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A retrospective follow-up study is in progress of mortality and mor-
bidity among persons who reportedly received greater than or equal
to 5 rem [50 millisieverts {mSv)]} of penetrating ionizing radiation in
any calendar year of employment at all facilities operated for the U.S.
Department of Energy (DOE) or its predecessor agencies. The pur-
pose is to identfy any adverse health outcomes and to determine if
any such outcomes are related to prior occupadonal radiadon expo-~
sure at these facilides. A population of 3145 present and former civil-
ian ewnployees at DOE facilities and at the 1.S. Navy's Nuclear Re-
actor Propulsion Program {INRPP) who meet the radiation exposure
criteria were idendfied from personnel radiation monitoring records
maintained at the facilides for the years 1943 through 1978. Vital
status through 1984 was determined for 86.6 percent of this popula-
don; 588 deaths (18.6%) were observed. The median career external
radiation dose for individuals in the populadon through 1978 was
153.4 mSv, with a collective dose of 718.0 person-Sv. The median
duradon of follow-up was 20 years, with a total of approximacely
69,000 person-years. Using comparable age/race/gender groups in
the U.S. general population as the standards, monality through 1984
was examined for all white males (N = 2392) and for two subcohorts
of this group for whom viral status was known for more than 90
percent: black males (N = 131}, and other males for whom no race
data were available (N = 280). The remainder of the populaton
comprised 235 females and 317 persons for whom race and gender data
were unavailable. The overall mortality experience of the total whire
male cohort was consistent with a healthy worker effect. Standardized
mortality ratios (SMRs) for all causes of death combined (SMR. =
0.88) and diseases of the circulatory {SMR = 0.78) and digestive
{(SMR = (1.52) systems were statistically significandy decreased. Mor-
tality due to all cancers combined was similar to that of the compar-
ison group (SMR = 1.09). There were no statistically significant
differences in monality due to cancers of the major organ systems,
including those stwongly associated with cxposure to high levels of
radiation in other populations. Mornality increases observed for non-
Hodgkin's lymphoma (SMR = 2.26) and all lymphatic malignancies
combined (SMR = 1.46) were not stadstically significant. Three of
the five deaths in the *'other lymphatic inalignancy™ category were
due to multiple myeloina; there were no deaths due to Hodgkin's
lymphoma, malignant bone disease, or cancer of the thyroid gland.
Lung cancer mortality (SMR = 1.09) was as expecred. No significane
deviations in monality experience were observed within the two
white male subcohorts nor in the other race/ gender groups evaluared,

except that there were no deaths due to leukemia in either of the
white male subcohorts. Further analyses and follow-up of this
population are dependent on the research interests of the respon-
sible agencies. Frr, S.A,; Durree, E.A.; Swe, AH.; Seer, D.L.; Walace,
P.W.: A STUDY OF MORTALTY AND MORBIDITY AMONG PERSONS OCCUPATIONALLY
Exrosen 1O =50 mSv IN A YEAR: PHasE |, MORTALTY THROUGH 1984, Apm.
Cccur. Environ. Hya, 11{4):334-343; 1996.

Introduction

bservations and long-term tollow-up studies of radiation

workers employed before 1940 have made major coneri-
butions to the knowledge and understanding of the effects of
ionizing radiations on health, and thereby to the establishment
of radiation protection standards. These popularions were ex-
posed to levels of radiation and radicactive materals thar by
today’s standards would be considered high, bue which often
were unmeasured at the time of the exposure. Comprehensive
reviews of studies of mortalitv are the usual end point of
interest among such occupationally exposed populations and
others exposed externally to high levels of radiation as the
result of nuclear explosions, medical diagnosis and therapy, or
extensive experintental studies. They have confirmed increased
risks of malignant diseases overall and of a varery of site-
specific malignancies as being the major long-term effects of
exposure to acute or fractioned doses of radiation above 0.5
Gy.U=® Data are becoming increasingly available from studies
in the United Staces and abroad of workers exposed to low levels
of radiation under conditions reflecting more modemn occu-
pational radiation protection procedures and standards. =" In
these studies, although mortaliy has conctinued to be the end
point of interest, external dose estimates used in the analysis
have been based on radiation monitoring data recorded for
individual study subjects at the time of exposure, using con-
temporary personnel dosimeters. In many instances, mortality
among these populations has been found to be similar ro or
lower than that expecred among the general populaton. In
some populations, stadistically significant deficirs of deaths have
been observed due to all causes of death combined, to cardio-
vascular systemn diseases, and to some site-specific cancers.
However, increased risks associated with exposure to externat
radiation have been idencified among some of these popula-
tions for all cancers combined:''*'? cancers of lymphohema-
topoictic system, ™ lung ('Y bladder, prosaate; ™ and mulkiple
myeloma.?-1% Most of these associarions are based on small
numbers of deachs, and only rarely take into account other
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occupational or nonoccupational factors, such as cigarerte
smoking, that also may influence the health of these pop-
ulations. Thus, despite the infusion of these new dara, the
question of the risks to health of exposure to radiation at
occupationally low levels remains open, and it is a point
of discussion among the scientific community and of sig-
nificant public concern. In addition, these studies have
provided little or no data on whether cancer morulity
as an end point provides a sensitive measure of the effects
of exposure to low levels of radiation. Nor have they
addressed the probability of late disease end points other
than cancer.

