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AN UPDATE OF EPIDEMIOLOGIC STLIDIESOF PLUTONIUM WORKERS

G. L. Voelz, G. S. Wilkinson, J. F. Acquavella, G. 1. Tietjen,———
R. M. I?rackbill, M. Reyes and L. D. Wiggs

Los Alamos National Laboratory
P.o. BOX 1663

Los Alamos, NM 87545

ABSTRACT

Retrospective and prospective epidemiologic studies are being

conducted as part of a national survey of plutonium workprs at.follr

(le~artment of Energy faciliti~s (Los Alamr)s, NM: Rocky Flats, CO;

Wound Laboratory, OH; and Savannah Riv~r, SC). A prelirrinary analysis

of mcrtality was di:n~for all ~llli~emaIFS who have workw; at l.hc’ROCkY

Flats Plant during th~ period 1952 to 1979. The 452 observed depths

were significantly fwer than tbc 1131exp~cted for all causes. The

107 draths cllietc aii n~~ligrlantnroplasnls w~r~ also si~nificantly

m~lrs. Draths rrrnt.t(’rtfor benign and unsprcifird n[wplarms nlmlb~rcd

~iqht vrrsllsan cxp~ct[l(!two, n significant olcvrltion. TbPsr tumors,

r~pnrtc~l Iatpr. Sllt)(livi(iit)qthr (:rltlorton thr Ilasisof plutonium

f’indinqs. llIrIlrni(lndfldItfl:,p(’ril’i(’lln(’r~pldc.ms,Il(w’(’v(’)”,kJIIrYI not

sir]nifir{lnl,lmyhiqh irlttl(’~)ltll(llilllll-~’~l)[)!.(’(1(It.rlll).
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INTRODUCTION

Significant quantities of plutonium first

and 1945 with development of the atomic bomb.

tJecameavailable in 1944

ovl?rthe past 35 years,

approximately 15,000 individuals have worked with plutonium for tk:

Department of Energy and its predecessor agencies. About 5,000 of

these employees have positive body burdens as measured by plutonium in

urine. l“hispaper brief-iy describes ollrpast efforts and futur~ pli; ;

-Z thc~e ~TnrkPrs and presents preliminaryfor epidemiologic toiiowup WI

results of analyses of mortality for workers at the Rocky Flats Plirnt..

History of Two St.uclipsof Plutonium-Fxpos~ci h!ork~rs—.. —

In 195?, Louis Ilempelmann and the late Wright Langham s.electecla

group uf 26 Manhattan Project workers who wer~ heavily exposmi to

plut~tliurnin 1944-45 for clinical follow-(lp. Their ~stimat~d systemic

hurdcn rilr’’,CJPCl from 7 to ?30 n?nncurips (nCi). In ccvvparison 10 thr

so-callccl “lifetirnc”pcrmissil:lc body burctrnof 40 nCi fn~

occup~t.ional cxposljr~s, 11 of thrsr in(lividt~alshave ho(lyIllr(lcnsin

f’xcrssof 4(InCi, aII(l?1 p(,rsons(lmrwrlslrdte body hllrclrnsirIPxccss of

70 nCio At.this tin](!,th~ iivrraqr aqr for thr grollp i< ju$t ovl’r60

with 24 of thr ?fI individuals still dliv~. Thr n~m)hcrof thcs~

in(lividualsrem,linillqirlivr i’;hiqhpr t,hilrlpxp(’clrd hasrd on mnrt,llity

rdtr’sfor (1.S.white mali’sl. Aft.rr 37 .y{’nr’tof follnw!lpnf)r’vi[l(’llcoof

adv(’rsv11[’111111,7ffrctswiI\ f(]~lfl(l(Vt~7(1). Clitlic(~lrv-[’v[ll{lllfi(~n:,,Ir(’

~llrrpntly in proclr{’<s.

