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Abstract: In this work, we present the results of using the non-destructive gamma spectroscopic
method for uranium isotopic analysis and checking the status of radioactive equilibrium between
281 and *®Ra in soil samples. In order to analyze uranium isotopes and check the status of
equilibrium between 2*®U and #*Ra the activity ratios 2*°U/*®U and ?®U/**°Ra were measured. The
these activity ratios were determined based on the characteristic gamma rays and using intrinsic
(relative) detection efficiency calibration method. The results obtained shows that this suggested
analytical method can be used to determine the uranium concentration in the case of the samples
having arbitrary shapes and it does not require the use of any reference materials.

Keywords: Secular equilibrium, gamma-spectrometry, intrinsic efficiency calibration,
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1. Introduction

The activity ratio *°U/*®U and status of equilibrium between ?**U and **Ra is one of the
important parameters for analyses of geological and soil samples [1, 2]. When ?**U and *°Ra in
secular equilibrium, the activity ratio “*®*U/*°Ra is equal to one. However, the *®U is sometime
radioactive disequilibrium with “*°Ra, then the activity ratio ***U/*°Ra will be different from one. As
it is difficult to interpret disequilibrium by simply comparing radiometric and chemical assay values of
uranium, analyses should be made of the activity ratios.

The gamma spectrometry were employed to determine the activity ratios ***U/**°Ra and **°U/ **U
in the geological and soil samples [2]. The our purpose is to use a gamma-spectroscopy with HPGe
detector and intrinsic efficiency calibration method for checking the status of radioactivity equilibrium
between the radioactive isotopes in?**U series and for determining the activity ratio 2*U/*®U in the
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geological and soil samples. The intrinsic efficiency calibration method was developed performance-
based method MGA [3 - 5]. The activity of **U was determined from 185.75 keV gamma peak of 2°U
and the activity of ?**U was determined from 1001.03 keV peak of ?**"Pa in equilibrium with U [2].
The activity of *°Ra was determined from peaks of *Bi and ***Pb, which in equilibrium with **Ra.

2. Methodology
2.1. Calculation of activity ratios **Pb / **Bi and **U/ ?*Bi

There are many gamma transitions of Bi have high branching ratios and they have energy
respectively: 609.31 keV (46.10%), 806.17 keV (1.22%), 1120 keV (15.10%), 1377.67 keV (4.00%),
1509.49 keV(2.11%), 1729.59 keV (2.29%), 1764.49 keV (15.40%) [6]. These peaks-will be used to
build the intrinsic efficiency function. The activity of ?*Pb was determined from 785.96 keV peak of
2Yph and the activity of ***U was determined from 1001.03 keV peak of ***Pa. Based on relative
efficiency calibration [3, 4], the activity ratios ***Pb/**Bi and 2**U/***Bi determined by the following
equations:

A\Dbﬂ“ — Mrgs.96 / Br785.96 (1)
A, f,(785.96)

Ao _N(1001.03)/ Brigy 5
A f,(1001.03)

where A;are the activities of #“Pb, *Bi and ***U isotopes respectively: Ni7gs.s , N1oo10s and Brags o6
, Brigo1.03 are the net count rates and branching ratios corresponding to 1785.8 keV and 1001.03 keV
gamma peaks; f,(E) is the intrinsic efficiency function, which was built from gamma peaks of ***Bi;
f1(785.95) and f;(1001.03) are values of function fi(E) at energy of 785.96 keV and 1001.03 keV
respectively.

)

2.2. Calculation of activity ratios 2**U / *°Ra and ?**U/ ?**U in the RGU sample

The activity ratios ***U/?°Ra and *U/***U was determined according to the following equations:
%zse _ n( 1001.02 ) / Brloo“)z

3
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where f,(E) is the intrinsic efficiency calibration function, which was built from gamma peaks of **Bi
and #*Pb; f,(1001.03) and f,(185.712) are values of function f,(E) at 1001.03 keV and 185.75 keV of
respectively.

2.3. Calculation of count rate of 185.712 gamma ray of >*°U in the 186 keV —peak

The 185.712 keV peak of **°U and 186.21 keV peak of “°Ra were overlapping peaks. The total
peak of 186 keV were formed. The count rate of the total 186 keV photopeak can be expressed as:

n186 = n185.712 + n186.21 (5)
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where: nNigs712 and Ny, is count rate due to 185.712 keV gamma ray of 2%y and 186.21 keV
gamma ray of **°Ra in total 186 keV peak respectively.

Net count rate of gamma ray of 186.21 keV emitted from ?°Ra is determined by the formula:

Nigs21 = f2(186.21)%Brigs 21 (6)
where f,(186.21) is value of the intrinsic efficiency calibration function at energy of 186.21 keV;
Brugs.1 is branching ratio of 186.21 keV gamma ray emitted from **Ra.

From equations (5) and (6), the count rate ngs 715 is determined by the following formula:
hgs.712 =Thgs — Migs.or =Migs — f(186‘21)'Br186.21 (7

Branching factor, Brygs 1, is taken from [6], the count rate of 185.712 keV peak of **U can be
determined.

n

3. Experimental results and discussions
3.1. Sample measurements

The US1 radioactive source and IAEA-RGU1 uranium ore reference soil sample were measured
for checking the status of radioactivity equilibrium between the radioactive isotopes in **®U series and
for determination of the activity ratio 2°U/®U in soil samples. The gamma spectra of samples and
US1 radioactive source were taken by low background gamma spectroscopy using the GEM 40P4
HPGe detector (ORTEC). The detection efficiency of the GEM 40P4 detector is 20% relative to a
3”x3” Nal(Tl) detector and FWHM of 1.85 keV at peak 1.332 MeV of ®Co. The US1 source was
measured with three different configurations: G1: the surface of the source parallel to the detector
surface; G2: The surface of the source perpendicularly to the surface of the detector and G3: sources
covered in 1.5 mm thick lead and parallel to the detector surface.

