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Hanford‘employees who are concerned with the mgnu%acture
of radiation products wear radiation badges and records have
been systematically kept oI the readings since 1944QJ
Combined with suitable epidemiological information these data
brovide an opportunity to discover whether there is a cancer
‘hazard associated with low level radiation. Linking of the
epidemiological information, which includes such factdrs as
sex, date of birth and work history, has'been provided by the
social security numbers of the workers. These have enabled

a follow-up to be maintained to identify any deaths in the

‘monitored population and to obtain death certificates.

' Minbr errors which accumulate more in.the recérds of
éﬁrreﬁﬁly alive eﬁéléyées, because they havé.no defini;e cutoff
date, as dead persons do, invalidate strict comparability of
the records of live and dead employees. Therefore, in place
of waiting until all such errors have been strictly eliminated
from the data, the current presentation is based only upon
. comparisons among various catégories‘of dead employees. These
included 3,521 men and 362 women who died between 1944 and

1972 anad fér whom death certificates were available (table 1).

Analysing the annual proportions exposed and the mean dose
per exposure in various ways (including breakdowns by calendar
year, years since hire, years before déath, and age at exposure)
showed that the exposure proportion was systematically higher

for the cancérs than the other causes of death (table 2, Fig. 1l).
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Ih view of these findings it was decided to: tii apply
a strict statistical test based on the logistic model(z)to tha
mean doses cumulated in various ways; {ii) quantify the |
radiation sensitivity by estimating the doubling dose based
on the linear modél as a working hypothesis- The radiation
doses were cumulated to stated periods before death, and the
period before death which showed the maximum statistical
significance of the difference between the mean dose of a
given type of cancer and that of non-cancers’ (control or
standard group) provided an estimate of the latent period of
the cancer (tables 3 and 4). By cumulating the radiation
' doses to statedhages.similar.estimates of the age-qf maximum .
tséﬁsitivity té'caﬁcér igauétién wére obtéinéd-‘ |
By these tests the only cancers showing significant
radiation associations were myeloid neoplasms, lung cancer and
pancreatic tumors for men and breaét cancer for women (teble 5).
These estimates were checked by forming from them estimates of
the excess mortality ratioc due to radiation and comparing
‘these ratios with the observed standardized mortality ratio
from national statistics (table 6). The only disease showing
a marked difference in this validity test check was lung cancer
and this may possibly be accounted for by factors such as
smoking and othé; hazards from industrial exposure. Estimates

were also made of the actual numbers of radiegenic cancers
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(table 7), with the finding that about 30 cancer deaths (or
less than 1% of all deaths) were radiation—-induced. Finally,
the results also showed that the ages of maximum sensitivity to

radiation were at both ends of the life span‘for adults.

The cancers that ware found to be radiosensitive,’and their
estimated latent perioés, agree in general with Qhat is known
or suspacted of adult cancer aetiology; however, the estimate
of aoubling dose were lcwar (i.e., estimated radiosensitivty was
greater) than previous situdies had led one to suspect. Further

analysis to establish the exact. shape of the dose—respohse curve

and to study possible interactions and associations with

" potential promoters of cazncer and other factors are clearly

hecesséry, both for-this study and in other populations exposed’

to similar levels of dose.
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: OF HANFORD WORXERS
Fenmale Workefs, 19§4—;972

Radiation

Exposs

Exoos24 Evezrage Dos
Workars Total Dose Workezrs (1) .
Bo. Centirads .- % Centirads
221 . 65.8 ° -205 135
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Z5 Or EXPOSED IIALE CANCERS (CR3ES)

AI\WUL RaDTATTON D23
and NON-CANCERS (CONTROLS) - L
(1) Czlendaxr ¥Years of Badge Readings ‘ ;
Numhar : Averags 'A(l) ‘ High (2)
- Positive Readings Radiation Dosss Risk Years
Calendzar Yrs. Cases ConIzrols . Cases Controls Casas Contro::
- Centirads
19£2-1945 237 201 ;fifzz_q}f‘ 21 2. 1
. 1926-1947 N 333 1,258 312-0'- 13,1 ~ 2
 3948-1949 . 325 31,129 . ¥ jé-§ A; 8.4 1 - 1
1950-1951 - 311 . 1,306 o1z 12.8 - ';: = v
1952-1953 ' 302 - 1,119 ;122 1 i‘izo,z N '_ . 2 '-,i -
1952-1955 . 288 1,009 285 230 2 o
1956-1957 - 1ss 568 .42.1  al.8 . - 2
" 1958-1959 L 1sx s28 ﬂ[Sé;éf"  5180 . 2 . o
1960-1961 '; 203 6560 "ffi53ﬁs_f 26.1° -2 =
'1952-1953 T 227 788 o 27.3. 432 2 -~
- 1962-1965 . 1z 599 '63.5 60.6 1 1
1956-1967 - 130 395 24.3 42,8 2 =
1958-1969 . 85 223 40.2 - 42.4 1 1
1970-1972. 32 76 .36.5 " 17.7 2 1

TOTALS 3,027 15,383 34.8  31.8 s 11

e - \_/

12

(1 Averags dose p=sr expos=28 worker standardized for numbar of expos=2d
vorxers in each year. ' : ‘

