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LOW-LEVEL RA DI ATION AND
CANCER DEATHS *

2 4 R .\ EV .%. i \.NIRRS
3xu Soledad Road. I.a Joita. CA C07

ihcerced 197h arrepred 13 $cutember iMTh

.Citrue'- Aithou;;h :he prorurt:on of ganser deaths .unong m.iies o. wr"ew hat Sigher for
Hanford employees * ah recorded occupational.r:niiation exposure somrared *itn males*

in the general corui.uion of the state of Washington. there is no indication that radianon
is the cause of this duTerence.

For excused male employees hired at Hanford from im to 197I. the mean radianon
Jose increa3cs progressiveiy from f 42 mrem m 1944 to 3M mrem m W72 (the true
;radent *ould have been sharrer? whereas. :he percentage of deaths from cancer is
19 35 for :944 1959 and 20 27 for 19461972. For the.!%im .onorts (those hired m
1%4 or 1949, me oMers ed Jose ;*udient rhes progressvely from N: mrem m im to
1762 mrem in 1971 bwith a snarper ;radiem :.1 true Joset and the cercentage af c; inter
desths is 21$7 for 1941-1949 and 19.10 for 1%LI972. The cercentage of dearns frem
canter is 23 35 for etro ed tales hired from 1946 to 197! and 23 d5 for thuse hired m
thi945 from the :irne af hire o Cc:ober 1972. For each yent the mean dose !evet of
dose who died from cancer is ,ot sigm5 cant!v ditTerent from :he mean of those who sed
from other :auses. The meurt dose ies el for rne man 4r:ty of muse who died in a spec:5c
year is lower than :he man for the sur ivers in the year of death, m the > c.c preceding
the ye:r af de:th. ar m the : *o years preceding the > ear of death. This is true w hether the
mean was for dme dying from :2ncer or frem other cau es.

The3e reiationsbps sre similar for female esposed em;io> ees and .. gree uith other
umdar studies?

The Ltest 2nalyus of exposed nrale Hanford emplo> ees vs those none posed and the
out of. plant :antreis frorn the date of hire io Aptd 1974 shows the foilowing oftenstatis:icaili signt5 cant diferences:

1. Higner longevity for expo *ed em pio > ees vs the denn5ed dbjings of sush
employeet. This adsantage nf employees aver :he siNings secumes more ;ronounced ;f
the comrarison is restr c:ed to empio>ees Aith one or mure denn5ed uHings.

'. E3 posed employees have higher fungevm when compared w it h none vosedemeioyees.

3. E.gosed empioyees have higher :oncesit) w hen compared wiin : heir matchedcontrois.
4. Nonexpmed employets " ave 'ower long:vity wnen comnated with .'de n n tied

uNine of such empioyees. f the comparisons are restrN:ed to emrnoyees with one or
1 ore identi5 d uHings, de tongevity advantage of de Whiings oser the empiosers isennanced.

5
None'.pused emptuy ers iave inwer 'ongtvity when :umcared with * heir matcsedcontroh.

Crude diun.iity daim rates for beneits among tne ronnfation ; ours defineated arove
fuity suprurt rne 5ndings bed on 'ongevitv :herefore. .id onscnanons .n aiianfe so far
;tve no 5f m indicanorr of :ny ::. sling :dsene .1ealth e:Tects among -3anferd emrinyees
attnbut:Ne to occupanonai exposure :o radiation *itnin rermisunee 'imus. Inferennady
these inmngs are ',ike;y to ;revml at : cast umil the ear!y IWWs. Adverse e:fes:s beyond
26 yr :snnot be Jenied or adrmed at dis time.
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W4 D EI RACl^IION AND Cwhn.h they dedine nd t .%0 :t .cuoabomaprNantx blineHP IDI: jon emnioyees Nof thec
identified sihiings of tne n hu.een andN'40DC CTION
Hin gs

study * of the eine
heu comrold for /

scx asfoHow.up tomic piants of the 3ame1964 a i

recemly about 23mCO maNHanford employees.The maximumd the averageemplos ces who have worked n a:onducted to determine
f oH o w -u pStscs w hether !

dos:er m-

period has. been about 30 yr. anCcnsistem aro-employees have sutiered anybeenhas to oe.n po ure
has ranged f rom 10 to 2.5 yreared 6 aff recent

s
fre mthesehealtn dama;;e i sibie limits.

cupational radiation within perm sThis paper will de limited to an evalunt
visional $ndings have app ERD A (Ma7 ta-ion ofdie

deaths from ex- annual and special reports to
f cancer deathspouibie esidence of cancerdiauon among Hanford75. Sa72 and TatAlthough the proportion o higner ford Wa.shmpton.ternal whoie body ra

for male Hanford e!ucieyees :scertain types of cancers in the ao cis ad male deathsWerks e
loyeas ia Richlan . occupa6ional ge range

Ito
recorded exposare

Setween 20 and 64 ci.uin the state of Washington in the sam
e agewith out-of. plant

Hanford employees and theirsen because of the preser.radiation. thediation is ,ot

were chu ds by the Hanford range (Mi73L espo ure to raComparisons casedWorks s

T of tne Han- eause af this Jirierence.d numbers af Jeaths ofcontrois
valion af past -ecur re presemed
and the cooperat on of the staioundation. in-on actual and eventei l

expo .ed and nonnpo ed ma es a
P

ford Ensironmemal Healthwas also availarie for emp oy
sl ees at
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. e
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-=v the Mtal .securityle6tTs Hanford :uestior'sha'. es er worked;umulatis e
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mplete. There ha5 beert 'todose
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mformation. In thi ,,.irer mv oh-en ations on t.

this hmu. mon of the c um ulatis e life.he
. ,Z

pm dbf e .aus.d rdat:on-hm etw ee n c uer n.d IlJose ;e . d f ro<, oca:r:uion..i espmure to whole-body penetr : ting radiattun' and cancer
wdl he rewrMed to ihmc HanforJ cmrloyces @| *-Iradi.aien. I have in my analy ses rehed more

pass 6:!crences in dose 'eveis which who hasc recorded earmore to ocmational I3on
would he fess atTected by deih.ienc;e3 in Jose

radiation with a measurahie recorded annuai ye
gdose. T his sample wnsists of INO e tposed 7. c.

