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AN UPDATE OF EPIDEMIOLOGIC STUDIES OF PLUTONIUM WORKERS

G. L. Voelz, G. S. Wilkinson, J. F. Acquavella, G. L. Tietjen,
R. M. Brackbill, M, Reyes and L. D. Wiags

Los Alamos National Laboratory
P.0. Box 1663
Los Alamos, NM 87545
ABSTRACT
Retrospective and prospective epidemiologic studies are being
conducted as part of a national survey of plutonium workers at four
Nepartment of Energy facilities (Los Alamos, NM: Rocky Flats, (O;
Mound Laboratory, OH; and Savannah River, SC). A preliminary analysis
of mertality was done for all white males who have workea at the Rocky
Flats Plant during the period 1957 to 1979, The 452 observed deaths
were significantly fewer than the 831 expected for all causes. The
107 deaths due te all malignant ncoplasms were also sianiticantly
fewrr than the 17 expected from these diseases. Expected deaths were
derived 1rom age ond calendar-sperific death rates for U, S. white
males, Deaths reported for benign and unspecified neoplasms numbered
right vercus an expected two, a siqgnificant elevation., These tumors,
all intracranial, are the subject of a cane-cortrel study to be
reported later, Subdividing the ¢cohort on the hasis of plutonium
cxpostures and eyternal radiction oxpesures results in similar overall
findings., The benian and unspecificd neoplasms, hovever, were not

sianificantly high in the plutorinm-exposea aveup.



INTRODUCTION

Significant quantities of plutonium first kecame available in 1944
and 1945 with development of the atomic bomb. Over the past 35 years,
approximately 15,000 individuals have worked with plutonium for th~
Department of Energy and its prececessor agencies. About 5,000 of
these employees have positive body burdens as measured by plutonium in
urine. Thic paper briefiy describes our past efforte and future pli -
for epidemiologic toilowup of theee wnrkers and presents preliminary
results of analyses of mortality for workers at the Rocky Flats Plant,

History of Two Studies of Plutonium-Exposed Workers

In 1952, Louis Hempelmann and the late Wright Langham selected a
group of 26 Manhattan Project workers who were heavily exposed to
plutunium in 1944-45 for clinical follow-up. Their estimated systemic
burden rarnged from 7 to 230 nenocuries (nCi). In comparison to the
sp-called "lifetime" permissit:le body burden of 40 nCi for
occupitional exposures, 11 of these individuals have body lurdens in
excess of 40 nCi, and 21 persons demenstirate body burdens in excess of
20 nCi, At this time, the average age for the group is just over 60
with 24 of the 7?6 individuals still alive. The number of these
individuals remaining alive is higher than expected based on mortality
rates for U.S. white males. After 37 years of followup ro evidence of
adverse health affects was found(Vo 79), Clinical re-cvaluations are
current ly in progress,

An dmportant Timitation of the Manhattan Project worker study is
the small number of subjects.  In 1973274 an effort was made Lo

identify all workers at los Alamos who had estimated plutonium



depositions of 10 nCi or more. Health physics recnrds were used to
select study subjects as of January 1, 1974. A total of 241 subjects
were identified, of which 224 were males and 17 were females. All
subjects still living were located and contacted. Death certificates
were obtzined for the deceased. The study had 100% follow-up through
June 1976, Mortality patterns for tnis group have been reported (Vo
78, Vo 80). The observed mortality of these workers was compared with
the expected number of deaths based on mortality rates for United
States white males, according to the method of Monsen (Mo 74), Excess
mortality was not observed for any cause in this qroup. Total can-
cer, lung cancer, and cardiovascular mortality was less than
expected. No bone or liver cancers were discovered, Since lura, hone
and liver are priwary oraan sites for plutor 1 depusition (1€ 7°),
these specific cancers arce of particuiar irterest.

