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AN UPDATE OF EPIDEMIOLOGIC STUDIES OF PLUTONTUM WORKERS
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R. M, Brackbill, M, Reyes and L. D, Wiags

Los Alamos National Laboratory
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ABSTRACT

Retrospective and prospective epidemiologic studies are being
conducted as part of a national survey of plutonium workers at four
Nepartment of Erergy facilities (Los Alamos, NM; Rocky Flats, CO;
Mound Laboratory, OH; and Savannah River, SC). A preliminary analysis
of mortality was dene for all white males who have workea at the Rocky
Flats Plant cduring the period 1957 to 1979, The 452 ohserved deaths
were significantly fewer than the 831 expected for all causes., The
107 deaths due te ali malignant neoplasms were also sianifticantly
fewrr than the 167 expected from these diseases. Expected deathe were
derived 1rrom age und calendar-sperific death rates for U, S. white
males, Deaths reported for benign and unspecified neoplasms mumbercd
eight vercus an expected two, a significant elevation, These tumors,
all intracranial, are the subject of 3 cane-cortrol study to be
reported later, Subdividing the cohort on the basis of plutonium
exposures and external radiction sxpesures results in similar overall
findings, The benign and anspecified neeplasms, bovever, were not

sianificantly high din the plutorbm-expasea grenp.,



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 theo
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 totliowup 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 llempelmann 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 220 nanocuries (nCi)., In comparison to the
so-called “lifetime" permissibtle body burden of 40 nCi for
occupitional exposures, 11 of these individvuals have hady lurdens in
excess of 40 nCi, and 21 persons demerstrate bady burdens in excess of
20 nCi, At this time, the average age for the group is just over 60
with 24 of the ?6 individuals still alive. The number of these
individuals renaining alive is higher than expected based on mortality
rates for U.S,. white malrs, After 37 years of followup ro evidence of
adverse health affects was found(Vo 79), Clinical re-cvaluations are
cirrently in progress,

An dmportant Timitation of Lhe Manhattan P'roject worker study s
the small mmber of subjects. In 1073-74 an oftmrt was made to

identity 211 workere at los Alawoes wha had et Smated 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 expectrd number of deaths based on mortality rates for United
States white males, according to the method of Monscn (Mo 74), Excess
moriality 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, bone
and liver are primary orqan sites for plutorn 1 depusition (1€ 7°),
these specific cancers are of particuiar interest.

Althengh this aroup consicta of clout one-third of Lhe workers in
Lhe Hnited States with phdeninm deposivinne of 259 or wore of the
mayimum permissihile body den™ value, this stidy is Timited also by
the emall number of sabjects,

In order to increase the mmbery of subirvets beina followed, and
the wower of the anmalyesis, a nationaol ctudy of all warkers exposced to
pilttontue wie nected, Tfarts an this sty began e 1976, The

general pian of the study is somansizcd brict ly,



NATIONWIDE STUDY OF PLUTONTUM 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 pltonium and cther transuranic elements in the !Inited
States. The majority of these exposures have occurred within
facilities operated under contract for the Departmernt of Enerqgy anrd
its predecessor aoencies, the Atomic Energy Commission ard the Encrgy
Research and Oevelopment Administration, Thece facilitics include:
Los Alamos MNatioral Lakoratory, the Rocky Flats Plant, Mourd
Lahoratories, and the Savannah River Plant. A small number of workers
were exposed to plutonium also at Hanford and Oak Ridge, The overall
project is desiqgned to evaluate the lifetime health experience of
these workers by studying mortality and disease irncidence.

Mortality Studies

Stancdardized mortality ratios for neoplasms and other majior cauues
of death are being or will be calculated far workers at cach eor theoe
facilities., Comparisons will be made with Natienal and State death
rates initially, Internal comparisens will be based wupon deaths aocoq
platoriium exposed workers and death rates of the unexpesed,  Nested
case-control studies based on death certificate information will be
condncted for canves of death that ocenr more freanently thar expected
or ave aof special interest,

Uatartunately, mortahity studies arve characterized by
disadvantages as well as advantages,  The advantagen are thot they can
be conducivd quickly and Jess expeasively in comparisan to incidence

studiow, and death certiticate dota are cotbected in mitorpe 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 information con important cornfouncing variables, such as smoking,
medical x-ray exposures, and non-radiation occupational exposures are
generally not available,

Inciderce Studies

Pr sently there is ro rational source of disease incidence data
within the United States. Conseauently, this ¢ formatiorn must be
cbtained by directly contacting study subjects, seeking their
cooperation and ottaining information regarding their illpess hisiory.

