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Iz 3y opinicm the vesul:ss of zearly all :abulacions and analysas
given by tle authors ars largely subsumed 37 the inalyses zertaiz-
ing %o Tables 1l and 13, These ~wo :ablas coutrol far cne
izportant variable, age at death; they deal wich zutually axclusive

grours and the statistical analysis i3 racher scraighc Sorwvard.

Table 11 (for males) and similarly Tabla 13 (for famaias) Sreak
down the all certifiaed deaths >y groupings af radiacion doses
and ages ac death. Tor each zall defized 3v a parsicular age
group and radiation category =he percant of cancar deaths i3
computad. The Jercent 2f camcar deaths i3 also zcmputed for each
radistion group =otalaed sver iges. The sotal group 3f Tabla LL
shows a racher comsistent and aporveciadbla Tise iz the perceant of
cancer deatis is oJune 30vas Irocm the zers Tadiactice subgToup
the 500 + centigrade subgroup. The same 10lis :zrue for TO + age
g=oup and =z lasser degrees or 20C at all for otler groups.
Sowever, faor a0 age ZToup do :ne data suggzest i ionsistant dowaward
tzand. The data is certainly consistant with an upvardi sTaed for
the 1igher age groups L2 a_lowancas Zor plausidle stacisticzal

7ariation are 2ade. Tabla 20 sroridas siailar sesul:s.
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Caveats ou Section 2 apd cricicisms 2n the Tiaal laesors.

In =his section I shall discuss some aspects of I iaes and

the apalysis which f{adicace a zautious approach T2 the Jaca

and the resulcs of the authors. The primary lssue i3 death

rates and cancer death rates among workars at risk ratler than
cancer ieath rates amoung deaths. Therefore a Jrospective Iype

of anmalysis is preferablas =2 3 recTospective analysis. Moraover
T feel =hat the logic of a prospective analysis i3 zors direct and
problems such as confounding are ToTe Ippazenct and =Taczable with
she Jrospective approach. 3eveond the issue of Jrospective VS
seczospective amalysis, [ fiad that the daca is very t¥icky and zhat
auch of the amal7sis By Mancuso ac. al. is 20t ssuvincizg. Thase
741l Sa discussed with a few detailed azamplas Tatler thaco with
axhaustive criticism.

sundi 4% 3ge and radiation dose.

The auchors joiat Jut Tepeatadly that tize sslaced variablas such
as calendar 7ear, 7ears hefors death, and age are related =0 c=2e
respective iosages recaived ar the proporsiom of workars axposad.
T wish %o poizc claarly %o tle salazionshis Tetwees cumulative
diosages it given iges ind cancer death races. Tabla 11 lists the
=ean sumulative dose 57 age Ior aon~cancars ind o selaczad gToups
of sagcer. The zean cusulacive dose Ior 20m=cazcars rises fTom
about L0 semtizads at Low ages %0 2 zaxim= sf about 30 zencirads

for ages of 30 years 2 e siiegixeias and @clizes la tha sevantlas,



-s‘

This rise and fall i3 repeatad f2r zhe =so tabled zancer ;:cuﬁs 2ombized.

Taforsumately ve 40 30t ‘@ow the jattarz for scher ancers whizhk m the
average (see Tabla 4) had low nean :umulative icses. Zowever, the 200
cancers by themselves form tle overwhelzizg zajorisy of cases and =he
tread for them is very clear. Ia Table Ll we can see that =he cancer
rata of the cou-exposad workars rises sharply o the fifsias, resaches
maxizum ia the sixtias, declines iz the sevencias =0 a lavel m3ughly
reached in the forties. If ome looks at the zotal zalumn the same jatzar
is observed. An laspection of U.3. statcistics for the 7year of 1370
7ielded the same jatzerz dut roughly ac Twice the rates for Zanford
workers. Tor cue rfeascn Or anotler the sampla of daceased Zanford workers
L3 such =hat their zean cumulacive doses are 2izhest ac the ages ac

7hick "satural” zancer deatis predominaca.

