




BNW L - 1 783 

.- 

- _  
1 

THE RADIOECOLOGY OF IODINE-129 :  

AN INTERIM REPORT 

J .  K. S o l d a t  
F .  P. B r a u e r  
J .  F. C l i n e  
J .  E. F a g e r  
B .  K l e p p e r  
W .  H. R i c k a r d  
B. E. Vaughan 
D. G. Watson 

S e p t e m b e r  1973 

BATTELLE 
P A C I F I C  NORTHWEST LABORATORIES 

RICHLANU, WASHINGTON 99352 

1 0 8 2 1 1 5  



PREFACE 

This i s  an interim report intended to inform the AEC s t a f f  a b o u t  a 
substantial p a r t  of our research resul ts  on the radioecology of 
Because of the interim nature of the report, d a t a  a r e  necessarily some- 
what incomplete. 
t o  formulate a more complete picture.  
report will be developed a t  some future time w i t h  a more complete data 
bank.  

1 2g1 . 

Data from ongoing  collections and analyses should help 
We anticipate t h a t  a second interim 

The subsection on geographical distribution o f  iodine has been taken 
substantially from material prepared for a forthcoming monograph on radio-  
iodine sponsored by the U.S. Atomic Energy Commission and the American 
Industrial Hygiene Association. The reference i s :  Bustad, L. K . ,  
3 .  K. Soldat, and P. G. Voilleque. 
Hygiene Aspects, ( i n  press).. 

Radioiodine: Biomedical a n d  Industrial 
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GEOGRAPHICAL,  ECOLOGICAL AND BIOLOGICAL CONSIDERATIONS 
129* IN ANALYSIS OF RADIATION DOSE FROM 

INTRODUCTION 

Radioactive isotopes of iodine are  produced d u r i n g  nuclear f iss ion 
in reactors and i n  weapons t e s t s  and t o  a limited extent i n  nature. Over 
the past several years, considerable e f fo r t  has been devoted to the study 
of the generation, release, dispersion, chemical forms and radiation dosime- 
t r y  of  13 ' I .  Recently attention has been drawn t o  another isotope o f  radio- 
iodine, "'1. 
has the potential for accumulation i n  the environment from long-term, 
chronic releases from nuclear f a c i l i t i e s .  

7 1291 Because of i t s  extremely long  ha l f - l i fe  (1.6 x 10 y r ) ,  

This  section discusses possible problems associated w i t h  such a n  accu- 
mulation, including transfer of the '*'I t h r o u g h  the biosphere and resultant 
r a d i a t i o n  doses to man and other organisms. 

GEOGRAPHICAL DISTRIBUTION OF STABLE IODINE AND NATURALLY 
P RODUC ED 1 2g1 

Iodine has only one s table  isotope, 1271. I t  i s  widely dispersed i n  
the sea, rocks and a l l  organisms a n d  i s  usually found i n  the iodide o r  
iodate form. The marine environment and i t s  i n h a b i t a n t s  usually contain 
considerably more iodine t h a n  do t e r r e s t r i a l  fauna and s o i l ,  as shown i n  
Table 1 .  
t a i n  tropical sponges may contain u p  t o  14% iodine. ( 2 1 )  
such as Chilean n i t r a t e  beds, are a r ich source of iodine; other areas 
are so low i n  stable iodine t h a t  the i r  inhabitants suffer from iodine 
deficiency. 
been labeled as  "goitrogenic" because of the i r  low iodine content. 

Marine organisms concentrate iodine to  a surprising degree; cer- 
Some land masses, 

Large areas in the northern and western United States have 
( 2 , W  

This wide variation in soi l  iodine content has been the subject o f  
much speculation 
the major source 
surf aces appears 

and argument. ( 2 3 )  
of iodine in so i l s  i s  material released from the ocean 
now t o  be well substantiated. (23)  

However, Goldschmidt's view('') t h a t  

The possibi l i ty  t h a t  

1 
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TABLE 1 .  I O D I N E  IN MARINE AND TERRESTRIAL 
ENV I RONS ( a 1 

Component 

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

Animals 

P lan ts  (a lgae)  

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

Rock 
Water 
S a l t  ( b )  

.\ A i r  

Rain and snow 

Percent by Weight 
T e r r e s t r i a l  Marine 

l o - ’  1 0-1 

1 o-6 1 o - ~  
1 o - ~  1 o - ~  
1 o - ~  1 o-2 
1 o - ~  
1 o - ~  1 o-6 
1 o - ~  1 o - ~  

1 o-6 
I O - ~  ---- 

---- 

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

iod ine .  
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the Chilean deposits resulted from airborne oceanic iodide ( l o )  has been 

evaluated further and a general theory has been developed that  these 
n i t r a t e  deposits resulted from precipitation scavenging of the atmosphere 
together w i t h  the absence of weathering and biological ac t iv i ty .  (3)  

Iodine concentration i n  the atmosphere generally diminishes with 
increasing distance from the oceans; th i s  reduction consequently reduces 
the amount of iodine transferred t o  inland so i l s  by precipitation scaveng- 
i n g  and dry deposition. The period of exposure o f  the so i l  also affects  
the iodine deposit; hence the reduced concentrations i n  young postglacial 
so i l s  generally and p a r t i c u l a r l y  i n  the deeper horizons o f  such s o i l s .  (10)  

Measurements of iodine concentrations i n  the atmosphere and i n  precipi- 

Higher concentrations, u p  t o  10 pg/m3, were found i n  a i r  along 
tation i n  central Europe showed concentrations i n  a i r  ranging from 0.1 to  
1 ug/m . 
coastal regions. 
t o  5 pg / l i t e r .  

3 

Concentrations found  i n  r a i n  and snow. ranged from 0.2 
Iodine concentrations i n  European r ivers  were i n  the range 

of 1 pg / l i t e r ,  while i n  some mineral springs there may be as much as 
300 pg / l  i t e r .  (1  0) 

There are  apparently a t  l eas t  two processes which release iodine from 
the ocean surface t o  suppor t  the levels i n  marine atmospheres. 
i s  the release of gaseous radioiodine (I2) by photochemical oxidation of 
iodide. 
have been described. Release of iodine-bearing par t iculate  material from 
an experimental sea water surface has been reported. ( 1 9 y 2 2 )  

been suggested t h a t  organically bound i o d i n e  may be released t o  the marine 
atmosphere. ,4) Understanding of relationships between the various sources 
of airborne iodine and  elucidation of  the mechanisms which produce the 
observed concentrations and re la t ive iodine enrichment (see 5, 6 ,  7 )  await 
fur ther  detailed measurements, particularly of iodine species. 
common inorganic chemical species i n  w h i c h  iodine can be found are  l i s ted  
in Table 2. 

The f i r s t  

Experimental demonstrations of the I2 production by th i s  mechanism 

I t  has also 

Some of the 

The human body contains 20 t o  50 mg of  iodine; u p  t o  one-half or more 
may be localized i n  the thyroid gland. The International Commission on 

3 



TABLE 2. COMMON INORGANIC CHEMICAL SPECIES OF IODINEW 
Valence Common Species 

I-, HI, NaI, HI*nH20 - -1 

0 I2 
t1 IC1 , IBr, HOI 

- 
IO3 , HI03, NaI03 +5 ‘Z05’ 

4-7 IO4-, HI04. NaI04 

4 



. -  

Radiological  P ro tec t ion  (ICRP) (15) has summarized d a t a  on the concen t r a t ion  
(ug/g of wet t i s s u e )  of  i o d i n e  i n  va r ious  body organs of a "s tandard"  a d u l t  
a s  fo l lows:  t o t a l  body, 0.43; t hy ro id ,  350; ovary,  l i v e r ,  skin, muscle, 
h e a r t ,  ~ 1 ;  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 ;  kidney,  
0 .2 ;  b r a i n ,  0 .1 .  The concen t r a t ion  of  i od ide  i n  the blood of  man ranges 
from 3 t o  1 3  Ug/lOO ml w i t h  a mean of 7 . 7 ;  the protein-bound iod ine  concen- 
t r a t i o n  ranges  from 4.0 t o  8.5 pg/lOO ml. (24) 

Although r ad io iod ine  r e l e a s e d  i n t o  the b iosphere  i n  North America and 
Europe reaches  man c h i e f l y  through cow's  mi lk ,  the s t a b l e  i o d i n e  c o n t e n t  of 

Bruner") quotes  McClendon's ('O) va lue  of  about  0 .05  ppm f o r  i o d i n e  i n  milk 
and milk products .  However, the iod ine  c o n t e n t  o f  milk may vary w i t h  s t a g e  
of  l a c t a t i o n .  
poss ib ly  o f  o t h e r  m a t e r i a l s .  

cow's milk i s  only about  0 .2  ppm w i t h  a range of 0.004 t o  2 ppm. (24) 

I t  a l s o  depends upon d i e t a r y  i n t a k e  of  s t a b l e  iod ine  and 

Twenty-three r a d i o a c t i v e  i so topes  of i o d i n e  have been i d e n t i f i e d .  
s i n g l e  na tu ra l ly -occur r ing  r a d i o i s o t o p e ,  12'1, has a h a l f - l i f e  of 1 .6  x 10 
y e a r s .  (30) I t  i s  produced i n  na tu re  by spontaneous f i s s i o n  of  uranium and 

The 
7 

thorium i n  s o i l s  and i n  the oceans,  by the i n t e r a c t i o n  o f  high energy par-  
t i c l e s  w i t h  xenon i n  the  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  128Te(n,y) and 130Te(n,2n).  Edwards(8) e s t i m a t e d  t h a t  these 
na tu ra l  r e a c t i o n s  would produce a s t e a d y - s t a t e  r a t i o  o f  12'1 t o  l Z 7 I  o f  

- 
produce a current equ i l ib r ium 1291:1271 va lue  of about  2 x 10-l' i n  the 

and Kohrnan and Edwards (16)  e s t ima ted  t h a t  n a t u r a l  r e a c t i o n s  should 

oceans.  Analyses of  samples o f  a n a t u r a l  s i l v e r  i o d i d e  d e p o s i t  i n  A u s t r a l i a  
have l e d  t o  an e s t i m a t e  t h a t ,  p r i o r  t o  man's u t i l i z a t i o n  of nuc lea r  f i s s i o n ,  
the  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 a s  fo l lows :  

2.2 1 0 - l ~  < 1 2 9 ~ : 1 2 7 ~  < 3.3 I O -  15 . (25 )  
- - 

1 2gI MAN-MADE SOURCES OF 

Iodine-129 i s  produced i n  nuc lear  f i s s i o n  a s  a decay product  of "'Te. 
The f i s s i o n  v i e l d s  of s eve ra l  r a d i o i o d i n e  i so tooes  from thermal neut ron  - 
f i s s i o n  of 235U were t a b u l a t e d  by Holland. (12) T h e  129mass cha in  i s  

5 



reproduced i n  p a r t  below w i t h  more recen t  values o f  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. 

64% "Te L 1 2g1 12'Xe ( s t a b l e )  

36% (0.8) 

69m (0.8) 1.6 x l o 7  y* (0.8) 
29Sb 
(0.74) (7: zg,,$e 34 d 

The values i n  parentheses a re  cumulat ive f i s s i o n  y i e l d s  i n  atoms per  100 
f i s s i o n s .  
12'Te and '''1 a re  bo th  1.0 r a t h e r  than 0.8. Since the re  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, t he  t o t a l  q u a n t i t y  p resent  i n  a f i s s i o n  
produc t  m ix tu re  w i l l  increase s low ly  w i t h  t i m e  a f t e r  i r r a d i a t i o n  has ceased 

as the  "'I precursors  decay. The peak a c t i v i t y  i s  no t  reached f o r  severa l  
months. 

More recen 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  

Iodine-129 i s  produced i n  nuc lear  explos ions a t  approximate r a t e s  of 

30 and 50 p C i / k t  f r o m , f i s s i o n  o f  235U and 239Pu, r e s p e c t i v e l y .  
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 the  i n i t i a l  h e i g h t  o f  t h e  
c loud  and upon meteoro log ica l  processes, A rev iew o f  these f a c t o r s  was 

made by the  Un i ted  Nat ions S c i e n t i f i c  Committee on the  E f f e c t s  of Atomic 

Rad ia t ion .  (28) 
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. 

bea r ing  c louds by t u r b u l e n t  mix ing ,  and, below t h i s  l e v e l ,  p a r t i c l e s  a re  

r a p i d l y  deposi ted by p r e c i p i t a t i o n .  

meteoro log ica l  processes and vegetat ion,  a r e  s i g n i f i c a n t  o n l y  i n  areas of 
low r a i n f a l l .  

The t rans -  

Megaton-size weapons exploded above ground i n j e c t  t h e i r  

The f i s s i o n  products  reach t h e  l e v e l  o f  r a i n -  

Dry depos i t ion ,  a f fected by micro-  

The n e t  p roduc t i on  o f  '''1 f rom f i s s i o n  o f  235U i n  a thermal r e a c t o r  
neutron f l u x  

abso rp t i on  of 
i s  about 1.0 pCi pe r  megawatt-day (MWD) depending upon the  

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

neutrons.  The n e t  p roduc t ion  i s  a c t u a l l y  h ighe r  than t h a t  

due t o  the  c o n t r i b u t i o n  f r o m  f i s s i o n  o f  t h e  239Pu b u i l t  up 

f u e l  by neut ron  absorp t ion  i n  235U.. The y i e l d  of "'I i s  

quoted above 

i n  the  uranium 

-4% i n  2 3 9 ~ u  

f i s s i o n  compared t o  1.0% i n  235U f i s s i o n ,  

energy comes f rom 239Pu f i s s i o n ( 2 7 )  the  

about 15%. 

I f ,  f o r  example, 40% o f  the  r e a c t o r  

p roduc t i on  w i l l  i nc rease by 

1 0 8 2 1 8 4  6 



Since nearly a l l  of the f iss ion products generated i n  nuclear fuels  
are retained within the fuel cladding until  the time the fuel i s  chemically 
reprocessed, the principal sources of '''1 i n  the environment are  the 
effluents from nuclear fuels reprocessing plants rather t h a n  those from 
nuclear reactors. Russell and  Hahn ( 2 7 )  have estimated t h a t  by the year 
2000 a b o u t  lo4 Ci of 1291 will have been generated by world production of 
e l ec t r i c i ty  from nuclear power with perhaps 1% or 100 C i  actually released 
t o  the environment. - By the year 2060, they estimated these values will 
have risen t o  2 x 10' C i  

Stable lZ7I  i s  also 
yield (0.25% i n  235U and 
therefore, t h a t  the atom 

accumulated and 2 x 10' C i  released. 

produced in nuclear f i ss ion ,  b u t  with a smaller 
0.37% i n  239Pu f i s s ion ) .  (30) 
r a t io  1291:1271 should be a b o u t  4 when irradiation 

I t  would appear, 

i s  followed by cooling times of several months t o  allow the "'I t o  grow 
in. 

\ 
Tadmor (") however quotes this ra t io  as being 0.75 for  cooling times 

of 1 year w i t h o u t  speci fyi ng the i r radiat i  on  condi ti ons.  
for the f ac t  t h a t  '''1 will b u r n - u p  a t  a f a s t e r  ra te  in the reactor 
(a  = 27 barns)  t h a n  will lZ7I  (u = 6 .2  barns) the r a t io  1291:1271 should 
be no less  t h a n  a b o u t  3 even f o r  i r radiat ion times of a b o u t  1 year. 
possible t h a t  additional l Z 7 I  could be present as a r e su l t  of iodine con- 
tami n a n t s  i n chemical s employed in manufacture and reprocessing of the fuel .  

Even accounti ng  

I t  i s  

The exact quantity of stable iodine and the r a t io  1291:1271 in the fuel 
when processed i s  important because i t  i s  related t o  the specific ac t iv i ty  
of '''I which can ex is t  in nature. 
no more t h a n  half of  the iodine atoms accumulated in  the thyroid of  man or 

If t h i s  r a t i o  were 1 for  example then 

animals could be '"I. Because of dilution w i t h  the naturally occurring 
s table  iodine in the environment, the r a t io  would be considerably less  
t h a n  1 even in the immediate vicinity of a nuclear f a c i l i t y  discharging 
"'I t o  the environs. 
collected in the vicinity of the Nuclear Fuels Services plant, which 
reprocesses irradiated reactor fuels ,  were in  the order of 10 

For example, the highest ra t ios  reported in samples 

-3 (27,31) . 

7 
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1 2g1 POTENTIAL PATHWAYS OF EXPOSURE FROM 

Rad io iod ine  re leased t o  t h e  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  rega rd  t o  t h e i r  r e l a t i v e  importance. 

