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RADIOCHEMICAL ANALYSES OF GAME BIRDS COLLECTED 
FROM THE HANFORD ENVIRONS , 1971 -1 975 

INTRODUCTION 

As p a r t  o f  t h e  Environmental  S u r v e i l l a n c e  program f o r  t h e  Hanford en- 

v i r o n s ,  game b i r d s  ( c o o t s ,  ducks, geese, and pheasants) have been rou-  

t i n e l y  c o l l e c t e d  on t h e  Hanford S i t e  and a long  t h e  Hanford reach o f  t h e  

Columbia R i ve r .  Because game b i r d s  may t ake  i n  r a d i o a c t i v i t y  f rom contami-  

na ted  v e g e t a t i o n  and wate r  a t  s p e c i f i c  areas o f  t h e  Hanford S i t e  and then 

t r a v e l  o f f s i t e ,  t hey  r e p r e s e n t  a  p o t e n t i a l  source o f  r a d i a t i o n  exposure f o r  

hun te rs .  Table 1  shows t h e  number o f  game b i r d s  c o l l e c t e d  annua l l y  f rom 

1971 th rough 1975. The t o t a l  number o f  each t ype  c o l l e c t e d  ove r  t h e  5-year  

p e r i o d  was 80 pheasants, 90 geese, 356 ducks, and 11 coo ts .  

Samples o f  game b i r d  muscle t i s s u e  were analyzed r a d i o c h e m i c a l l y  t o  

assess t h e  t o t a l  c o n t r i b u t i o n  o f  r a d i o n u c l i d e s ,  bo th  those o r i g i n a t i n g  f rom 

Hanford and those a l r eady  p resen t  i n  t h e  environment due t o  wor ldw ide  f a l l -  

o u t  o r  n a t u r a l  causes. The r e s u l t i n g  da ta  were eva lua ted  u s i n g  p r o b a b i l i t y  

p l o t t i n g ,  which p rov ided  a  v i s u a l  es t ima te  o f  t h e  observed r a d a i o a c t i v i  t y  

a t t r i b u t a b l e  t o  f a1  1  o u t  and, sepa ra te l y ,  any d e t e c t a b l e  i nc rease  a t t r i b u t a b l e  

t o  Hanford ope ra t i ons .  I n  a d d i t i o n ,  t h e  l e v e l s  o f  n a t u r a l l y  o c c u r r i n g  4 0 K  

were measured i n  a1 1  samples . 

TABLE 1. Game B i r d s  C o l l e c t e d ,  1971-1975 

1971 1972 1973 1974 1975 T o t a l  - - - ---  
Pheasants 16 24 9  15 16 8 0  

Geese 7  3  0 2  3  14 16 90 

R i v e r D u c k s  97 70 34 3  3  27 261 

Pond Ducks 17 2 0  24 15 19 9 5  

Coots 3 3 0  4  1  11 



SUMMARY 

Game b i r d s  -- pheasants, geese, ducks and coo t s  -- have been c o l l e c t e d  

r o u t i n e l y  on t h e  Hanford S i t e  as a  way o f  m o n i t o r i n g  r a d i o n u c l i d e  concen- 

t r a t i o n s  p o t e n t i a l l y  a t t r i b u t a b l e  t o  Hanford ope ra t i ons .  I n  genera l ,  r a -  

d i o n u c l i d e  concen t ra t i ons  a t t r i b u t a b l e  t o  Hanford o p e r a t i o n s  were o n l y  

s l i g h t l y  g r e a t e r  t han  ( w i t h i n  a  f a c t o r  of 10) o r  i n d i s t i n g u i s h a b l e  f rom ex- 

pec ted  l e v e l s  a t t r i b u t e d  t o  wor ldw ide  f a l l o u t .  An excep t i on  was t h a t  137Cs 

concen t ra t i ons ,  p r i m a r i l y  i n  ducks and coo ts ,  were h i g h e r  than  l e v e l s  a t t r i b -  

u t a b l e  t o  fa1 l o u t .  High1 i g h t s  of a1 1  observa t ions  f o l  low: 

Pheasants-- Only  two obse rva t i ons ,  a  9 0 S r  c o n c e n t r a t i o n  o f  0.08 ~ C i / g  

and a  137Cs c o n c e n t r a t i o n  o f  5.6 pCi /g ,  were a t t r i b u t e d  t o  Hanford 

ope ra t i ons .  The 50-year i n t e r n a l  dose commitment f rom i n g e s t i n g  

500 grams o f  duck meat c o n t a i n i n g  these  concen t ra t i ons  would be 

0.3 mrem t o t a l  body (137Cs-0.2,  90Sr-0.1 ) and 0.3 mrem bone 

(90Sr-Cl.3). (See pages 6 -9 ) .  

Geese -- Only  b5Zn a c t i v i t y  observed i n  geese d u r i n g  1971 and 

1972 was a t t r i b u t e d  t o  Hanford ope ra t i ons .  The p o s i t i v e  da ta  

a v a i l a b l e  f o r  t h e  o t h e r  r a d i o n u c l i d e s  were t o o  few t o  determine 

any c o n t r i  b u t i o n  a t t r i b u t a b l e  t o  Hanford o p e r a t i o n s  f rom t h e  ex-  

pected f a l l o u t  l e v e l s .  However, t h e  da ta  do show t h a t  r ega rd less  

o f  t h e  o r i g i n  o f  t h e  a c t i v i t y ,  t he  concen t ra t i ons  observed would 

c o n t r i b u t e  a  minor  dose impact .  Assuming a  hun te r  i nges ted  5  

k i log rams o f  goose meat c o n t a i n i n g  t h e  ~naxi~nuni observed 65Zn, 1 .3  

pCi/g,  and 1 3 7 ~ s ,  1 .0  pCi /g  concen t ra t i ons ,  a  50-year i n t e r n a l  

dose commitment t o  t h e  t o t a l  body o f  0.05 mrem f rom 65Zn and 0.3 

mrem f rom 137Cs would be i n c u r r e d .  (See pages 9-13) .  
. - Ducks -- The duck da ta  were separa ted  i n t o  two components f o r  

. - a n a l y s i s :  1  ) Ducks c o l l e c t e d  f rom t h e  Columbia R i v e r ,  and 2 )  

