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Calibration of any instrument used as a detector of ionizing radiation can be established on
different levels depending on the final goal of the investigation. Such procedure can be for example
a relatively complicated type test or a simple routine control of the device. This is also valid for
instruments used to measure doses of external radiation in the environment. Special requirements on
measuring instruments and procedures here come mainly from spread of energies and radiation types
usually present together with relatively low values of measured quantities.

Inherent background, linearity, response to cosmic radiation and radiation from natural and
manmade sources are the basic parameters of the instruments necessary for proper interpretation of
the measurements. Number of national and international intercomparisons were organized with the
aim to evaluate these parameters for different systems and find their general trends. These
intercomparisons result in a broad discussion on the methods of calibration, quantities used and their
traceability. The basic parameters for the instruments used in CR (RSS-112, NB 3201, NB 3201 and
Nal(TI)) were established and the whole procedure is discussed.
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Introduction

Calibration of detectors for whole body counting is usually done by placing a known amount
of a radionuclide in an anthropomorphic phantom or phantom organ and by measuring the emitted
photons in a standard, reproducible counting geometry that will be used with people.

Important parameter that plays a role in measurement of internal contamination, is the size
of the subject and distance of detector - body surfaces. Whole body counter (WBC) calibrations
requiring several phantoms of various dimensions can be, therefore, rather expensive. Furthermore,
using the phantoms filled with radioactive solutions it carries the risk of leakage and contamination
of the whole body counter equipment.
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To minimize the above mentioned difficulties, calibration procedures are frequently carried out
by calculations. The use of a calibration phantom is thus confined to verify the calculated results.

This article deals with a simple method of the corrections of the HPGe detectors calibration used
for the whole body counting of persons of ages from newborn up to adult man and at various
distances of detector - body surface.

Methods

In a photon field the detection efficiency e depends on the radiation energy, on the angle of
incidence and on the detector characteristics :

e(E) = a{E,t,6)*(E,t,6)dtd6 (1)

where 5(E,i|r,8) is the detector response [cm2] to a parallel beam of photons impinging on the
detector in direction determined by azimuthal and longitudinal angles 6 and ty [deg], E is the photon
energy [MeV] and f(E,^,8)dtd8 is the fluency of photons [cm'2] in the place of detection that were
emitted by radionuclide of unit activity in an anthropomorphic phantom.

For a detector with isotropic response is

cr(E,t,6) = cx(E)

then :

e(E) = cr(E) $(E) (2)

where

The Eq. (2) can be utilized for fast calibration of whole body detectors by method of data
transfer 0).

The integral photon fluency $(E) represents a fluency of photons escaped from body and
crossing the place of detection and depends on mass and size of the body and the distance
detector-body surface.

The corrections of the whole body measurement expressed from Eq.(2) as the ratios of the
counting efficiencies at various masses m, of subjects and/or distances detector-body dt

€(E,m1Id1)/ e fE .m. , ^ = ^(E.m,^,)/ ^(E.m^d^ (3)

do not depend on the efficiency of the used detector. But it is needed to notice, that <J> is the fluency
of photons in volume of the HPGe detector that was used in Eq.(2). The transfer of the data obtained
in Eq.(2) to any other detector located in the same place is possible only for case when the fluences
of photons in the volumes of both detectors are the same. This assumption was verified in (1) for
detectors of relative efficiency from 12.5 % up to 61.8 %.

Experimental procedures

The photon fluency <J>(E) was determined using Monte Carlo calculations in combination with
phantom experiments. Four anthropomorphic phantoms 5-, 10- and 15- year old children'2', as well
as an adult male (of weights 72<2) and 90 kg), all in the horizontal position were simulated in the
calculations. The detector was positioned vertically above the small intestine at distances 3, 10, 15,
20 and 30 cm from the phantom surface.

Values of photon interaction cross sections in tissue equivalent material were taken from <3>.
Experimental calibrations were carried out on a BOMAB-type phantom of an adult man and

on another phantom of a 10-year-old child. The latter one was constructed from polyethylene
containers of similar dimensions as the trunk and the legs according to the data given in reference'2'.
An error of 7 % in the experimental whole body counting calibration is assumed.

All phantoms are filled with radionuclides 57Co, ^ H g , 137Cs, MMn, and ^K in water solution.
The HPGe coaxial detector with 61.8% relative efficiency (in comparison to 7.62x7.62 cm Nal

scintillator) and resolutions of 1.9 keV (FWHM at 1.33 MeV) is used.
The response of the detector is axially symmetric.
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Results and discussion

Incident direction dependencies for the detector were determined experimentally by Using a
point source of 152Eu, moved in an arc at a radius of 1 m from the detector centre. The source was
placed in positions chosen with regard to bed geometry at the angles between 0° and 90° to the
detector axis.

It was confirmed that the detector is practically directionally independent in the energy range
above 150 keV. The energy dependence of the detector response cr(E) for source positioned on the
detector axis is shown in Fig. 1.