The majcr adwantage of incidence studies is that they are
sensitive to the occurence of diseases that arc not bhighly fatal ard
cnehic obtaining information on covariates directly from study
subjects.

A1l workers with positive plutoniun body burdens and a sample of
vnexposed workers will bte identified, traced and interviewed in order
to develop incidence rates for specific diseases., Data wili be
coliocted on important risk factors sacbh as tobacco ard alcohol usce,
medical x-ray esxposnres, accupdtianal expocures to chemicals and
radiation, ard waior illnes.wes,  This approach will allow us to
calenlate ircidence rates tor disedses of interest and also to
tovestidate ister<relationships hetween exposures to plutonium, other
radionuclides, external radiotion, coemically hazarvdous sulstances,
and other rink factors, Individuals tu the study cobhorts will then te
interviewed ot periodic intervale to updete their bealth status, and

to obtain oddit ional data.



As in the =artality 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 RCCKY FLATS WORKERS

Study activities at tre different locations are in various staages
of completion. Data on Rocky Flats workers have heen sufficiently
collected and analyzed to present some initial results. These
preliminary analyses include an investigation of mortality of white
males vho worked au Rocky Flats compared to t).5. white males, and are
presented as an illustration of our mortality study cfforts,

Nescriptior of the Rocky Flats Plant

Since the start of its operations in 1952, the Rocky Flats Plant,
located near Golden, Colorado, has been involverd mainly in the
produ.tion of cemponents that are used in the construction ¢f nuclear
weapons. Major plant activities include tne manufacture and a.semlly
of items containing plutoaium, beryllium, uranium and other metals ,
recovery of plutonium, and americium separation as well as weapons
research and development (DOE E0)

Methods

The purposr of this investigation is to cvaluate the gencral
hypothesis that workers at the Recky Flats Flant experience greater
mertality than woudd he expected rase? on li, S, death rates.  Should
more deaths than expected he discaoveesd, additional investigat ions
wvould he conducted to determine whether these excesaes are related Lo

accupdt ional exposures obtatned 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 stcep in the investigation, emplcyment lists of current
and formcr workers at the Rocky Flats Plant were compiled with the
cooperation of Rocky Flats officials. Health physics records were
also used in develaping this list, The study files are now as
complete as availabhle 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
Admini<traticr (Re 81) for a seurch of vital status, A task that
still remairs is to validate the study cohort by mcanc of an external
source such as thrannh Social Security fooms 941A (Ma 79).

Nacimetry data have Leen oltained from Rocky Flats health physics
records.,  Measurements of external radiation exposures from film and
thermoluminesceont dosimeters {TLD) are given in tereas of total
penctrating doses received as of employment termination date or end of
the study, Measures for internal eniticers arce based upon urine ar -ays
conducted tor plutoniue and americiom, and in-vivo counts. In this
roeport,y cumulat ive internal exposures are expressed in wicrocarie days
far platonium,  Sy-tewic tody Furdens are calculated accordina to
Longbaets cauation (ta 50). The cumulative valne in microcurie days

ts the sum of the praductys of the et frated systernie hinvdeo 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. All 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 work 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 rumhers of deaths,
aod indirect adjustments for age were calculated accordirg tn
procedures developed by Monson (Mo 74). Those persons whe were lost
to fo]]ow-up] were considerced 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 an study outcomes of
Lhose Tn«t to follow-up., To date, 1% of the unknowns that have been

successfully traced have been identified as dead,

N.ost ta follow-up refers to individuals for whom the Social

Secnrity Administration was unable tu determine vital status bocause
there was no record of action on 'he individualts accoumt for at
least 2 years, there was a discr pancy in either nan or social
security number or they bad no record of the individual in their
filee,
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Re. lts

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 heen obtained.

