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Abstract
Project 1: Validation of Isodose Curves for AIRO Mobile CT
Purpose: Validate isodose curves provided by the manufacturer for the Airo Mobile CT
to determine if, indeed, it is safe for those who are operating the machine.
Materials and Methods: To determine the maximum number of scans per year allowed,
hospitals rely on the data provided by the manufacturer. It is not common practice to
verify the data provided for CT scanners. To validate the information provided by the
manufacturer, the same CT settings were utilized for testing. The manufacturer settings
were 120 kV, 100 mA and 1.92 sec and a 32 cm body CTDI phantom was used to
generate scatter patterns. Replicating these conditions, two ion chambers were used to
collect measurements of scattered radiation at different distances around the MobileCT
gantry.
Results: Following the manufacturer settings, the average percent difference between
the manufacturer data and the data collected in this experiment was 24.16  15%.
Conclusions: The results provided information that confirmed the validity of the data
provided by the manufacturer. Through this verification, it was shown that the scattered
air kerma determined through experimentation was comparable to the data provided by
the manufacturer.
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Project 2: P-32 pure-beta detection utilizing nano-fiber optic detector
Purpose: Determine if the nano-fiber optic detector is capable of detecting pure β
emissions by placing it in contact with P-32 in liquid solution.
Materials and Methods: The P-32 was placed into a vial with 2 mL of stabilizing
solution. The vial was placed in a lead pig that was modified with a 1 mm opening on
the lid for the nano-FOD to be inserted through. Measurements of the nano-FOD’s
response to pure beta emissions were collected by submerging the nano-FOD into a vial
containing 76.2 mCi of liquid P-32 and evaluating the voltage output that was produced.
For P-32, this was done over a 45-day period to determine if the nano-FOD was able to
accurately measure activity over time. From the data collected, the net signal and signalto-noise ratio (SNR) were calculated and compared to the P-32 concentration, which
showed a linear correlation when plotted.
Results: The nano-FOD was able to demonstrate a noticeable response when inserted
into the P-32 solution. The data from the net signal allowed for the determination of the
experimental half-life which was 13.46 ± 0.87 days. When compared to the published
half-life of P-32, which is 14.29 days, the percent difference between the experimental
and published half-life was 5.8%.
Conclusions: The results from this data collection provide confirmation that the nanoFOD device can be utilized as a real-time β detector. Using Monte Carlo simulations, the
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signals measured with the nano-FOD have been calibrated to radiation exposure,
proving the nano-FODs ability to be utilized as a novel β detector.

Project 3: I-131 mixed-beta and gamma detection utilizing nano-fiber
optic detector
Purpose: Determine if the nano-fiber optic detector is capable of accurately detecting
mixed β and  radiation by placing it in contact with I-131.
Materials and Methods: The I-131 was placed into a vial with 2 mL of stabilizing
solution. The vial was placed in a lead pig that was modified with two openings on the
lid for each of the nano-FODs to be inserted through. The first opening was used to
insert directly into the I-131 solution to be exposed to both the β and  emissions. The
second opening led the nano-FOD into a Lucite sheath that blocks all β emissions, so
that only the  component was detected by the nano-FOD. Measurements of the nanoFOD’s response to mixed β and  emissions were collected by submerging the nano-FOD
into the vial containing 105 mCi of liquid I-131 and evaluating the voltage output that
was produced. For I-131, this was done over a 20-day period to determine if the nanoFOD was able to measure activity over time for both the mixed signal and the gamma
signal.
Results: The signal produced by the nano-FOD from being exposed to the mixed beta
and gamma emissions of I-131 shows the nano-FODs capability of detecting radiation in
mixed fields. The net signal over time provided an experimental half-life comparable to
that of the published half-life of I-131.
vi

