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Simultaneous determination of 24 elements in biological samples by

inductively coupled plasma mass spectrometry (ICP-MS)

WANG Gang
(Environmental Stress and Chronic Disease Control & Prevention China Medical University , Ministry of
Education, Shenyang 110000, China)
Abstract: In order to quickly and accurately determine the contents of multiple elements in
biological samples, urine, blood and tissues were digested by wet digestion method. 24 elements
such as Na, Mg, K and Ca were determined by inductively coupled plasma mass spectrometry
(ICP-MS). The results showed that the non-mass spectrum interference and matrix effect can be
reduced by internal standard method and dilution method under optimized experimental
conditions. The regression coefficients R of the 24 elements were all greater than 0.9999. The
limits of detection and quantification were 0.005~0.9 pg/L and 0.015~2.7 pg/L respectively. RSD

values at three different concentrations ranged from 0.5% to 5.3%, and the recoveries at three



addition levels ranged from 80.5% to 120.7%. The established method had the characteristics of
rapid, efficient and accurate, and was suitable for the determination of multi-element in biological
samples, which was of great significance for the study of physiological function and toxicity of
elements.

Keywords: Inductively coupled plasma mass spectrometry; Biological samples; Multiple

elements; Wet digestion
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1.1 FEAE

7700x HLJBEHE A 45 B P ARG (ICP-MS, EEZHCREAERARD 3 TR

(MK200-4, HiMBEBEMERARARD + BT RF (Mettler-Toledo, HEFF#I-FEMZ AR ;

Millipore #2E7KHL (3% E Millipore A7) .
1.2 Zfh . WFIS5FeH4

MR (Lghal, bl m AR ARD « 30%id A (rtral, EZ%ER
AR AR AT .

Na (GSB 04-1738-2004, 1000 pg/mL) + Mg (GSB 04-1735-2004, 1000 ug/mL) . K (GSB
04-1733-2004, 1000 pg/mL) . Ca (GSB 04-1720-2004, 1000 pg/mL) . Al (GSB 04-1713-2004,
1000 pg/mL) « Cu (GSB 04-1725-2004, 1000 pg/mL) « Zn (GSB 04-1761-2004, 1000 pg/mL ).
Ba (GSB 04-1717-2004, 1000 pg/mL) . Fe (GSB 04-1726-2004, 1000 pg/mL) . Mn (GSB
04-1736-2004, 1000 ug/mL) + B (GSB 04-1716-2004, 1000 pg/mL) . Ag (GSB 04-1713-2004,
1000 pg/mL) + As (GSB 04-1714-2004, 1000 pug/mL) . Be (GSB 04-1718, 2004, 1000 pg/mL ).
Cr (GSB 04-1723-2004 (a) , 1000 pg/mL) . Cd (GSB 04-1721-2004, 1000 pg/mL) . Ni

( GSB 04-1740-2004, 1000 pg/mL) . Pb (GSB 04-1742-2004, 1000 pg/mL) . Se (GSB
04-17512004, 1000 ug/mL) . Sb (GSB 04-1749-2004, 1000 pg/mL) + TI (GBW (E) 082135
(81-1) , 100 pug/mL) . Mo (GSB 04-1737-2004, 1000 ug/mL) . Sr (GSB 04-1754-2004,
1000 pg/mL) . Li (GSB 04-1734-2004, 1000 pg/mL) , JbLEIHBMCAAL THRARBF 7B &
Li. %Sc. 2Ge. 'In, 2%Bi Al '®Rh B &N FREW (100 mg/L, ZHERFHEARAR]D
# Cev Liv Co. TLAIY MRS (10 mg/L, ZHHEBRHEIARAAD .

i BRI il 25008 (15 mL, Biofil fARARD 5 MR (Biofil HIRARD ¢ — KM
e (OmL, RBYUREIEEE) D o FALIERE (045 um, RKEEBRHEARAFD .

1.3 SRR KECE

1% BRI : B 250 mL AR NG ERAiK, B 2.5 mL iR TAEmT, ek
ERAE 250 mL TR

S%MEER I : HX 100 mL A& ANIG 4K, IS5 mL MR TAEM T, BaKE

254 100 mL B2 .



