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ALuract—=Although the sroportion of cancer Jeaihs ANonE Maies iy somewhir higher for
Hunlord emplovees with revorded ogcupatonal radialion exposure compared Wity males
n the general popuiiion of the state of Washington. there is a0 indication that rudiation
IS (he cause of this Gierence.

Fur expused mule employees hrred gt Hanford from 1944 10 IS71. the mean radiztion
duse increases progrescively (rom HImrem in (944 10 3748 mrem in 972 ithe true
gradient would have hesn hirpers whersas, the percentage of deaths from cuncer is
198 for [94dai959 snd 20 27 for 191972 For the |94 (948 uhurts (thuse hired in
1942 or 1945). ine upcersed Jose srudient rises progressively from 142 mrem n 194 w
3762 mrem in 1972 (with 3 sharper gradien: n rrue dused. and the percentuge of canger
deaths is 2047 far 1944959 and 19,10 foe i9/0< (972, The percentage of dearns from
cancer is 2035 for exposed muies hired from 1944 o 197! and 2003 for thuse hired in
1944w (945 from the ume of hire to Ocioher 1972, For such yeur ihe meun dose levei of
Buse who died from canger is a0t signtficantlv different from the mean of huse who died
frum uther cauves. The meun duse ievel for the majonty of (huse who died in 4 spegific
year v luywer than the mean for the survivors in Ihe yeur of Jeath, in the vaur preceding
the year of death, ur in 1he 1wo rears preceding the jear of Jeudh. This is irue whether he
mean was for (Jose Jying “rom sancer or from oiher causes.

These reiationships are similar for femaie =xvpusey empivsees and ugre2 wilh other
similar s{udies”

The futest analyvis of 2xposed maie Hunfurd 2mpluy 288 vs those ronesposed ind 1he
vut-of-plant controis rom (he date of hire v April 1974 shows the fuilowing ofien
stansticaily sigmficunt diTarences:

I. Higher longevity fur exposed empiovess vs the idennfied siblings of sudh
emplovess. This ady antage of empioyees ver ‘he siblings hecomes maore gronounced
the comparison is restrcted tMpivyees with gne ur mure Wentfed wibiings.

1 Expused :mpioyees have higher longevity when cumpared with qunesposed
empinvess,

3. Exposed :mpiovess huve fgher luagevity when cumpared wiid therr matched
con(rois,

4. Nunexponed smpiovees huve luwer lopgevity when commired with Jenified
ubiings of such empioyess, f he CUMPATISONS ure resiricied (o 2mplosees with one or
mure identified uhlings. ihe ‘ongevity advantage of the udlings uver the smpiyvess is
enhanced.

£ Nuonespused tmplusees ave lower lyngevity when Sumpared ¥ith ‘hewr matched
sontruis.

Crude disabiiity clm rates for denedts imong (he population zroups Jelineated sanve
fuily suppurt the findings mised un longevily: therefore. il observations avaiable so far
sive 20 frm indication of any ‘asing adverse nexith =eces amung =aaford empiovess
antmbutanie 1o oceupationai Sxpusure [0 radintion within permissinie s, infersataly.
ihese fndings are likeiv 1o arevarl at least unti the earty 19RN0's, Adverse =fevis ~evond
6 yr cannot de denied or afirmed 1t rhis time.
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(R TRODLCTION oo »aich they Jeslined)t L300 WJenuiticd NE
SINCE 1964 3 follow-up swudy® of the plhings of 1hese spphennts. about 3100
emplos ees who hast wurked stmic planis entified siplings of 1he smniovess {siblings
nas Deen :-xnd'.x.'xed o Jeterminé wnelher of the same &3 a8 \NE € agloveel and
(hess smnlovees nave cuffered any diseern- rocentl¥ abut p ALV maiched :umm!s’ for
hie neallh damage from expusure @ o H..mfutd emmuyeek‘l'ﬂ.e maninum folluow-up
cugazion:;l rdiauen wittun pemissxbie Limits. ;\criud has pest ahout 30 ¥r- and the yverane
This paper will De limited o a8 svaluatioa v nas ranged from 20 10 ph A Consisient oro-
<ihie evilencs of cuncser Jeaths from 2t~ visional Aadings have sopearsd # ol recent
rernal whole-o0dY radiaton unong wanford annual and speciul reports 9 ERDA iMalla=
Wworks &7 lovezs W Rigniand. Wasningtof. 75, Sal2 and T4
with cacarded sxposSure 10 oucuoanond Although the pmpomun af cancel Jeaths
radiativn. for maie Haunford empicyess  mgher fof
Hanford ampluyess and their sut-of-plant certain Ly pes of cuncers n the ags range
cuntrols were chusef mecause of the areser- meyween 20 and h= cis-u=tis all mais jeains
vation of past cocurds DY ine Hanford Works 0 the state o Washingtof in the same age
and the couperativ® of the ctalf of 1ne Han- range! M7 agpusure 19 endiation i3 apt the
ford En-«imnmem;\l Health Soundaiivd ln- cause of this Jifference. - amparisens nased
furm. un was aiso .wmlahsefuc employess at o aotunl and c\:ezzcd aumbers of Jeaths of
(he nre® lnsx:\k\uh\ms ia the Qak Ridge. e.\pmed and ﬂune\pnwd malas are pr:scmed
Teanesses- \tuihnu‘:udt in tne are2 of . W wbular form netuw:
Lauis. Missourt. Moun i
Aiamisoure. Ohio. and & ’
ampluyes® at Natoaal Le
The study avpuiationt
-onsisied of 33.000-- 000 smploy2es- some
1500 aonstarts (applicants Lhal wers ofered &

rad uresr s e et Lo~

_*These resuils % from research carried ©
he Gradu.e ehent of Publc Heuith of the Um-
versily of Pisnurgh and ~um\uued v =RDA
Contrasts ATI}O-H-'-)%. CH -\T{'.l-\)-?él.*. ciit-
113428, and NCH Qesearsh Grant CA 181t The
NG grant i resiricted 10 the Hanford (Ruentand.
Washagion! :uouluuun and uses nealth crieria . .

sther 1han longey ity and Jilferenual causes 9 _;:::_--:: L:.“".:;m‘: oo M-r:-;_

Jent W e used 10 1N€ ERDA stusy ) ' )

*1 R N i '
rThese maiened sontras ~ere Jjenved frum NE Previse Juse ley ais Tof H'.mt'ucd empluyees

Security Aum withh 3 %S d of ac:up:manal radiation
sSince 1Y L360's daniord ayestions 2427Y aapuosure sl for apnexpused empinyees ar€
qew eMPIOYEs wheiher & (e} has evef aurked Aol avaladie. 1a ail rruh;\m'\uy ine life-ume
where € (e sould have =20 sxpused @ R .umui‘.une Juse thal ¢ nave (9Of ‘hese
ummunal radiation. where 0e response ® amipivy sat 'S iacompiee. There 43 -een 10
mative. 3 cequest i M o the formef mecunisT o centrsily ceep ek of
ampiuyes aypusure 0 csdiation 5O a3 w have
ce's ! 4 complet® cumulalive Lfe-ume JOsE f the

byt g ampluyes worked {of Jifferent soatractors
and N gifferent slants. For the astailations
hene SMplOYESS ln addivioa many empinyees val are withit the present suudy 1S presents
pe nueptien "¢ the awmc I8S R GeENpAtIVASS Ao promefis agt here 18 09 aformaticn |
sy pUSUre el monunnge {or padiutivg WA ampluye=s n our study aurked 10 atants aot
wiely auvpied aciuged n € siudys ‘Mad o) Cagmazant of
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this lumiation ol the cumtlatise life-tUne
dose level from ocrupniional eposure 1O
radigtion, | have 1in my saalyses relied muree
on gross differeaces in dose leveis whch
would be less aifested by Jeficiencies 1n Jose