Conclusions: The nano-FOD is capable of functioning in a mixed field. The postprocessing data analysis for this nano-FOD needs modification and will provide insight
into the future of utilizing the nano-FOD in mixed fields.
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Introduction
Project 1
Computed tomography (CT) imaging has become an essential component of
many surgical and therapeutic treatments. CTs allow for image guidance while
performing non-invasive procedures, providing physicians, surgeons and staff with
essential information to accurately treat patients. Although a useful tool, utilizing CT
scanners for these purposes could potentially expose occupational workers to high levels
of radiation. The exposure from scattered radiation by CT scans poses a greater risk,
than conventional x-rays, to staff. When obtaining a new CT machine, hospitals rely on
information regarding exposure provided by the manufacturer when they perform
required assessments of the machines. Before clinical use of the CT machine, a radiation
survey has to be completed (The Joint Commission on Accreditation Health, 2009). The
scatter survey consists of conducting a typical scan with the kVp, mA and scan time to
be utilized during day-to-day use of the device and utilizing a CT dose index (CTDI)
phantom or water phantom to produce scatter (National Council on Ratdiation
Protection and Measuremnts, 2004). The information helps occupational workers
determine necessary safety precautions and help to determine if the machine is
compliant with state and national regulations. The purpose behind this research was to
determine the reliability of the isodose curve data provided by the manufacturer of the
Airo Mobile CT scanner (Model number MobiCT-32, Mobius Imaging, Phoenix Park
1

Shirley, Ma) and if indeed it should be relied upon for determining radiation safety
measurements.

Project 2
𝛽 particle detection in-vivo has been a challenge due to the particles short range
in solid medium. For current detectors, electron response depends highly on the
scintillation material and the physical thickness, this is not optimal with low energy
electrons, because there is sometimes an entrance window or protective covering that
could cause energy loss before the particles even reach the scintillator (Knoll, 1999). For
these detection devices, the thickness of the entrance windows exceeds the range of 𝛽
particles and cannot provide sufficient readings. Although some high energy 𝛽 particles
can travel a few feet in air, when in a solid medium they have a relatively short range
(Cherry, Sorenson, & Phelps, 2012). In particular, the average range, in tissue, for P-32 𝛽
particles is 1.98 mm and maximum range being 8 mm (Kaplan, 1964). Currently, to
avoid the issues noted, liquid scintillation detectors are utilized for 𝛽 detection but is
not a solution for internal dosimetry applications (Cherry, Sorenson, & Phelps, 2012).
For Internal 𝛽 dosimetry, utilizing detectors has been a difficult feat to accomplish,
detectors such as optically stimulated luminescent detectors and thermo-luminescent
detectors are not useful due to the potential of radiation damage if exposed to
surrounding tissues. Without the means to accurately detect dose for internal 𝛽
dosimetry, dose calculations have to be done utilizing alternative methods, such as
2

computer simulations and approximations. Although useful, these methods only have
limited information for which real-time dosimetry could supplement. This limits our
ability to understand internal 𝛽 dosimetry.

Project 3
Most β emitting radionuclides also emit γ emissions as a result of the initial βminus decay (Cherry, Sorenson, & Phelps, 2012). An example includes I-131, which has a
published half-life of 8.02 days and produces both beta and gamma emissions. I-131
sodium iodine is one of the most commonly used radionuclides in nuclear medicine,
used for thyroid treatments (Eary & Brenner). The delivered dose during treatment is
primarily due to the beta particles emissions, which makes up about 90% of the
treatment dose (Eary & Brenner). To characterize the nano-fiber optic detector in mixed
fields, I-131 was used because of its mixed decay scheme, see appendix C for I-131 decay
chart.

3

1. Project 1: Validation of Isodose Curves for AIRO
Mobile CT
1.1 AIRO Mobile CT Overview
The AIRO Mobile CT (Mobius Imaging, Phoenix Park Shirley, MA) is the first
CT scanner of its kind in Duke University medical Center Radiation Oncology
department. The AIRO Mobile CT proves useful for many applications due to its small
overall size, ease and ability to be moved from room to room and its large 107 cm bore
(Weir, Zhang, & Bruner, 2015). Although the Mobile CT has many positive attributes,
compared to conventional scanners it delivers a higher radiation dose per 100 mAs,
which causes concern for the dose that the patient and the bedside staff are receiving
when utilizing it for procedures (Weir, Zhang, & Bruner, 2015). With this increased
radiation dose, validation of the Mobius’ isodose curves for exposure will provide useful
information in regard to the necessary safety precautions.

