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A matched case-control study was conducted of 53 leukemia deaths and of
212 controls within a previously studied cohort of 24,545 on-shore workers
employed between January 1, 1952 and August 15, 1977 at the Portsmouth (New
Hampshire) Naval Shipyard. The study sought to ascertain a priori whether there
was an association between leukemia deaths and occupational exposure to
either lonizing radiation or organic solvents. To obtain information on individual
exposures, radiation dose histories and detailed work histories by job and shop
were evaluated for each subject. No statistically significant associations were
found either between ionizing radiation or presumed solvent exposure and
myelogenous or lymphatic leukemia. However, when specific job categories and
shops were examined without benefit of a priori hypotheses, two occupations,
electrician and welder, were found to be associated with leukemia. For electri-
clians, the Mantel-Haenszel odds ratio (OR.) was significantly elevated for all
leukemias (OR. = 3.00, 95% confidence interval (Cl) = 1.29-6.98), particularly
for lymphatic leukemia (ORu = 6.00, 85% Cl = 1.47-24.45). For welders, the
odds ratio was not significantly etevated for all leukemias (ORu = 2.25, 95% CI
= 0.92-5.53), but was significantly elevated for myeloid leukemia (OR., = 3.83,
95% Cl = 1.28-11.48). These findings persisted when potential confounders were

adjusted by means of a conditional logistic regression model.
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In 1978, Najarian and Colton (1) re-
ported that nuclear workers at the Ports-
mouth (New Hampshire) Naval Shipyard
had experienced a fivefold increase in pro-
portional mortality due to leukemia and a

twofold increase due to all cancers com-
bined. Consequently, the Subcommittee on
Health and the Environment of the United
States House of Representatives requested
that the Department of Health and Human
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Services conduct an epidemiologic investi-
gation into increased mortality at the
Portsmouth Naval Shipyard. The National
Institute for Occupational Safety and
Health was directed to undertake this re-
search. A protocol was developed for a ret-
rospective cohort mortality study of the
entire shipyard population and, in particu-
lar, of workers exposed to ionizing radia-
tion. In addition, the protocol indicated
that follow-up case-control studies may
have to be conducted on specific causes of
death, in the event that any unusual pat-
terns of mortality were uncovered during
the cohort analysis.

The data from the cohort study con-
ducted by the National Institute for Occu-
pational Safety and Health (2, 3) did not
support the previous findings (1) of in-
creased mortality either due to leukemia or
to all cancers combined. In addition, no
excess mortality, from any cause, was ob-
served in shipyard workers who had been
occupationally exposed to radiation. The
principal explanation for the discrepancies
between the findings of the two studies
appeared to have been misclassification of
data on radiation exposure histories by the
original researchers, due to faulty recall of
work histories by the next of kin of de-
ceased workers (4).

Although no overall excess mortality due
to cancer of any site was observed in the
cohort study, a decision was made to con-
duct a case-control analysis of deaths due
to leukemia to examine a variety of poten-
tial occupational risk factors. This decision
followed the observation that leukemia
deaths occurred more often than expected
for persons who had accumulated a lifetime
radiation dosage of at least 1.0 rem while
employed at the Portsmouth Naval Ship-
yard. In this subgroup of workers, four
deaths were observed versus 2.5 expected
(standardized mortality ratio = 1.60, 95 per
cent confidence interval = 0.51-3.86).

Ideally, an assessment of relationships
between occupational exposures and leu-
kemia deaths at the Portsmouth Naval
Shipyard would have been accomplished by
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stratification of work histories in the cohort
analysis. However, this approach would
have required coding of complete work his-
tories for the entire shipyard work force
(24,545 workers). Such an effort would have
been prohibitively difficult. Thus, a case-
control study was undertaken which re-
quired that work history information be
coded only for leukemia cases and for their
matched controls. Odds ratios for leukemia
could then be derived by comparing expo-
sures and/or jobs and shops of the leukemia
cases with those of the controls.

