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Case-contro! analysis of deaths due to lung cancer (International Classification
of Diseases, Eighth Revision, code 162) among persons who worked at the
Portsmouth Naval Shipyard, Kittery, Maine, between 1952 and 1977 found ele-
vated odds ratios for exposures to ionizing radiation, asbestos, and welding by-
products. The radiation-related excess was statistically significant in persons
with cumulative lifetime exposures of 1.0-4.999 rem. When asbestos and welding
histories were combined into a single risk factor, odds ratios for the combined
exposure were significantly elevated for two of three duration-of-exposure cate-
gories examined. Further analysis of data on radiation exposure, controlling for
exposures to asbestos and welding, found reductions in initial estimates of
radiation risk at all levels of radiation exposure. This reduction suggests that
radiation workers were more heavily exposed to asbestos and/or welding fumes
than were other workers and that those exposures confounded the observed
association between radiation and lung cancer. Analysis of mortality by time
since first exposure to radiation revealed no pattern of progressive increase as
latency increased. By contrast, odds ratios for asbestos/welding increased with
latency. Data on cigarette smoking and socioeconomic status were not available.
The results of this study do not preclude a possible association between radiation
exposure at the Portsmouth Naval Shipyard and excess mortality from lung
cancer. However, they provide no evidence in support of such a relation.
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In May 1978, nuclear workers at the
Portsmouth Naval Shipyard in Kittery,
Maine, were reported by Najarian and
Colton (1) to have experienced a fivefold
increase in proportional mortality due to
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leukemia and a twofold increase due to all
cancers combined. Consequently, the
United States House of Representatives’
Subcommittee on Health and the Environ-
ment requested that the Department of
Health and Human Services conduct fur-
ther epidemiologic studies. The National
Institute for Occupational Safety and
Health was directed to conduct this re-
search and undertook a retrospective co-
hort mortality study of the entire shipyard
population and of radiation workers in par-
ticular (2).
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The data from the cohort mortality study
did not support the previous findings of
increased mortality due either to leukemia
or to all cancers combined. In addition, no
excess mortality from any cause was ob-
served in shipyard workers with occupa-
tional exposure to ionizing radiation (3, 4).
The principal explanation for the discrep-
ancies between the two studies appears to
have been misclassification of data on ra-
diation exposure histories by the original
researchers; this misclassification resulted
from failure to elicit accurate work histories
from next-of-kin of deceased workers (5).

An unanticipated finding in the cohort
mortality study was excess lung cancer
deaths among men with cumulative lifetime
exposure of at least 1 rem who had expe-
rienced initial radiation exposure at least
15 years before death. In that group, 13
lung cancer deaths were observed versus
6.56 expected (standardized mortality ratio
= 198). Although no a priori hypothesis
postulating such a relation had been estab-
lished, a decision was made to analyze these
deaths further. To simplify the task of cod-
ing occupational exposure histories, we
used a case-control design. This report pre-
sents that analysis.

MATERIALS AND METHODS
Population

The study population, as defined in the
previous cohort mortality study (3), con-
sisted of white males who had worked at
the Portsmouth Naval Shipyard at any
time from January 1, 1952 to August 15,
1977. From this group, any person with an
underlying cause of death due to a malig-
nant neoplasm of the trachea, bronchus, or
lung (lung cancer) was considered for the
present analysis to be a case. Only death
certificates in the possession of the Na-
tional Institute for Occupational Safety
and Health by December 1980 were eligible
for consideration. Causes of death were
coded from death certificate designation by
a qualified nosologist.

To select an appropriate number of con-
trols per case, we performed power calcu-

lations at various odds ratios and exposure
rates. A ratio of three controls to each case
was found to provide adequate power for
detection of an odds ratio of 1.5 (power =
96 per cent, given a 33 per cent exposure
rate). Every member of the cohort was eli-
gible to be selected as a matched control
for each case, with the exception that if
deceased, a candidate must not have died
of a malignant neoplasm. Each case was
compared with every other member of the
cohort and evaluated for closeness of match
by three criteria: 1) absolute difference in
dates of birth; 2) absolute difference in
dates of first employment; and 3) absolute
difference in the durations of employment
(from first to last dates of employment).
These three differences were then summed
to produce a rank. The three candidates
with lowest ranks were matched with each
respective case. When the lowest ranking
score was the same for more than three
candidates, the first three candidates en-
countered (files are ordered by Social Se-
curity number) were selected. Each selected
control remained in the pool of eligible
candidates. In the event that the same per-
son was chosen as a control for more than
one case, he was assigned to the case who
matched more closely; a new candidate was
then selected for the remaining case.

