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Abstract: A method for the determination of C,N,Na,O,MgO, Al,O,,SiO,,P,S,Cl,K,0,Ca0,Sc,Ti, V,Cr,
Mn,Fe,Co,Ni,Cu,Zn,Ga,Nb,Zr,Y,Sr,Rb,Pb,Th,Ba, As,Br, Hf,La, Ce and Nd in soil and stream sediment

samples by X-ray fluroescence spectrometry with pressed power pellet sample preparation was developed. The de-

termination condition for C and N was optimized and the interference from background and spectra overlap was

discussed. The matrix effect was corrected by experience coefficients and scattered radiation was used as internal

standard for trace elements deterimination. The accuracy of the method was evaluated by analysis of certified ref-

erence soil samples. The results were in good agreement with centified values with precision of <6.0% RSD( n

=12 ) expect for N and C1 ( RSD <11.0% ).
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Table 1 Measurement conditions for the elements
. e . N 20/(°) /s
JTLE T AT WEERR/(°)  BRIUEE HE/KV  HLR/mA Ve =
VEE 155 EE T
C Ka, AX -16 + 2.60 F-PC 30 120 32.626 41.740 40 40
N Ko, AX -09 2.60 F-PC 30 120 33.255 40. 655 40 40
Na Ka AX -06 0.60 F-PC 30 120 24.409 26.260 24 24
Mg Ko AX -06 0.60 F-PC 30 120 20.231 21.827 20 20
Al Ka PET 0.25 F-PC 30 120 144. 630 10
Si Ka PET 0.25 F-PC 60 60 108. 980 10
P Ka Ge 111 0. 60 F-PC 30 120 140.920 143.956 24 24
S Ka Ge 111 0.60 F-PC 30 120 110. 620 113.320 40 40
Cl Ko Ge 111 0. 60 F - PC 30 120 92.7 10
K Ka LiF 200 0.25 F-PC 30 120 136. 66 10
Ca Ko LiF 200 0.15 F-PC 30 80 113.110 10
Sc Ko LiF 200 0. 60 F-PC 45 80 97.748 96.951 40 40
Ti Ko LiF 200 0.25 F-PC 45 80 86. 134 85.164 20 20
V Ko LiF 200 0.25 F-PC 45 80 76.958 77.978 20 20
Cr Ko LiF 200 0.25 F-PC 45 80 69.360 77.978 30 30
Mn Ko LiF 200 0.25 F-PC 60 60 62.994 64.764 16 16
Fe Ka LiF 200 0.15 F -PC 60 60 57.540 10
Co Ko LiF 200 0.25 F-PC 60 60 52.801 54.001 40 40
Ni Ka LiF 200 0.25 F-PC 60 60 48. 669 49. 869 40 40
Cu Ko LiF 200 0.25 F-PC 60 60 45.025 46.851 40 40
Zn Ka LiF 200 0.15 SC 60 60 41.801 42.801 20 20
Ga Ka LiF 200 0.25 SC 60 60 38.920 39.488 30 30
As Ka LiF 200 0.25 SC 60 60 34.000 34.612 30 30
Br Ka LiF 200 0.15 SC 60 60 29.982 31.002 40 40
Nb Ko LiF 200 0.15 SC 60 60 21.477 21.892 20 20
Zr Ka LiF 200 0.15 SC 60 60 22.540 24.489 16 16
Y Ko LiF 200 0.15 SC 60 60 23.800 24.500 20 20
Sr Ka LiF 200 0.15 SC 60 60 25.160 24.500 12 12
Rb Ko LiF 200 0.25 SC 60 60 26.618 25.700 12 12
Pb LB, LiF 200 0.15 SC 60 60 28.267 28.830 30 30
Th Lo, LiF 200 0.15 SC 60 60 27.481 29.464 30 30
Ba Loy LiF 200 0.25 F-PC 45 80 87.160 88.529 24 24
Hf Lo, LiF 200 0.25 F-PC 60 60 45.881 46.786 40 40
La Lo, LiF 200 0. 60 F-PC 60 60 82.80 84.500 20 20
Ce Loy LiF 200 0.60 F -PC 45 80 79.140 80.729 30 30
Nd Loy LiF 200 0. 60 F-PC 45 80 72.150 70. 602 30 30
Rh Ka, LiF 200 0.15 SC 60 60 18.521 10
Mo® Ka LiF 200 0.15 SC 60 60 20.332 20.761 30 30
U Lo, LiF 200 0.15 SC 60 60 26. 160 29.424
Bi Lo, LiF 200 0.15 SC 60 60 33.019 33.534 20 20
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Table 2 Concentration range for elements determined

