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Cancer Mortality Among
Uranium Mill Workers

Victor E. Archer, M.D.; Joseph K.
Wagoner, S.D. Hyg; and Frank E.
Lundin, Jr., M.D., Ph.D.

The health of uranium workers
has been of concern to health officials
since 1950. In that year, the US Public
Health Service in cooperation with other
federal and state agencies and the
uranium industry, initiated a long range
program designed to detect and control
the hazards to heaith of uranium
workers.! 2

Reports from a central European
uranium mining area had indicated a
high rate of malignant pulmonary
disease among miners3 and among mill
workers.4 Since the causative agent of
the disease was not definitely known at
that time, the initial efforts of the US
Public Health Service included
examination of both uranium mill
workers and miners. Attention later
became focused on radon daughters as
the principal radiation problem among
uranium workers.5 Since the radon
daughter problem was limited to mines,
little attention was given to the health of
mill workers. Publications from these
Public Health Service studies have dealt
primarily with the uranium miners
examined. Recent reports suggest that
the retention patterns of uranium and
thorium-230 frem uranium ore may
present a radiation hazard to uranium
mill workers.6 7 This report deals with
the mortality experience of the limited
number of uranium mill workers who

From the Division of Field Studies and Clinical In-
vestigations, National Institute for Occupational
Safety and Health, Dept. of Health, Education and
Welfare, Salt Lake City (Dr. Archer) and Cincinnati
(Dr. Wagoner). Dr. Lundin is from the Epidemiology
Banch, National Institute of Child Health and
Human Development, Bethesda, Md.

Presented at the American Industrial Hygiene
Association meeting, San Francisco, May 15-19,
1972

were examined between 1950 and 1953
as part of the initial uranium worker
studies.

Methods

Medical examinations conducted on
uranium workers in 1950, 1951, and
1953, included 715 examinations of men
who were working in one of six different
uranium mills at the time of
examination. After eliminating duplicate
examinations and examinations of men
who were not working in a mill at the
time of first examination, there were 662
men in the Study Group. These men
gave the interviewer their occupational,
medical, and social histories. The
examination consisted mainly of a
physical examination, chest films, and
blood and urine analyses. All examined
men were white.

From the time he was first examined,
each man became a member of a Study
Group in which every cause of death
was recorded. Death information was
obtained from a number of sources: the
Social Security Administration, mail
questionnaires, newspapers, em-
ployment, vital statistics and credit
bureaus, and the Veterans Ad-
ministration. The program was so ef-
fective that less than 1% of the Study
Group was lost to observation.2 Those
men not located were considered to be
alive so that the mortality would not be
overstated.

A modified life table technique was
used to obtain person-years of ob-
servation by five-year age group and
calendar year. Death certificates were
obtained for men who died prior to
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December 31, 1967, the end point for
this analysis. The underlying cause of
death was coded in the 6th revision of
the International Lists of Causes of Death
by a trained nosologist so that com-
parisons with published vital statistics
could properly be made. Comparisons
with the white male population of the
Colorado Plateau states (Colorado, Utah,
New Mexico, and Arizona) were made
since the uranium mills were located in
those states. The observed number of
deaths was noted in relation to an ex-
pected number calculated from age,
race, and cause-specific rates for each
calendar year and from the number of
person-years for which the mill workers
were under observation at the same age
and calendar years.

Results

During the’ period 1950 through 1967,
a total of 104 deaths were observed
among the mill workers, which was
nearly the same as the 105.11 that would
be expected if rates for the white male
population of the area had prevailed
(Table 1). Although the overall mortality
was the same as expected, there were
two “observed vs expected” items in
Table 1 that appear to show significant
differences. One item, the difference in
“all other causes,” is thought to have lit-
tle meaning since the deficit of ten
deaths was widely distributed
throughout a large group of
miscellaneous causes of death.

However, the excess deaths due to
malignant diseases of the lymphatic and
hematopoietic tissue other than
leukemia does appear to be meaningful,
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Urasiom Mill Workers, 1958-1967.
Canme of Dl List Be.” Gbssrend Expucted SR
Tebercatosis all forms 001-019 —_ 186 -
Respiratory 001-008 — 180 —
Other 010019 — 9% =
Malignast seoplasms 140-265 n 1’n 110
incleding lymphatic and
bematopoietic tissye
Digestive system 150-159 4 5.06 n
Respinatory system 160-164 4 426 “
Leskemia and alewhemia 04 s 1 0.79 127
Lymphatic and hematopeiesic 200203, 205 4 1.02 3n:
fissee other than leshemia
Other and uaspecified 140-148, 165-170, 7 698 100
177131, 1%-
189
Major cardiovascular- 350334, 400468, 52 a2 109
remal disease 592.594
Heart disease 400-443 Lrd 3857 109
Other cardiovascular- 330-334, 444468, 10 9.15 109
remal disease 592.594
Violent deaths 800-985 20 15.00 133
NI other canses Residual 12 242 54+
Total 1 18811 ”

* 6th Revision of International Lists
* Significant at p  0.05.

