200 T A 24 R B A B
e F AL 25 00 % S SR W Il B B S Vicia
amoena, | i B Wi & V. cracca, 8 F B B 2
V. pseudorobus, & I ¥F8i & V. amoena var. sericea |,
PIWE B S V. amoena var. angusta N 2y VT B B
5 V. amurensis BT E3 . W1,
1 EBEHERREER

Table 1 Sample collection information of Tougucao

HRAR %5 SR AR MR R[]
REHEE  S1 MEMIIAFEAIFEX LT 20130708
S2 PN = e AR 2013-07-17
S3 EiAeA 2013-07-18
LIy B 59 2 S4 I A IX 2 K R 2013-07-08
S5 WERRMSEH)IE 2014-07-05
S6 T = Hef 2013-07-09
JAREEE ST 4R SR T R LA 20130707
S8 FrmAmaeK 2013-07-18
S ABEWMABEERE R 2014-06-10
PHH G S10 WIHE AT 2013-07-31
SI1 #F R 2013-08-01
S12 KRR 2013-08-15
BHBE 813 BHZEHEARS 2013-08-08
S14 Bl E/R S 2013-08-07
SIS WEEHMS 2014-08-08
MEIHB G S16 B A R4k 2013-07-18
S17  FEMTLh I8 7 R 2o+ 2013-07-17
S18 P F 524K R 2014-07-10
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2.1 U TAEZRM RFINF 1.3 kW, 558 K3
15 Lomin ™' A i 1. 16 Lemin ™' SR FEIR BF
8.6 mm, 55 B 2 C, A iy [a] 3 s, I & YO %L 3
Wo TEHKHH S L-min ™' [ JREE 15 ~20 C,/E N
230 ~350 kPa,HEX#E 5 ~7.5 m’ ~min "',

2.2 JHfEJTIE K 18 HERE S R R, i 60 H K
BHFREZG A R R 0. 1 g, B T 1 Fe i i 16 2R DU 3R & 4
TH A GE D AR R 7 mL, #5638 2 S5 1R A7
R BE R ) T R JS B, ¥ 5, 55 88 2 100 mL
R, P KR B 2B RO RS . R s
R AR O . e S Al — X
34

F2 BOREMEH

Table 2 Microwave digestion conditions

B FHEE [ /min - FFEF ] /min i &£/ °C
1 5 5 130
2 5 15 200
3 0 15 200
4 10 5 75

2.3 HIEEE
2.3.1 trdEMi gyl R WOBOR & 0 B )
0,100,300,500,1 000,1 500,2 000 pL & F 100 mL
S, S AN O 4> B i Heg 50T R X IR
# 0,10,30,50,100,150,200 pL, I #8 4 K55 % &
ZIEE AR B RGN R . TR SR SR T R
BEXT R W, LI R VR DN o 2R 4 AT e ) 7 (L 5
PIARIG 2 S LU i o B (A AR A, 45 0 R
S R R AR AR, 2 AR E R TR R R, MR
ey B BRI Iy vk, AT A 10 R A A, TF 5
13BN TCRAE ML, DUE MR LU AE A B, & =
SR 105 O AR 4R TR S B LR G R B R PR L
3, MCRE >0.999, &M R RIT
2.3.2 FE®E O BULBFBIG S4 FEM I 2.2 0T
05 1 A A O 4 2. 1 I AR AR S, &
HWME 6 W, BTl & T &R & # 1 RSD 7£ 1. 6% ~
3.5% , KWL % R AT
2.3.3 A BRI BB G S4 KRR R
FRE 0.1 g, 3k 6 6y, % 2.2 Wi T Jy i il & ik i
W, 2.1 TR AR TAES M 45 o 8 & i, &0
AAAITTRE RN RSD 7£2.0% ~4.9% , RUIA 51k
HE MR
2.3.4 FaEME WL BB T S4 BRSO B R E
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Table 3  Regressionequations, correlation coefficients and linear

