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ABSTRACT 

The knowledge of the radioactive material behavior inside the human body is an 

essential issue for interpretation of the radioactivity measurements in human body or 

excretions in terms of internal contamination or committed equivalent dose. 

  The paper present evaluation of internal contamination of professionally exposed 

workers from a CANDU nuclear fuel factory with the ACRO computer code which estimate 

burden and tissue or organ dose resulting from inhalation or ingestion of radioactive 

materials. The workplaces where continuos aerosols sampling are carried out, has been taken 

into account for the analysis. For potentially inhaled activity assessment, the average aerosol 

concentrations were estimated. The dose equivalent and collective dose equivalent are also 

estimated. 

 

1.Air radioactivity 

Air radioactivity measurement can give a more direct estimation of the personnel 

exposure. In this case, determination of the radioactivity of uranium aerosols gives the 

opportunity  to evaluate the internal contamination of exposed personnel. 

The use of the data obtained by means of this method is limited to the following 

considerations: 

- Distance between air samples and exposed person 

- Collection of particles from the air filters does not provide an accurate value of the inhaled 

radioactivity, since the particles behavior in the respiratory tract is strongly dependent on 

their size. This fact must be considered in dose estimation resulted following the inhaling 

of radioactive isotopes. 
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2.Excretions and biological samples 

Biological samples analysis can be used in uranium detection in human body. This 

method has the advantage that the presence of the individual is not needed. 

Analytical and radiochemical methods are time-consuming and the results obtained are 

delayed and are not identical. The collection requires the cooperation of the person. However, 

the collection of such samples can be unpleasant if they are collected for a long period of the 

time, so that  adequate radioprotection control can be done. 

In the case of uranium, due to its metabolical behavior, urine can be used as a 

contamination indicator. The interpretation of the results of measurements of the radioactivity 

in urine implies a series of errors: the functions describing excretion are not well known and 

there are significant variations for the chemical forms with large retention periods in the body 

(UO2). The excreted activities reflect long-time accumulations and assist in the assessment of 

the internal contamination. 

 

3.Biokinetic method 

The estimation of internal radiation exposure is of considerable importance in 

radiological protection for both, workers and the public, because human organism or tissues 

may be directly exposed to radioactive materials retained in the body for substantial period. 

There are two main routes through which radioactive materials are taken into the human 

body: one is the respiratory tract and the other is the gastrointestinal tract. The precise 

estimation of internal exposure requires detailed knowledge of radiological and physiological 

behavior of radionuclide in the body, but such estimation can not be generally applied to 

radiological protection. ICRP adopted a relatively simple dosimetry model and related 

metabolic data in which the maximum permissible concentration and maximum permissible 

body burden for workers were calculated. This model and data have still been widely used for 

radiological protection. Software programs have been developed and of one of them is used in 

the ICN Radiation Protection Laboratory for the  calculation of internal dosimetry.  In the 

ICRP publication the maximum permissible concentration and maximum permissible body 

burden for workers were calculated. 

Following the progress and increase of knowledge, more precise and detailed models 

have been developed. The lung dynamics model developed by the ICRP task group on lung 

dynamics has been applied to make a more precise estimation of internal exposure following 

the inhalation of radioactive materials. In this model the respiratory tract is divided into four 

regions, i.e. NP (Naso-Pharyngeal), -TB (Tracheo-Bronchial), P (Pulmonary parenchyma) and 



L (pulmonary lymphatic system) regions. The lung is defined as a composite organ of TB, P 

and L regions. 

Inhaled materials are deposited in these regions with varying probabilities depending 

on the particle size. Deposited materials are excreted from the regions to the body fluids and 

to the gastrointestinal tract (GI tract) or exhaled with different removal rates determined by 

solubility.  The half-time is determined by solubility of the inhaled materials that are 

categorized into three classes by ICRP: 

- class D for well-soluble (daily excretion); 

- class W for soluble (weekly excretion); 

- class Y for insoluble (annual excretion). 

 

The ACRO program is written in FORTRAN IV and was obtained from NEA Data Bank 

from France. The test case has been obtained and also prediction capacity hosted verified for 

other input data. A concordance with specialized literature has been obtained. 

The input data are: 

- the organ for which the evaluation is desierd; 

- atomic number; 

- atomic mass; 

- solubility class of inhaled or ingestion isotope; 

- inhalation or ingestion period; 

- total radioactivity incorporated in this period (μCi); 

- the particle diameter of inhaled materials (AMAD); 

- time for the dose and burden calculation for the organ or tissue n (in seconds, hours, days 

or years); 

- the duration of contamination: ingestion or inhaling; 

- human type (standard man or reference man). 

 

4.Assessment of internal exposure 

Radiation protection must ensure humans protection in the case of activities involving 

radiation sources. Its main objectives are to prevent harmful effects on the humans health and 

to restrict the probability of occurrence of cancer or hereditary effects at reasonably 

acceptable levels. ICRP [2] has established the principles for presently accepted dose 

limitations in radiation protection. 



