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LIST OF ABBREVIATIONS

Sv = Severts (dose equivaent)

Gy = G ray unit (dose equivalent to 100 rads)
rad = radiation absorbed dose

Bq = Becquerd (activity)

Pu = plutonium

nCi = nanocurie
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Tablel. Table 1. Demographic Results at Time of Chest Radiograph for Plutonium-exposed and
Unexposed Workers, Rocky Flats Plant (2002).

Table2. Table 2: Odds Ratio Estimates for Logistic Regresson Modd of Variables Predictive of
Abnorma Chest X-ray Profusion Score.

SIGNIFICANT FINDINGS

There was a sgnificantly higher proportion of abnorma chest radiographs among plutonium workers
(17.5%) as compared to non-plutonium workers (7.2%), p = <0.01. Of those plutonium workers with
absorbed lung doses greater than 10 Sv, 37.5% had an abnormal chest x-ray compared to other
plutonium workers (16.5%), p = 0.04. When we controlled for effects of age, smoking and asbestos
exposure, lung dose of 10 Sv or greater conferred a 5.3-fold risk of having an anormd chest x-ray
congstent with pulmonary fibrosis when compared to nonexposed individuds.

USEFULNESS OF FINDINGS
This study may lead to the description of anew source of lung morbidity in radiation workers, with

potentialy wide-reaching implications for both primary and secondary prevention of radiation-related,
non-mdignant lung diseese.



ABSTRACT

Background: There have been few systematic studies of the non-maignant hedlth effects of a -radiation
in humans. Anima studies and a report from the former Soviet Union suggest an association between
plutonium exposure and the development of fibrotic lung disease. Prompted by a case of lung fibrosisin
aretired plutonium worker in the United States, we sought to explore whether plutonium inhalation
incresses the risk for developing chest radiograph abnormadities consstent with pulmonary fibross.

Methods: We conducted a retrospective study of nuclear weapons workers. Our study population
conssts of 326 plutonium-exposed workers with absorbed lung doses from 0 to 28 Sv and 194
workers who had no estimated plutonium exposure. Absorbed lung dose was caculated as part of an
interna dose assessment. We compared severity of chest radiograph intertitial abnormalities between
the two groups using the Internationa Labour Organization (ILO) profusion scoring system.

Results: There was asgnificantly higher proportion of abnormal chest radiographs among plutonium
workers (17.5%) as compared to nonplutonium workers (7.2%), p = <0.01. Of those plutonium
workers with absorbed lung doses greater than 10 Sv, 37.5% had an abnormal chest x-ray compared
to other plutonium workers (16.5%), p = 0.04. When we controlled for effects of age, smoking and
asbestos exposure, lung dose of 10 Sv or greater conferred a 5.3-fold risk of having an anorma chest
x-ray condstent with pulmonary fibrosis when compared to nonexposed individuals.

Conclusions: Inhded plutonium may cause lung fibrossin humans a aosorbed lung doses above 10
Sv.

Keywor ds: Plutonium, Pneumosclerasis, Fibross, Fibrotic Lung Disease, Pulmonary Fibross



INTRODUCTION

Despite more than 50 years of concern about the hazards of the a-particle-emitting radionuclide
plutonium, primarily the isotope Pu-239, few toxic effects have been detected in exposed workers (1,
2). Although longitudind studies show that inhaled plutonium causes chronic inflammatory lung disease
and delayed-onsat pulmonary fibross in experimental animas, epidemiologic studies have reported few
non-maignant human hedth effects due to plutonium exposure (3-7). Investigators a Los Alamos
Nationa Laboratory (LANL) reported in 1997 that they found no significant hedlth effects attributable
to plutonium based on medica examinations performed on asmdl longitudind case series (4), dthough
the chest x-rays for these subjects were not systematically evauated.

Other evidence suggests that plutonium may be associated with lung fibrosis. A cross-sectiona study of
895 U.S. beryllium-exposed nuclear workers detected a cluster of eight cases of interdtitia fibrosis not
atributeble to either beryllium disease or pneumoconioss (8). In hindsight, six of these cases were
former plutonium workers and three had measurable plutonium depogtion in their lungs. A concurrent
sudy of 518 beryllium-exposed ceramics workers with no plutonium exposure found no pulmonary
fibrogs (9). Okladnikova and colleagues (3) reported 66 cases of “pneumosclerosis’ (pulmonary
fibrogs) in radiation workers at the Mayak facility in Russa who were exposed to plutonium in the
1950's. In that case series, absorbed doses to the lung exceeded 4.0 Gy (comparable to a dose of 80
Sv). An additiond 54 cases of “pneumoscleross of a combined genesis’ were reported in individuas
with absorbed lung doses “amounting to” 1.4 Gy (comparable to a dose of 28 Sv) (3). These
researchers did not report how lung doses were estimated; nor did they indicate the range of doses over
which plutonium might induce fibrags in the lung.