The daca Jf zabla Ll are perkaps zore relavacnt sizce tley show the
sumulative doses at deactk. To show the zonfoumdizg ralaciconsziy requiras
moderacaly ilzvolved apalysis. I have :thosea cne >ased 2n the amalysis 2f
contingency tablas. Zach zell of Tablae L1 1as an sbserved Iraquency

of deach Zesignated Y7 the suthors 13 os! The axvected frequezncias for
the calls ace computad iz such a sz;amner :that corvespondiag cells of aay
%o columms are yroportismal o the cespective columm 33%3l, and iz
i{dencizal Proporticnalicty propervtias forraws. Tae iiiferances setvaen
cbserved and expectad frequenclias ‘2dicata t2e zammer {3 which sraporsial
assignment {3 7iolatad. The Tatios of thaese d4ilfarences o 22a T

expectad Irequancias seem 35 give 2 jcod quancizacive zeasure 27 ihe sail:s
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from proporsicmalicy. Tabla A shows that iz age gToups wizh 1izh samcar
ractes (30-39, 30-49) the iiffersnces are zegative fzr low radiaticn

groups and jositive for aigh radiaciom groups. Iz colloquial language :these
WO age gTOups et zore than thel:r fair share of aigh radiacion. The

opposite tread or 3 zeutral tTend Iis appareant for the ocher age 3ZTours.

Table Il which gives zean cumulative doses 73 age Years furtier
examingtion as =0 the peculiar zature of the coniosunding of zean
cumulative radiicion doses and iage and the ervatic zasure of this
confounding. Let us firsc look agaiz at the zon-camcars. Thac the
cumulative doses cise wizh age i3 zacural emcughk; the slier a workaer i3
the more chance he 2ad =2 accumulaca rTadiacisa. 3ut why is there such

a sucden .hop (37%) secween :he ages 3£ 33 and 707 Yotca thac these zeacs
are bJased respaccivaly sm 072 amd 715 workars ind presumadly zearly all
af she 713 workars iz =he 70 rear group are ilso i3 the 53 rear group.

Among Possibla axplasacioms are =2e followiag:

(a) YNew workars wish 20 radiaciocn wers 1irad it ages adcve
5 chus diluting the zmaz.
() The nean cumulative dosaes are stTongly iafluemced 57 a faw
workars with axtramely large doses.
(a) The death rates Secveen iges of 53 and 7O 7vears are seoikingly
higher for worikars wi:ih modavata radiation losaes = fov
worikars wiil lass raclacios ‘Nota =hat %hesae ate icn=casncar laa:chs),
(d) There i3 some seculiar age related assigmmenc of radiazionm

doses o Woriiars,




While some of these 2xplanatiocns 2ay e very iaplausibla iz zhis
conceaxt and (d) apprears erhaps =2 be the 2w0st 2lausidla, wish limised
recrospective summarias {2 L3 difficuls o decide wish oavicsiom.

The comparison of the 2ean radiacicn dose at deach (99 zentirzads, see
Table 2).w1zh the zaximm a3can radiation Zose of all ages (33 zemtirads)

presents a sizilar problam.

The meaz cumulacive doses for the Two cancer Zroups Listed iz Tablae 21
al30 show very sharp changes i small age iacarvals suggestiag cautiom
{a interpreting rasulss. Tor axample for Ras Jeoplasz deaths the zamn
cumulative dcse changes from TCL cemtirads o 34 zantirads iz one 7ear.
T do not wish 2o cast doubt on :the accuracy of these zumbers; Jcwaver
I do suggest thact such aumbers zakaz at face 7alue can awslaad., The
authors apply Hlithely Students t- cest %3 such sumbers iz Tablae 11

.

as elsewhers) and seem 22 i3ply valliisy 22 these scacistizal tascs.

gseg af L7ses cealaciag SO Tiable 4.

Table 4 presents an acal;sis somewhat iiffarent Srom those discussed ibdbove,
T™he authors argue Irom thae fact that for cancers for which tha cancar vaca
of Fanford workars was hizh relative 33 the cancer raca of zhe 7. 3.

populacion =he =ean cumulative dcses wvere also 2iza. Tor axample fov

ayelomas the sacio of the raca of Zanford wvorkars 22 the racta 3f zhe



7.5. population was highest ameng ill iamcers she suthors listc ia
Table 4, and at the sazme :ize the =ean :umulacive dosa of Zanford
workars dying vith zyvelomas was also =he 3ighest. Among the 13 zancar
$roups cousidered 5y the autiers the relacicuship Yerween zean icse
for the cancers and the raspective ratis i3 =0t Perfacs Hut quita
respectabla as an examizacion of Table 4 will reveal. The ssrrelacicn
(Spearman's rho) Setween the icse and the rasio i3 .52 wish a one-sidad
? value of about .203.

