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Simultaneous Determination of Macro-amount and Trace Elements in
Soil and Stream Sediment Samples by Inductively Coupled Plasma-
Optical Emission Spectrometry with Multi-direction Viewing Mode

SHA Yan-mei ZHAO Xue-pet ZHANG Ge ZHANG Dan-yang JIAO Wan-li
Nanyang Geological Test & Research Center of Henan Province Nanyang 473000 China

Abstract A method for the determination of 23 macro-amount and trace elements including Al Fe Ca Mg K

Na P Ba Be Cd Ce Co Cr Cu Li Mn Mo Ni Pb Ti V W and Zn in soil and stream sediment
samples by inductively coupled plasma-optical emission spectrometry ICP-OES was reported. Multi-direction
viewing mode axial radial axial attenuation and radial decay was selected for each element with less spectral
interference. The use of multi-component spectral fitting technology for spectral interference correction remarkably
improved the detection limits and precision of the method. The recovery was 94.0% ~103.4% with the precision
of less than 3.0% RSD n =10 . The method has been applied to the determination of macro-amount and trace
elements in National Standard Reference Materials and the results are in agreement with certified values.
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1.1
Optima 2100DV 3 ICP - OES
PerkinElmer Charge
Coupled Device CCD 110 ~ 2
700 nm 1300 W 21
15 L/min 0.2 L/min
0. 8 L/min 15 mm
1.5 mL/min 1.5 mL/min HCI HNO, HCIO, HF
30 s ~2s . 6.5 mL HCl - HNO, -
1.2 HCIO, 5 mL, HF
Fe,0, CaO MgO Al,O, K,O 22
Na,0 Mn Ti Li P Ba Be Ce Cd Co Cr Cu Mo
Ni Pb VW Zn 1 g/L
0. 63 mol/L
HNO, 1
mg/L Al O, Fe, O,
100 200 400 K, O Na, O CaO MO 20 50 1
100 Ti 52050 Mn BaP 0.55 15 Co Cu Table 1  Analytical wavelength and viewing mode of

PbZn Ce Cr Li Ni V. 0.1 15 Be Cd Mo W cach lement by ICP-OES

0.003 0.05 0.10 . . .
HCI - HNO, - HCIO, 3:2: Al 39. 153 Be 313.042 Ba  455.403
1.5 HF Fe 239,562 Cd 228.802 Mo 202.031
L3 Ca 317.9%3 Ce 413.380 Cu 327.393
: Mg 279.077 Cr 357.869 Pb 220.353
74 pm 105 C K 766.490 i 670.78 Co 228.616
3h Na 589.592 Mn  260.568
0.1g 0.0001 ¢ P. 214.914 Ni  221.648
T 334.940 Vo 290.880
6.5 mL W 207.912
5 mL HF Zn  213.857
50.00 mL 4
AL, O, Fe, O, CaO MgO
K,0 Na, O 5 g/L NaNO,
1 20.00 ml. s
1.4
1 MSF

