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[ Abstract | Objective: To determine the contents of arsenic ( As), barium (Ba), cadmium (Cd),
chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb) and harmful elements in 10 kinds of
Chinese medicinal materials ( Dioscoreae Nipponicae Rhizoma, Sanguisorbae Radix, Curcumae Rhizoma, etc)
from different sources, establish the corresponding basic database for safety assessment of exposure level of the
above elements. Method; The samples were pretreated by microwave digestion, and scandium (Sc), germanium
(Ge), indium (In) and bismuth ( Bi) were used as internal standards. The content of heavy metals was
determined by inductively coupled plasma mass spectrometry ( ICP-MS). Result; Most of these 8 elements
determined in samples were within the limits. The contents of elements in different varieties were different, and
the contents of most elements in Clematidis Radix et Rhizoma chinensis and Asteris Radix et Rhizoma were higher

than those in other species. Except for almost no correlation between Hg and Cd with other elements, the 6
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elements of Cr, Ni, As, Cu, Pb and Ba almost had significant positive correlation with each other. Conclusion :

Exceeding the standard of heavy metals in medicinal herbs is affected by many factors, such as origin,

environment, soil, etc; which needs to be strengthened to supervise and control strictly and ensure the quality and

safety of medicinal herbs. The establishment of this database provides a reference for formulation of safety standards

of Chinese medicines.
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inductively coupled plasma mass spectrometry; Chinese herbal medicines; heavy metals;

harmful elements; safety; methodological investigation; box-plot
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Table 1 Information of 10 kinds of medicinal herbs from different sources and different habitats
Zitt bkt eI 7 M (HEWR 25 )
ZF 16 g A MIAr £ [ 5 5330 (1), =P R (2) IR0 T8 (3) , LB (4) ilfk i e A (5) 5 fb 3 [ % 4
(6) , =ML (7) RN (11) Rk 2 (12) ] KAENEA I8, 14) s B2 TE WL (9) 5 130T B ol
(10) 535 540 SE B B F1 370 BLRT I (13) 5107 (15) 3 BB (17)
29 F b LA [ilha £ (18 ~22) B 8 (23 ~27) 15 (28,29) , K J (42) , BB (43) , V6 4 (45,46) ] ;3
B 7R (30 ~34,44) T JL AL £ (40) 5 T AR KT B (41) ; BRVE T I% (47 ,48)  # Mifk (16,49 ,50)
5 i TR =M [ 36505 (35) , /KR (36) AR EKE(37) ,3HE(38) , 244 (39) ]
Ho A 21 Ligas WA [ R A (1), & ) BETHER (3), sl (17) 1 M & [ = O 3 R B (2) , B K
(14) ,BHOREE(19) ] @A B[ % 81(4) SeBI(S) ML T8(6) , Rk % (7), KRB (18) ;1L T4
[9Ef ERBRE (8) B e 5 (9,15) 15 Hl (22,23) s AR LTl i i 45 (10) ; —IE VLXMW B B (11) 5 1 il il K
Z(12) s KARTMEAE LD (13) 5 G 2B V0 (16)
19 b WALV (33) B G W EL (34) 153 THM (35) 5 { H (24) [ETE (38 ~41), % 8 (36) ,1H K
(37) BV (42 ~44) 1K (45 ~47) | 5 1L B (48 ~50)
10 i SO BB (20,21) il AP [ S %08 (25), LIl (26) , B (27) , 3R AT (28) , 48530
(29), 2% (30) , FHAF (31), 311 (32) ]
FAR 22 b HEEE(22) 5 {)775(19,20,24) [ 4K (21,33,34,47,48) 5 M (43) , BT (45) 11 { mm 4 (23) [#hdt i
(35 ~39) i@ £ (42) ] | s BN (44) s WTVL G M (46) 5 DU)ITRIT.(49,50)
28 i WEE (1) 5 HR (2) 5 52 (3) s BEVE (4) s HIVL(5) s H 1 (6) s PEH(7) s Z#(8) s NZE il (9) ;W) (10) 5
WAL (1) 577 AR (12) s A (13) 5 T E (15) 5005 (16) ;B8 (17) s = (18) 5 {76 (14) MM i [ 1 x4
(25) ,BAF(26) , BT (27) , e M i (28) , EZAF (29) , 4R 1L (30) , AR FF (31) , B i (32) , TR 5 A+
(40) ,7KIR(41) 11
B 3 B A Hdr (18) s B8 (19) 5 A4k (20)
17 3 AL PP K SEBE(3S ~37) WL B (40 ~42) JRRFH(4S ~47) ] 53054 W 45 51 (38,39) 5 | 7
A QU PHAN IR B (43,44) 5 5 (48 ~50) 1|
30 i & WAE(L,5) 5 UNT(2) 5 I ZR (3,16) 5 AR (4) AR E (6) ;T E (7) s PUH(8) s M (9,15) s 1L PG (11) ;107
(12) s ST (13) s RE(14) s B(17) 5 {BRVEA (10) BRIl [R50 (22) , I (23) , BEA (24) , F
AT (25) , PUBRFS (26) B8NS (27) ATHERT (28) AR IKRAT (29) , SRS (30) , FEXIAS (31) , A5k (32) ,
A (33) , BAE(34) ]
JiR AR 1 Ligan ik (34)
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34 i VLV (1,27) s BRIEVL(2) 5 =78 (3) 5 BRPE (4,15,28) s U5 (5) ;T R (6) s WIVL(7) s TE (8) s & #(9) 5 5%
MC10) s AR (1) s H ol (12,30) 7L 95 (13) 5 1o (14) 53346 (16) 57 M (17) 1057 (18,24) s 4758 (19) 535
M(20,31) 5 AR (21) 5L (22,32) s RFE(23) 5T PH (25) s 571 (26,35) 5224 (29) ;& 1# (33)
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(25) , I PHARIZ (26) RAASE (27) ] s B2 i TG 4 (28 ,29) 5 ) PaPHEZ B AR (30)
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24) s EM(11,29) sHRIL(12) s RE(13) 1R (14) 5 = pg (15) 510G (8,16) s L [ /7 (17 ) ;746 (18) 5 iU )1
(20) 577 2R (21) 5 Hlr (23) 5 #3E (25) 5 P 8 (26) 5 BRPE (27) 5 7LVE (28) s W5 TH (30) 5 T E (32) ;i M
(33) 5 5t (34)
E 8 W A AT AR R A Y (1) s M B By fE Y (2) ; B VL XS E B BE AT (3) @k B[ Rk S (4), =
AR BUZ IR BRIE (9) , B2 (13) [ IT TR =LA H £ (8) it (14)
29 E-50i) WAL [ R (23 ~26) L ETT (27 ~31) | R8N+ JUR B (32 ~36) s b [ 3 [ (37) , %
(38,44 ,45) , FoHx (39) , M (40) 3556 (42,43) 1 ZRIL ZEHE (5) ;IR (41) |5 NS T4k (46) ; B IR
VL[4 (47 ,48) , K 2£(49,50) ]
13 i & WAL W M TT [/MEFA (6) , JL-AAT (7) , & EFAT(10) , mdids (1) NERE(12) KR (15) 1 ik