Ducks c o l l e c t e d  f rom o n s i t e  ponds. Wi th  t h e  excep t i on  o f  65Zn, 

t he  maximum observed c o n c e n t r a t i o n s  o f  "Co, 9 % r Y  and 137Cs 

were f o r  ducks c o l l e c t e d  f rom o n s i t e  ponds. The maximum 65Zn 

concen t ra t i ons  were f o r  ducks c o l l e c t e d  d u r i n g  1971 f rom near  

t h e  Columbia R i v e r .  L i v e r s  f rom ducks c o l l e c t e d  f rom c e r t a i n  



o n s i t e  ponds were analyzed f o r  U and Pu a c t i v i t y .  The m a j o r i t y  

o f  t h e  analyses were p o s i t i v e .  However, t h e  c o n t r i b u t i o n  f rom 

Hanford i s  u n c e r t a i n  because o f  t h e  l a c k  o f  s i m i l a r  da ta  r e p r e -  

s e n t i n g  t h e  expected l e v e l s  a t t r i b u t a b l e  t o  f a1  l o u t .  F i f t y -  

y e a r  i n t e r n a l  dose es t ima tes  based on consumption o f  500 grams o f  

duck meat c o n t a i n i n g  t h e  h i g h e s t  observed c o n c e n t r a t i o n s  o f  

60Co (1 - 8  pC i / g ) ,  65Zn (15 pC i / g ) ,  9 0 S r  (0 .3  pC i / g )  and 137Cs 

(1 30 pC i / g )  would be 4.4 mrem t o t a l  body (60Co-0.004, 65Zn 

0.05, 90Sr-0.3,  1 3 7 ~ s - 4 . 0 )  and 1.1 mrem bone ( 9 0 S r - l . l ) .  

The dose impac t  from i n g e s t i n g  60 grams of duck l i v e r s  c o n t a i n -  

i n g  U o r  Pu would be ve ry  sma l l ,  l e s s  t han  0.01 mrem t o  any 

organ of t h e  body. (See pages 14-25). 

Coots -- Only  11 coo ts  were c o l l e c t e d  f rom 1971 th rough 1975, 

a l l  f r om o n s i t e  ponds; b u t  because coo ts  a r e  l e s s  m i g r a t o r y  

than  ducks and may t h e r e f o r e  t a k e  i n  more a c t i v i t y  f r om Han- 

f o r d  process ponds, t h e  a v a i l  a b l e  da ta  were analyzed.  General l y ,  

a  much l a r g e r  f r a c t i o n  o f  t h e  coo t s  analyzed showed p o s i t i v e  

a n a l y s i s  f o r  9 0 S r  and 137Cs a c t i v i t y  as compared t o  ducks c o l -  

l e c t e d  f r om a long  t h e  Columbia R i v e r .  Assuming t h e  i nc reased  

f requency  of p o s i t i v e  measurements i s  i n d i c a t i v e  of  t h e  impac t  

f rom Hanford ope ra t i ons ,  a  50-year i n t e r n a l  dose commitment f rom 

i n g e s t i n g  500 grams o f  c o o t  meat c o n t a i n i n g  t h e  maximum observed 

9 0 S r ,  0.1 pCi /g ,  and 137Cs, 210 pCi/g,  c o n c e n t r a t i o n s  would be 

6.5 mrem t o t a l  body (90Sr -0 .09  mrem, 137Cs-6.4 mrem) and 8 .4  

mrem t o  t h e  bone (qOSr -0 .4  mrem, 137Cs-8.0 mrem). (See pages 

26-30). 

The above dose es t imates  may be compared t o  t h e  dose o f  app rox ima te l y  

100 mrem r e c e i v e d  each y e a r  f r om n a t u r a l  background r a d i a t i o n  o r  an accumu- . 
l a t e d  dose o f  5000 nirem (50  x 100) ove r  a  50-year pe r i od .  . . 



DATA ANALYSIS 

I n t e r p r e t a t i o n  o f  t h e  game b i r d  da ta  i s  more d i f f i c u l t  than  most 

t ypes  o f  env i ronmenta l  samples because o f  t h e  tenuous r e l a t i o n s h i p  o f  

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

ted .  For  example, c o l l e c t i o n  o f  seve ra l  ducks f rom an o n s i t e  pond may 

i n c l u d e  ducks which a r e  m i g r a t i n g  through sou theas te rn  Washington 

s t a t e ,  ducks which have been f eed ing  a long  t h e  Columbia R i v e r  o r  o t h e r  

ponds, as w e l l  as ducks which have been f eed ing  a t  t h e  pond o f  c o l l e c t i o n .  

A l l  of t h e  da ta  analyzed were c o l l e c t e d  on t h e  Hanford S i t e  

r e s u l t i n g  i n  t h e  need t o  e s t i m a t e  t h e  expected l e v e l s  o f  f a l l o u t  

r a d i o n u c l  i d e s  as we1 1  as any d i s t i n g u i s h a b l e  i nc rease  a t t r i b u t a b l e  t o  

Hanford ope ra t i ons  f r om t h e  same s e t  o f  data.  The a v a i l a b i l i t y  o f  

analogous game b i r d  da ta  d i s t a n t  from t h e  Hanford S i t e  would have a l -  

lowed a  d i r e c t  e s t i m a t e  of t h e  fa1 l o u t  r a d i o n u c l  i d e  concen t ra t i ons .  The 

duck da ta  were separated i n t o  two groups r e p r e s e n t i n g  1 )  ducks c o l l e c t e d  

a long  t h e  Columbia R i v e r  and 2 )  ducks c o l l e c t e d  f r om o n s i t e  ponds. 

However t h e  a v a i l a b i l i t y  o f  65Zn and l i k e l y  'j°Co a long  t h e  r i v e r ,  par -  

t i c u l a r l y  d u r i n g  1971 immed ia te ly  f o l  l ow ing  t h e  d e a c t i v a t i o n  o f  t h e  1  a s t  

once-through c o o l i n g  p r o d u c t i o n  r e a c t o r ,  makes a  d e t e r m i n a t i o n  o f  a  n e t  Han- 

f o r d  impac t  d i f f i c u l t .  

