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I . INTRODUCTICW

1. Thi8 is the  t en th  i n  a  meriem of  rubrtantive  repor t s  of  t h e  United N a t i o n 8
Scientific Comdttee  on the Effectm of Atomic Radiation (UNSCEAR) 11 to the General
Amrembly~ 21 T h e  preparation o f  t h e  prerent  r e p o r t  a n d  i t 8  rcientific annexem  t o o k
p l a c e  f r o m  t h e  t h i r t y - f i r s t  t o  t h e  thirty-oeventh se68ions  o f  t h e  Cosmnittee.  T h e
material of the report war developed at annual sersionr of the Commnittee,  bared on
working paper8 prepared by the  secretar iat  that  wore modif ied and anwndod f rom one
memmion t o  t h e  n e x t  a c c o r d i n g  t o  t h e  Committee’8  r e q u e s t s .
p r e p a r a t i o n  o f  t h e

During the period  of
report , which containr seven rcientific annexor, another report

con ta in ing  three  s c i en t i f i c  annex68 warn  comple t ed  a t  t he  th i r t y - f i f t h  rerrion  o f
t h e  Co66nittOe. Theme two reports, referred to am the 1986 and 1988 reports,
conmtitute  the latort comprehensive a88os6ment  by the Conmfttee of the l ourcea,
effacts and  r i sks  o f  i on i s ing  rad ia t ion .

2. The following mombore  of the Committee rerved am Chairmen, Vice-Chairmen and
Rapporteurm, r e s p e c t i v e l y , a t  t h e  f o l l o w i n g  seerions: t h i r t y - f i r s t  sermion,
2.  Jaworowrki (Poland) ,  D.  Beuinmon  (Argent ina)  end T.  &matori  (Japan))
thirty-eecond and thirty-third memmione~ D .  Beninson (Atgehitina), T .  Rum&tori
(Japan) and A. H i d a y a t a l l a  (Oudan)r t h i r t y - f o u r t h  a n d  t h i r t y - f i f t h  merrionmt
T. Aumatori (Japan), A. Kaul (Federal Republic of Germany) and A. Hidayatalla
(Sudan)J  thjrty-sixth a n d  t h i r t y - s e v e n t h  seosionmr 8. LindQ'l  ( S w e d e n ) ,
K(. H.  Lokan (Auatral ia)  and J.  Maimin (Belg ium). The names of those expert8 who
a t t e n d e d  t h e  t h i r t y - f i r s t  t o  t h e  t h i r t y - s e v e n t h  mesmions o f  t h e  Cosxsittee  i n  a n
off ic ia l  capaci ty  am representatives  or members  of nat ional  delegations are l irted
i n  appen*ix  I .

3. In approving the  present  report , and  a s suming  there fore  fu l l  remponribility
f o r  i t s  con ten t ,  t he  Commnittee  wirhem t o  a c k n o w l e d g e  t h e  h e l p  a n d  a d v i c e  g i v e n  3y a
rmall g roup  o f  consu l t an t s  who  armisted in  the  p repara t i on  o f  t he  t ex t  and
s c i e n t i f i c  annexem, upon appointment by the Secretary-General. Their name8 are
given in  appendix II . They  were  responsible  for  the  prel iminary reviews and
e v a l u a t i o n  o f  the t echn ica l  i n format ion  r e c e i v e d  b y  t h e  C o m n i t t e e  or  ava i lab le  in
t h e  o p e n  s c i e n t i f i c  l i t e r a t u r e , on  wh ich  re s t  the  f i na l  de l i bera t i on6  of  t h e
Comxsittee. AWitional a s s i s t ance  and  f inanc ia l  suppor t  fo r  the  prepara t ion  o f  8ome
of the 8 l:entific  a n n e x e s  w e r e  o f f e r e d  t o  t h e  Comnitiee  b y  v a r i o u s  i n t e r n a t i o n a l
and  na t iona l  o rgan i sa t ions . T h e  Cosxnittee  w o u l d  l i k e  to  e x p r e s s  i t s  g r a t i t u d e  t o
theme organicationm, wh ich  a re  l i s t ed  in t h e  r e l e v a n t  a n n e x e s .

4. The sess ions  of the  Ccmnit tee  held  during the  per iod under  rev iew were
attended by repreoentatives  of the United Nations Environment Programuse (UNEP), the
World Health Organisation (WHO), the Food and Agriculture Organisation of the
United Nat ion6 (FAO), the International Atomic Energy Agency (IAEA), the
Internat ional  Comxnission on Radiological  Protect ion (ICRP) and the  Internat ional
Comnimmion on Radiation Units and M~amurements (ICRU). The Committee winhem  to
acknowledge  the i r  con t r ibu t ion s  t o  the  d i s cu s s ion s .

.
5. Reports received by the Cosxnittee  from Member States of the United Nations and
members  of  the  special i sed agencies  and IAEA, as  wel l  as  from <heme agencies
themselves , during the  period from 19 Apri l  1986 to  17 Juns  1988 are  l i s ted in
appendix III . Reportm received before  19 AFrf.1 1966 were  l i s ted  in  previous
reports  of the  Cormnittee to  the  General  Assembly. Th i s  i n format ion  rece i ved
officially by the Committee was supplemented by, and  in t e rpre ted  w i th  the  he lp  o f ,
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many other  data  avai lable  in the aurrsnt sc ient i f ic  litOratUr@  Ore in 6 few cases ,
tram unpublished communications by individual scientists.

6. I n  t h e  f o l l o w i n g  r e p o r t  t h e  Conmittoe  s u m m a r i s e r  t h e  m a i n  conahrioar  o f  t h e
s p e c i a l i s e d  s t u d i e s  undortakon, a l s o  i n  t h e  l i g h t  of  p r e v i o u s l y  released
substantivr documents. The material  i s  prrsentod  at  the moat general  1~01
p o s s i b l e ,  i n  v i e w  o f  the d i f f i c u l t  c o n c e p t s  a n d  n o t a t i o n  t h a t  aharactoriso  t h i s
f i e l d . After a chapter swmnarising  the developments and trondr that hava boaomo
apparent  throughout  thr  years, the highlights and conclusions to b0 dram  tram the
mos t  r ecen t  s t ud i e s  in the f i e ld s  of  rad ia t i on  phys i c s  and  b io logy  are pre sen ted .
Th i s  ma in  t ex t  i s  followad  by  the suppor t ing  scfsntific  annoxoor  wh ich  are  writtsn
in a format and a language that are essentially aimed at 8peaialistS~

7. Following established practice , on3y the  main text of  the  rOpOrt is  submitted
to the  Qeneral  Assembly,  while  the  fu l l  report , i n c l u d i n g  the sciantific  annoxos,
wil l  be  i ssued as  a  United Nations sales  publ icat ion. This practice is  intended to
ach i eve  w ider  d i s s emina t ion  of  the f ind ings  for  the  benefit Of the international
s c i e n t i f i c  comnunity. The Cormittoo w i she s  t o  d raw  the  attrntion o f  the  Qonoral
Assembly to tke  fact that the main text of the report is presented soparatoly  from
its  scientif ic  annoxos s imply for the s a k e  of convenience. It should be understood
that  the  sc ient i f ic  data  contained in  the  annexes  are of  groat  importance because
they form the basis for the conalurions of the report.



I I . HISTORICAL REVIEW

8. Throughout  the  33 years  of  i t s  exis tence, t h e  C o m m i t t e e  h a s  a s s e r t i v e l y
attempted to  p rov ide  the  be s t  po s s ib l e  e s t ima te s  o f  I

(a) D o s e s  r e c e i v e d  b y  t h e  w o r l d ’ s  p o p u l a t i o n  i n  t h e  p a s t ,  a n d  e x p e c t e d  t o  bn
r e c e i v e d  i n  t h e  f u t u r e , from various natural and man-made sources of radiation)

(b) R i sks  o f  i nduc t ion  of  var ious  t ype s  o f  harm by  rad ia t i on ,  bo th  i n  the
short  term nnd the  long term, b y  i n d i v i d u a l s  d i r e c t l y  r e c e i v i n g  s u c h  d o s e s  o r  b y
their  descendant6 over  many generationc.

9. With the pass ing of  t ime  and the increase  in  number aud complexi ty  of  the
repor t s  i s sued  b y  t h e  C o m m i t t e e , i t  i s  b e c o m i n g  i n c r e a s i n g l y  d i f f i c u l t ,  e v e n  f o r
t h e  s p e c i a l i s t s , t o  t r a c e  b a c k  t o  e a r l i e r  p u b l i c a t i o n s  t h e  d e v e l o p m e n t  o f  t h e  m a i n
ideas  underlying the  Committee’s  assessments  and how these  assessments  have changed
wi th  t ime  and  a s  a  r e su l t  o f  i nc rea s ing  s c i en t i f i c  knowledge . It would seem
u s e f u l , t h e r e f o r e , to  m a k e  avai lable  in  compact , summary form the main conclusions
reached in  the  f ie lds  ment ioned above. This  summary i s  intended to  serve  a  number
o f  purpose s . F i r s t , i t  wi l l  inform the  General  Assembly  about  the  Committee’s  work
a n d  i t s  f i n d i n g s . Second, for the Committee’s membership, which has been changing
g r a d u a l l y  o v e r  t h e  y e a r s , it will form a record of how the Committee’s thinking has
evolved. L a s t l y , i t  w i l l  b e  p l a c e d  a t  t h e  d i s p o s a l  o f  t h e  i n t e r n a t i o n a l  s c i e n t i f i c
commurri t-y, for whom UNSCEAR reports and scientific annexes have become a basic

r e f e r e n c e .

10. W h a t  f o l l ows  i n  th i s  chap te r  i s  t here fore  a  summary  o f  t h e  C o m m i t t e e ’ s
as se s smen t s  i n  the  f!elds  o f  d o s e  e s t i m a t i o n  ( w h i c h  p e r t a i n s  c l o s e l y  t o  t h e
s u b j e c t s  o f  p h y s i c s )  a n d  r i s k  rlssessment  ( w h i c h  i n v o l v e s  p h y s i c a l  a s  w e l l  a s
rad io -b io log i ca l  and  med ica l  cons idera t ion s ) . I t  a ims  a t  g i v ing  an  accoun t  o f  bo th
t h e  g e n e r a l  principles  under ly ing  the  e s t ima te s  and  the  conc lu s ion s  r eached ,  i n  a
l a n g u a g e  t h a t  i s  as p l a i n  a s  t h e  c o m p l e x i t y  o f  t h e  Subjects  a l l o w s  b u t  w i t h o u t  m u c h
o f  the  d i s cu s s ions  suppor t ing  the  cho i ce s  made  a t  any  par t i cu l a r  t i m e . F o r  t h i s ,
a s  w e l l  a s  f o r  o t h e r  t e c h n i c a l  a n d  m e t h o d o l o g i c a l  d s t a i l s , r e f e r e n c e  i s  m a d e  t o  t h e
reports  to  the  General  Assembly  i ssued from 1958 to  1986. A  c o m p l e t e  l i s t  o f  t h e s e
pub l i ca t i ons  i s sued  b y  t h e  Commi t t ee  appear s  i n  f oo tno te  21 to  paragraph  1  o f  t he
pre sen t  r epor t . Current  assessments  are  examined in  more detai l  in  chapter  III .

11. Radiat ion i s  a  transport  of  energy through space. I n  t r a v e r s i n g  m a t e r i a l ,
radiated energy i s  absorbed. I n  t h e  c a s e  o f  ionizing  r a d i a t i o n ,  w h i c h  i s  t h e  t y p e
o f  x,adiation th;rt. c o n c e r n s  t h e  Committ.ee, t h e  a b s o r p t i o n  p r o c e s s  c o n s i s t s  i n  t h e
r e m o v a l  o f  eler*trons f rom t h e  a t o m s ,  produc ing  ions . Ionizing rad ia t ion  m a y  b e
pr-educed in  man-made  dev i ce s ,  s u c h  as  X - r a y  t.ubes, or i t  m a y  c o m e  from the
disint.cgration  o f  r a d i o a c t i v e  n u c l i d e s , the  phenomenon that  i s  cal led
radioactivit.y. W h i l e  n u c l i d e s  s u c h  a s  t h e s e  o c c u r  n a t u r a l l y ,  t h e y  m a y  a l s o  b e
prr)dur:etl  ax t i f icially, a s  i n  n u c l e a r  leactors. The  two  ba s i c  quan t i t i e s  i n  t he
a s s e s s m e n t  o f  r a d i a t i o n  l e v e l s  a n d  e f f e c t s  a r e  t h e  a c t i v i t y  o f  a  r a d i o a c t i v e
m a t e r i a l  and rhe r a d i a t i o n  d o s e . The Commit tee  u s e s  t h e  s y s t e m  of  radiat ion
quant.it.icf;  and units adopted in 1980 by ICRU.
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1. Activitv

12. The act iv i ty  of a radioact ive  mater ia l  i s  the  number ,nf nuclear
Cisintegrstions  p e r  u n i t  t i m e . The unit that t h e  C o m m i t t e e  u s e d  f o r  this q u a n t i t y
up  to  and  inc lud ing  i t s  1977  repor t  was t h e  curie  (Ci), wh ich  is 3 7  b i l l i o n
(3.7 10’9) dieintegrationn p e r  s e c o n d , a  number that  was  or iginal ly  introduced
because  i t  io the  approximate  act iv i ty  of 1 gram of radium-226.

13. T h e  p r e s e n t  u n i t  o f  a c t i v i t y  has b e e n  g i v e n  t h e  s p e c i a l  n a m e  becquerel (Bq).
One becquers l  i s  one dis integrat ion per  second.

14. The word radioact iv i ty  cenotes  the phenomenon of  radioact ive  dis integrat ion.
I t  i s  n o t  a  s y n o n y m  f o r  “ a c t i v i t y ” ,  n o r  s h o u l d  i t  b e  u s e d  t o  m e a n  “ r a d i o a c t i v e
m a t e r i a l ” .

15. The t e rm racistion dose can mean several  things (e .g.  absorbed dose, dose
e q u i v a l e n t  o r  e f f e c t i v e  d o s e  equ’qalent). The absorbed dose  of  radiat ion is the
energy imparted per  uni t  m a s s  of  the  irradiated mateiial. Up to  and including the
1977 report, t h e  Commi.ttee  u sed  the  rad  a s  the  un i t  o f  ab sorbed  dose (1 rad  =
0 . 0 1  j o u l e / k g ) . The present  uni t  of  absorbed d. i s  j o u l e / k g , for  which the
s p e c i a l  n a m e  g r a y  (Gy) i s  u sed . Thus, 1 rad = 0 . 0 1  j o u l e / k g  = 0 . 0 1  G y .

16. D i f f e r e n t  t y p e s  o f  radiation  h a v e  diffarent  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s
(RBE). The RBE of  one type of  radli+icrl in  re lat ion to  a  reference type of
r a d i a t i o n  ( u s u a l l y  X  o r  camma) i s  t h e  i n v e r s e  r a t i o  of  t he  ab sorbed  dose s  o f  t he
two  rad ia t i ons  neeiia * .o c a u s e  t h e  s a m e  d e g r e e  o f  t h e  b i o l o g i c a l  e f f e c t  f o r  w h i c h
the RBE is give.:.

1 7 . When the first UNSCEAR reports were prepared, ICRP ‘.ad recommended certain
values  of RBE for  the  purpobee  of  radiat ion protect ion. The absorbed doses  of
v a r i o u s  r a d i a t i o n s  w e r e  m u l t i p l i e d  b y  there v a l u e s  t o  a r r i v e  a t  d o s e s  w e i g h t e d  f o r
the  purpose s  of  rad ia t ion  protectLon  (4.9, for  compar i son  w i th  dose  l im i t s ) . The
unit  of  thie weighted absorbed Jose  was  called  rem.

10. The use of the term RBE in two contexts, radiation  protection  ( w h e r e  i t  o n l y
meant the standard values recommended by ICRP) and in radio-biology (where i t  meant
t h e  m o s t  l i k e l y  v a l u e  i n  a  g i v e n  e x p o s u r e  s i t u a t i o n  f o r  a  s p e c i f i e d  b i o l o g i c a l
e f f e c t ) , caused some problems, ICRP and ICRU therefore decided to establish a new
q u a n t i t y , t h e  d o s e  e q u i v a l e n t , This  would be  t!~e  product  of  the absorbed dose and
a  so - ca l l ed  qua l i t y  f ac tor  ( f i r s t  deno ted  QF  and  l a t e r  Q) ,  and  i t s  un i t  wou ld  b e
t h e  rem. The q,lality  factor  was  given by ICRP as  a  funct ion of  the  capaci ty  of
each  rad ia t i on  to  p roduce  ionization, e x p r e s s e d  a6 t h e  l i n e a r  e n e r g y
transfer  (LET). For  prac t i ca l  app l i ca t i on s , ICRP suggested that  i t  would suff ice
to  use  approximations  of average  va lues ,  i .e . one  unique value  of  QF (Q) for  c:ach
type  o f  r ad ia t i on . I t  suggested values  of  Q = 1  for  X-rays ,  gamma rays  and beta
p a r t i c l e s ,  Q = 1 0  f o r  f a s ’  n e u t r o n s  ( c h a n g e d  t o  Q = 20 in 1985),  Q = 10 for alpha
p a r t i c l e s  ( c h a n g e d  t o  Q = 2 0  i n  1977), and Q = 20 far  heavy part ic les , The
C o m m i t t e e  h a s  a l s o  u s e d  t h e s e  f a c t o r s  b u t  con t inued  t o  u s e  Q z 10  fo r  f a s t  neu t rons .



19. In the UNSCEAR reports, when doses are expressed in rem, the ICRP values of
“RBE ( p r o t e c t i o n ) “ , OF or  Q have been used in  most  cases ,  however,  when authors
express  doses  in  rem, they  may have used the  pr imary,  LET-related def ini t ion of
QF (0).

20. When the Committt, began in  1982 to  apply  the  new internat ional  uni t  system
and the absorbed dose was give1 in Gy instead of rad, the new unit for dose
equivalent  was  named the  s ievert  (SV) .

21. In  add i t i on  to  ab sorbed  dose  and  dose  equ i va l en t ,  t here  i s  a  t h i rd  quan t i t y
that  may be meant  when an author  speaks  of  radiat ion dose,  namely,  the  exposure.
Exposure  i s  t he  t o t a l  e l ec t r i ca l  charge  o f  i on s  o f  one  s i gn  produced  in  a i r  by
electrons  l iberated by X or  gamma rays  per  uni t  mass  of  irradiated a ir . Since the
e x p o s u r e  i s  L measure  of  the  ionication that  X or  gamma radiat ion would produce in
a i r ,  i t  i s  t h e r e f o r e  o n l y  a p p l i c a b l e  f o r  t h o s e  t y p e s  o f  r a d i a t i o n .  T h e  u n i t  o f
exposure is coulomb/ kg, b u t  t h e  o l d  u n i t ,  t h e  r o e n t g e n  ( R )  i s  s t  ‘ 1 1  i n  use . One
roentgen i s  equal  to  2 .58 10B4 coulomb/kg. The word “exposure” is a lso  used in
this  report  in  i t s  common meaning of  being exposed to  something,  e.g. a  radiat ion
source.

22. In  tn i s  l a t t e r  mean ing , the  exposure to  radon decay products  can be expressed
i n  two  d i f f e ren t  ways : as  the  amount  of  inhaled decay products ,  taking into
account  their  potent ia l  to  emit radiat ion energy, or  OS the  p roduc t  o f  t he  t ime
during which the  decay products  were inhaled and their  csncentration  in  the  inhaled
a i r . The potent ia l  a lpha energy of  the  inhaled decay products  may s imply  be
e x p r e s s e d  i n  j o u l e  ( J ) . T h e  p o t e n t i a l  a l p h a  e n e r g y  c o n c e n t r a t i o n  i n  a i r  i s
expre s sed  i n  J/m3 or  i n  the  o lder  un i t , the working level (WL), where 1 WL = 2.08
10e5 J/m3. For  radon  in  equ i l i b r ium w i th  i t s  decay  produc t ,  t h i s  cor re sponds
to  a  concen t ra t i on  o f  3 ,700  Bq/m3. Exposure  to  the  decay products  i s  customari ly
expressed in  terms of  the  working level  month (WLM)  or ,  as  i s  now also  common,  Bq
h/m3.

23. In the  1958 report  of  the  Committee,  the  word “dose” was  used loosely ,  and the
quan t i t y  mean t  had  to  b e  i n f e r red  f rom the  un i t s  u sed  ( roen tgen ,  r ad  or  r em) .  In
the  IlNSCEAR  1962 report , doses  were  s o m e t i m e s  expressed in  rad,  s o m e t i m e s  in  rem.
However, i n  the  nex t  f i v e  r epnr t s , up  to  and  inc lud ing  the  1977  repor t ,  t he
approach was more  s tr ingent . The absorbed dose  w.6 used consis tent ly  and the  dose
e q u i v a l e n t  w a s  d e l i b e r a t e l y  a v o i d e d . The  ma in  redson for  t h i s  was  tha t  one  u se  o f
the  phys i ca l  and  b io log i ca l  i n format ion  was  t o  p rov ide  a  oa s i s  f o r  e s t ima te s  o f  RBE
and therefore  a lso  to  evaluate  the  appropriateness  of  the  recommended values
for Q. To present  doses  as  dose  equivalents  would have  been to b e g  t h e  issue.
Sometimes, however, exposures had to be expressed in roentqan because this was how
the or iginal  a?t,%  had been presented.

24. With the 1982 UNSCEAR report, the practice changed. The Ccmmittee  had
gradual ly  become more  concerned  with r isk est imates  and was  not  sat i s f ied with
m e r e l y  repor t ing  levelr; o f  abborbed  dose . One reason for this was the growing
evidence that radon daughter products caused lung cancer and that these daughter
products wet-c l’resf?nt in high concentrations in dwellings. Previously, dosa
contributions from types of radiation with RBEs other than unity had not been
considered important  and the presentat ion of  abso:-bed doses  was  thought  to  be
sufficient.. Now, the sll uation was different. While it was t ccngnized that the
dose equivalent was a quantity designed fox radiation prot.pcltion  and that the Q
values recommended by ICRP  might. differ from the true values of RBE, the dose
6gLivalent  was st i 11 hcl ieveci to give a bet t et indication o! lisk than the absorbed
dose.



25. Paragraphs  25-41 rev iew his tor ical  development  of  other  concepts  and
quant i t ies  used by the  Committee. When the 1958 UNSCEAR report was issued, two
biolcdical ef fects  were prominentt leukdamia  and hereditary harm. F o r  t h a t

reason, prior i ty  was  given to  calculat ing dose  in  the  red bone marrow and gonads.
In  the  case  of  dose in  the gonads, i t  was  obvious  that  the  dose  would be  re levant
t o  r i s k  a s s e s s m e n t  o n l y  i f  i t  w e r e  c a l c u l a t e d  f o r  i n d i v i d u a l s  youug  e n o u g h  t o
e x p e c t  c h i l d r e n . In the  case  of  dose  in  the  bone marrow,  the  quest ion arose as  to
whether  the  mean dose  or  the  peak dose  would  be  re levant)  the  ensuing discuss ion
led to the concept of mean marrow dose.

(a) $aeneticallvsianifiCgot  dose

26. I t  w a s  realized  e a r l y  t h a t  f o r  m o s t  p o p u l a t i o n s  t h e  m e d i c a l  useu o f  X-ray s
were the main source of man-made exposure. However ,  do se  d i s t r ibu t i on  w i th in  a
p a t i e n t  i s  v e r y  u n e v e n , 80 the  dose  a s s e s smen t  i s  no t  easy. In  add i t i on ,  t he  age
d i s t r ibu t ion  in  exposed  pa t i en t  g roups  d i f f e r s  f rom tha t  i n  the  genera l
popu la t i on . To solve  these  problems, the  Committee  der ived the  concept  of
gene t i ca l l y  s i gn i f i can t  do se  (GSD) ,  de f in ing  i t  a s  “the dose  wh ich ,  i f  r e c e i v e d  b y
every member of the population, would be  expected to  produce the  sam6 tota l  genet ic
i n j u r y  t o  t h e  p o p u l a t i o n  a s  d o  t h e  a c t u a l  d o s e s  r e c e i v e d  b y  t h e  v a r i o u s
ind i v idua l s” . On the bas is  of  th is  def ini t ion,  the  Committee  developed a  formula
and  an  a s s e s smen t  p rocedure  fo r  e s t ima t ing  the  gene t i ca l l y  s i gn i f i can t  do se  f rom
various  types  of  X-ray examinat ions , T h i s  i s  described  i n  d e t a i l  i n  t h e  1 9 5 8 ,  1 9 6 2
and 1972 reports.

(b) Thameanmarrow_dose

27. Assuming that the mean dose in the active (red) bone marrow would be the
quan t i t y  r e l e van t  t o  a s s e s s ing  the  l eukaemia  r i sk  and  u s ing  i n format ion  on  the
d i s t r ibu t i on  o f  a c t i v e  marrow  in  the  ske l e ton , th i s  quan t i t y  was  a s s e s sed  fo t
var ious  types  of  X-ray examinat ions . W h i l e  i t  w a s  recognited  tha t  t h i s  wou ld  no t
be  the  r e l e van t  quan t i t y  i f  t he  do se - re sponse  r e l a t i on sh ip  was  non - l i near  o r  showed
a  dose  th re sho ld , i t  w a s  e q u a l l y  c l e a r  t h a t  i f  t h e  r e l a t i o n s h i p  w a s  l i n e a r  e n d
s h o w e d  n o  t h r e s h o l d ,  y e t  another q u a n t i t y , the per caput mean marrow dose in a
p o p u l a t i o n  w o u l d  b e  o f  i n t e r e s t , and  th i s  quantit.y  was  a s s e s s ed  i n  the  1956  L’NSCEAR
repor t .

26. Nuclear  tes t  explos ions  in  the  atmosphete  introduced t ime e lements  that  made
th i s  source  o f  r ad ia t i on  d i f f e ren t  f rom,  fo r  exam l e ,  med ica l  exposure s ,  i n  the
sense  tha t  t he  per iod  o f  p rac t i ce  and  the  per iod  o f  exposure  were  d i f f e ren t . After
each nuclear  explos ion, s o m e  l o n g - l i v e d  r a d i o - n u c l i d e s  w e r e  r e l e a s e d  t h a t  w i l l
per s i s t  i n  the  b io sphere  fo r  many  year s , cau s ing  rad ia t i on  exposure s . To have
pre sen ted  the  annua l  do se s  cau sed  by  the  t e s t s  t ha t  had  been  car r i ed  ou t  up  to  the
time the 1958 UNSCEAR report was drafted would not have given the full picture:
namely, it would not have shown that the contamination was expected 10 last fat rl
long t ime, thus committing mankind to exposures in future years. The s ikuetion  was
d e s c r i b e d  b y  d i a g r a m s  i n  t-he 1958  reports. These  d i agrams  showed  t h e  doses t o  be
expec ted  under  va r iou s  a s sumpt ions  abou t  t.he per iod  o f  future t:est.ing.

6 --



2 9 . I n  i t s  1 9 6 2  r e p o r t , the  Committes  introduced the concept  of  dose  commitment .
The dose  COmmitmOnt  from one year  of pract ice  i s  the  sum of the per  caput  annual
dotes i n e v i t a b l y  c a u s e d  b y  t h e  r e s u l t i n g  e n v i r o n m e n t a l  c o n t a m i n a t i o n  o v e r  f u t u r e
years l I t  c a n  be  shown  tha t  t he  do se  c o m m i t m e n t  f rom o n e  y e a r  of  a  p rac t i ce  i s
e q u a l  t o  t h e  h i g h e s t  a n n u a l  p e r  c a p u t  d o s e  i n  t h e  f u t u r e ,  i f  t he  p rac t i ce  con t inue s
i n d e f i n i t e l y  a t  c o n s t a n t  r a t e . T h i s  r e l a t i o n s h i p  m a d e  i t  p o s s i b l e  t o  a s s e s s  t h e
future  consequences  of  cont inuing v a r i o u s  practices.

30. In the 1964 UNSCEAR report, the  dose  commitment  was  def ined as  “the  integral
o v e r  infinite  ?.ime  o f  t h e  a v e r a g e  dose r a t e  i n  a  g i v e n  t i s s u e  for t h e  w o r l d ’ s
popu la t i on ,  a s r.‘lP r e s u l t  o f  a  s p e c i f i c  p r a c t i c e ,  e . g .  a  g i v e n  s e r i e s  o f  n u c l e a r
exp lo s ion s . ‘P&e nct.ual  e x p o s u r e s  m a y  o c c u r  o v e r  m a n y  y e a r s  a f t e r  the  prac t i ce  and
m a y  b e  received  b y !ndividuals  no t  born  a t  t he  t ime  o f  t he  per iod  o f  p rac t i ce” .
Th i s  de f in i t i on  was r epea ted  i n  sub sequen t  r epor t s  and  a  s t r i c t e r  ma themat i ca l
presentat ion was  given in  1969 and 1977. It  should be  ment ioned that  when the
i n t e g r a t i o n  o f  t h e  a v e r a g e  d o s e  r a t e s  i s  c a r r i e d  o u t  n o t  t o  i n f i n i t y  b u t  o n l y  t o
some  s p e c i f i e d  t i m e , one i s  deal ing with  truncated dose  commitments .

31. The use  of  the  dose  commitment  concept  did  not  carry  any impl icat ion of
a s sumpt ions  w i th  r egard  to  the  do se - re sponse  r e l a t i on  a t  t he  l ow  dose6  of  radiation
t h a t  w e r e  a s s e s s e d  f o r  t h e  e n v i r o n m e n t a l  contaminationt  i t  w a s  m e r e l y  a
mathematical  dev i ce  fo r  add ing  i nev i t ab l e  do se  con t r ibu t ion s .

32. Anot h e r  c o n c e p t  i s  t h e  c o l l e c t i v e  d o s e , Assuming a proportionality  between
dose increments  and resul t ing increments  in  the  r i sk of  harm,  the  expected number
o f  h a r m f u l l y  a f f e c t e d  i n d i v i d u a l 6  w o u l d  b e  p r o p o r t i o n a l  t o  t h e  c o l l e c t i v e  d o s e ,
s i nce  the  l a t t e r  i s  de f ined  a s  t he  p roduc t  o f  t he  number  o f  exposed  ind i v idua l6  and
t h e i r  a v e r a g e  r a d i a t i o n  d o s e . Before 1977, t h e  C o m m i t t e e  h e s i t a t e d  t o  a s s e s s
col lect ive  doses ,  because  doing so  would have  impl ied an unproven dose-response
r e l a t i o n . In  i t s  1977 report ,  however, t h e  C o m m i t t e e  a s s e s s e d  c o l l e c t i v e  a b s o r b e d
doses  from various  sources  and pract ices . Where a  pract ice  was  expected to  cause
exposures  over  future  years , the  col lect ive  dose  commitment  was  assessed. T h i s  i s
s i m p l y  the t o t a l  c o l l e c t i v e  d o s e  e x p e c t e d  f r o m  a  g i v e n  p r a c t i c e  o v e r  a l l  f u t u r e
timrt.

33. Dose commitments  from pract ices  caus ing environmental  contaminat ion are
propor t i ona l  t o  the  amoun t  o f  t he  r e l e van t  r ad io -nuc l ide s  t ha t  h a v e  b e e n  r e l e a s e d
into the environment . Thus, t h e  a s s e s s m e n t  i n v o l v e s  t h e  s t u d y  o f  a  c h a i n  o f  e v e n t s
s t a r t ing  f rom the  p r i m a r y  i n j e c t i o n  o f  r a d i o a c t i v e  m a t e r i a l  i n t o ,  f o r  e x a m p l e ,  t h e
atmosphere and ending with the eventual irradiation of body tissues. T h i s  chain o f
events  c a n  b e  represented schematicelly:

Inha la t i on

f

I n p u t  i, Atmosphere  -> E a r t h ’ s  s u r f a c e  3 D i e t  + T i s s u e  + Dose
(0) (1) (2) (3) (4) (5)

I .I_- _ I

E x t e r n a l  i r r a d i a t i o n
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34. Bsginning  with its 1969 report , t h e  c o m m i t t e e  haa aaaeased  transfer
c o e f f i c i e n t a , i.e. t h e  q u o t i e n t 6  of  t h e  t i m e - i n t e g r a t e d  q u a n t i t y  (e.g.  activity
COnCOntration)  i n  e a c h  s t e p  a n d  t h e  corresponding  q u a n t i t y  i n  a  prOViOU8  atop. F o r

example I t h e  t r a n s f e r  c o e f f i c i e n t  P34 i s  t h e  t i m e - i n t e g r a t e d  a c t i v i t y
concen t ra t i on  i n  a  g i ven  tissue  d i v ided  by t h e  t i m e - i n t e g r a t e d  COnCOntratiOn  of  t h e
same nuclide i n  t h e  d i e t . T h e  p r o d u c t  o f  a l l  transfer  c o e f f i c i e n t s  d i r e c t l y
r e l a t e s  t h e  a m o u n t  of  r a d i o a c t i v e  m a t e r i a l  injrctrd i n t o  t h e  a t m o s p h e r e  t o  t h e
r e s u l t i n g  d o s e . The mathematical  formulat ion and aesesement procedure were
descr ibed  i n  de ta i l  i n  t he  1969  repor t .

