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Determination of 8 elemental impurities in lanthanum carbonate with
ICP-MS standard addition method and matrix matching method
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Abstract Objective: To develop an inductively coupled plasma mass spectrometry(ICP-MS) method for the
determination of Cd, Pb, As, Hg, Co, V, Ni and Se in the crude drug of lanthanum carbonate. Methods: Samples
were diluted with 3% nitric acid and directly injected. The matrix effect was eliminated by standard addition
method and matrix matching method. Lanthanum oxide was added into the standard solution as the matrix.
Compare the linearity, repeatability, accuracy, quantification limit, detection limit and sample determination

results of the two methods by methodological validation and sample determination. Results: The linear ranges of
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ICP-MS standard addition method and matrix matching method were 030 ng * mL™', the correlation coefficients

for all elemental impurities were good(r > 0.998). Limits of detection were between 0.003 9-0.22 ng* mL™" and
0.009 1-0.72 ng * mL™". The RSD of repeatability(n=6) were between 1.5%-4.9% and 5.1%-6.9%. The recoveries
were between 87.0%-98.3% and 83.4%—114.4%. The contents of 8 elemental impurities in the crude drug of

lanthanum carbonate were basically same. Conclusion: The established two methods can effectively eliminate the

matrix effect. They were both simple, rapid, sensitive, accurate and applicable for the elemental impurity control of

lanthanum carbonate.

Keywords: lanthanum carbonate; ICP—MS; elemental impurity; standard addition method; matrix matching method
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AWFHR S 1ICH Q3D SR 24 48’ , 43 oK
FH ICP-MS A7 I 6 A DT i o, o) e PR 4 v
ICH Q3D Mg 1 2502 4¢3t (Cd. Pb. As. Hg ). 2A
KICELRT(Co V. Ni) Fl 2B RICE L) (Se ) 4T
BEL ITIES TR S AR, 2 o i e, R A
JEE v TR AT, AT R0 BRI BURON , v T kiR
i IrRL 24 T T 3R 2% B Y o A
1 UBE5RF
1.1

Agilent 7900 HLIEHE 5 55 B i AL (LR A

AL HEL

A ); Milli-Q #E2li7k 245 ( Millipore 23 ),
1.2 ik

fili iz (41t 5 1121100, Trace Metal Grade ), Fisher
Chemical 2\ F] 5 105 FHZK Y MR 46K

ICH/USP Target Elements Standard A ( It 00123-
32767, % As 15 pug-mL™",Cd 5 pg - mL™ ,Hg 30 pg * mL™",
Pb 5 pg* mL™" ), ICH/USP Target Elements Standard B ( It
50012663343, 1% Co 50 pg - mL™", Ni 200 pg* mL™",
V 100 pg - mL™", Se 150 pg - mL™" ), Y AR bR 75 1 (4t
5 59-046CRY2, # Li.Sc.Ge .Rh.In.Th.Lu.Bi%%
10 pg - mL™"), Agilent 23] ; ZUf0HE (fit5 K2006227,
T 99.999% ), Bihi T Al

3 b i 9 JFORE 25 AR A WL R R 25 A BR A
a5 220101, 220102, 220103,
2 MEBH

DA R AN RHE R, Y1 1550 W,
AP 1.05 L min™', #MEA & 0.1 Lo min™', i
FEGEE 8 mm, IEBh A 0.10 r+ 57, R EIEE 2 C,
AT E] 0.3 s, 4794 / H 52 R 100, K AR AR He
mode, FEARICHELIE HAR TR SRt R LE 1. K
PRoCERIE T A SRR A S & A,
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Tab.1 Interested element and internal standard element choice

Hiros WRITHE
(interested element ) (internal standard element )
sty . 9Co . 0N asg,
75AS , XZSe 72(;6
IIICd ISQTb
Wiy 28p}, 2000

