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This report is in three parté, a short account of the administrative background,

a substantial report anzlysing dzta on moritzlity of workers izt Hanford from

194l to

1972 and a description of the source data a.>sonbled during the study. Trhis shext
raview is; concerned primarily with the analytical rerdrt wizich was prépare b7
DI:\. Alice Stewart and r. George fnezle in consultation with Dr. lMancuso

"‘he study draws on data from 24,939 males and an unspzszifisd number of females
from which there are 3520 certified deaths of males (213 wmsertified) and 412
certified deaths of fesmales. The analysis is concernsd oniy with ifhese cextilizd
déaths, tha assumption beinz that uncertified deaths will = distribated ir; the
same pattern with respect to dose as the certified deaths. The total zccumulated

radiation dose to the 3520 males was 3756 rads and to the 218l peles classified as

texposed' this corresponds to a mean lifetime dose of 1.72 xads. There were a tolzl

of 670 deaths of males due to cancer, LL2 of them being ir <he .exbosed group.

- 3

The 123 'exposed! wcren from amcng the L12 received z fotzi dose of 108 rads

or a

mean lifetime dose of 0.89 rads. Trese inclu de 127 deatZs due to cancer of which

38 were among the e:':_posed’ females. There is very little =malysis of the female data

so discussion here concexirzies on males.

The definition of zn exposed worker in this report iz =rybedr who had a

recordad lifetime dose of 0.01 rzd or more. ” Since typica® Zevels of natural dback-

ground radiaticn acceunt for zbout 0.1 rad per year, thex== gan be liiile radio-

logical significance =a2ttached tc the differcnce batween z= “wmexpossd! ember of
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Yie pattein of causes and ages at death dwe to rafibt “enwwhich thi

study may seck to detect, should be voughl by comvaring The unexy oscd with thoge

o - T ae
....-—.-v..... LN

ha liasia armamianmnan drcime ad cemran Aamearahla ar oesnse e Shan Aatursi haslkerannd

1009203



levels. The inclusicn of many trivizl doses will sexve only to confuse any

possible resolution. A summary of the distribution of doses anorg the exgosed
workers wculd have been a welcome set of dzin from which several obscurities may
have been clarified. In more general terms, many of the 26 tzbles included in

the report could have been xeplaced with the very much more useful basic informaticn
from which they were derived. A tabulation of age at death, ca}endar year of death,
iifefime exposure, cause of death fbr those Qith more significant exposures (say
greater than S rads) together with a statisiical sumrary for those with less than
(say) 1 rad, would have provided ot the s;eciallst and the non-specialist reader

with a far clearer picture than that cbtained from the 26 tzbles.

~— The underlying technique employed by the authors is to separate cancer and

non-cancer deaths in the exposed and unexposed groups and to loock at the mean
accumulated lifetime dose of each categery. Evidence of casmal relationship

is claimed if higher doses are associated with the cancer demths in the exposed

group. Unforiurnately this technique does not heed an excess of a Specific”
malignancy to ascribe a radiation association, hence it is smaceptible to spurious
or systematic intverference. Important among these factors =zre the ages and
calendar years of the deaths in the compared groups. Teble 11 is an example of
data preseniztion which is of limited value for the above r=wmsons. This table
attempts to correlate the proportion of cancer deazths in a2 Gafined age grcup wiin
the mean aécumulated radiation dose of that group. Theré éze'five dose groups

for men in five age ranges. A Spearman correlation test is applied to each age

range and although the coeff-cleqta demonstrate low correlatiEon for sacn range
p01nts is just cignificmmi at the 555 level.

separately, taken together the coefficiens is .LE + .22 whieh for § groups of 54
Since the Spzarman coefficient involves only the rank cxder wof the sequence under

st and not the numters themselves, trne result desends to a Darge extent on a few
small numpers. There are mcre appropriate rank erdering temwis availadle but since
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lowaver, a nore important corrccticon should precede such a. test. It is almost

