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Inductively coupled plasma-mass spectrometry for simultaneous determination of five heavy metals

in Chinese medicinal materials
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Abstract: Objective To establish an inductively coupled plasma mass spectrometry (ICP-MS) for the simultaneous
determination of five heavy metal elements of chromium ( Cr) ,nickel (Ni) ,copper (Cu) ,arsenic ( As) and cadmium ( Cd) in
Chinese medicinal materials of wolfberry, lily,, yam, chrysanthemum , Chinese hawthorn and barberry. Methods The samples of
wolfberry, lily , yam , chrysanthemum , Chinese hawthorn and barberry were pre-treated by microwave digestion method, and the
contents of Cr,Ni,Cu,As and Cd in the samples were simultaneously determined by ICP-MS method with selenium, germanium
and indium as internal standard. The methodological investigation was carried out. Results For the measured of five heavy
metal elements of Cr,Ni,Cu,As and Cd,there was a good linear relationship (r=0.999) in the concentration range of 0 —
50 pg - L', the relative standard deviation of the repeatable experimental measurement results was 1.46% —11.50% ,and
the spiked recovery was 84.43% —109. 02% , and it was showed good consistency with the standard reference materials.
Conclusion The established ICP-MS heavy metal detection method is simple, reproducible and accurate. It can be used for
quality control of Chinese medicinal materials.
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RS S5 B TR ADERE B T a5k SO
WA AU A 5 B TR B (inductively cou-
pled plasma-mass spectrometry, ICP-MS) J& it 1] & i
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1.1 #ZeeEm M7+ CTE RGBS T
e B, HI:2019 4F) CAG CHORE =M, B
2019 4F) Ag46 (T g 2 AR AR T, H 181:2019 4F) (1L
ECARAIEITH, HB9:2018 4F) FEE(RMA
DT, HIH 2018 4F ), LA A YA 21 i T 0 3K
L2y TR AR, H1:2019 45) S AR ED

L2 KFENE L TERBWAMEY T As
(1000 mg - L~ $tt5:18084) Ni(1 000 mg - L~",
HEE.17101) .Cr(1 000 mg - L™, #it2.17012) .Cd
(100 mg - L™ #it5:16111) .Cu(100 mg - L™ 4t
5 17071) ¥y B E R RS B, S LA
HAPIARIA W (100 mg - L™", 451 1-152YJYZ) I A
FE Agilent 23w, AF W FN K853 0 b HE ) e
[ %% : GBWO07603 (GSV-2) ] Hy H [ Hl 57 B 2% B
BRI IR A 27 1A A P ) s AR R
99.999% ) it 1 ¥ £ & Al Ak T A FRZS A 5 R R 5
65% HHIR (Lt ) W F 7 K v Jie f 2 ) 5 2o 4 Ak
A (PCGal) g 8 K ET R WA iR A R A
g0 K — 20K, £ & GB/T 6682-2008 HLAE 5
7900 Y F JFoA G 45 B AR B AUl 3 26 E 2 REAR
BHEARRA T, CEM Mars 6 FI500 14 il [ 26 [

CEM A W], BHW-09C RYFFfR #4514 B 1 1 1858 {2
BH A BRAF], CP225D 7Y 43 Hr K- H 18 [ Sarto-
rius A2 4], Binder FED 240 H1 $AG X T-4247 1 H 12 [E]
Binder 24 7], FW-100 [ {4453 EHLIG B 5 M i 55 46
AR A PR

1.3 (USRTAEHEME (1) FE 5 S0 MR 1H IR
100 °C, i 60 min,, (2 ) I P2 /¥ € :6 min
FHEZE 120 °C, {545 10 min;5 min FHE E 150 C,
£RFF 15 min;5 min AR E 190 C, £4F 30 min, (3)
ICP-MS SR A58 - S %y 1 550 W, 254 = i
&2 °C L ICER B O A3 S 0 s e A &
LN 5.0 mL - min T B RSB R
15 L - min " ERAGESALEENL.0SL - min '
FEAARTHEE N 0.3 v+ 7' RAEVRE :10.0 mm,
HEREI W,

