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DUPREE EA, CRAGLE DL, MC LAIN RW, CRAWFORD-BROWN DJ, TETA MJ. Mortality among
workers at a uranium processing facility, the Linde Air Products Company Ceramics Plant, 1943-1949.
Scand J Work Environ Health 13 (1987) 100-107. A retrospective cohort mortality study of 995 white
males employed more than 30 d at a uranium processing facility in upstate New York between 1943 and
1949 investigated the association between excess observed deaths and long-term occupational exposure
via inhalation to uranium compounds. Two comparison groups were used, the white male population
of the United States and the white male population in the New York counties of Erie and Niagara. The
vital status determination was 94.3 070 complete through 31 December 1979. With the use of the national
comparison group, statisticallysignificantlyincreasedstandardized mortality ratio (SMR)valueswereob­
served for all causes (SMR 118), laryngeal cancer (SMR447), all circulatory diseases (SMR 118), arterio­
sclerotic heart disease (SMR 119), all respiratory diseases (SMR 152), and pneumonia (SMR 217). Site­
specific outcomes of special interest with a statistically increased number of deaths above expected were
laryngeal cancer (observed 5) and pneumonia (observed 17). No association was found with length of
employment or work in the most hazardous areas of the plant. The comparison with regional rates gave
similar results.
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A large body of literature exists concerning the health
effects of radiation on human populations (2). Most
of this information deals with exposure to relatively
high doses of ionizing radiation from either internal
or external sources. There is little doubt that radiation
exposure at high levels increases the risk of cancer at
those sites that are heavily irradiated (1,8,9, 12, 17,
19). However, there is much controversy concerning
the carcinogenic effects of low-level long-term irradia­
tion. Efforts have been made to extrapolate to risks
at low levels from those determined at high levels. This
approach ignores the fact that exposures at high levels
are generally of relatively short duration, whereas those
at low levels are usually protracted. So the question
remains unanswered as to the effect of low-level ex­
posure to ionizing radiation over longer durations (2).

One of the problems encountered in studying low­
level exposure effects is the lack of a population large
enough to quantitate reliably any effects that are
found. Therefore, consistency of results from studies
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of populations with similar exposures becomes impor­
tant. In studies of the effects of low-level exposures
to internal alpha radiation, cohorts of uranium-pro­
cessing workers are an important type of population
group to consider. However, one problem in studying
persons exposed to uranium is the difficulty of sepa­
rating the radiologic effects of uranium from its chem­
ical effects. A few studies of these workers appear in
the literature. Among uranium millers, no increased
overall cancer risk has been found (23, 24). In a study
of a cohort of uranium-processing workers, mortal­
ity due to cancer of the lung was found to be increased,
although not significant statistically (15). In a subse­
quent nested case-referent study of lung cancer in the
population, an observed statistically significant in­
creased risk was confined to workers who were first
exposed to uranium after 44 years of age and who had
received a cumulative lung dose of 200 mGy or more
(3).

The purpose of the present retrospective cohort
mortality study was to investigate the relationship
between exposure to low-level ionizing radiation and
subsequent health outcomes among workers at the
Linde Air Products Company Ceramics Plant. This
paper addresses that issue by evaluating the mortality
in this worker cohort.

Subjects and methods

Located in Buffalo, New York, this uranium process­
ing plant was in operation from 1943 to 1949. Belgian



Table 1. Definition of the cohort used in the analysis of the
Linde Air Products Company Ceramics Plant workers.

through 31 December 1979 was determined for each
worker with the use of the Social Security Adminis­
tration as the primary source. This source was sup­
plemented by others, including the National Death In­
dex, state death indexes, departments of motor ve­
hicles for each state, employer pension records, and
area telephone, city. and Polk directories. Death cer­
tificates were obtained through the Department of
Energy Death Certificate Retrieval Office at Oak Ridge
Associated Universities, and the underlying cause of
death was coded, by an experienced nosologist, to the
Eighth Revision of the International Classification of
Diseases, Adapted for Use in the United States (21).

