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1. Introduction

Use of whole body counting for the determination of activity of radionuclides in vivo in human body
or individual organs is a method developed mainly in sixties. Since this time, it has been widely used
for the monitoring of internal exposure of professionals and in special cases, for monitoring of internal
contamination of the population. Use of whole body counting in nuclear medicine for diagnostic pur-
poses was in previous time an important tool, too.

Development of technology enabling production of large detectors, both scintillation and semiconduc-
tor ones, had significant impact on whole body counting. However, basic approaches - use of shielded
rooms, phantoms, geometry of measurements are principally the same as in the beginning. Detection
of radionuclides which emits gamma rays of energy above 200 keV and its interpretation in terms of
activity in human body is usually an easy task. When energy of emitted gamma radiation is lower,
there are problems arising from detection of low energy gamma rays in the presence of Compton con-
tinuum from radionuclides with higher energy and from not known or not exactly known distribution
of radionuclide of interest in human body. Special problem has detection of pure beta emitters in the
body through their internal and external bremsstrahlung. Only radionuclides emitting beta particles
with energy high enough could be detected by this method.

2. Detectors

From the point of view of detection of low energy gamma and X-rays, significant step was construc-
tion of the first dual phosphor sandwich detector from Nal(Tl) and Csl (Tl) (phoswich) in late sixties
by Laurer^. The phoswich detector suppresses the background under the low energy peaks which are
the subject of interest and therefore, detection limit is decreased. Introduction of phoswich detectors
into praxis was followed by progress in the field of knowledge of the kinetics of many transuranium
and some other low energy emitting radionuclides.

Another important innovation was construction of special low energy semiconductor detectors from
high purity germanium. For the detection of radionuclides in vivo, usually more detectors are used ei-
ther as an array of two or more detectors or just more detectors in individual cryostats. Wide use of
such device began in mid-eighties(2).

Both phoswich and semiconductor LEGe detectors are used at present time. Efficiency of the detection
systems, which is given by active area of the detectors, compared for very advanced systems is of
course much higher for phoswich detectors. Systems using up to 3 phoswiches(3) with the active area
about 970 cm2 are used in many laboratories, also LEGe detectors are used in arrays - there is de-
scribed system of 6 detectors with active area about 122 cm2 (4). In comparison with semiconductor
detectors, phoswich is much cheaper, has high detection efficiency, but poorer energy resolution and
needs more sophisticated electronics. Superior energy resolution of the LEGe detectors is very impor-
tant feature as it not only enables to resolve peaks with small difference in their energy, but also be-
cause the contribution of background beneath the peak is smaller, decreasing thus significantly
detection limit. Comparison of energy resolution could be demonstrated for 241 Am 59.6 keV energy
line which is about 0.5 keV for LEGe and about 13 keV for phoswich. Analysis of spectra from
semiconductor detectors is much simpler than the ones obtained with phoswich. Special advantage of
the use of LEGe detectors for in vivo counting is their ability to resolve peaks in the presence of an-
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other radionuclides. In the human body, there is always 40K present and often significant amount of
l37Cs too. Subtraction of Compton scattering
of these radionuclides increases detection
limit for low energy radionuclides.

Any detector for the detection of low energy
gamma or X-rays needs thin entrance win-
dow as to decrease absorption of radiation
in it. Aluminium, beryllium or carbon-epoxy
windows are used for this purpose. Atten-
tion has to be paid to contamination of mate-
rial by radionuclides - presence of 210Pb in
beryllium windows of HPGe detectors has
been reported(5) and presence of uranium
and thorium series in aluminium depends on
its origin(6). Good shielded room is neces-
sary when using either phoswich or semi-
conductor detectors, because especially in
low energy region many peaks from natural
radionuclides are always detected. In addi-
tion to it, Compton continuum from radi-
onuclides which emits photons of higher
energy increases significantly background
in the low - energy region. Even inside
shielded rooms, there is significant contri-
bution from radionuclides present in mate-
rial of shielding, in detection system,
scattered radiation from outside and last but
not least radionuclides present in the meas-
ured person which are not subject of interest
and which are interfering with the spectra of
radionuclide studied (Figures 1 a., b, c).

