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Hanford employees wno are concerned with the manufacture
of radiation products wear radiation badges and xecords have
been systematically kept oI the readings since 1944QJ
Combined with suiéable epidemiclogical information these data
provide an opportuﬁity to discover whether there 1s a cancer
‘hazard associated with low level radiation. Linking of the
epideﬁiological information, which incluées such factdrs as
sex, dafe of birth and workx history, has been provided by the
social security numbers of the wvorkers. These have enabled
a follow-up to be maintained to identify any deaths in the

monitored population and to obtain death certificates.

R Minor errors which accumulate more in the recérds_of
Aéﬁ}rently alive em?léyées, bacause they havevno definiﬁe cutofl
date, as dead persons do, invalidate strict comparability of
vthe 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
.coméarisons among various categories‘of dead employees. These

inclucded 3,521 men and 362 women who died between 1944 and

1972 and for whom death cartificates were available {table 1).

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

for the cancers than the other causes of death (table 2, Fig. 1).
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Iﬁ view of these findings it was decided to: (ii apply
a strict statistical test based on the logistic model(2)t0 the
mean doses cumulated in various ways; (ii) quantify the |
radiation sensitivity by estimating the doubling dose based
on the linear modél as a working hypot@esis. The radiation
doses. wvere cumulated to stated periods before death, and the
period before death which showed‘the makimum 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 (tableé 3 and 4). ﬁy cumulating the radiation
 doses to stated“ageﬁ similar estimates of the age_qf mgximum.
Lséﬁsitivi?y.té caﬁcér igauétién wére obtéined-A.

By these tests the only cancers showing significént
radiation assoéiations were myeloid neoplasms, lung cancer and
pancreatic tumors.for mén and breast cancer for womsn (table 5).
These estimates were checked by forming from them estimates of
the excess mortality ratic due to radiation and comparing
‘thesékratios with the observed standardized mortality ratio
from national statistics (table 6). The only disease shbwing
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 radiogenic cancers
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(table 7), with the findirg 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

radiatien were at both ends of the life spanvfor adults.

The cancers that ware ' found to be rédiosensitive,‘and their
estimated latent periocés, agree in general with what is known
.or suspsacted of adult cancesr aetiology; however, the estimate
of doubling dose were lowar (i.e., estimated radiosensitiviy was
greater) than previous stucdies had led one to sﬁspect. Further
analysis to establish the exact shape of the dose-response curve
and to study possible interactions and éssocidtions with
 pdtential prcmoters of ca:cer'and_other factors are clearly
ﬁeéesséiy, both for this siuay and in other populations éxposea

to similar levels of dose.

REFERENCES:

1. Mancuso, T.; Sanders, B.; and Brodsky, A. Proceedings of
the 6th Annual Health Physics Society Topical Symposium
Vol. III. Study of the Lifetime Health and Mortality
Experience of Emplovess of AEC Contracts. CO00-3248-1, 1971.

2. Cox, D.R. BAnalysis of Binary Data. Methuen, London, 1970.

1001Tb8b



L R TP

. drm . e ———

|
%

. Vit
) ' v 1;.;,

{
.
l

!

T ey (e

VIOl et B o d g

EJoDut

Tt e ey

LR L L LT TR T To N NP reuven

S a R DL ITT 2 X VYUY VP,

S 190U ~UC)

+
Nerrrf i

e
ORIV S ¢ e p e, v
. .

A n N B tme iy [

|
|

i
!
!
i
3
4

04

AL RIS TRV YA eny TH it

fam dat Lad LUT o PP Uy

LR R TY TR

.
RN T

Sl ol TR ¥ T TV RUY I v

SNV RIS ) e ot 7 et e

ot amesndma nap

04671

N disbaettr s cenl o fea bl aoemanf rsnsimejarys

WAL L TR T Y P

oniraten 84 1t wmme 8.

At bt DT TTE RSN R LLTEY T

e R T T RN T '

.

TYMmS e ) peem

[
'
.
'
. ‘ [
' ' ' '
¢ 1
'
'
v
~ * :
' .
+ . )
'
. o ’
1 .
. [ ' ' '
. 1 '
. .
'
Lt . ' ] ' y 0
L} ) 1 N
' S . .
' f . ' '
. . .
' . ' . f . ' '
AT s e bty AL L Y Yy E halbasd ol L T LT TIPS PO, hdndi LT L R T .lo.l.ﬁv.-.....!li.:_na.c terre \
J '
PRI ' ' .
. '
1] . ' ] . ’
f
i N [l
[ ) . .
.
'
> i
Al ll
I 1 t B . .
LA BT LIV Vo haem .oy AT BCUI TR TRTIE FEYIN (RN PRT I SN ELE TN T PR ST B B L T L T T N

.

(SHINAT QTVH) STYNSOIXY NOTIVIAVY d0. SUVHA WVANATVD '

LTI

(YT VY TTT IS

IS

SR Lo XL TEPYL TIPS PRSP B ]

SN remaarae i w4 -

-y

i

v

L R P

(ap)

dUONT

e Rts e I . P n g

T TN



TARBLT 1

HONIPORZD PUP0LATION OF HANFORD WORXERS
Certified Deaths of ¥=2ie and Fepnale Workeré, 194431372
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artified - : -
= - Zx=osa2d Exposed Avarag2 Doses

Dezaths Cassas Workars Total Dose Workesrs ) £3) {2)
" No. So. Centirads - s . Centiracds
Males: : E -

Non-Cancers = 2,851 1,739 291,123 " 1.0 = - 187 132

_All Causes 3,521 2,320 381,637 . 61.9 - 175 1883

i .
[en)

