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A b s t r a c t  

Iod ine-129 i s  p resen t  i n  t h e  environment f rom n a t u r a l  and man-made 
sources. It i s  produced by spontaneous f i s s i o n  o f  n a t u r a l  uranium and 
s p a l l a t i o n  r e a c t i o n s  i n  t he  upper atmosphere. .It i s . a l s o  one o f  t h e  f i s -  
s i o n  pro.ducts found i n  the  f a l l o u t  o f  d e b r i s  f rom nuc lea r  t e s t s . '  As a  
f i s s i o n  p roduc t  1291 i s ,  a l s o  produce'd i n  nuc lea r  r e a c t o r s  and can be 
re leased  e i t h e r  a t  t he  r e a c t o r  o r  l a t e r  a t  ' t h e  i r r a d i a t e d  f u e l s  reproces-  
s i n g  p l a n t .  Because o f  i t s  l o n g  h a l f - l i f e  (1.6 x  107 yea rs ) ,  l.291 ' i s  an 

'exce l  1  e n t  t r a c e r  f o r '  env i  ronmental processes i nvo l  v i  ng o t h e r  stab1 e  o r  
r a d i o a c t i v e  i so topes  o f  i o d i n e .  Environmental  concen t ra t i on  measurements 
o f  s t a b l e  n a t u r a l  . i o d i n e  (1271) and long-1 i v e d  r a d i o a c t i v e .  i o d i n e  (1  291) 
have been made a t  o u r  l a b o r a t o r y .  

Bovine and o t h e r  mamnal i a n  t h y r o i d s ,  a i r ,  p r e c i p i t a t i o n ,  water,  grass, 
and m i l k  samples f rom se lec ted  l o c a t i o n s  have been analyzed f o r .  t h e i r  
n a t u r a l  i o d i n e  and i od ine -1  29 con ten t .  .. P a r t i c l e  f i l t e r s  and a c t i v a t e d  
charcoal  beds'were used t o  c o l l e c t  t h e  p a r t i c u l a t e  and gaseous io,dine 
f r a c t i o n s  f r om t h e  a i r . .  Anion exchange was used f o r  t he  sepa ra t i on  o f  

. i o d i n e  f rom l i q u i d  samples. Combustion .methods were used f o r  i o d i n e  sepa- 
r a t i o n  f rom 'sol i d  sampl es, an ion  exchange r e s i n s ,  and a i r  f i  l t e r s  ; 
Iod ine-1  29 and n a t u r a l  i o d i n e  concen t ra t i ons  were 'determined by neutron'  
a c t i v a t i o n  a n a l y s i s  w i t h  a  d e t e c t i o n  l i m i t  o f  abou,t l o 8  atoms o f  iod ine-129  
p e r  sampl e. 

*I 

A n a l y t i c a l  r e s u l  t,s o f  bo th  concen t ra t ions  and r a t i o s  o f  atoms o f  
'''1 pe r  atom. o f  1271 f o r  t h e r e  samples a r e  summarized i n  t h i s  pa e r .  The 
smal l  r a d i a t i o n  doses t o  human t h y r o i d s  p r o j e c t e d  f rom these low 7291 con- 
c e n t r a t i o n s  a r e  a-1 so discussed. 
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INTRODUCTION 

Numerous s tudies  'of the  l eve l s  of radioact ive  materials  in the 
environment have been undertaken. t o  gain a know1 edge of the  re1 ease,  di s -  
persion, and accumulation of these materials  from a var ie ty  of sources - 
natural background, fa1 l ou t  ,and nuclear f a c i l i t i e s .  The r e su l t s  o f '  these 
measurements a re  a1 so required f o r  cal cul at'ion .of present and future  radia-  
t ion  doses t o  people and biota .  When performing these s tud ies  and dose 
calcula t ions ,  mater ia ls  with 1 ong ha1 f-1 ives must be considered because . . 

they a re  not removed by radioactive decay and can buildup i n  the environ- 
ment. Several authors have published s tud ies  on the permissible co cen- 
t r a t i on  of iodine-129 half-1 i f e  1.6 x 1 0 7 ~ e a r s )  i n  t h e  environmen,t.!1-41 f Knowledge of both the 291 concentration and the  r a t i o  of 1291 t o  natural , .  

stab1 e iodine,  1271, i n  various environmental materials  i s  required f o r  
proper assessment of the  radiological impact of 1291. 

The long h a l f - l i f e  (1.6 x 107 years ) ,  low spec i f i c  a c t i v i t y  (385 dpm 
per microgram), and low radia t ion ener 1 imi t s  the  s e n s i t i v i t y  of 1291 96 measurement obtained by counting the 1 I radia t ion t o  about 10 pCi. 
N tron act ivat ion analys is  can be used t o  measure enviro mental 1271 and 
lq8I  levels  with s ens i t i  i t i e s  of about 4 x 10-6 pCi f o r  8291. Neutron 
act ivat ion a a y s i s  f o r  r291 was f i r s t  applied t o  the  analys is  of uranium 
ore  samples ; !5j Studier  e t  a1 . developed a method f o r  i so la t ion  of iodine 
from a var ie ty  of biological material's and i t s  subsequent iodine concentra- 
t ion  and isotopic  analys is  by neutron ac t iva t ion .  [61 Several authors have 
published measurements of environmental concentrations of  1 2 9 1  by neutron 
a c t i  vation analys is  . [7-12-1 The .use of mass spec ro  e t r y  f o r  1 ow-1 eve1 G 3!!1 iodine isotopic  analys is  has a l so  been reported. 

Iodine-,129 i s  present in  the environment from natural and man-made 
sources. An evaluation of the  man-made contributions of environmental 1291 
leve l s  requires some knowledge of the natural production of 1291. The 
production of 1291 i n  uranium ores by spontaneous f i  s ' on  .and (,a,n) induced 
f i s s i on  has been measured by Purkayastha and Martin . ? 5 j  Edwards has sum- 
mariz d the v r ious natural processes which can re lease  1291 t o  the environ- 
ment . f9 ,14~15? The pri nci pal natural production processes a r e  spontaneous 
f i s s i on  of .urani um and cosmic-ray-produced spa1 1 a t ion reaction w i t h  atrno- 
.s her ic  xenon. Because of the  nature of these processes the  natural 12911 
1571 wi 11 d i f f e r  f o r  various natural sources. Thus old  mineral i,odine, 
not in contact  with the atmosphere o r  uranium, contains l e s s  1291 than 

'pre-1945 environmental materials  t h a t  had been in  contact  w i t h  the atmo- 
sphere and hydrosphere. Val ues reported f o r  1291/! 271 i n  mineral iodine 
range from 1 x 10-11 t o  2 x 10-12;[91 values re  orted f o r  pre-1945 thyroid 
t i s s u e  range from 2.5 x 10-9 t o  1 x 10-10.[7~15! 

Neutron induced f i s s i on  in nuclear reactors  and nuclear weapons a1 so 
produces 1291. T h u s  fa1 l ou t  from nuclear weapon t e s t i ng  introduced 
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a d d i t i o n a l  1291 i n t o  t h e  environment.  The 1 2 9 ~  produced i n  nuc lea r  r e a c t o r s  
can a l s o  be p a r t i a l l y  re leased  t o  t h e  environment e s p e c i a l l y  d u r i n g  
i r r a d i a t e d  f u e l  reprocess ing  and waste hand l i ng  opera t ions .  

The 1 eve1 s  o f  2 9 ~  and 2 7 ~  i n  t he  environment o f  t h e  Hanford AEC 
f a c i l i t i e s  have been s t u d i e d  f o r  a  n,umber o f  years. [Ill Leve ls  a t  
1.ocati.ons remote f r om the  Hanford f a c i l i t i e s  have a l s o  been s t u d i e d  ' to  
a r r i v e  a t  background l e v e l s  i n  t he  environment. .  Th is  paper summarizes t h e  
r e s u l t s  o f  these I291  and 1271 analyses ob ta ined  f o r  t h y r o i d  t i s s u e ,  m i l k ,  
grass, wa te r  and a i r  samples and discusses t h e i r  s i g n i f i c a n c e .  