*! have not snaly:ed Han'ard d:ts for inter-al
radiation: *:oi ever. l *as ad a cd by Ha. ford that Hanford ma'es and .No femaics hired f rcm b,

es ery e n::loy,:e * uh reevrced inter,ai radiation n ggM to 1971.
f._]cs

one of inose no ato 5as s record of e.uer: al M.NC E R D EA T H Km.R t E.N C E b..2rdiacon. We. therefore have no hasis to assume 3
t ame I s.5,,ows all ,i.e oe:ths (with 2 centh4

- 4 t
that ihe uudy of internal radianon couid ic2d io -- .. ,.

; .g

r:dmally diiictent rescits. r"artherenure. a re.ent certi5 cute) for male Hanford employees from. Ltlk
.

,,

.
.j

comparatisc analvsis of H2nf ord employees with 19M to October (9.d who had a record M y.'

oesudsion ,A. of theme in- to occupational radiation. T.neseknown ;< u t o nium' o4 u posure
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if espo ure to radianon within pernn,aie [dSin : the 6 ase were a ausal f aw:or. there wou|d be a i_]deaths from other m es. limit s do e f orp..ro .uion from A h<ch !hese de:nbs come 3s sigquhanny mgher mean s.umuiauve [.~ad with anone with increasing dose fes e's :he deaths fron, enneer co-o-ris the deatns
other than cancer. Coiumn d) 'Lf the workers wuninar. sing propertion o

-

esposure ta adiation. one would 50* cver. thai !his a not true. !n 27
(from .auses

lenc e m show s.an increa3ir; ;-ro purtio n of deaths pairs of comparnons. the mean ;umulause [.}cs ; ect
f:va cans.tr with the puna:e of scars if there dose n higner in !4 for de:uns i.g

from causes
causal relauunship between

other than enacer and tower in !3 If for each
e.s;osure to radianon and :ancer. Tacie I for year one com::res :he two means using the h *';]]
wa.s any

[
ex; osed male Hanford em ploy ees fads. ( S D ). there are

to corroborate this expectation, pooled standard deviation j .,]'only two years in which the two means are L.,how ever,
thus contradic:ing :ny causal connection be-

.

tween exposure :o oc:upational r:diation statistie:ily ugmncantly diderent: one m
._

((,7.j
t%. for w nich the signi6cance in the

wahm permissible limits and deaths from diderence is at the H)G tes ei. and the other g.5
for 197 t. for which the ditTerence is statistic- :3canc er.

The cancer deaths are 1035% af all deathsfor 1944 - 8 59 and :U.27'"e for 19mbl972. aily sittni5 cant at the 5"*c 'evei. If however.ir
une uses the separaie SDs for 19 % the t

'

h
Cor ehning the rank.s <.' ~reentage of enneer value drucs to I.U that is, statistic:Hy FrG
deaths in column ($1 {these ranks are shownnonsicni5 cant. and for 147 t. f.77, siem6c:nt p;
in cefumn (12) with timel. a cuetE 'ient of

-

!evel only. 'h it h 27 purs of c.
-

at |0G t .~
curre!ation of 0.t71 is derived whicn is not ha.:the IO% Ievei comparisons. this cuuld easily arne- cyhe deemed statin:cailyuutisticany si;nidcant even a chance and : nnot

. E@- f.Ga73 Such 'ow currelation would be un-. . ugm6 cantif n.90sure to occupational r diauon There :s another eiement in Table I that is!ikely r
had induced e:neer :mong a lar;e numt er af

.

not completely discordant with the hy co- {;h
Hanford emcioyees wahin the :ime span in- thesis of : possible fusitise relationship he- Fy
einded in :nn uudy. Ther- n no question that tween radiation exposure and :ance deatns. P

-
f.

in the parent.,oruiation the cumu! alive life- !f one examines the mean dose levels for b:^
time dose was increasing wuh ume. '~his in- cancer deaths ris-o-cis the noneancer deaths,

is rede::ed in cuiumn m of
Tahie 1.

The mean dose f ev e! of :he it :s apparent that in the irst !4 fr (!924- dcrease, in f:c:

decreased inctnses uth years. The rank 1959) the nean :urnulative dose leseb are N
af ;orrelation between the mean higher for nuncancer deaes in 10 yr and|ower only in four: .ner inan chance *e -

h-j

E. ":.wdicient
dose es el shown for the deatns m dumn Ncannot n plain this dis p aru t. For the !ast
and 'ime is 0.E9. 'vnich h statisticaHy highly 12 .r !!%0-1972) :he mean cumuiative do<e

tg
'es e!s are higher for ,oncancer dea:hs in

g7) shows
ugmneant at <:1.(G !evel. Coiumn (
:he mean Jose ievel of de:ths from causes four yr and ;ower in nine. One might ne led to

- - - ?.y
. p.j;

other than cancer. ~hese dose fevets sko . f ar a possihie adverte in:luence trum oc- E-.. .
, . .

In
incr!nse with time. ,! ne OnK :oeme:ent eUr- :enanonal r: diction. h-:ommg a:perent af:er g')iof ' hee dose :eveis with time is period. Camcaring 10/4 vs 4,9 30- '-reianon a !atent
0.)(1 also ht;niy signi6 cant. Notwithstandin; preaches :he statisue:: signi5cance !< t-

.

