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Abstract

SIMPLIFIED CALIBRATION AND EVALUATION PROCEDURES FOR IMPROVISED
WHOLE BODY GAMMA SPECTROMETRY IN EMERGENCY SITUATIONS.

A semiconductor gamma spectrometer could be used for the rapid estimation of internal
contamination of the people in cases of accidents even when no special calibration for whole body
counting is prepared. Generic transfer factors for calculation of the whole body detection efficiency
from the 25 cm distant point source detection efficiency are presented. Generic dependence of
parameters of power function describing the detector efficiency for point source in 25 cm on the
detector relative efficiency given by producer was derived from calibration of 18 detectors with
relative efficiency from 1.4% to 62%. Minimum detectable activity for various backgrounds and the
uncertainty of the estimate of whole body retention are presented, too.

1. INTRODUCTION

Calibration of the detection systems for whole body counting is a complex task.
However, in many cases, especially in emergency situations, the main purpose of whole body
counting is to make a quick and possibly realistic estimation of radionuclide intake. In such
cases, when an unexpected high internal contamination of professionals or greater groups of
population occurs or when there is a suspicion of internal contamination of one or few
individuals in a place where no whole body counter is available, a simplified calibration
procedure could be employed.

When the contaminant consists of one or more gamma emitting radionuclides, gamma
spectrometry by high resolution semiconductor detectors should be preferred for retention
measurement. Especially in the cases of accidents, when measurements have to be performed
in the field, without proper shielding and with the background affected by the accident, high
resolution gamma spectrometry — besides rapid identification of radionuclides in the body —
can help to distinguish various contributions to the background, diminishing thus the
possibility of mistakes. Use of the same computer codes for the spectra analysis as in any
other application is another advantage of semiconductor gamma spectrometry over
scintillation spectrometry

Uncertainty due to different body build is less when using high resolution gamma
spectrometry than by using a scintillation one, especially when the subject of interest is peak
laying on the continuum, originated by a scatter of photons with higher energy. The
underlying continuum, enhanced by scatter in the body is subtracted using interpolation
between the left and right sides of the peak as in any other spectra which results in the
improvement of whole body counting minimum detectable activity (MDA).
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2. CALIBRATION FOR WHOLE BODY COUNTING

As optimal for rapid whole body monitoring, a configuration presented in Fig.la was
chosen as the standard position (1). In this position the detector to body midline distance is
fairly constant and small enough to ensure good sensitivity. The detectors calibrated in this
configuration were detectors with cryostats connected to transportable Dewar, so it was
possible to place them in a horizontal position. However, a detector with a vertical cryostat,
which is, of course the most often used type for laboratory purposes can be used in this
position, too.

During the development of the method a position with the distance of the detector in
vertical cryostat from the back of the phantom was 35 cm and the distance of the detector
from the seat 30.5 cm approximating thus a position of a bent human body (Fig.lb) at the
detector. This configuration could be used as an alternative position.

Fig. 1 Configuration of measured person in relation to detector. Distances in mm.

Using different detectors and configurations described above, calibrations were
performed by a BOMAB phantom filled homogeneously with radionuclide solutions or by a
phantom with a slightly different size than a BOMAB, in which vessels with radionuclide
solutions were placed to simulate lungs or intestines. Volumes and position of organs in the
trunk of phantom were chosen according to. Point source placed in the neck of phantom
simulated thyroid. Choice of the simulated organs was done with regard to early
contamination. The purpose of the simulation was mainly to estimate the possible under- or
overestimation when the radionuclide is rather concentrated in one organ. The suggested
standard position is not intended for special thyroid monitoring, the aim of the calibration for
thyroid is just to show the possible uncertainties of total body content of radioiodine even with
unknown distribution occurring early after intake or after using stable iodine for thyroid
blocking.

To estimate approximately the uncertainty due to body constitution, point sources of
different energy were placed in the centre of three simple trunk phantoms. They were of
elliptical cylinder shape of different thickness, characterised by the "body constitution factor"
(CF) 0.4, 0.5 and 0.6, i.e. the ratio of the body mass (kg) to the body height (cm).
Measurement was performed with two detectors (20% and 55%).