mlsu:hon Summarize the relacionshiy Dy :satrasting the sbsarved

deaths with the axpectad deaths (based iz 7.3. experiance standariizad

%0 achlave 570 deaths) fsr wwo groups of caccers, L.2. those wis=h 2izh zean
cumulacive icus. and those Witk low cumulacive dose. Tor zhe high dose gToup
the observed mumber 391 is sigmificantly larger shaa zhe axyec:zad mber

2f 313.2. This difference as well as :tSe above corralision suggest ac

first izpression =hat 3igh ancer ratas are issociaced wizh radizcisam.

The suggestad relacionship Ls 20t as sizpla as i aizht seen.

Lat us azamize the izplicacion 3f the 2eaz dose of 775 zaacirads far
ayelomas the zancer group with the 1ighest racis, Tirse lLat us 3ather
some facts. Tadle & indizates thers vers 1l zases of zyeicmas. Trom
Tabla J sot reproduced Rere Lt zan be laferved chaz I of shese 1l zases
Tecaived 20 radiacicn vhatsover. Tizally ve 1eed the perzencages of all

cases o various rTadiacion catagorias of Tablae Ll as well is zhe

percancages of :ancers (o these groups.
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Cases & Cancers
Jose Jo. ailiaiss So. —_—
) 1236 33.0 226% 337
1-19 825 17.8 38 14.6
10-39 394 3.4 134 29.0
100-499 S1L 14.5 113 16.9
300 154 A4 39 3.8
Tocal 3520 100.(1) 470 100.0

#2268 = 15.9 = 1336

The 3ajority of all cancers coma from workars wizh doses laess than

39 centirads and the cverwhelxiag 2aicrisy fvom workerss withk doses
less than 3500 zemtirads. 2Z zyelomas follow thle same Pactarz tRen
the large average dcse was zaused 5v 2 faw axcepctional doses,
which case the observed jhencmenon i3 aberant rather tham =ypical.

If extrame Jbservaticns are tulad out then the dcses .f the 3 cases
with radiacion zust center om about 00 zemcirads sugjzesting scmecthiag
like a cthreshold 2hencmencn and thac lower radiations are yracective.
lemember :hat zore t2aa 0% of irviadiaced zases 2ave loses lass 300

centirads.

The authors seem 3 "sjeact the threshold jhenomenon and stTonzly
endorse the hypochesis of a limear relatiomnshiy (page 12, "the 2aly
logical altarnacive”). T2 fact they base zheir computacions 2f the

doubling dcse and axzess zorsalicy (DR, jage 13) oa that assuspsion., o

che Linear h7pochesis Ls *3ue and che ratio of che iatarsept 9 t2e
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9. ZEzsligdoaries.

The document umder review i3 the Tizal Rapors #12 5y Thomas 7.
Mancuso, ¥.D. submittad under comtract =o ZRDA [1]. The sub—
stantive part relating cancers %2 radiacion was wristtem 5y
Thomas Mancuso, Alice Stewar:, and Jeorgze Ineala. This nare
has also been published iz the Feal:zh Phvsics Jourmal [2]. Iz
this review the subscantive part 2;ay Se rafarved =0 as the

Tinal Repor: or the Mancuso Study.

Saveral tables are reproduced from the Tizal Rapors and she
tabla qumbers of the Tiaal Rapor: are used. Tooczotas by this
reviever lave Yeen iddad o some of these tables. Tablas
develcped by this reviewer will Se labelad with capital lacters.
ages cited iz this raviaw rafar 2o the 7age zumbers of the

Fiaal Rapor=z.

L. ZIstroducsion and aporoach % reviaw.

Ia hds summary of czhe Tizal Raeport Mancuso stacas: "The scudy
shows chat there is a definize relacicushiy; Hecween low lavel
Loniziag radiacion and the develovment of :ancer.” While Ne alse

stacas zorve decaliled zonclusions, T shall deal orizarily wisth

the quota is =he central Lssue Hecausa:’



2.