However, i t  shou ld  be no ted  t h a t  t h e  p r ima ry  purpose f o r  c o l l e c t i n g  

t h e  da ta  was t o  e s t i m a t e  t h e  dose t o  members o f  t h e  p u b l i c  f r om i n g e s t i n g  

game b i r d s  c o l l e c t e d  near t h e  Hanford S i t e .  The p resen t  document 

es t ima tes  t h e  dose impac t  f o r  each measured rad ionuc l ide /game b i r d  

a s s o c i a t i o n  which i s  a t t r i b u t e d  t o  Hanford ope ra t i ons .  An e s t i m a t e  o f  

t h e  expected l e v e l s  o f  f a l l o u t  r a d i o n u c l i d e s  i s  a l s o  g iven .  The da ta  

were eva l  uated us ing  log-normal p r o b a b i l  i ty  p l o t s  o f  t h e  a n a l y t i c a l  

. . da ta  g r e a t e r  t han  t h e  2-sigma coun t i ng  u n c e r t a i n t y .  T h i s  method o f  
a n a l y s i s  a l l o w s  a  v i s u a l  e v a l u a t i o n  of t h e  da ta  e s p e c i a l l y  when two 

analogous s e t s  o f  da ta ,  such as ducks f r om t h e  ponds versus ducks f r om 

t h e  r i v e r ,  a r e  be ing  compared. 

Log-normal p r o b a b i l i t y  p l o t t i n g  i s  s imp l y  a  g r a p h i c a l  means o f  

a n a l y s i s  wh ich  a l l o w s  v i s u a l  i n t e r p r e t a t i o n  o f  t h e  s i m i l a r i t y  o f  a l l  



data, t h e  number o f  r e s u l t s  l e s s  than t h e  d e t e c t i o n  l i m i t  ( i n t e r c e p t  o f  

p l o t  w i t h  t h e  d e t e c t i o n  l e v e l ) ,  t h e  median va lue  expected (50 percent  

i n t e r c e p t ) ,  and the  s lope o f  a  b e s t - f i t  l i n e  t o  the  data ( r a t i o  o f  84% and 

50% i n t e r c e p t s ) .  The method i s  convenient  because l a r g e  q u a n t i t i e s  o f  data 

can be evaluated and presented i n  an e a s i l y  understood manner. Also, 

a1 1  o f  t h e  da ta  a r e  represented i n  t he  p l o t s .  

Throughout t h e  f o l l o w i n g  t e x t ,  t h e  geometr ic mean (50 percent  

i n t e r c e p t )  and geometr ic s tandard d e v i a t i o n  ( r a t i o  o f  84% and 50% i n t e r -  

cepts )  ob ta ined f rom the  log-normal p l o t s  a r e  used t o  es t imate  any 

n e t  impact a t t r i b u t a b l e  t o  Hanford operat ions,  as shown by r a d i o n u c l i d e  

concent ra t ions  g r e a t e r  than the  range expected from worldwide f a l l o u t .  

I n  some cases, t he  mean concent ra t ion  o f  a  r a d i o n u c l i d e  a t t r i b u t a b l e  

t o  f a l l o u t  i s  subt rac ted  f rom i n d i v i d u a l  r e s u l t s  a t t r i b u t a b l e  t o  Hanford 

operat ions t o  p rov ide  a  more r e a l i s t i c  es t imate  o f  t h e  Hanford impact 

on t h e  environment. 



GAME BIRD DATA ANALYSIS 

The da ta  f rom a n a l y s i s  o f  game b i r d s  c o l l e c t e d  f rom 1971 th rough 1975 

have been analyzed as a  f u n c t i o n  o f  t h e  r a d i o n u c l i d e  c o n c e n t r a t i o n  found i n  

p r i m a r i l y  muscle t i s s u e ,  t h e  spec ies of b i r d s  c o l l e c t e d ,  and, f o r  ducks, 

t h e  l o c a t i o n  o f  t h e  ducks c o l l e c t e d .  A n a l y s i s  f o r  uranium and p lu ton ium i n  

l i v e r  t i s s u e  was done f o r  a  few ducks. The f o l l o w i n g  s e c t i o n s  w i l l  examine 
s e p a r a t e l y  da ta  f o r  pheasants, geese, ducks, and coo ts .  

PHEASANTS 

Pheasants were c o l l e c t e d  each y e a r  d u r i n g  t h e  p e r i o d  1971 th rough 1975. 

A  5-year  t o t a l  o f  80 pheasants was taken, w i t h  annual sampl ings rang ing  f rom 

9  (1973) t o  24 (1972).  Pheasants were t aken  near  each o f  t h e  100 Areas and 

a long  t h e  Columbia R i v e r  f r om 100-K t o  N o r t h  R ich land .  

Tab le  2  summarizes t h e  maximum, minimum and average concen t ra t i ons  f o r  

n a t u r a l  l y - o c c u r r i n g  '+OK and f o r  a r t i f i c i a l  l y  produced 60Co, 65Zn, 9 0 S r  and 

37Cs f o r  each of  t h e  yea rs  1971 th rough 1975. It i s  apparent  f r om a  com- 

p a r i s o n  o f  t h e  da ta  between years  t h a t  a l l  o f  t h e  da ta  f o r  each r a d i o n u c l i d e  

were s i m i l a r  w i t h  t h e  excep t i on  o f  t h e  maximum 13Cs c o n c e n t r a t i o n  o f  5.6 

pC i /g  observed i n  1973 and p o s s i b l y  t h e  maximum 9 0 S r  c o n c e n t r a t i o n  o f  0.08 

pC i /g  observed i n  1975. A1 1  o t h e r  r a d i o n u c l  i d e  concen t ra t i ons  were s i m i  l a r  

d u r i n g  each y e a r  and g e n e r a l l y  near t h e  d e t e c t i o n  l i m i t  o f  t h e  a n a l y s i s .  

F i g u r e  1  p resen ts  log-normal p r o b a b i l i t y  p l o t s  o f  t h e  '+OK, g O S r ,  and 

137Cs data.  The '+OK p l o t  shows t h e  c h a r a c t e r i s t i c s  t y p i c a l  o f  da ta  which 

a re  v e r y  n e a r l y  equal t o  each o t h e r .  The s l ope  o f  1.2 ( r a t i o  o f  84% t o  50% 

va lues)  i l l u s t r a t e s  t h e  c l o s e  g roup ing  o f  t h e  da ta .  The average '+OK con- 

c e n t r a t i o n  observed was 2.8 pCi/g.  

The p l o t t e d  r e s u l t s  f o r  9 0 S r  appear t o  r e p r e s e n t  s i m i l a r  da ta  f o r  a l l  

o f  t h e  pheasants, w i t h  t h e  excep t i on  o f  t h e  aforement ioned maximum concen- 

t r a t i o n  o f  0.08 pCi/g,  d u r i n g  1975. T h i s  c o n c e n t r a t i o n  was ob ta ined  from 

a n a l y s i s  o f  a  pheasant c o l l e c t e d  near t h e  Whi te  B l u f f s  a rea  c n  t h e  Hanfo rd  

S i t e  on November 20, 1975. The m a j o r i t y  o f  t h e  0.08 pC i / g  o f  9 0 S r  a c t i v i t y  

i s  a t t r i b u t e d  t o  Hanfo rd  ope ra t i ons .  Any Hanford c o n t r i b u t i o n  t o  t h e  g O S r  



TABLE 2. Summary o f  Radiochemical Analyses o f  
Pheasant Sampl es , 1971 -1 975 

(Concent ra t ions  i n  p C i l g  of Muscle Tissue, Wet Weight) 

No. o f  K  60Co 5Zn 
Year samples Avg.' - - - Max. Min. Avg. Max. Min. Avg. 