In addition to radiation exposure, work-
ers at the Portsmouth Naval Shipyard were
potentially exposed to a variety of organic
solvents including benzene, a known hu-
man leukemogen. The association of ben-
zene with leukemia, particularly with acute
myelogenous leukemia, has been reported
in numerous case studies and established
in several epidemiologic analyses (5-10).
These results have been reviewed and con-
firmed by the International Agency for Re-
search on Cancer (11) and by the National
Institute for Occupational Safety and
Health (12). In addition, the shipyard
workers may have been exposed to other
organic solvents such as xylene, toluene,
acetone, methylene chloride, methyl ethyl
ketone, carbon tetrachloride and tetra-
chloroethane. An excess risk of leukemia
has been suggested (7, 13, 14), but not
established, among workers exposed to or-
ganic solvents other than benzene.

This report presents the results of the
case-control study of leukemia deaths at
the Portsmouth Naval Shipyard conducted
by the National Institute for Occupational
Safety and Health. Risk factors of a priori
interest in the study included exposures to
ionizing radiation and solvents. However,
all other job categories and shops at the
shipyard were also evaluated for possible
associations with leukemia.

MATERIALS AND METHODS
Case and control selection

The study population in which this case-
control analysis was carried out included
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all white males who had worked at the
Portsmouth Naval Shipyard at any time
between January 1, 1952 and August 15,
1977 (n = 24,545). Within this population,
cases were defined for the present study as
all deceased persons as of the end of 1980
(end of follow-up period) for whom leuke-
mia had been coded as an underlying or
contributory cause of death. This procedure
differed from the cohort study (2, 3), which
only included those deaths that occurred
through August 15, 1977 for which leuke-
mia was coded as the underlying cause of
death. Medical records were sought for all
individuals for whom the underlying or
contributory cause of death was listed on
the death certificate as leukemia, but not
for any potential controls. If the coding of
leukemia from the death certificate could
not be confirmed by the available medical
records, the case was excluded from further
analysis. The leukemia cases were then
characterized by specific cell types as noted
in the medical records.

Matched controls for each leukemia case
were selected from the 24,545 member
study population after excluding persons
who had died from hematopoietic or lym-
phatic malignancies. Controls were further
required to have lived as long as the case,
so that they had the same chance of devel-
oping disease. Each case was then com-
pared to every potential remaining control
based on three criteria: absolute difference
in years between birth dates, dates first
employed, and duration of employment at
the Portsmouth Naval Shipyard. These dif-
ferences were summed to constitute a score.
For each case, the four noncases with the
lowest scores were selected as controls.
Each case had an equal opportunity of
being matched with its four best controls
since the controls were “moved” from one
case to another until the most appropriate
matches resulted. This was done to ensure
utmost distributional comparability be-
tween the cases and their matching con-
trols. The 4:1 matching ratio yielded an 80
per cent power of detecting a true relative
risk of dying from leukemia of 2.2 (a =
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0.05) among those workers exposed to ion-
izing radiation.

Radiation exposure and occupational
history

The Portsmouth Naval Shipyard is a
large industrial complex which employs on-
shore workers in various trades of design-
ing, manufacturing, overhauling, and re-
fueling of conventional and nuclear naval
vessels. Any employee who worked on a
nuclear-powered submarine had a potential
for radiation exposure (15). The major
source of both internal and external radia-
tion exposure at the Portsmouth Naval
Shipyard is cobalt-60, which is an activa-
tion product found in the nuclear reactor
cooling system. A few employees at the
Portsmouth Naval Shipyard also have been
exposed to neutron radiation over the
years, but only one worker (a control) in
this study had received neutron exposure
(0.122 rem). All radiation workers (i.e., em-
ployees who entered controlled radiation
areas or who handled radioactive material)
were monitored for radiation exposure.

Records maintained by the Portsmouth
Naval Shipyard on each employee’s radia-
tion dose since the early 1950s were used
to evaluate individual risk of exposure to
ionizing radiation. During the early 1950s,
film badges were required to be worn by
only a small group of industrial radiogra-
phers who were involved in the x-ray ex-
amination of the integrity of welds. When
nuclear propulsion work began at the
Portsmouth Naval Shipyard in 1958, the
radiologic control program was expanded
so that any employee at the Portsmouth
Naval Shipyard who had a possibility of
being exposed to radiation, regardless of job
classification, was required to wear a film
badge. The badges were processed at least
monthly. In October 1974, the film badges
were replaced by calcium fluoride thermo-
luminescent dosimeters. These badges were
processed daily. Individual doses were re-
corded at least monthly in the employee’s
radiation exposure record (DD 1141) and
medical record. Internal deposition of ra-
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dicactive material was monitored by bio-
assay and whole body counting techniques.