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

t h e  f i g u r e s  a r e  o r i e n t e d  toward re leases  f rom nuc lea r  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 u e n 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 r u n - o f f  f rom land  f a l l o u t .  

These a r e  

For exposure t o  man, the  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  of 

m i l k  and vegetables whether contaminated v i a  a i r  o r  water. I f  the re  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. 
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  

from t h e i r  water environment l e a d i n g  t o  r e l a t i v e l y  h i g h  i n t a k e s  of i o d i n e  

by consumers o f  such organisms. 

As w i l l  be shown i n  

Ex terna l  pathways of exposure, whether t o  a i r ,  water o r  ground, a re  

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

because o f  r a t h e r  low energies of t he  

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  of 

t h e  environment depend h e a v i l y  upon i t s  chemical and p h y s i c a 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 organ ic  compounds such as methyl i o d i d e  (CH31) a re  r e a d i l y  

metabo l ized  i n  t h e  body. 

Eco 1 o g i  ca 1 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 l l o u t  f rom nuc lear  exp los ions ,  p r i n c i p a l l y  1311 i n  p a r t i c u l a t e  form, 

o r  w i th  planned re leases  o f  elemental vapor forms o f  1311. 

known about changes i n  behav io r  which migh 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  I2’I i n  t h e  l ong  term. 

Very l i t t l e  i s  

Analyses o f  t h e  p o t e n t i a l  

8 



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

Water Pathways . 
External 

.- 

- _  
' . I  

.- 

Water immersion and wa te r  s u r f a c e  
Exposure t o  shore1 i ne 

I n t e r n a l  

I nges ti on o f  wa te r  
I n g e s t i o n  o f  a q u a t i c  foods  
Inges t ion  of i r r i g a t e d  food c rops  
I n g e s t i o n  o f  products  from animals  

fed i r r i g a t e d  foods  

A i  r Pathways 

External 

Air submersion 
Exposure t o  deposited rnateri a1 s 

I n t e r n a l  

I n h a l a t i o n  
I n g e s t i o n  of food c rops  
Inges t ion  o f  animal products  

, - ' _  

9 



_ -  

.a- . 

- FIGURE 1 .  Exposure Pathways t o  Man 
from Iodine-129 
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FIGURE 2. Exposure Pathways t o  Organisms Other 
than Man from Iodine-129 
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accumulation and radiation doses resulting from releases 3 q? of 12'1 t o  the 
environment must, therefore, be based upon studies of '"1 for  the short- 
term behavior and stable iodine for the long-term behavior. 

Behavior of iodine in the aquatic environment, while f a r  from com- 
pletely understood, can be described in terms of bioaccumulation factors-- 
ratios of concentration in a n  organism t o  concentration i n  the water a t  
equi 1 i bri um. Such factors have been cal cul a ted (32)  fo r  a l l  elements by 

Thompson, e t  a1 . , from l i te ra ture  d a t a  on concentrations i n  water and  in 
different  organisms. 
numerous radionuclides i n  the marine environment. These bioaccumulation 
factors for  iodine are l i s ted  in Table 4.  

Frecke ( 3 3 )  has tabulated bioaccumulation factors for  

I n  a d d i t i o n  t o  the i r  use i n  calculating the concentrations in and 
\ 

r a d i a t i o n  doses t o  the organisms l i s ted  i 'n  Table 4 ,  the bioaccumulation 
factors are necessary input for calculation of body burdens a n d  doses t o  
organisms including man which consume the l i s t ed  organisms, as explained 
i n  the next section. 

Factors for transfer of radionuclides from so i l  t o  plant and  from 
animal feeds to  animal products were derived by S o l d a t  (34' fo r  a study of 
the potential doses t o  people from a nuclear power complex i n  the year 2000. 
The ecological factors selected for iodine are  summarized i n  Table 5 .  

The concentration in a p l a n t  result ing from di rec t  deposition o n t o  
the p l a n t  surfaces i s  limited by the 14-day "ecological" ha l f - l i fe .  
long-term accumulation of '''1 i n  the p l a n t  i s  then given by the expression 

The 

where: = concentration on plant i n  pCi /kg  
2 

D = deposition ra te  in  pCi/m /day 

R = fraction o f  deposition retained on p l a n t  = 0.25 

Y = plant yield i n  kg/m 2 

X E  = effective removal constant 

t '  = time of exposure o f  crop t o  airborne contamination. 

1 0 8 2 1 9 0  12  



TABLE 4. AQUATIC BIOACCUMULATION FACTORS FOR IODINE 
(Concentration i n  organism + concentration i n  water) 

Organi sm 
S a l t  Water 

Reference 32 Reference 33 
Fresh Water 

Reference 32 

10 20 
5 50 100 

F i s h  15 

Invertebrates 
A1 gae 40 4000 ( 1 OOO* ) 10,000 

* Measured value. 

13 
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TABLE 5. ESTIMATED ECOLOGICAL PARAMETERS FOR I O D I N E ( ~ )  

Depos i t i  on vel oci ty from a i r  to  ground 
(pCi/d/sec per p ~ i j m 3  = m/sec) 

Fraction of aer ia l  deposition retained on plant 0.25 

"Ecological" ha l f - l i f e  on plant (days) 14 

Fraction o f  deposited iodine translocated t o  par t  
of plant eaten - leafy vegetables 

- other vegetables & grain 
1 .o 
0.1 

Soil uptake [ p C i / k g  plant (wet) per p C i / k g  so i l (d ry ) ]  0.02 

Transfer from feed to  milk 
(pCi / l i t e r  milk per pCi/day intake) - COW 

- goat 

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

- pork 
- chicken 

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

0.2 * *  O1 c )  

0.02 
0.09 
0.004 

0.03(d) 

a .  
b .  
c .  From Reference 35. 
d .  

Unless otherwise indicated values were taken from Reference 34. 
Approximate mid-range o f  l i t e r a t u r e  values. 

Recalculated from data originally used to  get the value of 
0.08 given i n  Reference 34. 

1 0 8 2 1 9 2  14 



The e f fec t ive  removal constant i s  g i v e n  by: 

0.6932 + -  - 0.6932 
1 4  X E  = A R  + xe - 

TR 

where: TR = radiological ha l f - l i f e  of '''1 i n  days 

14 = the ' 'ecological' ' ha l f - l i f e  o f  the deposited 
material on the plant. 

Calculations based on the parameters given i n  Table 5 indicate t h a t  
the uptake o f  '''1 via the soi l - root  pathway i s  insignificant fo r  short- 
term deposition. This pathway would add a b o u t  1 %  per year of accumulation 
t o  the concentration i n  leafy vegetables, i f  the iodine were deposited from 
the a i r  and  if  a l l  of the iodine i n  so i l  were retained i n  the root zone of 
the plant.  
contribution of the soil-root pathway equaled the contribution from one 
yea r ' s  d i r ec t  deposition on the plant,  For other vegetables where only 
10% of the aer ia l  deposition may reach the portion of the plant consumed, 
i t  would take only 10 years' accumulation i n  the so i l  a t  the root zone to  
yield a concentration equal t o  tha t  present from d i r ec t  deposition. 
milk Contamination via fresh forage, grain,  and stored feed, the so i l  path- 
way contributes nearly 2% per year of accumulation t o  the concentration 
present via aer ia l  deposition. 

I t  would take about 100 years o f  so i l  accumulation before the 

For 

Parameters Affecting Human Uptake and Retention 

The International Commission on Radioloqical Protection ( I C R P )  has 
published reference data on a standard adul t  715) including uptake and 
retention parameters fo r  radioiodines i n  various body organs. 
other ages were reviewed by Soldat f o r  use i n  the year 2000 study. 
Recently the ICRP has published a newer value of 100 days f o r  the biological 
ha l f - l i f e  of iodine i n  the adul t  thyroid. (37) 
erature  indicated t h a t  the parameters previously selected f o r  other ages 
i n  the year 2000 study could also be updated. 
parameters a re  summarized i n  Table 6. 
the factors  f o r  converting r a t e  o f  intake of 12'1 to  organ burden and t o  
radiation dose given i n  the following section. 

Data f o r  
(34,36 ) 

Further review of the l i t -  

( 3 8 Y 3 9 Y 4 0 Y 4 1 )  The  revised 

These data were u t i l i zed  t o  calculate  

15 
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TABLE 6. PARAMETERS USED I N  CALCULATING THYROID 
DOSE FACTORS FOR 1291 

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

F r a c t i o n a l  uptake 
v i a  i n g e s t i o n  (41) 0.3 (37 1 0.3 (41 ) ( a )  0.3 (41 1 0.3 

0. 23(37) 
F r a c t i o n a l  uptake 

v i a  i n h a l a t i o n  0.23 0.23 0.23 

B i o l o g i c a l  ha1 f - 1  i f e  ~ o ( 3 8 - 4 1  ~ o ( 3 8 - 4 1 )  50 (38-41) i oo (37 )  i n  t h y r o i d  (days) 
Thyro id  mass (grams) ~ ( 3 4 )  5(34) ,5(34) 20(15) 

Concent ra t ion  of 

Weight o f  lZ7I i n  

1271 
go (42 180(42) 280(42) 350(15) i n  t h y r o i d  (ppm) 

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) &34) 2.7 (34)  3 0 5 )  

I n h a l a t i o n  r a t e  
(&day) 5.6 (40) 

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 re  re fe rences .  
b.  Ca lcu la ted  from formulas g i ven  on Page 28 o f  Reference 15 and 

decay scheme g iven on Pages 70, 273, 274 o f  Reference 17. 
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RADIATION DOSE TO M A N  AND BIOTA 

Calculation of radiation doses to  man from internally deposited 
radionuclides requires a knowledge of the dis t r ibut ion of the nuclide 
w i t h i n  the body, the metabolic behavior of the nuclide, i t s  decay scheme, 
and the general theory of beta and gamma r a d i a t i o n  dosimetry. The bio- 
logical parameters related to radioiodine i n  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 ts .  The Medical Internal Radiation Dosimetry ( M I R D )  Committee of  
the Society of Nuclear Medicine has published several pamphlets 
supplements to the i r  Journal, which describe the resul ts  of Monte Carlo 
calc,ulations for  estimating the dose i n  a target  organ from a radionuclide 
contained i n  a source organ.  The pamphlets also tabulate the contribu- 
t ions t o  absorbed dose from each component i n  the decay schemes o f  several 
nuclides of interest  i n  nuclear medicjne. Included i n  the tabulations 
were seven radioiodine nuclides, b u t  n o t  1 2 9 ~ .  
hal f - l i fe  and low energy radiation, '*'I i s  not sui table  for either d i a g -  
nostic or therapeutic applications. 

(44) as 

Because of i t s  very long  

A very simple model has been constructed by the International Com- 
mission on Radiological Protection ( I C R P )  for purposes o f  estimating 
radiation doses t o  man. (15)  
discussed below. 

This model is  diagramed i n  Figure 3 and 

When material i s  ingested, a f ract ion,  f l ,  i s  absorbed from the GI 
t r a c t  and a fraction f; o f  t h a t  i n  the blood i s  deposited i n  the organ 
of interest .  Combining f ,  and f; into one parameter, fw we have 

f w  = f l f ;  

f w  i s  the fraction of the amount ingested which f ina l ly  reaches the organ 
of in te res t .  
soluble material originally inhaled which reaches the organ .  

Similarly, f a  i s  defined as t h a t  f r a c t i o n  of the amount of 
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f a  = fh (0.25 t 0.5 f l )  

Essentially a l l  of the compounds of radioiodine encountered i n  the environ- 
ment are completely soluble i n  body fluids so  t h a t  f l  = 1.0 and  f a  = 0.75 fw.  

If  insoluble material were t o  be ingested none o f  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 t o  the blood 
w i t h  a biological ha l f - l i fe ,  TB, of 120 days. 

constant, h R ,  i s  defined as ( I n  2 ) / T B ,  and an  effect ive removal constant, A ,  

can be calculated as 

A biological removal constant, A ~ ,  analogous t o  the radiological decay 

where T i s  the effective ha l f - l i fe  i n  the organ of  i n t e re s t .  

Since the radiological ha l f - l i fe  of ’*’I i s  so long, the value of 
T will equal TB and x will equal 

center o f  a spherical organ whose radius was estimated on the basis o f  

i t s  shape and s ize  by the ICRP.  
t i cu la te  radiation (alpha, beta, conversion electrons) i s  absorbed within 
the organ. 
the effective radius, x ,  and the a b s o r p t i o n  coeff ic ient ,  p, specific t o  

for this nuclide. 

The model assumes t h a t  the radionuclide i s  a l l  concentrated i n  the 

Under th i s  assumption, a l l  o f  the par-  

A fraction of the gamma photons i s  absorbed depending upon  

the energy and medium (muscle, bone ,  e t c . ) :  The fraction of the gamma 
energy absorbed i s  then l-e-”. 

Using these assumptions together with a detailed decay scheme ( 1 7 )  for 
the nuclide of in te res t ,  the total  absorbed energy per disintegration, E ,  

can be calculated. The assumption of a p o i n t  source i n  the center of the 
organ does n o t  yield resul ts  significantly different  from those obtained 
assuming a uniform dis t r ibut ion of the nuclide. 
t i o n  t o  the dose o f  photons from adjacent organs i s  n o t  considered as i s  
the case in the MIRD system. 

However, the contribu- 
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Dose from a Sinqle Intake of a Radionuclide 

If a s ing le  intake, Qo, of a radionuclide occurs via ingestion, the 
ac t iv i ty  i n i t i a l l y  reaching the organ o f  i n t e re s t  i s  Qof,. 
Q, present a t  any time, t ,  a f t e r  ingestion i s  

The ac t iv i ty ,  

- A t  Q = fwQo e (4)  

The .dose r a t e  DR a t  time t i s  d i rec t ly  proportional t o  the ac t iv i ty  con- 
centration present and the e f fec t ive  energy absorbed per disintegration, E .  

where DR = dose r a t e  in mrem per day 

E = be” (si absorbed per disintegration 

X = effective decay constant in days-’ 

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

t = exposure time i n  days 

m = mass of organ i n  grams 

K = a conversion constant 
3 - 2.22 d i s h i n  1440 m i n  1.602 x lo-* g-rad 10 mrem = o.0512 

MeV rem 
- 

pC i day 

The total  dose delivered t o  the o rgan  over a time, t ,  following ingestion 
i s  simply the integral  o f  Equation ( 5 )  over the time from 0 to t. 

E f w o  Q (emAt)dt 
m 

D = 0.0512 

= 0.0512 E f,Qo(l-e-”t)/m A 

where D = t o t a l  dose i n  mrem. 
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If h i s  rep laced by 0.6932/~ then Equat ion ( 6 )  becomes 

0.074 E fw T Qo ( l - e - ’ y  

m D =  

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

0.074 E fw T (l-e-ht) 
- mrem/ pC i WQ0 - m 

As t becomes very  long r e l a t i v e  t o  T t he  expression(l-e-ht)approaches u n i t y  

and t h e  t o t a l  dose per u n i t  i n t a k e  becomes 

0.074 E f w  T 

( t  -k 4 - 
D/Qo - m 

I f  the  mode of i n t a k e  were i n h a l a t i o n  i ns tead  o f  i nges t i on ,  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 
rep laced 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 c a l c u l a t e d  f rom Equat ion (8) 

and a r e  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 he  

dose decreases w i t h  i nc reas ing  age u n t i l  adul thood when the l a r g e  inc rease 

i n  T (50 t o  100 days) overshadows t h e  r e l a t i v e l y  smal l  inc rease i n  rn (15 

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

I n  a d d i t i o n ,  the e f f e c t i v e  h a l f - l i f e  o f  i n  t he  a d u l t  t h y r o i d  i s  
l ong  enough so t h a t  o n l y  92% of 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 rece ived i n  the  f i r s t  year .  

Dose Rate f rom a Chronic I n t a k e  o f  a Radionucl ide 

If a r a d i o n u c l i d e  i s  inges ted  a t  a cons tan t  ch ron ic  r a t e  o f  P pCi/day, 

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

= - h Q  + P f, 
d t  

I n t e g r a t i o n  o f  Equat ion (9)  y i e l d s  

( 9 )  

P f, ( l -e -x t )  
pC i Q =  A 
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As be fo re  t h e  dose r a t e  i s  

DR = v m r e m / d a y  

0.0512 P fw E 

m X  
- - ( 1 -e-' t, 

0.074 P fw E ,(l-e-xt) 

m 

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 T ( l -e -x t )  

m 
DR/P = mrem/day per  pCi/day i n take .  

