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ABSTRACT

Radioactivity of Lead shielding blocks and the Marinelli beaker used witha
computerize Gamma-Ray spectroscopy were studied. More than twenty Lines were
identified and uscribed to radionuclides of Uranium, Thorium and Actinium natural
decay serieses, as well as the 1461 keV y-line due to natural “K radio nuclide was
clearly observed. For these y-lines, both quantitative and qualitative measurements
were done; among them, four common lires were determined. Becauseof the low
intensity of other y-lines they were ascribed qualitatively. Furthermore, sevcral
fluorescence lines were observed. A good agreement with standard results of N.D.S.

and other studies is obtained.

Keywerds: Gamm.- Ray Cpectra copy, NBG Radicactivity.

Introduction

The use of medemn high—i:solution
spectrometers has permitted the use of
complex y-ray spectra in many fields of
investigation. The information contained in
these spectra consisis of positions and net
areas of peaks due to y-ray emission. The
determination of these quantities requires an

accuraie estimation of the spectral
background. In order to reduce the low
energy y-lines and mainly to prevent the

cosmic ray and ‘ts variatins, radiation
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accidents, and nuclear tesling to affect the
measurements, conveniently a shielding
design, such as shown in Fig.(1), used in the
y-ray spectroscpoy of sample spectra. In
these analysis the net sample spectra is
obtained by stripping the shielding design
spectrum (due to shielding material itself.
trapped air, and high intensity natural
background liues reduced by the shieldiny)
from the collecte.! sample spectra
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Figure (1): The counting geometry :
A : Detector,
B : Marinelli beaker{1]
C : Lead shielding blocks

In this study, the y-ray spectrum of
shiclding design was analyzed, and
consequently the radioactive nuclides were
identified, hence the contribution of sucha
design [2] becomnes and known
precisely. Therefore, this work serves asa
basic knowledge in accurate analysis of any
other sample spectra.

clear

Experimental Setup

The ganima-ray spectroineter consisted
of aclosed coaxial HPGe crystal [3] with an
active volume 63 c.c of mode! (1112-10200-
S) supplied by ORTEC Company. The
energy resolution given by the manufacturer
is nominally 2.1 keV at an i, of 1.332 MeV.
Amplified pulses (2 ps) were digitized by a
2020 CANBERRA anzlog / digital converter
and registered by a MCA of type (series 85
CANBERRA)[4]. The spectral data were
printed with a proprinter of type C(5514-2)
fromn IBM Company.

The y-ray spectrum has Leen calibrated
using the standard sources (“*°Ra, 13,

137cg. ®Co, and *Na). The gain of the
system is adjusted so that the full spectrum
will cover the energy range of interest in
measurements of natural radioactivity.
Relative  efficiency  calibration  was
performed by means of 26Ra source using
the relative intensities of Alexandarove[3].

Results and Discussion

Figure (2 - a, b, and c) presents the
gamma - spectrum of the shielding design.
Throughout the spectrum a continuum
background has been observed, which
originates from Compton interaction and
small-angle scattering of y-ray photons.

Tables (1 to 5) show a list of the
y-lines with their relative intensities, that
belong to the natural decay serieses as the
following:

1- Six lines (609, 665, 768, 1120, 1764, and
2204 keV) due to > 'Po and three lines
(242, 252, and 352 keV) due to*"'Bi,
where 2"Po and *"*Bi are members of U-
decay series.

2- Six lines (209, 270, 328, 338,911, and

968 keV) due to Z*Th, three lines (511, 583,

and 2615 keV) due to ®Pb, and two lines

(238 and 300 keV) due to *"*Bi, where these

radionuclides &re wembers in the Th-decay

series.

3- The 186 keV line due to ~ Th, which is a

member of Actiniwin — decay series.
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The relative intensity data obtained for
these natural decay-series radio nuclides are
generally in good agreement with those
reported previously, [6-18]. The few
discrepancies observed have not been due to
failure of the background calculation, but the
low intensity of these y-lines will be the
only reason.

Among the fy-lines, four lines of
energies 186, 242, 270, and 511 keV were
found to be common and for each line, two
nuclides contribution have been identificd:

1. The 186 keV y-line:

BITh from a-decay of *°U and **Rn
from a-decay of “*°Ra decays through this y-
line at energies of 1857 and 185.99 keV
respectively. Ibrahiin et.al.[19] and Ahmed
[20] referred it to the parent nuclide “*°Ra,
while Roy etal[21] and Roy ctal. [22]
referred it to the parent *°U.  Although,
Abdullah [6], Ahmed[17] and Evance et.al.
[23] ascribed it to both *'Th and *’Rn

nuclides.

2. The 242 keV y-line:
2B from Pp-decay of *"*Pb end
29Rn from u-decay of **Ra decays through

this y-line at energies 0of 241.9 and 241 keV
respectively, Ahmed [20] and Ibrahim
et.al.[19] referred it to the parent nuclide
2pb, although Abdullah [6] and Ahmed
[17] referred it to both *"*Bi and *"*Rn, while
Evance et.al.[23] ascribed it to the parent
nuclides *'*Pb and **'Ra,
3. The 270 keV y-line :

5Th from B-decay of “*Ac and
*"Rn from a-decay of **Ra decays through
this y-line at energies of 270.3 and 269.4 LkeV
respectively. Ibrahim et.al. [19] and Ahmed
[20] referred it to the parent nuclide **Ac.
Although, Abdullah [6] and Ahmed [17]
ascribed it to **Th only.
4, The 511 keV y-line:

208pb froin P-decay of “*T1 decays
through this line, and the annihilation
radiation is the other source of this line.
Abdullah [6], Ahined [17], Ibrahim et.al.[19]
and Ahmed [20] ascribed it to the above two
sources.

