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ABSTRACT

In this work, a simple and accurate method for U and Th determination in natural samples is proposed. This method is
based on simplified calculations of the efficiency factor of the solid state track detector using a thin source approach.
Samples were firstly saluted using a concentrated H,SO, acid and then distributed on a glassy slide where the thickness
of the sample was about 7 um. CR-39 and LR-115 track detectors were exposed to the thin layer of the natural samples
for few days and then the track densities were obtained. By the mean of originated track densities in CR-39 and LR-115
as a function of exposure time and sample weight, the concentration of U and Th in Bg/kg were obtained by the thin

source approach of SSNTD.
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1. Introduction

Solid State Nuclear Track Detectors, SSNTD are widely
used in different applications related to a-track registra-
tion [1-4]. One of the most applications is the U and Th
determination in natural materials. Th in natural samples
is usually more abundant than U by a factor of about 4,
so it is necessary to calculate the ratio of Th/U in order to
perform a quantitative analysis of uranium and thorium
in natural samples [5,6] but this ratio is related to the
geological structure of samples.

Different tools have been used for Th content as iso-
tope dilation mass spectroscopy chromatography. Induc-
tive coupled plasma mass spectrometry, neutron active-
tion analysis, a-spectrometry using SSNTD. The use of
SSNTD has many advantages than the others due to the
long term exposure property and the alpha track counting
is performed without any electronic attachment.

Using SSNTDs, the general relation used for concen-
tration determination of U or Th in CR-39 or LR-115 are
given in Equations (1) through (4) [5].

Py =k, Cy (1)
p;zR = k;hcrh ()

where p5f and pj are the registered track densities
of U and Th, series respectively. Cy and Cy;, are the con-
centrations of U and Th in the natural sample. &y and k7,
are the a registration efficiency from U and Th series,
respectively and so for LR-115 Cy and Cyy, are:
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péR =kyCy 3
pri = kyCry “4)
Then the total track density of CR-39 is
C e
K=k, C, | 1+ 5
e vu TEC, | (5)
And for LR
C e
LR :k C 1+ Th™~Th 6
P vtu kG, | (6)

From Equations (5) and (6), the track density ratio of
CR-39 to LR-115 is

5

r . 1+ k"l;h CTh

ﬁ — P — k_U kU CU (7)
,OtL K kU 1+ kTh CTh
kU CU

The efficiency factor for thick source is given by Equa-
tions (8) and (9):

8
k, = %ZR, cos’ 6., )
i=1
1 <«
ky, = ZZi:I R, cos’ 6, Q)
where R; and 6,; are the range and the critical angle of

isotopes in U and Th series, respectively [7].
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2. Method of Calculations

From Equations (8) and (9), both of a range (R) and the
critical angle of etching (6. ) should be determined for
efficiency calculation. For accurate calculation the a
range from U and Th series, chemical analysis should be
performed for the natural containing radioactive material.
Also 6. for 14 different alpha energies should be obtained,
which sometimes very sophisticated.

In this work, a thin source approach was proposed, where
the efficiency factor in Equations (8) and (9) could be
written as for U and Th:

k, :28:<1—sin6’ci) (10)

Il
Mc\

ey, =Y (1-sin 6, ) (11)

i=1

From Equations (10) and (11), one can notice that ef-
ficiency depends only on the critical angle 6. which is
easily known as a function of a energy [7].

Using the thin source technique, with CR-39 Equation
(5) can be rewritten as:

Per min = kv 4inCu + Ky inCr (12)

where ky g, and kyy, ., can be calculated from Equations
(10) and (11) which yield to the determination of Cy +
Cry,. So other relations are needed to get both Cy and Cypy,
which can be obtained from LR-115 data.

By considering Th series [9-10], one can notice that
the series contains 6 alpha particle emitters with energies
higher than 4.5 (window of LR-115 detector [8]) only **Th
has a energy of value 4.08 MeV [9,10]. So when thin
layer of sample is used with LR-115 it will only register
the 4 o from U-series with energy smaller than 4.5 MeV,

then
4

o= (1-sinb.)C, (13)
i=1
From Equations (12) and (13) both of C; and Cy, are
easily obtained.