1.2 Materials and Methods
1.2.1 Setup
For this experiment, the AIRO CT scanner was placed in the Morris Building
room 005-119, a floor plan of this room is included in Appendix A. The set up for this
experiment was designed to mimic the measurements that were conducted by the
manufacturer of the AIRO CT machine. In order to reproduce the conditions that the
manufacturer obtained their dose rate information from, we worked closely with Brain
Lab engineers and took note of the information outlined in Mobius’ manual.
4

Figure 1: Depiction of experimental set up of Morris Building room 005-119
The CT settings used for this experiment were 120 kV, 100 mA and 1.92 seconds
of acquisition. The only difference between the manufacturer settings and those of the
experimental was the mA settings, in which the manufacturer utilized 25 mA during
testing and scaled their values up to 100 mA. To produce scatter, a 32 cm body CTDI
phantom was placed at isocenter on the CT table. To collect measurements, tape was
placed on the floor to mark the different distances in which measurements would be
taken, a layout of measurements is included in Appendix A.

5

Phantom
Markings

Figure 2: AIRO Mobile CT scanner and experimental set up

1.2.2 Measurements and Calculations
Using two ion chambers, the Fluke Biomedical Victoreen model 451P and the
Ludlum model 9DP, measurements were collected using integrate mode. In order to
make sure that measurements at different locations were consistent and to protect
researchers from radiation exposure, the ion chambers were placed on an adjustable
table that kept the most sensitive region of the ion chambers at level with the phantom.

6

Figure 3: Measurement Collection Scheme
Three measurements were collected for each point and the averaged values were
calculated to determine the exposure in that area. Next, the data had to be converted
from mR/exposure to 𝜇Gy/mAs in order to make a comparison to the manufacturer
data. Equation 1.1 shows how 𝜇Gy/mAs is determined from mR/exposure
𝑚𝑅
𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒

×

8.8 𝜇𝐺𝑦
𝑚𝑅

×

7

𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒
192 𝑚𝐴𝑠

𝜇𝐺𝑦

= 𝑚𝐴𝑠

1.1

1.3 Results and Discussion
The average percent difference between the manufacturer data and the data
collected in this experiment was 24.16  15%. The highest difference being 53.16% and
the lowest difference being 0.8%.
Table 1: Values of exposure obtained during validation versus the
manufacturer provided exposure data

8

Table 2: Percent Differences at each location measurements were obtained

The higher differences can be attributed to the variability in data collection,
although the floors were marked it is difficult to determine the exact positions in which
technicians at Mobius took measurements. A table including the values in mR/exposure
a located in Appendix A.
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2. Project 2: P-32 Pure-Beta Detection Utilizing NanoFiber Optic Detector
2.1 Nano-Fiber Optic Detector Overview
The nano-fiber optic detector (nano-FOD) is composed of scintillating Eu- and Lidoped yttrium oxide nanocrystals that measure light emissions from interactions within
the crystals (Stanton, 2014). The nanocrystals are attached to a fiber optic cable with
optical glue that has a refractive index similar to that of the scintillation material. For the
nano-FOD’s crystal composition, the peak emission is around 600 nm (Stanton, 2014).
When exposed to radiation, the crystals emit light on a spectrum between 605-617 nm
that is collected by the optical fiber. The silica core fiber transmits the emitted light to the
diode and is recorded by a CCD-photodetector (Hyatt, 2018). Integrating over the
emitted light energies, a signal is produced in real-time. From the signal, a voltage
output is obtained, and this recorded voltage correlates linearly to the incident radiation
exposure (Stanton, 2014).

10

Figure 4: Depiction the of the nano-FOD and its three main components: The
scintillator, fiber and diode.
The nano fiber optic detector is capable of obtaining measurements in-vivo, a
functionality that conventional detectors lack, making it useful for real-time dosimetry
measurements. The submillimeter size, durability and the detector’s ability to withstand
and resist radiation damage provides insight into the nano-FOD’s capability of being
utilized in many applications. Research has shown that the nano-FOD is able to detect
different types of radiation including kV to MV energies and gamma rays. The nanoFOD, if capable of being characterized to detect 𝛽 emissions, will prove to be a useful 𝛽particle detection device.

