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ABSTRACT

Pacific Morthwest Laboratory conducted a research program to measure
uranium and thorium levels in excreta of uranium mill crushermen who are
routinely exposed to airborne uranium ore dust. The purpose of this work was

230Th was preferentially retained over either 234U or

to determine whether
238 in the body.

Urine and fecal samples were obtained from fourteen active crushermen
with long histories of exposure to uranium ore dust, plus four retired
crushermen and three control individuals for comparison. Radiochemical
procedures were used to separate out the uranium and thorium fracticns, which
were then electroplated on stainless steel discs and assayed by alpha
spectrometry.

234 238

U and
both urine and fecal samples obtained from uranium mill crushermen, indicating

Significantly greater activity levels of U were measured in

that uranium in the inhaled ore dust was cleared from the body with a shorter
biological half-time than the daughter product 230Th. The measurements also
indicated that uranium and thorium separate in vivo and have distinctly dif-

ferent metabolic pathways and transfer rates in the body. The appropriateness
230

of current TCRP retention and clearance parameters for Th in are dust is

questioned.
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MEASUREMENTS OF 234U, 238U, and Th IN EXCRETA

OF URANIUM MILL CRUSHERMEN'2)

230

INTRODUCTION

Uranium mill crushermen are routinely exposed to uranium ore dust in the
crusher building. This report presents results of a series of measurements of
234U 238U and 230

] »

Similar measurements were also made on the excreta of a smaller number of

Th in urine and fecal samples obtained from crushermen.

retired crusher workers, and control individuals who 1ive near but who do not
work at uranium mills.

Radiometric analyses of excreta samples were performed to:

® mecasure the rate at which the radionuclides were being excreted from
the body,

® determine the excretion pathways involved,
® cstimate the body hurdens, and

® estimate the annual inhalation exposure to the radicnuclides by the
crushermen.

The measurement resuits were compared to excretion rates predicted by the
International Commicsion on Radiological Protection's (ICRP) metabolic models.
The levels aof 234U, 238U, and 230Th in the excreta of active crushermen were
also compared with Tevels measured in the excreta of retired crushermen and

centrol subjects.

The purpose of this study was to determine whether the measurements of
thorium and uranium in excreta would indicate higher body retention of 230Th
than of either 234U or 238U. Tt was intended that the results of this work
would provide additional information for assessing the acceptability of the
special maximum permissible concentration (MPC) for airborne uranium ore dust

given in Title 10, Part 20 of the Code of Federal Regulations (CFR).

(a) Prepared for the U.S. Nuclear Regulatory Commission under a Related
Services Agreement with the U.S. Department of Energy under Contract
No. DE-AC0&-76RLO 1830,



BACKGROUND

The radionuclides 234U, 238U, and 2

238

30Th are long-lived alpha emitters

belonging to the naturally existing U decay series, and are common to the
rock dust generated during uranium ore crushing, transfer, and sampling opera-
tions at uranium mills. In general, the specific activity of uranium ores is
jow, and radiation exposures received by crusher workers due to external pene-
trating radiation or inhaled alpha- and beta-emitting dust particles are
usually maintained well below currently established guidelines for radiaticn
protection, Nonetheless, it is desirable that all worker exposures to radio-
active materials be kept as Tow as is reasonably achievable (National Council

on Radiation Protection and Measurements {NCRP) 1971; ICRP 1877b).

Workers are protected by federal reguiations which 1imit the permissible
concentration of radioactive materials in the air that is breathed. Opera-
tional guidelines have been derived in terms of maximum permissible concentra-
tions (MPCs) which, during a 40-hour-per-week occupational exposure, should not
permit the dose to certain important body organs from inhalation of radioactive
materials to exceed maximum permissible levels. Current MPCs for individual
radionuclides in air and water and for restricted (occupational) areas and
unrestricted areas {such as those which are accessible by members of the
general public} are given in Title 10, Part 20 of the Code of Federal Regula-
tions (CFR). Separate values are provided for soluble {in body fluids} and
insoluble forms of the radionuclides. The estimated degree of hazard asso-
ciated with exposure to radionuclides is reflected in these values; the lower

the MPC, the more hazardous the radionuclide. Among members of the 238

series, the radionuclide with the lTowest MPC is 230Th.

U decay

Uranium ore dust is a good example of a mixture where more than one radio-
nuclide is present in air or water. For regulatory purposes, operational
Timits for this case can be derived according to the rule of mixtures {ICRP
1977a):



p.
1_=ZJ (1)
Lo T Ly

where
Lrn = the MPC for the average activity concentration of the mixture
Pi = the activity fraction of nuclide i
L. = the 1imit given for nuclide 1.

A similar formula is given in 10 CFR Part 20 (Note 5 to Appendix B), along
with rules for determining MPCs for mixtures with unknown concentrations or

unidentified radionuclides.