1.4 BREHERER&E

1.4.1 #tREMEEBRESH K% Cr.Ni Cu,
As Cd FRITHRARMER WA 0. 05 mL, 7355 & T 50 mL
R, RTS8 5% G BR  WUE 7%, #2250, T
BT R )R 1 omg + L7 Cr Ni Cu As . Cd
T VA 35 T

1.4.2 RIBEHRETERRES Sk EE
2 0. 000,0. 025.0. 125 .0. 250 ,0. 750, 1. 250 mL
“14. 17 TP ARERE SR, 70 8 T 6 125 mL
A, FRFR S350 5% il FR 5 WORR R A8 45, #2650, T
I T v 43 5 0.1.,5.10,30,50 pg - L' &
SR G B TR

1.4.3  WAREKRECH] % 5 UK T N bR )

(100 mg « L™") 3ok, B AR MBS %o A BR VA TR
FERWSEN 1.0 mg - L™ FERIELRNBRIET

1.4.4 #HaE&E PU T a6 2y 44E.10
A2 100 g, B TS THRAR N, 65 C T
M 4 b S ke, 60 H U RO . A
HRRICZY M A AR 300 mg, BT 3R DU IR £ M 1 Ak e
AR B3 B0 65% TSR M 8 mL . i %Ak &
2 mL, BT R A L, 4 1. 37 IR W g Ak 1R, O
FYTHM . R AT A, 5 IR 1 37 TR
FEFPBLE, AT . S8 Un , LB TR & b
LR , ZEIH AR Z 9 1 mL i, O T AR 18 ) 2 5
o KRR RS 2 25 mL RIS SMmA i, >
HOKVERIH R RE 4 U, BRI T B B AR,
FIKRESS, F85) AR R AR Ah I TR 22 IS R
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H,8 I E 25 A P FR TR 22, S b bk 1 il £ 1
1.6 HREENE KHFIUMRT 5402,
AL LA R PR R & 300 mg, 2 HR1. 4. 47 15
PRV AR A IR PRI 1. 37 IR S AT I
MAFEUE , ARA L 57 R [ 7 72, 3 4R
it BFESFREL 3 i, 25 R BOS . 45
P IR E B ThREZR, B4R A FE ORI
R Cd AT HAZ =5 As A BE R Z
Cu A E Tz =+

1.7 EEMXW KHEKIMRT G402 .2
16 I U R 45 300 mg, #2167 TR JF
EMERE A T E SR TR &, BT IR
6 K.

1.8 fEEERIE BEKRCHESE S
AIRIAC T LA LA SR O R 45300 mg, B 25 44
6 1y, X543 AE 3 41 ARALR S B IA 0.5.1.5
2.5 pg 5 FfEMoCE RAAS Hl & b K3
F4 R AR AR R 2 R BRI O 4R
FrE MY AHIE B A 300 mg, IR IR
SIERMA 0.75.2.50.3.75 pg 5 FARFMICE (1L
25 HEAE) SUE RN 0.25.0.75 1,25 pg 5 FhfEil
JCR (B . FRRRMIRIRC1. 67 I F JrikillE
Era TR R TR 2 )
Hh < 24 5 TR R AT O R BRI S R
1.9 FEERMERIE K& RERES %Y T
*3 EEMIBER

PIRIN I B G3 3 A s HER) J5t 300 mg, 4% MR 1. 67 Jii
NIFEHATINE , 5 HAR R AR EE FLEL

2 #R

2.1 SHEEETENENPRFERGHR 2
W 1, Cr Ni Cu,As,Cd JTERIEFHIKE O ~
50 pg - L™ HERIALRMCR R AHCREEY >0.999,
Az R BRAAIG , BRI 25K
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Tab.1 Regression equation and detection limit of the five

heavy metal elements

Jik Wi eRn  ooens o By
(pg-L77)  (pg-kg™)
B y=0.0742x+0.0103  0.999 8 0~50 6.037
ONi  y=0.0488 x+0.0025 1.000 0 0~50 15.010
SCu  y=0.1304 x+0.021 0  1.000 0 0~50 13. 820
BAs y=0.0093x+0.0002 0.999 9 0~50 8.456
Med  y=0.0027x+0.000 1 0.999 8 0~50 2.920