2.2 Materials and Methods
2.2.1 Setup
P-32 is a beta emitter that decays by 𝛽-minus emission to S-32, decay scheme
located in Appendix B. P-32 is a pure beta emitter, no gamma rays are emitted from its
11

decay (Knoll, 1999). For this reason, P-32 was utilized to examine the nano-FOD’s
response to pure beta emissions. The beta emitted by the decay of P-32 has a maximum
energy of 1.709 MeV and an average energy of 694.7 keV (Eary & Brenner). P-32 is
widely utilized for nuclear medicine and is usually a sodium phosphate in order to be
injected intravenously (Eary & Brenner). For the experiment, P-32 sodium phosphate
solution was diluted with 2 mL of saline solution to obtain a concentration of 36.1
mCi/cc. The P-32 was placed into a vial with a 1 mm hole drilled into the sealed cap,
then placed into a lead pig with a matching 1 mm diameter hole in the lid. These holes
placed in the lid of the vial and lead pig allowed for the nano-FOD to be inserted into
the P-32 whilst the radionuclide was accurately shielded. For the protection of those
taking measurements, the lead pig was setup behind a standard L-block shield.

Figure 5: Experimental set up of the nano-FOD for testing P-32 emissions
To perform measurements the nano fiber optic cable was connected to a CCDphoto-diode and the voltage signal produced by this detector was transmitted to the
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data acquisition board (DAQ). The DAQ board was connected to the laptop, which ran a
LabView program that recorded raw and filtered data in real-time.

2.2.2 Measurements and Calculations
Measurements were taken by submerging the tip of the nano-FOD into the P-32
solution and collecting the voltage output that was produced. This was completed over
a 45-day period to determine if the nano-FOD was able to accurately measure activity
over time. For the first 32 days, the measurements were taken every day. Subsequently,
as the signal decreased, the measurements were taking every 3 days. For each day, 5 sets
of measurements were acquired for data analysis. Values for net signal were derived by
averaging over the 5 measurements obtained during each measurement collection.
Measurements consisted of inserting the tip of the nano-FOD into the P-32 for 15
seconds and then withdrawing the tip for 15 seconds, which is shown below in figure 5.
Although the tip of the nano-FOD was in contact with the solution contaminating it, the
residual activity left behind is well below the lower limit of detection of the device. Due
to this, the contamination is negligible, and the background can be obtained when the
nano-FOD is withdrawn from the liquid.

13

Submerged

Withdrawn

Figure 6: Depiction of experimental process of submerging the nano-FOD into
the solution and then withdrawing it. The experimental system allows for two nanoFODs to collect measurements simultaneously, Voltage_LOW is the second diode that
is turned off because it was not being utilized for this experiment.
From the data collected, the net signal and signal-to-noise ratio (SNR) were
calculated and plotted over time. The net signal was obtained by finding the difference
between the signal when the nano-FOD is in contact with the radioactive material and
the background signal. During data acquisition, the system allows for users to see the
change in voltage in real-time when the nano-FOD is in contact with the solution, this is
shown in figure 6.
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Figure 7: Nano-FOD real time output. Graph demonstrates what signal and
background are defined as.
The equation for determining net signal is included in equation 2.1.

𝑁𝑒𝑡 𝑆𝑖𝑔𝑛𝑎𝑙 = 𝑆𝑖𝑔𝑛𝑎𝑙 − 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

2.1

By using equation 2.2, the signal-to-noise was calculated. The net signal obtained
from 2.1 is divided by the standard deviation of the net signal 𝜎𝑆𝑖𝑔𝑛𝑎𝑙 .

Net Signal
σSignal

SNR =

2.2

The experimental half-life 𝑇1 was calculated using equation 2.3. From the
2

information provided by the plot of net signal versus time, the decay constant 𝜆𝐸 was

determined using the slope of the line.
T1 =
2

ln(2)
λE

2.3
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2.2.3 Monte Carlo Simulation
The Monte Carlo program FLUKA (Fluctuating Kascade) was performed to
simulate the 𝛽 emissions of P-32 and its interaction with the nano-FOD. FLUKA is a
software tool that through modeling an experimental setup can replicate particle
transport and interactions (Ferrari, Sala, Fasso, & Ranft, 2005). Along with FLUKA, a
graphical interface called FLAIR (FLUKA Advanced Interface) was utilized. FLAIR was
developed to have a simple and intuitive interface for users to perform tasks in a step by
step method to avoid errors and other user issues that arise when using FLUKA (Ferrari,
Sala, Fasso, & Ranft, 2005).
The FLUKA software provides information regarding the dose per exposure
time. Exposure time is defined by the 15 seconds of data acquisition that occurs when
the nano-FOD is in contact with the P-32 solution. With the dose information, a
correlation between the dose rate (cGy/s) and the voltage (mV) output, obtained from
the nano-FOD, can be made. This correlation is known as the calibration factor which
can be used to directly calculate dose rate from the output of the nano-FOD. The
simulation is modeled after the setup discussed in section 2.2.1, a glass vial containing
38.1 mCi per cc of P-32 with the nano-FOD inserted into the liquid. The model created in
FLUKA is displayed in figure 7.
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Figure 8: Screen capture of FLAIR model of the nano-FOD experimental set up

