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LATE EFFECTS ON A POPULATION EXPOSED TO ACTIVITY 

RELEASED INTO THE ENVIROP!MENT 

P Kay and J A Re i s s l and  

ABSTWCT 

The long-term e f f e c t s  r e s u l 5 n g  from a n  a c c i d e n t a l  r e l e a s e  of r a d i o a c t i v e  

m a t e r i a l  a r e  considered.  

pe rcen tage  of t o t a l  excess  cance r  m o r t a l i t i e s  r e l a t i v e  t o  the number t h a t  would 

have been expected i n  t h e  same popu la t ion  had t h e  a c c i d e n t  n o t  occurred.  The 

i n c r e a s e d  r i s k  i s  expressed a s  t h e  change i n  l i f e  expectancy a s  a f u n c t i o n  of age 

a t  t h e  t i m e  of exposure.  Loss of  l i f h y e a r s  p e r  person a r e  c a l c u l a t e d  f o r  an 

i n c r e a s e  of O.l%, 1%, 10% and 100% i n  cance r  dea ths  and a r e  quoted f o r  ages  1, 10, 

20, 30, 40 and 50 y e a r s  a t  t h e  t i m e  of exposure.  

w i t h  age  may be summarised us ing  t h e  r a t i o  of t h e  reduced l i f e  expectancy t o  t h e  

reduced l i f e  expectancy f o r  a person aged z e r o  a t  t h e  t i m e  of t h e  acc ident .  

the i n i t i a l  e x t e r n a l  dose,  t h i s  r a t i o  e x h i b i t s  a l i n e a r  dec rease  up t o  about  

45 y e a r s  a t  t h e  r a t e  of about  2% per  y e a r  so,  f o r  example, t h e  i n c r e a s e d  r i s k  f o r  

a person aged 40 y e a r s  a t  exposure i s  20% of  t h e  i n c r e a s e d  r i s k  of a c h i l d  j u s t  

born. 

The magnitude of t h e  r e l e a s e  i s  d e f i n e d  i n  terms of t h e  

The v a r i a t i o n  of  t h e  e f f e c t  

For 

S i m i l a r  e s t i m a t e s  a r e  made f o r  a dose which i s  prolonged over  50 y e a r s ,  t o  

r e p r e s e n t  doses  from i n t e r n a l l y  i n c o r p o r a t e d  radior iucl ides .  
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1. IKTRODUCTION 

I n  t h e  e v e n t  of a release of r a d i o a c t i v e  m a t e r i a l  i n t o  t h e  environment,  t h e  

p o p u l a t i o n  i n  t h e  p a t h  of t h e  plume w i l l  be  s u b j e c t e d  t o  an i n c r e a s e d  r i s k  of  dea th  

from c e r t a i n  causes .  

t e r m  effects of t h e  a c c i d e n t  by e s t i m a t i n g  t h e  number of excess  cance r  dea ths  which 

are induced  i n  t h e  exposed popu la t ion  by t h e  dose  of r a d i a t i o n  they  r ece ive .  

dose  exper ienced  c o n s i s t s  of two components; a n  e x t e r n a l  dose  from t h e  radic- 

a c t i v i t y  o f  t h e  p a s s i n g  c loud  and t h e  material d e p o s i t e d ,  and a p r o t r a c t e d  i n t e r n a l  

dose  from material i n h a l e d  and inges t ed .  Here w e  s h a l l  c o n s i d e r  t h e  effects of  

the external dose  accumulated du r ing  t h e  y e a r  fo l lowing  the a c c i d e n t  and, 

s e p a r a t e l y ,  t h e  effects of t h e  f u l l  dose  commitment r ep resen ted  by the dose  ve r sus  

t i m e  r e l a t i o n s h i p  shown i n  F igu res  1 and 2. 

annual  dose  t o  lung  and F igure  2 t o  bone marrow ( t h e  l a t t e r  be ing  a p p r o p r i a t e  to 

e s t i m a t e  induced  leukaemias) .  Both cor respond t o  t h e  exposure of a person  1 km 

from t h e  p o i n t  of r e l ease .  

t h e  o t h e r  extreme t o  t h e  e x t e r n a l  dose  a l l  i n  t h e  first year .  By comparison of  

these two, t h e  effects of  i n t e r n s 1  and e x t e r n a l  dose  can  be sepa ra t ed  ( f o r  the 

long- l ived  n u c l i d e s ) .  

