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Abstract 

Attention has been drawn to 12'1, a radionuclide with a long half- 

lice and the potential for long-term accumulation in the environment as 

a result of low-level, chronic 'releases from nuclear facilities such as 

nuclear fuel reprocessing plants. The metabolic and physiologic data on 

iodine, as well as the currently accepted metabolic models, are summarized. 

In addition, projections of iodine-129 production and release, as well as 

estimates of the potential hazards derived by various authors, are pre- 

sented and discussed. The implications of these considerations on the 

deep geologic disposal 01 lZ91 are reviewed and summarized. At this time 

there are.limited data available to assess in detail the impact of re- 

leases of ' 2 9 ~  to the environment from a geologic waste repository. Since 

this isotope is essentially stable (has a low specific activity because of 

its long 'radioactive half-life) it 'has been generally regarded as not .con- 

tributing significantly to the total population dose commitment. Therefore, 

the presence of this isotope in a waste repository should not significantly. 

affect-repository design and operation. However, additional research in 

several areas such as the movement of ' 29 I from a repository to the. sur- 
face by ground water and the, influence on uptake fraction of the incorpora- 

tion of in foodstuffs would be useful to more accurately quantify en- 

vironmental ef f ec.ts . 



' I n t roduc t ion  

The inc reased  use of n u c l e a r  power gene ra t i ng  f a c i l i t i e s  i n  t h e  

energy product ion s t r a t e g y  of many c o u n t r i e s  imp l i e s  t h e  i nc reased  pro- 

duc t ibn  of many long-l ived f i s s i o n  products  which i n  t h e  p a s t  were con- 
. . 

s i d e r e d  unimportant.  .The  most n o t a b l e  of  t h e s e  is  t h e  i s o t o p e  of  i o d i n e ,  

1 2 9 ~ .  U n t i l  r e c e n t l y  t h i s  i s o t o p e  of i o d i n e  was one of the' l e a s t  

s t u d i e d  (Boulos e t  , a l ,  1973, Gabay e t  a l ,  1973).  Iodine-129 has  a  half- .  

l i f e  of about 17 m i l l i o n  y e a r s  and is  produced wi th  a  f i s s i o n  y i e l d  of 

approximately 1% i n  t h e  f i s s i o n  of  2 3 5 ~  (Gabay e t  a l ,  1973).  During 

normal o p e r a t i o n  of a r e a c t o r ,  n e g l i g i b l e  amounts of  i o d i n e  a r e  re- 

l ea sed  t o  t h e  atmosphere a t  t h e  r e a c t o r  s i t e .  However, due t o  t h e  long 

h a l f - l i f e  of t h i s  r ad io i so tope ,  i t  accumulates i n  t h e  f u e l  du r ing  burn- 

up. During subsequent chemical p roces s ing  of  spen t  f u e l  a t  a  reproces-  

s i n g  p l a n t ,  a  much g r e a t e r  p o t e n t i a l  e x i s t s  f o r  d i s cha rge  of a  po r t i on .  

of t h e  iodine-129 p r e s e n t  i n  t h e  f u e l .  Thus, i t  was suspec t ed .  t h a t  1 2 , 9 ~  

may become a  problem from t h e  p u b l i c  h e a l t h  p o i n t  of view a t  t h e  f u e l  re- 

process ing  s t a g e  of t h e  f u e l  c y c l e  (Magno e t  a l ,  1972).  

It is  e s t ima ted  (Porz,  1974) t h a t ,  i n  t h e  f u e l  of  an o p e r a t i n g  l i g h t -  

water  moderated r e a c t o r , .  1311 - a c t i v i t y  is  about  3 x 1 0 ~ .  h i g h e r  t han  t h e  

- a c t i v i t y .  However, because 1311 has  a  h a l f - l i f e  of  on ly  8.04 .days,  ' . 

a f t e r ,  t h e  spen t  f u e l  has  been s t o r e d  f o r  200 days,  t h e  1311 - a c t i v i t y  drops  
. . 

t o  approximately t h e  same va lue  a s  t h e  1 2 9 ~  - a c t i v i t y .  And, t h e r e a f t e r ,  

t he  1 2 9 ~  - a c t i v i t y  r e p r e s e n t s  t h e  main p o r t i o n  of t h e  i o d i n e  a c t i v i t y  

i n  t h e  f u e l  (Hubschmann, 1975).  It has  been e s t ima ted  t h a t  t h e  average 

1 2 9 ~  throughput of a  p l a n t  r ep roces s ing  one ton  of f u e l  .per .day would 

be about  20 mCi/day (Bryant ,  1970).  Bryant assumed t h e  f u e l  was from a  



' 10 ,000  MW(e) power program averag ing  1 ,000  days i r r a d i a t i o n .  

Any r ad io iod ine  d i scharged  t o  t h e  atmosphere and reaching.man 

w i l l .  accumulate i n  t h e  t hy ro id  gland.  C r i t i c a l  pathways a r e  e i t h e r  by 

i n g e s t i o n  v i a  t h e  pasture-cow-milk r o u t e  o r  s imply by i n h a l a t i o n .  I n  

t h e  case  'of t h e  s h o r t - l i v e d  i o d i n e  i s o t o p e s  (e .g .  l3l1) t h e  pathways 

a r e  w e l l  documented and r e l e a s e  l i m i t s  have been e s t a b l i s h e d  i n  many 

c o u n t r i e s  ( s ee  f o r  example, Bryant ,  1964; Baverstock and Vennart ,  1976). 

However, s i m i l a r  i ons ide ra t i ons  have only  r e c e n t l y  been a f fo rded  "'1. 

There remains a  need f o r  f u r t h e r  work and s tudy  i n  t h i s  a r e a ,  e s p e c i a l l y  

i n  r e s o l v i n g  some of t h e  c o n f l i c t i n g  conc lus ions  reached by s e v e r a l  au tho r s .  

This  manuscr ipt  c o l l e c t s  and summarizes t h e  e x i s t i n g  d a t a  on 1 2 9 ~  

end on i o d i n e  metabolism based on t h e  e x t e n s i v e  s t u d i e s  pf  1 3 h .  The '.im- 

por tance  of lZ91 i n  t h e  e v a l u a t i o n  of t h e  impact of n a t i o n a l  waste  repos- 

. . i t o r i e s  i s  cons idered  i n  d e t a i l .  It i s  hoped t h a t  by a n t i c i p a t i n g  p o t e n t i a l  

problems, an e f f e c t i v e  and t imely  response  can be  made t o  ques t i ons  con- . 

. . 
' 

ce rn ing  t h e  hazards  ' eva lua t ion  of lZ91. 

P r o j e c t i o n s  of 12'1 Product ion  and Release  

The worldwide product ion  of l Z 9 1  by t h e  y e a r  2060 has  been e s t ima ted  
. . 

t o  be 2 x 1 0 ~  ~i (Russe l l  and Hahn, 1971).  I f  a  removal e f f i c i e n c y  of 99% i s  

assumed a t  t he  f u e l  r ep roces s ing  f a c i l i t y ,  t h e r e  could be  2 x 1 0 ~  C i  of  lZ91 

i n  t h e  environment by 2060. O r i g i n a l l y ,  r ep roces s ing  f a c i l i t i e s  were n o t :  

designed t o  remove iod ine ;  hence,  v i r t u a l l y  a l l  of t h e  12'1 would be  

r e l e a s e d  t o  t h e  environment. 

Russe l l  and Hahn a l s o  e s t ima ted  t h a t ,  by t h e  y e a r  2060, t h e  U.S. pro- .  

duc t ion  of '''1 would 'be about  9 x 1 0 ~  C i .  For comparison t o  o t h e r  e s t i m a t e s ,  

t h e  d a t a  used by R u s s e l l  and Hahn g i v e s  a  va lue  of approximately 3,000 C i  



by t h e  year .2000 .  This  e s t i m a t e  i s  n o t  i n  complete agreement w i th  t h a t  

proposed by Blomeke and Kee (1974). These au tho r s  e s t ima ted  an 1 2 9 ~  

accumulation by t h e  yea r  2000 of 7;400 C i .  Ne i the r  manuscr ipt  g ives  

s u f f i c i e n t  in format ion  t o  r e s o l v e  t h e s e  d i s c r e p a n c i e s .  

Morley and Bryant (1976) e s t i m a t e  t h e  d i s cha rge  r a t e  of 1 2 9 ~  by.\. t h e  

year  2000 f o r  t h e  n u c l e a r  i n d u s t r y . t h r o u g h o u t  t h e  world w i l l  b e  about 

2 x 1 0 ~  C i ly r .  Blomeke and Kee (1976) gave r e v i s e d  e s t i m a t e s  f o r  t h e  

annual  accumu.lation of r a d i o i o d i n e  from t h e  U.S. . nuc l ea r  power i ndus t ry .  