3 ARNSIE
3.1 R
B T B SR 25 1 g, B 1 000 mL s, A
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BiHIR 30 mL ¥, A AR B R 215 #8557, FVAS45
HEIAGE IR R . AR 0.62 ¢, # 1 000 mL &
SR TRV A8 SEAAR DT e 2 FHAR B o
3.2 iefEIh

Ay 5B ICH/USP Target Elements Standard A | 1CH/
USP Target Elements Standard B 4% 625 pL, & 25 mL
SO, IMASMEI AL R BRI 2215, $#55),
VR R bm o i 4Bl 2 W A3 OB o T e i 251 0.
60. 100,200, 300,400 L, & 50 mL =i, AR
ARSI 2 205 5250, /FR 01,03 7,05 J.
1.0 J. 1.5 J.2.0 J bt S (] 45 TR 2= T
PRBEVR R ), [R] 3k £ SR DT vk FARHE T RV T o
3.3 i

i 5 FR HU B TR 490 i) 25 50 mg, 50 mL &= il
o, 3% TR R R 2 21 125, B .

34 NIRAW

BUNFRAREIR IR 125 ul, JH 3% WEFRIS A FE 2
50 mL, $&57, Bl7% .
4 FiEEER

ISR UF B R 5% USP<2335! LR MEFE E &R
N = 0.99, [ 3 ANk IR BRBE (n=3) N Ky
70%~150% , T VE RSD (n=6 ) A13id 20%.,
4.1 ZMEXFRFEE

B “3.27 BT RANFRAEM S, HE T A5
HEIA T LSS Te R M W AE AR, JU R i e B Ry
BEARBR, 22 il it 2 5 JEAAR VT Be ik DU DU T 28 M
(B -5 HH L P bR G 2R M 7 ) EL B AR R, TC R
W AR AR, bRt £, 455 R WK 2.3, 2 FP
I 5E J5 46 W AE 0~40 ng » mL™' [N, 8 FhoC 2 2%
JRERAEY KA (r ¥9> 0.998 ), Al i /L I 2 R

F2 TERFREVEAFE ZECEGNREESMRERIUK PDE E ( FREMNE )
Tab.2 The regression equations, LODs, LOQs and PDE for elemental impurities (standard addition method)

JLHE [ 5 J5 R LOD/ LOQ/ 0.3/ PDE/
(element ) ( regression equation ) (linear range )/ (ng * mL™") (ng'mL™")  (ng-mL") (ng-mL") (pg-d")
Cd Y=2 274.640X 0~1 0.999 4 0.003 90 0.0129 0.15 5
Pb Y=30 116.873X+2 294.730 0~1 0.999 7 0.004 30 0.014 2 0.15 5
As Y=694.591X+27.777 0~3 0.998 1 0.0187 0.0617 0.45 15
Hg Y=2 885.790X+32.220 0~6 1.000 0.0559 0.185 0.9 30
Co Y=12 302.002X+26.663 0~10 1.000 0.034 7 0.115 1.5 50
Vv Y=5209.288X+193.343 0~20 1.000 0.065 8 0.217 3 100
Ni Y=3 345.333X+123.337 0~40 1.000 0.135 0.444 6 200
Se Y=18.670X+10.667 0~30 0.998 0 0.223 0.735 4.5 150

#3 REFREVEAFE . EECEGNRSEEMRERIUKE PDE B ( BFLE X )
Tab.3 The regression equations, LODs, LOQs and PDE for elemental impurities (matrix matching method)

Ve =75 LR LoD/ LOQ/ 0.3 J/ PDE/
(‘element ) ( regression equation ) (linear range )/ (ng * mL™") ' (ng'mL™") (ng'mL™") (ng-mL™") (pg-d")
Cd ¥=0.001 7X+4.10 x 10 0~1 0.999 9 0.009 05 0.029 9 0.15 5
Pb ¥Y=0.032 9X+0.003 8 0~1 0.998 8 0.012 1 0.040 0 0.15 5
As ¥=0.032 9X+0.001 20 0~3 0.999 7 0.050 1 0.165 0.45 15
Hg Y=0.003 4X+3.72 x 10 0~6 0.999 8 0.0170 0.056 0 0.9 30
Co Y=0.426X+6.82 x 107 0~10 0.999 5 0.008 97 0.029 6 1.5 50
\Y ¥Y=0.188X+0.004 70 0~20 0.999 8 0.021 6 0.0711 3 100
Ni ¥=0.116X+0.005 50 0~40 0.999 9 0.0457 0.151 6 200
Se Y=6.86 x 107*X+5.09 x 107 0~30 0.999 4 0.715 2.360 4.5 150