0F)c

:bese. there is no statisticaHy sigm5 cant cur- |evel. But since we have no pianstHe r.
;.

hefseen :he ;rurortion of deaths expianation for' >0/4 and must attrfrute it tore!alian
:encer and time. One would expect : nance. Sy 'he same token. without aduinenaifrom of the advancing uted

some :ncre:se on :ccount evidence. the 4,9 ratio must abo 7e attrtnere is_ no in-age of the population but to chance at inis :ime."
diention of :nat dther. Table 1 presents a ;araHei :encarison for

8355 OI I**2I* ***F " * Nh 1 II00d N
C5anCn. Admit--Se imetre!:tions nics Netw een 'engtar of oC up3! onal ex:osure to r:

Wdence is
.

empio s ment ;l Hanferd. ju e evtl. Tnd.Ig? J(- :edy 'he d:ta are sbmpy. rut the ts

for :nis Sniei.Thetme of deatn nay account cunustent wun that shown ny
,

emmosce at y~
apntrent anommy.
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percentage of :ancer deaths is 29.17 for 1951- This is. howes e- we use the ;ooied SD. If

|
t%1 and 11.25 for 1%.L1972. which is not a we use the separate SCs : hen none of th.

.

statistically signi5 cant diderence. Comparin; paired means are sicnidcant!v diderent from I

the mean cumulative dose shows six in- one another. !
i

stances in which the average dose is higher Some may feel that by including sil those t
.

.for noncancer deaths and seven in whica '.t is ' hired *e hase diluted the peut of employees .

'
Iower This again is not statisticnily wno have had caposure to occupational

'

signi5 cant. It may be noted, however. that radiation over a Fruarnered per:od of time. To .

there is a similar concent:ation of the minus tes :his hypothesis. in . ante ; ! give tne j

signs in column W in the early years and plus exrerience of empioyees who vere hired as
signs in more recent years as was observed in produc::en worbrs in iM and LN5. Tahie 3
Tanie 1. For femaics these disparities he- is iinnled to male employees with ecneded
tween the ;wo hnives, are not statistically occurational exposure to ex:ernal wnoichedy -

sig i5 cant even at the !L4:evel; were it not penetrating radiation ' rom the cear of hire to
: hat they para!!cI the results in Tabie 1. they the year of cath. M has been indicated. a!
would :all for no ex:ianation other than ' east in seme instances 'he know, ex:osure

chance. C;mparison of the mean ;umulative may be only a '.acuun of :he totai 'iie. time
dose for :ancer deaths with that for exposure to :c:ucanonal radiation. esceciaily
noncancer deaths shows a stat stically higher for deaths from pe;uistion most af whorni

mean for :ancer deaths fcr :he year '970 at have ceen failowed for a minimurn of :0 v-

the 10% !evel and for 1971 at :he 5377 !evel. sucsecuent to *he:r inittai ex osure. The
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overw helming majority of t hese former initial exposure much longer. The rank
g{a:cet*icie nt of :orre!ation betw een the

- employees 5:d their recordedinitial e.xposure pere:ntage of deaths attributacle to cancer in
to occupationni radiation pr:cr to t9f0. T:cle a ;;ven veur and time is 1.108 Ustistuuity M.

R.

J. hke Tacie 1. shows no increased ;ropor- nonsigm6 cant. On the other hand the ranks af x.Lnon af can :t deaths in ra!ation to all deaths the mean :umulative life.ume dose for the p
in recent y ears ris-a % is the early years. deaths in the ditierent years :orr:!.2ted with
wnich wouid have to re * rue if a signi6 cant F

time give a coch:ent :( q.338 far can::r
number of canc:rs in '.hk population wer

deaths and 0 363 for the noncancer de:ths-
i
'-

induced by : heir exposure to accupational both st:ticicaily hi;hly st;m6 cant aitncu;n
radiation. . ne percentu;e of deaths attricuted not 2s high :s the ecmparacle :cer:icients for
to cancer :s the underlyin; cause is :0.67 for the ocservations ir. Tacie 1.
i9.u -1959 :nd W.10 for 1960-1972. ~he mean When the m an cumu'ative life. time doses

,

dose 'evei af the empioyee popu!stion was. in cancer deaths are mmputed with the cor.
.

how ev er. much higher in the 13 % -i97' L
responding me:ns for noncanc:r deaths 'ne

period and the yents !aosed failowing the -
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are not st..tistNaily ugnWennt even at the {;

enn k higner for the nuni.anu;r deaths in 14
y-]:d 'ower in i1. This ov ern!! p !ure i.s the I t K"'- |c v el.

me as in T:Ne 1 In a sense :his shou:J not ('o .ind ;N in te ms ai the povied SDs shows ;p ,jComparin;:he two sets of means Nulumns

surprising. since as r W*- of the that uniy for IN does :he duierence attain 5-
: wo w,

:aths in TaNe ! are deatns ;:ven in i r.cie a. statistical sgnidcance at :he 10e. 2 . eve;. yn t-q
.

fathe other hand this :fose similarity be. 1C63 tne mean cumulative dese 'e el is hgher h,

veen the two t::Nes is a :! ear indication : hat for cancer deaths; hov.e'.cr. the : p'i
value of

iength of es.cosure :o rudiation for a comparison of these two means drops from- timum parie,d !ess than 30 yr does not I.90 to 0.91 if the two separate SDs are used.
p

;; ear to be a differential fac:ct in cancer Usin; the separate SDs shows a s:stistically
p

m'uence of adiation whhm permissible signincant diderence between the two means q[.7Jeaths. This wuld be true, of course. if the
for 1962 but in :his instance :he !arger mean Wimits on :ancer deaths were cil wnich the is for the noncancer deaths. Dwailacie evidence from Hanford so far :encs

support. The distr:bution of the signs in cowrmsow w mi rtw. t smer
gj

3
:ulumn di again confurms to :he pattern af t,;;p'J tam

$jTabie 1; most of the mmuses are in the earfy Se fu -. 00mparisons have been between
f ears and the ;iuses in me mo<: ec.nt yeart. the deaths for which cancer is given Is the l' y[he Jis;arities in Tacle 3. how ever. are :ess underf yin g cause and des:hs from other gsharp (9/5 for l9u-i959 and $/3 ice 199- :auses. In T2Ne 41 snow the parent popu.
19E) than those in Table | These disparities ts
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Luino and me:r ~. . a .u "cuse oc- - ' : it ;mphu m no ern snt anh o e i
c ur..lionai ci rosurg Jose rr. a-rn :he mean or w o :. cars of esrmure for most ii t hem .I r,

fdose of Jeah from amur md death.. From cro.wi, * e r n. se:n s . -It y ear, oi e s cos. -
other causes. and rernaps for a smail number as muun as ,--