Although this aroup consists of chout one-third of the workers in
Lhe Nnited States with plutenium deposiiinne of 259 or wore of the
"mavimum permissible body burden" value, this study is limited alse by
the small number of subjects,

In order to increase the pumber of subjects beina followed, and
Lhe power of the analyeis, a national <tudy of all workers exposed o
pietoniun was needed,  Hforts an this study beaan in 1976, The

general pian of the study s commarized brief ly,



NATIONWIDE STUDY OF PLUTONIUM WORKERS

The purpose of the nationwide study is to evaluate the health and
mortality experience of workers who have been or are potentially
exposed to plwtonium and cther transuranic elements in the !Inited
States. The majority of these exposures have occurred within
facilities operated under contract for the Departmert of Enerqy anrd
its predecessor aoencies, the Atomic Energy Commission and the Energy
Research and Development Administration., Thece facilities include:
Los Alamos NMNatioral Laboratory, the Rocky Flats Plant, Mourd
Laboratories, ard the Savannah River Plant, A small number of workers
were exposed to plutonium also at Hanford and Oak Ridge. The overall
projecl is desiqned to evaluate the lifetime health experience of
these workers by studying mortality and dicease incidence.

Mortality Studies

Stancardizod mortality ratios for neoplasms and olher maior causers
of death are being or will be calculated for workers at each of theoe
facilitics. Comparisons will he made with Natienal and State death
rates initially, Interpal comparisons will be hased upon deaths amane
plutornium exposed workers and death rales of the unexposed.,  Nested
case-control studies based on death certificale information will he
conducted for causes of death that occur more freqguently thar expectoed
or are of special inlerest,

Unfortunately, mortalhity studies are characterized by
disadvantages as well as advantaqges,  The advantages are thot they can
be conducied quickly and Tess expensively in comparison to incidence

studies, and death certiticate dota are collccted in uniftore tashion
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throughout the United States. The disadvantages are that mortality
studies are not sensitive to the occurence of non-fatal diseases, and
that irformation cn important cornfounding variables, such as smoking,
medical x-ray exposures, and non-radiation occupational exposures are
generally not availahle.

Inciderce Studies

Pr sently there is ro national source of disease incidence data
within the United States. Consecuently, this * formatiorn must be
cbteined by directly contacting study subjects, seeking their
cooperation and ottaining information regarding their illpess history.

The majcr advantagr of incidence studies is that they are
sensitive to the occurence of diseases that are not highly fatal ard
cneblc obtaining inforimation on covariatas directly from study
subjects.

A1l workers with positive plutoniun body burdens and a sample of
vnexposed workers will te identified, traced and intcrviewed in order
to develop incidence rates for specitic disecases. Data wili be
coliected on impertant risk factors such as tobacco and alcohol use,
medical x-ray exposures, occupational expocures to chemicals and
radiation, ard raior illpes.es,  This approach will allow us to
caleulate ircidence rates tor diseases of interest and also to
investinate inter<relationships between exposures to plutonium, other
radionuclides, oxternal radiation, coemically hazardous substances,
and other riak factors, Individuals in the study cohorts will then Le
intervievwed at periodic intervale to update their health status, and

to oblain edditional data.



As in the “nrtality effort, nested case control studies will also
be conducted when incidence rates for specified diseases are found to
be elevated. These studies will focus on important covariates that
may contribute to site-specific cancer incidence,.

PRELIMINARY MORTALITY STUDY OF RQCKY FLATS WORKERS

Study activities at tre different locations are in various staaes
of completion. Data on Rocky Flats workers have heen sufficiently
col'ected and analyzed to present some initial results. These
preliminary analyses include an investigation of mortality of white
males who worked au Rocky Flats compared to U.3. white males, and are
presented as an illustration of our mortality study efforts.

Nescriptior of the Rocky Flats Plant

Since the start of its operations in 1952, the Rocky Flats Plant,
located near Golden, Colorado, has been involverl mainly in the
production of cemponents that are used in the construction ¢f nuclear
weapons. Major plant activities include tne manufacture and a.semhly
of items containing plutonium, beryllium, uranium and other metals ,
recovery of plutonium, and americium scparation as well as weapons
research and development (DOE £0)

Methods

The purpose of this investigation is to cvaluate the gencoral
hypothesis that workers at the Recky Flats Flant experience greater
mertality than would be expected pased on li, S, death rates.  Should
more deaths than expected be diccoverod, additional investigations
vould be zonducted to determine whether these excesses are related to

accupat ional exposures obtatped at the plan' . We are especially
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interested in investigating causes of death such as deaths from bone,
liver, and lung cencers, that have been demonstrated by animal
experiments to be caused by exposures to plutonium. We are also
interested in causes of death that have been linked to external
radiation exposures, such as leukemia.