By t h e  yea r  2000, t h e  annual  a d d i t i o n  t d  t h e  inventory  w i l l  be  abqut  

370 c i j y r .  w i t h  a  t o t a l  inventory  of more than  3600 C i  of 1 2 9 ~ .  This  

e s t i m a t e  i s . b a s e d  on l i g h t  water  r e a c t o r s  (LWR)'with 564 GWe i n s t a l l e d  

capac i ty  and l i q u i d  meta l  f a s t  b r eede r  r e a c t o r s  w i t h  a  c a p a c i t y  of 61 GWe. 

Fu r the r ,  they assume t h a t  99.9% of t h e  i o d i n e  i s  recovered a t  t h e  f u e l  

p roces s ing  p l a n t ,  converted t o  barium i o d a t e ,  i nco rpo ra t ed  i n t o  cement, 

and, a f t e r  s t o r a g e  f o r  about one y e a r ,  sh ipped  t o  t h e  r e p o s i t o r y .  Kee . . 

e t  a 1  (1976) publ i shed  a d d i t i o n a l  d a t a  bu t  t h e s e  l a t t e r  e s t i m a t e s  were 

e s s e n t T a l l y  t h e  same a s  t hose  d i s cus sed  above. 

Measurements of  t h e  a i r b o r n e  r a d i o a c t i v e  e f f l u e n t s  from a commercial 

nuc l ea r  f u e l  r ep roces s ing  p l a n t ,  l o c a t e d  i n  West Val ley ,  New York, have 

b e e m r e p o r t e d  (Cocharn e t  a l ,  1970): These d a t a  i n d i c a t e  t h a t  t h e  

gaseous' e f f l u e n t s  from t h e  p l a n t  con ta in  5-10% of t h e  t o t a l  1 2 9 ~  a v a i l -  

a b l e  from t h e  d i s so lved  f u e l .  However, t h e s e . d a t a  may n o t  be  i n d i c a t i v e  

of t he  t r u e  s i t u a t i o n  s i n c e  i t  was r epo r t ed  t h a t  t h e  sampling was con- 

ducted only  du r ing  t h e  d i s s o l u t i o n  p roces s  and n o t  du r ing  t h e  n i t r i c  

a c i d  recovery process .  

On t h e  o t h e r  hand, i t  has  been specu la t ed  t h a t  a  h igh  percentage  of 



. . lZ91 (-90%) may be discharged a s  gaseous waste (Russe l l  and Hahn, 1971). 

This  e s t ima te  seems ove r ly  p e s s i m i s t i c ,  bu t  i t  s e r v e s  t o  i l l u s t r a t e  

t he  magnitude of t he  p o t e n t i a l  problem. This  problem may be inc reased  

s i g n i f i c a n t l y  with the  inc reased  r ep roces s ing  of high-burnup f u e l s  which 

con ta in  a l a r g e r  a c t i v i t y  of lZ91. 

The iod ine  removal system i n s t a l l e d  a t  t h e  commercial n u c l e a r  f u e l  

r ep roces s ing  p l a n t  under s tudy  cons i s t ed  of a chemical sc rubber  followed 

by s i l v e r  r e a c t o r s .  The chemical sc rubber  was a 20-inch diameter  by 

10-foot high packed column i n  which t h e  d i s s o l v e r  off-gases  were scrubbed 

wi th  a s t ream of mercurous and mercuric  n i t r a t e  s o l u t i o n .  The s i l v e r  

r e a c t o r ,  c o n s i s t i n g  of ceramic Ber l  "saddles" coated wi th  s i l v e r  n i t r a t e ,  

never  achieved design cond i t i ons  and was h igh ly  i n e f f e c t i v e  f o r  i o d i n e  

abso rp t ion  (Magno e t  as., 1,972). 

The AGNS-Barnwell F a c i l i t y  l o c a t e d  i n  Barnwell,  South Caro l ina  has 

an ex tens ive  system f o r  i od ine  cleanup. During normal ope ra t ion  t h e  

amount of iodine-129 inpu t  t o  t h e  system i s  about 1 pCi/sec and a decon- 

taminat ion f a c t o r  (DF) of about  1000 i s  assumed. Thus, ,  t h e  e s t ima ted  

s t a c k  r e l e a s e  r a t e  is about pCi/sec. Fu r the r  r educ t ion  of t h i s  

r e l e a s e  r a t e  i s  wi th  the,  a d d i t i o n  of very s imple systems t o  con- 
. . 

dense t h e  water  vapor and trap more of t h e  i o d i n e  b e f o r e  i t  i s  r e l eased  

(Schneider ,  1977).  

Tile i od ine  remu.val system designed f o r  Barnwell u t i l i z e s  a more . . 

e f f i c i e n t  system than  t h a t  i n s t a l l e d  i n  t h e  West Val ley f a c i l i t y  which 

c o n s i s t s  of t r a p s  foll'owed by t h e  abso rp t ion  of i o d i n e  on s i l v e r  z e o l i t e  

( a  h igh ly  e f f i c i e n t  absorber ) .  F i n a l l y ,  t h e  i o d i n e  is  absorbed on 

v e r m i c u l i t e  i n  meta l  c a n n i s t e r s  which a r e  about 3% f e e t  i n  diameter  and 

a r e  n e a r l y  8 f e e t  high. It is  assumed t h a t  t h e  v e r m i c d l i t e  w i l l  r e t a i n  



. . t h e  l Z y  I i n d e f i n i t e l y  (Schneider ,  1977) .  Thus, t h e s e  c a n n i s t e r s  c o n t a i n i n g  

ve rmicu l a t e  r e p r e s e n t  t h e  m a t e r i a l  f o r  which u l t i m a t e  d i s p o s a l  must be  

planned. 

The . lZ9I  discharged  i n  ' the  l i q u i d  was te ,  from t h e  West Val ley  f a c i l -  

i t y ,  ,has  been e s t i m a t e d  t o  be about  2% of t h e  t o t a l  p r e s e n t  i n  the f u e l  

processed each y e a r  (NFS, 1967-1970)., 
. . 

It now seems u n l i k e l y  t h a t ,  under  normal o p e r a t i n g  c o n d i t i o n s  a t  a  

f u e l  r e p r o c e s s i n g  f a c i l i t y ,  a  s i g n i f i c a n t  q u a n t i t y  o f  1 2 9 ~  w i l l  b e  r e l e a s e d  

t o  t h e  environment.  Before t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  1 2 9 ~  bu i ldup  i n  

. . the' environment was recognized i t  was common p r a c t i c e  t o  p roces s  s p e n t  

f u e l  which has  cooled f o r  more than 200 days w i thou t  u s ing  t h e  i n s t a l l e d  

l o d i n e  c leanup s y s t e m  (Mart in ,  1973) .  Now t h a t  s i g n i f i c a n t  1 2 9 ~  bu i ldup  

i s  recognized a s  a  p o t e n t i a l  problem, i o d i n e  s c rubb ing  systems are be ing  

redesigned,  f o r  u s e  in r ep rvces ing  f a c i l i t i e s .  

Summary of Metabol ic  and Phys io log i c  Data 

Metabolism: The s i z e  of t h e  t h y r o i d  g land  and i t s  uptake of  i o d i n e  

from t h e  blood a r e  bo th  very  dependent upon t h e  d a i l y  i n t a k e  of s t a b l e  

i od ine .  The i n t a k e s  of s t a b l e  i o d i n e  vary  enormously among i n d i v i d u a l s  

and a l s o  more g e n e r a l l y  among popu la t i ons  of v a r i o u s  countr ies .  Th i s ,  

i n  t u r n ,  is  r e f l e c t e d  i n  t h e  s i z e  o f  t h e  t h y r o i d  g land  and perhaps  i n  

. . some qf t h e  o t h e r  parameters  o f  t h e  metabol ic  model. The ICRP. (ICRP,' 1977) 

lias taken tile f r a c t i o n a l  uptake of i o d i n e  by t h e  t h y r o i d  t o  be 0 .3  f o r  

t h e  adul t . .  The t h y r o i d  mass is  assumed t o  b e  20 grams which is  an  appro- 

p r i a t e  c i z c  f o r  t h e  va lue  s e l e c t e d  f o r  the I r a c t i o n a l  uptake.  

I od ine  i s  absorbed r a p i d l y  and almost  completely  from t h e  ga s t ro -  

i n t e s t i n a l  t r a c t ,  mainly i n  t h e  sma l l  i n t e s t i n e .  I n  i t s  l a t e s t  r e p o r t  



(ICRP, 1977) ,  t h e  ICRP h a s  assumed a  v a l u e  of 1 . 0  f o r  t h e  f r a c t i o n a l  up- 

t a k e  from t h e  g a s t r o i n t e s t i n a l  t r a c t  t o  b lood .  