*{ nave not anaiyzed Han’ard data for internal
eadiativn: Rowever, | was ad ised hy Hunford 1hat
every ampioyee with recoed 24 (nteraal radiaton i
one of hose who 3ixg fas 3 record of sxiernal
radigtion. We. therefore. have a0 musis o assume
that the siudy of nternal radiation couid iead 10
radically diiferent results. Eyrthermore. 1 rezent
comparative anaiysis of Hunivrd employess with
known piutomum depusilion (452 of them ;-
dicates nu adverse affecis from such nternal
expusure. at least for the Arst M) years or SO
(Na7AL.

SANDERS HP 173

wfaemation. In this puper my phservittings on
possible causal relutivasmp ~¢iwesn exiermal
whole-pudy pengtiraung radiatign® and cancer
will Be resirigted to 1hose Hanford cmplovees
who Rave recorded gxposare o o upational
rmdintion with 3 measuradie regcueded annu
Juse, This sumple coasisis of 1754 ¢tpused
Hunfurd males and 1500 femules hired from
1944 1o 1971,

CANCER DEATH EXPERIENCE
Tabie | shows ail the deaths (with 2 death
cercificate) for maie Hanford empluyees from
1944 to October 1971 who had a record of
axposure 10 occupational radiaton. These
deaths are divided nto Jeaths in which the
underiving cuuse was uancer (ledd) and
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HP T LUS-LEVEL
aiher Cskses. Singe the hase
Aopilaiion from »much these denths come 8
one with increasing Jose leneis . ad with un
inLreusing proportion of the wurkers with
jpaglermm Sxposurs 1o radistion, one would
increasing prupurtion of deuths
f2om cancar »ith the 2uNsIge of veurs if there
was  any causal reiulionsdip Detwesn
eygusiire tu radiation and cuncer. Tabie ! fr
exposed male Wanfurd empioyess {ads.
however, (0 corroburate this  2xpeciation.
‘hus coatradicting any causal zunnectiun be-
Iwesn  2apusure 0 sceusational radiation
&ithin permissibie limits and deaths {rom
cuncer.

The cancer deaths are 19 3%% of ail deaths
for 1932=1939 and w2 for 1980972,
Correluting the ranks o mercentage of cancer
deaths in column ($) [these runks are shown
in columa (1) with umel. a cuef -ient of
currelation of 0171 is dJerived which is aot
statisticaily sigmficant even the 0% levei

froum

Jdeuths

gapeet an

(ZaT2. Such low curreiation would be un-
likely if exposure 10 acvupational radution

wad nduced cancer amung d large aumber of
tanford employees ~ithin the ume span n-
cluded i s sigdv. There s nO question (hat
in the purent. supuintion (he cumulauve life-
(ime Juse was nureasing with ume. This in-
crease. n f3ct. 18 safacied in culumn (8) of

T.uhie |. The mean Jose level of the
Jewrcused inereases ~ith years. The rank

co=iticient of sorrslation hetwesn the mean
Juse evel shuwn foe the deatls m coiumn 51
and tme is 1.929. which is statisticaily mghiy
sigmificant at <).1% levei. Coiumn (7} shows
‘he mean Juse evei of dezths frum causes
other than <ancer. These Jlose leveis 3is0
increase with me. The rank svefigient cor-
relativa of thae dose leveis with ume s
0.918. aiso mghty significant. Ngrwithsianding
these, there s n0 qatisticaily sigmficant <or-
relation hetween the aruporticn of gdeaths
fram cancer and time. Une would 2xpect
some (peresse on lctount of the agvancing
age of the supulativn but (hers 1S A0 in-
dication of that sther.

sThe interrelatiunships Netween lengty  of
empivsment ot Hanford. duse ‘evei. 1nd 2gT of
smnipyee 3t 1ime of denth may aceount for this
apoarent Anomuy

2ADIATION AND CANCFR DEATHS

1 gaposgre Lo rdlabion »ithin peranswbie

fmits weare 3 saisl factar, there would Pe a
signiiicantiy Aigher mean cumulative dose for
the deaths frony cuncer eis i -cis the deaths
feom causes uther thana cancer. Column (%)
chuws. huwever, hal his is not true. in 29
suirs of comparisons. the mean sumulalive
duse is higner in !4 for deaths from cuuses
other than Jancer and lower in 13 I for 2ach
year one TuMpPares he (wy meuans using the
souled standard Jeviation (SD). there are

(he wQ means are

only two years in whch

statisticaily  significantly Jdifferent: one in
1366, for which the significange o 1he
difference is at the 0% levei, and the other
for 1971. for which the JiTerence 1S statisiic.
aily <igmficant at the 3% level. lf. however.
one uses ithe sepurale SDs for 1966 the !

value drups fo 133 rhat is. stausucally
aonsigmificant. and for {971, 1.77, sigasficant
al 0% levei only with 27 paws of
comparisons.  his cuuld 2asily anse oY
~hance and cannot Be Jeemed siapistically
sigmificant.

There is anuiher siement in Table | that is
qot compietely discordant ~ith the hypo-
hesis of 3 pussibie Jusitive relationsiup He-
wesn radiation exposurs and cance’ deatns.
if one sxamines the mean duse leveis for
cancer deaths crg-u-cis the aoncancer deaths,
it is apparent that in the Arst 14,7 (198d=
|9€9) ihe mean cumuiahve Jose levels are
higher for aongancer deaths in 10yr and
lower onaly in fourt e than <hance ~e
capnot exphun this dispanty Fur the lasi
13y 11960=1972) the meuan cumuiative dose
les els are higher for avacuncer deaths 0
four vr and lower in Aine. One might neled 70
infer a1 pussible adverse influence frum oL~
supational radiativn, becuming appareat after
4 latent period. Comparing 10/4 vs 49 ao-
aruaches the stalisiical significance (< 10%)
level. But since we have nu plausibie
expiunation for LA and mrust attripute 1010
sAznce, Dy the same roken. without addittenai
svidenve. the 49 rato must also he attributed
to chance at this nme.*

Table 2 presents & sarallel sompunsan for
Jeaths of femaie emoloyeses vith 1 record of
oczupational 2xposure 19 ragiation. Acmit-
redly ‘he Jata are skimpy. ~ut the evidence s
consisient with thit showa 2y Table 1. The
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percentage of zancer Jeaths is 29.17 for 1951=
1964 and 31.25 for (963<(S721. which is nut a
statisticaily significant difference. Comparing
the mean cwnuiative dose shows six in-
stances in which the average dose is nigher
for nencancer daaths and seven in which it is
lower. This again s not - statisticaily
significant. [t may be noted. however. thal
there 's a similar concentsation of the minus
signs in column (%) in the 2arly years and plus
5igns in more regent yeurs as was observed in
Tabie |. Fuor femuies these dispurities he-
1ween the ltwo haives ure aut statisticaily
significant even at the 10 level: were it aot
that they parallei the results in Tabie [. they
would zai! for no expianation other than
chance. Comparison of the mean cumulative
dose for cancer deaths with that for
aoncancer deaths shows a statisticaily higher
mean {or zancer deaths for the vear 1970 at
the (0% level, and for 197! at the % level.

