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ABSTRACT 

It is essential to know the standard dose rate, output of Co-60 source in the radiation treatment periodically. 

It is because the over dosage may cause radiation hazards where as under dosage may lead to unsatisfactory 

treatment of cancer. Present study focused on  the radiation standards and dosimetry for the assurance of the 

quality and verify that the output of the ionizing radiation emitting medical instruments such as Teletherapy 

Unit (TTU) which should be within ±2% of the stated one. Present study was done as a part of the regularity 

of quality assurance (QA) of telecobalt radiotherapy unit that includes the dosimetric measurements of Co-

60 TTU at Bhaktapur Cancer Hospital (BCH), Bhaktapur per each month from 29 March 2012 to 29 

December 2014. The radionuclide source is Co-60 which has been incorporated in TTU, BCH for the 

purpose of therapeutic treatment of cancer. The Co-60 source decays continuously to Ni-60 (half-life of 5.27 

years) with the decrease in its activity and hence the output dose rate. The calculations of actual dose rate of 

Co-60 TTU were done by the source to surface distance (SSD) technique. It has been concluded that there is 

a quality assurance management in Co-60 TTU, BCH with the consistency in the average output dose rate 

obtained by the actual dosimetry values and the expected output values obtained by decay method. The 

values obtained by actual dosimetry are within ±2% of the expected values  so that the deviation of the 

actual output dose rate from the expected output data lies within the permissible limit as prescribed by 

International Atomic Energy Agency (IAEA) and International Commission on Radiation Units and 

Measurement (ICRUM). In conclusion, our study shows a trend towards uniform and better dose delivery 

from Co-60 TTU, BCH, Nepal.  
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INTRODUCTION 

The major role of radiotherapy is in the treatment of 

cancer in which 50% of the cancer patients receive 

radiotherapy as a primary treatment or in the 

combination with other treatment methods for cure 

or palliation (Kunkler et al., 2003; IAEA, 2006). 

Radiotherapy is focused on maximizing the 

radiation dose to tumor cells whilst ensuring 

minimal dose to normal tissues for safety of the 

health personnel. The types of radiation used for 

cancer treatments are x-rays,  - rays and 

accelerated charged particles. Both x-rays and  -

rays are electromagnetic radiations, but they differ 

only from their origin. The x-radiation used for 

cancer treatment is produced from a linear 

accelerator or from a high energy x-ray unit by 

hitting a target metal such as tungsten or tantalum 

with highly accelerated electrons. During nuclear 

transitions or decay of some radioactive materials 

like cobalt-60,  -rays are emitted from the nucleus. 

Upon falling the ionizing radiations like x- or  - 

rays on the living cells, it may cause genetic 

disorder by disturbing the coding system of gene or 

it may break the side chains of Deoxyribonucleic 

Acid (DNA) causing the cell death. Moreover, the 

cellular compounds important for survival and 

reproduction of the cells can also be damaged. The 

therapeutic treatment of cancer implies the killing 

of malignant cells using ionizing radiation. 

However, the killing of tumor cells eventually leads 

to the protection of the vital cells from infections 

(UNSCEAR, 2010; Prasad et al., 2007). 

About a century ago, x-rays and radioactivity were 

discovered which led a revolutionary advancement 

in diagnosis of body affects with medical imaging 

and in therapy of chronic diseases like cancer. In 

the middle of twentieth century, megavoltage 

photon energies are available from betatrons, Co-60 
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 -rays and linacs. The increased power of photon 

penetration and skin sparing provides new 

opportunities to the radiation oncologist for 

optimizing the patient treatment. In recent years, 

several reports have considered various issues 

which define the optimum photon energy for the 

treatment of malignant disease. Although Co-60 has 

been mentioned as a suitable radiotherapy source, it 

has not been widely used in radiation therapy 

departments in our country, Nepal. Considering Co-

60 as an old modality, it is only useful for palliative 

treatments in a large department or for developing 

countries with limited technical resources. One of 

the strongest arguments against Co-60 has been the 

unsharpness of the beam edge or its large 

penumbra. This is generally manifested by the 

distance between (80 to 20%) or (90 to 10%) dose 

at the edge of the beam. The sample data have been 

published by various authors. It is important to note 

that there are sizeable differences between 

penumbras as published in the literatures. These are 

strongly dependent on both the depth of 

measurement in water as well as dosimeter type and 

size. It is clear that for Co-60, the penumbra widths 

increase with source diameter (e.g. 1.0 to 2.0 cm), 

the distance between the source and the bottom of 

the field definer and the distance between the field 

definer and the patient. The x-ray beams from 

linacs, on the other hand, offer penumbras which 

are only mildly dependent on geometry due to the 

small source focal spots (e.g. 0.1 to 0.3 cm). 

