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ICP-MS #EMEEFES TSR PHE. MR RIBTENERESE
FRELRIR 24T L EWS L ER L IRXR T

(L bR TE= 224 8, T bk 1320135 2. A 25 S R E WFSE B, LA 1000505
3. BT HR AR I 25 S B A BE A F] L AL T 100085 ; 4. A5t K2R A8 ASERR , AL 5T 100871 )

BE BH: 2157552 EHRPHA. M B RESHALZEREGENMNT Tk, HE: FR2H B
J& KA BAB S B TR R R (ICP-MS % ) M & , 9 £ A 1550 W, R A (HL a4 )miEH 1.05
Lemin, % & FAMRAEA 150 Lomin 553 R4k 02 re s, RAFRE 10 mm, TE KA 3k, @it
FEZ AN WAREE AR BT F W 7 sk AR EA R B AT, ER: S LEAEL AN R ZRETLEA
KX A RAF(r>0.999 8), 3t 445 % B RSD ££ 0.8%~1.5%, & 5 # RSD ££ 1.8%~6.4%,5 f¥ T4 & . F .
A& 3 AP IR JE 6 Ao D E R 78.9%~106.4% , A 50 J2. 0K il /G 48 h M &L E A8 T M R AT, 48 AP 48 R 4548
M T PR A % 24.04.35.92.4.84.5.43.16.18 pg- mL™", 2% F % %] 4 80.13,119.72. 16.13. 18.10. 53.94
pgemL™', 10 A P44 FIEE A 0~17.16 ng* mL , A4 FEHE 4 6.07~11.04 ng - mL ™, 4842 E A
0.04~0.71 ng*mL ™', R&FEE A 0~1.14 ng- mL™ , 454 B0 B 4 2.43~1243 ng-mL, S AL EZ L EH L
SARSEE RN, EiR: AFETHTAFTEREHR T A 45 R S TEHESENE,

KR B BABSE B TRRE (ICP-MS ); 4 A e ishk; 2 5; A ELE;45; 7, K; 49; 4R

FESZES:RI17 XHERFRIRED: A XEHS:0254-1793 (2018 ) 10-1781-07
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Determination of Cu, As, Cd, Hg, Pb in compound
Kushen injection by ICP-MS’
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Abstract Objective: To develop a method for the determination of residues of copper( Cu ) , arsenic ( As ),
cadmium ( Cd ), mercury ( Hg ) and lead ( Pb ) in compound Kushen injection. Methods: Samples were digested by
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microwave and measured with ICP-MS. The RF power was 1 550 W and the current velocity was 1.05 L min~".

Plasma gas velocity was 15.0 L * min™". Peristaltic pump speed was 0.2 r+ s~ and the sampling depth was 10 mm.
The signal was measured for 3 times. The internal standard solution of Ge, In and Bi were used for matrix effect
correction. Results: The linearities for the elements were good with the correlation coefficients () being all above 0.999 8.
The RSDs of the injection precision test were in the range of 0.8%—-1.5% and the RSDs of the repeatability test
were in the range of 1.8%-6.4%. The average recoveries of the 5 elements at three levels ( high, medium and low
concentration ) were in the range of 78.9%-106.4%, and the digested solution was stable in 48 h. The detection
limits of Cu, As, Cd, Hg and Pb were 24.04,35.92, 4.84,5.43 and 16.18 pg* mL™ and the quantitation limits
were 80.13, 119.72, 16.13, 18.10, 53.94 pg - mL™', respectively. In 10 batches of samples, the contents of Cu,
As, Cd, Hg and Pb ranged from 0 to 17.16 ng * mL™, 6.07 to 11.04 ng* mL"", 0.04 t0 0.71 ng* mL™", O to 1.14 ng * mL™'
and 2.43 to 12.43 ng* mL™', respectively, which were all in the acceptable ranges. Conclusion: The method can
be used for the content determination of Cu, As, Cd, Hg and Pb in compound Kushen injection.