This  r e p o r t  d e s c r i b e s  a procedure  f o r  a s s e s s i n g  t h e  long- 

The 

F igu re  1 i s  r e p r e s e n t a t i v e  of t h e  

A l s o  cons idered  i s  a uniform dose  ove r  50 y e a r s  as 

I n  c a l c u l a t i o n s  for  r a d i o l o g i c a l  p r o t e c t i o n  px-poses ,  it i s  necessa ry  t o  

estimate t h e  t o t a l  ( o r  ave rage )  effect and t o  i d e n t i f y  t h e  s e c t i o n  of the community 

which i n c u r s  t h e  g r e a t e s t  r i s k .  This  r e p a r t  i s  concerned wi th  r e l a t i v e  r i s k  f o r  

d i f f e r e n t  a g e  groups  and, i n  the fo l lowing ,  age  normally means age  a t  t h e  t i m e  of 

the r e l e a s e .  The popu la t ion  a t  r i s k  i s  assumed to have an age  d i s t r i b u t i o n  (men, 

women and c h i l d r e n )  s i m i l a r  t o  t h e  popu la t ion  of England and Wales and t h e  home 

popu la t ion  s ta t is t ics  conta ined  i n  t h e  R e g i s t r a r ' G e r e r a l ' s  Review f o r  1973 have 

been used ( F i g u r e  3 ) .  

females  are n o t  t aken  i n t o  accobnt ,  a l l  p r o p e r t i e s  be ing  averaged ove r  t h e  two 

sexes .  

Di f fe rences  i n  t h e  s t anda rd  n o r t a l i t y  rates f o r  males and 

I n  making t h e  estimates repor t ed  h e r e ,  t h e  l e v e l  of r i s k  i s  chosen t o  produce 

a prede termined  number of  excess  d e a t h s  de f ined  a s  n percentage  o f  the number of 

c a n c e r  d e a t h s  t h a t  would have been expected wi thout  t he  acc iden t .  Thus, t h e  

product  of t h e  dose  ( i n  r a d s )  and t h e  r i s k  c o e f f i c j - n t  ( t h e  number o€ r a d i a t i o n -  

induced  cance r  d e a t h s  p e r  r a d )  i s  a d j u s t e d  by an  i t e r a t i v e  procedure  u n t i l  t h e  

r e q u i r e d  number i s  p red ic t ed .  Then t h e  cor responding  age  d i s t r i b u t i o n  of t h e  

effect of t h e  a c c i d e n t  can  be e x t r a c t e d  and i s  expressed  h e r e  i n  terms of e f f e c t i v e  

l i f e  shor t en ing  p e r  person  of a g iven  age  due t o  induced  cance r  d e a t h s  lowering 

t h e i r  expec ted  ave rage  age  a t  dea th .  

. 

The concept  of reduced l i f e  expectancy has  been chosen t o  d e s c r l b e  t h e  e f f e c t  

i n  p re fe rence  t o  numbers o i  cance r  dea ths .  

l a t i o n  which i s  exposed and, hence,  t h i - ,  must be s p e c i i i e d .  Reduced l i f e  

expec tancy  may Le yuoled f o r  a person  o€ s p e c i f i e d  agc and i s  q u d n t l t a t i v c l y  more 

The latcer is dependent on t h e  popu- 
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meaningful t h a n  i n c y i s e d  p r o b a b i l i t y  of dying of cancer .  

convenient  measure of t h e  impact of  t h e  a c c i d e n t  on a popula t ion .  

It i s  a l s o  a 

The r e s u l t s  p re sen ted  i n  S e c t i o n  4 demonst ra te  t h e  r e l a t i v e  r i s k  of t h e  young 

and old and i n d i c a t e  t h e  p o s s i b i l i t y  of s impl i fy ing  approximations i n  e s t i m a t i n g  

popu la t ion  e i f e c t s .  

t h e  model l ing  desc r ibed  i n  t h e  fo l lowing  two s e c t i o n s .  