No. o f  90Sr  'CS 
Year Samples Max. Min. Avg. Max. Min. Avg. 

* 
Less than detec tab le .  The d e t e c t i o n  l e v e l  f o r  gama spect rometr ic  measurement 
of '+OK, 6 0 C ~ ,  65Zn and 137Cs depends on t h e  var ious types and q u a n t i t i e s  of 
rad ionuc l  i des  present.  Approximate d e t e c t i o n  l e v e l s  are :  '+OK c2-, 6 0 C ~  c0. I-, 
65Zn -0.2-, gOSr c0.005-, and 137Cs 4 . 1 -  pCi/g. 

( a ) ~ a n g e  o f  a r i t h m e t i c  average shown was de r i ved  by assuming f i r s t  t h a t  a1 1  " l e s s  
than de tec tab le "  values a re  equal t o  zero, and then t h a t  a l l  " l e s s  than de- 
t e c t a b l e "  values a re  equal t o  the  de tec t i on  l e v e l s .  

concen t ra t i on  observed i n  t he  o t h e r  pheasants i s  i n d i s t i n g u i s h a b l e  f rom t h e  

expected r e g i o n a l  l e v e l s  o f  f a 1  1  ou t .  

I f  a  hunter  were t o  e a t  500 grams (1.1 pounds) o f  pheasant meat con ta in -  

i n g  0.08 pC i l g ,  t h e  h i g h e s t  90Sr  concen t ra t i on  observed, a  50-year dose com- 

mitment of 0.07 mrem t o  t h e  t o t a l  body and 0.3 mrem t o  t h e  bone would be i n -  

curred.  About 5% o f  t h e  dose would be rece i ved  d u r i n g  t h e  f i r s t  y e a r  a f t e r  

i nges t i on .  

The p l o t t e d  r e s u l t s  f o r  13'Cs i n  F igu re  1  r e s u l t  i n  a  s i m i l a r  i n t e r p r e -  

t a t i o n  as t h a t  f o r  gOSr. A l l  o f  t h e  data, w i t h  t h e  except ion  o f  t h e  maxi- 

mum concen t ra t i on  observed i n  1973, rep resen t  a  s i m i l a r  group o f  da ta  as i n -  



FIGURE 1. 4 0 ~ ,  90Sr, and 13'Cs Concent ra t ions  
i n  Pheasant Muscle T i ssue  



d i c a t e d  by t h e  l i n e a r i t y  o f  t h e  data. The s t r a i g h t  l i n e  f i t  t o  t h e  data i n  

F igu re  1  represents  t h e  expected concen t ra t i ons  a t t r i b u t a b l e  t o  wor ldwide  

fa1  1  out .  The maximum-pl o t t e d  concen t ra t i on ,  5.6 pCi /g f o r  137Cs, i s  a t  

l e a s t  an o r d e r  of magnitude g r e a t e r  than expected and i s  a t t r i b u t e d  t o  Han- 

f o r d  opera t ions .  Hanford c o n t r i b u t i o n s  o f  137Cs a c t i v i t y  t o  t h e  o t h e r  

p o i n t s  a r e  i n d i s t i n g u i s h a b l e  f rom t h e  v a r i a b i l i t y  i n  f a 1  l o u t  l e v e l s .  

I n g e s t i o n  o f  500 grams of pheasant meat c o n t a i n i n g  t h e  maximum 137Cs 

concen t ra t i on  observed, 5.6 pCi/g, would r e s u l t  i n  a  t o t a l  body 50-year 

dose cornmitment of 0.2 mrem. Over 90% o f  t h i s  dose would be r e c e i v e d  dur -  

i n g  t h e  f i r s t  y e a r  a f t e r  i nges t i on .  

GEESE 

Geese were c o l l e c t e d  from a long t h e  Columbia R i v e r  between t h e  100-K 

Area and Nor th  R ich land d u r i n g  each y e a r  o f  t h e  p e r i o d  1971 th rough 1975. 

A t o t a l  o f  90 geese were taken d u r i n g  t h i s  pe r i od ,  w i t h  t h e  annual c o l l  ec- 

t i o n  rang ing  f rom a  low o f  14 i n  1971 and 1974 t o  a  h i g h  o f  30 i n  1972. 
Census data*  f o r  goose popu la t i ons  a long t h e  Hanford reach o f  t h e  Columbia 

R i v e r  d u r i n g  t h e  1975 hun t i ng  season i n d i c a t e d  t h e  presence o f  a  few hundred 

geese d u r i n g  each day of observa t ion .  

Table 3  summarizes t h e  maximum, minimum and average concen t ra t i ons  

f o r  n a t u r a l  l y - o c c u r r i n g  4 0 K  and f o r  a r t i f i c i a l  ly-produced 60Co, G5Zn, 90Sr 

and 137Cs f o r  each of t h e  years  1971 through 1975. Potassium-40 was pres-  

e n t  i n  t h e  1  a rges t  concent ra t ions .  Cobal t -60  was de tec ted  o n l y  occasion- 
a l l y  and a t  l e v e l s  ve ry  near  t h e  d e t e c t i o n  l i m i t .  I t  i s  i n t e r e s t i n g  t h a t  

a l l  p o s i t i v e  G5Zn observa t ions  occurred d u r i n g  t h e  years 1971 and 1972. 

However, t h e  p o s i t i v e  da ta  a re  t o o  few and t o o  near t h e  d e t e c t i o n  l i m i t  

t o  c o n c l u s i v e l y  a t t r i b u t e  t h e  p o s i t i v e  analyses t o  Hanford ope ra t i ons  even 

though 65Zn was a  major  contaminant from Hanford ope ra t i ons  d u r i n g  these 

years ( t h e  l a s t  once-through p roduc t i on  r e a c t o r  was deac t i va ted  d u r i n g  

-J .  D. Hedl und, "Waterfowl Census," P a c i f i c  Northwest Labora tory  Annual 
Report  f o r  1975 t o  t h e  ERDA D i v i s i o n  o f  Biomedical  and Environmental  Re- 
search, P a r t  2, Ecol o g i c a l  Sciences, BNWL-2000 PT 2, B a t t e l l  e, P a c i f i c  
Northwest Labora tor ies ,  Richland, W A Y  1975, p. 171. 



