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PREFACE 

Th is  i s  an i n t e r i m  r e p o r t  in tended t o  i n f o r m  the  AEC s t a f f  abou t  a  
1  2gI  s u b s t a n t i a l  p a r t  o f  our  research r e s u l t s  on t h e  rad ioeco logy  o f  

Because o f  t h e  i n t e r i m  na tu re  o f  t h e  r e p o r t ,  da ta  a r e  n e c e s s a r i l y  some- 

what incomplete.  Data from ongoing c o l l e c t i o n s  and analyses should he1 p 

t o  f o rmu la te  a more complete p i c t u r e .  We a n t i c i p a t e  t h a t  a  second i n t e r i m  

r e p o r t  w i l l  be developed a t  some f u t u r e  t ime  w i t h  a  more complete da ta  - . 
bank . m 

The subsec t ion  on geographical  d i s t r i b u t i o n  o f  i o d i n e  has been taken 1 

L -. 
s u b s t a n t i a l l y  f rom ma te r i  a1 prepared f o r  a  fo r thcoming  monograph on r a d i o -  

i o d i n e  sponsored by t h e  U.S. Atomic Energy Commission and t h e  American . 
I n d u s t r i a l  Hygiene Assoc ia t ion .  The re fe rence  i s :  Bustad, L. K., 

J. K. So ldat ,  and P. G. Vo i l l eque .  Radio iod ine:  Biomedical and I n d u s t r i a l  

Hygiene Aspects, ( i n  press).. 
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GEOGRAPHICAL, ECOLOGICAL AND BIOLOGICAL CONSIDERATIONS 

IN ANALYSIS OF RADIATION DOSE FROM 2 9 ~  

INTRODUCTION 

Rad ioac t i ve  i so topes  o f  i o d i n e  a r e  produced d u r i n g  nuc lear  f i s s i o n  

i n  r e a c t o r s  and i n  weapons t e s t s  and t o  a  l i m i t e d  e x t e n t  i n  nature.  Over 

t h e  pas t  severa l  years,  cons iderab le  e f f o r t  has been devoted t o  the  s tudy  

o f  t he  generat ion,  re lease ,  d i spe rs i on ,  chemical forms and r a d i a t i o n  dosime- 

t r y  o f  13' I. Recent ly  a t t e n t i o n  has been drawn t o  another  i so tope  o f  r a d i o -  
7  iod ine ,  '"1. Because o f  i t s  ext remely  l ong  h a l f - l i f e  (1.6 x  10 y r ) ,  1  2gI 

has t he  p o t e n t i a l  f o r  accumulat ion i n  t he  environment f rom long- term, 

chron ic  re leases  f rom nuc lear  f a c i l i t i e s .  

Th is  s e c t i o n  discusses p o s s i b l e  problems assoc ia ted  w i t h  such an accu- 

mu la t ion ,  i n c l u d i n g  t r a n s f e r  o f  t h e  "'I through t h e  biosphere and r e s u l t a n t  

r a d i a t i o n  doses t o  man and o t h e r  organisms. 

GEOGRAPHICAL DISTRIBUTION OF STABLE I O D I N E  AND NATURALLY 

PRODUCED 1  2gI 

I o d i n e  has o n l y  one s t a b l e  i so tope ,  lZ7I. It i s  w ide l y  d ispersed i n  

t h e  sea, rocks  and a l l  organisnis and i s  u s u a l l y  found i n  t he  i o d i d e  o r  

i o d a t e  form. The mar ine environment and i t s  i n h a b i t a n t s  u s u a l l y  c o n t a i n  

cons iderab ly  more i o d i n e  than do t e r r e s t r i a l  fauna and s o i l ,  as shown i n  

Table 1. Mar ine organisms concent ra te  i o d i n e  t o  a  s u r p r i s i n g  degree; c e r -  

t a i n  t r o p i c a l  sponges may c o n t a i n  up t o  14% i o d i n e .  (")  Some l and  masses, 

such as Ch i lean  n i t r a t e  beds, a r e  a  r i c h  source o f  i od ine ;  o t h e r  areas 

a r e  so low i n  s t a b l e  i o d i n e  t h a t  t h e i r  i n h a b i t a n t s  s u f f e r  f rom i o d i n e  

d e f i c i e n c y .  Large areas i n  t he  n o r t h e r n  and western Un i t ed  S ta tes  have 

been l a b e l e d  as " g o i t r o g e n i c "  because o f  t h e i r  low i o d i n e  con ten t .  (2,181 

Th is  wide v a r i a t i o n  i n  s o i l  i o d i n e  con ten t  has been t h e  s u b j e c t  o f  

much specu la t i on  and argument. (23)  However, Goldschmidt 's  v i e w ( l O )  t h a t  

t h e  major  source o f  i o d i n e  i n  s o i l s  i s  m a t e r i a l  re leased  f rom t h e  ocean 

sur faces appears now t o  be w e l l  subs tan t ia ted .  (23) The p o s s i b i l i t y  t h a t  



TABLE 1. IODINE I N  MARINE AND TERRESTRIAL 
ENVIRONS(~) 

Percent  by Wei g h t  
Con~ponent T e r r e s t r i a l  Mar ine 

Thy ro id  g land  
(an imals  and 
f i s h )  

Animals 

P lan t s  (a lgae)  

S o i l s  ( s i l t s )  

Rock 

Water 

~ a l  t ( b )  

A i r  

Rain and snow 

a. References 9, 10, 11, 13, 14, 26. 
b. I o d i z e d  s a l t  con ta ins  10-3 t o  10-2% 

iod ine .  



t h e  Ch i lean  depos i t s  r e s u l t e d  f r om a i r b o r n e  oceanic i o d i d e ( l O )  has been 

evaluated f u r t h e r  and a  general  t heo ry  has been developed t h a t  these 

n i t r a t e  depos i t s  r e s u l t e d  f rom p r e c i p i t a t i o n  scavenging o f  t he  atmosphere 

toge ther  w i t h  t h e  absence o f  weather ing and b i o l o g i c a l  a c t i v i t y .  (3 )  

I o d i n e  concen t ra t i on  i n  t h e  atmosphere general  l y  d im in ishes  w i t h  

i nc reas ing  d i s tance  f rom t h e  oceans; t h i s  r e d u c t i o n  consequent ly reduces 

t h e  amount o f  i o d i n e  t r a n s f e r r e d  t o  i n l a n d  s o i l s  by p r e c i p i t a t i o n  scaveng- 

i n g  and d r y  depos i t i on .  The p e r i o d  o f  exposure o f  t he  s o i l  a l s o  a f f e c t s  

t h e  i o d i n e  depos i t ;  hence t h e  reduced concent ra t ions  i n  young p o s t g l a c i a l  
(10)  s o i l s  g e n e r a l l y  and p a r t i c u l a r l y  i n  t he  deeper hor izons o f  such s o i l s .  

Measurements o f  i o d i n e  concent ra t ions  i n  t h e  atmosphere and i n  p r e c i p i -  

t a t i o n  i n  c e n t r a l  Europe showed concent ra t ions  i n  a i r  rang ing  f rom 0.1 t o  
3  

1  pg/m . Higher  concen t ra t ions ,  up t o  10 pg/m3, were found i n  a i r  a long  

coas ta l  reg ions .  Concentrat ions found i n  r a i n  and snow ranged f rom 0.2 

t o  5  p g / l i t e r .  I o d i n e  concent ra t ions  i n  European r i v e r s  were i n  t h e  range 

o f  1  p g / l  i t e r ,  w h i l e  i n  some minera l  sp r ings  t h e r e  may be as much as 

300 p g / l i t e r .  (10)  

There a r e  apparen t l y  a t  l e a s t  two processes which re l ease  i o d i n e  f rom 

t h e  ocean su r f ace  t o  suppor t  t he  l e v e l s  i n  marine atmospheres. The f i r s t  

i s  t he  re l ease  o f  gaseous r a d i o i o d i  ne ( I 2 )  by photochemical o x i d a t i o n  o f  

i od ide .  Experimental  demonstrat ions o f  t h e  I2 produc t i on  by t h i s  mechanism 

have been descr ibed. Re1 ease o f  i od i  ne-beari  ng p a r t i c u l a t e  ma te r i  a1 f rom 

an exper imenta l  sea water  su r f ace  has been repor ted .  (19y22)  It has a l s o  

been suggested t h a t  o r g a n i c a l l y  bound i o d i n e  may be re leased  t o  t he  marine 

atmosphere. y4) Understanding o f  r e l a t i o n s h i p s  between t h e  var ious  sources 

o f  a i r b o r n e  i o d i n e  and e l u c i d a t i o n  o f  t h e  mechanisms which produce t he  

observed concent ra t ions  and r e l a t i v e  i o d i n e  enr ichment (see 5, 6, 7 )  awa i t  

f u r t h e r  d e t a i l e d  measurements, p a r t i c u l a r l y  o f  i o d i n e  species.  Some o f  the  

common i n o r g a n i c  chemical species i n  which i o d i n e  can be found a r e  l i s t e d  

i n  Table 2. 

The human body con ta ins  20 t o  50 mg o f  i od ine ;  up t o  one- ha l f  o r  more 

may be l o c a l i z e d  i n  t h e  t h y r o i d  g land.  The I n t e r n a t i o n a l  Commission on 



TABLE 2. COMMON INORGANIC CHEMICAL SPECIES OF 
IODINE (1 2 

Valence Common Species 
- 1 I-, HI, NaI, HIgnH20 - 

0 I2 

+1 IC1, IBr , HOI 



Rad io log i ca l  P r o t e c t i o n  (ICRP) 5, has summarized data on t h e  concen t ra t i on  

(ug/g o f  wet t i s s u e )  o f  i o d i n e  i n  var ious  body organs o f  a  " s tandard"  a d u l t  

as f o l l o w s :  t o t a l  body, 0.43; t hy ro id ,  350; ovary,  l i v e r ,  sk in ,  muscle, 

hear t ,  %I; pancreas, 0.5; g a s t r o i n t e s t i n a l  t r a c t ,  0.4; bone, 0.3; k idney, 

0.2; b ra i n ,  0.1. The concen t ra t i on  o f  i o d i d e  i n  t he  b lood o f  man ranges 

f rom 3  t o  13 pg/100 ml w i t h  a  mean o f  7.7; t he  prote in- bound i o d i n e  concen- 

t r a t i o n  ranges from 4.0 t o  8.5 pg/100 n i l .  (24) 

A1 though r a d i o i o d i n e  re leased  i n t o  t h e  b iosphere i n  Nor th  America and 

Europe reaches man c h i e f l y  through cow's m i l k ,  t he  s t a b l e  i o d i n e  con ten t  o f  

cow's m i l k  i s  o n l y  about 0.2 ppm w i t h  a  range of 0.004 t o  2  ppm. (24) 

~ r u n e r ' ~ )  quotes McCl endon I s  ('O) va lue o f  about 0.05 ppm f o r  i o d i n e  i n  m i l k  

and m i l k  products .  However, t h e  i o d i n e  con ten t  o f  m i l k  may vary  w i t h  stage 

o f  l a c t a t i o n .  I t  a l s o  depends upon d i e t a r y  i n t a k e  o f  s t a b l e  i o d i n e  and 

p o s s i b l y  o f  o t h e r  m a t e r i a l s .  

Twenty- three r a d i o a c t i v e  i so topes  o f  i o d i n e  have been i d e n t i f i e d .  The 

s i n g l e  n a t u r a l l y - o c c u r r i n g  rad io i so tope ,  lZ91 ,  has a  h a l f - l i f e  o f  1.6 x  10 7  

years.  (30)  I t  i s  produced i n  na tu re  by spontaneous f i s s i o n  o f  uranium and 

thor ium i n  s o i  1s and i n  t he  oceans, by t h e  i n t e r a c t i o n  o f  h i gh  energy par-  

t i c l e s  w i t h  xenon i n  t h e  upper atmosphere, and by n e u t r o n - i n i t i a t e d  reac-  

t i o n s  w i  t h  28~e(n ,y )  and 30~e (n ,2n ) .  ~ d w a r d s ' ~ )  es t imated  t h a t  these 

na tu ra l  r eac t i ons  would produce a  s teady- s ta te  r a t i o  of 1 2 9 ~  t o  l Z 7 1  o f  

and Kohman and Edwards ( I 6 )  es t imated  t h a t  n a t u r a l  r eac t i ons  should 

produce a  c u r r e n t  e q u i l i b r i u m  1 2 9 ~ : 1 2 7 ~  va lue  o f  about 2  x 10-12 i n  t he  

oceans. Analyses o f  samples o f  a  n a t u r a l  s i l v e r  i o d i d e  depos i t  i n  A u s t r a l i a  

have l e d  t o  an es t imate  t h a t ,  p r i o r  t o  man's u t i l i z a t i o n  o f  nuc lear  f i s s i o n ,  

t he  e q u i l i b r i u m  t e r r e s t r i a l  r a t i o  was bounded as f o l l o w s :  

15 (25)  2.2 1 0 - l 5  - < 1 2 9 ~ : 1 2 7 ~  - < 3.3 10‘ . 

MAN-MADE SOURCES OF 1  2gI 

Iod ine- 1  29 i s  produced i n  nuc lear  f i s s i o n  as a  decay p roduc t  of 12'~e. 

The f i s s i o n  v i e l d s  o f  severa l  r a d i o i o d i n e  i s o t o ~ e s  from thermal neu t ron  " 

f i s s i o n  o f  2 3 5 ~  were t abu la ted  by Hol land.  ( I 2 )  The 129mass cha in  i s  



reproduced i n  p a r t  below w i t h  more r e c e n t  values of r a d i o a c t i v e  h a l f - l i v e s  

from References 17 and 30. 

The va lues i n  parentheses a r e  cumulat ive f i s s i o n  y i e l d s  i n  atoms pe r  100 

f i s s i o n s .  More r e c e n t  data (30) i n d i c a t e  t h a t  t h e  cumulat ive y i e l d  f o r  

lZ9Te and '''1 a r e  bo th  1 .O r a t h e r  than 0.8. Since t h e r e  i s  e s s e n t i a l l y  

no d i r e c t  f i s s i o n  y i e l d  o f  1 2 9 ~ ,  t h e  t o t a l  q u a n t i t y  p resen t  i n  a  f i s s i o n  

p roduc t  m i x t u r e  w i l l  i nc rease  s l ow l y  w i t h  t ime a f t e r  i r r a d i a t i o n  has ceased 

as t he  '"I precursors  decay. The peak a c t i v i t y  i s  n o t  reached f o r  severa l  

months. 

Iod ine- 129 i s  produced i n  nuc lear  exp los ions  a t  approximate r a t e s  o f  

30 and 50 p C i / k t  f rom f i s s i o n  o f  2 3 5 ~  and 2 3 9 ~ u ,  r e s p e c t i v e l y .  The t r a n s-  

p o r t  and d i f f u s i o n  o f  r a d i o i o d i n e  depend upon t h e  i n i t i a l  h e i g h t  o f  t h e  

c l oud  and upon meteoro log ica l  processes. A rev iew of these f a c t o r s  was 

made by t h e  Un i t ed  Nat ions S c i e n t i f i c  Committee on t h e  E f f e c t s  o f  Atomic 

Rad ia t ion .  (") Megaton-si ze weapons exploded above ground i n j e c t  t h e i r  

deb r i s  i n t o  t h e  s t ra tosphere ,  where an o v e r a l l  mean res idence  t ime  o f  about 

2  years  has been est imated.  The f i s s i o n  products  reach t h e  l e v e l  o f  r a i n -  

bear ing  c louds by t u r b u l e n t  m i  x i  ng , and, be1 ow t h i s  1  eve1 , p a r t i c l e s  a r e  

r a p i d l y  depos i ted  by p r e c i p i t a t i o n .  Dry depos i t ion ,  a f f ec ted  by micro-  

meteoro log ica l  processes and vege ta t ion ,  a r e  s i g n i f i c a n t  o n l y  i n  areas o f  

low r a i  n f a l  1  . 
The n e t  p roduc t i on  o f  '''1 f rom f i s s i o n  o f  2 3 5 ~  i n  a  thermal r e a c t o r  

i s  about 1.0 pCi p e r  megawatt-day (MWD) depending upon t h e  neut ron f l  ux 

and i r r a d i a t i o n  t ime  which e f f e c t  t h e  "burn-up" of '"I by abso rp t i on  of 

neut rons.  The n e t  p roduc t i on  i s  actua1l.y h i s h e r  than  t h a t  quoted above - - 
due t o  t he  c o n t r i b u t i o n  f rom f i s s i o n  o f  t h e  2 3 9 ~ u  b u i l t  up i n  t h e  uranium 

f u e l  by neu t ron  abso rp t i on  i n  2 3 8 ~ .  The y i e l d  o f  "I i s  1.4% i n 2 3 9 ~ u  

f i s s i o n  compared t o  1  .O% i n  2 3 5 ~  f i s s i o n .  I f ,  f o r  example, 40% o f  t h e  r e a c t o r  

energy comes f r om 2 3 9 ~ u  f i s s i o n ( 2 7 )  t he  1 2 9 ~  p roduc t ion  w i l l  i n c rease  by 

about 15%. 