35. A6 has already been mentioned, in  i t s  1958 report  the  Committee  calculated
d o s e s  f o r  o n l y  t w o  organsr the gonad6 and the active bone marrow. They were the
only  organs for  which some r i sk  es t ima tor  had been made at  that  t ime. In the 1969
report , the  Committee  added doeet aeeeermentr for  one more ti66uer namely  the  ce l l s
l i n ing  bone  surfacee.  U p  t o  1 9 7 2 , the dogo arrsrgmentr  had thus  been made for
three organs  (gonads, act ive  bone marrow and bone surface celle),  a l though the
Commi t t ee  had  in  f ac t  made  rick eetimatsr  for  o ther  o rgans ,  such a s  the  thyro id
(1964 and 1972) and breast and lung (1972). One reason for  l imit ing the number of
organ6 was that the dose assessments would become more complicated the more organ6
the Committee  included and comparisons  between v a r i o u s  gourceg  would b e c o m e  v e r y
d i f f i c u l t .

36. Nevertheless , i n  i t s  1977 report  the  Committee  added s t i l l  one more organ,  the
lung ,  because  i t  had  b e c o m e  i n c r e a s i n g l y  e v i d e n t  t h a t  t h e  a l p h a - e m i t t i n g  d a u g h t e r
product6 o f  r adon  in  dwe l l i ng6  were  b io log i ca l l y  s i gn i f i can t  and  tha t  r adon
escaping from uranium mil l  ta i l ing6 was  generat ing very  high long-term commitments ,

37. In  1977,  ICRP publ i shed a  rev is ion (ICRP Publ icat ion 26)  of  i t6  general
recommendations, in  wh ich  i t  suggeeted  tha t  a  we igh ted  sum o f  the  rad ia t i on  dose
equ i va l en t s  i n  the  mos t  r ad io - sen s i t i v e  o rgans  and  t i s sue s  shou ld  be  the  ba s i s  f o r
rad ia t i on  pro tec t ion  a s se s smen t s . This  weighted sum was  named the  ef fect ive  dose
e q u i v a l e n t . I t  w a s  t o  h a v e  t h e  s a m e  u n i t  a8 t h e  d o s e  e q u i v a l e n t ,  i.e. t h e
sievert. T h e  e f f e c t i v e  d o s e  e q u i v a l e n t  i s  d e t e r m i n e d  u s i n g  o n l y  t h e  o r g a n
weighting factor6 recommended by ICRP on the basis of risk assessments. Other
types  of sum6  of  weighted organ doses , w i th  d i f f e ren t  we igh t ing  f ac tor s ,  mus t  no t
b e  c a l l e d  e f f e c t i v e  dOStY e q u i v a l e n t s ,

30. T h e  e f f e c t i v e  d o s e  e q u i v a l e n t  was o r i g i n a l l y  i n t e n d e d  t o  r e f l e c t  t h e  r e l a t i v e
organ risks for an average member of a working population. I t  gave  the  same weight
t o  a  s e v e r e  h e r e d i t a r y  d e f e c t  i n  t h e  e x p o s e d  i n d i v i d u a l ’ s  f i r s t  t w o  g e n e r a t i o n s  o f
o f f spr ing  as t o  t h e  o c c u r r e n c e  o f  a  l e t h a l  c a n c e r  i n  t h a t  i n d i v i d u a l .
weight  to  curable  cancer.

I t  g a v e  z e r o
T h e  concept was appropr i a t e  cons ider ing  the  i n t ended  u se

o f  t h e  q u a n t i t y . T h e  San10 quan t i t y  ha s  s i nce  found  w ide spread  u s e  i n  t h e
assessment  of  col lect ive  doses  to  member6 of  the  publ ic . Here, w h e r e  i t s  f a i l u r e
to  accoun t  f o r  the  d i f f e rence  be tween  the  age  d i s t r ibu t ion  o f  worker6  and  tha t  o f
the  pub l i c  a t  l a rge  and  i t s  non - inc lu s ion  o f  curab le  cancer  and  hered i t a ry  harm in
generat ions  beyond the  second are  known def ic iencies , t h e  u s e  o f  t h e  e f f e c t i v e  doso
equivalent  may be  quest ionable . Var iou s  cor rec t i on s  t o  compensa te  fo r  the se
l i m i t a t i o n s  h a v e  b e e n  s u g g e s t e d , bu t  fo r  the  purpose s  o f  r ad ia t i on  pro tec t ion ,  and
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c o n s i d e r i n g  a l l  o t h e r  uncertaintier, t h e  extenrionr  o f  t h a  u6e o f  the eff@CtiVO
dose equivalent have mO6tly  been accepted,

39. In looking for  ways  of  preeenting  radiat ion dares  from variour sources  and
practices, UNSCEAR faced problems similar to those faced by ICRP. P a r t i c u l a r l y  i n
the  cases of  medical  exposure and sxpoaura from radon daughter  product6 in  the
l u n g ,  d i f f e r e n t  o r g a n s  r e c e i v e  q u i t e  d i f f e r e n t  dO6e6, and the idea  of  a  weighted
whole-body dose  was  at tract ive , The Committee ir wall aware of the fact that the
effectivfl  dO6e e q u i v a l e n t  h a 6  n o t  b e e n  d e s i g n e d  f o r  itr p a r t i c u l a r  purposes,  b u t  i t
haB not  been able  to  f ind an al ternat ive  way of exprerring  radiat ion exporurer  by a
single number,

40. In  the  de f in i t i on  of  t h e  e f f e c t i v e  dose e q u i v a l e n t  t h e r e  irr an  add i t i on  of
cancer  risk and risk of  hereditary  harm. T h e  risk coe f f i c i en t s  f o r  cancer  and
hereditary  harm, as a p p l i e d  t o  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t ,  a r e  c l e a r l y
i d e n t i f i a b l e  o n l y  i f  a l l  o r g a n s  r e c e i v e  o n e  a n d  t h e  s a m e  d o s e , In cages where they
do not, t h e  effectiva  dOBS  e q u i v a l e n t  g i v e s  a  b a s i s  f o r  e s t i m a t i n g  t h e  t o t a l  r i s k
bu t  g i ve s  no  i nd i ca t i on  of  t h e  r e l a t i v e  proportionr  of  t he  cancer  rick a n d  t h e
g e n e t i c  r i s k  ( s e e  c h a p ,  I I I ,  s e c t ,  C).

41. The efrective  dose  equivalent  was  used in  the  1982 report  and comparison6 were
made  on  t h e  b a s i s  o f  t h e  c o l l e c t i v e  e f f e c t i v e  dare e q u i v a l e n t  c o m m i t m e n t .  T o
s imp l i f y  the  pre sen ta t i on  o f  do se s  and  do60 compar i sons ,  the COtnmittee  ha8 had  to
resort  to  more  and more complicated term6 and there i s ,  unfortunately ,  no easy  way
o u t  o f  t h i s  dilemma.

1. - -

42. In p r e p a r i n g  i t s  f i r s t  r e p o r t  (19581, the  Committee  concluded  that  the  three
ma in  con t r ibu tor s  t o  rad ia t i on  dose s  f rom na tura l  r ad ia t i on  in  so f t  ti6sues  of  t h e
human body were cosmic rays, t e r re s t r i a l  gamma-rad ia t i on  and  po ta s s ium-40  w i th in
t h e  b o d y  i t s e l f . When the jo int  dose  contr ibut ion of these  three  sources  was
assessed in the UNSCEAR report6 of 1958-1977, it varied from 93 to 98 per cent of
t h e  t o t a l  a b s o r b e d  d o s e  f r o m  a l l  n a t u r a l  sources, wh ich  was eetimatetd  t o  b e  a b o u t
100 mrad per year. The  con t r ibu t ion  o f  t he  three  6ource6  w e r e  8s f o l l o w s : about
30 mrad from cosmic rays, 30-50 mrad from terrestr ia l  gamma radiat ion and 20 mrad
from potassium-40 in the body.

43. In all UNSCEAR report6 up to and including that of 1972, doses were aSsesSed
f o r  t h r e e  t i s s u e s : gonads, osteocytes  and active bone marrow. The per caput dose6
i n  t h e s e  tiesues  w e r e  u s e d  f o r  dose COmp8riSOns  i n  t h e  m a i n  t e x t  o f  t h e  repOrt6.
T h e  asbessed  v a l u e s  v a r i e d  o n l y  a  l i t t l e  f r o m  o n e  r e p o r t  t o  a n o t h e r ,  w i t h  t h e
except ion of  an overest imate  of  the  dose from the neutron component  of  cosmic  rays
in 1962.

44. In the  1977 report , the  lung dose  from radon daughter  products  inhaled indoors
wa6 given in  the  summary tables , but it did not look so conspicuous since it  was
presented as an absorbed dose. In 1982, however, t h e  e f f e c t i v e  d o s e  e q u i v a l e n t  w a s
c a l c u l a t e d  f o r  the f i r s t  t ime  and  the  s i gn i f i cance  o f  th i s  contr i bu t ion  became
obvious , s i nce  i t  amoun ted  to  abou t  one  ha l f  o f  t he  t o t a l ,  a s  a  wor ld -w ide
average. The a66B66ed v a l u e  o f  t h e  a n n u a l  e f f e c t i v e  d o s e  e q u i v a l e n t  f r o m  n a t u r a l
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rad ia t ion  s o u r c e 6  wan  raised a c c o r d i n g l y ,  t o  a b o u t  2 mSv# i . e .  t o  a b o u t  t w i c e  t h e

Value implied in previou6 UNSCEAR reports, where the lung dose had not been taken
in to  accoun t .

45. Most  nuclear  explos ions  in  the  atmoephero  occurred before  1963. T h e i r  t o t a l

yields in equivalent amounts of TNT were eotimated in the 1964 UNSCEAR report as
fOllOW6  t

Perioa

1945-1951
1952-1954
1955-1956
1957-1958
1959-1960
1961-1962

(Megatons)
0 . 8

60.0
28.0
85.0

0.0
337 .o

These number6 have SUbSOqU0ntly  been somewhat revised in the light Of more rOCent
i n format ion  ( s ee  par s .  143  and  t ab l e  5 ) .

46. The atmospheric t e s t s  a f t e r  1 9 6 2  w e r e  s m a l l  i n  c o m p a r i s o n  w i t h  t h e  e a r l i e r
explo6ion6  a n d  t h e y  c e a s e d  c o m p l e t e l y  a f t e r  1980. The many underground explosions
carrigd out  in  la ter  years  have  had few environmental  consequences . This  temporal
p i c tu re  g i ve s  an  i nd i ca t i on  o f  t he  env i ronmenta l  s i t ua t i on  tha t  p reva i l ed  when  the
Committee  prepared i t s  various reports ,

47. L a r g e  e x p l o s i o n s  i n  t h e  a t m o s p h e r e  c a r r y  m o s t  o f  t h e  r a d i o a c t i v e  m a t e r i a l  i n t o
the  s t ra to sphere , where  i t  r ema in s  f o r  s o m e  t i m e ,  t h e  m e a n  r e t e n t i o n  t i m e s  b e i n g
e s t i m a t e d  f r o m  l e s s  t h a n  a  y e a r  t o  a b o u t  f i v e  y e a r s , depending on the  a l t i tude and
l a t i t u d e . F a l l - o u t  c a n  t h e r e f o r e  o c c u r  y e a r s  a f t e r  a n  e x p l o s i o n  h a s  i n j e c t e d
m a t e r i a l  i n t o  t h e  a t m o s p h e r e . S m a l l e r  e x p l o s i o n s  c a r r y  t h e  r a d i o a c t i v e  m a t e r i a l
o n l y  i n t o  t h e  t r o p o s p h e r e , and fa l l -out  occur6 within  day6 or  weeks.

48. When it prepared its 1958 report, t h e  C o m m i t t e e  d i d  n o t  y e t  h a v e  s u f f i c i e n t
i n f o r m a t i o n  o n  t h e  g l o b a l  i n v e n t o r y  o f  l o n g - l i v e d  r a d i o a c t i v e  m a t e r i a l 6  t o  b e  a b l e
t o  f o r m u l a t e  t h e  a s s e s s m e n t  m o d e l 6  u s e d  i n  l a t e r  r e p o r t s . However , the Committee
c o r r e l a t e d  m e a s u r e d  f a l l - o u t  rntes and  depos i t s  w i th  ob served  rad ioac t i ve
c o n t a m i n a t i o n  l e v e l 6  i n  v e g e t a t i o n  a n d  f o o d . As explained in chqll&er II,
s e c t i o n  B, t h e  q u a n t i t i e s  t h a t  w e r e  f i r s t  a s s e s s e d  w e r e  t h e  g e n e t i c a l l y  s i g n i f i c a n t
dose and the per caput mean marrow dose, because  for  these  the  Committee  could  m a k e
r i s k  e s t i m a t e s .

49. In  the  f i r s t  f our  UhSCEAR  repor t s  (1958-1966), the  Commi t t ee  de sc r ibed  i n
d e t a i l  t h e  m e t e o r o l o g i c a l  p r o c e s s e s  t h a t  d e p l e t e  t h e  s t r a t o s p h e r i c  i n v e n t o r y  o f
r a d i o a c t i v e  d e b r i s . F o r  m a n , the  highest  exposure was  found to  b e  d u e  to
l o n g - l i v e d  r a d i o a c t i v e  m a t e r i a l  t h a t  c a u s e s  r a d i a t i o n  e x p o s u r e s  o v e r  m a n y  y e a r s .
The  dominan t  r ad io -nuc l ide s  were  s t ron t ium-90  (ha l f - l i f e : 28  years) , caesium-137
(30 years)  and carbon-14 (5,700 years) . Some gamma-emitting radio-nucl ides from
t r o p o s p h e r i c  f a l l - o u t ,  e . g . z i r con ium-95  and  ruthenium-106, c o u l d  a l s o  c o n t r i b u t e
s ignif icant ly  through exposure from the ground deposi t ion.
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50. Because it  was interested in the radiation dose in active bone marrow and in
oeteocytes, t h e  C o m m i t t e e  i n i t i a l l y  m a d e  i t s  m o s t  t horough  dose  ca l cu l a t i on s  f o r
stront ium-90. Eventual ly ,  however , caes ium-137 turned out  to  cause  higher  doses
because  of  i t s  double  exposure  m o d e s ; by  external  gamma-radiat ion from ground
depos i t i on  and  by  i n t e rna l  exposure  a f t e r  i n t ake  w i th  food . The exposures from
caes ium-137 could be  ver i f ied us ing direct  measurements  of  the  body content ,  but
th i s  was  m o r e  d i f f i cu l t  f o r  s t ron t ium-90 .

51. With i t s  1962 report , the Committee applied the concept  of dose commitment.
T h i s  m a d e  i t  p o s s i b l e  t o  a s s e s s  t h e  i m p a c t  o f  t e s t s  c a r r i e d  o u t  i n  a  p a r t i c u l a r
y e a r  o r  o f  a l l  t h e  t e s t s  u p  t o  t h e  t i m e  o f  a  r e p o r t . In such assessments, however,
the  con t r ibu t ion  f rom carbon- 4 t u rned  ou t  t o  be  h igh ,  because  o f  i t s  l ong
ha l f  - l i f e . Moditls for  es t imat ing the  dose  commitment  from carbon-14 were developed
in the  1962 and 1964 reports ,

52. In 1964 ,  a t t en t i on  was  d rawn  to  the  h igh  i nd i v idua l  do se s  cau sed  by  enhsqced
concen t ra t i on s  o f  cae s ium-137  in  s o m e  food  cha in s ,  i n  par t i cu la r  the
l i chen - re indeer  cha in . Th i s  was  fu r ther  d i s cu s sed  i n  the  1966  repor t ,  where  i t  was
reported that  levels  of  caes ium-137 in  re indeer  m e a t  had in s o m e  cases  reached 100
nCi/kg ( 3 , 7 0 0  Bq/kq) a n d ,  i n  f r e s h w a t e r  f i s h ,  1 0  nCi/kg.

53. In the  1969 report , t h e  m a t h e m a t i c a l  f o r m a l i s m  o f  a l l  c a l c u l a t i o n s  w a s
rev i ewed  and  the  concep t s  o f  t r an s f e r  cha in s  and  transker  c o e f f i c i e n t s  w e r e
introduced. By the  t ime the  1972 report  was  prepared,  the  fa l l -out  rate  had
d e c r e a s e d  s u b s t a n t i a l l y ,  m o s t  o f  the  t e s t i ng  hav ing  cea sed  ir 1 9 6 2 . B e t t e r
e s t i m a t e s  cou ld  there fore  be  made  o f  some  t ran s f e r  coe f f i c i en t s ,  wh i ch  re su l t ed  i n
somewhat  l ower  dose es t imates .

54. In 1977, f o r  t h e  f i r s t  t i m e , c o l l e c t i v e  d o s e  c o m m i t m e n t s  t o  m o s t  s o f t  tissues
of  the  body from the nuclear  tes t  explos ions  before  1976 were est imated and found
to be  between 400 and 800 mil l ion man rad without  the  ful l  carbon-14 contr ibut ion
and a b o u t  twice  as  great  with  the  ful l  carbon-14 commitment . For comparison,  in
the  1977 report  the  annual  col lect ive  dose  to  the  world  populat ion from natural
sources of  radiat!.on was  es t imated to  be  about  300 mil l ion man rad.

55. In t h e  1982 report , e s s e n t i a l l y  t h e  s a m e  b a s i c  i n f o r m a t i o n  w a s  r e v i e w e d . The
dose  a s s e s s m e n t  mode l s  were  then  de sc r ibed  i n  P spec i a l  annex ,  wh i ch  a l so  l i s t ed
conver s ion  coe f f i c i en t s ,  s ymbo l s  and  un i t s , T h i s  t i m e  t h e  e f f e c t i v e  d o s e
e q u i v a l e n t  w a s  c a l c u l a t e d . According t o  t h e  1 9 8 2  a s s e s s m e n t ,  t h e  c o l l e c t i v e  d o s e
con t r ibu t ion s  f rom the  ma jor  rad io -nuc l ide s  were  ao followsr
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c o l l e c t i v e  e f f e c t i v e
doos equivalent commitment

(lOa man Sv)
Radio-nr,clide

External Internal

Strontium-90
Zirconium-95 0 . 6
Ruthenium-l<)6 0.2
Caesium-137 1.5
Others,

e x c e p t  c a r b o n - l . 4  0 . 2

0 . 5

0.1
0.7

0.7

Subtotal 2 . 5 2.0
Tota l 4 . 5

-

5 6 . One of the  maJn problems in  est imat ing future  col lect ive  doses  i s  that
assumptiilns have  to  be  made about  the  sise of the  populat ion. In  der i v ing
etstimates  i n  t h e  1 9 8 2  repor t , the  Com&tteo  assumed a  world populat ion of  4 log
per sons  when  ca l cu l a t i ng  co l l e c t i v e  do se s  f rom rad io -nuc l ide s  w i th  ha l f - l i v e s  o f
lo-30 y e a r s . The dose  commitsunt from these  and from shorter- l ived radio-nucl ides
was  es t imated to  be  about  1  m b v . I n  c a l c u l a t i n g  t h e  c o l l e c t i v e  d o s e  f r o m
carbon-14,  the  Committee  used a  world  populat ion of 4 log ir. i t s  1977 assessment ,
b u t  a  p r o j e c t e d  p o p u l a t i o n  0: 1 0  log i n  i t s  1 9 8 2  asssssment.  T h e  l a t t e r
assumption made the  es t imated col lect ive  ef fect ive  dose  equivalent  commitment .  f rom
carbon-14 as  high as  26 mil l ion man Sv.

3 .  WucPaar  Dr0duct,ion

5 7 . I n  1 9 7 0 ,  t h e  w o r l d - w i d e  t o t a l  i n s t a l l e d  c a p a c i t y  f o r  g e n e r a t i n g  e l e c t r i c
energy in nuclear reactors was about 20 GW. O v e r  the  next  10 years ,  nuclear
electr ic  generat ion increased by more  than 10 GW insta l led capaci ty  per  year,  to
reach 144 GW in 1981. Th i s  r ap id  i n t roduc t ion  o f  nuc l ear  power on  a  l a r g e  s c a l e
warranted assessments  by the  Committee  s tart ing with  i t s  1972 report . Facing a
s i t ua t ion  s im i l a r  t o  tha t  wh ich  i t  had  f aced  w i th  the  nuclesr  e x p l o s i o n s ,  t h e
Committee realised its assessment of future doses would depend on the assumptions
i t  made about  the  cont inuat ion and extension of  the  pract ice  of nuclear  energy
g e n e r a t i o n . I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  Rt t h a t  t i m e ,  t h e  p r o j e c t i o n s  f o r
expansion which the  Committee  quoted were an order  of  magnitude  higher than turned
o u t  t o  b e  t h e  c a s e .

56. Thus,  in  addit ion to  assess ing dose  commitments  and col lect ive  dose
commitments  per  year  of  pract ice  at  the  current  rate , t h e  Committee  t h e r e f o r e  a l s o
e s t i m a t e d  t h e s e  q u a n t i t i e s  p e r  unit o f  e l e c t r i c  e n e r g y  p r o d u c e d ,  i . e .  p e r  MW yeal.
The main contr ibut ions  to  the  col lect ive  dose  commitment  were  bel ieved to  come from
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global  contamination  by tritium and krypton-85 toleased  during the  reprocess ing of
spent  fuel  and from local  exposures  near  the  power stat ions, The tota l  was
assessed at  about  0 .4  man rad/MW year . T h i s  v a l u e ,  h o w e v e r ,  w a s  n o t  u s e d  i n  t h e
summary tables or in the main text of the report. I n s t e a d ,  t h e r e  w a s  a n  e s t i m a t e
of the  annual  per  c&put dose  to  the  world populat ion i f  nuclear  power product ion
w o u l d  b e  m a i n t a i n e d  a t  t h e  l e v e l  e x p e c t e d  f o r  t h e  y e a r  2 0 0 0  ( a n  i n s t a l l e d  c a p a c i t y
of 4,300 GW electric power). This  annual  doss  was  est imated to  be  about
0 . 2  per  cent  of  the  dose  f rom natural  sources of rad.iation.

59. In the  1977 report , there  was  a  more systematic  approach to  assess ing the
col lect ive  dose  commitments  per  uni t  of electr ic  energy produced for  each s tep of
t h e  n u c l e a r  f u e l  c y c l e  ( m i n i n g ,  mi!ling,  fue l  f abr i ca t i on ,  r eac tor  opera t i on  and
f u e l  r e p r o c e s s i n g ) , i n c l u d i n g  o c c u p a t i o n a l  e x p o s u r e s .  T h e  e s t i m a t e s  m a d e  i n  t h e
1977 report  were  substant ia l ly  h igher  than those  made in  the  1972 report ,  because
m o r e  d a t a  b e c a m e  a v a i l a b l e  a n d  a  f u l l e r  t r e a t m e n t  w a s  p o s s i b l e , Occupat ional
exposure  was  es t imated to  contr ibute  nearly  4  man rad/MW year  and exposure  of  the
pub l i c  be tween  1 .5  and  3 .8  man  rad/M’W  y e a r  t o  v a r i o u s  t i s s u e s . The highest .  s ingle
con t r ibu t ion  was  aga in  found  to  c o m e  f rom g loba l  d i s t r ibu t ion  due  to  rsprocessing.
In the  Committee’s  opinion, these  values  may be  somewhat  pess imist ic ,  because  the
prior  experience of  reprocess ing and research and devs lopmont  - two contr ibutors
that  w6ze  together  aSSeSSed to  c a u s e  between 4  and 6  man rad/MW year  - may not  be
a b l e  t o  i n d i c a t e  f u t u r e  e x p e r i e n c e . The Committee  faced a  specia l  problem in
deal ing with  the  exposures  from radon released from uranium mil l  ta i l ings . Th i s
source  would  c a u s e  lung doses  that  would not  be  high for  any one indiv idual ,  but
the  long t ime  period over  which radon might  emanate  f rom the  ta i l ings  (determined
by the  physical  half - l i fe  of thorium-230)  could  make the  col lect ive  dose  commitment
qu i t e  h igh .

60. The problem posed by radon was  recognirted  more  clear ly  in  the  1982 report ,
where  t h e  e f f e c t i v e  dO6e e q u i v a l e n t  was c a l c u l a t e d , T h e  v a r i o u s  s t e p s  i n  t h e  f u e l
cycle  were  together  es t imated to  cause  5 .7  man Sv/GW  year  (0 .57 man rem/MW year) ,
exc lud ing  g loba l  d i s t r ibu t i on . About 2 man Sv/GW year were estimated to be caused
by  g loba l  d i s t r ibu t ion  f r o m  t r i t i um  and  kryp ton -85 . Occupational exposure was
est imated to  contr ibute  somewhat  less  than 30 man Sv/GW year . T h e  t o t a l  e s t i m a t e
was  therefore  about  35 man Sv/GW year  (3 .5  man rem/MW year) ,  Somewhat  lower  than
the  1977 es t imate .

61. In addit ion,  however, the  Committee  expected a  contr ibut ion from the  very
long - l i v ed  rad io -nuc l ide s  ca rbon-14  (ha l f - l i f e  5 ,700  year s )  and  i od ine -129
( 1 . 6  lo7 y e a r s ) : from radon emanat ion primari ly  control led by  thorium-230
( 8  lo4 y e a r s ) : e n d  f r o m  l o n g - l i v e d  actinides  l e a k i n g  f r o m  h i g h - l e v e l  w a s t e
r e p o s i t o r i e s . With the  except ion of  carbon-14, these  nuclidss were  not  expected to
c a u s e  any s i g n i f i c a n t  c u m u l a t i v e  c o l l e c t i v e  d o s e  o v e r  a n y  l,OOr)-year  per iod
(carbon-14, however, would  g ive  10 man Sv/GW year  during the  f irs t  100 years) .
However , a f t e r  1  m i l l i o n  y e a r s , assuming a  world populat ion of lOlo persons,  the
,ollective  dose  f rom the  l ong - l i v ed  rad io -nuc l ide s  was e s t i m a t e d  a t  a b o u t  3 , 4 0 0  m a n
Sv/GW y e a r :

.
Radon from mil l  ta i l ing6 2 800
Uranium fron mil l  ta i l ing6 460
Carbon-14 110
High- level  waste 30
Iodine-129 28
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The corresponding doses to any one individual over a lifetime would be negligible,

e.g. compared to the doses from natural background radiationr  the large mnbers
being due merely to the long time periods. It is not a scientific question as to

what extent exposures over such time periods are relevant in decision-making.

62. Using the concept of incomplete (truncated) dose commitment and-assuming
future annual nuclear energy generation of 10,000 GW years? the Committee flnally
projected the annual per :aput  effective dose equivalent to be 25 microsievert i.e.

about 1 per cent of the annual dose from natural background radiation*

4. Medical exPosureS

63. In 1957, when it was preparing the 1958 report, the Committee issued an
important statement: "It apEears most important ,.. that medical irradiations of
any form should be restricted to those which are of value and importance, either in
investigation or treatment, so that irradiation of the population may be minimixed
without eny impairment of the efficient medical use of radiation". The statement
also solicited further information on medical exposures, which were recognized to
constitute a substantial proportion of the total radiation received by mankind.

64. In the 1958 report, the Committee gave priority to the assessment of
genetically significant dose. It was realized that the highest genetically
significant doses were caused by diagnostic X-ray exposures, which, at that time,
were frequently carried out with fluoroscopy rather than with radiography.
Diagnostic procedures were classified into 23 types, and the exposure data f:or
these were presented for a few countries, permitting comparisons of doses between
the various proceL.res. In addition, crude estimates were made of the pe: caput
mean marrow dose from these procedures. More than 80 per cent of the genetically
significant dose was found to be contributed by only six or seven procedures, which
together made up only about 10 per cent of all procedures. The data indicated that
it might  be possible to reduce the doses considerably, simply by careful attention
to techniques. The total genetically significant dose from X-ray procedures ranged
from 17 to 150 mrem per year in the various national estimates.

65. In the 1966 report, the Committee continued its review of the national data
that had been submitted. Detailed data were available from 12 countries. The
results were similar to those in the 1958 report. The values of the genetically
significant doses now assessed ranged from 7 to 58 mrem per year. Ways of reducing
patient doses were discussed and the most effective protective measures were
listed, such as the use of the smallest possible radiation field and the rePuction
of fluoroscopy time. This, in effect, was a protection recommendation, released
before ICRP had issued any special recommendations on the protection of patients.

66. Medical exposures were next reviewed in the 1972 report.
still on the genetically significant dose,

The emphasis was

5 to 75 mrad per year,
and the values now assessed ranged from

although the number of X-ray examinations was reported to
have increased by between 2 and 6 per cent per year. The Committee felt that,
finally, enough information was available from industrialixed countries tQ provide
a basis for attempting to eliminate unnecessary exposures, It noted that a large
proportion of the world population did not have easy access to modern X-ray
facilities and the health benefits they would provide.
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67. In the  1977 report , the  Committee  discussed the  problems of  comparing doseo
f rom exposure s  t o  source s  a s  d i ve r se  a s  na tura l  r ad i a t i on ,  nuc l ear  exp lo s ion s ,
nuclear power production and medical exposures, W i t h  r e g a r d  t o  t h e  l a t t e r ,  t h e
organ dose6 caused by diagnost ic  radiology range from a  f ew  mil l irad to  a  few tens
o f  r e d  a n d  a r e  u s u a l l y  d e l i v e r e d  a t  h i g h  d o s e  r a t e s , T h e  d o s e  d i s t r i b u t i o n  i s
uneven, bo th  w i th in  the  body  and  in  the  popu la t i on .  Moreover ,  t he  emphas i s  t ha t
had  so  f a r  been  pu t  o n  t h e  g e n e t i c a l l y  s i g n i f i c a n t  d o s e  m i g h t  have  h idden  the
pos s ib i l i t y  o f  subs t an t i a l  exposure s  o f  other o r g a n s ,  s o  t h e  C o m m i t t e e  e x t e n d e d  i t s
assessments  to  include organs  othe r than the gonads and the active bone marrow,

68. In  i t s  a t t empt s  t o  f i nd  ba se s  f o r  do se  compar i sons ,  t he  Commi t t ee  l ooked  f o r ,
bu t  f a i l ed  to  f i nd ,  a  s a t i s f ac tory  way  o f  comb in ing  dose s  t o  va r iou s  o rgans  i n to
some weighted whole-body dose  that  would be  of  relevance in  cancer  r i sk
a s se s sment s . As a compromise,  in  the  1982 report , ths  Committee  decided to  aasess
t h e  e f f e c t i v e  d o s e  e q u i v a l e n t ,  w h i c h , i n  s p i t e  o f  i t s  s h o r t c o m i n g s ,  w a s  b e s t  s u i t e d
t o  i t s  p u r p o s e s .

69. The 1982 assessment  conf irmed that  medical  exposures  const i tute  the  largest
man-made  con t r ibu t ion  to  rad ia t i on  dose s  r e c e i v e d  by  the  popu la t i on  and  tha t ,  i n
s o m e  i ndus t r i a l i s ed  coun t r i e s , th i s  con t r ibu t ion  approaches  the  do se  r ece i ved  f rom
na tura l  source s . However, the Committee reminded the reader that medical exposureu
d i f f e r  f rom o ther  man-made  exposure s  i n  tha t  t he  prac t i ce  d i r ec t l y  bene f i t s  t ho se
who arc exposed. The yearly number of diagnostic X-ray examinations was now found
to  vary  between 300 and 900 exaninations  per  year  and per  thousand inhabitants  in
i n d u s t r i a l i s e d  c o u n t r i e s , excluding m a s s  surveys  and dental  examinat ions . X-ray
examinations c o n t r i b u t e  t h e  m a j o r  p o r t i o n  o f  t h e  c o l l e c t i v e  e f f e c t i v e  d o s e
equivalent  from medical  procedures)  radiat ion therapy and nuclear  medic ine
contr ibute  only  a  minor port ion.