Although recent methodological studies
(6, 7) published after this investigation had
begun to suggest that it would be better to
select controls from the pool of workers at
risk at the time the case died, time of death
was not considered in this sampling
scheme. By matching on date of birth, year
first employed, and duration of employ-
ment, we assumed under the null hypothe-
sis that the expected proportions of exposed
and unexposed controls would be the same
as those of the cases.

Environment

The Portsmouth Naval Shipyard is a
large industrial complex which employs
workers from a number of trades, including
welding, insulating, pipe fitting, electrical
work, rubber work, and machining. Within
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any trade, a person may be a “radiation
worker,” meaning that he is eligible to work
in an area in which external exposure to
radiation is possible. The radiation sources
were the nuclear reactor components (pri-
marily gamma radiation from cobalt 60)
and radiographic examination of welds (x-
radiation). Regardless of a person’s job
classification, if he had ever worked in an
area with potential radiation exposure, he
was monitored for such exposure.

Monitoring of external radiation was by
film badge from 1950 until 1974 when film
badges were replaced by calcium fluoride
thermoluminescent dosimeters. Monitor-
ing of internal radiation, resulting from
inhalation or ingestion of radionuclides,
has been performed by whole-body moni-
toring. Although instances of internal ra-
diation exposure have occurred at the ship-
yard, we believe such exposures were not
significant in comparison with external ex-
posures. For each radiation worker, radia-
tion doses have been recorded by the Ports-
mouth Naval Shipyard and were reported
to us as an annual dose.

A study member was considered to be a
radiation worker if a history of radiation
exposure had been maintained by the
Portsmouth Naval Shipyard, even if his
recorded lifetime cumulative dose was zero.
We verified all recorded radiation values by
comparing the annual summaries used in
the study with actual source documents
(“DD 1141 forms”) kept in the medical files
at the Portsmouth Naval Shipyard. The
forms for each case and each control were
reviewed for evidence of internal exposures,
errors, and any unusual exposure or medi-
cal disqualification from the radiation pro-
gram. The results of this audit revealed an
error rate of less than 0.5 per cent. All
errors were corrected before analysis. No
instance of internal exposure was found.

Unfortunately, no similarly comprehen-
sive industrial hygiene record system de-
scribing the types and extents of other in-
dividual occupational exposures was main-
tained by the Portsmouth Naval Shipyard.
Personnel records indicating the specific
shops to which a person had been assigned,

his job classifications, and the date of each
change in employment (either a change in
shop or job assignment) were available,
however. Job descriptions, some limited
Portsmouth Naval Shipyard industrial hy-
giene data, and reports of several National
Institute for Occupational Safety and
Health industrial hygiene surveys assisted
in the identification and quantification of
occupational exposures (3).

For each case and control, a detailed
work history was coded. This work history
included data on the beginning and ending
dates of each job held throughout an em-
ployee’s entire working career at the Ports-
mouth Naval Shipyard. Any change in shop
assignment or job classification was consid-
ered to be a job change. Coding of all job
history information was standardized ac-
cording to a classification system which
grouped shops and jobs by commonality of
processes, materials handled, and occupa-
tional exposures. This classification proce-
dure enabled examination of data by as-
signment to shop, job performed, or the
combination of the two.

Because asbestos, which is a known lung
carcinogen, and welding by-products, which
are suspected to contain lung carcinogens,
were both present in abundance at the
Portsmouth Naval Shipyard, they were
considered to be potentially confounding
risk factors for lung cancer (8, 9). There-
fore, shops and job classifications suspected
of involving exposure to either asbestos or
welding by-products were identified. These
determinations were based on available in-
dustrial hygiene data. Shop and job classi-
fications in which asbestos exposure was
probable were categorized as “probable as-
bestos exposures.” Shop and job classifica-
tions in which asbestos exposure was less
certain were categorized as “potential as-
bestos exposures.” In like manner, expo-
sures to by-products of welding were cate-
gorized as probable and potential asbestos
exposures.