These deduc t ions  a r e  dependent on t h e  assumptions made i n  

2. NATURAL MALIGNANCIES 

F igure  4 shows t h e  d i s t r i b u t i o n  of dea ths  from a l l  causes  which have been used 

for t h e  n a t u r a l  d e a t h s  of t h e  popula t ion .  F igures  5 and 6 (dashed l i n e s )  show 

t h e  cor responding  d i s t r i b u t i o n  f o r  l ung  cance r  dea ths  and f o r  leukaemia,  

r e s p e c t i v e l y .  

(1973).  

exposure.  Data from t h e  same source  have been used t o  e v a l u a t e  the expec ted  

number of c a n c e r  m o r t a l i t i e s  i n  t h e  exposed popula t ion .  

t h e  r e f e r e n c e  f o r  t h e  number of rad ia t ion- induced  dea ths .  

t h a t  this i s  t h e  number expec ted  wi thob t  t h e  a c c i d e n t ;  

i n t o  account  t h e r e  w i l l  be less non-rad iauon- induced  cance r s  because some cancer  

d e a t h s  which would have occurred  will be pre-empted by a rad ia t ion- induced  dea th .  

I n  t h e  fo l lowing  d i s c u s s i o n  t h e  term 'pe rcen tage  excess' of  cancers means t h e  

number of rad ia t ion- induced  cance r s  (as  a r e s u l t  o f  t h e  a c c i d e n t )  expressed  as a 

pe rcen tage  o f  t h e  number of cance r  d e a t h s  t h a t  would have been expec ted  had t h e  

a c c i d e n t  n o t  occurred. 

magnitude of the acc iden t .  

These a l l  d e r i v e  from d e a t h  r a t e s  g iven  by the R e g i s t r a r  General  

These rates are assumed t o  have remained a p p l i c a b l e  every  y e a r  fo l lowing  

T h i s  number i s  used a s  

It shcu ld  be emphasised 

when t h e  a c c i d e n t  i s  t aken  

T h x ,  t h e  percentage  excess  cance r s  i s  a measure of  the 

The d e a t h  r a t e s  cor responding  t o  F igu re  4 may be  used t o  c o n s t r u c t  a s u r v i v a l  

cu rve  showing t h e  p r o b a b i l i t y  that- a person  of  a g i v m  a g e  will s t i l l  be a l i v e  a s  

a f u n c t i o n  of  t i m e  i n  t h e  f u t u r e .  These a r e  shown f o r  va r ious  ages  i n  Sec t ion  4. 

3. RADIATION-INDUCED PALIGNANCIES 

The pe r iod  o f  r i s k  fo l lowing  exposure t o  i o n i s i n g  r a d i a t i o n  i s  n o t  w e l l  

e s t a b l i s h e d .  It i s  reasonably  w e l l  agreed  t h a t  t h e r e  w i l l  be  a l a t e n t  pe r iod  of 

z e r o  r i s k  a f te r  exposure  followed by a f i n i t e  r i s k  Pxtending ove r  some cons ider -  

a b l e  time. The l i t e r a t u r e  does n o t  con ta in  adequate  d a t a  t o  p r e d i c t  t h e  form of 

this t i m e  v a r i a t i o n .  

times of  appearance  of cance r s  and leukaemias among t h e  s u r v i v o r s  of  t h e  Japanese  

atomic bombs. The d a t a  sugges t  t h a t  about 90% of t h e  dea ths  due t o  r a d i a t i o n -  

induced  leukaemia had occurred by 1972. These d i d  n o t  beg in  t o  appea r  f o r  a t  

l e a s t  5 ycarc. a f t e r  thcx bomb but they  r c i c h c d  3 p c x  qu;c'cly and t h c r e d f t e r  

decredsed  s t e a d i l y .  

p a r t i a l l y  accounted f o r  by t h c  undcrcsiirna t i n g  of rad ia t ion- induced  lcukacmias 

due t o  d e a t h s  from o t h e r  causes.  I n  o r d e r  t o  g e n e r a t e  over -cs t imatcs  r a t h e r  

Some guidance  i n  making a c h o i c e  i s  a v a i l a b l e  from t h e  

Thc n e g a t i v e  s l o p e  has no t  been Fncludcd s i n c e  it i s  

I 8  1 4 9 8 5  
- 2 -  



t han  unde res t ima tes ,  a r e c t a n g u l a r  t i m e  v a r i a t i o n  has  been t aken ,  a s  descr ibed  below. 