TABLE 3. Summary o f  Radiochemical Analyses o f  Goose 
Samples , 1971 -1 975 

(Concent ra t ions  i n  pC i /g  o f  Muscle T issue,  Wet Weight) 

No. o f  40K 60Co Zn 
- -  Max. Min. Avg. a )  Yax. Min. Avg. Year Samples Max. Min. ~ v g . (  

NO. o f  goSr(') ~ C S  

Year Samples Max. Min. -- Max. Min. Avg. Avg. -- 
1971 7 N.A. 0.6 * 0.1-0.2 

1972 30 0.02 * 0 . 0 0 2 - 0 . 0 0 6  1.0 * 0.1-0.2 

1973 2 3 N.A. 0.2 * 0.03-0.1 

N.A. 0.2 * 0.02-0.1 

N.A. 0.2 * 0.03-0.1 

* 
Less t han  de tec tab le .  The d e t e c t i o n  1 eve1 f o r  gamma s p e c t r o m e t r i c  
measurement o f  40K, 6 0 C ~ ,  65Zn and 137Cs depends on t h e  va r i ous  
types  and q u a n t i t i e s  o f  r a d i  onucl  i d e s  p resen t .  Approximate detec-  
t i o n  l e v e l s  a re :  4 0 ~  ~ 2 - ,  6 0 C ~  %0.1-¶ 65Zn 4 . 2 - ,  90Sr  %0.005-, and 
137Cs %0.1- pCi /g .  

N * A * ~ o t  . . Analyzed 

( a ) ~ a n g e  o f  a r i t h m e t i c  average shown was d e r i v e d  by  assuming f i r s t  t h a t  

. . a1 1 " l e s s  t han  d e t e c t a b l e "  va lues a r e  equal t o  zero,  and then  t h a t  
-. a l l  " l e s s  t han  d e t e c t a b l e "  va lues  a r e  equal t o  t h e  d e t e c t i o n  l e v e l s .  

( b ) 9 ~ ~ r  analyses o n l y  done i n  1972 and t hen  on 14 o f  t h e  30 b i r d s  
c o l  1 ected. 



January 1971). Also, t h e  l a c k  of 65Zn data f o r  geese samples f rom d e f i n i t e  

background areas f u r t h e r  l i m i t s  t he  i n t e r p r e t a t i o n  o f  t he  data. 

Stront ium-90 data  were c o l l e c t e d  o n l y  du r ing  1972 and then on o n l y  14 

o f  t he  30 geese samples c o l l e c t e d ,  as shown i n  Table 3. Only 2  o f  t h e  14 

analyses done showed a  p o s i t i v e  count  and these were near t h e  d e t e c t i o n  l i m i t  

o f  t he  ana lys i s .  The observed 9 0 S r  a c t i v i t y  i s  a t t r i b u t e d  t o  worldwide 

f a l l o u t  s ince  t h e r e  i s  no i n d i c a t i o n  t h a t  Hanford operat ions have c o n t r i b u -  

ted  t o  the  observed l e v e l s .  

A s i m i l a r  s i t u a t i o n  i s  found i n  t h e  137Cs data. S ix teen o f  t h e  90 

geese analyzed were above the  d e t e c t i o n  l e v e l  o f  0.1 pCi /g.  Given the  

v a r i a b i l i t y  observed i n  f a l l o u t  l e v e l s ,  t h e  data a re  too  few t o  determine 

any c o n t r i b u t i o n  a t t r i b u t a b l e  t o  Hanford opera t ions .  

F igu re  2 presents log-normal p r o b a b i l i t y  p l o t s  o f  t he  40K, 65Zn, and 

137Cs data. The 4 0 K  concent ra t ions  a re  we1 1  represented by a  log-normal 

d i s t r i b u t i o n  and a  median value of 2.7 pCi /g i n  geese muscle t i s s u e  would 

be expected. The number o f  p o s i t i v e  analyses f o r  65Zn and 13'Cs a re  i n -  

s u f f i c i e n t  t o  d i s t i n g u i s h  any Hanford c o n t r i b u t i o n  from r e g i o n a l  f a l l o u t  

l e v e l s .  Also, t h e  l a c k  of analogous data from d e f i n i t e  background loca-  

t i o n s  f u r t h e r  l i m i t s  t h e  i d e n t i t y  o f  any Hanford c o n t r i b u t i o n  t o  t h e  ob- 

served concent ra t ions .  However, t h e  data show t h a t  regard less  o f  t he  o r i -  

g i n  o f  t he  rad ionuc l  ides ,  t h e  concent ra t ions  would c o n t r i b u t e  a r e 1  a t i v e l y  

minor  dose impact. Assuming a  hunter  inges ted 5  k i lograms (11 pounds) of 

goose meat con ta in ing  t h e  maximum observed concent ra t ions  (65Zn, 1.3 pCi/g; 

137Cs, 1.0 pCi/g) observed i n  geese, a 50-year i n t e r n a l  dose commitment t o  

t he  t o t a l  body o f  0.05 mrem f rom 65Zn and 0.3 mrem f rom 137Cs would be i n -  

curred.  This  may be compared t o  the  approximate 100 mrem per  yea r  rece i ved  

f rom n a t u r a l  background r a d i a t i o n .  
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FIGURE 2. 40K ,  65Zn and 137Cs Concentrations 
in Goose Muscle Tissue 



DUCKS 

Table 4  l i s t s  t h e  v a r i e t i e s  o f  duck c o l l e c t e d  f rom t h e  Hanford process 

ponds and a long  t h e  Columbia R i v e r  d u r i n g  t h e  p e r i o d  1971 th rough 1975. 

Ma l l a rds  were predominant among them compr is ing 76% o f  t h e  t o t a l  number. 

The annual number o f  ducks sampled ( ~ 7 0 )  represents  a  n u m e r i c a l l y  i n s i g n i -  

f i c a n t  f r a c t i o n  o f  t h e  many thousands counted d a i l y  a long  t h e  Hanford 

reach o f  t he  Columbia R i ve r  d u r i n g  h u n t i n g  season, 1975.* 

Samples o f  muscle t i s s u e  taken f rom each duck were analyzed by gamma 

spect roscopy f o r  gamma-emi tti ng r a d i o n u c l  ides ,  such as 40K, 6oCo, 65Zn and 

l3'Cs, and by s p e c i f i c  rad iochemical  a n a l y s i s  f o r  9 0 S r .  I n  a d d i t i o n ,  l i v e r  

t i s s u e  f rom ducks c o l l e c t e d  a t  c e r t a i n  process ponds was analyzed f o r  

u r a n i  urn and/or p l  u t o n i  urn. 

