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ABSTRACT 
 
In the past years nanotechnology has been distinguishing as a quick growing field, with many medical 
applications including drug delivery and medical images. For medical procedures gold nanoparticles (AuNPs) 
have been widely studied. The characteristics that make this material a good option to improve radiosensitivity 
in a specific tissue are their stability in a biological ambient and affinity to polyethylene glycol, which reduces 
its toxicity in mammals. A good method to produce AuNPs for medical applications is thermal decomposition, 
which is known for providing homogenous nanostructures and narrow size distribution. This production process 
consists in mixing gold acetate in an organic solution containing diphenyl ether, oleylamine, oleic acid and 1,2 
octanediol, which is kept in a temperature of 300 ºC for about two hours. After cooled the mixture must be 
centrifuged and washed in order to obtain the nanostructured grains. In this study a behavior comparison 
between water and the organic solution was made. The goal is to verify the viability of using this solution, 
instead of water, with a 3D printed phantom, as a dosimetric reference, since the removal process of 
nanoparticles from this solution to take them to water may cause a huge material loss. The comparison 
procedure was made in an industrial X-ray system operating in a voltage range from 10 kV to 50 kV. The results 
presented a variation up to 42.2 % between water and the organic solution radiation attenuation and up to 30 % 
for radiation scattering. 
 
 

1. INTRODUCTION 
 
In the past years nanotechnology has been distinguishing as a quick growing field, with many 
applications in science and technology including information storage[1], drug delivery [2-4], 
medical images [5,6] and food additive[6]. 
 
Furthermore, nanotechnology and molecular biology integration provides a huge potential for 
medical applications, in diagnostic and therapy procedures, such as biomarkers and biological 
sensors, besides tumors detection and treatment.[3-7] 
 
For these procedures gold nanoparticles (AuNPs) have been widely studied, including their 
behavior when irradiated by X and/or gamma ray[4,8-10]. AuNPs present some 
characteristics which make them a nice option to improve radiosensitivity in a tissue. They 
are very stable in a biological, and also have affinity to polyethylene glycol, which reduces its 
toxicity in mammals. [11,12] 
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Thermal decomposition is a good method to produce nanoparticles for medical applications, 
providing homogenous nanostructures and narrow size distribution. It is considered one of 
the best methods used in the nanoparticles synthesis due to the high quality of the produced 
materials. [13] 
 
This method consists in mixing gold acetate in an organic solution containing diphenyl ether, 
oleylamine, oleic acid and 1,2 octanediol, which is heated to 300 ºC for two hours, in a three-
neck round bottom flask, using a heating mantle. The mixture, after cooled, must be 
centrifuged and washed in order to obtain the nanostructured grains. [14] 
 
In this study a behavior comparison between water and the organic solution was made. The 
goal was to verify the viability of using this solution, instead of water, with a 3D printed 
phantom, as a dosimetric reference, since the removal process of nanoparticles from this 
solution to take them to water may cause a huge material loss. 
 
The 3D printed phantom was developed and is being studied as a cheaper and an easier-
handle substitute for PMMA (polymethylmethacrylate), which is widely used in dosimetric 
studies. 
 
 

2. MATERIALS AND METHODOLOGY 
 

2.1 Materials 
 
The phantom was designed using SolidWorks® software and made in an UP 3D printer, plus 
2 model (Fig. 1).  
 
 

 
 

Figure 1: UP 3D printer, plus 2 model. 
 
 
The first prototype was printed using ABS (Acrylonitrile Butadiene Styrene), which presents 
a density from 1060 kg/m³ to 1080 kg/m³ [15], and the second one was printed using PLA 
(Polylactic Acid), which density varies from 1210 kg/m³ to 1430 kg/m³ [16]. These materials 
are the cheapest and the most commonly used in this kind of 3D printer. 
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The X-ray beam was produced by an industrial X-ray system Pantak/Seifert, ISOVOLT 160 
HS presented in Fig. 2, which has five series of reference radiation qualities established 
(mammography, diagnostic radiology, radiation protection, tomography and 
radiotherapy)[17-20]. This system can reach voltage up to 150 kV. 
 
 

 
 

Figure 2:  Industrial X-ray system Pantak/Seifert. 
 
 
This study was made using the low-energy radiotherapy reference beams. Their main 
characteristics are presented in Table 1. Tube current of 10 mA was used. 
 
 

Table 1: Low-energy radiotherapy radiation qualities main characteristics.  
Tube current of 10 mA was used. 

 

Radiation 
quality 

Tube 
Voltage  

(kV) 

Half-value 
layer  

(mmAl) 

Additional 
filtration  
(mmAl) 

Air-kerma 
rate (mGy/s) 

T-10 10 0.04 --- 3.130 
T-25 25 0.28 0.4 2.462 
T-30 30 0.19 0.2 9.638 
T-50 (a) 50 2.41 4 0.821 
T-50 (b) 50 1.08 1 4.027 
 

 
For attenuated beam measurement a parallel-plate PTW ionization chamber, 23344 model, 
volume of 0.20 cm³, which is highly recommended for surface low-energy radiotherapy 
beams measurements, was used (Fig. 3). This chamber was connected to a PTW electrometer, 
Unidos E model. 
 
 

 
 

Figure 3:  PTW ionization chamber, 23344 model,  
used in low-energy radiotherapy beams measurements. 
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For scattered radiation measurement a Radcal ionization chamber, RC180 model, volume of 
180 cm³, connected to a Keithley electrometer, 6517A model, was used (Fig. 4). This 
chamber presents a good response both in diagnostic radiology and radiation protection 
beams measurements. 
 