— 202 — All rights reserved. http://www.ykcs.ac.cn



4 27
GBW 07402 GBW 07301
GBW 07302 4
MSF GBW
07302 10 4 23
1 RSD n =10 3.0%
2.3
2
0.24 mol/L HCl 0.32 mol/L HNO, 0.23 mol/L Table 2 Detection limits of the elements
HC104 0.36 mol/L H2804 Ly pg g_] Ly pg g_l Ly pg g_l
2 Ba 0.0014 Mn 0.0021 Al 0.0230
HCIO, H,SO, Be 0.0007 Mo 0.0001 Fe 0.0050
Cd 0.0002 Ni 0.0004 Ca 0.0108
HCl HNO Ce 0.0010 Ph 0.0006 Mg 0.0037
HNO 3 Co 0.0065 Ti 0.0035 K 0.0014
3 Cr 0.0224 \ 0.0080 Na 0.0030
HNO, 00.320.63 1.26 1.57 mol/L Cu 0.0004 W 0.0002 P 0.0070
2 Li 0.0009 In 0.0002
HNO, Pb Ba
HNO, 0. 32 mol/L 3 w
W Mo Table 3 Recovery test of the method
wy/ g g wy/ pg g
HNO, 0.63 mol/L R/% R/%
2.4 Ba 950 100 1052 1020 | T 5870 200 6062 96.0
Be 3.0 50 81 1020 V 21 100 223 102.0
Cd 0088 1.00 1083 99.5 || W 104 5 58 9.2
MSF HF HCI0, Ce 81 100 182 10.0 || Zn 79 100 180 101.0
Sj Fe Al Ca Mg Ti K Co 204 50 70.3 99.8 ||Al,03* 14.84 5.00 20.01 103.4
‘ L Cr 194 100 293 99.0 ||[Fe03* 7.35 5.00 12.30 99.0
Na P Cu Zn Ba Mn V Be Ce Co Cr Li Ni i 22 50 71 980 | Ca0* 461 1.00 558 97.0
Fe Ti Al Li 296 50 79.8 100.4 | Mg0* 414 1.00 5.10 96.0
cd Pb Mo W Mn 920 100 1019 9.0 || K,0* 348 1.00 4.51 103.0
Mo 074 5 560 97.2 |[Nap0* 277 100 3.71 94.0
Ni 76 S0 127 1020 P 1490 100 1585 95.0
MSF b 24 50 T3 9.0
Pb Cd W Mo MSF 0] * wy %
2~9
3
2.5
Mn W Mo
NaNO,
2.6
21 3 4
2 1 ICP - AES
GBW 07301 J . 2000 19 3 19 -22.
3 94.0% ~103.4% 2
2.7 19 I 1999
GBW 07401 18 4 275 -279.
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Table 4  Accuracy and precision tests of the method wy/ pg g
GBW 07401 GBW 07402 GBW 07301 GBW 07302 RSD/%
AL O; " 14.18 £0. 14 14.39 10.31 £0. 10 10.16 14.84 +£0.08 15.06 15.72 £0.10 15.72 0.58
Fe,0,"  5.1920.09  5.35  3.52+0.07  3.69  7.35£0.09  7.38 | 1.90£0.06  2.13 0.42
CaO ™ 1.72 £0.06 1.74 2.36 +£0.05 2.45 4.61 £0.07 4.38 0.25+£0.04 0.23 0.32
MgO * 1.81 £0.08 1.90 1.04 £0.04 1.19 4.14 +£0.06 4.01 0.21 £0.02 0.19 0.76
Na, O * 1.66 +0.04 1.60 1.62 £0.04 1.63 3.48 £0.09 3.40 3.03 £0.09 3.30 1.63
K,0*" 2.59 +£0.04 2.49 2.54 +£0.05 2.45 2.77 £0.06 2.80 5.20 £0.09 5.20 1.03
P 735 +28 748 446 +25 476 1490 +55 1454 200 +27 185 0.68
Ba 590 £32 565 930 £52 992 950 +66 930 185 £24 178 1.08
Be 2.5+0.3 2.69 1.8+0.2 1.59 3.0+0.4 2.98 17.1£1.1 20.8 0.89
Cd 4.3+0.4 4.5 0.071 £0.014 0.079 0.088 +0.014 0.11 0.065 +£0.011 0.063 1.13
Ce 70 +4 75 402 £ 16 390 81 £8 89 192 +5 175 1.27
Co 14.2 1.0 14.7 8.7+0.9 10.1 20.4 £2.1 21.8 2.6+0.7 3.02 0.93
Cr 62 +4 66.7 47 £4 50.8 194 £10 175 12 £3 13.6 1.21
Cu 21 £2 22 16.3 £0.9 17.5 22 +2 23 4.9 0.5 4.98 0.34
Li 3541 35.7 2x1 2.6 29.6+1.3 30.5 101 =4 13 1.08
Mn 1760 +63 1875 510 £ 16 501 920 £40 890 240 20 238 0.93
Mo 1.4 +0.1 1.35 0.98 £0.11 0.96 0.74 £0.13 0.86 2.0+0.3 2.29 1.42
Ni 20.4 £1.8 21.2 19.4 1.3 20.7 76 +8 72.4 5.5+1.4 5.55 0.89
Pb 98 +£6 102 20 +3 19.4 24 +3 26.9 32 £5 36.8 0.70
Ti 4830 +160 4806 2710 +80 2836 5870 £200 5836 1380 +80 1386 1.75
v 86 +4 83.7 62 +4 66.6 121 8 117 16.5+1.9 16.0 0.75
w 3.1+0.3 2.96 1.08 £0.22 0.93 1.04 £0.2 1.10 24 +2 23.9 2.02
Zn 680 +25 682 42 +3 45.4 79 £7 79.7 44 £5 48.0 0.52
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