Keywords: inductively coupled plasma mass spectrometer ( I[CP-MS ) ; microwave digestion; compound Kushen

injection ; heavy metal ; hazard elements; lead ; arsenic ; mercury ; cadmium; copper

I AR, Bl A I PR FH 25 R s S B AR W s o, vh
2SI AN 2 25 rhostb — I R A Rz
NI PR R FH 789 £ B SR R, JF 55 38 3 TR0 LG, A s IR
B il TP 2GR SR A 2 A I B — B2 B R,
Horb e 43 )@ oA F oo R Ok 2 5 # s A —
KRR, Fr AR R Hh 2575 5357 2 &2 B A E LR
W7k AR EE Y BB N T N
TS ML, HRHL G R IL AL 80 A ALl B
fi2 s ELAT W IR, Tt o, 10l LI o, T
TRYT AR R, R R 2 T SR A R 4% kT
I 7 ] BE T B A e 1) R B TG, T SR e R R
W, T BAE LR HERR . AR SOR T F Ik
BB TR B 2 (ICP-MS 2% ), B0 RE 5 T8 it ) [7)
B 52 7 5 2 T R A B R R S T
() i, 1 IR AR E TR, MER v 5, & 8 M, Tl
TR i SRR 4R oA FE TR T
i, R A T 24 3 B T 4 AT LR AR R AR
TSR 25 00 15 2, A hH D& 24 i XURG: I s R pi 4 R
25
1 (E5RH

LHEMR 7700 HLFHE G 55 B R BT, Milli-Q
HRAKAL PR S5, CEM MARS 5 3% T A

24 O35 J AR ( Fisher Scientific A ) ), 55
FK (Milli-Q &l K Ab PR GE 0 45 ) 5 4 (Cu ),
(As). 5 (Cd). 7 (Hg). 8% (Pb) HIC R AR HER A
Frp EI R E ST BE, o Cul As. Cd Hg HLoT

AL Ha i

FEbR R OT I 1000 pg - mL, Ph BTG HR
Fr W0 B M 3 100 g - mL"; VIS I U O
(Li). A2 (Y ) 4l (Ce ) Bk (Ti) 4l ( Co) AR A A ifE
TR ( Agilent 24T, JREWEN 10 pg-mL™", ) IBA
WFRA 100 pg - mL™ BYEE (Li) BL(Sc ) B4 (Ge ) B
(Rh). 8 (In ). %8 (Th ) 8% (Lu ) B4 (Bi ) BYTR G K
(Agilent 28 7], It 5 5188-6525 ), # & 100 5 { FH .
2R AR R R AR ),

A2 7 ¥ 2 T SR RORE i eh L R AR R 25 I A
R ZS 7] 48 4t 45 20161035, 20160708, 20161030,
20160211,20160901,20160116,20160601 .
20160516.,20160710, 20161224 , HiA% 34 K45 57 5 mL.
2 REEH

SRR 1.55 kW, 83 (R4l i@ <) s h
1.05 L+ min™', 2B TSR M 4 15.0 L min™", BE 30
FHHE 02 v FAFIRE R 2 C, MBI ERN
08 L~ min_l; He K& M 5 mL - min_l; BT R AR
2o Bl R AR SRAEVRBE R 10 mm; AR IRECH
3 FHRECK 100 W, BEEREINL RN “Cu. PAs,
1]4Cd\202Hg ;FD 208Pb,;H\:EF‘ 63Cu\75As u 72Ge ﬁ?ﬂﬂ Ij‘]d:/_ﬁ,
114Cd I/y\ IISIn ,ﬁ;y‘jw*ﬂ?,ZOZHg\ZOSPb [/J ZOQBi ,f/'zyg Ijiﬂ:/]?o
3 BRHE
3.1 IRAPRERE T OGRS )

