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INTRODUCTION
On purpose to evaluate the human body activity, the gamma-ray spectrometers

calibration is done with the help of the so called phantoms, which represent variable
human body modules: from tubes (cylinders) (their size being close to the standard
human) to the realistic phantoms (representing plastic toys with a real human shape,
containing all of the significant organs).

The phantoms of the first kind, roughly imitate the human body, with an appropriate
geometric form, in which either the homogeneous activity is represented with a limited
number of standard point sources, put in suitable places, or the volume is filled with
standard radioactive solution.

The shortcomings of these phantoms are: the human body shape is rather
approximate; bodies of different size and geometries are hard to reproduce; no activity
can be imitated in the critic organs because of their unified volume. On the other hand,
their price is quite low and they can easily be reproduced in a laboratory.

The realastic phantoms precisely represent the human's shape and contain the most
important organs. Every organ has a separate volume and can be independently filled.
The density and Zeff of the organs are very close to the real values. This way, both
homogeneous and certain organs activity can be reproduced. Their most significant
shortcomings are their high price and the impossibility of reproducing bodies of different
size, as only standard human size bodies are manifactured.

The set of module phantoms that we propose, occupies an intermediate position. Its
advantages are:

- it allows the moulding of human bodies of a shape, close to the real and of an
arbitrary mass (to 100 kg);

- different geometries can be reproduced (a lying man, a sitting man, etc.);
- the detector's background for the chosen geometries can be evaluated;
- it allows the moulding of a human body with activity concentrated in a certain organ

(lungs, thyroid gland, liver, etc.).

1. MAKING OF MODULE PHANTOMS FOR SEMICONDUCTORS CALIBRATING ON
PURPOSE TO EVALUATE THE ACTIVITY, INCORPORATED IN THE HUMAN BODY

The phantoms of this kind are made on the principle of modules: a satisfying number
of modules of the right shape and mass are prepared. Thus human bodies (phantoms) of
different size in different geometries can be moulded. The availability of small enough
modules enables the human critic organs moulding. In case the modules contain
standard activity, the corresponding phantoms can be used as standard samples for the
gamma-ray spectrometric system calibrating. With the help of non-containing activity
modules, "zero"-phantoms for the detector background calibrating can be moulded. The
availability of enough modules (with and without activity) enables the system calibrating in
case the activity is homogeneously distributed in the human body, as well as in case it is
concentrated in a certain critical organ. In the first case, the whole phantom is constructed
from containing standard activity modules, in the second the modules, imitating a critic
organ and containing standard activity, are placed in the "zero"-phantom.

Common considerations make it clear that the smaller the module's mass (size) is,
the more precisely bodies of an arbitrary size would be made. The small moduls enable
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the forming of an arbitrary geometry. Besides, the smaller the module is, the less the
influence of the eventual unhomogenity of the activity within the framework of the module
would be.

Having this in mind, it is expedient to make the mass of the homogeneous activity
reproduc.ng module 0.5 kg. Thus, a small phantom (40 kg) will be made frc.n 80 modules,
and the largest (100 kg) - from 200 modules. Having so many modules, moulding the
phantom, it is important that all of them contain THE SAME radioactivity.

The size of the critical organs reproducing module, was determined by the size of the
kidney which, according to [ 1 ], is 10-12 x 5-6 x 3-4 cm.

The devices for preparing the modules and the techology of their using are described
in detail in [2]. With them, the following modules were made:

- "zero" - phantom modules, each one with 0.5 kg mass and size 20 x 14 x 2 cm, 180
pieces, not containing radioactivity;

- modules, containing standard Eu-152 and Am-241 radioactivity, each one with 0.5
kg mass and size 20 x 14 x 2cm, 180 pieces, designed for homogenious radioactivity
imitating;

- modules, containing standard Eu-152 and Am-241 radioactivity, each one with 0.16
kg mass and size 11 x 9 x 0.5 cm, 20 pieces, designed for "critical" organs moulding.

The radioactivity containing modules are reliably packed. The outside package is an
envelope, made of impregnated clothe.

2. CALIBRATING OF THE SYSTEM FOR THE INCORPORATED IN THE HUMAN BODY
ACTIVITY EVALUATING

2.1. A brief description of the EP2 whole-bodi system

The detector shielding belongs to the so called "shadow" shields. It is a copy of the
EP1 system and was made with the assistance of NCRRP. Its construction is shown on
fig.1 and 2.The walls are made of lead plates with total width 100 mm, the inner sheath of
copper. The section of the opening in which the lying man moves, is 800 x 620 mm. The
side walls are trapezium - shaped with 2030 mm length. A wheelbarrow with a bed on it
moves along rails on the bottom of the shielding. A low-voltage electromotor is directly
affixed to one of the wheels. Through an appropriate transmission it provides speed 2
mm/s. A HpGe detector with relative efficiency 19.9% is used. It is affixed to the top plate of
the shielding and is not additionally enclosed by lead. The whole construction is installed
upon a ferro - concrete foundation, 4800 mm long and 300 mm thick. After we
accomplished a number of preliminary measurements, in answer to our suggestion, some
changes were made in the system. The detector was lifted up so that it did not project out
of the top of the shielding, and the opening through which it entered the shielding, was
additionally protected. That raised the shielding coefficient from 11 to 30. A mechanism
lifting the bed, was also made. Thus the man/detector distance can be kept the same,
despite the size of the object. Besides, the drawing of the bed to the detector, raises their
radiated gamma-quanta registration efficiency. A construction, allowing affixing of
collimators for testing the possibility of locating the activity in the human body throug i
scanning, was also built.