Table 4 s for male Hanford employees 3 3 ecrs of exposure. The muan .umuuns e g

wi:5 known reverded neurat;unal cwuwre ;m nual lo-e s arte- w idei> for JnTerent k
to es:craai a mde-reds penetrating radiation. c m pio,, e es . uns may he enferred from the i.

v :;n em plo y ee m t his populanon in any large O s show n in column t al. it would he I.C

year has a recorded radiation excusure in that natural, therefore. that any s.un cie Jraw n }
> cur and/or in pr:or yearn).* Table 4 from this popuL. tion would has c a en wide p
represents the parent populatis.n fron which variation in camolatis c life. time dese. Cancer (
all :he deat h en3e.s show n in Table i camt.. deaths represent such a sampie (not a randwn h
The mean cumulatie dose level in- une. how es er). If there were . .au3ai b

creases progrewne!y with time icolumn OH conne: Mon between death from .anur and ffor ihn population. To :he eslent that some radiation. hieher mean liieanne dose for p'

e'.cosure m piant.s not incinued in our study sancer Jeaths. on the as crage at ' cast. Aould >
wouid N unknown to us. this mising f.ac- he esre.ted m compariwn to the mean of 'he htiun wouid incr.ase in the more recent years ronu!aiion in a reci5e year: how es er ir- i
in eur"parison 'a the Carl er veurs; :n other -omparm; the men- Jose for .anter jeaths
words the true ising, trend m Jose feve! wah sumn Wi witn :ne corresconding nean for htime .n ali probamiity n sharper inan inat ;ul the one ed employ ces at the incepoon at p
shown by TaHe 4. E en as (tands, there is each .ent leoiumn iI l. tne con s cSe a !~te. {l

almost a consntent progrMon in the inctn Out of 'S wred contp;trisons old t ' nve y.

con utative dose wit h tim e. The n er v. . Joes the mean cumulative dose for eancer [
know n dose rises from IC mrem in M. death 3 in a 3 ear uweed the generai ropo- p
when the Hanford Pfant :irst opened. o lation mean; m the other 2.t > r it n :o w e r- L

P.l~4f mrem in ' C Th t" ranis C oedICien t V. OeSe dil[Creric0s are shuWn is mlduse5 and I
correbrian between the mean cumulatise ::iuses on the jeft side of column tSi. The @
dose in :he di?crent years and the time is disparity of 5t e versu.s twenty three is s ta tis- t,
o.M essentially a per/ee curre!ation. The neails wgn:5 cant at a tevei lower than !1 it p
mean dose show n in column 01 for a smad is gutte :mpruraHe that this euuld haw Seen i

the .ase had tnerc heen marked cusal r
e

?-

eunnet :en bet w een occupational rad ra. ien g'

'il 3 .onseisaM e. Bat :nafew instances Iht es?usure within Termissibic !imits and deaths L' rue ,ceu;atiemd Je<e m;n
4

in ge each ,.um cancer tampartnc the two means for im ero
,years : Hantord :o os ercome the 'aus9r4Hy of

os ertvolur'; doses "'e f o W the seMsativity ,es et of. the s e.;rs try A hach :he. e'ancer mean m r
.

* ~ arter e
.

' - -

:nMance does ;he a.. Terence attam 'sta- tt r? 10 nIN 11m ' hat w as Nmg ved. it was su3tomar)* tu
.

.

'show :his mnima, va.ue as a jose es cry :irne the in acal m mfie"- nc ~'"et "t W, .. - e m"
,

r
. g

' -

MJ;:e was read if 't had 70 mosure, in the eart) Some mig"tt thinN this dispartt) et w ee n i
,

seu .ne andges acre ohen read even more !ne two means {eniumn tm <urtrae:cd from i
franemly than mont hly -. :nerefore. .t 3 w ety epiumn t.id .n a ;:is en y ear ma y arne t om

{s..me of nc doses souid *e ow stated. narticuiarly :he improrabeist) :nat in the year af Jc:lth -

for ho e emSoyees. Aho Acre on:, infrequent!v one w ho died from ennee euuld have hetn
-

or intermutently in "adiation areas. !t is *;*ieved. eX?u<ed to "adiat;on, or at ' cast to ;S mtwh
%es er. " at in mst instancu the recurCed :ife- r M-imion as the av erac - rtrioyee Snodme Jose is an under<tatement. es pecad v for turv:ved that y enr. This 'h a s some mcrt ttemployees anh I <hort tenure :t Hant ard, w no

, east in thcurv ,

:t.. we a.s s u med 70dut<%u. ;reater accur'unny to Aork :n stowc piants.

not .nclude., in ne zur em aRD A stucy. and so. exposure at ad. in t h e. ' 7r of deatn mc.a. -

; crharm. for :he crhest 2mrlo> ee ano wrked :n deref ore. umrar: de mean dog or te
,

.ui.sme ;4 ant s atfere *outine ;ersonne! 1mnuorine cancer deaths . n t ,u v e n y e t r w a h t h e u.a.;r a -
for P:uhatton , :me of o gPterai pr:.tN;. $alC fopti!at ulo 'ItCan id ;he y Car 'Ufttre he

- e? ..s n.
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([ 7,of course, aiw a y s,|

it n,
aoser, be rare gtnene jduce .w

m i'le:r NLdn e roution. w s.ch aHe thatn : hat are h a:hiy .
t u,there >nay

-

I
qstdl had no sh.::y. f

in strains in the porniatione u.es th.u u e bas e redm.ed our eserva.
i

F,ese and nians others ' h;7indiuting years senuin g to radi.u on. unt for thei .

tiens :e th e minue w hish coulJ acahgher f or wncer Je. uhs are rombst cs d w h n.h I
ei

whn.h 'he mean is m w hn.h :ne 4 hich we ensounter an {md 2 pin <e< indicatm; s e.:rs esceroons w .aance at
mean n 'ower. Thn dnrar:ty a stdl uutistie. am me!ined to .u:ribute prirmr: aq