Another way to estimate uncertainties due to differences in body built and also
differences in body position on the seat is the measurements of a BOMAB phantom of a 4
year old child (3) with radionuclides homogeneously distributed in the body. It was measured
with two detectors (20% and 38%) and with one of them, also the response to phantom
shifting by ± 5 cm in both the horizontal and the vertical direction.
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3. POINT SOURCE DETECTION EFFICIENCY

Dependence of the full absorption peak detection efficiency e p on the photon energy
was measured for 18 detectors with relative efficiency e r — defined as the ratio of e p for 1.33
MeV for a point source of Co 60 measured in 25 cm from the front of a semiconductor
detector to the efficiency for the same conditions for the Nal(Tl) detector 7.6cm x 7.6cm,
which is 1.2 10'3 — declared by producer and ranging from 1.4% to 62%. Besides coaxial
HPGe detectors both the p-type and the n-type, one semiplanar LEGe detector and two Ge(Li)
detectors were included in the study. For HPGe detectors, also diameter and height of the
detectors were given by producer.

The dependence of the detection efficiency e p on the energy E in the energy range
from 0.15MeV to 2 MeV for photon source 25 cm distance from the detector was expressed as
simple power function e p = aE"b. Parameters a and b were plotted against the relative
efficiency e r in %. As expected this dependence for a (Fig.2) can be fitted by a straight line
and for b on Fig 3 by a power function. For comparison on the statistically less confident parts
of the curve are presented two points taken from Heifer (4).
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Fig. 2 Experimental and fitted values of the parameter Fig. 3 Experimental and fitted values of the
a of power function ep = aE* for point source in 25 cm parameter b of power function ep = aE* for point

source in 25 cm
o experimental values fitted by power function
+ Heifer's (4) values - not included in fit

4. TRANSFER FACTORS FOR WHOLE BODY COUNTING

As an example the dependence of the detection efficiency e w on the photon energy for
the human body phantom homogeneously filled with radionuclide solution and for
radionuclides in organs together with e p for one detector is in Fig 4. Parameters of the power
functions fitted to the experimental points being in the range from about 0.2 MeV to 2.0 MeV
for 4 detectors are in Table I.

Tab. 1 Whole body detection efficiency e = aE"
relat.eff. e r

15%

20%

55%

25%

h (mm)

37

51.9

84.6

60.6

d (mm)

50

49.5

63.3

52.9

position

standard

standard

standard

alternative

a(E-4)

0.54

0.84

2:00

2.15

b

0.81

0.67

0.78

0.45
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Fig.4 Dependence of detection efficiency on the photon energy for the detector with relative efficiency 15%.
point source detection efficiency Sp

o experimental values for whole body calibration 6W

+ experimental values for lungs
A experimental values for intestines

In the standard position (Fig la) the ratio of the detection efficiency e w to detection
efficiency e p for different energies can be expressed as a transfer factor h(E) = e w/ e p (Table

n).
Tab. 2 Transfer factor r\ and parameters of fitted power function

Detector, position

15%,standard

20%,standard

55%,standard

25%,alternative

Energy (MeV)

0.14

0.2

0.2

0.21

0.38

0.36

0.23

0.23

0.21

0.5

0.66

0.24

0.25

0.26

0.5

1

0.25

0.26

0.28

0.51

1.33

0.26

0.27

0.3

0.51

T)=aE -b

a

0.25

0.26

0.28

0.51

b

0.12

0.14

0.15

0.02

Values shown in Table II for three detectors in a standard position are nearly the same
since the dimensions of the detectors of the Ge crystal in a detector are negligible in
comparison with the source to detector distance and the transfer factor h reflects only the
differences due to the mean distance of the radionuclide solution to the detector and self-
absorption in the phantom. Thus for the standard position (Fig la) the generic transfer factor
dependent on energy T|(E) = 0.26E
relation can be used.

