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Determination of 10 Elements including Silicon Iron and Aluminum
in Rock Stream Sediment and Soil Samples by ICP-AES
with Lithium Metaborate Fusion and Ultrasonic Extraction
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Abstract A method for the determination of 10 elements including Si Al Fe Ca Mg K Na P Mn and
Ti in rock stream sediment and soil samples by inductively coupled plasma-atomic emission spectrometry ICP-
AES  was reported. Samples were decomposed with lithium metaborate and dissolved with ultrasonic extraction.
The sample solution was then determined by ICP-AES. The method has been applied to the determination of
these 10 elements in National Standard Reference Materials with satisfactory results. The method is suitable for
quantitative analysis of multi-elements in rock stream sediment and soil samples.
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12-13 1.3
1000 °C 1
¢ =10% HNO, ICP - AES
ICP - AES
g/ mL
ICP - AES Si Al Fe K Na 10
CaMg PMn Ti 10 GBW
7103 ~ GBW 7108 GBW 07301 ~ GBW
07312 GBW 07401 ~ GBW 07408 GBW (07423
~ GBW 07430
1
1.1
IRIS Intrepid II XSP GBW 07300
ICP - AES Thermo
1150 W 14
L/min 0.5 L/min 0.19
MPa 100 t/min 1.85 mL/min 14
20 s 5 10 5 25 mL 2/3
KQ -100DB
1.2
ICP - AES
1 0.1g 0.0001 g 0.5¢
0.0001 g LiBO, 15 mL
1000 C
30 min
1 40 mL ¢ =10% HNO, 100 mL
1 (D
Table 1 The wavelength and parameters of 30 min
spectral line for each element 100 ml.
A/nm
Si 251.6612 133 I
Al 309.271 108 I
Fe 259.940 129 I 2
W s @ : 2.1
Ca 317.933 105 I 2.1.1
Mg 285.213 117 I 800 ~ 1 100 °C
P 213.618 157 I 50°C
Mn 257.610 130 I
Ti 334.941 100 I 950°C
D1 I
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950 °C 2.2
1000 °C 10
2.1.2 3 L,
1:1 2
~10:1 2
3:1 Table 2 The detection limits of elements
Ly pg g Ly pg g™ Ly pg g
3:1 10%
Si 8 Mg 1 P 1.5
HNO, Al 5 K 30 Mn 1
Fe 3 Na 105 Ti 1
5:1 Ca 6
2.1.3
2.3
LiBO, 10 RSD 3
Li* 3
Table 3  Precision test of the method
/% RSD/% /% RSD/% /10 RSD/%
Li* S0, 66.28  1.30 || M0 2.43 138 || P 736 3.34
Na 588.995 nm ALOy  10.61 0.9 || K0 1.9 1.92 || Mn 658 2.02
Li* Fe,05  5.06  1.83 ||Nay0 1.4 18 || ™ s 116
€0 592 2.9
Na
LiBO,
GBW 07103 ~GBW 07108
21.4 GBW 07301 ~ GBW 07312 GBW
14 07401 ~ GBW 07408 GBW 07423 ~ GBW 07430
4
3 4
2%
5% 10% 15% HNO,
10% HNO,
2.5% HNO, 3
2.1.5 - -
Si Si Al Fe
10
Si
GBW 07103
GBW 07106 GBW 07404 Si 10 5%
10 3%
Si
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Table 4  Analytical results of the components in National Standard Reference Materials wy/ %
S0, ALO, TFe,0, Ca0 M0 K,0 Nay0 Ti Mn P
A B A A B A B A B A B A B A B A B A B
GBW 07103 72.83 73.27 13.40 13.46 2.14 2.25 1.55 1.68 0.42 0.41 5.01 4.86 3.13 3.15 1720 1707 463 482 405 433
GBW 07105 44.64 45.07 13.83 13.49 13.40 13.24 8.81 8.97 7.77 7.58 2.32 2.18 3.38 3.34 14200 13990 1310 1356 4130 4464
GBW 07106 90.36 90.35 3.52 3.36 3.22 3.31 0.30 0.25 0.082 0.068 0.65 0.64 0.061 0.074 1580 1625 155 152 970 1084
GBW 07108 15.60 15.68 5.03 4.87 2.52 2.56 35.67 35.87 5.19 5.18 0.78 0.75 0.081 0.085 1960 1949 434 448 226 231
GBW 07301 58.43 58.50 14.83 14.90 7.35 7.50 4.60 4.60 4.14 4.20 2.77 2.72 3.50 3.50 5870 5914 920 940 1490 1499
GBW 07303 71.29 71.20 12.04 11.95 6.54 6.65 0.22 0.28 0.68 0.71 2.46 2.46 0.32 0.31 6360 6312 400 415 630 656
GBW 07305 56.44 56.01 15.37 15.35 5.84 5.99 5.34 5.24 0.98 1.01 2.11 2.10 0.39 0.40 5370 5380 1160 1208 630 637
GBW 07403 74.72 74.67 12.24 12.29 2.00 1.99 1.27 1.30 0.58 0.56 3.04 3.05 2.71 2.66 2240 2331 304 319 320 336
GBW 07404 50.95 49.89 23.45 23.43 10.30 10.04 0.26 0.24 0.49 0.45 1.03 1.04 0.11 0.090 10800 10230 1420 1536 695 702
GBW 07407 32.69 32.53 29.26 29.46 18.76 17.97 0.16 0.19 0.26 0.26 0.20 0.18 0.074 0.070 20200 18210 1780 1925 1150 1249
@D A B Ti Mn P ne/s
4 2004 23 1 19 -24.
1 M . 8 X
3 1991 19 -62. 2 J .
2 2004 23 3 45-50.
M . 2004 3 -8. 9 X
3 X J. 2000 2 50 -51.
I 10 . XRF .
2006 Z1 41 -45. 2003 21 6 441 —443.
4 - X 11 : I
36 1988 7 4 317 -323.
J . 2006 25 1 80 -84. 12 _
3 X I 2001 16 4 7-9.
J . 2005 24 4 13 ) ICP — AES
547 -552. Si Zr 12 J. 2005 24
6 X I 2 118 -122.
2005 22 5 46 -48. 14
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