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Abstract: The aim of this study was to synthesize the PVA\AgNO3 polymer films and to optimize it is radiation measurement based on 

entrance and exit dose measurement relative to thermoluminiscence detector (TLD) method. The polymer films have been synthesized 

by casting technique after dissolving of polyvinyl alcohol (PVA) under controlled temperature (80 ᵒC) and stirring and hybridization 

with silver nitrate (AgNO3). The polymer films have been characterized after irradiation at the entrance and exit sites of Perspex by UV-

visible spectroscopy and an optical densitometer (OD). The study revealed that there were absorption peaks at wavelength () 190 and 

425 nm related to pure PVA and silver out of UV-visible spectroscope, and the average entrance and exit doses read by TLD was 

7.06±4.7 and 3.98±2.8 Gy and they are usually less than the applied dose by an average factor of 0.22 and 3.3 Gy respectively, also there 

is a linear proportional and significant (R2 = 0.9) relationship between the applied dose and the measured OD at entrance and exit side 

of the phantom that could be fitted in the following equation: y = 0.040x + 0.117 and y = 0.031x + 0.099 respectively, where x refers to 

the applied dose and y refers to the OD at the entrance and exit sides of the phantom. Also there is a linear proportional and significant 

(R2 = 0.9) relationship between the entrance\exit doses measured by TLD and the relative OD at both sides of the phantom which could 

be fitted in the following equation: y = 0.035x + 0.159 and y = 0.027x + 0.132 respectively, where x refers to the entrance\exit doses and 

y refers to the entrance\exit OD and the attenuation coefficient of Perspex (phantom) has been derived correctly from the relationship 

between the phantom thickness and it’s absorption coefficient which was 0.1670 cm-1.  
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1. Introduction 
 

The main goal of radiotherapy is to give high dose to the 

malignant tumor and save the surround organs at the same 

time, to achieve this there are several approaches that 

contribute to the quality improvements of the dose delivery. 

One approach is the quality control at each step of the 

treatment chain [1]. The International Commission on 

Radiological Units and Measurements ICRU recommends 

that the dose delivered by a tumor be within ± 5.0% of the 

prescribed dose [2-3]. 

 

To assess and evaluate the dose in radiotherapy there are 

many tools to do that, such as TLD which is suitable for in 

vivo dosimeter for more than 20 years [4-7], diodes that 

having an accuracy of ±3 [3], and semiconductor detectors 

[8]. One of interesting materials related to such field is the 

polymer hybridized with metal nanoparticles, in particular 

silver nanoparticles which exhibit unique optical, electronic 

and electrochemical properties that answer many potential 

applications in optical waveguides, optical switches, 

molecular identifications, oxidative catalysis, etc. [9]. 

Polyvinyl alcohol (PVA) is a polymer which has been studied 

intensively because of its good film forming and physical 

properties, water solubility, biocompatibility, accessibility, 

and good interact with radiation [10]. 

 

Polyvinyl alcohol was first prepared by Hermann and 

Haehnel in 1924 [11] by hydrolyzing polyvinyl acetate in 

ethanol with potassium hydroxide. Polyvinyl alcohol is 

produced commercially from polyvinyl acetate, usually by a 

continuous process. The acetate groups are hydrolyzed by 

ester interchange with methanol in the presence of anhydrous 

sodium methylate or aqueous sodium hydroxide. The 

physical characteristics and its specific functional uses 

depend on the degree of polymerization and the degree of 

hydrolysis. The effect of radiation upon the composites 

resulted in reducing the silver ions into black metallic silver, 

so the general film color changed from white to golden 

according to amount of radiation that received the film [12]. 

Also in this realm Mohammed et al, [9] confirmed that there 

is a linear correlation between the applied dose to PVA\Ag 

films and the optical density as well as the absorption 

coefficient. There for the aim of this study is to measure the 

dose at build up region of irradiated phantom and correlate 

between the dose that measure with TLD and the optical 

density as well as the absorption coefficient in radiotherapy 

range, as the induced radiation effects in the film composites 

could be traced by UV-visible spectroscopy and optical 

densitometer (depending on the color change) [9] and the 

ultimate goal of this study is to optimize the radiation 

measurement by PVA\AgNO3 film. 
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2. Methodology 
 

Polyvinyl alcohol PVA (Mw = 8200g/mol), Silver nitrate 

AgNO3 and De- ionizing water DIW.CO-60 machine 

(Equinox) from MDS Nordion. PVA as 3wt% have been 

dissolved in DIW and continuous stirring for 3 h. under 

control temperature of 80 ᵒC on a beaker. Then when the 

solution cools down to ambient temperature, we took the 

PVA solution into dark room and hybridized with 0.2 wt% of 

AgNO3 and stirred for 1h. Then the PVA /Ag3 solution 

poured in a hsidirtep to form films by casting method in dark 

room. After 3 days the solution dried and the films had been 

formed. Then films peeled off the hsidirtep, cut into small 

films 2×2 cm, loaded in sealed black plastic packs. These 

loaded films fixed together with TLDs chips on the surfaces 

of a Perspex (40 × 40 × (1-12) cm) i. e. at the anterior and 

posterior fields of radiation and receiving doses (1, 2, 4-12 

and 15 Gy) by 
60

Co-teletherapy machine, the anterior field 

given with usage of buildup material of 0.5 cm to obtain the 

dose at buildup region (for entrance dose) and for the exit 

dose without build up.  