2.2 HmPEEERE IR K2. 6 MM
H, Cr 3 LEBUIR, FEASR AR , As 1 Cd (14255 g
o TR R, Cu A1 Ni & AR, 6 Bl B 2y
R E S e [SIE SR PIve SOF S i
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Tab.2 Content of heavy metals in 6 kinds of Chinese me-

dicinal materials (n=3)
Skt F&E R/ (mg - kg™')

52Cr GONi 63Cu 75AS lllCd
Wi - 3.841 5.101 0.019 0.003
FU - 2.550 3.282 0.010 -
1124 - 3.422 6.571 - 0.003
Ly 0.266 0.901 10. 804 0.158 0.194
Hite ¥ - 0.674 7.041 0.025 0.028
HE 0.083 4.520 7.342 0.050 0.101

=T FIR AR,
2.3 EEHIWER R NE3, [F—HZhist,
FRME 6 YE i, F I & (8 A AR v 22
(relative standard deviation,RSD) & 1.46% ~11.50% ,
RUIAR LI T Ae e , I

Tab.3 Results of repetitive experiment (n=6)
SZCr 60Ni 63Cu 75AS Illcd

2 ﬁjﬁ/_ .. RSD/% ﬁjﬁ/_ .. RSD/% yg{g/_ . RSD/% yg{g/_ .. RSD/% lgﬁ/_ . RSD/%
(mg-kg ') (mg - kg™ ) (mg-kg™) (mg - kg™ ) (mg-kg™)

1Lt T - 3.681 3.23 5.030 1.62 0.018 7.58 0.003 11.50

M- EN oA - 2.571 1.46 3.344 2.15 0.009 11.31 Fe Rt -

ez Fe ko - 3.220 3.98 6.424 2.75 A - 0.003 9.11

i 0.257 3.91 0.912 3.90 10.702 1.77 0.167 4.31 0.194 3.69

Mkt T Fefer iy - 0.751 8.72 6.851 2.82 0.025 4.91 0.029 6.86

He 0.087 6.52 4.704 3.39 7.613 2.53 0.049 4.16 0.102 5.53
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2.4 mEEEYER  LGPRILE 4, R RIS S
R INEE (Bl 4i A Ty 84.43% ~109. 02% , 4745 [H
x4 MEFEEKMERIWER

Tab.4 Results of standard addition recovery test

SR 2 b HROIIRE [ e A ML 9 A T < i A
IR ESR

it 520y 60 N; 6y 5 Ag g
B HE/ % RSD/ % e/ % RSD/ % YIE/ % RSD/ % B/ % RSD/ % H{H/ % RSD/ %
1 98.91 3.90 99.02 2.16 102.62 2.70 103. 60 2.24 102.91 2.53
M 99.10 6.78 95.41 0.61 95.71 3.28 97.21 4.13 99.02 3.23
1z 92.24 4.86 98.42 3.86 99.23 4.89 97.23 2.53 99.11 3.41
Lyia 91.31 4.97 90. 40 0.86 84.43 3.06 102.41 1.27 98.93 1.01
HIFF 99.72 9.87 93.53 5.78 93.12 5.50 109.02 3.23 106.42 6.46
HE 90.50 6.89 97.23 5.09 87.51 2.54 102.82 0.87 99.21 1.95

2.5 FEAEBERIE ZPRIES. RlESEY
JRH S Bl G R TR S R A (E S bR o 2 B
Ui — 2k RIAR LR TT 5 AT 5

RS MESEURUESR

Tab.5 Results of the standard reference substance mea-
surement
s TN R NG5 53 Brbn e o

- PRUE(E/ (mg - kg™") MR/ (mg - kg™")
2(Cr 2.60 +£0.20 2.70
SONi 1.70 £0.30 1.61
8 Cu 6.60 +0. 80 6.20
S As 1.25+0.15 1.37
"cd 0.38* 0.40
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