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C h a p te r  I 

IN TRO D U C TIO N

S eld o m  in  th e  c o u r s e  o f  h is to r y  h a s  m an k in d  d e l ib e r a te ly  

and  c a r e fu l ly  in v e s t ig a te d  th e  lo n g - te r m  c o n se q u e n c e s  o f h is  new  in -

v e n tio n s  and  p ro d u c ts  p r io r  to  th e i r  f u l l - s c a le  e x p lo ita tio n . W h e r-

e v e r  m an  h a s  e x is te d  fo r  a  s ig n if ic a n t  le n g th  o f t im e , h is  a c t iv i t ie s  

and  p ro d u c ts  h a v e  b ro u g h t ab o u t c h a n g e s  in  h is  s u p p o r tin g  e n v iro n -

m e n ts .  T he c h a n g e s  a r e  r e a d i ly  a p p a re n t ,  p a r t i c u la r ly  n e a r  th e  

l a r g e r  p o p u la tio n  c e n te r s .  T he c h a n g e s  h a v e  n e a r ly  a lw a y s  b e e n  

d e t r im e n ta l  to th e  e n v iro n m e n t (W olfe 1963). F o r  e x a m p le , c o n s id e r  

th e  sm o g  o f L o s  A n g e le s , th e  d u s t bow l o f th e  S o u th w e s te rn  U n ited  

S ta te s ,  and a  m u ltitu d e  o f p o llu te d  s t r e a m s  c o n ta in in g  d y in g  f is h . C e r -

ta in ly , m en  who p ro d u c e d  th e  a u to m o b ile , th e  p low , and  a  v a r ie ty  o f 

p e s t ic id e s  and  d e te r g e n ts  w e re  in i t ia l ly  u n a w a re  th a t th e s e  goo d s w ould  

b r in g  fo r th  an y th in g  b u t p r o g r e s s  and b e n e f it .

N u c le a r  e n e rg y  i s  on e  o f m a n 's  r e c e n t  d is c o v e r ie s .  Its  

p r o p e r  u s e  o f f e r s  s o lu tio n s  to  m a n y  c u r r e n t  p ro b le m s . F o r  e x a m p le , 

th e  d e p le tio n  o f th e  w o r ld 's  f o s s i l  fu e ls ,  w h ich  a r e  c u r r e n t ly  m a n 's  

p r im a r y  e n e rg y  s o u rc e ,  c an  b e  o f f s e t  by  p o w e r p ro d u c e d  f ro m  n u c le a r  

r e a c t o r s  (O dum  1959). T h e  c a p a b il i ty  to  d e s t r o y  w a r t im e  e n e m ie s  

w as a m p ly  p ro v id e d  w ith  th e  d e v e lo p m e n t o f  n u c le a r  e n e rg y  (A ronow  

e t a l . 1963). E x c a v a tio n  o f l a r g e  q u a n t i t ie s  o f e a r th  fo r  h a r b o r s  o r



e a n a ls  a p p e a r s  m o s t  f e a s ib le  by  th e  u s e  o f n u c le a r  e x p lo s io n s  

(W olfe 1963).

T he u s e  o f n u c le a r  e n e rg y  h o w e v e r, p r e s e n t s  p ro b le m s , 

s in c e  r a d io a c t iv e  b y -p r o d u c ts ,  w h ich  m a y  b e c o m e  r e le a s e d  in to  th e  

b io s p h e r e  e i th e r  by  n e c e s s i ty  o r  a c c id e n t, e m it  r a d ia t io n  w h ich  in  

s u f f ic ie n t q u a n t i t ie s  c a n  b e  h a rm fu l  to b o th  p la n t and  a n im a l l i f e  

(W oodw ell 1962; G a r n e r  1963). T h e  c r i t i c a l  am o u n t o f  r a d ia t io n  e x -

p o s u re  r e c e iv e d  by  a  g iv en  o rg a n is m  f ro m  a p a r t i c u l a r  le v e l  o f 

e n v iro n m e n ta l  c o n ta m in a tio n  d e p en d s  upon  m an y  f a c to r s  w h ich  m a y  

b e  p h y s ic a l ,  c h e m ic a l ,  b io lo g ic a l, o r  e c o lo g ic a l in  n a tu r e  (D av is  e t 

a l.  1963).

I n v e s t ig a to r s  m u s t  n o t b e  s o le ly  c o n c e rn e d  w ith  th e  

d i r e c t  e f fe c ts  o f r a d ia t io n  upon  m a n . T h ey  m u s t  a ls o  c o n s id e r  th e  

p o s s ib le  e f fe c ts  upon  th e  e n v iro n m e n t w h ich  p ro v id e s  s u s te n a n c e  

(K o rn b e rg  1958). C o m m o d itie s  su c h  a s  w a te r ,  m in e r a l s ,  t im b e r ,  

l iv e s to c k , c ro p s ,  f ish , and  g a m e  m u s t  a l l  b e  c o n s id e re d  w hen 

a s s e s s in g  th e  e f fe c ts  o f  m a n 's  p ro d u c ts .

A tm o s p h e r ic  te s t in g  o f n u c le a r  w eap o n s  h a s  b e e n  th e  

p r im a r y  m e a n s  b y  w h ich  m a n -p ro d u c e d  ra d io a c t iv e  m a te r i a l s  h av e  

b e e n  d is t r ib u te d  w id e ly  in  th e  b io s p h e r e .  A c c o rd in g  to  E ise n b u d  

(1963), i t  i s  p ro b a b le  th a t e v e ry  liv in g  c e l l  th a t  h a s  b e e n  fo rm e d  

s in c e  th e  e a r ly  1 9 5 0 's  c o n ta in  s o m e  o f th e  r a d io n u c l id e s  p ro d u c e d  

in  w eap o n s  te s t in g .



T h is  d i s s e r ta t io n  i s  c o n c e rn e d  w ith  cesium -137^  a  m a jo r  

c o n s t i tu e n t  o f n u c le a r  w eap o n s  fa llo u t, and i t s  t im e - s p e c i f ic  d i s t r i b u -

tio n s  in  v a r io u s  t ro p h ic  le v e ls  o f th e  C a c h e  la  P o u d re  d ra in a g e  in  

n o r th - c e n t r a l  C o lo ra d o . T he s tu d y  w as  d e s ig n e d  to  e v a lu a te  th e  

im p o r ta n c e  o f v a r io u s  s e ts  o f  c o n d itio n s  and  f a c to r s  in  a l te r in g  C s -  

137 c o n ta m in a tio n  o f s e le c te d  e n v iro n m e n ts  w ith in  th e  s tu d y  a r e a .  In 

a d d itio n , c o n c e n tra t io n s  o f  C s-137  w e re  m e a s u r e d  in  t i s s u e s  of w ild  

m u le  d e e r ,  O d o c o ileu s  h e m io n u s , w h ich  w e re  c o lle c te d  f ro m  n u m e ro u s  

lo c a t io n s  w ith in  th e  a r e a .  V a r ia t io n s  in  t i s s u e  b u rd e n s  o f  C s  -137  and  

th e  a s s o c ia te d  ra d ia t io n  d o se  r a t e s  w e re  s tu d ie d  in  r e la t io n  to  p h y s io l -

o g ic a l d i f f e r e n c e s  am o n g  in d iv id u a ls  and  to  b e h a v io r a l  and  e c o lo g ic a l 

f a c to r s .

S im ila r  s tu d ie s  h av e  b e e n  u n d e r ta k e n  e ls e w h e re ,  bu t 

p r im a r i l y  w ith  d o m e s t ic  a n im a ls  u n d e r  d if f e r e n t  e c o lo g ic a l s i tu a t io n s .  

O nly  by  c o m p a r in g  in d e p e n d e n tly -g a th e re d  f in d in g s , r e p r e s e n t in g  

d a ta  c o lle c te d  u n d e r  v a r io u s  k in d s  o f c i r c u m s ta n c e s ,  c an  s c ie n t i f ic  

g e n e r a l iz a t io n s  b e  fo rm u la te d . To th e  b e s t  o f th e  a u th o r 's  kn o w led g e, 

th e  d a ta  p r e s e n te d  h e r e in  w e re  g a th e re d  u n d e r  e c o lo g ic a l c o n d itio n s  

d if f e r e n t  f ro m  th o s e  o f an y  s im i l a r  s tu d y . R e s u l ts  a r e  c o m p a re d  

w ith  th o s e  in  th e  l i t e r a t u r e  in  C h a p te r  VI.

B e c a u s e  o f th e  c o m p le x ity  an d  th e  n u m b e r  o f p a th w ay s  

w h ich  r a d io n u c lid e s  cou ld  fo llow  b e tw e e n  n u c le a r  d e v ic e s  and  d e e r ,  

th e  f a c to r s  s tu d ie d  in  th is  d i s s e r t a t io n  a s  h av in g  in f lu e n c e  on C s-137



b e h a v io r  w e re  n o t n e c e s s a r i ly  th e  on ly  f a c to r s  r e q u i r in g  c o n s id e r -

a tio n . F u r th e r m o r e ,  th e  f a c to r s  c o n s id e re d  w e re  l ik e ly  n o t e n t i r e ly  

in d e p e n d e n t o f  o th e r  e n t i t ie s .  F o r  e x a m p le , e le v a tio n  cou ld  n o t be 

s tu d ie d  u n d e r  n a tu r a l  c o n d itio n s  a s  b e in g  in d e p e n d e n t o f p re c ip i ta t io n ,  

s in c e  th e  two f a c to r s  w e re  o b v io u s ly  c o r r e la te d .  N e v e r th e le s s ,  

c e r ta in  e c o lo g ic a l s i tu a t io n s  w e re  re c o g n iz e d , s tu d ie d  o v e r  a  p e r io d  

o f t im e , and  c o m p a re d .

F u n d a m e n ta l  to  th e  in te r p r e ta t io n  o f th e  r e s u l t s  p r e s e n te d  

in  C h a p te r  V, w e re  s e v e r a l  s tu d ie s  w h ich  p re c e e d e d  o r  w e re  c a r r i e d  

o u t c o n c u r r e n t ly  w ith  th is  in v e s t ig a t io n . D ie tz  e t a l .  (1962) s tu d ie d  

th e  n u tr i t iv e  c o m p o s itio n  o f s e v e r a l  m a jo r  b ro w s e  s p e c ie s  o f th e  

C a c h e  la  P o u d re  d ra in a g e , a s  w e ll a s  d ig e s t ib i l i ty  by  m u le  d e e r  o f 

th e  s a m e  p la n ts .  L o v e le s s  (1963) q u a n ti ta t iv e ly  in v e s t ig a te d  p h y s i -

c a l  and  b io lo g ic a l  c h a r a c t e r i s t i c s  o f a  s e le c te d  p o r t io n  o f th e  s tu d y  

a r e a .  D. E . M edin  and  A . E . A n d e rso n , C o lo ra d o  D e p a r tm e n t of 

G am e, F is h ,  and  P a r k s ,  w e re  en g ag ed  in  an  in te n s iv e  y e t b ro a d  

e c o lo g ic a l in v e s t ig a t io n  o f th e  C a c h e  la  P o u d re  d e e r  h e rd  s e v e r a l  

y e a r s  p r i o r  to  and  d u r in g  th e  c o u r s e  o f th e  s tu d y . M e d in 's  and 

A n d e r s o n 's  a c t iv i t ie s  in c lu d e d  s tu d ie s  on c l im a te ,  v e g e ta tio n , and  

d e e r  o v e r  a  ra n g e  o f e le v a tio n s , a s  w e ll a s  a  s tu d y  o f p h y s io lo g ic a l 

p a r a m e te r s  o f  d e e r  a s  in f lu e n c e d  b y  e n v iro n m e n ta l  f a c to r s .



T he P ro b le m

W hat is  th e  im p o r ta n c e  o f so m e  o f th e  f a c to r s  o r  c o m b in a -

tio n s  o f f a c to r s  w h ich  in f lu e n c e  th e  a c c u m u la tio n  o f fa llo u t c e s iu m -137 

in  w ild  m u le  d e e r  o f th e  C ac h e  la  P o u d re  d ra in a g e ?

P ro b le m  a n a ly s is

1. W hat a r e  th e  e f fe c ts  o f t im e  an d  s e a s o n  d u r in g  th e  

s tu d y  upon  a tm o s p h e r ic  le v e l s  o f c e s iu m -1 3 7 ?

2. How do e le v a tio n  an d  a s s o c ia te d  c h a n g e s  in  p r e c i p i -

ta t io n  r a t e s  a f fe c t  fa llo u t d e p o s it io n ?

3. How do s p e c ie s  and  lo c a l  e n v iro n m e n ts  in flu en c e  

ces iu m -1 3 7  c o n ta m in a tio n  o f s e v e r a l  im p o r ta n t  d e e r  fo ra g e  p la n ts ?

4 . How do a n n u a l m ig r a to r y  m o v e m e n ts  an d  a s s o c ia te d  

c h a n g e s  in  fo ra g in g  h a b its  a f fe c t  c e s iu m -137 b u rd e n s  in  d e e r ?

5. Do s e x  o r  ag e  in f lu e n c e  c e s iu m -137 le v e l s  in d e e r ?

D elim  i ta t io n s

The s tu d y  w as c a r r i e d  ou t b e tw e e n  J a n u a r y  1, 1962 and  

A p r il  30, 1965. A ll s a m p lin g  w as  done w ith in  th a t  p o r t io n  o f th e  

C ach e  la  P o u d re  d ra in a g e  w h ich  l i e s  w e s t o f F o r t  C o ll in s ,  C o lo ra d o , 

The a n im a l  s p e c ie s  s tu d ie d  w a s  th e  R o ck y  M o u n ta in  m u le  d e e r ,  

O d o c o ileu s  h e m io n u s  (R a fin e sq u e ) . P la n t  s p e c ie s  s a m p le d  in c lu d ed  

A r te m is ia  t r id e n ta ta  (N u tt .) ,  B e tu la  g la n d u lo s a  (M ic h x .) , C e r c o c a r p u s  

m o n ta n u s  ( ^ a f . ), J u n ip e r u s  c o m m u n is  ( L . ), J u n ip e r u s  s c o p u lo ru m  

(S a rg . ), P u r s h ia  t r id e n ta ta  ( P u r s h .  ) D C . , D e s c h a m p s ia  c a e s p i to s a  

(L . ) B ea u v . , P o p u lu s  t r e m u lo id e s  (M ichx . ), S a lix  sp . ( L . ) ,

V acc in iu m  s c o p a r iu m  (L e ib e rg ) ,  m ix e d  fo rb s  and  m ix e d  g r a s s e s .



C h a p te r  II 

BACKGROUND

In tro d u c tio n

T h is  re v ie w  w as in te n d e d  to  p ro v id e  a  s u m m a ry  o f th e  

g e n e ra t io n , b e h a v io r ,  and p r o p e r t i e s  o f fa llo u t c e s iu m -1 3 7 , c o m -

b in e d  w ith  a  p re s e n ta t io n  o f s tu d ie s  w h ich  w e re  r e l a t e d  to  th e  p r o b -

le m s  o f th is  d is s e r ta t io n .  In a d d itio n , in v e s t ig a t io n s  c o n c e rn in g  

o th e r  f a c to r s  h av in g  p o s s ib le  in f lu e n c e  on th e  r e s u l t s  and i n t e r p r e t -

a t io n s  o f th is  s tudy , b u t w h ich  h a v e  n o t b e e n  a c c o u n te d  fo r  s p e c i f i -

c a l ly , w e re  b ro u g h t fo r th , A l im ita t io n  o f th is  re v ie w  w as th a t  

m u ch  o f th e  r e s e a r c h  in  r e la te d  a r e a s  w as  c o m p le te d  v e ry  r e c e n t ly  

o r  w as  in  p r o g r e s s .  C o n se q u e n tly , a  l a r g e  p o r t io n  o f p r e s e n t  

kn o w led g e  h a s  n o t b e e n  a s s e m b le d  and  p u b lish e d .

F a llo u t

G e n e ra tio n  by  n u c le a r  e x p lo s io n s

T he t e r m  " fa l lo u t" ,  w h ich  w a s  co in ed  in  1945, r e f e r s  

to  th e  r a d io a c t iv e  d e b r is  th a t  s e t t l e s  to th e  e a r t h 's  s u r f a c e  

fo llo w in g  a tm o s p h e r ic  n u c le a r  e x p lo s io n s  (C o m a r 1963). N u c le a r  

e x p lo s io n s  a r e  th e  r e s u l t  o f f is s io n  p r o c e s s e s ,  o r  a  c o m b in a tio n  

o f f i s s io n  and  fu s io n  p h e n o m en a . In f is s io n  th e  n u c le i  o f h eav y  

a to m s  su c h  a s  u ra n iu m -2 3 5  o r  p lu to n iu m -2 3 9  a r e  s p l i t ,  w h e reu p o n  

f is s io n  f r a g m e n ts  and  e n e rg y  a r e  l ib e r a te d .



D ep en d in g  upon  th e  w ay in  w h ich  th e  h e av y  n u c le i  s p l i t ,  s o m e  80 o r  90 

d if f e r e n t  p r im a r y  ra d io a c t iv e  f r a g m e n ts  m a y  b e  fo rm e d . M any of 

th e s e  d e c a y  in to  r a d io a c t iv e  " d a u g h te r s " ,  r e s u l t in g  in  a  f i s s io n  m ix -

tu r e  c o n ta in in g  a b o u t 200 r a d io a c t iv e  s p e c ie s  (K a tco ff 1958).

In a  n u c le a r  e x p lo s io n  tr e m e n d o u s  q u a n t i t ie s  o f  h e a t  a r e  

p ro d u c e d  w ith in  a  s m a l l  f r a c t io n  o f a  sec o n d , and  w ith in  a r e la t iv e ly  

s m a l l  q u a n tity  o f m a t te r .  T he n u c le a r  fu e l, f i s s io n  f r a g m e n ts ,  

s t r u c tu r a l  p a r t s  o f th e  d e v ise , and  th e  im m e d ia te  s u r ro u n d in g s  a r e  

r a i s e d  to  a  t e m p e r a tu r e  o f  s e v e r a l  m il l io n  d e g r e e s ,  v a p o r iz e d , and 

fo rm  w h at i s  c a l le d  th e  " f i r e b a l l " .  T h e  f i r e b a l l  e x p an d s  r a p id ly  and  

a s c e n d s  in to  th e  a tm o s p h e re .  A s i t  r i s e s ,  g ra d u a l  co o lin g  o c c u r s ,  

and  c a u s e s  th e  v a p o r iz e d  m a te r i a l s  to c o n d e n se  and  g ra d u a lly  

s o lid ify  to  fo rm  p a r t i c l e s  w h ich  w ill  e v e n tu a lly  fa l l  b a c k  to th e  e a r th .  

T he  p r o p e r t i e s  and  r e s u l t in g  fa te  o f th e s e  p a r t i c l e s  dep en d  upon  

s e v e r a l  f a c to r s .  A c o m p re h e n s iv e  re v ie w  on fa llo u t b e h a v io r  w as 

p r e p a r e d  b y  B jo r n e r s te d t  and  E d v a rs o n  (1963).

P r o p e r t i e s  o f fa llo u t p a r t i c l e s

T he s iz e  and  s o lu b il i ty  o f fa llo u t p a r t i c l e s  d ep en d  upon 

th e  h e ig h t o f th e  b u r s t  abo v e  th e  g ro u n d , th e  m a g n itu d e  o f th e  

e x p lo s io n , and  th e  ty p e  o f s u p p o r t  and c o n ta in m e n t a p p a r a tu s  

(L a r s o n  1963). A s a  r u le ,  th e  h ig h e r  th e  b u r s t  ab o v e  th e  g ro u n d , 

th e  l e s s  i s  th e  am o u n t o f e a r th  w hich  b e c o m e s  su c k e d  up  in to  th e  

f i r e b a l l ,  and  s m a l l e r ,  m o re  s o lu b le  p a r t i c l e s  r e s u l t .  A lso , th e
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s m a l le r  th e  y ie ld  o f th e  b u r s t ,  th e  l e s s  i s  th e  q u a n tity  o f s o i l  and 

d e b r is  in c o r p o r a te d  in to  th e  f i r e b a l l .  T he ra d io lo g ic a l  p r o p e r t i e s  o f 

th e  fa llo u t p a r t i c l e s  a r e  a l t e r e d  by  n e u tro n  a c t iv a t io n  o f e a r th ,  s u p p -

o r t  s t r u c tu r e ,  and  o th e r  fo re ig n  m a te r i a l s .  N e u tro n  a c t iv a t io n  m a y  

r e s u l t  in  s e v e r a l  r a d io n u c lid e s  o f b io lo g ic a l i n t e r e s t  su c h  a s  z in c -6 5  

o r  m a n g a n e s e -5 4  w h ich  a r e  n o t fo rm e d  in  th e  f is s io n  p r o c e s s  

(K le m e n t 1959).

G e n e ra l  fa llo u t b e h a v io r

F a l lo u t  m a y  b e  e i th e r  " lo c a l"  o r  " w o r ld - w id e " . T h a t 

w h ich  i s  m a d e  up o f r e la t iv e ly  l a r g e  and  h eav y  p a r t i c l e s  n o rm a lly  

f a l ls  to  e a r th  w ith in  24 h o u rs  a f te r  th e  e x p lo s io n  and  i s  te r m e d  lo c a l  

fa llo u t. T h a t c o n s is t in g  o f s m a l l e r  p a r t i c l e s  b e c o m e s  w id e ly  

d i s p e r s e d  o v e r  th e  e a r th ,  and  i s  te r m e d  " w o r ld -w id e "  o r  "d e la y e d "  

fa llo u t. T h is  s tu d y  is  c o n c e rn e d  p r im a r i l y  w ith  th e  l a t t e r  ty p e  

b e c a u s e  o f th e  d is ta n c e s  in v o lv ed  b e tw e e n  th e  s tu d y  a r e a  and  th e  

n e a r e s t  te s t in g  s i t e s .  W o rld -w id e  fa llo u t, w h ich  b e g a n  in  1952 w ith  

O p e ra t io n  Ivy, m a y  b e  f u r th e r  su b d iv id e d  in to  " t r o p o s p h e r ic "  and  

" s t r a t o s p h e r ic "  fa llo u t.

T ro p o s p h e r ic  fa llo u t i s  p r im a r i l y  th e  r e s u l t  o f lo w - 

y ie ld  w eap o n s  w h ich  a r e  d e to n a te d  a t o r  n e a r  th e  e a r t h 's  s u r f a c e .  

H igh y ie ld  e x p lo s io n s  u s u a lly  p ro p e l  m o s t  o f t h e i r  p ro d u c ts  in to  th e  

s t r a to s p h e r e .  T he r e s id e n c e  t im e  of fa llo u t p a r t i c l e s  in  th e  

s t r a to s p h e r e  m a y  b e  a  m a t t e r  o f y e a r s ,  b u t a i r  tu rb u le n c e  a t  th e
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g a p s  in  th e  t r o p o p a u s e  a l lo w s  s o m e  s t r a t o s p h e r i c  m a t e r i a l  to e n t e r  th e  

t r o p o s p h e r e  (M ach ta  1958). O nce  in  th e  t r o p o s p h e r e ,  fa l lo u t  p a r t i c l e s  

a r e  b ro u g h t  to e a r t h  w ith in  a few w e e k s  w ith  a i r  c u r r e n t s ,  p r e c i p i -

ta t io n ,  and  d u s t  p a r t i c l e s  a c t in g  a s  th e  p r i m a r y  a g e n ts  o f  d e p o s i t io n .  