S e v e r a l  models have been proposed f o r  t h e  metabol ism of  i o d i n e  

rf:@rownell, 1951; Riggs ,  1952; Berman, 1968) .  The most complex o f  t h e s e  

models was t h a t  s u g g e s t e d  by Berman which c o n t a i n e d  t e n  compartments,  

s i x  o f  which were  c o n s i d e r e d  t o  r e p r e s e n t  t h e  t h y r o i d  g land  i t s e l f .  ,Both  

of t h e  models s u g g e s t e d  by Brownel l  and by 'R iggs  a r e  s implex  and c o n s i s t  

of e s s e n t i a l l y  t h r e e  compartments. Bernard (1970) a n a l y z e d  ~ e r m a n ' s  

model, compared i t  t o  t h e  model o f  Riggs ,  and computed microcur ie -days  

r e s i d e n c e  t imes  f o r  l231, 12%, 1251, lZ61, and l3l1. He concluded 

t h a t  t h e  two models y i e l d e d  e s s e n t i a l l y  t h e  same r e s i d e n c e  t imes .  He 

sugges ted  t h a t  t h e  model of Riggs was a d e q u a t e  f o r  t h e  e s t i m a t i o n  o f  

i n t e r n a l  dose  due t o  t h e  i s o t o p e s  of i o d i n e  h e  had s t u d i e d .  

The . ,metabo l ic  model f o r  i o d i n e  used by t h e  ICRP i n  absorbed d o s e  

and dose  commitment c a l c u l a t i o n s  f o r  t h e  a d u l t  is  t h a t  proposed by Riggs 

(1953).  T h i s  111ode1 is  a s i m p l e  t h r e e  compartment model ( s e e  f i g u r e  1 ) .  , 

Of t h e  i o d i n e  e n t e r i n g  t h e  t r a n s f e r  comDartment a f r a c t i o n ,  0 .3 ,  i s  

assumed t o  be t r a n s l o c a t e d  t o  t h e  t h y r o i d  w h i l e  t h e  remainder  i s  assumed 

t o  go d i f e c t l y  t o  e x c r e t i o n .  I o d i n e  i n  t h e  t h y r o i d  i s  assumed t o  b e  

r e t a i n e d  w i t h  a  b i o l o g i c a l  h a l f - l i f e  of 120 days  and t o  be l o s t  from 

t h e  g land  i n  t h e  form of o r g a n i c  i o d i n e .  Organ ic  i o d i n e  is  assumed t o  

bc  uniformly d i s t r i b u t e d  among a l l  o r g a n s  and t i s s u e s  o f  t h e  body o t h e r  

t h a n  t h e  t h y r o i d  and t o  be r e t a i n e d  t h e r e  w i t h  a b i o l o g i c a l  h a l f - l i f e  

of 12 days .  One-tenth of t h i s  o r g a n i c  i o d i n e  is  assumed t o  go t o  f e c a l  

e x c r e t i o n  and t h e  rest i s  assumed t o  be  r e t u r n e d  t o  t h e  t r a n s f e r  com- 

par tment  a s  i n o r g a n i c  i o d i n e .  I n  t h e  l a t e s t  d r a f t  of t h e  ICRP Committee 



F i g u r e  1: Schematic ~ i a g r a m  of Xiggs '  Model for Iodine Metabolism 
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I1 m a t e r i a l  (ICRP, 1977),  no mention is  made of c h i l d r e n  and no guidance 

i s  given f o r  apply ing  the  accepted model t o  t h e  dosimetry of ch i ld ren .  

Figure 2, compiled by Cowser e t  a 1  (1967) shows. t h e  v a r i a t i o n  of t h e  

b i o l o g i c a l  h a l f - l i f e  of i od ine  a s  a  func t ion  of age. This  i s  an important  

parameter which must be eva lua ted  . i n  t h e  assessment of dose t o  l a r g e .  . . 
. . 

popula t ions  which c o n s i s t  of a l l  ages r a t h e r  than  j u s t  a d u l t  r a d i a t i o n  workers .  

. . . .  . The Medical ~ e s e a r c h  Council  (1975) has  publ iehed some simple equa- 

t i o n s  ' f o r  t h e  c a l c u l a t i o n  of dose t o  t h e  thy ro id  of a  c h i l d  and an  a d u l t  

due t o  t he  r ad io iod ines .  The s i x  months-old c h i l d  was assumed t o  r e p r e s e n t  

t h e  c r i t i c a l  popula t ion  group f o r  r ad io iod ines .  The equa t ions  were used 

t o  c a l c u l a t e  t he  emergency r e f e r e n c e . l e v e l s  (ERL) which a r e  used i n  t h e  

un i t ed  Kingdom. The ERL is  def ined  b r i e f l y  a s  t h e  r a d i a t i o n  dose below 

which counter-measures a r e  u n l i k e l y  t o  .be taken.  No cons ide ra t ion  was 

e'i.ven t o  the  r e l e a s e  of 1 2 9 ~ ;  poss ib ly  due t o  t h e .  f a c t  t h a t  t h e  ERL 

. . : .  . . 
a r e  intended f o r  emergency s i t u a t i o n s  only. 

. . 

Phys io logic  Data: The Reference Man Report (ICRP, 1975) g ives  

d a t a  on an iod ine  ba lance  f o r  r e f e rence  man. In  gene ra l ,  t h e  c u r r e n t  

l i t e r a t u r e  i n d i c a t e s  t h a t  u r ina ry  e x c r e t i o n  of i o d i n e  p a r a l l e l s  and is  

approximately equa l  t o  i od ine  in t ake .  The accepted va lues  f o r  i n t a k e  

a r e  200 pglday i n  foods and f l u i d s  and 0.5-35 pg/day a s  adrborne m a t e r i a l .  

Losses of i od ine  a r e  170 pglday exc re t ed  i n  t h e  u r i n e ,  20 ug/day i n  t h e  

f c r e s ,  6  pg/day i n  sweat,  and 2 .3  pg/day i n  h a i r .  Iod ine  e x c r e t i o n  is  

. r e l a t e d  t o  t o t a l  body weight i n  a d u l t s  by 

Urinary I ( p g )  = - 45.8 + ( 2 . 5 9 ~ ~  (kg) ) . 
. . 
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Figure 2: Variation of Biological Half-Life of Iodine as a Function of Age 



Thus, f o r  a  70 kg man; I equa l s  135 pg/day. Note a l s o ,  t h a t  some d a t a  

i n d i c a t e  t h a t  u r i n a r y  e x c r e t i o n  of i o d i n e  i n c r e a s e s  w i t h  age. 

Iod ine ,  l i k e  c h l o r i n e ,  i s  found i n  a l l  body s e c r e t i o n s .  The con- 

c e n t r a t i o n  of u r i n a r y  i o d i n e  i n  c h i l d r e n  does n o t  d i f f e r  s i g n i f i c a n t l y .  

from t h a t  of a d u l t s .  I n f a n t s  a r e  r epo r t ed  t o  e x c r e t e  on ly  15-30 pg/day. 

The t o t a l  amount of i od ine  i n  t h e  a d u l t  t h y r o i d  is  about  12 mg (ICRP, 1975).  

Ac tua l ly ,  i o d i n e  i s  d i s t r i b u t e d  wide ly ,  y e t  some geographica l  a r e a s  

a r e  almost completely l ack ing  i n  i od ine .  There a r e  numerous e s t i m a t e s  

of t h e  n a t u r a l  abundance of i o d i n e  1 2 9 ~  r e l a t i v e  t o  s t a b l e .  1 2 7 ~ .  

~ o l d a t . ' ( 1 9 7 6 )  , report ' s  va lues  a s  ranging  from' 10-l2 t o  atoms of 

1 2 9 ~  pe r  atom of 1 2 7 ~ .  Seve ra l  f a c t o r s  c o n t r i b u t e  t o  t h e  wide range 

of r epo r t cd  i o d i n e  i n t a k e s .  The n a t u r e  of t h e  s o i l  i n f l u e n c e s  t h e  

i o d i n e  concen t r a t i on  i n  l o c a l l y  grown f o o d s t u f f s  and water .  There a r e  

a l s o  marked seasona l  v a r i a t i o n s  i n  t h e  i o d i n e  con ten t  of  p l a n t  f o o d s t u f f s  . . 

and i n  cow's milk.  An a d d i t i o n a l  v a r i a b l e  (and g e n e r a l l y  an unspec i f i ed  

source)  is t h e  use of i od i zed  s a l t  o r  o t h e r  foods d e l i b e r a t e l y  enr iched  

wi th  iod ine .  

The d a i l y  requi-rement of i o d i n e  i s  es t imated  t o  b e  about 150 pgm, 

bu t  dur ing  adol.esc.enr.e, pregnancy, and l a c t a t i o n  t h e  requirement  i s  

h ighe r .  I n  t h e  a r t i f i c a l l y - f e d  i n f a n t ,  i o d i n e  i n t a k e  v a r i e s  from-3-600 

pg/day. I n  t h e  b reas t - f ed  i n f a n t  t h e  i n t a k e  of i o d i n e  i s  e s t ima ted  t o  

".c 25-140 pg/day, depending p r i n c i p a l l y  on t h e  i o d i n e  concen t r a t i on  of 

human o r  cow's milk.  

