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Simultaneous Determination of Six Heavy Metal Elements and Cluster Analysis of Processed

Typhonii Rahizoma from Different Localities by ICP — MS
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(1. Department of Pharmacy, No. 983 Hospital of PLA, Tianjin, China 300142 2. Tianjin University of Traditional Chinese Medicine, Tianjin, China

300193; 3. Medical Examination Center, Tianjin Beichen Hospital , Tianjin, China 300400)
Abstract: Objective To establish an ICP - MS method for the simultaneous determination of six heavy metal elements(Pb,Cd,Cr,Cu,
Hg and As) of processed Typhonii Rahizoma from different localities. Methods The internal standard was **Bi for **Phb and **Hg,
"In for "Cd,¥Sc for “Cu and *Cr,”Ge for As,and the ICP —MS method was used for simultaneous determination of the six heavy
metal elements in Typhonii Rahizoma from different localities after the samples were digested by microwave digestion. Results Cluster
analysis of six heavy metal elements in Typhonii Rahizoma from 12 localities showed that the Cd,Cr,As and Hg were above the stan-
dards. The content of the six heavy metal elements in the processed Typhonii Rahizoma from different localities had obviously differ-
ence, the linear correlation coefficient(r) of six heavy metal elements were above 0.997 7 and the average recovery was in the range
of 88.18% —100.34% , RSD was in the range of 0.59% -2.36% (n=6). Conclusion The method is simple, rapid and accurate,
which can be used for the content determination and quality evaluation of six heavy metal elements in processed Typhonii Rahizoma
from different localities.
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B 757 b K B R A A S Typhonium gi-
ganteum Engl. [T HIZE  —RAERK T AT RAZ , bR 2
JIAR AN AN K W2 W= VTR, LA 1R R
e SETE LSS SEE R T AT A B, A R
il b I R =B IR KU 2, IR B B, 98 K Sk
I, DRV 2521 B A R B 2R A A LR L
MR S H IR, LLAME A 5 K o o145 A Bt
5 R PR DT IRE Be A R sz i VR F o H T, X
1B I 9 2 X H Ak 24 oy L TEHLIT R il i
JE A2 L3 R BT TR AR (A B9 & BEIE BFSE T -3, R
DX 4 [ (Pb) V4 (Cd) 4% (Cr) V3 (Cu) R
(Hg) A (As) 17 5 00 2 A 138 o 11 B 24 0 {1 02
HA LIy, TR BTG Y, LR 45 Fhfe 24 |
A R 25 118 R S 0 RN Tl /K R HE TR - s B T AN
ATRAN IR IR TR AR KSR TR A B TE
NN Ty SRR MELAHERR , BL7E ARG TR E A 45,
R TR 0 1, 305 ARl 2L

H A, % o 2464 i 4 0 vk R ik
JEF W OETE R R TR R A S
T = 62 R G (ICP - OES) 16 25 5 1A i i 1
(ICP — MS) "4 2015 4F S € v [ 24 i (U ) Yk 48 9
TG RE v F IC — PMS 35, H i T A7k 5 3%
FURE S T, REE T 2 vk, I WO 5 28 Yook i
P EA RN R A R L B ER AR L (B L RE R
BT, ASBE RIS 2 22 Fh o0 3R o H JEo B 45 B AR L
LA A v R MORE RS HH B S H AT A DA [ s 7 22 b
JREICREH AN, T AT 2k RS
AT ABFFE 5% 2015 4R R b E 24 8 (PO ) ) &
& JE AR T IR0 A SCHR [ 18 1 7 [m] B 00 AN [i) 7™ M1y 12
HEU I B 2584 6 Fp B 4 @ T K S = 1) 1CP - MS
2, IR FH R Mo 2 AT
1 XHE5RH
1.1 Y=

T500A U F B A S5 B TR T AN (SE [ 2 HE(E A
7] ) ; Milestone ETHOSA 3§ i8 1 A (b 5t A 22 BHY A%
B0 A5 BR 2N 7] ) 5 VB24 B HE R #% (JL 3T Labtech A ] )
BP210S AL T4 K- (8 [ 58 Z A FRA 7D .
1.2 EYRSRE