T he U. S. A to m ic  E n e rg y  C o m m is s io n  (1958) h a s  e s t i m a te d  th a t  8 0 -9 0  

p e r  c e n t  o f  th e  fa l lo u t  i s  d e p o s i te d  d u r in g  p e r io d s  o f  p r e c ip i t a t i o n  

w h ile  on ly  10 -20  p e r  c e n t  d e s c e n d s  a s  " d r y  fa l lo u t" .  T h e  f r a c t io n  m a y  

d i f f e r  h o w e v e r ,  b e tw ee n  l o c a l i t i e s  of v a ry in g  c l im a te s .

T he m a j o r i t y  of w o r ld  w ide  fa l lo u t  r e m a i n s  in  th e  a t m o s -

p h e r e  fo r  a  s u f f ic ie n t  le n g th  o f  t im e  to  a l lo w  m o s t  of th e  r a d io n u c l id e s  

to d e c a y  to  in s ig n i f ic a n t  l e v e l s .  H u n te r  and  B a l lo u  (1951) c a lc u la te d  

th e  r e l a t i v e  a c t i v i t i e s  o f  th e  im p o r t a n t  f i s s io n  p r o d u c t s  a t  v a r io u s  

t i m e s  a f t e r  f i s s io n ,  b a s e d  upon p h y s ic a l  d e c a y  p r o p e r t i e s .  Of th e  few 

r e m a in in g  f i s s io n  p r o d u c t s  w h ich  do r e a c h  th e  b io s p h e r e  in  a p p r e c i -

a b le  q u a n t i t i e s ,  t h r e e  a r e  o f  p a r t i c u l a r  b io lo g ic a l  c o n c e r n ,  n a m e ly  

s t r o n t iu m - 9 0 ,  c e s iu m - 1 3 7 ,  and  io d in e -1 3 1 .  T h e s e  i s o to p e s  a r e  

im p o r t a n t  b e c a u s e :  (1) T h ey  h av e  r e l a t i v e l y  h igh  f i s s io n  y ie ld s ;

(2) T h e y  p o s s e s s  h a l f  l i v e s  su ch  th a t  th e y  r e l e a s e  m u c h  o f t h e i r  e n e r g y  

d u r in g  t h e i r  l ik e ly  p e r io d  o f r e s i d e n c e  in  o r  n e a r  o r g a n i s m s ;  and

(3) T h ey  a r e  r e l a t i v e l y  s o lu b le  and  e n t e r  b io lo g ic a l  s y s t e m s  a s  

a n a lo g u e s  to e s s e n t i a l  n u t r i e n t  e l e m e n t s .
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P r o p e r t i e s  o f  C e s i u m - 1 37

C e s iu m  i s  one of th e  r a r e  a lk a l i  m e ta ls^  i t  f o r m s  s t r o n g  

b a se S j  and  i t s  s a l t s  a r e  m o s t ly  w a te r  so lu b le  (F in s to n  and  K in s le y  

1961), B e c a u s e  i t s  c h e m ic a l  c h a r a c t e r i s t i c s  a r e  v e r y  s i m i l a r  to 

th o s e  o f  p o ta ss iu m ^  c e s iu m  b e h a v io r  in p h y s io lo g ic a l  p r o c e s s e s  i s  

g r o s s l y  a n a lo g o u s  to  th a t  o f  p o t a s s iu m  (D av is  1963). However^ 

o r g a n i s m  m e m b r a n e s  s e ld o m  d i s c r i m i n a t e  b e tw e e n  th e  two e le m e n t s  

in  a  c o n s ta n t  and  p r e d i c t a b l e  m a n n e r  (K o rn b e rg  1961). A lthough  

s t a b l e  c e s iu m  h a s  b e e n  found in  b o th  p la n ts  and  a n im a l s  ( B e r t r a n d  

and  B e r t r a n d  1949), i t  i s  doubtfu l th a t  i t  i s  an  e s s e n t i a l  n u t r i e n t ,

C e s iu m - 1 3 7  i s  one  of 21 known i s o to p e s  o f  c e s iu m ,  and 

w ith  th e  e x c e p t io n s  of C s - 1 3 5  and  C s - 1 3 3  (w hich  i s  s ta b le ) ,  i t  h a s  

th e  lo n g e s t  h a l f - l i f e  o f  any  in  th e  g ro u p .  C e s iu m - 1 3 7  i s  p ro d u c e d  

a t  th e  r a t e  of ab o u t 0. 18 m e g a c u r i e s  p e r  m e g a to n  o f f i s s io n  e n e r g y  

(L a n g h a m  and A n d e r s o n  1959). It h a s  a  f i s s io n  y ie ld  o f  ab o u t 6 

p e r  c en t ,  and  i s  p ro d u c e d  p r i m a r i l y  f r o m  g a s e o u s  f i s s io n  p ro d u c e d  

p r e c u r s o r s  a c c o r d in g  to the  fo llow ing  s c h e m e  (K atco ff  1958):

1-137 24s ^ X e-137  3. 9m   ̂ C s -1 3 7  30y ^

B a - 1 3 7 m  2. 57m  ^ B a -1 3 7  ( s ta b le )

A s  in d ic a te d ,  th e  p h y s ic a l  h a l f  l i f e  of C s - 1 3 7  i s  ab o u t 30 y e a r s .  

A bou t 92 p e r  c e n t  o f  C s -1 3 7  n u c le i  d e c a y  w ith  th e  r e l e a s e  of a 

0. 514 M ev (m a x im u m  e n e rg y )  b e ta  p a r t i c l e  to f o r m  B a - 1 3 7 m ,  w hich
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in  tu r n  d e c a y s  to  s t a b l e  B a-1 3 7  w ith  th e  r e l e a s e  o f  a  0. 662 M ev g a m m a  

r a y .  T he  r e m a in in g  8 p e r  c e n t  of C s -1 3 7  n u c le i  d e c a y  d i r e c t l y  to 

s t a b l e  b a r i u m  w ith  th e  e m is s io n  of 1 .1 8  M ev (m a x im u m  e n e rg y )  b e ta  

p a r t i c l e s .

S o lu b i l i ty  C e s iu m  in  F a l lo u t  

T he a s s o c ia t i o n  o f  C s -1 3 7  w ith  r e l a t i v e ly  s m a l l  fa l lo u t  

p a r t i c l e s ,  c o u p led  w ith  i t s  c h e m ic a l  p r o p e r t i e s ,  r e n d e r  th e  m a j o r i t y  

o f  c e s iu m  w a te r  so lu b le .  T h u s ,  i t s  e n t r y  in to  o r g a n i s m s  i s  e n h an ced . 

S even ty  p e r  c e n t  of th e  C s -1 3 7  in  f a l lo u t  c o l le c te d  in  N ew  Y o rk  C ity  

in  1958 w as  w a te r  s o lu b le  (W elfo rd  and  C o l l in s  1960). N ee l  and  

L a r s o n  (1963) found th a t  th e  f r a c t io n  of so lu b le  s t r o n t i u m - 90 in  f a l l -

ou t i n c r e a s e d  w ith  th e  d i s t a n c e  f r o m  g ro u n d  z e r o .  T he  d i f f e r e n c e  in  

s o lu b i l i ty  w a s  p r o b a b ly  r e l a t e d  to p a r t i c l e  s i z e ,  s in c e  th e  s m a l l e r ,  

m o r e  s o lu b le  p a r t i c l e s  w ould  t r a v e l  f u r t h e r  th a n  l a r g e  o n e s .

B e h a v io r  o f  C e s i u m - 1 37 in  F a l lo u t  

F a c t o r s  a f fe c t in g  l a r g e  s c a le  d i s t r ib u t io n

B e c a u s e  o f  i t s  g a s e o u s  p r e c u r s o r s ,  C s - 1 3 7  i s  f o r m e d  

r e l a t i v e l y  l a t e  d u r in g  n u c l e a r  e x p lo s io n s  and  t h e r e f o r e  m o s t  o f  i t  

i s  a s s o c i a t e d  w ith  s m a l l  p a r t i c l e s  w h ich  c o n s t i tu te  w o r ld - w id e  

fa l lo u t  (H o lland  1963). D e p o s i t io n  of fa l lo u t  o v e r  th e  e a r t h ' s  

s u r f a c e  a p p e a r s  to  b e  a  fu n c tio n  of l a t i tu d e ,  w ith  m a x im u m  le v e l s  

o c c u r r i n g  b e tw e e n  40 and  50 d e g r e e s  n o r th  la t i tu d e  (D av is  1963).
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M in im u m  le v e l s  o c c u r  a t  th e  e q u a to r  and  p o le s ,  w h ile  t h e r e  i s  a  

s m a l l e r  p e a k  a t  m id d le  l a t i tu d e s  in  th e  s o u th e r n  h e m is p h e r e .  O nly  

a  s m a l l  a m o u n t  o f  a tm o s p h e r i c  m ix in g  o c c u r s  b e tw e e n  h e m i s p h e r e s  

and  w e ap o n s  t e s t i n g  h a s  o c c u r r e d  p r i m a r i l y  in  th e  n o r t h e r n  

h e m is p h e r e .  T he C a c h e  l a  P o u d r e  d r a in a g e  i s  b e tw e e n  th e  l a t i tu d e s  

o f  40 and  41 d e g r e e s  n o r th  and  th u s  f a l l s  w ith in  th e  b e l t  o f m a x im u m  

fa l lo u t  d e p o s i t io n .  M ax im u m  fa l lo u t  d e p o s i t io n  a t  th e  m id d le  

l a t i tu d e s  in  b o th  h e m i s p h e r e s  s u p p o r t s  th e  B r e w e r - D o b s o n  a t m o s -

p h e r i c  c i r c u l a t i o n  m o d e l  w h ich  s t a t e s  th a t  a i r  e n t e r s  th e  s t r a t o s p h e r e  

p r i m a r i l y  a t  th e  e q u a to r  and  d e s c e n d s  a t  t e m p e r a t e  and  p o la r  

l a t i tu d e s  (M ach ta  and  L i s t  1958).

D e p o s i t io n  of f a l lo u t  fo llow s  a  s e a s o n a l  p a t t e r n  w ith  

m a x im u m s  o c c u r r i n g  in  s p r in g .  W e lfo rd  and  C o l l in s  (1960) 

o b s e r v e d  th i s  p a t t e r n  in  p re c ip i t a t io n ;  G u s ta f so n  e t a l .  (1961) and  

P e r k i n s  ^  (1964) in  a i r ;  and A n d e r s o n  ^  a l .  (1957) in  p e o p le .

T he s p r in g  m a x im u m s  can  b e  e x p la in e d  on th e  b a s i s  of i n c r e a s e d  

a i r  tu r b u l e n c e  a t  th e  t r o p o p a u s e  g a p s  a t  m id d le  l a t i t u d e s  a t  t h i s  t im e .  

P r e c ip i t a t i o n ,  th e  p r i m a r y  a g e n t  o f  fa l lo u t  d e p o s i t io n ,  i s  a l so  

g e n e r a l l y  h ig h b r  d u r in g  th is  s e a s o n  (L ibby  1956b; W e lfo rd  and 

C o l l in s  1960).

V a r io u s  ty p e s  of to p o g ra p h ic  s t r u c t u r e s  m o d ify  a i r  

c u r r e n t s  and  th u s  in f lu e n c e  fa l lo u t  d e p o s i t io n  and  i t s  u l t im a te  

d i s t r ib u t io n  (D av is  e t a l .  1963; M a r t in  1963).
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In f lu en c e  p r e c ip i t a t io n

It h a s  a l r e a d y  b e e n  m e n t io n e d  th a t  C s - 1 3 7  d e p o s i t io n  

o c c u r s  m a in ly  w ith  r a i n  o r  sn o w fa l l .  H a rd y  and  A le x a n d e r  (196 2) 

found th a t  to ta l  d e p o s i t io n  o f  S r -90  fa l lo u t  w a s  a  l i n e a r  fu n c tio n  of 

a m o u n ts  o f  r a i n f a l l  d u r in g  th e  s a m e  p e r io d  of t im e .  In Sw eden, Low 

and E d v a r s o n  (1960) found a  s t r o n g  r e l a t i o n s h ip  b e tw e e n  an n u a l  

q u a n t i t i e s  o f  p r e c ip i t a t i o n  and  C s -1 3 7  l e v e l s  in  s o i l s .  A v e r a g e  

c o n c e n t r a t io n s  of C s -1 3 7  in  d r i e d  m i lk  p r o d u c t s  f r o m  t h r e e  m a j o r  

p h y to c l im a t ic  z o n es  in  the  n o r th w e s t e r n  U. S. w e r e  s ig n i f ic a n t ly  

d i f f e r e n t  and  w e r e  c o r r e l a t e d  w ith  th e  a v e r a g e  y e a r l y  q u a n t i t i e s  o f  

p r e c ip i t a t i o n  fo r  e a c h  zone  (R ic k a r d  e t  a l .  1963). In th e  s t a t e  of 

W ash in g to n , D a v is  e t  a l .  (1963) found th a t  th e  a b u n d a n c e  o f  C s -1 3 7  

in  c o n i f e r  tw ig s  and  n e e d le s  i n c r e a s e d  w ith  i n c r e a s i n g  a n n u a l  

r a in f a l l .

O ften , h o w e v e r ,  th e  r e l a t i o n s h ip  b e tw e e n  r a in f a l l  and  

c e s iu m  d e p o s i t io n  on fo l iag e  o r  s o i l s  i s  n o t l i n e a r ,  f o r  t h e r e  a r e  

s e v e r a l  f a c t o r s  w h ich  c an  m o d ify  th e  r e s p o n s e .  F o r  e x a m p le ,  

M id d le to n  (1958, 1959) found th a t  s ig n i f ic a n t  q u a n t i t i e s  of C s -1 3 7  

w h ich  had  b e e n  s p r a y e d  onto  c r o p  p la n ts ,  w e r e  r e m o v e d  by  r a i n -

fa l l .  In ad d i t io n ,  l ig h t ,  b r i e f  r a i n s  te n d e d  to h a v e  h ig h e r  c o n c e n -

t r a t i o n s  o f  f a l lo u t  th a n  heavy , p ro lo n g e d  r a i n s  (H in z p e te r  1958; 

S te w a r t  e t  a l .  1958). I tag a k i  and  K o en u m a  (1962) s tu d ie d  fa l lo u t  

c o n c e n t r a t io n s  in p r e c ip i t a t i o n  a t  v a r io u s  a l t i t u d e s  and  found th a t



14

th e  c o n c e n t r a t io n s  d e c r e a s e d  w ith  a l t i tu d e .  T h is  s u g g e s te d  th a t  

c o l le c t io n  of f a l lo u t  p a r t i c l e s  by  r a i n  and snow  w as  a  d i r e c t  p r o c e s s .  

G re e n f ie ld  (1957) h a s  o f f e re d  a t h e o r e t i c a l  t r e a t m e n t  of the  

p h e n o m e n a  in v o lv ed  in  r a i n  s c a v e n g in g  o f a i r  p a r t i c u l a t e s .

R a d io a c t iv e  fa l lo u t  p a r t i c l e s  a r e  a l so  s c r u b b e d  f r o m  th e  

a tm o s p h e r e  by  sn o w fa l l .  O s b u r n  (1963) h a s  s tu d ie d  fa l lo u t  a s  c o n -

ta in e d  in  and d i s t r i b u t e d  by  l a r g e  sn o w b a n k s  in an a lp in e  tu n d ra  

r e g io n  o f C o lo ra d o .  T he  d i s t r ib u t io n  of l a r g e  s n o w d r i f t s  m a r k e d ly  

in f lu e n c e d  th e  d i s t r ib u t io n  of f a l lo u t  in  s o i l s  and  v e g e ta t io n  a f t e r  

m e l to u t .  F a l lo u t  d e p o s i t io n  w a s  d e p e n d e n t  on th e  ty p e  o f  sn o w fa l l ,  

t e m p e r a t u r e ,  t im e  of y e a r ,  a t m o s p h e r i c  d u s t  lo ad , and  p e r h a p s  

o th e r  f a c t o r s .  In a d d it io n ,  snow  f l u r r i e s  a p p e a r e d  to  h av e  m o r e  

r a d io a c t iv i ty  p e r  l i t e r  th an  s in g le  l a r g e  s t o r m s .

C e s iu m - 1 3 7  in  So ils  and  S u r fa c e  W a te r s  

M o st  f a l lo u t  c e s iu m  e v e n tu a l ly  r e a c h e s  th e  s o i l  w h e re  

i t  i s  s t r o n g ly  a d s o r b e d  and r e t a in e d .  In g e n e r a l ,  l a r g e - s c a l e  d i s -

t r i b u t io n  o f  C s -1 3 7  in  s o i l s  p a r a l l e l s  g e n e r a l  f a l lo u t  d e p o s i t io n .  

D is t r ib u t io n  o f  c e s iu m  in  s o i l s  a t  th e  e c o s y s t e m  l e v e l  d e p e n d s  upon 

s e v e r a l  e n v i r o n m e n ta l  f a c t o r s  and  c o n s id e r a b le  v a r i a b i l i t y  m a y  

o c c u r  b e tw e e n  s a m p l in g  s i t e s .  F r o m  w o rk  on s o m e  G r e a t  S m oky 

M ou n ta in  s o i l s ,  R i tc h e  (1962) found th a t  th e  C s -1 3 7  d i s t r ib u t io n  

w as  d e p en d e n t  upon  e le v a t io n  and  a s s o c i a t e d  p r e c ip i t a t i o n  r a t e s ,  

b u t  th a t  i t  w a s  n o t  a p p a r e n t ly  r e l a t e d  to th e  v e g e ta t iv e  c o v e r  ty p e s
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o r  e x p o s u r e s  s tu d ie d .

The a b s o r p t io n  q u a l i t i e s  and  a v a i l a b i l i ty  of c e s iu m  to 

p la n ts  d e p en d  upon  s e v e r a l  f a c t o r s  in c lu d in g  s o i l  depths, c o m p o s i t io n ,  

p a r t i c l e  s iz e ,  c h e m i s t r y ,  pH, and  m o i s t u r e  (N ish i ta  e t a l .  1956; 

G r a h a m  1958). Low and  E d v a r s o n  (1959) found th a t  m o s t  of th e  

c e s i u m - 137 f r o m  fa l lo u t  w a s  co n f in ed  to the  to p  2. 5 c m  of S w ed ish  

s o i l s .  In t e s t s  w ith  b a s i c  e p h r a ta  and  a c id  c in e b a r  s o i l s ,  C l in e  

(1960) show ed  th a t  C s -1 3 7  did no t m o v e  in to  th e  sec o n d  inch , even  

a f t e r  300 in c h e s  of w a te r  w e r e  p a s s e d  th ro u g h  th e  s o i l  c o lu m n s .

T h is  b e h a v io r  of c e s iu m  r e n d e r s  v e r y  s l ig h t  i t s  u p ta k e  f r o m  s o i l s  

by  p la n ts  (R o m n ey  e t  1957; N is h i ta  ^  1958; and  F o w le r  and

C h r i s t e n s o n  1959). M e n z e l  (1954) r e p o r t e d  a  d i s t r ib u t io n  f a c to r  of 

0. 04 fo r  C s /K  b e tw e e n  p la n ts  and s o i l s .

F u r t h e r m o r e ,  s o i l s  p r e v e n t  s u r f a c e  w a t e r s  f r o m  h av in g  

th e  c o n c e n t r a t io n s  o f  C s -1 3 7  th a t  m ig h t  be  e x p e c te d  on th e  b a s i s  of 

l e v e l s  in  p re c ip i t a t io n .  M o rg a n  and  S ta n b u ry  (1961) r e p o r t e d  th a t  

th e  c o n c e n t r a t io n  of C s -1 3 7  in  r a i n w a t e r  r a n g e d  f r o m  15 to  130 

t i m e s  g r e a t e r  th a n  r i v e r  w a te r  c o n c e n t r a t io n s .  L ibby  (1956a) h a s  

show n th a t  s a m p l e s  f r o m  s e v e r a l  l a r g e  r i v e r s  had  l e s s  th an  5 p e r  

c e n t  of th e  c o n c e n t r a t io n  of S r - 90 th a t  w a s  e s t i m a te d  to b e  in  the  

r a i n s  th a t  su p p l ie d  th e  r i v e r s .  O s b u r n  (1963) r e p o r t e d  th a t  v e g e -

ta t io n  ( p a r t i c u l a r l y  s e d g e  m a t s ) ,  l i t t e r ,  and s o i l s  s e r v e d  a s  h ig h ly  

e f fe c t iv e  f i l t e r s  in  r e d u c in g  th e  s p e c i f ic  r a d io a c t i v i ty  of sn o w m e l t
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ru n o f f  w a te r s .

Obviously^ o th e r  f a c t o r s  in c lu d in g  u p ta k e  b y  a q u a t ic  

o r g a n i s m s  r e m o v e  c e s iu m  f r o m  s u r f a c e  w a t e r s  (D av is  1958), 

P h e n o m e n a  w h ich  i n c r e a s e  fa l lo u t  c o n c e n t r a t io n s  in  s u r f a c e  w a t e r s  

in c lu d e  d i r e c t  d e p o s i t io n ,  f lood ing , and  e r o s io n  o f top  s o i l  and  d e b r i s  

( M o r r i s  1958; S e t te r  ^  1959). A c c o rd in g  to  th e  l a t t e r  a u th o r s ,

th e  r a d io a c t iv i ty  in  s u r f a c e  w a t e r s  i s  p r o p o r t i o n a l  to th e  c o n c e n -

t r a t i o n  o f  s u sp e n d e d  m a t e r i a l s .

C e s i u m - 137 C o n ta m in a t io n  of P l a n t s  

T h e r e  a r e  t h r e e  m a in  p a th w a y s  b y  w h ich  p la n ts  m a y  b e -

c o m e  c o n ta m in a te d  w ith  fa l lo u t  C s -1 3 7  (M e n ze l  1963). T h e s e  a r e :

(1) D i r e c t  d e p o s i t io n  on a e r i a l  p a r t s ;  (2) U p take  f r o m  th e  p la n t  b a s e  

re g io n ;  and (3) U p take  f r o m  th e  so il .  The  p r i m a r y  m e c h a n i s m  o f 

f a l lo u t  C s -1 3 7  e n t r y  in to  th e  t e r r e s t r i a l  b io ta  h o w e v e r ,  a p p e a r s  to 

b e  th e  d i r e c t  d e p o s i t io n  on fo l ia g e  (B iddu lph  1960).

