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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 

co 5 rem [50 mill..isieveru (mSv)) of penetrating ionizing radiation in 

any calendar year ofemployment at all facilities operated for the U.S. 

Deparonem of Energy (DOE) or its predecessor agencies. The pur­

pose is to identify any adverse health outcomes and co detennine if 

any such outcomes are related to prior occupational radiation expo­

sure Olt these facilities. A population of3145 present and fonner civil­

ian employees at DOE facilities and at the U.S. Navy's Nuclear Re­

aCtor Propulsion Program (NRPP) who meet the radiation exposure 

criteria were identified from personnel radiation monitoring records 
maintained at the facilities for the years 1943 through 1978. Vital 

status through 1984 was detennined for 86.6 percent of this popula­
tion; 588 deaths (18.6%) were observed. The median career extemal 

radiation dose for individuals in the population through 1978 was 

153.4 mSv. with a collectin dose of718.0 person-Sv. 'The median 

duration of follow-up was 20 years, with a total of approximately 

69,000 person-years. Using comparable age/race/gender groups in 

the U.S. general population as the standards. monality through 198~ 

was examined for all white males (N = 2392) and for two subcohons 

of this group for whom vital status was known for more than 90 
percenr: black males (N ;:; 131), and other males for whom no race 

data were available (N = 280). The remainder of the population 

comprised 25 females and 317 persons for whom race and gender data 

were unavailable. The overall mortality experience of the total white 
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 = 0.52) 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 

di./ferences in mOrtality due to cancers of the major organ systems, 

including those strongly associated with exposure to high levels of 
radiation in other populations. Monality increases observed for non­

Hodgkin's lymphoma (SMR == 2.26) and alll)mphatic malignancies 

combined (SMR == 1.46) were not statistically significant. Three of 

the five deaths in the "other lymphatic malignancy" category were 
due to multiple myeloma; there were no deaths due [Q Hodgkin's 

lymphoma. malignant bone disease, or cancer of the thyroid gland. 
Lung cancer mortality (SMR ;:; 1.09) was ~a expected. No significant 
deviations in mortality experience were observed within the twO 
white male subcohorts nor in the orher 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. FRY, S.A.; DuPREE, E.A.; SIPE, A.H.; SEILER, D.l.; WAUACE, 
P. W.: A STUDY OF MORTALITY AND MORBIDITY tw.oNG PERSONS O:CUPATIONAllY 

ExPOSED TO ~50 MSv IN A YEAR: PHAse I, ~RTAL1TY THROUGH 1984. APPl. 

OccuP. ENVl'ON. HYG. 11(4):334-343; 1996. 

O 
Introduction 

bservations and long-ternl follow-up studies of radiation 
workers employed before 1940 have made major contri ­

bmions to the knowledge and understanding of the effects of 
ionizing radiations on health, :md thereby to the establishment 
of radiation protection standards. These populations were ex­
posed to levels of radiation and radioactive materials that by 
today's standards would be considered high, but which often 
were unmeasured at the time of the e-xposure. Comprehensive 
rC'views of scudie-s of mortality are the usual end point of 
imerest among such occupationally exposed populations and 
others exposed eXlernaHy to high Ie-\'ds of radiation as the 
result of nuclear explosions, medical diagnosis and therapy, or 
exte-mive experillle-mal studies. The-y have confmne-d increased 
risks of malignant diseases overall and of J variety of site­
specifiC malignancies as be-ing the major long-term effects of 
exposure to acute or fractioned doses of radiation above 0.5 
Gy.(\-3) Data are becoming increasingly available from scudies 
in the United St:nes and abroad of workers expose-d to low levels 
of radiation under conditions reflecting more modern occu­
pational radiation protection procedures and scandards.(-t-''J) In 
these studies, although mortality has comintled to be the end 
poine of interest, external dose estimates used in the analysis 
have been base-d on radiation monitoring data recorded for 
individual study subjects at the time of exposure, lIsing C011­