SAMPLE COLLECTION 

Stud ies  o f  1 2 9 ~  l e v e l s  i n  t h e  e n v i r o n s  o f  t he  USAEC  anf ford, washing- 
t o n  Reservat ion s t a r t e d  w i t h  t h e  c o l l e c t i o n  o f  vege ta t i on  samples i n  t he  
1950 's .  S ince i o d i n e  i s  concen t ra ted  i n  t h y r o i d  t i s s u e ,  c o l l e c t i o n  o f  
animal t h y r o i d s  began a f t e r  c o n s i d e r a t i o n  o f  t h e  r e s u l t s  o f  t h e  a n a l y s i s  
o f  t he  l o c a l  vege ta t i on  samples. Thyro ids f rom sheep, which were ra is .ed  
on t h e  Hanford Reservat ion b u t  which were . n o t  be ing  f e d  r a d i o a c t i v e  t r a c e r s ,  

' were ob ta i ned  i n  1962 f o r  i o d i n e  i s o t o p i c  a n a l y s i s .  Several l o c a l  hog 
t h y r o i d s  were ob ta i ned  i n  1963, and t h y r o i d s  f rom bo th  l o c a l  and d i s t a n t  
w i l d  deer, e l k  and an te lope  were c o l l e c t e d  i n  1963 and 1964 f o r  129.1 
ana l ys i s .  

Bovine t h y r o i d s  were r o u t i n e l y  c o l l e c t e d  f o r  13' I analyses ove r  a  
broad eograph ica l  area by t he  U.S. P u b l i c  Hea l th  Serv ice  f rom 1964 t o  
1969. [?GI A number o f  these t h y r o i d  samples were made a v a i l a b l e  t o  o u r  
l a b o r a t o r y  f o r  1291 analyses a f t e r  t h e  nondes t ruc t i ve  1311 measurements 
had been completed. ~ o c a l .  bov ine  t h y r o i d s .  c o l l e c t e d  f c r  131 I a n a l y s i s  by 
gamma-ray spect rometry  i n  t h e  r o u t i n e  Hanford environmental  su rve i l . l ance  

.program were. r e t a i n e d  f o r  1291 a n a l y s i s .  Arrangements were a l s o  made t o  
r o u t i n e l y  r e c e i v e  bov ine t h y r o i d s  f rom Kl amath County, Oregon f o r  s t ud ies  
o f  t h e  1291 background l e v e l s  f r om f a 1  l o u t .  

Samples o f  pre-1936 human t h y r o i d  t i s s u e  were rece i ved  f rom t h e  AEC 
and a sample o f  pre-1942 1205 was rece i ved  f rom t h e  U n i v e r s i t y  o f  Chicago 
f o r  measurement o f  t h e  l e v e l s  o f  1291. 

The c o l l e c t i o n  o f  su r f ace  water  and a i r  samples was i n i t i a t e d  i n  1965. 
I n i t i a l l y  water  samples were c o l l e c t e d  i n  l a r g e  p l a s t i c  carboys a.nd r e t u r n e d  

, t o  t h e  l a b o r a t o r y  f o r  f i l t r a t i o n  a'nd i o d i n e  separa t ions .  More r e c e n t l y ,  
f i l t r a t i o n '  and ion-exchange sepa ra t i on  o f  i o d i n e  have been accomplished i n  
t h e  f i e l d  as t h e  water  ,samples were c o l l e c t e d .  [I 1 1  

Large volume a i r  sample ' c o l l c c t i o n  was i n i t i a t e d  a t  t h e  P a c i f i c  Nor th-  
west Labora to ry  near  Rich1 and,. Washington i n  1965, a t  Spokane, Washington 
i n  1966, and a t  Neah Bay on Washington's Olympic Peninsula '  i n  1967. The 
samples were c o l l e c t e d .  by pass ing  3,000. t o  60,,000 cub i c  meters o f  a i r  through 
a membrane f i l t e r  (mean pore  s i z e  o f  5 t o  7  micrometers)  backed w i t h  an a c t i  - 
va ted  charcoal  bed. P o s i t i v e  d isp lacement  pumps were used t o  m a i n t a i n  a  
f l o w  r a t e  through t he  f i l t e r s  and charcoal  o f  about 3,000 m3/day w i t h  an a i r  



BRAUER e t  a1 . 

sur face  v e l o c i t y  of 150 t o  300 cm/sec through the  charcoal bed. Normal sample 
c o l  l e c t i o n  per iods  were a t  two-week i n t e r v a l  s  , b u t  o t h e r  i n t e r v a l  s  were 
occas iona l l y  used. A s u f f i c i e n t  number of samples were c o l l e c t e d  a t  each 
l o c a t i o n  t o  assure a  seasonal average f o r  several  years.  

A i rborne  p a r t i c l e s  were co l  l e c t e d  on t h e  membrane fi'l t e r s  w h i l e  vo la -  
t i l e  i o d i n e  species were c o l l e c t e d  on t h e  a c t i v a t e d  charcoal bed. T.he 
2.5-cm-deep a c t i v a t e d  charcoal beds used on o u r  samplers d i d  n o t .  t r a p  and 
r e t a i n  a l l  t h e  v o l a t i l e  i od ine .  About t h e  same'amount o f  i o d i n e  has been 
found i n  t h e  f r0n . t  one-half of bed depth as i n  t he  back one-ha l f  o f  bed 
depth. Several experiments suggest t h a t  t h e  f r a c t i o n  o f  i o d i n e  penet ra t -  
i .ng t h e  charcoal bed increases w i t h  t he  number o f  days over  which the  
samples were c o l l e c t e d .  Some i o d i n e  desorp t ion  i s  probably  respons ib le  
f o r  t h i s  e f f e c t .  . . 

Since 1967 severa l  m i l k  samples have been c o l l e c t e d  f o r  ana l ys i s  f rom 
smal l  d a i r i e s  i n  the  area. A1 though t h e  source , o f  t h e  c a t t l e  feed i s  no t  
known f o r  a l l  o f  t he  samples, t h e  feed f o r  t he  c a t t l e  near the  Hanford Reser- 
v a t i  on was probably  1  o c a l l  y  produced. 

SAMPLE ANALYSIS 

The a c t i v i a t i o n  ana l ys i s  method developed by Stud ie r ,  e t  a l .  C61 was 
used f o r  . t he  1291 and 1271 ana l ys i s  i n  these s tud ies .  The a n a l y t i c a l  
method i nc ludes  procedures f o r  i s o l a t i o n  o f  t he  i o d i n e  f rom the  Sam l e ,  
i r r a d i a t i o n  o f  t h e  separated i o d i n e  w i t h  neutrons t o  produce 1261, 7281 , 
and 1301, decontami n a t i o n  o f  the  i r r a d i  a ted  sampl e, measurement. o f  t h e  
induced r a d i o a c t i v i t y  i n  t he  i o d i n e  sample, and c a l c u l a t i o n  o f  t he  1271 
and 1291- content .  P r i o r  t o  ana l ys i s  some o f  t h e  grass samp1.e~ were f reeze-  
d r i e d  t o  remove water and the  t h y r o i d  lands were trimmed t o  remove non- 
t h y r o i d a l  t i s sue .  A known amount of l g 5 I  sp ike  was added t o  t he  sample 
p r i o r  t o  t he  ' i o d i n e  separat ion.  I o n i c  i o d i n e  was concentrated from l a r g e  
l i q u i d  samples such as water and m i l k  by absorp t ion  on a  Dowex 1  i on -  
exchange r e s i n  column. Sol i d  samples o r  t h e  r e s i n  beds from l i q u i d  sample 
processing were p laced i n  a  quar tz  combustion ap'paratus and i g n i t e d  a t  
h igh  ternperd,l;ui%es (up t o  1000°C) i n  a stream of oxygen f o r  i s o l a t i o n  o f  
t h e  i od ine .  The i o d i n e  was c o l l e c t e d  on a  small bed o f  a c t i v a t e d  charcoal .  
Combustion o f  the  charcoal t r a p  4n oxygen and t rapp ing  o f  t he  i o d i n e  on a c t j  - 
vated charcoal was used f o r  f u r t h e r  p u r i f i c a t i o n  o f  t he  i od ine .  The i o d i n e  
was then removed from the charcoal by hea t i ng  i n  a  vac'uum system, t r a p p i n g  
the  i o d i n e  i n  a  qua r t z  tube a t  l i q u i d  n i t r o g e n  tempzrature, and s e a l i n g  
.the tube t o  make a  qua r t z  i r r a d i a t i o n  ampoule. 