(2) humber of years with highsr rates for cases than controls or vica-vers
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(1) XoN-CANCER DEATHS - -
Mz2ap Croanlative Ra;iia'tion Dosé in Centiraas
{12 .
Year All Nom-Cancax Cardiovascular o]
Rafora Daath . Deaths Diseases .- Accidants C
28 . 3.2 3.4 0.0
26 - 158 . 153 s T7en
24 . 1s.2 17.4 10,9
22 gz-é - 20.6 . 18.3
20 - 221 - . 22,7 . - 20.0
18 | . 29.0 27.9. . 23.s
16 © 35.2 o z4.8 U0 323 -
12 | 2103 21,3+ 374
iz - - ssl2 - 4sls - aaa
10 . o L sgle . 7 57.2 54.8 "
8 ' 67.3 .—~'68.0 . e4.z
6 £0.0 81.6 76.2
2 - 52.6 - 94.6 -~ 91.0
2 100.9 104.0 . - 100.5
o 105.0 1209 101.2

-

‘ 289 : IR
¥uober of Deaths 3752+ . 1,839 450
762

_,.7'{(51

() Standara sroup. 7 -~
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(1) Figures in italics (unéder
grouon

Lew

CUHMULATIVE
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pa

1

o

28

24 -
22
20

18
16

- 12

10

(see Table 8)

3 of significance

fu

iation dos2 that
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RADIATION DOSZS OZ MALES AT STATED INTERVALS BITORE DEATH

(2> CANCER DEATHS

o . . L
YMzan Cununlative Radiation Dose in Centlrads()
211
Cancars Solid Tumoxrs RES Nsoplasus
1.3 C 2.2 _ 0.7
12.5 . 11.s o , 24.6
13.9 o 19.3 o 123
22.7 ©. 22,7 23.1
25.2 : 24.5 33.0
. 32.0 32.3 - 52.2 *
22.3 ST 40.6 : 83.0 #x
- 54.3 = -7 49.1 - '105.2 F¥ 5 -
5.0 * +. v 53.8 & c. . 126.0 *+
75.7 *. . . 69.1 - .  154.0 **
0.2 * - o griy © T 175.4 w
102.2 85,0 194.5 =
116.5 , . 107.7 . 200.9 *
125.0 ' 119.6 - 216.2 ¥
132.¢ © 125.0 _ 223.1 =
670 606 64

i

ined) significantly different froa the stancdarad

* © < 0.05

* % D < 0.01

*FE o < 3,001
coxpzral most unfavourably with the stanlard cdosa.
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 ESTIMATES
Toumine ose
It Raps

D LATEST PERL R CANCERS ¥iys
Ti0M ASSGCIATIOH
(1) ! -
Prorcatio. Feoassamasros

Latent Perion
. YEars

- e o oo
Bezssy (ancer - F 2.8- 7.7 21 T3 .5
o : - SR S R S
Prcreas - B 50- 7.4 - 10 - /1.3 5.8
R | . - - R “.-- ’ . R : ) .
.‘ LA . : . — : i i . ' 0 '
Live M 6.1-11.6 o 27,8 11,8
{1} Based on pre—death y=ars skowing exceptionally high "@iffarancas
) Fa. +ha observed 23 exaoechted radiation doses znd having ab
. betwaan the observed =l < ted diat ad d® 5
- Izest 20--individuals {s=2= Ttext). '
{3) ~Proportion of cancer &=zaithsin tha study population
{2) Proportion in the age z28Justad death rates fox U.S. whites {1933-567)
(*)  Prooortion of RES neodlas2s. R



Cancers with DEFinis S

RAJ:ATION Associa ;033 . ; _SEX
Hysroip Heorrasys M
Breast Cancer F

f’PAﬁ;R:g; f_ | : ~:h14.54

LUNG_f | | _. M‘;

(1) Expected basa2d on %z2tis=2]1 Statistics

SRTALITY BATIOS FOR CANCERS 1
* PADIATION ASSOCIATIONS

1
XPECTED AyD ESTIMATED Ratios ™’

(T4

SRS,

ExpecTED

| _17‘6.7

1o

3L

173

127

17

Estinated basnd oa rafiztion dosas of Han;orc workers. (se=a
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PADIATION-IFNDUCED, CR3Z5 23 PROP0RTICNS OF VARICUS CAUZES O DIATH

Diagnostic
Catagoxries
>

Male=s:
Rfeloid N=oplascss
Dancreatic Tumors
Ling Can_cer

Al 2ES ¥Neoplasos

A3 Cancers

" 21 Deaths- .

Y - Breast Cancer

A11 Cancers

A1l D==2tns

TOTALS

1008198

Estimated
211 Cas=as. " Radiogeeic Ca2ncarzs
.3
b .- = ks =~ oy S og = 35 23aS
Eroos=d Not Expossd ALl Cas=as Zxoos=24 Cz2sas
e — - T = o
HTS,, Nos. Nos. s

329 63 . - Lo 1217 -0 9.4

23 1. - 10.6 22.1

221 229 . - . 23.5 - . 5.3

2,339 . 1,382 0 Tk TEa3istatel T3y 0

3z 79, . 4.2 13.1

383 254 : £.2 ' 3.9

2,227 1,596 : 27.7 ) 1.2
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