70. The Committee  expressed disappointment  that  very  l i t t le  informat ion was
a v a i l a b l e  f o r  t h e  t w o  t h i r d s  o f  t h e  w o r l d ’ s  p o p u l a t i o n  w h o  l i v e  i n  c o u n t r i e s  w h e r e
rad io log i ca l  examina t ion s  a re  an  o rder  o f  magn i tude  l e s s  f r equen t  t han  i n  the  m o r e
developed countr ies . For  developed countr ies , the  Committee  es t imated the  annual
col lect ive  ef fect ive  dose  equivalent  from medical  procedures  at  about  1 ,000 man Sv
p e r  mi l l i on  o f  popu la t i on , i . e .  a b o u t  5 0  p e r  c e n t  o f  t h e  e x p o s u r e  f r o m  n a t u r a l
s o u r c e s .

71. The Committee  discussed occupat ional  exposures  in  i t s  1958,  1972,  1977 and
1982 reports  and pointed o u t  repeatedly  that  the  data  that  had been submit ted were,
for  a  number  o f  r ea sons ,  difficult  t o  a n a l y s e . The doses  reported are  those
measured by personal  dos imeters , and the  quant i ty  measured depends  on both the  type
o f  do s ime ter  and  on  i t s  ca l i b ra t ion . These  recorded dose6 depend on the  locat ion
o f  t h e  dosimeteL  on  the  body , and it.  must be assumed that they approximate a
uniform whole-body dose. The number of  persons  occupat ional ly  exposed i s  not  the
same as the number of person6 monitored, the  d i f f e rence  depend ing  on  na t iona l l

requirements  for  radiat ion monitoxinq. The objective of most monitoring programmes
i6 no t .  t . o  p rov ide  da ta  fo r  purpoces such  a6  tho se  oC t h e  (‘ornmittee,  b u t  t o  c h e c k
that  authorized dose  l imit6  are  not  exceeded. S o - c a l l e d  investiqation l e v e l s  a r e
u s u a l l y  a p p l i e d , b e l o w  which doses  are  ignored or  recorded as  zero. L i t t l e
information i6 therefore  avai lable  for  t .he  low--dose  region.



72. The treatment  of  the  subject  in  the  1958 report  was  br ief . The number of

workers in the medical field 11, countries that had submitted data was estimated to
be between 0.2  and 0.7  per  thousand of  the  total  populat ion. The treatment  of
occupat ion&l  exposures  in  the  1962 report  was  a lso  br ief . The number of dental

workers was found to be about twice the number of medical workers, while the number
of persons  occupat ional ly  exposed in  industr ies  or in  r e search  was  subs t an t i a l l y
lower. T h e  c o n t r i b u t i o n  o f  o c c u p a t i o n a l  e x p o s u r e s  t o  t h e  a n n u a l  g e n e t i c a l l y
s ign i f i can t  do se  was  e s t ima ted  a t  0 .2 -0 .5  mrem,

73. At  the  t ’ m e  o f  t h e  1 9 7 2  r e p o r t , t h e r e  w a s  s t i l l  v e r y  l i t t l e  p u b l i s h e d  d a t a  o n
occupat ional  exposures . The number of workers in the medical field COUld  now be
narrowed down to  0.3-0.5  per  thousand in  the  countr ies  for  which data  were
avai lable  Errd the  total  number of  persons  reported as  occupat ional ly  exposed was
l -2  per  thousand  o f  t he  t o t a l  popu la t i on . The mean recorded dose for most workers
exposed to  radiat ion was found to  be  between 0.2  and 0.6  rad per  yearr  but  mean
doses  as  high as  2 .7  rad wet-e  reported from s o m e  industr ia l  radiography workers .
The annual  dO6e  to  crews of  supersonic  aircrrft  was  assessed to  be  about  1  rem.
Occupat ional  exposures  in  the  nuclear  power industry  were expressed per  uni t
e lectr ic  energy produced and were  calculated to  be  2 .3  m a . 1  rad/MW  year  (1.6  man rad
from f ue l  r eproce s s ing  and  0 .7  fror r e a c t o r  o p e r a t i o n ) .

74. In the  1977 report , an annex was devoted to occupational exposures. F o r  t h e
f i r s t  t i m e , the Committee systematically reviewed the purposes and methods of
assessment. Jt was  found  tha t  the  d i s t r ibu t ion  o f  do se s  w i th in  the  exposed
occupat ional  q,roups  was  most ly  log-normal  and on this  b a s i s  a  reference dose
d i s t r ibu t ion  was  de f ined . To avoid the problems of determining the actual number
of  workers  exposed and therefore,  a l so,  average doses ,  the  Committee  emphasired
c o l l e c t i v e  d o s e s , the values of which would be largely independent of the
adminis trat ive  requirements  on the  degree of  monitor ing. The Committee a160
calculated  the  f rac t ion  o f  t!;ti collective dose  accoun ted  fo r  by  annua l  i nd i v idua l
doses  exceeding 1.5  rad. The submitted data  were analysed on this  bas is . For most
occupation6, the mean dose was 0.1-1.0 rad per year. A detailed mathematical
descript ion of  the  log-normal  dis tr ibut ion and of the  reference dis tr ibut ion was
given. The col lect ive  dose  from each s tep  of the  nuclear  fuel  cycle  was
calculated,  wi th  the  doses  f rom al l  steps adding up to  about  4  man rad/MW year  ( see
c h a p .  I I ,  s e c t .  C . 3 ) . The col lect ive  absorbed dose  in  the  lungs  of uranium miners
wa6 est imated to  be  0.1  man rad/MW  year  and examples  of high radon levels  in
non- 111 oni*um  mines were reported.

75. I n  i t s  1 9 8 2  r e p o r t , the Committee continued the analysis on the baSi6 of more
da ta . I t  n o t e d  w i t h  s a t i s f a c t i o n  t h a t its 1977 proposal for methods of analysis
had been adopted by several  organizat ions  and that  the  arrangement  of  submit ted
;iata had been inf luenced by the  proposal , t h u s  f a c i l i t a t i n g  t h e  a n a l y s i s . However,
the Committee now found that it6 suggestion of a reference radiation dose
distiibution  had cometimes been m:sinterpreted, 6 0  i t  l i m i t e d  i t s  p r e s e n t a t i o n  t o
the  average dose, t h e  c o l l e c t i v e  dose a n d  t h e  f r a c t i o n  o f  t h e  c o l l e c t i v e  d o s e
exceeding 15 mSv (corresponding to  the previous 1.5 rad) .

76. For countr ies  with  a  high s tandard of  medical  care,  medical  w o r k e r 6  w’cre found
t.o rece ive  a col lect ive  dose  equivalent .  of  a b o u t .  1 m a n  S v  per  mi l l ion of
population. T h e  number o f  w o r k e r s  i n  the  nuclear  indus t ry  had  increa sed
eubstantle  ; ly since 1977. Occupatiorlal  exposures in  each s tep of the  nuclear  fuel
cycle were assessed more fully, indicating that the total collective Qffective  Jose
equivalent .  might  ba near 30 man S.J/GW  y e a r  ( 3  m a n  rem/MW  y e a r ) . However ,  hal f  of
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th is  came from fuel  reprocess ing and nuclear  research and i t  was  uncertain  whether
ruch h igh  con t r ibu t ion6  shou ld  be  expec ted  a l so  i n  t h e  f u t u r e . In reactor
oper s t i on , the  highest  exposures  were  to  maintenance workeru  alI4 radiat ion
prottxtion s t a f f  dur ing  spec i a l  ma in tenance  opera t ions .

77. In  add i t i on  to  t h o  m a i n  rad ia t ion  source s  d i s cu s sed  thus  f a r ,  a  few o t h e r
sources  were ident i f ied by the  Committee  as  far  back a6 in  the  1958 report . Then,
a8 now, t h e y  w e r e  referred t o  a s  m i s c e l l a n e o u s  source6. Mentioned in the
1 9 5 8  r e p o r t  w e r e  watclrtis  w i th  radio-lWinO6Cent  p a i n t ,  t e l e v i s i o n  s e t s  t h a t  c o u l d
produce  so f t  X- ray s  ant1  shoe - f i t t i ng  equ ipment  tha t  U6Od  X - r a y  fluOrO6COpy. None
of  t h e s e  s o u r c e s  w a s  sl:pected  t o  c a u s e  J. g e n e t i c a l l y  s i g n i f i c a n t  d o o e  e x c e e d i n g
1 mrem per year, al though the shoe-f i t t ing machines  could cause high local  dosec.
The 1962 report  ment ioned enhanced c o s m i c  radiat ion to  passengers  in  a ircraft  but
cons idered  the  do se  insignificant. T h e  t o t a l  g e n e t i c a l l y  s i g n i f i c a n t  dote f rom a l l
miscel laneous  source6 was  not  expected to  exceed 2  mrem per  year ,  the  largest
con t r ibu tor  to  wh ich  wt16 r a d i o a c t i v e  watchee.

78, In the 1972 report, a  f u l l  a n n e x  d e a l t  w i t h  t h e  m i s c e l l a n e o u s  s o u r c e s .
Inc iden t s , t r an spor ta t i on  acc iden t s  and  l o s s  o f  r ad ioac t i ve  ma ter i a l  were  men t ioned
a ’ :  add i t i ona l  63urces o f  pub l i c  exposure . A  number of  radioact ive  conuumer good6
w e r e  a l s o  deecribed, euch a 6  rldiO-lumine6COnt  t imep iece s  and  o ther  self-luminous
device6, ceramic  qlaAe6 containing uranium and thoriated e lectrodes  In welding
rod6. Radioactive  substances in patient6 rtileased from hospitalrl,  pace-makers with
nuclear  batteries  and demonstrat ion materia ls  in  schools  were a lso  ment ioned.
T e l e v i s i o n  s e t s  w e r e  a g a i n  d i s c u s s e d ,  p a r t i c u l a r l y  c o l o u r  o n e s ,  w h o s e  c a t h o d e - r a y
tubes  operate  on higher  vol tages . F i n a l l y ,  i t  w a s  recognited  t h a t  e n h a n c e d  l e v e l s
of  naLura1  radiat ion could cause problems,  as ,  for  example,  do radioact ive  bui lding
m a t e r i a l s . I n  l a t e r  r e p o r t 6  t h i s  w o u l d  b e c o m e  an impor tan t  t op i c ,  no  l onger
t r e a t e d  a 6  a  miscellaneous  sourzc

79. In the 1977 report, t h e  miscellaneous  source s  were  d i s cu s sed  i n  an  annex
d e a l i n g  w i t h  t e c h n o l o g i c a l l y  enhklnced  l e v e l s  o f  r a d i a t i o n . One of the many
consumer product,, added  to  the  1ir;t  was  ionization-chamber  s m o k e  d e t e c t o r s .
However, the  d i s cu s s ion  cen t red  on  enhanced  exposure s  t o  na tura l  r ad ia t i on .
Enhanced exposure6 to  cosmic  ray6 in  a ircraft , i nc lud ing  super son ic  t ranspor t s ,  and
in epacecraf t, w e r e  d i s c u s s e d  i n  d e t a i l . Another  subject  was  publ ic  exposure  due
t o  n a t u r a l  radio-nuclides  emi t t ed  f rom coa l - f i r ed  power  p l an t s , A third 6UbjeCt
wa6 e x p o s u r e s  d u e  t o  t h e  i n d u s t r i a l  u s e  o f  phospha te  produc t s  con ta in ing
uranium-238 and radium: in  this  case, the exposure pathway6 were via phosphate
fertilize:,.- and  b y  t h e  u6e o f  w a s t e  g y p s u m  a 6  a  b u i l d i n g  m a t e r i a l , Normal
exposure s  f rom rad ioac t i v e  bu i ld ing  ma ter i a l s , whether  diract (by gamma-radiat ion)
or  i nd i rec t  (by  radon  daugh ter  p roduc t s ) ,  were  dea l t  w i th  i n  Che d i s cus s ion  on
na tura l  source s .

80. In  t h e  1 9 8 2  r e p o r t ,  m i s c e l l a n e o u s  sources  w e r e  a g a i n  c o n s i d e r e d  t o g e t h e r  w i t h
t e c h n o l o g i c a l l y  m o d i f i e d  e x p o s u r e s  t o  n a t u r a l  rad ia t ion . E s s e n t i a l l y  t h e  6 a m e
consumer products  were discussed as in  the  previous  reports . I t  wa6 n o t e d  t h a t  t h e
rad ium in  wrist wat.c*hes  bed now  a l m o s t  e n t i r e l y  b e e n  r e p l a c e d  b y  t r i t i u m ,  t h e r e b y
e l i m i n a t i n g  t h e  extel ni\l eXpoSUl c!

. * *
and 1 lml t. I nq the anl. ,a 1 e f f e c t i v e  d o s e  e q u i v a l e n t

t o  t h e  w e a r e r  t rom 1t:akage tritium t o  l e s s  t h a n  1  m i c r o s i e v e r t . The everage
effective dose  equ i va l en t .  t o  a i r  pa s senger s  pa s s ing  X-ray  f l uoro scop i c  seal nor6 wa6
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e s t i m a t e d  t o  b e  m u c h  l o w e r  s t i l l ,  a b o u t  7  nanoeievert  per  s can . Exposures from
c o a l - f i r e d  p o w e r  p l a n t s  w e r e  reassessed  a n d  t h e  c o l l e c t i v e  effective  dose
equivalent commitment was estimated to average 2 man Sv/GW year (this if~
50  p e r  c e n t  o f  t h e  l o c a l  a n d  r e g i o n a l  c o l l e c t i v e  d o s e  f r o m  t h e  8~10  e n e r g y
produc t ion  in  nuc l ear  power  s t a t i on s ,  see t a b l e  6). T h e  1 9 7 7  producti,on Of
phospha te  rock  wau e s t i m a t e d  t o  have  r e s u l t e d  i n  a  c o l l e c t i v e  e f f e c t i v e  d o s e
equivalent commitment of 300,000 man Sv, predominan t l y  f r o m  t h e  use o f  gypam in
d w e l l i n g s ;  t h e  t o t a l  c o n t r i b u t i o n  f r o m  o t h e r  u s e s  w a s  t h o u g h t  t o  b e  o n l y
6,000 man Sv.

81. The Committee  discussed radiat ion accidents  in  the  1962,  1972,  1977 and 1982
repor t s . I n  1 9 6 2 ,  i t  r e v i e w e d  t h e  e i g h t  m a j o r  acc iden t8  known  to  i t  a t  t he  t.ime:
the se  had  cau sed  a t  l ea s t  f our  dea th s , S e v e n  o f  t h e  a c c i d e n t s  w e r e  CriticalIt}
acc iden t s  ( f i v e  i n  the  Un i t ed  S ta t e s , one in  the  Soviet  Union and one in
Yugoslav ia) . The e ighth accident  involved pulsed X-rays  from an unshielded
e l ec t ron i c  t ube  a t  a  r adar  s t a t i on , T h e  c o u r s e  of  t he  acc iden t s  and  the  c l i n i ca l
symptoms of  the  exposed persons  were discussed in  some  deta i l .

82. I n  t h e  1 9 7 2  r e p o r t ,  a c c i d e n t s  w e r e  t r e a t e d  o n l y  b r i e f l y The Committee noted
that  about  100 incidents in  connect ion with  the transport  of r?,Zioactive  mater ia l
had been reported throughout the world from 1954 to 1968. TheI*?  had been
14 accidents  involv ing a ircraft  carrying nuclear  weapons  or  components  of  nuc!esr
weapons. Two nuclear  submarines  had disappeared and a  plutonium-238 isotopic
generator  had burned up in  the upper atmosphere.  A number of  incidents  had also
been reported wherein  radioact ive  mater ia l  had been lost  or  s tolen. An analys is  of
115 radium incidents occurring from 1966 through 1969 showed that 55 per cent of
t h e  i n c i d e n t s  w e r e  l o s s e s . In  ano ther  s tudy  o f  299  i nc iden t s  i nvo l v ing  the  l o s s  o r
theft  of  radium, 66 per  cent  of  the  sources  were  recovered. The same report  a l so
br i e f l y  d i s cu s sed  occupa t iona l  acc iden t s , showing that  thay had been p&rticularly
f r e q u e n t  i n  X - r a y  a n a l y t i c a l  w o r k  and  in  i ndus t r i a l  r ad iography .

83. In the 1977 report, the  Commi t t ee  fo r  the  f i r s t  t ime  d i s cu s sed  acc iden t s  a t
nuclear  power plants . I n  i t s  r e v i e w  o f  LAle c o l l e c t i v e  d o s e  c o m m i t m e n t s  f r o m  the
var iou s  s t ep s  in  t h e  n u c l e a r  f u e l  c y c l e , the  Committee  approached the  di f f icul t
problem of  dose  commitments  from accidents  that  had not  yet  occurred. Any nucleirr
power programme is  a lso  a commitment  to  A  certa in  accident  probabi l i ty ,  so  in  that:
sense, the Committee said, there  was  a lso  a n  accident  dose  commitment .

84 l In 1982, the  Committee  observed that  there  had so  fa r  been only  two reactor
accidents  known to  have caused measurable  irradiat ion of  the  publ ic : one at. a
mil i tary  plant  at  Windscale ,  United Kingdom, in  1957, and one at. a nuclear power
s t a t i o n  a t  T h r e e  M i l e  I s l a n d ,  P e n n s y l v a n i a ,  U n i t e d  S t a t e s ,  i n  1 9 7 9 . The col lect  ive
whol*,-body  dose  from the lat ter  accident  bad been estimatsd  between 16 and
3 5  m a n  Sv within  50 mi les , m o s t  o f  i t  du s  t o  xenon-133 ,  and  a b o u t  o f  e q u a l
magnitude outs ide  50 mi les . T h e  c o l l e c t i v e  eEfective  d o s e  e q u i v a l e n t  f r o m  ttlf?
Windscale  accident  had b e e n  est imated at  about  1 ,300 m a n  Sv,  of  which almost  hal f
was  due  to  i od ine  i so tope s  and  thyro id  i r rad ia t i on . T h e  Commit.t-.ee  decidecl  t h n t  t  tie
probab i l i s t i c  approaches , which predict  the  r isk from reactor  programmes by
e x t r a p o l a t i n g  i n t o  t h e  f u t u r e , shou ld  no t  be  u sed  a s  a bas i s  for  est*imRting  fut.ure
c o m p o n e n t s  o f  c o l l e c t i v e  d o s e  ccmmitment.
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65. In another part of the 1982 report the Committee reviewed  information on
occupa t iona l  acc iden t s , I t  t a b u l a t e d  t h o s e  accidents  o n  which  i t  had  received da ta
or  which had been reported in  the  open l i terature. The Committee noted that the
serious accidents had occurred early in the development of nuclear technology and
t ha t  no t  one  s e r iou s  acc iden t  had  been  repor ted  i n  r eac tor  opera t i on  sinca t h e
mid-1960s. Radiation accidents i n  other industrirr had caused o n e  death l ince
1960 ;  t h i s  dea th  occurred  in  1975  in  an  i r rad ia t ion  f a c i l i t y  w i t h  cobalt-60. Ae
had been noted in  the  earl ier  reports , industr ia l  radiography seemed to  have a
s p e c i a l  p o t e n t i a l  f o r  a c c i d e n t s , Some severe injuries had occurred when persons
picked up lost radiography sources without being aware of the danger.

1. Haraditarvharm

A6. The methods used so far to quantify qenetic  risk can be broadly grouped under
two headings r t he  doub l ing  do se  (or  r e l a t i v e  m u t a t i o n  r i s k )  m e t h o d  a n d  t h e  d i r e c t
(or  absolute  mutat ion r i sk)  method. The doubling dose method aims at expressing
t h e  r i s k  i n  r e l a t i o n  t o  t h e  n a t u r a l  p r e v a l e n c e  o f  g e n e t i c  d i s e a s e s  i n  t h e  genera l
populat ion; the  direct  method aims at  express ing absolute  r i sk in  terms of expected
i n c r e a s e s  i n  t h e  p r e v a l e n c e  o f  g e n e t i c  d i s e a s e s . Owing t o  t h e  p a u c i t y  o f  d i r e c t
human data  on radiat ion- induced genet ic  damage leading to  disease states,  t.he rates
of induction for the pertinent kinds of genetic damage (mutation and chromosomal
aberrat ions)  are  based on experimental  data  in  animals . These  rates  are converted,
using H number of  assumptions  and reduct ion factors , into  the  expected number of
add i t i ona l  ca se s  o f  gene t i c  d i s ea se  i n  man .

07. To apply the doubling dose method, o n e  n e e d s  ( a )  a n  e s t i m a t e  of  t he  doub l ing
dose,  i.e. the  radiat ion dose  that  wi l l  produce as many mutations as  those
occurring spontaneously  in  a  given qenerat ionr  (b) informat ion on the  prevalence of
naturally  occurr ing  gene t i c  d i s ea se s  i n  the  popu la t i on  and  the  ex ten t  t o  wh ich
these  are  maintained by mutat ion]  and (c) an est imate  of the  dose  received by the
populet.ion. Over  the  years  the  doubl ing dose  es t imates  have  been based on
experimental  data  obtained in  mice; t h e  p r e v a l e n c e  f i g u r e s  f o r  n a t u r a l l y  o c c u r r i n g
g e n e t i c  d i s e a s e s  a r e  t h o s e  c o l l e c t e d  i n  severa l  e p i d e m i o l o g i c a l  s t u d i e s . With the
doub l ing  do se  me thod ,  t he  r i s k  i s  t h e  p r o d u c t  o f  t h e  p r e v a l e n c e  o f  n a t u r a l l y
occur  r ing genet ic  d iseases ,  the  mutat ion component , t h e  r e c i p r o c a l  o f  t h e  d o u b l i n g
dose and the dose  susta ined by the  populat ion.

ne. Over t.he past. three decades, there  have  been  sh i f t s  i n  emphas i s  i n  the  u se  o f
t h e s e  m e t h o d s  a n d  t h e r e  h a v e  a l s o  b e e n  a  n u m b e r  o f  r e f i n e m e n t s ,  a s  e x t e n s i v e l y
discussed in  annex E. The principles that guided UNSCEAR, as well as other
s c i e n t i f i c  b o d i e s , i n  i t s  e a r l y  a s s e s s m e n t s  o f  r a d i a t i o n - i n d u c e d  h e r e d i t a r y  r i s k  i n
t h e  1950s  were  t h o s e  t h a t  h a d  e m e r g e d  f r o m  t h e  e x t e n s i v e  i n v e s t i g a t i o n s  i n
Urvsvghile, t h e  p r e l i m i n a r y  r e s u l t s  i n  m a m m a l s ,  p a r t i c u l a r l y  t h e  m o u s e ,  a n d  t h e
sptirse human dnt R. Two of these principles were the followinqr (a) mutat ions,
i ntlucnd or spontaneous, a r e  g e n e r a l l y  h a r m f u l !  and (b) muta t ions  i nduced  by
rsdiat.ion incrosse l i n e a r l y  wit.h d o s e  w i t h o u t  a  t h r e s h o l d .

Hc). In t h e  l ight  of  new data  f rom s tudies  on male  mice  showing that  a chronic
yamma rlvsr was  only abou t  one  th i rd  as e f f e c t i v e  a s  t h e  s a m e  d o s e  g i v e n  a t  a  h i q h
dose r4lt.e (and even m o r e  r e d u c e d  i n  f e m a l e  m i c e ) , t h e  1 9 6 2  r e p o r t  s u g g e s t e d  t h a t
t he pt evi~usly  used doubl ing dO6e of  30 roentqen would probably  be  too low by a



factor of 3 to 4. With confirmation and extension of these results and other data
showing that the interval between irradiat:on  and conception had a dramatic effect
on mutation frequency in female mice (all mutations were found in the progeny
conceived during the first seven weeks after irradiation), the Committee in 1966
abandoned the doubling dose approach in favour of other methods, two of which will
be mentioned here. In one, the estimated rate of induction of dominant visible
mutations in mice (range: 10-9 to 1O-7 per locus and rad) was multiplied by
the assumed number of loci determining dominant disorders in man (50-500) to obtain
the total risk (5 10-8 to 5 10-5). In the other, the estimated rate of
induction of recessive visible mutations in mice (IO-7  per locus and rad) was
multiplied by the estimated total number of gene loci in man (20,000) to obtain an
estimate of total risk from the induction of these point mutations (2 10e3). The
risk to first generation offspring was then computed as a fraction (2-5 per cent)
of the above figure.

9 0 . In the 1972 report the interest of the Committee in the doubling dose method
was revived but was given a low profile. The doubling dose was taken to be
100 rad, and the number of extra cases of severe hereditary diseases per million
live births and rad of low-LET radiation was estimated to be about 300 for the
irradiation of parental males; of these, 6-15 cases occurred in the first
generation and the rest occurred in subsequent generations.

91. By 1977 new data on the natural prevalence of genetic and partially genetic
diseases had been obtained. Furthermore, data that had been obtained in the
mid-19606 on the induction of dominant mutations having their primary effect in the
mouse skeleton had been extended in the mid-1970s, demonstrating transmission. By
1982, new data on the induction of another kind of dominant mutation, namely, those
which cause cataracts in the eye of the mouse, became available. All these data
allowed the Committee to arrive at direct estimates of genetic risks. It is worth
noting that from 1977 onwards both the doubling dose method and the direct method
have been used.

92. In 1977, using a doubling dose of 100 rad, the Committee estimated that, if a
population is continuously exposed to low-LET radiation at the rate of 1 rad
per generation, there will be a total of about 185 cases of Mendelian, chromosomal
and other diseases per million live births at equilibrium, of which about one third
would appear in the first generation. The first-generation increase was estimated
to be about one third of that at equilibrium.

93. These estimates, as well as those arrived at in the 1982 and 1986 reports, are
summarised in table 1; for convenience, they are expressed on a per Sv basis. It
can be seen that (a) for dominantly inherited diseases, the estimates have remained
essentially unchanged; (b) the estimates for chromosomal diseases have become
lower, this being a consequence of having excluded diseases attributable to
numerical anomalies (such as Down's syndrome), for which there is still no good
evidence of induction by radiation; and (c) while in 1977 and 1982 the Committee
had provided estimates of risk for congenital anomalies and other multifactorial
diseases using certain assumptions, in 1986, concerned about persistent
uncertainties over the assumptions used, it no longer did so.

9 4 . The risk estimates made using direct methods from 1977 up to 1986, are given
in table 2; they include risks from (a) the induction of genetic changes having
dominant effects in the first-generation progeny (i.e. dominant mutations, as well
as recessive mutations, deletions and balanced reciprocal translocations with
dominant effects); and (b) unbalanced products of balanced reciprocal
translocations, which may lead to congenitally malformed children.
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l o w  doss l o w  vn. &xQuUg  t o  thg
-

(Baerd on the 1977, 1962 and 1986 UNSCEAR  reportr)

(The d o u b l i n g  d o s e  equivalent  rmmmed  i n  t h e s e  c a l c u l a t i o n s  i s  1  S v )

D i s e a s e  c l a s s i f i c a t i o n

Current
inc idence

per million c t  o f  1  S v  pet
l i v e  b i r t h s F i r s t  g e n e r a t i o n Equ i l i b r ium

Autosomal dominant and X-linked
Autosomal recessive

Chromoaomal (due to numerical
and s tructural  anomal ies)

Congenital anomalies and other
m u l t i f a c t o r i a l  d i s e a s e s

Autosomal dominant and X-linked
Autoeomal  recess ive

Chromosomal
Due to  s tructural  anomal ies
Due to numerical anomalies

Congenita l  anomal ies  and other
m u l t i f a c t o r i a l  d i s e a s e s

Autosomal dominant and X-linked
Autosomal  recess ive
Chromosomal

Due to  s tructural  anomal ies
Due to numerical anomalies

Congenita l  anomal ies  and other
m u l t i f a c t o r i a l  d i s e a s e s

10 000
1 100

4 000

4 3 000 )
47 000 )

10 000
2 500

4 0 0
3 000

4 3 000 )
47 000 )

’ 000
2 500

4 0 0
3 4 0 0

6 0 000 )
6 0 0 000 )

2 000 10 000
R e l a t i v e l y  s l i g h t Very slow

increa se

3 8 0 0 4 000

4 5 0 4 5 0 0

1 5 0 0 10 000
R e l a t i v e l y  s l i g h t Very slow

increase

2 4 0 4 0 0
Probably  very  smal l

4 5 0 4 5 0 0

1 500 10 000
5 1 500

2 4 0 4 0 0
Probably  very  smal l

N o t  e s t i m a t e d  f o r  r e a a o n s  g i v e n
i n para. 166

-.-- - - - --.----

LJSllet  T h e  d e r i v a t i o n  o f  t h e  a b o v e  f i g u r e s  i s  g i v e n  i n  a n n e x  E; s e e  a l s o
para. 9 3 .
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T a b l e ? .  -of thLXi&kofmicWinm

n t  o f  1  Sv1 p e r  millionve  birtham

(Based on the 1977, 1482 and 1986 UNSCEAR reports)

Rirk asrociated w i t h

Expected frequency of  genet ical ly
abnorma l  ch i ld ren  in  the  f i r s t

generat ion per  mi l l ion l ive births
after irruliU&m  of

Male8 Femalea

L!?z
Induced mutat ions  having dominant  ef fects
Unbalanced producta of  induced

chromosomal rearrangements

2 000 Nom g i v e n

200-l 000 None given

Induced mutations having dominant of fects
Unbalanced products  of  induced

chromoaomal rearrangements

1 000-2 000 O-900

30-l 000 O-300

Induced mutations having dominant effects
Unbalanced products  of  induced

chromosomal rearrangements

1 000-2 000 O-900

100-l 500 O-500

&&I T h e  d e r i v a t i o n  o f  t h e  a b o v e  figuren  i s  g i v e n  i n  a n n e x  Et see a l s o
paras, 94 and 95.

95. T h e  f i r s t  o f  t h e s e  e s t i m a t e s  ( i t e m  ( a )  i n  para. 94)  i s  based on dominant
s k e l e t a l  a n d  c a t a r a c t  m u t a t i o n s  i n  m i c e  and  t h e  s e c o n d  ( i t e m  (b) in  tha t  paragraph)
on primate  cytogenet ic  data . The est imates  based on experience in m i c e  do not
inc lude  i nduced  gene t i c  changes  80 severe  as t o  c a u s e  d e a t h  b e f o r e  t h e y  c a n  b e
d e t e c t e d . It  can be  seen that  the  changes  in  r i sk est imates  from 1977 to  1986 are
r e l a t i v e l y  s m a l l . F u r t h e r m o r e , a compar i son  o f  the se  e s t i m a t e s  wi th  tho se  a r r i ved
a t  u s i n g  t h e  d o u b l i n g  d o s e  m e t h o d  ( t a b l e  1 )  for t h e  f i r s t  g e n e r a t i o n  r e v e a l s  t h a t
they are of the same order of magnitude, in  spite o f  the  d i f f e ren t  a saumpt ions  and
reduc t ion  f ac tor s .

9 6 . A s  f a r  back  aa i n  t h e  1 9 5 8  r e p o r t , the  Committee  emphasized that  any at tempt
t o  e v a l u a t e  t h e  biologicai  e f f ec t s  o f  r ad ia t i on  source s  t o  wh ich  the  wor ld
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popu la t i on  iS e x p o s e d  c a n  p r o d u c e  o n l y  t e n t a t i v e  e s t i m a t e s ,  s u b j e c t  t o  w i d e  m a r g i n s
o f  uncer ta in ty . D e s p i t e  t h e s e  r e s e r v a t i o n s , the  report  included assessment6 of the
annual  numbers  of  leukaemia and bone cancer  cases  that  could resul t  from natural
r a d i a t i o n  a n d  f a l l - o u t . Data  re lat ing the  incidence of leukaemia to  radiat ion
exposure  Cam0  mostly from the atomic  b o m b  survivors and pat ients  suffering from
anky lo s ing  spondy l i t i s .