Quar tz  ampoules con ta in ing  t h e  i o d i n e  separated f rom the sampl es were ' . 

i r r a d i a t e d  w i t h  r e a c t o r  neutrons f o r  e i g h t  t o  twenty - four  hours. Compara- 
t o r  standards con ta in ing  1251'~ 1271, and 1291 were i r r a d i a t e d  w i t h  each s e t  
o f  samples. 

The neut ron  capture reac t i ons  used f o r  t he  i o d i n e  a c t i v a t i o n  a n a l y s i s  
were: 



I n t e r f e r i n g  - reac t i ons  i nc lude :  

1251 (n ,y ) l i61  8-,Y . 12GXe ( 4  13 day 

( 5 )  ' 2 7 ~  (n  ,y)' 2 8 ~  (n ,Y)"~I (n ,y) 1301 B-,y _ 130xe 
12.4 h r  

( 6 )  1311 B-,Y. INxe 2 3 5 ~ ( n , f i s s i o n )  8 day 

13Z1 . 13ZXe 
2.3 h r  

1  331, B:,Y 1  33xe B- .Y ; 1 33cs 
21 h r  5.3 day 

1341 8-,? 134Xe 
52 min 

Fo l low ing  i r r a d i a t i o n  t h e  i o d i n e  samples were f u r t h e r  p u r i f i e d  by d i  s- 
t i l l a t i o n  and so l ven t  e x t r a c t i o n .  The samples were f i n a l l y  p r e c i p i t a t e d  
as AgI and mounted on t h i n  p l a s t i c  s c i n t i l l a t o r s  f o r  count ing.  

The 1 2 6 ~ y  l Z 8 1  and 1 3 0 ~  a c t i v i t i e s  prntluced i n  t h e  sample and compara- 
t o r  standards du r i ng  i r r a d i a t i o n  were est imated by gamma-ray spectrometry 
us ing  severa l  spec t ra  c o l l e c t e d  w e r  t ime t o  o b t a i n  h a l f - l i f e  in fo rmat ion .  
e l  1- type NaI (TI  ) d e t e c t o r  systems were used f o r  t h e  measurements. The 

r301 sum peaks a t  1.9 MeV and 2.3 MeV were used t o  es t imate  t h e  1301 a c t i v -  
i ty  and t o  d i s c r i m i n a t e  aga ins t  i n te r fe rences .  The 1  ow-1 eve1 , beta-gated, 

. m u l t i  l e -  amma coinc idence spectrometry techniques descr ibed i n  t h e  l i t e r a -  P 7 t u r e [  1,1 -201 were used, when requ i red ,  t o  measure very  small amounts o f  
1301 and t o  c o r r e c t  f o r  i n t e r f e r i n g  a c t i v i t i e s  such as those produced by 
reac t i ons  (6 )  and (7) .  P o s t - i r r a d i a t i o n  chemical processing a1 so 1 i m i  t e d  
i n t e r f e r e n c e  f rom r e a c t i o n  (7) .  

In te r fe rence from r e a c t i o n  ( 4 )  was minimized ' by  use 'o'f smal l  a c t i v i t y  
l e v e l s  of 1251 which a l lowed . reac t ion  ( 2 )  t o  predominate. React ion ( 5 )  
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l i m i t e d  the  increased s e n s i t i v i t y  t h a t  c o u l d ' b e  obta ined by i nc reas ing  the  
exposure t ime and neutron f l u x .  The neutron exposure cond i t i ons  were 
se lected,  based on the  expected na tu ra l  i o d i n e  conten t  o f  
types, t o  1 i m i t  t he  c o r r e c t i o n  requ i red  due t o  r e a c t i o n  (5 
10%. 

The low-1 eve1 2 5 ~  measurements requ i red  t o  est imate t h  chemical 
y i e l d  o f  the  sample i o d i n e  and t o  measure the  amount o f  the  7271 and 1291 
i n  t he  i r r a d i a t e d  comparator standard were performed w i t h  the  spec ia l  
gamma- x-ray c o i  nc'i.dence system descr ibed i n  re fe rence 17. 

The 1 2 9 ~ / 1 2 7 ~  i n  the  com a r a t o r  standard was c a l i b r a t e d  by a c t i v a t i o n  
ana lys i  s  re1 a t i v e  t o  a mixed 7291-1271 standard prepared by d i  1  u t i o n  o f  
mass -spectrometr ic-analyzed 1291 w i t h  na tu ra l  i od ine .  [211 The amount . b f  
n a t u r a l  i o d i n e  r e l a t i v e  t o  t h e  1251 a c t i v i t y  i n  t h e  comparator standard 
was determined by a c t i v a t i o n  ana l ys i s  w i t h  a C616 standard. 

The components i n  t he  ti me-dependent .gamma-ray spectra resu l  ti ng f rom 
. t h e  mea u r  ments on a sample were c a l c u l a t e d  by a weighted l e a s t  squares 
method. ?20! The data hand1 i n g  programs ou t1  ined  i n  reference 21 were used 
f o r  c a l c u l a t i o n  o f  a n a l y t i c a l  r e s u l t s  f rom the  sample and the  standard and 
f o r  p repa ra t i on  o f  f i n a l  data t a b u l a t i o n s .  Cor rec t ions  were made f o r  i n t e r -  
ferences, chemical y i e l d ,  l a b o r a t o r y  blanks and sam 1 i n g  b lanks where 
app l i cab le .  The r e s u l t s  ob ta ined were t h e  1271 and Y29I concent ra t ions  per  
u n i t  amount o f  sample and the  1291/1271 r a t i o .  The d e t e c t i o n  l i m i t  f o r  
lZ9I i s  about 4 x  10-6 pCi  per  sample. 

Several precaut ions should be noted i n  i nte rp re ta t ' on  o f  t h e  ana l ys i s  
o f  some sample types. When i o n  exchange i s  used t o  separate i od ine .  f rom 
. l < q u i d  samples, o n l y  t he  i o n i c  i o d i n e  i s  separated. Organic bound i o d i n e  
may no t  be complete ly  separated from t h e  sample. .The same i s  t r u e  f o r  a i r  
sampling. The a i r  sampler used f o r  these s tud ies  .d id  n o t  necessa r i l y  com- 
p l e t e l y  t r a p  a l l  forms o f  atmospheric i od ine .  