Since it is difficult to measure a basic value, such as the actual dose equivalent, a 

derived measurable value is required [3]. In the case of internal exposure, as a result of 

ingestion or inhaling of radioactive substances, various organs and tissues of the human body 

will not be uniformly irradiated, depending on several factors: the fraction of the incorporated 

amount which affects the organ/tissue, the disintegration constant of the inhaled radionuclide, 

its physical and chemical properties, etc. The actual dose equivalent will be function of all 

these factors and of the quantity of substance ingested. 

Uranium is processed at the Nuclear Fuel Factory (FCN) under various physical and chemical 

forms. During processing, the exposed personnel can inhale aerosols which contain uranium, 

and thus the risk of internal contamination arises. This contamination results in irradiation 

doses on the internal organs or toxic chemical effects – if uranium is in large amount. The 

chemical effects are more influential than the received dose. 

In order to evaluate the dose equivalent and the collective dose of FCN personnel we 

had to determine the potentially inhaled radioactivity (μCi) from the average value of aerosols 

concentration for each sampling point. The following Table presents the aerosols sampling 

points within FCN: 

 

No. of sampling 

points-Solubility class 

Activity performed 

6-D Dissolving & treatment 

9-D Precipitation 

18-W Pellets loading  

24-Y Sorting/forming of columns 

28-Y  Grinding/rectification machine 

30-W Pelletizing press 

32-Y Grinding machine 

36-W  Pelletizing press 

38-W Briquetting press 

11; 12;15-D+W Reduction furnace supply, powder storage 

18; 5-Y Pellets loading ; discharge table 

5; 18; 25-Y Discharge table; pellets loading; dismantling lathe 

55; 58-Y Lathe for bundles dismantling; pellets loading table 

8; 10-D Drying furnace; granulator; drying furnace entrance 



 

For personnel working in these points the natural uranium concentration values in urine were 

radiochemically determined [6,7]. These values, as well as the average aerosols concentration, 

are presented in the Table below: 

Aerosols 

measuring point   

Average aerosols 

concentration 

(Bq/m3) 

L.C.A. 

(Bq/m3) 

Uranium average 

concentration  in urine 

(µg U/l) 

L.C.A. 

(µg U/l) 

6 0.079 2.2 7.25 50 

9 0.196 2.2 13.50 50 

18 1.344 2.2 5.40 50 

24 0.477 2.2 11.50 50 

28 0.350 2.2 9.80 50 

30 0.352 2.2 7.00 50 

32 0.339 2.2 8.50 50 

36 0.440 2.2 8.75 50 

38 0.713 2.2 7.25 50 

11;12;15 0.345 2.2 14.50 50 

18;5 0.737 2.2 4.00 50 

5;18;25 0.535 2.2 5.86 50 

55;58 0.041 2.2 1.25 50 

8;10 0.276 2.2 2.86 50 

 

In the case of natural uranium dioxide powders, by means of ACRO code the burden 

on potentially affected organs was assessed (kidneys, bone, lung, stomach and the other 

components of the gastro-intestinal tract) and also the dose-equivalent on these organs. 

The assessment took into account a work period of 150 days. The intervals for which the 

estimation was done are: 365, 1826 and 18250 days. 

 

 

The equivalent dose HE has been calculated by means of the relation: 

 

 HE=HT*WT 

 



Where: 

 

HT = equivalent of dose received by organ T and 

WT = the weighting  factor of organ T 

In our case, the irradiation of several organs was considered, thus: 

 

HE=∑ TH * WT 

 

The equivalent dose and the collective dose equivalent, corresponding to each work-post, 

have the following values: 

Aerosols sampling 

point 

Equivalent dose 

(mSv) 

No. of persons 

surveyed 

Collective dose 

(mean/mSv) 

6 1.56E-03 8 1.25E-02 

9 3.84E-03 2 7.67E-03 

18 2.64E-02 10 2.64E-01 

24 9.38E-03 1 9.38E-03 

28 6.88E-03 5 3.44E-02 

30 6.90E-03 4 2.76E-02 

32 6.66E-03 2 1.33E-02 

36 8.66E-03 2 1.73E-02 

38 1.40E-02 5 7.01E-02 

11;12;15 6.81E-03 5 3.41E-02 

18;5 1.45E-02 1 1.45E-02 

5;18;25 1.05E-02 7 7.36E-02 

55;58 8.01E-04 2 1.60E-03 

8;10 5.42E-03 7 3.80E-02 

 

 

The equivalent dose represents the most important value in radiation protection. In the case of 

occupational exposure the regulations provide [5] an annual limit of 20 mSv. 

 



CONCLUSIONS 

 

Considering the limits of the ACRO program one can state that internal exposure for the 

professionally exposed personnel within FCN is far below the values encountered in 

specialized literature. The value provided by regulations for external exposure is 20 mSv/year, 

so the contribution of internal exposure to the total dose is insignificant. 

 

As it can be seen from the above table, in the case of the considered work-posts the limits 

provided for by international standards and rules are not exceeded. 
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