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Determination of Uranium in Groundwater by
Instrumental Neutron Activation Analysis
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Abstract : In general the concentration of uranium in natural water such as fresh water and sea water is in the range
of 0.01~5 ppb, therefore trace analytical technique is required. The aim of present work is to compare a direct and
preconcentration methods by evaporation and to investigate rapid and accurate trace analysis of uranium in
groundwater using Instrumental Neutron Activation Analysis (INAA) which are sensitive and nondestructive method.
Identification of analytical procedure was carried out using uranium standard solution of the range of 0.5~100 ppb.
In the given concentration, the deviation of calibration curve was less than 2%, and the standard deviatdon of
measured values at each concentration was the range of 2~12%. The difference of U content with sampling time
for the same sample site was about 10.3%. Using this established method, the concentrations of uranium in samples
collected at the 17 spring of Choongchung areas were found to be in the range of 1~80 ppb.
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Table 1. Nuclear properties of nuclide and the concentration level and sensitivity of uranium in natural fresh water

Element  Nucide — HafLife ~ C2mmRay Sensitivity, ng” Concentration reported (1g/1)
(keV) (Detection Limit, pg/1) Fresh water (Average) Sea water (Average)
u »u 235 m 74.7 10 (1-3)
0.019-12 (1.5) 12-42 (2.7)
*Np 2.35d 277.6 0.3 (0.1-1.5)

* Sensitivity is given in ng of element resulting 1000 counts of gamma peak area under the following analytical conditions: HP Ge-detector:
EG&G ORTEC, GEM 25% Efficiency, 1.85 keV FWHM, thermal neutron flux: 1.7x 10" n/cm’® s.: *U: T=10 m, Ty=10 m, T.=300 s;

*Np: Ti=1h, T;=7d, T.=10000 s
() Detection Limit by Currie's definition: 2.33 5.

(Nyarku and Chatt, 1982; Holzbecher and Ryan, 1980).
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Figure 1. Calibration curve of U standard solution.
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Figure 2. Gamma-ray spectra of 1 and *Np in water samples.
sample irradiation: pneumatic transfer system of
HANARO Reactor (neutron flux: 1.7X 10" n/cm’s)
counting system in HPGe-detector (GEM 25185, EG
&G ORTEC, 25% cfficiency, peak to compton ratio;
62:1) (a) Ti:2h, T¢:7d, T.: 4000s; (b) T;:20 m, T,:20
m, T.: 1000s
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Table 2. Result of standard addition method of uranium to
groundwater sample
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U added, U found, Spike Recovery
ng/ml ng,/ml ng/ml %
0.0 199+27 0.0 100
7.5 274 7.5 100
15.0 341 142 95
225 41.8 219 97
30.0 482 28.3 94
37.5 56.8 369 98
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Figure 3. Gamma-ray spectra obtained from standard addition of
uranium to water sample: a) unspiked, b) 7.5 ppb, c)
15 ppb, d) 22.5 ppb, ¢) 30 ppb, ¢) 37.5 ppb
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Table 3. Comparison of analytical results between various methods

U concentration, ng/ml

Analytical Method

UW-1 UW-2 UW-3

15.8+0.8
12.7£0.4

247+12
19.5+0.8

1.84+0.22
1.11+£0.50

INAACPU)
INAA(*Np)

1CP-MS
Fluorospectrometry
0OL-SPECtroscopy

12.1+0.35
10.0+£0.51
13.8+0.28

0.62+0.013
1.88+0.41
2.76
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Table 4. Content of uranium in groundwater collected with sam-
239

pling date using direct method (*"U)

Code No. U concentration, ng/ml Sampling Date
UWO0l 16.4+1.9 06/11,/98
Uuwo2 14.2+£09 06/18/98
Uwo3 14.6+£05 06,/25/98
UwWo4 14.6£1.0 07,/02/98
UWO05 17.1+0.5 07,/09,/98
UWO06 15.0x+1.5 07/16,/98
uwo7 17.5+0.5 07/23/98
uwog 15.0+04 07,/30,/98-
Uwo9 18.1+1.8 08,06,/98
TUW10 19.1+0.9 08/13/98

Mean+SD 16.2+1.7 (10.3%)

Table 5. Content of uranium in groundwater collected from sam-
pling sites of Choongchung area using direct method
(239U)

Code No. U concentration, ng/ml Sratistics
TJO1 2.49+0.73
TJ02 5.88+0.73
TJO3 14.8+2.4 Range: 2.49~77.2
TJ04 162+1.2 Arithmetic Mean: 33.1+27.2
TJ05 277428 Geometric Mean: 21.2/0.5
TJ06 30.4+6.0 Medjan: 27.7
TJj07 58.7+5.6
TJ08 64.7+2.5
TJ09 772+44
CBO1 3.66+0.38
CB02 431£0.37
CB03 5.42+0.99 Range: 3.66~42.8
CB04 7.83+1.77 Arithmetic Mean: 16.3+14.4
CBO05 13.0+1.5 Geometric Mean: 11.3/0.4
CB0O6 23.3+27 Median: 10.4
CBO7 30.4+2.3
CB08 42.8+2.4 .
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