Analyses

Odds ratios and corresponding two-tailed
95 per cent confidence intervals were gen-
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erated for specific “exposed” shops and jobs
and for exposure to radiation. Matching
was maintained throughout all analyses
that generated odds ratios for exposures
within a specified universe, and values for
chi-square were calculated as described by
Mantel and Haenszel for individual expo-
sure variables (10). When simultaneous in-
vestigation of multiple exposure variables
was desired, conditional logistic regression
was employed (11). Use of this model al-
lowed estimation of the odds ratio for ra-
diation exposure while simultaneously con-
trolling for exposure to other carcinogens,
as well as for possible interactions.

Analyses were performed for all radiation
workers combined (regardless of amount of
exposure) as well as separately for each of
the following cumulative lifetime exposure
categories: 0.0 rem (monitored, but less
than the limits of detection), 0.001-0.999
rem, 1.00-4.999 rem, and equal to or greater
than 5.00 rem.

Death from lung cancer is generally be-
lieved to require a long latency period sub-
sequent to the initiating exposure. Accord-
ingly, analyses were performed in which
five, 10, 15, and 20 years were subtracted
from the date of death of each case, and the
resultant dates were used as the terminal
work history date for each person in the
matched set. This “lagging” of work histo-
ries eliminates from consideration expo-
sures to radiation and asbestos and/or
welding which may not have had sufficient
latency to be of etiologic importance.

RESuULTS

A total of 405 persons were identified in
the Portsmouth Naval Shipyard population
as having died from malignant neoplasms
of the trachea, bronchus, or lung (lung can-
cer). For those cases, we selected 1,215 con-
trols (three for each case). The mean age
at date first employed and date last em-
ployed, mean length of employment, date
of birth, date first employed, and date last
employed were determined for cases and
controls (table 1). Comparisons of these
means indicate the closeness of matching.

Of the cases, 121 had radiation histories
maintained by the Portsmouth Naval Ship-
yard. Of the controls, 330 had radiation
histories. Radiation exposures are summa-
rized in table 2.

Radiation

Lung cancer cases were found to have an
odds ratio of 1.23 (95 per cent confidence
interval (CI) = 0.91-1.67) for ever having
had a history of radiation exposure (table
3). Although not significantly different
from 1.0, this odds ratio is higher than the

risk of death from lung cancer in radiation
workers seen in the previous cohort analy-

TABLE 1

Comparison of mean ages and calendar times between
lung cancer deaths and matched controls, Portsmouth
Naval Shipyard, Kittery, ME, January 1, 1952 to
August 15, 1977

Cases Controls
(n=405) (n=1215)
Age at date first employed
(years) 37.02 37.07
Age at date last employed
(or study end data, if
active) (years) 55.29 55.32
Length of employment
(years) 14.07 14.41
Date of birth (year) 1906.25 1906.23
Year first employed 1943.31 1943.30
Year last employed 1961.53 1961.55
TABLE 2

Distribution of 405 lung cancer deaths and 1,215

matched controls by cumulative lifetime radiation

exposure at Portsmouth Naval Shipyard, Kittery,
ME, January 1, 1952 to August 15, 1977

Cumulative lifetime Cases Controls
radiation exposure % 7
(rem) exposed exposed
No history 284 70.1 885 728
0.0 21 5.2 60 4.9
0.001-0.029 14 35 40 3.3
0.030-0.099 19 4.7 44 3.6
0.100-0.499 14 3.5 77 6.3
0.500-0.999 15 3.7 29 2.4
1.000-4.999 25 6.2 47 39
5.000-14.999 8 2.0 20 1.6
=15.00 5 1.2 13 1.1
Total 405 100 1,215 100
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TABLE 3
Mantel-Haenszel odds ratio for cumulative lifetime
radiation exposures: 405 lung cancer deaths and 1,215
matched controls, Portsmouth Naval Shipyard,
Kittery, ME, January 1, 1952 to August 15, 1977