3. Calibration with phantoms

For the interpretation of measured spectra in
the term of activity of radionuclide in the
human body or organ, the proper calibration
is necessary. Human body consists from
materials which can significantly attenuate
photons - bones, muscle, adipose tissue etc.
Above 100 keV, the mass attenuation coeffi-
cient fj/p is fairly constant for such materi-
als, which enables use of simple phantoms.

In the Figure 2, there is transmission factor
in dependence on the energy of photons, cal-
culated for the different thickness of two
main attenuating materials in the body - soft
tissue and bone. Transmission factor / ex-
presses attenuation of the photons of given
energy in the layer of material. It is defined
as:

Fig. 1 a. Spectrum of background in the WBC shielding,
detector LEGe (No. 13); beryllium window. Time
of measurement: 300 000 s
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Fig. 1 b. Spectrum of background in the WBC shielding,
detector LEGe (No. 13); carbon-epoxy window.
Time of measurement: 300 000 s
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Fig. 1 c. Spectrum of an uncontaminated person (near
the knees), detector LEGe (No. 13); carbon-epoxy
window. Time of measurement: 5 400 s
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f=N/N0

N/NQ = exp (-iu/p)x

where No is a number of counts in a peak without absorbing layer

N is a number of counts in the same energy peak with an absorbing layer present

ju/p is mass attenuation coefficient (m2.kg"1)

x is absorbing layer (m)

The density of different soft tissues is not significantly different from lg/cm3. According to(3), density
of adipose tissue is 0.92 g/cm2 and of lean body mass 1.00 to 1.10 g/cm3, therefore transmission fac-
tor for soft tissue of 1 g/cm3 is presented. For the bone, density gravity 2 g/cm3 (11) was chosen.

Fig. 2. Transmission factor for different body tissues

1E2 1E3
Energie (keV)

1E4

Soft tissue 0.1 cm

Bone 0.1 cm

Soft tissue 1 cm —•— Soft tissue 5 cm

Bone 1 cm —v— Bone 5 cm

The degree of attenuation depends on the location of the materials and the energy of the photons being
emitted with respect to the position of the detectors. It follows from Fig.2 that for energies above 100
keV and soft tissue equivalent thickness 5 cm, the transmission factor differs approximately by factor
of 2. Having in mind these differences, it is possible to estimate uncertainties to which use of the indi-
vidual phantom could lead.

It is obvious that when radionuclides emitting photons below 100 keV are the subject of interest, the
proper choice of the phantom and suitable measurement geometry are the basic conditions for obtain-
ing realistic results. As a matter of fact, when estimating the content of such radionuclides in human
body in vivo by whole body counting, it is better to refer to organ / tissue measurements rather than the
whole body measurements.

In praxis, there are few radionuclides emitting low energy gamma or X-rays, important from the view
of radiation protection. In the nuclear fuel cycle and related research, transuranium radionuclides, ura-
nium and thorium isotope are the subject of interest. Also l25I, widely used in nuclear medicine, be-
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longs to the radionuclides emitting low energy gamma photons (Ey=35.5 keV), but estimation of its ac-
tivity in thyroid is usually not a problem.

Assessment of the cumulative exposure to radon of uranium miners through deposited 210Pb was ex-
perimentally used(7) . At present time, effort to use this technique for exposure of population from
dwellings with increased radon concentration is underway(8).

Common problem of the detection of above mentioned radionuclides (with exception of 125I) is their
complicated and not always known distribution in the human body. They are mostly so called "bone
surface seekers", i.e. they are from large part deposited on the bone surfaces, however, with bone
growth they are covered by new bone. They have usually long residence time in the lungs and some of
them are for quite a long time deposited in reticuloendothelial system. Of course, their physico-
chemical form in the time of intake is most important.

