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Hanford eia2loyee.s F S ' ? ~  a r z  concerned with the manufacture 

of r a d i a t i o n  products  wear rsdi .a t ion badges and records have 

been s y s t e n a t i c a l l y  kz?t o? the readings s i n c e  1 9 4 4 .  (1) 

Combined with s u i t a b l e  e2 iden ic log ica l  information t h e s e  data 

provide  an opportunity t o  d iscover  whether there is a cancer 

hazard  associated with  lox l e v e l  r a d i a t i o n .  Linking of tlie 

epidemiological  i n f o n a t i o n ,  which inc ludes  such factors as 

sex, date of b i r th  and w o r k  h i s t o r y ,  has been provided by t h e  

social s e c u r i t y  nunbers of thz \.iorkers, These have eiiabled 

a follow-up to be maintained t o  i d e n t i f y  any dea"&s in the 

monitored popula t ion  a i d  to o b t a i n  dea th  c e r t i f i c a t e s ,  

Minor e r r o r s  which z:ccu_rclul.ate m o r e  i n  the records  of 

c u r r e n t l y  a l ive  eiiployees, because t hey  have no d e f i n i t e  catoff 

date, a s  dead persons do, i n v a l i d a t e  s t r i c t  comparabi l i ty  of 

t h e  r eco rds  of l i v e  a n d  &a2 enployees.  Therefore, in p l a c e  

of wa i t ing  u n t i l  a l l  su&i errors have been s t r i c t l y  e l imina ted  

f r o m  t h e  da ta ,  t h e  curre_?? p r e s e n t a t i o n  i s  based o n l y  upon 

u 

.comparisons among v a r i o u s  c a t e g o r i e s  of dead employees, These 

inc luded  3 , 5 2 1  men and 362 woam who died between 1 9 4 4  and 

1 9 7 2  a n d  for whom death cer t i f ica tes  were available (table 1)- 

Analysing the annual propor t ions  exposed and the msan dose 

p e r  exposure i n  various v-ays (Including breakdowns by ca l cnda r  

yea r ,  y e a r s  s i n c e  hire, years before  dea th ,  and age  a t  exposure) 

showed t h a t  t h e  exposure proportion was s y s t e m a t i c a l l y  h ighe r  

for the car.cers than ths o t h e r  causes  of death ( t a b l e  2 ,  Fig. 1)- 



Tn view of these f ind ings  it was decised  t o :  (i) apply 

a s t r i c t  s t a t i s t i c a l  t e s t  based on the l o g i s t i c  model(*) to t h 2  

mean doses cutiulafed in v a r i o u s  ways; ( i i j  q u a n t i f y  t h e  

r a d i a t i o n  s e n s i t i v i t y  by e s t ima t ing  t h e  doubling dose based 

on the l i n e a r  model a s  a working hypothes is ,  The r a d i a t i o n  

doses .were cwnul.ated t o  s t a t e d  per iods before death,  a d  fie 

per iod  be fo re  death which shoved’ t h e  maximum s t a t i s t i c a l  

s i g n i f i c a n c e  of t h e  d i f f e r e n c e  between the mean dose of a 

given type  of cancer  and t h a t  of non-cancers ( c o n t r o l  o r  

s t anda rd  group] provided an e s t i n a t e  of the l a t e n t  pe r iod  of 

t h e  cancer  ( t a b l e s  3 and 4 ) .  By cumulating t h e  r a d i a t i o n  

doses t o  s t a t e d  ages similar estimatss of the age of rcaxinun 

s e n s i t i v i t y  t o  cancer induct ion  were obta ined ,  
~. 

By t h e s e  tes ts  the only cancers  showing s i g n i f i c a n t  

r z d i a t i o n  a s s o c i a t i o n s  w e r e  myelo id  neoplasms, lung canczr  and 

p a n c r e a t i c  tumors for men and b r e a s t  cancer  for woinen (tzble 5)  - 
These e s t ima tes  were checked by forming from them es t ima tes  of 

t h e  excess m o r t a l i t y  ratic due t o  radiation and comparing 

t h e s e  r a t i o s  wi th  t5e observed s tandard ized  m o r t a l i t y  r a t i o  

f r o m  n a t i o n a l  s t a t i s t i c s  ( t a b l e  6 ) -  The only d i s e a s e  showing 

a marked d i f f e r e n c e  i n  t h i s  v a l i d i t y  t e s t  check was lung cancer 

and t h i s  may poss ib ly  be accounted fo r  by f a c t o r s  such a s  

smoking and othp_r hazards f r o m  i n d u s t r i a l  exposure. Est imates  

w e r e  a l s o  made of t h e  actual. nuinbcrs of rad iogenic  cancers  

_- 



( t a b l e  7 ) ,  wi.th t h e  r ' i n d i r y  khzt ab~ut 30 cancer dea ths  

less than l.% of ' a l l  d-?aL.s) w2re radiat ion-induced.  F i n a l l y  I 

the r e s u l t s  a l s o  shows2 tht th2  ages of maximum s e n s i t i v i t y  t o  

(or 

r a d i a t i o n  were a t  both e~c2.s of t f ie  l i f e  span for adults- 

The cancers  t h a t  xz r i ' i ound  t o  be r a d i o s e n s i t i v e ,  and t h e i r  

es t imated  l a t e n t  per ioes; ,  ztgree i n  genera l  with what i s  known 

. or suspected of a d d ?  cz-n_c?r ae t io logy  ; however, the es t ima te  

of doubling dose w e r 2  lcwzr ( i - e . ,  es t imated  r a d i o s e n s i t i v t y  was 

g r e a t e r )  than  previous s-lueies had l e d  one t o  suspec t .  Fu r the r  

a n a l y s i s  t o  e s t a b l i s h  the i x a c t  shape of t h e  dose-response c u m 2  

and to study p o s s i b l e  i2tsractions and a s s o c i a t i o n s  w i t h  

p o t e n t i a l  prcmoters of c z c ~ x  2nd o t h e r  f a c t o r s  a r e  clezrly 

necessary ,  both f o r  t h i s  s.tudy and i n  o t h e r  populat ions exposed 

t o  s i m i l a r  levels of dose. 

. .  
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