Cumulative .
cadiaton  Exposed Exposed MO CE
exposure cases  controls ratios intervals
(rem)
Any history 121 330 1.23  0.91-1.67
0.0 21 60 1.17 0.68-2.04
0.001-0.999 62 190 111 0.77-1.61
1.0-4.999 25 47 1.81 1.05-3.12
=5.0 13 33 1.37 0.68-2.78

sis (3). Restricting the analysis to workers
with a cumulative lifetime radiation dose
of 0.0 rem and to those with exposure of
between 0.001 and 0.999 rem compared
with those with no radiation history did not
appreciably change the odds ratio (odds
ratio (OR) = 1.17, 95 per cent CI = 0.68-
2.04 and OR = 1.11, 95 per cent CI = 0.77-
1.61, respectively). A comparison of work-
ers with cumulative lifetime radiation ex-
posure of 1.00-4.999 rem with those having
no history of radiation yielded a statisti-
cally significant odds ratio of 1.81 (95 per
cent CI = 1.05-3.12). However, a compari-
son of workers who had a cumulative life-
time exposure of 5.00 rem or greater with
those who had no exposure yielded an odds
ratio of 1.37, which was not statistically
significant (95 per cent CI = 0.68-2.78).

Asbestos

Asbestos exposure was an obvious factor
to consider when evaluating lung cancer
mortality in a shipyard population (8).
Lung cancer cases were found to have an
odds ratio of 1.24 for ever having worked
in an probable asbestos-classified job (95
per cent CI = 0.92-1.68) (table 4). When a
requirement was imposed for a minimum
of five years of exposure, the odds ratio
increased to 1.53 (95 per cent CI = 0.99-
2.36), and with a minimum requirement of
10 years of exposure, the odds ratio was
1.61 (95 per cent CI = 0.94-2.75). Although
none of these elevated odds ratios are sta-

tistically significant, possibly due to the
small number of cases in the latter cate-
gories, a progressive increase in odds ratios
with increasing duration of exposure is ap-
parent.

A history of ever having worked in a job
classified as having either a probable or
potential asbestos exposure yielded an odds
ratio of 1.25 (95 per cent CI = 0.99-1.58).
With a minimum requirement of five years
exposure in such jobs, the odds ratio in-
creased to 1.31 (95 per cent CI = 0.97-1.78).
However, when a 10-year minimum re-
quirement was imposed, the odds ratio de-
creased to 1.18 (95 per cent CI = 0.83-1.69).

Almost all employees of shop 56 (Pipe
Shop) were classified as having probable or
potential asbestos exposure. Odds ratios for
ever having worked in shop 56, for working
a minimum of five years, and for working a
minimum of 10 years were calculated. All
of these odds ratios were significantly ele-
vated, and they increased from 1.43 (95 per

TABLE 4

Mantel-Haenszel odds ratios for asbestos exposure:
405 lung cancer deaths and 1,215 matched controls,
Portsmouth Naval Shipyard, Kittery, ME, January 1,
1952 to August 15, 1977

Matched 95%
Amount Exposed Exposed odds  confidence
of exposure cases  controls ratios intervals
Probable exposure

Ever exposed 71 178 1.24 0.92-1.68
Minimum 5

years 35 68 1.53  0.99-2.36
Minimum 10

years 24 42 1.61  0.94-2.75

Probable or potential exposure

Ever exposed 213 576 1.25 0.99-1.58
Minimum 5

years 111 242 1.31  0.97-1.78
Minimum 10

years 73 146 1.18 0.83-1.69

Shop 56 (Pipe Shop)

Ever exposed 59 131 143  1.03-2.00
Minimum 5

years 31 53 1.83 1.14-2.95
Minimum 10

years 21 33 1.99 1.10-3.58
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cent CI = 1.03-2.00) for having ever worked
in shop 56 to 1.83 (95 per cent CI = 1.14-
2.95) for persons with at least five years
experience in the shop, and 1.99 (95 per
cent CI = 1.10-3.58) for persons with at
least 10 years experience.

Welding

Occupational exposures to the by-prod-
ucts of welding have also been associated
with increased risk of lung cancer (9). Some
odds ratios for welding exposure were ele-
vated, although statistical significance was
not demonstrated overall for jobs with
probable exposure to welding (table 5).

Significantly elevated odds ratios were
present for working in a job with either a
probable or potential welding exposure.
The odds ratio for ever having worked in
such a job was 1.46 (95 per cent CI = 1.17-
1.83), that for working a minimum of five
years was 1.41 (95 per cent CI = 1.06-1.87),
and that for working a minimum of 10 years
was 1.24 (95 per cent CI = 0.89-1.74).