As t + -, Equat ion 12 reduces t o  

0.074 fw E T 
DR - - -  D r rn 

As before,  replacement of fw w i t h  fa y i e l d s  t h e  cor respond ing  equat ions 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 
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 (13 ) ]  i s  obvious. 

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. 

can be used t o  c a l c u l a t e  t h e  dose r a t e  a t  t i m e  t f o l l o w i n g  t h e  s t a r t  o f  a 
ch ron ic  i n t a k e  r a t e  o f  P p C i / u n i t  t ime. 

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  mrem/day per pCi/day ( o r  mrem/yr per p C i / y r )  
i n t a k e .  

Equat ion (12) 

The r e s u l t  o f  a p p l i c a t i o n  o f  Equa- 

The t o t a l  dose over a p e r i o d  o f  t ime d u r i n g  which a cons tan t  ch ron ic  

i n t a k e  i s  ma in ta ined can be ob ta ined by i n t e g r a t i n g  Equat ion ( l l a ) .  
t I, (1-e-")dt 

0.0512 P fw E 

D =  
m h  
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0.0512 P fw  E 

m h  
- - 

0.0512 P f, E: 

m X  
- - 

0.0512 P f w  E 

m x  
- - 

2 

[t - (y)] 
( ~ t  t e-ht - I )  mrem 

or normalizing t o  u n i t  intake r a t e  

0.0512 f w  E: mrem 
- ') pCi/day - -  D -  ( A t  t e-At 

P rn A' 

As t becomes very large compared t o  T, Equation (15) reduces to  

0.0512 f, E t 0.074 f, E T t - D -  - B -  m X  m 

Dose Rate Per U n i t  Concentration i n  Thyroid and Limiting 
Specific Activity 

Another dose relationship of i n t e re s t  i s  the dose r a t e  per u n i t  
This is  calculated by the following a c t i v i t y  maintained in an organ. 

equat i o n .  

DR - 2.22 dis /min 60 m i n  8766 hr 1 , 6 0 2  -8 g- rad  103 mrem g 
Q* pC i hr Yr MeV EX ( m )  - -  

= 18.70 ~ / m  mrem/yr per pCi in organ. (17) 

The dose r a t e  per u n i t  a c t iv i ty  i n  the thyroid was calculated fo r  four 
age categories and the resu l t s  a r e  l i s t ed  in Table 7 ,  
ha l f - l i f e  does not enter into Equation ( 1 7 ) ,  the dose ra tes  decrease 
s teadi ly  w i t h  increasing age. 

Since the e f fec t ive  
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The resu l t s  of the l a s t  s e t  of calculations and the parameters given 
previously i n  Table 6 can be used t o  calculate the dose r a t e  expected i f  
a l l  of the iodine in the thyroid were '''I and also t o  calculate the atom 
ra t io  1291:1271 i n  the thyroid which would yield the limiting dose ra te  of 
1500 mrem/yr specified for the maximum permissible dose ra te  t o  an indi- 
vidual member of the general public. These results have also been entered 
into Table 7. From the values in the table,  i t  can be seen t h a t ,  i f  a l l  
of the iodine i n  the thyroid were "'1, the l-year-old i n f a n t  would receive 
a dose ra te  o f  about 9 times the guide of 1500 mrem/yr while the adult 
would receive a dose ra te  of about 34 times the guide. 
higher a d u l t  dose rate  i s  the higher concentration of iodine i n  the adult 
thyroid (350 ppm) as compared to  the l-year-old (90 ppm). 

The reason for the 

I t  appears, therefore, tha t  the limiting atom ra t io ,  1 2 9 ~ : 1 2 7 ~ ,  must 
be based on the adult thyroid and should be 1:34 or 0.03 i f  the guide of 
1500 mremlyr i s  n o t  t o  be exceeded. S u c h  a r a t io  corresponds to 4.8 x 
lo6 pCi "91 per gram of  total  iodine (4.8 p C i / g ) .  

For a l l  ages the thyroid concentration of '''1 which would yield 
3 1500 mrem/yr i s  1 .7  x 10 pCi per gram of total  t h y r o i d  (1 .7  x 

This value i s  constant with age because the effective energy absorbed per 
disintegration is essentially constant w i t h  age for 

pCi /g) .  

1291 

Thyroid Doses from Selected Pathways 

By making reasonably conservative assumptions as t o  the environmental 
behavior of radioiodine and human dietary habits,  i t  i s  possible t o  estimate 
the thyro id  doses potentially received from selected pathways of exposure. 

1. Doses Associated w i t h  Releases to  Air 

Using the inhalation rates  given i n  Table 6 a n d  the inhalation 
dose factors given i n  Table 7 ,  the thyroid dose r a t e  from continuous 
exposure t o  a unit  concentration of "'I i n  air  were calculated. 
resu l t s  of these calculations are  given i n  Table 8 i n  units o f  rnrern/yr 
per pCi /m . 

The 

3 
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1 2gI: TABLE 8. THYROID DOSES FROM UNIT CONCENTRATION OF 
IN AIR 

,(a) 
mremlyr per pCi /m 

Exposure Pathway 1 y r  4 y r  14 yr  Adult 

Inhal a t  i on ( b )  16.5 8.28 13.3 29.6 
Mi 1 k consumption (c 1 4640 1860 1550 2330 

0 388 547 1110 Leafy vegetable 
consumption ( d  1 

Beef consumption ( e )  0 250 375 1000 

(a )  Maximum dose r a t e  a f t e r  equilibrium i s  reached between thyroid and 
intake ra te .  Soil-root pathway would add an additional ~ 1 . 5 %  (per 
year o f  accumulation) t o  the milk pathway and ~ 1 . 0 %  (per year of 
accumulation) t o  the vegetable pathway. 
Inhalation ra tes  were l i s t e d  i n  Table 6. 
One l i t e r  per day of fresh milk from cow grazing on contaminated 
pasture 1 2  months per year. 
Leafy vegetable consumption was assumed to  be 0 ,  32, 54 and 73 kg/yr 
for  the 1, 4, 14 and adult ages, respectively. 
Beef consumption was assumed t o  be 0 ,  25, 45 and 80 kglyr fo r  the 1 ,  4 ,  
14 and adult  ages, respectively. 

( b )  
( c )  

( d )  

( e )  
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The same unit  concentration of '''1 i n  a i r  will lead t o  somewhat 
higher thyroid dose rates via the milk and leafy vegetable pathways, 
Calculation of the dose rates from these pathways are i l lus t ra ted  
below and the resul ts  are also summarized i n  Table 8. 

The concentration on fresh forage i s  

C,VD R (86,400 sec/d) [-;:Et') 
- p C i / k g  cf - 

yf 

and the concentration in milk i s  

3 where Ca = '''1 a i r  concentration, pCi/m 
Cf = '*'I concentration i n  fresh forage, pCi/kg 
C, = '''1 concentration in fresh milk, pCi/ l i ter  
V D  = deposition velocity t o  g round ,  0.01 m/sec 

R = fraction of deposited radioiodine i n i t i a l l y  
retained on vegetation = 0.25 

Yf = forage yield = 1.8 kg/m 
Qf = forage consumption by cow = 55 kg/d 
sd  = fraction of daily iodine consumption appearing 

per each l i t e r  of milk = 0.01 
h E  = effect ive removal constant for deposited material 

as explained in previous section 
t '  = time between successive removal of forage 'by cow 

from same p a r t  o f  pasture = 30 days 

2 

Applying the above values in Equation (19)  and using I3l1 as 
a t e s t  nuclide the resu l t s  imply a milk-to-air concentration r a t io  
of 478. 

1 0 8 2 8 0 5  
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The average o f  six reported values for  the r a t io  of Cm/Ca for 
1311 was 560 (45-49) or 1.17 times the value calculated above. 
the assumption tha t  the difference in the two values resu l t s  solely 
from differences i n  l inear factors such as forage yield,  deposition 
velocity or forage consumption ra te ,  a factor of 1.17 can be mu1 t i -  
plied into Equation (19) to  normalize the resu l t s .  

On 

When th i s  is  done and the value of h E  for  12'1 (0.0495) i s  used, 
Equation (19)  yields a value of Cm/Ca of 1210. Assuming a milk con- 
sumption r a t e  of 365 l i t e rs /year  and the ingestion dose factors 
l i s t ed  in Table 7 ,  the dose from the milk pathway per u n i t  a i r  con- 
centration can be calculated. These doses are  l is ted in Table 8.  

The concentration of '''1 on leafy vegetables can be calculated 
the same way a s  the concentration on forage was except t h a t  the yield 
i s  1 .5  kg/m . The consumption ra te  of leafy vegetables i s  a function 
of age. Maximum rates of 0 ,  32, 54 and 73 kg/yr were assigned to the 
1 y r ,  4 y r ,  14 y r  and adul t ,  respectively. 
of vegetables per unit a i r  concentration are  also tabulated in Table 8.  

2 

The doses from consumption 

The concentrations in beef can be estimated using the param- 
e te rs  derived for  the Year 2000 Study. (34)  
54 kg/day of stored feed, 1 4  kglday of grain and 50 l i t e rs lday  of 
water; the yield of stored feed i s  2.3 kg/m2 (fresh weight), and the 
yield of grain i s  0.35 kg/m2; each crop has a four-month growing season. 

That i s ,  c a t t l e  are fed 

1 be translocated 
daily intake o f  
these parameters 

Ten percent of the iodine deposited on the leaves w i  
to  the edible part  of the grain. Two percent of the 
the c a t t l e  will appear in each kg of meat. Applying 
we can define the following equations. 

Ca VD R (86,400 sec/d) 
- X R t l l  e p C i / k g  - 

cs - 
yS 

where Cs = concentration in stored feed, pCi/kg 
2 Y s  = yield of stored feed ( a l f a l f a )  = 2.3 kg/m 

t" = decay time between harvest and  consumption 

(20) 
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-1 20xE 
= 20.0 f o r  an ecological ha l f - l i f e  of 14 days 1-e 

where C = concentration i n  grain,  pCi /kg  
9 2 Y g  = grain yield = 0.35 kg/m 

where C b  = concentration in beef, p C i / k g  
Qs = consumption r a t e  of stored feed, kg/day 

= consumption r a t e  of grain,  kg/day 
Q!3 2 

Skb  = t ransfer  fac tor  from feed t o  meat = 2 x 10- 
p C i / k g  per pCi/day intake. 

3 Assuming 1 pCi l2’I/rn a i r ,  the concentration i n  beef would be: 

c b  = ( 1  pCi/m3)(10-2m/s)(86,400 sec/d) (0.25)(20 days)(2 x 

r 54 kg/d (14 kg /d ) (o . i ) l  
X t 

12.3 kg/m2 0.35 kg/m2 -/ 
= 2370 p C i / k g .  

Assuming consumption r a t e s  of 0,  25, 4 5  and 80 kg/yr of beef 
fo r  the 1 ,  4, 14  and adul t  ages, respectively, and u s i n g  the dose 
fac tors  given i n  Table 7 f o r  ingestion, the doses from beef consump- 
t ion were calculated and a re  included in Table 8. 

1 2gI  Contributions from long-term accumulation i n  the soi l  of 
via airborne deposition can be calculated from Equation (23) .  

Ca V D  (86,400 sec/d) Bf - 
P cf - 

29 
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where t* = the t o t a l  s o i l  accumulat ion t ime i n  days 
2 p = 224 kg d r y  s o 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 r y )  

Equat ion (23) I s  based on the  assumption t h a t  a l l  o f  t he  mate- 
r i a l  deposi ted i s  r e t a i n e d  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 h e  t ime o f  harvest .  
cons tan t .  

t i o n  (23) app l i es :  

For long-term accumulat ion,  Ca may n o t  remain 

I n  t h a t  ins tance t h e  f o l l o w i n g  m o d i f i c a t i o n  o f  Equa- 

L f  

pCi/kg 
- VD( 86 ,400)Bf -xR( t * -n )  

cf - P 
n= 1 

Because o f  t he  long h a l f - l i f e  o f  12'1 the  exponent ia l  express ion 

e -ARt *  can be rep laced by l - A R t *  i n  Equat ion (23) y i e l d i n g  

Ca VD(86,400 sec/d)Bf t *  

P 
p W k g  - 

cf - 

Apply ing Equat ion (23a) f o r  a l - y e a r  accumulat ion t ime  and 
3 a cons tan t  a i r  concen t ra t i on  o f  1 pCi "'I/, y i e l d s  a fo rage  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 )  
\ 

= 28.2 pCi/kg.  

By comparison, the concen t ra t i on  o f  12'1 i n  the  same forage 

due t o  d i r e c t  d e p o s i t i o n  on to  the  leaves would be [ f rom Equat ion (18)]  
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(1 p C i / ~ n ~ ) ( l O - ~  m/sec)(0.25)(86,400 sec/d) l - e  ( - 
cf - 1.8 kg/m2 

= 1870 pCi/kg. 

Therefore,  t h e  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 c o n c e n t r a t i o n  present  i n  f r e s h  

fo rage from d i r e c t  d e p o s i t i o n .  

m i l k  produced by cows g raz ing  on such fo rage.  

The same r a t i o  would a l s o  app ly  t o  

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  c o n c e n t r a t i o n  o f  1 pCi 
12’I/m3 would c o n t a i n  2870 pCi/kg v i a  f o l i a r  d e p o s i t i o n  and 28.2 

1, pCi /kg (1% per year  o f  accumulation,) 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  12’1 w i t h  d r i n k i n g  water 

o r  aqua t i c  foods can be c a l c u l a t e d  f rom t h e  c o n c e n t r a t i o n  i n  t h e  

food o r  water and t h e  dose f a c t o r s  g i ven  i n  Table 7. 
t r a t i o n  i n  t h e  aqua t i c  foods can be ob ta ined from Equat ion ( 2 5 ) .  

The concen- 

CA = Cw BA 

where 

CA = concen t ra t i on  i n  aqua t i c  f o o d s t u f f ,  pCi/kg 

C w  = concen t ra t i on  i n  water, p C i / l i t e r  

BA = b ioaccumula t 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 m igh t  consume 18 kg /y r  each of f i s h  and 

i n v e r t e b r a t e s  ( s h e l l f i s h  and mol luscs)  i n  a d d i t i o n  t o  about 2 l i t e r s /  

day o f  d r i n k i n g  water.  I f  a l l  o f  these i tems were de r i ved  from f r e s h  

water c o n t a i n i n g  1 pCi 1 2 ’ I / l i t e r  t h e  r e s u l t a n t  t h y r o i d  doses would 
be as f o l l o w s .  
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Drinking Water 

(DR)W = (2 k/d)(365 d /y r ) (5 .28  x mrem/pCi) 

= 3.85 mrem/yr 

Fish - 
(DR)F = (18 k g / y r ) ( l 5  pCi/kg)(5.28 x mrem/pCi) 

= 1 .43  mrem/yr 

I n v e r t e b r a t e s  

( D R ) I  = (18 kg /y r ) (5  pCi/kg)(5.28 x mrem/pCi) 

\ = 0.475 mrern/yr 

Total  dose r a t e  from a l l  three sources  i s  5 .8  mrem/yr. 

I f  i n  a d d i t i o n  the same water  was used t o  i r r i g a t e  farm l and ,  
an a d d i t i o n a l  i n t a k e  o f  12'1 would result  from the consumption of  
farm products .  Assume s p r i n k l e r  i r r i g a t i o n  app l i ed  a t  the r a t e  o f  
11 0 k/rn'/month (34) f o r  a 12-month fo rage  season and f o r  a 3-month 
vege tab le  growing season.  
ing  the 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 the same a s  
t h o s e  depos i t ed  from the a i r .  (34)  Under these assumptions,  t h e  
fol lowing thy ro id  doses can be c a l c u l a t e d .  

In a d d i t i o n ,  assume rad ionuc l ides  reach-  

(110 k/m'/month)(l pCi/k)(O.25) l-e 

'm - - (1 .8  kg/m2)  (30 d/month) ( r:"") 
(55 kg/d) 0.01 # (1 .17)  ( ) 

= 5.12 pCi /a  

(DR), = (5.12 p C i / ~ ) ( 3 6 5  a / y r ) ( 5 . 2 8  x mrern/pCi) = 9.87 mrem/yr. 
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Leafy Vegetables  

(1 10  e/rn'/month)(l p C i / a )  (0 .25)  l-e 
- ( ::?= 12.2 pCi /kg  

(1 .5  kg/m2)(30 d/month) cv  - 

A t  a consumption r a t e  of  73 kg/yr,  the a d u l t  t hy ro id  dose  would be 

( D R ) V  = (12 .2  pCi /kg) (73  kg/yr ) (5 .28  x mrem/pCi) = 4.70 mrem/yr i f  

a l l  the vegetab les  consumed dur ing  the y e a r  conta ined  12.2 pCi/kg. 