In c o m p a r in g  C s -1 3 7  a c t iv i ty  on a d ja c e n t  b u rn e d  and 

u n b u rn e d  g r a s s  f ie ld s ,  D av is  ejt (1963) found m o r e  r a d io a c t i v i t y  

in  th e  g r a s s  f r o m  th e  u n b u rn e d  f ie ld .  T hey  a t t r i b u t e d  th e  r e s u l t  to  

a  h igh  p ro p o r t io n  of o ld  g r a s s  in  th e  u n b u rn e d  f ie ld  s a m p le  w hich  

had  b e e n  e x p o sed  to f o l i a r  d e p o s i t io n  fo r  a  lo n g e r  p e r io d .  A n d e r s o n  

(1958) p r e s e n t e d  C s - 1 3 7  d a ta  f o r  h u m a n s  w h ich  in d ic a te d  th a t  

b io s p h e r i c  c o n ta m in a t io n  w a s  in d ic a t iv e  o f  r e c e n t  d e p o s i t io n ,  and 

w a s  no t a c c u m u la t iv e  a s  would  be  th e  c a s e  i f  th e  s o i l  w e r e  th e  p r i m a r y
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r o u te .  S o m m e r m e y e r  and  G odt (1958) found s i m i l a r  r e l a t i v e  q u a n t i -

t i e s  o f  s e v e r a l  fa l lo u t  r a d io n u c l id e s  on g r e a s e d  p a p e r  w h ich  had  b e e n  

e x p o se d  to the  a t m o s p h e r e  to q u a n t i t i e s  d e p o s i te d  on th e  a e r i a l  p a r t s  

o f  g r a s s e s .  T h is  f u r t h e r  s u p p o r te d  th e  im p o r ta n c e  of d i r e c t  f o l i a r  

d e p o s i t io n .

R o m n e y  e t  a l.  (1963) d e m o n s t r a t e d  fa l lo u t  pa rtic leS ;,  

w h ich  w e r e  m o s t ly  l e s s  th an  44 m i c r o n s  in  d i a m e te r ,  on  l e a f  s u r f a c e s  

w ith  p h o to m ic r o g r a p h s .  F r o m  s tu d ie s  on v e g e ta t io n  r a d io a c t i v i t y  

fo llow ing  th e  W in d sc a le  a c c id e n t  in  E n g lan d , K im b e r  and  B oo th  (1958) 

c o n c lu d e d  th a t  th o s e  s p e c i e s  w h ich  p r e s e n t e d  the  g r e a t e s t  s u r f a c e  

a r e a  p e r  u n i t  w e ig h t  c o n ta in e d  th e  g r e a t e s t  c o n c e n t r a t io n s  of r a d i o -

a c t iv i ty .  R ic k a r d  (1963) in d ic a te d  th a t  th e  a m o u n t  o f  g ro u n d  a r e a  

c o v e r e d  by  p la n t  c a n o p ie s  i s  p ro b a b ly  th e  m o s t  im p o r t a n t  f a c to r  

in f lu en c in g  v e g e ta t iv e  in te r c e p t io n  of fa l lo u t .

Should th e  s t r a t o s p h e r i c  lo ad  of C s - 1 3 7  b e c o m e  d e p le te d  

h o w e v e r ,  th e n  th e  s o i l  w il l  e v e n tu a l ly  b e c o m e  the  m a in  r e s e r v o i r .

A t s u c h  a  t im e ,  s o i l  c h a r a c t e r i s t i c s  and  m o i s t u r e  c o n d i t io n s  w ould 

g o v e rn  th e  r a t e  o f  c e s iu m  r e l e a s e  to p la n ts  ( F r e d r i k s s o n  e t  a l .

1958). I n c r e a s in g  m o i s t u r e  c o n d i t io n s  g e n e r a l l y  i n c r e a s e  c e s iu m  

u p ta k e  b y  p la n ts  (P e n d le to n  and  U h le r  1960), w h ile  i n c r e a s i n g  c o n c e n -

t r a t i o n s  of a v a i l a b le  p o t a s s iu m  ten d  to d e p r e s s  c e s iu m  u p ta k e  (C lin e  

and  H unga te  1960). T h e  l a t t e r  a u th o r s  n o te d  h o w e v e r ,  th a t  l a r g e  

c h a n g e s  in  p o t a s s iu m  c o n c e n t r a t io n s  w e r e  r e q u i r e d  to p ro d u c e
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r e l a t i v e l y  s m a l l  c h a n g e s  in  c e s iu m  u p ta k e .

P a r t  o f  the  c e s iu m  w h ich  is  d e p o s i te d  on fo l ia g e  s u r f a c e s  

m a y  b e  a b s o r b e d  and  t r a n s l o c a t e d  th ro u g h o u t  th e  p la n t .  M id d le to n  

(1958, 1959) d e m o n s t r a t e d  w ith  a u to r a d io g r a p h s  th a t  so lu b le ,  c a r r i e r -  

f r e e  C s - 1 3 7  w h ich  had  b e e n  a d m i n i s t e r e d  a s  a  s p r a y  to  v a r io u s  c r o p  

p la n ts  w a s  r e a d i ly  a b s o r b e d  and  t r a n s l o c a t e d .  W ork  by  L in d b e rg  

^  (1959) h o w e v e r ,  in d ic a te d  th a t  u n d e r  s o m e  c o n d i t io n s  m u c h  o f

th e  fa l lo u t  c o n ta m in a t io n  on fo l iag e  s u r f a c e s  i s  in s o lu b le .  In t h e i r  

s tu d ie s ,  an  a v e r a g e  o f  on ly  22 p e r  c e n t  o f  th e  fa l lo u t  on l e a v e s  w as  

so lu b le  in 0. 1 n o r m a l  HCl. A lth o u g h  th e  d i s t r ib u t io n  v a r i e s  w ith  

s p e c i e s ,  c e s iu m  c o n c e n t r a t e s  p r i m a r i l y  in  th e  l e a v e s  and  f lo w e r s  

(R e d isk e  and  H ungate  1956; A u e rb a c h  and  C r o s s l e y  1958).

T h e  d e g r e e  of C s -1 3 7  c o n ta m in a t io n  o f  p la n ts  i s  in f lu -

e n c e d  b y  m a n y  f a c t o r s  (M i l le r  1963). C e s iu m - 1 3 7  a c c u m u la t io n  by 

p la n ts  u n d e r  n a t u r a l  c o n d i t io n s  v a r i e s  a m o n g  s p e c i e s  and  a l s o  a m o n g  

in d iv id u a ls  o f  the  s a m e  s p e c i e s  g ro w in g  in  d i f f e r e n t  e n v i ro n m e n ts  

(D av is  1963). G o rh a m  (1963) found h ig h e r  c o n c e n t r a t io n s  of fa l lo u t  

r a d io a c t iv i ty  in  b o th  l e a v e s  and  so i l  l i t t e r  f r o m  a n g i o s p e r m s  th an  

f r o m  g y m n o s p e r m s .  T he  d i f f e r e n c e  w as  a t t r i b u t e d  to  th e  l a r g e r  

s u r f a c e  a r e a  p e r  u n i t  w e ig h t  o f  th e  a n g io s p e r m  le a v e s .  In a d d it io n ,  

l i c h e n s  and  m o s s e s  w e r e  show n to c o n ta in  m o r e  f a l lo u t  r a d i o -

a c t iv i ty  p e r  g r a m  of a s h  th an  a n g io s p e r m s  (G o rh a m  1959). T h e s e  

d i f f e r e n c e s  w e r e  a t t r i b u t e d  to  v a r i a t i o n s  in  m o rp h o lo g y .
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A l a r g e  s o u r c e  o f  v a r i a t i o n  b e tw e e n  s p e c ie s  a p p e a r s  to 

b e  d i f f e r e n t  m e c h a n ic a l  t r a p p in g  c h a r a c t e r i s t i c s  o f  th e  l e a f  s u r f a c e s  

(R o m n ey  ^  1963). T h e s e  a u th o r s  r e p o r t e d  th a t  f a l lo u t  p a r t i c l e s

a r e  t r a p p e d  m o s t ly  in  m a t te d  h a i r s  and  c r e v i c e s  and  on r e s i n o u s  

g la n d s  of l e a f  s u r f a c e s .  L ju n g g re n  (1960) found th a t  s p r u c e  twigSj, 

h a v in g  r u g o s e - a s p e r o u s  s u r f a c e s ,  a c c u m u la te d  ab o u t tw ic e  a s  m u c h  

fa l lo u t  a s  th e  g la b ro u s  n e e d le s ,  and  th a t  t w o - y e a r - o l d  tw ig s  and  

n e e d le s  w e r e  1. 5 to two t i m e s  a s  r a d io a c t i v e  a s  o n e - y e a r - o l d  tw ig s  

and  n e e d le s .

S t r u c t u r a l  c o m p o n e n ts  o f  p la n ts  w h ich  h av e  a  r e l a t i v e l y  

h ig h  s u r f a c e  a r e a  p e r  u n i t  w e ig h t  ten d  to  h av e  c o m p a r a t i v e ly  h igh  

fa l lo u t  c o n c e n t r a t io n s  (B o rm a n n  e t a l .  1958). D av is  (1963) r e l a t e s  

d i f f e r e n c e s  in  l e v e l s  o f  C s -1 3 7  b e tw e e n  s e v e r a l  s p e c i e s  o f  a r c t i c  

p la n ts  w ith  d i f f e r e n c e s  in  m o rp h o lo g y  and  h a b i ta t .  T h e  a g e  of 

a b o v e g ro u n d  p a r t s  a l s o  a p p e a r s  to be an  im p o r t a n t  f a c to r  (C h a n d le r  

and  W ie d e r  1963). In c a s e s  w h e re  th e  m a j o r i t y  o f  th e  c e s iu m  

b u r d e n  in  p la n ts  i s  d e r iv e d  f r o m  th e  s o i l ,  th e  p h y s io lo g ic a l  r e q u i r e -

m e n t s  f o r  p o ta s s iu m  shou ld  be  c o n s id e r e d  (S trau b  et 1961).

A s  m e n t io n e d  p r e v io u s ly ,  l e a c h in g  o f c e s iu m  f r o m  

fo l ia g e  by  r a in f a l l  h a s  b e e n  d e m o n s t r a t e d  (M idd le ton  1958, 1959), 

a s  w e l l  a s  th e  l o s s  of s ig n i f ic a n t  q u a n t i t i e s  o f  ra d io a c t iv i ty ,  by  th e  

d ro p p in g  o f d ead  l e a v e s  (W ith e rsp o o n  1963). W ith  r e g a r d  to th e  

l a t t e r ,  d e c id u o u s  s p e c i e s  w ould  te n d  to  h a v e  l e s s  f a l lo u t  r a d io -
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a c t iv i ty  o v e r  a p e r io d  of s e v e r a l  y e a r s  th a n  n o n -d e c id u o u s  p la n ts ,  

o th e r  f a c t o r s  b e in g  equal.  Wind i s  l ik e  r a i n f a l l  in  th a t  i t  can  

s im u l ta n e o u s ly  d e p o s i t  and  r e m o v e  fa l lo u t  f r o m  v e g e ta t io n .

C o n s id e r a b le  q u a n t i t i e s  o f  C s -1 3 7  a r e  d e p o s i te d  d i r e c t l y  

on s m a l l  s o i l  p a r t i c l e s  w h ich  m a y  in  t u r n  b e  im p a c te d  on v e g e ta t io n  

b y  w ind o r  o th e r  n a t u r a l  d i s t u r b a n c e s .  Wind p ick u p  and  t r a n s p o r t  o f  

r a d io a c t iv e  p a r t i c l e s  d ep en d s  u p o n  s e v e r a l  f a c t o r s  in c lu d in g  wind 

v e lo c i ty ,  s u r f a c e  c o v e r  su c h  a s  v e g e ta t io n  and  l a r g e r  s to n e s ,  p a r t i c l e  

s iz e ,  c o h e s iv e n e s s ,  d e n s i ty ,  and  s h a p e  and  s o i l  m o i s t u r e  (H ea ly  and  

F u q u a y  1958). W ijk and  B r a a m s  (1960) r e p o r t e d  th a t  cow s m a y  

in g e s t  s e v e r a l  h u n d re d  g r a m s  of to p s o i l  w h ich  i s  a d s o r b e d  to g r a s s  

e a c h  day . On th e  o th e r  hand , R o m n e y  e t  (1963) r e p o r t e d  a 

r e m o v a l  o f  f a l lo u t  p a r t i c l e s  f r o m  v e g e ta t io n  by  w ind . P l a n t  p o l le n s  

m a y  s e r v e  a s  c o l le c t io n  n u c le i  f o r  f a l lo u t  p a r t i c l e s  and  l ik e w is e  a c t  

a s  v e h ic l e s  of t r a n s p o r t  w ith  w in d s .  O s b u r n  (1963) r e p o r t e d  th a t  

th e  p o l le n  f r a c t io n  o f  d e b r i s  s a m p l e s  c o l le c te d  f r o m  th e  s u r f a c e  of 

a lp in e  s n o w f ie ld s  in  C o lo ra d o  w e r e  m o r e  r a d io a c t i v e  p e r  u n i t  w e ig h t  

th a n  th e  d u s t  f r a c t io n .

C e s i u m - 1 37 in  A n im a ls

S ince  th e  d i s c o v e r y  of C s -1 3 7  in  m e a t s ,  m i lk  p ro d u c ts  

and  h u m a n s  in  1955 by  M i l l e r  and  M a r in e l l i  (1956), t h e r e  h a s  b e e n  

m u c h  i n t e r e s t  in  th e  o c c u r r e n c e  o f  th i s  n u c l id e  in  a n im a l s .  F a l lo u t  

C s -1 3 7  h a s  b e e n  r e p o r t e d  in  m a n y  s p e c i e s ,  e s p e c i a l l y  h e r b i v o r e s .
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V an D il la  e t  a l .  (1961), W ard  and J o h n so n  (1965), and m a n y  o t h e r s  

h a v e  r e p o r t e d  fa l lo u t  C s -1 3 7  in  c a t t l e .  A m o n g  th e  h ig h e s t  l e v e l s  

r e p o r t e d  in  r u m i n a n t s  a r e  th o s e  g iven  by  L id e n  (1961) f o r  S c a n d in av ian  

r e i n d e e r .  M u sc le  t i s s u e  c o n c e n t r a t io n s  a s  h ig h  a s  28 n c / k g  w e r e  

r e p o r t e d .  T h e s e  c o m p a r a t i v e ly  h igh  le v e l s  w e r e  m o s t ly  a t t r ib u te d  

to th e  h a b i t  o f  g r a z in g  on l i c h e n s  by  th e  r e i n d e e r .  D u r in g  th e  s a m e  

p e r io d ,  the  a u th o r  r e p o r t e d  C s -1 3 7  c o n c e n t r a t io n s  ra n g in g  f r o m  10 

to  30 n c / k g  in  l i c h e n s ,  w h ich  w as  m u c h  h ig h e r  th an  l e v e l s  found in  

o th e r  fo r a g e  s p e c i e s .  I t  w as  found th a t  p eo p le  l iv in g  in  th i s  p a r t i c u -

l a r  r e g io n  who c o n su m e d  r e i n d e e r  a s  a  n o r m a l  p a r t  o f  th e  d ie t  

c o n ta in e d  m u c h  h ig h e r  body  b u r d e n s  o f  C s -1 3 7  th an  p e r s o n s  on 

r e i n d e e r - f r e e  d ie t s .  S i m i l a r  bu t s l ig h t ly  lo w e r  le v e l s  h a v e  b e en  r e -

p o r t e d  fo r  l i c h e n s  and  c a r ib o u  f r o m  n o r th w e s t e r n  A la s k a  (C h a n d le r  

and  W ie d e r  1963). A s e a s o n a l  p a t t e r n  o f  C s -1 3 7  le v e l s  in  c a r ib o u  

w a s  a p p a r e n t ,  w ith  h ig h s  o c c u r r i n g  in  w in te r  w hen  l i c h e n s  b e c a m e  

a  m a j o r  s o u r c e  o f  fo r a g e .  A la s k a n  e s k im o s  who u t i l i z e d  c a r ib o u  

to a l a r g e  e x te n t  in  the  d ie t  had  m u c h  h ig h e r  body  b u r d e n s  o f  C s -  

137 th a n  r e s i d e n t s  of th e  U nited  S ta te s  ( P a l m e r  ^  1963).

D i f f e r e n c e s  in  r a d io n u c l id e  l e v e l s  b e tw e e n  g r a z in g  

a n im a l s  a r e  to b e  e x p e c te d  a s  a  r e s u l t  o f  v a r y in g  f o r a g e  h a b i t s .

In N orw ay , H vinden  an d  L i l l e g r a v e n  (1961b) found th a t  r e i n d e e r  

c o n s i s t e n t ly  had  h ig h e r  t i s s u e  l e v e l s  of C s -1 3 7  th a n  sh e e p ,  w h ich  

in  tu r n  had  g r e a t e r  b u r d e n s  th a n  c a t t l e  o r  h o r s e s .  T h e s e  d i f f e r e n c e s



22

w e r e  a p p a r e n t ly  no t a t t r ib u ta b le  to  v a r i a t i o n s  in  f a l lo u t  l e v e l s .  In 

th e  U n ited  S ta te s ,  A n d e r s o n  ^  (1957) found th a t  b e e f  and  la m b

c o n s i s t e n t ly  had  h ig h e r  c o n c e n t r a t io n s  th a n  p o rk ,  w h ich  l ik e w is e  

r e f l e c t e d  d i f f e r e n c e s  in  fe e d in g  h a b i t s .

G e n e r a l  m e ta b o l i s m

A s  p r e v io u s ly  m e n t io n e d ,  c e s iu m  i s  t a k e n  up  b y  a n im a l s  

l a r g e l y  a s  an  a n a lo g u e  to p o ta s s iu m .  T h e r e f o r e ,  i t s  a b s o r p t io n  and  

d i s t r ib u t io n  i s  s i m i l a r .

C e s iu m  i s  r e a d i ly  a b s o r b e d  f r o m  th e  g a s t r o - i n t e s t i n a l  

t r a c t ,  b u t  th e  q u a n t i ty  a s s i m i l a t e d  v a r i e s  w ith  s p e c i e s .  In th e  c a s e  

o f  s o m e  n o n - r u m in a n t s ,  in c lu d in g  m ic e ,  r a t s ,  dogs , m o n k e y s  and 

m a n ,  e s s e n t i a l l y  100 p e r  c e n t  of o r a l l y  a d m i n i s t e r e d  c e s iu m  w a s  

a b s o r b e d  (R ich m o n d  1958). A c c o r d in g  to  th e  r e v ie w  of D a v is  (1963) 

h o w e v e r ,  M c C le l la n  e t (1961) found 50 -80  p e r  c e n t  a b s o r p t io n  

in  r a m s  w h ile  I l in  and  M o sk a le v  (1957) r e p o r t e d  ab o u t 50 p e r  c e n t  

a b s o r p t io n  of c e s iu m  in  co w s . Hood and  C o m a r  (1953) d i s c u s s e d  

d i f f e r e n c e s  in  e x c r e t o r y  p a t t e r n s  b e tw e e n  r u m i n a n t s  and  n o n -

r u m i n a n t s  w h ich  m a y  a c c o u n t  f o r  th i s  v a r i a t io n .

O r a l ly  a d m i n i s t e r e d  c e s iu m  r a p id ly  e n t e r s  th e  b lo o d  

and  i s  so o n  d i s t r i b u t e d  to o th e r  t i s s u e s  o r  e x c r e t e d .  I t s  t r a n s f e r  

f r o m  blood  p l a s m a  to  c e l l s  i s  an  a c t i v e  p r o c e s s  w o rk in g  a g a in s t  

c o n c e n t r a t io n  g r a d i e n t s  (Hood and  C o m a r  1953). In g o a ts ,  m a x i -

m u m  p la s m a  Ip v e ls  o c c u r r e d  w ith in  0 , 5 - 6  h o u r s  and  m a x im u m
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b lood  c e l l  l e v e l s  w ith in  36-7  2 h o u r s  a f t e r  o r a l  a d m in i s t r a t i o n  

(E k m an  1961). E k m a n  a lso  found th a t  th e  e x c r e t io n  o f  c e s iu m  w as  

r e l a t i v e l y  rap id^  w ith  m e a s u r e a b l e  q u a n t i t i e s  b e in g  found in  the  

u rine^  f e c e s ,  and  m ilk .

D is t r ib u t io n

D is t r ib u t io n  s tu d ie s  14 d a y s  a f t e r  a d m in i s t r a t i o n  of 

c e s iu m  to g o a ts  in d ic a te d  th e  h ig h e s t  c o n c e n t r a t io n s  in  s k e le ta l  

m u s c l e s  and  th e  lo w e s t  in b lo o d  p l a s m a  and bo n e  (E k m an  1961). 

M e a s u r e a b le  a m o u n ts  w e r e  found in  a l l  o th e r  o r g a n s  and  t i s s u e s ,  

W a s s e r m a n  e t  a l .  (1961) how ever^  r e p o r t e d  th a t  c e s iu m  w as  c o n -

c e n t r a t e d  to  th e  g r e a t e s t  e x te n t  in th e  k id n e y s  o f  l a c t a t in g  g o a ts .

In r e v ie w in g  th e  w o rk  o f o t h e r s ,  L a n g h a m  and  A n d e r s o n  (1959) 

r e p o r t e d  th a t  abou t 80 p e r  c e n t  o f  the  to ta l  body  b u r d e n  o f  C s -1 3 7  

w a s  lo c a te d  in  v o lu n ta ry  m u s c l e  in  catt le^  sh e e p ,  sw in e  and  m a n .

B io lo g ic  a] h a l f - l i f e

The e x c r e t io n  r a t e  of c e s iu m  in  m o s t  a n im a l s  s tu d ie d  

c a n  u s u a l ly  b e  d e s c r i b e d  in  t e r m s  o f a  m u l t i - c o m p o n e n t  e x p o n e n -

t i a l  e q u a t io n  ( C o m a r  ^  1962). T h is  b e h a v io r  s e e m s  r e a s o n a b le

f o r  c e s iu m  s in c e  i t  i s  d i s t r i b u t e d  in  s e v e r a l  c o m p a r tm e n t s ,  e a c h  

h av in g  a  c h a r a c t e r i s t i c  s i z e  and  e l im in a t io n  c o e f f ic ie n t .  T h u s ,  th e  

c o n c e p t  of th e  s im p le  b io lo g ic a l  h a l f - l i f e  i s  s e ld o m  p r e c i s e .  T h e r e  

i s  s o m e  e v id e n c e  w h ich  in d ic a te s  th a t  b io lo g ic a l  h a l f - l i v e s  fo r
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c e s iu m  m a y  b e  r e l a t e d  to body  s u r f a c e  a r e a  (R ich m o n d  1958), 

R e te n t io n  h a l f - t i m e s  fo r  c e s iu m  in  r u m i n a n t s  a p p e a r  to b e  s h o r t e r  

th a n  in  n o n - r u m in a n t s  of c o m p a r a b le  body  s i z e ,  E k m a n  (1961) 

r e p o r t s  b io lo g ic a l  h a l f - l i v e s  of c e s iu m  in  g o a ts  in  t e r m s  o f two c o m -

ponents;, one  o f  2, 5 -4 ,  5 d ay s  and  th e  o th e r  of 29-33  d a y s .  D a ta  fo r  

co w s  p r e s e n t e d  by  I l in  and  M o sk a le v  (1957) and  C r a g le  (1961) i n d i c a -

te d  h a l f - l i v e s  of 4, 5 and  3 d a y s ,  r e s p e c t iv e ly .

