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ABSTRACT 
 
The purpose of this work is the study of radiation-induced reduction of the Potassium Dichromate dosimeter in 
perchloric acid using modification in the composition of Dichromate dosimeter proposed by Sharpe (NPL, 
October 1982) to extend dose limit up to 120 kGy.  This modification can allow measuring dose in process of 
irradiation of gem and cork directly, in these processes that the absorbed doses are very high. The dosimeter 
study reached linear response between 10 to 120 kGy. This dosimeter was traceable to the international 
metrology system, using gammacell calibrated by Fricke reference dosimeter. The evaluation of the doses was 
done by spectrophotometric method. Compared to the costs using PMMA (perpex dosimeters), the use of 
dichromate dosimeters can reduce up to 70% of the dosimetry costs in Brazil.  
 
 
 

1. INTRODUCTION 

 

The industrial irradiation facilities are mainly used for a variety of processing products for 
different aim. In all procedures related to irradiation processes, there is the need to the 
process control and validation regarding to guarantee the quality of irradiation process. The 
objective of this formal procedure is to supply adequate documentation that confirms the 
successes of the irradiation process [1,2].   

The use of dosimetric systems requires metrological traceability in order to have reliable 
results of the process. The metrological chain involves the use of reference dosimeters 
traceable to the national and international standards. Irradiation at very high doses (± 100 
kGy), has no routine dosimetric systems available, such as PMMA (Perspex) to this level. In 
an irradiation facility, to meet the quality system, it is necessary to always have a dosimeter 
per process cycle. The value of the dose of the cycle is the sum of the doses of dosimeters. 
This operating procedure is very simple. The possibility of using a single dosimeter per cycle 
reduces the procedure of the irradiation process control. 

 

2. METHODOLOGY 

The radiation processing key element is undoubtedly a reliable and traceable dosimetry 
system. The Figure 1 shows the scheme of traceability for measurements of high dose used in 
this work and suggested for the irradiation facilities. 
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Fig. 1 – Used flow-chart for high-dose and international traceability 

 

2.1 – Calibration of reference dosimeter (Fricke Dosimeter) 

 
Most of the national LABS use the Fricke dosimeter as a standard reference for absorbed 
dose measurements, due to its metrological qualities and low cost.  Due to the low dose 
range, it is not used for dosimetry products in irradiation facilities. Because of the 
uncertainties accepted for industrial irradiation are larger than for the medical field, we 
chose this work for calibrating the dosimeter instead of establishing a long-term history of 
the Fricke dosimeter (reference dosimeter) for absolute measurements of absorbed dose. 
Thus was used an ionization chamber standard secondary traceable to BIPM for dose rate 
measurements in a block of Mix-D with 3 points for placement in the vials of Fricke 
dosimeters.  
 

2.1.1 -Calibration of reference dosimeter at SSDL “Set-Up”. 

  
The source of 60Co at the “Laboratório Nacional de Metrologia das Radiações Inonizantes” 
(LNMRI) a standard secondary dosimetry LAB (SSDL) is used to calibrate the Fricke 
dosimeter.   
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Fig. 2 – SSDL  “Set-Up” at  LNMRI (Laboratório Nacional de Metrologia das Radiações 

Inonizantes ) 
 

2.1.2 – Calibration of the Gammacell “Set-Up”  

 
A 60Co source that was used for the calibration of reference dosimeters (Fricke dosimeter) at 
dose rate of about 0.25 Gy.min-1 is not suitable for high-dose irradiation, which required the 
use of a source of high intensity like gammacell irradiator (Fig. 3 and 4) for irradiations of 
dichromate dosimeter with dose rate of about 50 Gy.min-1. 
 
 

 
Fig. 3.  Irradiation holder for gammacell irradiator 
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Fig. 4.  Irradiator Gammacell 220 
 

2.3 - Calibration of Potassium Dichromate dosimeter 

 
The potassium dichromate dosimeter (10 – 120 kGy) has been calibrated in a Gammacell 
irradiator [fig. 3 and 4]. 
 

3. RESULTS 

The methodology applied to this work has been based on Mc Laughlin, W.L.; Boyd, A.W.; 
Chadwick, K.H.; McDonald, J.C.; Miller, A; TR409-IAEA; NIST special publication 250-45 
and ISOGUM95 works [1,5]. 