K2 I As OCEAREATR 1 mL & 10 mL &=
Y, 5% TRV IOE S 205, LAk As bRl as
s DGR R Cd ST R AR 1 mL & Hg
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JCEPRER 1 mL EW— 100 mL 8 $, F 5% fi
TRVAWUE R B ZI P B Cd, Hg IR A FRTEREAVATR
A3 Cd  He IR A AE AW 1 mL, BRI i £ VA TR
1 mL, Pd BT EARMEA 2 mL, Cu BT R PR UEA TR
1 mL, % [f]— 100 mL #fH, H 5% RIS ER 2
Z0RE BEA) HAE 1 mL 7% Cu 10 pg, Pb 2 pg, As 1
pe, Cd 0.1 pg, He 0.1 pg MITRAPRIERE &AL
3.2 RINEAPRHERW G B )

% & BUR A AR MER A5 W 10.0.5.0,2.0. 1.0
mL, 437 # 100 mL &, 0 5% 6 B2 75 WO B 2
ZIBE AFARERNERES 7 50 5 6 A0 50 5 SRS 4 A
TRA PRI ; TR 2 bR e h 2658 7 IR A it
I 5.0.2.0. 1.0 mL, 5351 & 100 mL FI T, 11 5%
TSRV B R B 20 AR SR 3 A S 2 58
1 S TR AR R
33 IRANIRAR

K m IS "Ge. CIn 27Bi BIRA PIARE =,
5% B TR T W Rl B B IR M 1 pg - mL 1Y)
VR, BAS: (0~5 CHBEIAE ),
3.4 FESETANBE R AL S T £

FE B R U IIRE 5 3 mL, 43 5 2 0 e b g

% 8.0 mL, B ANHHR 120 CHIER 2 h, B T i , fi
B BT IR A 50 mL s D K BRI R
BE 3R R A IR R R, K E R EZE, #15,
BPA AR AT . TRIER T AR 2 VA
4 MEFHE
BRSO REIN 5 | 2 AW R P b v il 2
BESA WAL IE , HR56 55 14, 5%t REIR A b
VST IR A VTR A A A TR T A AT A2
5 HEFER
5.1 MRS REUE
B “3.27 T R BIR A b 1 W, ERE I 2
AU 8 PN b 20 AR A A AL 0 BT T A o R v iy 24
NIRA WIBRIE IR UK R 5 A8 1 AU 1Y
RAPRUEE R P TIN5, LA45 0 R 5 AR i
() FEAR Y A AR A, 40 B BT BV BE X (ng - mL™") 2y
Tt A bR, Ao 4 T B AT b v R 2 45 SRR, 4500
ZIRYE S R R (1>0.999 8), T 4M BRRE A
b5 95 A 1S BN A T R A2 1
B1S Oy &5 R 09 SD, DL 3 4% SD Bk LA R R AR K
DR BR, 10 fi5 SD B AR MR b 2 5 T R, 45 58 0
% 1,

F1 ZEEEENTREEE TR
Tab.1 Linear range, LOD and LOQ

% T AN G R FERTER
ES -
. . (linear range )/ r ( detection limit )/ ( quantitation limit )/
(element ) ( regression equation ) 1 a1 1
(ng-mL™) (pg-mL™) (pgemL™)

Cu ¥=9.924 x 10°X+2.941 x 10 10~1000 0.999 9 24.04 80.13

As V=8.444 x 10°X+4.436 1~100 1.000 0 35.92 119.72

Cd ¥=5.396 x 10°X-27.95 0.1~10 1.000 0 4.84 16.13

Hg Y=5.516 x 10°X-1.177 x 10° 0.1~10 0.999 1 5.43 18.10

Pb Y=2.147 x 10'X+1.832 x 10 2~200 0.999 8 16.18 53.94

52 KEEE

HUBRUE RN 2R 26 6 r TR B A v VR WU 2 EBE 6
WL ITHESRIE (eps) 19 RSD; £5 59 Cu. As. Cd. Hg.Pb
) RSD 43510 1.2% . 1.3%.0.78% . 1.5% . 1.0% , %
K% BT
5.3 JnkEIleR K A

K s R IRE i (F1E5 20161035 ) 3 mL 3t 18
By, 4y S0 B e, B 6 o 14, A B A
W IR AR EGE A TR WO BE 10 F5 IR 1 mL JRA
PRUERE AR 0.5 1 mL, INASAR 8.0 mL, ¥ HRAE S iy