ItESULTS AND D I S C U S S I O N  

Est imates o f  t he  "I envi  ronmental l e v e l s  i n  pre-atomic era sampl es 
a re  requ i red  t o  evaluate t h e  man-made c o n t r i b u t i o n s  t o  t h e  environment. 
Table I summarizes values repo r ted  i n  t h e  1 i t e r a t u r e  and measurements by 
the  authors on several  i o d i n e  samples f rom pre-1945 t h y r o i d  sources! minera l  
.sources and l a b o r a t o r y  reagent sources. When severa l  values were repo r ted  
o r  ob ta ined on t h e . i o d i n  source, they  a r e  shown as a range. The 'data show . 
t h a t  t h e  i s o t o p i c  1291/1571 i n  pre-atomic e ra  t h y r o i d  glands was probably  
l e s s  than 10-9. Minera l  i o d i n e  sources con ta in  an even lower concen t ra t i on  
o f  1291. 

Table I 1  summarizes i o d i n e  concent ra t ion  and i s o t o p i c  a n a l y s i s  resu l  t s  
f o r  sheep and deer t h y r o i d s  c o l l e c t e d  f rom animals which 1 i v e d  on, near, 
and remote from the  Hanford Reservat ion. The concent ra t ion  r e s u l t s  a re  



TP.BLE I. SUMMARY OF 2 9 ~ / 1  2 7 ~  VALUES MEASURED FOR PRE-1 945 THYROID TISSUE, 
REAGENT AhD MINERAL. I O D I N E  SAMPLES 

I o d i n e  Source 

Composite Human Thyro ids 
Human Thy ro id  
Hog Thy ro id  
Hog Thy ro id  
Br ine ,  Long Beach,. C a l i f o r n i a  
Br ine ,  Michigan 
Chi 1 e N i t r a t e  
Chi 1 e N i t r a t e  
Merck I2 

Mfrck 12"5, 12 Reagen 
Reagent 

Year 

,Pre-1945 
Pre- 1936 
Pre-1945 
Pre-1945 
1930 
1966 
1939 
1966 
1920 
Pre-1942 
Pre-1954 
Not g iven 

2 9 ~ / 1 2 7 ~  Atom Ra t i o  (10") 

2.5 2 0.9 
50.04 

0.8 $ 0.2 . 

%no .1 
0.005 t o  0.01 
0.002 t o  0.003 
0.005 
0.0003 t o  0 :003 
0.005 
0.004 2 0.004 

50.002 
0.06 t o  0.18 

Reference 

C7 I 
This  r e p o r t  

[71 . 

51 
191 
c91 
r 9 1  

Th i s  r e p o r t  
PI 

Thi,s r e p o r t  
Th is  r e p o r t  

[ I 2 1  



Loca t i on  

Hanford Reservat ion,  
Wash. 

Wyoming 
Walla Wal la,  Wash. 
R i  ngol  d, Wash. 
Mary1 and 
Blue 'Mountains, Ore. 
BI ue Mountains, Ore. 

Hanford Reservat ion, 
Wash. 

Hanford Reservat ion,  
Wash . 

Cascade Mountains, 
Wash. 

Qu i  naul  t , Wash. 
Wyomi n g 
Wyoming 

Un i t ed  S ta tes  

Number 
o f 

Thyro ids 

11 
3 
2 
1 
2 
2 
4 

2 

4 

1 

2 
4 
2 

5 

1962 
1964 
1963 
1963 
1963 
1963 
1963 

1964 

,1964 

1964 

1964 
1963 
1964 

Pre-1936. 

TY pe 

Sheep 
Sheep 
Ho g 
Hog 
Deer 
A d u l t  Deer 
Fetus f rom 
above 
A d u l t  Deer 

Fetus f rom 
above 
E l k  

E l  k 
E l k  
Antelope 

Human 

2 7 ~  Concn 
(mg/g 
Avg Mi.n. Max. 

0.51 
1.7 
2.6 

3.4 
0.48 

0.34 

0.29 
0.9 

1.5 
4.7 
'2.4 

Concn 
(10-3 pCi /g  
o f  Thyroid) , . 

Avg Min. Max. 

0.12 
1 
2.6 

0.23 

0.13 

0.22 

0.88 
3 
0.6 

420 
34 

7 .  
330 

2 3 
400 

420.  
8600 

2000 
320 

27 
160 
80 

1 2 9 ~ / 1 2 7  I Atom R a t i o  
(1  0-9) 

Avg Min. Max. 

1.2 
2.4 
2.6. 

0.72 

0.56 

0.34 

2.2 
7.6 
4.2 

5700 
100 

15 

65 
5400 

7000 

39000 
1900 

100 
180 
190 

10.04 

140 
17 

7 

6.4 
276 

142 
6360 

1610 

15 
97 
20 

905 
49 

7 

40 
525 

681 
10800 

2370 

42 
248 
140 

861 
87 
.1 5 

4061 

6038 

31000 

66 
180 

. 184 

9050 
112 

15 

6721 

8792 

44000 

148 
185 
194 



l i s t e d  i n  u n i t s  o f  m i l l i g rams  o f  lZ71 per gram o f  t h y r o i d  t i s s u e  and 
p i cocu r ies  o f  1291 per  gram o f  t h y r o i d  t i ssue .  Average, minimum and 
maximum values are  l i s t e d  when r e s u l t s  f rom more than one t h y r o i d  were 
obtained. A l l  t he  animal t h y r o i d  samples were. found t o  con ta in  con- 
s ide rab l y  more lZ9I than t h a t  observed i n  the  re-1936 human t h y r o i d  
t i s s u e .  The h ighes t  1z91 concent ra t ion  and 1261/127I atom r a t i o s  were 
observed i n  Sam l e s  c o l l e c t e d  on o r  near the  Hanford Reservation. Fe ta l  
t h y r o i d  t i s s u e  8291 l e v e l s  were found t o  be s i m i l a r  t o  t he  l e v e l s  observed 
i n  the  mothers. 

Resul ts  o f  i o d i n e  analyses on c a t t l e  (bovine) t h y r o i d  samples a re  
' summarized by s ta tes  i n  Table 111. The Eastern Washington samples were 

a l l  c o l l e c t e d  w i t h i n  100 m i les  o f  ' the Hanford Reservat ion and analyzed as 
composites o f  four teen t o  fo r ty -one thy ro ids  from the  same month. The 
samples c o l l e c t e d  i n  Northeastern Oregon near the Hanford 'Reservat ion a r e  
l i s t e d  separate1 f rom the  Southern Oregon samples because o f  the l a r g e  
d i f fe rences i n  1391 content  i n  t h y r o i d s f r o m  these two l oca t i ons .  Median 
values as we l l  as average values a re  g iven f o r  1291/1271. Some o f  t he  
t h y r o i d  samples were analyzed separate ly  and some samples were r u n  by 
composit ing two t o  n ine  thy ro ids  from the  same s t a t e  and on the same date.  
No apparent t rends i n  t he  data w i t h  date sampled were observed. The 
dependence o f  the  lZ91 1271 r e s u l t s  on geogra h i c  l o c a t i o n  i s  shown i n  
Fig. 1. The h ighes t  1491 concentrat ions and 7291/1271 r a t i o s  were observed 
i n  l oca t i ons  nearest  the  AEC reserva t ions  a t  Hanford, Washington and 
Savannah River ,  South Carol ina.  The 1291 content  o f  a1 1 areas, however, 
appeared t o  be h igher  than pre.-1945 l e v e l  s. 