A:] im}lort,~lll1inlitatinn of t.hi~hitlr~tl(ll.tlltll’ro,iiI[:tw(~rhl’rstll(lyis

ttll’WI(11 1 llllllill(’1. of \lll)j Pet. ~,● 111 1!?73W74 ,111(’fiort Wtl:i 11111(11-tn

i(t(’ntif,y(I11 work[’rq at.I[)~IIl(mo’lwho IllltlP;i +mdt[IIIplljt[lflilml

-?-



d~positions of 10 nCi or more. Health physics records 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 obtained for the deceased. The study had 100% follow-up through

June 1976. Mortality patterns for this group have been reported (Vo

78, Vo 80). The observed mortality of these workers was compared with

th~ exp~ct~cl numh~r of d~aths based on mortality rates for llnit~d

Stat~s white males, accord

rrori.alitywas not obs~rv~d

cr=r,lung cancer, and card

ng to the met.hoclof Monson (Mn 74). Excess

for any callse in this group. Total can-

ov~scular mortality was less than

~xpccted, NCIhone or liver cancers wcrp discnvercri. Sincr luno, hone

-3-



NPTIONtiIDE 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 pl’’tonium and ether transur~,)ic elements in the !Inited

States. The majority of these exposures have occurred within

faciliti~s operated under contract for the llepartm~nt of Enprqy and

its predecessor agencies, the Atomic Energy Crmvris~,ionand the Fncrgy

Research and Dcvrlopnmnt Pdrrinistration. Th~se f~cilitics, inclucl~:

Los Almos National Lahor~tory, the Rocky FlfltsPl~nt, Flnurd

Lahoratorics, aprlthp Savannafi Rivpr plant. ,7smtillnumber of workers

wro exposed to plutonium also at Panford anclOak Ridg(’. The ov~ral!

proj~ct is desiqnpd to

th~s~ workers by st.:jdy

Portality St~ldics

evalllate the Iifct.irmh~alt.hexpcricncc of

ng mortality and discas(~ inccirnc~.

Stiirlr!ardi7vdmortality rntiorlfor ncopldsmr and ol,hrr rr’(7,iorCall!,os



throughout the United States. The disadvantages are that mortality

studies are not sensitive to the occurence of non-fatal diseases, and

that irfcr:aticn cn important confounding variables, such as smoking,

medical x-ray ~xposures, and non-radiation occupational exposures are

generally not available.

Incidcrce Studies.—

Pr ;ent.lythere is ro rlational source of disease incidence data

within tll~~United St.ztes. Cons~au~ntly, this ‘ formation must be

cbt?inml hy directly contacting study suhj~cts, seeking their

spr)sit.ivp to thp occurrnce of ctis~,lsosthat arr nnt highly fatal ~nd

cndl~l(!ohtaininu inforlllationon covari~t?s dir~ct.ly from study

l’n~yporrftwnrl”rrs k!illIc idc!ltifi(’d,tracr’(1arid int.frvicwf’d irl Or[!cr

:0 di’vrlnp incidcnrc rat(’sfor sprc{:ic disrd<ps. t3dt.(3 will h

invl!)t,i(];lll)ir;t(~t-rt’llltion!ltli~)r1)(’lw(’~rl(Jxpn!lllr(’:ltn pl(ltorlilim,ottl(-’r

r{]dionllclid(r),(Ixll’r”n{llrndi(lt.ion, cllrmi(:lllytllllt]r(l(~(ls~[11’ft.a~crs,

and oth(’r rir,k fllr.iorsl. In(!ivi(jlja]sj!ltt)(j~itlIIly(otlorts k’i1I th(’rlI(’

irlt(rvi(wll’(1at p(’ri(l(li(’int.’’rvlll~lto 1111[lilt (’ till’ir11(’illttl !It,lt,lls, ar]d

to Ol)t(lirl,’(l(litiondl (Illt{l.

-s-



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 ROCKY FLATS WORKERS

Study activities at the different locations are in various staa~s

of completion. Data on Rocky Flats workers have h~en sufficiently

collect~d and analyzed to present some initial results. T4cse

preliminary arlalyses include an investigation of mortality of white

mzles who worked aL Rocky Flats comparcxl to U.S. white males, and are

presented as an illustration of our rrortality study efforts.