Since nearly a l l  of the f i s s i on  products generated i n  nuclear fue l s  

a re  retained within the  fuel  cladding un t i l  the time the fuel i s  chemically 

reprocessed, the principal sources of 12'1 i n  the environment a r e  the 

e f f luen t s  from nuclear f ue l s  reprocessing plants ra ther  than those from 

nuclear reactors .  Russell and Hahn ( 2 7 )  have estimated t h a t  by the  year 
4 2000 about 10 Ci of "I wi 11 have been generated by world production of 

e l e c t r i c i t y  from nuclear power with perhaps 1% o r  100 C i  ac tual ly  released 

t o  the  environment. By the  year 2060, they estimated these values wil l  
6 4 have r i sen  t o  2 x 10 Ci accumulated and 2 x 10 C i  released.  

Stable 1 2 7 ~  i s  a l so  produced i n  nuclear f i s s i o n ,  but with a smaller 

y ie ld  (0.25% in  2 3 5 ~  and 0.37% in  2 3 9 ~ u  f i s s i o n ) .  (30) 1 t  would appear, 

therefore,  t h a t  the atom r a t i o  1 2 9 ~ : 1 2 7 ~  should be about 4 when i r rad ia t ion  

i s  followed by cooling times of several months t o  allow the 12'1 t o  grow 

in. Tadmor (") however quotes t h i s  r a t i o  as  being 0.75 f o r  cooling times 

of 1 year without specifying the i r rad ia t ion  conditions. Even accounti ng 

f o r  the f a c t  t h a t  '''1 will burn-uo a t  a f a s t e r  r a t e  in the reactor  

( o  = 27 barns) than wi l l  1 2 7 ~  ( 0  = 6.2 barns) the  r a t i o  2 9 ~  :' 2 7 ~  shoul d 

be no l e s s  than about 3 even f o r  i r rad ia t ion  times of about 1 year. I t  i s  

possible t ha t  addit ional  lZ71 could be present as  a r e s u l t  of iodine con- 

tami nants i n  chemical s employed i n  manufacture and reprocessing of the fue l .  

The exact quanti ty of s t ab le  iodine and the r a t i o  1 2 9 ~ : 1  2 7 ~  in  the  fuel 

when processed i s  important because i t  i s  re la ted  t o  the spec i f i c  a c t i v i t y  

of "'I which can e x i s t  i n  nature. If  t h i s  r a t i o  were 1 f o r  example then 

no more than half of the iodine atoms accumulated in  the thyroid of man or 

animals could be 12'1. Because of d i lu t ion  w i t h  the natura l ly  occurring 
s t ab l e  iodine i n  the environment, the r a t i o  would be considerably l e s s  

than 1 even i n  the immediate v ic in i ty  of a nuclear f a c i l i t y  discharging 

'''1 t o  the environs. For example, the highest r a t i o s  reported in  samples 

collected i n  the v ic in i ty  of the Nuclear Fuels Services p lant ,  which 
-3 (27,31) reprocesses i r rad ia ted  reactor  f ue l s ,  were i n  the  order of 10 . 



POTENTIAL PATHWAYS OF EXPOSURE FROM 1  2gI 

Rad io iod i  ne re leased  t o  t he  environment can expose man and o t h e r  

organisms v i a  severa l  d i f f e r e n t  exposure pathways. P o t e n t i a l  pathways a r e  

l i s t e d  i n  Table 3  w i t h o u t  regard  t o  t h e i r  r e l a t i v e  importance. These a r e  

a l s o  i l l u s t r a t e d  i n  F igures 1  f o r  man and 2  f o r  o t h e r  organisms. A l though 

t he  f i g u r e s  a r e  o r i e n t e d  toward re1  eases from nuc lear  f a c i  1  i t i e s ,  they  

cou ld  app ly  t o  f a l l o u t  as w e l l  i f  the  gaseous e f f l uen t  plume were rep laced  

by a i r b o r n e  f a l l o u t  deb r i s  and i f  the  l i q u i d  e f f l u e n t  source were rep laced  

by r a i n - o u t  and run- o f f  f rom l and  f a l l o u t .  

For exposure t o  man, t h e  most s i g n i f i c a n t  pathways a r e  i n g e s t i o n  o f  

m i l k  and vegetables whether contaminated v i a  a i r  o r  water.  I f  t h e r e  i s  no 

a e r i a l  d e p o s i t i o n  o r  i r r i g a t i o n  o f  crops, t hen  i n g e s t i o n  o f  d r i n k i n g  water  

and aqua t i c  foods cou ld  be t h e  s i g n i f i c a n t  pathways. As w i l l  be shown i n  

t h e  f o l l o w i n g  sec t ion ,  c e r t a i n  aqua t i c  organisms can concent ra te  i o d i n e  

f rom t h e i r  wa te r  environment l ead ing  t o  r e l a t i v e l y  h i g h  i n t a k e s  o f  i o d i n e  

by consumers o f  such organisms. 

Ex te rna l  pathways o f  exposure, whether t o  a i r ,  water  o r  ground, a r e  

r e l a t i v e l y  i n s i g n i f i c a n t  f o r  2 9 ~  because o f  r a t h e r  low energ ies  o f  t h e  

beta and gamma r a d i a t i o n s  emi t ted.  

BIOLOGICAL AND ECOLOGICAL PARAMETERS 

The behav io r  o f  i o d i n e  and i t s  t r a n s f e r  between c e r t a i n  p o r t i o n s  o f  

t he  environment depend h e a v i l y  upon i t s  chemical and phys i ca l  form. I n o r -  

gan ic  vapor i s  t h e  most r e a c t i v e  fo rm o f  i o d i n e  chemica l l y  b u t  p a r t i c u l a t e  

forms and even o rgan i c  compounds such as methyl  i o d i d e  (CH31) a r e  r e a d i l y  

metabol ized i n  t h e  body. 

Ecol  o g i  c a l  Parameters 

Most o f  t h e  s tud ies  o f  i o d i n e  behavior  have been conducted w i t h  a v a i l -  

a b l e  f a 1  l o u t  f r om nuc lea r  exp los ions ,  p r i n c i p a l l y  ' 31 I i n  p a r t i c u l a t e  form, 

o r  w i t h  planned re leases  o f  elemental  vapor forms o f  31 I. Very 1  i ttl e  i s  

known about changes i n  behavior  which m igh t  r e s u l t  f rom changes i n  fo rm 

and a v a i l a b i l i t y  o f  '"I i n  t h e  l ong  term. Analyses o f  t he  p o t e n t i a l  



TABLE 3. PATHWAYS OF EXPOSURE TO MAN AND OTHER 
ORGANISMS FROM 1291 

Water Pathways 

External  

Water immersion and water sur face  
Exposure t o  s  hore l  i ne 

I n t e r n a l  

I nges t i on  o f  water 
I nges t i on  of aquat ic  foods 
Inges t i on  o f  i r r i g a t e d  food crops 
Inges t i on  o f  products f rom animals 

f e d  i r r i g a t e d  foods 

A i  r Pathways 

External  

A i r  submersion 
Exposure t o  deposited ma te r i a l s  

I n t e r n a l  

I n h a l a t i o n  
Inges t i on  o f  food crops 
Inges t i on  o f  animal products 



FIGURE 1. Exposure Pathways t o  Man 
f rom Iodine-129 
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accumulation and radiation doses resulting from releases of to  the 
environment must, therefore, be based upon studies of 13' I for  the short- 

term behavior and stable iodine for the long-term behavior. 

Behavior of iodine in the aquatic environnient, while f a r  from com- 

pletely understood, can be described in terms of bioaccumulation factors-- 

rat ios  of concentration in an organism t o  concentration in the water a t  

equi 1 i bri um. Such factors have been calculated (32) for  a l l  elements by 

Thompson, e t  a l . ,  from l i te ra ture  data on concentrations in water and in 

different organi sms. Frecke (33) has tabulated bioaccumul ation factors fo r  

numerous radionucl ides in the marine environment. These bioaccumulation 

factors for  iodine are l i s ted  in Table 4. 

In addition to the i r  use in calculating the concentrations in and 

radiation doses to the organisms l i s ted  in Table 4 ,  the bioaccumulation 

factors are necessary input for  calculation of body burdens and doses to  

organisms including man which consume the l i s ted  organisms, as explained 

in the next section. 

Factors fo r  transfer of radionuclides from soi l  t o  plant and from 

animal feeds to  aninial products were derived by Soldat (34) for  a study of 

the potential doses to people from a nuclear power complex in the year 2000 

The ecological factors selected for  iodine are summarized in Table 5. 

The concentration in a plant resulting from di rec t  deposition onto 
the plant surfaces i s  limited by the 14-day "ecological" half- l i fe .  The 
long-term accumulation of '''1 in the plant i s  then given by the expression 

where: Cp = concentration on plant in pCi/kg 
2 

D = deposition ra te  in pCi/m /day 

R = fraction of deposition retained on plant = 0.25 

Y = plant yield in kg/m 2 

hE = effective removal constant 

t '  = time of exposure of crop to airborne contamination. 



TABLE 4. AQUATIC BIOACCUMULATION FACTORS FOR IODINE 

(Concentrat ion i n  organism + concent ra t ion  i n  water)  

Organi sm 

F i sh  

Inver tebra tes  

A1 gae 

* Measured value. 

Fresh Water 
Reference 32 

Sal t Water 
Reference 32 Reference 33 

15 10 2 0 

5 5 0 100 

4 0 4000 (1 000*) 10,000 



Deposition velocity from a i r  to ground 
(p~i/m2/sec per p~ i /m3  = m/sec) 

Fraction of aer ial  deposition retained on plant 

"Ecological" half-1 i f e  on plant (days) 

Fraction of deposi ted iodine translocated to  part 
of plant eaten - leafy vegetables 

- other vegetables & grain 

Soil uptake [pCi/kg plant (wet) per pCi/kg so i l (d ry ) l  

Transfer from feed to  mi 1 k 
(pCi/ l i ter  milk per pCi/day intake) - cow 

- goat 

Transfer from feed to  meat 
(pCi/kg meat per pCi/day intake) - beef 

- pork 
- chicken 

Transfer from feed to chicken eggs 
(pCi /egg per pCi /day intake) 

a .  Unless otherwise indicated values were taken from Reference 34. 
b . Approximate mid-range of 1 i terature val ues . 
c.  From Reference 35. 
d .  Recalculated from data originally used to  get the value of 

0.08 given in Reference 34. 



The e f f e c t i v e  removal cons tan t  i s  g i ven  by: 

where: TR = r a d i o l o g i c a l  h a l f - l i f e  o f  i n  days 

14 = t he  " e c o l o g i c a l "  h a l f - l i f e  o f  t he  depos i ted  
m a t e r i a l  on t he  p l a n t .  

Ca l cu la t i ons  based on t h e  parameters g i ven  i n  Table 5 i n d i c a t e  t h a t  

t h e  uptake of v i a  t h e  s o i l - r o o t  pathway i s  i n s i g n i f i c a n t  f o r  sho r t -  

term depos i t i on .  Th i s  pathway would add about 1% pe r  yea r  o f  accumulat ion 

t o  t he  concen t ra t i on  i n  l e a f y  vegetables,  if t h e  i o d i n e  were depos i ted  f rom 

the  a i r  and if a l l  of t he  i o d i n e  i n  s o i l  were r e t a i n e d  i n  t he  r o o t  zone o f  

t he  p l a n t .  I t  would take  about 100 years o f  s o i l  accumulat ion be fo re  t h e  

c o n t r i b u t i o n  o f  t he  s o i l - r o o t  pathway equaled t h e  c o n t r i b u t i o n  f rom one 

y e a r ' s  d i r e c t  d e p o s i t i o n  on t h e  p l a n t .  For o t h e r  vegetables where o n l y  

10% o f  t h e  a e r i a l  d e p o s i t i o n  may reach t he  p o r t i o n  o f  t he  p l a n t  consumed, 

i t  would take  o n l y  10 yea rs '  accumulat ion i n  t h e  s o i  1  a t  t he  r o o t  zone t o  

y i e l d  a  concen t ra t i on  equal t o  t h a t  p resen t  f rom d i r e c t  depos i t i on .  For 

m i l k  contaminat ion v i a  f r e s h  forage, g ra i n ,  and s to red  feed, t h e  s o i l  path-  

way c o n t r i b u t e s  n e a r l y  2% per  yea r  o f  accumulat ion t o  t h e  concen t ra t i on  

p resen t  v i a  a e r i a l  depos i t ion .  

Parameters A f f e c t i n g  Human Uptake and Reten t ion  

The I n t e r n a t i o n a l  Commission on Radio lo  i c a l  P r o t e c t i o n  (ICRP) has 

pub l i shed  re fe rence  da ta  on a s tandard a d u l t  '15) i n c l u d i n g  uptake and 

r e t e n t i o n  parameters f o r  r a d i o i o d i n e s  i n  var ious  body organs. Data f o r  

o t h e r  ages were reviewed by So lda t  f o r  use i n  t he  yea r  2000 study. (34,361 

Recent ly t h e  ICRP has pub l i shed  a  newer va lue  o f  100 days f o r  t h e  b i o l o g i c a l  

h a l f - l i f e  o f  i o d i n e  i n  t he  a d u l t  t h y r o i d .  (37) Fu r the r  rev iew o f  t he  l i t - 

e r a t u r e  i n d i c a t e d  t h a t  t h e  parameters p r e v i o u s l y  se lec ted  f o r  o t h e r  ages 

i n  t he  yea r  2000 s tudy  cou ld  a l s o  be updated. (38,39¶40,41) The revised 

parameters a r e  summarized i n  Table 6. These data were u t i l i z e d  t o  c a l c u l a t e  

t he  f a c t o r s  f o r  conve r t i ng  r a t e  o f  i n t a k e  o f  '"I t o  organ burden and t o  

r a d i a t i o n  dose g i ven  i n  t he  f o l l o w i n g  sec t i on .  



TABLE 6. PARAMETERS USED I N  CALCULATING THYROID 
DOSE FACTORS FOR 1291 

Parameter 1 y r  4 yr 14 y r  A d u l t  

F rac t i ona l  uptake 
v i a  i n g e s t i o n  

F rac t i ona l  uptake 
v i a  i n h a l a t i o n  0.23 0.23 0.23 0 . 2 3 ( ~ ~ )  

B i o l o g i c a l  ha1 f - 1  i f e  
i n  t h y r o i d  (days) (38-41 ) 20(38-41 ) 50(38-41 ) 100(37) 

Thyro id mass (grams) 2(34) 5 (34 5(34) 20(15) 

Concentrat ion o f  1271 

i n  t h y r o i d  (ppm) (42 1 1 8 0 ( ~ ~ )  280(42) 350(15) 

Weight o f  l Z 7 1  i n  
t h y r o i d  (mg) 0.18 0.90 4.2 7.0 

Thyro id r a d i u s  (cm) 1.4 (34) 2(34) ~ ~ ~ ( 3 4 )  3(15) 

I n h a l a t i o n  r a t e  
(&day 

E f f e c t i v e  MeV per  
d i s i n t e g r a t i o n  o f  
1291 (b)  0.047 0.047 0.048 0.048 

a.  Numbers i n  ( ) a r e  references.  
b. Ca lcu la ted  from formulas g iven  on Page 28 o f  Reference 15 and 

decay scheme given on Pages 70, 273, 274 o f  Reference 17. 



