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ABSTRACT 

 
Today´s trend for the design of internal dose monitoring programmes 

of workers applying the ICRP respiratory tract model requires taking into 
account the specific absorption parameters of the compounds and the 
physical data of the workplace aerosols. 

 
The aim of this analysis is to determine the specific ALIs and to 

establish reference levels for the assessment of chronic intake of workers, 
using the data from individual monitoring (pulmonary burden and urinary and 
fecal excretion) for natural uranium and uranium with 3.5 % and 20 % 
enrichment. 

 
In this paper the IMBA and AIDE software were used applying the 

respiratory tract model and the uranium biokinetic model published by ICRP 
taking into consideration the specific parameters of the uranium compounds.  

 
On the basis of this analysis, the relevance of lung, urine and faeces 

measurements in the individual monitoring of workers for internal dosimetry 
purposes is discussed  

 
It is concluded that these monitoring methods are useful for confirming 

that ALIs have not been exceeded and to assure that daily intakes are below 
the toxicological limits (2mg/d) but it is necessary considering practical 
limitations of each method. 
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INTRODUCTION 
 



Uranium dioxide (UO2) and trioxide (U3O8) from different enrichments are 
used in the fabrication of nuclear fuels in the CONUAR (Combustibles 
Nucleares Argentinos S. A.) facility in Argentina for supplying nuclear power 
plants (Embalse and Atucha) and a research reactor (RA3). 
 
This paper analyses the predicted biokinetic behavior of uranium in workers 
due to chronic inhalation. As a proper characterization of material specific 
absorption parameters is not available, they values were obtained from 
reference [1], knowing that processes involved are similar to that performed 
in France. The 5 µm AMAD for radioactive aerosols recommended by ICRP was 
assumed, taking into account that preliminary measurements made in this 
facility gave values of around 5 µm. 
 
The specific ALIs were calculated. The values for minimum detectable amount 
(MDA) for lung and excreta measurement and the corresponding minimum 
detectable intakes (MDI) are presented.  
 
A simplifying assumption was used considering that exposure occurred at 
continuous and constant rate. It is known that this pattern of exposure is 
usually unrealistic in practice but is accepted as means of providing a 
general guidance to the aforementioned facility and in order to discuss 
conclusions about the implications of the exposure to these compounds.  
 
The dose coefficients and the retention/excretion fractions were calculated 
using the IMBA [2] and AIDE [3] software. 
 
RESULTS 
 
Table I presents the dose coefficients and the specific Annual Limits on 
Intakes (ALIs) for different enrichments and compounds. The values of 
specific absorption parameters are also shown. 
 

Table I: Dose Coefficients and ALIs for different uranium compounds and 
enrichments for inhalation of 5 µm AMAD aerosols. 
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UO2 0.02 1.3 8.6E-
04 

4.0 5.0 198 4.2 4.8 68 4.3 4.2 12 

U3O8 0.03 2.07 3.8E-
04 

4.8 4.2 165 5.1 3.9 56 5.2 3.8 11 

Tipo M 0.1 100 5.0E-
03 

1.9 10.5 418 2.0 10.0 143 2.1 8.2 24 

Tipo S 0.001 100 1.0E-
04 

6.3 3.2 126 6.6 3.0 43 6.7 3.0 9 

 
 
The theoretical biokinetic prediction curves were obtained considering 
chronic intake regimen, the specific absorption parameters of the uranium 
compounds assumed for this facility and the metabolic model from ICRP 69 
[4], which assigned a f1 value equal to 0.002 [4]. Figures 1.1, 1.2 and 1.3 



show the predicted lung retention, urinary and faecal excretion rates 
respectively, after a chronic inhalation of 1 Bq per day of uranium dioxide 
(UO2), trioxide (U3O8), Types M or S compounds. 
 
 

 
 
Figure 1.1: The predicted lung retention of uranium after a continuous unit 
intake per day  
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Figure 1.2: The predicted daily urinary excretion rates of uranium after a 
continuous unit intake per day   
 
 
 
 
 
 

Figure 1.3: The predicted daily faecal excretion rates of uranium after a 
continuous unit intake per day  
 
These curves can be used for assessing the MDI at different times after the 
start of the continuous and constant chronic intake assuming a particular 
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MDA for each type of measurement. The calculated MDIs presented in the 
Table II in mg, are also shown as percentage of ALI. 
 
