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ABSTRACT 
 
In gamma irradiation service it is of great importance the evaluation of absorbed dose in order to guarantee the 

service quality. When physical structure and human resources aren’t available for performing dosimetry in each 

product irradiated, the appliance of mathematic models may be a solution. Through this, the prediction of the 

delivered dose in a specific product, irradiated in a specific position and during a certain period of time becomes 

possible, if validated with dosimetry tests. At the gamma irradiation facility of CDTN, equipped with a Cobalt-

60 source, the Monte Carlo method was applied to perform simulations of products irradiations and the results 

were compared with Fricke dosimeters irradiated under the same conditions of the simulations. The first 

obtained results showed applicability of this method, with a linear relation between simulation and experimental 

results.  

 

 

1. INTRODUCTION 
 

Ionizing radiation is widely used to induce physical, chemical or biological benefits on the 

irradiated products. The irradiation process can be used in food treatment, for parasite and 

pathogen control and shelf-life extension; sterilization of medical devices; enhancement of 

polymers; modification of gemstones colors; disinfestations; conservation of art objects, 

among others [1]. For this process, dosimetric tests are essential to prove that each sample 

receives the required and expected dose, considering the acceptable limits.      

 

But performing dosimetric tests in each sample irradiated requires investments in 

laboratories, dosimeters and human resources – which are not always available. 

 

Mathematical models and computational tools can be great alternatives, as they can present 

data on dose distribution inside the irradiation facility and throughout the samples being 

irradiated, without actually performing the tests. This kind of tool can provide an easy way to 

have a previous estimation of the absorbed dose of a product, located at a specific distance 

from the irradiation source, during a definite time of exposure, and also be considered a 

guarantee that the expected dose was actually delivered – which is of great importance to 

assure the service quality. 

 

Dose mapping plays, then, an important role in irradiation services and a possible method for 

modeling the irradiation facility is the Monte Carlo. 
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The Monte Carlo method is based on the generation of random numbers. It can be used to 

simulate radiation and particle transport, which is very useful to understand the spatial dose 

distribution in the facility. 

 

The method takes into account the source description, the geometry of the chamber and the 

characteristics of the material being irradiated: composition, geometry and density. The 

response obtained is the particle fluxes and energy deposition, which can determine the 

absorbed dose [2]. 

 

The computational code used in this practice is the MCNP-X. The tool was applied to 

simulate the irradiation process and the obtained results were compared with those ones from 

Fricke dosimeters, irradiated under the same conditions of the simulations. 

 

 

2. EXPERIMENTAL PROCEDURES AND RESULTS 
 

2.1. Description of the gamma irradiation facility  

 

The tests were carried out with a multipurpose panoramic irradiator category II (dry storage), 

model IR-214, fabricated by MDS Nordion, with a Cobalt-60 source. Cobalt-60 emits 

photons with approximately 1.17 and 1.33 MeV in equal proportions, and its half-life is 

approximately 5.27 years [3, 4]. 

 

The radiation source is composed of 16 Co-60 cylinders of 11mm diameter and 210mm 

height, disposed in a circular arrangement (Figure 1). The total radiation activity is 

distributed between the individual sources so that there is no anisotropy effect. The source 

arrangement is surrounded with a stainless steel cylinder and the whole mechanism is 

controlled automatically to up and down the sources. Four rotary tables are arranged around 

the source where the products to be irradiated are disposed (Figure 2).   

 

 

 

 
 

Figure 1 – Source arrangement 
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Figure 2 – Chamber scheme 
 

 

 

2.2. Fricke Dosimetry 

 

The well known Fricke dosimeter is a solution of ferrous-ammonium sulfate (1.0 mol.L
-1

) in 

sulfuric acid (0.4 mol.L
-1

). It is considered a reference-standard dosimetry system  in the 

absorbed dose range of 40 – 400 Gy and its response to ionizing radiation is based on a 

process of oxidation of ferrous to ferric ions, quantified by a change in the absorbance at a 

specified wavelength (303 nm). 

 

The absorbance data obtained with the spectrophotometric analysis after irradiation can be 

converted to dose absorption with the expression:  

 

Dose = 2.77 x 10
2
 ∆A/ [1 + 0.007(t - 25)] x [1 + 0.0015(t’ - 25)]   (1) 

 

where ∆A is the increase in absorbance, t is the temperature during the spectrophotometric 

analysis and t’ is the temperature during the irradiation.
 