range of determined elements

JLR KPR KR
] 5 77 & r
% Fr /mg-L™"  /ng-L7!
Be Y =0.190 4X +0.003 4 0.9998 0~0.2 1.02
Na  Y=0.644 9X +0.449 1 0.9993  0~20 6. 87
Mg Y =0.379 6X -19.85 0.9994  0~20 3.94
Al Y=0.911 8X +1.284 0.9997 0~0.2 6.18
K Y=0.918 2X +162. 8 0.9995 0~20 9.25
Ca  Y=0.001 51X +0.154 8 0.9995 0~20 5.37
v Y=0.922 6X -0.115 4 0.9998 0~0.2 9.17
Cr Y =0.090 23X -24. 07 0.9992 0~0.2 3.28
Mn  ¥Y=0.903 9X +0.730 2 0.9999 0~0.2 4. 66
Fe Y=0.753 6X +123. 1 0.9999  0~20 4.31
Co  Y=5588X+2507 0.9994 0~0.2 3.32
Ni Y=0.911 8X +1.284 0.9997 0~0.2 3.12
Cu  Y=2814X+2 085 0.9998 0~0.2 7.06
Zn Y =0.620 7X +282.7 0.9995 0~0.2 3.27
Ge  Y=0.090 23X -24.07 0.9992  0~0.2 4.92
As  Y=0.596 3X +0.187 4 0.9999 0~0.2 4.92
Se Y=0.008 26X +0.006 408 0.999 4 0 ~0.2 4.34
Mo Y =0.144 7X +0.091 34 0.9992  0~0.2 9.27
Ag Y =0.446 3X +0.046 39 0.9994 0~0.2 6.02
Cd  Y=0.084 96X -0.015 6 1.0000 0~0.2 6.52
Sh Y=0.279X -0.053 31 0.9999 0~0.2 3.48

Ba Y=0.122 1X +0. 006 83

Ju—

.0000 0~0.2 7.42

Hg Y =1.804X -1.395 1.0000 0~0.2 8.63
Tl Y=0.9824X-0.053 7 0.9999 0-~0.2 4.52
Ph Y=0.6752X-0.118 4 0.9999 0-~0.2 5.05
U Y=1.296X -0.287 2 0.9999 0-~0.2 7.27

0.1 g, 2.2 TR J5 vk il 45 bl S i Wi, 43 90 F 0,
30,60,90,120,240 min Il & 4% 70 % & &, & 0HH 45
JCE M RSD 7E 2.8% ~4.9% £ &5 A XHAE , i W]
£ JLEAE 240 min EEME R 4F

2.3.5  fmAEEDCRE S PRECL BB G S4 M
0.1 g, KB FRE , AT IRV WK 2 mL, U5 #F 5 rh 45
TCHLICE WA [l i, 25 3 1 7R 45 00 2l iR A
91. 1% ~106. 3% , 3R W i% J7 ¥k fE#f B R 47, 75 5
HITEME TR, SR WE 4,

2.4 FESNIE 43 BIEL 18 HERE SR K, H 2.2 I
07k A R A R e 201 TR AR AR A A
MEgtRea, RLES,
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x4 FUTEHMHEERKE (n=3)

Table 4 Recoveries of determined elements(n =3)

%

T T
Be 106. 3 Fe 98. 8 Mo 96.3
Na 97.25 Fe 99.5 Ag 96. 1
Mg 98. 62 Co 103.2 Cd 94. 8
Al 98.13 Ni 102. 1 Sh 95.7
K 99. 15 Cu 99.3 Ba 92.6
Ca 101. 07 Zn 92.7 Hg 93.3
A% 91.1 Ge 95.2 Tl 92.7
Cr 97.0 As 96. 8 Pb 94. 8
Mn 95.1 Se 88. 8 U 103.5

x5 BEBEMRPLSMENTREEBNE (n=3)