FE(16) BCEAT(17)  B8ZA R (18) , B34S (19) L J5 L Eh R (20) , IFRET-#F (21) 1534t 4 17 2 (22)

FEAT AR AR W [FVE A A R W W E
R 3 8 VR0 N s Y AR ) DA G 30 2 ) R o A
MR e .

2.5 REEE

2.5.1 RPERARFEL KW R 2.2 TF 4R fE
il £, A 1T mg = L1 42 B0 bR #E I 200 pl,
FH 5% Bis RV WM B, ) A 1 mL 23 5] & Pb ST R
10,20,40,60,80 ng, & Cd,Hg ot % 0.5,1.0,2.0,
3.0,4.0 ng, & As J%E 5,10,20,30,40 ng, & Cu JC
2~ 50,100,200,300,400 ng, % Ni,Cr,Ba JLE 10,
50,100,150,200 ng HHRHER W , 7% 2. 1 T 254000
SE , LA e O R A B e A R AN AR AR, 2 1 A
ML, Wk 2,

K2 BELEMEBXREER

Table 2 Investigation of linear relation of each element
o P . AHER BHR
/ng-L /gL
Pb YV=0.0136X+0.0045 0.9999 0-~80 0.022 36
Cd  Y=0.0023X+0.0003 1.0000 0~4 0.001 50
As Y =0.006 0X+0.0033 1.0000 0~40 0.013 56
Hg Y=0.0014X+0.0002 0.9996 0~4 0. 008 56

Cu Y =0.025 4X +0.007 6

—_

.0000 0 ~400 0.051 32

Ni Y=0.0094X +0.0023 0.9997 0 ~200 0.018 89
Cr Y=0.001 1X+1.5088 0.9992 0 ~200 0. 041 60