KETTE bR R R (W B E 2 B 2# 5T B
1 000 wg/mL, 41t 55 GBWE 081593 — 1702); Pb, Cd,
As, Cu, Cr A5 #E % % (1 000 pg/mL, #t 5 & GNM -
M251678 - 2016) , N b5 ¥ W& Bi, Ge, Sc, In 45 It ¥ i)
(1000 pg/mL,#5 4 GSB 04 — 1719 —2004) , Au #L7C
K bR ME A W (1 000 pg/mL, #t54 GSB 04 - 1715 -
2004) , #04 A EZK A 4 )8 Ko R A e
KED 83 (32 [H Agilent 28 7] ) 5 65% It 2 Al 1R (36 [

Merck 23] 5 K A8 4l 7K (3£ [ Millipore 23 7)) 5 75
RS Y10 B 06 YRR (8 ) A 24 80 W) ) 5 12 it
B 2R iy 3R AN ()7 s AR R AR 85 , 2490 3 T]
e E i g fR 2y M R E 25 i 256
255 U/ =B B M S 2 2 0 S R IE o FL 2 A
B 1,

A1 RMBARRFHROGWTFTHMER

BE  BH ABIFE PR %% &F HBIAHE Fu
SI amF BAE  FNAE| ST amT 4 HHAA
2 amF  HFA O FHEL| S8 amf B OLABT
3 amT 34 AR SO kamF  #E O LTEHF
4 Ay  Hi TERAR| SI0 AM-F HA BBk
S5 amF g EEHLP| S amF F4 wWlink
6 amF  HAE  TRBEE| S12 aRT 4 w4

2 AEE4ER
2.1 ICP-MS L{E&H

ICP - MS X S50 RF &4 1% K 1300 W, 51k
AR HA 0. 87 L/min; Hf By AR &0 1.0 L/min; %
AR RN 18.0 L/min; RAEIRE N 7.2 mm, # 4
PETFHHCR N 1.0 L/min, W J1 0 0. 6 MPa; kil
g 850 V3 BE S MR ] Ry 40 s, FEIR 16 s B R AR
AR 2 5 7 2 AT ) R 3 s, B AE S IUE 3 IR
I 5 W) 326 B R) 437 25 2°Ph il 2 Hg, LA *Bi 1E AR,
Cd PL "In AE AR, 22Cr Al ©Cu L ¥Sc 1E N Er¥) ,
7 As DL PGe fENARI T
2.2 BRHE

PRUE A T : 77 RS B W 1.2 R Hg BT &R
FRUEV W 1 mL 2 Pb,Cd, As, Cu, Cr Z G EFREE K
1 mL, & [7]— 100 mL 755, FH 2% fiFf 2 i R 22 %)
B FEAT A R T BE TR B T T RS 2 W 3R et B
IR A A VET 10 mL E 100 mL 2, 0 2% il
R e 2 20 % 35 4) , 1343 1 mL 43514 Pb,Cd, As, Cu,
Hg,Cr 1 pg X B SHR A -

o VA R < G 235 B R bR v I 8 VS S L R
IXE% B S BT e 23 AR BB 1 mL & Pb 5, 10,20,
30,40 ng;Cd 0.5,1.0,2.0,3.0,4. 0 ng;Cr 5,10,15,20,
25 ng; Cu 0. 04, 0. 20, 0. 40, 0. 60, 0. 80 wg; As 2,6, 10,
16,20 ng; 7 Hg2,4,8,12,16 ng [ R FIBRIEZ -

PRI TR K 5 BE R Se, Bi, Ge, In B0 R AR UETR TR
i, T AK R B 1 mL 23505 Sc, Bi, Ge,In %
0.1 pg M