In f lu en ce  o f  ag e  and  s e x

C e s iu m  re te n t io n  m a y  a l s o  b e  r e l a t e d  to a g e  o r  

p h y s io lo g ic a l  s t a t u s  (C o m a r  e t 1962), In s tu d ie s  w ith  r a t s ,  Hood 

and  C o m a r  (1953) found th a t  young  a n im a l s  had  h ig h e r  e x c r e t io n  r a t e s  

and  lo w e r  t i s s u e  c o n c e n t r a t io n s  of C s -1 3 7  th a n  o ld e r  a n im a l s .  H ow -

e v e r ,  t h e s e  a u th o r s  r e p o r t e d  l i t t l e  i f  any  e f fe c t  o f  a g e  on r e l a t i v e  

c e s iu m  d is t r ib u t io n .  T hey  found no d i f f e r e n c e s  w ith  r e g a r d  to  s e x .

In ad d i t io n ,  th e y  r e p o r t e d  no a c c u m u la t io n  o f  c e s iu m  in  f e ta l  r a t s .  

A n a ly s e s  o f  w ild  r a b b i t  t i s s u e s  fo r  m ix e d  f i s s io n  p r o d u c t s  h o w e v e r ,  

in d ic a te d  th a t  young  a n im a l s  had  h ig h e r  c o n c e n t r a t i o n s  th a n  a d u l t s  

(H anson  1960),

In f lu en c e  o f  d i e t a r y  bu lk

T he  p r e s e n c e  of r e l a t i v e l y  n o n - d ig e s t ib le ,  bu lky  

m a t e r i a l s  in  th e  d ie t  a p p e a r s  to  i n c r e a s e  to ta l  e x c r e t io n  o f  c e s iu m  

w ith  th e  f e c a l  r o u te  p lay in g  an  i n c r e a s in g ly  d o m in a n t  r o l e .  In
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s tu d ie s  w ith  r a t s ,  M ra z  and  P a t r i c k  (1957) found th a t  a d d i t io n  of 

m a t e r i a l s  s u c h  a s  v e r m i c u l i t e ,  b e n to n i te ,  a l fa l fa ,  b e e t  pu lp , and  

c h a r c o a l  to th e  d ie t  r e s u l t e d  in  i n c r e a s e d  f e c a l  e x c r e t io n  o f  c e s iu m  

and d e c r e a s e d  u r i n a r y  to f e c a l  r a t i o s  a s  c o m p a r e d  to  th e  b a s a l  d ie t .  

T h is  f ind ing  m a y  e x p la in  in  p a r t  why r u m i n a n t s ,  w h ich  h av e  c o n -

s i d e r a b l e  q u a n t i t i e s  o f  bu lk  a lo n g  th e  d ig e s t iv e  t r a c t ,  te n d  to e x c r e t e  

a  l a r g e r  f r a c t io n  of the  a d m in i s t e r e d  d o se  o f  c e s iu m  th a n  n o n -

r u m in a n t s .  In ad d i t io n ,  one  w ould  e x p e c t  v a r i a t i o n s  a m o n g  r u m i n a n t s  

on  th e  b a s i s  o f  th e  q u a n t i ty  o f  c r u d e  f ib r e  in  th e  d ie t  (S te w a r t  1964).

In f lu en c e  of so d iu m  and  p o ta s s iu m

C e r t a i n  c a t io n s  o f  th e  a lk a l i  m e t a l s  a f fe c t  th e  m e ta b o l i s m  

o f c e s iu m .  It w as  found in  s tu d ie s  w ith  s h e e p  th a t  d i e t a r y  p o t a s s iu m  

s ig n i f ic a n t ly  i n c r e a s e d  th e  e x c r e t io n  of C s - 1 3 4  in b o th  th e  p r e s e n c e  

and  a b s e n c e  of d i e t a r y  so d iu m  (M ra z  1959). D ie ta r y  so d iu m  w a s  

a l s o  show n to a f fe c t  th e  e x c r e t o r y  p a t t e r n  o f  c e s iu m  in  th e  p r e s e n c e  

of d i e t a r y  p o ta s s iu m .  S im i la r  e f fe c t s  w e r e  n o ted  in  s tu d ie s  w ith  

r a t s  (M ra z  1957), W a s s e r m a n  and  C o m a r  (1961) d e m o n s t r a t e d

a tw o -fo ld  r e d u c t io n  in  c e s iu m  r e te n t io n  w ith  a  n in e - f o ld  p o t a s s iu m  

i n c r e a s e  in  r a t s .  T h e s e  a u th o r s  p o in ted  ou t th a t  due  to th e  la c k  of 

p r o p o r t i o n a l  d i lu t io n  o f  c e s iu m  by p o ta s s iu m ,  th e  tw o io n s  a r e  no t 

a lw a y s  s t r i c t l y  c o m p e t i t iv e .



26

In h a la t io n  of fa l lo u t

A c c u m u la t io n  o f  f a l lo u t  c e s iu m  by a n im a l s  f r o m  i n h a l a -

t io n  c o n t r ib u te s  to  th e  to ta l  in ta k e ,  b u t  i t  i s  u n c e r t a i n  w ha t p r o p o r -

t io n  e n t e r s  th e  body  by  th i s  r o u te .  It i s  a p p a r e n t  th a t  m a n y  v a r i a b l e s  

su c h  a s  p a r t i c l e  s iz e ,  d e n s i ty ,  sh ap e ,  and  s o lu b i l i ty ,  b r e a th in g  

c h a r a c t e r i s t i c s  of th e  h o s t ,  and  c l im a t ic  v a r i a b l e s  cou ld  in f lu e n c e  

th e  r e l a t i v e  im p o r ta n c e  o f  th i s  p a th w ay  ( B a i r  1960).

In so lu b le  fa l lo u t  m a t e r i a l s  h av e  b e e n  d e te c te d  in  l i v e -

s to c k  and  h u m a n  lu n g  t i s s u e s  (S chonfe ld  e t a l .  1960), w h ich  i s  

e v id e n c e  th a t  a t  l e a s t  s o m e  C s - 1 3 7  cou ld  be  ta k e n  in b y  a n im a l s  d i r e c t -

ly  f r o m  th e  a tm o s p h e r e .  A c c o rd in g  to  L a n g h a m  (1960) h o w e v e r ,  

in h a la t io n  i s  m u c h  l e s s  im p o r ta n t  th a n  in g e s t io n  a s  a  r o u te  of e n t r y  

o f  f a l lo u t  C s - 1 3 7 .  D a ta  f r o m  N o rw a y  in  1959 and  1960 in d ic a te d  

th a t  C s -1 3 7  c o n c e n t r a t io n s  in  a i r  d id  n o t c o n t r ib u te  s ig n i f ic a n t ly  to 

a  to ta l  in ta k e  by  c a t t l e  w h ich  w ould h av e  b e en  r e q u i r e d  to p ro d u c e  

th e  l e v e l s  w h ich  w e r e  o b s e r v e d  in  m i lk  and  m e a t  (H vinden  and 

L i l l e g r a v e n  1961a). C o m p a r i s o n  o f h u m a n  and  c a t t l e  th y ro id  

io d in e -1 3 1  le v e l s  fo llow ing  th e  1955 w eap o n s  t e s t s  r e v e a l e d  20 to 

250 t i m e s  m o r e  1-131 in  c a t t l e  th y r o id s  ( C o m a r  ^  1957). S in ce

e s s e n t i a l l y  th e  s a m e  a tm o s p h e r e  w as  b r e a th e d  by  b o th  th e  h u m a n s  

and  c a t t l e ,  th e  d i f f e r e n c e  m u s t  h av e  b e e n  l a r g e l y  due  to th e  food 

s o u r c e s .  F u r t h e r m o r e ,  r a n g e - f e d  c a t t l e  had  th y ro id  r a d io io d in e  

le v e l s  50 to 100 t i m e s  g r e a t e r  th a n  th o s e  of lo t - f e d  a n im a l s  (W hite
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and  J o n e s  1956). In s tu d ie s  w ith  w ild l i fe  s p e c i e s  a t  H anfo rd , 

W ash in g to n , H anson  (1960) o b s e r v e d  th a t  h e r b iv o r o u s  a n im a l s  c o n -

s i s t e n t l y  c o n ta in e d  g r e a t e r  a m o u n ts  of th y ro id  r a d io io d in e  th an  

c a r n iv o r o u s  s p e c i e s .

C e s iu m - 1 3 7  a s  a  R a d ia t io n  H a z a rd

B e c a u s e  o f  th e  r a t h e r  g e n e r a l  d i s t r ib u t io n  o f  c e s iu m  

th ro u g h o u t  th e  body  and  th e  r e l a t i v e l y  h igh  e n e r g y  g a m m a  r a d ia t io n  

r e l e a s e d  by  i t s  d a u g h te r  B a - 1 3 7 m ,  th e  i r r a d i a t i o n  d o se  f r o m  i t  to 

th e  body  i s  q u i te  u n i f o r m  (Hood and  C o m a r  1953). B e c a u s e  o f  th is ,  

c r i t i c a l  t i s s u e s  su c h  a s  th e  g o n ad s  and  b lo o d  fo r m in g  o r g a n s  a b s o r b  

a  s ig n i f ic a n t  f r a c t i o n  of th e  d o s e  f r o m  i n t e r n a l  C s -1 3 7  and th u s  i t  

i s  a  p o te n t ia l  g e n e t ic  a s  w e l l  a s  a  s o m a t ic  h a z a r d  (L a n g h a m  and 

A n d e r s o n  1959). C e s iu m - 1 3 7  in  th e  e n v i ro n m e n t  m a y  a l s o  be  c o n -

s i d e r e d  a  p o te n t ia l  e x t e r n a l  r a d i a t i o n  h a z a r d  b e c a u s e  o f  th e  a s s o c i -

a te d  g a m m a  ra d ia t io r i .  S om e a u th o r i t i e s  b e l ie v e  th a t  any  d o se ,  

h o w e v e r  s m a l l ,  w il l  c a u s e  a  p r o p o r t i o n a l  i n c r e a s e  in  g e n e  m u ta t io n s  

( F o w le r  1960; B la tz  1964). A t c u r r e n t  l e v e l s  o f  fa l lo u t  c o n ta m in a t io n ,  

g e n e t ic  c h a n g e s  s e e m  m o r e  l ik e ly  th an  o b s e r v a b le  s o m a t ic  d a m a g e  

(L a n g h a m  and  A n d e r s o n  1959).

B e c a u s e ,  in  g e n e r a l ,  c e s iu m  i s  ta k e n  up  f r o m  th e  s o i l  

v e r y  s lo w ly  and  e x c r e t io n  r a t e s  f r o m  a n im a l s  a r e  r e l a t i v e l y  r a p id ,  

e q u i l ib r iu m  b e tw e e n  d ie t  and  t i s s u e  c o n c e n t r a t io n s  i s  r e a c h e d  

r a p id ly  and  th e  i n t e r n a l  d o s e  r a t e  i s  a p p r o x im a te ly  p r o p o r t i o n a l  to
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c u r r e n t  fa l lo u t  r a t e s  (S zepke  1962).

A s  to c r i t i c a l  d o s e  r a t e s  in  l a r g e  a n im a l s  f o r  o b s e r v a b le  

e f fe c t s ,  G a r n e r  (1963) r e p o r t e d  th a t  s h e e p  d ied  a f t e r  a c c u m u la t in g  

2000 r o e n tg e n s  o f  to ta l  body  i r r a d i a t i o n  g iv en  a t  100 r / d a y .  A t 

10 r /d a y ^  p ig s  and  d o n k ey s  show ed  s o m e  d e t e r i o r a t i o n  in  a  few  w e e k s  

and  d ied  a f t e r  a  few m o n th s .  A t a  d o s e  r a t e  of 0. 1 r /d a y ^  no e f fe c t s  

h av e  b e e n  o b s e r v e d  in  l a r g e  a n im a l s .

In s u f f ic ie n t  q u a n t i t i e s ,  C s -1 3 7  h a s  p ro n o u n c e d  d e l e t e r -

io u s  e f fe c t s  upon  p la n ts  a s  w e ll  a s  a n im a l s .  A c c o rd in g  to  the  w o rk  

o f S p a r ro w  and  S c h a i r e r  (1962), t h e r e  i s  g r e a t  v a r i a b i l i t y  in  r a d i o - 

s e n s i t i v i t y  a m o n g  d i f f e r e n t  s p e c i e s .  In g e n e r a l ,  p la n t  r a d i o s e n s i t i v -

i ty  a p p e a r s  to b e  p r o p o r t i o n a l  to th e  f r a c t io n  o f  th e  c e l l  o c c u p ie d  by  

n u c l e a r  m a t e r i a l .  C o n t r a r y  to  e a r l i e r  id e a s ,  t h e s e  i n v e s t i g a t o r s  

h av e  show n th a t  s e r i o u s  d a m a g e  w il l  o c c u r  to m a n y  n a t iv e  o r  c u l t i -

v a te d  p la n t s  a t  ab o u t th e  s a m e  r a d i a t i o n  le v e l s  w h ich  w ould p ro d u c e  

s e r i o u s  e f fe c t s  on m a m m a ls .  W oodw ell (1962), who h a s  s tu d ie d  

th e  e f f e c t s  o f  r a d ia t io n  f r o m  C s - 1 3 7  on  t e r r e s t r i a l  e c o s y s t e m s ,  

s t a t e d  th a t  a s  l i t t l e  a s  1 r / d a y  u n d e r  lo n g  t e r m  e x p o s u r e  c o n d i t io n s  

m a y  v i s u a l ly  e f fe c t  th e  m o s t  s e n s i t i v e  p la n ts .

F u r t h e r  in fo r m a t io n  on b io lo g ic a l  e f fe c t s  of r a d ia t io n  

m a y  b e  so u g h t th ro u g h  N a t io n a l  A c a d e m y  of S c ie n c e s  (1960) and  

P i e r c e  (1 963).



C h a p te r  III

D E S C R IP T IO N  O F  STUDY A REA

D e s c r ib e d  b r i e f ly  in  th e  fo llow ing  s e c t io n  a r e  th e  l o c a -

tion;, to p o g ra p h y ,  c l im a te ,  s o i l s ,  v e g e ta t io n ,  and  th e  d e e r  h e r d  of 

th e  C a c h e  l a  P o u d r e  s tu d y  a r e a .  M o st  of th e  d e s c r ip t i o n  i s  b a s e d  

upon  g e n e r a l  o b s e r v a t io n s  by  th e  a u th o r  and  a s s o c i a t e s .  F o r  m o r e  

d e ta i le d  a c c o u n ts  s e e  B o w es  (1958), D ie tz  ^  (1962), and

L o v e le s s  (1963).

L o c a t io n  and  T o p o g ra p h y

A ll  s a m p l in g  w a s  f r o m  th e  C a c h e  l a  P o u d r e  d ra in a g e ,  

w h ich  i s  lo c a te d  in  L a r i m e r  C oun ty , C o lo ra d o ,  on th e  e a s t e r n  

s lo p e  of th e  R o ck y  M oun ta in  f r o n t  r a n g e  (F ig .  1). T h e  a p p r o x im a te  

c e n t e r  o f  th e  a r e a  i s  40°  40 ' n o r th  l a t i tu d e  and  105° 30 ' w e s t  l o n g i -

tu d e .  T he a r e a  i s  ab o u t 41 m i l e s  in  e a s t - w e s t  le n g th  and  23 m i le s  

b e tw e e n  th e  s o u th e r n -  and n o r t h e r n - m o s t  b o u n d a r ie s .  T he  s tu d y  

a r e a  b o u n d a r ie s  e n c o m p a s s  a p p r o x im a te ly  57 6 s q u a r e  m i l e s .

A bout 91 p e r  c e n t  o f  th e  a r e a  i s  w ith in  R o o s e v e l t  N a t io n a l  F o r e s t .  

T he  a r e a  i s  bo u n d ed  on th e  so u th  and  w e s t  b y  th e  a lp in e  m e a d o w s  

and  p e a k s  of R ock y  M ounta in  N a t io n a l  P a r k  and  th e  M e d ic in e  Bow 

M o u n ta in s ,  and  on  th e  e a s t  and  n o r t h e a s t  by th e  G r e a t  P l a in s .  

E l e v a t io n s  v a r y  f r o m  5, 200 to o v e r  13, 000 fe e t .

T he  to p o g ra p h y  of th e  r e g io n  i s  r e l a t i v e l y  c o m p le x .



F ig .  1. B o u n d a r ie s  o f  th e  C ach e  l a  P o u d r e  s tu d y  a r e a  show ing  the  8 ,5 0 0  foot c o n to u r  
l in e  a s  a  s e p a r a t i o n  b e tw e e n  s u m m e r  and  w in te r  r a n g e s .

GO
O
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B eg in n in g  a t  th e  edge  o f the  p la in s  and  m o v in g  w es tw a rd ^  one  f i r s t  

e n c o u n te r s  a  s e r i e s  o f  low, e x p o se d  s e d i m e n t a r y  r i d g e s  and  e s c a r p -

m e n ts ,  fo llow ed  by  i r r e g u l a r  and  s t e e p - s i d e d  v a l le y s  and  r i d g e s  of 

m e ta m o r p h ic  geo logy . T h is  r e g io n  i s  fo llow ed  by  i r r e g u l a r ,  bu t 

m o r e  g e n t ly  r o l l in g  h i l l s  and  b r o a d  v a l le y s  w h ich  g r a d u a l ly  ex tend  

to h igh  b a s in s  and  s m o o th  r i d g e s .  T he  s tu d y  a r e a  t e r m i n a t e s  on th e  

w e s t  a t  b a r e ,  ro c k y ,  s t e e p - s i d e d  p e a k s ,  a lp in e  r i d g e s  and  g la c ia l  

r e c e s s e s .  T he  e n t i r e  e a s t - w e s t  le n g th  o f  th e  s tu d y  a r e a  i s  b i s e c t e d  

by  th e  C a c h e  l a  P o u d r e  r i v e r ,  w h ich  c o n s i s t s  o f  a l t e r n a t in g  s te e p  

r a p i d s  and  qu ie t ,  m e a n d e r in g  s t r e t c h e s .  N u m e ro u s  t r i b u t a r y  

s t r e a m s  d r a in  b o th  s id e s  of th e  c an y o n  and  jo in  th e  m a in  r i v e r  a t  

r a t h e r  u n i f o r m  i n t e r v a l s  a lo n g  i t s  le n g th .  G la c ia l  a c t i v i ty  h a s  

in f lu e n c e d  to p o g ra p h y  down to  a b o u t  8, 000 fe e t  e le v a t io n .

C l im a te

C l im a t i c  d a ta  f r o m  v a r i o u s  lo c a t io n s  in  th e  s tu d y  a r e a  

h av e  n o t  b e e n  a v a i l a b le  u n t i l  r e c e n t ly .  Such d a ta  h av e  b e e n  c o l l e c -

te d  on  a  c o n t in u o u s  b a s i s  s in c e  1961 a t  f iv e  e le v a t io n s  b e tw e e n  

6, 440 and  10, 320 fe e t  by  M ed in  e t  a l .  (1962). T h e  fo llow ing  d i s -

c u s s io n  i s  g e n e r a l ,  b u t  s p e c i f ic  d a ta  w i l l  be  r e f e r r e d  to a s  a p p r o p -

r i a t e  in  l a t e r  c h a p te r s .

C l im a t i c  c h a r a c t e r i s t i c s  v a r y  w id e ly  th ro u g h o u t  th e  

a r e a ,  and  s e e m  to  b e  h ig h ly  d e p e n d e n t  on  v a r io u s  c o m b in a t io n s  

o f  e le v a t io n ,  to p o g ra p h y ,  and  v e g e ta t iv e  c o v e r  ( L o v e le s s  1963).
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G e n e r a l ly ,  t e m p e r a t u r e s  d e c r e a s e  and  p r e c ip i t a t i o n  i n c r e a s e s  w ith  

e le v a t io n .  N o r th - f a c in g  s lo p e s  a r e  h ig h e r  in  r e l a t i v e  h u m id i ty  and  

s o i l  m o i s t u r e  than  s o u th - f a c in g  s lo p e s .  On th e  d e e r  w in te r  r a n g e ,  

a t  e le v a t io n s  b e low  8, 500 fe e t ,  n o r t h e r n  e x p o s u r e s  a r e  h e a v i ly  

t i m b e r e d  and  t e m p e r a t u r e  v a r i a t i o n s  a r e  s m a l l e r  in  c o m p a r i s o n  to 

th e  s o u th e r n  e x p o s u r e s .  M ean  wind v e lo c i t i e s  m e a s u r e d  a  few  fe e t  

ab o v e  th e  g ro u n d  l ik e w is e  v a r y  w ith  to p o g ra p h y  and  v e g e ta t iv e  c o v e r .

T he  s tu d y  a r e a  i s  c h a r a c t e r i z e d  by  w a r m ,  su n n y  d a y s  

an d  co o l  n ig h ts  d u r in g  th e  s u m m e r .  W in te r  t e m p e r a t u r e s  a v e r a g e  

m u c h  lo w e r ,  bu t p ro lo n g e d  p e r io d s  of s u b - z e r o  t e m p e r a t u r e s  a r e  

in f r e q u e n t .  M o s t  o f  th e  d e e r  s u m m e r  r a n g e  is  c o v e r e d  w ith  d e ep  

sn o w s  b e tw e e n  D e c e m b e r  and  M ay and  i s  r e l a t i v e l y  i n a c c e s s a b l e  

d u r in g  t h e s e  m o n th s .  T he  s o u th - f a c in g  s lo p e s  a t  lo w e r  e le v a t io n s  

h o w e v e r ,  a r e  s n o w - f r e e  th ro u g h  m u c h  of th e  w in te r .  A nnual 

p r e c ip i t a t i o n  m a y  v a r y  b e tw e e n  12 in c h e s  a t  lo w e r  e le v a t io n s  to 

o v e r  30 in c h e s  in  a lp in e  a r e a s .  W e s te r ly  w in d s  a r e  u s u a l ly  p r e v a -

le n t .

So ils

No e x te n s iv e  s o i l  s u r v e y s  h av e  b e e n  u n d e r t a k e n  in  th e  

s tu d y  a r e a .  Such  a  t a s k  w ould a p p e a r  f o r m id a b le  b e c a u s e  i t  i s  

a p p a r e n t  th a t  m a n y  ty p e s  of s o i l s  f r o m  v a ry in g  p a r e n t  m a t e r i a l s  and  

in  v a ry in g  s t a g e s  o f  d e v e lo p m e n t  e x i s t  in  th e  r e g io n .