As evident frem 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 those health effects,
particularly cencer, that have beer demonstrated or are alleged to be
associated with radiation exposure, Table 2 presents standardized
mortality ratics (S¥R's = chserved deaths - expected deaths X 100) for
all causes of death, all neoplasms and selected type: of cancers,
Chserwed nurters consist of deatlis that cccurred among white males in
this cnhort from 1952 through 1979, Expected numbers cf deaths are
kased upon age and calendar specific mortality rates for white males
in the U.S. population. Standardized mortality ratios were calculated
using the Monson program (Mo 74) and are reported along with 95%
approx  ote confidence intervals,

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

of the Tung, DNata for cancer of tle pancreas were sugqestive of a
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deficit of mortality due to this cause (p=0.076)+. but was not
significantly less than expected. Only benign and unspecified

neop lasms demonstrated a significant excess of observed to expected
deaths, Examination of individual death certificates for this group
reveals one pituitary adenoma, one acoustic neurom. and six
unspecified brain tumors, E)xpected numbers of deaths from other
cancers were not significantly different than expected.

Plutnnium 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 radidation. Since special interest lies in the
potential effects of plutonium, an internal emitter witn a long
effective half-life, separate SMR's were computed for workers with
more than cne microcurie day exposure to plutonium and for those equeal
to or less than one microcurie day. For the purpases of this report,
these 1imits of exposure have beer arbitrarily used to define
plutonium exposed and unexposed workers,

If plutonium exerts an cffect it the level and length of exposure
for this cohkort, one would expect elevated SMR's for plutoni''n expo<cd
werkers, Of special interest are organ sites where plutonium is
deposited and/or stored, such as the bone, liver, lung and lywphatic
system (IC 72): potential intake organs, such as the respiratory and

digestive systems; or cystems sensitive to ionizing radiation, such as
.y 1] . 1]

+ Fxact Miettinen p-value (Po 79)
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the heratopoietic system., Table 3 lists the deta for plutonium
exposecd workers, It is interesting to note that no cases of bone
cancer were observed, and that deaths due tc cancers of the
respiratory system and lung are significantly less frequent than
expected, Likewise, SMR's for all causes of deaths and all m>" "ynant
neoplasms are also significantly low. Amcng plutonium exposed
vworkers, there were two deaths due to btenign 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 ccnsider the SMR's calculated for the
plutonium unexpcsed cohurt, These are listed on Table 4. Again
significantly fewcr deaths than expected are observed for all causes
of death ard 211 malignant o2apleers. Data for cancers of the
respiratory system, lung and digestive system are suggestive of less
than expected mortality. Siagnificartly more deathks than expected were
again obscrved for benign and unspecified neoplasms, based on six
observed deaths and 1,6 expected (p=0.008). Dea . its due to cancers of
the brain and other cer.ral narvous system, while not significantly
more than expected, were suagestive cf an excess (p-N,008), A1l other
causes of death were not significantly different than expected.

External Padiation Fxposed and Uncxpased Korkers

Approximately 75% ¢f the white males whu have ever warked at the
Rocky Flats fecility have been exposed to more than 100 mrem of
penetrating external radiation (X-reys, gasmas and ncutrons

cortined), Since external ecxpasures arc also a matier of concern,
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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 equal to 100mrem ,

The datz 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 tung
are significantly fewer than expected. Comparisnns Yor cancers of the
digestive system, pancreas, and lymphopoictin system are suqaestive of
less deaths tian expected. The SMR for herign and unspecified
ncoplasms is significantly elevated, Mortality frum ather causis “foue
not differ from tha! expected,

Data on the urexposed cohart, shown in Table 6, is 1iwit ! and, in
gereral is not sianificantly different than expected, The one
evception was for the cateaory, all causes, where there were
siqrificantly fewer cdeaths,

FISCUSCICON

Wee have ipvecticated the bypatheeis thal workers at the Focky
Flats plant demenstrate qreater than expected wortality for selerted
Catetrss 0f doath,  The preliminary results <how consastent by foewer
deaths Lhan expected for al o canses ™ deatly, ol evtignant neopclasme,
cancers of (he respiratary system, cigestive system acd luna,  The
only cause of death thal appear sicnilicantly highor than expectea s
a composite classificatraon of bertan and unspecificd neop basme,  Thewe
findings bold when the white male cobort is dichotomized according to
piutenium exposure aor accaording to external radiat ioo cxposure. It iy

noteworthy t.at elevated mmdaers of deathy were nat foand i the
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plutonium exposed cohort for those organ sites of greatest concern
based on radiohiological researca on animals and on the distribution
of plutonium in man. Furthermore, health endpoints usually associated
with external forms of radiztion also were not eijevated. Thus, our
prelimirary results suggest that with the exception of heniagn and
unsperified necplasms, there is ro evidence of increased mortality
compared to lUinited States white males. The finding for benign and
nnspecified ncoplasms must be considered i light of the lack of
similar evidence from investigations of populations exposed to much
higher, arute wirole bndy doses of ionizing radiation such as atem bomb
survivors studies., Turther study of this finding is being pursued by
means of a case centrol sturly.