Radiat ion Doses t o  Biota Other than Man 

Radiat ion doses  t o  the thy ro id  of c e r t a i n  mammals from r a d i o i o d i n e  
i n t a k e  have been c a l c u l a t e d  from the  c o n c e n t r a t i o n s  ( a c t i v i t y  per u n i t  
mass) measured e i t h e r  i n  vivo o r  a f t e r  s a c r i f i c e  o f  experimental  animals .  
Doses t o  a q u a t i c  organisms such a s  a l g a e ,  i n v e r t e b r a t e s  and f i s h ,  a r e  
g e n e r a l l y  c a l c u l a t e d  a s  doses  t o  t h e  t o t a l  organisms,  since a q u a t i c  bio- 
accumulation f a c t o r s  a r e  g i v e n  i n  those  te rms ,  and s i n c e  many o f  the 
organisms do no t  have a d i s c e r n i b l e  t h y r o i d .  

I f  the concen t r a t ion  o f  '''1 i n  the thy ro id  ( o r  t o t a l  body) of an 
animal i s  known, Equation (17)  can be used w i t h  a s imple mod i f i ca t ion .  
Re-writing the equat ion  i n  terms of concen t r a t ion  r a t h e r  than t o t a l  
a c t i v i t y ,  y i e l d s :  

- 

DR = 18.7 E (Q*/m) mrem/yr 

where Q*/m = the concen t r a t ion  i n  p C i / g  i n  the thy ro id  
( o r  t o t a l  body) 

( o r  t o t a l  body) 
E = the e f f e c t i v e  energy per  d i s i n t e g r a t i o n  i n  the organ 

If the b io log ica l  parameters  f a ,  fw ,  T a r e  known f o r  the animal i n  
q u e s t i o n ,  then t h e  concen t r a t ion  i n  the organ could be c a l c u l a t e d  from 
the d a i l y  i n t a k e  o f  r a d i o i o d i n e .  Of cour se ,  the a n i m a l ' s  d i e t  and the 
c o n c e n t r a t i o n s  i n  i t s  a i r ,  water  and food supply  would a l s o  need t o  be 
known or es t ima ted  by equa t ions  given i n  the previous s e c t i o n .  
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R a d i a t i o n  doses to  aquatic organisms can also be obtained from 
Equation (26) by f i r s t  u t i l i z i n g  Equation (25)  to  calculate concentra- 
t ion i n  the organism, provided the water concentration and bioaccumulation 
factors are known.  Combi n i  ng these two equations yields Equa t i  on (27 ) .  

DR = 18.7 Cw BA E mrem/yr (27)  

where DR = the average dose ra te  t o  the ent i re  organism. 

External doses t o  t e r r e s t r i a l  and aquatic organisms from '''1 are 
generally insignificant compared t o  internal doses, because of the l o w  
energy o f  the beta and  gamma radiations emitted. 
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FIELD SAMPLING PROGRAM 

INTRODUCTION 

Field sampling has been undertaken a t  four locations: 
steppe region o f  the western United States and two in deciduous forests  
located in higher ra infal l  areas of the eastern United States.  
chosen so t h a t  one landscape which had been exposed t o  airborne '''1 from 
nearby nuclear fuels reprocessing p l a n t s  could be compared t o  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 t o  determine, f o r  undisturbed natural f i e ld  con- 
d i  tions , the potential s i t e s  of accumulation of airborne '''1 i n  the land- 
scape, t h a t  i s ,  i n  the soil-plant-waterway p a r t  of the ecosystem. A more 
sophisticated sampling program, intended t o  elucidate iodine relationships 
of' food webs and iodine movement and accumulation character is t ics  i n  other 
parts of the ecosystems studied can be developed l a t e r  on  the basis of  
information obtained i n  these early studies. 

two i n  the a r i d  

Si tes  were 

I Samples generally f e l l  i n t o  three categories: 1 )  long-standing (per- 
s i s t en t )  above-ground vegetation such as mosses , 1 ichens and  leaves of 
evergreen t rees ,  2 )  recent l i t t e r  a n d  humus and underlying mineral soi l  i n  
areas of minimal disturbance, mostly deciduous forests  and  old f i e lds ,  and  
3) bogs ,  ponds and streams w i t h  associated b i o t a  which would be expected 
t o  receive iodine washed from t e r r e s t r i a l  areas. 
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 i n  order t o  
a l l o w  v a l i d  comparisons o f  the s i t e s .  

The sampling programs for 

COLLECTION METHODS 

Where practicable, t e r r e s t r i a l  vegetation samples were taken on a per 
u n i t  area basis i n  order t o  allow comparisons to  be made from s i t e  to s i t e .  
Soil profiles were studied, generally i n  f a i r l y  mature second growth decid- 
uous forests  or abandoned f ie lds  or pastures. Separate collections were 
made of the herb- l i t ter  layer,  of  the upper 2.5 cm of so i l  and of  2 . 5  cm 
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layers a t  deeper depths in the soi l  profile.  Most so i l s  in the forest  s i t e s  
were shallow, i . e . ,  less  t h a n  30 cm. Precautions were taken t o  prevent con- 
tamination of the deeper soi l  samples by overlying material. All samples 
were sealed into plast ic  bags  a t  the time of sampling t o  prevent contamina- 
t i o n  by airborne '*'I. They were frozen as soon as practicable a n d  were 
stored frozen until they could be analyzed. Some large so i l  samples were 
not frozen for  lack o f  space. 

COLLECTION SITES AND SAMPLE DESCRIPTIONS 

Ar id  Steppe Si tes  

Two arid s i t e s  were studied. One of these was located within the 
Rattlesnake Hi 11 Research Natural Area (Arid Lands Ecology Reserve) which 
i s  a p a r t  of the USAEC Hanford Reservation, Benton County, southeastern 
Washington. A companion s i t e  approximately 200 miles southeast of the 
Hanford Reservation was on land owned by the Bureau of Land Management 
f ive  miles nor th  of the town of  Vale, Oregon. 

\ 

On the Hanford Reservation, vegetation and soi l  samples were taken a t  
s i t e s  located about  10 miles west of the chemical separations plants (200 E 
and 200 W ) .  One s i t e  i s  located a t  a n  a l t i tude  of  1000 f ee t  (305 m )  
(Figure 4 A )  and  the o the r  a t  1700 fee t  (518 m )  (Figure 4B). The s i t e  a t  
the higher a l t i tude  receives sl ightly '  more precipitation t h a n  t h a t  a t  the 
lower al t i tude.  However, the two so i l s  are similar as t o  texture,  pH, and 
organic matter content. 
deep. 
unburned for 30 years, the age of the Hanford P l a n t .  
s tudies have shown t h a t  water penetrates a b o u t  1 m a t  the lower elevation 
s i t e  and a b o u t  1 .5  m a t  the higher s i t e .  B o t h  s i t e s  are abandoned f ie lds  
that  have supported more or less  uniform stands of cheatgrass for  30 years. 
Cheatgrass effectively reduces soi l  erosion by wind and water action, and ,  
over the years, a substantial layer o f  dead plant material (mulch) has 
accumulated over the mineral so i l .  Because of the low ra infa l l  and the lack 
o f  use of these f ie lds  in recent history i t  i s  expected t h a t  most of the 

The parent material i s  loess and i s  a t  l eas t  1 m 
Bo th  s i t e s  are unique i n  t h a t  they have been mostly ungrazed and 

Soil moisture prof i le  
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non-volatile 12’1 t h a t  
between the top of the 
penetration. 

has been deposited over these f ie lds  is  s t i l l  present 
vegetation canopy and the maximum depth of soi l  water 

A t  each elevation, three replicate se t s  of samples were taken. All 
A second 2 l ive  and dead plants were collected from a 0.5 m c i rcular  p l o t .  

collection was made of the upper 2.5 cm layer of  surface soi l  from the same 
plot.  Then two deeper samples were taken, one a t  15 cm and one a t  60 cm 
below the soil  surface. 
diameter pipe was driven i n t o  the soi l  a t  two locations w i t h i n  the 0.5 m 
plots t o  the desired depth. 
nuity a t  the bottom and was removed carefully to  retain the core w i t h i n  the 
tube. Then from the center o f  the bottom o f  the soil column, a disc-shaped 
sample, 7 .5  cm i n  diameter and 2.5 cm thick,  was removed w i t h  a clean 
spatula. 
tube t h r o u g h  overlying soi l  layers. 
two cores were pooled a t  the laboratory before analysis. 
were taken from the pasture s i t e  a t  Vale, Oregon. 

To obtain these deep samples, a sharpened 15-cm- 
2 

The sampler was then twisted to  break c o n t i -  

This technique gave samples uncontaminated by the passage of the 
The samples from each depth from the 

Identical samples 

Aquatic p l a n t s  and animals were collected a t  two locations on the 
Hanford Reservation, one a t  Rattlesnake Springs (Figure 4C) and the other 
a t  Gable Mountain Pond (Figure 40). 
major springs occurring i n  th i s  otherwise a r i d  area. The spring produces 
a small stream which varies i n  length from 2.4 t o  3 .2  km before i t  seeps 
back i n t o  the g round .  
except d u r i n g  winter when snowmelt creates f lash floods of many times this 
volume. The stream i s  a b o u t  6.4 km southwest of one of  the nuclear chemi- 
cal processing plants and would be expected to receive airborne effluents 
from th i s  plant. The stream bed i s  a mixture o f  b a s a l t  fragments, sand- 
clay sediments and organic detr i tus .  Vegetation samples were taken from 
the lower portion of the stream; sediment and ca t t a i l  samples were taken 
from a catch-basin type pool. 
was j u s t  beginning. 

Rattlesnake S p r i n g s  i s  one of the two 

3 Flow is  approximately 1 f t  /sec (28 l i t e r s / sec )  

Sampling was done in spring when growth 
Watercress was only 7 t o  10 cm l o n g  and ca t t a i l  leaves 
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were only 60 to  90 cm long. 
plant samples. 
the bottom profile.  

Both roots and leaves were included i n  the 
The sediment sample was taken from the t o p  7 to 10 cm of 

Plants, sediments and  goldfish were taken from Gable Mountain Pond. 
This pond, located about 1.6 km north of the chemical processing f a c i l i t y ,  
i s  approximately 50 acres (20 hectares) in surface area w i t h  depths rang- 
ing up t o  2.7 m.  
composed primarily of plant materials. 
pond are heavily populated w i t h  c a t t a i l s  and  rushes. 
pond developed t o  receive low-level radioactive l iquid effluents from the 
chemical processing f a c i l i t y .  I t  contains measurable quantit ies of a num- 
ber of f iss ion products. 

Bottom materials range from sand-clay t o  organic detr i tus  

This i s  an  a r t i f i c i a l  
The shoreline and islands of the 

Samples were taken from near the southwest shore of Gable Mountain 
Pond i n  spring when the year 's  growth was j u s t  beginning. 
were only 60 to 90 cm in length. 
the ca t t a i l  sample; leaves and stems of water milfoil were collected. 
the t h r o a t  or thyroid region ( t i p  of the lower j aw t o  the base of the 
pectoral f ins)  was sampled from goldfish. 
in the f i e ld  immediately a f t e r  the f i sh  were caugh t  and were pooled for a 
single analysis. 
bottom. 

Cattail leaves 
B o t h  roots and leaves were included in  

Only 

Tissues from 22 f ish were excised 

Sediment was taken from the t o p  7 t o  10 cm of the pond 

Deciduous Forest Si tes 

Two collection locales were chosen in the eastern United States ,  one 
in the environs of the Midwest Fuel Recovery Plant (MFRP) a t  Morris, Grundy 
County, I l l i no i s  (near J o l i e t )  and the other in the environs of the Nuclear 
Fuels Service (NFS) plant i n  C a t t a r a u g u s  County, western New York. 
sampling i n  New York was done in early May and t h a t  in I l l i no i s  in early 
June. 

The 

The MFRP had n o t  begun operation a t  the time of f i e l d  collection so  
that  the samples will serve to  give baseline d a t a  on the 12'1 levels in 
the environment. Since this reprocessing plant i s  very close t o  the 
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Dresden reactors, which could have released small amounts of  12'1 over the 
p a s t  several years, a forest  system was sampled i n  Pilcher Park near J o l i e t ,  
I l l i n o i s ,  t o  determine '''1 levels a t  a distance of a t  l ea s t  24 km from 
the Dresden reactors. These Pilcher Park samples will serve as comparisons 
f o r  both the New York samples and the samples taken nearer t o  the MFRP. 

Three main sampling s i t e s  were chosen: one, the Pilcher Park S i te ,  
an oak-maple-beech fores t  a b o u t  14 km eas t  of Jo l i e t ,  I l l i no i s ;  two, a n  
oak-hickory fores t  across the I l l i no i s  River from the MFRP s i t e  (Figure 5C); 
and,  three, a pasture on the MFRP property on which cows are  maintained 
(Figure 5A). We g o t  samples of  milk from these cows. 

Li t te r ,  herb and soil  samples were collected as follows: standing 
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 ad ius  o f  40 t o  
60 cm, then the upper 2.5 cm of soi l  was collected from a smaller radius  
c i r c l e ,  then a hole was dug t o  the 15 cm depth and  a t h i r d  collection of a 
2 . 5  cm layer of so i l  was made, and, f ina l ly ,  a deeper hole was dug (where 
possible) t o  allow the collection of a 2.5 cm layer a t  a deeper depth. 
This sampling procedure was adopted because rocky so i l s  would n o t  a l low 
the coring technique t o  be used. A t  each fores t  collection s i t e ,  a bag 
of understory shrub leaves was collected. Approximately 250 cm o f  a moss 
mat was sampled a t  the Pilcher Park s i t e ,  and a juniper bush was sampled 
from a lawn immediately across the Des Plaines River from the Dresden 
reactors (Figure 5D). Two water samples were collected: one from the 
I l l i no i s  River downstream of the p l a n t  a n d ,  two,  from the Michigan-Illinois 
canal across the r iver  from the plant (Figure 56). 

2 

I n  the f i rs t  week i n  May, 33 samples were taken from the environs of 
the NFS plant i n  Cattaraugus County, western New York State. 
samples were taken from near the p l a n t  boundaries within s i g h t  of roads 
which penetrate the general boundaries o f  the plant. 

Generally, 

The vegetation mosaic of the New York s i t e  consists of deciduous fores t  
s t ands  interspersed among open f ie lds  of pasture grasses. 
facing slopes support stands of conifers, especially eastern hemlock. 
important deciduous trees are american beech and sugar maple. 

Steep, north-  
The 

The stands 
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a l l  have a logging history. 
p u t t i n g  o u t  new leaves. 
were i n  bloom. 
herbs and shrubs; however the fores t  f l o o r  was completely covered by a 
layer of matted t ree  leaves. 
( less  t h a n  30 cm deep) over fractured rock. 
so i l  was saturated w i t h  water from recent rainstorms. One would expect 
water movement through these shallow so i l s  into the rocky substrate would 
be a re la t ively r a p i d  process and  much of  the 
ground water and o u t  of the system. 

A t  the time of sampling, deciduous trees were 
Some of the early flowering herbs such as Trillium 

The understory of the stands sampled consisted of sparse 

The soi l  i n  these fores t  s tands  was shallow 
A t  the time of  sampling the 

would be mov.ed into 

Most samples were taken from within a 3 km radius  of the stack. Si tes  
included two second-growth stands i n  beech-maple forests  (Figure 6C and F),  
a hemlock stand (Figure 6D) ,  and  an abandoned pasture ( o l d  f i e l d )  (Fig- 
ure 6B). L i t t e r ,  herbs a n d  s o i l s  were taken as for the I l l i no i s  samples. 

. 

A collection was made of a lichen, Physcia millegrana Degel., and a 
moss mat, consisting of  a b o u t  three parts of Platyqyrium repens ( B r i d . )  
B.S.G. and one p a r t  Brachythecium salebrosum (Web. and Mohr) B.S.G. These 
were b o t h  growing on a t ree  t r u n k  abou t  2 km eas t  o f  the stack (Figure 6E). 
A sample of  Hypnum curvifolium Hedw. on a unit  area basis was taken from a 
ridge near the confluence of Buttermilk Creek and Cattaraugus Creek 
(Figure 6A). 
(spring of 1973) were purchased from a farm less t h a n  8 km southeast of 
the stack. 