2.2. Human bodies of different size moulding by the modules adequate arrangement

People's antropological size was evaluated according to [1,3]. Following the data
from [3], the weight/height relation curve was drawn.

The size of the first two phantoms was conformed to this curve. They imitate human
bodies with the following proportions: 40 kg weight/height 150 cm and 60 kg weight/height
170 cm. As this curve reaches saturation when the height is short, the last two phantoms
imitate bodies of taller stature - 75 kg weight, height 185 cm and 95 kg weight, height 185
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cm. It should be considered that the weight of the phantoms is not equal to the respective
humans weight. As the gamma-ray radionuclides are mainly concentrated in the soft
tissues (not in the bones), the mass of the skeleton (which is about 15 % of the total mass)
is substracted from the human's weight.

The phantoms used for calibrating the gamma-spectroscopic system, had the
following final size:

- 35 kg weight, height 150 cm - corresponding human's weight 40 kg;
- 50 kg weight, height 170 cm - corresponding human's weight 60 kg;
- 65 kg weight, height 185 cm - corresponding human's weight 75 kg;
- 80 kg weight, height 185 cm - corresponding human's weight 95 kg.

The ways of arranging the 35, 50 and 65 kg phantoms, are shown on fig. 3. The main
part of the 35 kg weight phantom, is made of 4 layers of modules (in thickness), the 50 kg
weight one - from 5 layers of modules and the 65 kg one - from 6 layers of modules. The
80 kg weight module was made by adding another layer of modules (mainly in the trunk)
to the 65 kg one. This way of arranging the modules facilitates the phantoms of different
shape reproducing.

2.3. Calibration of the system

After some preliminary measurements, orientated to establishing the optimum
measuring conditions, with the help of these phantoms, the calibration curves (the relation
to the gamma-quanta energy) for certain conditions, were drawn.

The absolute efficiency values for some energies of concrete radionuclides, which
are expected to be identified in the NPP staff, are given in table 1. The results in the first 4
columns refer to the measurings in the following conditions: standard motion of the bed (2
mm/s), homogeneously distributed activity and distance between the top surface of the
phantom (the man measured) to the detector, equal to 6 cm.

Table 1

E, keV/

nuclide

604/CS-134
657/Ag-110
661/CS-137
795/CS-134
834/Mn-54
884/Ag-110
1173/CO-60
1332/CO-60

Absolute efficiency, x10 4

35 kg

1.60
1.51
1.50
1.32
1.28
1.23
1.02

0.940

50 kg
1.42
1.33
1.33
1.16
1.13
1.08

0.886
0.810

65 kg

1.26
1.19
1.19
1.05
1.02

0.987
0.828
0.767

80 kg
0.870
0.823
0.820
0.726
0.703
0.677
0.563
0.519

lungs

4.03
3.82
3.80
3.27
3.20
3.08
2.62
2.33

With the help of the radioactivity non-containing modules and a part of the designed
for imitating "critical" organs modules, calibrations for activity, concentrated in the lungs,
were also accomplished. 14 modules of the kind were placed in a phantom in a way that
they would aproximately imitate the shape, size and location of the lungs in the human
body. The distance between the top surface of the phantom to the detector is 6 cm again.
The respective absolute efficiency values, evaluated through measuring without motion
and non-homogeneous distribution of the activity, are given in the last column of table 1. It
should be considered that this calibration can be used only if after a double measuring [4],
it is ascertained that the incorporated activity is concentrated in the lungs.

2.4. Relation of the efficiency to the mass (size) of the phantom
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To study the relation of the efficiency to the mass of the measured object, it is
needed to keep the distance between the top surface of the phantom to the cictcctor. the
same for all of the phantoms. On that purpose, a mechanism moving the bed in the vertical
direction to an appropriate position, was installed so that ihr aforesaid term would be
realized. Thus the influence of the source-detector distance factor would be reduced.
which allows a clearer delineation of the curve, showing the relation of the efficiency to the
mass of the meausured human.

The results obtained through the measuring of different phantoms, the distance to the
detector being 6 cm, are displayed on fig. 4. Having in mind that the efficiency depends
not only on the mass, but on the geometric size of the measured object as well, the
relation of the efficiency to the mass/size [ kg/cm] ratio is shown on fig. 4.