PR VAT < R S RIS A o A B 25 6 Ry
A 0.5 g, B R VUG W A RE R InARSER 10 mL,
TRE),FE 4 h, BT AR ACh Fe i T Ry (DL
32) AT IH R T AR SE IS , R 20 S i i & &2
1 ~2 mL B}, /DB K ZWEERS E 50 mL R UG LA 7
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SO A BT EAR MR IR (1 pg/mL) 200 pL, il
IKHG R RE 25 20, $8 50 A R B S i W [l s
RS R

K2 ORI A A A

W B & (min)  #&#F (min)  FHF(W) = ECC)
1 3 3 1300 120
2 2 5 1 600 150
3 2 10 1 600 190
4 5 3 1 600 130

2.3 FERFER

LR R LM 2. 2 WUF RYWARER W, 4% 2. 1 30
T ICP - MS TAE &AM , R 2.2 BT 0.1 pg/mL
AR AR AR IE , MUK A 4 A R 9 Am
WO, NARE A NARIE T, LS AN Js R D
G S EAE AL FR (V) AR R Y 5T R B (X))
R AR AR AT SR I A 0 R LR T R O O R
B 3,

A3 6 ELBATRETREARX A

6) , F WML E A 24 h WA EME R AT

T [T 5 a0 < 5 285 ik B 60 5 o 1) 2 M B R (4
5k S1)0.25 g, B H DU G & M T A FE N TR
#6473 2. 2 WU Y 20 R RIRIER IR T
FARE W, K #G B A 1 mL % Pb, Cr, Cd, As, Cu
£ 100 wg/L Fl Hg 30 pg/ L BIIRABRUER I, V8 by
VUL, A3 3 B3R 6 R S oI A PR A 1 mL, P
F 2.2 WU Jr il g i VA T, TR s R o 4
2.1 WUF TAESAREA T , 43 BT TT K e [ml
s 25K 4,

k4 mBHEIKELEEE(n=6)

ik R]ES #54%0g) mAZ(g) WNEFE(g) =A%) T(%) RSD(%)

A& &M &35 E (ng/mL) r

205Ph Y=0.0083X+0.0123 0~40 0.997 8
"Cd Y=0.0725X+0.0054 0~4 0.999 1
“Cr Y=0.0186X+0.0156 0~25 0.9977
SCu Y=0.0001X+0.0002 0 ~800 0.999 6
2Hg Y=0.008 0X-0.0061 0~16 0.999 5
" As Y=0.0144X+0.0008 0~20 0.9992

K R AE 2.2 T Ao R A M EIN, 430
BUIS P SR B TR G R VPR METR W, 38 2. 1 TR TAE
SAFHEATINAE , B LM I 6 K, kR G
{455 Pb iY RSD 435K 3.16% ,2.27% ,2. 06% ;Cd
) RSD %3k 4.28% ,3.36% ,2.97% ;Cr %) RSD 4
BN 2.83% ,3.22% ,3.03% ; Cu 9 RSD 43 5 Hy
0.82% ,0.91% ,0.53% ; Hg i) RSD /3% }y 1.88% ,
1.36% ,1.25% ; As ) RSD 43 %} 4.03% ,3.17% ,
2.21% (n=6) RSD J7E 5% W , LWL ARG B AT

VR A BRI K R (954 S1)0.5 ¢,
W) 5 41 &5 6 1, 422 2.2 T 7 ik ol & I iV T,
2.1 TR AT I AE , 7 A5 6 Fhoc R 0 & i . 45
R Pb,Cd, Cr, Cu, Hg, As P2 & 50 0. 412 6,0. 231
8,0.5615,1.2058,0.1153,1.051 7 mg/kg, RSD 4} 5|
H2.77% ,4.42% ,1.23% ,1.06% ,1.29% ,2.15%
(n=6), KRUINEELERL

FeE PRI K B R M oK (S5l S1)0.5 ¢,
Fi¢ 2.2 TR Jy il g Al AR, FE 2. 1 TR 255
F0,1,2,4,8,12,16,20,24 h B HERED & , 10 %44 0 &R
B91E 518 . 45 2 Pb, Cd, Cr, Cu, Hg, As f¥) RSD 43 5|4
3.34% ,2.28% ,1.58% ,0.56% ,1.96% ,2.07% (n =