97 . At  tha t  t ime , the  Committee  es t imated the  tota l  probabi l i ty  of  leukaemia
induct ion over  15 years  to  be  12 per  mi l l ion populat ion per  rem. I t  n o t e d ,
however, that  in  Hiroshima the  probabi l i ty  per  uni t  dose  decreased markedly  with
decrea s ing  dose  and  tha t  t he  i nc idence  o f  l eukaemia  i n  tha t  c i t y  d id  no t  appear  t o
b e  l i n e a r l y  r e l a t e d  t o  d o s e , The Committee  a lso  made what  i t  ca l led  a  crude
e s t i m a t e  o f  t h e  l e u k a e m i a  risk to  pa t i en t s  su f f e r ing  f rom anky lo s ing  spondy l i t i s
who had been treated with X-rays, Over 15 years, the  r i sk  of  i nduc t ion  was
est imated to  be  about  20 per  mi l l ion and rem, Over 35 years, w h i c h  i s  t h e  a v e r a g e
rema in ing  l i f e t i m e  of  the  popu la t i on  and  migh t  b e  t he  per iod  o f  r i sk  under
c o n d i t i o n s  o f  p r o l o n g e d  e x p o s u r e  a t  l o w e r  d o s e  r a t e s ,  t h e  l i f e t i m e  r i s k  w a s
assessed  to  be  52 per  mi l l ion and rem.

98. In discuss ing the assumed hypothesis  of non-threshold l ineari ty  between dose
and incidence of  cancer, the  Committee  s tated in  the  1952 report  that  somat ic
e f f e c t s  w e r e  l e s s  l i k e l y  t o  o c c u r  a t  l o w  d o s e  r a t e s  t h a n  a t  t h e  h i g h  d o s e  r a t e s
employed in many experiments. The o n l y  j u s t i f i c a t i o n s  f o r  a p p l y i n g  t o  l o w  d o s e s
the  relat ionships  observed at  h igher  dose6 were expediency and the  consietency  of
the  a6srunptions  regarding mechanisms in  both dose ranges. N e v e r t h e l e s s ,  t h e
Committee  could not  say  whether,  in  doing so, i t  was  under -  o r  over s t a t i ng  the
r i s k . For  the se  r ea sons ,  i t  dec ided  no t  t o  e s t ima te  ab so lu t e  r i sk s ,  bu t  r a ther  t o
pre sen t  compara t i ve  r i sk  e s t ima te s  f o r  the  gonads  (gene t i c  e f f ec t s ) ,  t he  bone
marrow and the  cel l s  l in ing bone surfaces , based on the dotes and dO6e commitments
to  the se  t i s sue s  f rom na tura l  r ad ia t i on  source s ,  med i ca l ,  occupa t iona l  and
m i s c e l l a n e o u s  expo6ure, a s  w e l l  a s  f r o m  n u c l e a r  t e s t i n g .

99. T h r e e  b a s i c  q u e s t i o n s  n e e d e d  t o  b e  addre s sed  i n  the  e s t ima t ion  o f  r i sk  a t  l ow
dose: t h e  t y p e  o f  e f f e c t ; t h e  c r i t i c a l  t i s s u e  f o r  e a c h  t y p e ;  a n d  t h e  f u n c t i o n  o f
dose ,  do se  ra t e  end  dose  d i s t r ibu t ion  to  be  t aken  as t h e  r e l e v a n t  p a r a m e t e r  f o r
e a c h  o f  t h e  e f f e c t s . For  the  somat i c  e f f ec t s , t h e  c r i t i c a l  t i s s u e s  w e r e  t a k e n  t o
b e  t h e  a c t i v e  b o n e  m a r r o w  a n d  t h e  c o n n e c t i v e  t i s s u e  l i n i n g  e n d o s t e a l  s u r f a c e s  o r
trabeculae.

1 0 0 .  A l t h o u g h  f o r  g e n e t i c  efLects the  exper imen ta l  da ta  j u s t i f i ed  an  a s sumpt ion  o f
n o n - t h r e s h o l d  l i n e a r i t y  a t  l o w  doties  and  dose  ra t e s , no such assumption could be
made  fo r  l a t e  somat i c  e f f ec t s , becau6e  tumour induct ion at  h igh doses  was  a  very
complex func t ion  o f  do se  and  o ther  exposure  f ac tor s . N e v e r t h e l e s s ,  i t  w o u l d  b e
expec t.ed t.hrrt  , a t  l o w  d o s e  l e v e l s , the  mechan i sms  b y  w h i c h  l a t e  e f f e c t s  a r e
produced would be  much s impler  and any ef fects  that  could ar ise  would resul t  from
s p e c i f i c  rhanges i n d u c e d  i n  i n d i v i d u a l  c e l l s . For  ce r t a in  e f f ec t s  hav ing  a
n o n - l i n e a r  r e l a t i o n s h i p  a t  h i g h  d o s e  l e v e l s , i t  wa s  though t  p robab le  tha t  t he  s l ope
o f  t h e  d o s e - e f f e c t  c u r v e  n e a r  t h e  o r i g i n  w o u l d  b e  l i n e a r . Thus ,  p ro t rac t ion  of
exposure and non-  uniformity  of  c lose  dis tr ibut ion could be ignored. The Committee
a l so  d i s cu s sed  the import.ance  o f  t ak ing  in to  accoun t  the  way  an  e f f ec t  man i f e s t s
i t s e l f  o v e r  t i m e .

1 0 1 .  Heferl,ing  t..o the p r o b l e m s  o f  obt.aining  e s t i m a t e s  o f  ab6olute  r i s k ,  t h e
Committee not.ed, in 1964, t h a t  it- h a d  e a r l i e r  c o n f i n e d  i t s e l f  t o  e s t i m a t i n g
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comparative risks except for leukaemia, A f t e r  h a v i n g  r e v i e w e d  t h e  a v a i l a b l e
information,  the  Committee  saw no pofisibility of  changing this  procedure in  the
1964 report. I t  i m m e d i a t e l y  w e n t  o n  t o  s t a t e ,  h o w e v e r ,  t h a t  d a t a  p u b l i s h e d  s i n c e
1 9 6 2  h a d  l e d  i t  t o  b e l i e v e  t h a t  i t  w o u l d  b e  p o s s i b l e , f o r  a  f ew  t i s sue s  and  ma in ly
in  the high-dose range, t o  m a k e  e s t i m a t e s  o f  a b s o l u t e  r i s k  t h a t  w o u l d  b e  v a l i d  f o r
the  ob served  range  o f  do se s  and  the  gi*ren cond i t i ons  o f  i r rad ia t ion . It  was

c o n s i d e r e d  u n l i k e l y  t h a t  t h e  r i s k  p e r  u n i t  d o s e  a t  v e r y  l o w  d o s e s  w o u l d  b e  g r e a t e r
t h a n  t h a t  a t  h i g h e r  dosesr i n  f a c t , at  low doses  the  r i sk  was  l ikely  to  be  much
less.

102. By 1964,  tentat ive  dose  es t imates  had become avai lable  for  some Of the
8UrViVOr8  from Hiroshima and Nagssaki, and the Committee believed that they were
a lmos t  c e r t a in l y  no t  i n  e r ror  by  a  f ac tor  o f  m o r e  than  2  or  3, The new dose
eEtimatO6  made  i t  po s s ib l e  t o  conc lude  tha t  t he  annua l  i nc idence  of
radiat ion- induced leukaemia was  approximately  proport ional  to  dose  in  the  renge
from about  100 to  900 rad,  with  a  proportional!tv  factcr between one and two cases
per  m i l l i on  and  rad . The Committee warned that beccluse  the Japanese 6UrVivOrS
m i g h t  h a v e  b e e n  s e l e c t e d  b y  t h e  l e t h a l  e f f e c t s  o f  t h e  i r r a d i a t i o n  i t s e l f ,  t h i s
eetimate  o f  r i sk  c o u l d  o n l y  b e  a p p l i e d  w i t h  c a u t i o n  t o  t h e  g e n e r a l  p o p u l a t i o n . The
e s t ima te  ob ta ined  f rom the  a tomic  b o m b  s u r v i v o r s  was  cons i s t en t  w i th  tha t
determined from subjects  who had been irradiated therapeut ical ly  ror ankylos ing
spondyli  t i s , a t  doses  between 390 and 1,500 rad. However, a s  t h e  l a t t e r  g r o u p  w a s
a l s o  h i g h l y  s e l e c t e d , t h e  e s t i m a t e  w o u l d  a p p l y  s t r i c t l y  t o  s p o n d y l i t i c  p a t i e n t s
o n l y .

103 .  New in format ion  sugges t ed  tha t  f o r  ch i ld ren  i r rad ia t ed  in~,&&?rn,  t h e  ri6k o f
leukaemia per  uni t  dose  could  be  several  t imes  higher  than for  adults, The dOSe6
received had been only  a few rad, sugges t ing  tha t  under  ce r t a in  cond i t i on s ,  l ow
doses  could induce mal ignancy. A s  w i t h  t h e  a n k y l o s i n g  6pOndylitiS  pa t i en t s ,  t he re
was  the  po s s ib i l i t y  t ha t  t he  i r rad ia t ed  ch i ld ren  m igh t  no t  have  been  repre sen ta t i v e
of all children.

104.  A  r isk est imate  for thyroid cancer  was  obtained from surveys  on the  induct ion
of  cancer  as a  re su l t  o f  i r rad ia t i on  o f  t he  thyro id  r eg ion  dur ing  ch i ldhood . In
the range 100-300 rad, the  Committee  es t imated the  annual  r i sk to  be  about  one per
mi l l i on  and  rad , o v e r  a p p r o x i m a t e l y  1 6  y e a r s  a f t e r  i r r a d i a t i o n . Once again,  t h e
Committee  pointed o u t  that  the  subjects  might  have  been a  h ighly  se lected group,

105.  Irradiat ion was  known to  cause  other  mal ignancies , including tumours  of  the
b o n e ,  l i v e r , sk in  and  lung: howeves,  the  i n format ion  was  no t ,tnsidered t o  b e
r e l i a b l e  e n o u g h  f o r  d e r i v i n g  r i s k  e s t i m a t e s . The Committee  was  not  opt imist ic
a b o u t  b e i n g  a b l e  t o  o b t a i n  s u c h  e s t i m a t e s  f o r  a l l ,  o r  e v e n  m a n y ,  t y p e s  of  humar.
t i s s u e . Indeed,  i t  concluded that  leukaemia might  wel l  be  the  predominant  type of
ma1 ignancy produced, a n d  t h a t  t h e  o v e r a l l  r i s k  o f  a l l  m a l i g n a n c i e s  w a s  u n l i k e l y  t o
exceed by  any large  factor  thaL of  leukaemia.

1 0 6 .  I n  1 9 7 2 ,  t h e  C o m m i t t e e  d e c i d e d  t o  r e v i e w  a g a i n  t h e  s u b j e c t  of  rad ia t ion
carcinogenesis  in  man. The rev iew pointed out  that , i n  o r d e r  t o  a s s e s s  t h e  e x t e n t
o f  r a d i a t i o n  e f f e c t s  i n  m a n , i t  was  e s s en t i a l  t o  ob ta in  emp i r i ca l  i n format ion  f rom
e p i d e m i o l o g i c a l  s t u d i e s . I n  e v a l u a t i n g  s u c h  s t u d i e s  i t .  vould b e  n e c e s s a r y  tr, t)c?dr
i n  m ind  a  number  o f  i nheren t  d i f f i cu l t i e s , such  a s  tho se  hav ing  to  do  w i th  Ihe s i  zF)
o f  t h e  p o p u l a t i o n  s t u d i e d ,  t h e  d o s i m e t r y ,  t h e  l a t e n t  p e r i o d ,  t h e  relat.ion t o
na tura l  i nc idence  o f  cancer , m o r t a l i t y  v e r s u s  m o r b i d i t y  statist.ics,  t h e  confounrliny
e f f e c t s  o f  i l l n e s s  a n d  t h e  inflaquency  o f  t r u e , uniform whole-body irradiat ion.
T h e  C o m m i t t e e  d i s c u s s e d  a l l  o f  :.hetie p o i n t s  in det.ail a n d  also;  c:onsideIed t  tu!
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question of absolute and relative risks for the first time. It emphasized that the
number of People exposed to substantial dose6 was so small that the relationship
between dose and incidence of malignancies in man could be studied only for the
most radio-sensitive tissues.

107. Evidence on the induction of leukaemia indicated that its incidence increased
with dose in the range 50-500 rad and that above this range the frequency tended to
decrease, possibly owing to the cell-killing effect of high doses.
Radiation-induced leukaemias tended to occur most frequently within a few years of
exposure: after 25 years the frequency tended to return to normal, by which time
some 15-40 cases per million and rad had been observed.

108. Lung cancers appeared to have been induced at Hiroshima by external gamma
exposure at doses of some 30-100 rad. The data indicated a risk coefficient of
from 10 per million and rad (at 250 rad) to 40 per million and rad (at 30 rad)
during the first 25 years after exposure; this risk estimate was supported to some
extent by data from patients treated for ankylosing spondylitis. The Committee
noted that an estimate of risk could also be derived from data on uranium miners,
but that not much reliance could be placed on such an estimate.

109. The Committee assessed the risk of induction for breast cancer among women
exposed in Hiroshima as being between 6 and 20 cases per million and rad during the
first 20 years after exposure and over a dose of 60-400 rad. These estimates refer
to the 1965 dosimetry. For the induction of thyroid cancers an average risk
coefficient was obtained of about 40 per million and rad over a dose of
60-400 rad. For all other malignancies, without clearly identifying their specific
types, the Committee tentatively put forward a risk estimate for induction of 40
per million and rad over the first 25 years after exposure to 250 rad. For a
number of reasons, the Committee considered that these risk coefficients were
likely to overestimate the risk of environmental exposures, that is, low-dose
exposures from both natural and man-made sources.

110. The 1977 report also contained a major review of radiation carcinogenesis in
man. After dealing extensively with the validity of the data on which risk
estimates might be based, the Committee presented its estimates of risk
coefficients for leukaemia and tumours in a number of organs. It noted that the
risk of a malignancy developing at doses of about 100 rad might vary with the LET
of the radiation, sometimes with the age and sex of the subject, and probably with
the dose rate and the number of fractions with which the dose is deliver-g. In
that report the Committee for the first time referred to the induced mortality from
leukaemia and other cancers. Previously it had always presented its risk estimates
in terms of the incidence of cancer, not in terms of fatality.

111. The thyroid and the breast seemed to have the highest rates of induction, with
risk coefficients of around 100 per million and rad. The low mortality rate for
radiation-induced thyroid cancers and the moderately low rate for breast cancers
were thought to bring the risk of fa,cality  to about one tenth and one half of the
incidence values, respectively. Lung cancer also had a high induction rate for
males over 35, as judged from the experience of uranium miners. The Committee
thought that for lung cancer a mean fatality risk coefficient for all ages of 25-50
per million and rad was probable.

112. The induction of leukaemia, specifically the acute and chronic granulocytic
(but not chronic lymphatic) forms, appeared to decrease from about 50 per million
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and tad at  moderately  h igh doses  to  about  20 per  mi l l ion and *ad at  lower dose
leve l s  * The  Commi t t ee  was  ra ther  con f iden t  t ha t  t h i s  e s t i m a t e  WoUlrJ include  all

t h e  c a s e s  l i k e l y  t o  a p p e a r  because, with  radiat ion- induced leukaemia,  the  average
interval  between exposure  and death  appeared to  be  only  about  10 years. With other
cancers , w h i c h  h a v e  l a t e n t  p e r i o d s  o f  2 5  y e a r s  o r  g r e a t e r ,  i t  w a s  m o r e  d i f f i c u l t  t o
est imate  the  tota l  number of  cases  l ikely  to  be  induced.

1 1 3 .  R i s k  c o e f f i c i e n t s  w e r e  a l s o  p r e s e n t e d  f o r  t h e  s t o m a c h ,  l i v e r  a n d  l a r g e
i n t e s t i n e ,  b r a i n  a n d  s a l i v a r y  g l a n d s , a l l  o f  which  had  va lue s  i n  the  region o f
lo-15 per  m i l l i on  and  rad; bone,  oesophagus ,  sma l l  i n t e s t i ne ,  b l adder ,  pancrea s ,
rectum and lymphat ic  t i ssue, which had values of 2-5 per million and radt and skin,
fo r  wh ich  bo th  the  r i sk  o f  i nduc t ion  and  the  f a t a l i t y  r a t e  were  though t  t o  be  l ow .

1 1 4 .  T h e  C o m m i t t e e  a l s o  c o n s i d e r e d  t h e  q u e s t i o n  o f  e s t i m a t i n g  t h e  t o t a l  r i s k  f o r
a l l  f a t a l  ma l ignanc i e s  f rom the  observa t i on  tha t  t h i s  m igh t  be  4 -6  t imes  tha t  f o r
leukaemia alone. At doses  of  a  f ew  rad, at  which the  lower  leukaemia  r i sk
c o e f f i c i e n t  o f  a b o u t  2 0  p e r  m i l l i o n  a n d  r a d  m i g h t  a p p l y ,  t h e  t o t a l  o f  a l l  f a t a l
induced mal ignancies ,  including leukaemia, could  be  about  100 per  mi l l ion  and rad,
whi le  i t  was  assumed to  be  about  250 per  mi l l ion and rad at  h igh doses . T h e  r i s k
coe f f i c i en t  f o r  non- fa t a l  ma l ignanc i e s  was  a s sumed  to  be  abou t  equa l  t o  tha t  f o r
the  f a t a l  ma l i gnanc i e s . The Committee  once again  pointed out  that  the  es t imate  Ear
low doses  was derived f rom mortal i t ies  induced at  doses  greater  than 100 red. The
v a l u e  a p p r o p r i a t e  t o  t h e  d o s e  l e v e l s  i n v o l v e d  i n  o c c u p a t i o n a l  e x p o s u r e  - a n d  e v e n
more so  in  environmental  exposures  - m i g h t  b e  s u b s t a n t i a l l y  l e s s .

115.  I t  was  l ikely  that  mal ignancies  might  be  induced by exposure  of  the  fetus
in at  average  dose s  o f  0 .2 -20  rad  f rom d iagnos t i c  X- ray s . The  i nduc t i on  ra t e
was  di f f icul t  to  determine with  any conf idence but  was  est imated to  be  around 200
per  m i l l i on  and  rad .

116.  In  v iew of  the  l imited amount  of  new epidemiological  ev idence avai lable  since
the  1977 report , and  because  the  do s ime t r i c  e s t ima te s  f o r  the  su rv i vor s  of  t h e
atomic bombing of Hiroshima and Naqasaki  were in  the  process  of being revised,  the
Committee  decided not  to  review human carcinogenes is  in  the  1982 report . However,
i t  s a id  tha t  i t  d id  no t  expec t  t ha t  t he  r ev i s i on s  wou ld  change  the  p rev iou s  r i sk
e s t ima te s  by  a  f ac tor  o f  more  than  2 . The Committee’s  r i sk e s t i m a t e s  up to  1977 for
cancer  are  summarised in  table  3 ,  where  they are  expressed per  s ievert  in  order  to
f a c i l i t a t e  c o m p a r i s o n s  w i t h  l a t e r  e s t i m a t e s .
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IT a b l e 3 .  -of SCommittraaaof  &ULcancrr

x.idkEPQificirntr

(Per cent per Sv)

T i s s u e
__---

o r t
1958 1964 1972 1977

._- -

B o n e  m a r r o w 0.2-0.5 0 . 0 1 - 0 . 0 2  A/
Breast
Lung
Thyroid
Stomach
L i v e r
Brain
S a l i v a r y  g l a n d s
L a r g e  i n t e s t i n e
S m a l l  i n t e s t i n e
Bone
Oesophagus
Bladder
Pant reas
Rectum
Mucosn of cranial sinuses
Lymphat ic  t i ssue
Skin

0.16

0 . 1 5 - 0 . 4 0 0 . 2 0 - 0 . 5 0
0 . 0 6 - 0 . 2 0 0.50
0 . 1 0 - 0 . 4 0 0 . 2 5 - 0 . 5 0

0.40 0.10
0 . 1 0 - 0 . 1 5
0 . 1 0 - 0 . 1 5
0 . 1 0 - 0 . 1 5

( 0 . 1 0 - 0 . 1 5 )  p/
0 . 1 0 - 0 . 1 5

(0.02-0.05)
0.40 ( 0 . 0 2 - 0 . 0 5 )

( 0 . 0 2 - 0 . 0 5 )
(0.02-0.05)
( 0 . 0 2 - 0 . 0 5 )
(0.02-0.05)
( 0 . 0 2 - 0 . 0 5 )
( 0 . 0 2 - 0 . 0 5 )

Low
. -.. .--_ - ~---  -. -_- -

E s t i m a t e d  t o t a l 1 . 0 - 2 . 5
- -

ta/ Per year.

h/ N u m b e r s  w i t h i n  p a r e n t h e s e s  r e f e r  t o  t o t a l  i n c i d e n c e ,  t h e  f a t a l i t y  r i s k
not  having been est imated.

117.  The Committee  considered from t ime to  t ime the  somat ic  ef fects  of radiat ion on
laboratory animals  and human subjects . T h e s e  e f f e c t s  w e r e  f i r s t  d i s c u s s e d  i n  t h e
1958 report, which at tempted to  summarise  60 years  of  knowledge,  a t  a  t ime When
in format ion  abou t  rad ia t i on  l e s i on s  and  the i r  pa thogenes i s  was  s t i l l  r a ther
scan ty . Although the  Committee  had few detai l s  on which to  base  that  discuss ion,  ,
t h e  general p i c t u r e  t h a t  e m e r g e d  s e e m e d  t o  b e  c o n s i s t e n t ,  p a r t i c u l a r l y  f o r  t h e
e f f ec t s  i nduced  by  h igh  dose s . The Committee was aware at that time of the main
p h y s i c a l  f a c t o r s  a f f e c t i n g  t h e  i n d u c t i o n  o f  t h e s e  e f f e c t s ,  s u c h  a s  d o s e ,  d o s e  r a t e ,
f rac t i ona t ion  and  rad ia t i on  qua l i t y , end i t  a l so  gave an account  of  the  main
b i o l o g i c a l  f a c t o r s ,  s u c h  a s  s p e c i e s ,  a g e , sex a n d  p a r t i a l - b o d y  i r r a d i a t i o n .
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118. The main radio-biological concepts, such as that of cell SenSitiVity and
tissue response, as they manifest themselves in the rate of cell division and
differentiation, are to be found in the 195Ff report, although the concept of cell

lethality could not be quantified because there were no techniques for single-cell
culture. The term recovery was also used in a loose sense, without identifying the
many underlying mechanisms. The classification of effects between morphological and
functional gave rise to some problems, but the Committee identified, even at that
early stage, the difficulties in settling the existence of thresholds, particularly
with low doses and late effects.

119. Many of the same criteria were used in 1962 in classifying the somatic effects
into early and late effects, with the result that effects very different in nature
from tumours and leukaemia, such as lens opacification, induction of sterility or
non-specific life shortening, ended up being classified together with them just
because they also appeared late. The 1962 report contained no important departures
from the gcneralizations described above, particularly with respect to the form of
the dose-effect relationships, the uncertainties as to the precise form of these
relationships at dases below those tested directly and the pronounced dependence of
the effects on the irradiation dose rate.

120. Twenty years elapsed between that report and the next one, released in 1982,
when an extensive annex discussed the non-stochastic effects of radiation on normal
tissues. The new treatment reflected the impressive advances in the understanding
of somatic effects that had taken place during the interim. The very title of the
annex implied that there had been a reclassification of the effects into the
stochastic and the non-stochastic. To the first class belong those effects for
which only the probability of induction is a (linear) function of dose; to the
second belong those effects for which severity (as well as probability, for a given
severity) is a (sigmoid) function of dose. The report discussed mainly the effects
of irradiation of single tissues and organs; it reviewed a large body of human data
interpreted in the light of experience gained in experimental animals.

121. The Committee considered the nature of these effects, their pathogenesis as it
results from the interplay of cell killing and tissue kinetics, and the
quantitative relationships between them and the time of appearance and degree of
the non-stochastic clinical damage. The most general conclusions drawn by the
Committee pertained to the existence of a dose threshold for the induction of these
effects and the variability of this threshold according to the type of effect. The
annex also contained a detailed analysis of how the dose threshold for each
specific type of effect would be expected to vary as a function of the important
radio-biological variables such as radiation quality, dose, dose rate, dose
fractionation and protraction.

(b) Pre-natal irradiation

122. The earliest mention that the tissues of the embryo and fetus could be
particularly sensitive to the action of radiation and that the exposure of pregnant
mothers might cause teratological effects to be induced in the product of
conception dates from the first UNSCEAR report (1958). Also, the fact that there
are critical periods in development, during which some structures may be
particularly vulnerable to the specific action of internal or external irradiation,
was already recognized at that time. Finally, it also discussed the shape of
dose-effect relationships for effects in utere,  without specifying the nature of
the effects or their induction mechanisms, although implying that the relationships
would be of the threshold type.
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123. The 1962 report reiterated the notion of the special sensitivity of embryonic
and fetal structures, pointing out that minor injuries during development could be
amplified by the growth of the relevant structures to produce major anomalies.
From data on the pre-implanted  mouse it was inferred that doses of 0.25 Gy to the
embryo could be lethal to 40 per cent of the animals. The Committee also
concluded, on the basis of the fairly large set of experimental results then
available, that irradiation during major organogenesis would cause developmental
malformations and that there was a good correspondence between the malformed
structures of animals and man for corresponding stages in development. In man,
malformations were found more frequently in the central nervous system, the eye and
the skeleton.

124. In the context of a special discussion of the effects of radiation on the
nervous system contained in the 1969 report, the Committee paid special attention
to the damage caused in the brain structures of the developing mammal. It
confirmed that pre-natal irradiation during the time when the relevant structures
were undergoing differentiation could produce severe developmental anomalies.
Depending on the time of the irradiation, specific anomalies (microcephaly,
encephalocoele, hydrocephalus) could be produced in man, probably following
threshold-type kinetics as a function of dose. Disorganization of the cortical
architecture was described in animals, accompanied by functional impairment in the
form of loss of visual, olfactory and distance discrimination. Other learning
processes were impaired in animals after doses of 1 Gy OS more had been
administered during the second or third week of pregnancy in rats; effects of doses
below 0.5 Gy were regarded as uncertain. Although changes in conditioned reflexes
had been described in animals irradiated near-term with doses as low as 0.01 Gy,
the relevance of these effects to risk estimation in man was also doubtful. In
man, the Committee recognized small head size and the induction of mental
retardation as true effects, but it could not detect any correlation between such
morphological and functional abnormalities and structural changes in the central
nervous system. The Committee even ventured to derive a risk coefficient for
mental retardation in the survivors of Hiroshima and Nagasaki: 1 per thousand and
rad for doses over 50 rad delivered at high dose rates.

125. Recogniziag the importance of keeping the effects of radiation on growth and
development under observation because of their relevance to the general population
and to female workers, the Committee undertook another review of this subject in
annex J of its 1977 report. This review centred on experimental animal data, which
was the only information available, and on the mechanisms whereby effects are
induced in utero: it also described dose-time relationships obtained from the more
quantitative data.

126. Annex J of the 1977 report generalized the so-called "periods of maximum
sensitivity" of the various anatomical structures, to coincide with the growth
spurt: it also generalized across species the notion that lethal effects were
typical for the pre-implantation period, teratogenic effects for the major
organogenesis period and growth disturbances for the fetal period. An analysis of
the dose-effect relationships showed that these were mostly curvilinear. The .
Committee confirmed its previous risk assessment for mental retardation and
suggested, on the basis of mouse data, that the risk coefficient for the increment
of embryonic killing soon after fertilization could be taken at 1 per cent per
roentgen.
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127. From this review the Committee concluded that although data in man On the
induction of malformations by radiation were very scarce, the data on other animal

species were so unanimous and uniform in indicating a pronounced sensitivity to
such effects that the human species could not be regarded as an exception- While

the Committee found it impossible, given the paucity of human data, to derive
reliable, quantitative estimates of risk from pre-natal human irradiation at
comparable developmental sta#ges, particularly at low doses and dose rates it could
on the basis of experimental animal data exclude that the sensitivity of the human
species might be a factor of 10 higher than expected.

4. Other tvoes of harm

128. At various times and in different reports, the Committee gave special
attention to types of harm not easily classifiable into one of those treated
above. One such harm is the shortening of life-span, which was said in the 1958
report to result from a number of acute or late radiation-induced changes, both
specific, such as leukaemia in radiologists, or pathologically diffused in all
organs or tissues. These latter conditions were thought to accelerate the normal
aging processes and so were termed non-specific, life-shortening.

129. The Committee carried out a special study of the so-called aging effects of
radiation and presented the results in the 1982 report. There seemed to be
insufficient grounds to define aging in precise, biological terms, which would
allow postulating non-specific effects of radiation at low doses and dose rates
that might cause an animal to age prematurely. The Committee therefore focused on
the life-shortening action of radiation, an effect that can be more objectively
defined. At the doses of greatest interest for practical purposes, that is, those
well below the LD56 range and down to the smallest doses and dose rates, evidence
showed overwhelmingly that irradiated animals live, on the average, fewer years
than non-irradiated controls.

130. This life-shortening effect has precise relationships with dose and time. A
very large body of evidence in experimental animals allowed the report to conclude
that at low to intermediate doses and dose rates, life shortening is essentially
due to the induction of malignancies at a rate above the natural rate
characteristic of the species investigated. This conclusion applies to
experimental animals and, as far as could be judged from limited human experience,
also to man.

131. In its 1969 report, the Committee presented a special study of the effects of
radiation on the nervous system. That review also covered aspects of morphological
and functional disturbances produced by irradiation during the pre-natal stages.
Irradiation of the nervous system can cause effects in adults only at high doses,
in which case there are profound structural and functional alterations. It was
recognized, however, that for doses as low as 0.1 Gy or less, reactions of a
"physiological nature" could be induced. The most remarkable finding remained the
striking difference in sensitivity between the pre- and post-natal stages, the
former being much more vulnerable than the latter.

132. The same report contained a separate annex on the induction of chromosomal
aberrations in human germinal and somatic cell lines. The induction of chromosomal
aberrations in somatic cells is an interesting effect by virtue of its potential
use as an in vivo dosimeter and its biological significance with respect to the
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causat ion Of (Or correlat ions  with)  induct ion of malignancies . The annox covered
in  depth the dose-t ime relat ionships  for  the  induct ion of chromosomsl  damage and
t he  va r i ab i l i t y  o f  aberra t i on s  a s  a  f unc t ion  of o t h e r  phyeical  and  blclogical
agents . I t  c o n c l u d e d  t h a t ,  a s i d e  f r o m  i t s  p r a c t i c a l  a p p l i c a t i o n s  i n  b i o l o g i c a l
dosimetry,  c h r o m o s o m a l  a n a l y s i s  c o u l d  b e  of l i t t l e  uoe in  aseeerfnq t h e  riok o f
neoplastic, hmUnOlOgiCal  o r  l i f e - s h o r t e n i n g  effect8 o f  radi&tion. Risk estimator
w o u l d  c o n t i n u e  t o  b e  b a e e d  o n  t h e  o b s e r v e d  Cncidencer of  t he  spec i f i c  c l i n i ca l
cond i t i ons  atj a  f unc t ion  o f  do se , a  conc lu s ion  tha t  r ema in s  t r u e  t o  th in  day .

133.  The 1972 rep0r.t  contained a  special  otudy on the  ef fects  of radiat ion on the
immune response wherein the Committee, m o s t l y  o n  t he  ba s i s  o f  exper imen ta l  da ta ,
tr ied to  discuss  the  role  the  immune sys tem plays  in  the  development  of  ear ly  and
late  radiat ion effects, essent ia l ly  those  of  the non-stochast ic  type . ‘Kc s t u d y
concluded that the immune system has iarge, b u i l t - i n  s a f e t y  f a c t o r s  t h a t  a l l o w  i t
to  withstand and recover from substant ia l  in jury by radiat ion. The C o m m i t t e e
reported that  at  whole-body doses around 9.1  Gy,  damage to  the  immune  sys tem could
be observed but  that  such damage did  not  cause  great  concern . Whole-body doses
h igher  by  an  order  o f  magn i tude  cou ld  i n c r e a s e  s u s c e p t i b i l i t y  t o  i n f e c t i o n ,  w h i l e
doses of 2 o r  m o r e  G y  c o u l d  s i g n i f i c a n t l y  i n c r e a s e  t h e  r i s k  o f  m o r t a l i t y  f rom
i n f e c t i o n . F o r  n o n - s t o c h a s t i c  e f f e c t s ,  t h e s e  c o n c l u s i o n s  s t i l l  a p p e a r  t o  b e  v a l i d .