Cancers o1 32 2,430 U28.8° 138

:

Yon-Cancers . 251 - 75 5,285 - 30.3 70

2311 Causes 362 g3 9,715 29.8 g9 27
(1) = radiation doses 0o exousz=d workars
(2) = radiation doses of 211 workers
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ANNUAY, RADFATION DOSES CZ EXPOSED MALE CANCERS (CA3ES)

and HON-CANCERS

(CONTROLS) -

{1} Calenfar Yoars of Badge Readings

N
N2

o Positivez Rea2dings
- Calendar ¥rs. Cases Ceoatzols

-

1.1926-1947 o333 1,25%,
 ~1948¥1949 o 325 1,129
1850-1951  © 311 . 3,104
1952-1953 302 - 1,119
1954-1955 = 288 1,009
1356-1557 185 558
o 1sse-1959 L 383 522
' 1950-1961 203 660
'1952-1953 227 783
- 1964-1965 13 599
1966-1967 130 395
1958-1969 .85 223

1970-1972. 1 32 76

TOTALS 3,027 15,383

(1) Averagz dose pesr expos=d worker s

WOXxKers in each yeaxr.

(2) humber of years with hickar rates
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Averaga (1)

Radiation Doses Ris
Cases Controls Case

- Centirads

22.0- 2108 1.

. 1lz.e - 13,1 -

‘8.6 . - 8.4 %

‘12.4  12.8 - . -

o221 20,2 2

@.
)
[

oW
o~
L
1
N
)

24.3 428
402 © 42.4

36.5 " 17.7
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andardized for numbdar of e
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for cases than controls or vico-vars



Year All Hon~Canc=x
Bafore D2ath . Deathsg
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3.2
15.8

19.4

22.¢
22.1
29._0
35.2
21_3
8.2

- 56.6- *
§7.3

-&o.0

S2.6
100.9
10s6.0

ne STATED INTZRVALSY
BEATHS
Radiation Dose in ce

Cardiovasecuisy
Diseases

3.4 : 0.0

15.
17,
20.
22.
27

. 81.
94.
104,
110.

R 1

4 10.9°

&6 . i8.3
7 . - 20.0

‘9. . 23.5
24.
21,

28,

57,

8 . . 32.3
3 - 3y

9' - ) . _4:-3»
2 . sa.g
62._2

- 68.0

6 . 75.2
6 ~ s1lp
o "~ lo0.5

S . 101.2

450

Accidanps

BEZO:

Z DEATE

s
Siradls

Other
Canseaes
3.2

1.2
28.2
29.a
30.7
35.1

38.2
£3.2
' £7.9.
'755;3
65.5
75.7

)

o o

t ]

N N o

w
f

Y I (o)
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COMULATIVE

1)y Figures in

18
16
14
12

10

TABLZD

b
‘T

RADIA?ION DOSZS 02 MALTS AT STATED INTERVALS

groud (see Table 8)
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that
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670
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© < D.05
D < 0.01
D < 2.5021

signif

“ANCER DEATHS

Solid Tumors

2.2
11.5
19.3
22.7
24.5

32.3
40.6
491

58.8

69.1

T B1L.7

-~

5.0

606

4

[

he

f2an Cunulative Radiation Dose in Centirads

&8

RES N=oplasms .

icantly different frona the

~105.2

0.7
24.6
1.3
23.1

33.0
52.2 *

83.9 =*x

e

=

E

stancdarad



_ (1 ! L
DiacNoSTIC : B ESTIMATES Prorearicin. Beoossamayros

Cavecozis - S=x Pouming Toss Latent Perron A S
| | In Raps . Yeas - Z

Wymom Hzorastss B 18- 2.6 -8 -0 330Gy 185087
Brzasy e L F 2.8- 7.7 . 21 M3 - 5 -
Prucreas W - 50-741 . - 73 N 58

bwe . - R BI-WE W 78 o me

< .
{1) Based on pre-d=sath ysars showing exceptionally high @iffaxencas
between the observed and exdected radiatiorn doses =2ad kaviag =%
- Ieast 20-<individuals (s=2= cext). '
{3} Proportion of cancer &=2aihsin ths study population

(2} Proportion in the z2ge 2djzsted death rates for U.S. whites [1253-57)
{*)  Propoxtion of RE3 peodlasos. .
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(1)

STANDARD LITY RATIOS FOR CANCERS
RiBIﬁTI I SSOCIATICHS

1
Expzcren ayp EsTimarten Ratios

CAAC»Pa WITH [
RAJsArIon Assoc

— TTI

c .

BITH

» S);’!, ?\S’

nYkLOTD Neorrasps - R tf;“ - 176 -

Breast Cancer - - F 1z

*l:PANCREgs- T -;T:M 5f%~  ;'-127,”2

lows ™ w s

Expected basad on Yzitin=2]1 Statistics

Estimated based oo rzfiztion doses of Hanford woxkex:
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i

PADIATION-INDUCED. CASIS 235 PROPORTIONS OF VARIOLUS CALSSS

Diagnostic 211 Ces=s Radio
.4
Cztesgories Exroosed Yot Exposed A1l Cases

Myeloid Neoplaszs R 7 .. . _ 9.5

Pancreatic Tomors 23 ' 13 B 6.1

Ieng Cancer . . . iz ' 63 - - T .12.1

711 RES Neoplascs | 23 167 .. - 10.6

(8]

A1 Cancers . . 223 229 - 7 23

233 Cancers 3z . 79 _.’ . 2_2

A1l D=aths - ‘ ‘ i3 254 E L2

TOTALS ' 2,227 1,595 . 27.7

B\
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