As a first stcp in the investigation, emplcyment lists of current
and former workers at the Rocky Flats Plant were compiled with the
cooperation of Rocky Flats officials. Health physics records were
also used in developing this list, The study files are now as
complete as available from these sources. The resultant roster has
heen cross-checked with a seauent al hadae listing for the purpose of
validating the cohort, ard was twice submitted to the Social Security
Adminic<traticr (Re 81) for a search of vital status. A task that
still remairs is to validate the study cohort by mecanc of an external
source such as throunh Social Security foems 941A (Ma 79).

Nosimetry data have Leen obtained from Rocky Flats health physics
records.,  Measurements of external radiation exposures from film and
thermoluminescent dosimeters {(TLD) are given in terms of total
penet rating doses received as of employment termination date or end of
the study, Measures for internal enitlers are based upen urine ar -ays
conducted for plutoniur and americium, and in-vivo counts. In this
repovt, cumulative internal exposures are cxpressed in microciarie days
for plutonium,  Sy-tewic body tardens are calculated accordina to
Langbam's cauation (La 50). The cumulative value in microcurie days

is the sum of the products of the estimated systemye bavden and the



number of days that burden has been present. The values were taken
from the Rocky Fiats health prysics records.

Demographic and work history data from personnel records have been
coded into machine readable form. A1l of the data were edited for
internal consistency. A 10% recoding of the data was done as a
quality control check. An upper limit of 2% coding error was
considered acceptable and was achieved.

Death certificates were obtained for workers identified as
deceased by the Social Security Administration. These deaths were
then verified as being part of the Rocky Flats werk force and were
double coded to the 8th revision of the ICDA by qualified
nosologists. This information was merged with cther date into an
aralytic file. The person years at risk, expected rumbers of deaths,
and indirect adjustments tor age were calculated accordirg tn
procedures developed by Monson (Mo 74). Those persons who were lost
to fo]]ow-up] were considercd to be alive at the end of the study.

A random sample of those individuals is heing traced in order to
ascertain their status and to estimate the effect on study outcomes of
those lnct to follow-up. To date, 1% of the unknowns that have heen

successfully traced have been identified as doead,

NLost to follow-up refers to individuals for whom the Social

Security Administration was unabhle to determine vital status bocause
there was no record of action on the individual's account for at
least ?2 years, there was a discr pancy in either name or social
security number or they had no record of the individual in their
files.

-R-



Re. s1ts

For the purposes of this repcrt, only results pertaining to white
males, who comprise mor: than 75% of the conort, are reported. Table
1 describes the vital status of this cohort. A total of 7112 white
males were identified as having been employed between the beginning of
plant operations in 195Z and the end of the study date, December
1979. Death certificates for 452 deaths have been obtained.

As evident frcm Table 1, the v :rk force is still relatively
youna. The average age upon entry into the cohort is only 33, the
mean age as of the end of the study date is 48, and the average age at
death for those who have died is 58.

At this time, our main interest is in thoce health effects,
particularly cancer, that have heer demonstrated or are alleged to be
associated with radiation exposure. Table 2 presents standardized
mortality ratics (SMR's = chserved deaths - expected deaths X 100) for
all causes of death, all neoplasms and selected typec of cancers,
Chserved nurters consist of deatks that coccurred among white males in
this cohort from 1952 through 1979, Expected numbers cof deaths are
based upon age and calendar specific mortality rates for white males
in the .S, population. Standardized mortality ratios were calculated
using the Monson program (Mo 74) and are reported alorng with 95%
approx  te confidence intervals.

Sinniticantly fewer deaths than expected were ohserved for all
causes of death, all malignant neoplasms, cancers of the digestive
organs and peritoneum, cancers of the respiratory system, and cancers

of the lung, DNata for cancer of the pancreras were sugqestive of a



deficit of mortality due to this cause (p=0.076)+, but was not
significantly Tess than expected. Only benign and unspecified
neoplasms demonstrated a significant excess of observed to expected
deaths. Examination of individual death certificates for this group
reveals one pituitary adenoma, one acoustic neuror. and six
unspecified brain tumors. BExpected numbers of deaths from other

cancers were not significantly different than expected.

