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ABSTRACT

Water is such an environmental element that is considered the best human 

body tissue equivalent. In the field of dosimetry studies, water is frequently 

used. This comparison study is conducted by a solid phantom and a water 

phantom with 6 MV and 15 MV photon energies, respectively. A 

cylindrical-type ionization chamber is used to collect charge when beams 

are on. The distance between the ray source and the surface of the phantom 

was fixed at 100 cm i.e. to SSD (Source to Surface Distance) of during the 

experiment. Chamber travels 1 cm to 20 cm in both phantoms and an 

electrometer is attached in the experimental set-up to measure the charge. 

The field size was 10x10 cm2. The relative deviation ratio of the solid 

phantom to the water phantom was calculated. In the result, the maximum 

deviation was 0.64%, while the minimum deviation was 0%, 

corresponding to the depths of 1 cm and 2.5 cm, respectively, for 6 MV and 

at 15 MV, maximum deviation and minimum deviation were 1.90% and 

0.167% respectively, corresponding to the depths of 1.5 cm and 13 cm. 

Therefore, it can be said that the solid phantom can overcome the 

disadvantages of installation time required for the water phantom and 

problems while water level changing for depth measurement, 

simultaneously can used to measure the radiological dose precisely. 
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INTRODUCTION 

Cancer is a growing cause of death, and medical physics 

is a branch of science focusing on cancer patients and 

treatment equipment. This field covers quality control, 

design, and delivery of radiation doses in radiotherapy, 

such as cobalt units and linear accelerators.

In general, radiation damages normal cells and cancer 

cells. Radiotherapy is a clinical method that involves 

radiation with a very short wavelength and high energy 

that hits the DNA structure of human cells and causes 

changes in the cells by physical, chemical, and biological 

processes (1-3). Normal cells can make a quick recovery 

compared to cancer cells. If limited doses of radiation are 

delivered to cancerous cells in a periodic manner, the 

cancerous cell cannot heal itself, and regular radiation to 

the target damages the cancer cell completely due to a 

lack of time. Because of this principle, radiotherapy has 

now become one of the best operating tools in the 

treatment of cancer. In radiotherapy, the main target is to 

deliver a sufficient dose to destroy the cancerous cell 

while spearing the normal cell as much as possible. Dose 

precision and optimization are the main considerations of 

this treatment. Water is considered the best human tissue 

equivalent, so water-based phantoms are widely used for 

radiotherapy protocols such as yearly, monthly, and 

quality assurance and control programs. (4). A water 

phantom usually comes in two sizes: a big water tank 

(rectangular and cylindrical in shape) for ~ 40x40 cm2 

field size, and another one is 1D for ~ 10x10 cm2 field. 

However, it takes a long time to perform the test with the 

water phantom. Due to the waterproof nature of the 

ionization chamber, the time required to place the 

ionization chamber in the correct position in the water. 

Firstly, the ionization chamber needed to be fixed with a 

clamp to set into the water, which is motorized to be 

driven into the water, which can cause errors in the 

measurement of depth. Whenever a chamber moves 

inside the water, waves create and experiment delayed for 

the water level to settle down. With each movement of the 
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chamber, time is needed to stabilize and check the depth. 

More time is required to collect data. Undoubtedly water 

phantom is the best option for dosimetry study, here this 

study emphasis the usefulness of solid phantom for quick 

check with a variation of depth.

MATERIALS AND METHODS 

This experiment was done at the Institute of Nuclear 

Medical Physics (INMP), Atomic Energy Research 

Establishment (AERE), Bangladesh Atomic Energy 

Commission (BAEC). The linac machine at INMP, 

consists of two energy�s photon beams (6 MV and 15 MV). 

A linear accelerator (clinic iX: manufactured by Varian), 

electrometer, cylindrical type ion chamber, solid phantom 

and 1D water phantom were used in this experiment. 

During the experiment, water phantom was placed with the 

linac machine following SAD technique in Figure 1.