Samples of honey ( f a l l  collection of 1972) and maple syrup 

Aquatic samples were taken from Cattaraugus Creek a b o u t  1 km downstream 
from i t s  confluence w i t h  Buttermilk Creek (Figure 6A). 
flows w i t h i n  0.8 km of the NFS p l a n t  and has received radioactive l i q u i d  and 
gaseous effluents from the p l a n t .  The average flow of Buttermilk Creek i s  
46.5 ft3/sec (1.3 rn3/sec) and of  Cattaraugus Creek, 354 f t  /sec (10 m /sec) .  
Cattaraugus Creek discharges into Lake Erie approximately 39 miles (62 km) 
downstream of  i t s  confluence w i t h  Buttermilk Creek. 

Buttermilk Creek 

3 3 

Samples were collected upstream o f  Felton Bridge near the north perime- 
t e r  fence. According t o  NFS personnel, Cattaraugus Creek i s  typically quiet ,  
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t u r b i d  and subject t o  wide fluctuations i n  flow w i t h  scouring of the stream 
bed. 
of a n g u l a r  stones and f ine s i l t s  w i t h  the deeper holes h a v i n g  sand-sil t  
bottoms. 
of the consistency of glacial f lour.  Stream turbidity was high w i t h  v is i -  
b i l i t y  less t h a n  30 cm. 
the slower moving sections of the stream. Throat ("thyroid") t issues were 
removed i n  the f i e l d  in the manner described for Gable Mountain Pond. 
sues from 13 white suckers r a n g i n g  i n  length from 7.6 t o  25 cm were pooled 
for  one analysis, and t issues from 24 common shiners, from 5 t o  10 cm i n  
length, were combined for  another analysis. Two crayfish were collected 
for another sample. 
r i g h t  pier of Felton Bridge. 
36 hours before be ing  frozen. 

A t  the p o i n t  of sampling, the stream bottom i s  composed of a mixture 

The stones were covered w i t h  a 0.3 cm thick layer of f ine s i l t  

Fish a n d  crayfish were collected w i t h  a seine from 

T i s -  

Sediments were taken near the downstream side of the 
Fish samples were kept on ice  for a b o u t  

A c a t t a i l  sample (Typha l a t i f o l i a )  and a collection of Brachythecium 

This pond was 
ru tabu lum (Hedw.) B.S.G. were taken from a small pond located near the 
southeast corner of  the p l a n t  perimeter fence (Figure 66). 
approximately a quarter of an acre in area with a maximum depth of less 
t h a n  1 m. The bottom was composed of a putrid-smelling mixture of f ine 
s i l t s  a n d  organic debris. P l a n t  growth was just beginning; leaves were 
less t h a n  60 cm long. 
sample. 

B o t h  roots and leaves were combined i n  a single 

ANALYTICAL METHODS 

Methods available for measuring the '*'I content o f  environmental 
samples include procedures based on neutron activation analysis,  mass 
spectrometric analysis,  and liquid sc in t i l l a t ion  counting (1-8). 
these methods require t h a t  iodine be separated from the sample and isolated 
in a re la t ively pure form prior t o  measurement. 

direct ly  the r a t io  of 12'1 t o  1271. 
i n  the sample requires a measure o f  the chemical yield of  i o d i n e  in the 

All of 

Activation analysis and mass spectrometric procedures determine 
To calculate the 12'1 concentration 
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1 271 
separation steps and a determination of the amount of e i ther  12'1 or 
separated. Chemical yield can be determined by s p i k i n g  the raw sample with 
a known ac t iv i ty  of  another iodine ratioisotope (e .g . ,  1251) prior t o  sepa- 
ration and then measuring the recovery of t h a t  isotope a f t e r  separation. 
T h u s ,  the activation analysis procedure can measure b o t h  the 
r a t i o  and the total  amount of each of the iodine isotopes separated. As 
l i t t l e  as 4 x pCi of 12'1 can be measured by neutron activation 
analysis. 

1291.1 271 

1291 Direct counting methods such as l iquid sc in t i l l a t i on  counting for  
are  n o t  applicable t o  most environmental samples due t o  the i r  limited sensi- 
t i v i ty  of a b o u t  10 p C i .  
radioactive spikes for yield measurements, the need t o  measure 1271 sepa- 
rately when '*'I i s  counted, and the interference o f  radioactive impurities 
remaining i n  the separated iodine fraction which can resu l t  in a high e s t i -  
mate of 129r  content. 

Other limitations include the inabi l i ty  t o  use 

The steps used by our laboratory for  processing solid environmental 
f i e ld  samples are based on the activation procedure developed by Studier 
e t  a l .  ( 2 )  These steps a re  l i s t ed  below: 

1 .  Total sample weight i s  determined. 

2. An a l iquot  o f  the sample t o  be used for  analysis i s  freeze-dried. 
The weight loss i s  measured. 

3 .  The gamma radioactive radionuclide content of the sample i s  measured 
by gamma-ray spectrometry. 

A known amount o f  lZ5I spike i s  added t o  the sample and iodine i s  
separated from the sample by combustion in oxygen and trapping of 
the iodine on activated charcoal. 

(9-1 5) 

4. 

(2 ,191 

5. The separated iodine i s  irradiated with an iodine comparator 
standard fo r  8 t o  24 hours in  a nuclear reactor. 

6. The i r r a d i a t e d  iodine sample i s  purified by d i s t i l l a t i o n  and sol-  
vent extraction techniques, ( 2 9 1  9)  
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7. The purified irradiated iodine fractions from the sample and 
comarator standard are counted by low-level gamma-ray 
spectrometry. (9,16,17) 

8. Computer programs are used t o  process c o u n t i n g  d a t a ,  calculate 
I2’I and lZ7I estimates, and tabulate resul ts .  

Liquid samples, such as  water and milk, are  normally spiked with 

( 1 2 , W  

1 251 

and processed by adsorption of the ionic iodine on a Dowex-1 ion exchange 
resin column. 
resin as outlined above in Step 4. 

The iodine i s  removed from the resin by combustion of the 

Solid samples or resin beds are ignited in a qua r t z  combustion appara- 
tus a t  high temperatures ( u p  t o  1000°C) in a stream of oxygen t o  f ree  the 
iodine. The iodine i s  collected on a small bed of activated charcoal using 
a procedure developed by H. Tenny. (l’) Combustion of the charcoal t r a p  in 
oxygen a n d  t r a p p i n g  of the iodine on activated charcoal gives further puri- 
f icat ion o f  the iodine. 
i n  a vacuum system and i s  trapped in a q u a r t z  tube a t  liquid nitrogen tem- 
perature. 

Iodine i s  then removed from the charcoal by heating 

The tube i s  sealed to  make a quar tz  i r radiat ion ampoule. 

Quar t z  ampoules containing iodine separated from the samples are 
irradiated for  eight t o  twenty-four hours. 
the Hanford N-reactor or a t  the Washington State University (WSU) Tr iga  
reactor. 
diated with each s e t  of samples. 

Irradiations are  performed a t  

Comparator standards containing l Z 5 I ,  l Z 7 I ,  a n d  12’1 are i r ra -  

The neutron capture reactions used in iodine activation analysis are:  

Interfering reactions include: 
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1311 B-,y 13lXe 
8 day (6)  2 3 5 ~  (r) ,  f i s s ion)  

Following i r radiat ion,  iodine i s  fur ther  purified by d i s t i l l a t i on  and 

I t  i s  then  precipitated as AgI and mounted on t h i n  p las t ic  

The l Z 6 I ,  1281 and 1301 ac t iv i t i e s  produced i n  samples and i n  compara- 

Well-type 

solvent extraction according t o  procedures similar t o  those given i n  Refer- 
ence ( 2 ) .  
s c in t i l l a to r s  f o r  c o u n t i n g .  

tor standards duri ng i rradi ation are measured by gamma-ray spectrometry 
u s i n g  several spectra over time t o  obtain ha l f - l i fe  information.  
NaI ( T l )  detector systems are  generally used for the measurements. The 
sum peaks a t  1 . 9  MeV and 2.3 MeV are used to  estimate 1301 act ivi ty  and t o  
discriminate against i nterferences. 
gamma coincidence spectrometry techniques described previously (7,9,16,17,18) 
are used when required t o  measure very small amounts of 301. Measurements 
are  corrected fo r  interfering ac t iv i t i e s  produced by reactions (6)  and (7). 
The post-irradiation purification a l s o  limits interference from reaction ( 7 ) .  
Interference from reaction ( 4 )  i s  minimized by using small levels o f  

such that  reaction ( 2 )  predominates. 

1 3oI 

The low-1 eve1 , beta-gated , mu1 t i  pl e- 

1 251 

Reaction (5)  l imits the increase in sens i t iv i ty  t h a t  can be obtained 
by increasing the exposure time and neutron f l u x .  
dit ions are  selected based on the expected natural iodine content o f  given 
sample types to  l imit  the correction required due t o  reaction (5 )  t o  less  
t h a n  10 percent. 

Neutron exposure con- 
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Low-level lZ5I measurements required for  estimation of chemical yield,  
which i s  needed to  measure the amount of  the '*'I and '''1 in irradiated 
comparator standards, are performed w i t h  a special gamma-X-ray coincidence 
sys tern. (9) 

The 1291:1271 r a t io  in the comparator standard has been calibrated by 
activation analysis re la t ive t o  a mixed 1291:'271 standard prepared by 
M. H. Studier who diluted a known amount of '''1 (analyzed by mass spectrom- 
e t ry)  w i t h  a known amount of natural iodine. ('O) 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. 
standard has recently been announced by the National Bureau of Standards 
and will  be used t o  check o u r  calibrations.  
techniques for checking o u r  standard C a l i  b r a t i o n s  are also being developed. 

Components i n  the time-dependent gamma-ray spectra of a sample are 
calculated u s i n g  a weighted least-squares method. ( 8, 

grams outlined i n  Reference ( 1 2 )  are used for calculation o f  analytical 
resul ts  from the sample a n d  s t a n d a r d  act ivi ty  ra t ios  and fo r  preparation 
of f inal  data tabulations. Corrections are made for interferences,  chemical 
y ie ld ,  labora tory  blanks, a n d  sampling blanks, where applicable. 
resul ts  obtained are the 1271 and 12'1 concentrations per u n i t  amount of 
sample and the 1291:1271 r a t i o .  Ratios t o  other f iss ion and activation 
products can be calculated from gamma-ray spectrometric measurements on 
the sample. 

1 2g1 A 

Sensitive mass spectrometric 

Data hand1 i ng pro- 

T h e  

Several precautions should be noted in interpretation of the analysis 
of some sample types. 
l iquid samples, only ionic iodine i s  separated. 
n o t  be completely separated from the sample. 
sampling. 
pletely trap a l l  forms of atmospheric iodine. 

When i o n  exchange i s  used t o  separate iodine from 
Organic bound iodine may 

No a i r  sampler has been developed which has been shown t o  com- 
The same i s  t rue for a i r  

The elapsed time required fo r  analyses and  the man-hours required for 
analyses depend on sample characterist ics.  Operational and computing 
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economics f avor  large batch operations and also extend the time required 
for  analyses. 
l i s t ed  below: 

Elapsed time required for the various analysis steps are 

Elapsed Time 
Opera t i on Days 

Freeze drying of sample 
Isolation of iodine 1-7 

0-1 4 

Activation in nuclear reactor 
( i  ncl udi ng transportation) 

Pos t - i  r rad i  a t i  on chemi s t r y  
Counting and calculating 

1-7 

1 
14-1 80 

Additional time i s  required between some steps to  accumulate suff ic ient  
batch s izes  for economical operation. The long counting times resu l t  from 
the need t o  check the lZ6I  13-day and 12% 60-day half-l ives.  
this  varies w i t h  t h e  natural iodine levels of the samples and  the chemical 
yield.  Results can generally be calculated within two t o  four weeks of the 
reactor i r radiat ion depending on the computer processing schedule. 
economical operation requires three t o  fou r  months elapsed time from sample 
receipt to  resul ts  i f  samples are received in suff ic ient ly  small numbers 
t h a t  a l l  analyses can be in i t ia ted  immediately. 
rapid as one or two weeks for  a small number of samples (3-4) are possible, 
b u t  n o t  economical. 

The need for  

The most 

Elapsed analysis times as 
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RESULTS AND DISCUSSION 

The results presented in the following tables were calculated on the 
basis o f  the counting completed a t  the time th is  report was prepared. The 
numbers presented are n o t  expected t o  be changed s ignif icant ly  w i t h  future 

t o  have n o t  been suff ic ient ly  processed counting. However, some samples 
permit calculations of meaningfu 
a t  a l a t e r  date. 

Ar id  Steppe Sites 

numbers and  resul ts  will be availab e 

Of the samples taken from arid s i t e s ,  only the ones from the Hanford 
Reservation have had analyses completed. The resul ts  from the l i t t e r  and 
so i l  samples are presented i n  Table 9. 

As shown i n  Table 9 ,  the greatest  concentrations of  '''1 were mea- 
sured i n  the herb- l i t t e r  layer and i n  the surface 2.5 cm of  s o i l .  

2 largest  quantit ies of '*'I per m were accumulated i n  the upper 2.5 cm of 
soi l  t h a t  contained a large amount of old organic  matter. Penetration of 
'''1 i n t o  the soi l  profile appeared to be limited. 
sured a t  the 60 cm depth was approximately l percent of t h a t  measured in 
the surface s o i l .  

The 

The concentration mea- 

This gradient of concentration w i t h  so i l  depth can be contrasted 
w i t h  the gradient fo r  l Z 7 I ,  which presumably has been i n  the soil  prof i le  
for a very long time. The lZ7I  concentration a t  the 60 cm depth was approxi -  
mately twice t h a t  i n  the surface soil  a t  the lower elevation (Figure 4A) 
and approximately three-fold greater a t  the upper elevation (Figure 4B). 
However, for  practical purposes, the stable iodine can be considered t o  be 
distributed t h r o u g h o u t  the upper 60 cm of so i l .  I t  has been leached down- 
ward in the prof i le  t o  only a moderate degree w i t h  the annual  rain water 
penetrations of th i s  a r i d  area. 

The total  sum of '*'I (calculated from these resul ts  and from b u l k  
2 density estimates) in the upper 60 cm o f  the prof i le  was about 89 pCi/m 

2 and 50 pCi/m a t  the lower and upper f ie lds  respectively. 
has 45 percent more '"1. 

The lower f i e ld  
This may resul t  i n  p a r t  from i t s  closer location 
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to  the chemical separations p l a n t  b u t  may also be re  
in moisture penetration patterns a t  the two levels. 
for  s table  lZ7I  between the two s i t e s  w i t h  more 
c ia l ly  i n  the deeper soi l  layers a t  the upper s i t e .  
reason can be given for the differences i n  accumulat 

1 271 

ated to  the differences 
The opposite was found 
being present, espe- 
A t  present no good 
on o f  these two iodine 

isotopes a t  the two s i t e s .  
over a large enough area t o  prove i f  the differences measured were 
si gni f i cant. 

Also there were n o t  enough samples collected 

Values fo r  the atom ra t io  (1'gI:1271) i n  Table 9 show the distribution 
relationships to  be expected from the results discussed above for  the two 
isotopes. There was a def ini te  decrease o f  '''1 content w i t h  increasing 
soil  depth and a s l i gh t  increase of l Z 7 I  w i t h  depth so t h a t  the atom r a t io  
f e l l  from the order of a t  the surface t o  a t  the 60 cm depth. 

There appears t o  have been no r a p i d  downward movement i n  the soi l  
prof i le  of the '''1 w i t h  soil  water as m i g h t  be expected. Soils are gen- 
eral ly  considered to  be cation exchangers. 
s i t e s  would re jec t  the iodide a n i o n ,  theoretically allowing the iodine t o  
move w i t h  the soi l  water. I t  must be assumed a t  this  time w i t h  the evi- 
dence presented tha t ,  i f  '''1 i s  moving as an a n i o n ,  i t s  movement th rough  
the so i l  prof i le  i s  slowed by some soil  component, possibly o r g a n i c  matter 
or positively-charged s i t e s .  
movement of soi l  water d u r i n g  the wet and dry seasons of t h i s  arid region 
give iodine movements which are  n o t  readily elucidated. 

The negatively-charged exchange 

Possibly the e r r a t i c  upward and downward 

I t  can be postulated t h a t  over a very long period of time, i f  no more 
12'1 i s  added t o  the system, the '''1 now i n  the soil  will d is t r ibute  
i t s e l f  t h r o u g h o u t  the upper zones of the soil prof i le  in a similar way t o  
t h a t  shown for  lZ71 i n  the table. 
depth i s  n o t  unlike that  for  cations such as calcium t h a t  accumulate near 
the depth of the annual soil  moisture penetration. 