Plutnrium Exposed and Unexposed Workers

Investigation of the total cohort of white male workers is useful
for considering mortality irrespective cof specific exposures.

However, our major interest is in mortality among workers who have
been exposed to radiation. Since special interest lies in the
potential effects of plutonium, an internal emitter witn a long
effective half-1ife, separate SMR's were computed for workers with
more than cne microcurie day exposure to plutonium and for those equal
to or less than one microcurie day. For the purpeses of this report,
these limits of exposure have beern arbitrarily used to define
plutonium exposed and unexposed workers.

If plutonium exerts an effect it the level and length of exposure
for this cokort, one would expect elevated SMR's for plutoni - exposcd
werkers, Of special interest are organ sites where plutonium is
deposited and/or stored, such as the bone, liver, lung and lymphatic
system (IC 72); potential intake organs, such as the respiratory and

digestive systems; or cystems sensitive to ionizing radiation, such as

+ Fxact Miettinen p-valur (Po 79)
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the heratopoietic system. Table 3 lists the decta for plutonium
exposed workers. It is interesting to note that no cases of bone
cancer were observed, and that deaths due tc cancers of the
respiratory system ard lung are significantly less frequent than
expected. Likewise, SMR's for all causes of deaths and all m>" "ynant
neoplasms are aiso significantly low. Amcng plutonium exposed
workers, there were two deaths due to tenigrn and unspecified
neoplasms, which was not significantly more than expected (p=0.24).
Other cancer deaths did rot differ significantly from their predicted
number.

It is also interesting to ccnsicder the SMR's calculated for the
plutorium urexpcsed cohurt., These 2re listed on Table 4. Again
significantly fewcr deaths than expected are observed for all causes
of death ard 211 malignant naaplesrs. Data for cancers of the
respiratory system, lung and digestive system are suggestive of less
than expected mortality. Sianificartly more deatks than expected were
again obscrved for bhenign and unspecified neoplasms, based un six
observed deaths and 1.6 expected (p=0.008). Dea.hs due to cancers of
the brain and other cei.ral narvous system, while not significantly
more than expected, were suagestive cf an excess (p-N.098), A1l other
causes of death were not significantly different than expected.

External Padiat ion Fxposed and Unexpnsed Workers

Approximately 75% ¢f the white males who have ever worked at the
Rocky Flats fecility have been exposed to more than 100 mrem of
penctrating external radiation (X-rays, gasmas and ncutrons

cortined). Since external exposures arc also a matier of concern,

-1-



white maie workers were dichotomized on the basis of external
exposures into those with total cumulative exposure qreater than 100
mrem and those less than or equel to 100mrem .

The data on workers who were exposed to more than 100 mrem
external radiaticn are listed in Tabie 5. DNeaths due to all causes,
all malignent neoplasms, cancers of the respiratory system and lung
are significantly fewer than expected. Comparisons Tor cancers of the
digestive system, pancreas, and lymphopoictic syster arc suqaerstive of
less deaths tian expected. The SMR for berign and unspecified
ncoplasms is significantly elevated., Mortality frum other causes oor
not differ from tha: expected.

Data on the unexposed cohort, shown in Table 6, is limit ! and, in
aereral is not sianificantly different than expected, The one
evception was for the catenory, all cauces, where there were
sigrificantly fewer deaths,

BISCUSTION

ke have invecticated Lhe hypatheeic thal workers at the Pocky
Flats plant demenstrate greater than expected wortality for selerted
catyes of deatk,  The preliminary results <how con<aistent ly toewer
deaths Lhan expected for ala causes o deathy ol welignant neop tasme,
cancers of the respivatory system, digestive systom and lunu.  The
only cause of death that appear- sicailicant ly highor than expected s
a composite classification of berian and unspecificd neoplasms,  These
findingy hold when the white male cohort is dichotomized according to
piutorium exposure or according to external radiat ion cxposure, It v

noteworthy t.at elevated numbers of deathy were not foand i the
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plutonium exposed cohort for those organ sites of greatest concern
based on radiohiological researcn on animals and on the distribution
of plutonium in man. Furthermore, health endpoints usually associated
with external forms of radiztion also were not eievated. Thus, our
prelimirary reiults suggest that with the exception of beniagn and
unsprcified necplasms, there is ro evidence of increased mortality
compared to United States white males. The finding for benign and
unspecified neoplasms must be considered in light of the lack of
similar evidence from investiqations of populations exposed to much
higher, arute whrole bndy doses of ionizing radiation such as atem bomb
survivors studies. further study of this finding is being pursued by
means of a case centrol sturly.