te-mporary personnel dosimeters. In mJny instances, mortality 
aillong these populations has be-e-n found to be similar ro or 
lower than that expected among the general population. In 
some populations, statistically signiticant deftcirs of deaths have 
been observed due to all causes of death combined, to cardio­
vascular systell1 diseases. and co SOIlle- site-specific callceB. 
However, increased risks associated widl exposure to e-xtemal 
radiation have been identifted among some of these popula­
tions for all canceB combine-d;ll !.15) canceB of lymphohel1lJ­
topoietic systemY~) lung,(III} bbdder,(7} prostate;(.J) and multiple 
mydoIl1a.o· 1J) Most of these associ:Hiom are based on small 
lltlillbers of deaths. and only r.lrely (Jke into account other 
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occupational or nonoccupational factors, such as cigarette 
smoking, that also may influence the health of these pop­
ulations. Thus, despite the infusion of these new data, 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
niftcant public concern. In addition, these studies have 
provided lictle or no data on whether cancer mortality 
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 study of workers reported to have received 
whole-body doses of 50 mSv or more of penetrating radiation 
in at least one C:llendar year while employed by the U.S. 
Department of Energy (DOE), its predecessor agencies and 
their contractors (DOE/contractor), or as civilian shipyard 
employees in the U.S. Naval Reactor Propulsion Program 
(NRPP), provides an opportunity to address the question of 
the risk to human health of low levels of radiacion and to be[[er 
defme the upper limit of the risk than was previously possible. 
In this article we describe the ongoing follow-up study of 
mortality and morbidity among this population of DOE con­
tractor and civilian shipyard employees. characrerize the scudy 
population, and present the results of an inirial evaluation of 
the scudy's mortality experience relati\'e to the U.S. population 
through 198-1- "\vich special reference to \\"hi[e males in the taral 
cohort. 

Background 
The basis for this study is the 2:::50-mSv registry chac we began 
compiling for DOE in 1979. The 2.50-111Sv per calendar year 
(50-mSv/y) measure was chosen by DOE as the dose criterion 
for inclusion in the regjstry because of a 1978 Congressional 
concern about the long-tenn 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
mSv registry co serve as the basis for hands-on medical fol­
low-up of the registrants. On learning this, Admiral Hyman 
Rickover, U.S. Navy, reportedly requested the inclusion in 
the regisrry of civihans who had met the ~50-mSv/year 

criterion while employed in che NRPP. The scope of the 
registry was expanded accordingly. Plans for medical fol­
low-up of 2:::30-mSv regjstranrs were modified later, and an 
epidemiologic approach was proposed co enable a records­
based evaluation of morrality and morbidiry among the cohort. 
As the study data were compiled it was increasingly recognized 
that the 50-mSv cohort could also provide a rare opportunity 
to directly evaluate the cancer risks of exposure to low levels of 
radiation. A three-phase, retrospective cohon study was de­
signed to achieve these objectives by evaluating: (1) mortality 
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among the ~50-mSv cohort relacive to the general (externa.l) 
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 ~ 50-mSv cohort members and 
their matched comparisons, or the proxies of deceased subjects 
identified from among the pool of ~50-mSv workers at the 
corresponding facility. By this approach it was also planned to 
detennine by use of established models whether the estimates 
of risk for radiogenic cancer in the ~50-mSv cohort are 
consistent with chose 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 sensiti\'e end point than mortality for 
evaluating the health effects of low levels of radiation. The 
2:::50-mSv study was subsequendy 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 comract epidemiology groups 
since 1977. The HMS was planned to eventually encompass 
the total population of persons ever employed any time from 
t 943 onward, at any of the DOE (and predecessor agencies) 
and comractor facilities nationwide. It has been estimated that, 
from 1943 through 1978, this population comprised 600,000 
persons.(20) The 2:::50-mSv cohort was identified among this 
populacion. 

Operations in which the DOE/contractor employees have 
been involved at contractor facilities represent the participation 
of the federal government from the Manhattan Projen (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 intemal exposure to ionizing radia­
tion and industrial chemicals has varied, depending on the 
facility, che nature of the opera60ns, and the time period. 
Processes conducted at the facili[ies of interest include uranium 
milling, conversion, and enrichment: fuel fabrication, repro­
cessing, reaCtor and weapons research and development; and 
radiophannaceutical research. development, and production 
for medical diagnosis and ther.lpy. The NRPP operations at 
U.S. shipyards surveyed began in the 1950s with the installa­
tion of nuclear reactors in surface and submarine vessels. The 
potential for radiation exposure on these jobs during this 
period was low initially but incre.lsed in the 1960s as the \'essels 
were overhauled and refItted. In the latter period, NRPP 
operacions included sandblascing, chipping, and other dtlSt­
producing support and mainten.mce operacions; cobalc-60 was 
a primary source oCexternal ~.11llma radiation in these opera­
tions.(21) Nonradiolohrical hazards at DOE's £1Cilities included 
organic solvents. cuccing oils, and toxic metals such as uranium. 
lead. cadmium. nickel, mercury. and beryllium. Asbestos was a 
potential hazard at many DOE sites and in the NRPP opera­
tions. Employees included in the ~50-mSv roster frolll ship­
yards with NRPP were :llso included in a stmi\" by 
Matanoski.(l.'t) 
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FIGURE 1. Distriburion o(year o((mt ~50-mS\' exposures among toml cohort (N = 31--15). 