Liritatiens acd Solations

It i< appropriate to specify the limitations of these results,
Firet, thic jovectigatien saffers from the problem that s tsually
cravgeteeed wher occupat toval reboarts are compared with the tnited
Aaton pepnlatioe,  Such copparisans often resalt in low STR's because
incividuale in the work force ar> healtbhier Lhap the general
pepelation,  This is of ten referved to as “the healthy warker
cffect®,  The olvieww solut ion i te acarate expes tod nurbors of
deathe with rates froe another industrial cobaort or an uryxposed
wilcebert . An attermative solutien ¢ ta coepare divect ty exposed and
uneyposcd salcchorvs within the study pepatot ion iteeltt,  The latter
apprae o will be urdectaken as part of additional analyses for the

studicy on pluteniom 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 yotinger 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
(vc 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 likecly due to the young ace and perhaps relatively
Tow exvosure to occupational hazards. For instance, the SMR of 54 for
all causes reported in Tahle 2, is similar to the SMR of 58 reported
hy McMichael tor workers in the communicatiens industry (M2 75). The
lack of hazardnus work conditions and the similarity in aqe
distriibution hetween these cohorts may explain te marked departure of
their SMRCs from unity, A swall downward bias «lso exists hecause po
adjustirent was made for the tew probable deaths in the
Tost-to-follaw-up qreme.,

Another limitation in this wtudy roncerns the relatively shart
period of follow-up, Mast «olid tumors require 20 to 30 or more years
from exposure ta the development ot ¢linically evidont discaue,
Continucd observation of this cokort is reaoired betore one is

“onfident that the neoplasns of interest shoabd bave hecore evident,

-14-



A nutber 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 censidered during future investigations of
disease incidence.

A limitation of the present effecrt that requires mention is the
lack of external validation of the cohort. Although a sequential
badge 1sting 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 are available tor analysis
suggest that caution be exercised when interpreting these findings.
Fstiimates hased upon small numbers are sukject to cunsiderahle
variability which Timits the cenclusions that riay be made. In this
ctndy, the number of observed cases is sufficientl,; Targe to overcowe
sais probtem only for all caases of death, all malignant reoplasms,
and cancers of the digestive systop, respiratery system, amd lung,

Finally, additienal analyses are planned that will include several
ref increnta that are considercd desirable, A cut-off date at the end
of 1978 will he used because we are not sure that the 1679 data is
camplete.  For persons in the lawt to tollow-up cateqory, the person
years at ritk will dnclude only the time for which vital status s
kriown,  More detdailed exposure data is alvo being collected and
veritied, and will permit add it lanal an:lyses ta be canpleted on

noteible dove responee relationshipe,  Nene of these refinements ave
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thought to he significant in changing basic conclusions, but will
improve the analysis.

There have been e¢llegations (Jo 80} that elevated rates for
cancers of the central nervous system are present among Rocky Flats
workers. Ip 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 unspecified
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
¢eath certificates were coded by independent nosologists as
unspecified brain tumors. Special interest in cancers of the central
nervous systo at this facility has stinulated us to initiate a casce
control study of intracranial tuwors, That invest iqation is desiqned
ta cempare exposures among coses wilh intiracranial turors with thase
of contrul subjects who do nat have cancer or central nervous system
discase, This effort is well underway and will be reported scparately,

Workers at Lhe Rocky I'lTats 'Tant near ponver, Colarado from 1069
through 1979 are the subject of this pretiminary mort :1ity study.
Vital status wvas cletormined an 7112 white males.  The method of
follow-up was through searches of vital status conducterd by the Social
Securtty Admipietrat ron,  Additional means of fallow-up are also heing
pursucd,  Causes of A4 deaths were determined by death cert it fcate-

and compared with expected deatbhy, based on age and catendar-spoc it fe

216 .