Liritations ard Solutions

It is appropriate to specify the limitations of these results,
First, this invectigation suffers from the problem that is usually
crecurtered wher occupat ional reharts are compared with the United
“taten pepnlatiop,  Such comparisons often vesult in low STR's because
incividuale in the work force ar> healthier than the general
perelation,  This dis often referved to as "the healthy workor
effect”,  The olvicus solution i te aenerate expectod nurhors of
deathe with rates from another industrial cobhart or an uneposed
subcobert . Ap atteroative solutien i< to compare divect ly exposed and
urexposcd subcohorvs within the «tudy pepulation itselt,  The latter
approe Y will be urdertoehen as part of addit ional analyses for the

studies on plutonium workers,
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It is interesting to note that mortelity ratios obtained in this
investigation are lower than those found in many studies of industrial
workers. Thic may result from unusual selection procedures that were
present in the formation of this cohort. Factors such as preplacement
physical examinations and the security clearance procedure may
contribute to an excessive healthy worker effert. Furthermore, the
healthy worker effect is more pronounced at younger ages, thus the
observed number of deaths in this conort should be less than expected
based upon the U.S. white male population (Ga 76). It has been shown
(e 75) that young industrial cohorts demonstrate SMR's well below
unity aind approach unity as thev age. The low SMR's for the Rocky
Flats cohort are likely dur to the young ace and perhaps relatively
low e¢xposure to occupational hazards. For instance, the SMR of 54 for
all causes reparted in Table 2, is similar to the SMR of 58 reportied
hy McMichar! for workers in the compunicaticns industry (M: 78). The
lack of hazardnus work conditions and Lhe similarity in aqe
distribution between these cohorts may explain t e marked departure of
their SM2's from unity, A small downward bias olso exists because no
adjustment was made for the tew probable deaths in the
lost-to-follow-up qreup.

Another limitation in this study roncerns the relatively short
perind of follow-up. Moet «olid tumors reaquire 20 to 30 or more years
from exposure to the development of ¢linically evidont discane,
Continued observat ion of this cohort is reqguired betore one is

“onf {dent that the neoplasmes of interest should have become evident .,

-14-



A number of important risk variables have not been addressed in
this study. Such factors as smoking, other occupatiosal exposures and
medical x-rays need to be taken into account. It is planned that
these variables will be ccnsidered during future investigations of
disease incidence.

A limitation of the present effcrt that requires mention is the
lack of external validation of the cohort. Although a sequential
hadge Jisting has been employed to verify the study population, an
outside source, such as SSA 941A forms should also he used, We are
currently in the process of ohtaining these documents.

The small number of observea cases that arc available for analysis
suggest that caution be exercised when interpreting these findings.
Fstimates based upon small numbers are subject to cunsiderahle
variability which Timits the conclusions thatl rmay be made. In this
ctudy, the number of observed cases is sufficientl,; large to overcome
swis problem only for all canses of death, all malignant neoplasms,
and cancers of the digestive system, respiratory system, and lunq.

Finally, additicnal analyses are planned that will include several
refinerents that are considercd desirable, A cut-off date at the end
of 1978 will be used because we are not sure that the 1679 data is
complete. For persons in the lowt to ftollow-up cateqgory, the person
years at rigk will inc lude only the time for which vital status is
known,  More detailed exposure data is alwo being collected and
verified, and will permit additfonal anelyses to be completnd on

natsible dose responce relationcbhipe,  Nene of these refinements are



thought to be significant in changing basic conclusions, but will
improve the analysis.