 

 
 

Figure 4:  Radcal RC180 ionization chamber which can be used in both diagnostic 
radiology and radiation protection measurements. 

 
 
In order to verify the radiation beam stability a PTW monitoring chamber, 34014 model, 
connected to a PTW electrometer, Unidos E model, was used. 

2.2. Methodology 
 
The tests were carried out positioning the printed phantom at 35 cm from the X-ray tube 
anode. The parallel plate PTW ionization chamber was placed 50 cm away from focal spot 
(reference distance) and Radcal chamber about 5 cm next to the phantom, as shown in Fig.5. 
 
 

 
 

Figure 5:  Experimental set up. The parallel plate PTW ionization chamber was placed 
to measure attenuated beam and the RC-180 chamber to measure the scattered 

radiation. 
 
 
A set of ten measurements, 30 seconds each, was taken for each radiation qualities series, in 
four different conditions: no phantom; phantom fulfilled with 75 mL of water; with about 
75 mL of the organic solution (a mix containing 60 mL of diphenyl ether, 6 mL of 
oleylamine, 6 mL of oleic acid and 4500 mg of 1,2 octanediol) and empty. 



INAC 2015, São Paulo, SP, Brazil. 
 

3. RESULTS  AND  DISCUSSION 
 

3.1 Printed phantom development 
 
Initially the phantom was printed with ABS material, but this material reacted with the 
organic solution, making it impossible to be used in this application. A test was performed 
with PLA, and since no reaction was observed a new phantom was printed (Fig. 6). The 
dimensions are 75 mm x 85 mm x 19 mm (width x height x depth). Wall thickness is 3 mm. 
 
 

 
 
Figure 6: PLA printed phantom. Its dimensions are 75 mm x 85 mm x 19 mm (width x 

height x depth). Wall thickness is 3 mm. 
 
 

3.2 Attenuation and scattering measurements 
 
In Table 2 are shown a comparison between the charges collected by ionization chambers in 
measurements with and without the phantom presence. 
 
 

Table 2: Comparison between both ionization chambers with and without the printed 
phantom presence 

 

Radiation 

quality 

Measurements without the phantom 

(nC) 

Measurements with empty phantom 

(nC) 

PTW 0709 Radcal RC-180 PTW 0709 Radcal RC-180 

T-25 0.985 ± 0.030 0.498 ± 0.007 0.394 ± 0.012 1.168 ± 0.001 

T-30 3.117 ± 0.047 1.165 ± 0.001 0.921 ± 0.001 2.743 ± 0.003 

T-50(a) 0.300 ± 0.008 0.450 ± 0.001 0.253 ± 0.006 1.313 ± 0.001 

T-50(b) 1.430 ± 0.021 1.417 ± 0.001 1.015 ± 0.001 4.263 ± 0.004 
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As expected when the printed phantom was placed in the radiation field it increased scattered 
radiation and decreased charges collected by PTW ionization chamber, a similar behavior was 
observed when compared to a PMMA phantom. The T-10 radiation quality could not be used 
because the printed phantom attenuated the most photons, causing a huge instability in 
ionization chambers measurements. 
 
In Fig. 7 and Fig. 8 are shown, respectively, the variations  in attenuation and scattering 
measurements obtained when the printed phantom was fulfilled first with water and then with 
the organic solution. The best fit for each situation was also presented. The variation 
presented in both cases is the result obtained when the phantom is fulfilled with water divided 
by the one when it is fulfilled with the organic solution. The uncertainties are around 5 %. 
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Figure 7: Comparison of radiation beam attenuation in both situations (variation 
between the phantom fulfilled with water and with the organic solution). 
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Figure 8:  Comparison of radiation beam scattering in both situations (variation 
between the phantom fulfilled with water and with the organic solution).  
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The results have shown that, in both cases, the variation decreases as the energy increases. 
The major uncertainties are presented in the lower-energy qualities, as expected, since beams 
with so low energy are easily disturbed by any attenuator. Variations of up to 42.2 % 
(attenuation) and 30 % (radiation scattering) were observed. 
 
Another interesting point is that water attenuated more than the organic solution, and 
produced less scattered radiation, which means that more amount of energy was deposited 
into this material. This result may indicate that dose enhancement caused by nanoparticles in 
the organic solution would be much more evident than in water. 
 
Although it was not possible to make adjust in both comparisons, what causes difficulty to 
make measurements at intermediate energies (e.g. 40 kV), further tests will be made with 
same radiation qualities as those presented in this study. As long as the variations are well 
known the application of correction factors will be sufficient. 

 
 

3. CONCLUSIONS  
 
The printed phantom proved to be a cheaper and easier-handle alternative for PMMA, and 3D 
printer was able to produce an object that could store liquid materials. The attenuation and 
radiation scattering caused by this material to the radiation beam were measured. 
 
Variations of up to 42.2 % (attenuation) and 30 % (radiation scattering) were observed. Water 
caused higher attenuation, and produced less scattered radiation than the organic solution, 
which means that more amount of energy was deposited into this material, what may indicate 
that dose enhancement caused by nanoparticles in the organic solution would be much more 
evident than in water. 
 
Despite huge variations obtained in this study, further tests will be made in same conditions 
as those presented in this paper. Application of correction factors will be sufficient to 
overcome this problem. 
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