 

The Fricke dosimetric solution is prepared dissolving 0.392 g of ferrous ammonium sulfate, 

(NH4)2Fe(SO4)2.6H2O, and 0.058 g of sodium chloride, NaCl, in 12.5 mL of  0.4 mol.L
–1

 

sulfuric acid, H2SO4 and then diluting it to 1000 mL in a volumetric flask with  0.4 mol.L
–1

 

sulfuric acid, prepared with triply-distilled water [5]. Once respecting the proportions, the 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

dosimetry can be prepared in other quantities, to avoid waste of reagents, and also through 

alternative methods with concentrated solutions. 

 

It is important to mention that Fricke solution is sensible and must be stored away from light 

sources to avoid oxidation. Since its response is extremely sensitive to impurities, organic 

materials shall not be used, as well as metal, and all reagents must be of sufficient high 

purity. Thermal oxidation shall be avoided and temperatures during the irradiation and 

spectrophotometric analysis must be determined to correct the result of absorbed dose. 

 

Fricke dosimeters were irradiated under the same conditions of the simulation. Three 

samples, containing 2mL of solution each, were irradiated side by side in each position of the 

simulation.  

 
 

 

   
                     (a)                                                 (b)                                            (c) 

 

Figure 3 – Irradiation of Fricke dosimeters at (a) 50cm (b) 100cm (c) 150cm distant 

from the source. 

 

 

 

2.3. Simulation procedure and results 

 

After properly proving the non-existence of any anisotropy effect, the simulations were 

conducted considering dosimeters disposed in the source  mid-height, at different distances 

from the source. The MCNP-X code was fed with the chamber characterization (dimensions, 

geometry and materials); positions of the virtual dosimeters; and source specification (type, 

geometry, dimensions, activity, photon energy). Three different configurations were tested in 

order to better represent the occurring process and to make the model as simple as possible: 

homogeneous cylinder of 26 cm of diameter; single source (cylinder of 1.1 cm with the 

activity); and the original configuration, provided by the manufacturer.  

 

The dose measures were carried out in 8 positions radially disposed and equally distant one 

from another for reproducibility. Each simulation was performed with an emission of one 

million particles and the measures were taken   0.50, 1.00 and 1.50 m distant from the centre 

of the source. 
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TABLE 1 – Experimental results and comparison between simulations with different 

source configurations 
 

  
  

Cylinder 

D=26cm 

Cylinder 

D=1.1cm 

Original 

configuration 

0.5m 

Simulation 
Dose rate (Gy/h) 1704.98 1689.46 1696.49 

Standard deviation  0.34 1.07 0.48 

Fricke 
Dose rate (Gy/h) 1390.21 1390.21 1390.21 

Standard deviation  2.96 2.96 2.96 

Comparison Fricke/Simulation 81.5% 82.3% 81.9% 

1.0m 

Simulation 
Dose rate (Gy/h) 442.55 445.64 427.02 

Standard deviation  0.73 0.24 0.82 

Fricke 
Dose rate (Gy/h) 368.89 368.89 368.89 

Standard deviation  1.89 1.89 1.89 

Comparison Fricke/Simulation 83.4% 82.8% 86.4% 

1.5m 

Simulation 
Dose rate (Gy/h) 206.02 208.93 198.58 

Standard deviation  0.48 0.50 1.14 

Fricke 
Dose rate (Gy/h) 168.65 168.65 168.65 

Standard deviation  1.73 1.73 1.73 

Comparison Fricke/Simulation 81.9% 80.7% 84.9% 

 
 
 

  

 
 

Figure 4 – Comparison between Fricke and simulation results with a homogeneous 

cylinder of 26 cm diameter.  
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Treating the obtained data with a linear regression the following relation between simulation 

and experimental results is achieved, with a correlation R² = 0.99998: 

 

y=1.23x – 5.87                            (2) 

 

where y is the dose rate from the simulation procedure and  x, the Fricke dose rate. That 

shows a great correlation between the methods, which allows the use of the Monte Carlo 

method  to assess dose rate inside the irradiation facility. 

 

 

3. CONCLUSIONS  
 

The obtained results have shown applicability of the Monte Carlo method and the MCNPX 

code in the assessment of dose rates and in quality assurance programs. The results obtained 

through this practice presented a difference of about 18% between simulations and Fricke 

tests, but a linear relation between them.  

 

In order to guarantee the quality of the services provided in a gamma irradiation facility, 

without performing dosimetry in each product irradiated, it is of great importance to maintain 

periodic validation procedures to assure that the model is still working and that it effectively 

represents the irradiation process.  

 

So far the results cover a 2D treatment, but in the future a 3D-model should be achieved in 

order to completely model the irradiation facility. It is also important to determine the dose 

distribution throughout the products irradiated to certify that all parts have received the 

recommended dose, without exceeding the recommended limits. 
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