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Interpretation of Uranium Bioassay Results
with the ICRP Respiratory Track and Biokinetic Model
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Abstract - This study describes a practical method for interpretation of bioassay results of
inhaled uranium to assess the committed effective doses both for chronic and acute intake
situations. Organs in the body were represented by a series of mathematical compartments
for analysis of the behavior of uranium in the body according to the gastrointestinal track
model, respiratory track model and biokinetic model recommended by the ICRP. An analytical
solutions of the system of balance equations among the compartments were obtained using
the Birchall’s algorithm, and the urinary excretion function and the lung retention function of
uranium were obtained. An initial or total intakes by intake modes were calculated by
applying excretion and retention functions to the urinary uranium concentration and the lung
burden measured with a lung counter. The dose coefficients given in ICRP 78 are used to
estimate the committed effective doses from the calculated intakes.
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Fig. 1. Compartment model for respiratory track clearance including both time-dependent

pariicle transport and absorption into blood.
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Fig. 2. Diagram of the biokinetic model for uranium and affected gastrointestinal compartments.
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Table 1. Dose conversion coefficients for 4.2% enriched uranium, [mSv/g].

. F M S
Uranium type 28y 25y, 24y 28 25y 2344 2385 255 245
e(50) [Sv/Bal [58x107}60x107|64%107|16x10°[1.8%10°| 21x10°|57x10°|61x10°[68x10”
Dose coefficient 591%10° 1.90% 107 6.22%x10™
[mSv/ugl

Specific activity of 4.2% enriched uranium by nuclide

BU: 1.19%10° Ba/ug, *PU: 336%10° Bo/ug, 2'U: 7.85% 10 ° Ba/ue
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Fig. 3. Urinary excretion function following acute  Fig. 4. Lung retention function following acute

inhalation of uranium.
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Fig. 5. Urinary excretion function and lung retention function following continuous chronic inhalation at a
rate which would result in exposure at the average annual dose limit. (a) ICRP Pub. 78 (b) This study.
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Fig. 8. Estimation of committed equivalent dose
from uranium concentration excreted in the urine
as a function of time following acute inhalation.
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Fig. 9. Estimation of committed equivalent dose
from uranium retained in the lung as a function of
time following acute inhalation.
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