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SUMMARY

Gamma spectroscopy using HPGe
detector systems is a readily used
technique for routine analysis of
radioactivity in environmental samples.
The systems are generally calibrated
using standards of known radioactivity
and composition.

Radioactivity in environmental samples is
generally distributed in the bulk of the
material. When a sample of finite
thickness is analysed through gamma
spectroscopy, a proportion of the gamma
rays emitted from the sample is either
stopped or scattered from the sample
material itself. These processes of self-
absorption and self-attenuation depend
upon the physical and elemental
composition of the sample and the energy
of the gamma radiation. Since
environmental samples vary in
composition, instrument calibration using
a fixed matrix composition may not be
valid for a diversity of samples.

We selected and analysed five sample
matrices to investigate the influence of
self-absorption and self-attenuation in
environmental samples. Our selection
consisted of bentonite and kaolin
representing clay, quartz representing

silica, ash representing prepared biota,
and analytical grade MnO2 representing a
co-precipitant used for extractive
radioactivity from aqueous samples.

Our findings show that within 5% of
uncertainty the silica based standards can
be used to cover the environmental
samples of varying clay (silica content).
The detection efficiency for ash and
MnO2 could be different particularly in
the 30 - 100 keV energy range. The
differences in sample behaviour can be
explained on the basis of atomic number,
mass number and density.

INTRODUCTION

During the detection process of gamma
radiation from environmental samples, a
proportion of the gamma rays emitted by
the sample is absorbed or attenuated by
the sample itself and thereby does not
register under the detection peak. The
extent of self-absorption and self-
attenuation depends upon the energy of
the gamma rays, physical characteristics
and composition of the material, and
sample geometry. Activity concentration
is generally calculated by comparison
with already prepared standards of known
composition. For example, the standards
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used for calibration in our laboratories
contain certified concentrations of
radionuclides in a SiC>2 matrix. The
differences in physical characteristics
(such as density) or composition
(effective atomic weight and effective
atomic number) can influence the
calibration.

The problem of self-absorption and self-
attenuation of gamma rays has been
addressed by a number of authors (Abbas
(1), Bolivar et al. (2), Boshkova et al. (3),
Sima et al. (4), Sima et al. (5), Korun (6),
Dovlete et al. (7)).

THE DETECTOR

The detector used in this study contained
a germanium low energy photon
spectrometer (GLP) with 25mm diameter
and 10mm depth. A thin <0.3 p P+

implantation provided the outer contact.
The crystal is housed 5 mm underneath a
250 urn thin beryllium window. Such
configuration is well suited for gamma
spectroscopy in the 30-300 keV energy
range. This is because, due to a small
active volume the Compton continuum of
higher energy gamma interactions is
reduced, thereby increasing the signal to
noise ratios for lower energy peaks.

A number of important radionuclides are
analysed through gamma ray
spectroscopy in this energy range
including 137Cs (32.1 keV), 210Pb (46.5
keV), 241Am (59.5 keV), 235U (185.7 keV)
and 226Ra (186.0 keV). At the time of the
measurement the detector was connected
to an Ortec model 919 Spectrum Master
Buffer System through a Tennellec TC-
241 amplifier.

THE SAMPLES

In this paper we report the behaviour of
five selected samples: bentonite, kaolin,
quartz, ash and manganese dioxide.
Bentonite and kaolin were selected from a
museum collection and represented clay.
The quartz sample was prepared by
grinding crystalline silica. To prepare the
ash sample a diverse variety of vegetation
was collected from a national park
maintained by ANWS, Queensland. It
was then soaked in demineralised water
for 24 hours, dried at room temperature
for 48 hours, then heated in an oven with
an increasing temperature at a rate of
lO^.h"1 to 450°C and held there for 10
hours. Following this the ash was
homogenized.

Elemental analysis of bentonite, quartz
and ash samples was carried out by XRF
(Table 1). Kaolin was expected to have
the composition Al2Si2Os(OH)4.

Table 1. A XRF analysis of bentonite, quartz and
ash samples used in this study. The results are
reported as weight % of the oxidised sample.