Iod ine  ana lys i s  &sul t s  a re  1 i s t e d  by county i n  T i b l e  IV f o r  bovine 
thy ro ids  c o l l e c t e d  i n  Easte n Wa ing ton  and Umat i l l a  County, Oregon. 
t h e  1291 concent ra t ion  and F291/f971 atom r a t i o s  observed i n  a s i n g l e  
county were found t o  vary by..a f a c t o r  o f  1000. Fig. 2 shows the  l o c a t i o n s  
from which t h e  samples were c o l l e c t e d  and the 1291/127.1 est imates. The 
Hanford Reservat ion i s  l oca ted  i n  Benton County; 

The average a i r  concentrat ions o f  lZ71  and '''1 f o r  th ree  l o c a t i o n s  i n  
the  Northwestern Uni ted States a re  l i s t e d  i n  Table V. The h ighes t  measured 
concentrat ions o f  1291 were observed near Richland, Washington. Lower 
concentrat ions were observed a t  Spokane, Washington loca ted about 120 m i les  
from the Hanford Reservat'ion. S i g n i f i c a n t l y  1 ower concentrat ions were 
obta ined on the  west s ide  of Washington's Olympic Peninsula which i s  upwind 

'and separated from the  Hanford Reservat ion by two mountain ranges. These 
l a t t e r  values can be used as i n d i c a t i v e  o f  background 1291 1 evels. The 
gaseous (charcoal absorbed) species o f  i o d i n e  i n  t he  atmosphere were found 
t o  represent  more than 50% o f  the  atmospheric 1271 and 1291 c o l l e c t e d  by 
the  samplers a t  a1 1 l oca t i ons .  

Table V I  1  i s t  i o d i n e  me.asurements obta ined on p r e c i p i t a t i o n  samples. 
The h ighes t  1291/ lq71 values were observed a t  Eastern Washington l o c a t i o n s .  



TABLE III. SUMMARY BY STATES OF THE RESULTS OF ANALYSES FOR 2 7 ~  AND 
I N  BOVINE THYROID TISSUE COLLECTED FROM 1964 TO 1969 

S t a t e  

Ar izona 
Cal i f o r n i  a 
Colorado , 

Georgia 
Iowa 
Idaho 
I l l i n o i s  
Ind- i  ana 
Kansas 
Minnesota 
M i s s i s s i p p i  
Nor th  Carol  i n a  
New Mexico 
New York 
Oregon 
Southern Oregon 
Nor theas te rn  Oregon 
South Carol  i na 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Eastern Washington 
Wisconsi n 
Wyoming 

- p p p p p  

Year 

1967 
1965-1 967 
1965-1967 
1965-1 967 
1 965-1 966 
1965-1 967 
1966 
1967 
'1 966 
1965-1 966 
1965-1 966 
1966-1 969 
1965-1 966 
1967 
1964-1969 
1966-1 969 
1964-1 967 
1966-1 968 
1965-1 968. 
1965- 1 968 
1965-1 967 
1965-1 967 
1966 
1964-1966 
1966-1 967 
1966 

Number 
o f  

Thyro ids 

1 
54 
13 
29 

5 
4 5 

1 
1 
2 
6 

32 
6 

32 . 

1 
358 
339 

9 
15 
93 
5 
4 

6 5 
12 

162 
40 

1 

2 7 ~  Concn 
(mg/g o f  Thyroid) 
Avg Min. . Max. 

5.3 
4.2 
.5.8 
3.5 
4.2 

7.9 
5.7 
3.3 
5.8 
7.0 

7.5 
7.5 
2.3 
3.7 
5;7 
3.0 
4.7 
4.6 
2.3 
1.4 
3.6 

1.7 
2.2 
1 . 8  
1.9 
2.3 
1.9 
3.2 
3.7 
5.1 
2.7 
1.6 
2.8 
2.3 
2.9 
1.2 
1.2 
1.4 
2.0 
2.3 
1.7 
2.1 
1.4 
1.6 
0.74 
1.9 
0.34 

l Z 9 1  Concn 

pCi'7 o f  Thyro id  
Avg Min. Max. 

0.63 
.0.41 
0.78 
0.48 
0.46 

2.2 
0.89 
0.31 
0.57 
0.66 

0.14 
0.14 
0.20 
1 .3  
0.19 
1.0 
1.0 
0.25 
0.93 
0.11 
0.46 

0.42 
5.3 , 

3.6 
210 

4.3 
17 

7.9 
0.28 
8.1 
3.2 

11 
84 

3.4 
5.7 

12 
4.3 

290 
,260 

31 
28 

3.5 
11 

3.3 
140 

2.4 
0.87 

1 2 9 ~ / 1 2 7 ~  Atom R a t i o  ( lo- ' )  
Median.  Avg Min. Max. 

7 
13 

2 68 
1 3  
58 

8 
30 . 

140 
6.4 

2 1 
1280 

705 
16 
98 

7 
' 2 3  

10 
. 

2 

0.20 
1 .O 
0'.55 
1.6 
0.84 

2.1. 
0.'72 
3.3 

2 0 
0.29 

0.26 
0.26 
8.5 
5.3 
0.09 

2 1 
0.66 
0.36 
0.12 

75 
0.15 

44 
12 

908 
. 10 

99 

14 
9.7 

23 
21 2 

12 

1180 
26 

1180 
1090 
448 

3 3 
11 

313 
8.0 

350 
18 

1 .3  
18 
1 4. 

690 
14 
73 
14 

0.4 
7.6 

12 
38 

440 
8.7 

11 
70 
2 5 

1700 
800 

7 5 
110 

8.3 
50 
11 

1200 
8.7 

14 

0.55 
2.1 
2.0 

. 3.9 
3.3 

5.4 
0.70 

13 
2 1 

0.63 

0.52 
0.52 

58 
2 2 
0.37 

5 0 
2.7 
1.8 
0.5 

460 
0.40 

240 
55 

2650 
35 

528 

9.9 
45 
7 1 

2070 
34 

4480 
116 

4480 
3550 
876 
174 

15 
888 

34 
3040 

75 



:a- 8 " U %. . . . 9  FIG. 1. Average r a t i o .  by s t a t e s  .of .lZ9~, atoms p e r  10 atoms o f  lZ71 i n  . bov ine - .. . . - t h y r o i d s  ,., .. c o l l e c t e d  between 
. . C , .  . . " ,  

1964 and 1969. 
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TABLE I V .  SUMMARY BY EASTERN WASHINGTON COUNTIES OF THE RESULTS OF ANALYSES FOR 
1271, AND 1291 I N  BOVINE THYROID TISSUE COLLECTED FROM 1964 TO 1966 .. 

County 

kdams , 

Eenton 
Chelan . , 

C:ol umbia 
Doug1 as 
Frank1 i n  
Grant ' 

K i  tti tas  
L i  ncol  n 
Spokane 
Walla Walla 
Whi tman 
Yakima 

Umati 11 a, Orepon 

Number 
o f  

Thyroids 

9 
12 
39 
3 

13  
19 
34 

7 
7 
1 

56 
1 ' 

3 3 

9 

2 7 ~  Concn 
(mg/g o f  Thyro id)  

Avg Min. ' Max. 

1.5 
1.2 
1.1 
0.85 
0.96 
0.78 
1..2 
1 ..l 
0.96 
0.31 
1.4 
2.3 
1.2 

1.4 

2 9 ~  Concn 
(10-3 pCi/g 
o f  Thyro id 

Avg Min. . Max. 

0.41 
0.081 
0.13 
0.28 
0.30 
0.16 
0.19 
0.35 
0.48 

0.11 

0.11 

0.20 

270 
320 
110 
245 
260 
279 
320 
218 
195 

30 
193 
282 

73 

290 

1 2 g ~ / 1 2 7 ~   tom Rat io  (lo-') 
Median Avg Min. Max. 

3.0 
2.9. 
6.0 
1.7 
3.7 
2.2 
4.8 
2.1 
3.0 

14 

9.5 

2.3 

65 
26 
8.7 

65 
1.5 

54 
20 
20 
11 

4.8 

5.3 

8.5 

635 
1030 
58 2 

' 

960 
2180 
1760 
515 

1340 

882 

277 

705 

637 
914 
922 
51 5 

1520 
1030 
1010 

668 
443 

1030 

305 

1180 

1500 
1600 

690 
1500 
2300 
2940 
2060 
2060 
1 900 
'530 
1300 
68 0 

, 480 

1700 

12'3 
623 

16 
1300 

2.3 
158 
128 
5 2 
2 0 

. 