C h en tinte and ]1bdow the D 'ese!, this sta;e in the cu y .
dly 5:piy <gm6eanted piuso are show n on the to .uend inc audy along the ori. 1

m..ny of me e un. Fdresvorsesrhese minuses
nght ude af column IM.' ()ne may N cuspi. ;:nal ce%n. I belies e

certain&.3 wuld be re<oh ed. M f ar as more fMiseadhou;n there are only he -1

instances out of 3 m whn.h the mean cumu.comreate information on !ife. time cumulutcious in that
we could p' l

dove is concerned. the only waybutse dose for caneer deaths is higher inan ph
.o af these ive have usereome this de$ciency would have [

he mean for tne population 7 '.
arc in the mon recent years. |971 and |9 Nen to extend the study to all the empio> ees [j

f

"Thn eauld easily occur hy chance. On '?.eof ail the atenue plann and to emninue oou ti
enough so that the:e would be a v ailatue hdnot prerved to

{ other hand. as of now. I an mplete life-time s uumla- d: hat enem are no cancer with w {i w:y condushefv w here the emplos ces
! deaths in the Itudy porolatio n th e dose information. This was the <,.nemerealized y%- -before I

''esposure to radiation woid has e plased atrecommended ongnally cumulate the h*udl p ausihie mechant-m to > 7~1!!can a votnbutory cule. It n
life. tin" dose for indinduais who warked in

no 6there wa3 :- 1
%t if observations are continued beyond themay he a po<itive in.piants or even in certain circum- I

measurahie ad s erse cif eet.
differei| thirtieth y ear. there if they worked in the s.une plant but W.Q

such as the eon. hof a stances
bisationThere is no ha3n for any proposuca: ion offor Jtderent cont ractort Hanford Ej4 fungoit) at this ome. It is maint enani.e D2

workers at
thn in terrns tri ether inuaMations the and Oak Ridge. In fact, in some instances

s:rucuon

even if they worked for the <ame centractor
{O.;5abo 'piau3ibie that

-

he , marksdiy di:Terent from

I:hu3e found at Hanford. The evidence that isbut in di6erent piaris their caposure records Unndings may
Q

, Nin; esamined n so far incumrat were not consolidated. Under these erreum-iNe with r,
dy to ail the Ed;

I the likehhood that the We eteess in cancerstances the extention of the <tu h' de:uns shew n among these empioye t empio> ees af au the atomic pianh is ait the
- g

c Ahen
i

more imrerata e for drm cone!usions.compared with ine proportion M cancer coin; e to raNe 4. I uho wmpare tnedeaths of maics in 'he general purulation of e. - i

the unte of washingmn. conid be aun ut mean cumuiative tue.ume uose of tho e d>.
-

s mb ed
ith the

UlQ | Tom causes other ihan encCer wpopuiauort _ d
-

- boccupaiional radianon exposure.f
.i t oespertenced Ds thCsC empfey ee% especadly i

the mean do<e of the~ year in _ ' 'cumulauv e- hycursiving to :he incepuen 3f the
.

res
we auid ;imit this to occuranonal exposuis also possibie

which the ueath occurs. It
seen that in M*n

within permisubie limits.11 in :his
the -t ea n Jose is fow er for the Mw%u a smaH frasuon of 'he empioyees pneraldesca,ed. This a show n in aumn t 12:. Outk n to ,5

qudy may hate hau Jo<e .cs eis f un now
,

MO
of 23 pairs of cinuparisans for 194.' and "a<r far wuse the perwwbie levet C:hers

p,
come other touc tnere are 25 piuses indicann; i higner do<c J-'
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in :ancer jenths with age :s :he result of T'.e ansenc- of :ncreases in :he pmrort:cn F
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the average eseeeds that ier the matched identi5ed 6Hinp of the <ame se.s. In TaHe 7 &

controh of nonesposed emploi,ees. These the 'ongesity of male and female empio3ces
re!ation hirs were estaNished in the Twelfth can he wempartd with that of their resre:.tise '

Annual Report which :he author prepared siNings for all the Hanford employen Iwith
and which as of this writi g hus not been idemi6ed <ibiinpt as well as for the egosed g
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ris .a . cit the noneirosed emeloyees and as - gorous as reeaNe. Tame ' is restr uted
their tiHing are re'leeted in TaNe 7. which to emplosces for w hom we has e an Identiiied f
numerically is restrie:ed to only 1 smail se;- sibiing f only suit .iG oi the Hanford [

of dur study perutation. although the employ ees bas e one or more idenn6ed u. y
5ment

re!anonships show n 5'. It are 5crne out hy all Hinpt Where an emnioyee had nore :han , _

f
of the or servauenal data av:ulaNe su far." one uhting, unf> the uHing nearest in g N Iu<ed in this com:nrNn.Tame demonstr:t es :he_.com rarat h e the emnioy ee a,a' s i
!ongesity of Hanford empioyees and ' heir To reduce dilunon e:Teu:s. uniy : hose *

emplo y ee.uNin;: rairs are ised m 4hNh
either the empio, ee. :he Whiing, or Mn 5ad
died ,rior 'o : Mur er 1972. These c-tricuons

'In Tse. * internal mdhuion mes Save mid naturafd tiiminale a |arge part of our ante *.
bee': .c; ur:4:ed f,om ' hose wit h ntermai radiatton
One :nat nformation was ,os n ailaNe- at :he .ational Jala. Nevertheies<. Tanie ' mne:<eiy
time th: Tarse ' was am; ded. ' ~~" bears out the ';cy ermparative re!anonshres
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in Rated Fy aii the ober'.ation on Hanford number of years !is ed from date of Nre to the
empioyees av:uiaric to date.

date of death. if death accurred reme awith tr e <tr epens ind:cated above we Cciober 19". and for : hose survi.ing theare |ef t .u t h | M.i male and 137 female entire foilow-up permd.' A eump::r: son of the
emptop.e- friin; pairs CMumn (1) dctines years lived shows re!ativc!y efuse similarity
the porointinn ;roups that are betn; between employees 3.nd sibiings; thus for all
campared. CMumn Q give'. the numrer of maies the years |ived are 'I.!S3 for the
pairs in each :orulat:vn ;roup availabie for emplo y ees and 'I.20 for the siblin gs,-

c o m pa rison. C;lumn rP gn e* :he tot:1 Column 14 is the mean ;. ca rs iivet i.e.
column ID dis ided ay :alumn C. (~dumn d).
-:tv0s the 3I) of " * Jtt|er0nce tn the . cars -.The arrrornon of deaths w it h a lent.

cer nkue' on the J.a e w hen mesc 'arolanons "sre h.ved "etwe;n each empicyce aca unu..ng 'nair.
. . . .