Materials and Methods 
Be[V{een 1979 and 1982, the external personnel radiation 
monitoring (heahh physics) records for current and fornler 
employees at over 60 active contractor ClCilities 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 [Q identify to ORAU current or former 
civilian employees who, in a calendar year at these facilities, 
had received 2':30 mSv of whole-body, penerrating, ionizing 
radiation from external sources. Contract operators of active 
facilities also were asked to complet~ a questionnaire that 
sought to characterize the radiation hazards, monitoring prac­
tices, and the types and frequency ofrecords kept over all years 
of each facility's operation, and co identiF:' the fornl and 
location in which they curremly existed.(22) The question­
naires generally were completed by knowledgeable, long-tenn 
contractor employees. Stalf at ORAU also searched archived 
records of fonner employees at several closed facilities for the 
same purpose. The 2':50-mSv/y dose estimates reported for 
individuals were based on the recorded readings from personal 
rad.iation monicoring devices (Figures I and 2). The types of 
the devices changed over rime, from pocket dosimeters to film 
badges and, later, thernloluminescent devices, as did frequency 
of monitoring, from daily (in some instances) to weekly, 
monthly and. more recently. qUJrterly or annually. By defmi­
cion, radiation doses to skin from external bera-emitters, or 
internally deposited radio nuclides, including tririum, were not 
considered as contributing to the 2':50-mSv/y exposures that 
qualified individuals for inclmion in the registry. Similarly, 

individuals who had total career doses of :2:50 mSv but whose 
annu,d doses ne\'er equ;llled nor exceeded 50 mSv did nor 
qualify for inclusion in the registry. The :2:50 mSv in a calendar 
ye;lr inclusion criterion was dinated by the regulations 
whereby occupational exposures were accumulated over a 
calendar year, wirh annual doses of 2':30 mSv being reportable. 
For each individual identified from the facilities' health physics 
records as meeting the inclusion criteria, respondents were 
asked ;llso to provide data on the following auributes: full 
name. social security number (SSN), race, gender, date of 
birth, date of first hire and of laSt termination from the facility 
of rhe :2:50-mSv/y record, whether this period of unemploy­
ment was continuous, year of ;'Ill individual's fmc 2':50-mSv 
exposure and the measure of thar exposure, the number of 
calendar years in which an individual received 2':50 mSv 
externally to the whole body, and the individual's external 
penetrating radiation dose accumulated over all years of em­
ployment at that 6cility to separJtion 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 198.J by qualified individuals 
who were still ~lllployed at the rt'porting facility after 1978. 
Also, it was decided that this analysis would not use cUl11ularive 
radiation dose in a time-depend~1H manner. 

By these methods, a total of3l.J3 individuals were identified 
who met the criteria for inclusion in the registry. Of these, 
2035 (64.7%) were current and tanner DOE and contractor 
employees who were idemifled ;It 32 of the 68 DOE faciliries 
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FIGURE 2. Disrribution of cumu13ti\"e d05e 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 \\'ere of varying degrees of completeness, as not all 
the epidemiologic.ally necessary or desirable attribuces were 
included on all radiarion moniwring records. The foml and 
fannat of recorded data also varied within and between facil­
ities and over time. 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 LO locate 
values for key attributes such as race, gender, and birthdare. 
Efforts were made to veritY that the ~:>O-mSv/y exposures 
identified were actual measured exposures to penetrating ra­
diation, did nOt include exposures to mha qualities of radia­
tion or sources, and were not adminisrrarively assigned nor 
accumulated by inclusion of radiation exposures incurred in 
prior employment. lnfonnation on race could not be found for 
531 (16.9%) individuals in the total cohOrt. Of these, 239 (18 
DOE/contractor and 221 NRPP employees) were designated 
as "white" based on knowledge that historically the work­
forces at specifiC sites were predomin:1I1dy white. A total of270 
(8.3 IXl) individuals in the entire cohort lacked gender infonna­
tion. Of these. 261 (107 DOE/contractor and 154 NRPP 
employees) were designated as "male" based 011 fIrSt name and 
knowledge that the worktorces at their facilities were predom­
inamJy 11l:lJe. Individuals known or assUll1ed to be male (239 
DOE/contractor and -1-1 NRPP employees), but for whom no 
assumption as to race could be made, were designated as 
"other males" tor the purpose of the study. 

