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1. Introduction

The purpose of this work was to develop measurement geometries necessary to determine the contami-
nation of patients hospitalised after a radiation accident. Therefore it is very important to know which
specimens should be sampled to determine the external or internal activity of injured persons.

In these developed geometries, quantitative measurements had been started for the detector systems
available in the nuclear medicine department of the Danube Hospital in Vienna. The decisive factors
for the selection of the best suitable counting system for the different geometries are not only counting
efficiency but also energy resolution, deadtime, minimum detectable activity and availability.

2. Materials and methods

In general, the following samples should be measured for determination of contamination: scrub sam-
ples of the skin, samples of wound secretion, nasal sweeps and saliva samples as well as blood and fe-
cal samples.

For these samples the following measurement geometries were selected:

Measurement geometries

1) Marinelli geometry:
This geometry, is especially suited for urine samples which have to be collected for at least 24
hours. The Marinelli beakers used have a capacity of 1 liter.

2) Test tube geometry:
This geometry was used for low capacity samples (volume circa 1-2 ml) e.g. blood samples.
Therefore a test tube with 1.5 cm in diameter and 10 cm length was placed as close as possible to
each detector system.

3) Beaker geometry:
There are also punctuate activities such as nasal or saliva samples and wound samples. In this
case a plastic beaker with 6 cm diameter was placed close to the detector surface.

Detector systems

The Nal detector is a so called well type detector with a crystal of 3" x 3" (7.6 cm x 7.6 cm) and a well
size of 1.7 cm in diameter with a length of 5.5 cm. The detector is surrounded by 1.9 cm lead shielding.

The germanium detector (Ge) used is an n-type detector with a size of 5.5 cm in diameter and 5.5 cm
length and is protected with a 4 cm lead to shielding against background radiation.

For the evaluation of the spectra Canberra's "Genie PC" software was used.

There are some effects which have to be considered specifically

Using well type geometry the volume of the samples has to be kept constant, because counting effi-
ciency decreases with increasing sample volume due to geometrical considerations. The calibration
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was done with a volume of 1 ml. Further measurements should therefore be made with the same sam-
ple volume.

For a threefold increase of the volume to be counted, a 5 % decrease in counting efficiency is seen, a
value which is within the range of the accuracy of the efficiency calibration. For larger volumes, on the
other hand, a decrease of counting efficiency up to 30 % has to be taken into consideration.

Another important phenomenon is a deadtime of the counting system. Both counting systems are more
or less systems with paralyzing deadtime. For deadtime determination of each counting system the
short lived isotope 99mTc was used. 99mTc was counted for several days in time intervals of 1 hour to
determine deadtime.

The data points obtained could be fitted by a function which describes both counting systems as having
a combination of a paralyzable and a non paralyzable portion of dead time (Fig.2). For the Nal - de-
tector an overall deadtime of 12.4 usec, for the Ge - detector an overall deadtime of 47 usec was de-
termined by us.

3. Results

After the energy calibration and the determination of the energy resolution, the efficiency calibration
for the different geometries for both detector systems had been performed as shown in Figure 1.

Fig. 1. Efficiency calibrations for Nal and Ge detectors in different geometries
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For the scintillation detector, the high counting efficiency in the well for the test tube geometry is char-
acteristic especially in the low energy range. For energies higher than 100 keV counting efficiency de-
creases because of the increasing part of penetration of the detector volume by high energy photons.

For the germanium detector, highest counting efficiency can be achieved using the beaker geometry
because of the small distance for photons to reach the detector, thus leading to high counting effi-
ciency.

Fig. 2. Deadtime effects for Nal- and Ge- detector
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As shown in see Figure 2, there is a linear relationship between calculated and measured counts in the
beginning of the registered curve for both systems. For the well- type scintillation detector the maxi-
mum detectable count rate is about 30 kcps, but the linear relation in true count rate is only guaranteed
up to 10 kcps. For higher count rates dead time correction has to be made to avoid erroneous results.

Fig. 3. Maximal activity for Nal- and Ge- detector in different geometries
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Because of the germanium detector's longer dead time, the maximum detectable count rate is consid-
erably lower (about 8 kcps). But the linear portion of the curve is longer in comparison to that of the
scintillation detector. A linear relationship between calculated and measured counts can be expected up
to a count rate of 6.5 kcps.

Knowing the extent of the linearity between calculated and registered counts for each detection system,
it is possible to calculate the critical activity, above which dead time correction has to be made (see
Figure 3).

4. Discussion

The identification of radionuclides by the use of a scintillation detector is restricted because of its
lower energy resolution.

It should also be considered, that for count rates which are exceeding those, lying on the linear part of
the relationship between true and calculated counts, measured activity will be lower than true activity
due to dead time loss during registration of real count rate.

Although the maximum detectable count rate of the germanium detector is lower, it is possible to de-
tect higher true activities because of its lower detection efficiency (see Figure 3).

The well- type scintillation detector, on the other hand, solely has advantages if the test-tube geometry
is used. Using this geometry the minimum detectable activity is much lower in the energy range be-
tween 100 and 600 keV. But using the well-type detector, volume has to be kept constant (calibration
has to be done for a certain volume).

In general, test tube geometry should be used for the well-type scintillation detector. Only if it is not
possible to determine the activity of a radionuclide because of the scintillation detector's low energy
resolution, the germanium detector should be used for this purpose.
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