3. Experimental

Natural samples are collected from Oil fields at the beach
of the Meditraian Sea near Domiat and Kafer El-Skeekh
north east of Cairo, Egypt. Samples were grinded to very
small grain size. A very small mass of each sample was
added to concentrated solution of H,SO, acid. The resulted
solution was distributed on a glass slide where the thick-
ness of the sample on the slide is in the range of 7 um.
CR-39 and LR-115 detectors were exposed, in closed
contact, to the samples for few days. Detectors were col-
lected and etched at the optimum etching conditions. Track
density originated in CR-39 and LR-115 was counted using
an image analyzer model ELBEK SAMICA, Germany.
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4. Results and Discussion

Colleted samples were coded with numbers from 1 to 10
and about 300 mg of sample was used and distributed on
a glassy slide. The originated tracks (cm>-g ''sec™') in
CR- 39 and LR-115 within 15 day exposure were
counted and illustrated in Figure 1.

From the track densities in CR-39 and LR-115, two me-
thods of calculation were used. These methods were me-
thod 1 where the contribution of track density in LR-115
from Th is neglected and Method 2 where track density
from Th in LR is considered.

4.1. First Method

Values of alpha energies in U and Th series are given in
references 9 and 10.

In this approximation neglecting the contribution in track
density from Th series in LR-115, the U activity concen-
tration can be determined from Equation (13) and repre-
sented in Figure 2.

From the obtained U concentration, and by substitut-
ing in Equation (12), the Th concentration is obtained
and illustrated in Figure 3.

4.2. Second Method

In this method, all alpha energies closed to 4.5 MeV or be-
low are considered in LR-115 registration from both U and
Th series. In this method Equation (13) can be written as:

4
ot =>(1-sin6,)C, +(1-sin8,)Cy, (14)

i=1

The obtained U concentration from this method is
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Figure 1. Originated track density in CR-39 and LR-115 ex-
posed to natural samples.
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Figure 2. Activity concentration of U (Bag/kg) calculated from
Equation (13).
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Figure 3. Th activity concentration (Bg/kg) for the studied
samples.

illustrated in Figure 4.

The Th concentration is calculated from Equations (13)
and (14) using the values of Cyy and represented in Figure 5.

To cheek the variation between these two methods, a
comparison between U concentrations calculated from the
two approximations is represented in Figure 6. From Fi-
gure 6, one can notice that, the U concentration calculated
by Method 1 is slightly grater that obtained from Method 2.
By the same procedure a comparison between Th con-
centrations calculated by the two methods is represented

Copyright © 2012 SciRes.

ET AL.

in Figure 7 where nearly same value of Th concentration
is noticed.

From Figures 6 and 7, one can notice that, there is a good
agreement between theses two methods of U and Th cal-
culations where a correlation factor of 86% and 89% for
U and Th, respectively. Also one can use Method 1 as an
easy method for U and Th calculation using SSNTDs
with reasonable accuracy.

To assure the U and Th concentrations obtained from
this study, one has two directions. The first one is the con-
firmation of the results by other technique used for U and
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Figure 4. Activity concentration of U (Bg/kg) calculated by
Method 2.
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Figure 5. Th activity concentration (Bg/kg) calculated by
method 2.
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Figure 6. Comparison between U concentrations as calcu-
lated by the two methods.
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Figure 7. Comparison between Th concentrations as calcu-
lated by the two methods.

Th detection. Three samples were selected and then the
content U and Th were measured by gamma spectrosco-
pic technique calibrated by a standard multi-radionuclide
source traceable to the National Institute for Standard and
Technology (NIST) at USA. The obtained correlation coef-
ficient is 87% and 84% for U and Th concentrations that
reflects a good agreement between the two techniques.
The second direction of confirmation is the comparison
of the obtained data with that published in the literature.
The world average of U and Th concentrations as re-
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Figure 8. Values of Th/U ratio for the studied samples.

ported in the UNSCEAR, 1988 [11] is 25 Bg/kg. The av-
erage U and Th concentrations in the studied samples as
obtained from Method 2 are 46.38 and 31.02 Bq/kg, re-
spectively. From this data, one can notice that the obtained
results are in the same order of that obtained in the UN-
SEAR and El-Daly et al., 2008 [12].

Ratio of Th/U is calculated and represented in Figure 8
where the average ratio for all samples is 0.80 with stander
deviation of 0.55. The variation of this ratio may be attri-
buted to the collection of the studied samples was from
one zone and different depth that reflected the difference
of the geological stricture for each depth.

5. Conclusion

From this work, one can conclude that, SSNTDs can be
used for U and Th determination in natural samples. The
suggested thin source used is applicable for U and Th de-
termination without sophisticated calculations. Also, the
first approximation is accurate and easy for U and Th de-
termination. The correlation between the two methods of
calculations is 88% and 86% for U and Th values that re-
flected the applicability of method one. Also the obtained
U and Th concentrations were in a good agreement with
the gamma spectroscopic technique.
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