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Abstract— This study aims to develop Polyvinyl Alcohol (PVA)-based dosimeter films with the addition of silver (Ag) and Nitroblue
Tetrazolium (NBT) to enhance radiation detection. Two types of films were tested: PVA/Ag (0.75%) and PVA/NBT/Ag (0.75%). The
film fabrication process involved dissolution, drying at room temperature, and cutting for testing with X-rays at varying voltages.
Characterization was performed using UV-Vis spectra analysis and optical density measurements. The results showed that the
PVA/NBT/Ag film exhibited higher absorbance compared to PVA/Ag, both before and after radiation exposure. A significant increase
in optical density demonstrated a higher sensitivity for PVA/NBT/Ag, with an R? value of 0.9571, indicating better linearity compared
to PVA/Ag (R? = 0.8821). Based on these findings, the PVA/NBT/Ag film is more effective in detecting radiation doses, making it a
promising candidate for X-ray dosimetry.
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I. INTRODUCTION

Radiation is widely used in various fields, such as medicine, industry, research, and nuclear energy. However, radiation
exposure poses harmful effects on human health. Therefore, it is essential to develop radiation detection devices, such as film
dosimeters [1]. Film dosimeters offer advantages in enhancing radiation detection devices, such as ease of use, quick response to
radiation doses, and the ability to provide information on the dose received. These advantages make them highly effective for use
in irradiation facilities [2]. In recent decades, Polyvinyl Alcohol (PVA) has become one of the primary materials commonly used
in film dosimeter fabrication due to its stable chemical and physical properties, non-toxicity, and responsiveness to radiation [3].

The addition of silver to PVA has the potential for dosimetry applications as it can enhance the sensitivity of the film
dosimeter [4]. Additionally, Nitroblue Tetrazolium (NBT), which functions as a reactive dye, can extend the response range of
the film dosimeter to radiation exposure and exhibits excellent radiosensitivity properties [5]. Therefore, this study aims to develop
the efficiency of PVA/Ag-based dosimeter films with a concentration of 0.75% and PVA/NBT/Ag-based dosimeter films with a
concentration of 0.75%. Moreover, the study also aims to identify the physical and chemical properties, as well as the dosimeter
responses of both films, including change in optical properties and their ability to detect radiation doses accurately. Furthermore,
this research explores the impact of the addition of silver and NBT compounds on the performance of the dosimeter film in terms
of radiation dose detection. Thus, both films are expected to contribute to the development of efficient and sensitive dosimeters.
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II. EXPERIMENTAL PROCEDURE
2.1. Materials

The materials used in this study included polyvinyl alcohol (PVA), Nitroblue Tetrazolium Chloride (NBT-CI, Himedia),
Silver (Ag, Merck, p.a.), distilled water, and ethanol (96% purity).

2.2. Film preparation

The PVA/Ag and PVA/NBT/Ag films were prepared with concentration, as shown in Figure 1. The 0.75% PVA/Ag film
was made by dissolving 1,240.6 mg of PVA in 20 mL of distilled water, heating it to 80°C, and stirring for 40 minutes. A total of
9.4 mg of Ag powder (0.75%) was dissolved in 5 mL of distilled water and stirred at 20°C for 15 minutes. The two solutions were
then combined and stirred again at 80°C for 40 minutes until homogeneous, resulting in a PVA/Ag mixture. The stirring process
was performed using a magnetic stirrer.

The PVA/NBT/Ag film was prepared by dissolving 1,231.6 mg of PVA in 20 mL of distilled water, heating it to 80°C, and
stirring for 40 minutes. 9 mg of NBT were dissolved in 2 mL of 96% ethanol at 20°C for 5 minutes. A total of 9.4 mg of Ag
powder (0.75%) was dissolved in 5 mL distilled water and stirred at 20°C for 15 minutes. The stirring process was carried out
using a magnetic stirrer. The PVA/Ag and PVA/NBT/Ag mixtures were poured into petri dishes and dried at room temperature
for 6 days until a thin film was formed. Once dried, the films were cut into 1.5 x 1.5 cm? pieces and stored in a light-protected
area.

: E Dissolution of Ag : : 2 : Dissolution of Ag
Dissolution of PVA 0.75%) Dissolution of PVA Dissolution of NBT (0.75%)
PVA 1,240.6 mg Ag 9.4 mg PVA 1,231.6 mg NBT 9 mg Ag 9.4 mg
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! !
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Fig. 1. The synthesis process of the dosimeter films: (a) PVA/Ag, and (b) PVA/NBT/Ag
2.3. X-ray irradiation

The PVA/Ag and PVA/NBT/Ag films, both with a concentration of 0.75%, were each cut into six 1.5 x 1.5 cm? pieces. These
samples were then irradiated using X-rays at voltages of 60 kVp, 70 kVp, and 80 kVp, with two exposure variations: before and
after exposures. The irradiation parameters included the tube current-time parameter of 63 mAs, a source-to-film distance of 50
cm, and a collimation area of 10 x 10 cm?. The experimental setup is shown in Figure 2.
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Fig. 2. (a) Experimental setup and (b) Geometric scheme of the X-ray beam [6]

2.4. Film characterizations

The PVA/Ag and PVA/NBT/Ag films with a 0.75% concentration were characterized by comparing the changes in the films
caused by X-ray irradiation, specifically between the films before and after exposure. Optical analysis was based on UV-Vis
absorption measurements and optical density. The UV-Vis spectra were obtained using a spectrophotometer in the wavelength
range of 200 to 800 nm. Optical density measurements were performed using a radiographic film densitometer. A densitometer is
an instrument used to measure the darkness level on a film. It functions to capture the amount of light passing through the film
after being emitted from a light source. Before taking measurements, the densitometers need to be calibrated by measuring the
light intensity from the source [7]. Optical density was measured to analyze the changes in optical density and compare the values
between the films before and after exposure. The measurement results were then mapped to assess the sensitivity of the PVA/Ag
and PVA/NBT/Ag films to X-rays.

