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INTRODUCTION

Intakes of natural uranium (U) present two hazards to workers, namely chemical and radiological. The conse-
quence of too much intake can be chemically induced damage for which kidney is the primary target tissue,
or radiogenic cancer for which lung appears to be the primary target tissue. The chemical damage to the
kidneys depends on the concentration of U in the kidneys. Nephrotoxicity is thought to be the greater risk for
inhalation of relatively soluble forms of natural U due to a high fractional absorption of U to blood and uptake
and retention by the kidneys. The radiological risk of lung cancer depends on the radiation dose to the lungs.
Lung cancer is thought to be the greater risk for inhalation of relatively insoluble forms of natural U due to
extended retention of the inhaled material in the lungs. Neither the concentration of U in the kidneys nor
the cumulative irradiation of the lungs can be directly measured, but both quantities can be assessed using
biokinetic models.

DESCRIPTION

In the workplace the primary and most significant intake of U typically is from inhalation. Continuous mea-
surements of the concentration of U in air at work locations can be used together with the most recent,
internationally accepted models to estimate the concentration of U in the kidneys and the dose to the lungs
from inhalation.

We reviewed the scientific literature to evaluate the relation of the concentration of U in the kidneys to various
levels of levels of damage to the kidneys and to propose a limiting kidney concentration (called primary
chemical guidance in the following) for U as a chemical hazard [1-9]. We used primary guidance of the
International Commission on Radiological Protection (ICRP) as a limit on intake of U as a radiological hazard
[10]. These primary guidance levels for U as chemical and radiological hazards were used, together with best
available biokinetic and dosimetric models [11-13], to derive “action levels”for U exposure in the workplace
as represented by the concentration of airborne U.

Two levels of primary guidance are proposed for the purposes of avoiding chemical effects of U and limiting
its potential radiological effects to ICRP’s recommended levels defined in terms of effective dose. The lower
level of primary guidance is used as the basis for determination of an investigation level (IL) of airborne U.
An IL indicates the need to confirm the validity of moderately elevated measurements and adequacy of con-
finement controls and determine whether work limitations are needed. The higher level of primary guidance
is used as the basis for determining an immediate action level (IAL). An IAL indicates that safety measures
should be put into place immediately, including removal of workers from further exposure until conditions
are acceptable. An action level is reached if model predictions based on current air monitoring data, together
with best available information on the form of U in air, that either the limiting chemical guidance or the limit-
ing radiological guidance could eventually be exceeded if the air concentration is not reduced. The lower level
of primary guidance is 0.3 µg U / g kidney for avoidance of chemical effects and 2.0 mSv y-1 for limitation
of radiological effects. The higher level of primary guidance is 1.0 µg U / g kidney for avoidance of chemical
effects and 5.0 mSv y-1 for limitation of radiological effects.

For each of several different levels of solubility of airborne U, ranging from highly soluble to highly insoluble
forms, models were used to predict the lowest concentration of U in air that would eventually yield the limiting



U concentration in the kidneys of a chronically exposed worker. For each solubility level, a similar calculation
was performed to predict the lowest concentration of airborne U that would eventually yield the limiting
annual effective dose to a chronically exposed worker. The biokinetic models (and dosimetric models in the
case of radiological considerations) used in these calculations were those recommended in ICRP Publication
137 [13].

For intake of a given concentration of U in air, both the effective dose and the peak kidney concentration
depend on the solubility of the U compound, so that the IL and IAL both vary with the solubility of airborne
U. ILs and IALs were derived for each of the Absorption Types (solubility classes) for U addressed in ICRP
Publication 137 [13]. That report defines five Absorption Types for U, representing a range of dissolution
levels. In order of decreasing solubility the five levels are as follows: Type F (fast dissolution, e.g., UF6), Type
F/M (somewhat slower dissolution than Type F, e.g., UO2(NO3)2), TypeM (moderately soluble, e.g., UF4), Type
M/S (somewhat slower dissolution than Type M, e.g., U3O8), and Type S (very slow dissolution; no examples
are given in Publication 137 but presumably Type S would include high-fired oxides).