Mortality in the cohort of white males was compared
to two different populations with the use of indirect
standardization adjusting on five-year age and
calendar-time intervals. The two standards for com­
parison were (i) the United States (US) white male mor­
tality rates for all causes of death and (ii) the white
male mortality rates for all cancer causes of death in
the New York counties of Erie and Niagara. These two
counties were the ones in which workers at the plant
would have resided, and they were chosen as being re­
presentative of the regional cancer mortality . Deaths
in the study group (N = 429) were not considered to
have significantly contributed to the county rates. The
standardized mortality ratio (SMR) values were pro­
duced by the computer methodology of Monson (13)
with the US population as a standard. When the Erie
and Niagara County populations were used as the
standard, the SMR values were calculated with the use
of the site-specific cancer rate tables for 1950-1979
developed by Riggan et al (16) and computer software,
developed by one of us (RWM), that calculates SMR
values using these rate tables. In the calculation of the
SMR values, workers were considered at risk from date
of hire until death, loss to follow-up , or the closing
date of the study, whichever occurred first. Persons
lost to follow up were withdrawn as alive on the date
last observed.

Vital status through the end of 1979was ascertained
for 94.3 % of the study group. and verified death cert­
ificates were available for 94.6 % of the workers who
were reported to be dead (table 2). The analysis in­
cluded 94.7 % of the maximum number of person­
years at risk that would have been used if the persons
lost to follow up had survived through 1979.

Congo pitchblende and domestic uranium (U) ores
were converted to uranium tetrafluoride (UF4) . Inter­
mediate products in the uranium processing operations
were uranium oxide (U30S) , uranium trioxide (U03) ,

and uranium dioxide (U02) , which are relatively
physiologically insoluble in comparison to uranium
hexafluoride (UF6) . In addition, for a short time, nic­
kel (Ni) metal was converted to nickel powder, and ex­
perimental work was done on the conversion of ura­
nium hexafluoride to uranium trioxide. In contrast to
the uranium ore processing operations, the conversion
of uranium hexafluoride involved exposure to more
soluble uranium compounds. Because of the period
and circumstances (World War II) of operation, the
industrial hygiene and health physics standards of the
plant were less stringent than those in effect today.

Workers at the Linde facility had a potential for ex­
posure to ionizing radiation and to a wide variety of
chemicals. Nine of the chemicals were evaluated as po­
tential hazards at the plant, namely, chlorine (CI2) ,

hydrofluoric acid (HF), lead sulfate (PbS04) , nickel
(Ni), nitric acid and nitrogen oxides (HN03, NO,),
silicon dioxide (SiOJ, sulfuric acid (H2S04) , uranium
dust, and uranium hexafluoride. Among these chemi­
cals, only sulfuric acid is a suspect carcinogen (20). Al­
though some nickel compounds have been associated
with increased cancer risk (5), there are no data, thus
far, to suggest that the metallic or powdered forms of
nickel used at this plant are carcinogenic (4). Adverse
nonmalignant respiratory effects have been associated
with chronic exposure to nitric acid, sulfuric acid, and
silicon dioxide (14).

Uranium was both a chemical and a radiation haz­
ard. The chemical hazard arose from inhalation and
ingestion of uranium dust and its subsequent metabo­
lism in the body. The radiation hazards were both ex­
ternal and internal. The internal hazard was from alpha
radiation emitted through the decay of uranium and
radon (Rn-222) that had entered the body primarily
via inhalation. The external hazard was chiefly from
gamma radiation emitted by the decay of radium
(Ra-226) contained in the uranium-bearing ore. Be­
cause the uranium materials encountered at the facili­
ty were largely physiologically insoluble, the organs
of heaviest exposure would be the lungs and lymphat­
ic tissue. However, initially insoluble forms of uranium
might be physiologically solubilized by enzymatic sys­
tems and transported to the liver, kidney, and bone,
causing these sites to be exposed also.

A roster was constructed of all workers ever em­
ployed at the Ceramics Plant (N = 1 551), demograph­
ic information was collected, and individual work his­
tories were constructed from contemporary earnings
records, medical examination records, and security rec­
ords kept on each employee. The study cohort was re­
stricted to ali white malesemployedat the plant for more
than 30 d. Women and nonwhite males were not in­
cluded because they were few in number. Table I de­
fines the selection of the study subjects. Vital status

Total of workers ever employed

Exclusions

Females
Nonwhite males
Males of unknown race
Employed less than 30 d

Study population

Number

1551

306
50
31

169

995
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Table 2. Vita l status of the study group through 31 December
1979.