Oxide
TiO2

A12O3

MnO
Fe2O3

SiO2

CaO
MgO
Na2O
K2O
P2O5
Loss on
ignition

Bentonite
0.16
15.02
0.05
3.26
69.97
1.61
1.80
2.25
0.41
0.00

4.93

Quartz
0.00
0.03
0.00
0.33
99.60
0.01
0.01
0.02
0.00
0.00

0.05

Ash
0.00
0.36
0.76
0.21
10.20
21.26
5.07
2.19
18.19
4.84

33.13

172



RADIOACTIVE SOURCES

!33Ba (T1/2 = 10.5 years) was the
radioisotope selected to study the self-
attenuation behaviour of samples. Several
gamma energy peaks of varying intensity
are associated with 133Ba disintegration
(Erdtmann et al. (8)). The spectral
analysis of a 133Ba bearing sample may
reveal a number of other (summation)
peaks attributed to the simultaneous
registration of two (or more) distinct
gamma ray energies. Such peaks were not
used due to possible sample-to-sample
differences in self-attenuation of gamma
rays of the various energies that constitute
them.

We used a sealed 133Ba source (160 kBq)
to study the attenuation coefficients of
samples and 133Ba in solution (certified to
be 102.9 Bq.g"1 on 23 December 86) to
study the self-attenuation.

SAMPLE PREPARATION

A portion of each sample material was
spiked with 133Ba solution using a dry-
bed technique. 2mL of 133Ba solution was
added to a weighed soil sample (about
20 g) in a plastic petri dish. The spiked
sample was weighed to calculate the
added 133Ba activity. The solution was
allowed to soak into the sample before it
was dried under an infrared lamp. The
sample was then thoroughly mixed to
create a homogenously spiked sample.
The 133Ba activity concentration (Bq.kg'1)
in the spiked sample was calculated for
the time when the counting of each
sample actually occurred.

Our standard analysis involves a 1.0 cm
deep, 3.0 cm diameter sample compressed

to 10 kPa by a hydraulic press. To retain
their shape, the samples were prepared in
an annular aluminium ring. All spiked
samples were prepared according to this
standard procedure.

To study the attenuation with a sealed
point source, un-spiked samples of
bentonite, ash and quartz were prepared
to the same compression. Replicated
samples of various thicknesses were
made. The thickness ranged from 3 to 15
mm for bentonite and ash, 3 to 25 mm for
quartz and 0.6 to 10 mm for MnO2- The
sample density was reproducible between
various thicknesses of the materials; the
values obtained in g.cm"3 were: Bentonite
1.88 (0.07), Ash 1.22 (0.03), Quartz 1.67
(0.04) and MnO2 2.72 (0.22). Kaolin was
not available for this section of the study.

COUNTING

To calculate the detection efficiency as a
function of energy, each spiked sample
was counted for 80,000 seconds live time.
Corresponding un-spiked samples were
counted to subtract the background.
Regions of interest were established to
determine the count rate corresponding to
the suitable energy peaks. The detector
efficiency r| (%) was calculated using the
relationship

= C / (AxI ) (1)

Where
C: Background corrected net count rate
(#.s"!) in the energy region of interest.
A: Activity (Bq) added to the sample.
I : Emission intensity (%) for gamma rays

To calculate the attenuation coefficients, a
133Ba point source was positioned at
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certain heights above the detector surface.
Prepared samples were then introduced
between the source and detector and
energy spectra were recorded.
Attenuation coefficients were determined
by the exponential fits to peak counts vs.
sample thickness curves.

RESULTS AND DISCUSSION

The transmission of gamma rays of
different energies varied with the sample
matrix. To illustrate this, in Figure 1,
relative counts under different energy
peaks are plotted as a function of silica
sample depth. The logarithmic nature of
the curves indicates that for a given
gamma ray energy emitted from the bulk
of a sample, the count rate Ct is expected
to increase with the sample thickness 't'
according to the relation:

Ct = C r o ( l - e " s t ) (2)

Where
C» : Count rate for an infinitely thick
sample, and
s : an attenuation coefficient.
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Figure 1: Gamma ray transmission
graphs for SiO2.

Using the analysis exemplified in Figure
1, the values of s have been calculated
and plotted in Figure 2. All curves have
the same general pattern; s decreases with
increasing energy and, above 100 keV,
level out to a nearly uniform value.
Sample to sample differences are present
and MnC>2 has the largest attenuation
coefficient. The attenuation coefficients
for bentonite and quartz are quite similar,
indicating that the standards prepared in
silica will perhaps adequately represent
soil matrices of variable silica and clay
proportions.