17~scriptior of thp Rtlcky Flats Plant

Since th~ st~rt.of its op~rations in 1952, th~ Pocky Flats Plant,

located orar Golricn,Colorado, has b~~n involved mainly In th~

prodl,:tion of components that are used in th~ construction cf nucl~ar

weapons. Major plant activities incllldcthe man[lfacturc and il.,se~ll,ly

of itrms containing plutollilm:)hpryllium, uranium and othdr metals ,

recovery of plllt,orlium,and americium separation ar w(’11as We(lpons

rcs~at-chand ctcvrlopmpnt (DOE 80)

-i)-



interested in investigating causes of death such as deaths from bone,

liver, and lung cencers, that have be~n 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 step in the investigation, employment lists of current

and former workers at the Rocky Flats Plant were compiled with the

cooperation of Rocky Flats officials. Health physics records wer~

also used in c!eve?cping this list. The study files are now as

compl~+te as availabl~ from th~se sources. The resultant roster bas

h~cn cross-ch[)ck~d with ~ s~ouent”al hadac listing for th~ purpose of

~lJlidfitinqthe cohort, a~c!vas twice slllmittrflt.othr Social Security

Nimini!traticr (Re 81) for a s,[’:irchof vital status. P,task that.

still rplllair:sis to validat:j th~ stlj(lycnhnrt by mc?nz of an cxt~rnal

sourc(Isuci~as throl)ntlSocial Security focms 941A (Ma 79).

[l~)~,im(lt,ryd?t.a }I,lv[?l;[~~n~lt~i~~~! fr~nlI{orky Flats I]palttlphysir.s

r(’cor(ls.t4easurrmcr11.r,of ext.rrnal radiation cxposurt’s from film and

tllcrrtlc~l[lmin(’s,c(’r)tdosimrt(!rs (11.[))orp qiv(n in t.~rli]sof”total

prnctr,lt,ingdr)srsrccriv(’d .3sof (mlploymrnt.t~rnlinatlon (Iat(’or cnclof

th(’?tlldy. Mrnsurrs for int(’rnalPnitt(’rq flrchasc(l upon ut-inf?.3’‘a,ys

r(IIIdII(”f II(l for pllll.oni(llvand am(~rici(ml, and in-vivn collnts,. In t.hlj

r(,i;r?rt., f- IImIIl,Il. ivl’irlt(’rndl(’xl~nsur(’~l

fr)rI?lltlr)t)ilml.~y.,~~l:,i( I(,(!,y

I ,lllflb,lp! ’!, IIOII[!l inn (1,(1L()).

i:;IIIIJSIIIII nf t 11(’ pro(llirl’; of

ilr{’ Pi~l~(’:,’ll’(!it)Illicror’lrif’ days

I’llr[ll’rls i!~(’ f,llClIlt7t.(’(1 ,lr(r)rdinat.o

II(1rIIIIIII ,llivrvallio irlIuicrorlirir(l{I,yS

thr r’rl:1’,lt(1(1s,yfl(wlr lIIJr(l(IIIfindt.hr

-7-



number of days that burden has been present. The values were taken

from the Rocky Fiats health physics records.

Demographic and work history data frorrpersonnel records have been

coded into machine readable form. All of the data werp 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

consider-cd acceptable and was achieved.

Death certificates were obtained for workers identified as

deceased by the Social Security Administration. These deaths were

th~n verified as being part of the Rocky Flats work force and werp

double coded to the 13threvision of the ICDA by qualified

nosologist,s. This information was nwrqed with other data into an

arlalyticfile. Th~ p~rson years at risk, expected rumhers of deaths,

and indirect adj~jstmcnts tor dgp wrrc calculated accordirq to

proccciurcs developed by F!onson (K!o74). Thos~ persons wh~!werp lost

tn follow-up’ were considered to he alive at the end of the study.

A random samplo of those inciivid~ialsir heinq trac~ri in order to

asc~rtain t.heirstatu~ and to estimate the ~ffect on st[ld.youtcrmws of

thos~ ln:t to follow-up. TO d~tc, 1% O( thr unknowns that havp hrpn

successfl]lly trdccd have ken id(’ntifi~rt as d~ad.

-fl-



Re. Jlts

For the purposes of this repcrt, only results pertaining to white

males, who comprise nor:.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 1952 and the end of the study date, December

“1979. Death certificates for 452 deaths have been obtained.

As evident from Table 1, the v)rk force is still relatively

young. The average age upon e~tr~ 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 inter~st

particularly cancer, that.have hect-

associated with radiation exposure.

is in those h~alth effects,

demonstrated or are alleged to be

Table 2 presents standardized

nmrtality r?tics (Sf~i?’s= chservcd deaths - expected deaths X 100) for

all r~uses of death, all neoplasms and selected types of cancers.