42 AR i

S VBR 2 RS 7R S U (R ) ) i
S 11U, BA 3 s (A R i 2T e e
BEVTSEA I 7 R TE 3R BRI (ng - mIL),

10 A5 PR PR 1 i 22 BT X 7 180 9 JRE 31545
Tk T IER A E SR (ng - mL™ ), 255 LK 2.3,

ICH Q3D K24y i W B H 1/ 2 #5 i (permitted
daily exposure, PDE ) [ 30% x& X R4 il B {E , 1E R
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TCR A FUK MR Mg bn . A4 ICH Q3D fff
SR 1, DI AR 10 g TR 2500 T i
Pl 4319 H ARG 238 ARV AR IEA C R A
PDE {H, I A AT R A4 BREE , 45 R W& 2.3, 45
T 2RI BRI e B 47 328 A1 R 1 FR VAR 1 30%
(0.3]),2 Mk R gEY Rt

43 EEYESMERERE

431 FEEMER N PRI IR B OB 2R

(L5 220101 ) 50 mg, & 6 173, 435 E 50 mL T,
A3 SR 26 % 4598 200 wL, FH 3% Rl RRVE TR
BB Z0 8 B EE R B, 4% 27 T
IERSEGA TN RE , T SR B RSD, 25 5L L3R 4.
200 J5 5 1 RSD (n=6) 4 1.5%~6.9% , & W A% % J&
PIR A 400K 12 0 1.0 J InbsAE & BHCE RSD
(n=12) K 4.7%~8.4% , 3 B 2 Fh il 5 Ty vk 25 R H A
—3

x4 EEHRABER
Tab. 4 Results of repeatability test

S Tk Bz FRUEN A ( standard addition method ) FEPRPTHLY: ( matrix matching method ) RSDJ%
( element ) ('spike concentration ) / AR fElEs RSD/% Rgejities RSD/% (ne12)
(ng-mL™) (‘average recovery ) /% (n=6) (‘average recovery ) /% (n=6)

Cd 0.5 90.5 4.9 99.7 6.9 7.7
Pb 0.5 95.0 1.5 89.3 6.7 4.7
As 1.5 97.5 29 103.4 6.6 5.8
Hg 3.0 94.9 2.1 99.3 5.1 4.8
Co 5.0 93.0 1.6 101.7 6.3 6.5
\4 10.0 93.1 1.5 101.7 6.3 6.6
Ni 20.0 93.0 1.5 101.8 5.7 6.3
Se 15.0 94.0 4.7 106.9 5.8 8.4

4.3.2 R ON 5 BRI R B R 2 R
(L5 220101 ) 50 mg, 3£ 9 £, 435 E 50 mL I H,
I3 B ASRAE 26 4% 457 100,200,300 pl, JH 3%
PRV TR A 22 20 B8, VDA i 7K [ s 3l s P
BERIFW, BEAERCH] 3 1. 4% 27 T MY BB
AT TH5 2 FPOT L bR DGR, 251 0L3K 5,
0.5 J~1.5 JUREIKFT, brifen AL A5 4 0 R 1
5] 15 2K Ky 87.0%~99.7%, RSD (n=9 ) M 1.8%~7.7%;
FEAR VT g 74 0 75345 J0 R 1Y [FCR A 83.4%~114.4%,
RSD (=9 ) H 3.6%~7.2%. %5530, 2 F 7 i e
JE¥IR AT,
4.4  FEAIE