AL H 7 B AR 3 AR BE K F Y
WA 6 0y, HEREIN 2 , THAR MR S RSD. H T
R b S 4 o0 R S AR, B0 A R D R
() RSD 7R, 25 5% (3¢ 2 ) FBH 7 i i o P A0 o 52 1k
RAf
54 FoEtE

2 BURF U AE i (L5 20161035 ) 3 mLL, ‘B {H
FRFETD ORI AR S PREAGR 1 mL S SR 8.0
mL, $¢ JERE A B i A, o A A U T,
PRI (4 °C) FM P ORAE, /3 T 1.2.5.10.24 .48 h
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Tab.2 Recovery and repeatability
JLHE FE b i & X BRI S HIUEES, SFE R RSD/%
(‘element ) (original )/(ng+mL™") (added )/(ng+mL™") (found )/(ng+mL™") (‘average recovery ) /%
Cu 0.350 333.333 303.933 91.1 5.1
1 666.667 1433.275 86.0 1.8
3333.333 2954.133 88.6 1.9
As 9.300 33.333 44.764 106.4 4.8
166.667 182.050 103.7 2.6
333.333 356.589 104.2 1.8
Cd 0.433 3.333 3.589 94.7 6.4
16.667 14.789 86.1 2.7
33.333 29.117 86.1 2.0
Hg 0.850 3.333 3.481 78.9 5.8
16.667 15.078 85.4 33
33.333 29.992 87.4 1.8
Pb 0.000 66.667 60.731 91.1 5.7
333.333 278.125 83.4 1.9
666.667 565.239 84.8 2.9

PEFE I 2, 7T 5 5% BE (cps ) B9 RSD; 45 2R Cu, As,
Cd.Hg.Pb ) RSD 43 il 24 4.8% .5.3%.5.5% . 4.6% .
4.1% , & W B Sl i T R Tk R4
6 HRUELER

B 10 LR BE §h, 43 50 482 “3.47 TR 7 44,
il A8 AL R, HERE DN, 235 R W3R 3 (Hg Al
BR K 5.43 pg - mL ™", Cu Kl F R A 24.04 pg - mL™" ),
AR (AR N RIEFNE 2580 ) 2015 48 il 7 a3

SRR U A OCHRE , #AS a Ah IR B H R R A o
T, Ph AT 12 pg, Cd AT 3 pg, As AN
Rl 6 pg, He A1 H T 2 pg, Cu A75 1 150
pe; B SRR H R R 20 mL, SRR EE
9 Pb A5 0.6 pg e mL™, Cd A5 0.15 pg-mL™”,
As AE#T 0.3 ug- mL', He A15#5E 0.1 pg - ml ™,
Cu AEHEIE 7.5 pg - mL 5 MESE LW, 10 HEFEM
IR G HUE o

®3I HmUNELR

Tab.3 Determination results

ERIE (ines FrhE (content )/ (ng-mL™")

('sample No.) Ph cd As Hg Cu
20161035 6.17 0.71 9.33 1.14 3.84
20160708 12.43 0.24 8.80 0.033 2.21
20161030 11.57 0.63 9.64 ND 2.26
20160211 5.30 0.66 10.08 ND 393
20160901 3.24 0.61 6.07 ND 3.08
20160116 3.19 0.68 10.41 ND 17.16
20160601 2.43 0.61 8.98 ND 0.10
20160516 9.02 0.65 9.80 ND 1.23
20160710 6.54 0.04 6.73 ND ND
20161224 10.32 0.68 11.04 ND 2.77