The radiologic control program at the
Portsmouth Naval Shipyard consisted of
approximately 140 professional, technical,
and support personnel. These individuals
had the responsibility of assuring that ad-
equate radiologic control procedures were
employed and that personnel were being
monitored continuously for radiation doses.
The program was constantly being evalu-
ated by on-site representatives of the US
Department of Energy and audited by the
Naval Sea Systems Command Headquar-
ters staff.

Detailed job history information was
coded for each case and control. A classifi-
cation system was developed which grouped
the numerous shops and jobs by common-
ality of processes, materials handled, and
occupational exposures utilizing informa-
tion from the Portsmouth Naval Shipyard
staff, personnel records, and an industrial
hygiene survey conducted in 1980 by staff
of the National Institute for Occupational
Safety and Health. This classification sys-
tem was supplemented by the limited his-
torical industrial hygiene data provided by
the Portsmouth Naval Shipyard. As an ex-
ample, an “electrical” shop was a specific
area where electricians and other skilled
and unskilled workers performed their
tasks at the Portsmouth Naval Shipyard
facility. The title “electrician,” to illustrate
a job title, included both electricians who
were assigned to the electrical shop as well
as electricians who worked in and were
assigned to other shops at the Portsmouth
Naval Shipyard. Personnel records indi-
cated any changes for workers in shop or
job assignment and the date of each new
assignment. Every job held by the cases
and controls was assigned a shop and a job
code. This classification system allowed ex-
amination of potential health risk by shop,
job, or combination of both shop and job.
However, no individual exposure monitor-
ing program for potentially hazardous
agents, other than radiation, was main-
tained by the Portsmouth Naval Shipyard.
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Therefore, the intensity or extent of poten-
tially hazardous exposures associated with
each shop and job could not be directly
quantified.

The job categories with the greatest po-
tential for exposures to organic solvents
included cleaner (tool, equipment, or indus-
trial), carpenter, painter, fuel worker, and
rubber and/or plastic worker. Because of
the diversity of job types and potential ex-
posures within any one shop, it was recog-
nized that the extent of solvent exposure
varied considerably among the workers
within each shop.

Analysis

Matched odds ratios were calculated us-
ing a computer program developed at the
University of North Carolina (16) for ana-
lyzing case-control studies. For each expo-
sure group tested, a Mantel-Haenszel odds
ratio (17) and a 95 per cent confidence
interval were obtained. Analyses were per-
formed for all leukemias as well as for spe-
cific cell types. Radiation exposures were
compared between cases and controls with
the cumulative radiation dose categories
defined as follows: 1) never in the radiation
program, 2) in the radiation program, but
having no measurable radiation dose (0.0
rem), 3) 0.001-0.999 rem, and 4) 1.0 rem or
greater. For calculation of the odds ratios,
nonexposure was defined as never having
been in the radiation program, and expo-
sure was defined as having been in any of
the three other dose categories. A compar-
ison was also made between those workers
in the most highly irradiated group (=1.0
rem) and those persons who had been in
the radiation program but with no measur-
able radiation dose (0.0 rem). This compar-
ison was intended to reduce any selection
bias which might have resulted from radia-
tion workers being pre-selected from the
Portsmouth Naval Shipyard population
after a mandatory physical examination
and, therefore, being “healthier” than other
shipyard workers. A comparison between
cases and controls of potential exposures
to organic solvents was undertaken for
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three job categories: ever exposed; exposed
less than 10 years; and exposed 10 or more
years. Potential associations with leukemia
were also sought in all other jobs and shops
at the Portsmouth Naval Shipyard in which
at least three cases had worked; however,
no a priori hypotheses existed with regard
to these other jobs and shops.