RADIATION DOSE TO MAN AND BIOTA 

Calculation of radiation doses to man from internally deposited 

radionuclides requires a knowledge of the distribution of the nuclide 
within the body, the metabolic behavior of the nuclide, i t s  decay scheme, 

and the general theory of beta and gamma radiation dosimetry. The bio- 
logical parameters related to  radioiodine in the human body organs were 
tabulated in the previous section. 

Several empirical methods, (43) developed for  calculating doses 

delivered from internally deposited materials, yield reasonably accurate 

resul t s .  The Medical Internal Radiation Dosimetry ( M I R D )  Committee of 

the Society of Nuclear Medicine has pub1 ished several pamphlets (44) as 
supplements to the i r  Journal, which describe the resul ts  of Monte Carlo 

calculations for  estimating the dose in a target organ from a radionuclide 

contained in a source organ. The pamphlets also tabulate the contribu- 

tions to absorbed dose from each component in the decay schemes of several 

nuclides of interest  in nuclear medicine. Included in the tabulations 

were seven radioiodine nuclides, b u t  not 12'1. Because of i t s  very long 

half- l i fe  and low energy radiation, 12'1 i s  not suitable for e i ther  diag- 

nostic or therapeutic applications. 

A very simple model has been constructed by the International Com- 

mission on Radiological Protection ( I C R P )  for  purposes of estimating 
radiation doses to man. ( I5)  This model i s  diagramed in Figure 3 and 

discussed below. 

When material i s  ingested, a fraction, f l y  i s  absorbed from the GI 

t r ac t  and a fraction f i  of that  in the blood i s  deposited in the organ 
of interest .  Combining f l  and f; into one parameter, fw we have 

f w  i s  the fraction of the amount ingested which f ina l ly  reaches the organ 

of in te res t .  Similarly, f a  i s  defined as that  fraction of the amount of 

soluble material originally inhaled which reaches the organ. 
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Essentially a l l  of the compounds of radioiodine encountered in the environ- 

ment are completely soluble in body fluids so that  f l  = 1.0 and f a  = 0.75 fw. 

If insoluble material were to be ingested none of i t  would be absorbed 

and only the GI t r ac t  would be irradiated. If insoluble material were to 

be inhaled only 12.5% would f ina l ly  be cleared from the lung to the blood 

with a biological ha l f- l i fe ,  TB, of 120 days. 

A biological removal constant, h B ,  analogous to the radiological decay 

constant, h R ,  i s  defined as (In 2 ) / T B ,  and an effective removal constant, A ,  

can be calculated as 

where T i s  the effective half- l i fe  in the organ of interest .  

Since the radiological ha l f- l i fe  of i s  so long, the value of 

T will equal TB and A will equal h B  for  th is  nuclide. 

The model assumes that  the radionuclide i s  a l l  concentrated in the 

center of a spherical organ whose radius was estimated on the basis of 

i t s  shape and s ize  by the I C R P .  Under th is  assumption, a l l  of the par- 

t icu la te  radiation (a1 pha, beta, conversion electrons) i s  absorbed within 

the organ. A fraction of the gamma photons i s  absorbed depending upon 

the effective radius, x, and the absorption coefficient,  p, specific to 
the energy and medium (muscle, bone, e tc .  ) . The fraction of the gamma 
energy absorbed i s  then 1 -e-'x. 

Using these assurr~ptions together with a detailed decay scheme ( I 7 )  for  

the nuclide of in te res t ,  the total  absorbed energy per disintegration, E ,  

can be calculated. The assumption of a point source in the center of the 

organ does not yield resul ts  significantly different  from those obtained 

assuming a uniform distribution of the nuclide. However, the contribu- 

tion t o  the dose of photons from adjacent organs i s  not considered as i s  

the case in the M I R D  system. 



Dose from a  S ing le  I n take  o f  a  Radionucl ide 

I f  a  s i n g l e  in take ,  Q o y  o f  a  rad ionuc l i de  occurs v i a  inges t ion ,  t h e  

a c t i v i t y  i n i t i a l l y  reaching the  organ of i n t e r e s t  i s  Qofw. The a c t i v i t y ,  

Q, present  a t  any t ime, t, a f t e r  i n g e s t i o n  i s  

The dose r a t e  DR a t  t ime t i s  d i r e c t l y  p ropo r t i ona l  t o  t h e  a c t i v i t y  con- 

c e n t r a t i o n  present  and the  e f f e c t i v e  energy absorbed per  d i s i n t e g r a t i o n ,  E .  

where DR = dose r a t e  i n  mrem per day 
r- - 

E = L e v  (s] absorbed per d i s i n t e g r a t i o n  

Q0 = pCi i n i t i a l l y  ingested 

A = e f fec t i ve  decay cons tan t  i n  days-' 

t = exposure t ime i n  days 

m = mass o f  organ i n  grams 

K = a  convers ion constant  
3 

= 2.22 d is /min  1440 min 1.602 x  g a r a d  10 mrem = 0.0512 
PC i day MeV rem 

The t o t a l  dose d e l i v e r e d  t o  t h e  organ over a  time, t, f o l l o w i n g  i n g e s t i o n  

i s  s imply t h e  i n t e g r a l  o f  Equation ( 5 )  over t h e  t ime from 0  t o  t. 

where D = t o t a l  dose i n  mrem. 



I f  A i s  rep laced by 0 .69321~  then Equation (6)  becomes 

and the  dose per u n i t  i n t a k e  becomes 

As t becomes very  l ong  r e l a t i v e  t o  T the  expression (1 -e-")approaches u n i t y  

and the  t o t a l  dose per u n i t  i n take  becomes 

I f  the  mode o f  i n t a k e  were i n h a l a t i o n  ins tead o f  inges t ion ,  t he  dose 

equat ions would be s i m i l a r  t o  those g iven above except t h a t  fw would be 

replaced w i t h  fa throughout. 

The t h y r o i d  doses rece ived per u n i t  i n t a k e  o f  '''1 v i a  i n g e s t i o n  and 

i n h a l a t i o n  f o r  f o u r  age ca tegor ies  have been ca l cu la ted  from Equation (8)  

and a re  l i s t e d  i n  Table 7. The r e s u l t s  i n  t h i s  t a b l e  i n d i c a t e  t h a t  t h e  

dose decreases w i t h  inc reas ing  age u n t i l  adulthood when the l a r g e  increase 

i n  T (50 t o  100 days) overshadows the  r e l a t i v e l y  small increase i n  m (15 

t o  20 g )  between the  teen and t h e  a d u l t .  

I n  add i t i on ,  the e f f e c t i v e  h a l f - l i f e  o f  i n  the a d u l t  t h y r o i d  i s  

long enough so t h a t  o n l y  92% o f  t h e  t o t a l  t h y r o i d  dose from an acute i n t a k e  

w i l l  be received i n  t he  f i r s t  year .  

Dose Rate f rom a  Chronic I n take  o f  a  Radionucl i d e  

I f  a  rad ionuc l i de  i s  ingested a t  a  constant  chron ic  r a t e  o f  P pCi/day, 

then the  r a t e  o f  change o f  a c t i v i t y ,  Q, i n  an organ w i l l  be 

I n t e g r a t i o n  o f  Equation (9) y i e l d s  
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As before t h e  dose r a t e  i s  

and t h e  dose r a t e  per u n i t  i n t a k e  r a t e  i s  

0.074 fw E r (I -e-ht) 
DRIP = mrem/day per  pCi /day i n take .  

As t + CQ, Equation I2 reduces t o  

As before, replacement of fw w i t h  fa y i e l d s  the  corresponding equations f o r  

i n h a l a t i o n .  

The s i m i l a r i t y  between Equations (7 )  and (12) [and between (8) and 

(13) ]  i s  obvious. Equation (7 )  can be used t o  c a l c u l a t e  t h e  t o t a l  - dose 

o u t  t o  t ime t f o l l o w i n g  a s i n g l e  i n t a k e  i n  u n i t s  o f  mrem/pCi. Equation (12) 

can be used t o  c a l c u l a t e  t he  dose r a t e  a t  t ime t f o l l o w i n g  the  s t a r t  o f  a 

chron ic  i n take  r a t e  o f  P pC i /un i t  t ime. The r e s u l t  o f  a p p l i c a t i o n  o f  Equa- 

t i o n  (7)  w i l l  have u n i t s  o f  mrem/pCi i n t a k e  w h i l e  the r e s u l t s  f rom Equa- 

t i o n  (12) w i l l  have u n i t s  o f  mremlday per  pCi/day ( o r  mremlyr per pCiIyr) 

in take .  

The t o t a l  dose over a pe r i od  o f  t ime du r i ng  which a constant  chron ic  

i n take  i s  maintained can be obta ined by i n t e g r a t i n g  Equation ( l l a ) .  



0.0512 P fw E - - 
2  ( ~ t  + e-" - 1) mrem 

m x 

o r  normal iz ing  t o  u n i t  i n t a k e  r a t e  

0.0512 fw E 
D - - - (h t  + - mrem 
P m pCi/day 

As t becomes very  l a r g e  compared t o  r, Equation (15) reduces t o  

Dose Rate Per U n i t  Concentrat ion i n  Thyro id and L i m i t i n g  

S p e c i f i c  A c t i v i t y  

Another dose r e l a t i o n s h i p  o f  i n t e r e s t  i s  t he  dose r a t e  per u n i t  

a c t i v i t y  mainta ined i n  an organ. This i s  ca l cu la ted  by the  f o l l o w i n g  

equat ion. 

DR - 2.22 d i s h i n  , 60 min , 8766 h r  , , - -  -8 g - r a d  , 103 mrem 
Q* PC i h r  Y  r MeV Eii-(k) 

= 18.70 E/W mremlyr per pCi i n  organ. (17) 

The dose r a t e  per u n i t  a c t i v i t y  i n  the  t h y r o i d  was ca l cu la ted  f o r  f o u r  

age ca tegor ies  and the  r e s u l t s  a re  l i s t e d  i n  Table 7. Since the  e f f e c t i v e  

h a l f - l i f e  does n o t  en te r  i n t o  Equation (17), t he  dose r a t e s  decrease 

s t e a d i l y  w i t h  i nc reas ing  age. 



The r e s u l t s  o f  t h e  l a s t  s e t  o f  c a l c u l a t i o n s  and t h e  parameters g iven 

p rev ious l y  i n  Table 6  can be used t o  c a l c u l a t e  the  dose r a t e  expected if 

a l l  o f  t h e  i od ine  i n  t he  t h y r o i d  were and a l s o  t o  c a l c u l a t e  t he  atom 

r a t i o  1 2 9 ~ : 1 2 7 ~  i n  the  t h y r o i d  which would y i e l d  t he  l i m i t i n g  dose r a t e  o f  

1500 mrem/yr s p e c i f i e d  f o r  the  maximum permiss ib le  dose r a t e  t o  an i n d i -  

v idua l  member o f  t he  general pub l i c .  These r e s u l t s  have a l so  been entered 

i n t o  Table 7. From t h e  values i n  t h e  tab le ,  i t  can be seen t h a t ,  i f  a l l  

o f  t he  i o d i n e  i n  t he  t h y r o i d  were "'I , the  1- year- old i n f a n t  would rece i ve  

a  dose r a t e  o f  about 9 t imes t h e  guide o f  1500 mremlyr wh i l e  t he  a d u l t  

would rece ive  a dose r a t e  o f  about 34 t imes the  guide. The reason f o r  t he  

h igher  a d u l t  dose r a t e  i s  t he  h igher  concent ra t ion  o f  i o d i n e  i n  t he  a d u l t  

t h y r o i d  (350 ppm) as compared t o  t he  1-year-old (90 ppm). 

It appears, there fo re ,  t h a t  t h e  l i m i t i n g  atom r a t i o ,  1 2 9 ~ : 1 2 7 ~ ,  must 

be based on the  a d u l t  t h y r o i d  and should be 1:34 o r  0.03 i f  the  guide o f  

1500 mrem/yr i s  n o t  t o  be exceeded. Such a  r a t i o  corresponds t o  4.8 x  

l o 6  pCi '''1 per gram o f  t o t a l  i o d i n e  (4.8 pCi/g).  

For a l l  ages the  t h y r o i d  concent ra t ion  o f  which would y i e l d  
3  1500 mremlyr i s  1.7 x  10 pCi per  gram o f  t o t a l  t h y r o i d  (1 .7 x 1  oe3 pCi /g) .  

This  va lue i s  constant  with age because t h e  e f f e c t i v e  energy absorbed per  - 

d i s i n t e g r a t i o n  i s  e s s e n t i a l l y  constant  w i t h  age f o r  1  2gI 

Thyro id Doses f rom Selected Pathways 

By making reasonably conserva t ive  assumptions as t o  the  environmental 

behavior o f  r a d i o i o d i n e  and human d i e t a r y  hab i t s ,  i t  i s  poss ib le  t o  est imate 

the  t h y r o i d  doses p o t e n t i a l l y  rece ived from selected pathways o f  exposure. 

1. Doses Associated w i t h  Re1 eases t o  A i r  

Using t h e  i n h a l a t i o n  r a t e s  g iven i n  Table 6  and the  i n h a l a t i o n  

dose f a c t o r s  g iven i n  Table 7, t h e  t h y r o i d  dose r a t e  from cont inuous 

exposure t o  a  u n i t  concent ra t ion  o f  '"I i n  a i r  were ca l cu la ted .  The 

r e s u l t s  o f  these c a l c u l a t i o n s  a re  g iven i n  Table 8  i n  u n i t s  o f  mrem/yr 
3 per  pCi/m . 



TABLE 8. THYROID DOSES FROM UNIT CONCENTRATION OF 1 2gI 
I N  AIR 

,(a 
mremlyr per  pCi /m 

Exposure Pathway A d u l t  

I n h a l a t i o n  ( b )  16.5 8.28 13.3 29.6 

M i  1 k consumption (C 1 
Lea fy  vegetable 

consumption ( d  

Beef consumption ( e  > 
( a )  Maximum dose r a t e  a f t e r  e q u i l i b r i u m  i s  reached between t h y r o i d  and 

i n t a k e  r a t e .  S o i l - r o o t  pathway would add an a d d i t i o n a l  %1.5% (pe r  
yea r  o f  accumulat ion)  t o  t he  m i  1 k pathway and ~1 .O% ( pe r  yea r  o f  
accumul a t i o n )  t o  t h e  vegetable pathway. 

( b )  I n h a l a t i o n  r a t e s  were l i s t e d  i n  Table 6. 
( c )  One 1 i t e r  pe r  day o f  f r e s h  m i l k  f rom cow g raz ing  on contaminated 

pas tu re  12 months pe r  year .  
( d )  Leafy  vegetable consumption was assumed t o  be 0, 32, 54 and 73 kg / y r  

f o r  t h e  1, 4, 14 and a d u l t  ages, r e s p e c t i v e l y .  
( e )  Beef consuniption was assumed t o  be 0, 25, 45 and 80 kg / y r  f o r  t he  1 , 4, 

14 and a d u l t  ages, r e s p e c t i v e l y .  



The same u n i t  concent ra t ion  o f  "'1 i n  a i r  w i l l  l ead  t o  somewhat 

h igher  t h y r o i d  dose r a t e s  v i a  t he  m i l k  and l e a f y  vegetable pathways. 

Ca l cu la t i on  o f  t h e  dose r a t e s  from these pathways are  i l l u s t r a t e d  

below and the  r e s u l t s  are a l s o  summarized i n  Table 8. 