The dose coefficients and the retention/excretion fractions calculated using 
the IMBA and AIDE software were consistent. 
 
The MDI values are expressed in terms of mass rather than radioactivity in 
order to facilitate the comparison between MDI and ALIs for natural uranium 
and enrichments of 3.5 % and 20 %. 
 
The daily intake can be assessed dividing the calculated MDI from Tables I, II 
and III by the number of days of the corresponding period.  
 
Lung monitoring: 
 
"Lung counting" means the determination of the total activity retained in the 
alveolar-interstitial bronchiolar, bronchial regions plus the thoracic lymph 
nodes. These regions which are defined in the Human Respiratory Track 
Model (HRTM) [5], represents the area used for external lung monitoring. In 
this paper, the MDA for 235U is taken as 1.65 Bq, which is detected through its 
emission of 185 keV. This quantity implies an amount of 75 Bq  (3 mg) of 
natural uranium [1], 41.3 Bq (1.7 mg) for 3.5 % enrichment and 35.9 Bq 
(0.105 mg) for 20 % enrichment. The assumed MDA has a value that only can 
be obtained under optimum conditions according to the bibliography. 
Actually, this value may be higher due to the influence of several factors 
(differences in human chest wall thickness (CWT), different detector types, 
positions and measurement geometry) [6-10]. 
 
 
 

Table II: Lung monitoring: minimum detectable intakes for uranium 
compounds at difference times after commencement of constant chronic 

exposure 
 

 
It is concluded from table II that lung counting monitoring can be useful for 
detecting an intake of about one half of ALI for both compounds in case of 
natural uranium and 20 % enrichment up to 360 days since start of chronic 

ALI (mg) ALI (mg)
MDA (mg) MDA (mg)

(mg) %ALI (mg) %ALI (mg) %ALI (mg) %ALI (mg) %ALI (mg) %ALI
7 56,8 29 32,2 47 2,0 17 7 57,3 35 32,5 58 2,0 18

14 54,8 28 31,1 46 1,9 16 14 55,2 33 31,3 56 1,9 18
30 56,9 29 32,2 47 2,0 17 30 57,1 35 32,3 58 2,0 18
60 62,6 32 35,5 52 2,2 18 60 62,4 38 35,4 63 2,2 20
90 67,8 34 38,4 57 2,4 20 90 67,2 41 38,1 68 2,4 21

180 80,3 41 45,5 67 2,8 23 180 78,1 47 44,3 79 2,7 25
360 98,8 50 56,0 82 3,5 29 360 92,8 56 52,6 94 3,2 30

MDI MDI MDI MDI

165 56 11
3 1,7 0,105

U3O8
UN 3,50% 20%

198 68 12
3 1,7 0,105

UO2
UN 3,50% 20%

days daysMDI MDI



intake. In the case of 3.5 % enrichment in the order of half an ALI can be 
detected up to one month. Otherwise, after 30 days a daily intake below 2 
mg (toxicological limit) can be detected. 
 
Urine monitoring: 
 
The predicted daily urinary excretion rates for a constant chronic inhalation 
assumed to start at zero time is shown in fig 1.2. The fractions from these 
curves were used for assessing the MDIs considering an MDA of 0.1 µg in 24 hs 
sample. The values obtained were listed in the table III.  
 

Table III: urine monitoring: minimum detectable intakes for uranium 
compounds at different times after commencement of constant chronic 

exposure 
 

 
It can be concluded from table III that for up to one year since start of the 
chronic exposure an intake less than the 10 % of the ALI can be detected in 
case of natural uranium and 3.5% enrichment. For 20% enriched uranium, the 
10% of the ALI can be detected up to 30 days.  Anyway, the urine analysis can 
be useful for confirming that daily intake is below 2 mg, in all analyzed 
situations. 
 
Faecal monitoring: 

 
The curves with the predicted faecal excretion rates for a constant chronic 
inhalation assumed to start at zero time is shown in the fig 1.3. These 
fractions, which are identical for  dioxide (UO2),  trioxide (U3O8) and Type S 
compounds, were used for assessing the MDIs for different enrichments 
considering an MDA of 1 µg in 24 hs sample.  
 

