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Technical note 

Technical note: Simulation of lung counting applications using Geant4 

Henri Jutila a,b,*, Paul Greenlees a,b, Tiina Torvela c, Maarit Muikku c 

a Accelerator Laboratory, Department of Physics, University of Jyväskylä, FI-40014 Jyväskylä, Finland 
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A R T I C L E  I N F O   
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A B S T R A C T   

A Geant4 simulation package has been developed to investigate and test detector configurations for lung 
counting applications. The objective of this study was to measure radiation emitted from the human body and to 
make a qualitative comparison of the results of the simulation with an experiment. Experimental data were 
measured from a plastic phantom with a set of lungs containing 241Am activity. For comparison, simulations in 
which 241Am activity was uniformly distributed inside the lungs of the ICRP adult reference computational 
phantom were made. The attenuation of photons by the chest wall was simulated and from this photopeak ef
ficiency and photon transmission were calculated as a function of photon energy. The transmission of 59.5 keV 
gamma rays, characteristic of the decay of 241Am, was determined from the computational phantom as a function 
of the angular position of the detector. It was found that the simulated detector response corresponds well with 
that from an experiment. The simulated count rate below 100 keV was 10.0(7) % greater compared to the 
experimental measurement. It was observed that 58.3(4) % of photons are attenuated for energies below 100 keV 
by the chest wall. In the simulation, the transmission of 59.5 keV gamma rays varied from 13.8(2) % to 38.0(4) % 
as a function of the angular position of the detector. The results obtained from the simulations show a satisfactory 
agreement with experimental data and the package can be used in the development of future body counting 
applications and enables optimization of the detection geometry.   

1. Introduction 

Ionizing radiation is present everywhere in our environment. An 
individual’s personal annual radiation dose originates from radionu
clides in soil, air, food, water, cosmic radiation, medical use of radiation, 
and other man-made sources. While people are constantly bombarded 
with ionizing radiation from all directions, it does not generally impose 
a threat to the health of the public. However, in case of radiation acci
dents, internally deposited activity, especially inhaled, can be extremely 
dangerous and can result in a radiation dose many times higher than the 
normal annual dose. Therefore, it is necessary to have methods to assess 
the level of internal exposure of the human body and the circumstances 
of the exposure. The level of exposure can be determined indirectly by 
measuring environmental samples and fecal or urine samples from the 
individual or directly using whole body or partial body counters [1]. 

Lung counting refers to a direct measurement of the inhaled activity 
contained in the lungs using a set of sensitive scintillation or semi
conductor detectors with good energy resolution placed outside the 
body close to the chest. Even small amounts of radioactive material 

containing, e.g., americium or plutonium, are extremely dangerous 
when inhaled due to the long biological half-life [2,3]. These radioiso
topes can be released into the environment from nuclear accidents, ex
plosions, nuclear reactors, and from manufactured products that contain 
such isotopes. 

Due to the short range of alpha and beta particles in matter, detection 
of these particles outside of the body is possible only indirectly, for 
instance by measuring fecal or urine samples. In order to get reliable 
results, urine and fecal samples collected during 24-hour and 3–4-day 
periods respectively, are analyzed [1]. Therefore, it is necessary to resort 
to the detection of photons for direct measurements. However, 
observing radionuclides via low-energy gamma-ray detection is diffi
cult. A non-uniform distribution of unknown radionuclides which 
changes over time after intake makes dose assessment difficult [4]. Most 
of the low-energy gamma rays with energies below 100 keV are either 
partially or fully absorbed by the chest wall. In addition, a low-energy 
background is generated in the region of interest by the Compton scat
tering of higher energy gamma rays in the detector material and in the 
body before detection. Typical measurements using current detectors 
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require a long measurement time and/or a low-background environ
ment, which may not be available in an accident scenario. 

Radiation transport codes are extremely important in many fields of 
research from medical physics to high energy physics. Codes can be 
used, for example, to optimize the detection of radiation [5], estimate 
radiation doses [6], and in treatment planning for radiotherapy together 
with realistic computational phantoms [7]. Widely used codes such as 
GATE [8], EGSnrc [9], MCNP5 [10], PENELOPE [11], FLUKA [12], and 
Geant4 [13] are all based on the Monte Carlo method that relies on 
repeated random sampling to obtain a numerical result. 

