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

a substanvial report analysing dzta on wortality of workers 2%t Hanfoxd from 194l to

1972 and a descripticn of the source daia assenbled during &= study. Tris shext
review is concerned pximarily with the analjytical rerdrt w=Zich wes »z pa: 4 by
Dr. Alice Stewart and Ir. George Tmezle In cemsultation wiis . lancuso.

”he study draws on data from 24,939 males and an unspzsified nusber of females

q 7‘0 ]:) "ON X008

from which there are 3520 certified deaths of males (213 wmsoerniified) a=d [12
certified deaths of fezales. The analysis is concernzd oniy wiith these cextifizd
déaths, tha assumptiocn beinz that uncertified deaths will = distributed in the
sazme pattern with respect to dose as the certified deaths. The 4ctal zzcumzlatszd
radiation dose to the 3520 zales was 3756 rads and to the 213} rales classified a3
Yexvosed' this corresdpends to a mean lifetime dose of 1.72 zads, There were a toizl
of 670 deaths of zales due to cancer, W2 of them being ir %XZe exposed group.
The 123 'exposed' wcren frem amcng the L12 received z fotzl gdose of 195 rads or a
mean lifetinme dose of 0.89 rads. These incl‘d. 127 deatZs due %o cancer of which
38 were among the exposedlfémalea. There is vefy little aralysis of the femaleAdata
8o discussion here concenirzies on males.

The definition of an exposed worker in this report im anybedy who had a
recorded lifetime dos2 of 0.07 rzd or mors. ” Since typicaX devels of natural back-
ground rzdiatien accomat  for zbout 0.7 rad per year, them= zan be little rzdio-

logical significance atiached tc the differcnze beitwesn z= *unexdos2d' member of

the ctudy populaticsn 2538 the bulk of thess elozsified gz Texpescidf, nus oany
VThmomn a2 AL, A o i~ ~ . S A ; A
alicoration in the paticin of cauSes and cges at death die %o rafibz cnnwhlcn this

study may seck to detect, should bLe uvouphtb by COmD“Lan *he unﬁx903°d w;tn thoue
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levels. The inclusicn of mnny trivial doses will serve only to conifuse any
possitle resolution. A swutzary of the distribution of doses anurg the exzosed
workers would have been a welcome set of dziu from which several obscurities.ray
have been clarified. In mor: general terms, many of the 26 tables included in
the report could have been replaced with the very much more useful basic information
from which they were derived. A4 tabulation of age at death, calendar year of death,
iifetime exposure, cause of death for those Qith more significant exposures (say
greater thon S rads) together with a statisiical sumzary for those with less than
(say) 1 rad, would have provided both the specialist ani ihe non-specialist rezder
with a fzxr cleazer pictuxe than that cbtained fron the 26 tables.
~— The underlying technique erployed by the authors is‘to separate cancer and
non-cancer deaths in the exposed and unexposed groups and to look at the mean
eccunulated lifetirne dose of each category. IEvidence of casmal relationship
is claimed il hizher doses are.associated witn the cancer dezths in thes exposed
group. Unforitunaziely this techniqus does not heed an excess of a Specific‘
malignancy to ascrite a radiation association, hence it is sasceptible to spurious
or systematic interference. Important among these factors =re the ages and
calendar years of the dezths in the compared groups. Table 11 is an exzmple of
data presentziion which is of limited value for the above —e=sons. This tabie
attempts Yo correlate the proportion of cancer deaths in a2 &@s=fined aze group with
the nean accumulated radiation dose of that group. Theré aze f{ive dose groups
for men in five age ranzes. A Spearman correlation test is applied to each age
rzngze and a2lthouzh the ccefficients demonstirate low corre
e

) points is jJust :
separately. taken togeither the coeificiens is LE + .22 which for —ouns of ﬂk
() [ &3