This relation is obviously a complex function The drawing of an analytic expression
requires the introducing of a number of limiting and simplifying terms, which are hard to
realize and control during practice mcasunngs. This necessitates a polynomial
approximation of the experimentally obtained in certain conditions efficiency values. The
experimentally obtained efficiency values in different conditions (different size of the
phantoms) for some concrete gamma-quanta energies, are shown on fig. 4. The small
number of the experimental points in this relation, added to the inevitable random and
systematic uncertainties, does not allow the using of a relation more complex than a linear
one, for their extrapolation. The using of a polynomial of a higher degree would lead to
unsteady solutions, which seem better to describe the experimental points, but in fact the
polynomial coefficients would be more influenced by the uncertainties than by the roal
characteristics of the measured object.

That is why a linear relation was used - using the least squares method, a straight
line was drawn through the experimental points. In table 2, we have given the coefficients a
and b of the respective line f (m/l) = a.m/l + b. where m is the mass of the phantoms in kg
and I - its size in cm.

Table 2

E, keV

122

344

779

1408

with motion

ax10 4

-7.09

-5.25

-2.84

-1.85

bx10 4

+ 4.86

+ 3.59

+ 2.00

+ 133

3. ANALYSIS OF THE POSSIBILITY OF SCANNING THE HUMAN BODY ON PURPOSE
TO LOCATE THE ACTIVITY. INCORPORATED IN IT

An answer to the question where the incorporated activity is concentrated, can be
obtained if the total counting rate is registered as a function of the position of the detector
toward the body, during the human body's motion. That is why the total number of pulses
from the outlet of the spectrometric amplifier, were registered not only by the analysator
but also by the 20046 radiometer, which was exploited as a counter with measure time 20
s.

3.1. Profiles of the activity in the human body without using collimators to the detector
3.1.1. Homogeneously distributed activity profiles

Human bodies weighing 35, 50 and 65 kg and with homogeneously distributed
activity in them, were contiguously moulded on the bed, with the help of the modules,
designed for homogeneous activity. The distance between the chest and and the detector
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was determined 6 cm. The bed was moving in a standard way: range of shifting - 175 cm,
one-direction shifting time - 870 c 15 s, that is the motion speed was 2 mm/s. The readings
of the counter were recorded only in one direction (relative motion of the detector from the
head to the legs). The resu'ts are displayed on fig. 5. On the axis of abscissae, the points
(over the phantom) in which the reading was done, have been projected, that is they show
the position of the detector above the phantom at the moment of reading. On the axis of
ordinaies, the sums of pulses for the chosen measuring time - 20 s, have been projected.
The figure shows that:

- the sum of pulses is proportional to the the size of the phantom, that is to its total
activity;

- the following areas form in the profiles: abrupt rising of the sum of pulsos - when the
detector enters the trunk, "plateau" - when the detector moves over the head or the trunk,
and gradual reducing of the sum of pulses - when the detector moves over the legs,
toward the feet.

3.1.2. Profile of the activity in a critical organ
With the help of the "zero"- phantoms, a standard human body was moulded on the

bed. With the critical organs modules, the following cases were imitated in it:
- activity in a critic organ (lungs) only;
- activity in critic organ - lungs and kidneys;
- activity in critic organs - lungs and kidneys, with additionally "externally polluted"

hair and hands.
The result profiles in those three cases scanning, are displayed on fig. 5. It shows

that despite the lack of a collimator, the presence of activity in (a) critic organ(s) forms
maximums. Besides, the energy resolution of an uncollimated detector is rather low. The
figure also shows that the activity in a critic organ (lungs) only, forms a maximum with
center over the lungs (curve 1). The adding of kidneys, hands and hair just expands the
maximum in the respective direction (curves 2 and 3).

The profiles would be more distinguished, if a collimator is installed under the
detector, so that the detector can "see" only a certain sector of the human body. It is clear
that the narrower the slit is, the higher the energy resolution of the scanning system and
the more precise the locating of the incorporated activity will be. At the same time,
however, the efficiency of the system (the counting rate) will be reduced. That is why, a
suiting compromise between a high energy resolution of the scanning system (a narrow
slit) and a high enough efficiency (high counting rate).

In answer to our suggestion, in the machine department of EP2 a simpje elbow
construction enabling the lead collimator (10 cm thick and of an arbitrary width) installing
under the detector, was built up.

Profiles of the activity in the human body with the detector collimating.
The described in 3.1. cases of activity in the lungs, kidneys, and "externally polluted"

hair and hands, were reproduced.
A collimating slit (5 cm thick and 5 cm wide) was installed under the detector. The

respective profiles during the motion of the bed in one direction - from the head to the-feet,
were taken. The profiles obtained through the continuous scanning of these models, are
shown on fig. 7. The difference between it and fig. 6 (profiles in the same cases but without
collimating the detector), is obvious. The profiles obtained with the help of a collimated
detector, allow a much more precise locating of the incorporated activity in the human
body. When the activity is concentrated in the lungs only, a narrow maximum with center
over them, is formed. The adding of activity in the kidneys, forms a clear plateau on the
profile curve. The "externally polluted" hands and hair, form independent maximums in the
respective places. All that shows the indubitable advantage of using a collimator when
scanning the human body on purpose to locate the incorporated activity in it.
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