However, with increasing x-ray energies, the beam 

edge is blurred by more energetic electrons 

scattered in tissue over a greater lateral range. The 

effective penumbra achieved in the patient is thus 

significantly enlarged compared with a pure 

geometric penumbra and it can’t be reduced by 

machine design (Johns et al., 1959).  

The radiotherapy center at the BCH, Bhaktapur, 

Nepal uses  - radiation. The gamma radiation is 

produced by a single source       cobalt-60 isotope 

with half-life of 5.26 years. The maximum activity 

of the source is 20,422     installed in March 2012 

(Andreo et al., 2004). The Co-60 source is stored in 

two heavy metal blocks for shielding the  -beam 

when the machine is in off-position (Opoku et al., 

2012). At the storage position, the Co-60 source 

still undergoes decay and possibly some  -radiation 

leakages out. As many patients are treated in BCH, 

Bhaktapur, it is necessary to check the output dose 

of Co-60 units. 

Quality assurance (QA) is a program that is 

designed to check the accuracy of dose delivery 

mechanism and to ensure proper functioning of the 

machine. The regular check of all dosimetric 

parameters of the radiation beam consists of QA. 

An essential component of QA is dosimetry which 

is done to ensure that dose output and several 

factors useful in QA are within an acceptable limit 

as per the recommendation of American 

Association of Physics in Medicine (AAPM, 1998). 

The calibration of the dose output from the 

radiation beam is very important component in 

radiotherapy dosimetry because accurate 

determination of radiation dose is delivered by the 

treatment machine with respect to time. 

ICRU
 
has recommended that the dose delivered 

should be within ±5% of the prescribed dose 

(ICRU, 1996). Considering the many steps 

involved in delivering dose to a target volume in a 

patient, each step must be performed with accuracy 

much better than     to achieve the ICRU 

recommendation. 

The quality of care should be an intended goal that 

is to exist in practice before the procedures 

implemented. QA is a planned or systematic action 

needed to provide adequate confidence that the 

radiation oncology service satisfies the given 

requirement of quality care. The American College 

of Radiology
 
(Wixenberg et al., 1982; ACR, 1988-

1990) has standards for radiation oncology which 

specifies a QA program including patient chart 

review (AAPM, 1971-1993; ACMP, 1986).  

 

MATERIALS AND METHODS 

The dosimetric measurements over a period of three 

years were performed using the equipments: 

Farmer Dosimeter 2570/1, Polystyrene Phantom 

(20 cm × 20cm), Thermometer, Aneroid Barometer 

and 2581 Thimble Chamber (0.6 cc). 

Farmer Dosimeter 2570/1 used for the dose 

measurement is timely calibrated from secondary 

standard dosimeter in Bhabha Atomic Research 

Center (BARC) laboratory, India, along with 

thimble shaped Ion Chambers (Almond, 1981). 

The Aneroid Barometer was also calibrated at the 

time of installation of Cirus Co-60. 

Calibrations of Farmer Dosimeter and Thimble 

Chambers were also performed from BARC. We 

measured output doses by SSD techniques 

following IAEA, TRS-398 (2000) protocols for the 

absorbed dose determination in External Beam 

Radiotherapy (EBRT) (Andreo et al., 2004). The 

calibrated Thimble Chamber is placed at the 

reference depth of 5 cm in 20 × 20 cm
2
 Polystyrene 
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Phantom and this chamber is connected with 

dosimeter.  Polystyrene Phantom is fixed at SSD of 

80 cm from the source at 0
0
 gantry angle and 0

0
 

collimator angle. Then, five readings were taken 

each for 1 minute, for the reference field size taken 

as 10 × 10 cm
2
. 

The absorbed dose rate for Polystyrene at the 

reference depth is obtained by using the following 

formula:  

                  
            

      
              

Where, 

Rm = dosimeter reading, 

ND = chamber calibration factor, 

PF = phantom factor, 

PDD5cm = percentage depth dose ( for 10cm × 10cm 

field size for Co-60 the value of PDD at 5cm is 

78.8%). 