 

3.1 – Fricke Dosimeter (reference dosimeter)    

 
Twenty-seven dosimeters were irradiated with doses between 100-350 Gy to build the 
calibration response curve. 
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Fig. 3 – Response curve for reference dosimeter (“Fricke”) 

 

The equation for absolute measurements of absorbed dose to Fricke dosimeter is:  

  
[ ] [ ] 25) - 0.015.(t'1 .)25.(007.01)....( +−+

=
tdG
OD

D
ερ

   Gy  (1)   

Where: 

D = absorbed dose 

OD =  Changes in absorbance at 304 nm between the dosimeters solutions,       
irradiated and unirradiated  

ρ = Density of the dosimetry solution (1.024.103 kg.m3) 

G = chemical yield of  Fé+3  ion (1.62.10-6 mol.J-1) 

ε =   molar absorption coefficient at 304 nm in a spectrophotometer (the nominal 

value is 216.4 m2.mol-1)  

d = optical path cell spectrophotometric measurement (0.01 m) 

[1+0.007.(t-25)] = measurement  temperature correction   
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[1+0.0015.(t’-25)] =  Irradiation temperature correction  

Using the known data above, the equation for the Fricke dosimeter becomes: 

 

[ ] [ ] 25) - 0.015.(t'1 .)25.(007.01
.29.281

+−+
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OD

D      Gy (2) 

 
 
3.1.1 – Uncertainties for reference dosimeter 
 
The value of calibration factor and methodology to be meaningful shall be accompanied by 
an estimate uncertainty.   
 
 

Table 1 – Uncertainties of Fricke Dosimeter 
 

Uncertainty in Fricke dosimeter calibration 

Source of Uncertainty Type A 
(%) 

Type B 
(%) 

Standard Ionizing chamber calibration 
Factor   0.56 
Positioned ionizing chamber  0.20 
Absorbed dose rate in water   0.20 
Source decay   0.01 
Positioned dosimeter   0.20 
Irradiation temperature correction    0.15 
Measurement temperature correction   0.35 
Repeatability and reproducibility  0.996   
Combined separately 0.996 0.76 
Combined relative standard uncertainty 1.253 
Relative expanded uncertainty  
(95,45%) 2.506 % 

 
 

3.2 – Potassium Dichromate    

 

The potassium dichromate dosimeter is based on reduction of Cr +6 (in [Cr2O7] -2) to Cr +3 in 

acidified solution related by Sharp et al [3], to the absorbed dose range 5 - 50 kGy. Solutions 

based on the radiolytic reduction of Cr +6 in the form of [Cr2O7] -2 to Cr +3 in acidified 

aqueous solutions have been studied for many years. There is a great similarity with the 

mechanism of ceric sulfate dosimeter, where the result is a reduction of the species produced 

by radiolysis of the solvent.  Originally suggested for use as an alternative to routine 
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measures, the dosimeter "dichromate" has shown characteristics that qualify it to be used as 

transfer dosimeter (TR409 IAEA) for the measurement characteristics presented by the 

dosimeter [6]. The extended absorbed dose range used in this work was done. 

 The equation for dose measurements with the dosimeter "potassium dichromate is: 

 

  [ ] [ ] 25) - 0.002.(t'1 .)25.(001.01)....( +−+
=
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D
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   Gy  (3)   

 
 
4.2.1 – Potassium Dichromate calibration factor 
 

After calibration at gammacell, "potassium dichromate” is: 

 

[ ][ ])25´(002.01.)25(001.01
OD57,246.10.
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Fig. 4 – Response curve for Potassium Dichromate dosimeter 
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4.2.2 – Uncertainties of the dosimeter 
 
The same methodology to estimate uncertainties used in the reference dosimeter, was used to 
rotine dosimeters shown in the table 2.  
 
 

Table 2 – Uncertainties of the transfer dosimeters 
 

Uncertainty in Potassium Dichromate dosimeter 

Source of Uncertainty Type A 
(%) 

Type B 
(%) 

Uncertainty of reference dosimeter (Fricke)    1.25 
Gammacell irradiator holder calibration  0.94 
Absorbed dose rate in water   0.20 
Source decay   0.01 
Positioned dosimeter   0.20 
Irradiation temperature correction    0.15 
Measurement temperature correction   0.35 
Repeatability and reproducibility  2.06   
Combined separately 2.06 1.62 
Combined relative standard uncertainty 2.62 
Relative expanded uncertainty  (95.45%) 5.24 % 

 

4. CONCLUSION 

 
The end results conclusions have demonstrated that studied dosimeters have shown a 
metrological quality. It is important to point out that the quality presented by these dosimeters 
can be used to guarantee certification requirements and also to reduce irradiation facility 
dosimetry costs, by up to 70%, compared to current costs. Estimated at US$ 3.50 the cost of 
each imported PMMA dosimeters, compared with US$ 1.10 for the potassium dichromate. 
On average, a large facility uses 800 to 1200 dosimeters  month for quality control testing 
and validation processes.  
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