S i g n i f i c a n t  numbers of induced dea ths  due t o  o t h e r  cance r s  clppeared l a t e r  than 

t h e  leukaemias and the d a t a  sugges t  t h a t  by 1972 perhaps h a l f  of them had occurred.  

For  t h e s e  t h e  i n c r e a s e  had been slower bu t  i t  was c l e a r  that t h e  e f f e c t s  extended 

over  much g r e a t e r  times fo l lowing  exposure. 

leukaemia d e a t h s ,  t h e  t i m e  v a r i a t i o n  was taken  t o  be r e c t a n g u l a r  b u t  s t a r t i n g  l a t e r  

and l a s t i n g  longer .  The s imple  models shown i n  F i g u r e  7 have been used; 

cance r s  a l a t e n t  pe r iod  of 15 y e a r s  fol lowed by uniform r i s k  f o r  30 y e a r s  (dashed 

l i n e ) ;  

25 y e a r s  a f t e r  exposure. 

For  r easons  s i m i l a r  t o  t h o s e  f o r  t h e  

f o r  a l l  

f o r  leukaemia a 5-year l a t e n t  pe r iod  and f i n i t e  r i s k  ex tending  up t o  

As d i scussed  i n  t h e  prev ious  s e c t i o n ,  s e p a r a t e  va lues  f o r  t h e  r i s k  c o e f f i c i e n t  

and t h e  dose a r e  no t  r e l e v a n t ;  however, t h e i r  p roduct  i s  uniquely  determined by 

t h e  excess  d e a t h s  and hence, f o r  a given r i s k  c o e f f i c i e n t ,  t h e  dose necessary  t o  

produce t h e  e f f e c t  can be  quoted. To g i v e  an  i n d i c a t i o n  of t h e  maqnitude of t h e  

a c c i d e n t  which w i l l  cause  t h e  e f f e c t ,  t h e  average  doses  necessary  a r e  quoted 

assuming a r i s k  c o e f f i c i e n t  of 10 

averaged over  a s t anda rd  popu la t ion  (this i s  based on obse rva t ions  on Japarlese 

a tomic  bomb s u r v i v o r s  (Goss ,  1974) ) .  For  example, t o  produce 100% excess  cancer  

(see Sec t ion  2,  i e ,  t o  double  t h e  r i s k  of dying  through cance r )  r e q u i r e s  an  

e x t e r n a l  dose du r ing  t h e  y e a r  fo l lowing  t h e  a c c i d e n t  of 3500 rads  p e r  person.  

t h e  dose is  accumulated uniformly over  a 50-year pe r iod  t h e  dose r equ i r ed  t o  

double  t h e  r i s k  i s  7500 r ads  ( r ece ived  by a person  who su rv ives  r'or 50 y e a r s  

a f t e r  t h e  a c c i d e n t ) .  

-4 rad ia t ion- induced  cancer  dea ths  p e r  r ad  

If 

The p r o b a b i l i t y  (norrnalised t o  u n i t y )  t h a t  a rad ia t ion- induced  lung  cancer  

d e a t h  w i l l  occur  a t  a p a r t i c u l a r  age  i s  shown i n  F igu re  5 ( s o l i d  l i n e )  a long with 

t h e  cor responding  curve  f o r  t h e  n a t u r a l  i nc idence  (dashed l i n e ) .  This  his togram 

h a s  been c a l c u l a t e d  f o r  t h e  100% excess  cance r  a c c i d e n t  us ing  t h e  dose- t ime 

r e l a t i o n s h i p  a s  i n  F igure  1 and t h e  r i s k - t i m e  r e l a t i o n s h i p  a s  i n  F igu re  7 (dashed 

l i n e ) .  

a person aged under  25 y e a r s  a t  exposure has  an  o r d e r  of magnitude i n c r e a s e  i n  

r i s k  of cance r  dea th  a t  40 y e a r s  compared wi th  the r i s k  had t h e  a c c i d e n t  no t  

occurred.  However, t h i s  must be taken  i n  p e r s p e c t i v e  wi th  t h e  a b s o l u t e  r i s k  of 

dying due to cance r  a t  40 y e a r s ,  v iz .  about  5 d e a t h s  p e r  10,000 persons  pe r  year.  