The i n t a k e  of i o d i n e  i n  d r i n k i n g  water  i s  v a r i a b l e  accord ing  t o ' t h e  

geologj.c.al n a t u r e  of t h e  a r e a .  For  example, t h e  concen t r a t i on  i n  t h e  

Washington, D. C.  a r e a  i s  4-6.5 pg/R, wh i l e  va lues  from t h e  United Kingdom 



range from 0'.7-52.2 ~ g l R .  And, even wider  v a r i a t i o n s  i n  t h e  i o d i n e  con- 

c e n t r a t i o n  have been repor ted  (ICRP, 1975).  

3  The concent ra t ion  of i o d i n e  i n  a i r  i s  r epor t ed  t o  be 0.03 pg/m a t  

z e r o  a l t i t u d e  and inc reases : .w i th  he igh t .  The maximum va lue  recorded. w a s  

2 .5  u g j m 3 .  However, r e s u l t s  from sampling sites n e a r  t h e  s e a  have 

.. included va lues  ' in t he '  range 1-2 ~ ~ / m ~ .  On t h e  b a s i s  of s t anda rd  i n h a l a t i o n  

and depos i t i on  r a t e s  i t  i s  es t imated  t h a t  r e f e rence  man would have an i n t a k e  

of O.n.5 pg/day of i od ine  i n  i n l and  a reas .  'However, f o r  s i t e s  nea r  t h e  s e a  

a s  much a s  35 wg/day of i od ine  may e n t e r  the .~body v i a  i n h a l a t i o n  (ICRP, 1975). 

Thyroid Gland:   he weight of t h e  thy ro id  gland i s  perhaps more v a r i e d  

than t h a t  of any o t h e r  gland i n  the'body: Its weight has  been found t o  vary  

wi th  a g e . ( s e e  f i g u r e  3 ) ,  sex ,  d i e t ,  geography, c l ima te ,  and e x t e r n a l  and 

i n t e r n a l  s t i m u l i ,  b u t  perhaps t h e  most important  f a c t o r  is  iod ine  intake..  

Thcre i s  s t r o n g  evidence t o  sugges t  t h a t  both thy ro id  weight and uptake 

of i od ine  by t h e  thy ro id  a r e  c o r r e l a t e d  i n v e r s e l y  wi th  t h e  d a i l y  i n t a k e  

of i od ine  (ICRP, 1975).  

During p r e n a t a l  l i f e  t h e  f o l l i c l e s  of t h e  thy ro id  gland.(whi .ch a r e  

t he  fundamental u n i t s )  appear.when t h e  embryo i s  24 mm long  o r  about 40 

days of g e s t a t i o n a l  age. A t  65 days,  o r  about 5  cm. i n  l e n g t h ,  t h e  . .  . 

f o l l i c l e s  develop lumina, and a t  70 days (embryo l e n g t h  6  cm) t h e  col-  . 

l o i d  appears .  Col lo id  is g e l a t i n o u s  and i s  t h e  s t o r e d  product o f . t h e  

s e c r e t o r y  a c t i v i t y  o f  t he  f o l l i c l e s .  By age 280 days t h e  weight of t h e  

thy ro id  i s  about 1.52 grams, however, one s t anda rd  d e v i a t i o n  o t  t h i s  mean 

. . 
is a 0.611 grams. - 

Kay, e t  a 1  (1966) have de r ived  t h e  fo l lowing  r e l a t i o n s h i p  f o r  t h e  

... 
. , ave rage  o r  t y p i c a l  weight of t h e  normal t hy ro id  (U t hy ro id )  from a  rion- 
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Figure 3: Weight of the Thyroid a s . a  Function of Age 



g o i t r o u s  reg ion  wi th  age from b i r t h  t o  1 8  yea r s :  

where T i s  t h e  weight of t h e  t hy ro id  i n  grams and A i s  t h e  age of  t h e  in -  

d i v i d u a l  i n  months. 

There a r e  seven very  d e f i n i t e  l i f e - c y c l e s  i n  t h e  development of t h e  

t hy ro id  gland..  These are (1) t h y r o i d  enlargement of t h e  newborn; (2)  

r e g r e s s i o n  du r ing  in f ancy ;  (3)  t hy ro id  enlargement du r ing  prepuber ty  and 

puber ty ;  (4)  r e g r e s s i o n  i n  pos tpuber ty ;  (5) normal g land  o f  t h e  a d u l t  . 

dur ing  t h e  h e i g h t  of l i f e ;  (6) age a t rophy  of  t h e  g land  i n  t h e  d e c l i n e  o f , '  

l i f e ;  and (7)  p o s s i b l e  r e juvena t ion  of t h y r o i d  f u n c t i o n  i n  o l d  age. I n  

t h e  female,  another  l i f e  cyc l e  i n  t h e  development of t h e  t h y r o i d  gland 

is  well-known. This  s t a g e  i s  t h e  i n c r e a s e  i n  volume of t h e  gland dur ing  

pregnancy (Aschoff,  1324).  

The mean t h y r o i d  weight of males ( i n  a  New York s tudy) .  over  18-years.- 

o l d  was found t o  be  17.5 + - 6 .8  grams. The mean weight  f o r  females i s  

14.9 + - 6.7 grams. Never the less ,  t h e  ICRP h a s  assumed a  mass of 20 grams 

f o r  a  r e f e r ence  a d u l t  male and a  mass of 17 grams f o r  t h e  female (ICRP, 1975) .  

Eva lua t ions  of 9~ Hazards 

A s  s t a t e d  p rev ious ly ,  t h e  long-l ived i s o t o p e  of  f odine ,  - 2 9 ~ ,  'has 

no t  rece ived  s i g n i f i c a n t  a t t e n t i o n  i n  terms of hazards  e v a l u a t i o n  ' u n t i l  

r e c e n t l y ,  Fu r the r ,  most of t h e  papers  a v a i l a b l e  i n  t h e  open l i t e r a t u r e  

have cons idered  t h e  r e l e a s e  of 1 2 9 ~  t o  t h e  atmosphere from a  f u e l .  

p rocess ing  f a c i l i t y .  

Bryant (1970) c a l c u l a t e d  de r ived  working l i m i t s  (DWL)' f o r  t h e ,  cont in-  



uous r e l e a s e  of 1 2 Y ~  t o  t h e  atmosphere.  The de r ived  working l i m i t  i s  

t h a t  l e v e l  of  r a d i o a c t i v i t y  which r e l e a s e d  i n  a  con t ro l l ed '  f a sh ion  i s  

cons idered  t o  r e p r e s e n t  a  minimum hazard .  Th i s  concept i s  used e x t e n s i v e l y  
. . 

i n  t h e  United Kingdom and is  i n  many ways s i m i l a r  t o  t h e  Radia t ion  Pro tec-  

t i o n  Guides recommended by t h e  Fede ra l  Radia t ion  Council  i n  t h i s  count ry .  

Bryant used two methods i n  h e r  c a l c u l a t i o n s ;  (1) t h e  s p e c i f i c  a c t i v i t y  

method.and ( 2 )  a  modified d i r e c t  f o l i a r  contaminat ion method which had 

been used p rev ious ly  f o r  '1. The l a t t e r  method involved ' t h e  grass-cow- 

mi lk- infan t  pathway which has  been used e x t e n s i v e l y  i n  t h e  e v a l u a t i o n  of  

tile i~i lpact  of 'i'~. 
. . 

The . r e s u l t s  of t h i s  s t udy  were va lues  of  DWL f o r  v a r i o u s  s t a c k  

h e i g h t s  and d i s t a n c e s  downwind from t h e  f a c i l i t y .  D i f f e r ences  between 

t h e  DWL c a l c u l a t e d  by t h e  two methods mentioned above was about a  f a c t o r  . 

of 3 .  However, Bryant concluded t h a t  1 2 9 ~  w i l l  n o t  be  a s e r i o u s  problem 

i n  t h e  gaseous .was te  of a  chemical p l a n t  s e r v i n g  a  power program of up. 

. . t o  100,000 MW(e), i . e .  p roces s ing  about  10  tons  of f u e l  p e r  day. This  

conc lus ion  is  i n  c o n t r a s t  wi th  t h a t  of Magno e t  a 1  (1972) who recommend 

t h e  o p e r a t i o n  of t h e  i o d i n e  cleanup system i n  a  f a c i l i t y  which is  .proces- 

s i n g  f u e l  r e g a r d l e s s  of t h e  coo l ing  t i m e  of t h e  f u e l  o r  t h e  throughput  

of t h e  f a c i l i t y .  This.recommendation is based p r i m a r i l y  on t h e i r  measure- 

ments around t h e  West Val ley f a c i l i t y .  However, i t  almost  a s s u r e d l y  t a k e s  

no t e  of t h e  f a c t  t h a t ,  by apply ing  a  99% removal e f f i c i e n c y  t o  t h e  

e s t i m a t e s  of Russe l l  a n d  Hahn (1.971), there would be  2x10' C i  of lZ91. 

r e l e a s e d  by t h e  y e a r  2060. 