28

Ph 0.2502  103.23 100 201.24 98.01

0.2511  103.60 100 203.70 100. 10

0.2541 104. 84 100 201. 96 97.12
97.83 1.54

0.2535  104.59 100 202. 06 97.47

0.2527  104.26 100 199. 89 95. 63

0.2518  103.89 100 202.52 98. 63

Cd 0.2502 58.00 100 151.23 93.23

0.2511 58.20 100 152.53 94.33

0.2541 58.90 100 151.95 93.05
93.26  1.19

0.2535 58.76 100 150. 01 91.25

0.2527 58.58 100 152.77 94.19

0.2518 58.37 100 151.88 93.51

Cr 0.2502  140.49 100 236.97 96. 48

0.2511  140.99 100 237.83 96. 84

0.2541 142. 68 100 238.82 96. 14
9%.16 0.9

0.2535  142.34 100 237.62 95.28

0.2527  141.89 100 238.36 96. 47

0.2518  141.39 100 23715 95.76

Cu 0.2502  301.69 100 399.22 97.53

0.2511  302.78 100 399.62 96. 84

0.2541  306.39 100 399.89 93.50
95.56  2.36

0.2535  305.67 100 397.65 91.98

0.2527  304.71 100 401.24 96. 53

0.2518  303.62 100 400. 59 96.97

Hg 0.2502 28.85 30 55.21 87.87

0.2511 28.95 30 55.87 89.73

0.2541 29.30 30 55.67 87.90
88.18 1.32

0.2535 29.23 30 56.01 89.27

0.2527 29.14 30 35.48 87. 80

0.2518 29.03 30 54.98 86. 50

As 0.2502  263.14 100 365.22 102.08

0.2511  264.08 100 364.59 100. 51

0.2541  267.24 100 366. 43 99.19
100.34  1.05

0.2535  266.61 100 365.92 99.31

0.2527  265.76 100 366.02 100. 26

0.2518  264.82 100 365.53 100. 71
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2.4 MHmETRETRZENE

W3R 12 A A [ = i 9 1 1B 7298, 9% 2.2 0
5 A R A R, [RDR A A s AR H 2. 1
AT E  AE R S

k5 ARAFRMAOWTEHELELETLINLLER

%5 Pb Cd Cr Cu Hg As
S1 0.4126  0.2318 0.5615 1.2058  0.1153  1.0517
S2 0.2254  0.1054 0.1235  6.2136  0.0867  0.2534
S3 1.8172  0.3256  1.9763 2.1611 0.4028  0.6528
S4 1.2846  0.2212  0.6285 3.3428 0.2534  1.5629
S5 0.0442  0.1063 0.4182  1.4133 ND ND
S6 2.1056  0.2001 2.1037  3.3124  0.3056  0.8324
S7 0.3211  0.1526  0.6652 5.0128 ND 0.9127
S8 1.0528  0.1764  1.3256  6.0527 0.1824 ND
S9 0.5567  0.2269  0.8924 41238  0.2022  1.1087
S10 0.9871 0.3628 1.6847  2.2215 0.3263  1.2869
S11 2.1032  0.1886  1.5538  1.2037  0.2285  2.3258
S12 2.0114 03113 2.3216  3.2154  0.1657  2.1524

2.5 BEHW
K H SPSS 20. 0 BEil2# 314 XF 12 ASAS[E] 7= H 1) il

FIBfF 2581 6 Bl i 4 )@ & s A T R 2, SR FH 4L 1]
B3 7 s 2 Euclidean B0 B 347 2 26 S F 1
Euclidean H B0 5 B, 12 bR 3L 200 FLR2E 45 R WL
B 1 HrP, ST CRY YL ) S —2&, S3(YL IR Eh k) . S10
GEAE Bt ) .S6 G Jb A58 ) S12 (DU 43 BH ) Ry s — 2k
STCFEMH) SSEEPEIH) M aE =28, S2 (T M 1% ) |
S8R ) AUk, s7(H R R ) SOGT TP F) .
SA (T B[ J5) Mo 2 R E R R, RIZEM A B 4R
SRR S, AFZEZ 022 F 4 K R, v] A
A FNWTASIA] = i) 1 B 250 4R S A