This is. howes *r | we use the pooied SD_ If
we gse the sepurate SDs then none ol the
paired means are significantly different from
one another

Some may feel that by inciuding ail those
hirad we have diluted the poul of empioyess
who huave had exposure o occupational
radiation gver a proiracied period of nme. To
test this hypothesis. in Tahie 3 [ give tne
exgerience of empiovees who were hired as
aroduction workers in 1944 gnd 1945 Tubie
is limited to muie emplovees with recorded
occupationn! 2xposure 1o externyi wholehody
penetrating radiation from the year of hire 0
the vear of death. As has seen indicated. a!
'east in sume instances the known 2xposure
may be oniy a fractivon of the iotal ife-time
exposure (0 cccupational radiation. sspesiaily
for deaths from pepuiation most of whom
have heen foilowed for 3 minimum of 10 yr
sucsequent ‘o therr imittal axposure. The
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averwheiming majonty af these former
ampluyees nad rheir recorded initial 2xposure
to 2ccupationsi radiation prier (9 1950. Table
1. like Tagle !, shows 70 increased propor-
son of cancer deaths in relation 19 all deaths
in recent years Jis-d-oIS the =arly years.
which- wouid have to re true if 2 significant
aumber of cancers n tms sopulation wers
induced Sy their 2xpusure 0 sccupationai
radiation. T he percentuge of deaths aurbuted
1o samcer 1s the underiying Jause IS 20.67 for
1944959 and 19.10 for 1960=1972 The meun
dose levei of the empioves supuiation was.
however, much higher in the 1940-1972
serivd and the years lapsed following the

initiai  exposure much longer. The rank
cgefficieat of <orrsiation between the
sercentage of Jeaths attributable to cancerin
2 given year and iime is 0.108, statisticaily
aonsignificant. On the other aand :he ranks of
the mean cumulative hie-ume dose [or the
deaths in the different years -orreiatad with
ime give a coefficient sf 0.388 far cancer
deaths and 0 363 for the noncancer jeains—
bath statissicaily highly sigmficant. aithough
aot 1s high as the somparatie ~gefficients for
the sbservations ir Tabie L.

When 'he mean cumulative fe-time duses
in cancer deaths are -ompured with the cor-
responding means {sor noncancer deaths ne

PGOR ORIGINAL ¢

P h] ;

R Rl it s i -y

Phivitn, L. oy bo

¥

el
' ,.

# 5

e

!

<

o
I———— L G D



BARKEV 5. SANDERS HP1TINT
ean is higher fur the noovancsr deuths in 14 ure nul satisticaily sigmificant even al the ;
Wl lgwer 0 11 This overall pisture is the 0T level. i
me as in Tahie 1. In a sense this shouid not Compuring the two sets of means [columns .

s oy SUrprising. singe over 5> of the 1(&)and (71] in te ms Qi the puuied SDs shows
saths in Table | are deaths gven in Table 3. that oniy for 1948 does the diffzrznce attan
2 the other huad this close similarity Se-  statisuical sigmificance at the 102 level. In
vesn the two tables is a clear indication that 1568 the mean cumulative Jose leve! is igher
ve length of exposure 10 radiation for a  for cancer deaths; however, the ! vaiue of
- imum period 'ess than 30 yr does nat comparison of these two means drops {rom
soear 10 be 2 differential factor in cancer 1.90 to 0.94 if the two sespuriie SDs are used.
saths. This would be irue. of course, f the  Using the separate SDs shows 3 statistically
sAusnes of radiation withn sermissinie  sigmficant diference Hetwesn the (WO meuns
'mits on sancer dealds were ail—which the for 1361, Bud in LS nsiance (8e [arger mean
wvailapie evidence from Ganford so far iends 1S for the noncancer deaths.

2 tupport. The distripution of the signs in

sy -m‘mw—.—r". ——
e 3 LIREN NP

b

¥ 4
bL Y
-

oluma ($) again confurms (0 the pattern of COMPARISONS wiTIL THE PARENT
Fapie |; most of the minuses are in the sarly POPULATION
seacrs and the giuses in ine myst recent yeoar. S¢ fai Lur comparisons have seen Delwesn

fhe dJisparities n Table 3. however. are jess ihe deaths for which cancer is given as the
sharp (915 for [942-19%9 and §/8 for 1960- uynderiving cuuse and Jeaths from other
1972} than those in Tabie !, These disparities  causes. {n Tabie 4 | show the parsnt popu-
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MY 1TV LOW LEVEL RAIATIODN
sumtgistiive . ug

cupational 2y posure Jose Fieu-rrs 1he meaa

dose of Jeatha from canger and deuihe

ki and  thett misan
froun
OLRLr Cilises. .

Table 4 i for male Hanford empioyess
aith Known rocorded ovcupativnal expusers
e exlernal wnvie-pudy penetrating eadiation.
Every emplosee i this populibion in any
veur has a revorded raduiition exposure i4 that
seur and/ue ia prioe yearts).* Tabie 4
represents the parent populiativa from which
all the death cases shown in Tubie | cuame.

The mean cumulative dose level in-
creases progressively with time jcolumna (33
for thix population. To the ¢xient that some
enposure in plamts not incluged in our siudy
would be unkaown 1o us. this missing (rac-
ton wouid ingrense in the more regent vears
in compurison ' the gurler years: in other
words the true nsing trend 1a dose level with
time . ail probuaminty s shurper than that
shown by Tabie 4. Even as & stands, there is
almost 2 conasistent progression in the nen
vamniative dose wuh nme. The aver g
Kivwn dose rises from 142 mrem in 19 4.
when the Hanford Mant first opened. o
3748 mrem in (972 The rank cueflicient o
vorrglation betwesn the meun cumuluuse
dose in the Jiferent veurs and the time is
0991, essentiaily a perfect currelativn. The
mean Jose showa i columna (3 for 3 smail

MU Suneen aile, (Aat i a few instances the
rrue occugativanl Jose might » “ero in the aurfy
vears a3t Huanford [0 overcume the possitvlity of
overfpoking doses Seiow the sensdivity leved of
ibe Slm that was hemg used. it was customary o
shus s mimima’ vaie as 3 Juse avery time the
Madge was read iF it had a0 ¢xposare. [n the sarly
e ne Mudges were ofien rend sven mure
lreguently (hapr moathiy, herefore. o iy likely
some of (he duses could me¢ oversiaied. particufurty
for those emplovess who aere valy alreguenty
ar intermuttently A radiation sceas. It s teheved.
Sewerer, that in must insidaces the recorded life-
ume Jose it an umdersiniement. especiaily for
cmplosees wud 1 short tenure 3t Hanford, who
hud greater oppurtiany o work in atomie piants
Aot inciuded in he currear SRDA wudy. and aiso.
perhaps. fue the enrhiest empioyces who worked in
Aty plaats Meforg souting persoane! Montueing
for suliahon came nio genersl practive.