B3 sl s Rk 25, 42 “3.37 R Jy ke i i
TR, BUAS RV v B R TR A6t VA
A e U S0 2 1) [ AR R T A LR A A5 S TR
TEAN, TSR M WV AR . FRAEIAGEER A 3 R, LA
PR A R S R TP A TR A S . 4
IR 6, FLARVCELEI IR 3 FAW, S5 AR IR
[ FE LA S , AN ARAS TE AR i 4 i TRt
WA TR i, 253 6, FEIRIT
3 000 45 B i 0 s ek v 8 T 2 4 T 1) 5 /N T

AL HREL

RGN B 5 B o T A T2 000 2 Al T iR} o 8 A o K A
JB ), B Ph RN Se A 4G A1, HoAth oG 28 4% 5 F
BUNFREMBR o 2 Fh 20045 04 45 FE S T R 24
SEBMET ICH MERRE,
5 Tt
5.1 JCEA4TEE

ICH-Q3D"™ #iL 72, 1 25 JC % 2% Jfi (Cd . Pb. As.,
Hg ) Fl1 2A ZEIC R 245 ( Co. V. Ni) 2 D R4 23 1%
25 ARG, D, ASBIFZE R 12 2A 50 RAE T
ME , AN, %2 HES Mass Hunter 2044 H 47 102¢
FER AR, X ICH Q3D MLE 1 24 Fhoc kT
5, & B Se A1 A ), [FIB Se s & La £ 2E 70
LK Se FIARNITTE , APFAGA ST i
5.2 bRifERN Lk BRUEINA I NS A DT L 1 H g
Saxii

Fi T 0 v LA R BB T 2R, 23 AR ™ B Y SRR
N, 4R ] 1ICP-MS Fnife fh A TR, FH 3% iR
A Sy 5 88 ) o o A R 2 A, R BRI A S A
i DR G 2 AR (AT 70% ), BEAh TR AR T R I E
SER R, SRS RN PRI A A AR
HII A ZR 81 8 60 BE AR C 2R b o 26 T, 223
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®5 OKHRRBER(n=9)

Tab.5 Results of recovery test

. Tk FRIEM AL ( standard addition method ) FEMRDC AL ( matrix matching method )
( e;fm ) ( Spik? C()Ifceit,r,a;i(m ! R RSD/% e RSD/%
ng - m (average recovery ) /% (‘average recovery ) /%
Cd 0.25 87.0 3.7 100.6 4.9
0.5 92.0 102.1
0.75 89.3 97.1
Pb 0.25 99.0 3.6 83.4 5.8
0.5 94.3 93.2
0.75 93.2 89.3
As 0.75 99.7 3.2 99.7 6.8
1.5 98.3 107.0
2.25 96.4 94.9
Hg 1.5 94.8 2.9 99.2 3.6
3.0 94.5 102.9
4.5 91.5 99.0
Co 2.5 94.6 1.8 103.2 4.8
5.0 92.0 105.3
75 91.3 97.7
v 5.0 95.7 2.3 103.4 48
10.0 92.4 105.6
15.0 91.6 97.5
Ni 10.0 94.8 1.8 104.0 47
20.0 92.4 105.1
30.0 92.1 97.6
Se 7.5 922 7.7 114.4 72
15.0 95.8 112.0
225 94.8 106.7
xK6 HRATERZERNESER
Tab. 6 Determination results of elemental impurity in samples
- - B i (content )/ (ng * mL™") KL jir
(eloment) FRUEN A ( standard addition method ) FAPCEEE ( matrix matching method ) (limit )/
220101 220102 220103 220101 220102 220103 (ng-ml™")
Cd ND ND ND ND ND ND 0.5
Pb 0.0579 ND 0.056 4 ND ND ND 0.5
As ND ND ND ND ND ND 1.5
Hg ND ND ND ND ND ND 3.0
Co ND ND ND ND ND ND 5.0
v ND ND ND ND ND ND 10.0
Ni ND ND ND ND ND ND 20.0
Se 0.874 9 ND 0.8537 ND ND ND 15.0
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