The total cohort was followed through December 31, 1984, 
using a number of sources of vital statuS infonnation, including 
the Soci:1! Security Administration, the National Death Index 
for deaths after 1978, Office of Personnel Management (active 
and annuitant sections), Health Care Finance Agency, Pen­
sions Benefit Information, Inc., and states' Departments of 
Motor Vehicles. It \.vas often necessary to search multiple 
sources to detennine the vital status of individuals whose plan[ 
records did not include an SSN. This was a problem particu­
larly in tracing individuals \vho 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, prior to 1955, subscribed ro California's state 
retiremem system, not to the Soci:l1 Security Administration. 
Death certificates were retrieved from states' Vital 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 de:lth certificate dJtJ 
against employment data. Underlying causes of deaths and any 
recorded contributing cancer causes were coded to the Eighth 
Revisioll ]lIlemario/ta/ Classifici1fioll t~r Diseases, Adapted for Usc ill 

rhc Ullitcd Slates (ICDA-8), by nosologisrs trained by the Na­
tional Center for Health Statistics. (2.1) 

For om ;llulysis of mortality through 1984 (Phase l). :> 
subgroups of interest were identified among the entire ~50­
mSv cohorr. Subgroup 1 consisted of white males employed at 
DOE/contractor or NI"PP facilities (N = 2392). including 
dlOse assumed to be "malt=" or "white" as previously de­
scribed, who received ~50 ll1SV in any calendar year between 
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1943 and 1978. Although the exposure period initially defmed 
for inclusion in the :2:50-mSv registry was 19-+7 through 1978, 
a review of records for individuals identified for inclusion 
revealed that 181 had received 2:50 mSv/year prior to 1947. It 
was decided to retain them in the registry and to include them 
in the overall cohort characterization and analysis, acknowl­
edging that there may have been incomplete ascertainment of 
workers with ~50 mSv/y prior lO 1947; Subgroup 2 consisted 
of white males (as defined above) employed by DOE or its 
contractors who receiveo their fIrSt ~50 mSv/y between 1947 
and 1978 and whose first 2:50-mSv exposure was <250 mSv 
(N:::: 1412). These inclusion criteria met the registry criterion 
for exposure period .and gave a minimum of6 years' follow-up 
from the last year thmugh which the total radiation dose was 
accumulated. The <2S0-roSv uppet limit fOt the fIrSt 2:50­
mSv/y dose was selected because exposures of 2:250 mSv are 
classifled as radiation accidenls, anJ accidemal irradiation at 
this level is assumed to result in exposure at higher dose tates 
than occurs in the workpbce under normal operations. Persons 
accidentally exposed (0 2:250 mSv at DOE facilities are in­
cluded in the DOE's United States Radiation Accident Reg­
istr1';(24) Subgroup 3 consisted of white males (as defmed 
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 196.\ (N ~ 1138). This defmition gave a 
minimum of 20 years' follow-up from the fIrSt ~50-mSv 

exposure; it also potentially served w identi~· the white male 
subgroup with the highest radiation doses among the entire 
cohort, given that prior to 1962 the annual occupational 
external radiation dose limit for workers was 150 mSv or 
greater. Also included as SUbgrOllp -I- ' ...·ere black males (N = 
131), and Subgroup 3, all knO\vnl11ales for whom no race data 
were aV:lilable nor could be assumed ("other" males; N = 
280). The Mortality Analysis Systern (MAS) \vas used to cal­
culate st;l.lld:lrdlZcd Illortality r;Hio~ (SMRs). The MAS was 
developed at ORAU to produce observed and expected mor­
tality and person-yt'":n tables and can be used for external and 
internal comparisons. (.:!5) For the white male group and two 
white male, DOE/contractor employee subgroups, the !lnm­
bers of deaths observed among the ....arious race/gender groups 
of the 2:S0-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 :mlOng the U.S. populanon, 
speciflc for race and gender and adjusted for 3-yeJr age and 
calendar year. Mortaliry among the "other Illales" group was 
compared both to that expected for U.S. white and U.S. 
nonwhite males. lndividu:tls for whom data were mis~ing (e.g., 
birth data) th;lt were critical for aile or mOre of the an;llyses 
conducted were excluded from the .1l1alyses ~lS necessary. Per­
son-years of follow-up were accumulated for each study sub­
ject· from the midpoint of the year of the fmt 2:50-mSv/y 
exposure through the dale of death or loss to follow-up, or 
December 3l, 1984. whichever waS earliest. Ninety-fIve per­
cent confidence limits tor the SMRs were estimated, assuming 
a Poisson disrribution of the ob.,erved numbers of dearhs. 
Mortality was evaluared for the white 11131e subgroups with 
respect to dUrJ.tion of employlllellt ofles.'i than or equal (0 15 
Yean alld more dlan 13 vear~-the median duration of em­