Table 2. — Data on Uramiom Mill Weriers whe Died of Makignant Dissase of
Lymphstic and Nematopsieic Tissse Ofher Thon Lombemia.

Year of Yeor of Diageesis Occapations! leformaten
Case Birth Snl
1 1813 19%3 Giant follicular 1941-50 Track driver.
lymphoma 195063 Uranium mill.

(I&wﬁdﬁmﬂulﬂe-ﬂluahhm:ninimu-a&i:mdhﬁ-, bet ke worked for
about 2 months as acid leach operator and for 2 mowths a5 disc filter eperator.)

193248 Ceal miner.
194849 Worked in oil skate plast.
194955 Urasinm mill.

2 1909 1956 Muitiple myeloma

(Iﬁwrﬁd--&emll.sunmx’mkr&-m:\adbrmmoﬂmmnm:-lﬁim acd
leach, and digestion areas.)

51836 Eleckician, treck
driver, apphiance repair.
153648 Gold miser..
14850 Uranism mill.
195053 Electrician in
construction work.
194.57 Urasiom mining.

3 1898 1958 Lymphosarcoma

(He worked in all parts of the mill as an electrician).

194344 Urasiom mill. >
lsusun-l mechanic,

4 1528 1954 Lympbesarcoma

l!’—ﬂm&l

(He worked in the mill 2s swamper, sandscreener, truck weigher, meckonic and a3 eperates of the acid scred-
ber)

even though the numbers involved are
small. Detailed information on the lym-
phoma and hematoporetic deaths other
than leukemia are given in Table 2. |t
may be significant that all of these men
either worked wilh the raw ore or
worked throughout the plant. None of
them worked in the “product end” or
near the fusion fumaces where exposure
to concentrated uranium dust or fume
was greatest. In addition, the mill work
for all these men was of relatively short
duration (2 to 13 years). All of them,
however, had exposure during the 1943
to 1953 period when industrial hygiene
practices at the mills were minimal.’

Discussion

The excess of malignant disease of the
lymphatic and hematopoietic tissue
(mostly lymphomas) suggests that some
agent present in uranium mills may have
been responsible. Constituents of the ore
which are suspect and which were
known to be present in appreciable
amounts in aerosol form in the uranium
mills are vanadium and long-lived mem-
bers of the uranium radioactive decay
series: uranium-238, uranium-234,
thorium-230, radium-228, and lead-210.

Vanadium is known to be toxic at
high exposure levels, and uranium mill
workers in the fusion furnace area have
been observed to have symptoms of
vanadium overexposure.! However,
none of the men listed in Table 2
worked in the fumace area. Vanadium
therefore appears to be removed from
suspicion as a cause of the excess lym-
phomas.

Radiation has been irnplicated as a
cause of malignant lymphomas.8 9 Since
the radioactive elements in uranium ore
are usually found to be near secular
equilibrium, long-lived components
might present a radiation hazard if they
tended to accumulate in any tissue.

After inhalation, the concentration of
uranium and thorium is greater in
pulmonary tissue and adjacent lymph
nodes than in other organs, in both man
and animals.5 7 1013 Bone tends to be the
principal storage depot for radium and
lead.’ 4 15 Tracheobronchial lymph
nodes, however, tend to be the site of
greatest concentration for inhaled
uranium and thorium,¢ 7 1618 aithough
some quantity is translocated to and
stored in bone and other organs. In ham-
sters and dogs, after prolonged exposure
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to uranium ore dust, the radioactivity
due to the thorium content of
tracheobronchial lymph nodes was
found to be up to 20 and 50 times
greater than that due to uranium-234 or
uranium-238.7 17 18 This means that even
though uranium-234, uranium-238, and
thorium-230 are inhaled in nearly equal
curie amounts as ore dust, that after
prolonged exposure, the concentration
of thorium-230 would be considerably
greater than that of uranium in
tracheobronchial lymph nodes. Under
this animal model, and noting that both
uranium and thorium isotopes emit
alpha particles of comparable energy,
we should expect the radiation dose to
tracheobronchial lymph nodes of
uranium mill workers to be much greater
from thorium-230 than from the other
radioisotopes present in the ore.