in calibration samples

H4y wy/1072 M5y wp/1070 || A4 wp/1076
C  0.217~8.96 || Co  2.4~99 Rb 2 ~490
Na,0 0.039~7.16 || Ni = 2.7~276 Pb 4.4 ~640
MgO 0.082~29.26 | Cu  3.2~1250|| Th  2.6~70
ALO;  0.10~20.0 Zn o 11.7~745| la 1.7 ~164
Si0, 0.62~90.34 || Nb  2.7~95 Ba 44.3~3340
K0 0.004~7.48 || Zr 3.0~1540| Nd 11.8~210
Ca0 0.089~75.69 | Br  0.5~80 Ce 7.8 ~402
Ti  0.042~2.010|| P 26.2~4130] As  0.7~412

Fe,0; 0.21~24.75 || Sc 2.4 ~43 Hf  1.5-~20

N® 370 ~1870 Cr  2.6~410 Vo 2.1~768
S 35 ~3700 Y 1.4 ~67 Ga  4.7~39

cl 36 ~ 1000 St 2.4~1198| Mn 77.4~2500
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Table 3  Detection limits of the elements

i Ly/Cpg-g™") P Ly/Cpg-g™ ")
ENEN Mt Ak Ml
Na, O 300 1000 Hf 1.5 -
MgO 300 500 Ni 1.2 1.0
AL, Oy 200 500 Cu 1.2 1.0
Si0, 200 500 Zn 2.0 4.0
K,0 100 500 V 4.5 5.0
Fe, 04 30 200 Cr 3.2 5.0
P 7.0 10.0 Ba 7.0 10.0
Ti 10.0 10.0 La 9.6 5.0
Mn 6.0 10.0 Nb 1.2 2.0
Co 1.1 1.0 Ir 1.5 2.0
S 10.0 50.0 Y 1.0 1.0
Cl 12.0 20.0 Sr 1.2 5.0
Se 1.5 1.0 Rb 1.2 3.0
Br 0.6 1.5 Pb 1.8 2.0
Ce 10.0 2.0 Th 2.2 2.0
Ga 1.0 2.0 C 100 1000
As 1.1 1.0 N 300 20.0
Nd 12.0 -
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Table 4 Results of precision test

iR %@ RSD/% Eiy X RSD/%
Na,0  0.14 3.6 Mn  1399.3 0. 40
MgO0  0.56 2.1 Co 22.6 2.5
ALLO;  23.26 0.69 Ni 62.7 4.1
Si0,  51.15 0.65 Cu 37.6 5.0
K0 1.04 0.62 Zn 2121 3.2
Ca0  0.28 0.90 Ga 30.1 3.1
Fe, 05 9.50 0.35 As 56.3 5.0
P 707.3 0.30 Br 3.6 5.3
Se 18.5 3.3 Nb 37.5 2.5
Ti  10785.3  0.40 v 495.6 1.0
253.3 0. 80 La 56. 1 4.5
Y 38.1 3.1 Ce  144.0 2.4
Sr 76.7 2.4 Nd 28.0 4.5
Rb 75.0 3.0 N 1148.4 6.8
Ph 62.4 3.5 Hf 15.2 4.3
Th 28.3 3.8 S 195 5.0
Ba  212.1 1.1 cl 42 11.0
cr 3711 0.30 C 0.78 4.0
@ 2 A 12 WA T HIME ; Na, O ~ Fe, 04 S C 1Tt 5340wy, Ay
10 72, AR 531wy H71076,
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Table 5 Accuracy of the method verified by standard sample analysis