Prompted by an index case of lung biopsy-documented fibrotic lung disease in aworker who previoudy
inhded plutonium particles in a U.S. nucler wegpons production accident, we investigated the
hypothesis that plutonium workers at the Rocky Hats Plant near Denver, CO are at increased risk of
developing chronic fibrotic lung disease due to the inhdation of plutonium.

Under the direction of the U.S. Department of Energy, the Rocky Hats plant produced nuclear

wespons components for the U.S. Department of Defense from 1951 to 1989. Between these years
approximately 18,000 workers were hired (10). Workers processed, cut and formed plutonium insde
contained areas (glove boxes) to create detonators for nuclear wegpons. Plutonium metd “buttons’

were processed from plutonium nitrite. Both pure metal and scrap was meted, cast into ingots, rolled
and pressed into parts that were then machined into precise shapes and welded together to form nuclear
bomb cores (11). Though the glove boxes protected workers from most inhaationa exposures, there
were opportunities to be contaminated through cuts, puncture wounds, and through inhdationa
exposures as the result of explosons and fires. There were two mgjor plutonium fires in the history of
the plant: one in 1957 and another in 1969. Both contaminated many workers. Production of nuclear
weapons components a Rocky Flats ceased in 1989. The plant is now in the process of
decontamination and decommissoning.



Case Report: In December 1993, a 73-year old white mae retired plutonium worker was referred for
evauation of an abnorma chest radiograph, detected through a former worker program that was
screening for beryllium disease. He was symptomeatic with cough and shortness of breath. From March
1952 until his retirement in 1982, the patient had worked at the Rocky Hats plant manufacturing triggers
for nuclear weapons. In 1957, a reactor vessd disintegrated within a glove box, causing an exploson
that resulted in his inhdation of plutonium oxide particles. Despite chelaion therapy with cacium
disodium ethylenediaminetetraacetate (CaNap EDTA), he sustained a depostion of plutonium in the

lungs that resulted in a cumulative equivdent lung dose of 23 Sv through 1993, with recently measured
plutonium lung activity of 13.6 nCi. His medica, occupationd, and environmenta history suggested no
other known cause of interdtitia lung disease. He was a former smoker, quitting 9 years prior to his
evauation. At the time of his 1993 evauation, his chest radiograph was aonormd, showing diffuse hazy
opacities and bronchid wall thickening with an ILO profusion score of 1/1 with p/s opacities (12). Thin-
section computed tomography of the thorax showed diffuse ground glass dengty, reticular opacities,
and honeycomhbing (fibrogs) throughout dl five lobes. There were no pleural plagues or effusons.
Routine laboratory tests were norma with the exception of a mild lymphopenia. Antinuclear antibodies,
rheumatoid factor, and anti-neutrophil cytoplasmic antibody levels were normd. The patient had a
moderately severe gas-exchange abnormdity that worsened with activity. Lung biopsies demonsirated
interdtitid fibrods in a desquamative interdtitia pneumonitis pattern, respiratory bronchialitis with murd
fibrogs, and secondary pulmonary vascular hypertensve changes condstent with severe pulmonary
fibrogs. The lung pathology was consgtent with the histologic changes and digtribution smilar to that
observed in longitudind studies of beagle dogs that have inhded plutonium dioxide (PuO») (13-15).

Blood and lavage beryllium lymphocyte proliferation tests (16) were both negative. The patient’s lung
biopsies showed no pathologic evidence of beryllium disease and energy dispersve x-ray microandyss
(EDXM) showed no increased amounts of slica, asbestos, or metas in the lung tissue. Clinical course
had shown dowly progressve worsening of respiratory symptoms, redtriction, gas exchange, poorly
responsive to high dose oral corticosteroids.

METHODS

This study protocol was reviewed and gpproved by the Indtitutionad Review Board a Nationd Jewish
Medical and Research Center. Two groups, plutonium exposed and unexposed, were chosen for the
sudy. Putonium-exposed individuas were drawn from a database of current and former employees
who participated in a plant Ste radiaion heath program. Potentia lung doses were determined using a
computer modd that caculated a crude estimate of plutonium lung dose based on activity in urine.