2. The broad issue i3 of greatast comcarz o NRC.

B. To the axtent =hat the analvses of the Tizal Rapor:t supporT
its conclusions, this~in 7y 7iew-comes =hrough at laast as
forcefully for the gemeral counclusion as for zore specific

cenclusicus.

Iz Sectiocn 2, I shall discuss the suppor: Zor the relaticuship.
Section 3 #ill deal selactively with some shor=zomings of the daca
and anal7yses performed 5y the authors. Sectica & will offer a

summarv Tiaw.

Table 2 of the Fizmal Regors 5raaks down the sersifiad deachs (before 1373)

of Zanford workars 3y cancer deaths and acm=cancer deatis., II shovs
respectively for these Two FToups 2ean cumulative radlation doses af
118 and 79 zencirads, and jroporsiocns of radiation exposed workars of
6.0 and A1.1%. This apparenc association Secween zamcar daatlis and
radiation suggests ac face value 3 zausal relaciomship. Mamy af cia
succeediag tablas and graphs present the same daca bHrokem dewm 37 finer
2lassificarcisnsg such 1S exposures racaived ia specific alandar vears
sz at specific ages ar Hrokes down By specifis types of cancers. As
sne would axpect :these refized Sraakdowns tend 12 show the 3aze
association Yetwean :zancar deashs and axposure, azd telither 15 it
Surprising shat the association seems 2 Y@ stronger Ior some jubsats

of the daca chan for ochaers.



slope of :ihe scraighc lizes are proporticmal sver :ancer :lassifiza=
ticns then the zman joses for all cancers should Ye the saze. Zven
without this rescriccion diffarences Yectwean zean ioses on 7arious
types of cancer does 20C seem %9 be i Food measure If she relacive

"risks" of cancer zypes %o radiaciocnm.

Zven though we 2ay 20t e abla 2o fizd a plausibla explacacicn for

the statistically significant corvalatiocn jecween zean Joses acd -he
ratio observed i3 axpectad it 3erits scme attencion. Oue can duplicacta
the authors' acalyses substitutiag the jerzancage of axposed workars
for the nean cumulacive doses; the resulzs ave jresanced i Tabla 3.

The differsnce bYectveen cdsarved and axpectad for the "iigh-risk" cancers
Yecomes very small and the corrvelation decween jercent axposed azd the
ratio has Yeccma slizhtly negative (tho = «.05). The facs =has =wo
correlated Zeasures-percant axposed ind zean Josas-viald such seicizgly

different resul:s agaia polacs 20 che fiact thac =he fata L8 soicky.

7L
Iz ay opiaion much of the Tizal Repors i3 2ot relavant or of questionadbla
7alidicy. The remaiader of cthe repors L3 largely subsumed 57 zha izalysas
of Tables 11 and 1J; especially on those zacters 37 Zraacest zoncers 2
WRC. This leaves us with the Llssue how valld are these acalyses. These
analyses ara stracifiad (concrollad) 97 age ac death and =herafors
relacively izvilaerable 2o zonfsundizg icse wiss =843 variable. Zowaver,

2ge at deach L8 2ot the only Talevant tize sslacad variadla.



L Selleve date of Hirth and scme allowance for latency are izportaact.

A workar's date of Yizth lecarmices vhether he will reach defors 1373
(eucof? dace of study), she ages Lo which cancers deaths seach thair
highest proporticns among deaths. The rather odd dehavior af the
sean cumulative dose as a fumction of age suggests that L latamey i3
accounted for the appareant picture =ay chamge. 7izally,sizce the
radiation has Seen 30 stromgly comfounded wish tize Telated 7ariables

it seems plausidle that it 3ay alsc de zonfounded with other variablas.

o facs, differences & radiacion exposurs suggest diffareccas iz

occupaction and corralatad charactariscics.

Thera are 2o good sciancific guidalines =2 evaluate these possidiliclas.
The aumerical celationshipy of camcar ilacidence acd low lavel radiacion,

Lf it ever can bde cenvinciagly demoustratad, will zosc likaely %e
iemonstrated 3y 2 jaizstaking prospectiive study. DJespila various
reservactions © feel that the results of Tables 11 aad I3 should n0¢ ve
Lgnoted ia che formulacion of regulatory policy umsil :nu. dafiniza scudias

have Heen carried Jut.