Uncertainties continue about the effects on human health of
low levels of radiation, and the magnitude of any increased
risks for radiogenic cancer at such levels. These uncertainties
are related to the dearth of study populations having sufficient
size, collective dose, and years of follow-up to yield unequiv-
ocal results. A swudy of workers reported to have received
whole-body doses of 50 mSv or more of penetrating radiation
in at least one calendar year while employed by the U.S,
Department of Energy (DOE), its predecessor agencies and
their contractors (DXOE/contractor), or as civilian shipyard
employees in the U.S. Naval Reactor Propulsion Program
(INRPP), provides an opportunity to address the question of
the risk to human health of low tevels of radiation and to better
define the upper limit of the nisk than was previously possible.
In chis artcle we describe the ongoing follow-up study of
mortality and morbidity among this populaton of DOE con-
tractor and civilian shipyard employees, characrerize the study
population, and present the results of an inirial evaluation of
the study’s mortality experience relative to the U.S. population
through 1984 wich special reference to white males in the toral
cohort.

Background

The basis for this study is the =50-mSv registry that we began
compiling for DOE in 1979. The =30-mSv per calendar year
(50-mS3v/y) measure was chosen by DOE as the dose criterion
for inclusion in the registry because of a 1978 Congressional
concern about the long-term health experience of DOE con-
tractor employees who had equalled or exceeded the 50-mSv
annual occupational, external, whole-body radiation protec-
tion standard. It was also anticipated that individuals having
such reportable overexposures would be readily identifiable
from records maintained by facility contractors for DOE and
predecessor agencies. DOE’s initial plans called for the =50-
m3Sv registry to serve as the basis for hands-on medical fol-
low-up of che registrants. On learning this, Admirat Hyman
Rickover, U.S. Navy, reportedly requested the inclusion in
the registry of civilians who had met the =50-mSv/year
criterton while employed in the NRPP. The scope of the
registry was expanded accordingly. Plans for medical fol-
low-up of =30-mSv registrants were modified later, and an
epidemiologic approach was proposed to enable a records-
based evaluation of morrality and morbidiny among the cohort.
As the study dara were compiled it was increasingly recognized
that the 50-mSv cohort could also provide a rare opportunity
to directly evaluate the cancer nsks of exposure to tow levels of
radiation. A three-phase, retrospective cohort study was de-
signed to achieve these objectives by evalvating: (1) mortality
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among the =50-mSv cohort relative to the general {external)
population, (Phase 1); (2) cohort mortality relative to =50-
mSv/y workers at the same facilities {internal reference pop-
ulation, Phase 2); and (3) cohort morbidity relative to the same
internal reference population (Phase 3). Phases 2 and 3 were
designed to take occupational radiation exposures into ac-
count. Phase 3 provided for a health survey questionnaire to be
administered by telephone for =Z30-m3v cohort members and
their matched comparisons, or the proxies of deceased subjects
identified from among the poo!l of =50-mSv workers at the
corresponding facility. By this approach it was also planned to
determine by use of established models whether the estimates
of msk for radiogenic cancer in the =50-mSv cohort are
consistent with those derived from data obtained from studies
of populations who were exposed to high levels of radiation.
Another question was whether morbidity, including noncan-
cer morbidity, is a more sensitive end point than mortality for
evaluating the health effects of low levels of radiation. The
=50-mSv study was subsequently developed as a component
of the Health and Mortality Study (HMS) of DOE Workers
that has been conducted for DOE by Oak Ridge Associated
Universities (ORAU) and other contract epidemiology groups
since 1977. The HMS was planned to eventually encompass
the total population of persons ever employed any time from
1943 onward, at any of the DOE (and predecessor agencies)
and contractor facilities nationwide. It has been estimated tha,
from 1943 through 1978, this population comprised 600,000
persons.®® The =50-mSv cohort was identified among this
population.