Ba Y=0.001 4X+0.0023 0.9997 0 ~200 0.013 21

2.5.2 REHEERK  BUE Pb40 ug L', & Cd,Hg
% 2.0 pg L™, & As20 pg L', & Cu200 pg L7,
£ Ni,Cr,Ba % 100 wg- L~ BYIE & X FIA W, 4% 2.1
TR SR 2 5E 6 IR, 458 Pb, As,Cd, Hg, Cu,Ni,
Cr,Ba JC -1 R B 24 51 42. 86,20. 59,2, 165,
2.335,208.3,103.4,102.7,105.1 pg-L~" RSD 43 %
5 1.6% ,1.2% ,1.0% ,0.9% ,1.0% ,1.0% ,1. 1%
0.9% , KU HE L R U4F
2.5.3 #EREMWKE R —HEE 6 Oy, 1% 2.4 1
T i T A R, 2. 1 TR SR L AR
Pb,Cd, As,Hg, Cu, Cr,Ni, Ba JC 2 [ ) it i 4 4K
4351 % 0.67,0.10,0.24,0.01,4.77,3.03, 2. 84,
129. 44 mg-kg ™', RSD #K K H9 3. 6% ,3.8% ,2.8% ,
3.6% ,2.6% ,3.0% ,2.8% ,2.0% , W% 75 ¥y T
SRR
2.5.4  JAERICRIRE RMERRC A ITR S
AR O 10, 550 3 A, A& A 0T WIS % 4T
Ffi ik 40% ,60% ,80% 1) IR A %k BRS04 2. 4
TR 7 i A AR VR, i 2. 1 TR AR E L
% Pb,As,Cd,Hg, Cu,Ni,Cr,Ba JG £ 1) 5F ) 0 &£ 1]
W2 75.97% ~102.57% ,RSD 1. 1% ~3.7% , 754
JE AT K
2.6 FEMAGIE FNGETH AT o TS 24 A T I A
Pl R B, T 0 o0 b BodE 45 OR, SR
SPSS 19. 0 4 XJ B 48 45 R 47 G2 127 4y B, W&
3 X i I SCHE R A T AR IR LA W Sz gk
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FICRMRE M WA o0, WK Lo o a d8ds BORIEHE, L3k 4.

x3 ERFEVVMAEMPFRESHENVE RERE BXE. SMEMPAE
Table 3 Mean, standard deviation, maximum value, minimum value and median value of contents of 8 elements in 10 Kinds of Chinese

medicinal herbs

JLE e Wwh Filik  HA A RREMR ER S REF OERM A 5
Cr ¥/ mg kg ! 3.04 2.80 5.74 1. 40 7.35 6.07 3.91 15.50 0. 82 22.87
b ifE 2% 2.16 2.99 8.99 1.28 9.93 6. 64 1.92 12.15 0.43 14.73

g /mg-kg ™' 2.42 1.70 3.35 1.07 4.57 2.46 3.70 11. 69 0. 67 19. 48

e /ME /mg-kg ™! 0.42 0.37 0.97 0.65 2.11 0.98 1.21 4. 46 0.12 1.74

e KAE/mg-kg ™" 10. 60 15.98 51.28 9.41 57.25 26. 40 10. 51 69.70 2.13 69. 36

Ni Y /mg-kg ™' 2.86 1.21 2.54 0.79 2.53 2.04 2.58 6.02 0. 64 6.76
brifE 22 1.11 1.15 2.86 0. 62 2.47 0. 44 2.17 3.59 0.37 4.41
H{f/mg-kg ™' 2.75 0. 81 1.63 0. 60 1.75 2.00 1.27 4.67 0. 49 5.44

e /B /mg- kg ™! 1.04 0.26 0.83 0.39 0.96 1.03 0. 54 1.86 0.36 0.78

e KA/ mg-kg ™ 5. 66 7.20 15.16 4.41 13.57 3.52 7.74 21.98 1.81 23.70

Cu Y /mg-kg ™' 4.79 5.04 6.56 5.02 4.31 4.87 8.33 9. 05 3.13 15.27
b 22 1.07 1. 47 2.35 1.24 0.79 2.69 5.48 1.71 0.61 3.62
Hi{l/mg-kg ™' 4.53 5.19 5.95 4.59 4.18 3.43 5.80 8.82 3.01 15.16