J
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( )
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]=
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( Event ) × ( 3 ) × (
)
g
cm
(

2.4

Equation 2.4 demonstrates how dose was obtained from the FLAIR simulation.
𝑒𝑣𝑒𝑛𝑡
3.7 × 1010 Bq ( 𝑠𝑒𝑐 )
mCi
10−6 Ci
100 cGy
)×(
)×(
) × Dose × (
)]
𝐃𝐨𝐬𝐞 𝐑𝐚𝐭𝐞 = [(
cc
mCi
𝐶𝑖
Gy

2.5

The dose rate was calculated using the dose value obtained from equation 2.4.

cGy
Dose Rate ( 𝑠𝑒𝑐 )
𝐂𝐚𝐥𝐢𝐛𝐫𝐚𝐭𝐢𝐨𝐧 𝐅𝐚𝐜𝐭𝐨𝐫 =
𝑚𝑖𝑙𝑙𝑖𝑣𝑜𝑙𝑡𝑠

2.6

Using the dose rate information, calculated in 2.5, and dividing it by the net
signal (millivolts) the calibration factor is determined.

2.3 Results and Discussion
P-32 is a high energy pure beta emitter and therefore the 𝛽 emissions are the only
particles interacting within the nano-FOD. The net signal is defined as the interaction of
17

the beta emissions within the nano-crystal. A measurable signal caused by the emissions
is exhibited in the data collected. Figure 8 depicts the net signal plotted over the time for
the length of the experiment.

Figure 9: Nano-FOD net signal as a function of time in days
Fitting the plot to a line, the 𝜆𝐸 (decay constant) determined was 0.053. Inputting
the decay constant into equation 2.3, yields the experimental half-life of 13.46
± 0.87 days. There are uncertainties that arise while utilizing the nano-FOD. In
preliminary studies it was previously determined that there is uncertainty for repeat
measurements (Belley, 2015). For this experiment, the calculated uncertainty for the net
signal, was determined to be 1.09%. This is a summation of the uncertanites in
quadrature of the standard deviation of the repeated background and signal
measurements which are 0.75% and 0.8%, respectively.
18

Figure 10: Nano-FOD signal to noise ratio as a function of time in days
The signal to noise ratio, shown in figure 9, also demonstrates an exponential
decay. When plotted the trendline provides a 𝜆𝐸 value of 0.0493, which yields a half-life
of 14.14 ± 0.46 days. Both the values obtained are comparable to the published half-life
of P-32 which is 14.29 days.
Using equation 2.6, the calibration factor between the net signal and dose rate for
each measurement was determined. After determining all of the calibration factors for
the data collected over time, the factors were averaged together to obtain an overall

19

calibration factor for between cGy/sec and mV. The calibration factor determined was
0.025 with a standard deviation of 1.87 × 10−3 .