Based on the Geant4 platform [13], a simulation package for lung 
counting has been constructed including the International Commission 
on Radiological Protection (ICRP) adult reference computational 
phantoms [14] and a simple cylindrical (planar) Hyper-Pure Germa
nium (HPGe) semiconductor detector. The computational phantoms are 
based on tomographic data sets. The package converts the phantom data 
into voxels which have an atomic composition and density defined by 
the ICRP [14]. The germanium detector has been modeled based on a 
simplified version of existing detectors used in the whole body counting 
laboratory at the Radiation and Nuclear Safety Authority (STUK). 

The present work aims to confirm the viability of the package as a 
platform to test and optimize future body counting applications which 
aim to improve the existing measurement setup at STUK in terms of 
Minimum Detectable Activity (MDA) and measurement time. The 
viability is assessed by using Monte Carlo methods to replicate experi
mental lung counting data, determine the simulated photon trans
mission and photopeak efficiency as a function of gamma-ray energy, 
and understand how the geometry of the phantom affects the attenua
tion of 59.5 keV gamma rays as a function of the angular position of the 
detector. 

2. Material and methods 

In the following section, the foundation for the methods used, and 
definitions of the various parameters employed in the analysis are pre
sented in more detail. 

2.1. Photopeak efficiency 

The gamma and X-ray activity can be quantified by identifying the 
characteristic photopeaks and determining the count rate, R, given by 
the number of recorded events, N, in the peak relative to the measure
ment time, Δt, 

R =
N
Δt

(1) 

The activity can then be determined using the photopeak efficiency η 
defined as 

η =
R
AI

(2)  

where A is the activity of the radioactive source, and I is the fractional 
yield of a radiation per disintegration or emission intensity. The pho
topeak efficiency is a dimensionless number but can be expressed as 
counts in a photopeak/total number of photons emitted by the source. It 
gives the probability of a given emitted photon to be absorbed by the 
detector and produce a full-energy peak in the final spectrum. 

2.2. Photon transmission 

The chest wall, which is composed of bone, cartilage, muscle, and 
adipose tissue, has a great effect on the low-energy gamma- and X-rays. 
The attenuation of photons by the chest wall can be investigated and 
evaluated by determining the probability of photon transmission with 
Monte Carlo methods. The photon transmission Φ/Φ0 is defined as the 
ratio between the photon flux, Φ, after penetrating the absorbing 

medium and the initial photon flux, Φ0, emitted from the radiation 
source. In the present work, the ratio Φ/Φ0 is defined as the number of 
events in the photopeak after penetrating the chest wall of the compu
tational phantom divided by the number of events in the photopeak 
when the computational phantom is not present. Therefore, the coeffi
cient (1 - Φ/Φ0) represents the number of incident photons that are 
partially or fully absorbed by the chest wall or other scattering processes 
within the detector for a specific photon energy. In HPGe detectors, for 
low photon energies (<140 keV) the photon interactions are dominated 
by the photoelectric effect rather than Compton scattering. Therefore, at 
low energies, the Compton background is mostly generated by the 
scattering of higher energy gamma rays in the chest wall if no other 
radiation source is present in the simulation. 

2.3. Experimental measurement 

The experimental data was obtained using a human torso phantom 
(ARDF-09T), referred to as the physical phantom from now on. It con
sists of 14 detachable plastic parts including a set of lungs containing 
241Am manufactured by STC RADEK, Russia, the physical phantom is 
shown in Fig. 1a) without the chest plate. The composition of the plastic 
parts is based on epoxy resin with fillers. The densities of material im
itators are 1.056 g/cm3 and 0.261 g/cm3 for soft and pulmonary tissues, 
respectively. The chest plate is contaminated with 241Am and was 
therefore replaced with a 5.2 kg custom chest plate made from granu
lated table sugar, mimicking the original, shown in Fig. 1b). Emitted 
radiation was measured using two S-series HPGe detectors (GEM- 
S7025P4) manufactured by Ortec, USA. The detectors were rotated to
wards the middle of the lungs and placed in slight contact with the chest. 
The left and right lungs with 241Am activities of 19.3 kBq and 23.7 kBq, 
respectively, were placed inside the phantom and the phantom was 
placed inside the enclosed low background counting room at STUK. The 
room is constructed from low-background steel (150 mm) with layers of 
lead (3 mm) and copper (4 mm) placed on top of special concrete which 
has 1/8 of the activity concentration of normal concrete. The duration of 
source measurements was approximately one hour. A background 
measurement was performed with a similar setup but using lungs that do 
not contain activity. The duration of the background measurement was 
around fourteen hours. A DSPEC 502 multichannel analyzer with the 
Maestro v. 7.01 software package by Advanced Measurement Technol
ogy, Inc., USA was used for data acquisition. 