Usng these data, we randomly selected 280 employees with cumulative equivaent doses to the lung
that were estimated to be greater than 1 Sv and 240 employees with equivalent doses to the lung

estimated to be lessthan 1 Sv. Of the 520 plutonium-exposed individuals selected for the study, 326
(62.6%0) had lung dose estimates calculated and available to the study. Although radiation exposure data
(primarily measurements of plutonium concentrations in urine) were available on additiond individuas,
lung counts and absorbed dose caculaions had not been performed. The lung doses for the 326
subjects were caculated using the Code for Internd Dosmetry software (17), which employs the
International Commission on Radiologica Protection Publication 30 lung dose model (18). With this
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software, we estimated the magnitude dof the plutonium intake at the time of an exposure incident, usng
curve-fitting methods to adjust modd parameters so that modded plutonium concentrations
gpproximated measured plutonium concentrations in the urine that were measured periodicaly over
employment and post-employment periods. Data from periodic lung counts were used to help estimate
plutonium intake. From the intake estimate, the cumulative equivaent dose to the lung was cdculated
for the period of time after the date of intake to the date of the chest x-ray that was evaduated for this

study.

Unexposed workers were chosen from a database originally constructed for a cohort study of Rocky
Flats production workers (10). We selected workers who were born between 1909 and 1960, hired
between 1951 and 1984 and had combinations of assigned huildings and job titles conggtent with
production work in order to match the birth and hire dates of the exposed individuds. From this
population, we randomly selected an unexposed group comprised of 350 production workers who had
never worked in a building that housed plutonium. After choosing the 350 potentialy unexposed
individuas based on work history, we had access to systemic deposition data to verify exposure. We
used these systemic deposition data and excluded 156 individuas who had no data for evauation or
who had a systemic deposition that exceeded 30 Bg and potentially could have had an internal dose.

We retrieved the most recent chest radiograph that was available for each of the 520 subjects with
verifiable exposure histories. Persord identifiers and demographic data were masked and the
radiographs were randomly ordered and submitted to a pand of three Nationd Inditute of
Occupationd Safety and Health (NIOSH) certified B-readers who classified each radiograph according
to the Internationd Labour Organization (ILO) dasdfication for radiographs of the
pneumoconioses (12). We report the median interdtitid lung smal opacity profusion score of the three
readers. A profusion score of 1/0 or greater is defined as abnormal.

Exposure to ashestos may a so cause parenchyma abnormalities resulting in anorma profusion scores.
In the generd population 80% - 90% of pleural plagues on chest xray are due to occupationa
exposure to asbestos (19). Because asbestos exposure estimates were not available for al of our sudy
subjects, we used radiographic evidence of pleural abnormalities as a surrogate marker of asbestos
exposure. The median response of the three Breaders was used to define pleural abnormalities
cong stent with asbestos exposure.

We usad the chi-square, Fisher’s Exact and Wilcoxon rank-sum tests for comparing frequencies of
abnorma radiographs and other categorical variables between groups. We used the Student's t and
Wilcoxon's sgn-rank tests and analyses of variance for comparing continuous variables.  For logistic
regresson modding, we sdlected those varigbles from univariate andyss that were associated with
abnormal profusion scores at a p-value of 0.25 or less. We treated lung dose as an indicator variable,
using the following cut points. unexposed, exposed with lung dose less than 1 Sv, exposad with lung
dose equa to 1 Sv and less than 5 Sv, lung dose 5Sv to less than 10 Sv, and lung dose 10 Sv or
greater. All tests were implemented with PC SAS software (20), and dl tests of satistica sgnificance
are two-tailed.



RESULTS

Chest xray data were available for al 326 individuds with lung dose estimates and dl 194 of the
unexposed individuas. The 520 study participants were predominantly male (97.7%) and nonHispanic
white (95.7%) with a median age of 64.9 years (range 24.9 — 85.9 years) at time of chest radiograph.
The plutonium-exposed and unexposed groups are compared in Table 1. There are no atigticaly
ggnificant differences in ethnicity, smoking habits, or hire year between exposed and unexposed
participants. There were more non-Whites and more women in the unexposed group. The plutonium-
exposed group was sgnificantly older than the unexposed group a time of x-ray.