TABLE 5

Mantel-Haenszel odds ratios for welding exposure:
405 lung cancer deaths and 1,215 matched controls,
Portsmouth Naval Shipyard, Kittery, ME, January 1,
1952 to August 15, 1977

Matched 95%
of oxposure eases camurols  0dds . confidence
ratios intervals
Probable exposure

Ever exposed 41 111 1.13  0.76-1.68
Minimum 5

years 28 71 1.20 0.74-1.92
Minimum 10

years 16 49 093 0.50-1.72

Probable or potential exposure

Ever exposed 236 597 146 1.17-1.83
Minimum 5

years 143 310 1.41  1.06-1.87
Minimum 10

years 91 190 1.24 0.89-1.74

Shop 26 (Welding Shop)

Ever exposed 41 111 1.13 0.76-1.68
Minimum 5

years 28 73 1.16 0.73-1.86
Minimum 10

years 16 54 083 0.46-1.53

Almost all persons assigned to shop 26
(Welding Shop) were involved in welding.
Odds ratios for ever having worked in this
shop, for working a minimum of five years,
and for working a minimum of 10 years
were 1.13, 1.16, and 0.83, respectively. None
of these ratios were statistically significant.

Asbestos and welding combination

Because of considerable overlap of study
subjects among the categories of asbestos
exposure, welding exposure, and assign-
ment to the welding and pipe shops, it is
not readily apparent which exposure or in-
teraction of exposures account for the ele-
vated odds ratios. To facilitate the present
evaluation, we therefore combined jobs
classified as having asbestos and welding
exposures and treated them as one expo-
sure category. Lung cancer odds ratios for
this combined category are presented in
table 6. For ever having had experience in
a job classified as having any exposure to
asbestos or welding, the odds ratio was 1.43
(95 per cent CI = 1.12-1.81). With a five-
year minimum exposure requirement, the
odds ratio became 1.50 (95 per cent CI =
1.11-2.04), and for a minimum of 10 years,
the ratio was 1.38 (95 per cent CI = 0.97-
1.98).

Radiation and possible confounders

To determine if the elevated odds ratios
associated with radiation exposure were at-
tributable to radiation exposure itself or if
they resulted from an association between
radiation and exposure to other known car-
cinogens, we controlled for asbestos and
welding exposure by using conditional lo-
gistic regression (11) with both radiation
and the combined asbestos/welding expo-
sure variables in the model. Odds ratios
and 95 per cent confidence intervals were
calculated for ever having a radiation
history and for categories corresponding
to cumulative radiation histories of 0.0,
0.001-0.999, 1.0-4.999, and equal to or
greater than 5.00 rem, all corrected for as-
bestos/welding. In addition, possible inter-
action between radiation exposure and as-



RADIATION EXPOSURE AND LUNG CANCER

bestos/welding exposure was tested using
the conditional logistic model. This model
revealed no statistically significant inter-
action between these exposures. The inter-
action term was then removed from the
model before exposure odds ratios were es-
timated. The estimated odds ratio for ever
having a history of radiation (OR = 1.18,
95 per cent CI = 0.86-1.62), for a dose of
0.0 rem (OR = 1.13, 95 per cent CI = 0.65-
1.96), for doses of 0.001-0.999 rem (OR =
1.07, 95 per cent CI = 0.74-1.55), for doses
of 1.00-4.999 rem (OR = 1.68, 95 per cent
CI = 0.97-2.91), and for doses equal to or
greater than 5.00 rem (OR = 1.23, 95 per
cent CI = 0.60-2.51) were all nonsignificant
(table 7), although the category 1.00-4.999
rem was associated with a higher odds ratio
as compared with the other categories. The
odds ratio for asbestos/welding exposure
(with radiation exposure in the model) was

TABLE 6
Mantel-Haenszel odds ratios for all asbestos and
welding exposures: 405 lung cancer deaths and 1,215
matched controls, Portsmouth Naval Shipyard,
Kittery, ME, January 1, 1952 to August 15, 1977

Matched 95%

of e e s 0dds  confidence

ratios intervals

Ever exposed 267 706 143 1.12-1.81
Minimum 5

years 152 317 1.50 1.11-2.04
Minimum 10

years 96 181 1.38 0.97-1.98
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significant (OR = 1.41; 95 per cent CI =
1.10-1.81).