The accumulation of l Z 7 I  a t  the 60 cm 

The aquatic samples (Table 10) were taken to  ac t  as a guide for more 
extensive sampJing t o  be done a t  the end of the growing season (September 
1973). As was expected, Gable Mountain Pond sediment and b i o t a  showed 
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TABLE 10. 

Sample 

Sediment 

Watercress 

Ca t t a i  1 s 
* -  

, 

Sediment 

C a t t a i  1 s 

Myriophyll urn 

Go1 d f i s h  ' ' thyro i  ds" 

SUMMARY OF lZ91 A N D  lZ71 I N  AQUATIC SAMPLES 
OF THE HANFORD RESERVATION, 1973 

Atom Ratio 
1291 : 1271 p c i  lZ91 Per q n q  lZ71 Per q 

7.1 

2.8 

4.2 

5 . 3  

2.1 

3.4 

1 .2  

Rat t lesnake  S p r i n q s  

1 0 - ~ ( 1 ) *  9.9' 1 0 - ~ ( 1 ) *  7.9 103(1)* 

1 0 - ~ ( 1 )  2 .8  1 0 - ~ ( 1 )  5.7 103(1) 

1 0 - ~ ( 1 )  3.6 1 0 - ~ ( 1 )  4.8 x 1 0 2 ( 1 )  

Gable Mountain Pond 

1 0 - ~ ( 1 )  1 . 2  x l o - 2 ( l )  1 . 3  x 102(1)  

1 0 - ~ ( 1 )  3.0 x lO"(1) 8 .2  x 10 ( 1 )  

1 0 - ~ ( 1 )  1 . 7  ( 1 )  2.8 103(1)  

x l o -2 (1 )  8 . 3  ( 1 )  4.0 103(1)  

* Numbers i n  b racke ts  r e f e r  t o  the number of r e p l i c a t e s .  
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higher levels of '"I t h a n  d i d  Rattlesnake Springs materials. 
which had been chosen as a plant l ikely t o  be available a t  a l l  collection 
s i t e s  so t h a t  comparative information could be obtained, unfortunately 
does not appear to be a good indicator species for  iodine. 
Mountain Pond samples, there appears t o  be an accumulation o f  lZ7I  from 
the sediment t o  Myriophyllum and from the M r i o  h llum t o  the gold f ish 
"thyroids." Curiously enough, the accumulat~on -1 o f  appears to  be even 
greater and consequently the atom r a t i o ,  1291:1271, increases up  the food 
chain. Of course, these samples are unreplicated and were taken t o  do no 
more t h a n  indicate the sampling design which should be used for the next 
study. Obviously more d a t a  are needed before any conclusions can be 

Cat ta i ls ,  

In the Gable 

drawn. 

Deci duous Forest S i  tes  

Data from the collections made a t  Morris, I l l i n o i s ,  are given i n  
Table 1 1 .  
oak-maple-beech forest  was sampled a t  Pilcher Park, a b o u t  24 km away from 
the MFRP s i t e .  
Park and those obtained from near the Dresden reactors (oak-hickory fores t  
and grassy pasture) are s l igh t  and probably are n o t  significant.  
example, a t  a l l  s i t e s  there was of the order of 
of soil  and atom rat ios  were of the order of t o  10- 

As expected, '''1 was detectable w i t h  the methods used. The 

Any differences between the values obtained a t  Pilcher 

For 
pCi '''1 per gram 

9 (12gI.1271) 

I n  a l l  collections there i s  a marked decrease i n  '''1 concentrations 
w i t h  depth. Generally, t h i s  decrease i s  one order of magnitude for every 
15 cm of depth. 
the young leaves i n  the understory trees had higher 1291:1271 rat ios  t h a n  
occurred i n  the so i l .  This i s  i n  p a r t  caused by the f ac t  t h a t  these leaves 
have lower lZ7I  contents t h a n  other materials ( for  example, the herb- l i t t e r  
layer).  However, the reason for  this  apparent "enrichment" i n  for 
understory leaves i s  n o t  a t  a l l  clear on the basis o f  presently available 
data. 

One curious fac t  emerges. I n  b o t h  forest  collections,  

Values fo r  the area around the Nuclear Fuels Service p l a n t  a t  West 
Valley, New York, are presented i n  Table 12 .  Three forest  habitats 
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TABLE 11 .  SUMMARY OF lZ91 A N D  1 2 7 ~  I N  VEGETATION AND SOILS 
I N  THE ENVIRONS OF THE MIDWEST FUEL RECOVERY PLANT 
AT MORRIS, ILLINOIS, 1973 

Sample 

L i t t e r - h e r b  l a y e r  
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 
Understory map1 e 

leaves 
Moss mat. 

L i t t e r - h e r b  layor  
Surface 2.5 cm 

l a y e r  of s o i l  
2 .5  cm l ayer  of 

s o i l  a t  15 cm 
2.5 cm layer  o f  

s o i l  a t  30 crn 
Understory 

1 eaves 

Li 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  o f  

s o i l  a t  15 cm 

p c i  1 2 9 ~  Atom Ratio -- 1291 : 1271 Per q Per m2 

Oak-Kaple-Beech Forest  

1 . 5  x 10-8(2) 4.2 x 10-6(2) 2.8 x lOm3(2) 

1 .9  x lO-’(Z) 6 .5  x :0’6(2) 6.C x lO“(2) 

1.3 x lO-”( l )  8 .3  x 10-7(1)  1 . 5  x 10-’(1) 

7.1 x 10-8(1) 2.2 x :0-6(1)  ---_ 
7.9 x 10-8(1)  1 . 2  x 10-5(1) 3 .9  x 10-3(1) 

Oak-Hickory Forest  (Figure 5C)- 

9.7 I O - ~ ( Z )  8 .4  I O - ~ ~ )  6 .9  10-3(2)  

2.8 1 0 - ~ ( 1 )  8 .1  1 0 - ~ ( 1 )  1 .4  I O - ~ ( I )  

3.7 1o- l0(1)  8.5 I O - ~ ( I )  3 . 3  1 0 - ~ ( 1 )  

3.7 1 0 - ~ ( 1 )  2.6 I O - ~ ( ~ )  ---- 

1 . 2  x 10-8(2) 4 .2  x 10-6(2) 5.0 x 10-‘(2) 

Grassy Pss ture  (F iavre  5 A L  

2.5 x 10-8(2) 3.2 x 10-6(2)  2 . 3  x 10-3(Z) 

3.6 1 0 - ~ ( 2 )  4.6 I O - ~ ( Z )  5 . 9  I O - ~ ( Z )  

~ 4 . 0  x 10-”(2) 4 . 2  x 10-7(Z) ~ 2 . 6  x lO”(2) 

nq 127* 

Per q Per m 2  

1 . 7  x 102(1)  ---- 
8.6 x 102(1)  2.8 x lO5( l )  

4 . 9  i o 2 ( z )  4.1 105(2)  

2 . 0  io3(2)  2.4 107(2)  

1 .6  103(1) 2.8 107(1)  

1 . 3  103(1)  5.0 107(1)  

3 .9  x 10 ( 1 )  ---- 

7.2 x 102(2)  4 .8  x 105(Z) 

7 . 2  103(2) 9.1 107(2)  

4 .4  103(2) 1 .5  io8(z)  

I O 8 2 8 3 8  
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TABLE 12. SUMMARY OF 12'1 and 1271 I N  VEGETATION AND S O I L  I N  THE 
ENVIRONS OF THE NUCLEAR FUEL SERVICE PLANT, WEST VALLEY, 
NEW YORK, 1973 

Sample 

Li t te r -herb  layer  
Surface 2.5 cm 

l ayer  of s o i l  
2.5 cm l ayer  of 

s o i l  a t  15 cm 
Earthwonns i n  

upper 15 cm of  
soi  1 

Viburnum 
leaves 

Apple leaves 

! 
Li t te r -herb  l a y e r  
Surface 2.5 cm 

layer  of s o i l  
2.5 cm l ayer  of 

s o i l  a t  15 cm 
2.5 cm layer  of 

s o i l  a t  30 cm 

L i t t e r - h e t b  layer  
Surface 2 . 5  cm 

layer  of s o i l  
2.5  cm layer  o f  

s o i l  a t  15 cm 
Hem1 ock twigs 

L i  t t e r -  herb layer  
Surface 2 . 5  cm 

l ayer  of s o i l  
2.5 cm l a y e r  of 

s o i l  a t  15 cm 

upnum 

Honey 

Kaplc syrup 

(i?FJre 6A) 

Atom Ratio p~~ lz91 ng l271 
1291 : 1271 Per q Per  m2 Per  q Per m2 

Beech-Cottonwood Forest (F iaure  6FL 

3.6 1 0 - ~ ( 2 )  7.6 I O - ~ ( Z )  4.7 I O  ( 2 )  

6.0 1 0 - ~ ( 2 )  1 .2  1 0 - ~ ( 2 )  2.8 i o  (2) 

1.8 x 10-5(Z) 6.6 x lO"(2) 5.5 x 102(2) 

Beech-Kaple Forest (Fiaure 6C) 

1 . 2  10-3(2) 2.3 x i 0 - 1 ( ~ )  1 . 2  x 1'02(z) 

1 . 4  1 0 - ~ ( 2 )  8.8 1 0 - ~ ( 2 )  1.8 10 ( 2 )  

2.6 I O - ~ ( ~ )  2 . 9  I O - ~ ( ~ )  ---- 

6.8 x 10-5(Z) 5.9 x 10-'(2) 8.0 x 102(2) 

Hemlock Forest (Fiqure 6 D l  

3.8  x 10-3(1) 4.8 x l O - l ( l )  4.0 x 102(1) 

3 .8  1 0 - ~ ( 1 )  3 .2  i o - l ( l )  1 .3  103(1) 

2 . 9  I O - ~ ( ~ )  2.1 1 0 - ~ ( 1 )  ---- 
2.9 1 0 - ~ ( 1 )  2 .4  I O - ~ ( ~ )  ---- 

Grassy Pasture (Fiqure 691 

7.@ x 10-3(Z) !.6 x 10 ( 2 )  

5.6 1 0 - ~ ( 2 )  1.9 102(z) 

4.1 1 0 - ~ ( 1 )  ---- 

5.3 x 10-'(1) _-__ 

1.4 103(2) 

2.1 104(2) 

1.4 104(2)  

1.9 104(1) 

1.2 x 102(1) 

1 . 2  103(2) 

5.9 103(2) 

1.1 104(2) 

6.2 1 0 ~ 0 )  

6.9 x 102(1) 

4.7 103(1) 

4.2 103(1) 

9.6 x 10 (1 )  

4.6 x 10' 

6.7 x 102(2) 

4 .4  103(21 

4.9 103(1) 

1 .2  103(1) 
---- 

1.1 x l o  (1) 

4.0 lo3  

3 5.6 x 10 
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(beech-cottonwood, beech-maple, and hem1 ock) were sampled and one meadow 
s i t e  was studied. 
ure 6. Notice t h a t  n o t  a l l  s i t e s  are the same distance from the stack, 
Consequently the numbers in the table may i n  p a r t  r e f l ec t  differences i n  
aerial  distribution of stack effluent.  

The locations of these s i t e s  are designated i n  Fig- 

Meadow vegetation had lower '"I concentrations than forest  vegetations 
expressed as pCi/gram or as  pCi/m2; the same i s  true for  the surface layers 
of soil  in the two locations. 
the surface layer as has also been shown i n  the previous tables. 

Deeper layers of soil  had less "'I t h a n  

The d a t a  suggest t h a t  '*'I i s  "trapped" by foliage. I t  reaches the 
forest  f l o o r  v i a  f a l l i n g  leaves and i s  retained i n  the surface soi l  for a 
time before moving downward, possibly t h r o u g h  leaching, t h r o u g h  transloca- 
t i o n  w i t h i n  root systems, or b o t h .  
were associated w i t h  the hemlock forest .  Hemlock, Tsuga canadensis, i s  a n  
evergreen, needle-leaved t ree  as t a l l  as the surrounding trees i n  the 
deciduous forest .  
year or more. 
great deal of  surface area per gram of  leaf weight. 
t o  the deciduous t ree  leaves w h i c h  are broad and f l a t  and pers is t  for 
only a few months each year (May-October). 
are  resinous and probably  more resis tant  t o  microbial decay t h a n  the 
leaves of deciduous trees and shrubs. The soi l  beneath these hemlock trees 
was acidic h a v i n g  a pH of 4.0 i n  the surface 10 cm. 

1291 The highest concentrations of 

Leaves of hemlock remain attached to  the i r  twigs fo r  a 
Leaves are numerous and small i n  s ize  and thus present a 

This i s  i n  contrast 

The leaves of hemlock trees 

The meadow had less '*'I associated w i t h  the vegetation and so i l  t h a n  
the forested s i t e s .  
t h a n  fores t  stands because of differences i n  s ta ture .  
t h a t  more leafy material i s  contributed t o  the soil  surface by forests  t h a n  
by grass swards. 
be more e f f ic ien t  a t  sorbing airborne materials t h a n  adjacent grassy swards. 
The agricultural  history of  the grassy pasture i s  n o t  known w i t h  cer ta inty,  
b u t  the grass was probably planted before the NFS plant became operational. 

A grassy sward i s  exposed t o  a smaller volume o f  a i r  
I t  i s  also l ikely 

Thus i t  i s  reasonable t o  expect t h a t  forest  stands would 
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The sampling was done on the highway right-of-way where the pasture has 
probably n o t  had a g r a z i n g  history and has n o t  been c u t  for hay. 
e s t  s i t e s  have probably changed l i t t l e  since the NFS plant was constructed. 

The for- 

The newly-emerged leaves and twigs of  Viburnum and apple, understory 
shrubs i n  the area, had 12’1 concentrations lower t h a n  those i n  the leaf 
l i t t e r  collected from the forest  f loor ,  b u t  1291:1271 rat ios  t h a t  were 
greater t h a n  those in the leaf l i t t e r .  
12’1 i n  these young leaves represents material sorbed from the a i r ,  
remobilized from the t ree ,  or taken u p  from the soi l  v i a  the roots. 
ever, the same trend was noted i n  the samples taken a t  Morris, I l l ino is .  
Only further research will c lar i fy  this  matter. 

I t  i s  n o t  yet  clear whether the 

How- 
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CONCLUDING DISCUSSION 

This research program was in i t ia ted  a t  l eas t  in p a r t  as the resu l t  of 

We have given some t h o u g h t  t o  try- 
unexpectedly high levels of 12'1 being found in deer thyroids in the 
environs of the NFS plant i n  New York. 
ing to  explain how deer might have gotten h i g h  levels of ' 2 9 ~ .  

aside the obvious explanations of experimental errors and of the fac t  t h a t  
some deer may have browsed or d r u n k  from "forbidden" areas,  we have t r ied 
to  find other a l ternat ive explanations. F i r s t  of a l l ,  i t  i s  c lear  that  
iodine appears t o  be more persistent i n  the environment than many of us 
previously t h o u g h t .  The l i t t e r  in these samples has been leached by rains 
a n d  snowmelt in an unusually wet year ( for  the New York and I l l ino is  sam- 
ples) and yet  the 12'1 and lZ7I  b o t h  remain there in s ignif icant  quantity. 
This persistence can help t o  explain the high levels in deer thyroids. 
Furthermore, we considered the odd kinds o f  vegetation which might be a 
p a r t  o f  the deer d i e t ,  especially in the early spring before much plant 
material has grown. I t  occurred t o  us tha t  young t ree  leaves and buds, 
lichens and mosses on t ree  trunks and rocks, and even watercress in 
streams m i g h t  be appealing when other food was n o t  available.  
considered sampling conifer nuts (such as pine nuts) since persistent 
evergreen leaves may accumulate h i g h  levels of stack effluents.  From 
the resul ts  presented here, i t  appears tha t  persistent vegetation (Physcia 
and Platygyrum samples and hemlock twigs in Table 1 2 )  may have higher 
12'1 levels t h a n  surrounding deciduous leaves and a lso tha t  emerging 
leaves in the s p r i n g  may have unusually h i g h  1291:1271 ra t ios .  
n o t  yet  collected samples of evergreen nuts and f r u i t s .  
tha t  the forested,  multistoried areas where deer often browse may have 
more 12'1 t h a n  will be found in an open cow pasture. 
some thought t o  the NFS s i t e  from a geological or geographical point of 
view. The stack i s  in a valley. 
be washed from higher areas in the valley t o  lower places and eventually 
i t  might be accumulated in the waters of Buttermilk Creek which dra ins  
the valley. 