AN AN 1 DEA
wsinter of scotplovess muy repr ont onls one

or o sears of exposare ! fae most of them o

e "
provadiy remresents [ o1V v gurs of exposeie;

and perthups fue 4 small numbege 0s mugh a8
29 seirs uf 2xposurs. The mean cuntiitive
annual  dose  varres  widely for different
empivsees. this mav he aferred from the

large $08 showa in column (2], I would he
atucul. therefore, that any sampie drawn
from this population would have 3 very wide
variation in cumupiauve hfe-ume dose. Canger
dJdeaths represent such a sampie (a0t a mndom
pne. huwever), [f there were o causal
connection hetwesn Jdenth from canger and
radivtion, 1 gher mean hifg-imw dose fore
cancer Jeaths. on the average at feust. would
he 2xpected 10 comparisen (0 the mean of ‘he
ponulution in o specific vear: however, in
compuring the meun dose for cancer Jeaths
fcutumn (h)§ with the correspoading mean for
ail the 2xposed empiovaes at the inception of
euch weur feoiumn (3 the cunverse iy true.
Our of IR ginred comparisoas osly @ five
Jues the mean cumulative dose for cancer
Jeaths in a sene eiceed the guneral popu-
mtion mean: i the other 23 s it is lower,
Taese dilferences are showa as minuses and
gluses on the left side of columa 8). The
disparity of five versus (wenty thres is statis-
teaily sigmificunt at a leveld lower than 177, [t
1S quite imprunubie that this could have ~esn
the cuse had there hesn a marked ¢ uxal
cunnection Petween oggupational radm.icn
vposure within pernussibie limus and deaths
frum cancer. Comparing the o means for
the years v which the vancer mean s larger,
im 20 instunce does the JiTersace sitain sta-
usbical sigmbicance even at 107z ‘evei.

Sume might think this Jdispurity Between
the two means {column (A subrracied (rom
swinmn (3] inoa ziven sear mav arise from
the impropaminy that in the year of death
one who Jied from casces Juuld hive heen
expused w radiatioa, or it least w as Mdh
radiarion as the average ampioves sho
survived that vear. This has same mert. at
least in theury. But if we assumed o
expasure at ail in

the "=*ar of death and.
therefure. compare the meuan dose for the

sangur deaths in a grven year with the agere

e populsnoa mean i ibhe wQur wlore, we
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il e au changs @ ingrt relahive pesihion,
ercept that we Bave rodnesd our Nser Vil
ons o e minuses ndicaling  searn in
which the mean 1> higher (0f ganger Jeaihs
and 22 pluses adicatntg years which ine
mean is lower This disparity s it stansige
ally  haghiy cignificant the 1™ level.
These MuAuses ond pluses are shown oa the
{lch( sde .)‘ .".\lumn {R)L* {Ine Muy =% auspe
cious 1o thal Jtheugh there are only fse
instanges vul of I% m which (he meun sumu-
fts e Juse fur canser Jeaths s higher than
he mean fur 1he supulatien -9 of these ive
are in the most recent seufs. (97! and 1972
~This could saxily oesur DY chunce. On the
| oener haad. as uf avw. 1 am aul preve ed 10
| sy cunciusively thatl there are e ganeer
Jeaths in the dudy  populabon where 1he
<lgypusure o radiatiun cottld have ataved ut
leust 2 contrbutory cole. 1t iy suil slausible
Yl i observations are continued nevond the
| thartieth yenr. there may Ne positive 1A=
Lieaton of A meusurubie adverse elfest.
There is no Dusis fur 2y progausticuiion of
tps in LErms of tongevity M e fime. It i
Lisu plausible that n wther installations the
andings m3Y me . mackediy dilferent from
" thuse found 3t Haniord. The evidence that 18
heing examined i« <o far ingumpaiibie with
the likelinood that the |47¢ 2xuess in cancer
Jeaths shewn among these smplovees. & hen
compared with t(he propuorton of cancer
Jeaths of males 0 1he penernl pupuiation of
the state of Washiglon. cotiid e qnruted
w the oecupa v eadiutiun  @Apusure
Tperienved by these srapiu s ses, expeuially if
ae could hmit s o vecupational axposures
»ithin pcrmlsu'ﬂie Hms, LS alsa ausvibie
adat a small {ragtion of the smpluyees in this
wudy may hase nad Juse ievels iynknown 10
| gs) far apuve the ,‘cl"“',“aNe fevel. Others
may ave Rad expusure o some other tovic
| qubstangess shich cumbined with madmnon
could ave sy AETpIStIc effects that could A=

mzluw

*Cyen if 1he mean -umulative hig-ume Juse for
cancer Jenihs xere vompared wuR tme pupulativa
nean m (he sechay year argreding 1ne vear of
Jeath. the pupulitun mean n 19 iastances larger
and 0 ceven. email, ~ The dispanty s statisucnily
ugmficant al the % level.

BANDERN TN

duge et 1o, of  gwurse. Hways
coaggivabtle taat hete nuyy he rare genete
sirains 1 the aoptiaiivg that  are haghiy

fhese and many
are pu\uhoiu cs whilh could auesunt for the
2aezpliuns shich we gnvounief and which 1
am inelined o sitnipule prem-z:"_. g aanee M
iy siage 0 1A Given tme and
resaifedy 10 Latend the study along the vos
granl dusina. | beileve many of these un-
certainies would be resolved. As far as nure
compiete information on life-uime cumulative
dose S congerned. the oaly way ‘e could
nuve vvercume this deficiency would have
heen (o axtend ne study to all the ampioy 22N
of all the atvanc plants and 10 continue long
enough s tha there  would  be avatlable
cmplos ses &ith eomplete e time «umnlas
ve dose information. This wis the sehemne {
recommended ariginaily hefere | realized
thete was no aechanism 1o cumulaie the
life-ua = duse for individuais who worked in
dilfere:  plants of sven in certun sipgums-
stances [ they wurked 1in the same plant but
for Jufferent contrctors. such as the sva-
ciructivn mainienance workers at Hanford
and Ouk Ridge. {n fact. in >ume instances
sven (f they worked fur the same contrastor
wut in different plarts (heir eaposure records
were nol consolidated. Under these cireuns
stances the axiension of he cudy to ail (he
empivy ees of Sl the atomic slants 18 all the
murg imperaiing for Brm cuneiusions.

Guing ~ack 0 [abie 4. | also sompare the
menn cumulanive life-time dose of thuse dy-
g from cuuses other than gancer with the
cumulative mean Jose of
surs iving

sensitive o eadialiont.