134.  Another  special  s tudy was  carr ied o u t  of the  poss ible  inter;action  between
rad ia t i on  and  o thar  agen t s  t ha t  a re  w ide ly  d i s t r ibu ted  i n  the  en  *ronmsnt.  Thie
study was  a lso  contained in  the  1982 report , and the  Committee  paid  part icular
at tent ion in  i t  to  exposure condit ions  that  af fect  large numbers  of people ,  thereby
subs t an t i a l l y  chang ing  average  r i sk  coe f f i c i en t s .

1 3 5 .  T h e  C o m m i t t e e  f o u n d  t h a t  f o r  e f f e c t s  of  w i d e  practical s ign i f i cance  ( induc t ion
of cancer, g e n e t i c  e f f e c t s  o r  d e v e l o p m e n t a l  a b n o r m a l i t i e s ) ,  t h e r e  w a s  l i t t l e
systematic  information to  substant iate  c la ims of non-addit ive  intersctions  between
rad ia t  ton a n d  Ither agen t s . T h e  t h e o r e t i c a l  a n a l y s e s , which were accompanied by
i l l u s t r a t i v e  e x a m p l e s  f r o m  e x p e r i m e n t a l  o r  e p i d e m i o l o g i c a l  w o r k ,  t r e a t e d  t h i s
m a t t e r  i n  sll i t s  complexjtyz t h e  different n a t u r e s  o f  t h e  i n t e r a c t i n g  a g e n t s ,
t h e i r  d i f f e r e n t  mechanisms  o f  a c t i o n ,  t h e  d i f f e r e n t  d o s e  l e v e l s  a n d  t h e  d i f f e r e n t
w a y s  o f  admin i s t e r ing  the  dose s  - a l l  c o u l d  g i v e  rice t o  a  v a r i e t y  o f  poeaible
i n t e r a c t i o n s , i n  t h e  a d d i t i v e ,  i n h i b i t i n g  o r  eynergistic  s e n s e ,  b u t  o n l y  o n e  c a s e
of synergism appeared to be well documented, that between tobacco smoke and radon
decay products in uranium miners. T h i s  s y n e r g i s m  p r e v e n t s  t h e  d i r e c t  e x t r a p o l a t i o n
of  f ind ings  In t-he miner6 to  the  g e n e r a l  populat;on.
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I I I . THE PRESENT SITUATION

136.  This chapter de sc r ibe s  t he  Commi t t ee ’ s  findingsi and  conc lu s ions  i n  itr moat
recant  r e p o r t s . F o r  m o s t  s u b j e c t s  t h e  l a t e s t  account  ir the  ona conta ined  in  tha
proront ( 1 9 8 9 )  r e p o r t , b u t  f o r  soma s u b j e c t s  t h r t  a r e  n o t  reported hero,  0.9.
l xposurss f tom nuclaar  exploe  ioae, t he  l a t e s t  a ccoun t  i s  con ta ined  in t h e  1 9 8 2
repor t .

1 3 7 .  The a s s e s s m e n t  of the  radiat ion doses  in  humans from natural  source8 i s  Of
spec i a l  impor tance  because  na tura l  r ad i a t i on  i s  by  far  t h e  l a r g e s t  c o n t r i b u t o r  t o
t h e  c o l l e c t i v e  duse recsived  b y  t h e  w o r l d  p o p u l a t i o n , The  na tura l  r ad i a t i on
sourcas a r e  c l a s s i f i e d  i n t o ;

(c) E x t e r n a l  s o u r c e s  o f  e x t r a t e r r e s t r i a l  o r i g i n  ( t h a t  i s ,  c o s m i c  r a d i a t i o n )
a n d  r a d i a t i o n  o f  t e r r e s t r i a l  o r i g i n  ( t h a t  i s , t h e  r a d i o a c t i v e  n u c l i d e s  p r e s e n t  i n
t h e  c r u s t  o f  t h e  e a r t h ,  i n  b u i l d i n g  m a t e r i a l s  a n d  i n  air))

(b) I n t e r n a l  sources, c o m p r i s i n g  t h e  n a t u r a l l y  o c c u r r i n g  r a d i o - n u c l i d e s  t h a t
are taken into the human body.

1 3 8 .  S o m e  o f  t h e  c o n t r i b u t i o n s  t o  t h e  t o t a l  e x p o s u r e  f r o m  t h e  n a t u r e 1  rsdiatiol1
background are  qui te  constant  in  space and t i m e  a n d  pract ical ly  independent  of
h u m a n  p r a c t i c e s  a n d  a c t i v i t i e s .  T h i s  i s  t r u e ,  f o r  e x a m p l e ,  o f  t h e  doses r e c e i v e d
from the ingest ion of  potass ium-40, an  e l e m e n t  tha t  i s  tomsostatically  c o n t r o l l e d ,
and  a l so  o f  do se s  f r o m  the  i nha la t i on  and  inge s t i on  of  cosmogon ic  rad io -nuc l id r s ,
w h i c h  a r e  r e l a t i v e l y  h o m o g e n e o u s l y  d i s t r i b u t e d  o v e r  t h e  s u r f a c e  o f  t h e  g l o b e .
Other  con t r ibu t ions  aepend s t rong ly  on  human  ac t i v i t i e s  and  prac t i ce s  and  a r e
t h e r e f o r e  w i d e l y  v a r i a b l e . The doses  from indoor inhalat ion of  radon and thoron
decay products  are  example61 bu i ld ing  de s ign , a s  w e l l  a s  tr.e choice o f  bujlding
m a t e r i a l s  a n d  o f  v e n t i l a t i o n  systems,  i n f l u e n c e s  t h e  i n d o o r  l e v e l s ,  s o  t h a t  a s
t echn iques  and  prac t i ce s  evclve, t h e  d o s e s  r e c e i v e d  f r o m  r a d o n  w i l l  a l s o  change*
Between those extreme types of exposure, t h e r e  a r e  s o m e  i n t e r m e d i a t e  types8
external  doses  from c o s m i c  rays , which are  affected by  human pract ices  and are
q u i t s  p r e d i c t a b l e  b u t  u n c o n t r o l l a b l e  ( e x c e p t  b y  m o v i n g  t o  a n  a r e a  w h e r e  t h e  d o s e  i s
l ower ) ;  do se s  f rom the  i nha la t i on  and  inge s t i on  o f  l ong - l i v ed  nuc l ide s  o f  t h e
uranium-238 and thorium-232 decay series, w h i c h  m a k e  a  s m a l l  c o n t r i b u t i o n  t o  t h e
t o t a l  d o s e  f r o m  n a t u r a l  s o u r c e s  a n d  a r e  r e l a t i v e l y  c o n s t a n t  i n  s p a c e ;  a n d  doses
f r o m  e x t e r n a l  i r r a d i a t i o n  b y  t e r r e s t r i a l  s o u r c e s , w h i c h  a r e  a l s o  s i g n i f i c a n t l y
a l t e red  by  human  ac t i v i t i e s  end  prac t i ce s , especia l ly  through indoor exposure.

139.  The Commit tee  h a s  reassessed the  doses  received global ly  from natural
r a d i a t i o n  s o u r c e s  ( t a b l e  4 ) . T h e  m e a n  annual e f f e c t i v e  d o s e  e q u i v a l e n t  i s
e s t i m a t e d  t o  b e  2 . 4  mSvt i t  r e f e r s  t o  t h e  a d u l t  p a r t  o f  t h e  p o p u l a t i o n . Var ietion
around this mean is due mainly to variations in the external exposure to
t e r r e s t r i a l  s o u r c e s  a n d  i n  t h e  i n t e r n a l  e x p o s u r e  (inhalation) t o  s h o r t - l i v e d  d e c a y
products of radon isotopes. The external  exposures  typical ly  vary  around t h e  m e a n
by  a  factor  of 1.5 a n d  the internal  ones  by a factor of  2.5. F o r  b o t h  t y p e s  OF
exposure, the  e x t r e m e  v a l u e s  vary around the  mean by  a  factor  of 100.
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Table 4. Annual effective dose eouivalent  from natural sources

Annual effective dose equivalent (mSv)

Source of irradiation External Internal Total

Cosmic rays:
Directly ioniaing component
Neutron component

Cosmogenic  radio-nuclides
Primordial radio-nuclides:

Potassium-40
Rubidium-87
Uranium-238 series:

Uranium-238 to uranium-234
Thorium-230
Radium-226
Radon-222 to polonium-214
Lead-210 to polonium-210

Thorium-232 series:
Thorium-232
Radium-228 to radium-224
Radon-220 to tellurium-208

0.30 0.30
0.055 0.055

0.015 0.015

0.15 0.18 0.33
0.006 0.006

0.1 1.24 1.34
0.005
0.007
0.007
1.1
0.12

0.16 0.18 0.34
0.003
0.013
0.16

Total 0.8 1.6 2.4

140. There are several changes from the estimates given in the 1982 report:

(a) For external exposure to cosmic radiation, the new estimate of the annual
effective dose equivalent is higher by 50 microsievert, from taking into account
the geographical distribution of the world population as a function of altitude as
well as the shielding effect of the building materials;

(b) For external exposure to terrestrial sources of radiation, the estimate
of the annual effective dose equivalent has been raised by 60 microsievert as a
result of a better knowledge of the indoor gamma absorbed doses in air;

(c) The estimates of the annual effective dose equivalents from internal
exposure to primordial radio-nuclides have been slightly decreased for the
uranium-238 and lead-210 series as well as for the decay products of radon-220,
whereas those for the short-lived decay products of radon-222 have been increased
by about 300 microsievert on the basis of the results of nation-wide indoor surveys.

The net effect of these corrections is a 20 per cent increase in the estimate of l

the annual effective dose equivalent from all natural sources of radiation.

141. Table 4 shows the paramount importance of doses from the inhalation of
radon-222 and its short-lived decay products. Industrial activities that release
materials with enhanced concentrations of naturally occurring radio-nuclides do not
significantly alter the overall exposure estimates.
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1 4 2 .  I n  ita 1 9 8 2  report, t h e  committee a66066rd  t h e  expo6ures  t o  t h e  w o r l d ’ s
populat ion from the  re lease  to  the  environment  of radioact ive  mater ia l6  produced i n
nuclear  explo6ione carried out  in the atmosphere rince 1945. Since no atmospheric
nuclear  tart6 h a v e  taken place  rince  1 9 8 0 ,  t h e  a66e66ment  romain6 c o m p l e t e  a n d
valid.

143. The number and yield of atmorpheric nuclear explo6ions are summarised  in
table  5 ,  which 6how6  that  the  mo6t trst programmes took place  during the  periods
1957-1958 and 1961-1962. L a r g e - y i e l d  e x p l o s i o n 6  c a r r y  r a d i o a c t i v e  debris  into t h e
6tcato6phere,  from w h e r e  it ir diEper6ed and  depos i t ed  a round  the  wor ld  ( th i s  iS
known  a s  s t r a to spher i c  r ad ioac t i ve  f a l l - ou t ) , RxpOEure6  t o  p o p u l a t i o n 6  a r e  hiqhest
i n  t h e  tempo:ato regions  a n d  i n  t h e  n o r t h e r n  hemispl~ere,  where m o s t  o f  t h e  t e s t i n g
occurred. The do6e c o m m i t m e n t  f o r  t h e  routhern t e m p e r a t e  aone is a b o u t  70 p e r  cent
o f  t h a t  f o r  t h e  n o r t h e r n  t e m p e r a t e  aone. The  rad ia t i on  dOEe6 a r e  d u e  m o s t l y  t o  t h e
ingr6tion  of radio-nuclidrr  that  have become incorporated in  food6 and to  external
irradiat ion f rom ground depo6ition.

Table  5 . Number vield  af atmPaPhsric  nuclrarm

Year Number

1945-1951 26 0.8 0.8
1952-1954 31 37.0 60.0
1955-1956 44 14.0 31.0
1957-1958 128 40.0 81.0
1959-1960 3 0.1 0 . 1
1961-1962 128 102.0 340.0
1963 0 0.0 0 . 0
1964-1969 22 1O.G 15.5
1970-1974 34 10.0 12.2
1975 0 0.0 cl.0
1976-1980 7 2.9 4 . 8
1981-1987 0 No further  test6

1 4 4 .  T h e  meet  6ignificant radio-nuclides con t r ibu t ing  to  the  a s s e s s ed  dose
commi tmen t6  f o r  v a r i o u s  par t s  of t h e  w o r l d  f r o m  a l l  atmosphabric  t e s t s  ca r r i ed  out
60 far artl, in  decrealring  order  of  importance; carbon-14 ,  c6esium-137,
zirconium-95, strontium-90, rubidium-106,  cer ium-144 and tr i t ium. Residual
irradiat ion from only  four  of these,  carbon-14,  caec?ium-137,  s tront ium-90 and
tritium,  r e m a i n 6  t o  b e  r e c e i v e d  b y  t h e  prr6ent  and  fu ture  wor ld  popu la t i on .  An
add i t i ona l  con t r ibu t ion  o f  abou t  0 .1  per  cen t  of t h e  t o t a l  e f f e c t i v e  d o s e
equivalent  commitment  wi l l  b e  received from plutonium-239,  pluto:lium-240  and
americ ium-241 at  very  low do60 rate6  over  thousand6 of  years .
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145.  The col lect ive  ef fect ive  dose  equivalent  commitment  due  to  a l l  a tmospheric
nuclear  explos ions  was es t imated in  the  1982 report  to  be  3  lo7 man Sv,  an
e s t i m a t e  t h a t  i s  s t i l l  v a l i d . T h i s  v a l u e ,  w h i c h  t a k e 6  i n t o  a c c o u n t  p r o j e c t e d
future  growth of  the  populat ion of  the  world, wa6 f o u n d  t o  b e  e q u i v a l e n t  t o  a b o u t
four  years  of  exposure  to  natural  source6 for the  populat ion of the  la te  19706,  on
t h e  basis of  a n  annua l  per  caput  axposure t o  n a t u r a l  6ource6  o f  2  mSV and  a  wor ld
popu la t i on  o f  4  log. Owing to  the  increase  in  the  world populat ion to  a b o u t
5  log a t  t h e  p r e s e n t  t i m e  a n d  t o  t h e  revieed  e s t i m a t e ,  2 . 4  mSv,  f o r  t h e  a n n u a l
per  caput  exposure  to  natural  60urce6, t h e  c o l l e c t i v e  e f f e c t i v e  do69 e q u i v a l e n t
comm!tment  d u e  t o  a l l  a t m o s p h e r i c  n u c l e a r  e x p l o s i o n s  i s  n o w  aEfiOE6Od t o  b e
e q u i v a l e n t  t o  a b o u t  t h r e e  y e a r s  o f  exposure  t o  n a t u r a l  6ource6  for  the  pre sen t
populatiion.

3. Nuclaar 4’

1 4 6 .  T h e  n u m b e r  o f  n u c l e a r  r e a c t o r s  b e i n g  o p e r a t e d  t o  g e n e r a t e  e l e c t r i c i t y  h a 6
increased s ince  the  1982 report . At  the  end of 1987,  the 417 reactor6 operat ing in
26 countrieshad  an insta l led capaci ty  of  298 GW. Thie  r e p r e s e n t s  a  1 0 0  p e r  c e n t
i n c r e a s e  i n  c a p a c i t y  s i n c e  t h e  C o m m i t t e e  l a s t  r e p o r t e d  i n  1 9 8 2 ,  w h e n  inetalled
capacity was 144 GW. P r o j e c t i o n s  t o  t h e  y e a r  2 0 0 0 ,  a l t h o u g h  s t i l l  s o m e w h a t
speculative, amount to around 500 GW, a further growth of 80 per cent from present
capac i t y .

1 4 7 .  T h e  n u c l e a r  f u e l  c y c l e  i n c l u d e s  s e v e r a l  steps: mining and mil l ing of  uranium
o r e s ;  e n r i c h m e n t  o f  t h e  i s o t o p i c  c o n t e n t  o f  u r a n i u m - 2 3 5  f o r  Borne  t y p e s  o f  r e a c t o r s :
f a b r i c a t i o n  o f  f u e l  elementst  p r o d u c t i o n  o f  e n e r g y  i n  t h e  reactorsr reprorWcqing
(althoi -rh t h i s  i s  no t  a lways  under  t aken)  o f  i r rad ia t ed  fue l  and  recyc: inq o f  the
fissile  a n d  f e r t i l e  n u c l i d e s  recovered1 t r a n s p o r t a t i o n  o f  n u c l e a r  m a t e r i a l s  b e t w e e n
f u e l  c y c l e  installationsl  a n d ,  f i n a l l y , t h e  d i s p o s a l  o f  r a d i o a c t i v e  w a s t e s .
Althouah most  of the  radioact ive  mater ia l6  aseociated  with  nuclear  power product ion
a r e  p r e s e n t  i n  t h e  i r r a d i a t e d  f u e l , amall a m o u n t 6  a r e  relsa6ed  t o  t h e  e n v i r o n m e n t
i n  e f f l u e n t s  a t  e a c h  o f  t h e  s t e p s  i n  t h e  c y c l e . M o s t  o f  theee  r e l e a s e s  &re o n l y  o f
local  and regional  concern, b e c a u s e  t h e  r a d i o - n u c l i d e s  h a v e  Short  h a l f - l i v e 6  a n d
a r e  l i m i t e d  i n  t h e i r  e n v i r o n m e n t a l  m o b i l i t y . However, 6ome n u c l i d e s ,  b e c a u s e  o f
the i r  l ong  ha l f - l i v e s  o r  r ap id  t r an s f e r  th rough  the  env i ronment ,  m a y  contriksute t o
the irradiat ion of man on a  global  scale .

1 4 8 .  F o r  e a c h  s t e p  i n  t h e  f u e l  c y c l e  a n d  i t s  aESOCiated  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 s , the  Committee  has  evaluated the  doses  to  workers  within  nuciear
instellntions  and to  members  of  the  publ ic . I n  i t s  e v a l u a t i o n s ,  f o u r  p o p u l a t i o n
groups heve been considered! thoae exposed in  normal  condit ions  because  of  their
w o r k  w i t h i n  t h e  f u e l  c y c l e ; the  popu la t i on  l i v i ng  w i th in  a b o u t  1 0 0  k m  o f  the  p l an t ;
the  popu la t i on  w i th in  a  f ew  thousand  k i l ome t re s ;  and ,  f i na l l y ,  t he  wor ld  popu la t i on .

149 .  The  concen t ra t i on s  o f  r ad io -nuc l ide s  i n  e f f l uen t s  a re  genera l ly  l ow ,  and  i t  i s
hard ly  f ea s ib l e  and  no t  p rac t i cab l e  t o  m o n i t o r  m e m b e r s  o f  the  popu la t i on  fo r  up take
o f  redio-nuclides. Instead,  environmental  model l ing has  been dseci by  the  Committee
t o  estimate dose s  a t  l ong  d i s t ance s  f rom the  p l an t . T h e  tranl;fer  o f  r ad io -nuc l ide s
t.tltouqh  environmental  media  can be  predicted from measured values  obtained by
monit.orinq  foods tu f f s  and  wa ter , and from experimental  s tudies .



150. The starting point for environmental modelling at long distances is data on
the quantities and composition of radioactive materials emanating from various
nuclear installations. This information is usually available to the Committee from
those countries having nuclear power programmes and has been collected for the
six-year period 1980-1985. Since the size of a particular stage in the nuclear
fuel cycle is proportional to the nuclear generating capacity served by the stage,
the releases have been normalized per gigawatt year of generated electric energy,
enabling comparisons to be made and to facilitate the use of averages over all
plants of a similar conceptual design; the results are not representative of a
specific site, but they do give an idea of the impact of each type of facility.
Averaging overall energy production and for all plants of a particular type
accounts also for releases that may arise during maintenance shut-downs, when
little or no electricity is generated.

151. To assess the collective doses corresponding to the normalised releases, the
Committee had previously specified hypothetical sites with broadly representative
characteristics for each stage of the fuel cycle: mining and milling, enrichment
and fabrication, reactor operation and reprocessing. The Committee also assumed
that the environment receiving the releases from each model facility was a
hypothetical environment containing the main features of existing sites, so that
the most common pathways to man are included. The Committee has used the same
models again because it believes they are still adequate for the purpose and
because doing so allows the current impact to be compared with the previously
assessed impact of 1974-1979.

152. Uranium mines give rise to effluents, which when operating consist mainly of
ventilation air in the case of underground mines and of releases into the pit in
the case of surface mines. Further effluents are produced during milling
operations to extract the uranium. The stockpiles of ore and other extracted
materials are the source of airborne emissions when the mine is operating, and this
source persists even after the mine has been closed. The tailings that are
discharged from the mills also become long-term sources of airborne emissions. The
most important radio-nuclide in all these airborne releases is radon-222. Using
the same general models as in the 1982 report, doses have been assessed both for
the operational period and for the long term (lo4 years). Doses from fuel
fabrication and transport have also been assessed, but since these are so much
smaller than the doses from other components of the nuclear fuel cycle, they are
not considered separately.

153. During operation of nuclear power stations and reprocessing plants, solid
wastes are produced and have to be disposed of. For purposes of analysis, these
wastes have been characterised in terms of volumes and activity concentrations of
important radio-nuclides per unit energy generated. Two typical disposal
facilities of the shallow land burial type were specified and terrestrial
dispersion models used to calculate the release rates of radio-nuclides and the
resulting effective dose equivalents.

154. The only operating commercial fuel reprocessing plants are at Sellafield in
the United Kingdom and at Cap de la Hague and Marcoule in France. In its 1982
report, the Committee assessed the impact of reprocessing using a notional plant
representative of plants that would be reprocessing oxide fuel in the future. At
present the throughput of fuel at the three reprocessing plants represents an
energy output equivalent to about 5 per cent of that generated by nuclear power.
The Committee has therefore decided to assess the impact of the actual reported

-36-



diecharges  f rom thras c o m m e r c i a l  reproceraing  plantr and  waight t h e  r e s u l t i n g
c o l l e c t i v e  do808 b y  t h e  f r a c t i o n  o f  f u e l  rrprocesaed  t o  o b t a i n  values  o f  e x p o s u r e
per  GW year generated.

155. Calculation8  o f  colloctivs  dose t o  t h e  w o r l d ’ 8  p o p u l a t i o n  a n d  various
8ubgrOUpl  require  arsumptiona  t o  b e  m a d e  a b o u t  t h e  aioe o f  t h e s e  p o p u l a t i o n s ,  t h e i r
d i e t a r y  a n d  o t h e r  habit8,  a n d  a g r i c u l t u r a l  and fishing p r a c t i c e s .  T h e  b r o a d l y
rOprO8OntatiVO  Value8 of  these  parameter6 previounly u8ed by the  Committee  have
b u r n  r e t a i n e d  t o  e v a l u a t e  t h e  r a d i o l o g i c a l  i m p a c t  o f  e a c h  8tage  o f  t h e  f u e l  c y c l e .

156. The estimates of collective effective dose equivalent to local and regional
populat ions  and to  the  global  populat ion from widaly  dispersed radio-nucl idea are
g i v e n  i n  t a b l e  6 . Occupat ional  exposurea per  GW year  are  approximately  three  t imes
t h o s e  r e c e i v e d  b y  t h e  l o c a l  a n d  r e g i o n a l  p o p u l a t i o n .

T a b l e  6 .  Collectfve  d o s e  001: -co o f  nw dower

(Man Sv per GW a)

Over next Over
100 year8 a l l  t i m e

M i l l  t a i l i n g 8  (radcn),  l o n g term 1 . 5 150 91
G l o b a l l y  d i s p e r s e d  nuclides and waste 6 . 0 60
Local  and regional exposurtts 4 . 0 4
Occupational exposures 12.0 12

Tota l 24.0 230

a/’ Over 10,000 years.

1 5 7 .  E s t i m a t e s  o f  dO8e t o  t h e  p u b l i c  h a v e  b e e n  r e d u c e d ,  p a r t l y  b e c a u s e  d i s c h a r g e s
to  the  environment  from reactor8 have  general ly  decreared  and alao the  es t imate  for
carbon-14 ,  wh ich  accoun t8  fo r  ha l f  t he  pub l i c  exposure  f r o m  r o u t i n e  r e a c t o r
releade8,  i s  much lower than the  es t imate  in  the  1982 report  due to  new,  lower
measured value8 of carbon-14 releases  f rom heavy-water  reactors .

156.  The annual  exposure  received by  the  World’8  populat ion from the  re lease  of
rad io -nuc l ide s  tha t  b e c o m e  g l o b a l l y  dispersed  i s  cur ren t l y  much  l e s s  t han  tha t
received by local and regional populations. O n l y  i f  t h e  c u r r e n t  l e v e l 8  o f
d i s charge  o f  t h e s e  r a d i o - n u c l i d e s  c o n t i n u e d  a n d  a l l  f u e l  f r o m  a l l  reactors  w e r e
r e p r o c e s s e d  c o u l d  t h e  g l o b a l  c o m p o n e n t  o f  t h e  a n n u a l  c o l l e c t i v e  e f f e c t i v e  d o s e
equivalent  eventual ly  equal  the  local  and regional  components .

159. The collective and per caput  doses from nuclear power production may be
compared to  the  dose8 to  the  world  populat ion from natural  8ource8  of radiat ion.
The more immediate ly  del ivered component  of  the  normalizod  col lect ive  e f fect ive
dose equivalent commitment ha8 been est imated to be 4 man Sv per GW a from
r a d i o - n u c l i d e s  i n  t h e  e f f l u e n t s  o f  n u c l e a r  f u e l  c y c l e  i n s t a l l a t i o n s . For the
pre sen t  annua l  nuc l ear  power  produc t ion  o f  abou t  180 GW y e a r ,  t h e  a n n u a l  c o l l e c t i v e
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dose is assessed to be 760 man Sv. Dividing by the world population of 5 10g
gives an annual per caput dose estimate of 0.15 microsievert. The doses are around
0.01 per cent of the collective and per caput doses from natural background sources.

4. Medical exposures 51

160. Good data on the frequency of examinations and absorbed doses from medical
examinations come mainly from the developed countries, which comprise less than
25 per cent of the world's population. There are fragmentary data on examination
rates or number of diagnostic units and little or no data on absorbed doses for
approximately another 25 per cent of the population, For 50 per cent of the
world's population there are no data at all. For this reason, the Committee has
developed a modelling approach based upon the good correlation that exists in most
countries between population per physician (about which there is more information)
and the medical uses of radiation.

161. Access of populations in the world to radio-diagnosis is very uneven: one
X-ray machine is shared by fewer than 2,000 people in some countries and by
lOO,OOO-600,000 people in other countries. The frequency of procedures is also
very uneven: 15-20 procedures per year are carried out per 1,000 population in
some countries and l,OOO-2,000 procedures per year in others.
there are about 5 log people in the world,

At the present time,
and some estimates are that more than

three quarters of the world's population have no chance of receiving any
radiological examination, regardless of what disease they have.

162. While absorbed dose data exist for many standard radiographic and nuclear
medicine procedures, information now available suggests that the previous absorbed
dose estimates for the world population may be somewhat low. An important reason
for this is the widespread use of fluoroscopy in developing countries. There are
also large numbers of malfunctioning machines, which produce high doses. Neither
of these factors was widely appreciated in the past.

163. The collective effective dose equivalent from diagnostic X-ray procedures is
far greater than that from dental or diagnostic nuclear medicine examinations. The
per caput annual effective dose equivalent is likely to be no lower than 0.4 mSv
(the Committee's previous estimate) and may be as high as 1.0 mSv. Similarly, the
annual genetically significant dose may range from 0.1 to 0.3 mSv. However,
considering the age structure of the population, the effective dose equivalent may
overestimate the detriment. This would be particularly true in countries where the
older portion of the population receives most of the medical irradiation.

164. The world-wide collective effective dose equivalent is estimated to be between
2 and 5 lo6 man Sv. Of this, 90-95 per cent is attributable to diagnostic X-ray
procedures. Dental radiography, nuclear medicine and radiation therapy (ignoring
target doses) together contribute only 5-10 per cent of the collective dose. In
developed countries, the contribution to the collective effective dose equivalent
is about 0.001 man Sv per examination.

165. There are many possibilities for reducing dose without jeopardizing the
benefits of the radiological practices. In the developed countries, it may be
possible to reduce the per caput effective dose equivalent by half. In the less
developed countries, the use of radiography rather than fluoroscopy, appropriate
collimation, proper film developing, as well as the calibration and maintenance of
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equipment, would reduce the dose per examination; however, the feasibility and
costs of these measures are not known. The genetically significant dose can be
significantly reduced through the use of gonadal shielding, a practical, low cost
method. Still, the collective effective dose equivalent may increase as X-ray
examinations become more widely available in a number of countries, and such an
increase may in fact be appropriate.

166. The frequency and total use of medical irradiation is expected to increase
over the next several decades because of the aging of the world's population, the
growth of this population, and urbanization in the developing countries. By the
year 2000, the collective dose will probably have increased by 50 per cent, and by
2025 it may have more than doubled.

5. Occunational  exnosurea  6/

167. TWO categories of ‘workers are exposed to radiation: workers in the nuclear
industry and in the medical field, where radiation sources are managed, and workers
in occupations where higher background radiation levels are encountered (air crews
and non-uranium miners are examples), The Committee gave a full assessment of
occupational exposures in its 1982 report. Updated estimates of exposures to
workers in nuclear fuel cycle activities (average annual doses in the range of 3 to
8 mSv for reactor operation, and a collective dose of 12 man Sv for each GW year of
electric energy generated, in total for all work in the whole nuclear fuel cycle,
see table 6) and to medical personnel (average annual doses in the range of 0.3 to
3 mSv, and a collective dose of about 1 man Sv per million of population, see also
para. 166; in developed countries an average occupational dose of about
1 microsievert per examination) are included along with exposures of the general
public in the respective annexes dealing with these subjects.

168. Exposures of radiation workers are subject to detailed regulatory control in
all countries and in the majority of cases the doses are but a small fraction of
established limits, partly as a result of the current emphasis on optimising
radiation protection. The collective effective dose equivalent commitment per unit
of electricity generated to workers in all nuclear fuel cycle installations is
estimated to have changed little from the commitment previously estimated by the
Committee, but such stability is only to be expected if reductions in exposures are
balanced by the greater numbers of workers employed in the expanding industry.

169. Occupational exposure from medical practices includes the contributions from
diagnostic X-ray procedures, dental radiography, nuclear medicine and radiation
therapy. The average annual collective effective dose equivalent from occupational
exposures in these practices is about 1 man Sv per lo6 population. In spite of
the increase in the medical uses of radiation in most countries, the limited trend
data indicate that both individual and collective annual occupational doses are
decreasing by lo-20 per cent every decade. For developed countries, the average
occupational exposure is about 1 microsievert per examination.
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170. Exposures from miscellaneous sources of radiation are evaluated by the
Committee whenever warranted by new information or new developments. The latest
assessment, in the 1982 report, dealt with various consumer devices that contain
radioactive materials and with electronic and electrical equipment that emit
X-rays. Individual exposures to these various sources were generally very small.
The Committee believes that assessment to be still valid and feels that no new
evaluation is required.

7. Acci&&6

171. With the large size of the nuclear industry in some countries and the large
number of radiation sources used for industrial and medical purposes, accidents are
bound to happen. The accidents that have occurred have generally been criticality
and other industrial accidents that exposed one or a few workers; transport
accidents, including also accidents involving satellites, aircraft and submarines;
losses or thefts of radiation sources; and reactor a.ccidents.

172. Three reactor accidents have caused measurable exposures of the public:
Windscale in 1957, Three Mile Island in 1979, and Chernobyl in 1986. The Chernobyl
nuclear reactor accident was a significant event and is discussed in detail in two
annexes (annex D, "Exposures from the Chernobyl accident", and annex G, "Early
effects in man of high doses of radiation").