A s i m i l a r  c a l c u l a t i o n  was r e p o r t e d  by Hiibschmann (1976) f o r  t h e  



. . 

~ a r l s r u h e  Nuclear Research Center i n  Germany. I n  t h e s e  c a l c u l a t i o n s  

Hiibschmann c a l c u l a t e d  an age-dependent i n g e s t i o n  dose f a c t o r  f o r  1 2 9 ~  

and 1311 ( s ee  f i g u r e  4 )  and a l s o  p e r m i s s i b l e  i o d i n e  emission r a t e s .  H e  

. c a l c u l a t e d  t h a t  a  cont inuous r e l e a s e  of  1 pc i /day  of 1 2 9 ~  ( a t  e q u i l i b r i u m  

wi th  t h e  va r ious  environmental  parameters )  l e a d s  t o  a  dose t o  t h e  i n f a n t  

t hy ro id  which is  3.8 t i m e s  t h a t  caused by a  r e l e a s e  of 1 pCi/day of l1. 

For i n g e s t i o n  of 1 2 9 ~ ,  t h e  0.5-year-old c h i l d  r ep re sen t ed  t h e  c r i . t i c a 1  

popula t ion  group, .which is  a l s o  t r u e  f o r  a l l  r a d i o i o d i n e s .  

This  au tho r  a l s o  c a l c u l a t e d  two equ iva l en t  r e l e a s e  rates f o r  two 

. p a r t i c u l a r  s t a c k  h e i g h t s  based on an accep tab l e  dose r a t e  of 90 mremlyr 

t o . t h e  c h i l d ' s  t hy ro id .  However, Hibschmann's r e s u l t s  a r e ' s i g n i f i c a n t l y  
. . .  
. . 

d i f f e r e n t  from those  r epo r t ed  by Bryant i n  h e r  eva lua t ion .  For example, 

f o r  a  60-meter s t a c k  h e i g h t ,  t h e  r e l e a s e  r a t e s  a r e  d i . f f e r e n t  by a f a c t o r  

o r  more than 300. 

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  n o t  a l l  a u t h o r s  had i.gnoyed .lZ91, 

completely.  Cowser, e t  a 1  (1967) compiled a  l i s t  o f  more than  100 . r ad io -  

i s o t o p e s  produced i n  n u c l e a r  exp los ions ,  This  s tudy  was in tended  t o  

e v a l u a t e  t h e  impact of a  s e a - l e v e l  c a n a l  a c r o s s  Panama cons t ruc t ed  w i t h  

nuc lea ' r '  exp los ives .  These au tho r s  c a l c u l a t e d  t h a t  t h e  dose t o  t h e  

' t hy ro id  gland over  7.0 y e a r s  followiing t h e  i n g e s t i o n  of  a  s o l u b l e  form 
. . 

of 1 2 9 ~  would be  13 .5  rem/pCi. I n  a  ranking  of importance accord ing  

only  t o  t h e  dose '  d e l i v e r e d ,  lZ9I was l i s t e d  second w i t h  on ly  9 ° ~ r  

d e l i v e r i n g  more dose t o  t h e  c r i t i c a l  organ. The dose  fro^ . 1 2 ' 9 . ~ . ~ a s  

an o r d e r  of magnitude h ighe r  than  t h a t  from 2 3 9 ~ ~  and f o u r  o r d e r s  
' 

of magnitude h ighe r  than t h a t  from 3 7 ~ s .  



Age 

Figu re  4:  Age-Dependent I n g e s t i o n  Dose F a c t o r ,  ginseSt 

( a f t e r  Hiibschmann, 1976)  



i Probably one of t h e  most comprehensive papers  on t h e  impact .of  

. . " 1 2 9 ~  on t h e  environment w a s  t h e  work of  So lda t  (1976). 1n' t h i s  paper 

t h e  au tho r  compiled t h e  bio1,ogical  and metabol ic  parameters  necessary  

t o  c a l c u l a t e  t h e  dose due t o  1 2 9 ~  t o  humans of s e v e r a l  ages.  The ages 

considered i n  t h e  s tudy .were  ages 1, 4, 14 and a d u l t .  

Solda t  r epo r t ed  complete d e t a i l s  on t h e  eco log ica l .  parameters  (e. g. 

depos i t i on  v e l o c i t y ,  s o i l .  uptake,  e c o l o g i c a l  h a l f - l i f e ,  e t c . )  necessary  

f o r  t h e  c a l c u l a t i o n s .  A summary of  t h e  s e l e c t e d  parameters  is  given i n  

 able-I. Table .I1 l ists  some of t h e  a v a i l a b l e  d a t a  o n . t h e  a q u a t i c  bio- , ' ,  

accumulation f a c t o r s  f o r  i o d i n e , . w h i l e  Table I11 summarizes t h e  parameters  

a s  a  fui lc t ion of  age which should be  used i n  c a l c u l a t i n g  t h e  t h y r o i d  

dose f a c t o r s  f o r  1 2 9 ~ .  The r e s u l t i n g  thy ro id  dose f a c t o r s  f o r  1 2 9 ~  a r e  

.shown i n  Table I V ,  These d a t a  i nc lude  t h e  dose pe r  un i t  i n t a k e  by 

i n h a l a t i o n  i d  i n g e s t i o n  f o r  t h e  f o u r  . age . groups mentioned previous ly .  

The thy ro id  dose p e r  u n i t  concen t r a t ion  of  . 1 2 9 ~  i n  a i r  are,  given i n  

Table V. This t a b l e  cons iders  f o u r  exposure pathways f o r  each of t h e  

fou r  ages.  With t h e  except ion  of t h e  milk consumption pathway, t h e  

a d u l t  r e c e i v e s  t h e  h ighes t  t hy ro id  dose i n  a l l  cases .  

S o l d a t ' s  paper  has  b e e n ' c r i t i c i z e d  by Thompson (1976) who st 'ated 

t h a t  t h e  .food consumption d a t a  u t . i l i z e d  i n . t h e  c a l c u l a t i o n s  w e r e  extreme 

and r e s u l t e d  i n  s i g n i f i c a n t l y  e l e v a t e d  dose e s t i m a t e s  f o r  ,. 12'1 i n  t h e  

thyro id .  Thompson u t i l i z e d  d a t a  supp l i ed  by t h e  U.S. Department. 'of 

Agr i cu l tu re '  and r e c a l c u l a t e d  t h e  thy ro id  .dose e s t ima te s .  The d a t a  a r e  

compared t o  those  of Solda t  i n  Table VI.. Solda t  r e p l i e d  t o  t h e  c r i t i -  

c i s m s  of Thompson by i n d i c a t i n g  t h a t  h i s  ca lcu la t ions  were f o r  a hypo- 



Table I . Estimated Ecological Parameters for Iodine* 

. . . . . . . . . . .  Deposition velocity from air to ground (mlsec) 

Fraction of aerial deposition retained on plant . . . . . . . . .  0.25 
. 't~cologicalt' half-life on plant (days) . . . . . . . . . . . . . . .  14 . 
Fraction .of deposited iodine translocated to 
part of plant eaten . leafy vegetables . . . . . . . . . . . .  1.0 
other vegetables and grain . . . . . . . . . . . . . . . . . . .  0.l 

Soil uptake plant (wet) per pCi/kg soil . . . . .  0.02 
. . . . . . . . * . .  Transfer 'from feed to milk (daylliter) cow 0.01 
. goat . . . . . . . . .  0.2 
. . . . . . . . . .  Transfer from feed to meat (daylkg) beef 0.02 
..pork . . . . . . . . .  0.09 
chicken 0.004 . . . . . . . . .  

. . . . . . . . . .  Transfer from feed to chicken eggs (daylegg) 0.08 

* 
After Soldat. 1976 . 





Table 111. Parameters Used in Calculating Thyroid Dose 
Factors for 12'1* 

.Parameter 1 year 4 years 14 years 

fractional uptake via 
ingestion 0 .'3 0.3 0.3 

fractional uptake via 
inhalation 0.23 0.23 0.23 

biological half-life in 
thyroid (days) 2 0 2 0 50 

thyroid mass (grams) 2 5 15 

concentration of . 1 2 7 ~  
in thyroid (ppm) 9 0 180. .. 280 

weight of . 1 2 7 ~  in 
thyroid (mg) 

thyr.ni:d r e d i 1 . 1 ~  (-c.q) 1.4 2 2.7 

inhalation rate (m3/day) 5.6 7.0 13.5 

effective energy per 
disintegration (MeV) 0.'060 . 0 .'061: 0.063 

* 
After Soldat, 1976. 