The Mantel-Haenszel method (17) is
best suited for examination of one exposure
variable at a time when using matched con-
trols. To control for possible confounding
exposures other than the one being exam-
ined, and to evaluate interactions on a mul-
tiplicative scale, a conditional logistic
regression model was employed. This model
allowed assessment of each exposure vari-
able while controlling for the possible ef-
fects of other exposure variables and for
interactions between them (18-20). Two
separate analyses were applied within the
conditional logistic regression model: one
in which cumulative radiation dose and the
number of years employed in jobs and shops
were considered as categoric variables; and
the other in which these variables were
considered as continuous. The categoric
analysis was conducted because its expo-
sure_classifications were comparable with
those in the univariate analysis. The con-
tinuous variable analysis was conducted to
make use of the more precise exposure in-
formation (cumulative radiation dose and
length of employment in various jobs) that
was actually available for each study mem-
ber. The average exposures of the exposed
controls were assumed to be representative
of the average exposures in the entire ship-
yard work force. These values were used to
calculate odds ratios in the continuous vari-
able analyses. For radiation exposure, the
values were the average accumulated radia-
tion dose (in rem); for jobs and shops, the
values were the average number of years
employed in that job or shop. (Odds ratios
for other values of the exposure variables,
X, can be calculated as exp(8X) and their
95 per cent confidence interval as exp(8X
+ ZXS), where 8 is the regression coeffi-
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cient, S is the standard error of 8, and Z is
the normal value at the desired significance
level.) Because the latent period for leuke-
mia induced by radiation is suspected to be
as ghort as a few years (21), a separate
analysis was conducted employing the con-
ditional logistic regression model in which
radiation exposures received by cases and
their respective controls five years or fewer
prior to the date of death of the case were
eliminated. In all analyses, a 5 per cent «a
level was used to determine statistical sig-
nificance.

RESULTS

Fifty-seven cases of leukemia were iden-
tified, in comparison with the 39 leukemia
deaths considered in the previous cohort
mortality study (3). The additional 18 cases
resulted from 12 cases with leukemia coded
as a contributory cause of death, and six
cases who died of leukemia subsequent to
the closing date of the cohort study in 1977.
Four deaths in which leukemia was listed
on the death certificate were subsequently
eliminated from case selection because
medical records indicated that two were
plasma cell dyscrasias (multiple myeloma),
one was an aleukemic leukemia, and one
was a cytopenic leukemia. According to the
above criteria, we established 53 cases of
leukemias, which included 29 myeloid, 21
lymphatic, one monocytic, and two of un-
known cell type. No attempt was made to
classify these cases with regard to whether
the leukemia was acute or chronic. Very
close agreement was obtained between the
53 cases and their respective controls on all
matching variables (figures 1-3). The av-
erage number of jobs held by cases (1.96)
and controls (2.08) at the Portsmouth Na-
val Shipyard was also very similar.

Univariate analysis

Radiation. Eleven of 53 cases (21 per
cent) had a history of having been moni-
tored for radiation exposure; of these, six
had accumulated a radiation dose of at least
1 rem. In comparison, 55 of the 212 controls
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FIGURE 1. Agreement on percentile of birth year between 53 leukemia cases and their matched controls at
a naval nuclear shipyard: Portsmouth Naval Shipyard, New Hampshire, January 1, 1952-August 15, 1977.
Cases: mean = 1904; range = 1892-1939. Controls: mean = 1904; range = 1892-1940.
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FIGURE 2. Agreement on percentile of year of first employment between 53 leukemia cases and their matched
controls at a naval nuclear shipyard: Portsmouth Naval Shipyard, New Hampshire, January 1, 1952-August
15, 1977. Cases: mean = 1940; range = 1914-1963. Controls: mean = 1940; range = 1914-1963.
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FIGURE 3. Agreement on percentile of duration of employment (years) between 53 leukemia cases and their
matched controls at a naval nuclear shipyard: Portsmouth Naval Shipyard, New Hampshire, January 1, 1952~
August 15, 1977. Cases: mean = 22; range = 0-47. Controls: mean = 22; range = 0—46.