The concent ra t ion  on f r e s h  forage i s  

and t h e  concent ra t ion  i n  m i l k  i s  

C, = C f  Qf Sd 

where Ca = a i r  concentrat ion,  pCi/m 3 

Cf = "'1 concent ra t ion  i n  f r e s h  forage, pCi/kg 

'm = "'1 concent ra t ion  i n  f r e s h  m i l k ,  p C i / l i t e r  

VD = depos i t i on  v e l o c i t y  t o  ground, 0.01 m/sec 

R = f r a c t i o n  o f  deposi ted r a d i o i o d i n e  i n i t i a l l y  

r e t a i n e d  on vegeta t ion  = 0.25 

Yf = forage y i e l d  = 1.8 kg/m 2 

Qf = forage consuniption by cow = 55 kg/d 

Sd = f r a c t i o n  o f  d a i l y  i od ine  consumption appearing 

per each l i t e r  o f  m i l k  = 0.01 

A E  = e f f e c t i v e  removal constant  f o r  deposi ted ma te r i a l  

as expla ined i n  previous sec t i on  

t '  = t ime between successive removal o f  forage by cow 

from same p a r t  o f  pas ture  = 30 days 

Apply ing the  above values i n  Equation (19) and us ing 131 1 as 

a t e s t  n u c l i d e  the  r e s u l t s  imp ly  a m i l  k - t o - a i r  concent ra t ion  r a t i o  



The average o f  s i x  r e p o r t e d  va lues f o r  t he  r a t i o  o f  C / C  f o r  m a  
l3 '1  was 560 (45-49) o r  1.17 t imes t he  va lue  c a l c u l a t e d  above. On 

t he  assumption t h a t  t he  d i f f e r e n c e  i n  t h e  two va lues r e s u l t s  s o l e l y  

f rom d i f f e r e n c e s  i n  l i n e a r  f a c t o r s  such as fo rage  y i e l d ,  d e p o s i t i o n  

v e l o c i t y  o r  fo rage  consumption r a t e ,  a  f a c t o r  o f  1.17 can be m u l t i -  

p l i e d  i n t o  Equat ion (19) t o  norma l i ze  t h e  r e s u l t s .  

When t h i s  i s  done and t h e  va lue  o f  A, f o r  '"I (0.0495) i s  used, 
L 

Equat ion (19)  y i e l d s  a  va lue  o f  Cm/Ca o f  1210. Assuming a  m i l k  con- 

sumption r a t e  o f  365 l i t e r s l y e a r  and t h e  i n g e s t i o n  dose f a c t o r s  

l i s t e d  i n  Table 7, t h e  dose f r om t h e  m i l k  pathway per  u n i t  a i r  con- 

c e n t r a t i o n  can be ca l cu la ted .  These doses a r e  l i s t e d  i n  Table 8. 

The concen t ra t i on  o f  on l e a f y  vegetables can be c a l c u l a t e d  

t he  same way as t h e  concen t ra t i on  on fo rage  was except  t h a t  t h e  y i e l d  
2  i s  1.5 kg/m . The consumption r a t e  o f  l e a f y  vegetables i s  a  f u n c t i o n  

o f  age. Maximum r a t e s  o f  0, 32, 54 and 73 kg /y r  were assigned t o  t h e  

1  yr, 4 yr, 14 yr and a d u l t ,  r e s p e c t i v e l y .  The doses f rom consumption 

o f  vegetables per  u n i t  a i r  concen t ra t i on  a r e  a l s o  t abu la ted  i n  Table 8. 

The concent ra t ions  i n  beef  can be est imated us ing  t h e  param- 

e t e r s  d e r i v e d  f o r  t h e  Year 2000 Study. (34) That i s ,  c a t t l e  a r e  f e d  

54 kg/day o f  s t o r e d  feed, 14 kg/day o f  g r a i n  and 50 l i t e r s l d a y  o f  
2  water; t h e  y i e l d  o f  s t o red  feed  i s  2.3 kg/m ( f r esh  we igh t ) ,  and t h e  

y i e l d  o f  g r a i n  i s  0.35 kg/m2; each crop has a  four-month growing season. 

Ten pe rcen t  o f  t h e  i o d i n e  depos i ted  on t h e  leaves w i l l  be t r a n s l o c a t e d  

t o  t h e  e d i b l e  p a r t  o f  t h e  g r a i n .  Two percen t  o f  t he  d a i l y  i n t a k e  o f  

t he  c a t t l e  w i l l  appear i n  each kg o f  meat. App ly ing  these  parameters 

we can d e f i n e  t h e  f o l l o w i n g  equat ions.  

where Cs = concen t ra t i on  i n  s t o r e d  feed, pCi/kg 

Ys  = y i e l d  of s t o r e d  feed ( a l f a l f a )  = 2.3 kg/m 2  

t" = decay t ime  between ha rves t  and consumption 



1 -e -1 20hE 
= 20.0 f o r  an eco log ica l  h a l f - l i f e  o f  14 days 

A~ 

where C = concent ra t ion  i n  gra in,  pCi/kg 
9  

= g r a i n  y i e l d  = 0.35 kg/m 2  
g  

where Cb = concent ra t ion  i n  beef, pCi/kg 

Qs = consumption r a t e  o f  s to red  feed, kglday 

Qg 
= consumption r a t e  o f  g ra in ,  kg/day 

Skb = t r a n s f e r  f a c t o r  f rom feed t o  meat = 2  x lo- '  
pCi/ kg per  pCi/day i n t a k e .  

Assuming 1  pCi 1 2 9 ~ / m 3  a ,  t h e  concent ra t ion  i n  beef would be: 

Cb = (1 p ~ i / m 3 )  (10-~m/s)  (86,400 sec/d) (0.25)(20 days)(2 x 

54 kg/d (14 kg/d) (0.1 )] 
t 

kg/m2 0.35 kg/m2 

a 2370 pCi/kg. 

Assuming consumption r a t e s  o f  0, 25, 45 and 80 kg/yr of beef 

f o r  t h e  1, 4, 14 and a d u l t  ages, respec t i ve l y ,  and us ing the  dose 

f a c t o r s  g iven i n  Table 7 f o r  inges t ion ,  the  doses from beef consump- 

t i o n  were ca l cu la ted  and are  inc luded i n  Table 8. 

Cont r ibu t ions  from long- term accumulation i n  t he  s o i l  o f  1  2gI 

v i a  a i rbo rne  depos i t i on  can be ca l cu la ted  from Equation (23) .  



where t* = the t o t a l  s o i l  accumulation t ime i n  days 
2 p = 224 kg d r y  so i l /m o f  plow l a y e r  

Bf = p l a n t  uptake f a c t o r  = 0.02 pCi/kg p l a n t  (wet) 

per pCi/kg s o i l  ( d ry )  

Equation (23) 1s based on the  assumption t h a t  a l l  o f  the  mate- 

r i a l  deposited i s  re ta ined  i n  the  plow l a y e r  where i t  i s  a v a i l a b l e  

t o  the  r o o t s  and t h a t  the p l a n t  i s  a t  e q u i l i b r i u m  w i t h  the s o i l  a t  

t he  t ime of harvest .  For long- term accumulation, Ca may n o t  remain 

constant.  I n  t h a t  instance t h e  f o l l o w i n g  m o d i f i c a t i o n  of Equa- 

t i o n  (23) app l ies :  

Because o f  t he  long h a l f - l i f e  o f  "'I the exponential  expression 

e -Nt* can be replaced by 1-hRt* i n  Equation (23) y i e l d i n g  

Apply ing Equation (23a) f o r  a 1-year accumulation t ime and 
3 a constant  a i r  concent ra t ion  o f  1 pCi 12'1/rn y i e l d s  a forage con- 

c e n t r a t i o n  o f  

x (365 d /y r ) / (224 kg/m2 s o i l  ) 

By comparison, the concent ra t ion  o f  "'I i n  the same forage 

due t o  d i r e c t  depos i t i on  onto the  leaves would be [ from Equation (18)] 



Therefore, t he  s o i l - r o o t  pathway w i l l  c o n t r i b u t e  about 1.5% 

per year o f  accumulation t o  t h e  1 2 9 ~  concent ra t ion  present i n  f r e s h  

fo rage from d i r e c t  depos i t ion .  The same r a t i o  would a l so  app ly  t o  

m i l k  produced by cows graz ing  on such forage. 

2 Assuming a growing season o f  90 days and a y i e l d  o f  1.5 kg/m , 
f r e s h  l e a f y  vegetables exposed t o  an a i r  concent ra t ion  o f  1 pCi 

1 2 9 ~ / m 3  would con ta in  2870 pCi/kg v i a  f o l  i a r  depos i t i on  and 28.2 

pCi/kg (1% per  year  o f  accuniulation) v i a  r o o t  uptake. 

2. Doses Associated w i t h  Releases t o  Water 

The t h y r o i d  dose from consumption o f  w i t h  d r i n k i n g  water 

o r  aquat ic  foods can be ca l cu la ted  from the  concent ra t ion  i n  the  

food o r  water and the  dose f a c t o r s  g iven i n  Table 7. The concen- 

t r a t i o n  i n  the  aquat ic  foods can be obta ined from Equation (25).  

where 

CA = concent ra t ion  i n  aquat ic  f o o d s t u f f ,  pCi/kg 

CN = concent ra t ion  i n  water, p C i / l i t e r  

BA = bioaccumulat ion f a c t o r  f rom Table 4, pCi/kg per 

p C i / l  i t e r  

An a v i d  f isherman migh t  consume 18 kg /y r  each o f  f i s h  and 

i nve r teb ra tes  ( s h e l l f i s h  and mol l uscs )  i n  a d d i t i o n  t o  about 2 1 i t e r s /  

day o f  d r i n k i n g  water. I f  a1 l o f  these items were der ived  f rom f r e s h  

water con ta in ing  1 pCi  liter the  r e s u l t a n t  t h y r o i d  doses would 
be as fo l l ows .  



D r i n k i n g  Water 

( D R ) ~  = (2 aid) (365 d l y r  ) (5.28 x l o w 3  mrem/pCi ) 

F i s h  

(DR)F = (18 k g / y r ) ( 1 5  pCi/kg)(5.28 x l o m 3  mrem/pCi) 

I nve r teb ra tes  

To ta l  dose r a t e  f rom a1 1  t h r e e  sources i s  5.8 mrem/yr. 

I f  i n  a d d i t i o n  t h e  same water  was used t o  i r r i g a t e  farm land, 

an a d d i t i o n a l  i n t a k e  o f  "'I would r e s u l t  f rom t h e  consumption o f  

fa rm products .  Assume s p r i n k l e r  i r r i g a t i o n  a p p l i e d  a t  t he  r a t e  o f  

11 0 a/m2/mon t h  (34) f o r  a  12-month f o rage  season and f o r  a  3 m o n t h  

vege tab le  growing season. I n  a d d i t i o n ,  assume rad ionuc l  i d e s  reach-  

i n g  t h e  p l a n t  and s o i l  v i a  s p r i n k l e r  i r r i g a t i o n  behave t h e  same as 

those depos i ted  f r om t h e  a i r .  (34) Under these assumptions, t h e  

f o l l o w i n g  t h y r o i d  doses can be c a l c u l a t e d .  



Leafy Vegetables 

A t  a consumption r a t e  of 73 kg/yr, the adul t  thyroid dose would be 

(OR), = (12.2 pCi/kg)(73 kg/yr)(5.28 x mrem/pCi) = 4.70 mremlyr i f  

a1 1 the vegetables consunled during the year contained 12.2 pCi/kg. 

Radiation Doses t o  Biota Other than Man 

Radiation doses to  the thyroid of ce r ta in  mammals from radioiodine 

intake have been calculated from the concentrations ( ac t i v i t y  per uni t  

mass) measured e i ther  -- in vivo or  a f t e r  s ac r i f i c e  of experimental animals. 

Doses t o  aquatic organisms such a s  algae,  invertebrates and f i s h ,  a r e  

generally calculated a s  doses to  the  to ta l  organisms, since aquatic bio- 

accumulation fac tors  a r e  given in those terms, and since many of the 

organisms do not have a discernible  thyroid. 

If the concentration of 12'1 in the thyroid (or to ta l  body) of an 

animal i s  known, Equation (17) can be used with a simple modification. 

Re-writing the  equation in terms of concentration ra ther  than t o t a l  

a c t i v i t y ,  y ie lds :  

where Q*/m = the concentration in  pCi/g in  the  thyroid 

(or  to ta l  body) 

E = the  e f fec t ive  energy per d is integrat ion i n  the  organ 

(or  to ta l  body) 

If the biological parameters f a ,  fw ,  T a re  known fo r  the animal i n  

question, then the concentration i n  the organ could be calculated from 

the  da i ly  intake of radioiodine. Of course, the animal's d i e t  and the 

concentrations in i t s  a i r ,  water and food supply would a lso  need t o  be 

known or  estimated by equations given i n  the  previous section.  



Rad ia t i on  doses t o  aqua t i c  organisms can a l s o  be ob ta ined  f r om 

Equat ion (26) by f i r s t  u t i l i z i n g  Equat ion (25)  t o  c a l c u l a t e  concentra-  

t i o n  i n  t h e  organism, p rov ided  t h e  water  concen t ra t i on  and b ioaccumulat ion 

f a c t o r s  a r e  known. Combining these two equat ions y i e l d s  Equat ion (27) .  

where DR = t h e  average dose r a t e  t o  t h e  e n t i r e  organism. 

Ex te rna l  doses t o  t e r r e s t r i a l  and aqua t i c  organisms f rom 1 2 9 ~  a r e  

g e n e r a l l y  i n s i g n i f i c a n t  compared t o  i n t e r n a l  doses, because o f  t he  low 

energy o f  t h e  be ta  and gamma r a d i a t i o n s  emi t ted .  
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FIELD SAMPLING PROGRAM 

INTRODUCTION 

Field sampling has been undertaken a t  four locations: two in the arid 

steppe region of the western United States and two in deciduous forests 
located in higher rainfal l  areas of the eastern United States. Sites were 
chosen so that  one landscape which had been exposed to  airborne from 

nearby nuclear fuels reprocessing plants could be compared to another land- 

scape of similar climate remote from nuclear f a c i l i t i e s .  The objective of 
the sampling program was to determine, for  undisturbed natural f i e ld  con- 
di t ions,  the potential s i t e s  of accumulation of airborne in the land- 

scape, tha t  i s ,  in the soil-plant-waterway part of the ecosystem. A more 

sophisticated sampl ing program, intended to elucidate iodine relationships 

of food webs and iodine movement and accumulation characteristics in  other 

parts of the ecosystems studied can be developed l a t e r  on the basis of 

information obtained in these early studies. 

I Samples generally f e l l  into three categories : 1 ) 1 ong-standi ng (per- 

s i  s ten t )  above-ground vegetation such as mosses, 1 ichens and 1 eaves of 

evergreen t rees ,  2) recent l i t t e r  and humus and underlying mineral soi 1 in  

areas of minimal disturbance, mostly deciduous forests and old f i e lds ,  and 

3) bogs, ponds and streams with associated biota which would be expected 

to  receive iodine washed from te r re s t r i a l  areas. The sampling programs for  

the two regions were conducted concurrently by the same team of investi-  

gators w i t h  the analyses being done by the same procedures in order to 

a1 low val id comparisons of the s i  tes . 

COLLECTION METHODS 

Where practicable, t e r r e s t r i a l  vegetation samples were taken on a per 

unit area basis in order to  allow comparisons to  be made from s i t e  to s i t e .  