WHRVEW (1 pg/mL) : BUXZE R FRER 1 mL T 100 mL ZFE30H, M 1% BRIER
ERRS]

PR &R E : TR T TR S BEEZREK, SHERRERE 4 Ehrdiih £,
S SR A il SEBR 8 0 W] & R R

PR 28 1: B B3R Na. Mg, K Fl Ca VR & AnvHE¥A# (1000 pg/mL) 1 mL F 10 mL
BRI, T 1% BRI E IR S5 BhR A AT (100 pg/mL) o 43 71HL 0.05. 0.5+
1+ 580 10 mL AR#EE AR (100 pg/mL) T 54 10 mL FEHH, S 1% RERE S
BET, 2 HIFRE 0.5, 5. 104 50 A1 100 pg/mL FIFRHE B 2RI B AT .

PRt 2 2: B BB Al Cu. Zn. Ba fil Fe (1000 pg/mL) 1 mL T 10 mL &
L A 1% BRI VRUE 218 2143 BIARE(E VA (100 pg/mL) o FHEL EIRFRAEIRR (100
pg/mL) 1 mL F 100 mL ZF&HEH, (S 1%08 BRI UE 7518 245 B PR A A (1 pg/mL).
3 0.05 0.1, 0.5+ 1 15 mL FrdEf AR (1 pg/mL) T 54 10 mL &)+, fEH
1% RRVERUE IR ST, 70 HI1E%] 5. 104 50 100 AT 500 pg/L (KA ih 28 i i ki .

PrvEE 2R 3: B3R Ag. As. Se. Be. Cr. Cd. Pb. Sb. TI. B. Mn. Ni fl Mo
(1000 pg/mL) 1 mL T 10 mL ZF= A, {4 1% BRI e 2518 5115 BUbRAE(E 7 (100
pug/mL) o FRE_ERARHEAE R (100 pg/mL) 1 mL T 100 mL &+, R 1% R AR €
TR BIFRHEAE W (1 pg/mL) o 40 5IE 0.005+ 0.01. 0.1+ 0.5 F1 1 mL FraEfEH %
W (1 pg/mL) F 54 10 mL ZEHMA, FH 1%HRERE RS, 25458505, 1. 10,
50 A1 100 pg/L (A5 #E i 26 BT A

FrvEE 269 4. B ESR Li F1Sr (1000 pg/mL) 0.1 mL F 10 mL &, FH 1%
TR VA WLE B VR SIS B bR A VAT (10 pg/mL) o 43 %JEL 0.05. 0.1, 0.5, 1 F15 mL Fpifk
M (10 pg/mL) T 54 10 mL T, EH 1%MBRERE SRR, 75l15 2] 50,
100, 500. 1000 £ 5000 pg/L [Ax i b 28 i BT ki
1.4 FEAAETALE

PRBAE S HERf RN 0.15~0.25 mL JRI T 15 mL B0, T 5% AHRFFEE 10 mL,
A, WG BERE SRR, RO 2 (5258, SRR RE .

MRS #EREEL 0.15~0.25 mL T 15 mL &0 & S, A 0.8 mL AR FI 0.2 mL
MEAE, PR T UEE 3 T 90°CH# 1 h, 110°CHIF 4 h, /NCoF8 H =G, Al
aiyKFRFER 10 mL, $257, VWO IEIRE BRSO 2 Faess, SRkt

MY R E R UM 0.5 g) FASRER T 15 mL &8, A 0.8 mL



SR AN 0.2 mL i FAE, JFaEAE T UEIR A T 90°C# 1 h, 110°CHI# 4 h, AMOLFEHE
W, AEFAUKFERES 10mL, 85, WIS SR, RN MR s g5k, %
FEHERE .
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A (L/min) 1 SR (L/min) 0.98
e A He filffi < E (mL/min) 43
AME/AMES (L/min) 1 $2T+ & (mL/min) 1
FHERE (°O) 2 HE K 3
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B XA HEAT B S B NEATHEY, 3 He RlERAR SCEAT 4037, (8 FH VR vt AT U89
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2.1 JIERER
2.1.1 ik, Kl RAEER

3 s P 0 oA T 2RV, R P TCP-MIS 7E e EE AR I 46 1R R BEAT R0 . LAVR P A
Ak, CARFIN TG F 5 AR IOAE 5 M R AR I AR AR EAT ek [0 o SRS LRI 5E 21 43 FF
SV LA 3 PR B IOARHE ZE T AR R A R LOD, A 10 f5vR FEAE (¥ b v 25 1
FAF T RIERIR LOQ. 4 M3 2,24 P AN K R RIF, #HCRE R ¥R T 0.9999,
JidA RN 0.005~0.9 pg/L, ik E RN 0.015~2.7 pg/L.

