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CALIBRATION OF GERHANIUH DETECTORS
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Abstract

This paper, presented at The fourth radioecological seminar
in Gol, Norway 1985, describes problems concerning the
calibration of germanium detectors for the measurement of
gamma-radiation from environmental samples. I t also contains
a brief description of some ways of reducing the uncer-
tainties concerning the activity determination. These uncer-
ta in t ies have many sources, such as counting s t a t i s t i c s ,
full energy peak efficiency determination, density correc-
tion and radionuclide specific-coincidence effects, when
environmental samples are investigated at close source-to-
detector distances.
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Introduction

In almost a l l radioecological investigations gamma
speotrometry will serve as the basis for the measurements.
This is due to the fact that many naturally occurring radio-
nuclides such as **̂K, ^Be and radionuclides in the uranium
and thorium series can be detected simultaneously by means
of gamma-spectrometric methods.
Gamma-spectrometric measurements with germanium detectors

are often regarded as easy to perform, and the uncertainties
in measured radionuclide concentration are often reported to
be very low, when given. In most cases only the uncertainty
due to the pulse statistics in the measurement of the sample
i s included, and this will in no way reflect the to ta l
uncertainty in the reported radionuclide concentration.
In this paper we intend to point nut some diff icul t ies

encountered in gamma speetrometric measurements with
germanium detectors at short detector-sample distances, and
also suggest ways to minimize the uncertainties that can be
introduced due to calibration, sample treatment, density
variation and radionuclide specific coincidence effects.
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Material and methods

The detectors used in this investigation have been both of
n-type and p-type germanium, as well as Ge(Li)-detectors,
with efficiencies between 10 and 35 %. The FWHM at 1332 keV
was better than 2 keV for all detectors.
Plastic tubs with volumes of 180, 90, 60 and 5 ml, and a

metal preserve t in of volume 200 ml were used as sample
containers.
Sawdust, sugar, sewage sludge and airfil ters were used as

matrix materials..
For the preparation of calibration samples with known

activity a standard ion-exchange resin has been used.

Sample treatment

Before the investigation of an environmental sample i t is
essential to ensure that standard samples of the geometry
and density as the sample are used'for activity calibration.
The homogeniety of the sample is also very important. The
uncertainty due to inhomogeniety can reach a factor of 3 to
4, and i f the homogenization i s not properly done this can
easily cause an uncertainty of up to 15 %. This uncertainty
will, if not properly corrected for, be dominating. A simple
household blender can be used for grinding and homogenizing
the samples.
Normally the samples are dried (105*C, for 24 h) to obtain

the reference weight. This also s t e r i l i zes the sample and
makes i t easier to homogenize and handle. The method of
drying must be chosen so that the radionuclides of interest
are not lost during the drying procedure. If, for example,
iodine is to be measured the drying should be performed at
room temperature, or by freezdrying.

Geometrical considerations

For most measurements of environmental samples, a high
full-energy-peak efficiency i s necessary, as the act ivi ty
concentration of environmental samples i s normaly low.
Therefore short source-to-detector distances are used. Due
to this short distance some difficulties arise.
A very slight change in geometry will, in the case of short

source- to-detec tor d i s tances , change the efficiency
considerably,and therefore the geometry used must be highly
reproducible. As an example, a distance of 2 mm between a 60
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ml plastic tub and the end-cap of the detector will change
the efficiency by about 10 %. Some sort of sample-holder
should therefore be manufactured to ensure a reproducible
geometry.
The amount of sample material collected is not always
enough to fill the tub available. It is, in such circum-
stances, common to calibrate half-filled geometries, and
interpolate between the degrees of filling. We have found it
better to calibrate some different geometries, as it is
often difficult to have a proper controll of the geometry in
case of partly filled tubs. Five different tubs with volumes
between 5 and 200 ml will in most cases be sufficent.
When radionuclides in the uranium-238 serie that come after
radon-222 are to be measured, the sample has to be put in an
airtight container for at least 3 weeks before the measure-
ment, to ensure equilibrium of the radionuclides in the
serie. Otherwise no conclusions about the concentration of
non- gamma-emitting radionuclides before Rn-222 in the decay
chain can be drawn.

Calibration

Full energy peak efficiency calibration

The full-energy-peak efficiency of a detector is often
determined using a well known activity of a gamma emitter
added to matrix materials such as sawdust, sugar or the
actual material of the samples that are to be measured. The
last method is preferable, if only one sort of sample is to
be measured, and the activity concentration of the radio-
nuclides used for calibration is low in this matrix
material. All matrix materials used for the preparation of
standard samples has to be carefully measured for radio-
nuclide content before use. Some materials, for example
sawdust, can contain significant amounts of 137cs, which can
then influence the accuracy of the activity concentration of
the standard sample.
A number of radionuclides have been used for calibration
over the years, for example 152£u, 226Ra and mixtures of
radionuclides with more or less complex decay schemes. The
best radionuclides for calibration purposes are those with a
simple decay and no cascade, as problems will not arise from
radionuclide specific-coincidence effects. Radionuclides
suitable for calibration are often relatively short-lived
(T1/2 * ^ yea**)» and the standard calibration samples cannot
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be used over longer periods than about 6 months. Some radio-
nuclides suitable for calibration are 1°9cd, 57Co, 139ce,
" « » 2°3 1°3RU, 137CS, 113Sn, 5iMn> 65Zn and *<*

When standard samples for calibration of germanium
detectors at close source-detector geometries are prepared
i t i s absolutely essential that the standard sample i s
completely homogeneous. This is often difficult as:

1. to avoid loss of a c t i v i t y the homogenization
should be carried out in the container used for the
measurement, and

2. the container used for the sample should be completely
filled, to prevent changes in geometry. >

These two conditions are difficult to fulfil simultaneously,
and will therefore cause some problems. '

We have overcome these problems by introducing an ion-
exchange resin into the procedure. By adsorbing the activity
on an ion-exchange resin, which i s then dried, we will
obtain the activity in a dry form that is relatively stable,
and will not attach to the walls of the vessel used for
homogenization. The activity in the dried ion-exchange resin
has to be measured accurately, before adding i t to the
matrix material that i s to be used for the standard sample.
This i s done by taking a small (1 to 2 grams), very
carefully weighed sample of the resin and measuring i t at a
relatively large, at least 30 to 40 cm, source-to-detector
distance. This geometry has previously been calibrated with
a well known point source. Since ion-exchange resins are
hydroscopic.and can therefore change in weight with a i r
humidity, the samples of ion-exchange resin that are to be
added to the matrix material has to be taken from the stock
supply of radioactive resin at the same time as the portion
that is to be used for calibration of the resin.
The ion-exchange resin can now be mixed with the matrix

material in a separate vessel, and then transferred to the
containers used for the measurement. At a l l steps in the
procedure, the materials have to be carefully weighed to
ensure a high accuracy in the activity concentration in the
standard samples.
I t i s possible to achieve an uncertainty in act ivi ty

concentration in the ion-exchange resin of less than 3 %, as
the weighing procedure can be performed with very high
accuracy, and point sources are available with total uncer-
ta in t ies of better than 2 %. Standard samples with an
uncertainty of better than 5 to 6% can in th i s way be
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obtained.
The advantage with this method i s that the procedure for

manufacturing calibration samples i s simpler compared with
normal procedures, and that radionuclides not available as
standard solutions can be used.
Figure 1 shows the full-energy-peak efficiency determined

with a mixture of "single" gamma-emitting radionuclides. The
points obtained have been fitted to the function:

ln(eff)=P0+P1*ln(E)+P2«ln(E)2+P3»ln(E)3+pi|«ln(E)lt+

P5«ln(E)5+p6»ln(E)6+P7*ln(E)7

where:
Pg to p7 are fitting parameters
E =phóton energy (keV), and
eff s full energy peak efficiency (counts per emitted
gamma photon)

This fitting was carried out with an estimated standard
deviation in the energy region 60 keV to 1836 kev of less
then 0.2 %.

100 500 1000
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Figure 1. Full-energy-peak efficiency for 180 ml plastic tub
measured with a 1556 p-type germanium detector. The density
of the standard sample was 0.95 g cm-3. The f i t t ing was
carried out with a standard deviation of less than 0.2$.
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If the detector i s to be used only in the region between
about 160 keV and 2000 keV a straight line interpolation in
ln(efficiency) versus ln(energy) between the points i s
sufficient. At lower and higher energies a fit to a function
l ike the one above i s preferable , as the change in
efficiency with energy in these regions is more complicated.

Density correction calibration

Most environmental samples have a density in the region 0.2
to 1.2 g cm"3. In this region the change in full energy peak
efficiency due to density changes is almost linear. A factor
related to the energy dependence also has to be included. We
have found that a correction factor F(o,E) described by:

F(£,E)=1.0-K0«( § 0

where:
g = density for the sample ( g per cm-3)
J^= densityrelatedtothefullenergypsakeff. calibration
E = photon energy (MeV)
and
K0 and K1 are fitting parameters

is sufficent to correct for density variations in the region
of interest. The fitting was carried out with an estimated mean
standard deviation of less then 0.5 %.

The efficiency for a sample of density O, at energy E can
thus be calculated from: ^

Figures 2a and 2b show this correction factor for a sample
in a 200 ml preservetin measured with an 1896 Ge(Li)-
detector, related to energy and density respectively
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Figure 2a. Density correction factor for a 200 ml preserve
tin measured with an 18? Ge(Li) detector, as a function of
energy. The normalized density ($„) i s 0.26 g cm""3 and the
plot i s for a density of 0.95 g cm-3.

1.000

fe 0.876

i
10.050

0.925

0.900

O.875

OS50

O825

1838 kcV

O2 as

122 keV^

C.8

Density

Figure 2b. Density correction factor for a 200 ml preserve
t in measured with an 18$ Ge(Li)detector, as a function of
density. The normalized density (Jo) is 0.26 g em""3.
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If samples with high atomic number are to be investigated
eg. soil, this correction is not sufficient, as the change
in efficiency is not only due to density variations, but
also to changes in atomic number, Z. For such purposes
special calibration is recomended, using the actual matrix
material.

Coincidence effects

For radionuclides having two or more gamma rays in cascade,
there will always be the probability of at least *:wo photons
interacting in the detector simultaneously. In such a case
the information about the energy deposited by individual
photons is lost. We will then get more pulses in some peaks
due to the summing of two totally absorbed photons and less
in some due to the summing of one totally absorbed photon
and one partly absorbed.
This effect is related to the radionuclide, and n^t related
to the count rate. The effect has a large angular depen-
dence, so that the closer the source and detector the
greater the effect. When small samples in direct contact
with the detector cap are used, this coincidence effect must
be corrected for, otherwise errors of up to 40 % can arise.

Sumary and conclusions

Gamma spectrometric measurements on environmental samples
in close geometries are not as easily performed as it may
appear.
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