.. Column W 1 *+ s :Mc me"~nrun 4as JiJerent for the m. Tere n t cornhuion .:-- m. '8 -
-

'" r '

I,.ours and to d.ae the.c Jidermes hase not C"I C''C# "I C- 'iOC hC '9 hifCd -' icd thC
Nen emos ed. T7u for :ne .roups r.: pre ,ented in correvonding mean age of the Jing.nn " e .

Ta-le ' for m.nes. ine cro ed :.mriotees * au had date that :he emrinye us :irst hired. It m to
de:u h sern h ares . ere w *r* ne:r unlinp. he obscrs ed that the mean aces are eativei..
a p for me ,ones ro ed eneros ces. " .M. :fose. :hus making fur c5n; nr: sons 4 7 earsand 'or f rie:r Chiings. R I.W- 60r I0nlaic-s theSe [jvcd m ore m ea,ntng[gj, [gju m n g*) ;.y s ;3gp rse-tages are . ro-ed emriot ee.s. 9 ' I. : their .

SCs of he ace at de ::me ci empios c6 hireuhnngs. " . ,or:esrosed emrioices. M % and
M _h. t omNently. the cercentage . emrb b ud Mn> .- 5 g -fw

heir un'in# . . .m.
m

of Jenins 4 arr 1 Jemh certuicate s :osser .or the .4 'IOln I D C JIL s Ore Oulte O!oNe M mag **1(uGer -

....r .. .
,eIWee*I em**My*e5 Zd Ehe *0 r*es Co n din g

eurie n;s cr e ..s . rM hnt o.;r (h, . :0 5 ..,S. i 315
w

in t rod uC *$ 1 J e r:".in 71enture of W1eertalIMy In
. . .

b 0#O OYM
e em p,,:n g -eegrury of these re ree ive ; opu. time of death. The ages for empioyees ane
talion ;:Tuurt in 4hich ad the Jenths are .Onud. sII'Iir e.s a r': rCiativ0ly ;iosC. I' n C Votlid
red. me je,ths .vnhoot a de:uh eernnente the es pe:: this uneu the ac: at the nn e of tre
date of ae:an m ineert:an. and the ears 'i v ed are dose 5e t u. een *
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emplo y :es and siHinp m .i giv en set, esne. w oh the re!anonsHr .hown 5y TaHe ' % ;t h k -
,y

::aib for maies. Cohimn M gn es the SI) of he e.old et fer all f; males. :he funer. ty -

n omew hat [,ages for employees and <d'hnp. respeenvely, of female li.:nferd empl o :es .

at the time of death. TI:e magmtudo are hme* that Nt of their ubbnes. Th naho V-

close fer employ ees ind u M m us . ro; ec. true when 'he tony. in of fem.de emch y :es I-
;o m tm red witn that of the nonstarts. Ftis e!) . Cuiumn t 10) ;ives the tc tal number of n

deaths r:rorted by the Soe:al Sceunty AJ. '. tat;hed cont roh No show a higrerloage i.
mmistr.ition fine!uding deaths rithout death .ity w hen : mrareJ with the fong;vity of T}
:::r' 0 eat:4. It is seen that for maics there Hanford femaie :mploy ces. r --

P
were 9% deaths among tne 1665 cmrioyen t he third et of smr trnons Setwe:n the ,

and WI deaths among the same number of hun;esity of maie employees with recorded !,

ublings, who at the time of hire vere on the oveupational esrosure to esternal w hole. i;

avern;e 0.I'2 yr younger. The :!cse body penetrating mdiation and their oHings N
toler:nces redected in Tabic 7 are we!come in (with no espo are) shows hicher toage vit y p-
that they ;ise some indication th:t ;ctnaps for the employ ces. ,lthough :he dilfe ence n i;

there are no ;ross mechanical ar other human not statistic;dly ugni5eant. In an anrnHished f,

crrors w hich migh t vitiate the analyse. report. I snew that 5s and !argu n';ner y
Column ill) ;ives the standard errer of the longevity for male esroseu empioyees oser eJ
mean number of years lived {: iumn f .9 their siHine.s attains statistic:1 sie. nincance. b,i
divided 5y the square root of column (N. espectaily w here me compansons are 'imited

{i.C:fumn (C) ;ives the ditTerecc: when the to employ ees - :th idenuded WHin;s in Tanie t

f{me:n years tived ! column (all by the siblinp 7 the mean a;c is di;htly higher for the
h suhtt:cted from the correponding mean sihiings OL ! .' 0 3 ri. The f ourt h set is for j

for the empioy ees. Finn'N . culumn t f.9 is the esposed femnie employ ees and ineir siblings. Td