Ll

wy the inceptina of the vear in

which the death ogcurs. 1t is sggn (hak 10
general the mean duse is ewer for ihe
Jegeused. ThHis is shown in suumn 1121 Qut

of 238 pairs of comparisans for 1943 and (970
(here are 26 piuses adivating a highet Juse
for the pupuiztion. qtd WO TnUNeS indicat-
ing the duse < mgher for (he jegeased. N

athers ™

the pupuidbiono _

1these wo astances he aqcess 15 nul statis-

ncaily significant. n the other hand the dis-
parity of 238 is atistically ghly signrficant.
much telow the 177 level. The same may e
<aid fur the dispanty of IS, As we saw n
Tapies | and I the mean dose for deuaths
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fromr cangzr s the mean Jose for deegk cEeaehy
L e R T T TR TOT st aily ugmm.‘mly
Jl‘!;l’;‘"f Th N Luirrpraruied :7}‘ LR T
saltinas (X and f':l in r.lh‘c 4 2N i TRl
spmfcantly  different from 228, nor £/
feom 323

Table § is for female ampinyees. [
purailels Table < fur muies. 11 Joes aot show
as sharp an ascent in the menn cumulutive
duse for all empivyees from 1951 1o 1972 4
that fer males (eliminaiing the yeurs with Ao
deaths whutsoever!. The progression in he
meun cumulative life-time duse is aot uniy
much more moderate. hut there are many
more sxceptions to the rule: the overal] up-
ward trend in the meun Juse with (ime is
sirmifar. Table 5, like the une fur males. shows
marked positive skewness in Jose levels in.
dicated by the large SDs in compurison 19 the
means. When the menna dose of those dying in
3 given year from cancer is compared wih
the curresponding mean for the popuistion at
the inception of that year. the mean for the

*This comild stggest thai a Angher jom momiity Sy
the Jeceased riveu-rvis the survivors could he at
feasi one of the causes of their showing 3 lower
mean cumuliine Ble.ime dose (MaT, | show
that for those mred in 1944, for insiaice, maie
employees with a record of  exposure (o g -
cupational radintion had Seen employed at Hane
ford on the asumge foe 1108 vears. The cor-
responding swan for the emplovess thai were
mumtored for mdiation Bt bad o recoed of Pemng
aposed o pocupniional radiaton was 129 yeuars,
Fimuily. fur the empioyers whu were a0l mom-
weed for radiation and had ne record of A pusire
o ovcupationai radinton, the mean duration of
employment at Hunford was 1,47 years. The car-
respoading averuges for he femuie empiovess
were 945, 4.14. and L4 years. respectively |
would Se seasonubie o afer ‘hut among ‘he uc.
sumtionad sadiiton-cyposed 2mpiovess there s
dlso 3 gradition—on the averige (hose with the
owest cumuisiinve life-time radistun Jo<e have 3
shorter period of cmployment & Hanford: con-
verseiv. those with the hrgaest cumulative life-ime
dose have 3 longer aseriod of empioyment.
Esployces wih o record of exposure o oc-
cupntional radiction wave the greates: ragevity,
and fose with so momtocing Tor svdiation amd Ao
rewund of Sxpesare to occupativnal sadision Aave
the lowest,

YAt AN R ke vitey

Jev sasad s feher oo iy e IS CeS und fower
HE SN e es Fhes  ddisparies Ao ing
higher mgin dose Tae tha ropulation, s a0t
statostagily srenficant ngvertheless, it iy
it with the relativnaship we wsgrved
amoag the males. The disparity (s am
<Manged murkedly i the menn duse for the
deiRisSd s compared with the mean June of
e popuistion in he seur pregeding the
deaths. (o (his CUMPurison we huave six
minuses indicating 3 higher mean and gight
PIUNEs indicuiing a fower meun for the
deceused. Puruilel comparisaon Selwesn he
Meun cumulitive Jdose of those who Jdied
from ather causes with the population mean
Shows signt instances in which the mean for
the devensed 's higher und twelve in which it
1S lower, This divparity Joes aog chAnoge at all
if the msan for 1he deveised s compuray
aith the sopulativn mesn of the preceding
vear. Of course (hese Jdisparities ars agt <ta-
tustically sigmificant. although they lean in the
same direciion as those shown in Tabie 4 [or
males. whers purallel disparilies were staiis-
neaily highly vignificane ®

Fable & s for maies: however, it is limited
o emplovees hired as production WL Lérs at
Hanford in 1942 and 1935 Otherwise ¢
parailels Tabie 3. For this Population over
WA of (he empioyees  had  therr  ianial
SAPUSULS o ocsupational radiation orior to
1950 The arean sumulative dose for aii
smiployees shows g nerfect ranging with :ime.
gving miak covtficient of correlation of | The
a8C2A iR the meun cumuiative dose is about
as sharp as that Tor ) Male empioy ees, risine
from 142 mrem in (948 (o 3TAY mram in .975.
The SD«< a2 of (he same general mugnitude
as in Tahle & dthough with a much smailer
Aumber of cuses, axpevinily in recent vears,
The relativnsh ns Metwezn the meun cumuiy.
& dose for & aths. whether from cuncer gr
ather causes, are significantly lower viseq-cis
the meuns ‘or the otl popylation at the
meeption of ek vear. fegnrdless of whether
une uses the mean for the sume seur or for
the preveding vear as far as the porulation s
concerned. The dispurities Setwesn ‘he mean
of the deceased wmy (he poeuiiion ire qighly
sigmilicant for Bl ose dying from cancer
and lrom ucher causes. Ia other words. 25 we
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saw i Tubie I himiting the observaton to
empioy 2us Wit long veuss af expusure Joes
nut percepuniy aiter the pwture, whigh in
isell is a4 siroag indication that radiativn has
had no general harmfui effect an the survival
of Hanford empioyees with oceupational /
radiation,

increuse in age nermaily would mean an
increasing proportion of can deaths n
ater years, bul there is 10 evidence of this.
This absence would suggest that perhaps for
homogenous segments of the population the
preportion of Jeatns from cancer “2muuns
Sunsiunt at 'east over the age span =38 yr
to S=a¥ vr: and that ‘Re zzgarent increase
m cancer Jeuths with age s the resuit of
differgnuai ‘vagevity of Jdifferent segments in
the poruinnon for whom the proportion of

Je2r Jeaths s Jiulerear, Furthermuors, there
IS A strong indication of reducesd mortaiity
among the long-ierm Hanlurd empiovess.
This perhaps at 'east partlv may acsount ‘or
the distinctiv nigner 'ongevity of the exposed
Hunford smpioyees rit-a cfs (he sunexposed
empioyees and the maiched cantrois. !t souid

er

~

—~

he the pringcipal difTerentiad showing
sigmficantly RMigher lo~zevir  for cxposed
Hanford s2mpioyesr vwv-a-vis therr siblings.
This improvement a ignzeviry four he lang-

term Hanford emplosees could also acsount
for the negutive assngiyive Botween the
cumulative life-ume Jgse 1nd the prosability
of Jeath i 2 given veur MaTs). There
5 also the posubility of some Benefzial
effects from low-level radwition to which
some animal experimentations. Ruve altesied:
however. as far us the JilTersaces Sotwveen
the exposed and the avnexposed =Haniord
empioyers are concermed. sefective facrors
are in 2l probabidity the maior diTerentiui
The absencs of increases n (he Arnpartion
of cancer Jdeuths with advuncing age seems (o
charactenze this popuiation: thus the 1gs at
the time of hire Tur those Rired in 94945
was about 10 yr older than that for smplovess
hired 0 subsegquent vaurs. Nevertheless, 'he
percentage of \nown sancer deaths Laciuding

Are™s
Ha i,

ail the deaths) s 1943 [ur those hired n
1943 (945, with a toral of 1357 deaths. and
20.17 for those fired n 19<86=~1971. with 2
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tetad of S48 deuths, despite an age dilfereanal
~of vwer 20 yr fur those hired ia [Vl | D45
' The foilonwing denved fucts refute the
Rvpothesis that the [47% mgher Jealhs from
cancer among the exposed Huaaford maie
empluvees, over the cxpesied rumber Sased
ga user O.000 Washington State deuths
among males over 20, could have been
caused by rudiation exposure:*.*.2
|. The lack of uny statisucally significant
association Setween the proportion of deaths
from cancer in reintion to time M a popru-
lation that shows g prugressive ncreuse in
mean dJose level over time and a progres-
sivelv longer post-exposure pertod.
2 The abnencs of any sigmificantly higher

“The "Atlas of Cancer Mortahiy for U.S.
Caountics: (9508437  (MaaTH  shows  sharp
sitferences in Jeaths [rom cancer in CunlIguOUS
sounties throughout the Umted Siates. suggesang
that many JiTerent stiogical and ocher faciors
aczount fur digh or low cancyr Jeath rates.