!oymelH for the emire' white llule group. The effect of 
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occupational radiation exposure on mortality among the 2:50­
mSv cohort was not evaluated in this initial analysis, as retrieval 
of :lnnu~l radi3tion monitoring records was not complete for an 
site-speciflC groups of 2:50-mSv cohort members. Mortality 
among females in the cohort (N = 25) and for a group of 
individuals (N ~ 317) who lacked data (e.g., birthdate, race) 
critical for inclusion in the SMR analyses was examined bm 
not compared to a standard. No plam-speciflC 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 2:50-mSv cohort and the major 
race/gender subgroups are summarized in Table 1. Table 1 also 
shows the distribution of values fOt similar attributes among 
twO selected subgroups of the white mJle group. These thtee 
groups of white males wete the main focus of the mortality 
ana.lyses because of their larger numbers and the completeness 
of vital status tollow-up telative to othet groups within the 
enti.re cohort. Differences between the descriplive statistics for 
the thtee white male groups are due to the increasingly re­
strictive criteria used in defming them. Using medlan values, 
and when compared to the group of white male DOE and 
NRPP 2:50-mSv/y employees combined, a member of the 
DOE white male subgroups entered the scudy earlier (1956). 
had a shorter intelval (2 years) between tiOle hired and flISt 
~50-I1lSv exposure, was employed almost half as long (8 
years), had a career dose that was lower by 20 to 30 mSv, and 
had a longer period offollow-up (26-28 years). Female cohon 
members were obselved to have employment and exposure 
patterns that were different from those of any male group. The 
patterns obselved Jmong the females reflect employment needs 
and practices during and inHlledi;ueIy after World War II. 
While NRPP personnel were obselved to account for abom 
one third of the emire 2:50-mSv/v cohort and the white male 
group, they comprised almost twO thirds of the black male 
subgroup. Approximately two thirds of the entire cohort was 
retired or temlinated prior to Decenlbel 31, 1978. The median 
year of entry into the study (i.e., year of fIrSt 2:50-mSv 
exposure) was 1960, with nOE/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 stan of NRPP operations 
relative to DOE's, and the impact of more stringent radiation 
pfOlectiun standards and pr.1Ctices. These included the intro­
duction of the 2:50-mSv/y stand~lfd in 1961, and [he NRPP's 
illlplementJtion in 1965 of;tn ::'::~IO-lllSv/y exposure limit ill 
response to the increasing incidence of ~50-I1lSv/y exposures 
alllong the NRPP personnel. The l.ltter ~itu~tion was rel"ted to 

the increase in refitting operations among nuclear-powered 
naval vessels that began in the mid 19605. The highest inrli­
vidual cumulative dose' was 44,01l"l mSv, which was incurred 
in a fatal criticality accident in 193~.(2(,) The white 111;lle group 
and lhe two white male subgroups tor whom mortality anal­
yses were conducted ItlcLlfred ~:;.2, -1-2.5 ;md 33.5 percenr. 
respectively, of the collective d05e of the elllire COhOiT (71t'l 
person-Sv). 

Table 2 shows the distribution nfdle [Ota] extcrm.l r~ll.hariol1 

doses accuillubted by ~S()-mSv cohort members during ell1­
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,ABLE 1. Distribution or Employment, Exposure, and Follow-Up Characteristic!> Among the Equolled or Exceeded 50-mSv Cohort by Race/Gender 

E individuals excluded trom analyses; imulficient data. 

Groups 

Total Cohort WMA BM" OMc FD uu· 
Characteristic (N = 3145) (N = 2392) (N = 131) (N = 280) (N = 25) (N = 317) 

DOE contractor employees (%) 2035 (64.7) ISIS (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 31 
Preexposure years (PEY)G 3 4 8 2 5 3 
No. years employedF 14.0 15.0 19.0 7.0 11.0 8.0 

Year of firsr 2:So-rnS\' exposureF 1960 1962 1965 1956 1951 1956 
First 2:50-mSv exposure (mSv)F 59.5 60.0 61.0 57.7 770 58.0 
Range (mSv) 50.D-44,010.0 50.0-44,010.0 50.0-200.0 50.0-581.0 51.9-700.0 50.0-273.0 
Cumulative dose (mSv)F 153.4 170.1 179.0 80.4 138.0 120.8 

Range (mSv) 50.D-44,01O.0 50.0-44,010.0 56.0-692.0 50.6-588.0 55.0-705.0 50.-H;31.0 

Total population dose (Sv) 718.0 612.0 25.9 29.3 4.02 46.4 
Age at frrst ~SO-mSv exposure (yr)F 33 33 36 32 35.5 37 
Length of follow-up (years)F 20 19 18 28 29 22 

"'White mal~. 
sBlack males. 
cNonwhire!nonblack males. 
D = females. 