There exist(9'10) phantoms of the chest, enabling to model distribution of radionuclide in lungs and in
liver, simulation of different thickness of overlaying tissue by these phantoms is also possible. Such
phantoms are important especially for monitoring of workers where inhalation intake is possible.

Calibration of body / organ counter for the radionuclide in the bone is very important, too. It is practi-
cal to use for the estimation of radionuclide activity in the skeleton measurement of a region of a
body that is relatively isolated or can be shielded from interference by activity in the rest of the body,
for example the skull or the knee. To infer total skeletal deposit, it is necessary to estimate the frac-
tional skeletal activity deposited in the region viewed by the detector. The advantage of using skull is
that it consists from thin layer, usually about 6 mm of cortical and spongious bone. Calibration for
knees is rather difficult..

Calibration could be performed with computational phantoms too. The degree of calibration accuracy
obtained by using computational phantoms is partly a function of the anatomical accuracy by the
phantom, partly a function of the radionuclide distribution in the body. The main advantage of com-
putational phantoms is that they are a tool for estimating accuracy of measurement (range of possible
values). The importance of computational phantoms is increasing as the use of computers is no prob-
lems any more fast for all laboratories. Also, imaging techniques are bringing detailed anatomical in-
formation as input for such models.

Calibrations using autopsy materials is a very important tool, nowadays it is performed mostly because
of effort of US Uranium and Transuranium Registry ( USTUR) which is collecting autopsy material
from deceased people with internal contamination and some of it uses for calibration purposes too.

4. Description of WBC in Prague with special detectors for low energy photons

The detection system for the measurement of radionuclides emitting low energy photons in vivo was
designed, consisting from two LEGe detectors with carbon-epoxy windows of thickness 0.5 mm. Ac-
tive area of each detector is 2000 mm2. Energy resolution of both detectors is less than 400 eV for
5.9 keV energy line and about 600 eV for 122 keV. The detectors are placed into the shielding of
whole body counter with walls 21 cm thick from old steel.

For the measurements of bone seeking radionuclides (241Am, 210Pb) they are placed 3 cm to the skull
in temporal region of the subject (see Fig. 3)

Calibration for the homogeneously distributed radionuclide in the skull was performed by shifting pla-
nar source of 24lAm and 210Pb over the outer and inner surface of the real skull and as a resulting value
of efficiency, the geometric mean was used. There was also calibration performed for the measure-
ments with one LEGe detector only. In such case, detector was placed . over the top of the skull. For
calibration, parts of three different real skulls were used.

Efficiency for the 59.6 keV of 241Am in skull was estimated to be 0.0131. Minimum detectable activ-
ity on the 95% confidence level and for the time of measurements 5400 s is 2 Bq for 24IAm in the
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Fig. 3. In vivo measurement with LEGe detectors

In the frame of international intercomparison in
which a person with real old contamination by

Am was used, there was compared calibration
with shifting of planar source over the skull with
the skull phantom, over which inner and outer
surface was homogeneously distributed solution
of 4 Am. When measurement was performed in
the standard positions, the differences in calibra-
tion factors obtained with 2 different phantoms
were not greater than 15%. Results of both
measurements are in fairly good agreement.

This detection system was used for 210Pb detec-
tion in the skeleton with the aim to estimate pre-
vious exposure to radon . This programme was
aimed mainly on people living in dwellings with
significant increase of in-door radon concentra-
tion.

By the measurement with the detectors near to
the head of the person, MDA (for the whole
skeleton) 90 Bq was found. When detectors were
placed near to the knees, MDA 70 Bq was found.
Time of measurements was 5400 s, confidence level for the calculation of MDA 95%.

MDA decreased to less than 30 Bq when spectra of few people were added together. However, up to
now, no significant difference in the measured spectra from "radon" dwellings and unexposed people
was found. It seems that further reduction of background and increase of efficiency is needed. Also,
into formula for calculation of MDA, uncertainty of the skull calibration has to be incorporated.
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