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Determination of heavy metal elements in Chuanmingshen violaceum by ICP-MS
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Abstract: Objective To quantify the contents of heavy metal elements in the roots of Chuanmingshen violaceum (Chuanmingshinis Violacei
Radix, and Chuanmingshen) and to evaluate its safety. Methods An inductively coupled plasma mass spectrometric (ICP-MS) method was
developed to quantify six heavy metal elements, i.e. lead (Pb), cadmium (Cd), mercury (Hg), copper (Cu), arsenic (As), and chromium (Cr) in
Chuanmingshinis Violacei Radix. A total of 33 Chuanmingshinis Violacei Radix samples were collected from eight counties/districts in
Sichuan province of China, processed and then quantified for the contents of these elements. Moreover, the eight counties/districts were
divided into four cultivation areas of Chuanmingshinis Violacei Radix based on the geographical location and ecological environment. The
differences of heavy metals were compared by statistical analysis. Results The total content of each element in the 33 samples of
Chuanmingshinis Violacei Radix were Pb < 0.256 pg/g, Cd <0.235 pg/g, Hg<0.123 pg/g, Cu<3.963 pg/g, and Cr <2.145 pg/g; As below the
detection limit, the findings were in line with the “Green Trade Standards of Importing and Exporting Medicinal Plants and Preparations” in
China. Comparing the amount of heavy metal elements in the samples of Chuanmingshinis Violacei Radix, it was found that the contents of

the six heavy metal elements were varied among the four cultivation areas. Except for the difference of Pb content which was significant
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between the two cultivation areas (P < 0.05), other heavy metal elements in these samples among the four cultivation areas were not

significantly different. Conclusion The developed ICP-MS method is suitable to accurately quantify the content of heavy metal

clements in the samplesof Chuanmingshinis Violacei Radix. On the basis of the level of heavy metal elements, Chuanmingshinis

Violacei Radix is considered safe and the current cultivation areas are suitable for the cultivation of C. violaceum.
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Table 1 Sources and contents of heavy metal elements in samples of Chuanmingshinis Violacei Radix
G gy FRN B gg)
Pb Cd Hg Cu As Cr
1 A P ARA ER oA 0.033 0.850 AT 0.102
2 A PN EAE S ARAL 0.010 0.029 3.963 AT 0.161
3 A PN EAE S ARA 0.014 EN A 3.344 A 0.186
4 A DAL S ARA 0.066 EN A 3.539 AT 0.120
5 A VY114 4 e L 0.087 0.025 A 2.606 AT 0.353
6 A VY114 4 e L 0.099 0.075 EN A 1.656 KA 1.805
7 A VU EVLX KA 0.017 A 1.751 HRA 0.171
8 B Py I4g he B A H 0.026 ARAr 2.264 ARA 0.623
9 B VU4 e B ERoh 0.025 AL H 0.621 ARE 0.353
10 B P I4g Eha B AL 0.023 AL H 2.860 R 0.499
11 C RN AL H 0.039 AL H A A 0.419
12 C DU e T KA 0.028 KA 1.685 KA H 0.151
13 C PR RN AL H 0.090 AL H 1.655 R 0.407
14 C YIS B H X AL 0.008 AL 2.578 ARE 0.384
15 C VYT T H X 0.256 0.066 AL 1.954 KA 0.338
16 C VY1148 B X A 0.037 A H 2.395 AL 0.615
17 C YIS B X 0.248 0.157 ARATH 3.337 R 0.373
18 C PO )14 B X AL 0.009 0.026 2.033 A 0.907
19 C VYT T H X AL 0.030 AL H 3.059 KA 0.999
20 C P91 R FAH 0.068 0.031 2.064 RAGH 0.117
21 C )14 g L A 0.005 0.024 1.854 R 0.152
22 C VY148 B3 S 0.207 0.063 0.123 2.333 A 0.357
23 C VYA i A ARASH 0.020 AL H 2.260 ARAH 0.172
24 C PN E KA H 0.019 AAL 2.509 RAGH 0.162
25 C )14 g L ARATH 0.024 ARATH 1.947 R 0.253
26 C VYA i AL 0.029 AL 3.238 ARE 1.585
27 D VY48 Ja s 0.060 0.030 AL 2.038 ARAH 2.145
28 D VY48 R EN A 0.019 A H 1.724 AT 0.779
29 D Y1148 T 0.047 0.235 KA H 3.186 KA H 0.293
30 D W=D 4] AL 0.020 AL 2.879 ARE 0.510
31 D U= AA) KA 0.114 0.088 1.872 ARAH 0.942
32 D VY48 R EN A 0.117 A H 1.854 AT 0.770
33 D P9 IAE T T AT 0.117 AT 3.876 R 1.262
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30% A AE K H R 2 mL, PRI 1 mL VB & BRI
LAUKER G, B FCRIKRIE 0. 0.1. 0.5, 1.