=-
FMedian value.
 
G = number of years employed before fu'!t ~50-mSv exposure.
 

ployment at the facility ar \,..hich they received 2:50-mSv/y, 2720 (86.6%) of the total cohon, most of the individuals lost to 
The number of years in which individuals in the entire cohon follow-up wete lost after 1978, representing a loss of apptOx­
received 2:50-mSv ranged from 1 (N = 2478, 82.1%) to 9 ilOately 3 percent of the tOtal possible person-years if follo"\"\'-up 
(N = 30.1%), but none received 2:50-mSv/y at more than had been complete thtough the end of the study. Loss to 
one facility. Approximately 85 percent ofrhe DOE/contractor follow-up among the DOE/contractor emp\oyees was ac­
employees in the 2:S0--111S\, cohon members was shown to counted for primarily by workers fom1erly employed ar rwo 
have been employed by a DOE/comracror only at the facility facilities. Factors contributing ro the difficulty of tracing indi­
at which they recei\'ed their fmt doses 2:50-I11Sv/y. viduals at these particular facilities were the absence of SSNs 

The results of viral status follow-up and death certificate for many of the workers who tem1inared from the first facility 
retrieval for the known deaths among the total cohort and before 1955, and that a number of the employees at the second 
other subgroups of interest are shown in Table 3. A1though facility were Paciflc Islanders. Follow-up W:l.S most complete 
vital status through December 198..J. was detennined for only for the two subgroups of white male DOE/conrractor em­

,ABLE 2. Di!>Iribution of Employment, Exposure, and Follow-Up Choracteristics Among Selected Equalled or Exceeded 50-mSv While Male 
Subcohorts 

All White MalesA DOE Whiu~ MalesB DOE White Malesc 

Characteristic (N = 2392) (N ~ 1412) (N = 1138) 

Hire yearD 1955 1954 1952 
Hire age (yean)D 27 28 28 
Preexposure yearso 4 2 2 
No. years emplayedD 15.0 8.5 8.0 
Year of first 2:50-mSy exposure D 1962 1956 1956 
First 2:50-mSv exposureD 60.0 60.0 60.0 
Cumularive dose (mSy)D 170.1 150.5 141.0 
R~nge (mSv) 50.D-44.010.0 50.0-1078.0 50.()-1078.0 
Toeal popularion dose (Sy) 612.0 304.H 240.5 
Age at flnt 2::50-mSv ~xposure (yean)D 33 32 32 
Length of follow-up (y~an)D 19 26 28 
Total person-years 54.000 35,000 30.000 

ADOE contractor and ship~'ard employe~~ with 2:50-IOSv!y, 19-13-1978. 
uDOE contractor employees wi,h ~:;0 and <250 IllS'l!Y. 19-17-197R. 
eOOE contractor worke~. ~30 and <~50 mS\,/y, 19-17-1964. 
DMedian value. . 
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TABLE 3. V;tal Statu, (1984) Amang Equalled or Exeeeded 50-mSv Cohort by Subeohort, of Intere,t 

No. of No. Alive No. Dead (%); No. Unknown 
Race/Gender Persons ('!oj CertifiedA ('!oj 

White malesB 2392c 1636 (68.4)c 450 (18.8); 97.1 c 306 (12.8)C 
1404D 1001 (70.9)° 305 (21.6); 98.3° 106 (7.5)0 
1138E 767 (67.4)E 280 (24.6); 98.0E 91 (8.0)E 

Black males 131 80 (61.1) 35 (26.7); 100.0 16 (12.2) 
Males, ocher races 280 202 (72.1) 38 (l3.6); 92.1 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) 

"Percent of known dearhs wirh retrieved death certificates.
 
BSubcohortS of rhe roeal ==5-rem cohofl included in mortality :malyses.
 
cOOE (ontr.l(tot lnd 1h.ipy:ud employeu with ~50 mS\·/)'. 1943-1978.
 
DDOE wntnctor employees with ~50 to <250 mSv/y. 1947-1978.
 