173. In all, six notable accidents have occurred since 1982, when the Committee
last dealt with this subject:

1983 : Constituyentes, Argentina. An accidental prompt critical excursion
occurred during a configuration change in a critical assembly,
resulting in the death of an operator, who was only 3-4 metres away.
The dose to the victim was estimated to be 5-20 Gy from gamma rays and
14-17 Gy from neutrons.

1983: Ciudad Juarex, Mexico. An improperly disposed of cobalt-60 source
found its way into a scrap metal shipment, contaminating the delivery
truck, the roadsides and the processed steel into which the scrap was
incorporated. Some 300-500 individuals were exposed, 10 to doses of
I-3 Gy. There were no deaths.

1984: Mohammedia, Morocco. A source of iridium-192 used to make radiographs
of welds at a construction site became detached from the take-up line
to its shielded container. The source dropped to the ground and was
noticed by a passer-by, who took it home. Eight persons, an entire
family, died from the radiation over-exposure with doses of 8-25 Gy.

1986: Texas, United States. An accident at a linear accelerator caused two
deaths from over-exposure.

1986: Chernobyl, Soviet Union. The accident at the nuclear power station
resulted in two immediate deaths of reactor operating personnel from
the explosion. About 145 firemen and emergency workers suffered acute
radiation sickness: 28 of them died during the three months following
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the accident. There were 30 deaths in all; one worker died from
mechanical injury and one from burns. Local residents, none of whom
received high exposures, were evacuated. The widespread dispersion of
the released materials caused low exposures, primarily to pOpUlatiOnS
of the western part of the Soviet Union and other European countries.

1987: Goiania, Brazil. A caesium-137 source was dismantled in a residential
area causing some 240 people to become contaminated. Fifty-four of
them were hospitalixed and four died.

8. The Chernobvl accident 21

174. The accident at the Chernobyl nuclear reactor in the Soviet Union, which
occurred on 26 April 1986, caused extensive contamination in the local area and
resulted in radioactive material becoming widely dispersed and deposited in
European countries and throughout the northern hemisphere. The extent to which
such a wide region could be affected by an event of this type was unanticipated.
Intensive monitoring was undertaken to evaluate the radiation levels.

175. It was apparent soon after the arrest of releases from the reactor that the
radiological impact of the accident, from the point of view of individual risk,
would be insignificant outside a limited region within the Soviet Union, either
because contamination levels were generally low or because remedial actions to ban
the consumption of particularly contaminated foodstuffs prevented high exposures.

176. The accident at the Chernobyl reactor occurred in the course of a low-power
engineering test, during which safety systems had been switched off. The
uncontrollable instabilities that developed caused explosions and fire, which
damaged the reactor and allowed radioactive gases and particles to be released into
the environment. The fire was extinguished and the reactor core sealed off by the
tenth day after the accident.

177. The death toll within three months from the accident was 30 members of the
reactor's operating staff and the fire-fighting crew. Two died immediately, 28
died from radiation injury. Radiation doses to the local population were well
below the doses that could cause immediate effects. Local residents were evacuated
from a 30 km exclusion xone surrounding the reactor. Agricultural activities were
halted and a large-scale decontamination effort has been undertaken.

178. The initial release of radioactive materials from the accident spread with
winds, in a northerly directjon. Subsequent releases dispersed towards the west
and south-west and in other directions as well. Deposition onto the ground was
governed primarily by rainfall, which occurred sporadically at the time in Europe.
The deposition pattern and the associated transfer of radio-nuclides to foods and
irradiation of individuals was very inhomogeneous, necessitating a regional
approach for dose calculations.

179. Measurements since the accident have shown that the radio-nuclides
contributing most significantly to doses are iodine-131, caesium-134 and
caesium-137 mainly by external irradiation from deposited material and by ingestion
of contaminated foods. The Committee's dose assessment takes most account for
these important radio-nuclides and pathways.
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180. De ta i l ed  i n format ion  wao a v a i l a b l e  t o  t h e  C o m m i t t e e  t o  c a l c u l a t e  first-year
radiatio,l  doses i n  t h e  S o v i e t  U n i o n  a n d  a l l  E u r o p e a n  counlr,ies, To extend these
r e s u l t s  a n d  t o  e s t i m a t e  the projected  doosr f rom depos i t ed  ma ter i a l s ,  w ider  r eg ions
were  evaluated. S i n c e  t h e r e  ie i n s i g n i f i c a n t  i n t e r - h e m i s p h e r i c  m i x i n g  o f  m a t e r i a l
released i n to  the  t roposphere , southern hemisphere countr ies  could 9nly have  been
a f f ec t ed  th rough  impor ted  food; this pos s ib i l i t y  is accoun ted  f o r  i n  the  a s se s smen t
by  cons ider ing  to ta l  f ood  produc t ion  a8 w e l l  aa l oca l  consumpt ion  i n  nor thern
hemisp1~9re  countries.

1 8 1 .  T h e  i n p u t  values  f o r  t h e  c a l c u l a t i o n  m a d e  f u l l  u s e  o f  m e a s u r e m e n t s  durinlr t h e
fir. C. y e a r  folIowing the  acc iden t . TLereaf  ter, p r o j e c t i o n s  a r e  r e q u i r e d  t o
eeti,  .te tb,s f u r t h e r  c o n t r i b u t i o n s  t o  d o s e ,  p r i m a r i l y  f r o m  c a e s i u m - 1 3 7 .  T.e
projsctione  are  bared  on  exper i ence  acqu i red  f rom pa s t  s t ud i e s  o f  r ad ioac t i ve
fp.ll-cut  from :he a tmospher i c  t e s t i ng  o f  nuc l ear  weapons ,

1 8 2 .  T h e  r e s u l t s  o f  c a l c u l a t i o n s  of t h e  f i r s t - y e a r  c o m m i t t e d  e f f e c t i v e  d o s e
e q u i v a l e n t s  i n  3 4  c o u n t r i e s  a r e  i l l u o t r a t e d  i n  f i g u r e  1 . The h i g h e s t  v a l u e s  a r e
for  Bulgaria , Aurtria,  Orsece  and Romania, rollowed by  o ther  coun t r i e s  o f  nor thern ,
eastern and south-eastern Europe. Lountriee f u r t h e r  t o  t h e  w e s t  i n  Europe a n d  a l s o
coun t r i e s  o f  A s i a ,  Nor th  Af r i ca ,  Nor th  and  Cen t ra l  Amer i ca  were  l e s s  nfEect.ed,
wh ich  i s  i n  accord  w i th  the  depos i t i on  pa t t e rn .

1 8 3 .  T h e  d o s e  c o m m i t m e n t s  f r o m  t h e  a c c i d e n t  a r e  d e l i v e r e d  o v e r  eevernl  y e a r s ,
most ly  due  to  continui,ng  expooures from caes ium-137. On average, some 30 per cent
o f  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t  c o m m i t m e n t s  were d e l i v e r e d  i n  t h e  f i r s t  y e a r
f o l l o w i n g  t h e  a c c i d e n t . The dose  commitments  over  a l l  t ime in  wider  regions  of  the
w o r l d  a r e  i l l u s t r  lted in f i g u r e  2 .

1 8 4 .  T h e  m a i n  o u t c o m e  of t h e  dose a s s e s s m e n t  i s  t h e  c o l l e c t i v e  e f f e c t i v e  d o s e
equivalent commitment. Thid is est imated to  be  approximately  600,000 man Sv.  Of
th i s  a m o u n t , 40 p e r  c e n t  w i l l  b e  r e c e i v e d  i n  t h e  S o v i e t  U n i o n  a n d  5 7  p e r  c e n t  i n
Europe. Ths r e m a i n i n g  3  p e r  c e n t  w i l l  b e  receiited  b y  o t h e r  c o u n t r i e s  o f  t h e
no* thern hemisphere.

185. For comparison with  f igure 1, t h e  o n e  y e a r  efCeci;ive doso e q u i v a l e n t  f r o m
n a t u r a l  qourcea  i s  2 . 4  mSv. For  compar i son  w i th  f i gure  2 ,  i t  shou ld  be  no ted  tha t
most of ‘.he dose  c o m m i t m e n t  w i l l  b e  r e c e i v e d  w i t h i n  3 0  y e a r s  o f  t h e  a c c i d e n t . The
30-year e f f e c t i v e  d o s e  e q u i v a l e n t  f r o m  n a t u r a l  s o u r c e s  i s  a b o u t  7 0  mSv. In us ing
these  comparisons, i t  should  be  remembered that  the  doses  are  averages  over  large
g e o g r a p h i c a l  a r e a s  w i t h i n  w h i c h  t h e r e  w i l l  b e  1~~1 v a r i a t i o n s ,  i n  the d o s e s  f r o m
Chernobyl  and those  from natural  sources.
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B. -ion effects

.1. mtarv m B/

186. In spite of the considerable progress made during the past few years in
understanding the mutation process, there have been no major conceptual changes in
the formulation Of risk estimates between the 1986 report and the present one that
would Warrant revising of the estimate6 of natural or radiation-induced Mendelian
and chromosomal  disorders using the doubling dose method. However, an attempt has
been made to quantify risks of induction of recessive diseases by this method. New
data on the prevalence of congenital anomalies and other disorders of complex
aetiology (discussed in 1986) raise a number of questions: Can the doubling dose
of 1 Gy be confidently applied to disorder6 of complex aetiology? What is the
magnitude of mutational component of these disorders7 Is it meaningful to provide
estimates for these disorders in the continuing absence of experimental or human
data bearing on the mechanisms of their maiptenance  in a population and on their
possible response to radiation? Until new data become available, the Committee
concluded that it was unable to provide meaningful risk estimates for these
disorders. Since this situation remains true in 1988, the risk estimates for
hereditary effects that the Committee offers at the present time are those shown in
table 7. However, an attempt has now been made to quantify risks of induction of
recessive disease6 by this method.

187. Using direct methods, the Committee estimated that lo-20 per low2 Gy per
million live born as having genetic diseases caused by induced dominant mutations.
The Committee also estimated about 10 extra cases of genetically abnormal children
would be expected in the first 10 generations per million live births per 10e2 Gy
due to recessive mutations. Finally, as to balanced chromosomal rearrangements,
the Committee assessed the risk to be between 1 and 15 cases of congenitally
malformed children per million live births per 10m2 Gy of paternal irradiation
(O-5 cases for maternal irradiation). These figures (see table 2) are also thought
to remain valid.

188. Although it did not explicitly say so until 1982, the Committee has always
realixed that simply presenting the number of serious genetic diseases is to ignore
the full measure of the harm. In the absence of objective and quantifiable
indicators of severity, it is hard to assess the full impact of radiation risks in
terms of the individual, familial and social burdens imposed by these diseases.
Therefore, starting with the 1982 report, the Committee began systematically to
review data bearing on these problems, to gain a better idea of the true detriment
associated with hereditary diseases. Although it is confident that an inquiry of
this nature will provide a more refined way of assessing the impact of
radiation-induced disorders, the Committee feels that its methodology is not yet
ready for use.

189. The Committee wishes to stress that there are still no direct data in man on
the induction by radiation of hereditary, diseases. Until such data become
available there is no alternative but to continue to use data obtained in other
mammalian species, suitably corrected to accord with what is known of human
genetics, to estimate the risk of hereditary diseases in man.
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Table 7. Estimates of risk of severe uenetic disease uer million. .e births in a uonulat on ermosed to a aenetically
sionificant dose ecruival&t of 1 Sv per oeneration of
ow-ose ae.-r low-dose irradiation, accordina to the

doubling dose method

(Based on the 1986 DESCEAB report and subsequent  work)

(The doubling dose equivalent assumed in these calculations is 1 Sv)

Disease classification

Current
incidence Effect of 1 Sv oer aeneration

per million First Second
live births generation generation Equilibrium

Autosomal dominant and X-linked 10 000 1 500 1 300 10 000

Autosomal recessive
Chromosomal
Due to structural anomalies
Due to numerical anomalies

Congenital  anomalies
Other multifactorial diseases

2 500

400
3 400

60 000)
600 000)

5 5 1 500

240 96 400
Probably very small

Not estimated

Early acting dominants
Heritable tumours : Unknown Not estimated

Totals of estimated risk 1 700 1 400 12 000

190. All the numerical estimates of genetic risks discussed thus far have been
obtained on the basis of genetically significant doses, i.e. on the assumption  that
the doses are received by individuals  before or during the reproductive period. It
is obvious that in the exposure of an entire population, the genetically
significant doses are markedly less than the total doses received over a lifetime:
damage sustained by the germ cells of individuals who are beyond the reproductive
period or who are not procreating for any other reason poses no genetic risks. If
it is assumed that the mean age at reproduction  is 30 years and that the average
life expectancy at birth is 75 years, the dose received by age 30 is 40 per cent of
the total dose.

191. To derive risk coefficients for genetic diseases in a population, one needs,
accordingly, to multiply the genetic risk estimates discussed earlier by 0.40. The
calculations shown below make use of the most recent risk estimates presented  in
table 7 of annex E, "Genetic hazards", and give the risk coefficients  per sievert:
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(a) Risk coefficient on the basis of gonadal dose
in the reproductive segment of the population
(from annex E, table 7); for quantifiable damage
only, over all generations

12,000/106 or
1.2 per cent

(b) Risk coefficient for the whole population, not
only the reproductive segment, all generations
(0.4 x 1.2 per cent)

(c) Risk coefficient for the first two generations,
but otherwise as in (a) above

0.5 per cent

3, 100/106 or
0.3 per cent

(d) Risk coefficient for the whole population, for
the first two generations (0.4 x 0.3 per cent) 0.1 per cent

2. Radiation carcinoaenesis in man 91

192. The most recent data in the field of radiation-induced cancer in man have been
examined with the following in mind:

(a) Impressive advances in understanding the molecular mechanisms of cancer
induction:

(b) The analysis made in annex B of the 1986 report, "Dose-response
relationships for radiation-induced cancer":

(c) Extensive additional follow-up data on major epidemiological studies such
as those of the survivors of Hiroshima and Nagasaki:

(d) A revised dosimetric system for the survivors of Hiroshima and Nagasaki
that allows a better analysis of this important epidemiological series.

193. Several factors influence the probability that an individual exposed to
radiation will develop cancer. Some of these, the host factors, pertain to the
individual, such as his genetic background, age, sex and state of health; others
pertain to the conditions of irradiation, such as the dose delivered, the time
period over which the dose was received and the quality of the radiation: still
others are factors that may interact with radiation to affect the susceptibility of
the host, such as his living habits or his exposure to other toxic agents. Thus,
there is no single, simple way to assess the effects, so several approaches have
been taken.

194. One approach is to study the effects of different exposure or host conditions
on biological models of carcinogenesis. This approach allows analysing one or
another aspect of the risk, e.g. its variation with time or with the age of the
exposed individuals. Another approach aims at analysing dose-response and
risk-projection relationships. A third approach is the direct regression study of
epidemiological data, especially through modern multiple regression techniques,
which are particularly suited to the complexity of these phenomena.
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195.  The m o s t  informat ive  epidemiologic81 reriee 8x.0 thnz3 which were  carried o u t
i n  t he  fo l l ow ing  groups : (a)  people  who were chronical ly  exposed to  high or
intermediate  doses  of  radiat ion when the  dangers  df such exposures  were  as  yet
unknown) (b )  people  who were  chronical ly  exposed to  low doses  for  occupat ional ,
m e d i c a l  o r  e n v i r o n m e n t a l  reasons]  ( c )  p e o p l e  w h o  r e c e i v e d  high dose s  t o  aome par t s
o f  t he  body  over  shor t  per iod s  f o r  therapeu t i c  purposes$ (d) p e o p l e  w h o  w e r e ,  a n d
are, exposed  to  l ow  dose s  o f  r ad i a t i on  for medica l  d i agnos t i c  purporest (0) s p e c i a l
cohorts  who were  irradiated external ly  as  a  consequence of  the  a t o m i c  b o m b i n g s  at
Hiroshima and Nagasaki or internal ly  as  a consequence of  fa l l -out  from the  tes t ing
o f  nuc l ear  weapons ]  and  f i na l l y , (f) ir!olated  individuala w h o  r e c e i v e d  f a i r l y  h i g h
doses  in  accidents  of various  sorts .

196. -0 m e t h o d s  h a v e  b e e n  e m p l o y e d  i n  the epidemiological  i n v e s t i g a t i o n  o f  t h e
g r o u p s  l i s t e d  above1 (aj cohor t  s t ud i e s ,  i n  wh ich  exposed  ind i v idua l s  a re  ana ly sed
r e t r o s p e c t i v e l y  f o r  t h e i r  c a n c e r  e x p e r i e n c e  a n d  c o m p a r e d  w i t h  a  s u i t a b l y  m a t c h e d
n o n - e x p o s e d  c o n t r o l  g r o u p ;  a n d  (b) c a s e  c o n t r o l  s t u d i e s ,  i n  w h i c h  i n d i v i d u a l s  i n  a n
exposed populat ion are  matched with  indiv iduals  of  a  control  populat ion and are
f o l l o w e d  p r o s p e c t i v e l y . The second method has distinct advantages but of course
c a n  b e  a p p l i e d  o n l y  t o  s p e c i a l  e x p e r i e n c e s .

197.  Most  of  the  retrospect ive  s tudies  d iscussed in  the  197’1  report  have  cont inued
u p  t o  t h e  p r e s e n t  t i m e , and new reeultr have been reported. I n  eeveral  eeriea,
such  as  thc.t on  rad ia t ion - induced  b r e a s t  cancer , earl ier  f indings  were improved and
dose-response  patterns  were made more precise  by combining data  from several
i n v e s t i g a t i o n s . I n  o t h e r  s e r i e s , such  a s  tha t  on  pe l v i c  i r rad ia t i on  fo r  t u m o u r s  of
t h e  u t e r i n e  c e r v i x , e a r l i e r  f i n d i n g s  w e r e  a t  l e a s t  p a r t i a l l y  c a l l e d  i n t o  q u e s t i o n .
I n  y e t  o t h e r  s e r i e s , s u c h  a s  t h o s e  o n  o c c u p a t i o n a l l y  e x p o s e d  g r o u p s ,  t h e  e a r l i e r
f ind ings  have , on  c lo se r  examina t ion  and  re in t e rpre ta t i on ,  b e e n  cr i t i c i ced  for
d i f f e r e n t  t y p e s  o f  investigat,.ing  a n d  r e p o r t i n g  bias,. U n c e r t a i n t i e s  i n  t h e
dosimetry, t h o  u n s u i t a b i l i t y  o f  c o n t r o l  g r o u p s  a n d  p o t e n t i a l  o r  a c t u a l  d i f f i c u l t i e s
in the ascertainment of tumours were some of the problems encountered.

1 3 8 .  A l l  of  t h e  m o s t  impor tan t  p ro spec t i ve  s tud i e s  that wer: in  progre s s  i n  1977
a r e  s t i l l  i n  p r o g r e s s . T h r e e  m o r e  frets o f  m o r t a l i t y  d a t a ,  as w e l l  a s  a d d i t i o n a l
incidence data,  are  now avai lable  from the survivors  of Hiroshima  and N a g a s a k i ,  and
these  have improved the  dose-response  est imates  for  some tumour types  and have
added other  mal ignancies  (colon,  ovary, m u l t i p l e  myeloma) t o  t h e  l i s t  o f  t h o s e
already known to  be  r,adiation-induced, Some information has  a lso  been added to  the
s tud i e s  of p e o p l e  e x p o s e d  a t  t h e  Hanfold  n u c l e a r  f a c i l i t y  a n d  t o  f a l l - o u t  i n  t h e
Marshal l  Is lands  and of pat ients  exposed for  medical  condit ions  ouch as  ankylouing
spondy l i t i s ,  mas t i t i s ,  pneumothorax  or thymus-related i rradiations. The absolute
a n d  r e l a t i v e  riake in  the se  cohor t s  of p e o p l e  c o n t i n u e  t o  increaee  ( s a v e ,  p o s s i b l y ,
!n the  pat ients  w.ith ankylosing spondylitis and in  those  who were youngest  at  the
t ime of  the bombings  in  Hiroshima and Wayasaki). A l l  t h e s e  s t u d i e s  m u s t  obv ious ly
continue throughout the lifetimes of the exposed individuals in order to complete
the data on doss- and time-response relstionships for cancer induction. Moreover,
for the relevant information to be genera’Lzed, it is also vital to know to what
degree these  cohorts  are  s imi lar  to  other  populat ions !  how,  and 1rit.h what
consequences, exposure  to non-radiation risks may have chanced;  and how, fol CI
general population, the risk of a given do613 of radiation relates to t.he beckqround
CBIlCftF r i s k . One of the central problems in risk estimation continue6 to be the
shape of the dose-response relationship, an issue extensively treated in the 1986
report.. Although a number of models may be used to analyse the risk, each of them
represents no more than an approximation to the true dose-response relation and has
pot.nrltidl  l i m i t a t i o n s  o r  p i t f a l l s .



199. The mortality experience of Hiroshima and Nagasaki survivors has been the
single most important source of information on the radiation-related risk of cancer
induction. A recent re-evaluation of tissue-absorbed doses in these survivors has
made clear that their exposure to neutrons was substantially less than had been
thought, and the relevant data, particularly those from Hiroshima, are now believed
to be much less informative about the effects of neutrons than had once been
presumed. The large body of experimental data and the very limited amount of
epidemiological evidence on the relative biological effectiveness (RBE)  of neutrons
must therefore be carefully re-examined, with a view to arriving at some estimate
of risk for this type of radiation.

ZOO. A new internat5onal study of patients surviving treatment for carcinoma of the
cervix has provided additional data on second cancers at selected sites.

201. Lifetime cancer experience is not yet available for any of the large
epidemiological studies. Therefore, to project the overall cancer risk for an
exposed population, it is necessary to use models that extrapolate over time data
based on only a limited period of the lives of the individuals. Two such
projection models have received particular attention: (a) the additive model,
which postulates that the annual excess risk arises after a period of latency and
then remains constant: and (b) the multiplicative model, in which the time
distribution of the excess risk follows the same pattern as the time distribution
of natural cancers, i.e. the excess (after latency) is given by a constant factor
applied to the age dependent incidence of natural cancers in the population. Data
are now available that may provide a deeper insight into the applicability of the
two models, and recent findings in Japan suggest that the relative risk projection
model is the more appropriate, at least for some of the most common cancer types.
Firmer conclusions should be possible soon.

202. Cancer is generally understood to develop in a number of stages. That is, for
malignancies to be expressed a series of events must occur and the rate at which
they occur is thought to be reflected in the way cancers appear in the population
over the course of time. Analysis of the various epidemiological series in the
light of this notion reveals a number of inconsistencies, so that it is not yet
feasible to say which stages in carcinogenesis are affected by radiation or whether
more than one stage is affected or whether the multistage model is able to explain
the actual process. All of these possibilities may apply to some extent. It may
even be that events postulated at the cellular or sub-cellular level cannot be
easily related to the clinical data on radiation carcinogenesis.

203. A limited number of genes, known as oncogenes, have been implicated in the
malignant transformation of normal cells. The precise ways in which these
oncogenes can be activated by radiation are not known, but so far data have not
revealed any modifications that would suggest radiation plays a special role in
inducing cancer or that would help to differentiate, at the genetic level,
radiation-induced tumours from tumours induced by other carcinogens.

204. The Committee has carried out a detailed review of the information available
on time-specific susceptibility to radiation-induced cancer and has considered
separately the evidence pertaining to the exposure of children and adult subjects.
Data on children show that the thyroid, the bone, the bone marrow and the breast
are definitely responsive to the carcinogenic action of radiation. The majority of
the children successfully treated by radiation for cancer (i.e. those carrying
localized primary tumours) who have developed secondary tumours are those whose
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primary tumour had a large heritable  component of cause. These children are
obviously more prone to develop c%ncer than a normal child. In general, certain

sites are susceptible, and the genetic evidence Shows that this has to do with gene

regions expressed in both the tissue involved in the original Primary tumour
(e.g. retinoblastoma) and in the tissue of the second tumour (e-g* bon% sarcoma)=
Individuals with the hereditary form of retinoblastoma are also known to develop
osteosarcomas away from the irradiated field of in the abS%nC% of irradiation* The

spontaneous risk of second tumours in retinoblastoma patients iS due to the somatic
development af homosygosity in those children who inherit a Single Copy of the
relevant mutation, but it is not yet known whether this is also the mechanism by
which radiation induces second tumours. There are indications in the case Of

second tumours following retinoblastoma that a multiplicative projection model may
apply  t as it does to most adult tumours.

205. A number of general principles concerning the induction of tumours by
radiation can be derived. Radiation is detectably carcinogenic if the dose is high
enough, but no cancers unique to radiation are induced. Leukaemia (except chronic
lymphatic leukaemia) is the most prominently induced cancer but tumours of the
breast, thyroid, lung and bone marrow and at a number of other sites are also
induced. The frequency of induction per Gy varies with the site. Some tumours
such as chronic lymphatic leukaemia, squamous cell carcinoma of the cervix and
Hodgkin's disease are not induced by radiation. Induced tumours are expressed some
time after exposure, the latency being at least 2-5 years for leukaemia and about
10 years or more for other tumours. Age is the most significant host factor but
other factors such as genetics play a role. These features are explained further
in annex F.

206. In general, the results from cancer patients are similar to those from other
exposed groups with regard to the post-irradiation pattern of risk. However, in
some instances, the risk in cancer patients appears to be different from that in
the general population. This could be due to differences in susceptibility to
cancer, but it could also be due to differences in exposure to environmental risk
factors, e.g. smoking. Excess cancers occur in both irradiated and non-irradiated
patients, making the estimation of radiogenic risks problematic and suggesting that
inferred results may not be generally applicable.

207. The dose-response relationships for various forms of malignancy were discussed
extensively in annex B of the 1986 report. The conclusion reached there was that
each type of tumour may have a characteristic dose-response pattern and that it is
still difficult to assess satisfactorily the pattern for the majority of the
tumours. However, a general conclusion could be drawn that for low-LET radiations
most dose-response relationships were upward concave reaching a maximum that would
be followed by decline of the response with further increasing of the dose. This
decreasing slope and decline of the curve at high doses seems due to killing of the
radiation-initiated cells from which tumours eventually arise.

208. The Committee concluded in 1986 that for some tumours, i.e. carcinomas of the
female breast and perhaps of the thyroid, a linear relationship at low and
intermediate doses of low-LET radiations gave a good fit: for others a linear fit
could not be rejected statistically but other models, e.g. linear quadratic and
quadratic, approximated the data equally well. These observations are still
assumed to be basically correct, although evidence presented recently to the
Committee suggests that fractionated doses at very low doses per fraction may be
less effective in inducing breast cancer than deduced previously from the linear
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relationship and apparent lack of dose-fractionation effects. Recent
epidemiological studies on patients administered 131-iodine-iodides  for diagnostic
purposes Suggest that low-LET radiation at low dose rates is also significantly
less effective than intermediate and high doses delivered at high dose rates. This
means probably that the dose-response relationship for induction of cancer of the
thyroid gland is also non-linear (upward concave), as was suspected in the 1986
report.

209. Many biological differences among human beings are known to modify their
susceptibility to radiation-induced cancer, and the Committee examined these
differences, known as host factors. Current information generally suggests sex has
little 01' no effect on radiation carcinogenesis, in the sense that the sex ratio
for individuals with radiation-induced malignancies (thyroid, breast, lung,
leukaemiaj is similar to that for non-irradiated individuals with the same
malignancies. Data show further that susceptibility to radiogenic tumours
decreases with increasing age, the latency periods being related not so much to age
at exposure as to the tissue involved. The mean age and the age distribution of
cases in adults exposed to single doses are in general similar to those in the
population at large. Data on the effect of genetic constitution suggest that there
may be a small, but not trivial, fraction of the population who are prone to cancer
development azd could thus be more susceptible to radiation or other carcinogenic
agents. To improve the risk estimates, better means of identifying susceptible
individuals should be developed.

210. The concluding section of the Committee's study contains an overall analytical
summary of radiogenic cancer effects drawn from the most comprehensive sources
available. From only a few epidemiological studies - primarily the survivors of
the atomic bombings and patients exposed during treatment of ankylosing spondylitis
or cervical cancer (leukaemia only) - the carcinogenic risk of radiation can be
estimated for many different sites. All three studies comprise large numbers of
people exposed to X- or gamma-radiation for short times and followed for long
times; however, each set of data has unique characteristics. The Committee
considered the results on tissue-specific tumours from these series and compared
them with risk estimates produced by various other studies. The Committee's
evaluation of risk estimates is discussed in chapter III, section C.2.

.
3. Early effects in .man of haah doses of radiation U2/

211. The Committee has reviewed what is known about the effects that occur in man
within two to three months from receiving uniformly distributed whole-body doses
above approximately  1 Gy of X- or gamma-radiation. The data were collated from
three main sourcesr accidents, the atomic bombings and radiotherapy treatments.
Important information on this subject has recently become available as a
consequence of the nuclear accident at the Chernobyl power plant, in the course of
which about 100 people were exposed to external and internal irradiation amounting
to 1 Gy or more. The Soviet delegation has prepared especially for DNSCEAR a
detailed report entitled "Acute radiation effects in victims of the Chernobyl
nuclear power plant accident", which is presented as an appendix to annex G.

212. Early prodromal responses during the first 48 hours after irradiation are
mediated through the autonomic nervous system and appear as gastrointestinal and
neuromuscular signs. The incidence and latency periods for these effects are
dose-dependent. For instance, the dose that induces vomiting in 50 per cent of
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ind iv idua l s  is 8pprortir*ly  2  cy, ad *&a w a n  latrncy parlod a f t e r  thlr d o m e  i s
a b u t  3  hour*.

211. Dorm higher than SO Gy go~~ra:lp  lead to death within two day8 frofn
corrbrovarcular  i n j u r y  (t-ho ro-crl:8d nourological ryadrma). U n i f o r m ,  w h o l e - b o d y

douam betueea  10 and 50 Gy cnure the gamtrointartioal syndroma, w h i c h  im gmnorally
f a t a l ,  uith most doathr occurrixx9 during t h o  macond WOOL a f t e r  i r r a d i a t i o n .  I n
rpito of the l xporienco of tbomr who disd rftor the atomic bombings, there ir
inmufficiont  information to l rtinato prociroly  the ralationrhip between the dore
a n d  thr p r o b a b i l i t y  o f  dortb d u o  t o  t h i s  syndrome. Tbe time t o  d e a t h  o f  the
gartrointe8tinal syadrw dapunds on t h e  renewal  t i m e  o f  the intcrotinsl lining a n d
is lnfluencod  b y  rocondary  f a c t o r s  such mm infection,  hmmor  x90, loss o f  f l u i d ,
protoin and l loctrolytos.

214.  Uniform,  whole-body borer: of larr than 10 Gy but  grratrr than 1 Gy caume the
bona-marrow ryndrome, the incidence and severity of which depend on dare. The
in i t i a l  aarrou d-ago aftor l o w  darer roducor  thm numbor of whita c e l l s  i n  t h e
b l o o d ,  t h e  lymphocytor  kinq t h e  momt ronritivo  i n d i c a t o r 8  o f  i n j u r y . Domes o f
l - 2  G y  reduce  t h e  concentration o f  b l o o d  lymphocytor  t o  a b o u t  50 p e r  c e n t  o f  norma l
w i th in  49 hour s  o f  i r rad ia t ion . Noutrophilr  8how a n  i n i t i a l  i n c r e a s e  o v e r  t h e
f i r s t  frw d a y s , thrn a  dore-related f a l l . Ton dayr aftrr 2-5 Gy, thara is a second
a b o r t i v e  rire; however ,  i f  thm aarrow doer not  recover ,  a  f i na l  dsclins  ie
obgrrved. The 1088 o f  nootrophilr io arrociatrd w i t h  t h e  onret o f  fever a n d  i s
p r e d i c t i v e  o f  s u r v i v a l . T h e  t i m e  courme o f  platmlot 1 0 8 8  is b r o a d l y  similar t o
t h a t  f o r  granulocytem,  b u t  w i t h o u t  a  second abortive  r i m e . Platalet l e v e l 8  i n  the
blood below 30,000-50,000  per  microlitre  are 888OCiatdd with  bleeding.  People  with
the bone-marrow syndrome show an increarsd murceptibility to infection due to
i n j u r y  t o  the haamatopoi,&tic a n d  the irnnuna rymtun.

