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ABSTRACT. An analytical method has been developed to determine trace elements in biological
samples. The biological samples are added to a laboratory-bulit Teflon bomb together with nitric acid-
hydrogen peroxide mixture and enriched stable isotopes. The samples are decomposed in a microwave
oven. The decomposed sample solutions are analyzed by isotope dilution inductively coupled plasma
mass spectrometry. The analytical results of the biological samples agree well with the reference values.
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Fig. 1. Schematic diagram of ICP-MS system.
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Table 1. Operating conditions for ICP-MS system

Inductively coupled plasma

Forward power 12kW
Reflected power <2W
Coolant flow rate 12 {/min
Auxiliary jflow rate 0.5!/min
Carrier gas flow rate 0.4 //min
Sample uptake rate 0.8 //min
Sampling depth 10 mm
Mass spectrometer
Interface pressure 1.7 torr
Quadrupole chamber pressure 3% 107 % torr
Sampler orifice (aluminium) 1 mm
Skimmer orifice (aluminium) 0.7 mm
Data acquisition
Measurement mode Multichannel
scanning
Channel dwell time 5 ms
Average No. of channels per mass 13.7
Integration time per channel ls
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Fig. 2. Ton path to block photons.
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Fig. 3. Microwave digestion bomb.
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Table 2. Isotopes used in isotope dilution method.

Abundance (%)

Element Isotope -
Spike Natural

Ni 60 113 264
62° 97.10 3.71

Cu 63 0.3 69.1

657 99.7 30.9

Cd 111° 96.31 128

112 1.95 24.1

Sh 121 14 57.3

123° 98.6 42.7

Pb 206° 92.15 24.1

208 1.25 524

“Spike isotope.
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Fig. 4. Ni and Cu isotope peaks illustrating isotope
dilution method (dotted line: 0.27 g pine needle+ 1.0
ug ®Ni, solid line: 0.27 g pine needle+0.76 ug *Cu).

Table 3. Determination of trace element in NIST
SRM 1575 pine needle

Element Determined Certified
(ug/g) (ug/®)
Ni 3.31+0.33 (3.5
Cu 3.29+0.28 3.0
Cd 0.17+0.03 (<0.5)
Sb 0.21+0.03 (0.2)
Pb 11.0x 1.1 10.8

Values in parentheses are not certified and are given
for information only.
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Fig. 5. Pb isotope peaks illustrating isotope dilution
method (dotted line: 0.5 m/ blood +0.29 ug **Pb solid
line: no spiking) (a) level 1, (b) level 3.
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Fig. 6. Cd isotope peaks illustrating isotope dilution

method (solid line: 0.5m! level 1 blood+5ng MCd.

Dotted line: 0.5 m/ level 3 blood +12 ng '!Cd. Cente-

red line: 10 ppb Cd standard).

Table 4. Determination of Cd and Pb in Nycomed
Phama blood

Element Sample Determined Recommended
(ng/ml) (ng/mJ)
Cd Level 1 29+0.7 2.7
(24~3.0)
Level 3 14505 13.2
(12.7~13.6)
Pb Level 1 40t 4 42
(37~46)
Level 3 687+ 10 671
(635~709)

Values in parentheses are ranges.

Table 5. Determination of Cd and Pb in Japanese re-
ference blood

Determined Recommended

Element Sample (ng/mi) (ng/m))
Cd A 16x 2 16.3
B 15+ 05 21
C 5+1 7.5
Pb A 556+ 10 478
B 130+ 5 149.2
C 435+ 40 5129

AxpAprE 248 el obbe] 2gtel 4 H7](bias)
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Table 6. Detection limits

Detection limit

Element Blank (ug/g) (/D)
Ni 0.097+ 001 0.030
Cu 0.094 £ 0.008 0.024
Cd 0.002+ 0.005 0.015
Sb 0.008+ 0.008 0.024
Pb 0.008+ 0.005 0.015

ool B zAelA 7 viRtghst EEAze} &
A B g o] AEAE et Table 69
vlekgte ZptR a4l Avrde BT oo}
2 okel A4 HAbsbpa oz Awk A9
FEFAYAEE HHA SHANL PR 73
gEoltt dAxge] A9 03¢ WA 1ml o]3HE
ARg-sta ARl by A Ee] wlste] 1/38 Al
43le g dAA 8 HEEAE Table 62 27
d A HEJAY o V10elth HEIAE vt
23t A4Sl 25U 3ol e AEE
% F 3e T2 AR Aelrth

g2 £

A 99 AHAEE HEZE JSHES
S7)d At FAsrLE Y3 vlo]laRs o
A EAAAE o FEHY He 9% dE F
alslc). o] €998 ICP-MSZ F-Mslod NIST A=
Fo 71U # dAEe FARE T T A
gich &) ololl wjet F=EFHtAFLol A At
Zql HNAZ7|ZE(CRM)Y #5942 FE@Y
Agg 7AAE $5ie 2 AANEENE S e

Vol. 37, No. 9, 1993

P
T

10.

11.

12.

13.

14.
15.

805

A& AR 7Y

ol

A 8 & #

. Zhuang and R. M. Barns, Appl. Spectrosc., 39, 793

(1985).

. R. H. Scott and A. Strasheim, Anal. Chim. Acta,

76, 71 (1975).

. R. L. Dahlquist and J. W. Knoll, Appl. Spectrosc.,

32, 1 (1978).

. T. T. Gorsuch, Analyst, 84, 135 (1964).
. M. Burguera and ]. L. Burguera, Anal. Chim.

Acta, 179, 351 (1986).

. I. Kojima, A. Kato, and C. lida, Anal. Chim. Acta,

264, 101 (1992).

. D. W. Mincey, R. C. Williams, J. J. Giglio, G. A.

Graves, and A. ]. Pacella, Anal. Chim. Acta, 264,
97 (1992).

. H. Vanhoe, C. Vandecasteele, J. Versieck, and R.

Dams, Anal. Chem. 61, 1851 (1989).

. C. J. Park, S. R. Park, S. R. Yang, M. S. Han,

and K. W. Lee, | Anal At Spectrom., 7, 641
(1992).

D. Beauchemin, J. W. McLaren, and S. S. Berman,
J. Anal. At. Spectrom., 3, 775 (1988).

D. Beauchemin et al, Anal. Chem., 59, 778~783
(1987).

A. A. Van Heuzen, T. Hoekstra, and B. Van Wi-
ngerden, J. Anal. At. Spectrom., 4, 483 (1989).
G. E. M. Hall, C. J. Park, and J. C. Pelchat, J
Anal. At. Spectrom., 2, 189 (1987).

C. J. Park and K. W. Lee, ¥4 3}3}, 3, 25 (1990).
C. J. Park and K. W. Lee, /. Anal. At. Spectrom.,
6, 431 (1991).



