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Halide film dosimetry is a quantitative method of measurement of the radiation doses. The fog 
density and chemical processing of the dosimeter film affect the radiation dose measurement 
accuracy. This work presents the effect of the developer solution concentration on the response of 
the dosimetric film which different fog densities. Thus, three batches of film, dosimeters with 
following fog densities: 0.312 ± 1.31 %, 0.71 ± 0.59% and 0.77 ± 0.81 % were irradiated to 137Cs 
standard source to dose value of 1mSv. The halide films have been chemical processed at different 
concentrations of the developer solution: 20 %; 14.29 %; 11.11%; all other physics-chemical 
conditions in baths of development have been kept constants. Optical density recorded on the low 
fog films processed at 20% developer solution is rather closely of high fog film optical densities 
processed at 11.11% developer solution concentration. Also, the chemical processing effect on the 
image contrast was taken into consideration. 
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INTRODUCTION 
 

The halide film continues to be used in different fields such as: medical radiography, 
because with a small quantity of radiation of low dose it can be obtained a very good image 
about investigated organ [1]; in industry: an destructive control – to make visible crashes or 
material homogeneity etc. Also, radiological monitoring of the workers exposed to ionizing 
radiations by their duty is very important for human health aspects. Personal radiation 
protection is performs by different personal dosimeter systems. Film dosimetry continues to 
be one of the most used methods for individual dose monitoring of the workers occupational 
exposed to radiation [2] and for estimate external skin doses of the patient undergoing 
medical procedure [3,4].. For each type of dosimeters these are different problems regarding 
radiation dose measurement accuracy. Halide film dosimetry principle consists in the fact 
that Ag+ ions by interaction between AgX and photon radiation pass into Ag and result in 
centres of development (latent image centres). AgX particles which contain a certain 
numbers of Ag atoms are progressive reduced by film developer. The fog density is the 
optical density measured on un-irradiated film. 

The optical density read on the film exposed to radiation is a measurement of radiation 
quantity (dose of radiation). The sensitometer curve, optical density vs. dose, is specifically 
for each lot of films with particular fog density. A grown fog density affects the image 
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quality obtained on the film after irradiation and more then this, influences the dose 
measurement accuracy. Film fog density is changing in time and measured dose on the 
original sensitometer curve may be given by a high error [5]. The film fog density do not 
exceed with more than of 20% accountable to original film fog density [6]. From this reason 
it is important that the films to record the same OD for a particular dose of radiation, 
whatsoever their fog density.  

Latent image and fog development kinetics are different. Theoretically, the rate of fog 
development is slower than latent image development rate, take into consideration that the 
number of Ag atoms on the latent image centres is more than those on the fog centres. The 
developer reduces first the particles with critical nucleation (generally, latent image) and 
then AgX particles with few number of Ag atoms (generally fog centres) [7,8].    

 
 

EXPERIMENTAL PART 
 

The films used in the experiment have the following fog densities: 0.312 ± 1.31%, 
0.71 ± 0.59% and 0.77 ± 0.81%.The lots of films were noted as F1, F2 and F3 respectively. 
The film dosimeter system, film and badge, have been exposed at 1 mSv dose to 137Cs 
photon radiations standard sources. The film badge is supplied from different materials and 
thickness: aluminum, copper, lead, plastic and an open window. The film Agfa personal 
monitoring consist of double coated, very sensitive, high contrast D10 film, grain 1.5 m 
and double coated, low speed, high contrast D2 film, grain 0.24 m. The badge is made of 
Nuclear and Vacuum, Romania and the film used in this experiment is performs by Agfa, 
Geveart, Belgium. The dosimetric system recording X, gamma and beta radiation on dose 
range 0.1 mSv to 1 Sv with standard errors: ±40 ÷ ±50% at 0.1 mSv, especially for gamma 
radiation and standard errors: < ± 8% on (0.2 – 800 -1000) mSv dose range. In this work 
was studied the behavior of the lots of films with high fog density at doses of 1 mSv because 
at this doze the fog density influenced significantly the response of the dosimetric system. 
At high doses of radiations the fog of the film influence the response of the dosimetric 
system less an less. Physics-chemical standard conditions in bath of development were: 5 
minutes at 20% developer solution concentration. The experimental data obtained to a 
developer concentration solution of: 14.29% and 11.11% respectively, were related to the 
development standard conditions.      
 