2.4. Energy resolution 

Gaussian energy broadening [10] was used in the simulation to 
match the energy resolution of the detector used in the experimental 
measurement. The energy resolution of a detector system is usually 
described by the Full Width at Half Maximum (FWHM) which varies as a 
function of deposited energy, E, and can be expressed in the following 
form [10] 

FWHM = a + b
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
E + cE2

√
. (3) 

The FWHM is related to the Gaussian width, σ, by 

σ =
FWHM
2
̅̅̅̅̅̅̅̅̅
2ln2

√ . (4) 

Using experimentally determined coefficients a, b, and c, the 
Gaussian width σ, can be calculated for each deposited photon energy, 
and matching energy resolution can be achieved by sampling the 
Gaussian distribution 

1
σ
̅̅̅̅̅
2π

√ exp

(

−
(x − μ)2

2σ2

)

. (5)  
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2.5. Voxel phantom 

ICRP adult reference computational male and female phantoms were 
used in the lung counting simulation package, the main properties of 
which are shown in Table 1. The phantoms are based on computed to
mography image data of a 38-year-old male (1.76 m, 70 kg) and a 43- 
year-old female (1.67 m, 59 kg) [14]. Both tomography data sets were 
segmented, scaled and the tissues adjusted to match the ICRP reference 
height and total mass [14]. Although the female phantom consists of 348 
slices, only 45 slices are used in the simulations which contain the lungs 
to cut down the computational time. This selection of a smaller number 
of slices is justified by the small detector frontal area. In the case of the 
male phantom, only 27 slices are used, since the thickness of a single 
slice is 8.00 mm, whereas the slice thickness for the female phantom is 
4.84 mm. A single slice from both of the phantoms is shown in Fig. 2a) 
and b) visualized in Geant4. In addition, the arms were removed from 
the computational phantom in order to determine the variation in count 
rate as a function of the angular position of the detector. 

2.6. Geant4 simulation 

The Geant4 (Geometry And Tracking) toolkit for the simulation of 
the passage of particles through matter [13] (version 10.5) was used to 
build a lung counting simulation package including voxelized ICRP 
adult reference computational male and female phantoms [14]. The 
lung counting simulation package also utilizes parts of the Geant4 
simulation package built to simulate the Advanced Gamma Tracking 
Array (AGATA) [15,16] to generate the output file. Livermore [17] was 
used as a physics model which describes low-energy interactions for 
photons and electrons down to 250 eV. Python scripts were used to 
analyze the simulated data. 

Geant4 uses Monte Carlo methods to describe the interaction of 
particles with matter. In general, Geant4 simulations consist of runs, 

events, tracks, and steps. By initiating a run, a set of particles are 
emitted. An event starts when one or more primary particles are 
generated and consists of the tracks of each particle. A track is a 
sequence of steps that is defined as the distance between two interaction 
points. Information about the particle is stored in each step. It is 
possible, for example, to retrieve the energy deposition during each step, 
the physical processes involved in the interactions, and the kinetic en
ergy of the particle at the beginning and end of each step [18]. 

The lung counting package requires phantom information specified 
in the DICOM application of Geant4 [13] and a macro file that contains 
particle or photon information. At the beginning of an event, random 
coordinates for the emission point and direction of emission are selected 
inside the phantom volume. If the material at the emission point is 
defined to be lung material (other materials besides lung can also be 
used), the emission of a particle is processed. Otherwise, new co
ordinates are selected until the material is determined to be lung. 
Therefore, in the simulation, the activity is uniformly distributed inside 
the lung or lungs but in reality, this is not the case as discussed in Section 
1. However, the small difference in the distribution of the activity within 
the lungs has no effect on the conclusions of the present work. After a set 
of pre-determined runs are completed, an output file is generated con
sisting of the steps of the particles that have interacted inside the de
tector. By summing the energy deposition after each interaction, a 
spectrum can be reconstructed and analyzed in the same manner as an 
experimental spectrum. 