There have been ¢llegations (Jo 80) that elevated rates for
cancers of the central nervous system are present among Rocky Flats
workers. In this study, the standardized mortality ratios for
specified central nervous system cancers do not appear excessive,
although the small numbers of these cancers result in highly variable
estimates. However, there are an additional € cases of unspecificd
brain tumors present in the unspecified neoplasms. Unspecified refers
to the fact that the death certificate information does not contain a
specific turor type or histologic classification. As a result, these
c¢oath certificates were coded by independent nosologists as
unspecified brain tumors. Special interest in cancers of the central
nervous system at this facility has stinulated ue to initiate a rcase
control study of intracranial tumors, That investiqation is desiqned
to compare exposures among cdses with intracranial turors with thase
of control subjects who do not have cencer or central nervvous sysiem
discase. Thi= effort is well underway and will be reported scparately,

Workers at the Rocky I'lats Plant near Denver, Colorade from [ahp
through 1979 are Lhe subject of this preliminary mort :1ity study,
Vital status vas cdetermined on 7112 white males,  The method of
follow=up was through searches of vital status conductod by the Socfal
Security Administrathon,  Additional meany of follow-up are alse being
pursued,  Canses of 452 deathys were determined by death cert it icates,

and compared with expected deaths, haved on age and calendar-spec if fe
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U.S. white male mortality rates. Significantly increased mortality
ratios were not observed for all causes of death or for all malignant
neoplasms. Subdividing the study cohort based on external radiation
exposure into those above and below 100 mrem, did not show noticeable
increases in standardized mortality ratios for the exposed

subcohorts. Based upon plutonium depositions, the cohort was
dichotomized into those exposed to more than and less than 1
microcurie-day, and the results co not suggest increased mortaiity
among those with higher plutonium depositions. Our preliminary
investigations do show a significant excess for benign and unspecified
ncoplasms for the total white male cohort. The causes of death in
this cateqory are from both henign and malignant tumors of the nervous
system, This excess is not significant in the plutonium expcsed
cohort, but remains significant for the external radiation exposed

cohort. Further investiqation of this finding is being conducted.
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Table 1

Vital Status as of December, 1979 For White Males Ever

Employed in Calendar Yea:s 1952 Thru 1979

Total Cohort

Death Certificates Obtained
Lost to Follow-ln

Mean Age at Entry

Mean Year of Entry

Mean Age at Death

Mean Age of Cohort ac of

December 1979

Total Perscn Years of Follow llp

110,117



TABLE 2

MORTALITY FROM SELECTED CAUSES OF DEATH
FOR TOTAL WHITE MALE COHORT (N=7112)

Cause Observed Expecteu  SMR 954% Confidence
Number Number Interval for SMR
1CD ho.

All Causes (1-998) 452 831.53 54 49-60

Al1 Malignant

Neoplasms (140-209) 107 167.07 54 52-77

Cancer of Digestive

Organs § Peritoneum (150-159) 28 42.61 66 44-95
Cancer of Liver (155,156, 3 2.70 1 »2-725
Cancer of Pancreas (157) 4 8.990 45 12-114

Cancer of Kespiratory

System (lov . :3) 35 60.35 58 40-80
Cancer of Lung (162,163) 33 57.38 58 40-81

Cancer of Bone (106) 0 .89 e

Cancer of Brain

and Other Central

Nervous System {191,102) 8 6.50 123 £3-243%

Cancer of Thyroid (193) 1 .34 202 4-1627

A1 Lymphopoictic

Cancers (200-209) 13 18.20 71 3R-122
Leukemia § Alcukemia (204-207) 6 6.80 87 32-180

Penign and tn-

specified Neeplnsms (210-230) R 2.41 22 143-053




TABLE 3

MORTALITY FROM SELECTED CAUSES OF DEATH
FOR WORKERS EXPOSED TO >1 pCi DAY

Cumulative Exposure
>1 yCi Day (N=2130)

Cause Observed Expected SMR 95% Confidence
Numtber Number Interval for SMR
ICD Ko.