-Bentonite

• Quartz

-Ash

•Manganese
Dioxide

50 100 150 200 250

Energy (keV)
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Figure 2: Attenuation coefficient vs. gamma energy for different sample. Note that the
results are plotted as s/p (cm2.g-1), where p is the prepared sample density in g.cm"3.
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The coefficient V can assist in
optimizing the sample thickness. For
example, the values of s are such that for
most routine matrices (silica, bentonite,
ash) and sample thickness ~ 1 cm, the
term st « 1. Consequently equation 2
simplifies to

(fort~lcm) (3)

The counts are therefore likely to vary
linearly with sample thickness (or sample
mass for a constant diameter). Hence
slight changes in sample thickness can be
tolerated for activity concentration
measurement. This statement may not be
valid for MnC>2 and gamma energies
below 80 keV.

Equation 2 is valid for situations where
the sample thickness is likely to be
greater than the sensitive surface area of
the detector (Mann et al. (9)). Alternative
relationships developed both
experimentally and theoretically,
including those based on numerical
analyses, have been reported in the
literature (Abbas (1), Boshkova et al. (3),
Sima et al. (4), Korun (6)). The solutions
may be complex and in a number of cases
specific to the counting situation for
which they are developed.

Figure 3 is the gamma detection
efficiency as a function of energy for the
spiked silica sample. The detector
efficiency peaks to a value between 4 -
5 % around 80 keV and then drops
steadily down to below 0.5 % beyond 300
keV.

Figure 4 enables comparison between the
detector efficiencies of different matrices
relative to silica. Here kaolin and
bentonite results are averaged for
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Figure 3 : Detector efficiency for a SiO2 sample.

simplicity and reported as clay. Clay and
silica exhibit almost identical behaviour
of detection efficiency throughout the
energy range from about 30 to 400 keV,
assuring that silica based standards can be
used readily for calibration of most soils.
This similarity in silica and clay
behaviour can be expressed by the
relationship:

^Silica = 1.05 ±0.02
(30-400keV)

(4)

Within about 5% uncertainty, most
routine soil samples can therefore be
compared with silica based standards.

Similar trends were shown by ash and
MnO2 samples albeit at higher energies.
Our results indicate that

(5)a - 1-01 ±0.03

(80 - 400 keV)

and
rjMnOj / "Hsilica = 0.92 ± 0.03
(160-400keV)

(6)

At energies below 160 keV for MnC»2 and
below 80keV for Ash, the detection
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Figure 4: Detector efficiency for MnO2, ash and clay samples relative to silica.

efficiency decreases relative to that for
silica. This trend is similar to that shown
by the independent measurement of
attenuation coefficient s (Figure 2).

The interaction of gamma radiation with
the material media is a complex function
of gamma energy and material
composition, particularly in the energy
range of interest in this study. Therefore
quantitative interpretation of the results is
difficult. Generally, the photoelectric
effect is likely to dominate the interaction
with increasing contribution of the
Compton effect with increasing gamma
energy (Evans (10)). The photoelectric
effect will result in self-absorption of
gamma rays within the sample and is
likely to follow the relationship:

(s/p)photoelectric °C Z" / A (7)

Where p is the sample density. Z and A
are the atomic number and mass number
of the sample material and n is a number
between 4 and 4.6 increasing slowly with
the increasing gamma energy.

The Compton effect will result in self-
absorption and self-attenuation and the

Compton interaction in the sample should
be

(s/p)compton °C Z / A (8)

Small variations in elemental composition
of the sample are likely to be magnified
in detection efficiency at lower gamma
energies because self absorption
interactions will vary with higher power
and the atomic number Z.

In Figures 2 and 4, at lower gamma
energies, the attenuation coefficient is
markedly higher and detection efficiency
is markedly lower for M11O2 compared to
SiC>2. This can be attributed to the
differences in the atomic numbers 25 for
Mn and 14 for Si. A smaller difference
for the ash is probably because the higher
Z for Ca (20) and K (19) is partly
compensated by a lower Z for C (12).
Bentonite contains nearly 70% SiC>2. The
other major constituent Al has Z = 13,
which is close to that of Si. Hence quartz
and clay behaviours are similar.

Z/A varies only slightly over the range of
sample composition. Hence as the gamma
energy increases and the Compton effect
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begins contributing to the self-absorption
and self-attenuation, sample to sample
differences in the attenuation coefficients
and detection efficiencies become less
dramatic.

A limitation of our work is the lack of
data in 160 - 220 keV gamma energy
region. 133Ba did not have suitable energy
peaks in this area and was the only
radioisotope utilised.

The results warrant further investigation.
Particularly for the sample compositions
with greater perthitic (higher potassium Z
= 19) and anorthitic (higher calcium Z =
20) content.
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