The same comparison i s  made i n  F igu re  6 f o r  leukaemias. It i s  seen h e r e  t h a t  t h e  

r ad ia t ion - induced  leukaemias appear  e a r l i e r  on average  than  t h e  lung cance r s  

shown i n  F igu re  5 ,  a l though t!ic peak f o r  lung  cance r s  occurs  a t  a lower age  

(45-50 y e a r s  compdred wi th  55-60 y e a r s  f o r  leukaemias) .  

t h e  lung cance r s  a r e  cons iderably  more numerous and i n i l u e n c e  t:le popu la t ion  

s i g n i i i c a n t l y .  

of induced and spontaneous leukacrnid dea ths .  P r o b a b i l i t y  of dea th  from leukaemia 

at age  40 ( f o r  d person under 35 yea r s  at: t h e  t i m e  01 t h e  a c c i d e n t )  i s  about  

f i v e  times g r e a t e r  t han  i f  t h e  r e l e a s e  oi a c t l v i t y  Iidd not  occur red ;  t h e  

A c l e a r  d i f f e r e n c e  i n  t h e  age d i s t r i b u t i o n  i s  demonstrated:  f o r  exsmI;le, 

This  happens because 

F igure  6 also shows t h e  clear d i f i e r e n c e  i n  t h e  age  d i s t r i b u t i o n  



spontaneous r a t e  a t  age  40 i s  j u s t  under 3 leukaemia d e a t h s  p e r  100,000 persons  

p e r  year .  It shou ld  be  remarked t h a t  a l though a s t anda rd  popu la t ion  of men, 

women and c h i l d r e n  h a s  been worked w i t h ,  m o r t a l i t i e s  due t o  lung  cance r  (wi thou t  t h e  

r a d i a t i o n  exposure)  a r e  very unevenly d i s t r i b u t e d  between t h e  s e x e s ,  male d e a t h s  

due t o  lung  cance r  be ing  a f a c t o r  of 5 g r e a t e r  t han  i n  females. The r a d i a t i o n -  

induced  lung  cance r s  are expec ted  t o  be  evenly  d i s t r i b u t e d  between t h r  sexes. 

Thus, s i n c e  popu la t ion  ave rages  were used t o  d e f i n e  t h e  a c c i d e n t ,  women 

w i l l  expe r i ence  an i n c r e a s e d  r i s k  r e l a t i v e  t o  t h e  nc-accident s i t u a t i o q  which i s  

g r e a t e r  t han  t h a t  fo r  men. 

d i s t r i b u t e d .  

This  i s  n o t  so f o r  leukaemias ,  which a r e  more evenly  

4. AGE VARIATION OF INCREASED RISK 

The effect of  t h e  a c c i d e n t  i s  a s ses sed  as modi f ied  l i f e  expectancy. The 

l i f e  expectancy of a person  aged i y e a r s  i s  d e f i n e d  as 

L ( i )  = (n .  + n , i+l + n i+2 +: . - -)hi ........... (1) 

where n i s  t h e  number of people  aged i ,  

ni+l i s  t h e  number o u t  of t h e  o r i g i n a l  n 
i 

s t i l l  a l i v e  1 y e a r  l a t e r  i 
( i e ,  who s u r v i v e  u n t i l  i+l), 

ni+* i s  t h e  number who s u r v i v e  for  2 y e a r s ,  etc. 