One more comsent, he rapid declize af the zean cumulacive iosae Jelwaen
ages 2f 53 and 70 does suggest among other pessibilitles am lacreased
death Tate caused Yy radiacion., Taotil or unlass Dectar anal’sas are

svailable YRC should ot be oblivious %2 thac suggestiom.
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22 Nen=Survivers:
aasng -
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Mean aadia:ian(‘

(1) Cumulative
. Exposad Radiacicn Zxpesed Ccse

en=-Syzvivers Cases Workess Cese Workers in Centcirads

Nos. Nes. Cantirads ] A 3

ancers 670 442 92657 §6.0 el0 ll8

cen=-Cancercs <359 T42 232982 3.1 162 39
1l Cazcilied

Seatss 3820 2134 375618 §2.0 172 107

Men with Snhe 2or =

5
"A = Mean cumulasive radiasian

Ze Zosisive

3 = Mean sumulazive radiasizsa

* laviavars commenc:

sadge readincs.
UTosed varkarss.

23z all wverlkers.

-

Apparencly uncertiliad deaths ara 20t lscluded La =his cab.la.
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Necolasns

20G S3 Mean _umulas.ve lac.a=.an
Mean Cumulative (2)
Radlaticn Cose No. of Jeaths Racia

uo¢pla:ms(1) Centirads Chserved Zxpectad Cbs:2xp
l. Myelcmas 778" il 7.8 1.48
2. Pancreas 253" 43 ated 1.31
3. Brzaia 220" 13 27.3 L.04
¢. Ridrey 187* 3 15.0 l.40
S. Lung 169~ 192 l44.4 .33
§. Lazge Intestin 115~ 61 63.1 .97
7. Myelcild Lauckenmia 123* il 5.3 1.3Q
8. Lymphcmas lla» 34 27.7 1:33
3. Rectum 39 b 29.8 0.484
10. Mouth & Phazynx i3 24 al.3 1.10
bi. GCshez Gcn-..-c-zra 82 i 30.3 2.49
ld. Stomach 80 38 $sa.7 0.55%
L3. Prasctace 42 43 67.5% 0.584
4. Ofher Iacastizal 2 b 28.3 L.00
LS. Livez & Gall 3laddez 3L b 8- N L.44
16§. Lymphasis Sauienmia i 3 3.4 g.32
L7 Csher RES Nacplasms 12 s 0.3 .28
i8. Cther Solid 8l 39 33.0Q 0.59

L-3 138~ 397 313.2 1.38%

9-13 S 273 38..2 3.7%

Al Cancers 13§%- 5712 §70.9 $.300
(1)340 Tablas 2.
(Z}Cbsczqu see Tazle Ir expectad see 340 cance’ Zaaths of Whis &

males Lt NCS

* ® Abcve The mean

wc-cﬁ"r.. :O.

78548 22 all cortidied Zdaacis

(wd7), 849 Tac.e 2.



W Wopiwppes PAFIP RIS upom ueyi 1aqies asop FAPIVMND 103 wiealaiug SRR B8R paraadicite sgan efupproy wempos oy
"IPADT 516 oY 3% ghTorgantie Zppesya-pange T enIA ey,

c.u ‘iAot dcop Bopi1ogpox Ot pue ENITOP Jootws Jo ofwynonied 51 Wwonysq yopogyyons Uopreores yms T, m=a30de jo !.-«.A;
|
»22°0 ¥ 9t LN be . v°€ 0z 22 =y
60 < ¥ f t 2 ol
o N L 4 < 1 2 G2 m -
L) [ 4 f ¥ L] b4 & of
00 ] < ¥ f 2 ook
‘o i [} z + f 0% aopg
A:boood“-sm ruetaodesy fesurg any keg Dug gy
0'61 (214 ¢ £ G2 {241 0°z2 "e 112 o L'« <9 (S]] ot rng
’
o e P62 L 6ol 7] <l ez 1 e 201 2o ol ,
L g2 ...J. 922 (14 0°'¢2 fot 992 ob2 912 ™ 2 2 o €1 m |
212 "o o°ir (14 L E 1341 w2 o0z 1°91 ifg f6t "wr -0f
h <y LT i L £ H 61z Iy 6 20 of w & ot
L3 bes 222 3 (8] 24 °°0 nC 6o 144 ¢ ong of oo
Qi ‘voy 03.» ] " Doy ‘eon S10atwey ! ‘eop a0yl ‘e cIeduTy ! ‘eon wreaf ug
wnng
g t00g 66k -om oo 61-1 r1op " ey