2.5 THCERGmmEL MR A E B E W
THLTC R AR 4 FL 5T e B0y 1) 1 & & 23 A it
o N TR E, 2 i B Y JT R R I 4
ANECHT R — s B R R — B 9 (K, Ca, Mg 45 /)
100 f%; Na, Al, Mn, Fe, Zn, Ba %5 /N 10 f%; Be, Cd,
Sb,T1,U jJit K 100 £5;As,Co,V,Pb it K 10 %), A&
WEFE 2 18 AN [ > P A 6] 7 by i 4 5 TE AL T 3R
oA M A [E] R AN [ 7 Ml 1) 37 R4S T R
i i AN S 4 A R]  {H J0 2 23 A 5 A LAY 45 A 28
P K ICR BT TR0 A B Y i TR )
fio WKL,

Table 5 Contents of 25 inorganic elements in Tougucao (n =3) ng g
EiIRY Be Na Mg Al K Ca v Cr Mn Fe Co Ni Cu
S1 0.04 131.50 2 743.50 349.70 12 370.00 11 006.00 0.27 4.25 120.30 268.70 0.26 3.88 12.28
S2 0.03 124.10 3 410. 00 430. 00 11765.00 12260.00 0.29 5.58 65.26 282.60 0.23 4.20 8.75
S3 0.01 147. 60 2 954.50 645. 10 11 605.00 10352.00 0.31 5.82 66.70 273.40 0.21 5.51 10. 43
sS4 0. 00 110. 50 2 000. 00 698. 10 13 160.00 11 500.00 0.89 8.12 49.91 484.30 0.28 6.16 13.71
S5 0.01 125. 00 1 964. 00 631. 50 13 650.00 10330.00 0.91 9.48 55.36 471.10 0.35 5.62 12. 67
S6 0.00 140. 00 2 110.00 718.02 12 570. 00 9557.00 0.78 10.36 54.94 432.00 0.24 4.77 14. 80
S7 0. 00 0. 00 2 044.50 136. 84 18 400.00 12 770.00 0.00 1.59 40.92 182.75 0.14 2.6l 7.83
S8 0.00 0. 00 2 220.50 100. 10 14 460.00 10 068.50 0.14 2.13  34.24 195.65 0.12 2.28 9.72
S9 0. 00 0. 00 2 310.00 135. 40 18 795.00 11 412.50 0.01 1.27 43.48 183.95 0.16 2.43 6.90
S10  0.02 109. 60 1 982.00 885. 05 10 442.50 13 895.00 0.97 10.73 43.75 694.80 0.42 5.05 12. 16
S11 0. 06 292. 10 1 853.40 813.20 12275.00 11 465.00 1.04 9.96 44.41 421.45 0.35 8.53 14.18
S12 0.07 109. 10 2207.50 985. 00 12 875.00 15709.00 2.12 14.16 54.59 597.00 0.95 8.66 16.51
S13 0.03 306. 20 2214.00 216. 00 9715.50 12360.00 1.08 18.41 72.74 757.20 0.39 8.90 12.98
S14  0.03 338.20 1 945.00 572.43 10 894.50 11 963.00 1.57 9.38 56.69 963.50 0.28 5.66 13.24
S15  0.05 324.12 2 061. 00 755.50 11 440.00 14 195.00 1.83 13.39 62.88 1021.00 0.67 8.58 19.23
S16 0.01 136. 30 3 531.50 831. 00 10 865.30 10562.00 1.33 10.83 70.91 936.20 0.47 3.80 8.43