4 5 

36 

58 

4900 
3800 
3900 
1700 
8300 

10900 
6206. 

10700 
4780 

7270 

1990 

4480 



9 FIG. 2. Average r a t i o  by Eastern Washington count ies q f  '''1 atoms per  10 atoms of 12'1 i n  bovine thy ro ids  
' c o l l e c t e d  between 1964 and 1966. 
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TABLE V. SUMMARY OF THE RESULTS OF ANALYSES FOR i271 AND l Z 9 1  IN AIR SAMPLES COLLECTED 
I N  NORTHWESTERN UNITED STATES I N  1965-1 970 . . 

i Number 
F i  1 t e r  Col 1 ec ted  F r a c t i o n  

l Z 7 1  ~ v g  Concn 
(ng/m3) 

1.1 
1.1 

1.3 

A c t i v a t e d  charcoal  Col 1 ec ted  F r a c t i o n  

Loca t i on  

Rich1 and, Wash. 
Spokane, Wash.. 
Olympic Peninsula,  

Wash. 

l Z 7 1  Avg Concn 
(ng/m3) . 

4.7 
6.6 

2.2 

o.f, I samples 

52 
4 7 

24 

'''I Avg. 
( p~ i / 106m3)  

6.5 
1.6 . 

0.071 

~7~ 
A t o m  R a t i o  

(1 0-9) 

35000 
8000 

220 

I z 9 1  ~ v g  Concn 
( p ~ i  /1 06m3) 

4 3 
2.7 

0.096 

1 2gI11 271 

Atom Ratio 
(1  0-9) 

. w  
73 

. D  

51 000 c m 

220'0 73 CD 
ct 

250 2 



TABLE VI . SUMMARY OF THE RESULTS OF ANALYSES FOR 2 7 ~  AND 2 9 ~  IN PRECIPITATION SAMPLES 
COLLECTED FROM NORTHWESTERN UNITED STATES BETWEEN 1966 AND 1971 

( a )  Concentrat ion values f o r  snow r e f e r  t o  amounts per  l i t r e  o f  melted snow. 

Locat ion  

RAIN -. 

Richland, Wash. 
Rich1 and, Wash. 
R i  c h l  and, Wash. 
Spokane , Wash . 
White Pass, Wash. 
01 ympic Peninsula, 

Wash. 
Copal i s  , Wash. 
Troutda1.e , Ore. 
Boise, Idaho 
Rocksprings , Wy. 
Ogden, Utah 

SNOW (a ) 

Richland, Wash. 
P u l l  man, Wash. 
01 ympi c Pen i ns u l  a, 

Wash. 
Boise, Idaho 
Bend, Ore. 

Blulxber 
o f  

Samples 

10 
1 
1 

23 
1 

1 
1 
4 
1 
1 
1 

1 ' 

1 

1 
1 
1 

Year 

1966 ‘ 

1968 
1971 
1966-1967 
1969 

1967 
1969 
1969 . 

1967 
1967 
1968 

1970 
1971 

1970 
1970 
1970 

2 7 ~  Concn 
(ng/ l  i t r e )  

Avg Min. Max. 

920 
34 0 

1800 
1200 
640 

1100 
3600 
4000 
2500 
1200 
1100 

1100 
51 0 

310. 
470 
8 30 

l Z 9 1  Concn 
(10-6 p C i / l i t r e )  

Avg Min. Max. 

270 

500 

1500. 

"I/' 2 7 ~  Atom Rat io  
(1 0 ~ ~ )  

A v g '  Min. Max. 
. . 

2700 

2300 

6600 

22000 

46000 

7500 

27000 
1 1 COO 
81 000 
11000 

51 00 

340 
4400 
3600 
920 
170 
760 

23000 
19000 

110 
78 

800 

4800 
650 

26000 
3400 
580 

67 
2800 
2900 
41 0 
370 
150 

4300 
1700 

6.1 
6.6 

120 

100 

43 

,900 

. . 

1800 

' 410 

1500 

89000 

11000 

6300 



BRAUER e t  a l .  

The small number .o f  samples ' analyzed from most l o c a t i o n s  must be considered 
when i n t e r p r e t i n g  these r e s u l t s .  Thus a  s i n g l e  sample from a  l o c a t i o n  i s  
i n s u f f i c i e n t  to' e s t a b l i s h  a r e l i a b l e  estima'te o f  t h e  value. The t o t a l  
number of resul ts . ,  however, does, t h a t .  l e v e l s  observed i n  Eastern 
Washington were ab.ove background 1  eve1 s. 

'Lake and r i v e r  samples t o  the  ex ten t  t h a t . t h e y  represent  p r e c i p i t a t i o n  
and n o t  ground water should e s t a b l i s h  1291 l eyz&s  i n  p r e c i p i t a t i o n  i n t e -  
g ra ted  over  a  l ong  t ime per iod.  Data on the  I content  o f  l a k e  and r i v e r  
samples f rom the  Northwestern Uni ted States are  1  i s t e d  i n  Table VI .1.  The 
1291 l e v e l s  observed were found t o  be as low o'r lower than the  lowest  found 
i n  p r e c i p i t a t i o n  samples. No evidence o f  increased 1291 l e v e l s  i.n the: 
Columbia R iver  as a  r e s u l t  o f  Hanford opera t ion  was detected. 

The number o f  grass.samples taken f o r  ana lys i s  was smal ler  than the  
number o f  t h y r o i d s  analyzed s ince t h y r o i d s  shou1d.represent a  b e t t e r  i n t e -  
g ra ted  sample bo th  over  t ime and l oca t i on .  The r e s u l t s  obta ined by i o d i n e  
ana lys i s  o f  grass samples are. l i s t e d  i n  Table V I I I .  Higher 1291 l e v e l s  
were observed i n  Benton County, Washington than a t  o the r  l oca t i ons .  

Only. a  l i m i t e d  number of. m i l k  samples have been anal zed f o r  1  2gI 

The r e s u l t s  a re  l i s t e d  i n  Table I X .  High values f o r  t he  f29 I  i n  m i l k  were 
n o t  r e s t r i c t e d  t o  Eastern Washington. This  may be r e l a t e d  t o  the  shipment 
o f  feed fr Eastern Washington o r  may be r e l a t e d  t o  the  r e l a t i v e l y  h igh  

919 l e v e l s  o f  . I i n  r a i n  observed a t  o the r  l oca t i ons ,  (Table V I j .  Add i t i ona l  
analyses are  requ i red  t o  e s t a b l i s h  t h e  background l e v e l s  o f  91 i n  m i l k  
sampl es. 

The r a t i o  o f  1 2 9 ~ / 1 2 7 ~  i s  c r i t i c a l  i n  an eva lua t i on  o f  p o t e n t i a l  pop- 
u l a t i o n  doses f rom 1291. [31 A compar'son o f  f291/1271 f o r  the var ious 
sample types and t h e d i l u t i o n .  o f  t he  1291 w i t h  na tu ra l  i o d i n e  i n  the  path- 
way o f  i o d i n e  from a i r  t o  mi l 'k  o r  bovine thy ro ids '  f rom three Wastiington 
l o c a t i o n s  are  presented i n  Table X. The apparent bu i l dup  o f  1291 i n  the  
t h y r o i d s  o f  undomesticated animal s  requ i res '  f u r t h e r  i n v e s t i g a t i o n s .  

RADIATION DOSES ,FROM 1  2g1 

The concentrat ions o f  '''1 measured i n  t he  envi rons o f  the Hanford 
. . p r o j e c t  were used t o  est imate the  p o t e n t i a l  r a d i a t i o n  dose t o  the. t hy ro ids  

o f  l o c a l  res iden ts .  A1 though the  measurements d i d  n o t  i nc lude  every comnon 
d i e t a r y  i t em and were n o t  always c o r r e l a t e d  w i t h  each.o ther  i n  t ime, i t  was 
s t i l l  poss ib le  t o  make approximations o f  the  1291 . in take r a t e  and dose. 
Most o f  the  assumptions requ i red  i n  these approximations have p rev ious l y  
been pub1 i shed. 