Operations in which the DOE/contractor employees have
been involved at contractor facilities represent the participation
of the federal government from the Manhattan Project (1942)
onward, in the postmining through the prewaste-disposal
phases of the nuclear fuel cycle. These operations have in-
volved both research and development and production. The
potential for external and internal exposure to ionizing radia-
tion and industdal chemicals has varied, depending on the
facility, the nature of the operadons, and the time penod.
Processes conducted ac the facilities of interest include uranium
milling, conversion, and ennchment; fuel fabncation, repro-
cessing, reactor and weapons research and development; and
radiopharmaceutical research, development, and production
for medical diagnosis and therapy. The INRPP operations at
U.S. shipyards surveyed began in the 1950s with the inszalla-
tion of nuclear reactors in surface and submarine vessels. The
potential for radiation exposure on these jobs during this
period was low initially but increased in the 1960s as the vessels
were overhauled and reficted. In the lacter period, NRPP
operations included sandblasting, chipping, and other dust-
producing support and naintenance operations; cobalt-60 was
a primary source of external gamma radiation in these opera-
tions.®? Nonradiological hazards at DOE’s facilities included
organic solvents, cutting oils, and toxic metals such as uranium,
lead, cadmium, nickel, mercun-. and beryllium. Asbestos was a
potential hazard at many DOE sites and in the NR PP opera-
tions. Employees included in the =30-mSv roster from ship-
yards with NRPP were also included in a swdy by
Matanoski.t'¥
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FIGURE 1. Distribution of vear of first 250-mSv exposures among total cohort (N = 3145).

Materials and Methods

Berween 1979 and 1982, the external persounel radiation
monitorng (health phvsics) records for current and former
employees at over 60 active contractor facilities of the DOE
and its predecessor agencies and 8 nuclear shipyards were
surveyed by DOE and facility contractor personnel in response
to a DOE directive to identify to ORAU current or former
civilian employees who, in a calendar vear at these facilities,
had received =30 mSv of whole-body, penerrating, ionizing
radiation from external sources. Contract operators of active
facilities also were asked to complete a questionnaire that
sought to characterize the radiation hazards, monitoring prac-
tices, and the types and frequency of records kept over all years
of each facility’s operation, and ro identify the form and
location in which they currently existed.*? The question-
naires generally were completed by knowledgeable, long-term
contractor employees. Staff at ORAU also searched archived
records of former employees at several closed facilities for the
same putpose. The =50-mSv/y dose estimates reported for
individuals were based on the recorded readings from: personal
radjation monitonng devices (Figures | and 2). The types of
the devices changed over rime, from pocket dosimeters to film
badges and, later, thermoluminescemt devices, as did frequency
of monttoring, from daily (in some instances) to weekly,
monthly and, more recently, quarterly or annually. By defui-
tion, radiation doses to skin from external beta-emitters, or
internally deposited radionuclides, including cwirium, were not
considered as contributing to the =30-mSv/y exposures that
qualified individuals for inclusion in the registry. Similarly,

individuals who had tozal career doses of 250 mSv but whaose
annual doses never equalled nor exceeded 50 mSv did nor
qualify for inclusion in the registry. The =50 mSv in a calendar
year inclusion coterion was dictated by the regulations
whereby occupational exposures were accumulated over a
calendar year, wirh annual doses of =30 mSv being reportable.
For each individual identified from the facilities’ health physics
records as meeting the inclusion criteria, respondents were
asked also to provide dawa on the following attnbutes: tull
name, social securty number (SSN}, race, gender, date of
birth, date of first hire and of last termination from the facility
of the =50-mSv/y record, whether this period of unemploy-
ment was continuous, vear of an individual’s first =50-mSv
exposure and the measure of thar exposure, the number of
calendar years in which an individual received =50 mSv
extermally to the whole body, and the individual’s external
penetrating radiation dose accumulated over all years of em-
ploynient at thac facility to separation or through 1978, which-
ever was earlier. For the purposes of our descriptive analysis it
was decided not to retrieve data on any additional radiation
doses received in 1979 through 1984 by qualified individuals
who were sall employed at the reporting facility after 1978.
Also, it was decided that this analvsis would not use cumularve
radiation dose in a time-dependent manmner.