TABLE 4. Duck V a r i e t i e s  C o l l e c t e d  f rom 1971 t o  1975 

Duck - - - - - 1972 1973 1974 1975 T o t a l  1971 

Ma1 l a r d  

Green Winged Teal 

B lue  Winged Teal  

Scaup 

Golden Eye 

Merganser 

Ruddy Duck 

P i n t a i l  

Widgeon 

Red head 

Gadwa 1  1  

Shovel e r  

O ld  Squaw 

B u f f 1  ehead 

* 
Hedlund, "Waterfowl Census," 1975. 



A summary o f  se lec ted  radiochemical  analyses f o r  a l l  ducks c o l l e c t e d  

f rom 1971 through 1975 i s  presented i n  Table 5. 'There i s  l i t t l e  cons is tency  

between t h e  maximum r a d i o n u c l i d e  concen t ra t i on  observed and t h e  yea r  o f  ob- 

se rva t i on ,  w i t h  t h e  except ion  o f  65Zn. The maximum 65Zn concen t ra t i on  ob- 

served was f o r  a  Ruddy Duck c o l l e c t e d  i n  1971 a long t h e  Columbia R ive r  near 

t h e  o l d  Hanford towns i te ,  and i s  p robab ly  a t t r i b u t a b l e  t o  re leases  of 65Zn t o  

t h e  r i v e r  f rom the  once-through p roduc t i on  r e a c t o r s ,  t h e  l a s t  of which was 

deact- ivated du r i ng  1971. 

TABLE 5. Summary o f  Radiochemical Analyses o f  
Duck Samples , 1971 -1 975 

(Concent ra t ion  o f  pCi /g  of Muscle Tissue, Wet Weight) 

No. o f  4°K 6oCo 65Zn 

Year Samples Max. Min. Avg.(a) Max. fi Avg. - Max. Min. Avq. - - 

No. of 9OSr 
Year Samples Max. Min. & - 

137Cs 
Max. Min. Avg. - - 

* ~ e s s  than detectable.  The de tec t i on  l e v e l  f o r  gamma spectrometr ic measurement o f  '+OK, 60Co, 65Zn 
and 137Cs depends on the var ious types and q u a n t i t i e s  of rad ionuc l ides  present.  Approximate de- 

. . t e c t i o n  l e v e l s  are: 40K s2-, 6 0 C ~  4 . 1 - ,  65Zn s0.2-, 'OSr 4 .005 - ,  and 4 . 1 -  pCi/g. 

( a ) ~ a n g e  o f  a r i t hme t i c  average shown was der ived by assuming f i r s t  t h a t  a l l  " l ess  than detec tab le"  
values are equal t o  zero, and then t h a t  a l l  " l ess  than detec tab le"  values are  equal t o  the  detec- 
t i o n  l e v e l s .  



The duck data have been separated i n t o  two groups f o r  in tercompar ison:  
1) those c o l l e c t e d  from the  ponds ( t o t a l  of 95), and 2) those c o l l e c t e d  

from along the  Columbia R iver  ( t o t a l  of 216). I n  t h i s  manner, any c o n t r i -  
b u t i o n  t o  the  observed a c t i v i t y  from t h e  process ponds should be apparent.  

F igu re  3 i s  a  log-normal p l o t  of t h e  observed 40K and 60Co a c t i v i t y  i n  

a1 1  ducks analyzed. For 40K, a  n a t u r a l  l y - o c c u r r i  ng rad ionuc l  ide ,  t h e  data 
a re  we1 1  represented by t h e  log-normal p l o t .  A median concen t ra t i on  o f  

2.7 pCi/g f o r  muscle t i s s u e  would be the  expected value based on t h e  da ta  

shown i n  F igu re  3. The 60Co a c t i v i t y  i n  pond ducks was detec ted  much more 

f requen t l y  than i n  r i v e r  ducks based on the  r e l a t i v e  number of ducks ana- 

lyzed.  A1 though i t  i s  d i f f i c u l t  t o  assess t h e  magnitude of any Hanford con- 

t r i b u t i o n  i n  a d d i t i o n  t o  whatever i s  p resent  f rom f a l l o u t ,  t h e r e  d e f i n i t e l y  

i s  an impact. However, t he  data do show t h a t  t h e  dose impact i s  r e l a t i v e l y  

i n s i g n i f i c a n t .  Assuming a  hunter  inges ted 500 grams of duck meat w i t h  t h e  

h ighes t  observed concent ra t ion  o f  6 0 ~ o ,  1.8 pCi/g, a  50-year i n t e r n a l  dose 

commitment t o  t he  t o t a l  body o f  about 0.004 mrem would be Incur red .  

F igu re  4  i s  a  log-normal p l o t  o f  t he  65Zn a c t i v i t y  i n  pond and r i v e r  

ducks. The maximum concent ra t ions  observed were f o r  ducks c o l l e c t e d  f rom 

along the  Columbia R ive r  du r ing  1971. Th i s  i s  n o t  s u r p r i s i n g  cons ide r ing  

t h e  q u a n t i t i e s  o f  G5Zn re leased t o  t h e  Columbia R ive r  d u r i n g  ope ra t i on  o f  

t he  once-through p roduc t i on  reac to rs .  

It i s  expected t h a t  the  m a j o r i t y  o f  t h e  observed 65Zn a c t i v i t y  i s  due 

t o  Hanford operat ions.  Assu~iiing a  hunter  were t o  i n g e s t  500 grams o f  duck 

meat con ta in ing  t h e  maximum 65Zn a c t i v i t y  observed, 15 pCi/g, a  50-year i n -  

t e r n a l  dose commitment t o  t h e  t o t a l  body of about 0.05 mrem would be i n -  

curred.  