Table IV: faecal monitoring minimum detectable intakes for uranium 
compounds at different times after commencement of constant chronic 

exposure 
 

Time Time 

(days) UN 3,5% 20% (days) UN 3,5% 20%
7 0,4 0,2 0,5 3 7 0,3 0,2 0,5 3
14 0,6 0,3 0,9 5 14 0,5 0,3 0,9 5
30 1,0 0,5 1,4 8 30 0,9 0,6 1,6 8
60 1,4 0,7 2,1 11 60 1,6 0,9 2,8 14
90 1,7 0,9 2,6 14 90 2,1 1,3 3,7 19
180 2,4 1,2 3,5 19 180 3,3 2,0 5,9 30
360 3,3 1,6 4,8 26 360 5,0 3,0 8,9 45

198 68 12 165 56 11

%ALI  (mg) %ALI

ALI (mg) ALI (mg)
MDA = 0.1 µg in 24 h sample

UO2 U3O8
MDI MDI

 (mg)



 
Fecal assay will be of value for detecting intakes from 0.4 to 7.2 % ALI 
depending on the compound, even in case of a measurement performed after 
a chronic exposures over 360 days.  Anyway, the faecal analysis can be 
useful for confirming that daily intake is below 2 mg, in all analyzed 
situations. 
 
CONCLUSIONS 
 
Accordingly to the analysis performed all these monitoring methods can be 
useful tools for assessing intakes that are below the Annual Limits on Intake 
(ALI) and for conforming that the daily intake 2 mg (the toxicological limit) 
has not been exceed. 
 
In practice, each method has particular limitations. In case of lung 
monitoring the conclusions are based on a value of MDA which could be 
difficult to reproduce in practice depending on, mainly, the chest wall 
thickness (CWT) of the workers. The influence of CWT in the MDA has to be 
considered since the practical use of this monitoring can diminish greatly 
when it increases. In some cases the MDA would increase to a factor of 4 
changing dramatically the usefulness of the direct measurement. The 
possibilities of improve the MDA varying the measurement geometry and 
lowering the background noise using filter systems should be considered. 
 
The urine monitoring will be of little benefit if even smaller intakes of 
soluble compounds are likely to occur and great attention should be taken in 
extrapolating the data. 
 
Based on its very low MDA, faecal monitoring appears to be the best method 
for the surveillance of the workers. But this bioassay method has difficulties 
for the laboratories to process a great number of these samples and it has 
disadvantageous for the facility to implement the sampling over three days 
in the workers. 
 
Moreover, in the case of urinary and faecal monitoring the interpretation of 
the bioassay results is affected by the presence of environmental levels of 
uranium. Therefore, it is important to be sure that the measurement value is 
due to an occupational intake. That can be achieved through the detection of 

Time Time 

(days) UN 3,5% 20% (days) UN 3,5% 20%
7 0,02 0,008 0,02 0,1 7 0,017 0,01 0,03 0,2
14 0,03 0,02 0,05 0,3 14 0,033 0,02 0,06 0,3
30 0,07 0,04 0,1 0,6 30 0,070 0,04 0,1 0,6
60 0,1 0,07 0,2 1,1 60 0,1 0,08 0,2 1,2
90 0,2 0,1 0,3 1,7 90 0,2 0,1 0,4 1,8
180 0,4 0,2 0,6 3,3 180 0,4 0,2 0,7 3,6
360 0,8 0,4 1,2 6,5 360 0,8 0,5 1,4 7,2

198 68 12 165 56 11

MDI

 (mg) %ALI

ALI (mg) ALI (mg)
MDA = 1 µg in 24 h sample

UO2 U3O8

%ALI
MDI

 (mg)



236U using inductively coupled plasma mass spectrometry (ICP/MS), since the 
236U isotope does not occur in nature. 
 
These practical reasons have influence to take decision for the routinely 
monitoring besides the technical conclusions. 
 
The optimization of procedures for monitoring occupational intakes in 
CONUAR facility should consider that all patterns of intakes could be 
represented by an acute inhalation at mid -point of the monitoring interval. 
It will allow to address the optimum monitoring interval and to calculate the 
uncertainty in the assessment of intake or dose through a comparison of 
maxima and minima occurred. 
 
Finally, it is well known for radiation protection purpose in facilities like 
this, that the workplace monitoring has an important role and it must be 
implemented routinely. Meanwhile, the design of the monitoring plan should 
have to consider all the aspects analyzed in this paper to perform the 
surveillance of the workers properly. 
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