By these methods, a toral of 3145 individuals were identified
who met the criteda for inclusion in the regisery. Of chese,
2035 (64.7%) were current and tonmer DXOE and contractor
employees who were identified at 32 of the 68 IDOE faciliries

it
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FIGURE 2. Distribution of cumulative dose groups among the =50-mSv cohort (N = 3145).

surveyed; 1110 (35.3%) were NRPP personnel identified at 7
of the 8 shipyards surveyed. Roster data reported for each
registrant were of varying degrees of completeness, as not all
the epidemiologically necessary or desirable arributes were
included on all radiadion monttoring records. The form and
format of recorded data also varied within and between facil-
ities and over tme. Additional searches, often extensive, by
facility contractor employees and ORAU's Registry staff were
conducted of other rypes of facility records systems, including
personnel and, occasionally, medical records in order w locate
values for key atribuces such as race, gender, and birthdare.
Efforts were made to venfy that the =530-mSv/y exposures
identified were actual measured exposures to penetrating ra-
diation, did nort include exposures to other qualities of radia-
tion or sources, and were not adminiscrarively assigned nor
accumulated by inclusion of radiation exposures incurred in
prior employment. Information on race could not be found for
531 (16.9%) individuals in the total cohort. Of these, 239 (18
DOE/contractor and 221 NRPP emplovees) were designated
as “white” based on knowledge that historically the work-
forces at specific sites were predominandy white. A total of 270
(8.3%) individuals in the entire cohort lacked gender informa-
tion. Of these. 261 (107 DOE/contractor and 154 NRPP
employees) were designated as “male” based on first name and
knowledge thar the workforces at their facilities were predom-
inandy male. Individuals known or assumed to be male (239
DOE/contractor and 41 NIRPP employees), but for whom no
assumipuon as to race couid be made, were designated as
“*other males” for the purpose of the study.
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The toral cohort was followed through Decemnber 31, 1984,
using a number of sources of vital status information, including
the Social Security Administration, the National Death Index
for deaths after 1978, Office of Personnel Managemient (active
and annuitanc sections}, Health Care Finance Agency, Pen-
sions Benefit Information, Inc., and states’ Departments of
Motor Vehicles. It was often necessary to search multiple
sources 1o determine the vital status of individuals whose plant
records did not include an SSN. This was a problem particu-
larly in tracing individuals who tenninated before 1955 from
facilities in California and New Mexico. These facilities were
managed and operated for DOE by the University of Califor-
nia, which, pder to 1935, subscobed to California's state
retirement system, not to the Social Security Administration.
Death certificates were retrieved from states” Vieal Records
Offices for persons identified as deceased by any source. The
certificates were verified as belonging to a cohort member
using a standardized algorithm matching death certificate data
against employment data. Underlving causes of deaths and any
recorded centributing cancer causes were coded to the Eighth
Revision Intemnational Classificarion of Discases, Adapted for Use in
the United States (ICDA-8), by nosologists trained by the Na-
tional Center for Health Staristics.®?)

For our analysis of mortality through 1984 (Phase 1), 3
subgroups of interest were identified among the entire =50-
mSv cohorr. Subgroup 1 consisted of white males employed at
DOE/contracror or NIRPP facihiies (N = 2392), including
those assumed to be *‘male’™ or “white” as previously de-
scribed, who received =50 mSv in any calendar year between
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1943 and 1978. Although the exposure period initially defined
for inclusion in the =50-mSv registry was 1947 through 1978,
a review of records for individuals identified for inclusion
revealed that 181 had received =50 mSv/year prior to 1947. It
was decided to retain them in the registry and to include them
in the overall cohort charactenzation and analysis, acknowl-
edging that there may have been incomplete ascertainment of
workers with =50 mSv/y prior to 1947; Subgroup 2 consisted
of white males (as defined above} employed by DOE or its
contractors who received their first =250 mSv/y between 1947
and 1978 and whose first =50-mSv exposure was <250 mSv
(N = 1412). These inclusion criteria met the registry critenion
for exposure period and gave a minimum of 6 years' follow-up
from the last year through which the total radiation dose was
accurnulated. The <230-mSv upper himit fot the first =50-
mSv/y dose was selected because exposures of Z250 mSv are
classified as radiadon accidents, and accidental irradiation at
this level 15 assumed to result in exposure at higher dose tates
than occurs in the workplace under normal operations. Persons
accidentally exposed to =250 mSv at DOE facilities are in-
cluded in the DOE’s United States Radiation Accident Reg-
istry;@% Subgroup 3 consisted of white males (as defined
above) employed by DOE and its contractors who received
greater than or equal to 50 and less than 250 mSv/y any year
from 1947 through 1964 (N = 1138). This definition gave a
minimum of 20 years’ follow-up from the first =50-mSv
exposure; it also potentially served to identfy the white male
subgroup with the highest radiation doses among the entire
cohort, given that prior o 1962 the annual occupational
external radiation dose limit for workers was 150 mSv or
greater. Also included as Subgroup + were black males (N =
131}, and Subgroup 3, all known males for whom no race data
were available nor could be assumed (“other” males; N =
280). The Mortality Analysis Systermn (MAS) was used to cal-
culate standardized mortality rados (SMRs). The MAS was
developed at ORAU to produce observed and expected mor-
tality and person-year tables and can be used for external and
internal comparisons.©® For the white male group and two
white male, DOE/contractor employee subgroups, the num-
bers of deaths observed among the various race/gender groups
of the =50-mSv cohort due to all causes of death and all
cancers, and also those due to cause or site-specific disease for
which there were more than two deaths, were compared with
the expected numbers of deaths among the U.S. population,
specific for race and gender and adjusted for 3-year age and
calendar year. Mortalicy among the “other males” group was
compared both to that expected for U.S. white and U.S.
nonwhite males. Individuals for whom data were missing {e.g.,
birth data) thar were critical for one or more of the analyses
conducted were excluded from the analyses as necessary. Per-
son-years of follow-up were accumulated for each study sub-
ject from the midpoiut of the year of the first =50-mSv/y
exposure through the date of death or loss to follow-up, or
December 31, 1984, whichever was earliest, Ninety-five per-
cent confidence limits for the SMRs were estimated, assuming
a Poisson distrbution of the observed numbers of dearhs.
Mortality was evaluared for the white male subgroups with
respect to duration of employment of less than or equal o (5
vears and more than 15 years—the median duration of em-