 

Then the exposed films were characterized with UV-visible 

spectroscopy to obtain the spectrum of absorption coefficient 

versus wavelength and densitometer to determine the optical 

density (OD), and TLDs are evaluated with TLD reading to 

determine the doses at entrance and exit (Ent.\Exit) of the 

radiation beam at both sides of Perspex. 

 

3. Results and Discussion 
 

Figure 1 shows the UV-visible spectrum for the PVA\AgNO3 

polymer films irradiated at an entrance dose of Perspex 

phantom; it shows the appearance of two prominent peaks at 

190 nm and 425 nm which are relevant to pure PVA and 

silver absorption coefficients respectively, such peaks 

increase following the increment of radiation dose from 1-15 

Gy. Same spectrum and absorption peaks have shown by 

Saion et al, [13] which they attributed to the Surface Plasmon 

Resonance phenomenon of electrons in the conduction band 

of Ag
0
 nanoparticles. 
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Figure 1: shows the UV-visible spectrum for the 

PVA\AgNO3 polymer films irradiated at an entrance dose of 

Perspex phantom 

 

Figure 2 shows the correlation between the applied dose and 

the entrance and exit dose in Gy. The study reveals that: the 

average entrance and exit dose in Gy which is measured by 

TLD was 7.06±4.7 and 3.98±2.8 Gy respectively and they 

increased as the applied dose increases, however it is usually 

less than the applied dose by an average factor of 0.22 and 

3.3 Gy respectively, which could be ascribed to absorption in 

air and tissue respectively [14]. The linear correlation 

between the applied dose and the entrance and exit doses 

(TLD reading) could be correlated by the following equation: 

y = 1.910x - 1.543, and y = 1.146x - 1.181, respectively, 

where x refers to the applied dose in Gy and y refers to 

entrance\exit doses obtained by TLD in Gy. 

 

 
Figure 2: Shows the correlation between the applied dose 

and the entrance and exit dose in Gy 

 

Figure 3 shows the correlation between the applied dose and 

the OD for entrance and exit points. In which the data 

revealed that there is a linear proportional and significant (R
2
 

= 0.9) relationship between the applied dose and the 

measured OD at entrance and exit side of the phantom that 

could be fitted in the following equation: y = 0.040x + 0.117 

and y = 0.031x + 0.099 respectively, where x refers to the 

applied dose and y refers to the OD at the entrance and exit 

sides of the phantom. Since there is linear relationship 

between the applied dose and the OD as well so significant, 

faithfully one can use the OD of the polymer films as a 

radiation detector as has been contemplated by Mohammed 

et al, [9]. 

 

 
Figure 3: Shows the correlation between the applied dose 

and the OD for entrance and exit points. 
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Figure 4 shows the correlation between the Ent\Exit dose in 

Gy (TLD) and relevant OD in (a u). The data revealed that 

there is a linear proportional and significant (R
2
 = 0.9) 

relationship between the entrance\exit doses measured by 

TLD and the relative OD at both sides of the phantom which 

could be fitted in the following equation: y = 0.035x + 0.159 

and y = 0.027x + 0.132 respectively, where x refers to the 

entrance\exit doses and y refers to the entrance\exit OD. By 

comparing and subtracting the OD in Figure (2) and Figure 

(3), the deduction revealed that: the OD variation was only 

0.042 (a. u.) in case of entrance dose and was only 0.033 (a. 

u) in case of exit dose, therefore the PVA/AgNO3 film could 

be used optimally to measure the radiation dose with 

consideration to OD variation and the AgNO3 concentration. 

 

 
Figure 4: Shows the correlation between the Ent\Exit dose in 

Gy (TLD) and relevant OD in (a u). 

 

Figure 5 shows the correlation between the phantom 

thickness in cm and the absorption coefficient. The data 

revealed that: the absorption coefficient (a) in a.u. has an 

inverse proportionality versus the material thickness in cm 

and such relationship could be fitted in exponential equation: 

y = 0.230e
-0.32x

, where x refers to the material thickness in cm 

and y refers to the absorption coefficient in a.u with 

significant correlation at R
2
 = 0.99. As the material used was 

a Perspex (C5H8O2), its linear attenuation coefficient () at 

140 KeV has been derived from the above equation which 

was 0.1670; such result is agreed with the study carried out 

by Saxby et al, [15]. 

 

 
Figure 5: Shows the correlation between the phantom 

thickness in cm and the absorption coefficient. 

 

4. Conclusion 
 

Depending on the above analyzed data, the PVA\AgNO3 film 

could be used successfully and optimally in measurement of 

radiation dose in radiation therapy relative to TLD method as 

well as the absorbed dose simulation in 3D and dose chart, in 

addition to specific advantage such as chemical change 

assessment by Raman spectroscopy. 
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