S7

S9

S4

S2

S8

S1

S5

S3

S10

S6

S12

S11

0 5 10 15 20 25

Bl #HamTaMdfFoEeBiaRiasTER

3 itig
3.1 ol MBI R RERAILRE

A WF 5% 4 B 2K A HNOs, HNO; - H,0.(9 : 1),
HNO; — HC1(8 : 2) ,HNOs — HF(9 = 1) 244K 22 4T 14 il ke
At S5 R B 4 FhAR ZR W IRAR AT ARE F1 B 25 6 o

4, FLIH AR ROE T8 ok (A% IR B MR IR R AT 2%, X
B4 A I TR AR, i R IR R 2, 5] AT
AU 2 23 5 e 0 a2 2 A HERR 1 a0 SRR
HNO; — HCI(8 = 2)VE i il i i, 5t 251 A CL, €1 54
(Ar) JE U “Ar®CL 23 T 40 PAs B9 I 5E , a0 2R R
HNO; - HF(9 : DR R, & 5] A HF, fE RS R, 45
HF FEEFRR ARG , 760 5 B 23 AR 19 25 b 2 38 32 5 A
JEAE P A S AR R NSRS R R H RIS %
2015 4E R e [ 2 8 (U ) ) 2 4 i 3 S I, MR
FH HNOs A6l 1 B 3 R & o B 7 o 4 J8 ot
FOE R, IR i R R A R o R 2
s VR 5, 8 PR 20% Bl BRI B0 13 4, e/
15 4%, DT PR TE 230 50 1 oA M
3.2 HulmBIgES

AT, IR 1 RIS R B, B A 50% ~ 60%
i) 22 U A B, FE A i A R R e, R R IR R
MR, WA R L 140 °C RS54, 7 M 45 5L 1) HERS
PE, WERAR T 80 °C, ISR IEATIALE 80% LA |, I
56 v PR AN U BE A, PR AIE R B I g o AN e v
IR i LA R 1R R B, 8 o B A S O R A
R b s H A T R B | SO RE S
A—E BB ITCRPRER R CR AT 5 & 40Kk 5%, il
R, AR5 YY) o
3.3 ICP-MS it a

ICP — MS 7Eil 5 Hp 24 55 4 J& B HoAA B 1) R %
FAERE , A T (A 1 R BB e, /DA BT, b
PEFEARONE , WA 0 et B5ORE T | P R 57 R 3 19 i D 3
F YSc fEH “Cr, ™ Bi fF 55 °Hg 1 *Pb, Ge /£ “Cu
F 7 As, PIn AES MCd 1 INAR I, 45 R AT T
AT, ORUE 1008 45 5 9 HER 1 o >R T 1CP — MS
PP RE R 2 2 A0 &R 4 5 i ], 32 =K
FRYET R IRJR 2 i S AR X 4R T
RN BUR  $Em 1 CARRGE,
3.4 HERHE

H AT, 25 SO 43 2560 1 T 46 Jm 5 i BRI E
Pb<5 mg/kg,Cd=<0.3 mg/kg,Cr<2 mg/kg,Cu<
20 mg/kg, Hg<0.2 mg/kg, As <2 mg/kg. AW 57 45
78,83 51 Cd fl Hg JTER@BR, S6 5 ) Cr Fl He
bR, S10 5 Cd F1 Hg 45, S11 511 He Fl As #F5R, S6
5812 51 Cr MR, S12 519 Cd, Cr, Hg iR, X 7] fig
S BT 2 A St P T i A s S, LA R R 22 4t P A
PRI G R A K S A M E 4R
o PR EE R, O E6 2 7 M i 256 T 4R S A
D75 | Y b WA T AR R, O T R EE A s e
TR S GRS , In7E 4 A Crpr 24 b A 7 i A BV ) 1Y
77 R T AR RN AR B, A A A A A A R AIEZY
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