M o st  o f  th e  s o i l s  in  the  a r e a  w e r e  fo r m e d  f r o m  ig n e o u s
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and  m e ta m o r p h ic  r o c k s  and  v a r y  in  o r g a n ic  co n ten t .  In w e t s i t e s ,  th e  

s o i l s  a r e  o f ten  n e a r l y  p u r e  h u m u s ,  w h ile  on d r y  s i t e s ,  s o i l s  m a y  b e  

l a r g e l y  in o rg a n ic  and  p h d i f f e r e n t ia te d .  F e r t i l i t y ,  p r o f i l e ,  t e x tu r e ,  

and  a c id i ty  v a r y  w id e ly  a m o n g  s i t e s ,  and  th i s  i s  r e f l e c t e d  by  th e  k in d s  

and  q u a n t i t i e s  o f  v e g e ta t io n  e n c o u n te re d .

V e g e ta t io n

S e v e r a l  d i s t in c t  v e g e ta t iv e  z o n e s  a r e  a p p a r e n t  w ith  

i n c r e a s i n g  e le v a t io n  in  th e  s tu d y  a r e a .  M a r r  (1961) h a s  d e v is e d  a 

z o n a l  c l a s s i f i c a t i o n  b a s e d  upon e c o s y s t e m  u n i t s  o f  th e  C o lo ra d o  f r o n t  

r a n g e  w h ich  s e e m s  a p p l ic a b le  to  th e  C a c h e  l a  P o u d r e  d r a in a g e .  An 

e le v a t io n a l  s e q u e n c e  o f  p h o to g ra p h s  ta k e n  b e tw e e n  6,100 and  11, 000 

fe e t  in  th e  s tu d y  a r e a  b y  A. E . A n d e r s o n ,  C o lo ra d o  D e p a r tm e n t  o f  

G a m e , F i s h ,  and  P a r k s ,  i s  p r e s e n t e d  in  F ig s .  2 -9 .

T he  p r a i r i e  g r a s s l a n d  en d s  a b r u p t ly  a t  th e  edge  o f  th e  

f r o n t  r a n g e  and  w oody s h r u b s  and  c o n i f e r s  r a p id ly  c o m e  in to  d o m in -

a n c e .  Shrub  c o m m u n i t ie s  in  th e  lo w e r  fo o th i l l s  c o n s i s t  l a r g e l y  o f  

m o u n ta in  m a h o g an y ,  w h ile  P o n d e r o s a  p in e .  R ock y  M ou n ta in  ju n ip e r  

and  D o u g las  f i r  a r e  th e  d o m in a n t  c o n i f e r s .  M o st  of th e  t r e e  c o v e r  

i s  r e s t r i c t e d  to  n o r t h e r n  e x p o s u r e s  an d  d r a in a g e s  th ro u g h o u t  th e  

lo w e r  p o r t io n  of th e  canyon . C o ttonw ood  and  s e v e r a l  o th e r  

d e c id u o u s  t r e e s  o c c u r  a lo n g  s t r e a m  b o t to m s .

P r o c e e d in g  u p w a rd  in  e le v a t io n ,  b i t t e r b r u s h  and  o th e r

* C o m m o n  n a m e s  o f  p la n t s  t a k e n  f r o m  H a r r in g to n  (1954).
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F ig . 2 . L o w e r w in te r  ra n g e  a t  6 ,100  fe e t  sh ow ing  m o u n ta in  m ah o g an y  
s h ru b  c o m m u n itie s  w ith  s ta n d s  o f  D o u g las  f i r  p re d o m in a tin g  
on  th e  n o r th e rn  e x p o s u r e s .
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F ig . 3, M o u n ta in  m ah o g an y  and  b i t t e r b r u s h  s h ru b  c o m m u n itie s  a t 6 ,4 0 0  
fe e t w ith  s c a t t e r e d  ju n ip e r  t r e e s .
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F ig . 4 , A p o n d e ro s a  p in e - b i t t e r b r u s h  c o m m u n ity  a t  7 ,3 0 0  fe e t  w ith  
h e a v ily  t im b e re d  n o r th - f a c in g  s lo p e s  in  th e  b a c k g ro u n d .
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F ig , 5. U p p er w in te r  ra n g e  a t  8 ,100  fe e t sh ow ing  a  s a g e b r u s h -
b i t t e r b r u s h  c o m m u n ity  c h a r a c t e r i s t i c  o f s o u th -  and  e a s t -
fa c in g  e x p o s u re s  and  a  p o n d e ro s a  p in e -D o u g la s  f i r  c o m m u n ity  
r e p r e s e n ta t iv e  o f w e s t- f a c in g  s lo p e s .
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F ig . 6. A lo d g e p o le  p in e  s ta n d  a t  8 ,6 0 0  fe e t  show ing  a  ty p ic a l  m o is t  
m ead o w  w ith  an  ab u n d an ce  o f w illo w s , v a r io u s  g r a s s e s  and  
s e d g e s ,  an d  a sp e n  a lo n g  th e  e d g e s .
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F ig . 7. An a s p e n  g ro v e  a t 8 ,8 0 0  fe e t  w ith  an  u n d e r s to r y  co m p o sed  
of co m m o n  ju n ip e r  and  v a r io u s  h e rb a c io u s  p la n ts .
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F ig . 8. A s ta n d  o f E n g le m a n n  s p ru c e  and  s u b -a lp in e  f i r  a t 10, 500 
fe e t  sh ow ing  a  p o in t q u a d ra t  f r a m e  u se d  b y  th e  C o lo ra d o  
D e p a r tm e n t o f G a m e , F is h ,  and  P a r k s  fo r  m e a s u r in g  
v e g e ta tiv e  c o m p o s itio n .
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F ig . 9. T ra n s i t io n  e c o to n e  a t 11, 000 fe e t  b e tw e e n  th e  E n g le m a n n  
s p r u c e - s u b - a lp in e  f i r  zone  and th e  a lp in e  tu n d ra .
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s h ru b s  b e c o m e  m o re  d o m in a n t, p a r t i c u la r ly  on s o u th e rn  e x p o s u r e s .  

P o n d e r o s a  p in e  an d  D o u g las  f i r  in c r e a s e  in  d e n s i ty  th ro u g h  th is  zo n e  

u n ti l  m e rg in g  w ith  s ta n d s  o f  lo d g e p o le  p in e . A b e l t  o f s a g e b ru s h  

o c c u r s  a lo n g  m u ch  o f th e  8, 000 foo t e le v a tio n a l  c o n to u r , e s p e c ia l ly  

on th e  c a n y o n 's  s o u th e rn  e x p o su re .

T he lo d g e p o le  p in e  re g io n  i s  c h a r a c te r iz e d  by  s m a l l ,  

g r a s s y  m e ad o w s h av in g  an  a b u n d an c e  o f w illow  a lo n g  th e  s t r e a m  

b e d s . P a tc h e s  o f  q u ak in g  a s p e n  o c c u r  w ith in  l a r g e  c o n ife r  s ta n d s  

on a  v a r ie ty  o f  m o is t  s i t e s  th ro u g h o u t th is  z o n e . U n d e r s to ry  s ta n d s  

o f k in n ik in ic k  and  co m m o n  ju n ip e r  a r e  f r e q u e n tly  e n c o u n te re d .

T he lo d g e p o le  p in e  re g io n  m e r g e s  in to  a  zo n e  d o m in a te d  

by  E n g le m a n n  s p ru c e  an d  s u b -a lp in e  f i r .  T h e s e  s ta n d s  a r e  u s u a lly  

d e n se  an d  e x te n s iv e , b u t o c c a s io n a l ly  th e y  a r e  i n t e r s p e r s e d  by  

m e ad o w s  w ith  b i r c h  an d  w illow  and  by  i s o la te d  p a tc h e s  o f a sp e n . 

B lu e b e r r y  i s  a  d o m in a n t u n d e r s to r y  p la n t in  th is  re g io n .

T he s p r u c e - f i r  v e g e ta tio n  e x te n d s  to  a p p ro x im a te ly  

1 1 ,0 0 0  fe e t  w h e re  th e  a lp in e  zo n e  su d d en ly  p o s e s  a  s t r ik in g  c o n -

t r a s t .  T he t r a n s i t io n  e c o to n e  i s  c h a r a c te r iz e d  b y  o p en  m ead o w s 

d o tte d  w ith  d w a rfe d  c lu m p s  of w illow  and E n g lem a n n  s p ru c e .  T he 

a lp in e - tu n d r a  i s  c h a r a c te r iz e d  by  v a r io u s  s e d g e s , g r a s s e s ,  h e r b s ,  

d w a rf  s h ru b s ,  and  a  co m p le te  a b s e n c e  o f t r e e s  o r  t a l l  s h ru b s .

T he  D e e r  H e rd

T he  R o ck y  M oun ta in  m u le  d e e r  (O d o co ileu s  h e m io n u s ) .



43

i s  th e  m o s t  ab u n d an t w ild  ru n jiin an t p r e s e n t ly  in h a b itin g  th e  C a c h e  la  

P o u d r e  d ra in a g e . T he h e rd - is  c u r r e n t ly  u n d e r  e c o lo g ic a l s tu d y  by  

th e  C o lo ra d o  D e p a r tm e n t of G am e, F is h ,  and  P a r k s  and  th e  C o lo ra d o  

C o o p e ra t iv e  W ild life  R e s e a r c h  U nit. T he fo llo w in g  d e s c r ip t io n  is  

g e n e r a l  and  i s  b a s e d  la r g e ly  on s c a t t e r e d  o b s e r v a t io n s .  S p ec ific  

q u a n ti ta t iv e  c h a r a c t e r i s t i c s  w ill be  r e f e r r e d  to  a s  a p p r o p r ia te  in  

l a t e r  c h a p te r s .  A h i s to r i c a l  re v ie w  o f th e  h e rd  w as  p r e p a r e d  by  

M edin  (1960).

T he  a c tu a l  s iz e  o f th e  d e e r  h e rd  i s  n o t know n, b u t th e r e  

h a s  b e e n  no e v id e n c e  d u r in g  th e  p a s t  4 y e a r s  to  in d ic a te  th a t  th e  

p o p u la tio n  w as  n o t v ig o ro u s  and  r e la t iv e ly  s ta b le  d u r in g  th a t  p e r io d .  

H u n te r  h a r v e s t  e s t im a te s  h a v e  ra n g e d  b e tw e e n  846 and  2, 356 a n im a ls  

p e r  y e a r  s in c e  1959 A n d e rso n  and  M edin  (u n p u b lish e d ). A p o s s ib le  

r e a s o n  fo r  th e  a p p a r e n t  s ta b i l i ty  o f th e  p o p u la tio n  i s  th a t  th e  C ac h e  

la  P o u d re  w in te r  r a n g e , u n lik e  s e v e r a l  o th e r s  in  C o lo ra d o , s e e m s  

to  h av e  th e  q u a l i t ie s  n e c e s s a r y  to a d e q u a te ly  s u p p o r t  th e  a n im a ls  

th ro u g h  th e  c r i t i c a l  w in te r  m o n th s .

M o st o f  th e  d e e r  a r e  m ig r a to r y ,  v a c a tin g  th e  w in te r in g  

a r e a s  in  A p r i l  o r  M ay to  o ccu p y  th e  s u m m e r  ra n g e , w h o se  lo w e r  

b o u n d a ry  b e g in s  a t ab o u t 8, 500 fe e t  e le v a tio n . S om e a n im a ls  

a p p a r e n t ly  do n o t m ig r a te ,  b u t sp en d  th e  e n t i r e  y e a r  a t  th e  lo w e r  

e le v a tio n s . T he f a l l  m ig r a t io n  b a c k  to  th e  w in te r  r a n g e  o c c u r s  

s o m e tim e  b e tw e e n  S e p te m b e r  an d  D e c e m b e r . T he a c tu a l  t im e  o f 

th e  m o v e m e n t a p p a re n tly  d e p en d s  upon w e a th e r  c o n d itio n s .



C h a p te r  IV

M ETH O D S AND M A TER IA LS 

C o lle c tio n  and  P r e p a r a t io n  o f S a m p le s

A ir

In  o r d e r  to  fo llow  t r e n d s  in  a i r  c o n c e n tra t io n s  o f c e s iu m -  

137 th ro u g h o u t th e  s tu d y  p e r io d ,  a  s a m p lin g  s ta t io n  w as  in s ta l le d  

n e a r  th e  s u m m it  of B u ck h o rn  M o u n ta in  a t  an  e le v a tio n  o f a b o u t 8, 300 

fe e t. A s ta p le x  m o d e l T F  lA /2 7  s a m p le r  w as  h o u se d  3. 5 fe e t  ab o v e  

th e  g ro u n d  in  a  w ooden s h e l t e r  p ro v id e d  w ith  a i r  a c c e s s  and  e x h a u s t 

p o r t s  (F ig . 10). T h e  p o r ts ,  w h ich  w e re  6 in c h e s  in  d ia m e te r ,  w e re  

c o v e re d  w ith  0. 25 in c h  w ire  m e s h  and  f i t te d  w ith  t in  h o o d s to  p r e -

v e n t snow  o r  d e b r is  f ro m  e n te r in g  th e  s h e l t e r .  T he s a m p le r  w as 

p ro v id e d  w ith  S ta p le x  T F A -2 1 3 3  f i l t e r  p a d s  w h ich  a llo w ed  flow  r a t e s  

o f a b o u t 35 c fm . F lo w  r a t e s  w e re  m e a s u r e d  b y  u s e  o f  v a r ia b le  

o r i f i c e  g u a g e s  w h ich  w e re  c a l ib r a te d  a g a in s t  p u b lic  u t i l i ty  g a s  m e te r s .

S am p lin g  w as  p e r fo rm e d  a u to m a tic a l ly  w ith  In te r m a t ic  

m o d e l T  101 t im e  s w itc h e s  w h ich  co u ld  b e  p r e - s e t  fo r  d e s i r e d  s a m p -

lin g  p e r io d s .  T he s a m p le r  o p e ra te d  4 h o u rs  p e r  day  th ro u g h o u t th e  

s tu d y . T he c o lle c tio n  t im e  w a s  a r b i t r a r i l y  c h o se n  f ro m  6:30 a . m . 

to  10:30 a . m . F i l t e r s  w e re  ch an g ed  w eek ly  fo r  a n a ly s is .

T he f i l t e r s  w e re  p la c e d  in  p o ly e th y le n e  e n v e lo p e s  fo r  

s to r a g e  and  ra d io a g s a y . S ince  a l l  o f th e  a n a ly s e s  in v o lv ed  g a m m a
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F ig . 10, A ir  s a m p lin g  in s ta l la t io n  a t B u c k h o rn  
M oun ta in .
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c o u n tin g , i t  w as  u n n e c e s s a r y  to  a l t e r  th e  fo rm  o r  g e o m e try  o f th e  

s a m p le s .

P r e c ip i ta t io n

P r e c ip i ta t io n  c o l le c to r s  w e re  e s ta b l is h e d  in  o r d e r  to 

d e te r m in e  th e  q u a n ti t ie s  o f r a d io a c t iv i ty  d e p o s ite d  by  r a in  and  sn o w -

fa l l  th ro u g h  th e  c o u r s e  of th e  s tu d y . T he c o l le c to r s  w e re  e s t a b -

l is h e d  in  p ro x im ity  to  th e  fiv e  w e a th e r  in s ta l la t io n s  w h ich  w e re  

m a in ta in e d  by  th e  C o lo ra d o  D e p a r tm e n t o f G am e , F is h ,  and  P a r k s .  

T he  lo c a t io n  and  e le v a tio n  o f th e s e  in s ta l la t io n s  a r e  g iv en  in  T a b le  1,

T he c o l le c to r s  c o n s is te d  o f 12 in c h  d ia m e te r  p o ly -

e th y le n e  fu n n e ls  w h ich  w e re  m o u n te d  a b o u t 2 fe e t  abo v e  th e  g ro u n d  

(F ig . 11). F i v e - l i t e r  ju g s  o f b ro w n  p o ly e th y le n e  w e re  m o u n ted  

b e n e a th  e a c h  fu n n e l to c o n ta in  th e  p re c ip i ta t io n .  T he ju g s  w e re  

m a in ta in e d  b e tw e e n  Ju n e  1 an d  O c to b e r  31 and  ch an g ed  a t  m o n th ly  

in te r v a l s .

T a b le  1. L o c a tio n  and  e le v a tio n  o f w e a th e r  in s ta l la t io n s  and  
p r e c ip i ta t io n  c o l le c to r s .

S ite  lo c a t io n s

H ew le tt G u lch  
K elly  F la t s  
S e v e n m ile  C re e k  
L i t t le  B e a v e r  C re e k  
C ro w n  P o in t

A p p ro x im a te  
E le v a tio n  in  fe e t

6, 440
7, 000
8, 120 
8, 940

10, 320
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B e c a u s e  th e  1 2 - in c h  fu n n e ls  w e re  n o t s u i ta b le  fo r  th e  

c o lle c t io n  o f snow , a  la r g e ,  open  c o l le c to r  w as c o n s t r u c te d  and 

in s ta l le d  a t  th e  K e lly  F la t s  s i t e  fo r  y e a r - a r o u n d  s e r v ic e .  I t c o n -

s i s te d  o f a  1 ,3  fo o t d eep  box  h av in g  a  c o lle c t io n  a r e a  o f 0. 48 s q u a r e  

m e te r  (F ig . 12). T he  box  w as  l in e d  w ith  4 m il  p o ly e th y le n e  s h e e t -

in g  w h ich  w a s  h e ld  in  p la c e  b y  a  r e c ta n g u la r  f r a m e  g ro o v e d  to  f i t  

o v e r  th e  to p  edge o f th e  c o l le c to r .  T he f r a m e  w as  p ro v id e d  w ith  

an  in s id e  v e r t i c a l  f la n g e  w h ich  d e fin e d  th e  c o lle c t io n  a r e a .  A p p ro x i-

m a te ly  one  in c h  of w a te r  w as m a in ta in e d  in  th e  c o l le c to r  to  p re v e n t  

lo s s  o f r e s id u e s  by  w ind a c tio n . A t m o n th ly  in te r v a l s ,  th e  p o ly -

e th y le n e  l in e r  an d  c o n te n ts  w e r e  r e m o v e d  an d  t r a n s p o r te d  to  th e  

l a b o r a to r y  fo r  p ro c e s s in g .

P r e c ip i ta t io n  s a m p le s  w e re  re d u c e d  to  d ry  r e s id u e s  in  

te f lo n - l in e d  p a n s  o v e r  a  s te a m  b a th . T he p o ly e th y le n e  c o lle c tio n  

ju g s  w e re  r in s e d  w ith  c e s iu m  and  s tro n t iu m  c a r r i e r  s o lu tio n s , 

d i lu te  n i t r i c  a c id , and  d is t i l le d  w a te r .  T he r in s in g s  w e re  ad d ed  to  

th e  m a in  s a m p le s  in  th e  e v a p o ra t in g  p a n s . In th e  c a s e  o f th e  la r g e ,  

open  c o l le c to r ,  th e  p o ly e th y le n e  l in e r  w as  c a r e fu l ly  r e d u c e d  to  a s h  

in  p o rc e la in  c r u c ib le s  o v e r  a  low  f la m e , p la c e d  in  a  350 C m u ffle  

fu rn a c e  fo r  a b o u t 8 h o u rs , and  th e  a s h  w as th e n  ad d ed  to  th e  

r e s id u e  f ro m  th e  liq u id  p o r t io n  o f th e  s a m p le .

B y u s e  o f a  ru b b e r - t ip p e d  ro d  an d  a  m in im u m  am o u n t 

o f d is t i l le d  w a te r  and  d ilu te  n i t r i c  a c id , th e  r e s id u e s  w e re
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F ig , 11 , P o r t io n  of w e a th e r  in s ta l la t io n  show ing
p o ly e th y le n e  fu n n e l u s e d  fo r r a in  sa m p lin g  
in  fo re g ro u n d .

F ig . 12. T he  open  c o l le c to r  a t  K e lly  F la ts  w hich
w a s  u se d  fo r  r a in ,  sn o w , and  d u s t s a m p lin g .
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t r a n s f e r r e d  f ro m  th e  te f lo n  e v a p o ra t in g  p a n s  to  6 o u n ce  n a lg e n e  

b o t t le s .  T he s a m p le s  w e re  a d ju s te d  to  a  u n ifo rm  g e o m e try  in  th e  

b o t t le s  w ith  d ilu te  n i t r i c  a c id  fo r  g a m m a  co u n tin g . Som e of th e  

e q u ip m e n t u s e d  in  th e  p r o c e d u r e s  i s  show n in  F ig . 13.

S o ils

To g a in  in fo rm a tio n  on d i f f e r e n c e s  in  lo n g - te r m  fa llo u t 

d e p o s it io n  th ro u g h o u t th e  s tu d y  a r e a ,  s o i ls  w e re  s a m p le d  e ac h  

s u m m e r  f ro m  22 lo c a t io n s .  F iv e  o f th e  s a m p lin g  lo c a t io n s  w e re  in  

p ro x im ity  to  th e  w e a th e r  in s ta l la t io n s  (T a b le  1), w h ile  th e  o th e r  17 

s i t e s  c o r re s p o n d e d  w ith  th e  v e g e ta t iv e  s a m p lin g  p lo ts  (T a b le  2).

T h e  a p p ro x im a te  lo c a t io n s  o f th e  p lo ts  l i s t e d  in  T a b le  2 a r e  in d i -

c a te d  in  F ig . 14.

F o u r  s a m p le s  w e re  c o lle c te d  f ro m  ra n d o m ly  c h o se n  

s i t e s  w ith in  e a c h  lo c a tio n  p lo t. T he p lo ts  v a r ie d  in  s iz e  b e tw e e n  

5, 000 and  15, 000 s q u a r e  fe e t . E a c h  s a m p le  w as  a  c o m p o s i te  of 

s ix  8. 5 cm  d ia m e te r  d is k s  o f s o i l ,  on e  in c h  d e ep . E a c h  s a m p le  

th u s  r e p r e s e n te d  an  a r e a  o f 340 s q u a r e  c e n t im e te r s .

O nce in  th e  la b o r a to r y ,  th e  s o i l  s a m p le s  w e re  o v e n - 

d r ie d  a t  110 C fo r  a b o u t fo u r  h o u rs ,  th e n  w e ig h ed . T he s a m p le s  

w e re  th e n  s ie v e d  th ro u g h  1 .6 5  m m  w ire  m e sh , and  th e  l a r g e  ro c k s  

an d  d e b r is  w e re  d is c a rd e d .  T he m a te r i a l  w h ich  p a s s e d  th ro u g h  

th e  s ie v e  w as  th e n  re w e ig h e d  so th a t th e  r e l a t iv e  s to n in e s s  and  

th e  m a s s  o f  e f fe c t iv e  io n -e x c h a n g e a b le  m a te r i a l  p e r  s q u a r e  m e te r
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F ig ,  13. A p p a ra tu s  u s e d  fo r  re d u c in g  p re c ip i ta t io n  
s a m p le s  to  a  u n ifo rm  g e o m e try .
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co u ld  be  c a lc u la te d . T he s a m p le s  w e re  th e n  m ix e d  th o ro u g h ly  and  

w e ig h ed  in to  c o n ta in e r s  o f u n ifo rm  g e o m e try  fo r  c o m p a r a t iv e  g a m m a  

co u n tin g .