A simple cylindrical detector consisting of a germanium crystal in
side a vacuum enclosed by an aluminum capsule with a thickness of 1.1 
mm and 5.5 mm vacuum space between the crystal and the capsule is 
used to detect photons emitted from lung voxels, shown in Fig. 2e). The 
detector is modeled based on an existing planar HPGe detector used in 
the experimental measurement. The dimensions of the detector are such 
that it has a radius of 35.85 mm and a thickness of 31.50 mm. The de
tector was also equipped with a 0.5 mm beryllium window. The FWHM 
of the detector was measured to be 0.5 keV for 5.9 keV 55Fe X-rays, 0.7 
keV for 122 keV 57Co, 1.5 keV for 1.17 MeV, and 1.6 keV for 1.30 MeV 
60Co gamma rays which were subsequently used to replicate the energy 
resolution of the detector in the simulation. The radial distance from the 
center of mass of the lung to the detector was set to 200 mm so that the 
volume of the detector did not intersect with the voxels of the phantom. 
In the simulations the position of the detector was changed repeatedly 
around the lung while keeping the radial distance fixed. All positions 
used in the simulations are shown in Fig. 2c) and d). 

Although the dimension of the detector was determined from an X- 

Fig. 1. a) plastic physical phantom (ARDF-09T) without the contaminated chest plate. b) same physical phantom with a custom chest plate made from granulated 
table sugar. 

Table 1 
Main properties of the ICRP adult reference computational phantoms [14].  

Phantom Male Female 

Height (m) 1.76 1.63 
Mass (kg) 73 60 
Slice thickness (mm) 8.00 4.84 
In-plane resolution (mm) 2.137 1.775 
Number of slices 222 348 
Number of materials 53 53  
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ray image, there exists systematic uncertainty regarding the dimension 
of the active volume of the Ge crystal. Also, charge collection was not 
implemented in the simulation which would have required the electric 
field inside the detector to be simulated. The errors induced by Geant4 
are statistical in nature and can be estimated by simulating different 
seeds, (the same seed will always give the same result), which can be 
expected to follow a normal distribution. 

Therefore, the uncertainty of a single measurement is 
̅̅̅̅
N

√
, where N is 

the number of events recorded in a single measurement. Uncertainty 
related to the simulation and energy deposition in the detector can be 
minimized by using a large sample size (>106 events), a small tracking 
cut (1 nm), and a high spatial resolution (small voxel size). 

3. Results 

In total, three simulation sets were computed in order to investigate 

several different aspects of the typical situations encountered in lung 
counting measurements. The first set corresponds to the equivalent of a 
10-minute experimental measurement (based on the activities of the 
lungs in the physical phantom) to simulate a situation in which 241Am 
had been inhaled (data set 1). The second data set was generated to 
determine the photopeak efficiency and photon transmission as a 
function of the energy of the emitted gamma rays (data set 2). Lastly, the 
position of the detector was varied around the lungs to further test the 
viability of the simulation package and to understand how the photon 
transmission through the chest wall of computational phantoms changes 
as a function of angular position for 59.5 keV photons, which is the 
characteristic gamma-ray used to identify 241Am (data set 3). 

Characteristic gamma and X-rays related to the decay of 241Am, 
shown in Table 2, were used to simulate the 241Am source and replicate 
the experimental data by emitting a single photon at a time. A total of 16 
× 106 photons were simulated, emitted from points uniformly 

Fig. 2. a) z-axis chest slice of the male and b) female computational phantoms. The most common materials have been numbered 1. glandular tissue 2. adipose 
tissue, 3. blood 4. heart 5. lung 6. bone tissue 7. muscle tissue. c) angular positions of the detector around the right lung used in the simulations. In a similar manner, 
the detector can also be placed around the left lung. d) detector position in the xz-plane on top of the right lung. e) cross-sectional image of the HPGe detector used in 
the simulation. Germanium crystal (green), vacuum (red), aluminium capsule (grey), beryllium window (yellow). (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 
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distributed in the lungs. The detector was placed at an angle of 0◦ as 
shown in Fig. 2a) and 2b). Simulated spectra, measured from the right 
side of the phantom, overlaid with the corresponding experimental 
spectrum are shown in Fig. 3. The experimental spectrum was back
ground subtracted using the actual data from the background mea
surement with a normalization based on the measurement time. Using 
the 59.5 keV photopeak, the simulated spectra were scaled to corre
spond to the experimental spectrum. This procedure was used because 
the measurement geometries and materials are not identical, and the 
interest lies in the overall shape of the spectra and the detector response. 
The effect of the Ge X-ray escape peaks was also implemented in this 
data set by setting the Geant4 tracking cut to 1 nm [19]. Based on the 
measured experimental FWHM, an energy resolution function was 
implemented in the simulation using equations (3–5) to match the 

energy resolution of the detector used, which varies as a function of 
deposited energy. 