A3l Causes (T-098) 98 259.45 38 31-46

All iMalignant

Neoplasms (140-209) 20 52.59 41 23-59

Cancer of Digestive

Nrgans and Peritoneum (150-159) 8 12.97 62 27-122

yeer of Liver (155,156) 1 .79 127 2-705

Cancer of Pancreas (157) 0 2.80 S T

Cancer of Respiratory

System (160-163) 4 10,60 20 5-52
Cancer of Lung (162,163) 4 KIS 22 6-55

Cancer of Bone (106) 0 .28 e

Cancer of Prain

and Other Central

Nervous System (101,192) 0 2,24 e meeaa-

Cancer of Thyroid (193) 0 11 e L

All Lymphopoietic

Cancers (201-209) A 5.86 68 18-175
Leukemia § Alcukemia (204-207) 1 2.16 46 1-257

Benign and

Inspecified Neoplasms  (210-230) 2 .80 251 2R-007




TABLE 4

MORTALITY FROM SEL. TED CAUSES OF DEATH
FOR WORKERS EXPOSED TO <1 uCi DAY

Curulative Exposure

<1 uCi Day (N=4982% _
Cause Observed Expected S'R 95% Confidence
Number Number Interval for SMR
All Causes 354 572.09 62 £6-69
All Malignant
eoplasms 87 114.48 76 61-94
Cancer of Digestive
Organs and Peritoneum 20 29.64 67 41-104
Cancer of Liver 2 1.91 105 12-379
Cancer of Pancreas 4 6.19 65 17-165
Cancer of Respiratory
System 3] 40,95 76 51-107
Cancer of lLung 29 3B.R0 75 50-107
Cancer of Bone 0 .C1 S
Cancer of Brain
and Other Central
Nervous System 8 4.26 188 81-370
Cancer of Thyroid 1 .23 428 6-2382
A1l lymphopoictic
Cancers i 12.33 73 33-130
Leukeria & Aleukeria 5 4,73 10¢ 34-247

Renign and
Ihepecified Neoplasms 6 1.62 371 136-R08




TABLE 5

MORTALITY FROM SELECTED CAUSES OF DEATH
FOR WORKERS EXPOSED TO >100 mrem

Total Penetrating Dose
>100 mrem (N=5228)

Cause Observed Expected SMR 95% Confidence
Number Number Interval for SMR
~ICD No,

All Causes (T-988] 313 644.53 49 43-54

All Malignant

Neoplasms (140-209) 7¢ 130.18 58 46-73

Cancer of Digestiv=

Organs and Peritoneum  (150-159) 22 32.98 67 42-101
Cancer of Liver (155,156) 2 2,07 145 29-424
Cancer of Pancreas (157) 3 6.99 43 9-125

Cancer uf Respiratory

System (160-163) 27 47.55 57 37-83
Cancer of Lung (162,163) 26 45.07 58 S8-85

Cancer of Bore (196) 0 .69 e

Cancer of Brain

and Other Central

Nervous System (191,1922) € 5.14 117 43-254

Cancer of Thyroid 1193) 0 .27 e

All Lymphopcietic

Cancers (200-209) 8 14.19 56 24-111
Leukemia § Aleukemia (204-207) 4 5.34 75 20-192

Benign and

Unspecified Neoplusms  (210-239) 7 1.80 371 149-764




TABLE 6

MORTALITY FROM SELECTED CAUSES OF DEATH
FOR WORKERS EXPOSLD TO <100 mrem

Total Penetrating Dose
<100 mrem (N=1884)

Cause Observed ‘Expected  SMR  95% Confidence
Number Number Interval for SMR

Al1 Causes 135 187.00 74 62-88

A1l Malignant

Neoplasms 31 36.89 84 57-119

Cancer of Digestive

Organs and Peritoneum 6 G.64 62 23-136
Cancer of Liver 0 .63 -—— eeee--
Cancer of Pancreas 1 1.99 50 1-279

Cancer of Respiratory

Sy stem 8 13.06 62 26-121
Canccr of Lung 7 12.31 57 23-117

Cancer of Bone 0  aea-- —_—— e

Cancer of Brain
and Qther Central

Nervous System 2 1.36 147 16-530

Cancer of Thyroid 1 08 1317 17-7325

All Lymphopoietic

Cancers 5 4.01 125 40-291
Leukemia § Aleukemia 2 1.55 129 14-465

Benign and
Inspecified Neoplasms 1 53 100 2-10589