An amount of 121 gram of the IAEA-RGUL1 reference soil sampl was placed in polyethylenebox
with diameter of 6,7 cm and height of 2.2 cm. The time needed for establishing secular equilibrium
between “°Ra with **Bi and ***Pb is about 4 weeks. The gamma spectra were measured and analyzed
by using the Gamma Vision program. The spectra were being recorded until the statistical error of
counts of the 1001.03 keV of ***"Pa dropped below 1.5%.

3.2. Checking the status of equilibrium between the radioactive isotopes in *®U series

To check the status of equilibrium between the radioactive isotopes in **®U series going to measure
the activity ratios ?*Pb / #*Bi and 2**U/ #“Bi. These activity ratios were determined by the formulas
(1) and (2). The function f,(E) is obtained by fitting a second order polynomial to relative efficiencies
at 609.31 keV, 806.17 keV, 1120 keV, 1377.67 keV, 1509.49 keV, 1729.59 keV, 1764.49 keV peaks
of #Bi (Fig.1). Table 1 shows the calculated activity ratios *Pb / ?*Bi and ***U/ **Bi corresponding
to three different configurations: G1, G, Gs.

From Fig. 1 and table 1 to see that: three different different measurement configuration, the
relative efficiency calibration curves are different forms, however the results of the activity ratio “*“Pb
/ *¥Bi and **®*U/**Bi determined by three measuring configurations is almost the same. In the US1
radioactive source the radioactive isotopes in *®U series are in radioactive equilibrium status.



B.V. Loat et al. / VNU Journal of Science: Mathematics — Physics, Vol. 33, No. 1 (2017) 48-52 51

160 -

140 4 é\
L
120 4 e N
* * n/Br_G1
100 . ¢ n/Br_G2
= % e 4 n/Br_G3
fia) RN e —
€ g0 e A
bh vt
“\k\$‘ . N —my
80 e Y,
A
—an
40

T T T T T T T
600 800 1000 1200 1400 1600 1800
E (keV)

Fig 1. The relative efficiency curve is constructed based on gamma peaks of “Bi corresponding to three
different configurations: G1,G, Gs.

Tablel. The results determine the activity ratios **Pb/***Bi and 2*U/***Bi corresponding to three different
configurations: G1, G,, Ga.

The activity ratios Gl G2 G3
24pp 2B 1.02 £ 0.02 0.99 + 0.03 1.02 + 0.03
228214 0.99 + 0.02 1.02 +0.03 0.99 + 0.03

3.3. Measuring radioactivity ratios **®*U/**Ra and **U/**Ra

The activity ratios **®U / *®Ra and 2*°U/ *U were determined by the formulas (3) and (4). The
function f,(E) is obtained by fitting a second order polynomial to relative efficiencies at 295.22 keV,
351.93 keV, 785.96 keV peaks of ?*Pb and 609.31 keV, 665.45 keV, 806.17 keV of ?*Bi (Fig. 2). is
derived as follows:

f2(E) = 186.99 — 0.13647 x E + 0.0000361 x E? )
with B2 =0.9997, where E is the energy in keV.
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Fig 2. The relative efficiency curve is constructed based on gamma peaks of ?Bi and *Pb.

The value of f,(1001.03) was calulated from equation (7) and found to be 86.59. From analysis of
the gamma spectra of RGU1 sample, the ratio nygg1.03/Brioo1.0s Was found to be 86.47. is: The obtained
value of the activity ratios **U / *°Ra is as follows:
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AJ238 _ n(1001.02)/ Brioor00

=0,999 = 1.
A f,(1001.02)

The results obtained shows that the RGU-1 sample contains *°Ra in equilibrium with ***U.
3.4. Determination of activity ratio 2*U/**U:

Value of f,(186.21) = 162.833 and f,(185.75) = 162.889. From analysis gamma spectrum of
RGU1 sample we have: nigs = 10.06 (count/s). The Brigs,; = 0.0356 [3], the count rate nigs715 iS
determined by the following:

Migs 710 =Mhgs — Migg o1 =Migs — f(186'21)'Br186.21 =4,26(count / s).
The Brigs7s = 0.572 [2, 6], the activity ratios>*°U/ 28U was determined according to the following
equation:
Abm _ Nygs 712 / Br185.712 |:n1001.02 / Br1001A02 } ’1: 4.26 / 01572 86.59

A=  1,(185.712) | f,(1001.02 162.889 86.47

The activity concentrations of U and “®*U in RGU-1 sample are (228+2)Bq/ kg and
(4940+30)Bq / kg respectively [7]. The activity ratio *°U/***U in this sample is 0.0462.
The our result is in good agreement with estimated value from IAEA. The main sources of the

uncertainties for the obtained results are due to statisticcal errors: 1.5%; the fitting relative efficiency
curve 1.5%; the gamma branching ratio 1%.

=0,0457

4. Conclusion

In this work, the gamma-spectrometric technique was applied for uranium isotopic analysis and
checking the status of equiblimum between the radioactive isotopes in #®U series. The intrinsic
efficiency calibration was used in determining the activity ratios **U/*®U and *U/**Ra. This method
doses not require the use of standard samples nor the knowledge of the detector absolute efficiency.
The method can be used for samples of arbitrary size, shape and composition.
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