Equations and parameters desc r ib ing  the  t r a n s f e r  o f  rad ionuc l ides  f rom 
a i r  and water t o  human and animal foods and t o  m i l k ,  meat and eggs were 
developed f o r  a  s tudy o f  t he  r a d i a t i o n  doses t o  people i n  the  year  2000 
f rom a  l a r g e  nuclear  power complex.[231 The f a c t o r s  f o r  conversion o f  



TABLE VII. SUMMARY OF THE RESULTS OF l Z 7 1  AND l Z 9 1  ANALYSES OF LAKE AND 
R I V E R  WATER SAMPLES FROM NORTHWESTERN UNITED STATES 

Loca t i on  

Lake Chel an, Wash. 
Lake Pend Ore i l l e , .  Idaho 
. P r i e s t  Lake, Idaho 
Yakima River ,  Wash. 
Col umbi a R i  ve r  , Wash. 

Upstream f rom dEC 
Reservati,on 

Col umbia R iver ,  Wash. 
Downstream f rom AEC 
Reservat ion 

Snake R i  ver,  Wash. 
.Olympic Peninsula R ivers  , 

Wash. 

Number 
o f 

Samples 

1 
1 
1 
4 

9 

12 . 

4 

2 

Year 

1969 
1969 . ,  
1969 
1965-1971 

1965-1971 

1965-1971 
1966-1971 

1969-1 971 

2 7 ~  Concn 
(ng / l  i t r e )  

Avg Min. Max. 

450 
21 00 

560 
4400 

,1300 

1700 
6200. 

740 

1 2 9 ~  Concn 
( 1 0 - 6 p C i / l i t r e )  . 
Avg M.in. Max. 

2200 

680, 

230 
2600 

520 

"111 2 7 ~  Atom R a t i o  
. (1  0-9) 
Avg ' Min. Max. 

8400 

2300 

9500 
8000 

950 

61 

190 

96 . 

90 

17 

2 3 
4 0 
40 
41 

87 

47 
38 

10 

2 90 
1.00 
400 

54 

470 

280 
, 37 . 

60 

15 
. . 

32 

22 
16 

20 

. 38 

80 

15 
21 

21 

- 

8 3 

1000 

570 
6 3 

9 9 



. TABLE VIII. SUMNARY OF THE RESULTS OF ANALYSES FOR l Z 7 1  AND l Z 9 1  IN GRASS SAMPLES 
COLLECTED AT VARIOUS LOCATIONS BETWEEN 1958 AND 1371 

Loca t i  on 

Benton County, Wash. 
U m a t i l l a  County, Ore.. 
K i  tti t a s  County, Wash. 
Spokane County, Wash. 
01 ympi c Peni ns u l  a, 

Wash. 
Idaho 
Montana 
Wyomi ng 
Texas 
Ma r y l  and 
New York 

 umber 
o f  

Samples 

15 
. 3 

15 
9 

9 
7 
6 ,  
2 - 
2 . 

2 
3 

Year . 
. 

1958-1963 
1961 -1963. 
1961-1962 
1961-1966 

1963-1971 
1963-1968 
1966-1968 
1968 
1963-1966 
1966 
1967 ' 

2 7 ~  Concn 
(ng/g> 

Avg Min. Max. 

1100 
350 
790 

3200 

2200 
690. 

9300 
540 
890 
700 

. 100 

400 
250 
240 
450 

960 
280 

1700 
300. 
590 
460 

70 

1 2 9 ~  Concn 
(10-6 pCi /g)  

Avg Min. ' Max. 

46 
190 

17 
1 5  

. 2 0  
20 
14 
57 

290 
210. 

31 

12000 
. 100 . 

110. 
50 

19 
38 
6 8 
14 
2.3 

12 
2.0 

1 2 9 ~ / 1 2 7 ~ ~ t o m ~ a t i o  
(1 0-9)  

Avg Min. Max. 

190000 
2100 
2400 
8900 

120  
1400 
1700 

720 
26 

1 3 0  
200 

1600 
44 

3.8 
'4 4 

0.7 
6.7 

14 
'1  3 

1.7 
. 2.3 

1.6 

390'00 
19C 

'560 
460 

38 
140 

1 9 0  
14 

2.9 
23 

2.6 

. . 

44000. 
1200 

400 
- 790 

54 
110 
: I 0  
150 

18 
. 73 

110 

9'30000 
3100 
6800 

22000 

2 00 
3600 
5400 
1300 

34 
180 
290 



TABLE IX. RESULTS OF ANALYSES FOR l Z 7 1  AND l Z 9 1  IN MILK SAMPLES COLLECTED' 
I N  THE NORTHWESTERN UNITED STATES FROM 1967 TO 1971 

Loca t i on  

Richland, Wash. 
Benton City, Wash. 
.Pu l l  man, Wash. 
Hoh R i  uer ,  Wash. 
Hoquiam, Wash. 
Chehal i s ,  Wash. 
Por t1  and, Ore. 

Year 

1971 
1967 
1971 
1968 
1969 
1971 
1970 

l Z 7 1  Concn 
(mgl l  i t r e )  . 

4.8 
0.21 
. I  .7 
0.031 . 

0.40 
1.1 
1.2 

l Z 9 1  Concn 
( p c i l l  i t r e )  

0.084 
0.021 
0.031 
0.0001 1 
0.0056 
0.034 
0.021 

' 29~/ i271 Atom Rati.0 

9 7 
670 
100 

19 
, 79 

180 
9 3 



TABLE X. COMPARISON OF THE I 2 9 ~ 1 1 2 7 ~  RATIOS IN VARIOUS MATERIALS 
FROM THREE WASHINGTON.LOCATIONS 

A i  r 
P a r t i  c l  e F rac t i on  
Gaseous F rac t i on  

Snow 
Rai n Water 

, R iver  Water 
Gr,a s s 
M i l k .  ' 

Thyro i  ds 
Bovine 
Deer and E lk  

Typica l  "111 2 7 ~  Atom Rat ios ( lo- ' )  

01 i m p i  c Peni nsul  d Benton County Spokane County 



rad ionuc l i de  i n t a k e  r a t e  t o  t h y r o i d  dose were der ived from the equations 
and methods o f  the  I n t e r n a t i o n a l  Commission on Radio logical  P ro tec t i on  
(ICRP) ,[23-251 u t i l i z i . n g  the  new value o f  100 days fo r  t h e  b i o l o g i c a l  h a l f -  
1  i f e  o f  i o d i n e  i n .  t h e  t h y r o i d  o f .  adu l ts  . [261 The d i e t s  u t i  1  i zed i n  the  
ca l cu la t i ons  were those c u r r e n t l y  emplo ed a t  Hanford f o r  annual est imates 1 o f  r a d i a t i o n  doses t o  l o c a l  . res idents.  [ 71 The r e s u l t s  o f  these c a l c u l a t i o n s  
are  tabu la ted  i n  Table X I .  

The t o t a l  dose l i s t e d  i n  Table X I  i s  o n l y  2a.4 mrem/yr t o  the  hypo- , . 
t h e t i c a l  i n d i v i d u a l  w i t h  maximized d i e t a r y  h a b i t s  and ~ 0 . 2  mrem/yr t o  the  
average a d u l t .  ' These doses were c a l c u l a t e d  f o r  the s i t u a t i o n  where the  
rad ionuc l  i d e  content  o f  the body has come t o  e q u i l  i b r i u m  w i t h  the  i n t a k e  
ra te .  