For cach radionuclide one line was
taken as a 100% intensity: for *'*Po, *"*Bi,
*2%Th, ***Pb, and *"*Bi radionuclides, the 609
, 352 , 911 , and 2615 keV y-lines,
respectively, were selected as the 100%
intensily y- lines, see tables (1-5).
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Table(1): Relative intensities of y-lines of Po-214 from P -decay of Bi-214.
En N.D.S wvol. 21 . Al-dargazelli Abdullah Ahmed
®eV) | Presemwork | (197 e (1987) (1992) (1992)
(8] [26] [6] [7
609 100+ 0.39 100 100:0.00 100.0£3.25 100£1.04 100+0.90
665 3.24:0.51 339 3.390+0.05 2.04:£1.50 3.89+0.624 33854044
768 9.516+1.1 10.593 10.580.09 11.1822.13 10.61+0.86 10.1240,59
1120 | 31.912:0.93 32593 32.60+0.30 29.01£2.27 33.96£1.862 | 31.27+0.86
1764 36.096+1.2 34.541 34.4520.30 35.3241.29 34.7140.89
2204 9.93:0.87 10.832 12.741.347 10.96+0.52
Table (2): Relative intensities of y-lines of Bi-214 from f-decay of Pb-214
| NDSvol. | Westmeier Burgess & Abdullah Ahmed
E{::“g Present Work |, 21 (1977) (1981) Richard (1983) (1992) (1992)
: . ) . [25] [27] [6] [17]
242 21.225+0.64 20123 20,33+0.51 20.04+0.37
295 53378+£1.65 3724 51.740.30 50.79+0.03 51.53£1.07 52.5+0.68
352 1M+1.32 | 100 100+0.40 100+0.05 100+1.20 10040.70
_Table (3): Relative intensities of - lines of Th-228 from [ - decay of Ac-228.
= ' N.D.S vol. Table of Sundasivan Abdullah Ahmed
m lﬂ'm,urk“ 17 (1976) isotopes (1982) (1992) (1992)
[7] (1978) [28] _129] [6] [17]
209 16.25:3.41 15.7 15.92 15.35+0.2 13.19+1.52 13.97+2.79
270 12.63+2.12 i3 13.33 12.99+0.2 15494134 13.86+1.4
328 11.51+1.50 11.6 11.48 11.41+0.2 11.55¢1.4 12.1542.5
338 45.59+3.8 414 44.07 42.12+0.5 3851197 498342
911 100+6.42 100 100 100+1.3 100£2.7 100£5.4
968 57.43+5.64 60.2 60.37 59.44+0.8 61.33£2.66 60.86+4.9
Table (4): Relative intensities of y - lines of Pb-208 from f-decay of TI - 208.
Energy Present N.D.S wvol. 47 Ahdullah Ahmed
(keV ) Work ( 1986 )[16] ( 1992 ) [6] ( 1992 )[17]
511 20.96+1.78 22.4 22.91+1.4 22.85£1.85
583 842+4 9 85.2 83.65:1.25 83.50+4.54
2615 100+:€.14 100 100+£2.9 100+3.89
Table (5): Relative intensities of y- lines of Bi-212 from p - decay of Pb-212.
M.D.S vol. 27 Table of Sundasivan Abdullah Ahmed
F;‘\F Ew' sy (1979) isatopes (1982) (1992) (1992)
! 1] (1978) (28] [29] 16] 7
238 100+2.16 100.00 100.00 100+2.00 100.00£1.0 100£1.22
300 B.i6tl. 04 7.66 7.674 6.7440.2 B.0310.62 8.01540.72
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Table (6) presents several lines
including low intensity y-lines, overlapping
lines in the low energy region and
flourscence lines.

The Pb and Th X-rays arise from the

fluorescence of the lead in the shielding
material and of the Th in the trapped air
around the detector, while the Bi X-rays
arise from the decay of [24].

Table (6) : Some low intensity y-lines and

X-ray lines.
Energy :
(keV) Source Series
728 |KoPb —
75 K, Pb e
773 | Kq Bi S
84 1. *Ra from p-decay of Thorium
2'Th Actinium
I. Kg Bi .
87 |2 KgPb
51
20 : n%ﬁnm rdecay of Actinium
93 | ®*Pa from p-decay of **Th Uranium

In addition the 1461 keV y - line of *’K was
clearly observed throughout the spectrum.

Conclusions

While the present shielding design can
greatly reduce the effect of natural
radioactive background, it can be a cause of
a source-induced background. So, this work
reveals the efficiency of this design in
reducing the natural background and
establishes detail knowledge about its
contribution to any sample spectra analysis.

A significant contribution of the natural
decay series radionuclides (214Po, 214Bi,
228Th, 208Pb, and 212Bi), *K natural
radionuclide and X-ray fluorescence due to
this shielding design were recorded,
analyzed and identified.
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