Soil profiles were studied, generally in f a i r l y  mature second growth decid- 

uous forests  or  abandoned f ie lds  or pastures . Separate col 1 ect i  ons were 

made of the herb- l i t ter  layer, of the upper 2.5 cm of soi l  and of 2.5 cm 



l a y e r s  a t  deeper depths i n  t h e  s o i l  p r o f i l e .  Most s o i l s  i n  t he  f o r e s t  s i t e s  

were s h a l l  ow, i . e., 1  ess than 30 cm. Precaut ions were taken t o  p reven t  con- 

tam ina t i on  o f  t h e  deeper s o i l  samples by o v e r l y i n g  m a t e r i a l .  A l l  samples 

were sealed i n t o  p l a s t i c  bags a t  t h e  t ime o f  sampl ing t o  p reven t  contamina- 

t i o n  by a i r b o r n e  "'1. They were f rozen as soon as p r a c t i c a b l e  and were 

s t o r e d  f r ozen  u n t i l  they cou ld  be analyzed. Some l a r g e  s o i l  samples were 

n o t  f r o z e n  f o r  l a c k  o f  space. 

COLLECTION SITES AND SAMPLE DESCRIPTIONS 

A r i d  Steppe S i t e s  

Two a r i d  s i t e s  were s tud ied .  One o f  these was l o c a t e d  w i t h i n  t h e  

Rat t lesnake H i  11 Research Natu ra l  Area ( A r i d  Lands Ecology Reserve) which 

i s  a  p a r t  o f  t h e  USAEC Hanford Reservat ion, Benton County, southeastern 

Washington. A  companion s i t e  approx imate ly  200 m i l es  southeast  o f  t he  

Hanford Reservat ion was on l a n d  owned by t h e  Bureau o f  Land Management 

f i v e  m i l e s  n o r t h  o f  t he  town o f  Vale, Oregon. 

On t he  Hanford Reservat ion,  vege ta t i on  and s o i l  samples were taken  a t  

s i t e s  l o c a t e d  about 10 m i l e s  west o f  t h e  chemical separa t ions  p l a n t s  (200 E  

and 200 W). One s i t e  i s  l oca ted  a t  an a1 ti tude o f  1000 f e e t  (305 m) 

(F igure  4A) and t h e  o t h e r  a t  1700 f e e t  (518 m) (F igu re  4B). The s i t e  a t  

t h e  h i ghe r  a1 t i t u d e  rece i ves  s l i g h t l y  more p r e c i p i t a t i o n  than t h a t  a t  t h e  

lower  a l t i t u d e .  However, t h e  two s o i l s  a r e  s i m i l a r  as t o  t e x t u r e ,  pH, and 

o rgan i c  m a t t e r  content .  The paren t  m a t e r i a l  i s  loess  and i s  a t  l e a s t  1  ni 

deep. Both s i t e s  a re  unique i n  t h a t  they  have been mos t l y  ungrazed and 

unburned f o r  30 years,  t h e  age o f  t he  Hanford P lan t .  S o i l  mo i s tu re  p r o f i l e  

s tud ies  have shown t h a t  water  pene t ra tes  about 1  m a t  t h e  lower  e l e v a t i o n  

s i t e  and about 1.5 m a t  t he  h i ghe r  s i t e .  Both s i t e s  a r e  abandoned f i e l d s  _ - 
t h a t  have suppor ted more o r  l e s s  un i f o rm  stands o f  cheatgrass f o r  30 years .  

Cheatgrass e f f e c t i v e l y  reduces s o i l  e ros ion  by wind and water  a c t i o n ,  and, 

over  t he  years,  a  s u b s t a n t i a l  l a y e r  o f  dead p l a n t  m a t e r i a l  (mulch) has 

accumulated over  t h e  minera l  s o i l .  Because o f  t he  low r a i n f a l l  and t h e  l a c k  v 

o f  use o f  these f i e l d s  i n  r e c e n t  h i s t o r y  i t  i s  expected t h a t  most o f  t he  
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n o n - v o l a t i l e  t h a t  has been depos i ted  over  these f i e l d s  i s  s t i l l  p resen t  

between t h e  t o p  o f  t h e  vege ta t i on  canopy and t he  maximum depth o f  s o i l  wa te r  

pene t ra t i on .  

A t  each e leva t i on ,  t h r e e  r e p l i c a t e  se t s  o f  samples were taken. A l l  
2 l i v e  and dead p l a n t s  were c o l l e c t e d  f rom a  0.5 m c i r c u l a r  p l o t .  A  second 

c o l l e c t i o n  was made o f  t h e  upper 2.5 cm l a y e r  o f  su r f ace  s o i l  f rom the  same 

p l o t .  Then two deeper samples were taken, one a t  15 cm and one a t  60 cm 

below t h e  s o i l  sur face.  To o b t a i n  these deep samples, a  sharpened 15-cm- 

diameter p i p e  was d r i v e n  i n t o  t he  s o i l  a t  two l o c a t i o n s  w i t h i n  t h e  0.5 m 2  

p l o t s  t o  the  des i r ed  depth. The sampler was then  t w i s t e d  t o  break c o n t i -  

nu i  ty a t  t he  bottom and was removed c a r e f u l l y  t o  r e t a i n  t h e  core  w i t h i n  t h e  

tube. Then f rom t h e  cen te r  of  t he  bottom of t h e  s o i l  column, a  disc-shaped 

sa.mple, 7.5 cm i n  d iameter  and 2.5 cni t h i c k ,  was removed w i t h  a  c lean  

spa tu la .  Th i s  technique gave samples uncontaminated by t h e  passage o f  t h e  

tube through o v e r l y i n g  s o i l  l a ye rs .  The samples f rom each depth f r om t h e  

two cores were pooled a t  t h e  l a b o r a t o r y  be fo re  ana l ys i s .  I d e n t i c a l  saniples 

were taken f rom the  pas tu re  s i t e  a t  Vale, Oregon. 

Aquat i c  p l a n t s  and animals were c o l l e c t e d  a t  two l o c a t i o n s  on t h e  

Hanford Reservat ion, one a t  Rat t lesnake Spr ings (F igu re  4C) and t h e  o t h e r  

a t  Gable Mountain Pond (F igure  4D). Rat t lesnake Spr ings i s  one o f  t he  two 

major  sp r i ngs  o c c u r r i n g  i n  t h i s  o therw ise  a r i d  area. The s p r i n g  produces 

a  smal l  stream which v a r i e s  i n  l e n g t h  f r om 2.4 t o  3.2 km be fo re  i t  seeps 
3 back i n t o  t h e  ground. Flow i s  approx imate ly  1  f t  /sec (28 l i t e r s l s e c )  

except  d u r i n g  w i n t e r  when snowmelt c rea tes  f l a s h  f l o o d s  o f  many t imes t h i s  

volume. The stream i s  about 6.4 km southwest of one o f  t he  nuc lear  chemi- 

c a l  p rocess ing  p l a n t s  and would be expected t o  r e c e i v e  a i r b o r n e  e f f l u e n t s  

f rom t h i s  p l a n t .  The stream bed i s  a  m i x t u r e  of b a s a l t  fragments, sand- 

c l a y  sediments and o rgan i c  d e t r i t u s .  Vegetat ion samples were taken f rom 

the  lower  p o r t i o n  o f  t he  stream; sediment and c a t t a i l  samples were taken 

f rom a  ca tch- bas in  t ype  pool .  Sampling was done i n  s p r i n g  when growth 

was j u s t  beginning. Watercress was o n l y  7  t o  10 cm l o n g  and c a t t a i  l leaves 



were on l y  60 t o  90 cm long. Both roo ts  and leaves were inc luded i n  the  

p l a n t  samples. The sediment sample was taken f rom the top  7 t o  10 cm o f  

the bottom p r o f i l e .  

Plants, sediments and g o l d f i s h  were taken from Gable Mountain Pond. 

This  pond, l oca ted  about 1.6 km nor th  of the  chemical processing f a c i l i t y ,  

i s  approximately 50 acres (20 hectares) i n  sur face area w i t h  depths rang- 

i n g  up t o  2.7 m. Bottom mate r ia l s  range from sand-clay t o  organic d e t r i t u s  

composed p r i m a r i l y  o f  p l a n t  mater ia ls .  The sho re l i ne  and i s l ands  o f  t he  

pond are  h e a v i l y  populated w i t h  c a t t a i l s  and rushes. This  i s  an a r t i f i c i a l  

pond developed t o  rece ive  1 ow-1 eve1 rad ioac t i ve  1 i q u i  d e f f l u e n t s  from the  

chemical processi ng f a c i  1 i ty . It conta ins measurable quant i  t i e s  o f  a num- 

ber of f i s s i o n  products. 

Samples were taken from near the  southwest shore o f  Gable Mountain 

Pond i n  sp r ing  when the  y e a r ' s  growth was j u s t  beginning. C a t t a i l  leaves 

were on l y  60 t o  90 cm i n  length.  Both roo ts  and leaves were inc luded i n  

the c a t t a i l  sample; leaves and stems o f  water m i  l f o i l  were co l lec ted .  Only 

the t h r o a t  o r  t h y r o i d  reg ion  ( t i p  o f  the  lower jaw t o  the  base o f  t he  

pec tora l  f i n s )  was sampled from go ld f i sh .  Tissues from 22 f i s h  were excised 

i n  the  f i e l d  immediately a f t e r  t he  f i s h  were caught and were pooled f o r  a 

s i n g l e  analys is .  Sediment was taken from the  top  7 t o  10 cm of the pond 

bottom. 

Deciduous Fores t  S i  tes  

Two c o l l e c t i o n  loca les  were chosen i n  the  eastern Uni ted States, one 

i n  the  environs o f  t he  Midwest Fuel Recovery P lan t  (MFRP) a t  Morr is ,  Grundy 

County, I l l i n o i s  (near J o l i e t )  and the  o ther  i n  t he  environs of the  Nuclear 

Fuels Serv ice (NFS) p l a n t  i n  Cattaraugus County, western New York. The 

sampling i n  New York was done i n  e a r l y  May and t h a t  i n  I l l i n o i s  i n  e a r l y  

June. 

The MFRP had n o t  begun operat ion a t  the t ime o f  f i e l d  c o l l e c t i o n  so 

t h a t  the samples w i l l  serve t o  g i ve  basel ine data on the  1 2 9 ~  l e v e l s  i n  

the environment. Since t h i s  reprocessing p l a n t  i s  very c lose  t o  the 



Dresden reac to r s ,  which cou ld  have re leased  smal l  amounts o f  '''1 over  t h e  

p a s t  severa l  years,  a f o r e s t  system was sampled i n  P i l c h e r  Park near J o l i e t ,  

I l l i n o i s ,  t o  determine l e v e l s  a t  a d i s t ance  o f  a t  l e a s t  24 km f rom 

the  Dresden r e a c t o r s .  These P i l c h e r  Park samples w i l l  serve as comparisons 

f o r  bo th  t he  New York samples and t he  samples taken nearer  t o  t h e  MFRP. 

Three main sampl ing s i t e s  were chosen: one, t h e  P i l c h e r  Park S i t e ,  

an oak-maple-beech f o r e s t  about 14 km e a s t  of J o l i e t ,  I l l i n o i s ;  two, an 

oak- hickory  f o r e s t  across t h e  I l l i n o i s  R i v e r  f rom t h e  MFRP s i t e  (F igu re  5C); 
. . 

and, three,  a pas tu re  on t he  MFRP p rope r t y  on which cows a r e  ma in ta ined  - 

( F i gu re  5A). We g o t  samples o f  m i l k  f rom these cows. 
. . 

L i t t e r ,  herb and s o i l  samples were c o l l e c t e d  as f o l  lows: s tand ing  

herbs and l i t t e r  were taken from a measured c i r c l e  w i t h  a r a d i u s  o f  40 t o  - .  
60 cm, then  t he  upper 2.5 cm o f  s o i l  was c o l l e c t e d  f rom a sma l l e r  r a d i u s  

c i r c l e ,  then a h o l e  was dug t o  t h e  15 cm depth and a t h i r d  c o l l e c t i o n  o f  a 

2.5 cm l a y e r  o f  s o i l  was made, and, f i n a l l y ,  a deeper h o l e  was dug (where 

poss ib l e )  t o  a l l o w  the  c o l l e c t i o n  of a 2.5 cm l a y e r  a t  a deeper depth. 

Th i s  sampl ing procedure was adopted because rocky  s o i l s  would n o t  a l l o w  

t h e  c o r i n g  technique t o  be used. A t  each f o r e s t  c o l l e c t i o n  s i t e ,  a bag 
2 o f  unders to ry  shrub leaves was c o l l e c t e d .  Approximately 250 cm o f  a moss 

mat was sampled a t  t h e  P i l c h e r  Park s i t e ,  and a j u n i p e r  bush was sampled 

f rom a lawn immediate ly  across t he  Des P la i nes  R i ve r  f rom t h e  Dresden 

r e a c t o r s  (F igu re  5D). Two water  samples were c o l l e c t e d :  one f r om t h e  

I l l i n o i s  R i v e r  downstream of the  p l a n t  and, two, f rom t h e  M i c h i g a n - I l l i n o i s  

canal across t h e  r i v e r  f rom t h e  p l a n t  (F i gu re  5B). 

I n  t h e  f i r s t  week i n  May, 33 samples were taken f rom t h e  env i rons  o f  

t he  NFS p l a n t  i n  Cattaraugus County, western New York S ta te .  Genera l ly ,  

samples were taken f rom near t he  p l a n t  boundaries w i t h i n  s i g h t  o f  roads 

which penet ra te  t h e  general  boundaries o f  t he  p l a n t .  

The vege ta t i on  mosaic o f  t h e  New York s i t e  cons i s t s  o f  deciduous f o r e s t  

stands i n te r spe rsed  among open f i e l d s  o f  pas tu re  grasses. Steep, no r t h-  

f a c i n g  s lopes suppor t  stands o f  c o n i f e r s ,  e s p e c i a l l y  eas te rn  hemlock. The 

impo r tan t  deciduous t r e e s  a r e  american beech and sugar maple. The stands 



V) 
t ' a l  
V) C, 
Q) .r 
Pv, 
-0 
.r O, 
E s - r 
all- = I1 
-v E 
a 

't v, 
0 

O, 
V) s 
0' '5 
L 0 

'8-  = 
>v, 
s 



a1 1 have a l o g g i n g  h i s t o r y .  A t  t h e  t ime  of sampling, deciduous t r e e s  were 

p u t t i n g  o u t  new leaves. Some o f  t h e  e a r l y  f l owe r i ng  herbs such as T r i l l i u m  

were i n  bloom. The unders to ry  o f  t h e  stands sampled cons i s ted  o f  sparse 

herbs and shrubs; however t he  f o r e s t  f l o o r  was complete ly  covered by a 

l a y e r  of mat ted t r e e  leaves.  The s o i  1 i n  these f o r e s t  stands was sha l low 

( l e s s  than  30 cm deep) over  f r a c t u r e d  rock.  A t  t h e  t ime o f  sampl ing t he  

s o i l  was sa tu ra ted  w i t h  water  f rom r e c e n t  ra ins to rms.  One would expect  

wa te r  movement through these sha l low s o i l s  i n t o  t he  rocky  s u b s t r a t e  would 

be a r e l a t i v e l y  r a p i d  process and much o f  t h e  '"I would be moved i n t o  

ground water  and o u t  o f  t h e  system. 

Most samples were taken f rom w i t h i n  a 3 km r a d i u s  of t h e  s tack.  S i t e s  

i n c l  uded two second-growth stands i n  beech-map1 e f o r e s t s  (F igu re  6C and F) , 
a hemlock s tand  (F igu re  6D), and an abandoned pas tu re  ( o l d  f i e l d )  (F i g-  

u r e  6B). L i t t e r ,  herbs and s o i l s  were taken as f o r  t h e  I l l i n o i s  samples. 

A c o l l e c t i o n  was made o f  a l i c h e n ,  Physcia m i l l eg rana  Degel., and a 

moss mat, c o n s i s t i n g  o f  about t h r e e  p a r t s  of P la tygyr ium repens (B r i d . )  

B.S.G. and one p a r t  Brachythecium salebrosum (Web. and Mohr) B.S.G. These 

were bo th  growing on a t r e e  t r unk  about 2 km eas t  o f  t h e  s tack  (F igu re  6E). 