F (note ): ND F7R A A 15 (ND indicates undetected )
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7.1 AESETAN RS
711 R TRAENORAR  EEE A A T
PUIEO , XIAE SRR R Jo LA 3 sk [T i 238 g it 2
A I TP ANTCEET TR, AT LR S B s
B B, R AN D1 T AT SR TR,
D)7 15 B A o T i 5 A, T o T e s
FEATAT . G 25 1 U I A (FiE45 20161035) 1.2,
3 mL, 5r 51 E 50 mL T A I AR S AR A
W1 mL, ] 5% IR AE 75 , 3 2o DS R I o2 A5
FE T, IWIEISCREERRE (3% 4 ), G B R
T, As Fil Hg [N a3 & FEBURE R 2 mL LR B, 2
i e A M G R o ) O OB ST SV =2
ORI, B TR B, T Cu., Cd. Pb [EIJiCR
FEIEF ORI, JLPAZ AT T . (FOEAEAR R
FASECT , BORE /b i, e BR B Vs FE bR ith Ze v
FL LA A0 SR8 A P e LA 3 JE XURS A 2R, Ir LA
B — B IR A

*4 ERTFHER

Tab.4 Matrix interference

B i [ES % (recovery ) /% (n=2)
('sample volume )/
mL Cu As Cd Hg Pb
1 95.4 109.6 98.0 90.5 94.6
2 93.3 117.1 95.8 115.0 92.3
3 95.9 127.4 97.9 141.5 100.0
5 93.3 142.7 96.6 122.3 92.1
7.0.2 VMR RAEE S SR 1 ORGSO IR

(#t*5 20161035 )3 mL, 43 B AR GE D, NS R 8.0
mL, B INHNT 120 CHIHE 2 b, B I e , 0l
T R 50 mL & D, FH /0 8 K v T A E 3
WU A I 2 ET, K E & 2208, 35, 6115

PRSI RIS AR

A 2 0 % T HURE DU AE A (41645 20161035 ) 3
mL, 3 51 B TR T A RE A R 8.0 mL, 4% IH i)
PRAE R LA P 2 8 T A% (3 min FHER Z 120 CAR
#F 3 min, 2 min FEZE 150 CA£4#F 3 min, 2 min &
£ 190 CLAHF 10 min ), LIRS , 251 2 60 CLA
T W R O KIS0 mL iR
FH/D R K BRI AR HE 3 Wk, DRI IT 5D, HAKE
KRZIBE 5], T . RIS AR

B 3R 4 2 ol 4 e ) 2 B it VR, i) A
e 5 o g R BRI AT, As Fil Hg 19 I
FIGTEIEH A A, DR HERR 75540, HAth
JCER IFISCERAE IE 5 KT 5 X EE 2 Rl fig 450, Heah
RO 5) ZRIFAR, MSFM 1 BB, EAER
B R 2 R R T A T AR S R AT RE IR, BRAE AE X
RN S e S L WL E TR BE S LS
A, GRSk, IR 2 KRR B S K B
Hg JTCRETEMPVEE AL 130 CIEH T, ICRIEEAR
PREFRSE AT 130 CCORTTR SRR, sEmmiil a2 25 R
k.

x5 EEXER(%)

Tab.5 Comparison results of different conditions

a5 ECE (recovery ) /% (n=2 )
( condition ) Cu As Cd Hg Pb
1 89.0 107.4 89.4 96.4 89.1
2 87.6 98.7 88.3 90.3 91.2
703 A E LA R A R INAE A (S

20161035 )3 mL, 53l E T AR HE T, TSR 8.0 mL,
TN 120 Chngh, 433 1.2.3.4.5 h, HApd%
“3.47 WUT H CHUH T A EE R ERE, SR A R
W, PEREINSE o 22 6 S5 BoR, nd 1 h L B3l %
JEFIRE i IR 2% HEBR AN 2 RT3, B DA e
Tk 2 b TS AL, BRI 5 BRIE R T4 .

&6 mIAEEMRNL

Tab. 6 Heating time optimization

I i) G JE (intensity ) /cps
(time ) /h Cu As cd Hg Pb
1 4.205 % 10° 4.099 x 10* 2.173 % 10* 2.325x 10" 1.864 x 10°
2 4.260 x 10° 4.016 x 10 2.146 x 10* 2.408 x 10" 1.894 x 10°
3 4.183 % 10° 3.944 x 10 2.112x 10* 2.286 x 10" 1.919 x 10°
4 4.137 x 10° 3.793 x 10* 2.053 % 10* 2.249 % 10* 1.834x 10°
5 4.197 x 10° 3.925 % 10* 2.109 % 10* 2.270 x 10* 1.869 x 10°
PHibHi i
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714 FEEREHRMALITE BT He BAWRDY
W B , AR ao i 25 B W R A R SR8 S
B LA e AN . He ATV IR Z R &8, 52
TR ST , FS AR R B B R ST AR, BN )
W B A 25 e B AR e 3 1A, ELA A R, T B R 5
P55 B TP e DL o3 i B8 1k, 45 (Au) 78 Hg P
H—E M, B IE ARt . ANSLE 5 548
TIERA PR B R IA R DL 4 - R 211