: } ("pear3ung wr) eroma0n 119 305 eneg weyyarpmy PATIRIenY by




- LALDLL L - 18 -

Mear Cumglative 2osas of Ixsernal adias=iasn v 3Stazaed Aces:

’

L]
Non=Cancers, R3I5 VNecslasms and Other Salaczad :ance:s‘°r

‘lon=- r & ~

Cancexs RES lNecslasms Other Canc :s“) Nes. o< Cases
Age in (2) (1) Non=- RES Qeher
Tears R R £ ] e Cancers \Neoplasms Cancer

21 3 - - 39

r
-
Lo

43 1 s

a2 7 2 - 39 2.1 37 2 7
23 3 7 - 47 3.2 1.3 3 T
24 % & - 42 2.1 145 3 3
23 13 1l - 34 - 177 3 12
10 38 37T - 40 - 3153 13 43
3s S1 39 - 42 - §23 22 8s
{0 36 s - 43 - 370 30 12§
45 53 53 - §6 - 1,093 34 17
340 7 P - 13 2.9 1,302 33 208
$S 33 234 2.5 154 3.2 L.397 20 i3
0 30 12 2.0 36 3.2 1,328 25 153
55 7 458 5.3 132 2.3 1,072 15 112
70 43 L 3.2 30 - 714 3 L1
7% 43 70% 3.3 is - 5453 3 2
72 43 34 - 33 2.7 587 5 49
73 3 24 - 48 3.5 - 58 5 3
74 37 s - 383 222 434 4 28
78 38 45 - 33 2.3 386 3 é2
78 35 45 - 318 3.3 338 3 .8
7 18 45 - 112 3.9 278 3 l
72 37 58 - & 2.3 2sl 3 l
<1)Canc¢:3 e tha zancraas, ~8ng, 3rain, kidnevy, and ~3Z378 Lntassine
(see Tanle 3.
Wig e Mean cumuliazive d2se of exsesmal radission
& ) I : : .
< Y8.3e8 gTsacter thanm she ssisical valia 88 2413
‘——-‘
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TABLE 3 -9~

SELZCTED SUMMARIZS TROM TASLIS 3 AND 4 WITE CANCTR DILGNOSES ORDERSD 37 JECRIAS NG
PERCENT ZXPCSED

CASES RUTTIO CBS/ZX2 MEAN CUM J0SE
CANCZRS SEXPOSED OBSERVED IXPECTED TALCE ANK VALUE RANK
Reccun 34.2 19 29.§ 54 3.5 39 3
Lymphcmas 82.4 % 27.7 1.23 7 119 3
Large Incestine 78.7 51 63.1 .37 5 § 33 5
Myelcmas 72.7 i3 7.5 1.45 2 77S 4
Stomaca 68.4 18 58.7 .83 2 50 3
Lung 87.7 192 1444 .33 5 153 5
Xidnev 66.7 21 5.0 1.40 - 137 4
Lymphacic X 66.7 3 3.4 5 - 4 17 19 17
Qcher G.U. 66.7 i3 30.3 .43 16 2 1L
Pancreas 63.3 <3 37.3 1.1 8 53 2
Srain 1.1 13 7.3 1.04 3 22 3
Rwesidue (Solid Tumors) 450.0 %0 33.0 .39 15 8l 12
Residue (RES Yecplasms) 30.0 5 20.3 o83 13 > 18
Mouth & Pharyux 58.3 24 2.9 1.10 3 39 13
Liver & Gall 3laddar 33.6 13 2.3 1.4 3 1 15
Other Iatestcinal 55.5 13 18.0 1.00 10 32 15
%yeloid Leukemia 4.5 ) bl 5.8 1.50 L 122 7
Jrostrace 43.3 43 37.3 34 3.3 <2 %
Totals: 1-3 194 386.4
Totals: 10-13 274 283.5%
All Cancears 870 570

cho wich 7 Zxposad -.35 .40

l