Figure 11: Dose Rate vs Millivolts to determine the calibration factor
To verify the validity for this calculation, dose rate was plotted versus mV, this is
shown in figure 10. The plot was fitted and the slope of the fitted line (0.0223 cGy/s/mV)
is equivalent to the calibration factor obtained through equation 2.6.
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3. Project 3: I-131 mixed eta Detection Utilizing NanoFiber Optic Detector
3.1 Nano-Fiber Optic Detector Overview
Characterizing the nano-FOD in a mixed field is a task that has been approached
previously but needed further testing. The nano-FOD has shown a measurable response
to mixed field emissions and also demonstrated an exponential decay response over
time. From the previous experimental analysis, it was concluded that the nano-FOD data
collection and analysis for mixed fields needed to be re-evaluated (Hyatt, 2018). Two
potential issues were determined for utilizing the nano-FOD in mixed fields. One issue
being the potential for Cerenkov emissions interacting within the detector, which is
dependent upon the type of material that makes up the fiber (Beddar, Mackie, & Attix,
Water-equivalent plastic scintillation detectors for high-energy beam dosimetry:
Physical characteristics and theoretical considerations, 1992). This issue was resolved
since the fibers that make up this nano-FOD are made from silica, therefore Cerenkov
emissions were deemed to no longer be of concern. The other issue was concerning how
the net signal is determined from the raw data. Due to the gammas it is a possibility
with the previous setup, modeled in section 2.2.2 figure 5, the long-range gammas might
have contributed to the background counts. The latter will be discussed further in order
for the nano-FODs to be utilized fully in mixed fields.
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3.2 Materials and Methods
3.2.1 Setup
Due to I-131’s mixed emissions and unsatisfactory results of previous
experimentation, a new experimental setup was developed to obtain measurements for
the mixed signal and for just the gamma component of the signal. The beta emitted by
the decay of I-131 has a maximum energy of 611 keV and the gamma rays emitted have
an energy of 364 keV (Eary & Brenner). 105 mCi of I-131 in 2 mL of stabilizing solution
was placed into a modified glass vial. The glass vial was manufactured to allow for two
nano-FODs to be inserted into the sealed cap, one collecting mixed field measurements
and the other collecting only the gamma emissions. In order for this to be accomplished,
two 1 mm holes were drilled into the cap, one for the nano-FOD to be inserted directly
into the I-131 solution. The second hole was drilled through the cap but led into a sealed
plexiglass tube that extended into the solution. The plexiglass allowed for the inserted
nano-FOD to only interact with the gamma emissions, since the beta particles would not
be able to penetrate the plexiglass shield. A diagram of the modified vial is shown in
figure 11.
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Figure 12: Diagram of I-131 set up
Similar to the process explained in section 2.2.1, to obtain measurements the
nano-FODs are connected to CCD-photo-diodes. The signal produced is transmitted to
the data acquisition board (DAQ), which is connected to a laptop. The laptop contains
LabVIEW software that displays the readings in real-time both as raw and filtered data.
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Figure 13: Image and diagram of nano-FOD experimental set up

3.2.2 Measurements and Calculations
To collect measurements, the nano-FODs were inserted into the vial
simultaneously and data was acquired for 15 seconds, then the nano-FODs were
withdrawn for 15 seconds to obtain a background signal. The process of submerging
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and withdrawing the nano-FODs was done 5 times each day that data was acquired. A
demonstration of data collection is shown in figure 13.

Figure 14: Diagram demonstrating the I-131 experimental process
and the real-time data obtained from acquisition
Using the data collected over time, the net signal and signal to noise ratio were
derived. To determine the net signal, the background signal needs to be acquired. The
background signal is primarily due to noise from the electronics and any ambient light
in the room. In this experimental setup, it is a difficult task to obtain a true background
of electronic noise because the gamma particles can travel further and therefore can
interact with the nano-FOD when it is withdrawn from the solution. Due to this, the data
analysis performed in equation 2.1 is no longer applicable. In order to obtain a
measurement of the background, the nano-FOD would have to be moved out of the
range of the gammas, which could not be done in this experimental setup. Therefore, the
background signal collected contains both electronic noise and signal from long range
gammas, see equation 3.1.
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𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 = I-131𝛾 + 𝑁𝑜𝑖𝑠𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠

3.1

Equation 3.1 is an equation that represents what the background measurement
consists of when withdrawn from the solution by a few centimeters.
𝐺𝑟𝑜𝑠𝑠 𝑆𝑖𝑔𝑛𝑎𝑙 = I-131𝛾, + 𝑁𝑜𝑖𝑠𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠

3.2

Equation 3.2 explains the gross signal that is shown in real-time when the nanoFOD is in contact with the I-131 solution. Unfortunately, there is no way to differentiate
between noise from the gamma emissions of I-131 and noise from electronics. In order to
obtain the net signal, shown in equation 3.3, the noise produced by the electronics must
be quantifiable and subtracted out. Therefore, the noise from the electronics had to be
determined outside of the experimental setup. A background measurement, utilizing the
gamma component nano-FOD, was taken in an empty vial under the same conditions as
the experimental setup except there was no I-131 solution. This background provided us
with information regarding what the noise should be without the gamma contribution.
Using the background obtained, the net signal for the gamma collecting nano-FOD was
determined by utilizing equation 3.3.
𝑁𝑒𝑡 𝑆𝑖𝑔𝑛𝑎𝑙 = I-131𝛾. − 𝑁𝑜𝑖𝑠𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠

3.2

Since the nano-FOD utilized for the mixed field was contaminated a background
signal was found by comparing the sensitivity of the two nano-FODs and determining
the background from that ratio. This is shown in equation 3.4 and 3.5.
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𝑆𝑒𝑛𝑠𝑖𝑣𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =

𝐺𝑎𝑚𝑚𝑎 𝑅𝑒𝑎𝑑𝑖𝑛𝑔𝑁𝑎𝑛𝑜−𝐹𝑂𝐷 𝐴
𝐺𝑎𝑚𝑚𝑎 𝑅𝑒𝑎𝑑𝑖𝑛𝑔𝑁𝑎𝑛𝑜−𝐹𝑂𝐷 𝐵

3.4

Equation 3.4 shows the ratio taken between the two nano-FOD readings to
determine the difference in sensitivities.
𝑆𝑒𝑛𝑠𝑖𝑣𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 × 𝐵𝐾𝐺 𝑅𝑒𝑎𝑑𝑖𝑛𝑔𝑁𝑎𝑛𝑜−𝐹𝑂𝐷 𝐵 = 𝐵𝐾𝐺 𝑅𝑒𝑎𝑑𝑖𝑛𝑁𝑎𝑛𝑜−𝐹𝑂𝐷 𝐴

3.4

Knowing the sensitivity factor, the background reading for the mixed signal
nano-FOD can be determined and equation 3.3 can be utilized to determine the net
signal of the mixed field.

3.3 Results and Discussion
From the experimental analysis it was shown that the nano-FOD, both the mixed
field and gamma component, showed a measurable signal when in contact with the
solution. With the data collected and the information obtained from equation 3.5, the net
signal, for the mixed field and gamma radiation, were plotted over time. Figure 14 and
figure 15 display the mixed and gamma field net signal, respectively, versus time.
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Figure 15: Net signal versus time for the mixed field signal obtained by the
nano-FOD
The data for mixed and gamma signal over time were fitted to a single
exponential decay and the information was utilized to determine the experimental halflife. For the data shown in figure 14, the experimental half-life obtained was 9.25 ± 1.77
days.

Figure 16: Net signal versus time for the isolated gamma signalobtained by the
nan-FOD
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Figure 15 displays the nano-FOD net signal produced by the gamma emissions.
The signal produced by the gamma gives a 𝜆𝐸 value of 0.073, which yields an
experimental half-life of 9.54 ± 2.47 days.
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Conclusions
Project 1
For the verification of Mobius’ Airo Mobile CT scanner, the experimental results
validated the manufacturer data. The differences in exposure ranged from 1.43% to
69.66%, which is a difference of 0.031 Gy/mAs. The differences in results are widely
dependent on the protocol for data collection and results can be improved by obtaining
exact steps for measurement collection from the manufacturer and/or utilizing the
phantom that the manufacturer used to create scatter.

Project 2
Results have shown that the nano-FOD is able to detect beta emissions from P-32.
The measurable signal and exponential decay of net signal shows the ability of the nanoFOD to provide consistent readings over time. The Monte Carlo simulations provided a
correlation between the signal and exposure, that will allow for the device to be used in
determining dose rate. The results show that the nano-FOD is capable of performing as a
real-time novel beta detection device. Next, the goal is to continue to characterize the
nano-FOD in mixed fields and determine if it is capable of detecting alpha emissions.