*The disiripution of Jisapility chrims By sause of
dixabriity umong huse allowed <uch bunefits by
3SA im 1 ziven senr shows a stutistcaily nghly
aemfieant concentralmn i the Mighest Primary
tasurance Aamount [P group By those disabled
from camcer. Thus. foe 1970, the fust year for
which gl 4 repurt was published (LeT0L rhe
expecied aumber of sllowanges ecause of cancer
was G, while the 1ctual aumper was (0380, The
latest  avinluble reguencies for (973 anained
theough persomal urrespoadenee., show 10107 as
the eepectod number of sagh alownnges as agunst
{247 as the Aciuai. with the mighest P1A 3250 or
nore for the Seachciary per moath, PLA is, of
sourse. Jependent on (al cuatnuity of employ-
ment n covered industry and B axapte earming
level over the vears: it may he regarded. therefore,
Iy 1 sociuecunomic ndex. suggesiing a migher
arevalence of cancer among the refatively well-io-
do. Probamiy 2 wmall part of this concsatration 1S
attributable to ige, singe (he compurisgns given
are Aot ageespecific. AL this ime 10 1gu-specific
data are svaiindie,

tReference MaTd demonstrutes 1 »iroag fega-
Hve sorreiation (statisieaily mghly vigmificant) de-
ween sumuiaimve life-ume occupational radiation
dose ‘evel im 1 given year amd the peatmbiity of ”
dving im that sear. Referencs MaTF shows that the
sxtent of this acgative sorrefating s redugsd when
ge is ‘aken into Jonuderation. BUL it s not sim-
nated.

AND CANSUER DEANTHSN

cumulative mean duse Tor deaths from carger
cis gty the coreesponding menn for deiths
fram other sauses, sompared vear by yerr

3, The sigmificantly iower meun Sumulitive
Juse for deaths, whether caused By cangir of
gther thun Sanger., when compured witk the
mean for the survivors, reinforged by the
additional avidunee (detnonstrated by T:bles
3 and &) of nu perceptible changs in any of

these relationships  whether 3l the o¢-
cupationuily exposed smpioyess arme useyd or
only those cmpiusees who were diree n
19821943 and who had Deen 2xposed 10
osccupational radiation for many years.

LONGENITY AND DISARILITY

If vecupational radiation wis (Re Jause of

cuncer. then thers would he 3 reduged
longevity among expused Hanlord
smplovees. he contrary s true. the lunge-

vity of expused Hanford empiovees. age ad-
jusied. generuily 2xo2eds (hat fur the ngnex.
posed. purticuiarly for muies. For sxamnpie.
the comparative Jdeath =uie per vear for muales
in the 1944 cohort from the year of exposure
1o wecupational radiation until Octoper (972
is 1.3 per 1000 The corresponding rate for
empioyess with ao record of occupational
axpusire to rudiativa. adjusied hy age and
the veurs at nsk. frum the yeaar of hire to the
cutol date is [7.3% per 1000, Compared to
their awn siblings. the expused employees
have 4 Migher ioagevity (maules onlyl W mle
the opposite s true  with  aoaexposed
emplovees. This relatioaship alse Aoids n 2
compagison of the loagesity of oggupation-
ally exposed maie _Hanford employees with
that  of thewr matched controis.  These
comparisons Aased o the commoa seur of

hire show consisiently tatistically sigmiicant

dilferences n luageviey a favor of the
axpuse’ Hunfeed emgin. ses Parailet
comoar sen mn angevity  hetwesa  (he
aonexpused male  emplovess  and  ther

matched controls show just the opposite. The
aunexposed Hanford smpiovees huve aiso
statisacaily significantly lower loageyny ois-
a-pit  thewr (dentified  siblings——which N
apposite to that Petween gapusey employees
and their winlings. The longevuy of the
matched conatrois of gxposed smployees an
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the cverage 2xcegeds (hat Tor the matched
comtrots of nvaexpused smployees. These
relativnships were ssiablished in the Twelilth
Annual Report which the uuthor prepured
and which as of this writing hus aot been
released. To 2 large extent these relationships
hetween osposed employees v their siblings-
cis-a-vis the nonesposed ¢mpiovees und
their siblings are reflecied in Table 7. which
aumerically s resiricted to oaly 3 small seg-
meat of onr study popuiutivn, sithough the
retationships showa By it are dorne uul By ail
of the observational data availlabie <o far.®
Tikie 7 dJemonstrites the _comparative
wngevity of Haaford empicvees and therr

“la Tabie. T interaal mdistion cases huve aol
heen sepurated from thuse with swtermai radiation
cince (hat aformativa aas i available At ihe
lime that Taple T was compiled. S

identified sipiings of the same sen. n Tuble 7
the longues ity of male and femnle empionges
cun be compured with that of their respective
siblings for all the Hanfurd empioyess {with
idenuified sibiingst. as well as for the exposed
and  Avnespoted  emploveess  with  therr
respesiive siblings. To make this companson
a8 rigorous as possible, Taple 7 s resircted
10 emplosees for whom we have an identified
sibiing (only apout 0% of the Hanford
empluyees have one or more iduntfied si-
mlings). Where ua empioves hud morz (han
one sibting. only the sitiing agarest in age o
the empinyee wa< used n (hix Jompartson.
To reduce Jilunon =fects. oniv  those
empluyee-sibiing pairy are ased o whch
either the cmploves. the sibiing, or doh fad
died nrioe o gtober 1977 Mhese seingiions
aaturaliv sliminute u farge part of our onser.
vational data. Nevertheiess, Table 7 congisely

"beurs out the key comparative refationshps
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indicated By gl the ohsersations on Hanford
emplusess avaiiabhie 10 gate.