Becauseit was necessaryto construct the roster from
a variety of records that were over 30 years old , its
completeness was assessed from an external source,
namely the Internal Revenue Service Form 941 ­
Schedule A (IRS-941A), and the procedure outlined
by Marsh & Enterline (10). The roster was compared
to the IRS-94lA for the last quarter of 1943 and for
the first three quarters of 1944. The first year was
chosen because it was the year the plant started, and
the second was chosen as being representative of a
" typical" year of operation in the plant. There was
93-95 070 agreement between the two record sources.

A radiation and chemical hazards assessment was
done for the Ceramics Plant with the use of operational
reports and other records maintained for the Depart­
ment of Energy at Oak Ridge Associated Universities
(6). The information included detailed plant process,
chemical use, plant organization, job description, and
radiation monitoring data, as well as transcripts of ex­
tensive interviewswith former plant personnel. Because
the present study focuses on the radiation hazards at
the plant , details concern ing the chemical hazards as­
sessment have not been given in this report , but will
be the subject of a subsequent paper.

Four general measurements were found to contain
useful information for assessing radiation hazards.
They were (i) air Rn-222 and airborne uranium moni­
toring results [alpha disintegrations per minute
(dpmj/mi], (ii) surface contamination (alpha
dpm/l00 cm-), (iii) urinalysis results (mg U/l urine) ,
and (iv) film badge results (mrem per week). The bulk
of these measurements were taken during 1947 and
1948 with the exception of the radon measurements
taken primarily during 1944. However, the relative
radiological hazards associated with the various jobs
did not appear to change appreciably during the peri­
od of operation, a characteristic common at uranium­
processing facilities during the 194Os.

The first three types of measurement data were used
to assess potential for internal ionizing radiation ex­
posure for each job that existed in the plant. Three
separate analyses were carried out using each type of
data, and the results were combined to assign a given
job to one of three exposure groups. Each of these
types of data was converted to an estimated lung dose.

Vital status

Alive

Dead
With cert ificate

Unknown

Total

a Percentage of deaths.

Number

509

429
406

57

995

Percentage
of total

51.2

43 .1

94.2"

5.7

100.0

A quality factor of 10 for alpha radiation was used
to convert exposure to dose equivalent; one working
level month was assumed to be equivalent to an ab­
sorbed dose of 5 mGy; the aerodynamic diameter of
respirable uranium was assumed to be I micron with
a geometric standard of 1.5; 120d was used as the bio­
logical half-time of uranium in the lung; and the aver­
age ratio of lung burden to the excretion rate of ura­
nium was taken to be 300. Job s entailing duties that
would lead to a similar potential annual lung dose were
grouped according to a three-tiered semiquantitative
categorization. The three groups were jobs that should
lead to an annual lung dose of: (i) < 10 mSv, (ii)
10-100 mSv, and (iii) > 100mSv with an upper lim­
it of 1 000 mSv. The current occupational limit for
dose to the lung is 150 mSv/year (22).

The limited film badge data were used to evaluate
the potential for external exposure to ionizing radia­
tion. Each job in the plant was assigned to one of two
categories, namely, jobs with mean weekly film badge
results not greater than the minimum detectable level
and those greater than the minimum detectable level.
This level was probably equivalent to a dose of 0.1
mSv, based on evaluations at similar facilities, al­
though there may be wide variation between facilities
(DJ Crawford-Brown and DJ Strom, personal com­
munication).

Because of incomplete monitoring data and a de­
funct facility, the calculation of individual radiation
exposures or the expression of risk factors in units of
risk per unit dose equivalent was impossible. However,
careful study of detailed operational reports, combined
with a considerable amount of monitoring data and
personal commentary from knowledgeable, contem­
porary employees, did permit a reasonable estimation
of the dose ranges to workers for the radiological haz­
ards known to be present. As a result, tests were pos­
sible for differences in risk between the groups of in­
dividuals determined to differ in their range of dose
equivalents to the primary organs of interest, name­
ly, the lungs and the lymphatic and whole-body tis­
sues.