Smoking higtories were available for 92% of the plutonium-exposed subjects but for only 43% of the
unexposed subjects. Those without smoking data were sgnificantly younger (mean age = 54.4 years)
than those with these data (mean age = 62 years), p = <0.001). However, subjects 55 years of age
and younger at time of chest xray showed no datidticaly significant differences in smoking habits when
compared with the older subjects (data not shown).

The entire group of plutonium-exposed subjects had a sgnificantly higher proportion of abnorma chest
x-rays congstent with pulmonary fibrosis (17.5%) than did the non-exposed group (7.2%), (Table 1).
When we controlled for the effects of age, sex and race in the logistic mode, plutonium exposure
conferred a 1.7-fold risk of having an anorma profusion score [Odds Ratio (OR) = 0.9 — 3.3].

The risks of having an @normd chest x-ray profusion score rose with increasing leve of lung dose. In
univariate logigtic regresson models, those in the lowest dose category (O to lessthan 1 Sv) had a 2.8
fold risk of having an abnorma chest xray profusion score compared to the unexposed. This was
higher than the 1.9 OR for subjects with doses from 1 Sv to lessthan 5 Sv. There was a 3.8-fold risk
for those with doses from 5 Sv to lessthan 10 Sv. The highest dose group, those with cumulative lung
doses 10 Sv or greater, had a 7.7-fold risk of having an abnorma chest x-ray compared to those in the
control group (Table 2).

Age a time of chest xray was a sgnificant risk factor for an abnorma chest-x-ray profusion, score
with a 9% yearly increase in risk (Table 2). Ever-smokers had a 3.9-fold risk of having an abnormal
profusion score compared to never-smokers. The presence of pleural anormalities on chest x-ray, as
asurrogate for asbestos exposure, conferred a 3.1-fold risk of having an aonormd profuson score.

In a logidic regresson modd that smultaneoudy controlled for age, smoking status and pleurd
abnormadlities, subjects with cumulative lung doses 10 Sv or greater (range 10 Sv — 28 Sv) had a 5.3~
fold risk of having an abnorma profusion score when compared with unexposed subjects. The risks
dropped and were not gatigticaly significant for the lower cumulative dose categories.



DISCUSSION

Cumulative lung dose from plutonium exposure of 10 Sv or greater was associated with chest xray
abnormdities conggtent with pulmonary fibross. Both univariate and multivariate andyses identified this
datidicdly sgnificant association even after adjusting for other known causes of lung fibross. Although
the univariate andysis showed a dose-response rdationship, a sgnificant dose-response was not
maintained when we controlled for the effects of age, smoking and asbestos exposure.  This suggests
that although high lung doses may be associated with pulmonary fibrosis, lower doses might not present
adggnificant risk.

There are a number of known risk factors for pulmonary fibross. Increasing age and cigarette smoking
both are risk factors, as well as numerous occupationa exposures (21-24). Although we attempted to
match plutonium exposed and unexposed groups on birth date and hire year, the plutonium-exposed
individuas were digible for a plant sponsored surveillance program for employees exposed to radiation.
As part of this program, participants returned on a regular basis for chest x-rays and lung counts after
termination. By comparison, the most recent chest xrays on unexposed individuas were usudly
obtained at the time of termination, resulting in an age difference between our two groups. In univariate
andyses, age a the time of chest x-ray was sgnificantly associated with abnormd profusion scores. A
20-year age difference would result in 1.8-fold increase in risk. This finding is condstent with previous
reports in the literature regarding the effect of age on the frequency of anormd lung profusion scores
(21-24). lwa et d (24), investigating risk factors related to idiopathic pulmonary fibrosis (1PF) showed
an approximate 1.3-fold risk for each 10-year increase in age group from 50 yearsto 80. Our group of
participants with lung doses at or above 10 Sv had a median age of 69.5 compared to a median age of
59.6 among the unexposed, so age at time of chest x-ray played asgnificant rolein therisk of having an
X-ray reading congstent with pulmonary fibross.

Smoking is another known risk factor for pulmonary fibrosisin patients diagnosed I1PF (21, 22, 25) and
has been shown to contribute to abnormal chest x-ray profusion scoresin sudies of industrid workers
(25). Inour sudy, the odds ratio for ever having smoked was nearly as high as the odds ratio for the
highest plutonium lung dose category and was ddidicdly significant. The study was was limited by

missing smoking data among the unexposed group. Smoking data were available for 92% of the
plutonium-exposed individuas but for only 43% of the unexposed individuads. Since most exposed

individuds came in for lung count evauation, smoking data were updated on each vist. Older medica

records from the plant did not indicate smoking status on many individuas. Those without smoking data
were sgnificantly younger (mean age = 54.4 years) than those with these data (mean age = 62 years), p
= <0.001). However, subjects 55 years of age and younger a time of chest xray showed no
gatisicaly sgnificant differences in smoking habits when compared with the older subjects.