The whole body counting efficiencies €(E) of the HPGe detector for distances 3, 10 and 20
cm from surface of adult human body are shown in Fig. 2.

The photon fluences $(E), calculated from Eq. (2), for distances 3 and 20 cm from surface
of adult human body and of 10-years-old child are shown in Fig.3 (markers). With regard to energy
dependence of the linear attenuation coefficient in tissue equivalent material'2', the values of photon
fluency can be approximated by the formula:

*(E) = exp(a ln(E) + 3) (4)

The approximations (Eq.(4)) are in Fig. 3 as lines. The accuracy of the approximation by Eq.
(4) is within 10 % for photon energy above 0.2 MeV. The coefficients a and p depend on the
dimensions of the phantom and the detector-phantom distance respectively.

The numerical values of a and p in Eq. (4) as determined for whole body counting of supine
phantoms of 5-, 10- and 15-years-old children and an adult with uniformly distributed radionuclides
are given in Table 1.

As can be seen on the Fig. 3, lines for the same phantom are parallel. This fact is expressed
in Table 1 where the coefficients a for one phantom and various detector phantom-distances are the
same.

Interpolating the values in Table 1 one can determine the integral photon fluency $(E) of any
other geometry configuration or subject weight01.

Using Eq.(3) and Table 1 the corrections of the detection efficiencies G(E) were calculated in
relation to the measurement of the adult man with the HPGe detector positioned above the small
intestine at 5 cm from body surface (Fig. 4) and at the distance of detector-bed 25 cm (Fig. 5). The
corrections are greater for radionuclides emitting photons of lower energies.

Whole body counting performed in geometry of constant distance detector-body surface is
rather sensitive to variation of a body size. The corrections of the detection efficiency at the
measurement geometry of constant distance detector-bed are lower than in previous measurements
with constant distance detector-body surface.

Conclusion

The method for the determination of corrections of the whole body counting for various
measurement geometry is usable in laboratories where HPGe detectors with the relative efficiency
between 12.5 % and 61.7 % are used. The basic condition intending the isotropic response of the
detector is not crucial, because the most HPGe detectors used in whole body counting have
responses angular independent in the angle range between -TT/2 and TT/2. The method does not
desire any other information about the detectors.

The Eq. (2) and constants in Table 1 can be simply used for fast calibration of the WBC HPGe
detectors'1'. It is suitable especially for routine monitoring equipment, where also short-dated fall-out
due to detector damage is undesirable.

The data introduced in this work are related to the detector position above the small intestine
of lying phantom and they enable to calibrate HPGe detectors for measurements at detector-body
surface distances from 3 up to 30 cm and for the range of weight from 20 kg (5 years old child) to 90
kg (adult man). The method can be used not only for the measurement of homogeneously
contaminated persons but also for measurement of contaminated organs or parts of the human body.

125



References

1. Fulfip M., Laham A., Ragan P.: Calibration of Whole Body Counter by Data Transfer, in print,
Radiat. Prot. Dos.

2. Cristy M.: Mathematical Phantoms Representing Children of Various Ages for Use in Estimates of
. Internal Dose, ORNL/NUREG/TM-367, Oak Ridge National Laboratory, 1980

3. Plechaty, E. F. et al.: Tables and Graphs of Photon Interaction Cross Sections from 1.0 keV to 100
MeV Derived from the LLL Evaluated Nuclear Data Library, UCRL-50400, Lawrence Livermore
Laboratory, California, 1975

Table 1 Approximation coefficients a and p used in Eq. (4) for calculation of the photon
fluence in the detection location for various anthropomorphic phantoms and detector-
phantom distances.

Coefficient

Det. <

Adult

Adult

Child

Child

Child

distance [cm]

(72 kg)

(90 kg)

10 yr. (33 kg)

5 yr. (20 kg)

15 yr. (55 kg)

a

0.31

0.335

0.249

0.21

0.285

3

-10.06

-10.2

-9.725

-9.38

-9.95

10

-10.38

-10.5

-10

-9.7

—

P-
15

—

—

—

—

-10.46

20

-10.8

-10.95

-10.333

-10.03

—

30

-11.14

-11.3

-10.7

-10.42

-10.95
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Fig. 1. The response of the HPGe detector of relative efficiency 61.8 % in full energy peak for the
point source located at the detector axis 100 cm from the detector centre racalulated on the
unit of photon fluency.
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Fig. 2 Whole body counting efficiencies of the 61.8 % HPGe detector and distances 3, 10 and 20
cm from surface of adult human body. The detector is above the small intestine of lying
phantom.
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Fig. 3. The integral photon fluency $(E) for different detector-phantom distances and for 10 years
child and adult man. Markers represent the values calculated by Eq.(2) and lines are the
approximation by Eq.(4)
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Fig. 4. The corrections of the detection efficiencies e(E) of human bodies of various ages (resp.
masses) in relation to the efficiencies of the adult man for the HPGe detector positioned above
the small intestine at 5 cm from body surface.
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Fig. 5 The same as in Fig.4 but for the distance of detector-bed 25 cm.
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