Project 3
The results of this experimentation allowed for further understanding of the
current capabilities of the nano-FOD and what needs improvement. The results show an
abnormal decay path for the net signal which is due to the lack of a true background
30

signal. Through this experimental process, it has become apparent the significance of
collecting the background signal and correctly determining it for each day of data
acquisition. The background, although small, has a large effect on the reliability of the
data. To address this in the future, the background caused by electronics, ambient light
etc. has to be measured at the time that measurements of gross signal are taken for the
radionuclide. For mixed fields, where emissions have a longer range, a separate nanoFOD needs to be utilized outside of the set up to collect these daily background
measurements. To do this using multiple nano-FODs, it would be advantageous to
determine quality assurance methodology between nano-FODs, since their make-up and
sensitivity is dependent on how they are manufactured.
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Appendix A

Figure 17: Floor plan of the radiation oncology room-005149in which the
mobile CT measurements were performed
32

Figure 18: Horizontal profile for isodose curves provided by the manufacturer
(Mobius Imaging)
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Table 3: Workload generated by the manufacturer (Mobius Imaging)

Table 4: Comparison of manufacturer data to experimental data in
mR/exposure
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Appendix B

Figure 19: P-32 decay scheme (Cherry, Sorenson, & Phelps, 2012)
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Appendix C

Figure 20: Decay scheme of I-131 (Cherry, Sorenson, & Phelps, 2012)
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Table 5: Decay mode for I-131 (Cherry, Sorenson, & Phelps, 2012)

.
37

Appendix D
D.1 TLD Uniformity Test and Calibration
The X-Rad 320 machine located in the SANDS building was used to irradiate the
thermoluminescent detectors (TLD). To determine uniformity, three batches of TLD’s
(batch 3, 7 and 11) were irradiated then read out.

Figure 21: Setup for TLD uniformity test. Each batch is placed into the holder
pictured above with an ion chamber collecting exposure
. Once readout was completed, the values for each individual TLD in a batch was
plotted on a graph. All TLD’s falling within two standard deviations of the mean value
were kept and a calibration factor between them was determined. The TLD’s that were
outliers beyond the 2 were removed from the batch.
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D.2 Results and Discussion

+2𝜎
Mean
-2𝜎

Figure 22: Uniformity test #1 for TLD Batch 3. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F1 filter

+2𝜎
Mean
-2𝜎

Figure 23: Uniformity test #2 for TLD Batch 3. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F4 filter
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+2𝜎

Mean
-2𝜎

Figure 24: Uniformity test #3 for TLD batch 3. The following settings were
used to irradiate: 250 kVp, 10 mA, 2 min and F1 filter.
From the three-uniformity test performed, TLD numbers 1, 21, 31 and 46 were
removed from the batch 3. Table 5 shows the calibration factor between the TLDs that
fell within 2 standard deviations of the mean.
Table 6: Calibration Factor chart for TLD batch 3 uniformity test
TLD Batch Information:
Batch #: 3
Number of TLDs: 49

Uniformity Test

Calibration Factor (CF)

1

1.003

2

1.003

3

1.002

Average CF

1.003
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+2𝜎

Mean

-2𝜎

Figure 25: Uniformity test #1 for TLD batch 7. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F4 filter

+2𝜎

Mean
-2𝜎

Figure 26: Uniformity test #2 for TLD batch 7. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F4 filter
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+2𝜎

Mean

-2𝜎

Figure 27: Uniformity test #3 for TLD batch 7 . The following settings were
used to irradiate: 250 kVp, 10 mA, 2 min and F4 filter
TLD number 1, 38 and 40 were determined to be outliers from the uniformity test
performed and removed from batch 7.
Table 7: Calibration Factor chart for TLD batch 7uniformity test
TLD Batch Information:
Batch #: 7
Number of TLDs: 42

Uniformity Test

Calibration Factor (CF)

1

0.98

2

1.00

3

1.004

Average CF

0.995

42

+2𝜎
Mean

-2𝜎

Figure 28: Uniformity test #1 for TLD batch 11. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F1 filter

+2𝜎

Mean

-2𝜎

Figure 29: Uniformity test #2 for TLD batch 11. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F4 filter

43

+2𝜎
Mean

-2𝜎

Figure 30: Uniformity test #3 for TLD batch 11. The following settings were
used to irradiate: 320 kVp, 10 mA, 2 min and F1 filter
For batch 11, TLD numbers 16, 23, 35, 39, 42 and 44 were removed. Table 7 shows
the average calibration factor for the batch.
Table 8: Calibration Factor chart for TLD batch 11uniformity test
TLD Batch Information:
Batch #: 11
Number of TLDs: 42

Uniformity Test

Calibration Factor (CF)

1

0.995

2

0.961

3

0.961

Average CF

0.972
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