EDOE contractor workers, ~50 ro <250 mSv/y, 1947-1964.
 

ployees (92.5 and 92% complete, respectively). Death certifi­ decceased among the WMII group. Morraliry in all other 
cate retrieval also was most complete for the known deaths in cause-of-death categories, including all cancers combined and 
these two subgroups (98.3 and 98.0% complete, tespectively). sice-specific cancers, was not statistically significantly diJfetenr 

The 588 deaths due to ali causeS combined among the entire from [hat expected among the gener.J.I population for the WM, 
?:50-mSv cohort through 1984 are enumerated by ICOA-8 WMI, and WMII groups. No de.achs were observed among the 
code categories in Table 4. Also displayed in Table 4 are the entire ~50-mSv cohort due to cancers of bone or thyroid 
numbers of deaths observed and the SMRs obtained for the gland, or Hodgkin's disease. The SMRs were obtained only 
same cause of death categories for the white males (WM) (448 for deaths due to all causes combined and all cancers combined 
deaths), WMI (DOE employees, 1947-1978) (305 deaths), and among the other race/gender groups identifIed in the entire 
WMII (DOE employees, 1947-1964) (280 deaths) groups, cohon, using the :lppropriate race/gender gcoups among the 
using the U.S. white male populacion as the standard. Staris­ U.S. general population as the standards. Overall mortality 
tically significant mortaliry deficits were observed among the among the Other males (OM) group compared favorably with 
WM .and WMr groups due to aU c.auses ofdeath combined and that expected among the U.S. white males (38 deaths, SMR ::::: 
ali nomn.alignam diseases of the circulatory and digestive sys­ 60, and even more so with that among the U.S. non-white 
tems (Tables .3 and 6). Only morraliry due co ali nonm;tlignanc male population (38 deaths, SMR = 38). Mortaliry was within 
diseases of the circulatory system was sraristically signiflc1I1tly the t'xpected (;lnge for the black male (13M) group (35 deaths, 

TABLE 4. Mortolity l1984] Due to All Couses, and All Cancers Combined, Among Subcohorts of the Tolal Equalled or Exceeded .50-mSv Cohort 

All Causes (00o-999)A All Cancers (149-209)A 

Population Observed SMR 95% CI Observed SMR 95% CI 

Total cohort 588 NA NA 159 NA NA 
All WM 4"8 88 8(}-97 127 109 90-119 
NRPP WM III 79 65-95 33 101 7(}-141 
DOE WMl\ 305 86 77-97 83 103 82-118 
DOEWMc 280 90 79-100 76 107 85-134 
All BM 35 9" 65-130 9 119 54-216 
All OM 38 7 
WM 60 42-82 48 19-98 
NWM 38 27-52 34 14--70 
AU F 8 NA NA 3 NA NA 
UU. 56 NA NA 14 NA NA 

"ICDA-K t:odes.
 
"DOE/contractor employees. ::::=50 mSv and <250 lllS\'/Y, 1947-1978­

cDGE/contractor employt"t"s. ::::=50 II1SV and <250 l11Sy/y. 1947-1964. 
SMR = s[andardizeu mortJbiJi!)' ratio. 
CI = confidenct" illlt"rvai. 
WM = while Il1Jle5. 
NWM = nonwhirt" males 
OM = blJ.ck InJles. 
OM = males, otht"r LICt"S. 
F = females. 
UU = r:1Ct", gendcr, or odlt"r missing datJ. 
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TABLE 5. Stondord;zed Mortality Rot;os for Selected Causes of Deolh 11964} Among the All While Mole" and All White Mole DOE/DOE Con"odor 
EmployeesB in the Equalled or Exceeded 50-mS" CohortC 

All White Males "\Vhite Males, DOE/DOE Contractors 

Cause (ICDA-8)D Observed SMR 950/0 elF Observed SMR 95% elF 

All causes (001-999) 446 88 8[)-97 305 86 77-97 

All cancers (140-209) 126 109 9[)-129 83 103 82-128 

Oral cancer (140-149) 5 136 44-318 5 196 63-457 

Digestive organs. periwneum 36 124 87-171 25 123 8[)-182 
(15[)-159) 

Esophagus (150) 6 213 77-464 6 307 

Stomach (151) 3 65 13-191 2 62 70-224 
Large intestine (153) H 142 77-238 8 117 5[)-230 

Rectum (154) 6 211 77-460 5 250 

Liver, gall bladder (155, 156) 2 95 11-343 I 68 
Pancreas (157) 4 65 18-169 3 71 14-208 