(26 per cent) had a history of being moni-
tored for radiation exposure at the Ports-
mouth Naval Shipyard, including 11 who
had accumulated a radiation dose of at least
1 rem. Only one case (15.29 rem) and no
controls had accumulated a radiation dose
of more than 5 rem during their employ-
ment at the shipyard. For all leukemia com-
bined, an odds ratio above 1.0 was seen
only for those workers who had accumu-
lated at least 1.0 rem of exposure; this odds
ratio, however, was not statistically signifi-
cant (table 1). For lymphatic leukemia, no
evidence of an association with radiation
exposure was observed at any level. For
myeloid leukemia, an odds ratio of 2.24 was
obtained for workers who had accumulated
at least 1.0 rem of exposure, but, again, this
ratio was not statistically significant. When
this latter group was further compared with
those workers who had been in the radia-
tion program but who had no measurable
radiation dose (0.0 rem), no statistically
significant result was obtained (odds ratio
= 5.33, 95 per cent confidence interval =
0.61-45.99).

Solvents. Odds ratios were elevated, al-

though not significantly so, for persons ever
employed in jobs with potential for organic
solvent exposures (table 2). This elevation
was seen both for duration of employment
of less than 10 years as well as for duration
of employment of 10 years or more. Odds
ratios were consistently above 1.0 for both
myeloid and lymphatic leukemia, but,
again, none was statistically significant and
there was no significant association for
either cell type with duration of employ-
ment. Review of work histories indicated
that all nine leukemia cases who worked in
jobs with potential for organic solvent ex-
posure had been employed during the 1940s
and early 19508 when benzene was still in
use at the Portsmouth Naval Shipyard.
Carpentry was the job category for seven of
these nine cases. An analysis conducted for
carpentry showed elevated odds ratios for
all leukemia, myeloid leukemia, and lym-
phatic leukemia; none was statistically sig-
nificant (table 3). Interestingly, five of the
seven carpenters had been employed in the
maintenance and supply shops, not in the
woodworking shop.

Other jobs and shops. An examination
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TABLE 1
Univariate analysis of leukemia by cell type and cumulative amount of radiation dose among cases and controls
at a naval nuclear shipyard: Portsmouth Naval Shipyard, New Hampshire, January 1, 1952-August 15, 1977

All leukemias Myeloid leukemia Lymphatic leukemia
Amount of radiation (rem) No. of Odds 95% copﬁ- No.of Odds 85% mPﬁ' No. of Odds 85% copﬁ-
cases ratio 9eMCEIM o ratio  gemeein- cases  ratio dence in-
terval terval terval
Not in radiation program 42 23 17
In radiation program
0.0 2 0.40 0.09-1.75 1 0.38 0.05-2.92 1 052 0.064.36
0.001-0.999 3 0.42 0.11-1.57 1 0.25 0.03-2.03 2 0.7 0.124.05
1.0+ 6 1.40 0.42-4.70 4 224 0.49-10.16 1 050 0.04-6.75
Total cases 53 29 21

* Mantel-Haenszel odds ratio compared to employees not in the radiation program.

TABLE 2
Univariate analysis of leukemia by cell type and by duration of employment in solvent-exposed jobs
among cases and controls at a naval nuclear shipyard: Portsmouth Naval Shipyard, New Hampshire,
January 1, 1952-August 15, 1977

All leukemias Myeloid leukemia Lymphatic leukemia
Solvent jobs R _ R
(vears worked) ~ No.of  Odds  ®Feonfi- g of  oqgy  BFooml-n, o ggq, 9% conf
cases ratio” terval cases ratio terval cases ratio terval

Never 44 26 17

<10 b 1.65 0.60—4.57 2 1.77 0.39-8.13 2 1.14 0.26-5.02

10+ 4 1.86 0.44-7.81 2 1.37 0.27-6.92 2 467 0.18-119.96

Ever 9 1.88 0.79-4.44 4 1.87 0.568-6.03 4 1.50 0.39-5.77

* Mantel-Haenszel odds ratio compared to employees never in a solvent job.