To investigate further the possibility of
a higher risk of lung cancer with increased
cumulative exposure to radiation, we as-
sessed dose-response relations. Several
models were fit to characterize the shape
and significance of a potential dose-
response curve. The probability of death
from lung cancer was modeled as a function
of the variable dose, dose + dose?, and the
natural log of dose. All three models were
nonsignificant, with the best fit achieved
by the log dose model.

Effect of lagging exposures

Meaningful analysis of lung cancer mor-
tality required consideration of induction-
latency periods. Because the exact latency
period for radiation-induced cancer after
prolonged exposure is unknown, exposure
was lagged five, 10, 15, and 20 years from
the death of each case. In this analysis,
odds ratios were not found to be significant
for exposure to any amount of radiation or
at any of the lag periods examined (table
7). Odds ratios for radiation displayed no
pattern of progressive increase as lag inter-
vals became larger. However, the wide con-
fidence intervals observed for the larger lag
periods demonstrated that few workers in
this population had experienced radiation
exposure 15 or more years prior to death of
the case. In contrast, all odds ratios for

TABLE 7
Odds ratios (OR) and 95% confidence intervals (CI) for exposures to radiation and to asbestos or welding among
lung cancer deaths and controls as determined by conditional logistic regression for selected lag periods,
Portsmouth Naval Shipyard, Kittery, ME, January 1, 1952 to August 15, 1977

Lag period (years)
Exposure
(rem) 0 5 10 15 20
OR 95% C1 OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Any history 1.18 0.86-1.62 094 0.68-1.32 091 0.62-1.32 1.56 0.98-2.46 1.01 0.40-2.57
0.0 1.13 0.65-1.96 0.74 0.38-1.43 083 0.42-1.64 1.82 0.83-3.94 0.00 —
0.001-0.999 1.07 0.74-1.55 0.88 0.59-1.30 0.84 0.54-1.33 1.72 0.98-298 1.64 0.57-4.69
1.00-4.999 1.68 097-291 1.60 0.90-2.83 1.38 0.73-2.64 1.64 0.71-3.79 0.95 0.10-9.26
=5.00 1.23 0.60-2.51 0.87 0.40-1.90 0.67 0.36-1.83 0.29 0.04-2.27 0.00 —*
Asbestos/welding 141 1.10-1.81 147 1.14-190 1.60 1.24-2.07 158 1.21-2.06 1.63 1.23-2.16

* Not calculable.
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asbestos/welding exposure remained signif-
icantly elevated across all lag periods. In
fact, odds ratios for those exposures in-
creased relative to nonlagged analysis
through the five- and 10-year lag periods
before leveling off through the 15- and 20-
year periods.

DiscussioN

In this case-control study of 405 lung
cancer deaths at the Portsmouth Naval
Shipyard, odds ratios for exposure to
gamma and x-radiation were elevated,
whether exposure was defined as 1) any
recorded radiation history, 2) measured cu-
mulative exposure to 0.0 rem, 3) cumulative
exposure to 0.001-0.999 rem, 4) cumulative
exposure to 1.00-4.999 rem, or 5) cumula-
tive exposure to at least 5.00 rem. The
increase was statistically significant for the
group with exposure to 1.0-4.999 rem when
exposure to other known lung carcinogens
was not considered. This finding was not
unexpected because this group was, in es-
sence, the same as that identified previ-
ously in a retrospective cohort mortality
study of this population as having excess
mortality from lung cancer (3). The obser-
vation of an elevated odds ratio in this
group therefore substantiates the results of
the standardized mortality ratio study, but
does not by itself establish radiation as a
factor in the etiology of lung cancer in
workers at the Portsmouth Naval Ship-
yard.

Therefore, further analyses were per-
formed to evaluate whether radiation itself
or a combination of occupational exposures
was responsible for the observed excess in
lung cancer mortality at Portsmouth Naval
Shipyard. These analyses revealed in-
creased odds of having worked in areas in
which asbestos and/or welding by-products
were believed to be present. Separation of
the effects of welding from those of asbestos
was not possible because most persons with
exposure to one of these agents also had
exposure to the other. However, analysis of
the group with the greatest exposures to

asbestos (shop 56 workers) supports the
notion that asbestos is responsible for some
of the lung cancer risk; the most highly
significant odds ratios were seen for this
group.