With the resirictions indicated above we
are left with 1643 mule and 137 female
empiuy ee-uibiing puirs. Column (1) defines
the pupuintion groups that are bemng
commired. Column (2) gives the aumber of
puirs in each popuistiun group availabie for
compurison. Columna (1 gives  the total

*The proportion of  Jeaths  with a  Jeath
certficaie un 1he Jute whea [hese mpuluiions yure
run aas Giffereat for e Jilferene popuiaiion
woups. and o date these ditferences have aot
Secn e ed. Thus for (e croups resresenied in
Tamle 7 fur miaies, (he cxpused smpiovess & au had
deuth (eruficates were WG hewr sinlings,
# AT for (he qoneyposed cmptovess, N 5%
and ‘ue therr siblings. S8 Y% For femules (hese
per.entages Jre exposed smpiosvess. 92 L1 their
ublinge. Tf 5A: aunevposed empiovess, 9254 anu
their aipdings. TR 28, Joasistently, the pervenatage
uf deaths wulr 1 Jeath cernficare s lvwer foe the
auplings creea-cre Nat for the smpiovees. This
atroduces 1 certain measure of uncertainiy a
compuring ‘ongevity of these respective pupu-
fanon zroups a which ail the Jeaths ire consid-
sred. For deaihxs without 1 denth certificale the
date of death s ancerun,

aumber of vears lived Trom Juce of Sire (o the
date of dJdeath. f death occurred prior 1o
Qctober 1972, and for those sweviving the
entire foilow-up perind.* A comparison af the
years lived shows relutively close similarity
Setween empluyess and sibiings. thus for ail
maies the years lived are 11,133 for the
emeloyees and (130 for the sibiings.
Column 14) is the meun .ears lived:. i s
column (%) divided by column (2). Column ()
grves the SD of the diference i (he vears
lived betweun ench empioves and sibiing e,
Colimn 7A) gives the menn age of the
emplasee at the_time he was Rircd._and the
corresponding meun age of the swWhiing. on he
date that the smpioyee was first hired. it is o
Be observed that the mean ages are refatively
Slose. thus making SUr comparisons of | 2ars
lived more meaningfui. Coiumn (T gives the
SDs of the age at the time of empivves's ire
for empiovees and wiblings. respectiveiy
Again the S0s are quite close 'n magmiuge
betwezd 2mpiovees ind (he serresgonding
sibiings. Coimn () gives t5e mean age at the
time of Jeath. The ages for empiovess and
siblings are relfutively close. One  wouid
SxXPeSt this since the aee at the time of Tire
amd  the  vears  lived  are

chise  belween
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gmplossus and sibliags in g given <et. espe-
gindly for muies. Coluwma (D) gives the SD of
ages for employees and sibhings, respectively.
al the time of desth. The mugnnudes are
close fur employvees and sibhngs, respec
tively. Culumn (10) gives the tetal number of
deaths repurted by the Social Segurity Ad-
ministeation (including Jeaths without death
certificates). It ix seen that for muaige there
were O%9 deaths among the 845 umpioyees
and 381 Jeaths among the sume number of
siblings. who al the time of hire wers on the
average 0.122yr  younger. The close
tolerances reflected in Tubie 7 are weizome in
thai they give sume indication that perhaps
there are no gross mechanical or other human
crrurs wmich might vitiale the analyses,
Columa (11) gives the standurd arror of the
mean number of years lived [coiuma (5
divided 5y the square root of columna (D).
Coiumn (12) gives the dJdifference when the
mean years lived (coiumn (41] By the sibiings
ix subtracted from the curresponding mean
for the empiovees. Finally, column (13) 1§ the
957 confidence intervil.®

Sxamining Table 7 for ail males. the fdrst
set of empioves=sibling comparisons shows
the loagevity of empioyees and therr uiblings
about as close 2s one ¢an cume, K2eping in
mind (hat the sibitngs were somewhal
younger. Since our firct fndings (Ma7l), we
Suve soasistently found a very slight exgess
i longevity of male siblings over the
empiovess. seldom  attaiming  statnstcal
significance. and introduced by the first two
ar three vears of hire. ‘When the comparison
is restricted 10 empioyees with one or more

identified siblings. however, then the
differences. in any. lead o favor the
employees  when age  Jdiiferences _are

sompletely removed. This is not incunsisient

*Since oniy one ¢t . comparisons has 2
Treguenuy befow (09, [ d that one shows Ao
sigmificant difference. | saw 7o need 10 use he !
tapie n liew of the nurmai surve for the tesis of
atatisiigal sigmfAcance. This is abo true when the
longevity of femule emplovees is compured with
that o the r astarts, Maiched controls also show
a higher lomgevity when compared wuh the
wngevity of Hanford “cmale empiovees.

SAMIIES HAP 1T
with the relativaship <hown by Table 7, SVith
e sevend ~et, Tor all fomales, the tongesaty
of femaie Huanfoed emplovegs v somew il
fwer that that of theie siblings, This s dlso
true when the longes ity af female cmploy sus
s eompured waith that of the nonstarts.
satehed conatrods also show o higher loags.
vity when sompured with the lfongevity of
Hanford "emaie emplayges.

1he third et of compansons between the
longevity of male employees with recorded
pecupulional #\posyre {0 exiernal whole-
mudy penetrating madialon and their siblings
(with a0 expo urel shows higher longevily
for the employ ges, although the ditfference o
avt statisticaily sigmificant. To an unpublished
report. | shew that by and large Regher
longevity for male exposed smplovees over
therr sibiings attuins statistical sigmficance.
sspecniily where 1he compurisons are limued
to employ ees «th identified siblings [n Tanle
7. the mean uge is slightly higher for the
sipiings (0. 130sr. The fourth et s fur
expused femnie smployees and their siblings.
It shows 3 higher longevity for the sinlings.
althuugh the Jiffersntial in this (nstance 1S aot
statstically sigmficant, Aguin this 18 consis-
tent. with our findings. and often these
differences ars  statisticaily  sigmificant in
favor of the sibliags. For [emales the siblings
are sppreciapiy vider (1.784 yry. The dispurny
would. therefure, increase consideruply of
adjusted for age. The ffrh set 13 2 comparisen
for male aunexpused empivyees with theww
siptings. This  comparison  shows  migher
lungevity fur the siblings whu uare on the
avernge comewhut vounger thun the
employees (0307 r). The difference in favor
of the siblings ¢ staustically sigmficant.
The cuatrast in favor of the siblings wuould
have Desn somew il ‘ess had the sibiings
heen of the same ige s (he emply,zes. The
fAndings showa 5y Tanie 7 are consisient with
other indings. Mowesgr. showing markedly
jower [ongevity for aonexpused Hantory
employees (stansiicaily Mighiy sigmificant srs-
a-cis thetr sibiings when the age diference s
completeiv siiminaied .

The sixth et is for the aynexposed ‘emaie
empiuvess, comparing the loagevity of these
with that of therr siblings. (o This iastange 'he
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(1.3%7 vry. s Sounirisen asan fases the
wibiings ° Jespue their  odder agS. 1 he
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Jiferenve.
wtld Ruse been sigrniigant if

Jepimoant, o wL
sdjusied for age.
¢ Nndings.

This Gnding dgiin I8 SONNNe

enl wilh wthet
Tabie 7 i Jesigned to compare within cuch
set the luagevity of emplovess in o ogihen
culgguey with that uf ther cinfiags. Converts
frer hirmg suluma 531!

g the ygars lived a
(ato percentinge of vears lived. using the vears

from he Jate of Nire to the sl Jate as the
hase, Aluws SOMPATSONS  ACTONS the s€in.
which we desm mearingful since the age
dilTerences for males and femaies, respecs
vively. fur the dilferent sets Are Aot oo large.