Adu 1 t 



Table I V .  Thyroid Dose Fac to r s  f o r  1 2 9 ~ *  

1 year  4 yea r  14  yea r  Adult  
-. 

Dose pe r  Unit . In take  - 

mrem/pCi i nges t ed  1.33 (-2) 5.45 (-3) 4.67 (-3) - 7.05(-3) 

mrem/pCi i nha l ed  1.02(-2) ' 4.18(-3) 3.58(-3) 5.40 (-3) 

Equil ibr ium Dose Rate 

mrem/yr per .pCi  maintained 
i n  t h e  t hy ro id  

Thyroid.  Content of  1 ' 2 9 ~  t o  Yie ld  
. , 

. . 6 
P .  1.5 rem/year 

PC% 2.68(3) 6.52 (3) 1.91(4) 2.53(4) 
12gI: 1271 9.26(-2) . 4.31(-2) 2.66 (-2) 2.10 (-2) 

pCi 1 2 9 ~ / p g  I 1.49(1)  7.25(0) 4.54(0) 3.61(0) 

pCi 12'1/g t hy ro id  1.34(3) . 1.39(3). . 1..27(3) 1 .26 (3) 

* 
A f t e r  So lda t ,  1976 



Table V. Thyroid Doses from Unit Concentration of 
1 2 9 ~  in Air* , 

mremlyr per p~i/m3 

Exposure Pathway 1 year 4 years 14 years Adult 

.. ' . inhalation 2 1. 11 18 3 9 

milk consumption 5800 2400 2000 3100 

leafy vegetable consumption 

* 
After Soldat, 1976 , 



Table VI. Thyroid Doses from Uriit 'Concentration of 

. . 
Exposure Pathway Age Categories 

. 1  4 14 Adult 
(mremlyr per p~i/m3) 

Inhalation 21 11 18 . 39 

Milk consumption: 
Soldat 
Thompson 

Leafy vegetable consumption: 
Soldat 
T ~ ' & ~ s o ~  

Beef :.Consumption : 
Soldat 
Thompson 

* After Thompson,.l976 



t h e t i c a l  "maximum ind iv idua l . "  However, i t  is i n t e r e s t i n g  t o  n o t e  t h a t  

f o r  l e a f y  vegetab le  and beef consumption i n  t h e  one-year-old, .Thompson 

o b t a i n s  a much h ighe r  dose e s t ima te .  With t h i s  except ion ,  t h e  d a t a  of 

Thompson g ive  lower dose r a t e s  than  those  of Solda t .  

I n  a r ecen t  . a p p r a i s a l  of t h y r o i d  burdens of 1 2 Y ~  from va r ious  die- 

t a r y  sources ,  Book and h i s  co l l eagues  (1977) have eva lua t ed  t h e  impact 

on the  same fou r  age groups as Solda t .  The two most important  s e t s  . . 

of d a t a  from t h i s  s tudy  a r e  shown i n  Tables V I I  and V I I I .  Average d i e t a r y  

i n t a k e  of  major food i tems a r e  given Table V I . 1  assuming a  cont inuous 

12'1 concent ra t ion  i n  a i r  o'f 1 p ~ i / m 3 .  Table  V I I I  summarizes t h e  d a t a  

., on d a i l y  i n t a k e ,  t h y r o i d a l  burden, and dose r a t e  f o r  .12'1 from common ' 

d i e t a r y  sources.  These d a t a  a r e ,  i n  most ca ses ,  , s l i g h t l y  . lower than  
. . 

t hose  . r e p o r t e d  p rev ious ly  by Solda t  (1976). However, i n  a  manner s i m i l a r  . . 

. , 
t o  Thompson's a n a l y s i s  t h e  dose rate f o r  t h e  one-year -o ld . i s  h i g h e r  

than  t h a t  es t imated  by Solda t .  I n  f a c t ,  f o r  l e a f y  vege tab le  cons&uption, 

Solda t  e s t i m a t e s  a  dose rate of ze ro  f o r . t h e  one-year-old wh i l e  t h e  

e s t ima te  of Book e t  a1 is  1.1 rem/y! 

A r e c e n t  paper  by deMarsily and h i s  co l leagues .  (19 77) has,  considered 

t h e  conf in ing  a b i l i t y  of geologic  formations f o r  t h e  t h r e e  major r ad ionuc l ides  

which have h a l f - l i v e s  of t h e  o r d e r  of  magnitude of geologic  t imes. 

These a r e  iodine-129, neptunium-237, and plutonium-239.:Thes'e au tho r s  . . 

reminded us of che pofn t  made e a r l i e r  i n  t h i s  manuscript .  That i s ,  

iudine-129 is  gene ra l ly  considered t o  be  p re sen t  i n  t h e  spen t  f u e l  o r  

i n  t h e  l i q u i d  waste, bu t  n o t  i n  t h e  s o l i d i f i e d  waste.  -However, s i n c e  

1 2 9 ~  r e l e a s e  t o  t h e  atmosphere is  undes i r ab le  because of  t h e  p o t e n t i a l  f o r  



Table VII. ~ v e r a ~ e  Dietary Intake of Major Food Items 
by Representative Age Groups* 

29 Daily Food' Intake (gm) 

1 4 14 . : Iten,' 
.. + .. (p~i /kg)  Adult 

Milk and Milk 
products 1250 650 570 690 400 

Meat 1600 100 130 240 340 

Leafy vegetables 2900 8 0 . 80 100 110 

Cereals 540 . 60 80 130 120 

Other vegetables and 
fruit  290 180 210 3 20 3 50 



Table VIII. Daily 1 2 9 ~  Intake, Thyroid Burden, and Radiation Dose Rate to 
Thyroids of I-, 4-, and 14-year-olds and Adults from Ingestion 
of Foods Produced at Locations with i 2 9 ~  Concentrations Equal 
to 1 p~i/m3 Air* 

* After Book et al. (1977). 

Thyroidal Dose Rate 

(remlyr) 

1 4 14 Adult 
4.0 1.4 1.5 1.3 

0.8 0.4 0.7 '1.4 

1.1 0.5 0.5 0.8 

0.2 0.1 0.1 0:2 

0.2 0.1 0.1 0.3 

6.3 2.5 2.9 4.0 

Milk Products 

Meat 

Leafy Vegetables 

N Cereals 
m 

Other vegetables 
and fruits 

Total 

Daily 1 2 9 ~  Intake 

(nci). 

1 4 14 Adult 
0.81. 0.71 0.86 0.50 . 

0.16 0.21 0.39 0.54 

0.23 0.23 0.29 0.32 

0.04 0.04 0.07 0.07 

0.05 0.06 0.09 0.10 

1.28 1.25 1.70 1.53.. 

Thyroidal 2 9 ~  Burden 

(nCi) 

1 4 14 Adult 
7.0 6.1 18.6 21.6 

1.4 1.8 8.4 23.4 

2.0. 2.0 ' 6.3 13.8 

0.3 0.3 1.5 3.0 

0.4 0.5 ' 1.9 4.3 

.11.1 10.7 36.7 66.1 



. . 

long-term bui ldup i n . t h e  environment,  i t  must be  t rapped  i n  some s o r t  

of f i l t e r  and disposed of i n  some manner. 

. . 
. I n  t h i s  s tudy ,  t h e  ch i e f  mechanism of migra t ion  of .  1 ' 2 9 ~ ,  'and t h e  

o t h e r  r ad ionuc l ides  considered,  was t h e  movement of  groundwater. Such 

a s c e n a r i o  is  considered h igh ly  u n l i k e l y  s i n c e  t h e  geologic  formations 

s e l e c t e d  f o r  a  r e p o s i t o r y  have n o t  been s u b j e c t  t o  water  i n t r u s i o n  over  

per iods  measured i n  geologic  time. However, most au tho r s  assume water  

i n t r u s i o n  i n t o  a geologic  was te  r e p o s i t o r y  t o  provide  a  mechanism f o r  

r ad ionuc l ide  migrat ion.  Thus, a l though perhaps. an unacceptable  s c e n a r i o ,  

i t : T s  in format ive  t.u cons ider  i n  more d e t a i l  t h e  s t u d i e s . o f  deMarsily 

and h i s  'col leagues.  The au tho r s  s e l e c t e d  f i v e  geologic  formations of 

d i f f e r e n t  c h a r a c t e r i s t i c s  f o r  t h i s  study.. These c h a r a c t e r i s t i c s  a r e  

l i s t e d  i n  Table I X .  Formation 1 has very poor con f in ing  p r o p e r t i e s  - '  

whi le  formation 5 i s  a h igh ly  conf in ing  l a y e r  and i s  almost  completely 

impervious. . I n  a l l  f i v e  ca ses ,  t h e  formations w e r e  assumed t o  be  500 

meters  t h i c k  i n  o r d e r  t o  make comparisons poss ib l e .  