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
dicnotomized into those exposed to more than and less than 1
microcurie-day, and the results do 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 category are from both benign and malignant tumors of the nervous
system, This excest is not significant in the plutonium expcued
cohort, but remains significant for the external radiation cxposed

cohart, Further investiqation of this finding is heing conducted.
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Table 1

Vital Status as of Decemher, 1979 For White Males Ever

Employed in Calendar Yea:s 1952 Thru 1979

Total Cohort

Death Certificates
Lost to Follow-lin
Mean Agc at Entry
Mean Year of Entry
Mean Age at Death
Mean Age of Cohort

December 1979

Total Prrson Years

Obtained

at of

of Follow llp

110,111



TABLE 2

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

Cause Observed Expecteu  SMR 95% Confidence
Nurber Number Interval for SMR
1Ch ho.

All Causes (1-998) 452 831,53 54 49-60

Ali 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 ©2-125
Cancer of Pancreas (157) 4 8.99 45 12-114

Cancer of Respiratory

System (Qeuw 0 23) 35 60.55 58 40-80
Cancer of Lung (162,163) 13 57.38 58 40-81

Cancer of Bone (100) 0 .89 T P

Cancer of Brain

and Other Central

Nervous System {101,192) ] 0.50 123 03-243

Cancer of Thyroid (193) 1 .34 202 4-1027

A1 Lymphopoicetic

Cancers (200-209) 13 18.20 71 3R-122
Levkemia § Alenkemia (204-207) 6 6.R0 87 JZ2-180

Ienign and Un-

specified Neeplasms (210-230) R 7.4 32 143-(53




TABLE 3

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

Cumulative Exposure
>1 4Ci Day (N=2130)

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

All Causes (T-958) 98 259.45 38 31-46

All iMalignant

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

Cancer of Digestive

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

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

Cancer of Pancreas (157) 0 2.80 L

Cancer of Respiratory

Sy stem (160-163) 4 19.60 20 5-52
Cancer of Lung (162,163) 4 Y6, 06 22 6-55

Cancer of Bone (196) 0 .28 R

Cancer of Prain

and Other Central

Nervous System (191,102) 0 2,24 R P

Cancer of Thyroid (193) 0 .11 R

A1l Lymphopoictic

Cancers (20r-209) 4 5.806 68 18-175
Leukemia § Alcukemia (204-207) 1 2.16 46 1-257

Benign and

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




TABLE 4

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

Cunulative Exposure
<1 uCi Day (N=4982% )
Expected S'R 95% Confidence

Cause Observed
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 1.9] 105 12-379
Cancer of Pancreas 4 6.19 65 17-165
Cancer of Respiratory
System 31 40.95 76 51-107
Cancer of lLung 20 38,80 75 50-107
Cancer of Bone 0 .¢1 T
Cancer of Brain
and Other Central
Nervous System 8 4.26 188 81-370
Cancer of Thyroid 1 23 428 6-2582
All Lymphopoictic
Cancers " 12.33 73 33-130
Letkeria & Alenkenia S 4,73 la¢ 34-247
Renign and
Ihepecific] Neoplasms 6 1.62 371 136-R08




TABLE 5

MORTALITY FROM SELECTED CAUSES OF NEATH
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,

A1l Causes (T-9%8] 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) 2 32,98 67 42-101
Cancer of Liver (155,156) k3 2.07 145 29-424
Cancer of Pancreas (157) 3 6.99 43 9-125

Cancer of Respiratory

System (160-1€3) 27 47.55 57 37-83
Cancer of Lung (162,163) 26 45.07 58 S8-u5

Cancer of Bore (196) 0 .69 P

Cancer of Brain

and Other Central

Nervous System (191,122) € 5.14 117 43.254

Cancer of Thyroid 1193) 0 .27 e

All Lymphopcietic

Cancers (200-209) 8 14,19 56 24-111
Levkermia § Aleukemia  (204-207) 4 5.34 75 20-192

Benign and

Unspecificed 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 136 187.00 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 Respirator

Sy stem 8 15.06 62 26-121
Cancir of Lung 7 12.31 57 23-117

Cancer of Bone 0 ee--- ——.— e

Cancer of Brain
and Other Central

Nervous System 2 1,30 147 16-530

Cancer of Thyroid 1 08 1317 17-732

All Lymphopoietic

Cancers 5 4,01 125 40-291
Leukemia § Alcukemia 2 1.55 129 14-465

Benign and
Inspecified Neoplasms 1 53 190 2-1050