loyment for the entire white nmale group. The effect of

APPL.OCCUP. ENVIRON.HYG.
11(4) APRIL 1996

occupational radiation exposure on mortality among the =50--
mSv cohort was not evaluated in this initial analyss, as retrieval
of annual radiation monitoring records was not coniplete for all
site-specific groups of =50-mSv cohort members. Momnality
among females in the cohort (N = 25) and for a group of
individuals (N = 317} who lacked data (e.g., birthdate, race)
crittcal for inclusion in the SMR analyses was examined but
not compared to a standard. No plant-specific analyses were
conducted because of the small numbers of deaths available for
each plant or facility.

Results
The demographic, employment, radiation dose and follow-up
characteristics of the entire =50-mSv cohort and the major
race/ gender subgroups are summarized in Table 1. Table 1 also
shows the distrbution of values for similar actnbutes among
two selected subgroups of the white male group. These three
groups of white males were the main focus of the mortality
analyses because of their larger numbers and the completeness
of vital status follow-up relative to other groups within the
entire cohort. Differences between the descniptive statistcs for
the three white male groups are due to the increasingly re-
strictive criteria used in defining them. Using median values,
and when compared to the group of white male DOE and
NRPP =50-mSv/y employees combined, a member of the
DOE white male subgroups entered the study earlier (1936),
had a shorter interval (2 years) benween time hired and first
=50-mSv exposure, was emploved almost half as long (8
years), had a career dose that was lower by 20 to 30 mSv, and
had a longer period of follow-up (26 —28 vears). Female cohort
melnbers were observed to have employment and exposure
patterns that were different from those of any male group. The
patterns observed among the females reflect employment needs
and practices duning and immediately after World War 1.
While NRPP personnel were observed to account for about
one third of the entire =30-mSv/y cohort and the white male
group, they comprsed almost two thirds of the black male
subgroup. Approximately two thirds of the entire cohort was
retired or terminated prior to December 31, 1978, The median
year of entry into the study (ie., year of first =50-mSv
exposure) was 1960, with DOE/contractor personnel ac-
counting for 96.4 percent of the entries from 1943 through
1959 but only 33 percent of those from 1960 through 1978.
This distribution reflects the later start of NRPP operattons
relative to DOE’s, and the impact of more stringent radiation
protection standards and practices. These included the intro-
duction of the Z50-mSv/y standard in 1961, and the NRPP's
implementation in 1968 of an =30-mSv/y exposure limit in
response to the increasing incidence of Z50-mSv/y exposures
among the NRPP personnel. The latter situation was related to
the increase in refitting operations among nuclear-powered
naval vessels that began in the nud 1960s. The highest indi-
vidual cumulative dose” was 44,010 mSv, which was incurred
in a fatal criticality accident in 1938.9% The white male group
and the two white male subgroups for whom mortality anal-
yses were conducted incurred §3.2, 42.5 and 33.5 percenr,
respectively, of the collective dose of the entire cohorr (718
person-Sv).

Table 2 shows the distribution of the total external radiarion
doses accumulated by =50-mSv cohort members during em-
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TABLE 1. Distribution of Employment, Exposure, and Follow-Up Chorocteristics Among the Equolled or Exceeded 50-mSv Cohort by Race/Gender

Groups .