Since 1960, the Code of Federal Regulations has contained an additional
special provision for the Timiting value of a mixture of radionuclides consist-
ing of 238U and its daughters in uranium ore dust prior to the chemical separa-
tion of uranium from the ore at the mill (Statement of Considerations 1960}.
The operaticnal limits for airborne uranium ore dust according to this pro-
vision are currently given in Note 4 of Appendix B (10 CFR Part 20) as

10_10 uCi/me gross alpha activity and 5 x 10"11

uq/m3 natural uranium in air.
The use of these special MPCs has been favered by the uranium industry, since
it is difficult to chemically separate the uranium series radionuclides and

measure the activity of each radionuclide individually,

The special MPCs for uranium ore dust were originaily derived cn the

assumption that the long-lived alpha emitters in the uranium series down

238U 234, 230 226

through radium ( u, Th, and Ra) were present in the aerosol in

secular equilibrium, and that upor entering the body they were similarly
226

metaholized. However, later studies indicated that Ra mav exist 1in
disequilibrium from ZBBU and 230Th in the ore dust (Sii1 19774 Jackson and
230

Themas 1980), and that the Th separated readily in vivo from ore dust
inhalea by rats, beagies, and hamsters (Stuart and Beasley 1965; Stuart and
Jackscn 1974}. Compared to uranium, thorium was found to be preferentiallv
retained in the lungs and thoracic lymph nodes of beagles {Stuart and Jacksoan
1974, 1975; Stuart and Beasley 1967}, Although inhaled thorium oxide exhibited
relatively siow clearance from the Tung (BalTou and Hursh 1972; Albert 1966;



Stuart and Jackson 1975), with time it relocated to the skeletnn and tracheo-
bronchial Tymph nodes {(Wrenn et al. 1981; Stuart and Jackson 1975).

If the maximum permissible concentrations of individual radionuclides in
ore dust were considered separately, the MPC derived from the rule of mixtures
(Eovation 1) would be lower by approximately a factor of three than the special
MPC for uranium ore dust. Since some studies indicate that the thorium
daughter may separate from the ore and be selectively retained in lung, lymph,
and skeleton, the technical basis for the special MPC for uranium ore dust may
be questicnable,

The present <tudy was undertaken to determine the degree of accumulation
of uranium and thorium in body tissues of uranium millworkers. This was accomp-
1ished by using indirect bioassay techniques, and by comparing the binassay
results with current ICRP models of the metabolism of inhaled radicactive

materials.



SUMMARY AND CONCLUSIONS

230Th)

Wide variations were found in uranium and thorium ( levels measured

in the urine and feces of active uranjum mill crushermen. Workers are
exposed to uranium ore dust under many different occupaticonal conditions,
and variation is expected among individuals in the uptake, metabolism, and
clearance of radionuclides in the uranium ore dust,

The amounts of 25N or 238U measured in urine and fecal samples of active

crushermen and control volunteers were significantly greater than the

230T

amounts of the daughter product h. This disequilibrium was statist-

ically significant on each sampling day.

The observation that uranium excretion predominated over 230Th excretion

230

leads to the conclusion that Th is preferentially retained in the body

and is cleared with a longer biological half-time than either 234U or

238U. The uranium and thorium components in respirablie ore dust appeared
to undergo a physical separation in the body following lung deposition, to
follow distinctly separate metabolic routes, and to have different
transfer rates between various organs of the body.

The uranium and thorium fractions in the metabolized ore dust were

é30Th

excreted principally in the feces. More than 97% of the excreted
and more than 75% of the excreted uranium were associated with feces.
This was found to be true for both long-term and short-term clearance
components of the inhaled or ingested materials.

234 238

U or U

than did retired workers or controls, Significantly higher levels of
230

Active crushermen excreted sianificantly higher levels of

Th were also excreted in feces by active crushermen (except in day 4
sanples, which were not statistically different).

230 . . , ..
Levels of Th measured in urine of active crushermen were similar to

levels measured in retired workers. Thus, urinalysis does not appear to

be a suitable method for monitoring worker exposure to 230Th.



Significantly more 230Th was measured in urine of retired crushermen than
. . 238. .

in urine of controls. In contrast, levels of 234U or “381n urine of
retired workers were not statistically divferent from levels measured in

urine of controls, These results show additional evidence for a very long

230Th relative to uranium.

The results of measurements on excreta samples for 234U, 238U, and

clearance half-time for systemic

230Th

in ore dust were compared with excretion rates predicted by a combined
metabolic model based ¢n the ICRP model and its transfer rate coefficients
for internal dosimetry. A compariscn of radionuclide levels in daily
samples to Tevels in daily urine samples showed that both the uranium and
thorium components of ore dust follow excretion patterns that are char-
acteristic of inhaled Class Y materials.

The ICRP metabolic model was used to estimate body burdens, inhalation
238U and 230

study indicates, however, that the ICRP parameters for thorium may not be

rates, and arnual intakes of Th for active crushermen, This

appropriate when applied to inhalation of ore dust. Further study of
thorium retention and metabolism is needed.














































































































































