750 cenddence inter.tl." 11 snews - higher 'ongevity for t he 3ihiirgs. b
Esamimn; Table 7 fer all males the irst althuuen the duTerential in this instante is not F.,

set of emp'oyeeviHing enmpar sons shows statisneally si;m6 cant. Acain this is consis- U

the fengevity of employees and their uHin;s t e n t. with our indings. .and often these
about as :!ase :s anc can come. keepin; in diferences are statistically sigm0 cant in
mind that the sibiings were somewhat favor of the UHings. For females tne siblings b
youn;er. Since our irst indings (Ma71), we are appree:aci> older (1.W yr). The disparity {
have :ansistentfy found a very sli;ht excess wou!d. therefore. increase considerarly if g
in icn;es it y of male uelin;s over the :djusted fr a;e. The if th set is a comrarison E;

em pioy ees. se! dom attaining . statatic 1 f ar male none..; osed empioy ees with their k
sieni5cance. and introduc:d oy the irst two s.Hings. This comrar: son shows ni;her L
or three years of hire. When the comparison !uage v it . for the uHings who are an the E

kcomewhat yeunger than theis restricted to emrlayees with one er more as crage
identi6cd uHings, how ev er, then the employees o).;0 r r). The diderence n f:vor g'
di! Tere co, m any. tend to fascr the of the siHings k stanstically si;m6 cant. E

employ ees when a;e differences _ are The contrist :n fas or of the siHinp wou!d h,

campiete!y removed. This is not inconsistent ha.e been somew hat : css had the uHinn k,-

been of the same a;e 6 ine em;nov ees. The L
indines snew n *v Tanie ~ are ;ensistent Aith E

Nequency 5e!nw :M. d tnat ane shows ,o
-

$ owe s er. sneine marx:div -ot ner indin:5* Sins;e only one et f comenr:sens 5as a -

.
;ow er ioncevit'- for nonex;cse aac t ord'L . -

,

'

icmnc:nt li:ference. i <aw ,o need to use the - emrdos ets 1statisticaih m.eniv utm0 cant ris-.

tacie n 'ica af he vrmai :urve .or :ne te. a af.

e - - - - -

s m dem HMngs nen the 2;e Merence s. i

transocal sigmncanc:. "us N also true unen the
:en;evity of fem:dc employees is :nmaared vith completely eiimin:uedt 'The siuh se! M for the nuncaposed femaiethat cf the r nstarts. Matened :entrct3 also show
a hi;.ner ten;es it y when :amrared witn ene employcei. eumraring the kmgev'ty of these
'onceuty .ii H ani..rd 'emale :mrinytes. with that of 'hcir uHmp. |a this instance 'hc
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[ [j.l i ox.l f 'J R ^ oo hla p g u ir. if noue srowd emrim ees !the dbbngs
be :nore than remo,ed .f .nf juwed for

q.. L.Johle: N :n,ae &m a scar

l 'ie lhe uN mes of noue s rowd ILm6ad | 2com paris.m q.in f;n ori. thes hhngs .u e
e

(IJ7 3rr i hn ~ '

their older .i g e . are somewhat , sung. m n S.rt. <
4ahnnp Jescue st;unNdh em ploy ees

f Nr f e male the 'o n e. e s it s.
of the viro-ed y]-Mm es er. is not

M ere ce. a cum a s e been ue. nuie.uu - es en thoopn ;here a a
(. ~highe r

;m ;.im ecs n
T us :lt' ding ag;dn is ;onsn. shght age ads antage f as orm; tne aooc stmed {0< , n +; :.t . u

dj.oe. f er age
;mployees UfD 3 rt This d uter ence. fyj.

n;m with other Ondmo
T.me 7 a Je%gned to comrarc wohin eachhowever. n not

w alis heaH y d;nificant. Ihn P
go. e n w :t n our m erau F-:he fungevity of employees :n a Godmg is in .igre e m e nt di h that of their dbbngs. Cons crt- 4 hen age diiTereom are remo e &set

find m p the ,aNmp of earmed N..;alegors w t th ed af ter hirmg h.oluma I.N
(Mu73L For females ~

into rerecntage of y ears !n.ed. using t employees have a distinctly higher 'onn.esitv. pging the 3 ears he years

from ;he date of hire to the cutoJ Jate as the
. nonerrosed Q

u the sets c rx .u - ris the sibiings of

ha3e. .dtow s compar%ons aero employees in spite of the eunger age of the b
This Cmeanngful since the age s;Minp of the nonesco ed ut70 yrtwnien we deem

for males and fem. des. respec. durerence also n not stauuicaHy ugm6 cant. [ f'duierenecs
tively. fer t he dilferent sets .tre not too far;e.a!! hough it might be were it adju4ed for age.

{J-Thes percentages are: in 1974 for the 1rst time the study wa3 atue
~

to ad<J ane set of matened cuntrois. | have
,h
4

ist CDmpdCd some pre |Iminary data Ptsed on*.m.o

h.gJ i. . ..
. . Under IbC 'e,

LISanlilty Ohllm aIrI5eations R.,7 an*m.
u e , . e, n ye si .t .'

Social Security DisaNiity Insurunee program.
7;

. g . ,. c it 'n u *s

4 M 37; [pr m.;jgg; djyjdgj agw.c. ,,e. ..,o, ~,en 3 PJ cs.~,....s e.- a ,o ,t .C[ [hggg
uni Hanford em;loyees res the7 ** t'wm .c. e o r . ** 1

.* n.. e . c. 9 ca.m .e

matched controis. of !hes.: emrfo> ees. and
Ifonows:.e. e*

h.Iof tneseth ed hv oc-
W3 the identitied stbu n g.The cereentage of > cars

s

empioyees Table 3 summari:es the esult of CfcupauunrHy e t rmed male em Notees is
for noner.coscd employees; dividing the total male :mploy ee rurulation $

higher than that stansticany s.gni5eant at a

lesei wed beiow UT..
The none tposed into ca;;osed and none s t:osed with theirthe duTerence is

somew hat oider 0053 yrt respective matshed contreis and siNines.dividing the respectne popu{ation groups hareemptos ees i |
therefore, the ditItrence is somewhat e.ta;- wlinin e*ach ) ear o[ hire into quintjue"n a age ti:

d!!IcTentiaI betw CTN eM Vyees ;roups. and comparing the claim rates for [.I

Jer" ! d. Y h f s m.euratica.d rattiation
.

with records of each of these. Tar c A ako shows the
i

ierms of age.ad.
_

feem; ared with those with no record of suen ComparatkVC e! aim rU(Ct 0
~

statist 5cady d;nkbeant (or @any justed :ohorts ; 3 ears oi herei.
- ~ E.