 

RESULT AND DISCUSSION 
  

The developer solution concentration influences significantly the optical density 
measured on the film. A higher concentration grows the reducing capability of the 
developer. Thus, the developer reduces sensitivity centers either these have critical 
nucleation for to be developed (latent image) or a smaller number of Ag atoms, under 
critical number (fog density). In Table 1 are presented the optical density values read on the 
films chemical processed at different developer solution concentrations and exposed in 
badge to photon radiation.  

The fog density of the film decreases with developer solution concentration 
mitigation. The differences between optical densities (ΔOD) read on the films with high and 
low fog densities, exposed to 1 mSv and processed in standard conditions, is about 0.49 
optical density unites (67%). 
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Table 1: Optical densities measured on the film under badge filters processed to different developer 
concentration. 

 
Optical density ± SD on the films exposed to 1mSv dose 

 
Cdev 
(%) 

Plastic Open Window Pb 0.4 mm Cu 1mm 

Control sample 

0.81 ± 0.74 % 0.91 ± 1.10 % 0.99 ± 0.58 % 0.73 ± 0.78 % 0.312 ± 1.31 % 
1.21 ± 0.47 % 1.22 ± 0.47 % 1.44 ± 0.40 % 1.22 ± 0.47 % 0.71 ± 0.69 % 

20 

1.3 ± 0.44 % 1.21 ± 0.47 % 1.47 ± 0.39 % 1.22 ± 0.47 % 0.77 ± 0.81 % 
0.68 ± 0.01 % 0.75 ± 0.76 % 0.8 ± 0.01 % 0.63 ± 0.02 % 0.275 ± 1.93 % 
0.93 ± 0.01 % 1.01 ± 0.99 % 1.04 ± 0.01 % 0.90 ± 0.63 % 0.614 ± 1.21 % 

14.29 

0.98 ± 0.01 % 1.03 ± 0.01 % 1.07 ± 0.01 % 0.92 ± 0.62 % 0.68 ± 1.04 % 
0.63 ± 0.90 % 0.68 ± 0.84 % 0.77 ± 0.74 % 0.62 ± 0.02 % 0.26 ± 1.69 % 
0.92 ± 0.62 % 0.94 ± 0.61 % 1.04 ± 0.01 % 0.86 ± 0.01 % 0.575 ± 0.92 %  

11.11 

0.91 ± 0.63 % 0.98 ± 0.58 % 1.03 ± 0.55 % 0.88 ± 0.01 % 0.606 ± 0.86 % 
 

 The fog density decreases with developer concentration; the OD of the films with 
high fog density, exposed to 1 mSv and processed in 11.11% developer solution, is closer of 
low fog film OD chemical processed in standard conditions; ΔOD is smaller than 0.15 
optical density unites (20 %). Concentration decrease from 14.29% to 11.11% influences the 
optical densities read on the exposed films lesser and on the control samples more, 
especially for high fog film.  

Image contrast is given by difference between optical densities recorded under badge 
filters on the irradiated film. Concentration decrease mitigates the image contrast. The low 
fog film contrast decreases from about 0.26 optical density units, obtained on the film 
processed in 20% developer solution, to 0.11 optical density units (films chemical processed 
in 11.11% developer solution). The image contrast for high fog films is better than that for 
low fog films at the 11.11% developer concentration (Figure 1). 
 
 

 
 

Figure 1: Image contrast at different developer concentration. 
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CONCLUSIONS 
 

Optical density recorded on the high fog films exposed to photon radiations decrease 
with developer solution concentration. Thus, the radiation dose recorded on these kinds of 
films can be estimate on the original sensitometric curve obtained to the low fog film 
calibration.  

Concentration decrease of the developer does not change significantly the image 
contrast mostly in the case of film with high fog films take into consideration the fect that 
the films were exposure at gamma radiation. Generally, at X radiation exposure it is 
obtained the best contrast. 
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