215. In addition to the l ymtemic effect8 domcribed, irradiation may alro caume
damage to many other timmuem  and organ8 l xpo8ed raparately. The rerulting clinical
rymptomr  v a r y  a s  t o  t i m e  f o r  sppearanco  a n d  rrverity. They may or may not be part
o f  t h e  syodromsc demcribed, depend ing  upon  the timruom i r rad ia ted ,  t h e  d o e s  l e v e l ,
t h e  m o d a l i t i e s  o f  i r rad ia t ion  and  other  phys i ca l  and  b io log i ca l  f a c t o r s .

216.  Irradiat ion of the  rkin CIUQIS  leriono  that  are well  known and very  dependent
on the dome and the area irradiated, i n  the IODIO  t h a t  s m a l l e r  3080s  h a v e  t o  t a k e
place over lar’ger  area8 to elicit thr l ruxe 18~01  of d8maga. Sk in  lesions i n c l u d e
erythema, abnormal  hair  growth,  epilation, dmrquamation  a n d  vamcular  end dorms1
i n j u r y . The d o s e  i n  t h e  bars1 l a y e r  o f  t h e  epidermim  determiners  t h e  a m o u n t  o f  c e l l
ki l l ing  and hence the  degree  of  derquamation.

217. Injury to the mucous membrane8  in the mouth and throat evok~m  inflammation and
s w e l l i n g , with  ulcaration  and  necros i s  a f t e r  h igh  dorem. Mucosal  i n j u r y  i s
greatert i n  t h e  cheek.-+, s o f t  p a l a t e  a n d  hypoglocrr?  r e g i o n . Acute  e f f ec t s  on  t h e
e y e  a r e  a l s o  w e l l  describstd  and  ve ry  dependen t  on  the  s t ruc ture s  i r rad ia t ed  and  the
d o s e s  receiveo.

2 1 0 .  W h e n  t h e  t h o r a x  i s  i r r a d i a t e d ,  pneumonitis io t h e  e a r l i e s t  s i g n  o f  r a d i a t i o n
i n j u r y  i n  t h e  l u n g . It  appear8 at  l -3  months  for  doss6 greater  than 8 Gy. The
t i m e  of  onse t  o f  pneumon i t i s  i s  no t  s i gn i f i can t l y  do se -dependen t  be tween  6  a n d
12  Gy . At Chernobyl  there  wore some pat ients  with  early  lung react ions , These
changes  were probably  multifactorial  in origin.
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219. High acuta  doeae of up to 4 Gy induce temporary mtarility in momr malo
individuala, bu t  the  do se  i nduc ing  pro longad  s t e r i l i t y  ia a l l  male8 im at l e a r n t
6 Gy. Although  *ma of the diffarantiating  forma of l parmatogonia taspond early
and  a re  very ~ad~~-~enaitiva,  the Sperm count  bSgin8 to  dSCrOS80  on ly  aftar six
waekm. In  women, temporary rterility  im induced by high dose8 up to 4 Gy and
p r o l o n g e d  s t e r i l i t y  b y  4 - 1 0  Qy. Oldar women ara more auacaptible,  probably because
tha mmber  o f  o v a r i a n  folliclaa dOCrO88e8  w i t h  898.

220. It ie o f  intaraet  to knOW  the  do@@  o f  rad ia t ion  tha t  caumea, on  average ,
5 0  p e r  c e n t  o f  i n d i v i d u a l 8  t o  d i e  w i t h i n  6 0  d a y r  (LD50,60),  Tha LD60 ia a
c o n c e p t  w i d e l y  u s e d  in e x p e r i m e n t a l  w o r k  bu t  the ta  im doubt  aa t o  itn a p p l i c a b i l i t y
in  human radiat ion biology,  except  for  ntatimtical  purpoaoa. The l pidamiological
eerie8 available for eetimating this dons in man comprimo  radiotherapy patients,
accident came8 and the Japanese expomrU to atomic bombing8 in the Second World
War. The LD50/so r e f l e c t s  m a r r o w  f a i l u r e . The moat racent  atudiem of tha
LD50/60 from experience in Japan (after rovimion  of tha donor) yield value8 of
around 3 Gy. The f igure ia thought to apply to the very mpecial  conditiona
prevailing after the bombing for irradiated human bOing8  who have no accama, or
only  minimal  access,  to  medical  treatment .

221. Some groups of radiotherapy patiantr hava bran useful for aasosament  of the
LD50/60e None of 20 children and edOleSCent8  given 3 Gy to the whole body to
ttieat E w i n g ’ s  darcoma  d ied  of  mar*:ow f a i l u r e . The LD50/60 for  groups of  adults
irradiated for  disseminated cancer8 was  2 .9  Gy in  one marias and 3.4  Gy in
another. A l l  these da ta  i nd i ca te  tha t  f o r  c a n c e r  p a t i e n t s ,  a l t h o u g h  t h e y  r e c e i v e
supportive  t r e a t m e n t , t h e  LD50/60  i s  p r o b a b l y  a b o u t  3  G y ,  w h i l e  f o r  h e a l t h y
ind i v idua l s  r ece i v ing  conven t iona l  suppor t i v e  t r ea tmen t  a f t e r  i r rad ia t i on ,  i t  m a y
b e  4 - 5  G y .

222.  In  the  accident  at  Chernobyl , 43  i nd i v idua l s  racrived  dose8 e s t i m a t e d  t o  h a v e
been between 2 and 4 Gy, and 1 of them died. Of 21 poop18  receiving doses between
4.2 Gy and 6.3 Gy, 1 died. Of 20 patientn  receiving doaerr  between 6 and 16 Gy,
19 died. because of the complications  suffered by many of the patients during the
acc iden t , s u c h  a n  thermal  and skin injury, i t  i s  d i f f i c u l t  t o  d e r i v e  a  v a l u e  f o r
L950/60  f r o m  t he se  da ta .

223. From ita review and diacusaion of the above data, the Committee concludes that
i t  ia impossible to  ass ign a  unique value  to  the  LD50 in  man;  i t  may change
substantially  depending on aqe, t h e  s t a t e  o f  h e a l t h  o f  t h e  i n d i v i d u a l s  i r r a d i a t e d
and on the  prophylact ic  or  therapeut ic  meaauretr  adopted before and af ter
i r r a d i a t i o n . For  the  planning of e m e r g e n c y  respon8e8,  i t  i s  important  to  know
which values  of  the  LD50 woui?  apply  in  which s i tuat ion. The Committee
underl ines ,  however, t h e  p u r e l y  s t a t i s t i c a l  n a t u r e  o f  t h e  LD50 a n &  warms  t h a t
u s ing  i t  t o  p red i c t  t he  chance  o f  s u r v i v a l  of a  8ingle indi ridual  w o u l d  b e  t o t a l l y
unwarranted.

224.  Neutrons  are  more ef f ic ient  in  caus ing acute  in jury  than X-  or
gamma-radiation, by  a  f ac tor  o f  2 -3 ,  u s ing  s ing l e  do se s . There ir l i t t l e
e x p e r i e n c e  in  man  of  t h e  l e t h a l  e f f e c t s  of  neu t rons ,  excep t  i n  a f e w  i s o l a t e d
acc iden t s , The neutron component  of  the  doses  to  the  survivors  of the  a tomic
bombings ia now considered to  be  m u c h  smal ler  than had previously  been est imated so
t h e  d a t a  c o l l e c t e d  f r o m  t h i s  g r o u p  o f  p e o p l e  a r e  t h e r e f o r e  of  l i t t l e  u s e  i n
as se s s ing  the  efIects o f  neu t rons .
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225.  As i s  wel l  known in  the  f ie ld  of radio-biology,  dose  protract ion and
f r a c t i o n a t i o n  caum l o r e  e f f e c t  ttlan t h e  mnm t o t a l  done given s i n g l y .  T h e  e a r l y
e f f ec t s  of  h igh  dose s  i n  man a r e  n o  e x c e p t i o n  t o  t h i s  g e n e r a l  rule. Thus,
prodromal  responses  are  somewhat  a l lev iated b!J dose protract ion or  fract ionat ion.
S i m i l a r l y ,  l o w - d o s o - r a t e  o r  m u l t i - f r a c t i o n a t e d  i r r a d i a t i o n  markrdly reduces i n j u r y
to  the  intest ine  and the  bone marrow in  a l l  species  including man. vL.;ious
quant i tat ive  formulas  have  been proposed to  estimate the changes  in  dose  or  ef fect
brough t  abou t  b y  pro t rac t ed  i r rad ia t i on ]  however , because  the  data  base  for  many
tissuss  i s  s p a r s e , t h e s e  f o r m u l a s  aret o n l y  vary rough  gu ide l ine s  f o r  p red i c t i on .
T h e r e  i s ,  m o r e o v e r ,  o n e  e x c e p t i o n  - t h e  t e s t i s  - t o  the g e n e r a l  r u l e  o n  p r o t r a c t i o n
and fract ionat ion;  the progress ion of cel l s  into sensit ive phases  makes this  organ
more  s en s i t i v e  t o  f r ac t i ona ted  do se s  t han  to  s i ng l e  do se s .

226.  In  general , l a r g e  a m o u n t s  of  i n t e r n a l  e m i t t e r s  are  r e q u i r e d  t o  p r o d u c e  e a r l y
e f f ec t s  i n  man . B o n e  m a r r o w  d e p r e s s i o n  i s  o b s e r v e d  a f t e r  s i n g l e  l a r g e  i n t a k e s  uL:
iodine-131 and caesium-137. Gold  rad io -co l l o id s  have  produced  m i ld  rad ia t i on
uickness and haamotological  complicat ions , as  have phosphorus-32 and sulphur-35.
S e v e r e  a c u t e  i n t e s t i n a l  i n j u r y  i n  m a n  f r o m  in terna l  emi t t e r s  ha s  no t  been  repor t ed ,
and luny in jury  has  been rare. Trea tmen t s  f o r  i n t e rna l  con tamina t ion  w i th
rad io -nuc l ide s  a r s  ba sed  on  l oca l  r e m o v a l , reduced  re t en t ion ,  enhanced  e x c r e t i o n
and  d imin i shed  t rana loca t ion .

2 2 7 .  A sma l l  f r ac t i on  o f  t he  popu la t i on  m a y  b e  p a r t i c u l a r l y  s e n s i t i v e  t o  early
r a d i a t i o n  i n j u r y  b y  v i r t u e  o f  i n h e r i t e d  g e n e t i c  d i s o r d e r s ,  s u c h  aa ataxia
t e l a n g i e c t a s i a . Per sons  w i th  th i s  d i s ea se  are  more  rad io - sens i t i v r  than  norma l .
Many other  genet ic  d isorders  predispose  to  increased chromosomol  r c e l l u l a r
i n j u r y ,  b u t  q u a n t i t a t i v e  e s t i m a t e s  o f  t h i s  i n c r e a s e  a r e  n o t  a v a i l a b l e .

2 2 8 .  I t  1s d i f f i cu l t  to  form a  prognos i s  i n  i r rad ia t ed  pa t i en t s  so l e l y  f r o m  an
e s t i m a t e  o f  t h e  d o s e . There are  many confounding factors ,  including intercurrent
d i s ea se ,  do se  pro t rac t i on  and  rad ia t i on  qua l i t y , The type and durat ion or
prodromal symptoms, including erythema, m a y  a s s i s t  i n  t h e  p r o g n o s i s .
Haematoloqical  s igns ,  part icular ly  the  lymphocyte  count ,  are  good prognost ic
i n d i c a t o r s . T h e  l o w e s t  b l o o d  counts and  the i r  t i m e  o f  occurrence  fo r  the  va r iou s
b l o o d  c e l l  t y p e s  a r e  a l s o  i m p o r t a n t , a s  i s  t he  dura t ion  o f  marrow  ap la s i a  af ter
high doses . The appearance and pers is tence of  immature cel l s  in  the  blood i s
u s u a l l y  a  f a v o u r a b l e  s i g n  of  m a r r o w  r e c o v e r y . A val id  prognosis  m u s t  b e  founded on
a  w ide  range  o f  d i f f e ren t  t ype s  o f  da ta  and  cons tan t l y  upda ted .

229.  The information provided by the  Soviet  Union and contained in  the  appendix to
annex G on the  v ic t ims  of the  Chernobyl  accident  i s  exhaust ive  and valuable . While
t h e  n a t u r e  o f  t h e  l e s i o n s  o b s e r v e d  i s  not u n e x p e c t e d ,  t h e  d e g r e e  o f  p r e c i s i o n
a c h i e v e d  i n  t h e  a n a l y s i s  o f  t he i r  t i m e  of  onse t  and  the i r  magn i tude  and  dura t ion
adds  cons iderab ly  t o  o u r  under s t and ing  o f  t he  b io log i ca l  e f f ec t s  o f  h igh  dose s  o f
rad ia t ion  in  man . F u r t h e r  a n a l y s i s  o f  t h e s e  f i n d i n g s  i s  d e f i n i t e l y  w a r r a n t e d ,
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  f o l l o w i n g  p o i n t s : the  prec i s e  a s s e s smen t s  o f  t he
d o s e s  r e c e i v e d  b y  t h e  victims1 the  cor re l a t i on  o f  t he  va r iou s  s ymptoms  and  s i gn s
with  the  c a u s a l  agents  ( the  pat tern of exposure  was  complex and involved internal
a n d  e x t e r n a l  i r r a d i a t i o n ,  his w e l l  a s  t h e r m a l  i n j u r y ) . T h e s e  n e w  s t u d i e s  w i l l
s u b s t a n t i a l l y  e n h a n c e  t h e  p r e s e n t  k n o w l e d g e  a n d  w i l l  e v e n t u a l l y  a l l o w  t h e  d a t a
co l l ec t ed  a t  Chernoby l  t o  be  conso l ida t ed  w i th  o ther  f i nd ings  d i s cu s sed  i n
annex G. T h e  Comittee i s  i ndeb ted  to  a l l  t ho se  who  con t r ibu ted  to  the  append ix
for  the i r  w i l l i ngne s s  t o  share  th i s  exper i ence  and  w i she s  t o  commend  them f o r  t h e
profess ional  ski l l  and the human compass ion shown on such a  tragic  occas ion.
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2 3 0 .  I n  i t s  l a t e s t  s t u d y  o f  t h e  b i o l o g i c a l  effectz o f  pm-natal  irradiaticn,
contained in  the  1986 report , the  Committee  reviewed  the most  recent  information on
developmental  events ,  part icular ly  in  the  brain  of  mammalian embryos  and fetuses;
the  i r rad ia t i on  o f  exper imen ta l  animal3  b e f o r e  birthr  and  ch i ld ren  exposed  to
radiat ion pre-natally by the atomic bombings  at  Hiroshima and Nagascki. I t s  r e v i e w
centTed  as  much as  poss ible  on human experience and included effecto  that  had not
p r e v i o u s l y  b e e n  c o n s i d e r e d  b e f o r e  i n  t h i s  l i g h t , such  a s  the  carc inogen i c  e f f ec t s
o f  i r r a d i a t i o n  in-~&~rp.

231.  The 1986 data  showed that  mental  retardat ion i s  the  most  l ikely  type of
developmental  abnormal i ty  to  appear  in  the  human species . I n  essence, a n a l y s i s  a s
a  func t ion  o f  t ime  showed  tha t  t he  p robab i l i t y  o f  r ad ia t i on - re l a t ed  men ta l
r e t a r d a t i o n  i s  e s s e n t i a l l y  z e r o  w i t h  e x p o s u r e  b e f o r e  8  w e e k s  f r o m  c o n c e p t i o n ,  i s
maximum with irradiation between 8 and 15 weeks, and decreases  between 16 and 25
w e e k s . After 25 weeks and for doses below 1 Gy, no case of severe mental
retardation had been reported, O n  t he  a s sumpt ion  tha t  t he  i nduc t ion  o f  t he  e f f ec t
i s  l i near  w i th  do se  ( a s  t he  da ta  s eemed  to  i nd i ca t e ) , the  probabi l i ty  of induct ion
per  uni t  absorbed dose  was  est imated at  0 .4  per  Gy at  the  t ime of  the  peak
sens i t iv i ty  and at  0 .1  per  Gy between 16 and 25 weeks  from concept ion.

2 3 2 .  U s i n g  a l l  t h e  d a t a  a v a i l a b l e , t h e  Committee  a t t e m p t e d  t o  d e r i v e  q u a n t i t a t i v e
r i s k  e s t i m a t e s  f o r  t h e  r a d i a t i o n  e f f e c t s  f o r  w h i c h  t h e r e  i s  p o s i t i v e  e v i d e n c e  o r ,
a t  l e a s t , reasonable  presumption of  induct ion. In  add i t i on  to  menf a l  r e t a rda t i on ,
the se  e f f ec t s  i nc lude  mor ta l i t y  and  the  i nduc t ion  o f  ma l fo rmat ion s ,  l eukaemia  and
other  mal ignancies . Under a  numbm,r of  qual i fy ing assumptions,  the  Committee
est imated that  a  dose  to  the  conceptus  of  0 .01 Gy del ivered over  the  whole
pregnancy  wou ld  add  a  p robab i l i t y  o f  a d v e r s e  healLh e f f e c t s  i n  t h e  l i v e  b o r n  bZ
l e s s  t h a n  0 . 0 0 2 . The normal  r i sk of  a  non- irradiated l ive  born carrying the  same
cond i t i on s  i s  abou t  0 .06 . In format ion  becoming  ava i l ab l e  sugge s t s  t ha t  t he  r i sk
eztimates  in  the  last  two paragraphs  may need substant ia l  revis ion downward
( p a r t i c u l a r l y  i n  the l o w - d o s e  r a n g e s ) . The Committee  intends  to  rev iew thjs in  the
n e a r  f u t u r e .

2 3 3 .  I n  t h e  s i t u a t i o n s  d e s c r i b e d  i n  t h e  annexss, podple a r e  e x p o s e d  t o  a  r a n g e  of
type s  o f  r ad ia t i on , a n d  t h e  r e s u l t i n g  d o s e s  i n  t h e i r  b o d i e s  ar often non-uniform.
In  order  t o  add  the  do se s  f rom groups  o f  source s ,  e . g .  na tura l  sC’urLes,  i t  i s
nece s sa ry  t o  u se  a  quan t i t y  t ha t  t ake s  accoun t  o f  t he se  d i f f o ren t  k inds  of
rad ia t ion  and  dose  d i s t r ibu t ions  i n  the  body . The quant i ty  used tsy the  Committee
i s  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t . T h i s  q u a n t i t y  i s  o b t a i n e d  b, w e i g h t i n g  t h e
absorbed  dose  i n  a  t i s sue  o f  t he  body , f i r s t  b y  a  f a c t o r  t o  take a c c o u n t  o f  t h e
e f f ec t i v ene s s  o f  t he  t ype  o f  r ad i a t i on  and  then  by  a  f ac tor  t o  t ake  accoun t  o f  t he
d i f f e r e n t  b i o l o g i c a l  s e n s i t i v i t i e s  o f  t h e  t i s s u e s . The sum of these weighted
a b s o r b e d  d o s e s  i s  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t .

234.  The values  of  the  two sets  of  weight ing factors  are  those  recommended by
ICRP. From time to time, the  Committee  has  considered (ther systems of  weight ing,
bu t  ha s  so  1 Rr d e c i d e d  t h a t  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t  r e m a i n s  a d e q u a t e  f o r  i t s
purposes . l’he u s e  o f  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t  i s  l i m i t - d  t o  a s s e s s m e n t s  o f
l ong - t e rm  e f f ec t s  such  a s  ca rc inogenes i s . F o r  a s s e s s i n g  t h e  e a r l y  e f f e c t s  o f  h i g h
dose s , the  ab sorbed  dose  i s  an  appropr i a t e  quan t i t y .
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2 3 5 .  W h e n  i t  uoe8 t h e  t e r m  “rink” ( in a quantitative some) the  Committee  meabe  the
probabi l i ty  of a harmful  avent, e.g. a  rad ia t ion - induced  dea th ,  and  o f t en  expresoe8
thir p r o b a b i l i t y  i n  p e r  c e n t , T h e  n u m b e r  o f  p r o j e c t e d  evontr  i n  a popu la t i on  i s
e x p r e s s e d  e i t h e r  a 8  caner p e r  thourand o r  care8 p r r  m i l l i o n . T h e  t e r m  “rirk

c o e f f i c i e n t ”  i s  ured i n  R general  w a y  t o  i n d i c a t e  the rirk p e r  u n i t  d o s e  (risk p e r
gray i n  t)*o case o f  abnL ad dorm or rirk per riovert  in the cam of l ffectlve dare
e q u i v a l e n t ) . Since the relationehip brtwoen  dorm and rink ir not alwayr
propor t iona l , i t  i8 UOmOtimO8  necerlrary  a180 t o  8pOCify  t h e  do88 O r  dare r a n g e  f o r
w h i c h  t h e  c o e f f i c i e n t  ie v a l i d .

2 3 6 .  I n  a d d i t i o n  t o  e s t i m a t i n g  rick, t h e  C o m m i t t e e  ha8 a l s o  ertimated t h e  p r o j e c t e d
number  o f  year s  o f  l i f e  loet in  an  oxpored  pcpulation  due  to  rad ia t i on - induced
m o r t a l i t y . This quantity and also the projected number of caae8 or deaths in an
e x p o s e d  p o p u l a t i o n  a r e  s o m e t i m e s  c a l l e d  m e a s u r e 8  o f  c o l l e c t i v e  d e t r i m e n t .

2 3 7 .  G e n e t i c  risk coe f f i c i en t8  m a y  b e  d e f i n e d  t o  a p p l y  e i t h e r  t o  t h e  g o n a d  doee
e q u i v a l e n t  o r  t h e  e f f e c t i v e  d o s e  e q u i v a l e n t . I t  i8 a l 8 0  n e c e s s a r y  t0 d e c i d e
w h e t h e r  t h e y  s h o u l d  a p p l y  t o  genetically  eignificant  d o s e 8  (i.e, doe08 t o
r e p r o d u c t i v e  i n d i v i d u a l s )  o r  crversgs  80808 t o  t h e  p o p u l a t i o n  a t  l a r g e . Opting for
t h e  latier m i g h t  Beem a b s u r d  f r o m  t h e  ecientific  p o i n t  o f  v i e w ,  b u t  eometimee  o n l y
a v e r a g e  d o s e s  or  t o t a l  c o l l e c t i v e  d o s e s  a r e  k n o w n r  m o r e o v e r ,  ri8k coef f ic ient s  for
cancer  of ten apply  to  average doses .

238 .  In  the  1986  repor t  and  i n  annex  E  o f  t he  p re sen t  r epor t ,  “Qenetic  haxards”,
the Committee  has  rev iewed the  present  body of knowledge of  the  heredi tary  ef fects
o f  ionising r a d i a t i o n . These reviews arc) summarised in  chapter  II ,  sect ion D.1.
There  are  several t u s t o m a r y  w a y s  o f  preoenting  the  s c i en t i f i c  i n format ion . One i8
to  make the  assessment  for an equil ibrium situation, wherein a stab10 populat ion
hao been exposed over many ganerations, w i th  each  reproduc t i ve  i nd i v idua l ,  m a l e  o r
female , receiving  a uni t  gonad dose, a n d  t o  e s t i m a t e  t h e  f r a c t i o n  o f  tl-J o f f s p r i n g
who would then be  expected to  be  af fected bv  heredi tary  harm. Another  way i8 to
asseas t h e  a f f e c t e d  numbr.r  o f  o f f s p r i n g  t o  a  p a r e n t  g e n e r a t i o n  whera t h e  p a r e n t
g e n e r a t i o n , m a l e s  o r  f e m a l e s  o r  b o t h ,  h a v e  rece ived  a  g i v e n  c o l l e c t i v e  d o s e .

239 .  In  bo th  ca se s , t h e  n f o r m a t i o n  c a n  b e  tranelated  i n t o  a  r i s k  c o e f f i c i e n t  t h a t
e x p r e s s e s  e i t h e r  t h e  p r o b a b i l i t y  o f  a  r e p r o d u c t i v e  i n d i v i d u a l  g i v i n g  b i r t h  t o  a
ch i ld  a f f ec t ed  b y  hered i t a ry  harm  or  the  expacted  number  o f  a f f ec t ed  ch i ld ren ,
p e r  u n i t  i n d i v i d u a l  o r  c o l l e c t i v e  g o n a d  dooe t o  r e p r o d u c t i v e  i n d i v i d u a l s .  T h e  r i s k
coef f ic ient  .,tay a l s o  b e  e x t e n d e d  t o  i n c l u d e  h a r m  i n  a l l  f u t u r e  gen6rations.

2 4 0 .  S u c h  r i s k  c o e f f i c i e n t s  c a n  b e  a p p l i e d  d i r e c t l y  t o  e s t i m a t e s  o f  t h e  g e n e t i c a l l y
s i g n i f i c a n t  d o s e , such as  those  which have been made for  var ious  medical  d iagnost ic
X-ray procedures . However, t h e y  c a n n o t  b e  a p p l i e d  t o  e f f e c t i v e  doue e q u i v a l e n t s
unless  there  i s  uni form whole-body exposure. I n  o t h e r  c a s e s ,  t h e  a p p l i c a b l e
g e n e t i c  r i s k  c o e f f i c i e n t  c o u l d  r a n g e  f r o m  zero  ( i f  t he  gonads  are n o t  e x p o s e d )  t o
f o u r  t i m e s  t h e  r i s k  c o e f f i c i e n t  that i s  app l i cab l e  t o  the  gonad  dose  ( i n  the  ca se
t h a t  o n l y  t h e  g o n a d s  a r e  e x p o s e d ) , the  organ weight ing factor  for  the  gonads
b e i n g  l/4.
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241. If the  Sffective do86 equivalent  i s  Qs8es8ed not  for  r@productiv@  individu&lr
b u t  f o r  a v e r a g e  i n d i v i d u a l s  i n  t h e  p o p u l a t i o n  a t  l a r g e ,  then  t h e  r e l e v a n t  r i s k
c o e f f i c i e n t  i s  O n l y  F/L o f  t h e  g e n e t i c  r i s k  c o e f f i c i e n t  t h a t  w o u l d  a p p l y  t o
reprodb\ctive  i n d i v i d u a l s , F  be ing  ths ma in  r eproduc t i ve  age  and  L  the l i f e
expec tancy  a t  b i r th . I f  F  i s  a b o u t  3 0  y e a r s  a n d  L  a b o u t  7 5  y e a r s ,  t h e  g o n a t i c  rirk
coeffiCient  for  the  averags  indiv idual  become8 40 per  cent  of the  coeff ic ient  for
reproduc t i ve  i nd i v idua l s .

242. Table 8 summarise6 the Committee’8 present ertimate8  of gonotic  rirk
c o e f f i c i e n t s . E x t e n s i v e  i n f o r m a t i o n  a b o u t  t h e  n a t u r e  o f  t h e  g e n e t i c  riuk w&s
presented in  the  1986 report .

243.  A comparison wj{:h  previous  es t imates  ( see  table  1)  ehowr  that the  prorent
est imates  are  lower than those  made in  1977. The 1977 ertimater  wera ured when
ICRP def ined the  ef fect ive  dose  equivalent , T h e  rirk coe f f i c i en t8  refer O n l y  t o
t h e  e x p e c t e d  n u m b e r  o f  ~080s o f  quan t i f i ab l e ,  8ever0,  h e r e d i t a r y  di8ease. What
th i s  means  in  t e rms  o f  d s t r imont  i s  8 q u e s t i o n  the C o m m i t t e e  w i l l  c o n t i n u e  t o  rtudy.

Table 8. il!AYAAAd-m

(Per cent  per  Sv)  h/

_ _.. ._ __ - .- .- _ ._. -. ~--- ._ - -.--_,  _.--- -.-- I..--.-_-.,----

For gonad dose F o r  e f f e c t i v e  do80
.-.. .-AQUi.YAbI.&--  ._._-._ --._

-----%-Gi-Reproductive Total Reproductive
populat ion popu l s t i on popu la t i on popu la t i on

_ _._ _, ,. __ .._,___. _- - - -  - - -. . .---.-..  -.- - .--- --..-------------.

I

F i r s t  t w o  g e n e r a t i o n s 0.3 0 . 1 o - 1 . 2 o-o.5
All  generat ion6 1.2 0.5 O-5.0 O-2.0

._ . _-- ._---.-  ____-_-__

A/ Risks  from diS6SB6S  of  complex aet io logy were  not  eetimsted.

2. -

244. C a n c e r  r i s k  c o e f f i c i e n t s  m a y  b e  expresf;ed e i t h e r  08 (8) t h e  lite-epedific
ind i v idua l  p robab i l i t y  o f  f u ture  rad ia t i on - induced  cancer  (dea th )  per  un i t  do80 or
(1) t h e  c o l l e c t i v e  d e t r i m e n t . The lat ter  may be  presented e i ther  as  the  expected
number of  cancer  deaths  (or cases)  in  the  expooed populat ion or a8 the number of
person years l o s t  b e c a u s e  o f  c a n c e r  d e a t h s  p e r  u n i t  c o l l e c t i v e  d o s e .

245. ‘I’he new assessments  in  annex F, “ R a d i a t i o n  carcinogenesie  i n  m&n”, r e l a t e  t o
the cancer  r i sk at doses  of  1  C;y a t  h igh dose  rate  of  low-LET,  radiat ion. I t  h a s  t o
btb st.ressed,  h o w e v e r , t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  e x c e s s  c a n c e r  m o r t a l i t y  i n
Hiroshima and Nagasaki  has  been observed fok the f irs t  t ime fcr  s o m e  c&ncere and at
several  s p e c i f i c  sites a t  d o s e s  b e t w e e n  0 . 2  a n d  0 . 5  Gy. N o t  o n l y  havb the  r i sk s
f rom nins t ype s  o f  cancer  been  a s s e s s ed  w i th  reasonable  con f idence ,  bu t  a l so  the
total r i s k  f r o m  a l l  oth~!r t ype s  o f  cancer  ha s  been  independen t l y  a s s e s s ed . The
r i sk  e s t i m a t e s  i n c l u d e  n p r o j e c t i o n  i n t o  t h e  f u t u r e  o f  observa t i on s  on  the  exposed
popu 1 at. ions at 11 i roshima  nnd NegHsek  i . The new est imates  have  taken into  account
t h e  r e v i s e d  dosimotry. All o f  th i s  has had  the  combined  e f f ec t  o f  mak ing  the  r isk
e s t i m a t e s  ilt. t he se  do se s  and  done L ~tes h igher  than  be fore .
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246. Tablo  9 shows the rsrultr of the  Hiroshima-Nagasaki  s tudy with  regard to  the
i n d i v i d u a l  p r o b a b i l i t y  o f  death f r o m  site-rpmcific r a d i a t i o n - i n d u c e d  c a n c e r .  Tuo
ortr o f  numbrrr  ace qivanr one ia derived from projection8 based on the additive
(abroluto) rirk modal, the othrr  f rom projoctionr  banod on  the multiplicative
( r e l a t i v e )  rirk m o d e l .

247. T h e  t o t a l  c a n c e r  m o r t a l i t y  r i s k  coefficient  for  ths a v e r a g e  i n d i v i d u a l
(averaged  a l s o  o v e r  b o t h  soxos) i s  4 . 5  p e r  cant par qray o n  the additive  r i s k  m o d e l
A n d  7 . 1  par cant p a r  Bray o n  tha multiplicative  r i s k  modal. Thomm  nwnbsra  may be
compared with the 1977 estimate  for high doror, which war about 2.5 per cent
par  aievert  on  the  baair o f  t he  Add i t i v e  moda l  (1.0 tal-ls 3 ) .  Fur ther  summary
v a l u e s  o f  r i s k  c o e f f i c i e n t s  f o r  populAtiJnr o f  other Agor a n d  other c i r c u m s t a n c e s
are  g i v e n  i n  t a b l e  1 0 .

248. The  prob lems  i n  der i v ing  r i sk  coofficientr  t h a t  a r e  a l s o  applicable  a t  l o w
d o s e s  ar* t h e  same a s  before. Such  r i sk  coe f f i c i en t s  can  on ly  bo i n f e r red  f rom t h e
observed value> at moderate, to high doses. I n  1 9 7 7 ,  w h e n  t h e  t o t a l  caucec  r i sk
coe f f i c i en t  a t  h igh  domes  WAS e s t i m a t e d  t o  b e  a b o u t  2 . 5  p e r  c e n t  p e r  rirvert,  t h e
Connrittee  p o i n t e d  o u t  romo o f  t h e  uncertaintirrl t h e  f a c t  t h a t  t h i s  e s t i m a t e  wae a n
o v e r e s t i m a t e  i n  t h e  nonso tha t  t he  rirk par un i t  dare at  l o w  d o s e s  WAS b e l i e v e d  t o
be  l ower  than  the  e s t ima te s  f o r  h igh  dose s .