@hcer~;~clnunh~r~ consist of de,att~ that occurred atnonqwhite males in

this cohort from 1952 through 1979. Exp~ct.cd numbers cf deaths are

t-iazrdupon age and calendar spwific mortality rates for white males

in the U.S. population. Standarclizcctmortality rat

using the tflon~onprogram (Mo 74) ?nd art?r~ported a’

appr~x ltp confidence intcrvdls.

than rxprrt.rd Kcrc ohs~rved for all

nt’nplasnls, cancrrs of the rliqcst.ivc

of thr r~s,piratnry systmu, and cancers



deficit of mortality due to this cause (P=0.076)+, but was not

significantly less 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 neurorr~ and six

unspecified brain tumors. Expected numbers of deaths from other

cancers were not significantly different than expected.

Plutnr?ium Exposed and Unexposed Workers

Investigation of the total cohort of white male workers is useful

for corlsidcr”

However, our

been exposed

ng mortality irrespective cf specific exposures.

major in~.crest.is in mortality among workers who have

to radidtion. Since special interest lies in the

potential effects of plutonium, an internal emitter witn a long

~ffective half-life, separate SMR’> w~re computed for workers with

more than cn~ microcurie day exposure to plutonium and for those equal

to or less than one microcurie clay. For the purpcses of this report,

these limits of exposure have beer,arbitrarily used to d~fine

plutonium exposed and unexposed workers.

If plutorrium exerts an rffect It the lev~?l and length of exposurp

for this c~h.ort, one would expect elevated 5?:!?’sfor plutoni”u expn~rd

wcrkers. Of special interest are organ sit~s where plutnnium is

deposit~d and/or stored, such as the bone, liv~r, lung and lywphatic

sy$tcm (IC 72): potential intake organs, such as the respiratory and

diqestivc systmns; or systems sensitiv~ to ionizinq radiation, such as

+ Fxact h~irttinrn p-vfl?IJo(Po 7!I)

-1o-



the heratcpoietic system. Tdble 3 lists the data for pluturlium

exposed ~orkers. It is interesting to note that no cases of bone

cancer were observed, and that deaths due tr. cancers of the

respiratory system and lung are significantly less frequent than

expected. Likewise, SIIR’Sfor all causes of deaths and all m’--gnant

neoplasms are also significantly low. Amcingplutonium exposed

vmrkers, there were two deaths due to Peniqfland unspecified

neoplasms, which was not significantly more than ~xpectecl (p=O.24).

Other cancer deaths did riotdiffer significantly from their predicted

number.

It is also interesting to ccnsic!er the SFP’S calculated for the

plutonium unexF[scd coh~rt. These are listed on Table 4. Again

significantly fe~cr deaths then ~xpected ar(’observed for all causes

of death ard all m?lignent rl,?cp!zws. llat~fcr canc~rs of the

respiratory system, lung and flig~stive system are suggestive of less

tkan expected mortality. Siqnific~Ptly fic)r~dcat.bs thariexprctecl v:er?

again observed for hniqn and FInspecificcineoplas~s, based un six

obsorvr?ddeaths and 1.6 t?xpectcd (p=O.@OF). llea,hsdue td cancers of

the br~in and othrr cel~ral nl?rvous system, wh,ile not significantly

more than ~xpmt~ri , were sllgqrstive cf Gn nxcrss (p-n.(??$)m All other

causes of death were n~t significant.ly cliff~rcnt than expect~d.

Fyt.rrnal?adi~t ion Fxpc)~tI:liimi(Irwxpnrd k’orkr’~s.—— . —

nml). Sincr n~l.rrnal C%porurcs ilrl_.ills(lilmat.tcr of cnnrrr-n,

-11-



white m~!e workers were dichotomized on the basis of external

exposures into those with total cumulative exposure greater than 100

mrem aridthose less than or eaual to 100mrem .

The data on workers who were exposd to more th?n 100 mrem

ext~rnal ractiaticn are listd in Table 5. Deaths due to all causes,

all maliqnent neoplasms , canc~rs of the respiratory system and lung

ar~ significantly fewer than expect~d. Comparisons for canr~rs of the

digest.!ve system, pancreas, and lyn’ptmpni.’ticsystmr ar(.suqq~stivp of

less ctrathstilanexpected. Ttm St{!?for hrign an,!unsporifil’d

nccplasin~ ii significantly elfvat.oct, !“ortality fl”i~lt”nt,hl””r~ilU:.i,<‘!O!~