L i f e  expectancy p r e d i c t s  a mean age  of  d e a t h  ( L ( i )  + i for  a group of  g iven  age  i )  

which i n c r e a s e s  w i t h  t h e  age  o f  t h e  group. The l i f e  expec tancy ,  L ( i ) ,  nay be 

c a l c u l a t e d  wi th  (L ( i ) )  and wi thou t  ( L  ( i ))  t h e  a c c i d e n t  and t h e  e f f e c t  of t h e  

a c c i d e n t  expressed  as t h e  d i f f e r e n c e ,  L (i) - L R ( i )  (: AL(i.1). 
N 

R N 

The d e c r e a s e  i n  l i f e  expec tancy ,  n L ( i ) ,  ha s  been c a l c u l a t e d  f o r  a l l  i up t o  

80 y e a r s  and f o r  a c c i d e n t s  cor responding  t o  O . l % ,  1%, 10% and 100% e x c e s s ,  

i e ,  rad ia t ion- induced  dea ths  ( r e l a t i v e  t o  t h e  number of  cance r  d e a t h s  expec ted  

wi thou t  t h e  a c c i d e n t ,  a s  desc r ibed  i n  S e c t i o n  2) .  

Consider ing  f i r s t  t h e  case of e x t e r n a l  dose  accumulated du r ing  t h e  y e a r  

fo l lowing  t h e  a c c i d e n t ,  Table  1 shows a L ( i )  f o r  sample ages  and F igure  S shows t h e  

r a t i o ,  A L ( i ) / k ( o ) ,  for  f o u r  magnitudes of a c c i d e n t  f a l l i n g  c l o s e l y  on t h e  same curve. 

From t h e s e  r e s u l t s  ( s o l i d  l i n e )  i t  can  b e  seen  tha t  the e f f e c t  d e c r e a s e s  l i n e a r l y  

w i t h  age  a t  a r a t e  of  about  2.1% p e r  y e a r  up t o  abou t  t h e  age  of 45. 

t h e  r i s k  f l a t t e n s  t o  z e r o ,  be ing  i d e n t i c a l l y  z e r o  a t  80 y e a r s ,  s i n c e  t h i s  model 

assumes a 15-year l a t e n c y  and everybody dying b e f o r e  95 years .  I t i s  seenalso from 

Tab le  1 t h a t  t h e  effect measured as reduced l i f e  expectancy i s  c l o s e l y  proporci-onal 

t o  t h e  excess  d e a t h  r a t e  a t  all ages  shown. Thus, u s i n g  a f i g u r e  of 1 3  y e a r s '  

reduced l i f e  expec'iancy for a newborn c h i l d  f o r  an a c c i d e n t  which produces 100% 

excess  cancer  d e a t h s ,  t o g e t h e r  wi th  a 2.1% d e c r e a s e  p e r  y e a r  ' age  a t  exposure ' ,  

enab le s  e s t i m a t e s  cor responding  t o  any a c c i d e n t  and any age  t o  be  made. That j .s ,  

for  an  a c c i d e n t  which r e s u l t s  i n  27 excess  cance r  d e a t h s ,  t h e  reduced l i f e  

Beyond t h a t  
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expec tancy  of 

AL(i 

a person  aged i i s  

X 
= 1 3 ( 1  - 0.021i)- .................... ( 2 )  100 

F igure  8 a l s o  shows t h e  cor responding  cu rve  f o r  a p r o t r a c t e d  dose  (dashed l i n e ) .  

Th i s  cu rve  i s  always below t h e  a c u t e  dose  curve  and i s  w e l l  f i t t e d  by t h e  q u a d r a t i c  

2 x  AL(i )  = 12 .3 (1  - 0.0356i + 0.000323i 1- ......... ( 3 )  

figure 9 shows t h e  s u r v i v a l  cu rves  for  sample ages  f o r  t h e  100% case. A l s o  

shown ( d o t t e d  l i n e )  f o r  age  1 i s  t h e  10% c a s e  which i s  t h e  only  one d i s t i n g u i s h -  

a b l e  on the scale from t h e  no-accident curve.  The s o l i d  cu rves  show t h e  

p r o b a b i l i t y  of s u r v i v i n g  a g a i n s t  yea r s  a f t e r  t h e  t i m e  cf t h e  a c c i d e n t  and t h e  

broken  l ines  show the sane  p r o b a b i l i t y  t a k i n g  account  o f  t h e  acc iden t .  