Leavi ng 

We also 

We have 
We also believe 

We have also given 

Iodine trapped by surrounding trees may 

Since th i s  stream i s  also used t o  dispose of liquid eff luents ,  

I 
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i t  could be tha t  the gaseous iodine effluents and the liquid iodine eff lu-  
ents are both  end ing  u p  in Buttermilk Creek t o  some extent. 
c l a r i fy  th i s  point by determining the '''1 levels in samples of sess i le  biota 
collected upstream of the p l a n t .  We also have given some consideration t o t h e  
f ac t  tha t ,  i n  a humid area,  iodine would tend t o  be dropped nearer t o  the 
stack than i t  would (on the average) in  an arid area. 
t ive  decrease i n  plume dispersion in a humid climate, then release c r i t e r i a  
developed over the years in an arid zone cannot necessarily be applied 
w i t h o u t  careful reconsideration to  releases i n  a humid climate. We real ize  
tha t  we have not answered the question o f  why deer thyroids showed h i g h  

We hope soon t o  

If there i s  a re la-  

levels of "'1 in previous years, b u t  we have presented some ideas and 
some data giving possible explanations. 
soon to  help c l a r i fy  some of these points fur ther .  
curious t o  obtain some a i r  samples. We i n i t i a l l y  f e l t  that  we did n o t  
need t o  take a i r  samples since the plant has not been i n  operation for  
over two years and no gaseous effluents were being emitted. However, 
some of our resu l t s  could be explained i f  the iodine i n  the a i r  has a 
high 1291:1271 r a t io .  Only further sampling will c la r i fy  this point. 

Other samples will be collected 
We are especially 

We would l i ke  t o  turn next to  the question of whether the present 
levels of  "'I i n  the environment warrant concern w i t h  regard t o  the 
dose information developed i n  the f i r s t  section of t h i s  report. 

The d a t a  collected to  date do n o t  permit d i rec t  calculation of 
human thyroid doses. 
a i r ,  water. animal feed croDs or human foods have n o t  yet  been collected. 

Samples of items related t o  human exposure such as 

However, data reported here for  atom ra t ios  (1'gI:1271) i n  the Hanford 
samples are the same order of magnitude as those previously reported by 

Brauer, e t  a l .  In t h a t  study the highest 1291:1271 ra t ios  found i n  
items related t o  d i rec t  human intake were 5 x in a i r ;  1 x i n  
Columbia River water; and 6.7 x 
tion of radioiodine i s  insignificant compared to  the dose v ia  ingestion, 
a typical l i m i t i n g  r a t i o  i n  the thyroid can be taken to  be 1 x 
of l2.'I per atom o f  1271 for  Brauer's data. 

i n  milk. Since the dose via inhala- 

atoms 
From the parameters l i s ted  
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i n  Table 7 ,  i t  can be seen t h a t  such a r a t io  implies a dose of about 
5 mrem/yr t o  the adult thyroid and 1 mrem/yr t o  the infant. 

However, i f  actual 12’1 ac t iv i t i e s  in the samples reported by Brauer 
rather t h a n  atom ratios are  used to  calculate the doses, resul ts  a re  sig- 
nif icant ly  lower. For example, the thyroid dose t o  an adul t  with maximized 
dietary habits was ~ 0 . 4  mremlyr, while the dose to  a more typical adult was 
about one-third of that .  The doses t o  the maximum and average infants were 
estimated t o  be 0.3 and 0.1 rnremlyr, respectively. 

C. 

I 

ana 

Pea 

The highest atom ra t ios  found in the vicini ty  of the NFS 
plant in the current study are  also similar t o  those previously 
reported ( 2 7 y 3 1 )  for  t h a t  s i t e ,  although the types of samples collected 
were different  in the two studies.  
collected from the l i t t e r -herb  layer a t  Hanford and a t  the grassy pasture 
s i t e  a t  NFS had similar atom ra t ios ,  ( 3  t o  5 )  x 

An unexpected finding was t h a t  samples 

Milk samples from the vicinity o f  the NFS plant have been collected and 
lyzed by New York State personnel since September 1971. ( 2 2 )  Although a 
k concentration of a b o u t  2 pCi 12’1 per l i t e r  of milk was detected in 

March 1972, concentrations f e l l  to  less than 0.3 pCi/ l i ter  in May 1972 and 
t o  less t h a n  0.01 pCi/l i ter  in March 1973. Again, these values are  not sig- 
nif icant ly  higher t h a n  those reported for  two samples collected in the 
vicini ty  of Hanford (‘l) (0.02 in 1967 and 0.08 in 1 9 7 1 ) ,  considering the 
f ac t  that  the vast majority of the resul ts  of the NFS samples were below 
the detection l imit  ( typical ly  0.3 t o  0.5 pCi/l i ter  milk). 
one would not expect the average thyroid doses for  the past year a t  the 
NFS s i t e  t o  be significantly different  than those estimated above for  the 
Hanford s i t e .  

On t h i s  basis 

The atom ra t io  in the l i t t e r -herb  layer collected from the grassy 
pasture in the environs of the MFRP a t  Morris, I l l i no i s ,  was about 0.1% 
of those measured a t  the Hanford and NFS s i t e s  so t h a t  thyroid doses t o  
residents around Morris, I l l i n o i s ,  would be expected t o  be a b o u t  0.1% of 
those given above for the other two s i t e s .  
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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  standard o f  1500 mrem/yr t o  t h e  t h y r o i d  o r  i n  comparison 

t o  t h e  annual dose o f  about 100 mrem f rom n a t u r a l  background r a d i a t i o n .  

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

..7. 

8. 

9. 

10. 

11. 

1 2gI Purkazastha, B. C.  and G. R. Mar t in .  1956. The y i e l d s  o f  
i n  n a t u r a l  and i n  neutron-induced f i s s i o n  of uranium. Can. J .  Chem. 
34: 293. 

S tud ie r ,  M. t!., C. Postmus, 3. Mech, R. R .  Walters and E. N. S lo th .  
1962. 
a long w i t h  normal 1271 by neutron a c t i v a t i o n  - The i s o l a t i o n  o f  
i o d i n e  from a v a r i e t y  o f  ma te r ia l s .  J .  Inorg .  Nucl. Chem. 24: 755. 

Edwards, R. R. 1962. Iodine-129: I t s  occurrence i n  na tu re  and i t s  
u t i l i t y  as a t r a c e r .  Science 137: 851. 

Keisch, B., R .  C. Koc A. L. Levine. 1965. Determinat ion  of 

The use o f  1291 as an i s o t o p i c  t r a c e r  and i t s  de te rm ina t ion  

b i o s p h e r i c  l e v e l s  o f  !29 I by neut ron  - a c t i v a t i o n  ana lys i s .  
Modern Trends i n  A c t i v a t i o n -  Ana lys is ,  Texas A & M U n i v e r s i t y ,  Col lege 
S t a t i o n ,  Texas, p. 284. 

McHugh, J. A. and J .  C. S h e f f i e l d .  1965. Mass a n a l y s i s  of subnanogram 
q u a n t i t i e s  of i od ine .  A n a l y t i c a l  Chemistry 37: 1099. 

Magno, P. J . ,  T. C. Reavey, J .  C.  Ap id ianak ic .  1972. Iodine-129 
i n  t h e  Environment Around a Nuclear Fuel Reprocessing P l a n t .  ORP/ 
S I P  72-5. 

Brauer, F. P. and H. G. Rieck, J r .  1973. 12% 6oC0, and.lo6Ru 
Measurements on Water Samples f rom t h e  Hanford P r o j e c t  t n v l r o n s ,  
BNWL-SA-4478. 

Boulos, M. S., V .  J .  Becker and 0. K. Manuel. 1973. Iodine-129 
i n  t h y r o i d  glands. Hea l th  Phys. 24: 375. 

Brauer, F. P., J .  H. Kaye and R. E. Connally. 1970. X-ray and B-y 
co inc idence spectrometry a p p l i e d  t o  radiochemical  a n a l y s i s  of 
environmental  samples. Radionucl ides i n  t h e  Environment, American 
Chemical Soc ie ty ,  Washington, D.C. 231p. 

Connally, R. E., W. A. M i t z l a f f  and F. P. Brauer. 1970. Four 
i n p u t  mu1 t i p l e x e r  f o r  two-dimensional gamna-ray spectrometry.  
I E E E  Trans. Nucl . Sci., NS-17: 440. 

Fager, J .  E. and J .  H. Kaye. 1970. P r e l i m i n a r y  p rocess ing  o f  m u l t i -  
p l  exed two-parameter gamma-spectrometer data. 
45 (Sp r ing ) .  

DECUS Proceedings, 

66 



12 ,  

13.  

14 .  

15.  

16. 

17. 

18.  

19.  

20. 

21. 

22 ' 

Brauer, F .  P.  and J .  E. Schlosser .  
S stems. BNML-SA-1976 (1968) .  and Modern Trends i n  Ac t iva t ion  
h s ,  National Bureau of Standards ,  Washington D.C., 1102. (1969).  

1968. Spec t r a l  Data Handling 

b y e ,  J .  H . ,  F .  P .  Brauer ,  R .  E. Connally and H. G .  Rieck, J r .  
Background reduct ion  obta ined  w i t h  gamma d e t e c t o r s  by use of massive 
cosmic-ray s h i e l d i n g .  

1972. 

Nucl. I n s t r .  Methods 100: 333. 

Brauer,  F .  P . ,  J .  H .  Kaye, J .  E .  Fager,  W. A. M i t z l a f f  and H .  G. Rieck, 
J r .  1972. A dual Ge (Li ) -dua l  NaI ( T l )  gamma-ray spec t rometer .  
Nucl . I n s t .  Methods 102: 223. 

Brauer,  F. P . ,  J .  E .  Fager ,  W .  A. M i t z l a f f .  
l a r g e  Ge(Li)  d e t e c t o r  f o r  low-level r ad ionuc l ide  a n a l y s i s .  
Nucl. S c i . ,  NS-20, 57. 

1973. Evaluat ion o f  a 
IEEE Trans.  

Brauer ,  F. P.  and R .  E .  Connally.  1973. Low-level Gamma-spectrometry 
Using Beta-gamma Coincidence. HW-SA-2932. 

Brauer,  F .  P . ,  R .  E.  Connally and H .  G .  Rieck, J r .  
coi nc i dence- shi e l  ded Mu 1 t i  p l  e-coi  nci dence Gama - ray  Sc i n t i  1 1 a t i  on 
Spectrometer .  BNWL-SA-3894 (1972) and ANS Trans.  15: 153. 

1972. An Ant i -  

Nicholson, W .  L . ,  3 .  E. Sch losse r ,  and F .  P .  Brauer .  
t a t i v e  a n a l y s i s  o f  sets  of multicomponent t ime dependent s p e c t r a  from 
decay of  r ad ionuc l ides .  

Tenny, H .  1966. Unpublished procedure.  

1963. The quan t i -  

Nucl. I n s t r .  Methods 25: 45. 

S t u d i e r ,  M .  H .  1957. P r i v a t e  comnunication. 

Brauer ,  F. P . ,  J .  K .  S o l d a t ,  H .  Tenny, and R .  S. S t r e b i n ,  J r .  1973. 
Natural  i od ine  and iodine-129 i n  mammalian t h y r o i d s  and environmental  
samples taken from l o c a t i o n s  i n  the United S t a t e s .  
A u g u s t ,  1973. 
S u r v e i l l a n c e  around Nuclear I n s t a l l a t i o n s  a t  Warsaw, Poland, 

BNWL-SA-4694, 
For p r e s e n t a t i o n  a t  IAEA Symposium on Environmental 

NOV. 5-9, 1973. IAEA-SM-180/34. 

Ke l l ehe r ,  W .  J .  and E .  J .  Michael. 
Radiological  P o l l u t i o n  Control , N .  Y ,  S t a t e  Department o f  Environmental 
Conservat ion,  Albany, N . Y . ,  June, 1973. 

1973. '11291 i n  M i l k , "  Bureau o f  

67 



BIBLIOGRAPHY 

1 0 8 2 8 4 1  



BIBLIOGRAPHY 

Blanchard, D. C. "Surface active organic material on airborne salt 
particles." In: Proceedings of the International Conference on 
Cloud Phvsics. American Meteorological Society. Boston, MA. 1968. 

Boulos, M. S., V. J. Becker and 0. K. Manuel. 1973. Iodine-129 
in thyroid glands. 

Brauer, F. P., J. H. Kaye and R. E. Connally. 1970. X-ray and B-y 
coincidence spectrometry applied to radiochemical analysis o f  environ- 

Health Phys. 24: 375. 

s mental samples. Radionuclides in the Environment, American Chemical 
. .  Society, Washington, D.C. 231p. 

6' Brauer, F. P., R.  E. Connally and H. G. Pieck, Jr. 1972. An Anti- 
coincidence-shielded Mu1 tiple-coincidence Gamma-ray Scintillation 
Spectrometer, BNWL-SA-3894 (1 972) and ANS Trans. 15: 153. 

Brauer, F. P., J. H. Kaye, J. E. Fager, W. A. Mitzlaff and H. G. Rieck, 
Jr. 1972. A dual Ge (Li)-dual NaI (Tl) gamma-ray spectrometer. Nucl. 
Inst. Methods 102: 223. 

Brauer, F. P. and R. E. Connally. 1973. Low-level Gamma-spectrometry 
Using Beta-qamna Coincidence. HW-SA-2932. 

Brauer, F. P., J. E. Fager, W. A. Mitzlaff. 1973. Evaluation of a 
large Ge.(Li) detector for low-level radionuclide analysis. 
Nucl . Sci. , NS-20, 57. 

IEEE Trans. 

Brauer, F. P. and H. G. Rieck, Jr. 1973. '"1, 6oCo, and lo6Ru 
Measurements on Water Samples from the Hanford Project Environs. 
BNWL-SA-4478. 

Brauer, F. P. and J. E.  Schlosser. 1968. Spectral Data Handlin 
Systems. BNWL-SA-1976 (1968). and Modern Trends in Activation fnalysis, 
National Bureau o f  Standards, Washington D. C., 1102. (1969) 

Brauer, F. P., J. K. Soldat, H. Tenny, and R. S. Strebin, Jr. 1973. Natural 
iodine and iodine-129 in mammalian thyroids and environmental samples taken 
from locations in the United States. BNWL-SA-4694, August, 1973. For pres- 
entation at IAEA Symposium on Environmental Surveillance around Nuclear 
Installations at Warsaw, Poland, Nov. 5-9, 1973. IAEA-SM-180/34. 

Bruner, H. D. 1963. Symposium on the biology of radioiodine: Statement 
of the problem. Health Phys. 9:1083. 

Bryant, P. M. 1969. Data for assessments concerning controlled and 
accidental releases of 1311 and 137Cs to atmosphere. Health Phys. 17:51. 

Bryant, P. M. 1970. Derivation of working limits for continuous release 
rates of 1291 to atmosphere. Health Phys. 19:611. 

Bustad, L. K., J. K. Soldat, and P. G. Vo,illeque. Radioiodine: 
Biomedical and Industrial Hygiene Aspects. (In press). 

1 0 8 2 3 i t 8  69 



Chi lean Iod ine  Educat ional  Bureau. 1950. 
Annotated B i  b l  iography 1825-1 951 . 
Chi lean Iod ine  Educat ional  Bureau. 1950. 
Annotated B i  b l  ioqraphy 1813-1 949. 

Chi lean Iod ine  Educat ional  Bureau. 1956. 

London. 

London. 

I o d i n e  Content o f  Foods, 

I od ine  and P l a n t  L i f e ,  

Geochemistry o f  Iodine., 
I o d i n e  i n  Rocks, Minera ls  and S o i l s ,  Annotated B ib l i og raphy  1825-1954. 
London. 

C lar idge,  G, G. C. and T. B. Campbell. 
Nature 217:428. 

Connal ly,  R. E., W. A. M i t z l a f f  and F. P. Brauer. 
mu1 t i p l e x e r  f o r  two-dimensional gamma-ray spectrometry.  
Nucl. Sci . ,  NS-17: 440. 

Cowser, K. E . ,  S. V .  Kaye, P. S. Rohwer, W. S. Snyder and E. G. Struxness. 