These percentiges ars:
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tived by oe-

The puorcentage of yeurs
smplosees IS

.umnun.-ih sepused myle
higher than that for aungrposed cmpluvesst
the Jilferenee is Jdatisticalty sigmificant at @
level meiow 176, The sunetpused
smployces 3% comewhat  older 353 yr2
(herefore, (he difference S somawhat exags
geruted. Thi Jifferentiai betwen empluyees
records ol occumitional  mdiien
with those with o recurd of sush
wt for many

wetl

with
sompared
radintion IS stattsticaily sigmifics
years of hire ahen 23 dilferences are re-

moved (MaTh The longevity of the siblings

of the aaposed 1ad aunetrused smpiovees S
‘me same: the siight Suess i favor of

anoit
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ZAMATION AND L ANLER DE AVEUS

he sibiings of peeg s pased gmplus s w vt
o adjusied for age.

the  sibvhugs Hanfoed
¢ ILATK v1!

nployees e somgw hal paunges
loges iy ol the .,-\;s.u,;d
even though here s 4

of ‘Hll!g‘\"‘ql\‘d

Eor females the
emplosees S Righer
slight age advantage favoring the nung wposed
(1.246 400 This ifference.

mnowever. 18 aut CLatistigidly sigmiticant. [ A
aserall

finding is in agresment with  ouf
fudings when ags Jilferenes are remosed
(MaTl For fomales (he lviings of exposed
emplovees have a distingily higher tonges ity
cis-a-cis  (he sivtings  of auner pused
amployees in spie of the younger 182 of the
piings of the apnesposeyd (.73 ¥l This
diference wise s statistically sigmiivant,
although it might de were i adjusied for aee.
in 1974 for the first ume the study wis anie
(0 add one set of matched cuntruls. | have
inst compried some arehiminury Jdata sed an
1363 Jisaiity claim spplications ynder the
Social Secunty Disabiiity Iasurance arogram.
COf these 4647 are for males: divided as
follows: 801 Hanford employess, 1TR8 the
naiched cunatruis of these empluyzes. and
18 the identified abliags  of  these
smployess. Tanle 3 summarizes the resull of
dividing the total male smployes pupuisiion
into exposed and aunespused with iheir
respeciive matched controis and  siplings.
dividing the respective popuiation  groups
within each veur of hure At quinguennial age
zroups. and comparing (he chum rues for
euch of these. Tarie % also shows the
comparative cham raies 0 rpems of age-ads
justed cuhurts (years of hireh -
The comparisons ndigute:
(. Lower glaun rate for all
empluvees 5 10e matched  sontrois: the

cmployess
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diference o Favor of the emplovees is statis.
tgaily Mchiv signiigant

2. Shghtly lower clum race for all Hunlord
employees vs the weatificd siklings. the
ditfference ia favor of the smployees is aot
statistivaily sigmificant,

3 Lower claim rite for exposed Hunford
employzes vs the nunesposed: ihe Jitferengs
i favor of the expused s Aol statistigaily
signficant

4. Lower claim rute fur expused Hunlord
empiosees vs (heir mutched cuntrols: the
diTerence i [avor of the exposed smploy 2es
15 statisticaily Righly sigmificant.

5. About the <ame clum rate for the
nonexposed Hunford employees s :heir
mutched controis

& Lower ciaim rate fur exposed Hanford
employees s the identificd simtings of sugh
employees: the dilfereace in favor of the
expuced emplyvees s stanstically sigmfcant
at |07 level oniy,

7. Higher claim rate for nonexposed Hun-
ford emplovzes «s the idenufied sinlings of
such emplovees: 1he Jilfereage in favur of
the sibtings s statisiicaily sigmificant at 10%
les ¢l wniy.

The disamlity claim rates summarized in
Table ? do aoi muke adjusiments im the
ditferennial lunges ity of the pupulation groups

"Deabiity s inclide the chums Tor dise
amviuy freere ox a2l clums which were st Sleyd
on laauary  (9%5 0 Disandity freeze muainiams 3
worker s insured «tatus and the Primary [asurance
Amwwint s of (he time when (e worker Secomes
disabled. Other things bemng cgual. - popuiation
groups with igher ongevity would have & higher
disamiity clum sate. Therefore, hud | adjusied fur
longevuy  the lower ciam  ruie for  sxpused
emafoyees would Tave hevume mure pronounced,

*This & jaudemental. mking nto consideration
faciors such as 'he lomger celunive longevity of
diamiity aprhcants w Mo are Jisailowey senefts
fur ludure 1o meet the defimtion of Jisam...v and
the progresane liberiizaton of this definmmea that
fas mken place over the years duth (Arough <idtu-
tory  changes Ind  refaxation in admimisitative
standards (SmT2. Zand CoTdh

ISSA has supplied 2300 additional cisims for
arsamility denedts dled mostly in the last quarter of
1974 und (he Arst iRree quarters of 1979, Tu daie
these ctums aave not Seen anuiy zed.

SANIRS e 12wy ?

beasg coonpiired. When  these il
radde, " the lindings biased on
disability chiem mtes will precinely pursilel
the findings Bused on comparitive longeyiny
s comfirmauon steengthens my contidence
n the validuy of my findings to dJute for
Hanaford gnrplovees

This  ¢sagt ugreement in the  findings.
whether une looks (o comparative longevity
of the differenr population groups or the
compuarative ciaim rates for Jisability henefits
9y these same groups, is very importanat
Cluims for disamidity senetit. may he regarded
as a precursor of death with a lead of =% ¢ *
(There wouid be a1 comparable lime lead for
eurly retirement n reinlion 10 premualurs
denths with a time lead of perhaps 1<t P
The carliest apphicaton filed for disabdity
frewsze waus ia January 1955 therefore, we Lre
cumparing a serres (hat hegun in 195% W oa
comparatively low level of frequency with
the series [ur longevity aver the period Yude
1972, An exact agreement hetween 'he two
such series as ‘u the relative health of
specified aopuiation groups indicates (hat tNe
refative longevily advantage enjoved by the
radiation-exposed Hui ford  empivyees in
celation 1o the differenr controls will reman
essentially she same at leust uniil ‘he early
9307, thus. confirming my interpretation
that such upparent Jeclines as we have
observed fur revent veurs are aitributable to
chance. poussbly  augmented by 3 smalil
aumber of deaths due tu the gresence of
certun 2xcepuonaily rudintion-sensitive in-
dividuals in the porulation, and/or small

that  are
Jusimends arg

“aun oer of workers with sariv ur ortherwise

large doses of exposure well mevund the
permissibie limus, and/ur svaergistic offeqt
when radistion exposure compined with
certain acher tovicants, T ere is however. 10
indication that large aumbers of workers
expused 1o oecupaiionul radiation well within
the permisutie imils are shout o show d-
verse effects aunputanie 1o ther axposure 1o
such mtiovon.

On the hasis of ail the Jvuiiapie svidence.
there is 2u indication of any general sdverse
health  etfeuts ussigmabie o occupational
ion sxpusure within permissikie limits
'@ Hanford employees during 'he .eoars hess
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: M ITY LWL EVED
cmph'}:c\ were analy zed and Projecling into
7 the curly TURO 5. Fhe amaivsie hay ol gune
[ far gnough  aAvr  are  the  umgevations
] projonged saough to conglude that fo Hane
|' ford employee has heen hurmed Sy ¢xposure
t to raduihion oser the wonrse of s ur her life,

Nesgrinetess, the evidenge already obtuned
shouid quell the dread that any radiation
eaposure, however mumimal, has a harmiul
) eifect on man.
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