V e g e ta tio n

S e le c te d  s p e c ie s  o f d e e r  fo ra g e  w e re  s a m p le d  3 o r  4 

t im e s  d u r in g  e a c h  p e r io d  o f u t i l iz a t io n  f ro m  th e  lo c a t io n s  l i s te d  in  

T a b le  2. and  in d ic a te d  in  F ig . 14. F o u r  s p e c ie s  w e re  s a m p le d  f ro m

T a b le  2. L o c a tio n  and  e le v a tio n  o f s o i l  and  v e g e ta t iv e  s a m p lin g  p lo ts .

P lo t  no. S ite  lo c a t io n s
A p p ro x im a te  

E le v a tio n  in  fe e t

S u m m e r R ange:

W in te r  R ange:

1 L a r a m ie  M eadow  (u p p e r) 9, 400
2 L a r a m ie  M eadow  (lo w er) 9, 300
3 Z im m e r m a n  B en ch 10, 500
4 T ra p  P a r k 10, 480
5 M an h a ttan 9, 000
6 Nunn C re e k 9, 900
7 L i t t le  B e a v e r  C re e k 8, 600
8 C ro w n  P o in t  ^ 10, 320
9 P e n n o c k  C re e k 9, 400

10 Y o u n g 's  G ulch 6, 100
11 K elly  F la t s 7, 000
12 S e v e n m ile  C re e k 7, 800
13 H om e M o ra in e 8, 000
14 R is t  C an y o n 6, 400
15 S e a m an  R e s e r v o i r 5, 600
16 B en n e tt C re e k 7, 600
17 P in g r e e  H ill 8, 300
18 H ew le tt G u lch 6, 000

T h is  s i te  c o r r e s p o n d s  w ith  th e  C ro w n  P o in t  w e a th e r  in s ta l la t io n .
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F ig .  14 . A p p ro x im a te  lo c a t io n s  o f s o i l  an d  fo ra g e  sa m p lin g  p lo ts .
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th e  w in te r  ra n g e  w h ile  e ig h t s p e c ie s  o r  c a te g o r ie s  o f v e g e ta tio n  w e re  

c o l le c te d  on  th e  s u m m e r in g  a r e a s .  S p e c ie s  w e re  c h o se n  fo r  s a m p -

lin g  on  th e  b a s i s  o f a b u n d an ce , f ie ld  o b s e r v a t io n s  o f d e e r  u t i l iz a t io n ,  

and  d e e r  ru m e n  c o n te n ts . A l i s t  o f th e  s p e c ie s  s a m p le d  i s  g iv en  in  

T a b le  3.

A f te r  F e b r u a r y ,  1964, fo u r  s a m p le s  w e re  c o l le c te d  f ro m  

e a c h  p lo t, in  o r d e r  to e s t im a te  v a r ia b i l i ty  o f  c e s iu m - 137 le v e l s  

w ith in  p lo ts .  P r i o r  to  th a t  t im e , o n ly  o n e  r e p l ic a t e  w as  c o lle c te d  

p e r  p lo t. A p p ro x im a te ly  400 g r a m s  o f a i r - d r y  m a te r i a l  w as 

c o lle c te d  fo r  e a c h  s a m p le  by  s e le c t iv e  c lip p in g  (F ig , 15). T he  

n u m b e r  of in d iv id u a l p la n ts  r e q u i r e d  to  p ro v id e  an  a d e q u a te  s a m p le

T a b le  3. S c ie n tif ic  and  co m m o n  n a m e s  o f p la n ts  c o l le c te d  fo r  
ra d io n u c lid e  a n a ly s e s .*

W in te r  R ange:
A r te m is ia  t r id e n ta ta  - - - - -  s a g e b ru s h  
C e r c o c a r p u s  m o n ta n u s  - - - -  m o u n ta in  m ah o g an y  
J u n ip e r u s  s c o p u lo ru m  - - - - ju n ip e r  
P u r s h ia  t r id e n ta ta  - - -  - - - b i t t e r b r u s h

Summer Range:
"  ̂ ^  B e tu la  g la n d u le s  a  - - - - —  bo g  b i r c h

D e s c h a m p s ia  c a e s p i to s a  - —  h a i r g r a s s  
J u n ip e r u s  c o m m u n is  - -  - -  - co m m o n  ju n ip e r  
P o p u lu s  t r e m u lo id e s  - - - - -  a sp e n
S a lix  s p . ------------- --- - - - -  - w illow
V a cc in iu m  s c o p a r iu m  - - - - b lu e b e r r y

- —  - m ix e d  fo r b s
- m ix e d  g r a s s e s

S c ie n tif ic  and  co m m o n  n a m e s  w e re  ta k e n  f ro m  H a r r in g to n  (1954). 
P la n ts ,  ex c lu d in g  g r a s s e s ,  w ith  no p e r s i s t e n t  w oody s te m  ab o v e  
g ro u n d . ,
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F ig .  15. C o lle c tio n  o f c u r r e n t  a n n u a l g ro w th  fro m
b i t t e r b r u s h  (u p p e r  pho to) and  fro m  h a i r g r a s s  
( lo w er p h o to ).
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v a r ie d  w ith  th e  s p e c ie s ,  b u t a t te m p ts  w e re  m a d e  to  s a m p le  a b o u t 

th e  s a m e  n u m b e r  o f in d iv id u a ls  o f e a c h  s p e c ie s  d u r in g  e a c h  c o l le c -

tio n . A s  m u ch  a s  p o s s ib le ,  o n ly  th e  c u r r e n t  a n n u a l g ro w th  of 

p la n ts  w as c o lle c te d . T h is  p r o c e d u r e  w as fo llo w ed  fo r  th e  sa k e  

o f u n ifo rm ity  and b e c a u s e  d e e r  s e e m  to  p r e f e r  th e  s u c c u le n t 

a n n u a l g ro w th  o v e r  th e  o ld , w oody p la n t pg irts.

V e g e ta tio n  s a m p le s  w e re  b ro u g h t in to  th e  la b o r a to r y  

an d  lo o s e ly  s to r e d  in  p a p e r  b a g s  f o r  a b o u t tw o w e e k s  to  a llo w  

d e s ic c a t io n .  T he s a m p le s  w e re  th en  g ro u n d  in  a  W iley  m il l  u n ti l  

th e  m a te r i a l  w as  s u f f ic ie n tly  fin e  to p a s s  th ro u g h  a  m e ta l  s ie v e  

w ith  1 m m  o p e n in g s . The m a te r i a l  w as th e n  th o ro u g h ly  m ix e d  and  

w e ig h ed  in to  c o n ta in e r s  o f u n ifo rm  g e o m e try  fo r  co u n tin g .

D e e r

M u sc le  and  ru m e n  c o n te n t s a m p le s  w e re  ta k e n  f ro m  d e e r  

w h ich  w e re  c o lle c te d  w eek ly  on  th e  s tu d y  a r e a  b y  th e  C o lo ra d o  D e p a r t -

m e n t o f G am e , F is h ,  an d  P a r k s .  T he  a n im a ls  w e re  h u n ted  and  k i l le d  

in  a  m a n n e r  w h ich  w as  c o n s id e re d  s y s te m a t ic ,  in  th a t  p r e f e r e n c e  w as  

e x e c u te d  so  a s  to  h a v e  s a m p le s  r e p r e s e n t in g  a  r e a s o n a b le  c r o s s  

s e c t io n  o f a g e s  and  s e x e s  f ro m  a u n ifo rm  d is t r ib u t io n  o f lo c a t io n s . 

H o w ev er, s e le c t iv i ty  am o n g  in d iv id u a ls  w as s o m e t im e s  s e c o n d a ry  

to  p r a c t ic a l i ty ,  in  th a t  th e  f i r s t  a n im a l e n c o u n te re d  w as o fte n  c o l le c -

te d  w ith o u t r e g a r d  to  a g e , s e x , o r  lo c a t io n .

D u rin g  n e c ro p s y , m u s c le  t i s s u e s  o f  th e  th ig h  p o s te r io r
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to  th e  f e m u r  w e re  re m o v e d , s e p a r a te d  f ro m  fa t  and  c o n n e c tiv e  

t i s s u e s ,  d ic e d  in to  o n e - in c h  c u b e s , and  im m e d ia te ly  w e ig h ed  in to  

u n ifo rm  c o n ta in e r s  fo r  g a m m a  c o u n tin g . T he e n t i r e  w e t c o n te n ts  

o f th e  ru m e n  w e re  th o ro u g h ly  m ix e d , and  a  s a m p le  w as  w e ig h ed  in to  

a  c o n ta in e r  o f u n ifo rm  g e o m e try  fo r  co u n tin g . A n o th e r  a liq u o t o f 

th e  ru m e n  s a m p le  w as  re m o v e d , w e ig h ed , o v e n -d r ie d ,  and  r e -

w eig h ed  so th a t  r e s u l t s  cou ld  b e  e x p r e s s e d  on an  o v e n -d ry  b a s i s .

R a d io a s s a y

G r o s s  g a m m a

A g r o s s  g a m m a  co u n tin g  te c h n iq u e  w as d e v e lo p e d  in  

o r d e r  to  m a k e  r a p id  c o m p a r is o n s  o f r a d io a c t iv i ty  b e tw e e n  v a r io u s  

ty p e s  o f b u lk  s a m p le s .  T he m e th o d  w as  u s e d  fo r  a i r ,  p re c ip i ta t io n ,  

s o i l ,  and  p la n t  s a m p le s .  O nly  th e  a c t iv i t ie s  o f th o s e  s a m p le s  w h ich  

w e re  c o l le c te d  and  co u n ted  a t  a b o u t th e  s a m e  t im e s  u n d e r  id e n t ic a l  

g e o m e try  c o n d itio n s  w e re  c o m p a ra b le . W ith  th e  e x c e p tio n  o f s o i l s ,  

w h ich  c o n ta in e d  v a ry in g  a m o u n ts  o f  n a tu r a l  r a d io a c t iv i ty ,  th e  g r o s s  

g a m m a  le v e l s  w e re  c o r r e la te d  w ith  th e  r e l a t iv e  C s -1 3 7  c o n c e n -

t r a t io n s  (F ig . 16).

B u lk  s a m p le s  w e re  c o u n ted  a d ja c e n t  to  a  s o l id  H aw shaw  

2 x 2  in e h  N al (T l) c r y s t a l  w h ich  w a s  c o n n e c te d  to  an  R ID L  m o d e l 

1 0 -2  p h o to m u lt ip l ie r  a s s e m b ly . T he e n t i r e  a s s e m b ly  w as  m o u n ted  

in  an  ID P  m o d e l E -1  le a d  sh ie ld  w h ich  w as  two in c h e s  th ic k .
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G R O S S  G A M M A  A C T I V I T Y  C P M / G R A M

F ig . 16. R e la t io n s h ip  b e tw e e n  g r o s s  g a m m a  an d  c e s iu m -137 a c t iv i ty
fo r  a  s e r i e s  o f fo ra g e  s a m p le s  w h ich  w e re  e a c h  a llo w ed  e q u a l 
t im e  fo r  r a d io a c t iv e  d e c a y .
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P u ls e s  f ro m  th e  p h o to m u lt ip l ie r  w e re  fed  in to  an  R ID L  m o d e l 4 9 -5 0  

s c a l e r .  T he d is c r im in a to r  and  o p e ra t in g  v o lta g e  w e re  a d ju s te d  so 

th a t  a l l  p u ls e s  ab ove  ab o u t 85 K ev w e re  c o u n ted . T he b a c k g ro u n d  

co u n tin g  r a t e  fo r  th e  s y s te m  w as  a b o u t 600 co u n ts  p e r  m in u te .

S a m p le s  w e re  g e n e r a l ly  c o u n ted  fo r  a  le n g th  o f t im e  

s u f f ic ie n t to  r e d u c e  th e  ra n d o m  co u n tin g  f lu c tu a tio n s  to  l e s s  th an  

10 p e r  c e n t o f th e  e x p e c te d  m e a n  w ith  95 p e r  c e n t c o n fid e n c e . R e s -

u l t s  w e re  e x p r e s s e d  in  t e r m s  o f c o u n ts  p e r  m in u te  p e r  u n it  o f 

weighty a r e a ,  o r  v o lu m e , d ep en d in g  on  th e  ty p e  o f s a m p le . T he 

s a m p le s  w e re  u s u a lly  co u n ted  fo u r  t im e s  o v e r  a  p e r io d  o f 4 -5  w e ek s  

so  th a t  th e  a c t iv i t ie s  co u ld  be  n o rm a liz e d  to  th e  t im e  of s a m p le  

c o lle c tio n .

C e s iu m - 1 37

Q u a n tita tiv e  m e a s u r e m e n ts  o f  C s-1 3 7  in  b u lk  s a m p le s  

w e re  m a d e  by  th e  te c h n iq u e  o f g a m m a  r a y  s p e c t r o m e tr y .  T he 

co u n tin g  s y s te m  (F ig . 17) c o n s is te d  o f a  so lid  H a rsh a w  4 x 8  in ch  

N al (T l) c r y s ta l  w h ich  w as m o u n te d  o v e r  th r e e  m a tc h e d  p h o to -

m u l t ip l ie r  tu b e s . T he a s s e m b ly  w a s  s u r ro u n d e d  by  a  f iv e - in c h  

th ic k  s h ie ld  c o n s tr u c te d  o f s te e l  la m in a t io n s .  E le c t r i c a l  p u ls e s  

f ro m  th e  p h o to m u lt ip l ie r s  w e re  a m p lif ie d  and  fed  in to  an  R ID L  

m o d e l 3 4 /1 2  a n a ly z e r  w ith  a  400 c h a n n e l m e m o ry  c a p a c ity .

S p e c tra  r e p r e s e n t in g  p u ls e s  f ro m  g a m m a  r a y s  up  to  tw o M ev w e re
1 .

(

s to r e d  in  200 c h a n n e ls . T he a m p l i f ie r  g a in  w as  a d ju s te d  so  th a t



59

*4 £

f

1 ,1- f t^ . '
7 “'  i

f W

c
Hr  * 1 k«

I q

^  • • •

• • ‘ f i

F ig . 17. G am m a s p e c t r o m e t r i c  co u n tin g  s y s te m  u s e d  fo r  
v a r io u s  ty p e s  o f b u lk  s a m p le s .
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e a c h  c h a n n e l in c r e m e n t  r e p r e s e n te d  a  to ta l  g a m m a  r a y  a b s o rp t io n  

e n e rg y  in  th e  d e te c to r  o f 10 K ev, T he s p e c t r a l  in fo rm a tio n  w as  r e a d  

o u t in  d ig i ta l  f o rm  w ith  an  IBM  ty p e w r i te r .

G am m a  s p e c t r a  f ro m  th e  v a r io u s  ty p e s  o f s a m p le s  

in d ic a te d  th a t  s e v e r a l  r a d io n u c lid e s  w e re  o r d in a r i ly  p r e s e n t .  R e p -

r e s e n ta t iv e  s p e c t r a  f o r  v a r io u s  ty p e s  o f s a m p le s  a r e  show n in  F ig . 

18. T h is  s i tu a t io n  m a d e  i t  n e c e s s a r y  to  a c c o u n t fo r  C o m p to n  and  

s e c o n d a ry  g a m m a  p u ls e s  f ro m  o th e r  n u c lid e s , a s  w e ll a s  b a c k g ro u n d  

p u ls e s ,  w h ich  c o n tr ib u te d  to  th e  to ta l  co u n t in  th e  C s-1 3 7  p h o to p eak  

re g io n , * T he p ro b le m  w as so lv e d  a s  fo llo w s:

1. S ta n d a rd  g e o m e try  s a m p le  c o n ta in e r s  w e re  f i l le d  

w ith  a  m e d iu m , su c h  a s  d is t i l le d  w a te r  o r  g ro u n d  s t r a w , w h ich  w as 

th e  s a m e  d e n s i ty  a s  th e  s a m p le  m a te r i a l  in  q u e s tio n .

2. T he  m e d iu m  w as  u n ifo rm ly  c o n ta m in a te d  w ith  a 

know n q u a n tity  o f a  ra d io n u c lid e  w h ich  r e q u i r e d  c o n s id e ra t io n .

3. T he s ta n d a rd  th u s  p r e p a r e d  w as co u n ted  w ith  th e  

g a m m a - r a y  s p e c t r o m e te r  and  th e  r a t io  o f  i t s  c o u n ts  fa ll in g  in to  th e  

p h o to p e ak  re g io n s  o f th e  o th e r  n u c lid e s  to  th e  c o u n ts  in  i t s  own 

p h o to p eak  re g io n  w as  d e te rm in e d .

>K P h o to p e a k  re g io n  r e f e r s  to th e  e n e rg y  in te r v a l  in to  w h ich  to ta l  
g a m m a  r a y  a b s o rp tio n  e n e r g ie s  a r e  l ik e ly  to f a l l .  C h a n n e l i n t e -
g ra t io n  l im i t s  w e re  c h o se n  fo r  e a c h  n u c lid e  su c h  th a t  any  s h if ts  
in  a m p l i f ie r  g a in  w ould  r e s u l t  in  a  m in im u m  ch an g e  in  th e  in te -
g ra te d  v a lu e s . T he c h a n n e l l im i t s  c h o se n  fo r  in te g ra t io n  w e re  
1 1 -1 6 , 3 9 -4 6 , 4 8 -5 4 , 6 2 -7 0 , 7 2 -7 9 , 7 9 -8 7 , and  141-151  fo r  
C e -1 4 4 , S b -1 2 5 , R u -1 0 6 , C s -1 3 7 , Z r - 9 5 ,  M n-54 , and  K -4 0 , 
re s p e c tiv e ly *



61

F ig , 18, R e p r e s e n ta t iv e  g a m m a  r a y  s p e c t r a  o f v a r io u s  ty p e s  o f s a m p le s .
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4. T he ab ove  p r o c e d u r e  w a s  r e p e a te d  f o r  e a c h  n u c lid e  

l ik e ly  to a p p e a r  in  th e  s a m p le s .

5. F r o m  th is  d a ta , i t  w as  p o s s ib le  to c o n s t r u c t  a  m a t r ix  

o f  n e q u a tio n s , e a c h  w ith  n  in d e p e n d e n t v a r ia b le s ,  f o r  n r a d io n u c lid e s  

(T a b le  4 . ) .

6. A s im u lta n e o u s  so lu tio n  o f th e  n e q u a tio n s  y ie ld e d  

th e  n e t  c o u n ts  in  e a c h  p h o to p eak  re g io n  w h ich  w e re  due o n ly  to  th e  

n u c lid e  o f in te r e s t .

O nce th e  n e t  C s-1 3 7  c o u n ts  w e re  d e te r m in e d  in  th e  

p r o p e r  e n e rg y  re g io n , i t  w as  p o s s ib le  to  c o n v e r t  th e  c o u n tin g  r a t e  

to  p ic o c u r ie s  u s in g  a  c o n v e rs io n  f a c to r  w h ich  w as  d e te rm in e d  f ro m  

th e  co u n tin g  r a t e  o f th e  a p p r o p r ia te  s ta n d a rd .  S ta n d a rd s  w e re  

p r e p a r e d  f ro m  is o to p e  so lu tio n s  w h ich  w e re  c a l ib r a te d  b y  th r e e  

in d e p e n d e n t m e th o d s , n a m e ly , c o m p a ra t iv e  b e ta  co u n tin g , 

c o m p a ra t iv e  g a m m a  co u n tin g , and  th e  v a lu e  g iv en  by  th e  c o m m e r c -

ia l  s u p p l ie r .  T he a c t iv i t ie s  w e re  c o r r e c t e d  fo r  p h y s ic a l  is o to p e  

d e c a y  to th e  t im e  o f s a m p le  c o lle c tio n  and  e x p r e s s e d  in  t e r m s  of 

p ic o c u r ie s  p e r  u n it  o f w e ig h t, a r e a ,  o r  v o lu m e , d ep en d in g  on th e  

ty p e  o f s a m p le . T he s ta n d a rd  d e v ia t io n  o f e a c h  co u n tin g  r a t e  w as 

c a lc u la te d  by  th e  fo llo w in g  e x p re s s io n :

r a te
^ ^  to ta l  “ ^  is o to p e

1/2

w h e re : cr = T he  s ta n d a rd  d e v ia tio n  o f th e  o b s e rv e d  
r a t e  co u n tin g  r a t e .
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T a b le  4 . E x a m p le  o f th e  g e n e r a l  fo rm  o f  th e  e q u a tio n  m a t r ix  fo r  
so lv in g  th e  n e t  co u n tin g  r a t e s  o f s e v e n  r a d io n u c l id e s .

A i  = 1 . 0 + k f  R 2 + k 2 R 3 + kg R^ + k .  Rj. 4  5
+

^ 5  ^ 6
+ k g  R,^

■^2  ̂ ^ 7 R i + 1 .0  R 2 + k g  R g + k g  R 4 + ^ 1 0 ^ 5 + k i i  R g + ^ 1 2 ^ 7

^ 3  " ^ 1 3 R l + ^14  ^ 2 + 1 . 0  R g +
^ 5 ^ 4

+
^1 6 ^ 5

+
^17 ^ 6

+
^18 ^ 7

A 4  = k^9 R l + ^20  ^ 2 ^21 ^ 3
+ 1.0 R ^ +

^ 2 2 ^ 5
+

^ 2 3 ^ 6
+

^ 2 4 ^ 7

* 5  ‘ *̂ 25 *'26 ''' *'23**4 ***5 *'29**6 ''' *'30**7

* 6  = *'31 “ l  + *'32 ‘*2 + *'33^3 *'34**4 *'35®5 ■* *•“ *'36^7

* 7  “ *'37 “ l  *'38 ®2 *'39*^3 "" *'40®4 *'41 ®5 *'42^6 * **7

W h ere : A n T o ta l co u n t r a t e  in  p h o to p e ak  re g io n  o f n u c lid e  (n) 
m in u s  th e  b a c k g ro u n d  co u n t r a t e .

n

1 -4 2

N et co u n t r a t e  in  p h o to p eak  re g io n  o f n u c lid e  (n) due 
to  th a t  n u c lid e  a lo n e .

R a tio  o f c o u n ts  c o n tr ib u te d  to  p h o to p eak  re g io n  o f 
m e a s u r e d  n u c lid e  to  p h o to p eak  c o u n ts  o f  e ac h  
c o n tr ib u tin g  n u c lid e .
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 ̂  ̂ = T he to ta l  n u m b e r  o f  c o u n ts  p e r  m in u te
o b s e r v e d  in  th e  e n e rg y  re g io n  o f i n te r e s t ,

R. , = T he n u m b e r  o f  c o u n ts  p e r  m in u te  c o n tr ib u -is o to p e
te d  to  th e  e n e rg y  re g io n  b y  th e  n u c lid e  o f 
in te r e s t ,

t  = T h e  n u m b e r  o f m in u te s  fo r  w h ich  th e  s a m p le  
w as  co u n ted .