The l a s t  column of  Table  1 shows t h e  reduced l i f e  expectancy cor responding  t o  

a dose  accumulated uniformly over  50 y e a r s  producing 100% excess  cancers .  

dose  necessa ry  i s  ove r  t w i c e  t h a t  for t h e  p rev ious  c a s e  of t h e  accumula t ion  a l l  i n  

t h e  f irst  y e a r  b u t  a sma l l e r  loss of l i f e - y e a r s  i s  s e e n  d e s p i t e  t h e  same t o t a l  

number of rad ia t ion- induced  d e a t h s  from cancer.  

curves of t h e  p r o t r a c t e d  dose ( s o l i d  l i n e )  w i th  t h e  a c u t e  dose  (dashed l i n e )  f o r  

a g e s  1 and 30. 

g r e a t e r  f o r  a p r o t r a c t e d  dose ,bu t  s u r v i v a l  l onge r  than  t h i s  i s  less for  a 

p r o t r a c t e d  dose. This  i s  due to  t h e  f u l l  e f f e c t s  of t h e  dose  n o t  be ing  e f f e c t i v e  

f o r  t h e  first 45 yea r s .  

s i n c e  t h e  average  person  aged 30 does n o t  expec t  t o  l i v e  long  enough t o  expe r i ence  

t h e  f u l l  dose. 

The 

f i g u r e  10  compares t h e  s u r v i v a l  

For  age  1 a t  exposure the p r o b a b i l i t y  of  s u r v i v a l  f o r  54 y e a r s  i s  

For a person  aged 30 a t  exposure  t h e r e  i s  no  cross -over  

5. COMMENTS 

,The nain o b j e c t i v e  of t h i s  work i s  t o  i n v e s t i g a t e  the age  d i s t r i b u t i o n  of t h e  

There i s  no  involvement effects of expos ing  a s t anda rd  popu la t ion  t o  r a d i a t i o n .  

i n  assumptions abou t  t h?  type  of a c c i d e n t  nor  i n  i t s  p r o b a b i l i t y ;  t h e  sole - I 

concern  i s  w i t h  t h e  d i s t r i b u t i o n  of a n  assumed t o t a l  e f f e c t  ove r  t h e  age  a t  t i m e  o f  

exposure.  1nt.uj t i v e l y ,  the g r e a t e s t  r i s k  i s  expec ted  t o  be i n c u r r e d  by t h e  younger 

among t h e  exposed s i n c e  they  have a g r e a t e r  p r o b a b i l i t y  of l i v i n g  long  enough t o  

expe r i ence  t h e  f u l l  long-term effects of t h e i r  exposure.  

Tab le  1 and F igures  E, 9 and 10. 

young and o l d  i s  q u i t e  s t r i k i n g .  F igu re  8 shows, f o r  example, t h a t  a n  exposed 

40-year old i n c u r s  only  20% of t h e  r i s k  of  a newborn baby. 

Th i s  i s  demonstrated by 

The magnitude of t h e  r a t i o  of t h e  r i s k  between 

W e  have chosen t o  express  t h e  e f f e c t s  of t h e  a c c i d e n t  i n  terms of y e a r s  of 

l i f e  l o s t  p e r  person  of  g iven  age. 

e a s i l y  g ra sped ,  a s  w e l l  as be ing  popu1;ltion independent.  Th i s  does n o t  mean t h a t  

all c h i l d r e n  aged 1 a t  t h e  t i n e  of exposure w i l l  d i e  t h e  s p e c i f i e d  number of y e a r s  

This  i s  a q u a n t i t y  whose s i g n i f i c a n c e  i s  



e a r l i e r  than  the.-/ would have done had t h e  a c c i d e n t  n o t  occurred. It means t h a t  

du r ing  each y e a r  fo l lowing  exposure ,  some c h i l d r e n  who were 1 y e a r  o l d  when t h e  

a c c i d e n t  occur red  w i l l  d i e  of rad ia t ion- induced  cance r s  (on  t h i s  model nene du r ing  

t h e  first 15 y e a r s  fo l lowing  exposure or a i t e r  45 y e a r s ) .  T h i s  r e s u l t s  i n  a 

r e d u c t i o n  of t h e  t o t a l  number of person  l i f e - y e a r s .  This t o t a l  i s  averaged ove r  

a l l  c h i l d r e n  exposed a t  t h e  age  of 1 y e a r  t o  r e p r e s e n t  a reduced l i f e  expectancy. 