Because exposures to asbestos and weld-
ing by-products were both significantly as-
sociated with mortality from lung cancer,
attempts were made to consider the poten-
tial confounding effect of these combined
exposures upon the observed association
between radiation exposure and lung can-
cer. In this analysis, odds ratios for radia-
tion exposure decreased for all dose cate-
gories examined. Thus, the hypothesis that
radiation exposure accounted for the ob-
served excess in lung cancer mortality could
not be substantiated. Instead, it appears
that exposures to asbestos and/or welding
by-products were in large part responsible
for the excess risk and confounded the ob-
served association between radiation ex-
posure and lung cancer.

In evaluating these findings, it is impor-
tant to consider the potential importance
for misclassification in the designation of
various shops and jobs as having exposure
to asbestos or welding by-products. In large
part, these designations were subjective de-
terminations based on examination of
sparse industrial hygiene data, supple-
mented by field surveys and discussions
with Portsmouth Naval Shipyard person-
nel. Most asbestos exposures had occurred
prior to efforts by the shipyard to curtail
them. Efforts were made to reduce misclas-
sification in coding of all work histories by
ensuring that all coders were blind to des-
ignation of cases and controls. The possi-
bility of misclassification is considerably
less likely for radiation exposures, in which
there exists a relatively high degree of con-
fidence in the data.

Another possible source of error in this
study is selection of controls. Controls were
selected and work histories coded in 1980.
Since then, a preferred technique for con-
trol selection has been suggested (7). This
technique calls for selecting controls ran-
domly from the pool of persons alive and
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at risk of dying from lung cancer at the
time the case dies. In an attempt to address
the possible effect on the results of our
approach to control selection, we conducted
a supplementary analysis that restricted
the study population by requiring the con-
trol to survive the case. With these restric-
tions, the size of the study population was
diminished to 1,307 persons, 387 cases and
920 controls. Odds ratios for radiation cat-
egories 0.0 rem (OR = 1.13), 0.001-0.999
rem (OR = 1.09), 1.00-4.999 rem (OR =
1.80), and equal to or greater than 5.00 rem
(OR = 1.20) were essentially unchanged in
this analysis. In addition, the odds ratio for
ashestos/welding exposure continued to
show a statistically significant elevation
(OR = 1.41, p = 0.012).

Radiation exposure has not existed in
this shipyard for as many years as expo-
sures to asbestos and welding. For that
reason, our results may conceivably change
in the future with the accumulation of ad-
ditional latency.

No smoking histories were available in
this study. A differential of smoking habits
between workers exposed and those not
exposed to radiation could introduce con-
siderable bias on our results because of the
well-documented synergistic relation be-
tween smoking and asbestos (12). In addi-
tion, because the shipyard recruited for job
classifications such as planners and esti-
mators from the ranks of the blue-collar
tradesmen, there was no way to use job
classification (as an indication of socioeco-
nomic status) as a surrogate for smoking.
However, we had no evidence indicating
that radiation workers smoked either more
or less than did other workers in the pop-
ulation. Therefore, throughout our analy-
sis, we have assumed that the proportions
of smokers and the number of cigarettes
smoked were the same in all groups.

Statistical power calculations conducted
at the outset of this investigation were in-
tended to enable selection of an adequate
number of controls for optimum study size.
The lowest odds ratio considered was 1.5.
Detection of odds ratios of less than 1.5 has

statistical power considerably lower. For
instance, the power of this study to detect
a true relative risk of 1.3 was 56 per cent,
and that to detect a true relative risk of 1.2
was 31 per cent. It is possible, therefore,
that low excess relative risks could exist in
this population, but could not be statisti-
cally detected. Although there is some dis-
agreement as to the magnitude of excess
risk at low levels of gamma and x-radiation,
it can be deduced from most studies that
the relative risk associated with the average
dose in this cohort (<1 rem) would be below
1.1 (13-17). Although we were aware of the
low power of this study for detection of
slight excess risk at the outset, we were
compelled to investigate the findings of the
earlier cohort life table analysis (3) in
greater detail. Qur results are not inconsis-
tent with the body of scientific literature
concerning the relation between radiation
and lung cancer (13-17).
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