A sample o f  Hypnum c u r v i f o l i u m  Hedw. on a u n i t  area bas i s  was taken f rom a 

r i d g e  near  t h e  conf luence o f  B u t t e r m i l k  Creek and Cattaraugus Creek 

(F igure  6A). Samples o f  honey ( f a l l  c o l l e c t i o n  o f  1972) and maple syrup 

( s p r i n g  of 1973) were purchased f rom a f a rm  l e s s  than 8 km southeast  o f  

t h e  s tack.  

Aquat i c  samples were taken f rom Cattaraugus Creek about 1 km downstream 

f rom i t s  conf luence w i t h  Bu t te rmi  1 k Creek (F igure  6A). Bu t te rmi  1 k Creek 

f l ows  w i t h i n  0.8 km o f  t h e  NFS p l a n t  and has rece i ved  r a d i o a c t i v e  l i q u i d  and 

gaseous e f f l u e n t s  f rom t h e  p l an t .  The average f l o w  o f  B u t t e r m i l k  Creek i s  
3 3 3 3 46.5 f t  /sec (1.3 m /sec)  and of Cattaraugus Creek, 354 f t  /sec (10 m /sec) .  

Cattaraugus Creek d ischarges i n t o  Lake E r i e  approx imate ly  39 m i l e s  (62 km) 

downstream o f  i t s  confluence w i t h  B u t t e r m i l k  Creek. 

Samples were c o l l e c t e d  upstream o f  F e l t o n  Br idge  near t h e  n o r t h  perime- . .  

t e r  fence. Accord ing t o  NFS personnel,  Cattaraugus Creek i s  t y p i c a l l y  q u i e t ,  
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FIGURE 6. Map o f  the  Environs o f  the Nuclear Fuels Service (NFS) 
P lan t  Showing Sampl i ng S i  t es  



t u r b i d  and s u b j e c t  t o  wide f l u c t u a t i o n s  i n  f low w i t h  scour ing  o f  t h e  stream 

bed. A t  t h e  p o i n t  o f  sampling, t h e  stream bottom i s  composed o f  a  m i x t u r e  

o f  angu la r  stones and f i n e  s i l t s  w i t h  t he  deeper ho les hav ing sand- s i l  t 

bottoms. The stones were covered w i t h  a  0.3 cm t h i c k  l a y e r  of f i n e  s i l t  

o f  t h e  cons is tency  o f  g l a c i a l  f l o u r .  Stream t u r b i d i t y  was h i g h  w i t h  v i s i -  

b i l i t y  l e s s  than 30 cm. F i s h  and c r a y f i s h  were c o l l e c t e d  w i t h  a  se ine  f rom 

the  s lower  moving sec t i ons  o f  t he  stream. Throa t  ( " t h y r o i d " )  t i s s u e s  were 

removed i n  t h e  f i e l d  i n  t h e  manner descr ibed  f o r  Gable Mountain Pond. T i s -  

sues f rom 13 w h i t e  suckers rang ing  i n  l e n g t h  from 7.6 t o  25 cm were pooled 

f o r  one ana l ys i s ,  and t i s sues  f rom 24 common sh iners ,  f rom 5  t o  10 cm i n  

leng th ,  were combined f o r  another ana l ys i s .  Two c r a y f i s h  were c o l l e c t e d  

f o r  another  sample. Sediments were taken near t h e  downstream s i d e  o f  t h e  

r i g h t  p i e r  o f  Fel  t o n  Br idge.  F i sh  samples were kep t  on i c e  f o r  about 

36 hours be fo re  be ing  f rozen.  

A  c a t t a i l  sample (Typha l a t i f o l i a )  and a  c o l l e c t i o n  o f  Brachythecium 

rutabulum (Hedw. ) B.S.G. were taken f r om a  smal l  pond l o c a t e d  near t h e  

southeast  co rner  o f  t h e  p l a n t  pe r ime te r  fence (F igure  66). Th i s  pond was 

approx imate ly  a  q u a r t e r  o f  an ac re  i n  area w i t h  a  maximum depth o f  l e s s  

than 1  m. The bot tom was composed o f  a  p u t r i d - s m e l l i n g  m i x t u r e  o f  f i n e  

s i l t s  and o rgan i c  deb r i s .  P l a n t  growth was j u s t  beginn ing;  leaves were 

l e s s  than  60 cni long .  Both r o o t s  and leaves were combined i n  a  s i n g l e  

sampl e. 

ANALYTICAL METHODS 

Methods avai  l ab1  e  f o r  measuring t h e  "I conten t  o f  environmental  

samples i n c l u d e  procedures based on neu t ron  a c t i v a t i o n  ana l ys i s ,  mass 

spec t rome t r i c  ana l ys i s ,  and l i q u i d  s c i n t i l l a t i o n  coun t ing  (1-8).  A l l  o f  

these methods r e q u i r e  t h a t  i o d i n e  be separated f rom t h e  sample and i s o l a t e d  

i n  a  r e l a t i v e l y  pure  f o rm  p r i o r  t o  measurement. 

A c t i v a t i o n  a n a l y s i s  and mass spec t romet r i c  procedures determine 

d i r e c t l y  t he  r a t i o  o f  *'I t o  lZ71. To c a l c u l a t e  t he  '''1 concen t ra t i on  

i n  t h e  sample r e q u i r e s  a  measure o f  t h e  chemical y i e l d  of i o d i n e  i n  t h e  



sepa ra t i on  s teps and a de te rmina t ion  o f  t h e  amount o f  e i t h e r  "'I o r  1 271 

separated. Chemical y i e l d  can be determined by s p i k i n g  t h e  raw sample w i t h  

a known a c t i v i t y  of another  i o d i n e  r a t i o i s o t o p e  (e.g., l Z 5 1 )  p r i o r  t o  sepa- 

r a t i o n  and t hen  measuring t he  recovery of t h a t  i s o t o p e  a f t e r  separat ion.  

Thus, t he  a c t i v a t i o n  a n a l y s i s  procedure can measure bo th  t he  12gI .1271 

r a t i o  and t h e  t o t a l  amount o f  each o f  t h e  i o d i n e  i so topes  separated. As 

l i t t l e  as 4 x pCi o f  "'I can be measured by neut ron a c t i v a t i o n  

ana l ys i s .  

D i r e c t  coun t ing  methods such as l i q u i d  s c i n t i l l a t i o n  coun t ing  f o r  1 2gI 

a r e  n o t  a p p l i c a b l e  t o  most environmental  samples due t o  t h e i r  l i m i t e d  sens i-  

t i v i t y  o f  about 10 pCi. Other l i m i t a t i o n s  i n c l u d e  t he  i n a b i l i t y  t o  use 

r a d i o a c t i v e  sp ikes f o r  y i e l d  measurements, t h e  need t o  measure sepa- 

r a t e l y  when "'I i s  counted, and t h e  i n t e r f e r e n c e  o f  r a d i o a c t i v e  i m p u r i t i e s  

remain ing i n  t he  separated i o d i n e  f r a c t i o n  which can r e s u l t  i n  a h i g h  e s t i -  

mate o f  "'I conten t .  

The s teps used by ou r  l a b o r a t o r y  f o r  p rocess ing  s o l i d  environmental  

f i e l d  samples a r e  based on t h e  a c t i v a t i o n  procedure developed by S t u d i e r  

e t  a l .  (') These s teps a r e  l i s t e d  below: 

1. To ta l  sample we igh t  i s  determined. 

2. An a l i q u o t  o f  t h e  sample t o  be used f o r  a n a l y s i s  i s  f reeze- dr ied .  

The we igh t  l o s s  i s  measured. 

3. The gamma r a d i o a c t i v e  r a d i o n u c l i d e  con ten t  o f  t h e  sample i s  measured 

by gamma-ray spectrometry.  (9-1 5) 

4. A known amount o f  l Z 5 1  sp i ke  i s  added t o  t h e  sample and i o d i n e  i s  

separated f r om t h e  sample by  combustion i n  oxygen and t r a p p i n g  of 

t h e  i o d i n e  on a c t i v a t e d  charcoal .  (2,191 

5. The separated i o d i n e  i s  i r r a d i a t e d  w i t h  an i o d i n e  comparator 

s tandard f o r  8 t o  24 hours i n  a nuc lear  r eac to r .  

6. The i r r a d i a t e d  i o d i n e  sample i s  u r i f i e d  by d i s t i l l a t i o n  and s o l -  

ven t  e x t r a c t i o n  techniques. (2,1 '! 



7. The p u r i f i e d  i r r a d i a t e d  i o d i n e  f r a c t i o n s  from t h e  sample and 

comparator s tandard a re  counted by l ow- leve l  gamma-ray 

spect rometry .  (9,16,17) 

8. Computer programs a r e  used t o  process coun t i ng  data,  c a l c u l a t e  '"I and l Z 7 1  est imates,  and t a b u l a t e  r e s u l t s .  (12,18) 

L i q u i d  samples, such as water  and m i l k ,  a re  norma l l y  sp iked  w i t h  1  251 

and processed by adso rp t i on  o f  t he  i o n i c  i o d i n e  on a Dowex-1 i o n  exchange 

r e s i n  column. The i o d i n e  i s  removed from t h e  r e s i n  by combustion o f  t h e  

r e s i n  as ou t1  i n e d  above i n  Step 4. 

Sol i d  samples o r  r e s i n  beds a r e  i g n i t e d  i n  a  q u a r t z  combustion appara- 

t u s  a t  h i gh  temperatures (up t o  1000°C) i n  a  stream o f  oxygen t o  f r e e  t h e  

i od ine .  The i o d i n e  i s  c o l l e c t e d  on a smal l  bed o f  a c t i v a t e d  charcoal  us i ng  

a procedure developed by H. Tenny. ( I 9 )  Combustion o f  t he  charcoal  t r a p  i n  

oxygen and t r a p p i n g  o f  t h e  i o d i n e  on a c t i v a t e d  charcoal  g i ves  f u r t h e r  p u r i -  

f i c a t i o n  o f  t h e  i o d i n e .  I o d i n e  i s  then  removed f rom t h e  charcoal  by h e a t i n g  

i n  a  vacuum system and i s  t rapped i n  a  qua r t z  tube a t  l i q u i d  n i t r o g e n  tem- 

pera tu re .  The tube i s  sealed t o  make a qua r t z  i r r a d i a t i o n  ampoule. 

Qua r t z  ampoules c o n t a i n i n g  i o d i n e  separated f rom t h e  samples a r e  

i r r a d i a t e d  f o r  e i g h t  t o  twenty- four  hours. I r r a d i a t i o n s  a r e  performed a t  

t he  Hanford N- reac to r  o r  a t  the  Washington S ta te  U n i v e r s i t y  (WSU) T r i g a  

r e a c t o r .  Comparator standards con ta i  n i  ng 2 5 ~ ,  2 7 ~ ,  and 2 9 ~  a r e  i r r a -  

d i a t e d  w i t h  each s e t  o f  samples. 

The neu t ron  cap tu re  r e a c t i o n s  used i n  i o d i n e  a c t i v a t i o n  a n a l y s i s  a re :  

(1  1 ' 271 ( T I  9 - f )  

1281 - 6-,y 128Xe 
25 min 

(2 )  I 2 7 ~  (17,~11) 
1261 6-,y % lXXe 

13 day 

I n t e r f e r i n g  r e a c t i o n s  i nc l ude :  

(4 )  lZ51 (r,.-f) 
12fj1 6-,Y + 

13 day 



( 6 )  2 3 5 ~  (q, f i s s i o n )  
1311 BB,y 13 lXe  

8 day 

3 3  y 1  33xe B-,y . 133cs 
21 h r  5.3 day 

Fo l low ing  i r r a d i a t i o n ,  i o d i n e  i s  f u r t h e r  p u r i f i e d  by d i s t i l l a t i o n  and 

s o l  ven t  e x t r a c t i o n  accord ing  t o  procedures s im i  1  a r  t o  those g i  ven i n  Refer-  

ence (2 ) .  I t  i s  then p r e c i p i t a t e d  as AgI and mounted on t h i n  p l a s t i c  

s c i  n t i  11 a t o r s  f o r  coun t i  ng. 

The 1 2 6 ~ ,  2 8 ~  and 1301 a c t i v i t i e s  produced i n  samples and i n  cornpara- 

t o r  standards du r i ng  i r r a d i a t i o n  a re  measured by gamma-ray spect rometry  

us ing  severa l  spec t ra  over  t ime  t o  o b t a i n  h a l f - 1  i f e  i n fo rma t i on .  We1 1- type  

NaI (T I  ) d e t e c t o r  systems a r e  g e n e r a l l y  used f o r  t h e  measurements. The 1  301 

sum peaks a t  1.9 MeV and 2.3 MeV a r e  used t o  es t imate  1 3 0 ~  a c t i v i t y  and t o  

d i s c r i m i n a t e  aga ins t  i n t e r f e rences .  The l ow- leve l ,  beta-gated, m u l t i p l e -  

gamma coinc idence spect rometry  techniques descr ibed  p r e v i o u s l y  (7,9,16,17,18) 

a r e  used when r e q u i r e d  t o  measure very  smal l  amounts o f  3 0 ~ .  Measurements 

a r e  co r rec ted  f o r  i n t e r f e r i n g  a c t i v i t i e s  produced by r e a c t i o n s  (6)  and (7 ) .  

The p o s t - i r r a d i a t i o n  p u r i f i c a t i o n  a l s o  l i m i t s  i n t e r f e r e n c e  f rom r e a c t i o n  (7).  

I n t e r f e r e n c e  f rom r e a c t i o n  (4 )  i s  minimized by us ing  smal l  l e v e l s  o f  1  2!j1 

such t h a t  r e a c t i o n  (2 )  predominates. 

React ion ( 5 )  l i m i t s  t h e  inc rease  i n  s e n s i t i v i t y  t h a t  can be ob ta ined  

by i nc reas ing  t he  exposure t ime and neu t ron  f l u x .  Neutron exposure con- 

d i  t i o n s  a re  se lec ted  based on t h e  expected n a t u r a l  i o d i n e  con ten t  o f  g i ven  

sample types t o  l i m i t  t h e  c o r r e c t i o n  r e q u i r e d  due t o  r e a c t i o n  ( 5 )  t o  l e s s  

than  10 percent .  



Low-level 1 measurements required for  estimation of chemical y ie ld ,  

which i s  needed to measure the amount of the lZ7I  and '''1 in irradiated 

comparator standards, are performed with a special gamma-X-ray coincidence 

sys tem. (9 )  

The 1 2 9 ~ : 1 2 7 ~  r a t io  in the comparator standard has been calibrated by 

activation analysis relat ive to a mixed "I : 2 7 ~  standard prepared by 
M. H.  Studier who diluted a known amount of "'I (analyzed by mass spectrom- 

e t ry)  with a known amount of natural iodine.(20) The amount of natural . - 
iodine relat ive to  the lZ5I  act ivi ty  in the comparator standard i s  deter- . .- 
mined by activation analysis using a weightable C616 standard. A 1 2gI 

. . 
standard has recently been announced by the National Bureau of Standards 

and will be used to check our calibrations.  Sensitive mass spectrometric 
C 

techniques for  checking our standard calibrations are also being developed. 

Components in the time-dependent gamma-ray spectra of a sample are  

calculated using a weighted least-squares method. 8, Data hand1 i ng pro- 

grams outlined in Reference (12)  are used for  calculation of analytical 

resul ts  from the sample and standard act ivi ty  rat ios  and fo r  preparation 

of final data tabulations. Corrections are made for  interferences, chemical 

yield,  laboratory blanks, and sarnpl i ng blanks, where appl i cab1 e. The 
resul ts  obtained are the lZ71 and "'1 concentrations per unit amount of 

sample and the 1 2 9 ~ : 1 2 7 ~  rat io .  Ratios to other fission and activation 

products can be calculated from gamma-ray spectrometric measurements on 
the sample. 