was made of all jobs ever held and all shops
ever worked, in which at least three or more
cases were employed (table 3). Analysis by
job category revealed a statistically signifi-
cant odds ratio for all leukemias for the job
category of electrician. This association
was greater for lymphatic leukemia than
for myeloid leukemia. Statistically signifi-
cant odds ratios were also found for lym-
phatic leukemia for the category of super-
visor (without regard of job) and for mye-
loid leukemia for that of welder. A review
of the work history records of the 13 leu-
kemia cases which occurred among super-
vigors revealed that five at some time had
been employed as either an electrician or
welder. None had accumulated a lifetime
radiation dose at the Portsmouth Naval
Shipyard of at least 1.0 rem or had ever
worked in a solvent-exposed job. Analysis
by shop category revealed statistically sig-
nificant odds ratios for lymphatic leukemia

among employees of the electrical shop and
for myeloid leukemia among employees of
the welding shop. Nine of the ten cases in
the electrical shop had the job classification
of electrician and all seven cases in the
welding shop had the job classification of
electrical welder.

Conditional logistic regression analysis

Interactions between exposure variables
and between matching and exposure vari-
ables were checked in the models with ex-
posures entered as continuous variables.
Based on the a priori hypotheses, the ex-
posure variables examined in the model
were radiation and organic solvents. Based
on the results of the univariate analyses,
electrical and welding jobs were also placed
into the model. None of the interactions
was found to be statistically significant (p
> 0.05), nor did the exclusion of these terms
appreciably alter estimates of the odds ra-
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TABLE 3
Univariate analysis of leukemia by jobs and shops in which three or more cases ever worked in descending order
of odds ratio for all leukemias at a naval nuclear shipyard: Portsmouth Naval Shipyard, New Hampshire,
January 1, 1952-August 15, 1977

All leukemias Myeloid leukemia Lymphatic leukemia
Job or shop category No. of Odds 95% co_nﬁ~ No. of Odds 95% oopﬁ- No. of Odda 96% copﬁ-
ol i Gzl pomd pig desia emesd g denein
Jobs ever held
Electrician 11 3.00 1.29-6.98 6 233 0.77-7.06 5 6.00 1.47-24.45
Carpenter 1 2,60 0.91-6.90 4 250 0.71-8.83 3 3.33 0.56-19.83
Supervisor 13 2.36  0.95-5.86 8 1.53 0.54-4.40 5 13.00 1.31-28.96
Welder 7 2.25 0.92-5.53 6 3.83 1.28-11.46 0
Sheetmetal 4 2.14 0.64-7.19 2 3.50 0.49-24.96 2 2.00 0.41-9.83
Shipfitter 11 1.564 0.67-3.54 8 1.71 0.62-4.72 3 200 041-9.76
Engineer 6 1.40 0.53-3.70 3 1.00 3 220 0.51-9.44
Outside machinist 6 091 0.38-2.22 3 1.75 0.19-2.66 2 0.88 0.17-4.40
Rigger 5 0.81 0.28-2.34 1 0.20 0.02-1.75 3 167 0.34-8.13
Pipefitter 5 0.70 0.27-1.84 3 0.86 0.25-2.93 2 0.64 0.13-3.14
Inside machinist 10 054 0.24-1.22 6 0.82 0.25-2.70 3 0.30 0.09-0.97
Shops ever worked
Electrical 10 2.57 1.11-5.96 b 2.12 0.64-7.10 b 3.8 113-12.76
Welding 1 2.25 0.92-5.53 6 3.83 1.28-11.46 0
Public works 3 2.40 0.60-9.61 1 4.00 0.31-51.79 2 2.67 0.48-14.89
Sheetmetal 4 2.08 0.64-7.19 2 3.50 0.49-24.69 2 2.00 0.35-12.35
Shipfitting 14 1.53 0.71-3.31 8 1.21 0.46-3.18 4 1.83 0.39-8.54
Woodworking 4 1.30 0.37-4.41 2 1.00 2 3.00 0.27-33.35
Outside machine 7 1.04 0.43-2.50 4 1.00 2 0.7 0.13-4.27
Planning 5 1.00 2 0.70 0.156-3.39 3 1.38  0.35-5.47
Rigging 6 1.00 1 0.22 0.02-1.75 4 260 0.57-11.86
Electrical fabri-
cation 7 0.89 0.37-2.11 4 1.44 0.38-5.55 2 040 0.10-1.53
Inside machine 6 0.68 0.26-1.75 2 0.37 0.08-1.75 3 091 0.26-3.26
Supply 4 0.68 0.24-1.95 2 0.88 0.21-3.83 2 064 0.13-3.06
Maintenance 6 0.64 0.26-1.69 4 0.96 0.24-2.48 1 0.28 0.05-1.57
Pipefitting 3 056 0.16-1.87 2 0.70 0.14-3.38 1 050 0.07-3.62