S i m i  1  a r  c a l c u l  a t i ons  were performed f o r  the 1  -year-01 d  i n f a n t  w i t h  
maximi zed d i e t  (2045. rn31yr o f  air . ,  292 1  i t r e / y r  o f  .water, and 365 1  i t r e /  
yr  o f  m i l k )  and f o r  the i n f a n t  w i t h  average d i e t a r y  hab i t s  (2045. rn3/yr o f  
a i r ,  146 1 i  t r e l y r  o f  water, and 219 1  i t r e / y r ,  o f  m i l k ) .  The t o t a l  doses 
t o  the  maximum and average i n f a n t  were o n l y  Q . 3  and 0.1 mremlyr, respec- 
t i v e l y .  Near ly  t he  e n t i r e  , t hy ro id  dose t o  the  i n f a n t  comes f rom i n g e s t i o n  
o f  m i l k .  Less than ha l f  o f  the a d u l t  dose comes from m i l k ,  w i t h  s i g n i f i -  
cant  c o n t r i b u t i o n s  from beef and vegetables. None o f  these doses a re  
s i g n i f i c a n t  when compared t o  the c u r r e n t  guide o f  1500 mrem/yr t o  t he  t h y -  
r o i d  o f  an i n d i v i d u a l  member o f  t he  general p u b l i c  o r  5.00 mremlyr t o  the 
average o f  a  s u i t a b l e  sample of the  p u b l i c .  

S i m i l a r  est imates o f  the r a d i a t i o n  dose t o  the  t h y r o i d  o f  an average 
a d u l t  r e s i d i n g  on the  Olympic Peninsula y i e l d e d  3  x  10-4 mre'm/yr;  ~ 0 . 2 %  o f  
t h a t  est imated f o r  t he  average Rich1 and res iden t .  

The s i g n i f i c a n c e  o f  the  1 2 9 ~ / 1 2 7 ~  atom r a t i o s  measured can be judged 
by comparing them w i t h  the  r a t i o s  requ i red  t o  d e l i v e r  a dose r a t e  o f  
1500 mremlyr t o  the thy ro id .  The 1  i m i t i n g  r a t i o .  i n  an a d u l t  t h y r o i d  i s  
2.9 x  10-2 atoms 1292 per  atom 1271. For a  1-year-old c h i l d  the  l i m i t i n g  
r a t i o  i s  1.1 x  10-1, much l e s s  r e s t r i c t i v e  because t h e  c h i l d ' s  t h y r o i d  has 
a  much lower concentrdl;.ion o f  1271 than does t h e  a d u l t  t h y r o i d .  By com- 
pa r i son  t h e  h ighes t  r a t i o  o f  1291/1271 i n  any s i n g l e  sample was 9.3 x  
f o r  a  grass sample c o l l e c t e d  from Benton County, Washington;, t h i s .  i s  3% 
o f  t he  l i m i t i n g  s p e c i f i c  a c t i v i t y  f o r  the  t h  r o i d .  The h ighes t  r a t i o s  
measured i n  l t ems  o f  human d i e t  were 5  x  10-% i n  a i r ,  1  x  10-6 i n  Columbia 
.River water and 6.7 x  10-7 i n  m i l k ,  a l l  much' less than 1% o f  the  l i m i t i n g  
atom r a t i o .  

The h i g h l y  v a r i a b l e  r a t i o s  o f  129~/1271 found i n  t h i s  s tudy p a r a l l e l  - - 
t he  extreme v a r i a b i l i t y  r e c e n t l y  repor ted  f o r  m i l k  samples c o l l e c t e d  i n  
t he  v i c i n i t y  o f ,  the  Nuclear Fuels Services f u e l s  ceproces.si ng p l a n t  i n  
New York te.[291 The wide v a r i a b i l i t y  precludes t h e  e x t r a p o l a t i o n  o f  
t he  1291/1271 r a t i o  f rom one iample t o  the  nex t  and between sample types 
t o  p o t e n t i a l  t h y r o i d  content.  



. . 1 ,  ax';;; ;;~~;idual, A ~ U I  Dose ., 

;, I tem Annual To ta l  Dose r a t e  
In take  [2i1 p ~ i / . ( m 3 y l i t r e , k g )  Intake mremlYr(a) 

p c i l y r  
. . 

A i r  

Water 

M i l k  

Beef 

Chicken. . . 

Eggs 
Columbia 

R.iver F-ish 

Game B i rds  

Leafy 
Vegetabl es 

Other 
- . Vegetables 

and F r u i t s  

7'300 m3 

730:l i t r e  

380 l i t r e  

80 kg 

8 kg 
30 'kg 

40 kg 
- 

73 kg 

530 kg 

0.48 kg .  

1.2 kg 

Averaqe Rich1 and Adu l t  Dose' 

To ta l  0.366 0.152 

Annual 
In take  [271 

(a)  A f t e r  e q u i l i b r i u m  i s  achieved between i n t a k e  r a t e  and t h y r o i d  l e v e l s  
(b)  For two samples (0.084 and 0.021 p C i / l  i t r e )  c o l l e c t e d  f o u r  y a r  apar t  

a287 ( c )  Assuming a bioaccumulat ion f a c t o r  o f  15 pCi/kg pe r  p C i / l i t r e  
(d)  Assuming 112 the  gane b i r d s  a re  waterfowl which have concentrat ions s i m i l a r  t o  those i n - f i s h  and .. 

t h e  o t h e r  h a l f  a re  upland game b i r d s  s i m i l a r  t o  chickens 

.' 291 Conc 
pCi/(m , l i t r e , k g )  

~ o t a 1  2 9 ~  
Intake 
p C i I y r  

Dose r a t e  
mrem/yr 



CONCLUSIONS 

The c u r r e n t  l e v e l s  of  ' 1 2 9 ~  i n  the  envi,ronment throughout t h e  Uni ted 
States a r e  h igher . than,  c  n be expla ined by  na tu ra l  proceises and are  t h e  
kesul t of man-produced legI being re leased t o  the  environment. The areas 
adjacent  t o  t he  AEC reserva t ions  a t  Hanford, .Washington and Savannah River ,  
South 'Carol ina were found t o  con ta in  l e v e l s  o f  1291 h igher  than found i n  
most o the r  areas o f  the  Uni ted States. Above background l e v e l s  o f  1291 : 
a l s o  e x i s t  i n  t he  env i  onment o f  t he  nuclear  f u e l  reprocessing p l a n t  a t  . . 

West Val ley, New ~ o r k . E l 0 1  The r a d i a t i o n  doses t o  human thy ro ids  p ro jec ted  
. f rom t h i s  s tudy a re  0.4 mremlyr i n  the  v i c i n i t y  o f  the  Hanford Reservat ion 

and 3 x  10-4 rnremlyr i n  the  Olympic Peninsula i n  Western Washington. .Such 
doses are  s u b s t a n t i a l l y  below es tab l ished 1  i m i t s  .and are  i n s i g n i f l c a n t ' . i n  
comparison t o  the .100 mrem o r  more the  t h y r o i d  rece ives  each year  f rom 
na tu ra l  r a d i a t i o n .  

. . 
Survei 1  lance o f  t he  "I 1 eve1 s  i n  t he  environment, especial  l y  near 

nuclear  f u e l  reprocessing '  f a c i l  i t i e s ,  stioul d  be 'cont inued.  Fur ther  s tud ies  
o f  poss ib le  mechanisms f o r  reconcent ra t ion  i n  var ious .pathways o f  exposure 
t o  man are requ i red .  Since, the  r a t i o  o f  1291/1271 i s  h ighes t  i n  the  atmo- 
sphere, p o t e n t i a l  mechanisms f o r  uptake o f  atmospheric i o d i n e  w i thou t  d i l u -  
t i o n  by na tu ra l  i o d i n e  requ i re .  eva lua t ion .  - 
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