From these  c a l c u l a t i o n s  a  s e r i e s  of "break-through" curves were ob- 

ta ined .  These curves g ive  t h e  r a t i o  of t h e  concen t r a t ion  ( o r  a c t i v i t y )  

of e f f i d e n t s  reaching  t h e  environment t o  t h e  concen t r a t ion  ( o r  a c t i v i t y )  

l eav ing  t h e  r e p o s i t o r y ,  a s  a func t ion  o f  time. The d a t a  f o r  1 2 9 ~  a r e  

presented  i n  Table X.. Two parameters  which c h a r a c t e r i z e  t h e  r o l e  of t h e  

formation a r e  g i v e n  i n  - the  t a b u l a t i o n .  These are t h e  t r ansmis s ion  r a t e  

,of t h e  formati-on and t h e  d u r a t i o n  of t r a n s f e r .  

The f i r s t  parameter  is  t h e  r a t i o  of t h e  cumulated a c t i v i t y  i n j e c t e d  



. 'rable IX. .Parameters of the Geologic Formations* 

Resulting Velocity of Water 
Geologic 
Formation 

Dar cy ' s 
.Permeability 

(m/ iec ) 

Hydraulic 
Gradient 

Effective 
Porosity 

.(%I 
Dar cy '.s Mean Pore 
(m/sec> - . (mlsec) 

* After deMarsily et a1 (1977) 



Geologic 
Formation 

Type 

Table X. Step Function Response for 2 9 ~  
in Several Geologic Formations* 

Mean Pore Transmission 
water  ate' of the 

Velocity . Format ion 
(m/sec> (%> 

Duration 
of 

Transfer 
(years 

* After deMarsily et a1 (1977) 



i n t o  t h e  environment versus  t h e  r a d i o a c t i v i t y  l eav ing  t h e  r epos i to ry .  

Radioact ive decay during t h e  t r a n s f e r  t ime i s  taken i n t o  account .  The 

parameter i s  a measure of t h e  e f f e c t i v e n e s s  of r e t e n t i o n  of t h e  formation.  

The du ra t ion  of t r a n s f e r  is t h e  amount of t ime needed f o r  t h e  s t ep .  

func t ion  response t o  reach a maximum value.  Thus, t h i s  parameter is  a 

measure of t h e  de lay  in t roduced  by t h e  formation i n  t h e  r e t u r n  of t h e  

waste  t o  t h e  environment. 

For iodine-129, us ing  t h e  deMarsily s c e n a r i o ,  t h e  d a t a  i n d i c a t e  

t h a t . e v e n  f o r  a conf in ing  formation (such a s  ca se  4) n e a r l y  100 percent  

w i l l  r e t u r n  t o  , t h e .  environment. The de l ay  is l e s s  than 15,000 y e a r s  

and 'contaminat ion  w i l l  begin a t  about 4000 y e a r s  a f t e r  t h e  was te  s t a r t s  

leak ing .  Even f o r  an extreme g e o l o g i c a l  formation (case  5 ) ,  about  93% 

of t h e  1 2 9 ~  w i l l  b e  t r ansmi t t ed  w i t h  a de lay  of l e s s  than  3 m i l l i o n  

years .  

To i n v e s t i g a t e  the  e f f e c t s  of  con ta in ing  t h e  waste  i n  a m a t e r i a l  

such a s  b o r o s i l i c a t e  g l a s s  be fo re  placement i n  t h e  r e p o s i t o r y  t h e  au tho r s  

p o s t u l a t e d  two hypotheses and u s e d . t h e s e  a s  i n p u t  func t ions  f o r  a f u r t h e r  

s tudy  of t h e  f i v e  geo'logic formations.  The two hypotheses a r e :  

Case 1 - The s t r u c t u r e  of .  t h e  b o r o s i l i c a t e  g l a s s  i s  never  

damaged and the  r e l e a s e  of iodine-129 occurs  only by d i f f u s i o n  

through t h e  g l a s s  a t  a r a t e  of  10-16 m2/sec. 

Case 2 - A t  10,000 years .  a f t e r  b u r i a l ,  t h e  g l a s s  ma t r ix  

s t r u c t u r e  is  damaged, and the t o t a l  load of iodine-129 is  .. 

r e l e a s e d i n t o t h e  l each ing  wa te r  a t  a cons tan t  r a t e  w i t h i n  

5000 years .  . 



. The r e s u l t s  of t h e i r  a n a l y s i s  a r e  summarized i n  Table X I .  These r e s u l t s  

a r e  from s i m p l i f i e d  c a l c u l a t i o n s  which were based on t h e  assumption t h a t  

t r a n s p o r t  by water  begins  immediately a f t e r  s to rage .  I n  t h e  t a b l e ,  t h e  

d a t a  a r e  given i n  terms of t h e  concen t r a t ion  of t h e  element i n  water  

f lowing over  t he  r e p o s i t o r y ,  when i t  reaches  t h e  environment, d iv ided  by 

t h e  ~aximum pe rmis s ib l e  concen t r a t ion  i n  d r ink ing  water .  

There is an apparent  paradox shown i n  t h e s e  da t a .  That is, t h e  more 

conf in ing  t h e  geologic  formation t h e  more concent ra ted  w i l l  b e  t h e  radio-  

nuc l ides  i n  t h e  water  reaching  t h e  environment. This  f i n d i n g  i n d i c a t e s  

t h a t  t h e  g r e a t e r  volume of water  f lowing through t h e  r e p o s i t o r y  ' the less 

t o x i c  i t  w i l l  be  when i t  reaches t h e  environment. However, t h e  r e s u l t s  

. = of t h e  s tudy  a r e  more e a s i l y  'understood when i t  is cons idered  t h a t ,  

.according t o  t h e  assumptions, t h e  1 2 9 ~  i s  e n t e r i n g  t h e  l each  water  a t  .a 
. r 

cons t an t  r a t e .  The r a d i o a c t i v i t y  i s  reaching  t h e  b iosphere  a t  a cons t an t  

r a t e ,  independent of t h e  flow and volume of t h e  l e a c h  w a t e r .  Thus, t h e  

concen t r a t ion  o f .  12'1 i n  t h e  l e a c h  wa te r  i s  i n v e r s e l y  p r o p o r t i 6 n a l  t o  

t h e  volume of water  t r a n s p o r t i n g  t h e  rad ionucl ide .  Never the less ,  froni' , 

t h i s  a n a l y s i s  t h e  au tho r s  conclude t h a t ,  i f  t h e  i n t e g r i t y  of  t h e  g l a s s  

m a t r i x ' c a n  be guaranteed f o r  an i n d e f i n i t e  pe r iod ,  . the  choice  of  t h e  

geologic  formation i n  which t h e  waste  a r e  t o  b.e confimed i s  s i m p l i f i e d .  

Severa l  au tho r s  have cons idered  t h e  e f f e c t  of p a r t i t i o n i n g  t h e  was te  

. . be fo re  p l ac ing  i t  i n  a geblogic  r e p o s i t o r y .  One of t h e  rad ionucl ides  

considered f o r  p a r t i t i o n i n g  (o r  removal) was t h e  long-l ived 12'1. Cohen 

(1976) concluded, i n  h i s  eva lua t ion  of c o s t  v s  r i s k  f o r  p a r t i t i o n i n g ,  t h a t  

on t h e  b a s i s  of  r i s k  a lone ,  p a r t i t i o n i n g  was n o t  j u s t i f i e d .  H e  s a w  



. .  . . Table XI, Concentration of Iodine-129 in the Water Reaching the 
- Human..Environment Expressed as ~atios to the Maximum 

Permissible Concentrations in Drinking'Water* 

Geologic 
Format ion 

Case 1 Case 2 
Transmission Ratio to Time when Ratio to Time when. . 
Rate of the MPcw maximum MPCw maximum 
Formation is- observed is observed 

(a (years) (years) 

2 100 SXIO-~ 2 5 2.9 10,000 

3 100 0.7 600 28.0 10,700 

4 99 5.1 10,000 250.0 20,000 

6 1.7~10 170.0 , '  1.44~10 
6 

5 - 93 5.3 

* After deMarsily et a1 (1977) 



p a r t i t i o n i n g  a s  a  f u r t h e r  r educ t ion  of an a l r e a d y  minor (post-1000 yea r )  - 

problem. This  s h o r t  paper  d i d  n o t  p r e s e n t  a  breakdown of t h e  i n d i v i d u a l  

r ad ionuc l ides  p re sen t  i n  t h e  was te  and considered only  a c t i n i d e -  

deple ted ,  l igh t -water - reac tor  waste.  The r e l a t i v e  t o x i c i t y  index  

concept was used t o  compare t h e  r e l a t i v e  hazard of t h i s  waste  t o  t h e  

hazard from 0.2% uranium o re .  