1968. O r i g i n  o f  n i t r a t e  depos i ts .  

1970. Four i n p u t  
I E E E  Trans. 

1967. Dose Es t imat ion  Studies Related t o  Proposed Const ruc t ion  o f  an 
A t l a n t i c - P a c i f i c  In te rocean ic  Canal w i t h  Nuclear  Explos ives:  Phase I. 
USAEC Report  ORNL-4101. Oak Ridge Nat iona l  Laboratory ,  Oak Ridge, TN. 

Dean, G. A. 1963. The i o d i n e  conten t  o f  some New Zealand d r i n k i n g  
waters w i t h  a note  on the  c o n t r i b u t i o n  f rom sea spray t o  t h e  i o d i n e  
i n  r a i n .  N.Z. 3. Science 6:208. 

Duce, R.  A., J.  T. Wasson, J .  W. Winchester and F. Burns. 1963. 
Atmospheric i od ine ,  bromine and c h l o r i n e .  J .  Geophys. Res. 68:3943. 

Duce, R. A . ,  J .  W. Winchester and T. W. VanNahl. 1965. Iod ine ,  
bromine and c h l o r i n e  i n  the  Hawaiian marine atmosphere. J .  Geophys. 
- Res. 70:1775. 

Duce, R. A , ,  A. H. Woodcock and J. L. Moyers. 1967. V a r i a t i o n  o f  
r a t i o s  w i t h  s i z e  among p a r t i c l e s  i n  t r o p i c a l  oceanic a i r .  T e l l u s  
19:369. 

Edwards, R. R. 1962. I od ine  129: I t s  occurrence i n  na tu re  and i t s  
u t i l i t y  as a t r a c e r .  

Fager, J .  E. and J .  H. Kaye. 1970. P re l im ina ry  process ing o f  m u l t i -  
p lexed two-parameter gamma-spectrometer data.  
45 (Spr ing) .  

Science 137:851. 

DECUS Proceedings, 

F l e t c h e r ,  J .  F. and W. L. Dotson (compi le rs ) .  1971. HERMES - A 
D i g i t a l  Computer Code f o r  Es t imat ing  Regional Rad io log i ca l  E f f e F t s  
f rom t h e  Nuclear Power Indus t r y .  
Hanford Engineer ing Development Laboratory ,  Richland, WA. 

USAEC Report  HEDL-TME-/1-168. 

70 



Freke, A. M. 1967. A model for the approximate calculation of safe 
rates o f  discharge of radioactive wastes into marine environments. 
Health Phys. 13:743. 

Goldschmidt, V .  M. 1954. Geochemistry (A. Muir, Ed.), Clarendon Press. 
Oxford . 
Hanson, W. C. 1963. Iodine in the environment, p. 581. In: Radio- 
ecoloqy ( V .  Schultz and A .  W .  Klement, Jr., Eds.). 
Co., New York, and Amer. Inst. Biol. Sci. Washington, D. C. 

Reinhad Publishing 

L Holland, J. Z. 1962. Physical origin and dispersion o f  radioiodine. 
Health Phys. 9:1095. 

Hull, A .  P. 1963. Vegetation retention and vegetation - milk ratios o f  
fallout 1131. Health Phys. 9:1177. 

International Commission on Radiological Protection. 1960. Report of 
Committee I1 on permissible dose of internal radiation (1959), with 
bibliography for biological , mathematical and physical data. 
Phys. 3:l. 

..4 

Health 

International Commission on Radiological Protection. 1968. Report of 
Committee IV on Evaluation of Radiation Doses to Body Tissues from 
Internal Contamination due to Occupational Exposure. ICRP Publn. 10, 
pp. 65-66. Pergamon Press, New York, NY. 

Kaye, J. H. , F. P. Brauer, R. E. Connally and H. G. Rieck, Jr. 1972. 
Background reduction obtained with gamma detectors by use o f  massive 
cosmic-ray shielding. Nucl. Instr. Methods 100: 333. 

Keisch, B. R. C. Koch, A .  1. Levine. 1965. Determination of biospheric 
levels of 1291 by neutron - activation analysis. 
Activation Analysis, Texas A & M University, College Station, Texas, 
p .  284. 

Kelleher, W. J. and E. J. Michael. 1973. "1291 in Milk," Bureau of 
Radiological Pollution Control, N. Y. State Department of Environmental 
Conservation , A1 bany, N. Y., June, 1973. 

Modern Trends in 

Kelly, F. C. and W .  W. Snedden. 1960. Prevalence and geographical 
distribution of endemic goitre, pp. 27-233. In: Endemic Goitre. 
World Health Organization. Geneva. 

Kohman, T. P. and R. R. Edwards. 1966. 1-129 as a Geochemical and 
Ecological Tracer. 
Technology, Pittsburgh, PA. 

USAEC Report NYO-3624-1, Carnegie Institute of 

Lederer, C. M., J. M. Hollander and I. Perlman. 1967. Table of 
Isotopes, 6th ed. John Wiley and Sons. New York, NY. 

71 

1 0 8 2 8 5 0  



Lengemann, F. W. and R. A. Wentworth. 
intake of radioiodine of humans consuming goats' milk. 
12: 1655. 

1966. Predicting the total 
Health Phys. 

Loevinger, R., J. G. Holt and G. J. Hine. 
istered radioisotopes, Chapt. 17. In: Radiation Dosimetry (G. J. Hine 
and G. L. Brownel 1,  eds. ) . Academicpress, New York, NY. 

1956. Internally admin- 

Magno, P. J., T. C. Reavey and J. C., Apidianakis. Iodine-129 
in the Environment Around a Nuclear Fuel Reprocessing Plant. Office 
of Radiation Programs, Environmental Protection Agency, Wash., D.C. 
20480. 

1972. 

Martens. C. S. and R. C. Harris. 1970. Mechanisms of iodine injection 
from the sea surface. In: Precipitation Scavenging, (1970), (R.-J. 
Enqelmann and W. GeorqeN. S1 i nn , coordi na tors), (CONF-700601) . NTIS, 
SpFingfield, VA. 

Marter, W. L. 1963. Radioiodine release incident at the Savannah 
River plant. Health Phys. 9:1105. 

McClendon, J. F. 1939. Iodine and the Incidence of Goiter. Univ. 
Minn. Press, Minneapolis, MN. 

McHugh, J. A .  and J. C. Sheffield. 1965. Mass analysis o f  subnanogram 
quantities o f  iodine. Analytical Chemistry 37: 1099. 

Medical Internal Radiation Dose Cornittee of the Society of Nuclear 
Medicine, J. Nucl. Med.: Supplement 1,  February, 1968; Supplement 2, 
March 1969; Supplement 3 ,  August 1969; Supplement 4, March 1970; 
Supplement 5, March 1971. 

Mellor, J. W .  1946. Comprehensive Treatise on Inorqanic and Theoretical 
Chemistry Vol. I1 P, C1, Br, I, Li, Na, K, Rb, Cs, Longmans, Green and 
C., Ltd. London. 

Miyake, Y. and S. Tsunogai. 1963. Evaporation of iodine from the ocean. 
J. Geophys. Res. 68:3989. 

Nicholson, W. L., J .  E. Schlosser and F. P. Brauer. 1963. The quanti- 
tative analysis of sets of multicomponent time dependent spectra from 
decay of radionuclides. Nucl. Instr. Methods 25: 45. 

Peirson, D. H. and J. R. Keane. 1962. Characteristics o f  early fallout 
from the Russian nuclear explosions of 1961. Nature 196:801. 

Purkazastha, B. C. and G. R. Martin. 
and in neutron-induced fission of uranium. Can. J. Chem. 34: 293. 

1956. The yields of 1291 in natural 

72 
I 0 8 2 8 5  I 



I 

Rohwer, P. S. and S. V .  Kaye. 
I n t e r n a l  Dose i n  F e a s i b i l i t y  Evaluat ions o f  Plowshare Events. 
Report  ORNL-TM-2229. 

1968. Aqe Dependent Models f o r  Est imat inq 
USAEC 

Oak Ridge National Laboratory,  Oak Ridge, TN. 

Russell , J .  L. and P.  B .  Hahn. 1971. 
from the nuc lea r  power i n d u s t r y .  

Pub l i c  h e a l t h  a s p e c t s  of Iodine-729 
Radiol .  Health Data and Report 12:189. 

Shack le t t e ,  H. T.  and M .  E .  Cuthber t .  
Groups a s  Inf luenced by Var i a t ion  i n  Rock and Soi l  Type. 
No. 90, Geological Soc ie ty  o f  America Inc . ,  Boulder,  CO.  

1967. Iodine Content of P l a n t  
Spec ia l  Paper 

So lda t ,  J .  K. 1963. The r e l a t i o n s h i p  between 1131 c o n c e n t r a t i o n s  i n  
va r ious  environmental  samples.  Health Phys. 9:1167. 

S o l d a t ,  J .  K. 
1131 t o  the atmosphere.  Heal th  Phys. 11:1009. 

1965. Environmental eva lua t ion  of an a c u t e  r e l e a s e  o f  

S o l d a t ,  J .  K.  1971. Modeling of Environmental Pathways and Radiat ion 
Doses from Nuclear F a c i l i t i e s ,  USAEC Report  BNWL-SA-3939. P a c i f i c  

- . , - . . . Northwest Laboratory,  Richland,  WA. 

Spector ,  W. S. ( e d . )  1956. 
p .  50,  Table 37 p .  52, National Academy o f  Sciences ,  National Research 
Counci l ,  W. B. Saunders Co., P h i l a d e l p h i a ,  PA. 

Handbook o f  Bioloqical  Data ,  Table 34 

S r i n i v a s a n ,  B . ,  E .  C .  Alexander,  J r . ,  and 0. K. Manuel. 
in  t e r r e s t r i a l  o r e s .  Science 173:327. 

1971. Iodine-129 

S t u d i e r ,  M .  H .  1957. P r i v a t e  communication. 

S t u d i e r ,  M. H., C .  Postmus, J .  Mech, R.  R .  Walters  and E.  N. S l o t h .  
1962. 
a long  with normal 1271 by neutron a c t i v a t i o n  - The i s o l a t i o n  of  
i od ine  from a v a r i e t y  of m a t e r i a l s .  J .  Tnorg. Nucl. Chem. 24: 755. 

The use of 1291 a s  an i s o t o p i c  t r a c e r  and i t s  de termina t ion  

Tadrnor, J .  1971. Consideration of s t a b l e  iod ine  i n  the environment 
i n  the e v a l u a t i o n  o f  maximum pe rmis s ib l e  concen t r a t ions  f o r  iodine-129.  
Radiol .  Health Data and Report  12:611. 

Tenny, H. 1966. Unpubl i shed procedure.  

Thompson, S. E . ,  C .  A .  Burton, D .  J .  Q u i n n  and Y .  C .  Ng. 1972. 
Concent ra t ion  Fac tors  o f  Chemical Elements i n  Edib le  Aquat ic  Orqanisms. 
USAEC Report  UCRL-50564, Rev. 1 ,  Lawrence Livermore Laboratory.  
Livermore, C A .  

U . N .  S c i e n t i f i c  Committee on the E f f e c t s  of Atomic Rad ia t ion ,  Report .  
General Assembly, 19 th  s e s s i o n ,  s u p p l .  14  (A/5814). 

1964. 
United Nat ions ,  New 

York, N Y .  

73 

I O 6 2 8 5 2  



Chart o f  the Nuclides, modified by Battelle-Northwest. 1970. USAEC 
Div. o f  Isotope Development, U.S. Govt. Printing Office. Wash. D.C. 20402. 

Vinogradov, A .  P. 1953. The Elementary Chemical Composition of Marine 
Orqanisms, Sears Foundation for Marine Research, Yake University. 
New Haven, CT. 

Wellman, H. N., J. G. Kereiakes and B. M. Branson. 1970. Total- and 
partial-body counting of children for radiopharmaceutical dosimetry data, 
pp. 133-156. In: Medical Radionuclides: Radiation Dose and Effects 
(R. J. C l o u t i e c  C. L.  Edwards and W. S. Snyder, eds.). 
o f  a Symposium held at the Oak Ridge Assoc. Univer. December 8-11, 1969. 
NTIS, Springfield, VA.  

Proceedings 

74 
1 0 6 2 8 5 3  



BNWL-1783 

Special Distribution 
i n  Category UC-48 

D I ST R I B UT I ON 

No. of No. of 
Copies Copies 
OFFS ITE OFFSITE 

1 AEC Chicago Patent Attorney United States  (contd) 
A. A. Churm 

3 AEC Technical Information 
Center 

Dr. Vincent Schultz 
Department o f  Zoo1 ogy 
Washington State  University 
Pullman, WA 99163 

31 United States Dr. Alden C .  Pierce 
Dr. R .  L .  Watters (20) 
Division of Biomedical and 

Environmental Research 
USAEC 
Washington ,  D . C .  

P a u l  G .  Voilleque 
Envi  ronmental Sciences Section 
USAEC 
Idaho Fal ls ,  Idaho 

Dr. Leo K .  Bustad 
Dean, School of Veterinary 

Washington Sta te  University 
Pullman, WA 99163 

Science 

Jared J .  Davis 
Ass i s tan t D i  rector  S i  t e  and 

USAEC 
Washington, D . C .  20545 

Health Standards 

Dr. Wayne C .  Hanson 
Group H-8 
P.O. Box 1663 
Los Alamos , MM 87544 

Dr. R .  E. Nakatani 
Assistant Director 
Fisheries Research Ins t i t u t e  
260 Fisheries Center 
University o f  Washington 
Sea t t l e ,  WA 98105 

Nuclear Fuels Services 
600 Executive Blvd 
Rockville, MD 20852 

J .  P. Duckworth, Manager 
Nuclear Fuels Services 
West Valley, N . Y .  

William Bentley 
Division of Environmental 

Qual i t y  Services 
New York S t a t e  Department o f  

Environmental Conservation 
Albany, N Y  12201 

Dr. 0. Doyle Markham 
Radioecologist 
Environmental Sciences Branch 
Health Sciences Laboratory 
USAEC 
Idaho Operations Office 
P.O.  Box 2108 
Idaho Fa1 1 s , ID 83401 

Gal en Winsor 
Midwest Fuels Recovery Plant 
General Elec t r ic  Co. 
Morris, I l l i n o i s  

Dis tr-1 



BNWL-1783 

DI STRI BUT I ON 

No. of 
Copies 
ONSITE 

AEC/RL Patent Attorney Battel le-Northwest (contd) 

R .  M .  Poteat R. W: Perkins 
Technical Information ( 3 )  

No. of 
Copies 
ONSITE 

1 

1 

1 

1 

71 

AEC Richland Operations 
O f f i c e  

Technical Pub1 ications 

B.  J .  Melton 

Atlantic Richfield Hanford 
Company 

D .  J .  Brown 

Westi nghouse-Hanford 
J .  F. Fletcher 

Battell e-Northwest 
J .  K. Soldat ( 5 )  
F. P .  Brauer ( 1 2 )  
J .  F. Cline ( 2 )  
J .  P .  Corley 
J .  E .  Fager ( 2 )  
B .  Klepper ( 4 )  
W .  H.  Rickard ( 2 )  
B .  E .  Vaughan (25) 
D .  G .  Watson ( 2 )  
W.  J .  Bair 
J .  J .  Fuquay 
L. L. Eberhardt 
K. R. Price 
W .  L. Templeton 
R. C. Thompson 
R. E. Wildung 
Biology Library 
N .  E. Ballou ( 2 )  
J .  M. Nielson 

D i  str-2 
1 0 8 2 8 5 5  


	PREFACE
	LIST OF FIGURES l
	LIST OF TABLES
	Introduction
	Potential Pathways of Exposure from
	Bi ol ogi cal and Ecological Parameters
	Radiation Dose to Man and Biota

	REFERENCES
	FIELD SAMPLING PROGRAM
	In troducti on
	Collection Methods
	Coll ection Si tes and Sample Descriptions
	Analytical Methods
	Results and Discussion
	Concl udi ng Di scussion

	REFERENCES
	B I B L I 0 GRAP HY
	Exposure Pathways to Man from Iodine-129
	Exposure Pathways to Organisms Other than Man from Iodine-129
	3 ICRP Model for Internal Radiation Dosimetry
	Map of the Hanford Reservation Showing Sampling Sites
	(MFRP) Showing Sampling Si tes
	Plant Showing Sampling Sites
	Iodine in Marine and Terrestrial Environs
	Species of Iodine
	1 2g1
	Aquatic Bioaccumulation Factors for Iodine
	Estimated Ecological Parameters for Iodine
	1 2g1
	1 2gI:

	Thyroid Dose Factors for
	Air
	Sni vely Ranches