Asbestos was probably the most common exposure associated with chest x-ray profusion abnormalities
in this workforce. In both univariate and multivariate logistic regresson models, the presence of a
pleurd abnormdity was a daidicdly sgnificant risk factor, suggesting tha this varidble is a rdigble
surrogate for asbestos exposure. The risk for an abnorma profusion score in a subject with pleura

plagues is about haf the risk for a cumulative lung dose of 10 Sv or greater, and less than the risk for
having ever smoked.



Rocky Flats production workers, including our study subjects, were also at risk for exposure to

beryllium. Beryllium causes a granulomatous and mononuclear cell interdiitid lung disease in a srdl
percentage of exposed individuals and may be difficult to distinguish from pulmonary fibross on chest
radiograph (8, 9). Of al current and former workers who participated in medical surveillance a Rocky
Flats, 1.6% have been diagnosed with this disease (26). In our study, only one of the 71 workers with
an abnorma chest x-ray caried a diagnoss of CBD. This individud was part of the plutonium
unexposed group. None of the participants in our study with plutonium lung doses of 10 Sv or greater
caried a diagnods of CBD and dl had normd blood beryllium lymphocyte proliferation tests in
beryllium medica survellance, making the likdihood of disease misdassfication smdl. Unfortunately,
other workplace exposures, besides ashestos and beryllium, as well as medica exposures to radiation
could not be evaluated.

Workers with lung doses a or above 10 Sv showed a 5.3-fold risk of having parenchymd
abnormalities on chest xray, even after we controlled for the three most common risk factors for
pulmonary fibrogs. In the report of pulmonary fibross a the Mayak facility (3), workers with evidence
of pulmonary fibross reportedly had cumulative lung doses that ranged between 28 and 80 Sv. The
authors provided no diagnodtic criteria, no description of the methods used to estimate lung doses, no
edimates of risk for lung disease per unit dose, and did not comment on the possible confounding by
other exposures such as smoking and asbestos. It istherefore difficult to identify the lowest lung dose at
which pulmonary fibross occurred.  Our data suggest, however, that there is elevated risk at doses
about three times lower than the lowest dose reported for Mayak workers.

It isimportant to note that few employees at this plant had high lung exposures. Fewer than 5% of
plutonium exposed employees in this study had exposures of 10 Sv or greater. Plant personne in the
medica and dosmetry departments felt that most individuals with high lung doses would have been
captured in this study.

The following lines of evidence support a causa relation between plutonium lung deposition and fibrotic
lung diseese. Inhaled plutonium, particularly the insoluble oxides to which Rocky Flats workers were
usudly exposed, remans in the lung for many years dater inhdation (27-32). In the humen lung,
plutonium particles preferentidly deposit in the respiratory and termind bronchioles, peribronchiolar
aveoli septi, and subpleural lymphatics (33, 34). Alpha-emitting “hot spots’ can sdlectively ddiver to
smdl volumes of lung cdlls doses that are subgtantialy higher than those estimated for the entire lung,
and are sufficient to cause physiologic dterations and cdll degth in other species (31, 32, 35-37).

Many years ater an initid low-leve inhadation exposure to PuO2, dogs can develop ingdious onset of

pumonary fibrogs, inflammatory cdl infiltration of adveolar septi, bronchiolar and aveolar cdl
hyperplasia and metgplasia, and subpleurd lymphatic scarring with a-emitting particles trgpped in the
fibrotic areas (13-15, 38). Support for the link between plutonium and lung fibross in animds dso
comes from studies of baboons that inhaled PuO2 and developed interdtitial pneumonitis (39). Although
we must exercise caution in extrapolaing across anima species, the studies from multiple species
support the thesis that humans can develop radiation pneumonitis and lung fibross long after initid
deposition (40).
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A report of eight plutonium workers in whom a delayed-onset fibrotic reaction developed in the basal
layer of the epidermis surrounding retained a-emitting partides (41, 42) suggests that dowly
progressve fibrods can be dicited in human tissue following exposure to insoluble, retained
plutonium (43). Although dose to the lung may differ from dose to the skin, it is reasonable to
hypothesize tha retention of such partides in the lungs may dicit a Smilar response, not unlike that
observed in our index case.