I n  a ' fol low-on s tudy,  Tonnessen and Cohen (1977) i n v e s t i g a t e d  t h e  

n a t u r a l l y  occu r r ing  hazardous m a t e r i a l s  i n  deep gehlogic  formation i n  an  

a t tempt  t o  p l ace  t h e  b u r i a l  of was tes  i n  t h e  proper  pe r spec t ive .  These 

au tho r s  concluded t h e i r  r e s u l t s  i n d i c a t e d  t h a t ,  over  t ime,  n u c l e a r  

waste  t d x i c i t y  'decreases  t o .  l e v e l s  below those  of n a t u r a l l y  odcurr ing  

hazardous ma te r i a l s .  Again, no d e t a i l e d  l i s t i n g  of t h e  r ad ionuc l ides  i s  
. . 

given which would i d e n t i f y  the presence  o r .  absence of 1 2 9 ~  i n  t h i s  eval-  

ua t  ion .  

Burkholder e t  a1 (1975) i n v e s t i g a t e d  t h e  i n c e n t i v e s  f o r  s e p a r a t i n g  

and e l i m i n a t i n g  va r ious  r ad ionuc l ides  ( i n  p a r t i c u l a r  t h e  t r a n s u r a n i c s )  

from r a d i o a c t i v e  waste  p r t o r  t o  f i n a l  geologic  s t o r a g e .  I n  t h i s  s i t u a t i o n  

t h e  waste was assumed t o  be l o c a t e d  i n  a non-sal t  p a r t i c u l a t e  geologic  

medium and r e l e a s e  is  v i a  t h e  l each  inc iden t - t r anspor t  pathway. Exposure 

pathways t o  man were 'def ined .and  t h e  e f f e c t s  of changing t r a n s p o r t  . . 
. . 

pa rame te r s  on t h e  p o t e n t i a l  dose to .  a  "maximum" i n d i v i d u a l  were ca l cu la t ed .  

Transport  parameters  s t u d i e d  were l each  r a t e ,  pa th  l e n g t h  and t ime of 

i n i t i a l  r e l e a s e  from the  r e p d s i t o r y  a f t e r  t h e  yea r  2000. Resu l t s  of t h e  

s tudy  . i nd ica t ed  t h a t ,  f o r  reasonable  s t o r a g e  cond i t i ons ,  t h e  p o t e n t i a l  

incrementa l  r a d i a t i o n  dose would be approximately equ iva l en t  t o  t h e  dose 



due to the natural radiation background. They concluded that the 

incentives for. a special effort to remove any radionuclides from hlgh- 

level waste were extremely small. However, the study demonstrated 

that there may be incentfves for converting high-level calcine.into' 

glass. 

Additional information on this research can be found in Burkholder 

et a1 (1976) and Bartlett et a1 (1976). 

. . 
S m r y  and Conclusions 

A. major portion of the information used to evaluate the impact of 

12'1 on man and his environment has been obtained from our extensive 

knowledge of ' '1. Only recently (within less than 10 years) has the 

interes't shifted to this long-lived radionuclide. 

Some of the evaluations presented to date indicate that. '*'I re- 

leased to the environment from fuel reprocessing plants may, under 

certain conditions, have .the potential for delivering 'significant doses 

to the thyroid glands of selected population groups. For example, 

Soldat (1976) estimated that in the one-year old the thyroid dose would 

approach 6 rem/year for a concentration in a h  of 1 p~i/m3. 
' 

For isolation of radidictive waste in deep geologic formations, 

it is expected that licensing procedures will requi.re an evaluation of . .. 

the unlikely event of a breach in containment'.of th@ formation. One. 

such scenario assumes a breach of the formation at the repository site, 

intrusion by ground water, transport by migration of the radio- 

iodine to the biosphere, and its subsequent uptake by man through a food- 
. . 

chain pathway. Thu,s, the primary pathways are ingestion through drinking 



water  o r  f o o d s t u f f s  conta in ing  t h e  r e l ea sed  rad ionucl ides .  There a r e  

l i t t l e  d a t a  a v a i l a b l e  a t  t h i s  time wi th  which t o  e v a l u a t e  t h e  impact 

of ' p 9 1  and t h e  inges t ion  pathway. Addi t iona l  environmental and 

exchange d a t a  on iod ine  would be u s e f u l  t o  more a c c u r a t e l y  q u a n t i f y  

t h i s  impact. . I n  p a r t i c u l a r ,  t h e  eva lua t ion  of 12'1 i n g e s t i o n  i n  

v a r i o u s  age groups i s  needed. 

It i s  h igh ly  l i k e l y  t h a t  much of t h e  necessary  inpu t  d a t a  a r e  a v a i l -  

a b l e  i n  a  complete compilat ion i n  t h e  s c i e n t i f i c  l i t e r a t u r e .  Thus, t h e  

' 1291 i n i t i a l  s t e p  toward providing a b e t t e r  eva lua t ion  of t h e  impact of 

would be t o  search  f o r  and c o l l e c t  t hese  da ta .  Many computer codes a r e  

a v a i l a b l e  t o  c a l c u l a t e  t he  dose t o  any p a r t i c u l a r  popula t ion  group once 

the  necessary  inpu t  da t a  a r e  obtained.  For example, t h e  d a t a  summarized 

i n  Table XI1 a r e  f o r  t he  ICRP Reference Man and use  the  s tandard  ICW 

metabol ic  model d i scussed  e a r l i e r .  A s  can be seen from t h e  t a b l e ,  t he  

dose equ iva l en t  per  u n i t  i n t a k e  is c a l c u l a t e d  f o r  t h r e e  d i f f e r e n t  in- 

h a l a t i o n  c l a s s e s  and f o r  i nges t ion . .  However, t hese  d a t a  a r e  f o r  a n  

a d u l t  man, f o r  which the p e r t i n e n t  parameters have been compiled. No 

complete compilat ion of s i m i l a r  information is  a v a i l a b l e  f o r  ch i ld ren ,  

ehe c r i t i c a l  popula t ion  group. 

There a r e  a  number of ques t ions  which must be answered i n  such an 

eva lua t ion .  Tn genera l ,  t he se  d e a l  wi th  changes i n  metabolism of the  

r ad ionuc l ide  when i t  becomes incorpora ted  i n t o  foods tu f f s .  For example, 

does t he  amount t r a n s f e r r e d  a c r o s s  t he  g a s t r o i n t e s t i o n a l  wa l l  b a r r i e r  

change due t o  t he  manner i n  which the  r ad ionuc l ide  is  bound? I n  t h e  c a s e  

of i od ine  t h i s  appears  t o  be un l ike ly ,  bu t  t h i s  behavior has  been noted 



Table XII. Dose Equivalent per Unit Intake of 

1 2 9 ~  - Reference Man 

. . . . Inhalation Ingest ion 

Organ t. class D,. . Class w "' class Y tf-P 

(rem/pCi) (.rem/pCi) 

Stomach Wall 

Small Intestine 

ULI Wall 

LLI Wall 

Kidneys 

Liver 

Lungs 1.2-3 4.3-2 7.9-1 5.8-4' 

Ovaries 3.2-4 3.2-4 3.2-4 5.0-4 

Red Marrow 5.1-4 6.8-4 3.9-4 7.8-4 

Testes . . 2.9-4 2 .'9-4 . 2.8-4 ' 4 ; 5-4 

' .  Thyroid 5.7 5.5 5.4 8.6 
. , 

Total Body 2.3-3 3.0-3 1.6-2 3 ,'5-3 

t Class D materials are assumed to be readily soluble and are expected 
to exhibit maximal clearance half-times of less than one day. 

tt Class W materials are assumed to represent materials with maximal 
clearance times from a few days to a few months. 

ttt Class Y materials are assumed to represent those materials which 
are the most .a*idly retained and are expected to manifest maximal 
biological half-times ranging from six months to several years. 

"3.6-4 is read a s  3.6~10-~ rem/p~i 



f o r  o t h e r  elements.  One of  t h e  most well-known of t h e s e  i s  niobium. 

When niobium i s  inges t ed  i n  e lementa l  form only about 1% of t h e  m a t e r i a l  . . ,  

w i l l  c ros s  t h e  g a s t r o i n t e s t i n a l  b a r r i e r  i n t o  t h e  blood. However, i f  t h e  

riiobium is . incorpora ted  i n  f o o d s t u f f s ,  60% of t h e  m a t e r i a l  w i l l  c r o s s  

. . 
t h e  g a s t r o i n t e s t i n a l  wal l .  

Never the less ,  i n  o rde r  t o  perform a complete eva lua t ion  of  t h e  

. impact of 1 2 9 ~  .on' man and h i s  environment,  behaviors  t y p i c a l  of t h a t  

above must be i n v e s t i g a t e d  s o  t h a t  models can r ep re sen t  a c c u r a t e l y  

t h e  metabolism of t h e  r a d i o a c t i v e  elements  of i n t e r e s t .  . . 
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