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Determination of 15 Elements in Biomedical Medical Devices by Microwave

Digestion—Inductively Coupled Plasma Mass Spectrometry
Gao Hai-rong', Liu Yi-jie’, Zhang Cong’, Chen Liang”
(1.Fujian Provincial Center for Drug Inspection, Fuzhou , Fujian 350000, China;

2. Fujian Institute for Food and Drug Quality Control , Fuzhou, Fujian 350000, China)
Abstract: Microwave digestion was used to process samples of biomaterial-based medical devices, and the contents of 15
elements (Al, Cu, Mn, Ni, As, Cd, Cr, Mo, Pb, Sb, Sn, Tl, Hg, Co, V) were determined by inductively coupled plasma mass
spectrometry (ICP-MS). The method involved optimizing instrument parameters through tuning, selecting isotopes with
minimal interference, performing quantification by online internal standard addition, and adopting kinetic energy
discrimination (KED ) mode for measurement. All 15 elements exhibited good linearity, the method detection limits ranged
from 0.001 to 0.435 mg/kg, and the quantification limits ranged from 0.003 to 1.450 mg/kg, the average spiked recoveries at
low, medium, and high concentration levels were between 81.3% and 101%, with relative standard deviations (RSD) is
1.27%~5.97%. The results demonstrate that the method is simple, accurate, and suitable for routine determination of the
15 elements in biomaterial-based medical devices.
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ABAL K AL Milli-Q HY , 56 [ % /N ]

RARMETE WL : GBWO08617, 1 000 pg/mL+1%,
FE BRI 5T B

Bl bR E % W : GBW (E) 083781, 1 000 pg/mL+
1% At i WA BRA Fl .

B AR i W : BWB2157-2016, 1 000 pg/mLz
2% AL R A PR A F .

4 bp E R I : GSB04—-1715-2004, 100 pg/mLz+
0.7% , B ZA7 (0.4 J8 B TR Briili ol
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AR
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GNM-M071054-2013, 1 000 pg/mL+2%, [E % A 4,
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JBE 2 HEARE i, 43 25 R ST.S2.
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ST 1550 W3 203 Al B B TR
R, S RE ) 1.3 L/min. 0.9 L/min., 14.2 L/min;
SRR G ] R AL 55 8 858 7% 38 40 r/min;
PR KED iR A 1 7 .
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A3 B B BT 000 wg/mL 4 SR bR VA 4
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TR (B 50 55 86 B8 HY VB TR A PR TR T
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5% T TR A FRTC i1l B 20 ng/mL AR A PRI TR
1.2.4 S Al
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PL10°C/min NZE T2 120°C, 4445 5 min, L) 20°C/min
Tt 185°C, P-4 40 min A7 0005 T4 M o T i I
SEALERE B ESHEER, BT 100°Ch#gs
TR T AL R & GEERR ) Ve 4 2230 T (R AR IR
251~2 mL) , H 5% S FR W 58 27 7 2 50 mL
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PRUE R, SR 5 5% TS TRIAUE R B L%, 7501
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x1 15MITRBERIRERER
— JE e (ng/ml)
LR
STD1 STD2 STD3 STD4 STD5 STD6 STD7
Hg 0.1 0.2 0.5 1 2 5 10
As.Cd.Cr.Mo.Sb.Tl.Pb.Sn.Co.V 0.2 1 2 5 10 20 50
Al.Cu . Mn .Ni 10 50 80 100 200 500 1 000
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JLER AR LI (ng/ml) RS MXRREr JrER R (mg/kg)  JriEE R (mg/kg)
Al Sc 10~1 000 y=1171.432x+11 111.116 0.999 3 0.435 1.450
'V Se 0.2~100 y=9 113.745x+964.763 0.999 7 0.006 0.020
“Cr  Sc 0.2~100 y=13635.428x+5 167.468 0.999 6 0.019 0.063
“Mn  Sc 10~1 000 y=8651.717x+2 460.081 0.999 7 0.012 0.040
¥Co  Ge 0.2~100 y=30253.574x+605.157 0.999 6 0.008 0.027
“Ni  Ge 10~1 000 y=6 535.380x+3 142.674 0.999 9 0.022 0.073
®Cu  Ge 10~1 000 y=17 190.645x+5 930.408 0.999 9 0.022 0.073
®As  Ge 0.2~100 y=1279.753x+63.466 0.999 9 0.025 0.083
“Mo In 0.2~100 y=5375.559x+199.738 0.9999 0.003 0.011
"Cd  In 0.2~100 y=7 182.103x+41.655 0.999 8 0.008 0.027
"Sn In 0.2~100 y=15055.487x+3 255.538 0.999 8 0.016 0.053
2ISh In 0.2~100 y=15254.669x+435.331 0.999 9 0.007 0.023
“Hg Bi 0.1~10 y=18 988.393x+175.981 0.999 9 0.006 0.020
STL Bi 0.2~100 »=20 108.877x+141.090 0.999 9 0.001 0.003
%Ph Bi 0.2~100 y=144 586.183x+37 150.096  0.999 4 0.012 0.040
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SRSt PR A E PR, R IR b 25 A St R A
S BRFRAE e 5 R A A R AR A5 B AR S Oy A
B RN 7 3 o o B, 4% 0 2 B 7 A 1 BRI )y 7 5
B 43 51 A 0.001~0.435 mg/kg . 0.003~1.450 mg/kg,
AL AT R B E BTk, BAREE R LR 2,