Total Cohort WMA BM® oM< Fe UUE
Characteristic (N = 3145) (N=12392) (N=131) (N=280) (N=25 (N =317)
DOE contractor employees (%) 2035 (64.7) 1515 (63.4) 50 (38.2) 239 (85.4) 23 (92.0) 208 (65.6)
Shipyard employees (%) 1110 (35.3) 877 (36.6) 81 (61.8) 41 (14.6) 2(8.0) 109 (34.4)
Hire year® 1954 1955 1953 1955 1948 1954
Hire age (years)F 27 27 26 27 34 k3l
Preexposure years (PEY)% 3 4 8 2 5 3
No. years employed® 14.0 15.0 19.0 7.0 11.0 8.0
Year of first Z50-mSv exposuref 1960 1962 1965 1956 1951 1956
First =50-mSv exposure (mSv)F 59.5 60.0 61.0 57.7 77.0 58.0
Range (mSv) 50.0—44,010.0 50.0-44,010.0 50.0-200.0 50.0-581.0 51.9-700.0 50.0-273.0
Cumulaave dose {(mSv)® 153.4 170.1 179.0 80.4 138.0 120.8
Range {mSv) 50.0—4,010.0 50.0-44,010.0 56.0-692.0 50.6-588.0 55.0-705.0 30.4-631.0
Total population dose (Sv) 718.0 612.0 259 29.3 4.02 46.4
Age at first 250-mSv exposure {yrjf 33 33 36 32 355 ¥
Length of follow-up (vears)® 20 19 18 28 29 22
AWhite males.
BBlack males.

©Nonwhite/nonblack males.

1 = femnales.

E = individuals excluded trom analyses; insufficient dara.
FMedian value,

G = number of years emptoved before fimt 230-mSv exposure,

ployment at the facility ar which they received 250-1nSv/y.
The number of years in which individuals in the entire cohort
received =50-mSv ranged from 1 (N = 2478, 82.1%) to 9
(N = 30.1%), but none received =30-mSv/y at more than
one facility. Approximately 85 percent of the DOE/contractor
employees in the 250-mSv cohort members was shown to
have been employed by a DOE/contracror only at the faciliry
at which they received their first doses 230-mSv/y.

The results of viral status follow-up and death certificare
retrieval for the known deachs among the total cohort and
other subgroups of interest are shown in Table 3. Although
vital status through Decemnber 1984 was deteninined for only

2720 (86.6%) of the total cohort, most of the individuals lost to
follow-up wete lost after 1978, representing a loss of approx-
imnately 3 percent of the rotal possible person-years if follow-up
had been complete through the end of the study. Loss to
follow-up among the DQE/contractor employees was ac-
counted for primarily by workers formerly emploved ar nwo
facilities. Factors contributing ro the difficulty of tracing indi-
viduals at these particular facilities were the absence of SSNs
for many of the workers who terminared from the first faciliry
before 1955, and that a number of the emiployees at the second
facility were Pacific Islanders. Follow-up was most complete
for the nwo subgroups of white male DOE/conrractor em-

TABLE 2. Distribution of Employment, Exposure, and Follow-Up Choracteristics Among Selected Equalled or Exceeded 50-mSv White Male

Subcohorts

All White Males®

DOE White Males® DOE White Males<

Characteristic (N = 2392) (N = 1412) (N = 1138)
Hire year® 1955 1954 1932
Hire age (years)P 27 28 28
Preexposure vears? 4 2 2

No. years emploved” 15.0 8.5 8.0
Year of first Z30-mSv exposure® 1962 1956 1956
First =30-mSv exposure® 60.0 60.0 60.0
Cumulative dose {mSv)P 170.1 150.5 141.0
Range (mSv) 50.0—44,010.0 50.0-1078.0 50.0-1078.0
Toral population dose (5v) 612.0 304.8 240.5
Age at fist =50-mSv exposure (vears)® 33 32 32
Length of follow-up (vears)® 19 26 28
Tortal person-years 54,000 35,000 30,000

ADQE contractor and shipvard employees with Z50-m5v/y, 1943-1978,
UPDOE contractor emplovees with =50 and <250 mSv/y, 1947-1978.
CDOE contractor workers. =3{) and <230 mSv/y, 1947-1964.
DMedian value.




340 SA Fryetal

TABLE 3. Vital Status {1984) Amang Equalled or Exceeded 50-mSv Cohort by Subcohorts of Interest

APPL.OCCUP.ENVIRON.HYG.
11(4) APRIL 1996

No. of No. Alive No. Dead (*%); No. Unknown
Race/Gender Persons (%) Certified® (%)
White males® 2392¢ 1636 (68.4)< 450 (18.8); 97.1¢ 306 (12.8)¢

14040 1001 (70.9)° 305 (21.6); 98.3P 106 (7.5)0

11388 767 (67.4)F 280 (24.6); 98.0F 91 (8.0)F
Black males 131 80 (61.1) 35 (26.7); 100.0 16 (12.2)
Males, other races 280 202 (72.1) 38 (13.6); 921 40 {14.3}
Females 25 9 (36.0} 9 (36.0); 88.9 7 (28.0)
Excluded from analyses 317 205 (64.4) 56 (17.7); 91.1 56 (17.6)
Total 3145 2132 (67.8) 588 (18.7); 96.3 425 (13.4)

APercent of known deaths wirh retrieved death certificates.