Uranium ores having a high Ra-226 content, and
therefore emitting gamma radiation during decay, were
present in the plant for approximately 18 months.
Workers were only allowed to work 2 h a day with
these ores to minimize their chance of exposure to high
levelsof gamma radiation. From the limited film badge
data available for the last 24 months of operation, the
highest cumulative dose for a worker during this peri­
od was about 20 mSv. We believe that the external ra­
diation doses rarely , if ever, exceeded 20 mSv/year.
The current occupational whole-body dose limit for
external ionizing radiation is 50 mSv per calendar year
(22). Therefore, throughout the analysis, workers were
categorized only according to estimated internal dose
categories since the internal exposure was higher than
the external exposure and there was a high correlation
between potential for internal and external exposure.
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Table 3. Frequency distributions tor selected variables among
the study group.

Table 4. Distribution ot annual dose of internal radiation to the
lung by level in Which most ot the workers' employment time
was spent.

Variable Number Percentage

Age at first empioyment (years)

16-25 289 29.0
26-35 346 34.8
36-45 203 20.4
46-55 145 14.6
2:56 12 1.2

Year of first employment

1943 330 33.2
1944 288 29.0
1945 285 28.6
1946 73 7.3
1947 14 1.4
1948 5 0.5

Length ot employment (years)

< 1 555 55.8
1-1.9 144 14.5
2-2.9 114 11.5
3-3.9 100 10.0
4-4.9 25 2.5
2:5 57 5.7

Fifty-nine deaths occurred among the subcohort of
149 workers who were exposed for more than a year
to internal radiation at levels that would lead to a lung
dose of > 100 mSv/year. Although the number of
deaths was small, the mortality pattern seen among this
subcohort is generally the same as that observed for
the entire study group. For the subcohort the SMR for
all causes combined was 116 [95 % confidence inter­
val (95 % CI) 088-150]. For all malignant neoplasms
combined 11 deaths were observed giving an SMR of
108 (95 % CI 054-194). No statistically significant
deviations from the expected values were observed for
any specific cause of death. A more appropriate com­
parison of mortality for the high internal radiation ex­
posure group would be that group of workers who
worked for a comparable time but had minimal po­
tential for internal radiation exposure. However, there
was a five-year discrepancy in the average age at first
hire between these two groups, and therefore com­
parisons of indirectly standardized SMR values were
questionable since the younger cohort is now reaching
the age at which mortality rates increase rapidly.

Because the healthy worker effect was not seen in
this study population, SMR analyses were performed
using earlier cut-off dates of follow-up (ie, 31 Decem-

4 0.4
212 21.3
402 40.4
377 37.9

995 100.0

Number PercentagePotential lung dose (mSvlyear)

Unknown
< 10
10-100
> 100

Total

The ordinal scheme used to assign internal radiation
exposure made it difficult to determine cumulative in­
ternal radiation exposure for each worker. Therefore,
analysis of mortality by cumulative internal radiation
exposure was not done. Neither was analysis by length
of employment since internal radiation exposure is not
necessarily reflected by length of employment. How­
ever, it was possible to assign a lower limit of cumu­
lative internal radiation exposure to the subcohort of
workers who spent most of their work time in jobs with
the highest internal radiation exposure (ie, jobs that
would lead to lung doses of> 100 mSv/year) and who
worked in these jobs for more than one year. There­
fore, this subcohort was chosen to evaluate the effect
of long-term occupational exposure from internal ra­
diation. Since this subcohort of workers received a lung
dose that approached or exceeded the current occu­
pationallung dose limit of 150 mSv/year (22), the re­
sults of this analysis also allow an evaluation of the
safety of this limit. The SMR analysis of this subcohort
was done with the US white male population as the
standard.

Results

The distributions of age at first employment, year of
first employment, and length of employment are given
in table 3. On the average a worker was first employ­
ed in the first quarter of 1944 at the age of 33.8 years
and remained employed at the plant for 1.4 years .