nc,tcliffrrfrom tha: exp~cted,

l’)at~on the unPXprJSPd cohort, shown in Tahlo 6, is limit ! and. irl

gcwral is not significantly (Iiffl’rrrlt.then rxprrtod. Ttl[’nnr

~~cq~tinn wiY<for th(’Iatpgnroy, ,111rirurlcr,,wh(Ir(Itbi’r(wrr(’

significarlt,l.yf(’wrrd~’l]ths,

l~l!,f[If!:1(1%

W(Ih2vP irlv(lftic,ll?(lI.hohyp(lttlf’’”!:,!.h,llw(ll’1l.l,r\ llftIll’F’(lf”ky

Fl,?fsplant IIrrwr]<trat(’qr[’tlt~,rthan l’xl)~’(t~’(!w(lr-t,llitv for sl’11’rt(’[1

C;Jl,\,llr,of flll,lt.1’. 111[1pr[lin;in,lryr~’$lllt’lCIIOW ::l)fl~.l:,tflrltIy t(w’r

(Irdths lt;drirxp(’ct.r(lfnr dl I [,.IIJ\II~.c’-dIIdl,!l,dll ll’mll~grlllrltrll’olllll’mlq),

cllrlrrr~,of !Ili”r[~s~lir,)!ortqyqtIwI,[’iq(’(,!iki.~.yctmr:,111(1Illnu. Ih[’

OIlly~IlllSPOf ilf’(?ltl t t!~lt dlll)f’,)l’”l q i[;llff ird:ltly !Ii(lhi’r t 11,111 rx~l(,( tivl i~

a rnmposit{’ c117s5ifirallnlI,~fI)i’rli(]r)dnd llrltp~’(.Ifii’(!rl(’(qllllwnz.Thl’’,fi

firldin!l[,INII(Ih’hrrlttll”white mdlr r.ohort is (licllf~t(~llli;’[lrldrrordivq to

piut(ll:ilmlvxprsIJr”ror ,I(c(irdirlqto [’xtl’rll,llr,~rli,lfinn [xp[l~,lirt’.It is

notllw(]rttly{ ,,lt(\lllv,lt.1*[1lllmllI1’r~of ~lII,!lI}Q,WI II-f* rll)lf[)~lfl[lillthI*

-12-



plutonium exposed cohort for those organ sites of greatest concern

based on radiohiological researrn 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, o~r

preliminary re:ults Suggest that with tlw?exception of benign and

unsprrifi~d necplasr?s, ttwre is no Pvic!Pncc of increased mortality

ccmpnrrcl to llni+~d States white males. The finding for b~niqn ant!

~lnspocifird nrctplasns must he considered i::light of the lack of

similar ~virtrnc~ from investiqatictns of populations exposcri to much

tligh~r,acut~ wbo!e body doses of ionizing radintinn such as atrrtibomb

survivor-s studi[’s. rurthrr study of this fifxlinq is hcing pl;rsurrlby

rruldnsof a Casp t(,rltrol<t.11’ly,

l.iv-itlllion~lnrvlSoll:tions-— -..

11 is q:llroprlllf~ to spr’cify fhrI li:llitfltinrl:mof th(’:ccr(’:)ults.

-1.1-



It is interesting to note that mort?lity ratios obtained in this

investigation are lower th~n those found in many studies of industrial

workers. This may result from unusual selection procedures that were

present in th~ formation of this cohort. Factors such as preplacement

physical examinations and the security clearance procedure may

contribute to an excessive bt?althyworker effect. !urthrrmor~, the

healthy worker effect is more pronounced at yn’lnger ages, thus the

i)bsrrverlnumber of deaths in this cohort should M less than exp~ctetl

haseclupon the 11.S. white male population (Sa 76). It has been shown

(Pc 75) that younq industrial cohorts rtwconstrat~ SMR’s well below

unity fiildapproach unity as they aqc. Tho low SF[{’Sfor the Rock,y

Flats cohorL arc likely dun to t.hf’younq agr and perhaps rclativoly

low txposurc to occupfitional hazards. For instance, the FJ411of 54 for

all cirusrs rcportmi in T(IIIlCI7, is similar to thcISMI!cf 5flrcportwl

h,yNclfirhnf:lfor wnrk(’rs in f!lpconrmnicaticnr imll,stry (PI:75). Tlw

lark of haT,’rdouswork conditions and I.hf’similarity in nqr

distriiiution Imtww’n thrsr cohorts rrIiIyox~~lain t,Ir l~ilt.k(~(l d(qlartllr[’of

th~ir W?’f, fr(,munity. A sIT’irlltl(lwnwilr(!llitl~U1%O rxists lMIr,cusorlo

af!j IIr, tIIv’rl~ wllq rra I!f’ for thr !rw JIrOllal~lIId~’llt.hsin thr

Iilst-tn-f(lllllw-llpqt”[!ll[l.