Since the Opsarman cocofficient involves only the rank corder wfl the sequence under

test and not the nuzmbers themselwves, tne result dupende to @ large extent on a law
sm1)]l nuocers. There are mcre.appropriata rank erdering taTis aveilzdle bul since
have eonslidered a Joabe Carlo vaciaitluon un
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the data teo ideontify any undue influsnes of individus) pushery In the tobls.
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n sheuld precede ;such a test. It is almost
cortzin that $he lifetime dece of =2n dying towards the emi of the stadj period
will be substantizlly higher than those dying earlier since they have wore working
years in which io0 accumulate their dose. During the 25 yesx s*ud,,r paricd there
has been a significant incrzase in the pronortﬂons of many specific cancers,
including lung cancer which contributes significantly to m=le deaths due ‘o all
cancers. Hence a correlation be'z;.,'eeﬁ dose and cancer deatths is inevitable even
if none are induced by radiztion. Thus it is essential to eliminzte the calendaz
year of death effect before looking for a correlaticn ‘cetwe—'—-‘ dcse znd cancer,

-~

Thereare insufficient data in the xepor:i for the reader 'to o=rform such a correction,
L 4

so the correlation claimed by the authoxs has no radioclogicsl significance.

This point could have been partiazlly tesiazd if table 2 had includeld scme

information on the mezn cuzulative dose for the 21,206 livimz as well as the 3520

dead workaxs. '
Farlier in the report, Tatle 4, the observed necplasm= are tabulated into

18 specific tyzess in order of descendinz mean cumulative 3ose. A line corresponding

to ths overall zean Qose Iis drawn and falls between the elzxih ard the ninth

in the list., They show in the saz=e iable generally higher —atios of

obzerved 1o expocted deaths due to nsodlaszs above the line ihan for those below

'the line. The clain tk2t this demonsiraies associazticn wikth zedigtion sullers

from the same uncertainty as in using table 11 _since there is a far stronger

correlation than that to wh:?.ch atizntion is drawn by table L. 7 out of the 8

cancers above tkhe line are increasing with time, 9 ocut of ke 10 balow the lime are

decreasing with time. The two at ihe top (myeloma and vanemrsatic) have increaced

very Gromatically during the study pericd. Thue if nore zze occiring at later ilmes,

the doses will ireviiably be higker. Oxly when +hic khas bezz tzken in account can

any conclusions be drawvn azbout the influcnce of the radiatior.
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. Mnother 3i71iawlty with the separaticn of all cancers into SO Dany £rOUPS,
son2 viith lcss than § deatihs included, is that the probvadhitiiy becomes high that
one or more grours will display a significant excess but —urely as a statistical
flactuation. The adjusied simnifieznce of a'siﬂgle observztion vhich iz significant
at the P level and which ic one of n observations is P =i - (1 - P)®. So fer
example if P = ,05 and n = 18, Pn = .6 which ceans that there is a 64 chance that
one out of eighteen results will be significant at the ,".level. This is an
illustration of the dangers of separation into {oo many g—oups.

In table 16 and 22, estimated deudling doses are tabzlated and their variation
with age indicated. All of the figures quoted in table 16 which range from 0.8 rads
for bone marrow to 12.2 rads for all cancers are very-zouch smaller then any values
campatible with other studie;. Recause of this onevwouldihave expected the authors

to have given very cazreful consideration 4o these resulis. The=e is no evidence

that they have done this. Tre very leasi necessary is to ssiizate the accurzcy
or uncertainty of these nunters., It is probable with the wumber of cases available

for the study, tkat the uncezizinties are very large. The Tesulis have little
scientific value without such an assesszent. .
In sumnary both the text and the tables are of such chscurity that any

association of the findings with radiation has been buried rather than extracted.

-The claims of the authors are of snch consequence that the further analysis relerred

to in their discussicn should have teen carried out bazfore oputlicztion of these

" results which are in such disagreement with all previous work. The mejor findings

appear to be moxe related to the statistical methods erployed than to information
contained in the data. The survey does no more than sugzs=% that it is necessary
to continue studles of radiation wozlzers and perhaps indicmiles that ayelozas rnave
a greater radiation association than was hitherio suppose&@ {based on three deaths

among the most hizhly exposed group). It is unfortunate tiat a reviewer feels
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motivated to such sweepins criticisno; it 4

of painstaking collection of datz should be refiected purIZcly dy an analysis which
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st dncomplets and at woxct miclcads.
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