* Mantel-Haenszel odds ratio compared to employees never in that job or shop.

tios. Therefore, only main effects of radia-
tion, solvents, electrician, and welder were
included in the models. Odds ratios men-
tioned in this section were controlled for
other main effects.

Radiation. For all leukemias, when cu-
mulative radiation was examined as a
categoric variable, the only elevation in the
odds ratio was observed for those workers
with at least 1.0 rem of radiation dose (table
4). This elevation was also observed for
myeloid leukemia, but not for lymphatic
leukemia. As in the univariate analysis,
none of the odds ratios was found to be
statistically significant.

When cumulative radiation was exam-

ined as a continuous variable, results simi-
lar to those seen in the categoric analysis
were noted (table 5). Elevations in the odds
ratios were observed for all leukemias as
well as myeloid leukemia. A separate anal-
ysis, in which radiation doses received in
the last five years prior to the date of death
of each case were eliminated, resulted in
small and nonsignificant increases in the
odds ratio of no more than 2 per cent and
produced no statistically significant find-
ings (results not shown).

Solvents. The odds ratios for ever having
worked in an organic solvent-exposed job
were in excess of unity for all leukemias,
myeloid leukemia, and lymphatic leukemia
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in both the categoric analysis (table 4) and
the continuous analysis (table 5). The ra-
tios were highest for myeloid leukemia, but
none of the odds ratios reached statistical
significance. It should be noted, however,
that a one-sided 95 per cent confidence
limit would have resulted in 1.04 for all
leukemias in the continuous analysis.

Electricians and welders. For the job title
“electrician,” the odds ratio for lymphatic
leukemia was significantly elevated in the
categoric analysis (table 4), and very simi-
lar to the odds ratio obtained in the uni-
variate analysis. Statistically significant re-
sults for electricians were also observed in
the continuous analysis for all leukemias
(table 5). All other odds ratios for electri-
cians in both the categoric and continuous
analyses were elevated, but not statistically
significant. For the job title “welder,” odds
ratios in both the categoric and continuous
analyses were statistically significant for
all leukemias as well as for myeloid leuke-
mia (tables 4 and 5).

DiISCUSSION

Although a retrospective cohort mortal-
ity study of employees at the Portsmouth
Naval Shipyard (2, 3) revealed no overall
excess risk of leukemia, this case-control
analysis was undertaken to evaluate the
potential association of leukemia with spe-
cific work-environment exposures at the
Portsmouth Naval Shipyard. No statisti-
cally significant positive association of leu-
kemia with either radiation or solvent ex-
posures was found. Of the numerous rela-
tionships examined, the only statistically
significant associations with leukemia oc-
curred among electricians and welders.