Larynx (161) 3 174 2 166 
Lung (162, 163) 46 109 8[)-146 24 83 53-123 
Bone (170) o(0.4)E 0 o(0.3)E 0 
Skin (172,173) o(2.4)E 0 o(1.7)E 0 
Prostate (185) 6 107 39-232 6 1- 1,­ 52-230 

madder (188) o(2.7)E 0 o(1.9)E 0 
Kidney (189) 4 131 35-335 2 95 11-341 
Drain, eNS (191, 192) 5 128 41-298 3 III 22-326 
Thyroid o(0.22)E 0 o(0.15)E 0 
All lymphoma, hematopoietic 13 115 61-197 II HI 70-252 

(200-209) 

Lympho~;lrcol1la (200) 5 226 72-527 5 311 
Hodgkin (201) o(1.28)E 0 o(0.88)E 0 
Leukemias (204-207) 2 47 5-168 o(2.97)E 0 
Other Iympharic (202. 203, 208) 5 146 47-342 5 213 68-·196 
Benign neoplasm~ 5 340 4 390 

All circu1arory (390-----458) 190 78 68-90 137 80 68-93 
All respiratory (460-319) 28 97 64-140 18 89 53-140 
All digestive (520-577) 14 52 28-87 10 54 26-99 
AU genitourinary 4 76 2[)-194 3 80 16-233 
AJl external injuries (800-999) 42 79 5&-105 28 78 52-113 
Suicide (950-939) 14 104 57-175 II 122 61-219 

"N = 2385. 
aN = 1404. 
eN = 3145. 
DlnlemalionoIClms{{iroliol1ofDisefTSt.Srll Revisio/l,(D) 
ENumber of deaths expected.
 
fConfidence imervak; nO[ c~!culated when Jess than nyo deaths are expecced.
 

SMR == 94). Overall cancer mortality wa~ within the expected at DOE or NRPP facilities sugge5r that members of this cohort 
ranges for these race/gender groups except for the OM group, generally are not at significantly incre.ased risk of dying when 
for whom there was a statistically significant deficit of cancer~. compared with the U.S. general population. The evidence was 
However, these SMRs may be artificially low due to under­ strongest for the two white male groups (WMI ;lI1d WMII) tor 
ascertainment of dearhs for these group,~. Follow-up wa~ only whom acceptJ.ble levels of follow-up and death data ,""ere 
72 percent complete for the 2S females in the ~50-mSv available. SOlnt' evidence of a Ht'althy Worker Effect(:~7) \"as 
cohort. Of the I) certified deaths for this group, 3 were due to observed among all three whitt' male groups, specifically with 
cancer (1 death each due to cancer of the pancreas, lung, and respect to diseases of the circulatOry and respiratory systems. 
breast cancer). Four mher female deaths were due to diseases of Mortality due to cancers of the hmg and pancreas, which have 
the circulatory system, and I was attributed to "senility" and been associated with cigarette smoking in a number of popu­
ill-defmed causes. lations, was less than expected .lll10ng the DOE/contractor 

employee groups WMI :llld W1\ 111. The deficit of deaths dut' 
Discussion [Q leukemia among the white Ill,lies studied was in contrast to 
The results of rhis iuiti:d evaluation of mortality aillollg the the signifICantly increased risks ofleukelllia mortality observed 
cohort reported ro have received ~SO mSv/y \vhile employed among the major populations exposed to high doses of radia­
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TABtE 6. Mortality D-.Je to lymphatic System Malignancies Among All VYhite Males'" in the Equalled or Exceeded 50-mSv Cohorts, and Svbeahorts 
of Vv1lite Males Exposed to ;::50 mS\l/y Only 01 roE Contractor Facilities Between 1947-19788 and 1947-1 964c 

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

Cause (ICDA-8)D	 OlE 

All lymphatic malignancies (200-209) 13/11.28 
Lympho, Ret. Sarcoma (200) 5/2.22 

Hodgkin's diseases (201) 0/1.28 
Leukemia, aleukemia (20-1--207) 2/4.29 
Other lymphatic m:uignancies (202, 203, 208) 5/3.42 

"N = 2395. 
BN = 1404. 
eN::o 1138. 
o bllemIHi!.mal Clas5!ficalioll of Dl5ea5l', 8th RCI.IISioll.{~J)
 

OlE = ob~erved/expected.
 

SMR = st;lnd;lf(lized mortJ1i~ rano.
 

60n at high dose rates.(28,29) However, the underascertainment 
of deaths and the small numbers ofdeaths in the groups studied 
tend to undennine the srability and reliability of these results. 
Further and more complete follow-up and analyses to include 
information about more receut deaths and occupational histO­
ries are warranted to obtain more definirive results, address 
questions about the epidemiologic signifiCance of the varia­
tions in mOttaliry noted by the Phase I ;uulysis relative to the 
general population, and evaluate the health risks of low levels 
of radiation in this poplllacion. 
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