DISCUSSION AND CONCLUSION

To derive radiologically based action levels, we assumed that U contains 0.0057% 234U, 0.72% 235U, and 99.27%
238U by mass. Despite its small percentage of mass, 234U contributes significantly to the total dose, because
its specific activity is on the order of 10,000 times greater than that of each of the other two nuclides. Effective
dose coefficients for the assumed mixture of natural U isotopes were based on effective dose coefficients given
in ICRP Publication 137 [13] for the individual isotopes. It was assumed that 234U, 235U, and 238U represent
50.45% 2.2%, and 47.35%, respectively, of inhaled U, based on their relative masses and specific activities of
2.32 � 108, 8.01 � 104, and 1.25 � 104, respectively [5].

The solubility of airborne U is a key variable regarding both the chemical and radiological risk to an exposed
worker. If inhaled U is highly soluble, it is removed quickly from the lungs with a sizable portion being
absorbed to blood and the remainder entering the alimentary tract. The absorbed U yields some radiation
dose to systemic tissues, but most of the absorbed activity is removed in urine over a period of days. The main
hazard from the absorbed U is thought to be its relatively high accumulation in the kidneys and its subsequent
chemical effects on kidney tissue. If inhaled U is highly insoluble, much of it will be retained in the deep lungs
for an extended period, possibly decades, and little will reach the systemic circulation. In this case, the main
hazard from the inhaled U is expected to be its prolonged alpha irradiation of lung tissue, potentially leading
to lung cancer. Thus, chemical toxicity to the kidneys is presumably the dominant risk from relatively soluble
U in air, and radiological toxicity is presumably the dominant risk from relatively insoluble U in air. The
chemical risk decreases and the radiological risk increases with decreasing solubility of airborne U. In terms
of the Absorption Types defined in ICRP Publication 137, the chemical risk decreases in the order Type F >
Type F/M > Type M > Type M/S > Type S, and the radiological risk decreases in the order Type S > Type M/S
> Type M > Type F/M > Type F.

The radiological risk depends on the isotopic composition of U in air, as 234U has a much higher specific
activity than 235U or 238U. Calculations of chemical toxicity are simpler than those for radiological risk,
because the chemical processes depend on the total mass of U in the kidneys and are independent of the
isotopic distribution. Thus, for evaluation of chemical risk from a given concentration of U in air, it suffices to
use a biokinetic model to predict the time-dependent mass of U in the kidneys. The biokinetic models applied
are taken from ICRP Publication 137 and are the same as those used to predict the distribution of inhaled
radioactivity.

For a worker to be protected from both the chemical and radiological hazards of a given form of U, the lower
of the limiting values based on chemical and radiological considerations should be applied.

Chemically and radiologically based ILs and IALS were derived using the biokinetic models, dosimetric mod-
els, and Absorption Types for U defined in ICRP Publication 137 [13]. A particle size of 5 um AMAD was
assumed. This is the ICRP’s default particle size for inhalation of radionuclides in the workplace.

The derived radiological IL in µg m -3 for F is 1350; for F/M is 824; for M is 244; for M/S is 61.6; for S is 25.4.
The derived chemical IL in µg m -3 for F is 30; for F/M is 56; for M is 81; for M/S is 167; for S is 253. For
example, for Type M the chemically based IL is 81 µg m -3 and the radiologically based IL is 244 µg m -3, so
the chemically based value of 81 µg m -3 is used as the IL.

The derived radiological IAL in µg m -3 for F is 3376; for F/M is 2060; for M is 610; for M/S is 154; for S is 63.5.
The derived chemical IAL in µg m -3 for F is 101; for F/M is 188; for M is 272; for M/S is 563; for S is 845. The
more restrictive is shown in boldface. For example, for Type M/S the chemically based IAL is 563 µg m -3 and
the radiologically based IAL is 154 µg m -3, so the radiologically based value of 154 µg m -3 is used as the IAL.

If the solubility is unknown, the most limiting action level should be used. Based on the above values, the
most limiting IAL value is the chemically based limit of 30 µg m -3, assuming a particle size of 5 µm AMAD.
Ideally the limiting air concentration would be based on site-specific information on the particle size as well
as the solubility of airborne U.



There are several work environments where U may be inhaled in relatively high quantities. These include
underground mining, surface mining, in situ leaching, phosphate processing, and heavy metal processing.
Each of these has different characteristics of the solubility of the aerosols and the particle size. These charac-
teristics must be identified and used to assess the applicability of models for the protection of the workers. In
addition to U, there are other radionuclides that must be assessed and controlled. Radon and its progeny are
particularly important for control in the workplace.
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