3. 5. 10 pg/L RAFRE S 40 MBEFEIE P
Cd. Hg. Cu. As. Crut#. UrcE S Whsot
F#E S  Je 2 TR BT kRN, 15 2
MIERE (R 2) o &5RERWY, 6 FiESEILERAE
0~10 png/L Ptk R R UT.
24 HIXEAREE

FREX 0.25 g it iEsbkr AR (i 50 HfD T2
S L e Hs O I AR, AR 65 % i R TR
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Table 2 Regression equations and correlation coefficients of

heavy metal elements

3 WWERRPETERNNEESFEER]RR n=3)
Table 3 Comparison on measured value and certified value

in each element of reference solution (n = 3)

JLER 2Py r

Pb Y=0.039 5X+0.030 6 0.999 6
cd Y=3.69X10°X+1.72X10° 0.999 6
Hg Y=485X107°X+1.42X107 0.999 9
Cu Y=0.049 1.X+0.060 5 0.999 4
As Y=3.73X10°X+830X10" 0.999 9
Cr Y=0.083 1 X+0.066 8 0.999 4

5 mL F130%M4E /K 2 mL, #ENRK. B2 KET
T A, 2 BB EETHR AR (12 min N
B H=EETFE 140 C, fR%F 5 min; 5T 3 min
WTFE 180 C, {145 8 min) . AR5, BWAHE
il WML 0.22 um JEMRYES, #4550 mL &
JEH, AN 1 mL VRS R, PRI K E 2
FIZIE, A, AR
2.5 ZEAMBIBRRIH &
BRASIINIEHZRE b RS, R Hfiles i Sk
T A VA T £ VAR R, RS R R
26 HEFER
2.6.1 KESEERE  HURAARE S BOESLERE 6
W, WMEix 6 Fyc#E W&, Pb. Cd. Hg. Cu. As.
Cr [¥) RSD 4354 1.04%- 1.56%- 3.49%. 0.27%-
1.51% 1.07%. K BACAS R 2 B R U o
2.6.2 HEEMRK I IHSFESB AR 6 43,
il A SR, MEX 6 MOTHEME. B As
TEIX 6 4 FPATFE S L TR B R 015 RSD Ak,
Pb. Cd.Hg. Cu. Cr [¥] RSD {H43 7 4 2.23%+2.02%-
3.22%- 1.88%. 0.77%. FKUITENELM RL .
2.6.3 Famthikes BRI SRE AN, 7R
EERE SR IE AT, 2l THHIFEfS 04 54 104 15,
20, 25. 30, 35h ke, WEX 6 MotEME. R
As JCEALEFE PR TR R A, Pby Cd.
Hg. Cu. Cr [f] RSD {H 4514 1.22%- 1.05% 2.87%-
1.18%- 0.89%, R MLEFEMHI# 35 h N5 &2
ISR
2.6.4 UERITERE:  AE “2.27 WL, WEEFK
—RARED FEAR K AL A FER X 6 FiocE MW
&, KR ITERMNEE ShREELE (R 3) o 45
KW, B Hg BRI T ik BEAR L 2 4,
LA 5 FhoTE e S PR UEEARRT, LA V5
(10 5 2 R HERA -

JUER FRUEAE/(ng g™ M (ngg™h
Pb 7.10%£1.10 7.720
cd 0.140.06 0.150
Hg Nl 63.59
Cu 5.2040.50 5.160
As 0.9540.12 0.780
Cr 2.3040.30 2.040

2.6.5 FMPE  WREC 5 mL HNO; Al 2 mL H,0, %
W, WA AE 227 WM, HE 6 RllE AR
B AHETC 20 25 b e Im 22 1) 3 A5{H (30D
BrLLZIT R IR REMRLE (o, BEYIZITE IR
P, Pb. Cd. Hg. Cu. As. Cr [FIAINBR 235K
0.134. 0.741. 0.111. 0.020. 0.009. 0.069 pg/L.
2.7 H&mNE

FIE“2.47 TR0 46 1 B S T R B B
TEIETE SRR AT, s Ak S X 6 Filt
R0, IR A B ST R s, IR
JIBISEE ST E R . 33 ISR T 6 i
SRR ILE 1.

3 BR54
31 BB EEETHZHNREMITM

MDY 8 B/ 12 32 7= MR AR ¥ 33 44311
W12 2444 Pb. Cd. Hg. Cu. As JCEME (£ 1D
T 2001 AR D40 B2 5 48 5 A S A (194 2
FHAS A Bt D S AT AR UE Y X 25 F A IR
B POT SR R EARES, ) Pb<<5.0 pg/g, Cd<
0.3 pg/g, Hg<<0.2 pg/g, Cu<c20.0 pg/g, As<<2.0
ng/g. ULHHIX LI B2 4 Jo R (0 B AT TR
LAVERAR ORI E -

5 [#] NSF/ANSI 173-2010 AruEHRLE R4
FFN” AR b 4 Y BR AR 2 A Pb<<10.0
pg/g, Cd<<0.3 pg/g, Hg<<0.2 pug/g, As<5.0 ug/g,
Cr* <2.0 pg/g!” FEATIFTHISE ) 33 431 W44
32 AT AMAME. BARE 1 0)IIHS
Fean 27 SFEMD o Cr oIS E (2145 ng/lg) K
T 2.0 pg/g; HE, Cr I cZEAERFLL Crr ™ 2
A, HAa O A RE . ki,
OISR G HENT 2.0 pelg, NAZFF A
J21E NSF/ANSI 173-2010 brifl; (HFFERE—DUFsL.
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32 AR SHERPESRELE