radiation is ~ h
years af 5ere w hen a;e diiTerences :re re. The compartsons indicate:

k f. Lower e! aim rate for au M a n f tvd..
-' kimos ed (W73t '1e 'cogeuty of the s(eiings

f emoluytes ss the matened controls; the Vof me esresed and nonetrused empioyees r-

ar out me ome: :he shght eteess m fasor o ys
g;(n.==<=,%.a0,,=,%.e,,.,,..e,,..,.,.,,,- _

em . .c . s . ... . .
k

4 g .,,, .,,s , , , . re ( .e . ems, ar es e
4 .sf 1 .....c,

4 . e r..e ri. -

* c., a 4, ,.,,,m,. om.9's .nm e r *
we f.., .=, # f,,. e * ..w. < = e. .a . 4.ne. w
,,

m , . . a.w., :.
4e u.ai. A

! Wif N'4fEef kTh. . ' 4.edf .gmef $. ggt I b r.eg ~

;
*h c a* :s 4 <g f s.,s

,en senof g.h.4 Q . 4,fM t J9 ce
a ut .os s.,,.....,

u8 %amg eme ..ec . . aiw es . aen . .e n
47 =9 41o* E.ve ev.c ..e-

;. u %, .m eme.a. ee. .. .,mseeg sume* ==.r. r ee e-c .,. IEI %
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% n li'% [ l

a o
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fdols re nse 'n f .. or of t he empio)ces n talis- t h.it we hcme ,..op. .. W ii .; . |liese ad.
,

t h.dh ' nun n wmlisa nt. patments are .n..de." :nc ;mdines % cd on j
. S;i;htiv fower si.um r.ue fur di Hanford J i s t h t '. chum r::tes a di pre m e!s rara!!el '

employ ees a the id;mitied siH i n gs . tne ine inding h.ned on ,om par .ns e hme. es .i ., t, .differense n fas or of the ;mployees a not This . om6rmanon <.trengthens my cenhdence ;-.

stataticaHy Cyr:5sant. in the s alidit) o f m '. Ondings to date for
{. '; Lower c aim rate for esro.ed Hanford Hanford e nrios ces

i

;emr!oy ees s s the nonegoted: ihe ditierence This esast agreement :n the findin gs, f

faar of the vowd n not statist:caHy whether onc loon to camparatise fonc. evitsin
.

e
ug:ndeant. of the ditTer ent population ;roups or the f

.

i Lower claim mte for evosed Hanford comparatise claim rates fer disabihty benedts b
em plo y ees ss their matched controls: the by these same groups, is very im po rt an t. (duTerense in in or ]f the egosed emplo) ees Choms for disaniht) "c :etit may be regarJed [:s statisticaHy hi;hly si;niGcant. as a precursor of Jeath svith a 'ead of '.-d 3r? t_

5. Acout the sJme e! aim r3fe or the (There would he a opmparaNe time 'ead :or Cf

none posed Hanford em pio > ees <s their early retir e m e n t in ref ation to premature tCt
matcheJ controk. de uhs with a time 'end of perhars I l-li > r i k,

6 Lower . aim rate for emmeu Hanford The earliest arrheauon hied for Jnahlity E-empio>ees a the identined siNings of such freere wn in knuarv 199 therefore. we are L.l
em; fos een the JiTerence in favor of the campar:ng a series that be;an in 19." at a p
exrosed employees is statisticaHy sigm5 cant campararn e!y ?ow leve! of frequency with

['at IW'7- Ies el aniy. the series for longevity ower the perted IM- p7. Higher e! aim rate for nonc3 posed Han. 1972. An exact a;reement between the two h.,ford employ ees s s the identined uniings of such ser:es as o the ref atne henith Of
fsuch employ ees; the diiTerence in favor of sreci!I'd coruiation groups indicar:s that :he
{the sirtin;5 :s statisticail.s si;m5 cant at ' 0"c relatise longevin advantage enjoyed by the Mfesel uniy. radiation-e yesed H.u ford employ ees in ['The disamlity daim rates summarized in relation to the siderent controls w41 remain

.TaNe 3 do not make adjustments irt the es entiaHy ;he same at cast until he ear!y hs

di!ferential:oc;e.ity of the population groups 19 W s. thus, con ritmin g my interpretar;oq E
that such arrarent dedines as we hase $* Dn. biii > U.a m s indade :he chums for dis. observed for recent years are attributar'le to

., .. chance. po s s;H). au;mented . . 4"lsn.my freere n i ed sl.ams which w ere irsi iled
on Januarv 1955 unarnur frecte naimains a - a s m .ulnv

f- - numrer of m,eaths due to the aresence of*urk r's in ured status and the % ary .,nsurance -"
fr

Anmuni a af ine time when me worker i ecomes certain esceanennH) mdiation-se nsitis e :n- r-'

d. . f uals in the perulation. and/or sman y
edNHed. Other t hin gs being ew.d.qormanon nu

greurs wun Ngher iongevuv 4ou d have 4 Sigher nun cer of w erkers with earty or otherwise %,
Jaa.miity daim rate. Therefore._5ad I adjuwed for 'arge Jo'es of e g osure acH Ae3and the g
'on;; vin :he 'o w e r ;iaim :ue for ex;used per risuh'e 'imits, and/or ss nergist:c e!Te rs Qem-fo3 n *ould We e;eme more pronounced. when mdia t k n exrosure :amrmed Anh k'This is judgme ual. taime ento enuderanon certain ather toucants. T. ere :s however no [;
f:h tors susa n he ynger efan e 'ongevay of indication that !ar;e numbers of workers

{~<.anntv a: % cants .*no are Jn.Anweu senents ,3pg,eg ,o o apanor d adianon r di w en J.or ..mure in weet :ne Jcimnon M aiurm..y and '
me ,-rogresm e Sremiirnoon of nn Je: inn:en tnai 'he permi%sarW 'imils are about to show ad. "M

. ^-
- verse erfects attrirutarde 'o ine:r evosure to%. s , den race mr the years 'mn a rougn <tatu- .

rcrv charps :nd retasation in ..dmimurative such mtiotion.,. r
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