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Uranium and Thorium Determination in Nuclear Wastewater
by Total Reflection X-Ray Fluorescence Spectrometry
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Abstract: A method for the determination of uranium and thorium in nuclear wastewater by
total reflection X-ray fluorescence spectrometry(TXRF) with direct sample preparation was
established. Ga was used as an internal standard, the detection limits for U, Th are 0. 010,
0. 008 mg/L, and the relative standard deviation of the standard solution measurement is less
than 7% (n=6), and the marked recovery is between 95% and 115%. The method has been
applied to the determination of unknown samples, and the results are in good agreement
with ICP-MS. The slope of equation of line regression about U and Th is 0.93 and 1.0
respectively. The correlation coefficient of equation about U and Th is 0.997 and 0. 999
respectively.
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Fig. 1 Total reflection X-ray fluorescence spectrum

of U and Th standard solution
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Table 1 Results of different internal standard element

= ) ot/ owigi /(mg + L7
i R (mg+ LD Ga k% Y ks
1 U 0. 50 0.52 0.48
Th 0. 50 0.49 0. 50
28 U 1.0 1. 11 1. 05
Th 1.0 1.09 1.08
3F 18] 2.0 2.07 2. 10
Th 2.0 2.03 2.08
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Table 2 Analytical results of mixed solution of U, Th

R % p/(mg- LY %
W Rl T {1
1# U 0. 05 0. 044 4.6
Th 0. 05 0. 046 5.7
28 U 0. 50 0.511 6.3
Th 0.50 0.503 6.0
3# U 1.0 1. 10 1.5
Th 1.0 1. 09 5.2
g U 2.0 2.09 6.1
Th 2.0 1.95 4.9
5# U 5.0 5.22 5.0
Th 5.0 5.12 4.4
H:n=6
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Table 3 Comparison of results by TXRF and ICP-MS

RE & o(U)/(mg « L™H) o(Th)/(mg « L™
G5 TXRF ICP-MS TXRF ICP-MS
S-1 1. 25 1.12 0.29 0. 24
S-2 0. 66 0.62 0. 39 0. 35
S-3 1.02 0.99 0. 46 0.43
S-4 1. 55 1. 46 0.58 0. 54
S-5 0.46 0.43 0.67 0. 64
H:n=3
(b)

3=(-0.05720.011) + (1.0£0.022) x
#*=0.998
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Fig. 2 Correlation of concentration determined by TXRF and

ICP-MS respectively for U and Th in nuclear waste water samples
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Table 4 Results of standard recovery test
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S-1 1. 25 1. 00 2. 40 115 0.29 0. 50 0.77 96

S-2 0. 66 1. 00 1. 74 108 0.39 0. 50 0.92 106

S-3 1.02 1. 00 1. 97 95 0. 46 0. 50 0.99 106
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