It is impossible to quantitate the
thorium-230 exposure of the five men
listed in Table 2, let alone for all the mill
workers in the Study Group. However, a
rough estimate can be made. Urine was
collected between 1950 and 1953 and
was analyzed for uranium on 249 of the
examined mill workers {private com-
munication from D.E. Rushing, 1953).
The uranium concentration in these sam-
ples is indicated in Table 3. These urine
concentrations of uranium averaged
about 8 uglliter. There were 59 air
measurements made in two of the
uranium mills between August 1951 and
August 1953 (private communication
from D.A. Holaday and D.E. Rushing,
1953). These values ranged from 8 lo
5100 pg/cu m, with a median of 110
and an average of 1351. The median is
equivalent to about 7.2 x 10 -"
microcuries/cc of air. This value divided
by the urine concentration gives a ratio
of about 9 x 10-12 This is similar to the
median ratio of 4 or 5 x 1071 for these
two values which has been calculated
from later data® in uranium mills (per-
sonal communication from R.G. Beverly,
July 1972, in which urine data and
weighted job exposures from 1960 and
1961 in one uranium mill are sum-
marized). A considerably different value
(about 1 x 10 15) for the air: urine ratio
appears to hold for uranium refinery
workers. 20722

Assuming equilibrium, 20 Th activity
in ore dust would be about half that of
uranium (because of two uranium iso-
topes in the chain) or about 36x10M

" Jatis'1 — Froguency Gistibeien of srasiem comcestafions
is e wise of esiam mill werkers, 19581951
[ A
Coasstaation i Treket
[ Be. of Ssmples L] tom %
$ 15 32 129 129
16 39 48 193 22
311- 45 47 189 511
46 69 31 124 835
&1- 99 38 153 788
9.1- 159 31 124 912
15.1- 300 15 (1] 512
30.1- 6090 3 12 L 1}
60.1-1009 2 0s "2
100.1-168.0 2 (}) 1009
> 7] 1] :

- Average Uranium Concentration: 8.2 pefliter

microcuries/cc of air for the median
exposures. This may be compared to the
maximum permissible concentration of 4
x 10 12 microcuries/cc recommended by
the International Commission on
Radiological Protection (ICRP).2

There have been reports that increased
intake of vanadium results in lowered
cholesterol blood levels.24% Such an ei-
fect might be expected to result in a
decreased mortality from cardiovascular
disease. There is no evidence of such an
effect among the mill workers studied
here. Because of some deposition and
retention of uranium and thorium com-
pounds in liver, lungs, kidneys, and
bone, it is noteworthy that no excess
malignant disease of these organs was
observed.

If exposure to 2¥Th concentrations on
the order of 5 x 10 ' microcuries/cc
of air are indeed responsible for the ex-
cess lymphomas observed in the study
of this small group of uranium mill
workers, then there would appear to be
little safety factor in the ICRP standard,
and the warmnings of Leach,® Duggan,?
and Stuart’ regarding the potential
radiation hazard of natural thorium and
230Th may be valid. Some of these warn-
ings were directed at uranium also, but
the concentrations of uranium in lymph
nodes of autopsied uranium workers fail
to reflect the degree of hazard an-
ticipated,’? 28 whereas autopsy of
Thorotrast patients appeéars to support
the animal data.’®

An enlarged study of uranium mill
workers is being undertaken to confirm
or reject the tentative finding of excess
lymphomas reported above.
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Summary

Montality from all causes was deter-
mined for a small group of uranium mill
workers. The only specific cause of
death which demonstrated a significant
excess was malignant disease of the lym-
phatic and hematopoietic tissue. Data
from animal experiments suggests that
this excess may have resulted from
irradiation of lymph nodes by thorium-
230.

The authors wish to thank Dr. Mitchell R. Zavon
for his examination of mill workers, and Mr. Duncan
A Holaday, Mi. David E Rushing, Mr. William L.
Wagner, and Mr. Robert G. Beverly for the data used
to estimate airbome exposures.
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Progress — Too often, progress has been equated with mere growth, change, or exploitation
rather than with a real improvement in the per capita quality of life. Thus a new smokestack
has usually passed as progress, and the odors generated by new factories have been said to
“smell like money.” But getting rid of the stacks already in town may now be a more rational

|

view of progress. Developing a smokeless process, a product that lasts longer, or a process that
requires less expenditure of human energy, or something that makes life more meaningful —
all these may better qualify as progress. — Wagar, JA: Growth versus the quality of life,
Science 168:1179-1184 (June 5) 1970
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