BSubeohores of the toral Z5-rem cohort included in momalicy analyses.
CDOE contractor and shipyard employees with 250 mSv/y, 1943-1978,
PDOE contractor employees with 250 to <250 mSv/v, 1947-1978.
EDOE contractor workers, 250 1o <250 mSv/v, 1947-1964.

ployees (92.5 and 92% complete, respectively). Death certifi-
cate retrieval also was most complete for the known deaths in
these two subgroups (98.3 and 98.0% complete, tespectively).

The 588 deaths due to all causes combined aniong the entire
=50-mSv cohort through 1984 are enumerated by ICDA-8
code categories in Table 4. Also displayed in Table 4 are the
numbers of deaths observed and the SMRs obtained for the
same cause of death categones for the white males (WM) (448
deaths), WM!I {DOE employees, 1947-1978) {305 deaths), and
WMIL (DOE emplovees, 1947-1964) (280 deaths) groups,
using the UJ.S. white male population as the standard. Staris-
tically significant mortality deficits were observed among the
WM and WMI groups due to all causes of death combined and
all nonmalignant diseases of the circulatory and digesuve sys-
tems (Tables 53 and 6). Only mortality due to all nonmalignant
diseases of the circulatory system was sratstically significantly

decteased among the WMII group. Morality in all other
cause-of-death categores, including all cancers combined and
site-specific cancers, was not sutistically significandy diffetent
from chat expected among the general population for the WM,
WMI, and WMII groups. No deaths were observed among the
entire =50-mSv cohert due to cancers of bone or thyroid
gland, or Hodgkin's disease. The SMRs were obtained only
for deaths due to all causes combined and all cancers combined
among the other race/gender groups identified in the entire
cohott, using the appropriate race/gender gtoups among the
U.S. general population as the standards. Overall mortality
among the other males {OM) group compared favorably with
that expected among the U.S. white males (38 deaths, SMR =
60, and even more so with that among the U.S. non-white
male population (38 deaths, SMR. = 38). Mortality was within
the expected range for the black male (BM) group (35 deaths,

TABLE 4. Monolity {1984] Due to All Couses, and All Concers Combined, Among Subcohorts of the Total Equalled or Exceeded 50-mSv Cohort

All Causes (000-999)~

All Cancers (149-209)2

Population Observed SMR 95% CI Observed SMR 95% CI
Total cohert 588 NA NA 159 NA NA
All WM 418 83 8097 127 109 90-129
NRPP WM 1 79 65-95 33 101 70-141
DOE WM?P 305 86 77-97 83 103 82-128
DOE WM© 280 90 79-100 76 107 85-134
All BM 35 94 65-130 9 119 54-226
All OM 38 7

WM 60 42-82 18 19-98
NWM 38 27-52 34 1470
All F 8 NA NA 3 NA NA
Uuu 56 NA NA [+ NA NA

ATCDA-8 codes.

UDOE/contractor employees, =50 mSv and <250 mSv/y, 19471973,
“DOE/contractor emplovees, =50 mSv and <250 mSv/y, 1947-1964.
SMR. = standardized morubility ratio.

Cl = confidence interval.

WM = white males.

NWM = nomwhite males.

BM = black inales,

OM = mmles, other races.

F = females.

UU = race, gender, or other missing data.
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TABLE 5. Standardized Morlality Ratias far Selected Causes of Death [1984) Among the All White Male* and All White Male DOE/DOE Conhractor