The study was somewhat limited in its
ability to detect an association between
radiation exposure and leukemia because of
two factors: 1) worker cumulative lifetime
radiation exposures received at the Ports-
mouth Naval Shipyard were very low; and
2) only a few workers had received any
detectable radiation dosage. Out of 53
cases, only six had accumulated a lifetime
radiation dose of at least 1.0 rem and only
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one had accumulated a lifetime radiation
dose of more than 5.0 rem. While previous
epidemiologic investigations have demon-
strated a causal association between leu-
kemia and exposure to ionizing radiation
mainly in high-dose radiation studies (21-
30), the effects of low-dose radiation expo-
sures have not been clearly established (21,
31-34). When nuclear work began at the
Portsmouth Naval Shipyard in 1958, the
International Commission on Radiological
Protection recommended that occupational
whole-body dosage to radiation be limited
to 3.0 rem per 13-week period and that
cumulative lifetime dose not exceed an
amount calculated as five times (age — 18
years) rem (15). In 1965, the International
Commission on Radiological Protection de-
leted its age requirement and stated that
the annual radiation dose not exceed 5 rem
(15). This recommendation was derived
from estimates of risk obtained from var-
ious human epidemiologic investigations.
The Portsmouth Naval Shipyard has al-
ways established administrative dose limits
below those recommended by the Interna-
tional Committee on Radiological Protec-
tion. This procedure was reflected in the
relatively small annual radiation doses re-
ceived among all cases and controls in the
present study, which averaged less than 13
millirem (mrem) per year.

Although various jobs at the Portsmouth
Naval Shipyard required the use of organic
solvents, the elevated odds ratio observed
was mainly due to only one job category—
carpenter. The specific solvents to which
carpenters have been potentially exposed
included benzene, xylene, toluene, acetone,
methylene chloride, tetrachloroethane, and
methyl ethyl ketone. Although benzene was
not observed during the 1980 industrial hy-
giene survey carried out at the Portsmouth
Naval Shipyard by the National Institute
for QOccupational Safety and Health (2),
benzene was known to have been utilized
at the Portsmouth Naval Shipyard in the
past.

The statistically significant elevated risk
of leukemia found among electricians and
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welders in our study was noteworthy. Elec-
tricians may frequently encounter expo-
sures from metal fumes (i.e., nickel, chro-
mium, iron, or lead, etc.), solvents (includ-
ing benzene), fluxes, chlorinated biphenyls,
epoxy resins, chlorinated naphthalenes,
and electrical current. All seven welders
who were identified as having leukemia had
the job classification of electrical welder
and may have had potential for some of the
same exposures as *hose of electricians.
Similar observations felevated risk of leu-
kemia among persons employed in “electri-
cal” jobs, incl Jling those of “electrician”
and “welder,” have been reported in recent
years (35-38).

This studv was limited by a number of
factors. Firs  wvith the exception of radia-
tion exposur actual exposure levels of the
various agents vsed were not known. Con-
sequently, lengt 11 of employment in the var-
ious shops and jobs was used as an index
for exposure. Second, while an attempt was
made to identify and classify shops and jobs
by similar processes and exposures into
broad functionally identifiable groups for
analytic purposes, there were overlapping
processes and exposures between cate-
gories. Third, because of job mobility, some
of the cases and controls were classified
into multiple occupational categories.
Fourth, due to the relatively small number
of cases in this study, most of the exposure
categories had very few cases. By subdivid-
ing the cases into myeloid and lymphatic
leukemia, the number of cases in each ex-
posure category was reduced even further.
Consequently, the power of our study to
detect significant associations was limited,
as evidenced by the wide confidence inter-
vals on the odds ratios. Even the use of
one-sided 95 per cent confidence intervals,
however, would not have changed our non-
significant findings except for the category
of solvent exposures for all leukemias. Fi-
nally, tests were performed on a large num-
ber of shops and jobs for which there were
no a priori hypotheses which could have
introduced chance significant findings.

In conclusion, this case-control analysis
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among Portsmouth Naval Shipyard work-
ers who died from leukemia, and their
matched controls, was conducted in an at-
tempt to ascertain associations between
leukemia and specific exposures and occu-
pations. No statistically significant associ-
ations with leukemia were found among
workers exposed to ionizing radiation; how-
ever, an increase in the odds ratio for mye-
loid leukemia was observed among persons
who had accumulated a lifetime radiation
dose of at least 1.0 rem. For organic solvent-
exposed workers, the odds ratios were ele-
vated for all of the leukemia cell types, but
none of the odds ratios reached statistical
significance. However, statistically signifi-
cant excess risks of leukemia were noted
for those persons employed at the Ports-
mouth Naval Shipyard as electricians and
welders; these results were observed in the
univariate analysis as well as in the condi-
tional logistic regression analysis.
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