S17  0.00 119. 87 2 998. 50 708. 00 19 970. 00 7470.50 0.93 7.85 105.05 774.00 0.23 4.14 6.59
S18  0.00 128.70 3 285.50 720. 20 15 805. 00 9513.50 0.73 9.40 89.69 605.85 0.34 8.36 7.63
Ejinve Zn As Se Mo Ag Cd Sh Ba Hg TL Pb U
S1 48.12 0.62 0. 00 0. 00 0. 00 0.02 0.17 44.81 0. 00 0. 05 1.33 0.03
S2 42.93 0. 67 0.13 0.00 0. 00 0.11 0. 05 43.06 0. 00 0. 04 1.63 0. 04
S3 42.68 0.11 0. 05 0. 00 0. 00 0.05 0.01 45.44 0. 00 0.01 1.45 0. 00
S4 27.39 0.24 0. 00 0. 00 0. 00 0.05 0. 06 19. 83 0. 00 0. 00 1. 49 0. 00
S5 25.77 0.33 0. 00 0. 00 0. 00 0. 04 0. 06 18.70 0. 00 0. 00 1.52 0. 00
S6 33.54 0.28 0. 00 0. 00 0. 00 0. 05 0. 06 16. 68 0. 00 0. 00 1.43 0. 00
S7 20. 09 0.03 0. 00 0. 00 0. 00 0.01 0.01 38.10 0. 00 0.01 1.34 0. 00
S8 17. 80 0.11 0. 00 0. 00 0. 00 0.02 0. 00 35. 66 0. 00 0. 00 0.88 0. 00
S9 24.67 0. 09 0. 00 0. 00 0. 00 0.00 0. 00 38.07 0. 00 0.02 0.73 0. 00
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ks
#tk  Zn As Se Mo Ag cd sh Ba He T Pb U
S10 17.21 0.11 0. 00 0.00 0. 00 0.02 0.01 11.76 0. 00 0.02 1. 19 0. 00
S11 22.07 0.20 0. 00 0.00 0. 00 0. 04 0.02 9.62 0. 00 0.02 1.82 0. 00
S12 25.67 0.26 0.00 0. 00 0.00 0.02 0.01 11.73 0.00 0.03 1.61 0. 00
S13 50. 37 0.28 0.00 0. 00 0.00 0.14 0.03 35.40 0.00 0.02 2.72 0.01
S14 30. 67 0.29 0. 00 0.00 0. 00 0.05 0.02 27.18 0. 00 0.00 1. 60 0.10
S15 33.65 0.73 0. 00 0. 00 0.00 0.03 0. 06 17.42 0.00 0.03 1. 68 0.02
S16 75. 86 0.23 0. 00 0. 00 0.00 0.02 0.09 195. 60 0.00 0.02 2.11 0. 00
S17 58.57 0.21 0. 00 0. 00 0. 00 0. 05 0. 06 156.93 0.00 0. 00 1.40 0. 00
S18 65.52 0.15 0.00 0. 00 0. 00 0. 05 0.08 137.25 0.00 0. 00 1.94 0. 00
) 2501 sl el LA AR BE R , A AR BRS040 SR R R
; 200} i GERUVLH] T &AM R Z B TR O &R B AR T
ol :22 —g}g TLERSEMNZ /P, 18 HLA [ & FhAS [ 7= b #E &
@ ool —§ sl 25 ARE AR A, TS 2 KK,
# —89 — sI8 A WP 8 S B — 25 BRI VLB i L Y B S Bk L
2 % e ERTE L TR S TR Y ey
L e e -y oA AT B T RHA 5 FOR DR 9 B 90 52 [ T AL oG
Bl EEEEHEELESH %ﬁﬁ%ﬁ,ﬂﬂfh?ﬁiﬁﬁﬁﬁﬁ%S o B W O O
Fig.1 Content distribution of inorganic elements of Tougucao Bé/% iﬁﬂ °

