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ABSTRACT

Uranium trioxide is an important intermediate compound in the uranium production process.
Inhalation of UO3 aerosols can occur during this process. To assess the radiation dose from the intake of
this compound it is necessary to know its transportability class, based on its dissolution rate in lung
fluid. The International Commission on Radiological Protection (ICRP) has assigned UO3 to Inhalation
Class W (lung retention half-time of 10 to 100 days).

A solubility study of UO3 in a simulated lung fluid has been carried out using a batch/filter
replacement method. Two tests were conducted over a 100-days period, during which 17 samples were
collected and analyzed for their dissolved uranium content.

The results show that about 40% of the total uranium was dissolved during the first days and
nearly all was dissolved during 100 days. Expressed as the fraction of the total uranium remaining
undissolved as a function of time, using a non-linear least squares regression fit, it was found that the
solubility of UO3 in simulated lung fluid could be expressed as a combination of two fractions: about
25% of the UO3 could be classified as type D (with lung retention half-time of several hours) and about
75% as type W (with half-time of 10-20 days). This classification is in agreement with recent
investigations and indicates that UO3 is more soluble than considered by ICRP.

INTRODUCTION

Potential radiological and toxicological hazards have been known to exist for workers in the
uranium industry. In aerosol form, workers might inhale uranium compounds that vary widely in their
physical and chemical properties.

Following inhalation of insoluble radioactive aerosols, the primary target in the body is the
lung. The dose to the lung will, in general, depend on the pulmonary deposition, particle aerodynamic
diameter and dissolution rate in lung fluids. Soluble uranium compounds, like UO3, that might be
deposited in the lung are absorbed into blood as they dissolve and are rapidly transported to other target
organs. They might damage kidney tissues by the same mechanisms as other heavy metals (chemical
toxicant).

Classification of the dissolution rates is based on the recommendation of the International
Commission on Radiological Protection (ICRP30,1979). Uranium compounds are divided into three
solubility classes for the purpose of calculating the radiation dose from radionuclides deposited in the
lung by inhalation. Class D compounds are considered to have dissolution half times in the lung of less
than 10 days. Class W, 10-100 days and class Y, greater than 100 days.

Uranium trioxide is one of the most encountered industrial uranium compounds. A study in
which human urinary excretion rate was measured after inhalation exposure to UO3 was reported to
have half times of 0.29 days and 43 days (Harris, 1961). An inhalation study of UO3 in dogs have
shown rapid clearance from the lungs, most of it (85%) in a 4.7 days biological half-time and the rest
(15%) in a 34 day half-time (Morrow et al., 1972). Similar results were reported in laboratory rats
(Stradling et al., 1989). However, the results of in vitro tests using different solvents are much more
variable: Cooke and Holt (1974) obtained a class W dissolution in a simulated lung fluid, while a
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mixture of W and D dissolution was obtained by Ansoborlo et al. (1992) using in vitro chemical and
cellular solubility tests.

This study was carried out to classify the dissolution rate of UO3 aerosols in simulated lung
fluid.

MATERIALS AND METHODS

2 samples of UO3 powder, each containing about 7-10 mg were used in the dissolution tests.
The particles used were less than 38 urn in diameter.

Simulated lung fluid (SLF) was prepared by slowly adding the following ingrediants, in order,
to 990 ml of distilled water and adjusting the final volume to 1000 ml: 0.2033 g MgCl2ri20, 6.0193 g
NaCl, 0.2982 g KC1, 0.2680 g Na2HPO4-7H2O, 0.0710 g Na2SC>4, 0.3676 g CaCl2-2H2O, 0.9526 g
NaH3C2Or3H2O, 2.6043 g NaHCO3 and 0.0970 g Na3H3C6O7-2H2O. The pH of the solution was
adjusted to the physiologic value (7.3 - 7.4) by addition of small volumes of 1 N HC1.

The dissolution tests have been carried out using a batch/filter replacement method (Kalkwarf,
1983). Tests were conducted over a 100-days period, during which samples were collected after 0.06,
0.2, 0.35, 1, 2, 3, 9, 17, 24, 35, 45, 55, 65, 77, 87 and 100 days. Each sample was then analyzed for
uranium to determine how much had dissolved during the various periods of the tests. At the end of each
dissolution study, the residual uranium was dissolved in nitric acid for estimation of its total.

The amounts of uranium dissolved in each sample and in the residue were determined using a
Scintrex UA-3 Analyzer.

Theory indicates that in the dissolution process the fraction of a pure sample remaining
undissolved decreases exponentially with time (Mercer, 1967). A non-linear regression analysis reveals
that the dissolution behavior of uranium in SLF is well described by the sum of exponential terms
according to the following equation:
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F is the fraction of uranium remaining undissolved in the sample at time t ; fi, f2 and fs representing that
fraction of sample dissolving with dissolution half-times ti/2(l), t!/2(2) and t)/2(3), respectively.

RESULTS AND DISCUSSION

The undissolved fractions obtained from the two tests are plotted as a function of dissolution
time in Fig. 1. The solid lines represents the best exponential fits and the points indicate experimental
results.

The results show that, on average, about 40% of the total uranium was dissolved during the
first days and nearly all was dissolved during the 100 days of the tests. The fraction of the total uranium
remaining undissolved as a function of time was fitted according to equation 1, using a non-linear least
squares regression fit, and it was found that the solubility of UO3 in simulated lung fluid could be
expressed as a combination of two fractions: 26.5% of the UO3 could be classified as type D (with lung
retention half-time of several hours) and 73.5% as t\pe W (with half-time of 14 days).

These results are in good agreement with recent investigations on the dissolution of UO3 in
alveolar macrophages (Ansoborlo et al., 1992) and indicates that the technique used provides relatively
precise dissolution data.

The results show that UO3 is more soluble than considered by ICRP and its dissolution rate
classification should be a mixture of D and W.
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Fig. 1 - The undissolved fraction of uranium as a function of UO3 dissolution time
for the two tests. The solid lines represents the best exponential

fits and the points indicate experimental results.
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