Several precautions should be noted in interpretation of the analysis 
of some sample types. When ion exchange i s  used to separate iodine from 

liquid samples, only ionic iodine i s  separated. Organic bound iodine may 

not be completely separated from the sample. The same i s  true for  a i r  

sampling. No a i r  sampler has been developed which has been shown to com- 

pletely trap a l l  forms of atmospheric iodine. 

The elapsed time required fo r  analyses and the man-hours required for  

analyses depend on sample characteristics.  Operational and computing 



economics favor large batch operations and also extend the time required 

for  analyses. Elapsed time required for  the various analysis steps are 

l i s ted  below: 

Operati on 

Freeze drying of sample 

Isolation of iodine 

Activation in nuclear reactor 
(including transportation) 

Post- irradiation chemistry 

Counting and calculating 

Elapsed Time 
Days 
0-1 4 

1-7 

Additional time i s  required between some steps to accumulate suff ic ient  

batch sizes for  economical operation. The long counting times resul t  from 
the need to  check the lZ61 13-day and lZ51 60-day half- lives. The need fo r  

th i s  varies with the natural iodine levels of the samples and the chemical 

yield.  Results can generally be calculated within two to four weeks of the 

reactor irradiation depending on the computer processing schedule. The most 
economical operation requires three to four months elapsed time from sample 

receipt to resul ts  i f  samples are received in suff ic ient ly  small numbers 
that  a l l  analyses can be in i t ia ted  immediately. Elapsed analysis times as 

rapid as one or two weeks fo r  a small number of samples (3-4) are possible, 

b u t  not economical. 



RESULTS AND DISCUSSION 

The r e s u l t s  presented i n  the  f o l l o w i n g  tab les  were ca l cu la ted  on the  

basis  o f  the count ing completed a t  the  t ime t h i s  r e p o r t  was prepared. The 

numbers presented are n o t  expected t o  be changed s i g n i f i c a n t l y  w i t h  f u t u r e  

count ing. However, some samples have n o t  been s u f f i c i e n t l y  processed t o  

permi t  ca l cu la t i ons  o f  meaningful numbers and r e s u l t s  w i  11 be a v a i l a b l e  

a t  a  l a t e r  date. 

A r i d  Steppe S i t e s  

O f  the  samples taken from a r i d  s i t e s ,  on ly  the ones f rom the  Hanford 

Reservation have had analyses completed. The r e s u l t s  from the l i t t e r  and 

so i  1  samples are  presented i n  Tab1 e  9. 

As shown i n  Table 9, the greates t  concentrat ions o f  '"I were mea- 

sured i n  t he  h e r b - l i t t e r  l a v e r  and i n  the  sur face 2.5 cm o f  s o i l .  The " 

2  l a r g e s t  q u a n t i t i e s  o f  per  m were accumulated i n  the upper 2.5 crn o f  

s o i l  t h a t  conta ined a  l a r g e  amount o f  o l d  organic matter.  Penet ra t ion  o f  

'''1 i n t o  the  s o i l  p r o f i l e  appeared t o  be 1  i m i  ted. The concentrat ion mea- 

sured a t  t he  60 cm depth was approximately l percent  o f  t h a t  measured i n  

the sur face s o i l .  

This  q rad ien t  o f  '''1 concentrat ion w i t h  s o i l  depth can be cont ras ted  " 

w i t h  the  g rad ien t  f o r  2 7 ~ ,  which presumably has been i n the  s o i  1  p r o f i l e  

f o r  a  very l ong  time. The l Z 7 1  concentrat ion a t  the  60 cm depth was approxi-  

mately tw ice  t h a t  i n  t he  sur face so i  1  a t  the 1  ower e leva t i on  (F igure  4A) 

and approximately t h ree- fo l  d  g reater  a t  the upper e leva t i on  (F igure  4B). 

However, f o r  p r a c t i c a l  purposes, the s tab le  i od ine  can be considered t o  be 

d i s t r i b u t e d  throughout t he  upper 60 cm o f  s o i l .  I t  has been leached down- 

ward i n  t he  p r o f i l e  t o  on ly  a  moderate degree w i t h  the  annual r a i n  water 

penet ra t ions  o f  t h i s  a r i d  area. 

The t o t a l  sum o f  '"I (ca lcu la ted  from these r e s u l t s  and from bu lk  

dens i t y  est imates)  i n  the  upper 60 cm o f  the  p r o f i l e  was about 89 pCi/m 2  

2  and 50 pCi/m a t  t he  lower and upper f i e l d s  respect ive ly .  The lower f i e l d  

has 45 percent  more '''1. This may r e s u l t  i n  p a r t  from i t s  c l o s e r  l o c a t i o n  





t o  t he  chemical separa t ions  p l a n t  b u t  may a l s o  be r e l a t e d  t o  t he  d i f f e r e n c e s  

i n  mo i s tu re  p e n e t r a t i o n  p a t t e r n s  a t  t he  two l e v e l s .  The oppos i te  was found 

f o r  s t a b l e  lZ71 between t he  two s i t e s  w i t h  more l Z 7 1  be ing  present ,  espe- 

c i a l l y  i n  t h e  deeper s o i l  l a y e r s  a t  t he  upper s i t e .  A t  p resen t  no good 

reason can be g i ven  f o r  t he  d i f f e r e n c e s  i n  accumulat ion o f  these two i o d i n e  

i so topes  a t  t he  two s i t e s .  A lso t h e r e  were n o t  enough samples c o l l e c t e d  

over  a  l a r g e  enough area t o  prove i f  t h e  d i f f e r e n c e s  measured were 

s i g n i f i c a n t .  

Values f o r  t h e  atom r a t i o  ( 1 2 9 ~ : 1 2 7 ~ )  i n  Table 9  show t h e  d i s t r i b u t i o n  

r e l a t i o n s h i p s  t o  be expected f rom the  r e s u l t s  d iscussed above f o r  t h e  two 

i so topes .  There was a  d e f i n i t e  decrease o f  '''1 con ten t  w i t h  i n c r e a s i n g  

s o i l  depth and a  s l i g h t  inc rease  o f  l Z 7 1  w i t h  depth so t h a t  t h e  atom r a t i o  

f e l l  f rom t h e  o rde r  o f  l o m 5  a t  t h e  su r f ace  t o  a t  t h e  60 cm depth. 

There appears t o  have been no r a p i d  downward movement i n  t h e  s o i l  

p r o f i l e  o f  t he  "'I w i t h  s o i l  water  as migh t  be expected. S o i l s  a r e  gen- 

e r a l  l y  cons idered t o  be c a t i o n  exchangers. The negat i  vely- charged exchange 

s i t e s  would r e j e c t  t h e  i o d i d e  anion, t h e o r e t i c a l l y  a l l o w i n g  t h e  i o d i n e  t o  

move w i t h  t he  s o i l  water. I t must be assumed a t  t h i s  t ime  w i t h  t h e  e v i -  

dence presented t h a t ,  i f  l "I i s  moving as an anion, i t s  movement through 

t h e  s o i l  p r o f i l e  i s  slowed by some s o i l  component, p o s s i b l y  o rgan i c  m a t t e r  

o r  pos i t i ve l y- cha rged  s i t e s .  Poss ib l y  t h e  e r r a t i c  upward and downward 

movement o f  s o i l  wa te r  d u r i n g  t h e  wet and d r y  seasons o f  t h i s  a r i d  r e g i o n  

g i v e  i o d i n e  movements which a r e  n o t  r e a d i l y  e l uc i da ted .  

It can be p o s t u l a t e d  t h a t  over  a  very  l o n g  p e r i o d  o f  t ime, i f  no more 

'''1 i s  added t o  t h e  system, t h e  "'I now i n  t h e  s o i l  w i l l  d i s t r i b u t e  

i t s e l f  throughout  t h e  upper zones o f  t h e  s o i l  p r o f i l e  i n  a  s i m i l a r  way t o  

t h a t  shown f o r  l Z 7 1  i n  t he  t a b l e .  The accumulat ion o f  l Z 7 1  a t  t h e  60 cm 

depth i s  n o t  u n l i k e  t h a t  f o r  ca t i ons  such as ca lc ium t h a t  accuniulate near  

t h e  depth o f  t h e  annual s o i l  mo is tu re  pene t ra t i on .  

The aqua t i c  samples (Table 10) were taken t o  a c t  as a  gu ide f o r  more 

ex tens i ve  sampl ing t o  be done a t  t h e  end o f  t h e  growing season (September 

1973). As was expected, Gable Mountain Pond sediment and b i o t a  showed 



TABLE 10. SUMMARY OF lZ91 AND lZ71 IN AQUATIC SAMPLES 
OF THE HANFORD RESERVATION, 1973 

Sample 

Sediment 

Watercress 

C a t t a i  1 s 

Sedi nient 

C a t t a i  1 s 

Myri ophyl  1 um 

Gold f i s h  " t h y r o i d s "  

Atom Ra t i o  
1291 : 1271 pCi Per q 

Rat t lesnake Springs 

7.1 1 0 - ~ ( 1 ) *  9.9 1 0 - ~ ( 1 ) *  

2.8 x 1 0 - ~ ( 1 )  2.8 1 0 - ~ ( 1 )  

4.2 x IO-~(I) 3.6 x 1 0 - ~ ( 1 )  

Gable Mountain Pond 

5.3 IO-~(I) 1.2 x IO-~(I) 

2.1 1 0 - ~ ( 1 )  3.0 x IO-*(I) 

3.4 IO-~(I) 1.7 (I) 

ng l Z 7 1  Per 

* Numbers i n  b racke ts  r e f e r  t o  t h e  number o f  r e p l i c a t e s .  



higher levels of "I than did Rattlesnake Springs materials. Cat tai ls ,  

which had been chosen as a plant 1 ikely to  be available a t  a1 1 collection 

s i t e s  so that  comparative information could be obtained, unfortunately 
does not appear to be a good indicator species for  iodine. In the Gable 
Mountain Pond samples, there appears to  be an accumulation of 2 7 ~  from 
the sediment to  Myriophyllum and from the Myriophyllum to the gold f ish 

"thyroids." Curiously enough, the accumulation of '"1 appears to  be even 

greater and consequently the atom ra t io ,  '''1 : lZ71 , increases up the food 

chain. Of course, these samples are unreplicated and were taken to  do no 

more than indicate the sampling design which should be used for  the next 

study. Obviously more data are needed before any conclusions can be 

drawn. 

Deciduous Forest Si tes  

Data from the collections made a t  Morris, I l l i no i s ,  are given in 

Table 11. As expected, '''1 was detectable with the methods used. The 

oak-maple-beech fores t  was sampled a t  Pilcher Park, about 24 km away from 

the MFRP s i t e .  Any differences between the values obtained a t  Pilcher 

Park and those obtained from near the Dresden reactors (oak-hickory fores t  

and grassy pasture) are s l ight  and probably are not significant.  For 

example, a t  a1 1 s i t e s  there was of the order of pCi '"1 per gram 
9 129 .1271) of soi l  and atom rat ios  were of the order of to 10- ( I .  

In a l l  collections there i s  a marked decrease in concentrations 

with depth. Generally, t h i s  decrease i s  one order of magnitude for  every 
15 cm of depth. One curious fac t  emerges. In both fores t  collections,  
the young leaves in the understory trees had higher '"I :lz71 rat ios  than 

occurred in the so i l .  This i s  in part caused by the f ac t  that  these leaves 

have lower contents than other materials ( for  example, the herb-li t t e r  

layer).  However, the reason for  th is  apparent "enrichment" in '"I for  

understory leaves i s  not a t  a l l  clear on the basis of presently available 

data. 

Values for  the area around the Nuclear Fuels Service plant a t  West 

Valley, New York, are presented in Table 12.  Three forest  habitats 



TABLE 11 . SUMMARY OF lZ91 AND "I IN VEGETATION AND SOILS 
I N  THE ENVIRONS OF THE MIDWEST FUEL RECOVERY PLANT 
A T  MORRIS, I L L I N O I S ,  1 9 7 3  

Sample 

L i t t e r- herb  1 ayer  

Surface 2.5 cm 
l a y e r  of s o i l  

2 .5  cm l a y e r  of 
s o i l  a t  15  cm 

Understory map1 e 
1 eaves 

Moss mat. 

L i  t t e r - h e r b  l ayer  

Surface 2.5 cm 
l a y e r  of s o i l  

2 .5  cm layer  o f  
s o i l  a t  15 cm 

2.5 cm l a y e r  of 
s o i l  a t  30 cm 

Understory 
1 eaves 

L i  t t e r - h e r b  

Surface 2.5 cm 
l a y e r  of s o i l  

2.5 cm l a y e r  of 
s o i l  a t  15 cm 

Atom Ratio pci lZ91 
1291:1271 -- Per g Per m2 

Oak-Nap1 e-Beech Forest  

1 .5  x 1 0 - ~ ( 2 )  4.2 x 1 0 - ~ ( 2 )  2.8 x lom3(2)  

Oak-Hickory Forest  (Figure 5C) 

9.7 1 0 - ~ ( 2 )  8 .4  1 0 - ~ ( 2 )  6 .9  10-3(2) 

Grassy Pas tu re  (Figure 5A) 

2.5 x 1 0 - ~ ( 2 )  3.2 x 1 0 - ~ ( 2 )  2.3 x l 0 - ~ ( 2 )  

ng 1 271 

Per g Per m2 



TABLE 12.  SUMMARY OF '''1 and lZ71 I N  VEGETATION AND SOIL  I N  THE 
ENVIRONS OF THE NUCLEAR FUEL SERVICE PLANT, WEST VALLEY, 
NEW YORK, 1 9 7 3  

Sample 

Li t t e r- herb  l ayer  

Surface 2.5 cm 
layer  of s o i l  

2.5 cm layer  of 
s o i l  a t  15 cm 

Earthworms in 
upper 15 cm of 
soi  1 

Viburnum 
leaves 

Apple leaves 

L i t t e r- herb  l a y e r  

Surface 2.5 cm 
layer  of s o i l  

2.5 cm layer  of 
s o i l  a t  15 cm 

2.5 cm l a y e r  of 
s o i l  a t  30 cm 

L ~ t t e r - h e r b  l ayer  
Surface 2.5 cm 

layer  of  s o i l  

2 .5 cm l ayer  of 
s o i l  a t  15 cm 

Hemlock twigs 

L i t t e r- herb  l ayer  

Surface 2.5 cm 
l a y e r  of  s o i l  

2.5 cm layer  of 
s o i l  a t  15 cm 

Honey 

IKapl c syrup 

Atom Ratio P C ~  1 2 9 ~  ng lZ71 
1291:1271 Per g p e r  m2 Per q Per m 2 

Beech-Cottonwood Forest (Figure 6F) 

3.6 1 0 - ~ ( 2 )  7.6 1 0 - ~ ( 2 )  4.7 10 (2) 1.4 103(2) 7.9 105(2) 

1.8 x 1 0 - ~ ( 2 )  6.6 x 1 0 - ~ ( 2 )  5.5 x 102(2) 2.1 x lo4(2)  1.8 x 108(2) 

6.0 1 0 - ~ ( 2 )  1.2 1 0 - ~ ( 2 )  2.8 10 ( 2 )  1.4 104(2) 4.4 108(2) 

Beech-F:aple Forest  (Figure 6C) 

1.2 1 0 - ~ ( 2 )  2 .3  1 0 - ~ ( 2 )  1.2 102(2) 1 . 2  103(2) 5.2 105(2) 

HemlockF01-est (Figure 6D) 

3 .8  x l ~ - ~ ( l )  4.8 x 10-'(1) 4.0 x 102(1) 6.9 x 102(1) 5.7 x 105(1) 

Grassy Pasture (Figure 6B) 

5.4 x l 0 - ~ ( 2 )  7.0 x l 0 - ~ ( 2 )  1.6 x 10 ( 2 )  6.7 x 102(2) 3.4 x lo5(2) 

Mi s c e l l  aneous Samples 



(beech-cottonwood, beech-maple, and hem1 ock) were sampled and one meadow 

s i t e  was s tud ied .  The l o c a t i o n s  o f  these s i t e s  a r e  des ignated i n  F ig-  

ure  6. N o t i c e  t h a t  n o t  a l l  s i t e s  a re  t h e  same d i s tance  f rom the  s tack.  