The photopeak efficiency η and photon transmission Φ/Φ0 as a 
function of photon energy were determined using the simulation pack
age by measuring the total number of events in the photopeak after 
penetrating through the ICRP adult reference computational male chest 
wall at an angle of 0◦ with photon energies of 15 keV, 30 keV, 60 keV, 
100 keV, 150 keV, 250 keV, 500 keV, 1000 keV, 1500 keV and 2000 keV, 
shown in Fig. 4a) and b). A total of 5 × 106 photons were simulated for 
each case. With the aim of determining the photon transmission, the 
simulations were repeated by setting all phantom materials to corre
spond to a vacuum. In this way, the total number of events in photopeak 
can be determined from the same irregular-shaped volume with no loss 
in intensity. In this case, no uncertainty in the energy deposited was 
introduced, and the total number of events were determined from a 
single channel in the spectrum. The least squares method was used to fit 
logaritmic functions to the data to guide the eye. 

The photon transmission through the chest wall of the ICRP adult 
reference computational phantoms for 59.5 keV gamma rays was 
determined for each detector position, lung, and both male and female 
phantoms shown in Fig. 2c) and d). A total of 8 × 106 and 10 × 106 

photons were simulated for the left and right lung, respectively, for each 
position. The number of counts in the photopeak was determined from a 
single channel in the spectrum, as again there was no need to reproduce 
the experimental energy resolution. The results for all the positions are 
shown in Fig. 5a) to d). 

4. Discussion 

As shown in Fig. 3, overall, the simulated spectra (data set 1) 
correspond well with the experimental data above 20 keV, with all the 
major spectral features being reproduced. The alpha decay of 241Am 
proceeds 99.63% of the time to excited states in 237Np. The de-excitation 
to the ground state can happen via the emission of gamma rays and/or 

Table 2 
Characteristic γ and X-ray radiation related to the decay of 241Am [20] where the 
yield is the percentage of the emitted radiation per disintegration or emission 
intensity.  

Type Energy (keV) Yield (%) Energy (keV) Yield (%) 

γ  59.54  35.90  55.56  0.018 
γ  26.34  2.40  32.18  0.017 
γ  33.20  0.13  42.73  0.006 
γ  43.42  0.07  57.85  0.005 
γ  98.97  0.02  125.30  0.004 
γ  102.98  0.02  69.76  0.003 
X  13.95  9.60  17.51  0.650 
X  17.75  5.70  21.34  0.590 
X  16.82  2.50  21.49  0.290 
X  17.06  1.50  16.11  0.184 
X  20.78  1.39  15.86  0.153 
X  17.99  1.37  101.06  0.010 
X  13.76  1.07  97.07  0.008 
X  11.87  0.66  114.23  0.003 
X  21.10  0.65  113.30  0.002  

Fig. 3. Spectra of simulated and experimentally measured 241Am activity inside lungs from the computational and physical phantom. In the reduced computational 
phantom, all materials except the lung were replaced with adipose tissue. 
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Fig. 4. a) simulated photon transmission and b) photopeak efficiency as a function of photon energy at a detector angle of 0◦. Logarithmic functions were fitted to the 
data to guide the eye. Error bars show the standard deviation of each measurement. 

Fig. 5. Simulated 59.5 keV photon transmission as a function of the angular position of the detector. a) and b) are from the computational male phantom for each 
lung. Similarly, c) and d) are from the computational female phantom. Negligible small statistical errors have been omitted from the figures to aid clarity of reading. 
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internal conversion electrons. Thus, the decay process can also result in 
the emission of X-rays, Auger electrons, or both. 

The most significant gamma-ray photopeaks (59 keV and 26 keV) in 
the simulated spectra are centered within 0.1 keV of the photopeaks in 
the experimentally measured spectrum as are the most prominent X-ray 
peaks (21 keV, 17 keV, 13 keV) determined from a Gaussian fit. The 
quality of the simulations can be deduced, for example, from the posi
tion and shape of the backscatter peak which is dependent on the 
implementation of a number of physical processes in the Geant4 li
braries. A free fit to the backscatter peak in the simulated and the 
experimental data yields effectively identical fitting parameters (within 
the errors given by the fitting procedure). 