212 BEE

UG, iy AR S 24 Fhoc R IR SRR, FERIR I 50 &Sl i
Mg 6 U, THE 24 o HRAE 3 DAEIKEE T 1) RSD {EAE 0.5%~5.3%, B RE 2 B2 R4

® 224 MR . HXREH. LOD F1LOQ

Frllyozw WhsonsE M /pg/L LM R LOD/pg/L LOQ/pgL
2Na 5S¢ 0~100000 y=3.395973x 1.0000 0.02 0.06
Mg 5S¢ 0~100000 y=1.652938x 1.0000 0.4 12

9K 5S¢ 0~100000 y=1.976176x 1.0000 0.03 0.09
4Ca 5S¢ 0~100000 y=0.0965x+0.0036 1.0000 0.01 0.03
77A] 5S¢ 0~500 y=0.0004x+0.0003 0.9999 0.4 1.2
65Cu 5S¢ 0~500 y=0.0168x+0.0008 1.0000 0.07 0.21
667n 2Ge 0~500 y=0.0064x+0.0059 1.0000 0.1 0.3
56Fe 5S¢ 0~500 y=0.0143x+0.0107 1.0000 0.2 0.6
13Ba 115 0~500 y=0.0007x+0.00005 1.0000 0.02 0.06
107Ag 15[ 0~100 y=0.005315x 1,0000 0.02 0.06
SAs 2Ge 0~100 y=0.0042x+0.0004 1.0000 0.02 0.06

‘Be °Li 0~100 y=0.026806x 1.0000 0.03 0.09



2Cr 4Sc 0~100 y=0.0196x+0.0011 1,0000 0.09 0.27
mcd 15In 0~100 y=0.0009x 1.0000 0.02 0.06
208pp 2098 0~100 y=0.004175x 1.0000 0.03 0.09
8Se 2Ge 0~100 y=0.0003x 0.9999 0.3 0.9
121Sb 5T 0~100 y=0.002709x+0.0005 0.9999 0.03 0.03
20571 209Bj 0~100 y=0.005946x 1.0000 0.005 0.02
B 4Sc 0~100 y=0.00003x+0.000006 1.0000 0.8 2.4
Mn 5S¢ 0~100 y=0.0093x+0.0009 1.0000 0.06 0.18
60N 4Sc 0~100 y=0.0081x+0.0285 1.0000 0.1 0.3
%Mo 15In 0~100 y=0.0015x+0.0002 1.0000 0.9 2.7
Li 4Sc 0~5000 y=0.00003x+0.0005 1.0000 2.0 6.0
88Sr 103Rh 0~5000 y=0.0011x+0.0001 1.0000 0.05 0.15
- e // St AL /
| e

Mg : / K
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2.1.3 fndrR B

FEZE YRR IAE, Py S =R ER AR, Naw Mg, K. Ca Iilbs&E N
0.01. 5150 ug/mL, Al. Cu. Zn. Fe. Ba. B Al Mn ji#5 &} 1. 10 f1 100 pg/L, Li 1
Sr INFrE Y 5. 100 F1 1000 pg/L, HARIGEHINIREH 0.5, 10 F1 50 pg/L. fEHILETALIE )T
ERIBARACES S50 T3 IFRRE S AT 2007, A IR/ EAT 3 R RS, TH 5 ks [T
Fo AR 3 WA 24 FOTERAE 3 DMEINACE T I EERAE 80.5%~120.7%, 1ZJTIENS 24 Fic
IR I AT R (R

R 3 BEEMMARERE

TCRA MEEWRE (pg/L) RSD/% PR IR (pug/LD R /%
500 1.6 10 80.5
Na 10000 1.8 5000 102.6
50000 2.1 50000 93.0
500 1.9 10 113.1
Mg 10000 2.0 5000 101.9
50000 2.3 50000 92.5
500 2.1 10 108.0
K 10000 2.1 5000 97.8

50000 2.4 50000 91.7
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0.5
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Li
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0.8

1.1

23

5.7

2.1

3.1

4.0

23

4.9

0.9

1.2

1.5

2.7

24

4.1

2.5

0.9

33
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0.5
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0.5
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0.5
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0.5
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0.5
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0.5
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0.5
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101.7

98.1

95.0

90.4

82.5

102.6

103.3

86.2

93.3

98.3

96.6

92.9

89.9

80.6

82.4

115.3

98.2

98.5

120.7

81.2

98.1

101.9

90.2

85.3

85.2

100.2

105.5

111.3

101.7



500 0.7 100 94.3

1000 1.4 1000 95.5

50 0.9 5 83.9

Sr 500 0.5 100 93.6
1000 0.9 1000 91.1
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