(IEEANA Au, 35 A0 Au (A EIF AN HE CFAT
6 1) ), G5 AN 1 iR, Joie IR A AR E R A St
RERET, N Au SN Au KB K, % 18 31 5256 1
A HOEPEANIN Au TCRIEWR . R, 25 R 30 2 1
R R tE, AR H R T He pnEIRRE S h N
N 5 2% B 78 4 2% S, HC RSD 7E5% BA /0 M 225k 1y 7
Bl 25 A M AR AR R FEAIRE RIS, —
FRERITE 5 h P58 BN AE o

5. 00E+03 —~

4. 00E+03 -~

" ORERERE (R inAw

(mixed standard solution without Au)

" ORATRERE (mAw

3. 00E+03 -

(mixed standard solution with Au)

BREEE (RinAw)

2. 00E+03 -~

1. 00E+03 -~

SR (intensity) /cps

(sample solution without Au)
" AERREER (nAw

(sample solution with Au)

0. 00E+00 = ; . T
Cu As Cd Hg

1 /nAu 570 Au HIRBELE R

Fig. 1 Determination results with Au and without Au

7.2 [REE AR

I 5 B BURY) TR) 32 26 A Cu, PAs L MCd L 2 Hg
1 2Phy, iz B8 PN AR [R5 2 J5 B 4005 A I T 26 i 4K
FH AT A T DU, ©Cu, PAs L PGe 1E S N BR, MCd DL
BIn VE R R, *Hg. *Pb LA *PBLYE R AR, FFEARPEIX
AL R FHAE EORC Iy X A A TC A AR IE
7.3 NGk

AR G 3 R F ICP-MS 32, [R5 &2 5 52 7 5
W 4R A E R B S B T, O TR
PR A A 24 T S A R TR AR R
RO T 8 IR R A

H 24 T S5 R Oh R X S S TR P AR T 250, IX
BT BT A N REEE H A B A A A,
F Pb.Cd. As. Hg B AN #EE o0 2, i HLH A4
) LR A T 4 o 2 AT X vl 24 3 S 9 PR e s o
) R BSF 7 3l 7 DR TFEAk 194 7 3 o B A A R R
B, UG AR TR A2 (WHO ) R FURR Ak 41 41
(FAO ) il 72 B B BE A1 75 L3 , 2R FHH: & A B B
B PRA RO, 454 B4 7 B2 SEIG IO, AT 2
SRl R A, e P2 TS B A LR
KRR B B bR s 53 Ak, 25 T SR RS 38T L
R, AU IR HL, PRl MR e, (H
WFREMICEAE TSR P T e S A FRIIEDS M2

AL Ha i

Chinese

Pb

02 Z A AFAE  TRIEHRE i P 178 52 2 B o o . ]
1z e 50 . (10 WD AL NS BT = VAR 83 0 R g o
FAT ETC R B ARG A 7 I, A7 B ] A O A S
Ji FHATRAL PR AR 5% . AR SCR A ICP-MS 2, %t
BTSSR Cu, As. Cd. Hg . Pb 4R LA E
JCRR S FEIAT TRFSE X b B e R 5 T i
Jo ERE B E TR AT AL B AR A, AR T i s ]
FEXFRE S AT E o 1 IR R, e T 5, &
J& MR, o AR 2 SR E A R R TR R
Mg . MWFESL AT ES I A, 10 1L E S 3 Fhih
5 M E SR LA FE RN B EAL, e g RS
FE

S LRk
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