Consequently the  numbers i n  t h e  t a b l e  may i n  p a r t  r e f l e c t  d i f f e rences  i n  

a e r i a l  d i s t r i b u t i o n  o f  s tack  e f f l u e n t .  

Meadow vege ta t i on  had lower  "I concent ra t ions  than f o r e s t  vege ta t ions  
2  expressed as pCi/gram o r  as pCi/m ; t h e  same i s  t r u e  f o r  t h e  sur face  l a y e r s  

o f  s o i l  i n  t h e  two l o c a t i o n s .  Deeper l a y e r s  o f  s o i l  had l e s s  '"1 than 

t he  su r f ace  l a y e r  as has a l s o  been shown i n  t h e  p rev ious  t ab les .  

The da ta  suggest t h a t  '"I i s  " t rapped"  by f o l i a g e .  I t  reaches t he  

f o r e s t  f l o o r  v i a  f a l l i n g  leaves and i s  r e t a i n e d  i n  t h e  sur face  s o i l  f o r  a  

t ime be fo re  moving downward, p o s s i b l y  through leach ing ,  through t rans1  oca- 

t i o n  w i t h i n  r o o t  systems, o r  both. The h ighes t  concen t ra t ions  o f  1  2gI 

were assoc ia ted  w i t h  t he  hemlock f o r e s t .  Hemlock, Tsuga canadensis, i s  an 

evergreen, needle- leaved t r e e  as t a l l  as t h e  surrounding t r ees  i n  t he  

deciduous f o r e s t .  Leaves o f  hemlock remain a t tached  t o  t h e i r  tw igs  f o r  a  

y e a r  o r  more. Leaves a re  numerous and smal l  i n  s i z e  and thus  p resen t  a  

g r e a t  deal  o f  su r face  area pe r  gram o f  l e a f  weight .  Th i s  i s  i n  c o n t r a s t  

t o  t h e  deciduous t r e e  leaves which a re  broad and f l a t  and p e r s i s t  f o r  

o n l y  a  few months each yea r  (May-October). The leaves o f  hemlock t r ees  

a re  res inous  and p robab ly  more r e s i s t a n t  t o  m i c r o b i a l  decay than t he  

leaves o f  deciduous t r e e s  and shrubs. The s o i l  beneath these hemlock t r e e s  

was a c i d i c  hav ing a  pH o f  4.0 i n  t h e  sur face  10 cm. 

The meadow had l e s s  '"1 assoc ia ted  w i t h  t h e  vege ta t ion  and s o i l  than 

the  f o r e s t e d  s i t e s .  A grassy sward i s  exposed t o  a  sma l l e r  volume o f  a i r  

than f o r e s t  stands because o f  d i f f e r e n c e s  i n  s t a t u r e .  I t  i s  a l s o  l i k e l y  

t h a t  more l e a f y  m a t e r i a l  i s  c o n t r i b u t e d  t o  t he  s o i l  su r face  by f o r e s t s  than 

by grass swards. Thus i t  i s  reasonable t o  expect  t h a t  f o r e s t  stands would 

be more e f f i c i e n t  a t  so rb ing  a i r b o r n e  m a t e r i a l s  than ad jacen t  grassy swards. 

The a g r i c u l t u r a l  h i s t o r y  o f  t he  grassy pas tu re  i s  n o t  known w i t h  c e r t a i n t y ,  

b u t  t he  grass was p robab ly  p l an ted  be fo re  t h e  NFS p l a n t  became ope ra t i ona l .  



The sampl ing was done on t he  highway r igh t- o f- way  where t he  pas tu re  has 

p robab ly  n o t  had a g raz ing  h i s t o r y  and has n o t  been c u t  f o r  hay. The f o r -  

e s t  s i t e s  have p robab ly  changed l i t t l e  s i nce  t h e  NFS p l a n t  was cons t ruc ted .  

The newly-emerged leaves and tw igs  o f  Viburnum and apple, unders to ry  

shrubs i n  t h e  area, had concent ra t ions  lower  than those i n  t h e  l e a f  

l i t t e r  c o l l e c t e d  f rom t h e  f o r e s t  f l o o r ,  b u t  "I :' 2 7 ~  r a t i o s  t h a t  were 

g r e a t e r  than those i n  t h e  l e a f  l i t t e r .  I t  i s  n o t  y e t  c l e a r  whether t he  "'I i n  these young leaves represen ts  m a t e r i a l  sorbed f rom t h e  a i r ,  

r emob i l i zed  f rom the  t r e e ,  o r  taken up f rom the  s o i l  v i a  t h e  r o o t s .  How- 

ever,  t h e  same t r e n d  was noted i n  t h e  samples taken a t  Mor r i s ,  I 1  l i n o i s .  

Only f u r t h e r  research w i l l  c l a r i f y  t h i s  mat te r .  



CONCLUDING DISCUSSION 

This research program was i n i t i a t e d  a t  l e a s t  i n  p a r t  as the  r e s u l t  o f  

unexpectedly h igh  l e v e l s  o f  2 9 ~  being found i n  deer t hy ro ids  i n  the  

environs o f  the  NFS p l a n t  i n  New York. We have g iven some thought t o  t r y -  

i n g  t o  exp la in  how deer might  have got ten  h igh  l e v e l s  o f  "'1. Leaving 

as ide the  obvious exp lana t i onso f  experimental e r r o r s  and o f  t he  f a c t  t h a t  

some deer may have browsed o r  drunk from " forb idden"  areas, we have t r i e d  

t o  f i n d  o ther  a l t e r n a t i v e  explanat ions. F i r s t  o f  a l l ,  i t  i s  c l e a r  t h a t  

i od ine  appears t o  be more p e r s i s t e n t  i n  the  environment than many o f  us 

p rev ious l y  thought.  The l i t t e r  i n  these samples has been leached by r a i n s  

and snowmelt i n  an unusual ly  wet year  ( f o r  the  New York and I l l i n o i s  sam- 

p les )  and y e t  the "'I and l Z 7 1  both remain there  i n  s i g n i f i c a n t  quan t i t y .  

This  pers is tence can help t o  exp la in  the  h igh l e v e l s  i n  deer thyro ids .  

Furthermore, we considered t h e  odd kinds o f  vegeta t ion  which might be a 

p a r t  o f  the deer d i e t ,  e s p e c i a l l y  i n  the  e a r l y  sp r i ng  before much p l a n t  

ma te r i a l  has grown. It occurred t o  us t h a t  young t r e e  leaves and buds, 

l i chens and mosses on t r e e  t runks  and rocks, and even watercress i n  

streams might  be appeal ing when o ther  food was n o t  ava i l ab le .  We a l s o  

considered sampl i n g  c o n i f e r  nuts (such as p ine  nu ts )  s ince p e r s i s t e n t  

evergreen leaves may accumulate h igh  l e v e l s  o f  stack e f f l u e n t s .  From 

the  r e s u l t s  presented here, i t  appears t h a t  p e r s i s t e n t  vegetat ion (Physcia 

and Platygyrum samples and hemlock tw igs  i n  Table 12) may have h igher  "'I l e v e l s  than surrounding deciduous leaves and a l so  t h a t  emerging 

leaves i n  the  sp r ing  may have unusual ly  h igh 1 2 9 ~ : 1 2 7 ~  r a t i o s .  We have 

n o t  y e t  c o l l e c t e d  samples o f  evergreen nuts and f r u i t s .  We a l so  be l i eve  

t h a t  t he  forested,  m u l t i s t o r i e d  areas where deer o f t e n  browse may have 

more '''1 than w i l l  be found i n  an open cow pasture. We have a l so  g iven 

some thought t o  t he  NFS s i t e  from a geological  o r  geographical p o i n t  o f  

view. The stack i s  i n  a v a l l e y .  Iod ine  trapped by surrounding t rees  may 

be washed from higher  areas i n  t he  v a l l e y  t o  lower places and eventua l ly  

i t  might  be accumulated i n  t he  waters o f  Bu t te rm i l k  Creek which d ra ins  

the  v a l l e y .  Since t h i s  stream i s  a l so  used t o  dispose of l i q u i d  e f f l u e n t s ,  



i t  cou ld  be t h a t  t he  gaseous i o d i n e  e f f l u e n t s  and the  l i q u i d  i o d i n e  e f f lu-  

ents  a re  both ending up i n  Bu t te rm i l k  Creek t o  some extent .  We hope soon t o  

c l a r i f y  t h i s  p o i n t  by determining the  '"1 l e v e l s  i n  samples o f  s e s s i l e  b i o t a  

c o l l e c t e d  upstream o f  the  p l a n t .  We a l so  have g iven some cons idera t ion  t o t h e  
3 

f a c t  t ha t ,  i n  a  humid area, i od ine  would tend t o  be dropped nearer t o  the  

stack than i t  would (on the  average) i n  an a r i d  area. I f  the re  i s  a  r e l a -  

t i v e  decrease i n  plume d i spe rs ion  i n  a  humid c l imate,  then re lease c r i t e r i a  

developed over t he  years i n  an a r i d  zone cannot necessar i l y  be app l i ed  

w i thout  c a r e f u l  recons idera t ion  t o  releases i n  a  humid c l imate .  We r e a l i z e  . . 
t h a t  we have n o t  answered the  quest ion o f  why deer t hy ro ids  showed h igh  

l e v e l s  o f  12'1 i n  prev ious years, bu t  we have presented some ideas and - + _ 4 

some data g i v i n g  poss ib le  explanat ions. Other samples w i l l  be c o l l e c t e d  

soon t o  he lp  c l a r i f y  some o f  these p o i n t s  f u r t h e r .  We a re  e s p e c i a l l y  + 

cur ious  t o  o b t a i n  some a i r  samples. We i n i t i a l l y  f e l t  t h a t  we d i d  n o t  

need t o  take a i r  samples s ince the  p l a n t  has n o t  been i n  opera t ion  f o r  

over two years and no gaseous e f f l u e n t s  were being emit ted.  However, 

some o f  our r e s u l t s  cou ld  be expla ined i f  the  i od ine  i n  t he  a i r  has a  

h igh  1 2 9 ~ : 1 2 7 ~  r a t i o .  Only f u r t h e r  sampling w i l l  c l a r i f y  t h i s  p o i n t .  

We would l i k e  t o  t u r n  nex t  t o  the  quest ion o f  whether the present  

l e v e l s  o f  '*'I i n  the  environment warrant  concern w i t h  regard  t o  the  

dose i n fo rma t ion  developed i n  the  f i r s t  sec t i on  o f  t h i s  repo r t .  

The data c o l l e c t e d  t o  date do n o t  permi t  d i r e c t  c a l c u l a t i o n  o f  

human t h y r o i d  doses. Samples o f  i tems r e l a t e d  t o  human exposure such as 

a i r ,  water, animal feed crops o r  human foods have no t  y e t  been c o l l e c t e d .  

However, data repor ted  here f o r  atom r a t i o s  ( 1 2 9 ~ : 1 2 7 ~ )  i n  t he  Hanford 

samples a r e  the  same order  o f  magnitude as those p rev ious l y  repor ted  by 

Brauer, e t  a1 . I n  t h a t  study the  h ighes t  1 2 9 ~ : 1 2 7 ~  r a t i o s  found i n  

i tems r e l a t e d  t o  d i r e c t  human i n t a k e  were 5 x i n  a i r ;  1  x  l o m 6  i n  

Columbia R iver  water; and 6.7 x  i n  m i l k .  Since the  dose v i a  i nha la-  

t i o n  o f  r a d i o i o d i n e  i s  i n s i g n i f i c a n t  compared t o  the dose v i a  inges t ion ,  - 
a  t y p i c a l  l i m i t i n g  r a t i o  i n  t h e  t h y r o i d  can be taken t o  be 1  x  l o m b  atoms 

o f  12'1 per  atom o f  l Z 7 1  f o r  Brauer 's  data. From the  parameters l i s t e d  



i n  Table 7, i t  can be seen t h a t  such a  r a t i o  imp l i es  a  dose of about 

5  rnrem/yr t o  t h e  a d u l t  t h y r o i d  and 1  mrem/yr t o  the  i n f a n t .  

However, i f  ac tua l  a c t i v i t i e s  i n  the  samples repor ted  by Brauer 

r a t h e r  than atom r a t i o s  a re  used t o  c a l c u l a t e  t he  doses, r e s u l t s  a r e  s ig-  

n i f i c a n t l y  lower.  For example, t he  t h y r o i d  dose t o  an a d u l t  w i t h  maximized 

d i e t a r y  h a b i t s  was %0.4 mrern/yr, w h i l e  t he  dose t o  a  more t y p i c a l  a d u l t  was 

about one- th i rd  o f  t h a t .  The doses t o  t he  maximum and average i n f a n t s  were 

est imated t o  be 0.3 and 0.1 rnrem/yr, r espec t i ve l y .  

The h ighes t  atom r a t i o s  ( 1 0 ' ~ )  found i n  t h e  v i c i n i t y  o f  t he  NFS 

p l a n t  i n  t h e  c u r r e n t  s tudy are  a l s o  s i m i l a r  t o  those p rev ious l y  

repo r ted  (27y31)  f o r  t h a t  s i t e ,  a l though the types o f  samples c o l l e c t e d  

were d i f f e r e n t  i n  t h e  two s tud ies .  An unexpected f i n d i n g  was t h a t  samples 

c o l l e c t e d  f rom the  l i t t e r - h e r b  l a y e r  a t  Hanford and a t  t he  grassy pas ture  

s i t e  a t  NFS had s i m i l a r  atom r a t i o s ,  ( 3  t o  5) x  

M i l k  samples from t h e  v i c i n i t y  o f  t he  NFS p l a n t  have been c o l l e c t e d  and 

analyzed by New York State personnel s ince  September 1971. AI though a  

peak concent ra t ion  o f  about 2  pCi per  l i t e r  o f  m i l  k  was detected i n  

March 1972, concentrat ions f e l l  t o  l e s s  than 0.3 p C i / l i t e r  i n  May 1972 and 

t o  l ess  than 0.01 p C i / l i t e r  i n  March 1973. Again, these values a re  n o t  s i g -  

n i f i c a n t l y  h igher  than those repo r ted  f o r  two samples c o l l e c t e d  i n  the  

v i c i n i t y  of Hanford (0.02 i n  1967 and 0.08 i n  1971), cons ider ing  the  

f a c t  t h a t  t h e  vas t  m a j o r i t y  o f  t h e  r e s u l t s  o f  t he  NFS samples were below 

t h e  d e t e c t i o n  l i m i t  ( t y p i c a l l y  0.3 t o  0.5 p C i / l i t e r  m i l k ) .  On t h i s  basis  

one would n o t  expect t he  average t h y r o i d  doses f o r  t he  pas t  year  a t  t he  

NFS s i t e  t o  be s i g n i f i c a n t l y  d i f f e r e n t  than those est imated above f o r  t he  

Hanford s i t e .  

The atom r a t i o  i n  t h e  l i t t e r - h e r b  l a y e r  c o l l e c t e d  f rom the  grassy 

pasture i n  t h e  envi rons o f  t h e  MFRP a t  Mor r is ,  I l l i n o i s ,  was about 0.1% 

o f  those measured a t  t he  Hanford and NFS s i t e s  so t h a t  t h y r o i d  doses t o  

res iden ts  around Mor r is ,  I l l i n o i s ,  would be expected t o  be about 0.1% o f  

those g iven  above f o r  t h e  o the r  two s i t e s .  



None o f  these es t imated  doses a r e  s i g n i f i c a n t  i n  comparison t o  t h e  

e x i s t i n g  r a d i a t i o n  s tandard o f  1500 mrem/yr t o  t he  t h y r o i d  o r  i n  comparison 

t o  t h e  annual dose of about 100 mrem f rom n a t u r a l  background r a d i a t i o n .  
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