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Table 1 ICP-MS operating conditions

ICP RF-power:1.2 kw

Plasma gas flow-rate:15.3 I/min

Aux gas flow-rate:16.2 1/min

Carrier gas flow-rate:0.38 1/min
Sampling depth:13 mm

Mass spectrometer pressure:4 X 10-%torr
Accumulation:50 times

Channel width:3 channel

Repetition:1 time

Dwell time:50 ms
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Table 2 Precision of analysis without external calibrations
Element Mass Standard Detection N Maximum Minimum Average SD* CvVr**
concentration limit

(amu) (ppb) (ppt) (ppb) (ppb) (ppb) (ppb) (%)

Li 7 250.0 13.3 31 383.8 250.0 321.1 38.0 11.8
Na 23 1000.0 145.8 31 1250 .4 976.0 1091.6 86.6 7.9
Mg 24 1000.0 23.2 31 1100.5 994.0 1031.8 23.9 2.3
Al 27 100.0 6.0 31 114.7 100.0 109.4 3.7 3.3
K 39 10000.0 1678.9 31 10161.3 9927.3 10057.8 58.8 0.6
Ca 44 1000.0 55.0 31 1103.7 988.5 1027.1 25.0 2.4
Cr 52 20.0 4.3 31 22.0 19.9 21.1 0.6 2.8
Mn 55 5.0 5.8 31 5.5 5.0 5.3 0.2 3.0
Fe 56 15.0 66.1 31 18.4 14.9 16.7 1.1 6.4
Ni 58 50.0 5.2 31 54.8 50.0 52.9 1.4 2.7
Co 59 20.0 2.1 31 22.2 20.0 21.3 0.6 2.9
Cu 63 20.0 72 .4 31 23.7 20.0 22.0 1.0 4.7
Zn 64 20.0 17.8 31 22.6 20.0 21.5 0.6 3.0
Ga 69 150.0 2.1 31 167.5 149.7 160.5 4.7 3.0
Sr 88 1.0 1.3 31 1.1 1.0 1.1 0.0 2.4
Ag 107 50.0 1.8 31 55.1 50.0 53.1 1.5 2.8
Cd 114 20.0 2.3 31 22.0 20.0 21.0 0.6 2.7
In 115 200.0 0.6 31 225.7 200.0 212.6 6.8 3.2
Ba 138 1000.0 13.3 31 1065.9 1000.0 1038.8 20.9 2.0
T1 205 400.0 6.9 31 457.6 400.0 428.7 15.8 3.7
Pb 208 200.0 12.8 31 224 4 200.0 214.9 6.6 3.0
Bi 209 200.0 8.6 31 249 .5 200.0 235.8 12.6 5.3

*Standard deviation, **Coefficient of variation

Table 3 Precision of analysis with external calibrations

Element Mass Standard Detection N Maximum Minimum Average SD* Cv**
concentration limit

(amu) (ppb) (ppt) (ppb) (ppb) (ppb) (ppb) (%)

Li 7 250.0 13.3 31 312.0 250.0 271.5 13.7 5.0
Na 23 1000.0 145.8 31 1051.7 967.9 1005.0 21.8 2.2
Mg 24 1000.0 23.2 31 1083.2 983.8 1020.5 22.6 2.2
Al 27 100.0 6.0 31 107.5 97.7 102.7 2.5 2.4
K 39 10000.0 1678.9 31 10063.0 9954.2 10020.1 26.1 0.3
Ca 44 1000.0 55.0 31 1097.1 986.5 1020.8 24.7 2.4
Cr 52 20.0 4.3 31 20.9 19.6 20.2 0.3 1.6
Mn 55 5.0 5.8 31 5.2 4.9 5.1 0.1 1.7
Fe 56 15.0 66.1 31 16.9 14,1 15.3 0.6 4.2
Ni 58 50.0 5.2 31 52.2 49 .4 50.6 0,6 1.3
Co 59 20.0 2.1 31 21.0 19.8 20.3 0.3 1.5
Cu 63 20.0 72.4 31 21.6 19.3 20.4 0.6 2.8
Zn 64 20.0 17.8 31 21.4 19.7 20.5 0.4 2.1
Ga 69 150.0 2.1 31 160.4 148.6 152.8 3.0 1.9
Sr 88 1.0 1.3 31 1.1 1.0 1.0 0.0 2.1
Ag 107 50.0 1.8 31 51.9 49.2 50.8 0.7 1.3
Cd 114 20.0 2.3 31 20.8 19.7 20.3 0.3 1.3
In 115 200.0 0.6 31 209.6 198.5 204.0 3.9 1.7
Ba 138 1000.0 13.3 31 1046.5 990.6 1014.6 15.3 1.5
Tl 205 400.0 6.9 31 425.4 399.7 410.5 7.9 1.9
Pb 208 200.0 12.8 31 210.0 200.0 205.4 3.0 1.5
Bi 209 200.0 8.6 31 224.0 200.0 212.9 7.2 3.4

* Standard deviation, ** Coefficient of variation
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Fig. 5 Calibration curves of elements
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Determination of trace elements in environmental
sample by ICP-MS
(1) Determination of the optimum condition of ICP-MS
and the precision of elements concentration
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Eiji Yamasurta, Takeshi Isun and Yoshitsugu SHice
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Okayama University of Science,

Ridai-cho 1-1, Okayama 700
(Received September 30, 1992)

For determination of trace elements in environmental sample by inductively coupled
plasma mass spectrometry (ICP-MS), the optimum condition of ICP-MS was deter-
mined and the stability of ICP-MS and the precision of elements concentration were
investigated. The optimum condition was the sampling depth:13 mm and RF-power:
1.2 KW. The stability of ICP-MS was indicated little drift of ionic strength after
plasma lighting, however, ICP-MS was stabilized after 40 minutes. The coefficient
variation (CV) of analyzed element concentration by external calibration was under
3% and the precision of analysis was very high.