Overall, the reproduction of the response of the detector and gamma- 
ray intensities is very good. The total count rate in the 0–100 keV region 
using the physical phantom was 5.1(2) × 103 cpm and 5.6(2) × 103 cpm 
when using the computational phantom with a relative difference of 
10.0(7) % in favor of the simulated count rate. The close reproduction 
and slightly higher rate in the simulation comes as no surprise since the 
detector in the simulation is close to ideal. No dead time or dead layers 
were introduced and all interactions in the detector were recorded. The 
count rate for X-rays, however, is reduced by the more diverse materials 
in the computational phantom. The difference is partly caused by the 
composition of the computational phantom which includes high-density 
materials, such as bone, muscle, and cartilage tissue, that are absent in 
the physical phantom used to produce the experimental spectrum. This 
is clear when using the reduced computational phantom where all ma
terials except the lungs were set to correspond to lower-density adipose 
tissue. The exact geometries of the computational and physical phan
toms also differ somewhat. However, the addition of the low- 
background room in the simulated environment had very little impact 
on the final spectrum. All three factors together: non-ideal detector, 
differing phantom composition, and non-identical geometries between 
simulation and experimental measurement contribute to the differences 
in the low-energy part of the spectrum below 20 keV. 

The photon transmission probability and photopeak efficiency were 
determined as a function of photon energy from data set 2. The photon 
transmission probability is shown in Fig. 4a). The photon transmission 
probability for 60 keV photons is Φ/Φ0 = 36.4(4) % therefore, 63.6(4) % 
of photons will interact with the chest wall of the phantom and cannot 
produce a full-energy photopeak in the final spectrum. For photons with 
energies above 250 keV, more than 51.6(6) % can penetrate through the 
chest wall unattenuated. The photopeak efficiency curve, shown in 
Fig. 4b), is typical for lung counting and characteristic of a germanium 
detector, where low-energy photons are absorbed by the chest wall and 
high-energy photons are more likely to go through multiple Compton 
scattering events instead of producing a single full-energy photopeak in 
the final spectrum. 

To further test the phantom, the photon transmission for 59.5 keV 
photons was determined as a function of angular position at a fixed 
distance as shown in Fig. 2c). For the right lung in the male phantom, the 
maximum photon transmission, shown in Fig. 5b), is 35.9(4)% at an 
angle of 0◦, which is expected since the thickness of the chest wall is 
minimized on top of the lung as shown in Fig. 2a). For the right lung in 
the female phantom, shown in Fig. 5d), the maximum is observed at an 
angle of 90◦ with 35.6(4)% due to glandular tissue as shown in Fig. 2b). 

Overall, similar trends can be seen for the female and male lungs 
apart from the significant increase for the left lung at 90◦ observed for 
both phantoms. The probable cause for the larger photon transmission is 
due to the specific shape of the lung and the detail of how the emitted 
photons are simulated. The position of emission is randomly selected 
inside the lungs. Therefore, it is more likely that a photon is emitted and 
transmitted close to the edge of the lung since the left lung is thinner and 
longer than the right lung. In fact, this finding is only natural, since the 
left lung must make room for the heart as can be seen in Fig. 2c) and d). 

5. Conclusion 

A Geant4 simulation package for lung counting applications has been 
built from the ground up including voxelized ICRP adult reference 
computational phantoms. In the present work, activity due to the decay 
of 241Am inside the lungs of the computational phantom was simulated 
and compared to experimental data obtained with a physical phantom 
made from plastic inside a low-background room at STUK. The simu
lated photopeak efficiency and photon transmission probability through 
the chest wall were determined as a function of photon energy. The 
photon transmission probability of 59.5 keV gamma rays characteristic 
to the decay of 241Am decay was simulated as a function of the angular 
position of the detector. 

The present work indicates that the results obtained from the lung 
counting simulation package are in good agreement with the experi
mental measurement. However, the results only apply to the average 
individual and the detector positioning needs to be evaluated carefully. 
In the future, the simulation package can be employed in planning 
future lung counting applications, through optimization of the detector 
design and measurement geometry. The overall outcome will be a 
lowering of detection limits and/or a shortening of measurement times. 
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