It w a s  n e c e s s a r y  to  a llo w  e n v iro n m e n ta l  s a m p le s  w hich  

w e re  c o lle c te d  in  1962 and  1963 to d e c a y  fo r  a  p e r io d  o f t im e  p r io r  

to  co u n tin g  so  th a t  w ould  be  s m a l l  w ith  r e s p e c t  to  I^cesiu m -1 3 7

D u rin g  p e r io d s  im m e d ia te ly  fo llo w in g  a tm o s p h e r ic  n u c le a r  te s t in g , 

Z r - 9 5  w as  so  ab u n d an t th a t  i t s  p h o to p eak  c o m p le te ly  o b s c u re d  th e  

C s -137 p e a k  and  w as l a r g e r  th a n  R Q gsium -137 m u ch  a s

s e v e r a l  o r d e r s  o f m a g n itu d e . H o w ev e r, s in c e  Z r - 9 5  h a s  a  

r e la t iv e ly  s h o r t  h a lf - l i f e ,  th e  s a m p le s  w e re  s to r e d  u n ti l  th e  s p r in g  

o f 1964 p r i o r  to r a d io a s s a y .  A t th a t  t im e  i t  b e c a m e  p o s s ib le  to 

o b ta in  an  a c c u r a te  e s t im a te  o f th e  C s-1 3 7  a c t iv i ty .

T he c a lc u la t io n s  in v o lv ed  in  so lv in g  th e  g a m m a  s p e c t r a l  

c o m p o n e n ts  w e re  s u f f ic ie n tly  len g th y  to  w a r r a n t  c o m p u te r  p r o c e s s -

ing , A p r o g r a m  w as  w r i t te n  fo r  th e  IBM  1620 c o m p u te r  by  

D r. G. M. A n g le to n , D e p a r tm e n t o f M a th e m a tic s  and  S ta t i s t ic s  a t 

C o lo ra d o  S ta te  U n iv e rs i ty . P e r t in e n t  d a ta  w e re  e n te r e d  on th r e e  

IBM  c a r d s  fo r  e a c h  s a m p le  (F ig , 19), T he  c a r d s  w e re  th en  k e y -

p u n ch ed  and  ru n  th ro u g h  th e  c o m p u te r  b eh in d  an  o b je c t  p ro g r a m  

and  a  s e t  o f  c a r d s  w ith  in s t r u c t io n s  c o n c e rn in g  th e  n u m b e r  of
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II I KDLTICHANHEL ANALYZER SATA 
'  PROCESSING CARD FOR 1 6 2 0  COMPUTER 
I I I I  II I I I  I

S a m p le  CODE I
7 ■ number of radionu^ldes
2 “ general sample type
13 “ spiclfio eUTiciencles and| | 

equation coiutants for a. 
gi^en geome'Ay ** ■

I I I I
3 cards per aample

SAMRLS TYPE 
CLA SSIFIC A TIO N  
LOCATION 
REPLICATE 
SAMPLE NUMBER 
AREA-WT-VOL 
S A M P ^  DATE 
DATE"c o u n t e d  
MIN COUNTED 
N
UNITS
ID E N T IFIC A TIO N

_

£3 a  £> 2 & a  
-<2

tL2.€Q^Q.£-
-AH

- l a

_____
____ 2 i :

N. • | l i  i f  c o d e  f o l l o w  t h i s  c a r d .
1 - 0 ,  if code is preceed'this card.

35 spaces

CODE _2 ̂  ^

MULTICHANNEL ANALYZER DATA 
PROCESSING CARD FOE 1 6 2 0  COMPUTER

iTotal counts per minute ill the I II I 
vpropriate channels minus 
background.

I l l  I I I  II I

II
I

(1) -4.223.
(2) - - 3 3 2 ^ 2
(3) - - . 5 5 6 ^ . 2
(4) - -S 2 > 2 . : . L
(5) - - A  o s  .l L
(6)
(7) _______

T jt»E  SA M PlEl  y l a v l l -  I 
I I I I 

I I I

4 9  s p a c e s

I .  D . 7 ^

CODE JZ ^

6=;0 ,̂ =! 617

■I--------1— — I--------r
MULTICHANNEL ANALYZER DATA 
PROCESSING CARD FOR 1 6 2 0  COMPUTER

%otal coiJktJ per minuti in the 
appropriate channels including 
bi^l^round^

II

I I

(1)
(2) - - S L 2 2 . X
(3)
(4)
C5)
(6) - 2 1 2 2 ^ . 2
(7) ■ _____

t y A  s a m p l e  P 
I I II II III

49 spaces

I .  D . * 7 ?

CODE Z  1 .2 .

F ig . 19, IBM  c a r d s  u s e d  fo r  c o m p u te r  p r o c e s s in g  o f s p e c t r o m e te r  d a ta .
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n u c lid e s  and  e q u a tio n s , th e  n u c lid e  h a l f - l iv e s  and  co u n tin g  

e f f ic ie n c ie s ,  and  th e  c o e f f ic ie n ts  o f  th e  e q u a tio n  m a tr ix .  T he o u t-

p u t l i s t in g  c o n ta in in g  th e  d e s i r e d  in fo rm a tio n  w a s  th e n  a v a ila b le  

w ith in  a  m a t te r  o f  s e c o n d s . (T a b le  5).

S ta t i s t ic a l  P r o c e d u r e s

T h e  s t a t i s t i c a l  p r o c e d u r e s ,  ta k e n  la r g e ly  f ro m  S n e d e c o r  

(1956), w e re  u t i l iz e d  a s  an  a id  to d a ta  in te r p r e ta t io n  and  w e re  c o m -

p a tib le  w ith  th e  s a m p lin g  s c h e m e s .  T he  sa m p lin g  d e s ig n s  w e re  

p r im a r i l y  f a c to r ia l  a r r a n g e m e n ts  o f v a r ia b le s  su c h  a s  y e a r s ,  

s e a s o n s ,  lo c a t io n s ,  s p e c ie s ,  a g e  g ro u p s , an d  s e x e s .  S am p lin g  

r e p l ic a t io n  w ith in  c e l l s  o r  s p e c if ic  c a te g o r ie s  w as  e x e c u te d  a s  m u ch  

a s  f e a s ib le  to g a in  in fo rm a tio n  on f a c to r  in te r a c t io n s  a s  w e ll a s  

s a m p lin g  v a r ia b i l i ty .

A n a ly s is  o f  v a r ia n c e  and  c o v a r ia n c e  te c h n iq u e s  w e re  

u s e d  to t e s t  th e  s ig n if ic a n c e  o f f a c to r s  o r  c o m b in a tio n s  o f f a c to r s ,  

and  in te r a c t io n s .  In d iv id u a l and  g ro u p  c o m p a r is o n s  w e re  m a d e  on 

p r e - s e l e c t e d  i te m s  of i n t e r e s t .  R e g r e s s io n  and  c o r r e la t io n  

a n a ly s e s  w e re  u t i l iz e d  on c e r ta in  d a ta  in  a p p r o p r ia te  s i tu a t io n s .

A ll f a c to r s  w e re  c o n s id e re d  a s  s y s te m a t ic  o r  f ix ed  

e f fe c ts ,  b e c a u s e  a  h ig h  d e g re e  o f s e le c t iv i ty  w as  e x e r c is e d  in  

th e i r  c h o ic e s . T h u s , in  th e o ry , in f e r e n c e s  e x ten d in g  to  o th e r  

y e a r s ,  lo c a t io n s ,  o r  s p e c ie s ,  fo r  e x a m p le , w ould  b e  in a p p ro p r ia te .

C o m p u ta tio n s  w e re  p e r f o r m e d  e i th e r  w ith  a  d e sk



T a b le  5. T y p ic a l c o m p u te r  l i s t in g  fo r  a  p la n t s a m p le  g a m m a  
s p e c tru m .
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S A M P L E  T Y P E
C LA SSIFIC A T IO N
LO C A TIO N
R E P L IC A T E
AWV

P L A N T
8

0 0 .0 3 .0 0  
1

1 . 4850E-K)2

I. D. 78
P „  D. TA K EN  544
S A M P L E  N O. 1
P .  D. C O U N T ED  843
M IN U TES C O U N T ED  30 
UNITS P C  /G

A C T  (1) = 194. 3398 UL(1) = 197. 5642
S D E V (l) — 1 .6121 LL (1) - 1 9 1 ,1 1 5 4

A C T  (2) _ 6 .0 5 0 8 UL(2) — 6 .6 5 2 2
SD E V (2) , 3007 LL (2) 5 .4 4 9 4

A C T  (3) _ 6 5 .4 6 9 6 U L(3) — 67 .5251
SD EV (3) 1 .0 2 7 7 L L (3) 63.4142

A C T  (4) _ 3. 6707 UL(4) — 3. 9572
SDEV (4) . 1432 LL(4) 3 .3 8 4 2

A C T  (5) _ 7 1 .1 0 6 8 UL(5) — 73. 9925
SDEV (5) = 1 .4 4 2 8 LL (5) 6 8 .2 2 1 1

A C T  (6) _ 4 9 .4 7 5 4 UL(6) 5 0 .1561
SDEV (6) . 3403 L L (6) “ 4 8 .7 9 4 6

1
A C T  (7) _ . 0161 UL(7) — .0 1 8 2
SDEV (7) = . 0010 L L (7) = .01 4 1

O RDER H A L F L IF E C O U N T ER  E F F IC IE N C Y E L E M E N T
• 1 28. 5000E+01 13. 920 C E

2 73. OOOOE+01 6. 050 SB
3 36. 5000E+01 15. 420 RU
4 97. llO O E+02 3. 470 CS
5 65. OOOOE-00 1, 510 Z R
6 29. lOOOE+01 3. 630 MN
7 45. 6250E+10 . 070 K
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c a lc u la to r  o r  th e  IBM  1620 o r  1401 c o m p u te r s .  A ll c a lc u la t io n s  

w e re  d o u b le -c h e c k e d  fo r  a c c u ra c y .



C h a p te r  V 

R E SU L T S

A ir

C o n c e n tra t io n s  o f c e s iu m - 137 in  a i r  w e re  m e a s u r e d  on a 

w eek ly  b a s i s  f ro m  O c to b e r , 1962 th ro u g h  F e b r u a r y ,  1965 in  o r d e r  

to s tu d y  f lu c tu a tio n s  w ith  t im e . M onth ly  m e a n s  and  th e  s ta n d a rd  

e r r o r  o f e a c h  m e a n  a r e  p r e s e n te d  in  F ig . 20.

M ean  a i r  c o n c e n tra t io n s  o f  C s -1 3 7  w e re  h ig h e r  in  1963 

th an  in  1964 by  a  f a c to r  o f a b o u t tw o . T he m a jo r  s e r i e s  o f a tm o s -

p h e r ic  n u c le a r  t e s t s  co n d u c ted  by  th e  S o v ie t U nion and  by th e  

U n ited  S ta te s  in  1961 and 1962 w e re  te r m in a te d  in  D e c e m b e r , 1962. 

B e c a u se  no o th e r  m a jo r  a tm o s p h e r ic  t e s t  s e r i e s  w e re  c o n d u c te d  

d u r in g  th e  r e m a in d e r  o f th e  s tu d y , one  w ould  h av e  e x p e c te d  a  

y e a r ly  d e c r e a s e  in  a i r  r a d io a c t iv i ty .

In a d d itio n  to th e  y e a r ly  p a t te r n ,  a  p ro n o u n c e d  s e a s o n a l  

v a r ia t io n  w a s  r e v e a le d ,  in  th a t  p e a k  le v e l s  o c c u r r e d  in  s p r in g  o r  

e a r ly  s u m m e r  o f e ac h  y e a r .  T h is  r e s u l t  w a s  e x p e c te d  b e c a u s e  

m u ch  of th e  r a d io a c t iv e  d e b r is  f ro m  th e  n u c le a r  t e s t s  co n d u c ted  

in  1961 and 1962 w as " in je c te d "  in to  th e  s t r a to s p h e r e .  M ix ing  o f 

a i r  b e tw e e n  th e  s t r a to s p h e r e  and  t r o p o s p h e r e  r e a c h e s  a  m a x im u m  

d u rin g  th e  s p r in g  m o n th s  (M ach ta  1958). T h e r e f o r e ,  th e  lo w e r  

a tm o s p h e re  b e c o m e s  m o re  e n r ic h e d  w ith  r a d io a c t iv e  d e b r is  in  

s p r in g .



S.E. O F  M E A N

0 — S E A S O N A L  M E A N S

7 7 7 22.84 18.74 7.45 7.19 12.37 6.60 2 .9 7 2 .06
0 1 N D J 1 F M 1 A 1 M J 1 J 1 A S 1 0 1 N D 1 J 1 F M 1 A 1 M J 1 J 1 A S 1 0 1 N D 1 J 1 F

1963 1964
F ig . 20. C es iu m -1 3 7  c o n c e n tra t io n s  in  a i r  c o lle c te d  a t  B u ck h o rn  M ountain^ O c to b e r  

1962 th ro u g h  F e b r u a r y  1965. o
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A tw o -w a y  a n a ly s is  o f v a r ia n c e  w as p e r fo rm e d  on th e  d a ta  

to  t e s t  th e  h y p o th e s is  th a t  th e  y e a r ly  and  s e a s o n a l  m e a n s  w e re  eq u a l. 

A p p ro x im a te ly  12 w eek ly  o b s e r v a t io n s  w e re  c o n s id e re d  in  the  

a n a ly s is  fo r  e ac h  s e a s o n . P r i o r  to  p e r fo rm in g  th e  a n a ly s is^  

C o c h r a n 's  t e s t  (D ixon and  M a s se y  1957) fo r  h e te ro g e n e o u s  v a r ia n c e  

w as  p e r fo rm e d  on th e  d a ta  and  th e  co n d itio n  w as  found to  e x is t .

T he h ig h e r  v a r ia n c e s  w e re  a s s o c ia te d  w ith  th e  h ig h e r  m e a n s  (F ig . 

20), T h is  co n d itio n  s e e m s  v e ry  co m m o n  w ith  m o s t  fa llo u t d a ta  

( E b e r h a rd t  1964). I t w as  found th a t  by  t r a n s f o r m in g  th e  d a ta  to 

lo g a r i th m s ,  c e l l  v a r ia n c e s  b e c a m e  s t a t i s t i c a l ly  h o m o g e n eo u s . 

T h e re fo re ,  th e  a n a ly s is  w as p e r fo rm e d  on  th e  lo g a r i th m s  o f th e  

o b s e rv e d  v a lu e s . T he a n a ly s is  o f v a r ia n c e  s u m m a ry , w hich 

in c lu d e s  th e  m e a n s , th e  a n a ly s is ,  and an  o r th o g o n a l s e t  o f in d iv i -

d u a l c o m p a r is o n s ,  i s  g iv en  in  T a b le  6.

T he a n a ly s is  in d ic a te d  a  h ig h ly  s ig n if ic a n t  (PcO. 01) d i f f e r -

e n ce  b e tw ee n  y e a r s  and  b e tw ee n  s e a s o n s .  T h e re fo re ,  th e  o r ig in a l  

h y p o th e s is  w as  r e je c te d .  T he in te r a c t io n  w as  a ls o  h ig h ly  s ig n i f i -

c a n t, b u t i t s  F  v a lu e  w as  s m a l l  in  r e la t io n  to  th e  v a lu e s  fo r  th e  m a in  

e f fe c ts .  T h u s , th e  in te r p r e ta t io n  o f " r e a l "  m a in  e f fe c ts  sh o u ld  be 

v a lid . W ith r e g a r d  to  th e  in d iv id u a l c o m p a r is o n s ,  th e  s p r in g  m e a n  

v e r s u s  th e  c o m b in e d  m e a n  o f th e  o th e r  t h r e e  s e a s o n s  had  th e  l a r g -

e s t  m e a n  s q u a r e ,  in d ic a tin g  th a t  th e  s p r in g  p e a k s  c o n s t i tu te d  th e  

g r e a te s t  f lu c tu a tio n s  f ro m  th e  o v e r a l l  t r e n d s .
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T a b le  6. V a r ia t io n  in  a i r  c o n c e n tra t io n s  of c e s iu m -1 3 7  b e tw ee n  
y e a r s  and  s e a s o n s .

M ean s (in  t e r m s  of p ic o c u r ie s /h u n d r e d  cu b ic  m e te r s ) t

S e a so n
Y e a r  W in te r S p r in g S u m m e r F a l l M ean s
1963 7 .7 7 22. 84 18. 74 7. 45 14. 20
1964 7. 19 12. 37 6. 60 2. 97 7. 28

M ean s 1 7. 48 17. 61 12. 67 5. 21

A n a ly s is  of v a r ia n c e :

S o u rce D F MS F
Y e a rs 1 1. 928 40. 4
S e a so n s 3 1. 293 27. 1
In te r a c t io n 3 0. 205 4. 27
E r r o r 90 0. 048

In d iv id u a l c o m p a r is o n s ;

C o m p a r is  on D F MS F
S p r in g  v s . r e s t 1 2. 500 52. 1
S u m m e r v s . f a l l ,  w in te r 1 0. 897 18. 7
W in te r  v s . f a l l 1 0. 492 10. 3

S ta t i s t ic a l ly  s ig n if ic a n t  a t th e  1 p e r  c e n t le v e l .
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P r e c ip i ta t io n

D e p o s itio n  ^  c e s iu m - 1 37 in  th e  open , w e t c o l le c to r

To s tu d y  v a r ia t io n s  in  to ta l  c e s iu m -1 3 7  d e p o s it io n  w ith  

t im e , m o n th ly  m e a s u r e m e n ts  w e re  m a d e  f ro m  O c to b e r , 1963 to  

N o v e m b er, 1964 a t  th e  K e lly  P la t s  s a m p lin g  s ta t io n . C e s iu m -1 3 7  

d e p o s it io n  r a t e s  and  m o n th ly  p r e c ip i ta t io n  to ta ls  a r e  p lo tte d  w ith  

t im e  in  F ig . 21.

T he m a x im u m  d e p o s it io n  r a t e s  o f C s -1 3 7  in  1964 o c c u r r e d  

d u r in g  A p r i l ,  M ay, an d  Ju n e  w hen r a in f a l l  w as r e la t iv e ly  h igh . 

M in im u m  le v e l s  w e re  d e p o s ite d  d u r in g  f a l l  and  w in te r ,  w h ich  w e re  

d ry  in  c o m p a r is o n  to  th e  o th e r  s e a s o n s .  T he c o m p a ra t iv e ly  h ig h  

d e p o s it io n  r a t e s  d u r in g  th e  s p r in g  m o n th s  w e re  l ik e ly  th e  r e s u l t  

of: (1) h ig h e r  a i r  c o n c e n tra t io n s  d u r in g  th e  p e r io d , and  (2) h ig h e r  

r a in f a l l  to ta ls .  T he p e a k  in  p r e c ip i ta t io n  d u r in g  A u g u st and 

S e p te m b e r  d id  n o t p ro d u c e  a  p r o p o r t io n a te ly  h ig h  p e a k  in  fa llo u t 

d e p o s it io n . T h is  w as p ro b a b ly  b e c a u s e  th e  a i r  c o n c e n tra t io n s  o f 

C s-1 3 7  w e re  r e la t iv e ly  low  d u r in g  A u g u st an d  S e p te m b e r .

I t w as notfed d u r in g  th e  c o u r s e  o f  th e  s tu d y  th a t  p r e c ip i -

ta t io n  s c a v e n g in g  w as  n o t th e  o n ly  m e c h a n is m  w h ich  co u ld  d e p o s it

T o ta l  c e s iu m -1 3 7  d e p o s it io n  r e f e r s  to  th e  to ta l  q u a n tity  d e p o s ite d  
p e r  u n it  a r e a  o f th e  c o lle c t in g  d e v ic e  p e r  u n it  o f t im e  by  a l l  
a g e n ts  o f  d e p o s it io n , in c lu d in g  r a in ,  snow , d u s t, and a i r  c u r r e n t s .
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F ig . 21. T o ta l c e s iu m -137 d e p o s it io n  and  p r e c ip i ta t io n  by  m o n th s  a t  
K e lly  F la t s ,  O c to b e r  1963 th ro u g h  J a n u a r y  1965.
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fa llo u t. F o r  e x a m p le , c o n s id e ra b le  q u a n t i t ie s  o f C s-1 3 7  w e re  

d e p o s ite d  w ith  d u s t p a r t i c l e s ,  p a r t i c u la r ly  d u r in g  d ry , w indy  p e r io d s .  

A s  m u c h  a s  50 p e r  c e n t o f th e  to ta l  r a d io a c t iv i ty  in  so m e  s a m p le s  

w as  in  th e  d u s t o r  so lid  d e b r is  f r a c t io n .  P la n t  p o lle n s  w e re  a ls o  ' 

found in  th e  fa llo u t s a m p le s  d u r in g  th e  s u m m e r  m o n th s ; and  a lth o u g h  

th e  p o lle n  f r a c t io n s  w e re  n o t s e p a r a te d ,  O sb u rn  (1963) h a s  n o ted  

th a t p o lle n s  m a y  t r a n s p o r t  c o n s id e ra b le  q u a n ti t ie s  o f fa llo u t. P r a c t i -

c a lly  no p r e c ip i ta t io n  f e l l  d u r in g  O c to b e r , 1964. Y e t c o n s id e ra b le  

q u a n ti t ie s  o f th e  s h o r t - l iv e d  ra d io n u c l id e s  1 -131 , Z r - 9 5 ,  and  B a -1 4 0  

w e re  d e p o s ite d  in  th e  c o l le c to r  fo llo w in g  th e  C h in e se  n u c le a r  t e s t  

o f 16 O c to b e r  1964, T he t e s t  a p p a re n t ly  d id  n o t s ig n if ic a n tly  in c r e a s e  

th e  a tm o s p h e r ic  le v e ls  o f C s-1 3 7 .

F u r th e r m o r e ,  a  c o m p a r is o n  o f c o lle c tio n  e f f ic ie n c ie s  

b e tw e e n  th e  open , w e t c o l le c to r  and  a  fu n n e l- ty p e  r a in  c o l le c to r  

in d ic a te d  th a t  th e  open  c o l le c to r  a c c u m u la te d  an  a v e r a g e  o f 7 3 p e r  

c e n t m o re  r a d io a c t iv i ty  p e r  s q u a r e  m e te r  th a n  th e  fu n n e l c o l le c to r  

d u r in g  th e  s u m m e r  o f 1964. T he fu n n e l c o l le c to r  d id  n o t r e ta in  d u s t, 

d e b r is ,  p o lle n s , o r  o th e r  a i r - b o r n e  m a te r i a l  to  an y  s ig n if ic a n t  

e x te n t.

F a llo u t  d e p o s it io n  m  th e  fu n n e l- ty p e  r a in  c o l le c to r s

T im e - s p e c i f ic  v a r ia t io n s  in  fa llo u t d e p o s it io n  by  r a in f a l l  

w e re  s tu d ie d  d u r in g  th e  s u m m e r  and  fa l l  m o n th s  a t  f iv e  lo c a t io n s  

o f v a ry in g  e le v a tio n s . D a ta  fo r  1964 a r e  g iv en  in  T a b le  7.
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T a b le  7 . G ro s s  g a m m a  ra d io a c t iv i ty  in  p r e c ip i ta t io n  c o lle c te d  a t 
v a r io u s  lo c a t io n s , J u n e - O c to b e r ,  1964.