Table 4 gives the population distribution of the in­
ternal lung dose ranges by the dose level in which a
worker spent most of his time. Of the 377 workers who
spent most of their work time in the highest dose group
and the 212 who spent most of their time in the lowest
dose group, 149 and 95, respectively, worked at this
exposure level for more than one year.

The SMR values determined with the US popula­
tion as the standard are given in table 5 for those causes
of death for which more than five deaths were observ­
ed. Statistically significant excesses were found for all
causes of death combined, all diseases of the circula­
tory system, arteriosclerotic heart disease, all respira­
tory disease, all pneumonia, and cancer of the larynx .
No statistically significant deficits were observed. The
observed number of lymphatic and lung cancers were
essentially as expected. Of the six lymphatic cancer
deaths, two were from reticulum cell sarcoma and one
each from Hodgkin's disease, multiple myeloma, acute
myeloid leukemia, and chronic myeloid leukemia. The
SMR was not statistically different from the one for
malignant or nonmalignant diseases of the bone, liver
or genitourinary system . When the Erie and Niagara
County rates were used as the standard, the SMR
values for each site-specific cancer were slightly lower
than those calculated with the US standard, and the
SMR for cancer of the larynx was still statistically sig­
nificant. Table 6 gives the SMR values for selected can­
cer causes with the county populations as the standard.
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Table 5. Numbers of observ ed and expected deaths for select ed causes among the study group' (N = 995) wi th the United
States white male populati on as the s tandard.

Standardized 95 %
Cause of deathb Observed Expect ed mortality con fi dence

ratio interval

All caus es (001- 998) 429 363.6 118 107-130
All infective and parasit ic disease (001- 139) 5 7.1 71 23-165
All cancer (140-209) 74 70.1 106 83-132

Dige stive system (150- 159) 27 20.7 131 86-190

Stomach (151) 7 4.2 165 66-339
Large int estine (153) 6 6.3 95 35-206

Respiratory syst em (160-163) 26 23.1 113 74- 165

Larynx (161) 5 1.1 447 144-1043
Lung (162- 163) 21 21.7 97 60-148

Lymphopoietic (200-209) 6 6.8 89 32-193

Allerg ic, endocr ine, metabolic and nutr itional dis eases
(240- 279) 7 5.6 124 50-256

Diabetes mellitus (250) 6 5.1 117 43- 254

Mental, psychoneurot ic and personality di sorders
(290-317) 5 1.6 306 99-714
All c ircul atory di seases (390-548) 227 191.6 118 104-135
Chron ic rheum atic heart disease (393-398) 9 4.3 210 96-398
Art eriosclerot ic heart disease (410-413) 159 134.1 119 101-139
All vascular lesions of the cent ral nervous
system (430- 438) 30 25.1 119 81-170
All resp iratory diseases (460-519) 32 21.1 152 104-214

Pneumonia (480-486) 17 7.8 217 126-347
Emphysema (492) 7 5.5 127 51-262

All digestive system diseases (520-577) 19 18.1 105 63-164

Cirrhosis of the liver (571) 9 8.8 102 46-193

All external causes of death (800-998) 26 32.1 81 53-119

Al l accidents (800-929) 18 22.4 80 47-127
Motor vehicle accident s (810- 827) 9 9.7 92 42-176
Suic ide (950- 959) 6 7.6 79 29-172
Unknown cause 24

a Person-years 27 740.2, average age at death 61.3 years.
b The code of the Eighth Revision of the Int ernational Classifi cation of Diseases, Adapted for Use in the United States (21)

in parenthe ses.

Table 6. Number of observed (0 ) and expected (E) deaths for
selected cancer causes among the stu dy group (N = 995) wi th
the white male population of two counties in New York state
(Erie and Niagara) as the stand ard. (SMR = standardized rnor­
tal ity rati o, 95 % CI = 95 % con fi denc e interval)

Cause of death 0 E SMR 95 % CI

All canc er 74 77.8 95 79- 126
Digestive syst em 27 24.6 110 72-160

Stomach 7 4.9 144 58-297
Large intesti ne 6 7.7 78 28-168

Resp irat ory system 26 26.0 100 65- 146

Larynx 5 1.4 357 121-873
Lung 21 24.5 85 60-147

Lymph opoietic 6 6.5 92 34- 198

ber 1950, 31 December 1960, 31 December 1970) in
order to determine if this effect was ever present in
the population. Table 7 gives the results of the SMR
anal yses for selected causes of death for the three dif­
ferent cut-off date s. A sta tistically significant deficit
of deaths was never observed for any cause in any of
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the analyses. Mortality from circulatory diseases was
never less than expected, and it was largely responsible
for the all-causes SMR being higher than what is usual­
ly observed in an occupational population .