III. RESULT AND DISCUSSION
3.1. UV-Vis absorbance

The analysis of the absorption peak (Amax) in the films was used to evaluate change in the optical structure before and after
a specific treatment. The PVA/Ag and PVA/NBT/Ag film samples were tested using UV-Vis, with the results of before and after
exposure absorbance, wavelength, and absorption peak shown in Figure 3. The UV-Vis absorption spectra compare the PVA/Ag
0.75% and PVA/NBT/Ag 0.75% films. Before exposure, the PVA/NBT/Ag 0.75% film showed higher absorbance than the
PVA/Ag 0.75% film. After exposure, both films showed an increase in absorbance, with the PVA/NBT/Ag 0.75% film
experiencing a greater increase compared to the PVA/Ag 0.75% film.
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Fig. 3. UV-Vis absorption spectra of (a) PVA/Ag 0.75%, (b) PVA/NBT/Ag 0.75%

The absorption peak in the PVA/Ag 0.75% film was observed in the range of 400-450 nm, indicating plasmon resonance in
the silver nanoparticles. Plasmon resonance in silver nanoparticles occurs when free electrons on the particle surface oscillate
collectively in response to the electric field of incoming light waves. This phenomenon enhances the efficiency of light absorption
and scattering, making Ag highly potential for applications in biosensors and the biomedical field [8]. Additionally, it can be
utilized to improve sensor sensitivity in detecting specific substances [9]. This peak increased after exposure, signalling changes
in the electronic structure due to interactions with X-rays.

Meanwhile, in the PVA/NBT/Ag 0.75%, the absorption peaks appeared in two wavelength ranges: 250-350 nm (x to " and
n to ©" transitions from the nitro group and tetrazolium ring in NBT) and 400-450 nm (plasmon resonance in Ag). The © to 7"
transition occurs when an electron in a & bonding orbital absorbs light energy and excites to a 7" anti-bonding orbital and n to ©*
transitions. The n to ©" transition occurs when an electron from a non-bonding (n) orbital absorbs energy and moves to a nt" anti-
bonding orbital [10]. The nitro group in NBT is part of the molecular structure that acts as an electron acceptor in redox processes.
Meanwhile, the tetrazolium ring is a cyclic structure containing four nitrogen atoms, making it electrophilic and highly reactive
toward reactive oxygen species [11]. After exposure, the increase in absorbance in the 250-350 nm range was more significant in
the PVA/NBT/Ag 0.75% film, indicating that NBT underwent a reduction reaction due to interaction with X-rays

3.2. Optical density

The changes in optical density were analyzed by comparing the optical density values between the unexposed and exposed
films. These values were then plotted and subjected to linear regression to assess their linearity (R?) to compare the quality and
sensitivity of the films as a dosimeter device. The optical density results are shown in Figure 4. Sensitivity can be measured based
on the optical density variation with exposure voltage, where both types of films show an increase in optical density as the voltage
increases. The PVA/NBT/Ag 0.75% film has a higher initial optical density and a more consistent increase compared to the
PVA/Ag 0.75% film, indicating that the former is more sensitive to changes in radiation dose.
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Fig. 4. Optical Density

Linearity is evaluated based on the R? value displayed in Figure 4. R? is considered good if it is greater than 0.5, as R? ranges
from 0 to 1, with values closer to 1 indicating a more accurate model in explaining the relationship between the two variables [12].
The PVA/NBT/Ag 0.75% film has an R?of 0.9571, while the PVA/Ag 0.75% film has an R? of 0.8821. The closer the R? value is
to 1, the more consistent and linear the relationship between optical density and exposure voltage is in the PVA/NBT/Ag 0.75%
film compared to the PVA/Ag 0.75%

IV. CONCLUSIONS

The PVA/NBT/Ag 0.75% film demonstrates superior performance compared to the PVA/Ag 0.75% film in terms of
absorbance, sensitivity, and linearity. Before exposure, the PVA/NBT/Ag 0.75% film exhibits higher absorbance, and after
exposure, its absorbance increases more significantly, particularly within the 250-350 nm wavelength range. The absorption peaks
of the PVA/NBT/Ag 0.75% film are detected in two wavelength ranges (250-350 nm and 400-450 nm), whereas the PVA/Ag 0.75%
film only shows an absorption peak within the 400-450 nm range. The PVA/NBT/Ag 0.75% film also exhibits better sensitivity,
with a more stable increase in optical density. Additionally, its linearity is more optimal, as indicated by a higher R?value (0.9571),
demonstrating a more consistent relationship between optical density and exposure voltage.
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