<

certain that the 1liletinme dose of men dying towards the emd of the study period

will te gubstantizlly higher than those dying earlier since $hey have uore working

)
v
Y

years in which to accuzulate their dose. During the 25 yeax :siﬁd;r perisd there
hzs been a significant incraase in the prbportions of many specific cancers,
ineluding lurng cancer which contributes significantly to m=le deaths due %o 21l
cancers. Hence a correlation be-:;;;eeﬁ dose and cancer deallhs is inevitable even
if none are induced by radiztion. Thus it is essentizl to eliminste the calendar

year of death effect before looking for a correlation betweem -dcse znd cancer.

Thereare insufficient data in the report for the reader to m=rform such a correction,

-
so the correlation claimed by the zuthors has no radiologiczl significance.

This point could have been partially tested if table 2 had iZnclvded some
information on the mesn cumulative dose for the 21,206 living zs well as the 3520
dead worksrs.
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Earlier in the repori, Takle L, %the observed neoplasz= are Tadbulated
18 specific types in order of descending mean cumulative Imse. A line corresponding

-

to ths overall zsan dose is drawn and falls between the eiznih and the ninth

in the 1ist. They show in the same {able generally higher xatios of

obzexved to expocited deaths dus to nsoplasms above the line than for those below

the line. Thz claim that this demcmstraties associaiicn with Tadiation suffers

from the same uncertainty as in using tabig 11,‘since there is a far stronger
correlation than that to '«;ehich atiention is drawn by table L. 7 out of the 8
cancers above the line are increasing witl ti..-e’, 3 out of ¥he 10 below the lizne are
decreasing with time. The two at the top (myeloma and vammr=zatic) havre increacsed
very aramatically during the study pexricd. Thus if ncore are occuring at laver itimzes,

the doses will ineviiably be hicher. Oxly when this has Teem tzken in account <an

any conclusions be drawn about the inilucnce of the radiatior,
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Anothar Ji7ficuley with the sgparatien of all cancerzs into S0 many sroups,

hat the probaoiiity becomes high that
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pom2 viih less than § de
one or more grours will display a2 significant excess but Tmrely as a statistical
fluctuation., The adjusied siznificance of a single observaiion which iz significant
at the P level and which is one of n observations is P =1 - (1 - P)?. So fer
example if P = .05 and n = 18, P = .6 which means that there is a 6085 chance that
one out of eighteen results will be significant a.t the 552 ELevel. This is an
illustration of the dangers of separation into too many g—oups.

In table 16 and 22, estimated doubling doses are tabwlated and their variation
with age indicated. All of the figures quoied in table ‘16 which range fiom 0.8 rads
for barie marrow to 12.2 rads for all cancers are veryezuch smaller than any values
compatible with other studies. Because of this one would Zave expected the authors
to have glven very czreful consideration to these resulis. There is no evidence
that they have dome this. The véry least necessary is to =stimate the accurzcy
or uncerta:inty'of these nunters. It is probable with the mumber of cases available
for f;he study, that the uncertainties are very largs. The x=sults have little
scientific value without such an assessment. .

In sumpary both the text and the itables are of such Jhscurity that any
association of the findings with radiation has been buried rather than extracted.
-The claims of the authors are of such consequence that the Ffurther ansliysis xeferre
to in their discussicn should have heen carried out beforz pudlication of these

" results vhich are in such disagreement with all p"'evmus '.u:o:r:‘v' The major findings
appear to be more related to the sfatistical methods employed than to infoermation
contained in the data. The survey does no more than sugge=% %that it is necessary
to continue studies of rédiation worliers arnd perhaps indicmies that ayelomas have
a greater radiation acsociation than was hitherto supposed& (‘oased on three deaths
among the most hizhly exposed grcup). It is unfortunate &=t a reviewer {eels
motivated to such sweepi.;g criticizoy it is indeed unforturrite that mony yrors

of palinstaking coilection of data should be reflected pubifely by an analysis which