ACF = ambient correction factor defined by  

ACF = 
     

      
 
  

 
               

Where, 

P0 = calibrated pressure, P = atmospheric pressure,  

t = room temperature, t0 = calibrated temperature.  

Here, P0 and t0 are the reference values (generally 

1013mbar and 293K) and phantom factor for 

Polystyrene Phantom is 1.007. 

The half-life of Co-60 is 5.27 years so that it decays 

by 1.089% every month. With multiplying the dose 

by the factor 0.989, the expected output for the 

coming month can be obtained (Baba et al., 2013). 

The percentage error (PE) for every month is 

obtained by the relation: 

   
     

  
       

Where, 

AD = actual output dose and RD = reference dose. 

The graphs were plotted with Origin 5.0. 

 

RESULTS AND DISCUSSION 

We analyzed the distribution of the expected values 

for the output dose calculated by using the decay 

method and the actual output measured by the 

standard techniques for SSD listed in Table 1. The 

output of the telecobalt unit at the time of source 

loading, i.e. March 3, 2012 was 203.1cGy/minute 

for SSD at the position of 80cm and the output after 

one month using decay law was 201.6 cGy/minute 

for SSD at the same position (80cm) for 10×10 cm
2
 

field size.  

Figure 1 represents, graphically, the extent of 

overlap of two dose rates for SSD techniques 

respectively. With increase in time, the output dose 

rate has been decreasing continuously. 

 

 

 

Fig.1. Plots for the output dose rates vs. time for 

Co-60 TTU comparing actual dose (AD) with 

reference dose (RD) for the three years data 

analysis. 
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Table1. The comparison between the reference dose (RD) and the output actual dose (AD) in cGy/minute 

for SSD at the position of 80cm from the source since 29 March 2012 to 29 December 2014, i.e. the 

measurements were done at 29
th
 of each month. 

 

Year 

        Month 

Jan. 

(1) 

Feb. 

(2) 

March 

(3) 

April 

(4) 

May 

(5) 

June 

(6) 

July 

(7) 

August 

(8) 

Sept. 

(9) 

Oct. 

(10) 

Nov. 

(12) 

Dec. 

(13) 

2012  RD   203.1 200.9 198.7 196.5 194.4 192.3 190.2 188.1 186.1 184.0 

AD   202.2 201.6 197.6 195.8 193.2 191.7 189.2 187.6 186.8 183.2 

% error   0.1477 -0.3484 0.5536 0.03562 0.6173 0.3120 0.5258 0.2658 -0.3761 0.4348 

2013 RD 182.0 180.0 178.0 176.1 174.2 172.3 170.4 168.6 166.7 164.9 163.1 161.3 

AD 182.8 179.6 177.6 176.96 175.6 169.34 171.28 170.2 167.4 166.1 165.3 160.2 

% error -0.4396 0.2222 0.2247 -0.4884 -0.8037 1.7179 -0.5164 -0.9490 -0.4199 -0.7277 -1.3488 0.6820 

2014 RD 159.6 157.8 156.1 154.4 152.7 151.1 149.4 147.8 146.2 144.6 143.0 141.4 

AD 158.3 156.9 154.9 155.2 153.3 152.6 150.9 146.3 145.4 143.8 142.3 140.2 

% error 0.8145 0.5703 0.7687 -0.5181 -0.3929 -0.9927 -1.0040 1.0148 0.5472 0.5533 0.4895 0.8487 

 

It is clear from Table 1 that the percentage error 

obtained during each year for SSD is less than ±2% 

(Johns et al.,1959). 

 

CONCLUSION 

The output dose from Co-60 teletherapy machine 

was obtained by using actual dosimetry over the 

periods of 3 years, i.e. 2012 to 2014. Comparing the 

actual dose to expected output, it has been found 

that the deviation lies within permissible limits, i.e. 

±2% for each month calculations. The study 

concludes the quality assurance with the 

consistency in the output dose delivered by Co-60 

TTU, BCH, Nepal, over the period of three years 

and in turn it shows the accuracy in dose 

calculations. Furthermore, continuous dosimetric 

analysis or review process is recommended to 

check the quality assurance of the therapeutic 

equipments in identifying their deficiencies and 

effective corrections. 
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