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Abstract—In this study, virtual calibration of a whole-body
monitoring system was performed using a library of 100
statistical phantoms. The counting efficiency (CE) was obtained
as a function of time after 13!l radionuclide intake. The results
highlight the necessity of using statistical phantoms in the process
of virtual calibration because it was found that the CE for 31 is
not a simple function of height, weight, BMI or any other
morphometric variable. Despite, it was shown that the counting
efficiency is strongly dependent on the geometrical location of the
thyroid and the thickness of soft tissue between the thyroid and
the detectors.

Index Terms—whole-body counter; Monte Carlo method;
virtual calibration; statistical phantoms, radiation contamination

. INTRODUCTION

In the virtual calibration of in vivo monitoring instruments,
computational phantoms which include the complicated
structure of human anatomy are used to assess the organ
specific counting efficiency (OSCE) [1]. Although utilizing a
realistic computational phantom instead of simple physical
models increases the accuracy; without personalized models,
this method has another source of uncertainty pertained to the
anatomical variations in measurement subjects [2]. Therefore,
some researchers created phantom libraries comprising of
various weight and height percentiles to take into account the
statistical uncertainty of the morphometric features. However,
because of lacking the anatomical information, the internal
organs were assumed identical for the same height phantoms.
To make the other height percentiles, all the organs were just
scaled with the whole body [3]. This issue could effectively
contribute to the systematic error in OSCE estimation,
especially when contamination is concentrated in a specific
organ. In this work; a library of 100 phantoms with internal and
external statistical features were used to calibrate a whole body
counter (WBC) for 31 which is assumed to be predominant
contributor to the internal dose after a nuclear power plant
accident.

Il. METHODS

A. Simulating of statistical phantoms inside the WBC

The phantom series used in this study were constructed as a
library of 100 statistical boundary representation phantoms.
The sampling of height and weight of the patients were done
uniformly and including adult males and females.

A FASTSCAN WBC unit (Canberra Inc., USA) was
simulated in MCNPX 2.6 code which has a free standup
geometry. The unit houses two sodium iodide (Nal) gamma-
ray detectors [4].

B. Biokinetics of radiation contamination in body

The compartmental biokinetic model of the inhaled 131l
was created as a combination of human respiratory tract model
(HRTM) from ICRP Publication 130 [5] and the new iodine
biokinetic model developed by Leggett [6]. The activity curves
versus time after intake were then obtained for inhalation of
iodine vapor/gases |, CHsl, and aerosols with AMAD of 1 and
Sum. In addition, the solutions of biokinetic model for blocked
and unblocked thyroid as well as various breathing rates and
durations were found.

C. Evaluation of CE

The OSCE, s, were evaluated and the total CE, erota, Were
then obtained as a summation of X As () x &s for each
computational phantom, where As(t) is the activity function for
the source region (S).

I11. RESULTS AND DISCUSSION

A. The total CE and OSCEs for the reference phantom

Monte Carlo simulation was performed and organ specific
CEs were obtained for 15 different source regions, separately.
The total CE were then obtained by summing the activity-
weighted organ-specific CEs. Figure 1 shows the total CE for
the adult male ICRP reference phantom as a function of time
after inhalation of ¥l aerosols with 1 um AMAD. The
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Figure 1. Total CE as a function of time after intake of **!1 aerosols with 1
um AMAD for a reference subject with (a) unblocked and (b) blocked thyroid.



contribution of each source region in the total CE is shown for
both blocked and unblocked thyroid in this figure. In the case
of unblocked thyroid, the key point is that the thyroid is the
major contributor to the total CE after 2 days of radionuclide
intake. This implies that the thyroid could be considered alone
in the evaluation of total CE. However for blocked thyroid, it
was shown that the CE is not considerable after 2 days.

B. The total CE for the library of statistical phantoms

The total CEs for 100 statistical phantoms were evaluated
(figure 2). Figure 3 shows the scatter plot of weight versus
height of the computational phantoms. The symbols filled with
the color corresponding to the thyroid CE as the major
contributor to the total CE. The polygon mesh models of the
phantoms pertained to the region indicated with a dashed
magenta line was shown in the upper panel from the front
view. As can be seen from this figure, there is no obvious
correlation between the thyroid CE and its corresponding
weight/height percentile.

Figure 2. Total
CE as a function of
time after intake of
31| aerosols with 1
um AMAD for the
library of
computational
phantoms.

C. The total CE vs. other morphmetric parameters

The correlation between thyroid CE versus various
parameters including body mass index (BMI) and thyroid mass
were investigated and no obvious correlation was found. Then,
we explored more deeply and some level of correlation was
observed for the thyroid location with respect to the detectors.
Therefore, we analytically estimated the solid angle (Q2) of the
detectors observed from the thyroid center of mass, multiplied
by the attenuation factor (exp(-ux)), where x is the thickness of
the soft tissue lied in front of the thyroid and p is the
attenuation coefficient of the soft tissue for energy of 0.365
MeV. One may expect that the value would be proportional to
the thyroid CE as shown in figure 4.

To sum up, the total CE is dependent on the thyroid CE
after 2 days of radionuclide intake, which in turns depends on
the thyroid location and the thickness of thyroid frontal layer.
Thus, in order to estimate the total CE for each individual
subject more precisely, one may fix the location of the thyroid
by a neck or chin stabilizer and assess the thickness of soft
tissue layer by palpation.

. CONCLUSION

The total CE for 31 as a function of time after intake were
evaluated for different scenarios using a library of phantoms,
new biokinetics of iodine and Monte Carlo calculations. The
influencing factors on the total CE were also investigated.
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Figure 3. Scatter plot of height versus weight of the phantoms. the symbols
filled with the color corresponding to the thyroid CE.

ey [%]

Figure 4. The
correlation
observed  between
the thyroid CE and
the detercors’ solid

yraid Counting Efficien

angle multiplied by

' attenuation  factor
ki for !  aerosols
with 1 pm AMAD,
o plotted

The outcome of this study helps us to reduce the systematic
uncertainty of CE pertained to the body habitus of the subject.
To conclude, this study highlights the importance of using
statistical phantoms in virtual calibration of whole body

monitoring systems which we intend to share with
computational phantoms workshop.
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