BC15 FRR A bR MEVE W (As .Cd . Cr Mo .Pb.Sn,
Sh.T1.V.Co A 1 ng/mL,Hg 4 0.2 ng/mL . Al,Cu . Mn
Ni A7 50 ng/mL) ¥% £29 72 6 UK, W45 15 Fh 4 @ T F
1% 51 37 {8 19 RSD 4y 0.84% ~2.07% , 55 I 45 L 3%

WASCES PR 26 BE AT o RS 5 PRI I o B S0 50 A B S1
FER 0.5 g 640y, $2“1.2.47 T F J5 vE 1 & ik i i
W, e 15 FP 4 Jmou = & i, ALV Cr. Cu. As,
Cd.Sn.Hg.T1.Pb & 83 R A, Rt RSD, HA4y
Mn . Co.Ni.Mo.Sb 5 F1 4 J& 7% & 1Y) RSD 24 2.13%~
5.98% , S5 F B )y ik T A 1 AT
24 [EYERXE

R B PR I B I FEABE STRE ML 0.5 g, 23 Tl e
i A 100 ng/mL f#) As . Cd,Cr Mo ,Pb,Sn,Sb Tl
V. Co tRifEIR AW 0.5 mL. 10 pg/mL 4 Al .Cu Mn .
Ni bRfEVR A 1A 7 0.5 mL . 100 ng/mL HY Hg b 1
0.5 mL, 7 A% 7K SF i A5 A b 5 4 50 o B A
100 ng/mL i) As.Cd.Cr.Mo.Pb.Sn.Sb.TI, V. Cofx
WEIR BVAWE 1 mL .10 pg/mL % Al Cu Mn Ni bRifEIR
BVEW 1 mL, 100 ng/mL ) Hg bR VAW 1 mL, 7E K
HKOE AR AR & 5 20 3 E A A 100 ng/mL () As
Cd.Cr.Mo.Pb.Sn.Sh.T1.V.Co#RHEIR G 2 mL,
10 we/mL 4 Al Cu . Mn  Ni F5#EIR A W 2 mL. 100
ng/mL [ Hg AR IR 2 mL, VE 4 &5 K SE bR A &
% P R =AU KO AR RE A 4 3 0
SR SC1.2.47 0 F 5 5 4 A s XA
FE SR UCHERE I 22 J5 TR bR e . 25 R UK,
15 Fh 43 J& S0 &R B-F- 4 RIS %8 81.3%~101% , AHXT
PR 22 (RSD) N 1.27%~5.97% , ARG R W3,
D7 25 A5 (e [ 25 1) 2020 PO 9101 4387 7 74
UG UEHE IR R 25 R IAA L AR B S

®3 FHOKERIZBMELSR (n=3)

i b d s bek: PSR PRI RSD

ey PREGE MERR WELE FHECE RSD

7 (mgkg)  (mgke) (mg/kg) (%) (%) 7 (mg/kg) (mg/kg) (mgkg) (%) (%)
10 9.32 93.2 4.14 0.1 0.238 88.0 5.54
Al REH 20 18.8 94.0 3.15| Mo 0.150 0.2 0.336 93.0 4.26
40 38.2 95.5 3.33 0.4 0.519 922 4.08
0.1 0.089 3 89.3 5.68 0.1 0.091 2 91.2 4.53
Vo R 0.2 0.185 92.5 4.19| cd  Kfh 0.2 0.194 97.0 3.31
0.4 0.389 97.2 2.11 0.4 0.392 98.0 2.68
0.1 0.083 1 83.1 5.97 0.1 0.0813 81.3 5.79
Cr  Kiath 0.2 0.179 89.5 395| Sn Kk 0.2 0.173 86.5 4.13
0.4 0.378 94.5 3.66 0.4 0.358 89.5 4.28
10 9.87 95.9 2.32 0.1 0213 85.0 5.76
Mn  0.281 20 19.7 97.1 1.64| Sb 0.128 0.2 0.307 89.5 3.57
40 39.2 97.3 1.27 0.4 0.493 91.2 2.59




2026,35(2) SR A AU - B B S AR TR A A WA R S AR AR D 15 FhoT R 29

(£33)

g %&3% fidne ME SR CFHEIE RSD Fa FemEs  brE MESE CPHEICR RSD

mglkg)  (mg/kg)  (mglkg) (%) (%) (mg/kg) (mg/kg)  (mglkg) (%) (%)

0.1 0.187 84.0 5.34 0.1 0.091 8 91.8 3.31

Co 0.103 0.2 0.284 90.5 476 | Hg  ARfith 0.2 0.193 96.5 3.22
0.4 0.489 96.5 3.32 0.4 0.388 97.0 2.58
10 9.87 97.7 3.22 0.1 0.084 6 84.6 5.38

Ni 0.102 20 19.2 95.5 293 | TI Kk 0.2 0.181 90.5 4.38
40 38.8 96.7 2.48 0.4 0.372 93.0 3.66
10 10.1 101 2.53 0.1 0.081 6 81.6 5.96

Cu Akl 20 19.2 96.0 223 Pb KK 0.2 0.173 86.5 4.58
40 38.9 97.2 1.66 0.4 0.372 93.0 3.51
0.1 0.090 3 90.3 3.15

As  REGH 0.2 0.192 96.0 2.43
0.4 0.393 98.2 2.76
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JLE Sl(mgkg) S2(mglkg) | JTLE Sl(mgkg) S2(mgkg)
Al Kkt KR | Mo 0.150 0.165
VR R | cd R KR
Cr Kk 0.210 Sn o REEHH A
Mn  0.281 0414 | Sb  0.128 0.106
Co  0.103 Kt | Hg  REH KKl
Ni 0.102 0.273 TL Rkl kA
Cu KA 0.597 Ph  RAEH K
As  REEH KA
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