The s u r v i v a l  cu rves  shown i n  F igu res  9 and 10 i l l u s t r a t e  t h e  same d i f f e r -  

e n t i a l  r i s k .  I n  a d d i t i o n ,  they  show t h e  r e l a t i o n s h i p  wi th  t h e  s u r v i v a l  

p r o b a b i l i t i e s  t h a t  would have e x i s t e d  had t h e  a c c i d e n t  n o t  occur red .  The cu rves  

show t h e  p r o b a b i l i t y  of s t i l l  be ing  a l i v e  x y e a r s  a f t e r  t h e  a c c i d e n t  for  sample 

cges.  The a r e a  between t h e  two curves  f o r  a g iven  age  i s  a measure o f  t h e  impact  

of t h e  a c c i d e n t  on a person  o f  t h a t  age  a t  exposure ;  

g r e a t e r  t h e  impact.  The curves  a r e  drawn f o r  t h e  l a r g e s t  a c c i d e n t  cons ide red ,  

100% excess  cancers .  Even 10% excess  produces s u r v i v a l  curves  which are b a r e l y  

d i s t i n g u i s h a b l e  fram t h e  no-accident s i t u a t i o n .  The 10% c a s e  f o r  a g e  1 is shown 

i n  F igu re  9 as a comparison and shows t h a t ,  even f o r  t h e  most s i g n i f i c a n t  age ,  t h e  

rad ie t ion- induced  curve  i s  close t o  t h e  n a t u r a l  curve. 

t h e  g r e a t e r  t h e  a r e a  t h e  

There i s  a s imple  r e l a t i o n s h i p  between t h e  r e d u c t i o n  i n  l i f e  expectancy f o r  

d i f f e r e n t  ages  and f o r  d i f f e r e n t  magnitude a c c i d e n t s  (measured by t h e  pe rcen tage  

t o t a l  excess  cance r s  induced by t h e  r a d i a t i o n ) .  

e q u a t i o n  ( 2 )  i n  t h e  prev ious  s e c t i o n  f o r  dose  r ece ived  du r ing  t h e  f i r s t  y e a r  

fo l lowing  t h e  acc iden t .  

a t  all ages  and f a l l  on a smooth curve  t h a t  i s  c l o s e l y  approximated by t h e  q u a d r a t i c  

equat io i i  ( 3 ) .  

This i s  summarised by 

For t h e  d c s e  sp read  ove r  50 y e a r s  t h e  r a t i o s  a r e  less 
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Table  1 

The reduced l i f e  expectancy ( e c u a t i o n  (1)) f o r  a series of  
a c c i d e n t a l  r e l e a s e s  of r3a ioZc t ive  m a t e r i a l  f o r  persons 

aged i a t  t h e  t i m e  of t h e  release 

Reduced l i fe  e-xpectancy ( y e a r s ) ,  k ( i )  

Excess d e a t h s  
( s e e  S e c t i o n  2) 

Age (i) 

1 

10 

20 

30 

40 

50 

?opu la t ion  mean 
( o v e r  a l l  a g e s )  

3quiva len t  dose/ 
i e r son  based on 
r i sk  c o e f f i c i e n t  

10-*/,,d 

0.1% 

0.013 

0.010 

0.007 

0.005 

0.003 

0.001 

0.005 

I r a d s  

1% 

0.13 

0.10 

0.07 

0.05 

0.03 

0.01 

3.048 

31 r a d s  

10% 

1.3 

1.0 

0.74 

0.47 

0.25 

0.10 

0.48 

IO7 rads  

100% 

12.9 

10.3 

7.49 

4.87 

2.66 

1.11 

4.9 

3515 r ads  

100% 
(uniform dose  
50 y e a r s )  

12.3 

8.6 

5.2 

2.7 

2.1 

0.35 

3.7 

7442 r a d s  
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