GSS'5 GSS 12 GSS 14 GSS 15
7
FRUE(E ESFS FrRHE(E ESFS FriE(E ESFS FriE(E ESFS
C (1.5) 1.46 1.09 £0.15 0.9 0.93 +£0.12 0.80
Na, O 0.12 £0.02 0.15 2.00 £0.06 2.04 1.59 +£0.07 1.30 1.26 £0.05 1.16
MgO 0.61 £0.06 0.62 2.43 £0.07 2.59 1.90 £0.06 2.05 1.80 £0.06 1.76
Al, O, 21.58 £0.15 21.86 13.27 £0. 11 12.64 14.43 £0.13 14.5 15.27 £0.10 15.12
Si0, 52.57 £0.16 52.35 60.01 £0.27 59.45 64.51 £0.36 64.32 63.63 +£0.02 64.85
K,0 1.50 £0.04 1.55 2.62+0.05 2.62 2.46 £0.07 2.53 2.36 £0.04 2.38
CaO (0.10) 0.09 5.83 £0.06 5.97 2.45 £0.05 2.56 1.53 £0.04 1.57
Fe, 0, 12.62 £0.18 12.3 4.71 £0.04 4.72 5.32 £0.06 5.45 6.44 £0.07 6.70
p 390 +34 420 708 9 692 730 £28 746 560 £ 18 580
S 410 £54 417 154 +15 174 173 +24 198 176 +12 200
cl (76) 96 (50) 74 50 +4 62 83£15 112
N 610 31 602 550 £ 60 680 810 £120 935 940 + 100 978
As 412 £12 413.8 12.2£0.8 11.7 6.5+1.3 8.0 21.7 1.2 21.5
Ba 296 +26 291.0 492 +20 482.8 608 13 627.4 716 £ 16 715.3
Br (1.8) 1.9 2.1+0.3 1.9 1.7+0.3 1.4 2.7+0.3 2.6
Ce 91 10 96.7 57 2 64.9 80 £2 66.1 93 +4 92.5
Co 12 +2 10.1 12.6 £0.3 14.3 14.6 £0.7 15.2 17.6 £0.7 18.0
Cr 118 +7 119.1 59 +2 57.7 70 £3 74.4 87 +4 90.8
Cu 144 £6 140.3 29 +1 29.0 27.4£1.1 27.0 37 +2 35.4
Ga 32 +4 31.9 16.8 £0.5 15.9 18.8£0.8 18.0 20.5+1.0 19.7
Hf 8.1x1.7 8.2 5.5+0.4 5.6 6.4+0.3 6.0 7.6 0.4 6.9
La 36 £4 40.6 29 +2 34.6 41 2 39.0 47 2 48.1
Mn 1360 +71 1341 774 £19 763.3 688 15 688. 4 963 +20 971.8
Nb 23 +3 19.8 12 +1 12.1 14.4 £0.6 14.2 18.6 1.3 19.1
Nd 24 +2 27.0 27.9+1.2 29.0 36 +3 31.0 41 £2 41
Ni 40 +4 40.7 32 +1 32.1 33 +2 33.4 41 =1 40.5
Pb 552 +29 557.0 19 £2 18.3 31 +1 31.0 38 +2 38.4
Rb 117 +6 108.0 94 +3 92.8 108 +4 106. 6 116 +3 119.3
Se 17 =1 15.7 12.6 £0.4 13.4 11.7£0.3 12.0 14.8 £0.5 15.0
Sr 42 £4 42.0 240 £5 239.7 152 +5 153.2 115 +4 114.4
Th 23 +2 23.7 10 =1 10.1 12.7 £0.5 11.7 14.5£0.8 14.0
Ti 6290 £210 6453.2 3920 £70 3891.5 4060 =130 4184.5 5270 £200 5393.2
A% 166 +9 164.1 86 +4 85.1 86 +2 89.5 119 £3 122.3
Y 21 3 22.4 26.4 0.9 26.7 25 +1 25.0 33 £2 32.1
Zn 494 +25 498.3 78 £5 76.9 96 +3 96.6 94 4 95.5
Zr 272 +16 272.7 195 +7 196. 1 227 +8 227.3 272 +8 274.5

@ C~Fey05 # wy 91072, HARH I wy 4 10 7 sHREME OO REER N S % H.
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Table 6 C and Cl contents increasing with measuring JEERLJ | MBS %, 1997,13( 4 ):225 -229.
times for same sample pellet [5] AATYHImE /N SR aHCEZ00)
W GV ol Cl)y [ M J.3 R 65T H i i i, 1991 :338 —352.
BT w(C)/% . w5 w(C)/% . . . . .
(pg-g™") (peg-g™') [6] Kikkert J. Practical Geochemical Analysis of Sample of
1 0.703 82.7 7 0.932 91.7 Variable Component using X-ray Fluorescence Spectrome-
2 0767 88.5 8 0.948 94.3 try [ J 1. Spectrochemica Acta,1998 ,33B( 56 ):809 — 820.
3 0. 800 92.6 9 0.976 93.2 . .
— S AT 106 28 =i ni
Y 08 039 0 0.993 97 7 (7] Dg/T 0130—2002, 4 J5t £ 7 55 46 % I 128 5 45t A 2 ML
5 0.857 95.2 11 1.001 96.3 ful s .
6 0.904 94.4 12 1.031 97.5
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