Putonium-induced fibrosis may not have been recognized in nuclear workers outsde of Russa for a
number of reasons. Like other forms of chronic lung injury, this disorder probably evolves dowly,
delaying both the patient's and the physician's recognition of morbidity until late in the disease process,
long after the patient has Ieft the workforce. Clinical findings of arare condition like pulmonary fibross
are easy to confuse with other more common lung diseases, leading to misdiagnoss. Mot dlinicians do
not take a sufficiently rigorous occupationd and environmenta work history to link work-related
exposures to pulmonary fibrotic conditions. There is a paucity of medicd literature concerning non
madignant hedth effects in plutonium workers. Mot of the large epidemiologic investigations have
focused on cancer mortdity in radiation workers (10). Conddering radiation as a possible etiologic
agent, mogt dlinicians are familiar with only acute radiation pneumonitis, a more obvious form that
develops within afew weeksto afew years after exposure.

The dinicd sgnificance of plutonium-induced fibross remains to be determined. The pulmonary satus
of the Mayak workers has not been reported in the open literature.  Reports of the clinica status of
Mayak workers aong with clinica evauations of Rocky Hats workers with high lung doses from
plutonium exposure would be useful in defining the clinica course of this disease. It isimportant to note
that dl individuds with lung depostions of plutonium in our study had acute inhalationa exposures to
plutonium reedily traced back to accidents or equipment failure. We do not know if lower-leve chronic
exposure or repeated low-leve inhdation exposures would produce the same radiographic evidence of
fibross

We suggest that physicians who treat nuclear workers consder plutonium exposure in patients with
abnormd pulmonary findings. If aworker reports possible exposure to plutonium, records of radiation
exposure should be regquested from the facility where the exposure may have occurred. Review of
these records by an expert in hedth physics will usudly darify the possbility of an exposure and the Size
of lung dose that could have been received. If records are missing or gppear to be inadequate, then
additiond dose assessment may be required. Compensation programs for radiation-exposed nuclear
weapons workers (44) should include pulmonary fibross in plutonium workers as a compensable
condition.
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Table 1. Demographic Results a Time of Chest Radiograph for Plutonium-exposed and Unexposed

Workers, Rocky Flats Plant (2002).

Plutonium Plutonium
Vaiadle Exposed Unexposed p*
N Median N Median
Age at chest x-ray 326 68.1 194 59.6 <0.01
Length of employment (yr) 326 37.7 194 26.8 <0.01
Year of hire 326 1957 194 1958 0.16
N % N % Pt
Sex
Mde 326 100 182 93.8 <0.01
Femde 0 0 12 6.2
Race
White 321 99.4 184 96.3 0.04
Non-white 2 0.6 7 3.7
Ethniaty
Higpanic 7 2.2 6 31 0.60
Non-Hispanic 316 97.8 185 96.9
Smoking status
Current 32 10.7 10 121
Former 174 58.0 50 60.2 0.80
Never 9 313 23 27.7
Missng 26 8.0 111 57.0 <0.01
Chest X-ray profusion score
Abnorma 57 175 14 7.2 <0.01
Norma 269 825 180 92.8
*Wilcoxon rank-sum test
TChi-square test
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Table 2: Odds Ratio Estimates for Logistic Regresson Modd of Variables Predictive of Abnorma Chest X-ray Profusion Score.

Abnormal Chest

. . ! .
Variable Pr ofUS 0N SCOrES Univariae Adjusted

Cumulative lung dose (Sv) N % OR 95% CI OR 95% ClI
Unexposed 194 7.2
Exposed 30, <1 187 17.6 2.8 14-53 15 0.6-3.8
31,<5 101 12.9 19 0.9-4.2 0.9 0.3-26
35, <10 22 22.7 3.8 1.2-11.8 17 05-6.6
310 16 37.5 1.7 24-243 5.3 12-234

Pu-Exposed Unexposed

Median Age (Years)p»> 68.1 59.6 1.09 105-113 107 103-111
N % N %
Smoking status
Ever 206 68.7 60 72.3 3.9 1.7-89 4.2 1.8-10.0
Never 94 313 23 277

Pleural abnormality
Present 88 27.9 9 5.0 3.1 1.7-55 2.4 12-45
Absent 228 721 170 95.0

* model adjusted for age at chest x-ray, smoking, and presence of pleurd abnormdities

P> ageat time of chest x-ray
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