2 4 9 . In the  present  report, t h e  p r o b  ema i n  d e r i v i n g  r i s k  coefftcients  a t  l o w
doses and  for  l o w  docm rates rema in . The Committea  agreed that  thorn was  A need
f o r  a  reduction fac tor  to  modi fy  t h e  risk8 shown  in  t ab l e  9  f o r  l ow  dose s  and  l ow
d o s e  rates. T h e  C o m m i t t e e  c o n s i d e r e d  t h a t  s u c h  a  f a c t o r  c e r t a i n l y  v a r i e s  v e r y
w i d e l y  wit.:4 i nd i v idua l  t umour  t ype  And  w i th  do s s  r a t e  r ange .  Howaver, an
appropr ia t e  range t o  b e  a p p l i e d  t o  t o t a l  r i s k  f o r  l o w  dare a n d  l o w  doeo r a t e  a h o u l d
lie between 2 and 10. The Commit tee  intecdcr to  s tudy thin matter in  detai l  in  the
n e a r  f u t u r e .



Tab10 9 .  par Q
a - -

of w

(Per cent)

(Barned  on the population of J&p&n uring an avoraqe  ago
r i s k  coAfficirnt)

- -

Multiplicatiw Add i t i ve
rirrk p r o j e c t i o n rlrk projsction

mod.1 model

Red bone marrow
A l l  cancer8

except  lsukasmia

0.97 r).93
6 . 1 3 . 6

Bladder
Brsaat  a/
Colon
Lung
Mult ip le  nysloma
Ovary ,A/
Oesophagus
stom ach

0.39 0.23
0 . 6 0.43
0.79 0.29

.
0:;2 1 0.59 0.09
0 .31 0.26
0.34 0.16
1.3 O.U6

Remainder 1,l 1 . 0
-_ . I ._..  _ _ _ __ ,_.-._ .._... _. .___ - - ._,_- __--...---WV.-- o----w

Total 7 . 1 4 . 5
-----._. -.------.-~--

81 Value has t o  b e  d i v i d e d  b y  2  t o  c a l c u l a t e  the tot&l
and other organ riska.

(Baaed upon the population of Japan)

_____.-.-- - - - -

Risk project ion Excess Years  of
model f a t a l  caues l i f e  lort

_ _ _ - _ ._....__.- -,_ .--. “---_.---.--^---- - - e-m--

Total  populat ion Additive 30-50 700- l  200
Mu1 tiplicative 70-100 950- l  400

Working populat.ion
( a g e d  16-65 yacrrs)

Additive
M u l t i p l i c a t i v e

40 660
80 970

Aduit population Addit ive 30 510
( o v e r  2S y e a r s ) Multlplicatfve 60 650



250. T h e  Committ66  ha6 no t  p re sen ted  r i sk  e s t ima te s  f o r  h igh -LET rad ia t i on  in
general  in  the  present  report  (except  for the  exposure to  radon of  uranium
minor s ) . F o r  l o w  doaee  o f  ex te rna l  h igh -LET rad ia t i on  i+ w o u l d  b e  n e c e s s a r y  t o
m u l t i p l y  t h e  r i s k s  f o r  l o w - L E T  r a d i a t i o n  b y  a n  a p p r o p r i a t e  q u a l i t y  f a c t o r . No dose
or  do se  ra t e  r educ t ion  f ac tor  i s  cons idered  nece s sa ry  fo r  hia-h-LET  e x t e r n a l
r a d i a t i o n  a t  l o w  doree.

251 .  The  produc t  o f  r i sk  coe f f i c i en t s  appropr i a t e  fo r  i nd i v idua l  r i sk  and  the
r e l e v a n t  c o l l e c t i v e  d o s e  w i l l  g i v e  t h e  e x p e c t e d  n u m b e r  o f  c a n c e r  d e a t h 6  i n  t h e
l xpo6ed population, pro\!ded  that t h e  collectivs  d o s e  i s  a t  l e a s t  o f  t h e  o r d e r  o f
100 man Sv. I f  t h e  c o l l e c t i r e  d o v e  i s  o n l y  n f e w  m a n  S v ,  t h e  :nutit l i k e l y  o u t c o m e
i6 nero d e a t h s .

252.  The Committee  ha6 a lso  asseseed the person years l o s t  p e r  u n i t  c o l l e c t i v e  d o s e
because  o f  r ad ia t i on - induced  cancer  mor ta l i t y . “rhe r e su l t s  a t  h igh  dose6  and  h igh
dose rates of  low-LET radiat ion are  summarised in  table  10.  The total  loss  amounts
to about 1 person:  year per man Gy, w i th  bo th  pro j ec t i on  models.

2 5 3 . ‘Zhe way  in  wh ich  to  p re sen t  r ad ia t i on  exposure s  f rom var iou s  source s  ha s
always  been a  problem for  the  Cormlittee. Jr* i t s  1 9 5 8  r e p o r t ,  t h e  C o m m i t t e e
aeseseeG the  per  capu t  mean  marrow  aiqe a n d  t h e  g e n e t i c a l l y  s i g n i f i c a n t  d o s e  t o  t h e
wor ld  popu la t i on  f rom var.tous source s  and  prac t i ce s . A t  tha t  t ime , the Committee
e v e n  c a l c u l a t e d  t h e  e?*,** cted number of  cases  of  leukaemia and heredi tary  harm f rom
n a t u r a l  backgrou,.d ruaiatioxr  and  nuc l ear  exp lo s ion s .

2 5 4 .  I n  i t s  1 9 6 2  r e p o r t , t h e  CtJmmittee  a s s e s s ed  the  per  capu t  do se6  f rom na tura l
i r r a d i a t i o n  o f  t h e  gonadc, th? bone surface  layers  and red bone marrow. I t  a l s o
calculated the  dose  commitments  to  the  wor,l4  populat ion for  the  same organs. The
geaatically  s ign i f i can t  dose  was assesbod for  med ica l  and  occupa t iona l  exposure s .
However, i n  t h a t  r e p o r t  t h e  Commiitee  f e l t  Lbbt i t  h a d  l e s s  c o n f i d e n c e  i n  t h e  r i s k
coe f f i c i en t s  u sed  i n  the  1958  repor t  and  tha t  i t  was  no t  ab l e  t o  a s s e s s  any
detriments. I t  s t a t e d ,  i n s t e a d , that  the  estimated doses  and dose commitments
cou ld  be  u sed  fo r  compara t i ve  r i sk  a s s e s smen t6  and  gave  th i s  compara t i ve  r i sk  i n
re l a t i on  to  na tura l  background  rad ia t i on , wh ich  was a s s i g n e d  t h e  v a l u e  o f  u n i t y .
This  comparison was  made for  medical  exposures  and nuclear  explos ions  with
r e f e r e n c e  t o  l e u k a e m i a ,  bone  tumour s  and  hered i t a ry  e f f ec t s . On the same basis ,
t h e  Z-xnmittee s a i d , the  detr iment .  of various  sources  could  b e  expressed in  t e rms  of
exposure  to  naturi.1  background radiat ion that  would give  the  same per  caput  dose  OK
dobte commitment.

255.  In  the  1964,  1969 and 1972 reports , t h e  C o m m i t t e e  con t inued  to  expre s s  t.hc
risk f r o m  n u c l e a r  e x p l o s i o n s  i n  t e r m s  o f  t h e  e q u i v a l e n t  p e r i o d  o f  o x p o s u r e  t o
natural  background radiation Until 1972 the Committee had cnlr:ulat.ed per caput.
doses  or  dose  commitments  for  the  whole  world  populat ion. For  A  popu la t i on  o f  it
given number, th i s  imp l i e s  an  a s s e s s m e n t  o f  t h e  c o l l e c t i v e  d o s e  f r o m  e a c h  s o u r c e .
In the  1977 report , t h e  C o m m i t t e e  f o r  t h e  f i r s t  t i m e  e x p l i c i t l y  p r e s e n t e d
c o l l e c t i v e  d o s e  b sessments  f o r  v a r i o u s  s o u r c e s  a n d  p r a c t i c e s . At  the  same t ime,



however, it also drew comparisons on the basis of rqcivalent periods of natural
background exposure. In  the  1982 report , the  Committee  included more  information
on the  ways  in  which indiv idual  exposures  vary  and asserrred col lect ive  dose
comrni tments. In the summary and conclusions, t h e  c o l l e c t i v e  doue e q u i v a l e n t s  w e r e
translated into  equivalent  per iods  of natural  background radiation,

256.  From this  short  rev iew i t  can be  seen that  comparison wiiil the  natural
background dose rate has always played an important role in the Committee’6
p r e s e n t a t i o n  o f  i t s  aeeessmente. When, in 1958, the Committee estimated the number
of affected persons, it drew a comparison with the natural occurrence of cancer and
h e r e d i t a r y  d i s e a s e . Since  then,  per  caput  and col lect ive  dares have been compared
with the corresponding doses  caused by natural  radiat ion.

257. Comparisons usually have a purpose and may be presented in klifferent ways
depending on that purpose. Comparisons  with dOSe6 or  detr iment6 caused by natural
source s  o f  r ad ia t i on  may h e l p  t o  c l a r i f y  t h e  r e l a t i v e  r a d i o l o g i c a l  i m p o r t a n c e  o f
m a n - m a d e  r a d i a t i o n  s o u r c e s ,  b u t  t h e y  s a y  l i t t l e  a b o u t  juetifiability or
acceptabi l i ty  of these  other  6ources. Information on where dose6 are  low or  high
in  relat ion to  the  natural  background may help  in  determining whether  there is  a
p o t e n t i a l  f o r  m e a n i n g f u l  e p i d e m i o l o g i c a l  s t u d i e s . Comparing the radiat ion dose6 or
r i sk s  o f  a l t e rna t i ve  p rocedure s  f o r  ach i ev ing  one  and  the s a m e  o b j e c t i v e ,
e . g . med ica l  d i agnos t i c  i n format ion , may di6ClOSe  what  might  be  preferable  from the
rad ia t i on  pro tec t i on  po in t  o f  v i ew , b u t  i t  w i l l  n o t  r e v e a l  o t h e r  risk6 o r
disadvantages. Since the  Committee  has  no use of i t s  own for  comparison6,  i t
wishes  to  present  i t s  data  in  such a  form that  they can be used for  a number of
d i f f e ren t  purpose s .

3. -of

258. I f  r i sk  coe f f i c i en t s  a re  known  and  i f  p ropor t iona l i t y  be tween  dose  and
response can be assumed,  radiat ion detr iments , such as  the  expected number of
cancer  deaths , can be  calculated from informat ion on col lect ive  dose  commitments .
For relative comparisons, however, i t  s u f f i c e s  t o  c o m p a r e  c o l l e c t i v e  dose6  o r
per  caput  doses  (which amount6 to  the  same thing,  from the various sources ,  thereby
e l i m i n a t i n g  t h e  u n c e r t a i n t y  i n  t h e  r i s k  c o e f f i c i e n t s , ‘I,* zuch compar ieons, the
a n n u a l  c o l l e c t i v e  dOBe  f rom na tura l  source s  o f  r ad ia t i on  m a y  b e  t a k e n  a 6  t h e
reference; the contr ibut ion from other  sourCe6 may be expressed in  terms of  the
equivalent  per iods  of natural  background radiat ion,  as  has  been the  Committee’s
pract ice  s ince  1962.

2 5 9 .  W h e n  c o l l e c t i v e  dose6 f rom d i f f e ren t  6ources a re  compared ,  i t  i s  impor tan t
ihat the  compar i son  be  on  a  r e l evan t  ba s i s . Th i s  i s  s imp le  fo r  source s  and
Fractices  aimed at .  nci?ieving  one and the  same object ive , such as energy product ion
or medical  diagnost ic  information. In  o ther  ca se s , one  mus t  be  ca re fu l  t o  f i nd  a
common basis for Comparison. For example, i t  i s  o f  d o u b t f u l  r e l e v a n c e  t o  c o m p a r e
collect.ive  dostrs  t o  a r b i t r a r i l y  s e l e c t e d  p o p u l a t i o n s  a n ’  t i m e  p e r i o d s . However,
a l t h o u g h  c o m p a r i s o n s  o f  c o l l e c t i v e  doses f r o m  e n t i r e l y  d i f f e r e n t  p r a c t i c e s  w i l l
of ten not be  very  meaningful , they may sometimes help in setting priorities for
dealing with concern6 of radiological consequences.
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260. The  rad ia t i on  dose s  an  i nd i v idua l  receivea f rom var ious  man-made  IIourceo a re
n o r m a l l y  c o m p a r e d  w i t h  the doa@  he receiver  f r o m  n a t u r a l  BOWCOP  O f  r a d i a t i o n .  A n
e x t r a  d o s e  t h a t  i s  s m a l l  i n  r e l a t i o n  t o  t h e  b a c k g r o u n d  d o s e  will not s i gn i f i can t l y
affat an indiv idual , i . e .  i t  w i l l  n o t  change h i s  total e x p o s u r e  s i t u a t i o n
n o t i c e a b l y . W h i l e  t h e  i n d i v i d u a l  m i g h t  etill  wish to  avo id  such  a  lmall e x t r a
d o s e ,  h e  w o u l d  know t ha t  i t  doe s  no t  i n  i t s e l f  p re sen t  any  subs t an t i a l  r i sk . This
d o e s  n o t  m e a n  t h a t  t h e  d o s e  i s  a c c e p t a b l e  j u s t  b e c a u s e  i t  i s  smallr ra ther ,
acceptabi l i ty  would depend on the  total  harm the  source  iU l ike ly  to cause  and on
soc i e ty ’ s  appra i sa l  o f  t ha t  harm,

261.  Comparing per  caput  doses  in  the  case  of  an uneven dose  dis tr ibut ion within  a
populat ion may be mis leading, s i n c e  n o  i n d i v i d u a l  m a y  a c t u a l l y  receive  t h e
p e r  c a p u t  d o s e  b u t  i n s t e a d  w i l l  r e c e i v e  e i t h e r  h i g h e r  o r  l o w e r  doees. I n  t h a t
c a s e , comparing typical  doses  as  wel l  as  extreme doses  may b e  more appropriate.

5 .  Slrmmnryofdosa

262.  Table  11  summarioes  the  var ious  es t imates  of radiat ion doses . A u  irr p r e v i o u s
repor t s , the  equilralent  period of  exposure to  natural  background radiat ion i s  g iven
along with  the  col lect ive  dose  commitments . :n compar ing  the se  e s t ima te s  w i th
those  i n  p rev iou s  r epor t s , it should be remembered that the estimate of the annual
dose from natural  background radiat ion has  increased,  from less  than 100 mrad
(corre spond ing  to  abou t  1  mSv) i n  t h e  1 9 7 7  r e p o r t  t o  2 . 4  mSv i n  the  pre sen t
report . This  increase  came about  for  two reasons ! ( a )  i n s t ead  o f  g i v ing  a  number
of organ doses, t h e  e f f e c t i v e  d o s e  e q u i v a l e n t  i s  now g i ven  and  (b) t h e  l a r g e
contr ibut ion from radon daughter  products  has  been recognised.

263.  Table  11 i s  of  necess i ty  a  considerable  condensat ion of the  avai lable
information. It  i s  worth not ing that  about  hal f  of the  natural  background
rad ia t i on  i s  con t r ibu ted  by  l ung  i r rad ia t i on  by  radon  daugh ter s . Occupat ional
exposures  are  experienced by  those  who work in  the  medical  f ie ld  as wel l  as  those
who work in  the  nuclear  power industry  and in  industr ia l  radiography. Exposures
from nuclear  power product ion are  due to  radiu-nuclides  released from uranium
min ing  and  was t e  d i sposa l  ac t i v i t i e s , as  wel l  as  from the  operat ion of reactors  to
produce e lectr ic  energy. About one third of the current exposures from nuclear
power  i s  a t t r ibu tab le  t o  radon  emi s s ions  f rom mine  t a i l i ng s  and  ano ther  th i rd  to
carbon-14 discharges  from reactor  operat ion,  pr imari ly  heavy water  reactors ,

264.  Of the  col lect ive  ef fect ive  dose  equivalent  commitment  (other  than from
carbon-14)  from al l  a tmospheric  tes t  expIooions,  1 .5  mi l l ion man Sv have  been
con t r ibu ted  by  shor t - l i v ed  rad io -nuc l ide s  and  3 .5  m i l l i on  man  Sv  repre sen t
con t r ibu t ion s  t o  p re sen t  i nd i v idua l  l i f e - t ime  dOBe pr imar i l y  f rom s t ron t ium-90  and
caesium-,137. Because  the  Chernobyl  accident  led  to  doses  mainly  in  Europe,  the
c o l l e c t i v e  e f f e c t i v e  d o s e  e q u i v a l e n t  c o m m i t m e n t  r a t h e r  t h a n  t h e  g l o b a l  p e r  c a p u t
dose  i s  p re sen tad .
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Present annual Co1 let tive done
--individual  doses [m6§- --.-mm .--..

Per caput Typical Equivalent
(world (exporod M i l l i o n years of

Source or  pract ice populat ion) i n d i v i d u a l s ) man Sv background______ . . ..---..  -. _---- - - ~.. -.. - -  .-___-F-w - - -.

ANNUAL Per  year  of pract ice

Natural  backgrocrnd
Medical exposures

(d i agnos t i c )
Occupational exposure
Nuclear power production

2 . 4 1 . 0 - 5 . 0 11 1

0 . 4 - 1 . 0 0 . 1 - 1 0 . 0 2 - 5 0  . i - 0 . 5
0 .002 0 . 5 - 5 . 0 3.01 0.001
0.0002 0.001-0.1 0.001 0.0001

( 0 . 0 3 )  a/ ( 0 . 0 0 4 )  a!

SINGLE P e r  t o t a l  p r a c t i c e

A l l  t e e t  explosionn
toqether

Nuclear  accidents

0.01 0.01 r 0 . 5
(2h a/ (2.4)  a/

0 . 6
-. -- --.------

A/ The additional long-term collective dose commitments from radon and
carbon-14 for nuclear power production and carbon-14 for test explosions are given
in  parentheses ,

6 .  Piras o f  de-8

265.  In  the  present  report , the Committee has reviewed the exioting  knowledge on
rad ia t i on  r i sk s  and  ha s  ven tured  to  i nd i ca te  the  magn i tude  o f  t he  r i sk  f ac tor s  f o r
low doses  a6 wel l  as  for  high doses . The Committee has also asseseed the
collectiqle  doses from various sources and practice@. I t  i s  t empt ing  to  comb ine  the
est imates  and calculate  the  expected number of  cases  of  cancer  and heredi tary
dinease.

266.  Many est imates  of  thie type, w i t h  d i f f e r e n t  d e g r e e s  o f  r e l i a b i l i t y ,  d e p e n d i n g
o n  t he  r i sk  coe f f i c i en t s  a s sumed , and  w i th  w ide ly  d i f f e ren t  purpose s  on  the  par t  o f
those who made t-hem,  have been reported. T h e  r e s u l t s  h a v e  b e e n  v e r y  s c a t t e r e d ,
depending on the general assumptions. The Committee  hes i tates ,  for  a  number of
rea8on6, to  add i t s  own detr iment  assessments  to  those  a lready provided for  the
v a r i o u s  Rources  o f  r a d i a t i o n .

267. F i r s t , t.he Commit tee  needs  to  bear  in  mind the terms of  reference under which ’
i t  o p e r a t e s : its p u r p o s e  i s  t o  e v a l u a t e  d o s e s , not to make value,  judgements or
engage i n  sett.inq s t a n d a r d s . As i s  made c lear  by the  discuss ion in ,  chapter  III ,
sect.ion D.4, e v e n  t h o s e  a s s e s s m e n t s  o f  r i sk  tha t  purpor t  t o  be  s c i en t i f i c  i nvo l ve
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arrumptionr and drcirionr  thet are not,  rtrictly rpeaking,  rcientific. Indeed,  t h e
phyrical  quantitirr  U8Od  by the Committee cof1ect  8uch arrumptionr. For example,
t h e  a f f e c t i v e  dO8e e q u i v a l e n t ,  b y  d e f i n i t i o n , include8 w e i g h t i n g  f a c t o r 8  t h a t
deprnd on  8UbjeCtiVe  judgoments a 8  t o  w h a t  conrtitutss  rad ia t ion - induced  h a r m . For
each f u r t h e r  rtep i n  procrrcing the b a s i c !  i n f o r m a t i o n ,  non-rcientific  judgclmsntr
are l ike ly  to be needed or imp l ied .

269. N e x t ,  t h e  w a y  i n  which  the  baric rcientific f a c t 8  a r e  prerrrnted  i n f l u e n c e 8  t h e
imprserion  t h e y  give. F o r  e x a m p l e , thourand of cancer death8 from a eingle
accident would undoubtedly bo a high number of deathr. However , eince 8uCh drathr
could  br expected to  occur over a long period of  time, tha  annual  incidence wi l l  be
low. This  moans  a  vary  rmall  increare of tha normal  incidence of cancer,  an
i n c r e a r e  t h a t  i s  n o t  e x p e c t e d  t o  be n o t i c e a b l e  i n  h e a l t h  rtati8tice. Thi8 8how8
t h a t  i t  i s  polrsible, by rrelecting the form of prerentation, to convey different
impres s ions .

2 6 9 ,  Laetly, t h e r e  i8 t h e  g r a a t  u n c e r t a i n t y  o f  ruch ertimates. It Wa8 8trO888d  i n
c h a p t e r  I I I , sect ion C,  that  the  rirk coefficiantr  for  cancer  at  low do808 can only
b e  i n f e r r e d  f r o m  o b s e r v a t i o n 8  a t  h i g h  darer a n d  t h a t  t h e  ri8k c o e f f i c i e n t s  f o r
hereditary effect8 are not even d8duced from obrervations  in man, Even though the
C o m m i t t e e  bOli8VO8 tha t  i t 8  ertimater  a ra  the  bact t h a t  c a n  b e  g i v e n  A t  t h e  curren t
etats of knowledge, i t  m u s t  q u a l i f y  t h e m  b y  d r a w i n g  a t t a n t i o n  t o  t h e  u n d e r l y i n g
assumptions  and uncertaintiee. Unfortunately , any est imate  of a f ini te  number of
cancer  dea th8  i s  8oon t a k e n  o u t  o f  con tex t  and  the  qua l i f i ca t i on s  f o rgo t t en .

2 7 0 .  F o r  t h e s e  remsom, t h e  C o m m i t t e e  p r e f e r 8  t o  f o l l o w  i t s  p r e v i o u s  p r a c t i c e  of
comparing col lect ive  do80 commitment8 from the main radiat ion 8ources rather  than
e s t ima ted  de t r imen t s .

11 The United Nat ion8 Scient i f ic  Committee  on the  Effects  of  Atomic
R a d i a t i o n  w a s  e s t a b l i s h e d  b y  t h e  Oeneral  Aseembly  a t  i t s  t e n t h  selsion,  i n  1 9 5 5 .
I t s  term8 o f  r e f e r e n c e  a r e  r e t  o u t  i n  r e e o l u t i o n  9 1 3  (X) of  3  D e c e m b e r  1 9 5 5 .  I t
was  or ig inal ly  compoeed of tha  fol lowing Mamber Staterr A r g e n t i n a ,  Auetrslia,
B e l g i u m ,  Braeil,  Canada, Caecho8lovakia,  Egyp t ,  France ,  Ind ia ,  Japan ,  Mex ico ,
S w e d e n ,  U n i o n  o f  S o v i e t  S o c i a l i s t  RepUbliCa, United Kingdom of Great Britain and
Northern Ireland and Unitad  State8 of America. The membership of the Committee wa8
suboequently  enlarged by  t h e  Ganoral  Aseembly  in  i t s  resolut ion 3154 C (XXVIII)  of
14 December 1973 to include the Federal Republic of Germany, Indonesia, Peru,
Poland and the Sudan. By reeolution 41162 B of 3 December 1986, the General
Assembly increased the membership of the Committea to a maximum of 21 and invited
China to become a member.

21 For  the  previous  substant ive  reports  of UNSCEAR to  the  General  Assembly ,

800 Qffici81 o f  the&-Thirm..haAm,  .fAd~ghment
tls~I.l  (A/3838)1  ikid., Smu&mnthW-b,..ld (A/5216)1 ikid.,
t.&-mteenthSeseion,mNo.a (A/5814)~ ikM. e Twuntyzfi~~L Sumiipn~
S~S&JQ,.  fi (A16314  a n d  Corr.1); .dbA.d.  l TYfezfnutb  ..sU§BiQlA,  Swglmant
B&LAJ ( A / 7 6 1 3  a n d  Corr.l)l  u., T.lUUky=Wenthm~QA~..S~Rhm~t  .NQa 2.5
( A / 8 7 2 5  a n d  Corr.1);  &ti., “&f;r-sacsa&.&&&&.-~&R9nt  NgL 49 (A/32/40):
ikid* # TbicLyra eventhSession,~u~nlemenr~~.~AI (A/37/45)  r’ a n d  ibis., br~~fir.af
&S.S.,iQ&. tiJ&?&!lement. 16 ( A / 4 1 / 1 6 ) . These documents are referred to as tho 1958,
1962,  1964,  1966,  1369,  1972,  1977,  1982 and 198b reports ,  lesyectively. The 1972
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Notrr (continurd)

r e p o r t  w i t h  ccientific annex08 wa8 publi8hed a8; vnl Lew
E~C.UO~~~.~YQ~LKU~-~  and Y9l.um IX!m (United Nation8 p u b l i c a t i o n ,
Sale8 No. E.72.1X.17 and 16). T h e  1 9 7 7  r e p o r t  w i t h  r c i e n t i f i c  a n n r x e r  wa8
publi8hed x81 SOW o f  v (Unitrd N a t i o n 8
pub l i ca t i on , Sale8 No, E.77,IX.l). The 1962 report  with rcient i f ic  annexer  wa8
publiehed  a81 v~adiation, Sac ( U n i t e d  N a t i o n 8
pub l i ca t i on , Salar No. E.82.1X.8). Tha 1986 report with rcientific annexer war
publi8hed 4381 arnatic of v (United Nation8
p u b l i c a t i o n -  S a l e 8  N o .  E.86.IX.O).

31 Thie  subject ie raviawed rxtenrivaly in annax A, “EXpOlUta8  Zrom natural
8ource8 of r a d i a t i o n ” ,

91 Thie eubject  ir r a v i e w a d  extanrively i n  a n n e x  8, “ExpoIure8 f r o m  nuclaar
power production”.

51 This subject ir reviewed extamively  in annex C, “EXpOIUrOI  from medical
u se s  o f  r ad ia t i on” ,

61 T h i s  s u b j e c t  ir r e v i e w e d  i n  a n n e x  8, “Expo8ure8  f tom nuclear  power
product ion”, and in annex C, “Expo8ura8 from medical u8e8 of radiation”.

71 This subject i8 reviewed extenrively in annex D, “Exposures from the
Chernobyl Accident”.

81 This  subject  ir rev iewed extenr ive ly  in  annex E, “Genet ic  hamard8”.

41 Thie Subject  ir rev iewed axtenrively in  annex F, “Radiat ion
carcinogeneeis  in man”.

lQ/ This subject ir reviewed sxtenrivaly  in annex G, “Early effect8 in man of
h igh  dose8 o f  rad ia t ion” .
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APPENDIX IL I

1. Lirtrd below are roportr  rrcrivrd b y  the Committoo  f r o m  Govornmrnta betwem
19 April 1986 and 17 Juno 1988.

2. Roportr  rocoivod b y  the Committoo brforr 1 9  A p r i l  1 9 8 6  wore lirtod i n  earlier
rrportr of  the C o m m i t t e e  t o  t h e  Gonrral  Aarombly.

Documrnt

---- ~--_---~-II

Country T i t l e

A/AC.82/WL.1732 United Kingdom of
G r e a t  B r i t a i n  an<.
Northern Irrland

1733

1734

1735

;736

1737 Japan

1738

1739

Japan

Japan

Unitad O.atrr
3f Americ,\

Uni tad Stster
o f  lunoricir

Japan

Union of  Soviet
Socialist  R e p u b l i c s

Environmental  r a d i o a c t i v i t y
rurvaillancr  programme1 rexUlt6
for thr UK for 1984,
21 April 1986

R a d i o a c t i v i t y  Survey  Data i n  Japan ,
numoor  72, March 1985,
16 July 1906

Radioact iv i ty  Survey Data  in  Japan,
numbor 73, June 1985,
1 6  J u l y  1966

Environmental Moarurrmrnta
Laboratory! A compendium  of the
EML’r  reroarch projoctr  relatrd t o
thr, Chernobyl  nuclea: a c c i d e n t ,
10 Decombor 1966

Environmental  Moarurrmentr
Laboratory 1 The h i g h  a l t i t u d e
sampling  programme1 r a d i o a c t i v i t y
i n  t h e  rtratorphors,
10 April 1987

Radioact iv i ty  Survey Data  i n  Japan,
numbor  7 4 ,  September  1985,
10 April 1387

Radioact iv i ty  Survey Data  in  Japan,
nwnbrr 7 5 , December 1905,
10 April 1987

Aseoeemsnt  o f  pOpUlatiOn d o s e s  f r o m
X-ray examination in the USSR
(1970-1980),
13 April 1987

7 0
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Document Country ‘l-i t1.
.-.. --.--_..-s.-.- ,...- _-- _- . _.., .--. - .._---.-_,__ . . . .-* --... . . .--... _ . * ._,_

1740 Union of  Soviet G e n e t i c  effoato  of  radio-nuclido  dmay,
Sor*ialirt  Republic6 L3 Apr i l  1907

1741. Union of Soviet.
S o c i a l i r t  Ropublfcs

Acute radiation effeato in man,
13 April 1987

1742 Union of Soviet
Gocialiot  Republlcr

Production and ralaarr  of aarbon-14 in
nuclear powor  otationr w i t h  REM
rraotorr  ,
13 April 1987

1743

1744

1745

1746

1747

1748

1749

1’150

1751

Union uf Soviet
Socialirt Republic6

B o d y  b u r d e n  o f  f a l l - o u t  caerium-137  in
thr  i nhab i t an t6  of  Morcow 1980-1983,
13  Apr i l  1987

Union of Soviet
Socialirt Republic6

R a d i a t i o n  dorm t o  the inhabitantr  o f
thm f a r  n o r t h ,
13 April 1987

Union o f  Soviet
Social irt Republica

Occupational wpo6ura of radiographic
work6r6,
1 3  A p r i l  1 9 0 7

Japan Radioaotivity Survey  D a t a  i n  Japan ,
numbrr 76, March 1986,
2 July 1987

Japan Radioactivity Survey Data in Japan,
number 77, Juno 1988,
2 July 1987

Japan

Japan

Union of Soviet
S o c i a l i s t  R e p u b l i c 6

Union of Soviet.
Sociulist.  Rep”lblicr;

Radioact iv i ty  Survey Data  in  Japan,
number 78, October 1987,
18 Deaombor 1987

Radioact iv i ty  Survey Data in Japan,
numbor 7 9 ,  October 1 9 8 7 ,
18 Docsmber  1987

Proporalr  f o r  r o t t i n g  porrible  i n t a k e
l i m i t 6  for  tranruranium rad io -nuc l ider
abrorbed f r o m  tlw gastro-intortinal
t r a c t ,
31 May 1988

T h e  e v a l u a t i o n  oL non-ctochartic
ef Cect.6  in man tr om low dogo of
i n t e r n a l  i r r a d i a t i o n ,
31 May 1988
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Docum@nt country T i t l e

1752 Union of Soviet
Socialirt Republicr

Tritium  production in LWOR  power plants
,and itr roloarr i n t o  the cavironmont,
31 Msy 1988

1753 Union of Sovirt
Social ist  Republics

Medical  troatmoat  in the caoe of
uranium intoxication,
31 May 1988

1754 Union of Soviet
Socialint Republican

Dynamicr  of l ffoctivr dare equivalent
from intake of rtrontium-90 and
caraium-137,
31 May 1988

1755 Union of Soviet
Social ist  Republics

Specif ic  sctivitier  of natural
radio-nuclidqr i n  b u i l d i n g  materiala
used in the Soviat  Union,
31 May 1988

--
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