Afmt.hPr Iin’il.,ltionin III:Z!,tudyronrrrns t!’rrt’lllivr’ly$hort.

pririn~!of follnw-upm Hnst “Inlidtumors roqilirl’2(110 39 or morr” y(’{lrs

frrml(lxprIQ,IIrIsto II)(’dvv~)lopmrnt of clinicl]ll.yvvi[lfnt.rti~t!,l:,om

ContiflurdOlI:l(rVation nl”thin,rohnrt ik r(xl~llr[’11br!orv or)r is

,.orlfiIIIIIt ttIiI; thr rllt{}pl,l!,lrr,nf irll[~ro’tf~lltlllldII, IVV Iw(,(w ovidrnt .



A number of important risk variables have not been addressed in

this study. Such factors as smoking, other occupatio~al exposures and

medical x-rays need to be taken into account. It is planned that

these variables will be considered 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

hadqe ;isttng has been ~mployed to verify the study population, an

olltside so[lrce,sljchas SSA 941A forms should also he us~d, We are

currpntly in the process of obtaining these documents.

ThP small numhrr of ohscrvwl cas~s that arc availab,l~ f~r analysis

suggest that caution be rxerciscd whc?tlinterpreting th~se findings.

Fstiinatps h~srd upon small numh~rs arc sllt,jrctto c~,nsidcrahl~

vtiriat’ilil..ywhich lim+tg tho rrln~.lllsiorl~,ttl,ltrmy M IIIFKIP. In this

~.t.llrly,tt’(’numb(’rof nllsrrvrd cil::vsis sllff+rl~’ntl,;l(lrqcto okrrctwlc

t;lis pr(ltll(wl (I:lly for all Cfl II S(IS nf (IPJ! )1, all mdl iqnall! mylldsm~,

(111(1 .:drl(:(v:; of th(I di~r~f ivn S.y?t IIW, r(~rpircltn~’-v syst.(vn, 1711(1 Iunq.

l-indlly, dd(!itirnal annly%(’s dr(’ plantw(l that will inclmlu s(Iv[$riIl

r(lfifuwv’nt’, thdt ar(’ con~, i(lcr(’(1 (1(’:, irdl’ 1(’, A clll-nff d,ifrnt tll{’VII(I

of l!~7f:will I)(1IIrrdt~nr~lurt(’WI’or{’11111rltri’ ttldt t.hI$ 15)!1 (tdtd iS

C(lml)ll’t. [”. ~l)t” ~J(’r:Iotl\ ill I.tt[* !III.I to lIIllnw-IIp ~:at(’(l(!t’y, th(~ p(’rson

jvars ,11. ri~,k will im ludv nnly thr t im~” frlr k41i(:tl vil,ll stllths IS

ki;own, F!(}IY1drl,lilod (IXIJ(l Q;IIrP d,lt. n i% ,IIItO ll(’iflq rollt’rt (’(1 nnd

v(~rif”io(l, aml will p(Irmit, ml(llt iunirl an,!ly~rs to Iv’ r(w:pl(’td on

n(jr,r,illl[~dn~,[lrotpnn’.(~/“l’lilt i(~tllltlip”,. N(’llr Ill t.hP<r 1“1’11111’1’11’llts Ill’(’

-l!,-



thought to he significant in changing basic conclusions, but will

improve the analysis.