F igure  5  i s  a  log-normal p l o t  o f  t he  9 0 ~ r  data  f o r  pond and r i v e r  

dncks. It i s  apparent t h a t  ducks from the  ponds have e leva ted  l e v e l s  o f  

90Sr  a c t i v i t y  r e l a t i v e  t o  t h e  ducks c o l l e c t e d  f rom along the  r i v e r .  Th i s  

i s  f u r t h e r  apparent when the  number o f  p o s i t i v e  measurements f o r  9 0 ~ r  i n  



FIGURE 3. 4 0 K  and 60Co Concentrat ions i n  Muscle 
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pond ducks (55 o u t  of 95) i s  compared t o  t h e  p o s i t i v e  measurements i n  

r i v e r  ducks (17 o u t  of 216). From t h e  data ava i l ab le ,  i t  i s  d i f f i c u l t  t o  
determine t h e  expected concent ra t ion  of 9 0 S r  a t t r i b u t a b l e  t o  f a 1  l o u t .  

Assuming t h a t  a  hunter  inges ted 500 grams o f  duck meat con ta in ing  t h e  maxi- 

mum observed 9 0 S r  concent ra t ion ,  0.3 pCi/g, a  50-year i n t e r n a l  dose c o m i t -  

ment o f  0.3 mrem t o  t h e  t o t a l  body and 1  .I mrem t o  the  bone would be i n -  

curred.  

F igu re  6  i s  a  log-normal p l o t  o f  t h e  137Cs data f o r  pond-and r i v e r  

ducks. I t  i s  apparent from t h e  graphs t h a t  l e v e l s  i n  pond d u ~ k s  n e a r l y  

t h r e e  orders  of magnitude g rea te r  than t h e  l e v e l s  i n  r i v e r  ducks have been 

observed. F igu re  7 i s  a  d i f f e r e n t  p l o t  of t h e  same data de r i ved  by group- 

i n g  a l l  data l e s s  than 1  pCi/g as represent ing  t h e  c o n t r i b u t i o n  due t o  

f a l l o u t  and a l l  data f o r  t he  pond ducks g rea te r  than 1  pCi /g as represent -  

i n g  the  c o n t r i b u t i o n  due t o  Hanford opera t ions .  Also shown i n  F igu re  7 

a re  t h e  years  i n  which t h e  l a r g e r  137Cs concent ra t ions  were measured. 

The 50-year i n t e r n a l  dose commitment t o  t he  t o t a l  body of a  hunter  

who consumes 500 grams o f  duck meat con ta in ing  t h e  maximum 137Cs concen- 

t r a t i o n  observed, 130 pCi/g, would be about 4 mrem. 

The r e s u l t s  o f  uranium and p lu ton ium analyses o f  duck l i v e r  t i s s u e  a re  

shown i n  Table 6  f o r  each of t h e  years 1971-1975 and presented as a  l o g -  

normal p r o b a b i l i t y  p l o t  i n  F igures 8 and 9. A l l  o f  t h e  ducks were c o l l e c t -  

ed f rom o n s i t e  process ponds which represented a  p o t e n t i a l  f o r  uptake of 

uranium and/or plutonium. The c o n t r i b u t i o n  t o  the  observed concent ra t ions  

f rom n a t u r a l l y - o c c u r r i n g  uranium and f a l l o u t  Pu i s  n o t  apparent s ince  no 

ducks f rom t h e  Columbia R iver  were analyzed. Na tu ra l l y -occu r r i ng  U and Pu 

from f a l l o u t  a r e  present  i n  Columbia R iver  water a t  concent ra t ions  of about 

0.5 p C i / ! z  and 0.005 pC i / ! z ,  r e s p e c t i v e l y .  However, t he  data do show t h a t  t h e  

dose p o t e n t i a l l y  rece ived by a  hunter  who consumes a  60-gram l i v e r  f rom a  

duck w i t h  t h e  h ighes t  observed U (0.2 pCi /g)  and Pu (1.0 pCi /g )  concentra- 

t i o n s  would be very  smal l ,  l e s s  than 0.01 mrem t o  any organ o f  t h e  body. 
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FIGURE 6. 137Cs Concentrat ions i n  Muscle T issue 
of Ducks C o l l e c t e d  from Ons i te  Ponds 
and Along t h e  Columbia R i v e r  
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FIGURE 7. 13'Cs Data o f  F igu re  6 Separated i n t o  Two 
Components t o  Show Expected Concentrat ions 
A t t r i b u t a b l e  t o  Fa1 1 o u t  and Hanford Opera- 
ti ons 



TABLE 6. Uranium and Plutonium Analyses o f  
Duck L i v e r  Tissues, 1971-1975 

(Concentrat ions i n  pCi /g , Wet Weight) 

No. o f  U  No. o f  P u  
Year Samples Max. - M i  n. - Avg. Samples Max. Min. Avg. - 

* 
Less than de tec tab le .  De tec t i on  1 i m i  t s  were approx imate ly  0.001 pCi /g  f o r  
U and 0.0002 f o r  Pu 
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FIGURE 9. Pu Concentrat ions i n  Duck L i v e r  T issue 



COOTS 

Only 11 coots  were c o l l e c t e d  d u r i n g  the  pe r i od  1971 through 1975; b u t  

because coots  a r e  l e s s  m i g r a t o r y  than some o t h e r  water fowl  and may the re -  

f o r e  t ake  i n  more a c t i v i t y  f rom Hanford process ponds, t h e  a v a i l a b l e  da ta  

were analyzed. Tab le  7  surr~marizes t h e  maximum, minimum and average con- 

c e n t r a t i o n s  f o r  a1 1  o f  t h e  a v a i l a b l e  data. A1 1  analyses f o r  6OCo except  

one showed concen t ra t i ons  l e s s  than t h e  d e t e c t i o n  l i m i t  o f  approx imate ly  

0.1 pCi/g. T h i s  one p o s i t i v e  measurement, 0.2 pCi/g,  was ob ta ined  d u r i n g  

1974. Four o f  t h e  11 analyses f o r  65Zn were s t a t i s t i c a l l y  p o s i t i v e .  From 

t h e  l i m i t e d  da ta  a v a i l a b l e ,  t he  c o n t r i b u t i o n  f rom f a l l o u t  t o  t h e  observed 

l e v e l s  i s  unce r ta in ,  b u t  cons ide r i ng  t h e  a v a i l a b i l i t y  o f  60Co and 65Zn t o  

TABLE 7.  Summary o f  Radiochemical Analyses 
o f  Coot Samples, 1971 -1975 

(Concent ra t ion  i n  ~ C i / g  o f  Muscle Tissue, Wet Weight) 

No. of "OK 6 0 ~ o  65Zn 

Year Samples Max. h - ( a )  Max. Min. Avg. Max. & & - - 
1971 3 6.1 * 2-3 * * * 0.6 * 0.2-0.4 

1972 3 5.5 * 2-3 * * * * * * 
1973 0 - - - 
1974 4 6.2 3.4 4.5 0.2 * 0.1-0.1 * * * 
1975 1 4.8 * * 

9 0 ~ r  1 3 7 ~ s  23gPU(b) No. o f  
Year Samples Max. &. Max. Min. & & & - - 
1971 3 0.1 0.02 0.06 36 0.3 13 

1972 3 0.1 0.01 0.05 12 3.8 7 

1973 0 - 
1974 4 0.02 * 0.01-0.01 170 4.6 54 

1975 1 N.A. 210 

N.A. 