Discussion

Because of the potential for exposure to ionizing ra­
diation from uranium, certain mortality outcomes are
of special interest, namely, cancers that have been
stro ngly associated with radiation exposure (ie, some
leukemias, cancers of the bone, lung and thyroid, and
multiple myeloma), and cancers and diseases of organ
systems that have potent ial for exposure due to the in­
gestion or inhalation of uran ium (ie, those of the res­
piratory, digestive, and genitourinary systems). Among
these, only deaths from nonmalignant diseases of the
respirat ory system, pneumo nia, and laryngeal cancer
(a cancer of the respiratory tract) showed statistically
significant increases. The statis tically significantly in­
creased SMR observed for diseases of the respiratory



Table 7. Number of observed and expected deaths from selected causes for three different cut-off dates for follow-up of the
study group (N =995) with the United States white male population as the standard. (SMR =standardized mortality ratio)

Follow-up'

Cause of death 31 December 1950 31 December 1960 31 December 1970

Observed Expected SMR Observed Expected SMR Observed Expected SMR

All causes 29 30.7 95 124 102.6 121 270 224.4 120'
All cancers 5 3.9 127 17 16.3 104 46 39.8 116
All circulatory diseases 11 11.0 100 66 47.4 139' 140 114.5 122'

Chronic rheumatic
heart diseases 0 0.7 5 2.1 235 8 3.3 241'
Arteriosclerotic
heart disease 9 5.4 168 47 30.0 157* 102 77.8 131'

All respiratory diseases 3 1.3 238 8 4.3 185 17 11.4 149

Pneumonia 3 0.8 388 6 2.0 297 11 4.6 242'

Person-years 5996.5 14788.3 22384.8
Average age (years) at death 47.2 52.6 57.3

a These groups are inclusive. For example, the 124 deaths that occurred by the end of the 1960 are included in the 270 deaths
that occurred by the end of 1970.

, P < 0.05.

system was primarily attributable to a statistically
significant increase in deaths from pneumonia. The
SMR for all cancers of the respiratory system was not
statistically significant. The statistically significant ex­
cess of laryngeal cancer deaths contributed the largest
component to this SMR. Since the Buffalo area has
been identified as an area of increased cancer mortal­
ity rates compared to the United States as a whole (I I),
using the Erie and Niagara County rates increased the
expected numbers, reducing the SMR for all site-spe­
cific cancers, although the SMR for laryngeal cancer
remained statistically significantly increased.

Cancer of the larynx is known to be related to both
tobacco and alcohol use. Information on these factors
was not recorded in contemporary plant records. It was
available for the period just prior to death for one of
the five men who died from laryngeal cancer. The med­
ical record reported heavy use of tobacco and alcohol
by this cohort member. The fact that the SMR for lung
cancer was equal to 100 could be an indication that
tobacco usage in this cohort was about the same as
that of the US population. Similarly, cirrhosis of the
liver could be an indicator of alcohol usage in the co­
hort. Although the SMR for cirrhosis of the liver was
100, all five deaths due to mental disorders also had
effects of chronic alcoholism listed on the death certi­
ficate. Therefore, alcohol usage among the workers
could have been elevated and may account for some
portion of the increase in deaths due to laryngeal
cancer.