There have been allegations (Jo 80) that elevated rates for

cancers of the central nervous system are present among Rocky Flats

work~rs. 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

estimatrs. However, ther~ are ,~nadditional 6 cases of unspccificrl

brain tllmorspresent in the unspecified n~oplasms. Unspecified refers

to tll(’fact that the death cortificat.c information does not contain a

spm.ific turrnrtyp~ or histologic classification. As a result, those

t!oatt~certificntrs were codrd hy inri~p~nd~nt nc)soloqists as

unsprcifi~:i brnin tlnvors. Spmial int~rrst in CillKPrS of tho crntral

nrrvollsSySII:IIiitthis facility hlIZstirlulrltr’(l115to init,i;ltra rns(’

cnl]t,rnlstudy of intrarrf?nialtlmmt-s, Tll~t,illvi,t~tiqntinrl is drsiqnrd

in (“(mlpdrp (Ixpo{url’s dmrnrlq crlsrs with inti{l(:rdlliill tunmtc w!t.h 111,1’;I’

of cuntrol sllbjcr.t.s wtm dn nllt hirv(’ r,{?tlrrror c-(’ntrdlnil

disrrlr,e. Thi:.~tf(nrt is WO1l IIn(lrrw,lyi]ndwIII 11(1rvl)or’

(%rlrlllsinn.—.—.. ..—.

Vrlll!, !iy!Il (w

f’fl S(pllt’dt.(’ly,

t,ll%t.tllu’:rtlrl[lurtldl~ytkv %1 1,11

m(~,lrlt, of 1111 luw-1111 ,lrr ,11 <(1 Iu’irltl

(!l,ti~t’mirlll(l Ily 111’,ltll f“(’1’t II I(”ilt l”!



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

subcoho~ts. Based upon plutonium depasiti~n~, the cohort was

ciicnotomized into those exposed to more !.hanand less than 1

microcuric-day, and the results do not suggest increased mortality

among those with highel

investigations do show

n(:oplasms for the Iota’

this cnt~qory are from

plutonium depositions. Our preliminary

a sicjnificant PXCCSS for benign and unspecified

white male cohort. The causes of death in

both twwiqn and malignant tumors of the nervous

systmu. This exccs~. is not significant in thr plut.nnillrnPxPc~Pd

rntmrt, IwI. rrmdins siqnificnnt. for t.hr rxt~rfldl rfldiilt ion rxposmt

cohort. Fhrthcr inv(lstigdtiorl of this fin(l~nq is h(’inqrof:fiIIc~rd.

)(kflf)villirl(]lllrnt,—-- ------ .- .,--- .. .

‘111(I coull(’rillion of prrwnnrl tlIIdst,,lffili thv Rorky Il,ltsl’l~lilt.,11111

t.twh[IlpflIl,ldvir~am! rritlcism of th[!Illi(ll’tl:i(ll(l[l,yi’hlvi~l~ry

C(lllUllitt.f’~’i]lm[ (lr.t;tl~f[lll,y tl(-krl(,wl[’(i[l(~(l.

-l/-
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Table 1

Vital Status as of December, 1979 Fnr White Males Ever
Employed in Calendar Yeais 1952 “ihru 1979

Total Cohort 7112

Death Certificates Obtained 452

Lost tO Fo11ow-[!9 6?7

Rean Agc at Entry 23

F!ranYpar of Entrj 1964

Mean Age at Oeath :,((

Mean !g~ of Cnhort a! of
ll~ct?ml;er1979 48



TfiBLE 2

MGRTALI’J’YFRCBISELECTED CAUSES OF DEATH
FOR TOTAL hHITE MALECOHORT(N=7112)

Cause O?yw:d Expected S’MR 95% Confidence
,. Number I]]terval for !-M/

IL1) ho. -

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

Ali Malignant
Neoplasm (140-209) 107 167.07 54 52.77

Cancer of Digestive
organs 6 Peritoneum (150-159) 28 42.61 66 44.95

Cancer of Liver (1559156; 3 2.70 111 ;2-?25

Cancer of Pancreas (157) 4 8.99 45 12-114

Cancer of Respiratory
System (lW : ‘3) 3s 60.;5 58 4:)-80

Cancer of’Lung (162,163) 33 s;.~~ 5R 4(-I-81

C:lnccrof Bone {1-y,) fJ .89 -- -----

Carlccr of Nrain
and Other Central
Nervous S}’stcm :lill,l!~~) 8 6.50 123 53-243

Cnnccr of Thyroid (105) 1 ,34 ~~)~ 4-1(127

All l,ymphcqxlictic
Cancers (200-209) 13 1s.20 71 :H-122

Pcnirn iln(l [h)-
y(’c i f i rtl_~l~:Ill HSMS (710-?l!~) R 7.41 ~,~? 143-(!53.-—— ..-——.. ... —— -—.— .-—.-.— ..— —,