MWK 1 HH, 33 43 ISR 4 1) & A
mo NASFETU)IE AR B, HARTE
AN AT B, ARFEESIRE )2
F ity v E 4 e 1 1) 22 5 AR R A1 R AR S IR,
WIX 8 ANEL/DX A ZHE S = 73 ok 4 A= X (K]
D A XTGP Ty LE . s iy 4t B
A VL, A 7 FEs FEfh 1~7) 5 B X 41Y
N 8, 73 mFed (B 8~10) 5 C
X AP EmE R ERmiEMX. oo
wiEE, 16 e (Ffah 11~26) ;3 D X AN
JNARIEMTE IR, A 7 FEs CBER 27~33) &
L AFNH S N SFE X 6 P E GBIt R 1)

AAX OBKX *-CX @DKX

A -cultivation area A -cultivation area B Y -cultivation area C

@ -cultivation area D
1 JIIFASARRE~X AR 5% [E
Fig. 1 Geographical distribution of different cultivation

areas of C. violaceum

x4 JIRSARFXHERD e MEEBETRMEILR
Table 4 Comparison on contents of heavy metal elements in Chuanmingshinis Violacei Radix samples among different

cultivation areas

e S B (ngrg )
Pb Cd Hg Cu As Cr
A 0.027 0.030 0.009 2.530 ARATH 0.414
B ARHH 0.024 AT 1.915 A H 0.492
C 0.044 0.043 0.013 2.181 AT H 0.462
D 0.015 0.093 0.013 2.490 AL H 0.957

Yy IR SPSS 19.0 B, DIASF =X AR A —
ANMSTAL, WA GEO NSRRI #
Z AT MO REAR ¢ 1050, A ZERREEE. 4
FRW, X 4A=X)IHSFE S X 6 Pt E =
A, HE, B C X5 DXMNPISHESR+ Pb )
BHBENZER (P40.029<0.05) 24, H4e™
[X % 0 2 I 22 TR 40 S 5 k2 5

XX 6 M E SR ICHETE 4 N XN SR (0]
L2 R KW, Pb JUHEAE C XAEm ISR
(0.044 ng/g) , IFHE D XFEIE (0.015 ng/g) A
BEFEER (P<0.05) . Cd JCEA D XFEF A&
(0.093 ng/g) e, T HAR X 2~3 £%; WS+
BT R, AT HINBERR AL, A Cd JuEAK
R Cd YiiE, FK3Erh Cd ok e, He
JCHETE C XA D XSS i . Cu JCETE
X 4 ANPEXFE S AL . As JCREFTE A
KHMC AR . Cr SR EEE D KA R
H EA 3IATEX ARSI 2 fif. CrotEBIA N2
MNAE T R B O A S 5 ML RRE

IR A 580 0 P 6 e A A D 1T
HATR S EE, S ARBEEANER, 5
g #1415, 5 [ NSF/ANSI 173-2010 FRvER
SECRERANERT MR R O R 2.0
ng/g: 7 CrO BB ARG 0.02 mg/d. FRH
BITC Cr IR FRE AR E o SO0 R A K i R 2564
B Cr JLEWIE L5 G 0 HTIX 4 A7 X132
BER X 6 MPE4AEE, C. D XFESTHESEN
AT S, Ay B XFEA SR I B AR AT
4 itig

7 ICP-MS 52 Hg JCHE N 255 7= 0123
I DA SR BRSO, 5 il e 5 SR Uk . BFo G,
BRI, AR BRI I DB Au
JLE, w0 He (WA CI280%, $mat 1
HERAYE -

T IEAR RN 26 R TG P A e,
PRI AR LA AMEVE T« SAIFIT LA Gen Ins
Bi JL#EAWFR, W% Pb. Cd. Hg. Cu. As. Cr
JLE.
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T ICP-MS Wl 5 JE 5 G 3% BRI 3 LU AE I,
2 J5F TP w23 AT 4 R, ORI
AP (DRC) WERT-HE, $&m 7 lE 45 21
TR FIURS 25

TH IR o A g R s AR AL,
327 ICP-MS i€ JIIB 22 Pb, Cd. Hg. Cu. As.
Cr JCE T ATk nem ks, REBUELF, &
G TINHSFER I 6 MESEoH e, 1)l
A8 EL/IX IS = Hufe i Pox 6 P G Jm e &2 1
HIEAFGIME (25 D) BRIFRIRE P ax AT bR
HEY i, N FFA 35 E NSF/ANSI 173-2010 FrifE,
RUNHSHEEEARK 4. XUNEAF™
DX B ZFE S I LA 45 SRR B, BARIX 6 Fhon &1
HAF, HERARE, XLE7XES TS
T o

At W HAHLARNE, W)|g AL
K= ST KA RG], v 5 P 7 B FE R P
AP E LA, W)L A E
SAEAL, I E R S B AU R EAT F B
RN S S,

53 Lk
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