The median age of occurrence of laryngeal cancer
is in the seventh or eighth decade for US white males
(18). All of the observed deaths due to this disease in
the Ceramics Plant population occurred in the sixth
decade, except one, which occurred in the eighth. The
age at first hire ranged from 27 to 55 years, and the
period of time between age of first hire and death rang­
ed from 14 to 25 years. Three of the five worked at
the beginning of the uranium processing operations

when exposures to internal radiation, sulfuric acid, and
silicon dioxide were likely to be at the highest levels
in the plant. Although nickel was present in the plant
and in some forms has been linked to cancer of the
larynx (5), none of these men was exposed to nickel
at this facility . With the small number of deaths, it
would be difficult to determine whether any of the ex­
posures considered was causally related to laryngeal
cancer.

The SMR for pneumonia has steadily decreased
from 388 in 1950to 217 in 1979.Three of the 17deaths
from pneumonia occurred before 1950. Pulmonary tu­
berculosis was mentioned as a contributory cause on
two of the three death certificates. Among the 14pneu­
monia deaths that occurred after 1950, only one list­
ed tuberculosis as a contributory cause. While expo­
sures to vanadium, fluoride compounds, nitric acid,
and sulfuric acid were possible at the Ceramics Plant
and have been associated with increased risk of pneu­
monia (14), there was no evidence to suggest that ex­
posures to these substances were excessive among the
pneumonia decedents when compared to the entire
study cohort or to all the decedents. The average level
of exposure to internal ionizing radiation was less than
that for the entire study group. For those who died
of pneumonia, the average age at first hire was 45.2
years, which was substantially higher than that for all
workers combined (33.4 years) and for workers who
had died (39.6 years) .

It is unusual to find the all-causes SMR elevated in
an occupational cohort. Because of the healthy worker
effect the SMR for all causes and, particularly, circu­
latory diseases is usually less than 100 in worker pop ­
ulations although the effect tends to disappear as a
population ages. The long follow-up period (~ 30
years) may have nullified this effect. However, even
when earlier cut-off dates for follow-up were used, the
healthy worker effect was absent in this cohort. The
SMR for all circulatory diseases was never less than
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unity. Review of the work histories provided no evi­
dence to suggest that radiation and chemical exposures
among those who died of circulatory diseaseswere dif­
ferent from the cohort as a whole. Because the war
emergency caused a marked decrease in the available
labor force throughout the country, individuals whose
physical status would not meet employment require­
ments in peaceful times wereaccepted for employment.
Potential employees were refused only for " obvious
kidney pathology, extreme cardiovascular disease, and
various pulmonary conditions, particularly-chronic
bronchial asthma" (7). Examination of the physicals
for the 158men who died of arteriosclerotic heart dis­
ease identified 43 who were hypertensive [ie, diastolic
blood pressure> 95 mm Hg (> 12.7 kPa)], or had
a history of scarlet or rheumatic fever, or heart dis­
ease. An additional 11 men who had no recorded his­
tory of any of these conditions were rejected from mil­
itary service for unknown medical reasions. Among
the nine men who died of rheumatic heart disease, six
had a history of rheumatic or scarlet fever or had a
heart abnormality noted on their preemployment phys­
ical.

The only outcomes of special interest that were sta­
tistically different from expected were all nonmalig­
nant respiratory diseases and site-specific diseases of
the respiratory system, namely, laryngeal cancer and
pneumonia. No association was found between these
outcomes and long-term occupational exposure inter­
nally to high levels of ionizing radiation. The lack of
any excess mortality from lung cancers is contrary to
what has been seen in studies of other uranium work­
ers, particularly of uranium miners. Among workers
at a uranium-processing plant in operation during the
same period as the Ceramics Plant , Polednak & Frome
(15) found a nonstatistically significant increase of
lung cancer which was not observed in the present in­
vestigation. However, unlike the Ceramics Plant co­
hort, the SMR values for all causesand all cancers were
less than 100.There is no clear explanation for the dif­
ference in the SMR values. The age at first hire was
similar for both groups of workers. In both cases, the
source of the worker population would be expected to
include a larger portion of men who wereunfit for mil­
itary service or were beyond draft age. Based on his­
toric air monitoring records, the internal radiation ex­
posure levels were probably similar at the two plants ,
as were many of the potential chemical exposures.
Further analysis of mortality among the Ceramics
Plant population will consider the preemployment
health status and personal characteristics of the work­
ers, as well as other potential chemical exposures
known to have existed at the plant.
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