Figure 1: Experimental setup of ionization 

chamber set in 1D water phantom

Figure 2: Experimental setup of solid 

phantom with ionization chamber

The solid phantom and the ionization chamber were also placed in the treatment room in the same way i.e. with the 

vertical direction of the beam radiation against the linear accelerator in Figure 2. 
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An electrometer in the control room in Figure 3, was 

connected with the cable of the triaxial ion chamber. The 

solid phantom used in the experiment consisted of slabs 

(square in shape, made of water-equivalent material) with 

a thickness of 0.1, 0.2, and 1 cm and an area of 30×30 

cm2. Solid phantom, 1D water phantom and water all 

kept in same room, so that all equipment were considered 

of same temperature. All the experiments were performed 

at a dose rate of 400 MU/min and irradiation doses of 100 

MU. The experiment at 100 MU was performed five 

times to calculate the average charge and the results were 

analysed based on the water phantom.

For each photon�s energy, i.e. 6 MV and 15 MV, charges 

have been measured by an electrometer through the 

ionization chamber in Figure 4. 

During the calculations the following factors were used:

Pressure, P=1004 hpa, Temperature T=19 0C, Ks=1.0036   

kpol=1.007   ktp=0.9937   KQQ0=0.9937 for 6 MV and 

ks=1.0075   kpol=1.0001   ktp=1.006   KQQ0=0.9937 for 

15 MV. 

Relative deviations, also calculated for 6 MV and 15 MV 

photon energy, were arranged in the respective tables. Relative 

deviation was calculated using the following equation:

RESULTS 

The chamber travels 1 cm to 20 cm downward in both 

the 1D water phantom and the solid phantom. The 

values were registered in Table 1 for 6 MV photon 

energy. The highest absorbed dose of 1.005 Gy was 

found at 2 cm of depth in the water phantom, whereas 

1.001 Gy was the highest absorbed dose of solid 

phantom at 2 cm.

Table-1: Absorbed dose and measured charge of 6 MV in solid phantom and 1D water phantom.

The same steps were repeated for 15 MV photons' energy. In 1D-water phantom, 1.00821 Gy was the highest 

absorbed dose at 3 cm, and 0.98926 Gy was the highest in solid phantom, arranged in Table 2.
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Table-2: Absorbed dose and measured charge of 15 MV in solid phantom and 1D water phantom

All PDD values plotted against the distance showed in the graph for both 6 MV in Figure 7 and 15 MV photon 

energy in Figure 8. Graph shows clear agreement that solid phantom can be the replacement of water phantom for 

daily QC and QA, as PDDs obtained from solid phantom and water phantom, which are superimposed on each 

other and have less than 2% variation.

Figure 7: PDD vales comparison of  solid phantom and 
water phantom with a variable depth for 6 MV.

Figure 8: PDD vales comparison of  solid phantom and 
water phantom with a variable depth for 15 MV.
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DISCUSSION

In high-energy radiation, it is critical to monitor the 

treatment dose precisely and evaluate inaccuracy. Water 

is typically advised for the precise measurement of the 

absorbed dose; nevertheless, there are several drawbacks 

to this method, such as the need to take your time 

positioning the ionization chamber in the water to ensure 

it is watertight. Thus, the solid phantom is effective in 

terms of time needed and user-friendliness, barring 

exceptional uses such as obtaining the beam data for the 

treatment plan system or calibrating the linear 

accelerator's output. By comparing the radiological 

dosages of the two types of phantoms according to their 

depths, this study aimed to evaluate the therapeutic 

usefulness of the solid phantom, which may counteract 

the drawbacks of the water phantom.

In this study, results of solid phantom and 1D water 

phantom mostly overlapped. Air gaps between the plates 

are very common. If plates of solid phantom deformed, 

displaced and vary from its original shape, air gaps 

between the plates can become an issue and put impacts 

on dose calculation.

Hong JW (5) compared photon charge between water and 

solid phantom and found the minimum and maximum 

errors depending on the depths of the measurement for the 

various mediums and energy levels are -0.457% and 

1.199%, respectively, which conform to the recommended 

values.

CONCLUSION

In this experiment, when 6 MV photon beam used, 0.64% 

was the maximum deviation at 1 cm depth and 0% was 

the minimum deviation at 2.5 cm. For 15 MV photon 

beam, maximum deviation found 1.90% where minimum 

deviation was 0.167%, respectively, corresponding to the 

depths of 1.5 cm and 13cm. The recommended value of 

the relative error in the absorbed dose based on the water 

phantom is ±2%. solid phantom can be considered a good 

option for QA and QC work. 
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