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1. Introduction

The detection of uranium related to health physics applications requires low detection
limits. This work compares the Minimum Detectable Activity (MDA) and the measuring
range of several detection methods for Natural Uranium. The examined systems were:
ROTEM-portable proportional alpha monitor , ROTEM-portable Geiger pancake beta
monitor , Packard Liquid Scintillation System (LSC), Nal(Tl) and Ge
y spectrometry systems, and LIF-Laser Induced Fluorescence system. For all the portable
and the y spectrometry systems the counting of the uranium samples is performed directly
(non-destructive evaluation). For the LSC and LIF, the samples were first dissolved in
HNO3, and then a small volume of the solution was counted .

2. Materials and Methods

Filters from air samplers and smear tests containing various quantities of natural uranium
were measured by the different methods. First, the non destructive methods were
employed, then the samples were dissolved in 50 cc. of HNO3.
All systems were first tested for linearity and overflow, and the efficiencies were
determined using calibrated samples. Following, is a short description of the methods used.

• Direct counting with portable a and p monitors
In this methods we used a proportional detector for a counting and a Geiger detector
for P counting. The counting time was chosen 100 sec according to the instrument's
options. The advantage of this technique is that the sample is counted directly without
the need of special chemical treatment and without destroying it. The monitors are
portable and very simple to operate.

• y spectrometry
We employed y spectrometry with a Nal(Tl) 3" scintillator detector and with a high
resolution GeLi detector with a relative efficiency of 23% . Typical counting times of
2400 sec for the Nal(Tl) detector and 9000 sec for the GeLi detector were used. The
advantage of this technique is that the sample is counted directly without the need of
special chemical treatment and without destroying it. Also, Uranium can be
characterized by its spectral lines.

• LSC - Liquid Scintillation Counting
A LSC Packard Tricarb system was used to determine the activity of the samples.
When using this technique, the sample must be first dissolved. A small volume of the
solution is mixed with a liquid scintillator, and the a and p particles from Uranium
are stopped in the scintilator producing a light signal. Therefore, a high efficiency is
expected. The counting time was 600 sec.
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LIF-Laser Induced Fluorescence
This system measures routinely low quantities of uranium in urine samples.
The sample must be first dissolved and then a small amount of solution is mixed with
a fluorescent inducing material. The system requires unquenched samples with a well
defined pH.

3. Results

The results of our tests, showing the range of the Uranium quantities which can be
measured and the MDA's of the different methods are summarized in fig. 1. All methods
except the LIF are adequate to measure samples containing over O.lg Natural Uranium.
The MDA's were evaluated according to the background (3CT) and efficiency values for
each system, except for the LIF which was determined according to samples of known
Uranium activity. The systems were checked for the actual samples. The MDA values are
noted on the left side for each method (in ugr/sample units).
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Fig 1: The range and MDA's of different systems for Natural Uranium detection.

The results indicate that the lowest MDA was obtained using the LIF, and the highest using
the Nal(Tl) detector.
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4. Discussion and Conclusions.

• The most sensitive method for measuring uranium content is the LIF. It has a detection
limit of 0.05ug/sampIe, but its measuring range is limited to lug/sample. The sample
must be first dissolved (in HNO3) and the pH must be carefully adjusted to 7.
operations which involve significant laboratory work. This method is adequate for
handling only a limited number of samples for which very low MDA's are required.

• The portable counters (a and p) are very convenient and have relatively low MDA's
(especially the portable a counter because of its low background). However, because
of self absorption in the samples and the geometry dependence, the accuracy of these
systems is limited.

• The y spectrometry methods are convenient because no sample preparation is needed
and there is practically no self absorption (for small samples as filters or smears) but
the limit of detection for typical counting times is very high relative to the other
methods. The MDA can be improved by increasing the counting times.

• The LSC method has a low MDA and the samples can be counted automatically. The
main drawback is the need to dissolve the uranium which adds additional laboratory
work, but when considerable amount of samples are to be evaluated, it seems that this
method is to be preferred. The MDA can be improved by increasing the counting
time.
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