Employees® in the Equolled or Exceeded 50-mSv Cohort®

All White Males

White Males, DOE/DOE Contractors

Caunse (ICDA-8)P Observed SMR. 95% CIF Observed SMR. 95% CIF
All causes (001-999) 448 88 8097 305 86 7797
All cancers (140-209) 126 109 90-129 83 103 82-128
Oral cancer (140-149) 5 136 44-318 5 196 63—437
Digestive organs, peritoneum 36 124 87-171 25 123 80-182
{(150-159)
Esophagus (130} 6 213 77464 6 307
Stomach (151) 3 &5 13-191 2 62 70-224
Large intestine {153) 14 142 77-238 8 117 50-230
Rectum {154} 6 211 77460 5 250
Liver, gall bladder (155, 156) 2 95 11-343 1 68
Pancreas (157) 4 65 18-169 3 71 14-208
Larynx (161) 3 174 2 166
Lung (162, 163) 16 109 80-146 24 83 53-123
Bone (170) 0 (0.-HE 0 0 (0.3)E 0
Skin (172, 173) 0 (2.4 0 0 (1.7)E 0
Prostate {183) 6 107 39-232 6 152 52-230
Bladder (188) 0 (2.7t 0 0 (1.9)F 0
Kidney (189) + 131 35-335 2 95 11-341
Brain, CNS (191, 192) 3 128 41-298 3 1 22-326
Thyroid 0 (0.22)F 0 0 (0.15)F 0
All lymphoma, hematopoietic 13 115 61-197 11 141 70-252
{200-209)
Lymphosarcoma (200) 3 226 72-327 5 321
Hodgkin {201) 0 (1.28)% 0 0 (0.88)%
Leukemias (204-207) 2 +7 5-168 0297~ 0
Other lymphatic {202, 203, 208) > 146 47-342 5 213 68—496
Benign neoplasms 3 340 4 390
All circulatory {390—$38) 190 78 63-90 137 80 68-95
All respiratory (460-3{9) 28 97 64-140 18 89 53-140
All digestve {320-377) 14 52 28-87 10 54 26-99
Al genitourinary + 76 20-194 3 80 16-233
All external injuries {800-999) 42 79 56—-105 28 78 52-113
Suicide (950-939) 14 104 57-175 11 122 61-219
AN = 2385
BN = 1404
SN = 3145.

O Tntemational Classificatian of Disease, 8th Revision. ()
ENumber of deaths expected.
FConfidence intervals; not calculated when Jess than nwo deaths are expected.

SMR = 94), Overall cancer mortality was within the expected
ranges for these race/gender groups except for the OM group,
for whom there was a statistically significant deficit of cancers.
However, these SMRs may be artificiully low due to under-
ascerainment of deaths for these groups. Follow-up was only
72 percent complete for the 25 females in the =50-mSv
cohort. Of the 8 cerrfied deaths for this group, 3 were due to
cancer (1 death each due to cancer of the pancreas, lung, and
breast cancer). Four other female deaths were due to diseases of
the circulatory system, and 1 was acribuced to “senility” and
ill-defined causes.

Discussion
The results of rhis iuitial evaluation of mortality among the
cohort reported ro have recetved =50 mSv/y while employed

at DOE or NRPP facilities suggest that members of this cohort
generally are not at significantly increased risk of dying when
compared wich the U.S. general population. The evidence was
strongest for the two white male groups (WMI and WMII) for
whom acceptable levels of follow-up and death data were
available. Some evidence of a Healthy Worker Effect®”) was
observed among all three white male groups, specifically with
respect to diseases of the circulatory and respiratory sysrems.
Morulity due to cancers of the lung and pancreas, which have
been associated with cigarette smoking in a number of popu-
lations, was less than expected among the IDOE/contractor
employee groups WMI and WAMIL. The deficit of deaths due
to leukenna among the white males studied was in contrast to
the significantly increased risks of leukemia mortality obsen-ed
among the major populations exposed to high doses of radia-
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TABLE &. Mortality Due ko Lymphatic System Malignancies Among All White Moles® in the Equalled or Exceeded 50-mSv Cohoris, ond Subcahorts
of White Mdles Exposed to 250 mSv/y Only at DOE Contractor Focilities Between 1947-19788 ond 1947-1964C

DOE/Contractors DOE Contractors
All White Males 1947-1978 1947-1964

Cause (ICDA-8) O/E SMR O/E SMR O/E SMR
All lymphatic malignancies (200-209) 13/11.28 1.15 11/7.80 1.41 11/6.89 1.60
Lympho, Ret. Sarcoma (200} 5/2.22 2.26 5/1.55 3.23 5/1.38 3.62
Hodgkin's diseases {201) 0/1.28 NC 0/0.88 NC /0.79 NC
Leukemia, aleukemia (204-207) 2/4.29 0.47 0/2.97 NC 0/2.62 NC
Other lymphatic malignancies (202, 203, 208) 5/3.42 1.46 5/2.35 2.13 5/2.05 2.44
AN = 2395,

BN = 1404,

CN = 1138

D Intemarional Classification of Disease, 8th Revision. @Y
O/E = observed/expected.
SMR = standardized mortality rauo.

tion at high dose rates.®2% However, the underascertainment
of deaths and the small numbers of deaths in che groups studied
tend to undermine the stability and reliability of these results.
Further and more complete follow-up and analyses to include
information about more receut deaths and occupational histo-
res are warranted to obtain more definirive results, address
questions about the epidemiologic significance of the varia-
tions in mottality noted by the Phase | analysis relative to the
general population, and evaluate the health risks of low levels
of radiation in this populacion.
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