2.6 Guito b R MPP EPE XA [R] R U5 A [+
FE s B R JCALIC R YE AT PCA Fl CA 43#7, 45
B[, Be,Na, Al, Cr, Mn, Fe, Co,Zn, As,Ba,Tl, U
R R AR LT R, PCA 1 = 4EEI DL 2, 3%
BT % A il o ) S A A 7 ) Y G 2, s ) 6L
R T ENMZACRIZLIE

L BEWHE;2 AN T3 BRIHH T4 BELHHT;
5. BB 6. Pl HiT

B2 AREREBEAREH#IETE PCA 5

Fig. 2  Principal component analysis of Tougucao from different

origins and areas

M2 ol DLg 2L g P BB B 1

By g 2 3 AW ) 25 6] BE B AR T, 55 A 2H 51 A B

B ARV T AN [R] 77 3 14y 7 e VB 55 5 1L B
.58

2.7 EaEEENE 25 Y R o
A7l 23 b o ) B (e [ 24 L) 2010 AF g v 4 o T 4
JEICHE M BR AR HE N Cu<20.0 pgrg™',As<2.0
pgrg ' ,Cd<0.3 pg-g ', Hg<0.2 pg-g ' ,Ph<5.0
perg o RS MESRMELSR SR, P RS
BH2.72 pgrg L Cd R SRR 0. 14 ngeg ',
As e K& 4 0.73 pgeg ', Cu MR K& N
19.23 pg-g ' Hg &R H 0 pg-g ', BIFFA IR
AR
3 WieE4iR

R Mral BRI BT B E G LS R
I HiE METHE B IEH G RN 12K, Ui
X5 AR RRE] RS OC R AT, ) BT B T R4 G
R, F o B 45 R % W] Be, Na, Al, Cr, Mn,
Fe,Co,Zn,As,Ba,Tl,U Jyi& & H A FRAE CHLIT R o

MR BR, BEHEDEA K, Ca, Mg, Fe,
Al,Na,Mn,Zn & EBNFE, EHHELITE T
S gl o B AK MY AT S 7 R IR 2 K
(19 970. 00 p,g-gfl),Ca(IS 709. 00 p,g-gfl), Mg
(3531.50 pgrg '), Al (1 755.50 pg-g '), Fe
(1021.00 pg-g™") , Hp KB A K BETE Y 400 N a8
LB 5 AR R BT, 2 55 0 M 2R T L
IKAG A PR IAEE AR, AT Bh T 4 R R 2 A 0 Bk
FUHEIE 5 Ca Al 455 b 20 40 O I 1) A W % A L 7
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JUL PRI R 8 28 op Bl A% 3 L0 Bl T R G R T AT B
BIFE s Na 2 5.0 LA AN Ze () 08 755 5 Mg X 2t |
UL PR R G I 2y i 5 A E AR 38 2 e AR 52 i
AU JUE A E S I i R, BT A A &, M O L
e KT s Fe E AT HA B MIIRE, 2 5 m&E M .
4 7 25 K A5 Fh G 09 A B, I 7E 1 R G e RN
FRYFRVER 5 X T 65 8 B I 1k A 24
AR RA —B, B 5 AR & K a B 1L
GV, 258 RE TMHEY S, &8 Fe, Mn 5 % i
RIUEWHEAER X 0, Bt 3 EA B 5975 BRAE
HT, T BT AL Zn RAEK BT AR
AL B AR B 0 2R, X 4 R R A il R
EEAEH X TRRB T REH, HAKN Zn
AR & A A b Zn J5 9 IR 0 0, AT I Zn S0
REMME ., LRTRTRAN SIS E 85
JIF ELAT 3 L AR L R KRR A AR AT
WAL DL E R R EE B b kS
TEH

AR SIZ 06 3 A AU T A R R R AT R AL BRI DU
ICP-MS 3L 7 18 Ff AN 7] > P5 A [F] 7= b i B K h
Be,Na,Mg, Al,K, Ca, V,Cr,Mn,Fe, Co,Ni, Cu,Zn,
As,Se 5 25 FPCHLICE M & & H Mot R R AE & TR
ZRAE T HEAT 0, B DR RE T AR B R D IK, JE 2R T
VE o ATTIE REE G ERPE LT, i (R B RS 0 A A 3
HAST—HiMEeMigEnR, 18 ftifgrmf
A Y Se, Mo, Ag,Hg Ju % , # 4x J@ o 25 SR v i
mn S13 BILEFHI . (BH AR E) P & A
B 272 pgeg AR SIS Bl BT (75 4 LAY
0% ) Cu S, 19.23 pg-g s KESL S13 B 1L
i (R HEARE)Cd e, 0. 14
peeg L RER SIS BINEHIE (P ERBMS)As 1)
BREGENO0.73 pg-g ™ M EREME ., AILEH
S5 T rh 28 B B i ST R R I DA A
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