e /B /mg- kg ™! 3.20 2.52 3.43 3.02 2.95 1.37 4.16 3.45 2.24 8.49

e KA/ mg-kg ™' 8.88 7.48 16. 86 7.63 7.63 13.27 22.37 13. 14 5.43 23.62

As B{/mg-kg ™" 0.24 0.08 0.41 0.09 0.14 0. 86 0.34 1.24 0.25 1.15
brifE 22 0.12 0.03 0.37 0. 06 0.08 1.02 0.08 0.73 0.16 0.56
H{H/mg-kg ™' 0.24 0.07 0.27 0.07 0.12 0.36 0.32 1.02 0.24 1.27

e /B /mg-kg ™! 0. 04 0. 04 0.14 0.03 0.07 0.17 0.17 0. 40 0.02 0.29

e KA/ mg-kg ™' 0.55 0.16 1.53 0.38 0. 40 3.92 0.58 3.06 1.23 3.43

Ba YI{E/mg-kg ™! 129.95 19. 42 25.36 11. 64 8.05 20. 64 42.22 99. 18 10. 99 41.55
brifE 22 121.21 7.60 24.25 10. 13 2.63 27.56 19. 34 52.03 19. 31 48.36

il /mg-kg ™' 81.63 18.23 10. 18 8.05 7.70 3.22 51.29 96. 81 5.86 27.27

e /B /mg-kg ™! 10. 66 7.47 5.99 3.85 2.99 1. 80 4.51 15. 87 3.70 12.53

W KA/ mg-kg " 549. 34 42.34 84.62 57.54 16. 74 79.90 69. 18 254.96  104. 49 234. 84

Cd Pt/ mg-kg ! 0.10 0.17 0.12 1. 64 0.11 0.12 0.21 0.41 0.03 0.29
bR 2 0.12 0.08 0.22 1.33 0.02 0. 06 0. 06 0. 34 0. 04 0. 39

il /mg-kg ™' 0.03 0.15 0.03 1.01 0.10 0.10 0.21 0.35 0.02 0.15

W /M / mg - kg ™ 0.01 0. 06 0.02 0.14 0. 06 0. 05 0.09 0.14 0.02 0.07

e KA/ mg-kg ™' 0.42 0.36 0.83 4.65 0.16 0.33 0.35 2.52 0.18 1.48

Pb ¥t /mg kg ! 0. 67 0.37 0.77 1.97 0.95 1.61 0.59 3.61 0.20 3.09
b 2 0.38 0.32 0. 82 1.94 0.32 0.88 0.17 2.93 0.11 4.38

il /mg-kg ! 0.58 0.26 0.38 1.12 0.92 1.20 0.57 2.76 0.19 2.55

W /M / mg - kg ™! 0.25 0.08 0.07 0.18 0.24 0.56 0.19 0. 64 0. 00 0.45

e KAl /mg-kg ™' 1. 86 1. 60 2.91 8.36 2.22 3.83 1.07 13.31 0. 47 32.59

Hg ¥/ mg-kg ™! 0.01 0.01 0.01 0. 00 0.01 0. 00 0. 06 0.02 0.01 0.01
bR 2 0.02 0.01 0. 00 0.01 0.02 0. 01 0. 05 0.01 0.01 0.01

il /mg-kg ™! 0.01 0. 01 0. 00 0. 00 0.01 0. 00 0. 06 0.02 0. 00 0.01

W /B /mg- kg ™! 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0.02 0.01 0.00 0.01

e KAl /mg-kg ™' 0.09 0.03 0.02 0. 06 0.08 0. 04 0.25 0.05 0.05 0. 04

.42 .
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Fig.1 Tabular analysis of 8 elements in 10 kinds of Chinese medicinal herbs
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Table 4 Correlation analysis of contents of 8 elements in 10 kinds of Chinese medicinal herbs
JLE Cr Ni As Cu Pb Ba Hg cd
Cr 1. 000 0.943" 0.560" 0.588" 0.372" 0.115" 0. 075 -0.062
Ni 0.943" 1. 000 0.587" 0.591" 0.381" 0.269" 0. 069 -0.074
As 0.560" 0.587" 1. 000 0.499" 0.641" 0.213" 0.139" -0.052
Cu 0.588" 0.591" 0.499" 1. 000 0.392" 0. 138" -0.048 0. 065
Pb 0.372" 0.381" 0.641" 0.392" 1. 000 0.196" 0. 115" 0.348"
Ba 0.115" 0.269" 0.213" 0.138" 0.196" 1. 000 -0.048 0. 006
Hg 0.075 0. 069 0.139" -0.048 0.115" -0.048 1. 000 -0.118"
cd -0.062 -0.074 -0.052 0. 065 0.348" 0. 006 -0.118" 1. 000
" P<0.01,
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