TABLE 3

NORTALI’IYFFOl SELECTEDCAUSES OF DEATH
FOR WORKERSEXPOSEDTO >1 pCi DAY

Cumulative Exposure

Cause
>1 ~Ci Day (N=2130)

O~:g::d Expected SMR 95% Confidence
,,. hhnber Interval for S!tR

I(JI N0.
All Causes m)

All ilalignant
Neoplatms (140-209)

Cancer of Digestive
nrgms and Peritoneum (150-159)

:cer of Liver (155,156)

Cancer of Pancreas (157)

Cancer of Respiratory
System (160-163)

Cancer of Lun~ (162,163)

Cancer of Bone (196)

Cancer of Plraln
and Other Central
Nervous System (191 ,192)

Cancer of Thyroid (193)

All Lymphopoictic
Cancers ( 2(-W-2(N)

Leukemia G Alcukmuia (204-207)

Benism and

98

20

8

1

0

4

4

()

o

0

259.45

52.59

12.97

.79

2.80

2.24

.11

5.86

2.16

38 31-46

41 23-59

62 27-122

127 2-705

-.. -- -- . .

20 S-52

“2., ()-s5

--,. -------

---- ------

--- ---.--

OH 18-175

46 1-2S7



TABLE 4

MORTALI1l’FROMSEL. TED CAUSES OF DEAIH
FGR WORKERSEXWSED TCI:1 uCi DAY

Cumulative Exposure
c1 uCi Day (N=4982]

Cause Observed Exp~ct-&d g!~ 95%

Intewal for S}IR

Confidence

Number hbber

All Causes 354 572.09 62 56-69

Ml Malignant
Woplasms 87 114.48 76 61-94

Cancer of Dipestive
Organs and Peritoneum 29.64

1.!21

6.19

67

105

65

41-104

lz-j~~

17-165

Cancer of Liver

Cancer of Pancreas

Cancer of Respiratory
System 76

75

..

S1-107

50-107

.-----

Canrcr of ].ung

Cancer of Ik2nc

Cancer of Erain
and Other Ccntr;ll
N2rvws S)’strm

All Iyq’hopoictic
Cnnrcrs 12.33

4.73

“15

10(.

‘1

s



TABLE 5

MORTALJH FROMSELECI’EDCAUSES OF DEATH
FOR h’OFKEW EXPOSEDTO >100 mrem

Total Penetrating Dose

Cause
>100 mrem (N=5228)

Observed E.mected SMR 95% Confidence
humber l&mber Interval for SMR

ICD N
All Causes (d” 313 644.S3 49 43-54

All Malignant
Neoplasm

Cancer of Digestiw
Organs and Peritoneum

bncer of Liver

Cancer of Pancreas

Cancer uf Respiratory
system

Cancer of Lung

Cancer of Pare

Cancer of Brain
ancl Other Central
Nervous Sy”stcm

Cancer of Ilyroid

All l,ymphopcictic
Cancers

(140-209)

(150-159)

(155,156)

(157)

(160-163)

(162,163)

(190]

(191,1Q2)

{193)

(200-209)

(204-207)

27

26

0

6

0

8

4

130.18 58

32.98 67

2.07 145

6m99 43

47.5s 57

45.07 58

.69 ---

5.14 117

.27 ---

14,19 56

5.34 75

46-73

42-101

29-424

9-125

37-83

.5U-63

--.--

43-254

-----

24-111

20-197



TAJ3LE6

M3RTAL1TYFROhl SELECTEDCAUSES OF DEATH
FOR h’ORKERSEXPOSEDTO <10J mrem

Total Penetrating Dose
:100 mrem (N=1!384)

Cause Observed Expected s>~ 95% confidence . s

h’umber htiber Interval for SKR

Ml Causes 139 187.00 74 62-88

AJl Malignant
Neoplasm 31 36.89 84 57-11S!

Cancer of Digestive
Organs and Peritoneum 6 9.64 62 23-136

Cancer of Liver o .63 --- ..----

Cancer of P2ncrcas 1 1.99 50 1-279

Cancer of Respirator:’
System 8 13.00 62 26-121

Cancer ~f Lunp 7 12.31 57 23-117

Cancer of Bone o ----- --- ------

Cancer of Brain
and @thcr Central
Nervous System 2 1.36 147 16-530

Cancer of Ttlyroid 1 .08 1317 17-7525