0.009 
- 

0.23 

N.A. 

* ~ e s s  than detec tab le .  De tec t i on  l e v e l s  a r e  approximately " O K  s2-, 60Co so. I-, 65Zn ~ 0 . 2 - ,  
90Sr 4 . 0 0 5 - ,  137Cs 4 . 1 - ,  and 239Pu s0.001- 3Ci/g.  

N ' A ' ~ o t  Analyzed. 

( a ) ~ v e r a g e  shown i s  one o f  1 )  a r i t h m e t i c  average if a l l  r e s u l t s  were p o s i t i v e ,  2)  range of  
a r i t h m e t i c  average by assuming f i r s t  t h a t  l e s s  than r e s u l t s  a r e  equal t o  zero and a l t e r n a -  
t i v e l y  t h a t  l e s s  than r e s u l t s  equal t o  d e t e c t i o n  l i m i t ,  o r  3) l ess - than  d e t e c t i o n  l e v e l .  

( b ) ~ e ~ u l t s  f o r  1 i v e r  t i s sue .  Only two coots  were analyzed, one i n  1972 and one i n  1974. 



coo ts  f rom Hanford ope ra t i ons ,  t h e  maximum observed l e v e l s  a r e  a t t r i b u t e d  

t o  Hanford.  Assuming a  hun te r  were t o  i n g e s t  500 grams o f  c o o t  meat ( a l -  

though c o o t  i s  r a r e l y  ea ten)  c o n t a i n i n g  t h e  maximum observed concen t ra t i ons  

of  6 0 C ~  (0 .2  pC i /g )  and 65Zn (0.6 pC i /g ) ,  t h e  50-year dose commitment t o  

t h e  t o t a l  body would be q u i t e  low, l e s s  than  0.01 mrem t o  any organ o f  t h e  

body. 

F igures  10 and 11 a r e  log-normal p r o b a b i l i t y  p l o t s  o f  t he  4 0 ~ ,  9 e S r  

and 137Cs data.  The observed median c o n c e n t r a t i o n  o f  4 0 K  i n  coo ts  i s  

4 pCi/g,  s l i g h t l y  l a r g e r  than  t h e  approx imate 2.7-2.8 pC i /g  observed i n  

pheasants, geese, and ducks. However, t h i s  may be due t o  t h e  sma l l  number 
o f  coo t s  analyzed. 

The 9OSr concen t ra t i ons  a r e  s i m i  1  a r  t o  t h e  concen t ra t i ons  observed i n  

ducks excep t  t h a t  a  much l a r g e r  f r a c t i o n  of  t h e  samples analyzed (6  o u t  o f  

11 showed a  p o s i t i v e  90Sr  a n a l y s i s  as opposed t o  ducks c o l l e c t e d  a l ong  t h e  

Columbia R i v e r  (17  o u t  of 216). Assuming t h e  inc reased  f requency o f  p o s i -  

t i v e  measurements of 90Sr  i s  i n d i c a t i v e  o f  t h e  impac t  f rom Hanford opera- 

t i o n s ,  a  50-year dose commitment t o  a  hun te r  who consumes 500 grams o f  c o o t  

meat w i t h  t h e  h i g h e s t  observed c o n c e n t r a t i o n  of 90Sr ,  0.1 pCi/g,  would be 

0.09 mrem t o  t h e  t o t a l  body and 0.4 mrem t o  t h e  bone. 

The 137Cs da ta  i n  F i g u r e  10 d i f f e r  f r om t h e  da ta  f o r  pheasants, geese, 

and ducks; a l l  o f  t h e  da ta  a r e  above t h e  d e t e c t i o n  l i m i t  o f  about  0.1 pCi /g .  

I n  p rev ious  p l o t s ,  a  l a r g e  number o f  da ta  p o i n t s  were l e s s  than  t h e  de- 

t e c t i o n  l i m i t .  The da ta  suggest  t h a t  t h e  coo t s  c o l l e c t e d  were n e s t i n g  a t  

t h e  ponds r e s u l t i n g  i n  t h e  up take  o f  r a d i o n u c l i d e s  f r om t h e  ponds. Only  

one c o o t  showed a  l e v e l  o f  137Cs, 0.3 pCi/g,  wh ich  was low enough t o  be 

p o s s i b l y  a t t r i b u t e d  t o  f a l l o u t .  

Coot i s  n o t  a  p r e f e r r e d  e a t i n g  b i r d ;  however, t h e  c a l c u l a t e d  f i r s t -  
_ .  yea r  dose r e c e i v e d  by an i n d i v i d u a l  f r om e a t i n g  500 grams o f  t h e  c o o t  w i t h  

t h e  g r e a t e s t  observed l e v e l  o f  137Cs, 210 pCi/g,  would be 5.8 mrem t o  t h e  
I .  t o t a l  body and 6.7 mrem t o  t h e  bone. The 50-year dose commitments t o  t h e  

t o t a l  body and bone would be 6.4 mrem and 8.0 mrem, r e s p e c t i v e l y .  
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FIGURE 11 . 13'Cs Concentrations i n  
Coot Muscle Tissue 



Only two coots  were analyzed f o r  Pu i n  1  i v e r  t i s s u e  d u r i n g  t h e  p e r i o d  

1971 t o  1975, one i n  1972 and t h e  o t h e r  i n  1974. A d d i t i o n a l  coo ts  were n o t  

analyzed f o r  Pu because o n l y  these two were c o l l e c t e d  a t  t h e  s p e c i f i c  ponds 

t h a t  p resen t  a  p o s s i b i l i t y  f o r  Pu uptake. T h e i r  r e s p e c t i v e  Pu concentra-  

t i o n s  i n  l i v e r  t i s s u e s  were 0.009 pCi /g  and 0.2 pCi /g .  The p o t e n t i a l  dose 

f r om e a t i n g  a  60-gram l i v e r  c o n t a i n i n g  0.2 ~ C i / g  o f  Pu would be very  smal l ,  

l e s s  t han  0.01 mrem t o  any organ of t h e  body. 
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