-0.13 was obtained. As a very first estimate the following

L 2 x 1 0 -3
x 0.25

with a resulting maximum overestimation of retention being less than one order of magnitude
for energies about 0.2 MeV and by a factor of about 3 for 137Cs. For the alternative position
(Fig lb) the transfer factor is T|a(E) = 0.5IE"002. Values are higher than in the standard
position not only due to a closer position to the detector but also due to higher efficiency of
the used Ge crystal when exposed from the side since the height (h) to diameter (d) ratio of
this crystal
h/d=1.14.

In a similar way transfer factors for organs in a phantom in the standard position were
evaluated. In the energy range from 0.14 to 1.33 MeV they varied for lungs from 0.1 to 0.3,
for intestines (GIT) from 0.15 to 0.35 and for the thyroid from 0.2 to 0.4. For the alternative
position with the detector in vertical cryostat the values were consistently higher.
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Calibration curves for whole body counting obtained by the use of suggested generic
transfer factor were verified later by the use of calibrations with volunteers who ingested 24Na
solution and by comparison of 40K and 137Cs content in the body of a group of people
measured with two different detectors (1), good agreement was found.

5. UNCERTAINTY OF ESTIMATED RETENTION

The conservative estimation of uncertainties for a standard position was derived from
experiments. Uncertainty due to a person's position in the chair is given by the factor 1.25*1.
From the phantom calibration for organs uncertainty due to non uniform distribution of the
radionuclide in the body can be evaluated for the energy range 0.2 to 2 MeV as 1.3*1, from
experiments with the point source in the trunk phantom with variable thickness the uncertainty
due to body build is about l.2±l. According to our measurement with an HPGe detector
(h/d = 1.14, e r = 25%) and published data on the angular dependence of response (4), the
uncertainty due to differences in directional response should not exceed 1.3*1.

The total impact of all uncertainties, including also uncertainty of the transfer factor,
for one measured person as estimated by quadratic summing of relative errors is 1.5*1. Taking
into account a vertical detector with extreme h/d ratio it does not exceed 1.6*1, being thus
more optimistic than our earlier estimate (1).

6. MINIMUM DETECTABLE ACTIVITY

Minimum detectable activities were calculated on the 95% significance level for the
detector with e r = 55% and for different background dose rate levels. Standard geometry was
used and measuring time 60s was chosen. The lowest background was in the steel shielding of
whole body counter, an almost normal background was in the laboratory where some
radioactive samples were present. Higher background levels were simulated by the presence
of 226Ra, 137Cs, 60Co or 60Co with 133Ba, 134Cs and 241Am sources at different distances from
the detector. Thus the dose rate at the place of the detector ranged from 0.02 to 38 \iGylh. In
Fig. 5 there is MDA dependence on background dose rates for 137Cs which was not used to
arise the background, in Fig.6 is such a dependence for 137Cs where 137Cs peak in the

CO

Q

0.01

IT
CO

O

10 20

dose rate foGy/h] dose rate [»Gylh]
Fig. 5 Minimum detectable activity (MDA) for 137Cs for Fig. 6 Minimum detectable activity for 137Cs for
various background rates
+ background in WBC shielding
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Fig.7 Minimum detectable activity for '"Co for
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background makes its MDA higher. Similarly in Fig. 7 is the MDA for 60Co for background
raised by 60Co.

With a dose rate meter close to the body 50 kBq — used as lower triage action level —
can be detected giving the response of 0.05 mGy/h above a normal background, i.e. about
+50% (5). However, with a HPGe detector such an activity can be measured in 60 seconds
even if the background dose rate is ten times or more the normal value and contains also
contributions of the radionuclide of interest.

7. CONCLUSIONS

For the recommended standard position at the germanium detector, generic transfer
factors for whole body counting were provided. Also, a generic function for the calculation of
the energy dependence of detection from the relative efficiency of the detector was developed.
Both factors and functions can be routinely applied. The analysis of uncertainties and
minimum detectable activities in enhanced backgrounds proved that the use of the high
resolution gamma spectrometry for the measurement of internal contamination in an
emergency situation is justified and quality enhancing.
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