S am p le P r e c ip .  , R e l. A c t. in BklL. D ep.
No. L o c a tio n M onth In c h e s* c p m /m ^ /  m o. C .V . , %

79 H e w le tt G u lch Ju n e 0. 78 4026
75 K elly  F la t s 11 0. 90 2477
76 S e v e n m ile  C r . It 1. 28 4905 27
77 L i t t le  B e a v e r M 0. 96 3052
78 C row n  P o in t M 1. 34 4720

80 H ew lett G u lch J u ly 0. 62 1536
85 K elly  F la ts 11 0. 65 1440
88 S e v e n m ile  C r . 11 0. 93 2229 28
86 L i t t le  B e a v e r M 1. 17 1441
87 C ro w n  P o in t 11 1. 82 2525

93 H e w le tt G u lch A ug. 0. 86 1508
94 K elly  F la ts If 1. 48 827
95 S e v e n m ile  C r . 11 1. 65 1578 31
96 L i t t le  B e a v e r 11 2. 17 814
97 C ro w n  P o in t It 2. 04 1073

102 H e w le tt G ulch S ep t. 0. 31 256
103 K e lly  F la t s It 1. 31 869
104 S e v e n m ile  C r . 11 1. 81 493 42
105 L i t t le  B e a v e r 11 1 .0 4 474
106 C row n  P o in t It 1. 23 536

111 H e w le tt G u lch O ct. 0. 07 139
112 K elly  F la t s 11 0. 03 108
113 S e v e n m ile  C r . 11 0. 03 152 38
114 L i t t le  B e a v e r 11 0. 11 258
115 C ro w n  P o in t It 0. 21 254

* D ata  c o lle c te d  by D, E . M ed in  an d  A .  E . 
D e p a r tm e n t of G am e, F is h , an d  P a r k s .

A n d e rso n , C o lo ra d o
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T he m o n th ly  to ta ls  o f p r e c ip i ta t io n  g e n e r a l ly  in c r e a s e d  w ith  

e le v a tio n  ( lo c a tio n s  a r e  l i s t e d  in  o r d e r  o f  in c r e a s in g  e le v a tio n ) . T h e  

d e p o s it io n  o f fa llo u t v a r ie d  c o n s id e ra b ly  b e tw ee n  lo c a t io n s ,  b u t th e  

v a r ia t io n s  d id  n o t show  an y  c o n s is te n t  p a t te r n s  w ith  lo c a t io n s  o r  

w ith  p re c ip i ta t io n  to ta ls .  In o th e r  w o rd s , th e  lo c a t io n  a n d /o r  p r e c ip i -

ta tio n  e f fe c ts  w e re  d e p en d e n t upon  th e  m o n th  o f s a m p lin g .

A tw o -w a y  a n a ly s is  o f v a r ia n c e  o f th e  d a ta  i s  g iv en  in  T a b le  

8. T he a n a ly s is  in d ic a te d  a  h ig h ly  s ig n if ic a n t  (P<Co. 01) d if f e r e n c e  

b e tw e e n  m o n th s  b u t no d if f e r e n c e  b e tw e e n  th e  s a m p lin g  lo c a t io n s .

T he p la u s ib le  r e a s o n  fo r  th e  r e s u l t  o f no e f fe c t  due to  lo c a t io n s  w as 

th a t  th e  in te r a c t io n  b e tw ee n  m o n th s  and  lo c a t io n s  w a s  b y  n e c e s s i ty  

u s e d  a s  th e  e r r o r  t e r m ,  and  i t  w as o b v io u s  f ro m  th e  d a ta  th a t  

c o n s id e ra b le  in te r a c t io n  e x is te d . T he f a c to r s  w h ich  c a u s e d  th e  

in te r a c t io n  w e re  n o t a p p a re n t ,  b u t i t  s e e m e d  p o s s ib le  th a t  v a r ia t io n s  

b e tw e e n  lo c a t io n s  in  d u s t and p o lle n  lo a d s , a i r  c u r r e n t s ,  r a in  

in te n s i ty , and  o th e r  p h e n o m en a  co u ld  h av e  e a s i ly  c o n tr ib u te d .

T h e s e  d a ta  p o in t o u t th a t  a  s in g le  fa llo u t c o l le c to r  w ould  n o t 

n e c e s s a r i ly  p ro v id e  an  a c c u r a te  c o n c e p t o f fa llo u t d e p o s it io n  in  a  

s u r ro u n d in g  re g io n . I t s e e m s  th a t  th e  m o re  c o m p le x  th e  to p o g ra p h y  

an d  o th e r  c h a r a c t e r i s t i c s  o f a  re g io n , th e  m o r e  s a m p lin g  lo c a t io n s  

w ould  b e  r e q u i r e d  to  o b ta in  a  r e p r e s e n ta t iv e  e s t im a te  o f  fa llo u t 

d e p o s it io n .

T he q u e s tio n  o f w h e th e r  o r  n o t C s-1 3 7  d e p o s it io n  w as
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T a b le  8 . V a r ia tio n  in  g r o s s  g a m m a  ra d io a c t iv i ty  in  p r e c ip i ta t io n  
c o lle c te d  a t  v a r io u s  lo c a t io n s  in  1964.

M ean s (in  t e r m s  of c p m /m ^ /m o n th ) :
M onth

L o c a tio n Ju n e J u ly A ug. S ep t. O ct. M ean s
H e w le tt G u lch 4026 1536 1508 256 139 1493
K elly  F la ts 2477 1440 827 869 108 1144
S e v e n m ile  C r . 4905 2229 1578 493 152 1871
L it t le  B e a v e r 3052 1441 814 474 258 1208
C row n  P o in t 4720 2525 1073 536 254 1822

M ean s 3836 1834 1160 526 182

A n a ly s is  of v a r ia n c e :

S o u rce D F MS F
M onths 4 10, 462, 436 4 2 .5  **
L o c a tio n s 4 566, 374 2. 3 N . S
E r r o r  ( in te ra c tio n ) 16 245, 999

S ta t i s t ic a l ly  s ig n if ic a n t a t  th e  1 p e r  c e n t le v e l .  
N. S. N ot s ig n if ic a n t.
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g e n e r a l ly  h ig h e r  a t  th e  h ig h e r  e lev a tio n s;, r e m a in s  u n a n sw e re d  a t  

th is  p o in t, b e c a u s e  th e  r a in  s a m p lin g  n e tw o rk  w as  o b v io u s ly  in a d e -

q u a te  to  p ro v id e  a  c o n c lu s iv e  a n s w e r . T he d a ta  on s o i l  r a d io a c t iv i ty ,  

h o w e v e r , p ro v id e  a  m o re  s a t i s f a c to r y  a n s w e r  to  th e  q u e s tio n .

S o ils

T h e  c h e m ic a l  n a tu r e  o f s o i l  i s  g r o s s ly  s im i l a r  to  th a t  o f 

an  io n -e x c h a n g e  r e s in .  T h e re fo re ,  c e s iu m -1 3 7  in  io n ic  fo rm  

sh o u ld  b e  bound ra p id ly  to s o i l  p a r t i c l e s  upon  re a c h in g  th e  g ro u n d , 

an d  w ould  n o t p e n e t r a te  th e  s o i l  to  an y  g r e a t  e x te n t. N e ith e r  sh o u ld  

fa llo u t m a te r i a l s  a l r e a d y  bound  to  o r  o c c lu d e d  by  in s o lu b le  p a r t i c l e s  

p e n e t r a te  f a r  in to  th e  s o i l .  T h u s , u n d is tu rb e d  s u r f a c e  l a y e r s  o f 

s o i l  sh o u ld  p ro v id e  a  m e a n s  o f d e te rm in in g  lo n g - r a n g e  d if f e r e n c e s  

in  fa llo u t d e p o s it io n  b e tw ee n  s a m p lin g  lo c a t io n s .

To t e s t  th e  h y p o th e s is  th a t  m o s t  o f th e  fa llo u t r a d io a c t iv i ty  

w ould  be  found in  th e  u p p e r  s o i l  l a y e r s ,  s a m p le s  w e re  c o lle c te d  

f ro m  tw o d e p th s  a t  te n  lo c a t io n s  in  th e  s tu d y  a r e a .  S o il c h a r a c t e r i s -

t i c s  su c h  a s  o rg a n ic  c o n te n t and  te x tu r e  d if fe re d  w id e ly  b e tw ee n  the  

c o lle c tio n  s i t e s .  T he r e s u l t s  o f  g r o s s  g a m m a - r a y  a n a ly s e s  o f  th e  

s a m p le s  an d  th e  a n a ly s is  o f v a r ia n c e  a r e  g iv en  in  T a b le  9.

T he 0-1  in c h  la y e r  o f  s o i l  w as  m o re  ra d io a c t iv e  th a n  th e  

4 -6  in c h  l a y e r  by  an  a v e r a g e  f a c to r  o f 6. 1. T he  d if f e r e n c e  w as 

h ig h ly  s ig n ific a ,n t (P < 0 .0 1 ) .  G a m m a  rq y  s p e c t r a l  a n a ly s e s  o f  th e  

s a m p le s  r e v e a le d  th a t  n e a r ly  a l l  th e  r a d io a c t iv i ty  in  th e  4 -6  in c h
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T a b le  9. G ro s s  g a m m a  r a d io a c t iv i ty  in  s o i l s  c o lle c te d  a t  tw o d e p th s , 
J u ly  1963.

R e la tiv e  A c tiv ity  in c p m / g ra m
C o lle c tio n  L o c a tio n O -l"  l a y e r 4 -6 "  l a y e r
L a r a m ie  M eadow  (u p p e r) 10. 0 1. 8

It 11 n 9. 4 1. 7
L a r a m ie  M eadow  (lo w er) 10. 6 1 .8
Z im m e r m a n  B en ch 13. 5 2. 3
L ong  D raw 10. 3 1. 2
M an h a tta n 5. 6 1. 7
N unn C re e k 12. 3 1. 5
L i t t le  B e a v e r  C re e k 9. 1 2. 1
C ro w n  P o in t 7. 9 0. 9
P e n n o c k  C re e k 14. 0 2. 3

M ean s: 10. 3 1. 7
R a tio  o f m e a n s : 6. 1

A n a ly s is  of v a r ia n c e :

S o u rc e D F MS F
L a y e r 1 3 6 4 .6 6  132. 12 **
L o c a tio n s 9 3 .9 1  1 .4 2  N .S .
E r r o r  ( in te ra c tio n ) 9 2. 76

S ta t i s t ic a l ly  s ig n if ic a n t  a t  th e  1 p e r  c e n t le v e l .  
N .S . N ot s ig n if ic a n t .
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s o il  la y e r  w as f ro m  p r im o r d ia l  ra d io n u c l id e s  su c h  a s  K-40;, Th-232;, 

R a -2 2 6 j and  U -2 3 8 . M o st o f th e  r a d io a c t iv i ty  in  th e  0-1 in c h  la y e r  

w a s  f ro m  fa llo u t n u c lid e s  su c h  a s  C e -1 4 4 , S b -1 2 5 , R u -1 0 6 , C s-137j, 

and  M n -5 4 . A ll su b se q u e n t s o i l  s a m p lin g  in v o lv e d  th e  0 -1  in c h  la y e r .

S o il s a m p le s  w e re  c o lle c te d  f ro m  22 lo c a t io n s  th ro u g h o u t 

th e  s tu d y  a r e a  and  a s s a y e d  fo r  g r o s s  g a m m a - ra d io a c t iv i ty .  No c le a r -  

c u t r e la t io n s h ip  w as  found w hen a c t iv i ty  w as  p lo tte d  a g a in s t  elevation^, 

b e c a u s e  th e r e  w e re  g r e a t e r  d if f e r e n c e s  in  a c t iv i ty  w ith in  lo c a t io n s  

th a n  b e tw e e n  lo c a t io n s .

G a m m a - ra y  s p e c t r a  a n a ly s e s  in d ic a te d  th a t  v a r ia t io n s  in  

o rg a n ic  c o n te n t an d  p r im o r d ia l  r a d io a c t iv i ty  o f  th e  s a m p le s  w as 

s u f f ic ie n t  to  o b s c u r e  an y  fa llo u t p a t te r n s .  F o r  e x a m p le , s o i ls  a t  

h ig h e r  e le v a tio n s  g e n e r a l ly  had  m o re  o rg a n ic  m a te r i a l  in  th e  s u r f a c e  

l a y e r s  s a m p le d , and  m o s t  o f th e i r  a c t iv i ty  w as due to  fa llo u t. S o ils  

s a m p le d  a t lo w e r  e le v a tio n s , h o w e v e r , w e re  la r g e ly  in o rg a n ic  and  

m u c h  o f th e i r  a c t iv i ty  w as f ro m  n a tu r a l ly - o c c u r r in g  ra d io n u c l id e s .  

T h is  i s  i l lu s t r a t e d  in  F ig . 22 b y  g a m m a - s p e c t r a  r e p r e s e n ta t iv e  o f 

o rg a n ic  and  in o rg a n ic  s o i ls .

B e c a u se  a  s u i ta b le  q u a n ti ta t iv e  m e th o d  fo r  C s-1 3 7  a s s a y  

in  s o i ls  w as  n o t d e v e lo p e d , th e  g r o s s - g a m m a  a c t iv i t ie s  o f a  g ro u p  

o f h ig h ly  o rg a n ic  s o i l s  f ro m  th e  s u m m e r  ra n g e  w e re  c o m p a re d .

T he s o i l  a c t iv i t ie s  a r e  p lo tte d  a g a in s t  p r e c ip i ta t io n  r e c e iv e d  th e  

w in te r  p re v io u s  to  s a m p le  c o lle c t io n  in  F ig . 23. The c o r r e la t io n



F ig . 22. C o m p a ra t iv e  g a m m a  r a y  s p e c t r a  o f o rg a n ic  and  in o rg a n ic  s o i l  
s a m p le s  c o lle c te d  f ro m  d if f e r e n t  e le v a tio n s .
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F ig . 23.

W I N T E R  P R E C I P I T A T I O N ,  I N C H E S

M ean le v e ls  o f g r o s s  g a m m a  r a d io a c t iv i ty  in  o r g a n ic - r ic h  s u m m e r  ra n g e  s o ils  
c o lle c te d  in  Ju n e , 1964 v e r s u s  p re c ip i ta t io n  r e c ie v e d  th e  p re v io u s  w in te r . CO
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c o e f f ic ie n t o f 0. 87 w ith  s ix  d e g re e s  o f  f r e e d o m  w as h ig h ly  s ig n if i -

c a n t (P < 0 .0 1 ) .  T he  h ig h e r  s o i l  a c t iv i t ie s  and  p r e c ip i ta t io n  le v e l s  

b o th  o c c u r r e d  a t  th e  h ig h e r  e le v a tio n s . It w as  n o t c l e a r  w h e th e r  

p re c ip i ta t io n  o r  o th e r  p h e n o m en a  a s s o c ia te d  w ith  e le v a tio n  a c tu a lly  

c a u s e d  th e  h ig h e r  le v e ls  o f fa llo u t in  s o i l ,  b e c a u s e  th e  f a c to r s  cou ld  

n o t be  s tu d ie d  in d iv id u a lly .

W ith  r e g a r d  to  th e  o r ig in a l  q u e s tio n  o f C s-1 3 7  d e p o s it io n  

a s  in f lu e n c e d  b y  e le v a tio n , i t  a p p e a re d  th a t  in  g e n e r a l ,  d e p o s it io n  

d id  a c tu a lly  i n c r e a s e  w ith  e le v a tio n . H o w ev e r, th is  s ta te m e n t  m u s t  

o n ly  b e  c o n s id e re d  q u a li ta t iv e  b e c a u s e  th e  s a m p lin g  te c h n iq u e s  and  

a n a ly t ic a l  m e th o d s  w e re  in s u f f ic ie n t  to  e s ta b l i s h  a  q u a n ti ta t iv e  

r e la t io n s h ip .

If one  cou ld  s a m p le  s o i l s  o v e r  a  la r g e  ra n g e  of e le v a tio n s  

su c h  th a t  o rg a n ic  c o n ten t, te x tu r e ,  v e g e ta t iv e  c o v e r ,  d e g re e  o f s lo p e , 

an d  d e g re e  o f d is tu rb a n c e  w e re  a ll  s im i la r ,  th e n  i t  sh o u ld  be  p o s s ib le  

to o b ta in  a  s a t i s f a c to r y  r e la t io n s h ip  b e tw e e n  C s-1 3 7  d e p o s it io n  and  

e le v a tio n .

V e g e ta tio n

P e r io d ic  s a m p lin g  and  s u b se q u e n t C s-1 3 7  a n a ly s is  o f 1 2 

s p e c ie s  o f d e e r  fo ra g e  p la n ts  f ro m  18 lo c a t io n s  w ith in  th e  s tu d y  a r e a  

in d ic a te d  c o m p le x  p a t te r n s  o f v a r ia b i l i ty .  A m ong th e  c a te g o r ie s  of 

s t r a t i f i c a t io n  w h ich  a p p e a re d  to  a f fe c t  th e  le v e l s  of C s-1 3 7  c o n ta m in -

a tio n  w e re : y e a r s ,  s e a s o n s ,  m o n th s , s p e c ie s ,  lo c a t io n s ,  e le v a tio n s .
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and  p la n t  p a r t s .  A lthough  th e  d a ta  a r e  p r e s e n te d  in  t e r m s  o f th e s e  

f a c to r s ,  on e  m u s t  e x e r c i s e  c a u tio n  in  th e  d ed u c tio n  o f c a u s e - e f f e c t  

r e la t io n s h ip s .

T im e  t r e n d s  and  ra n g e  c o m p a r is o n s

T re n d s  in  v e g e ta tio n a l le v e ls  o f C s-1 3 7  w e re  c o n s tr u c te d  

by  co m p u tin g  a v e r a g e s  fo r  a l l  s p e c ie s  c o lle c te d  f ro m  e a c h  s a m p lin g  

lo c a tio n  fo r  e a c h  s a m p lin g  p e r io d . E a c h  s p e c ie s  m e a n  w as  c o m -

p u ted  by u s in g  th e  v a lu e s  fo r  e a c h  lo c a tio n . T he  s p e c ie s  m e a n s  

w e re  th e n  w e ig h ed  e q u a lly  and  u s e d  fo r  c o m p u tin g  th e  v e g e ta tio n a l 

m e a n s . O nly  th e  w in te r  ra n g e  s p e c ie s  w e re  c o n s id e re d  in  c a lc u -

la t in g  th e  m e a n s  d u r in g  th e  w in te r  and s p r in g  m o n th s . L ik e w is e , 

o n ly  th e  s u m m e r  ra n g e  s p e c ie s  w e re  u s e d  in  d e r iv in g  m e a n s  d u r in g  

th e  p e r io d s  of h e rd  r e s id e n c e  a t  e le v a tio n s  ab o v e  8, 500 fe e t.

T he v e g e ta t io n a l  m e a n s  th u s  c o n s tr u c te d  a r e  p lo tte d  v e r s u s  

t im e  in  F ig . 31. It w as  found th a t th e  v e g e ta t io n a l  le v e l s ,  w h ich  

w ould  h o p e fu lly  r e f l e c t  th e  p a t te r n  o f C s-1 3 7  c o n su m p tio n  by  d e e r ,  

show ed  b o th  y e a r ly  and  s e a s o n a l  f lu c tu a tio n s . W ith  r e g a r d  to  y e a r s ,  

le v e l s  in  1963 w e re  h ig h e r  th a n  in  1964, w h ich  in  tu r n  w e re  h ig h e r  

th a n  th o s e  in  1962. S e a so n a l t r e n d s  w ith in  y e a r s  w e re  a p p a re n t ,  

w ith  h ig h s  o c c u r r in g  d u r in g  th e  s u m m e r  m o n th s  in  th e  s u m m e r  ra n g e  

v e g e ta tio n  and  w ith  lo w s o c c u r r in g  in  m id - w in te r  in  th e  w in te r  ra n g e  

s p e c ie s .  A co m p ^ris& n  o f r a n g e s  (s e a s o n s )  an d  y e a r s  is  g iv en  in  

T a b le  10. D a ta  fo r  1962 w e re  in c o m p le te  an d  w e re  n o t in c lu d e d
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T a b le  10. C o m p a r is o n  of m e a n  c e s iu m - 137 c o n c e n tra t io n s *  of a l l  
s p e c ie s  of v e g e ta tio n  s a m p le d  o v e r  a l l  lo c a t io n s  b e tw ee n  
s u m m e r  an d  w in te r  r a n g e s  f o r  1963 an d  1964.

1963 1964

O v e ra l l  m e a n s 5. 56 4. 49

W in te r  ra n g e  m e a n s 2. 83 3. 59

S u m m e r  ra n g e  m e a n s 6. 93 4. 94

R a tio  of m e a n s ,  s u m m e r /w in te r 2. 45 1. 38

5̂
C o n c e n tra tio n s  g iv en  in  t e r m s  of p ic o c u r ie s  p e r  g ra m  a i r  d ry  
m a te r ia l .
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in  th e  ta b le .

I t i s  n o t im m e d ia te ly  c l e a r  w h e th e r  th e  s u m m e r  h ig h s  w e re  

c a u s e d  by  t im e - a s s o c ia te d  p h e n o m en a  o r  b y  th e  ch an g e  in  th e  e n v iro n -

m e n t and  s p e c ie s  s a m p le d . E v a lu a tio n  o f o th e r  d a ta , h o w e v e r, 

in d ic a te d  th a t  b o th  ty p e s  o f p h e n o m en a  p ro b a b ly  c o n tr ib u te d  to  th e  

p a t te rn .

S p e c ie s  c o m p a r is o n s

S p e c ie s  c o m p a r is o n s  in d ic a te d  so m e  p a t te r n s  w h ich  w e re  

c o n s is te n t  th ro u g h  t im e , b u t th e  m a jo r i ty  o f th e  c o m p a r is o n s  w e re  

h ig h ly  d e p e n d e n t upon  t im e  o r  s e a s o n . F o r  e x a m p le , a  c o m p a r is o n  

of C s-1 3 7  c o n c e n tra t io n s  am o n g  fo u r  w in te r  ra n g e  s p e c ie s  c o lle c te d  

a t S e v e n m ile  C re e k  in d ic a te d  th a t  th e  ra n k in g  o f s p e c ie s  ch an g ed  

w ith  t im e  and  p h e n o lo g ic a l a c t iv i ty  (F ig , 24).

J u n ip e r  and  s a g e b ru s h ,  w h ich  b o th  h av e  r e la t iv e ly  p e r s i s -

te n t  le a v e s ,  a p p a re n tly  r e ta in  C s -1 3 7  fo r  c o n s id e ra b le  le n g th s  o f 

t im e , and  th e  a c t iv i ty  te n d ed  to  in c r e a s e  d u r in g  th e  w in te r  o f  1 9 6 3 -

1964. B i t t e r b r u s h  and  m o u n ta in  m ah o g an y , on th e  o th e r  hand , 

c o n s is t  o n ly  o f r e la t iv e ly  b a r e ,  s m o o th - s u r f a c e d  s te m s  d u r in g  the  

w in te r  m o n th s , w h ich  a p p e a re d  l e s s  e f f ic ie n t  in  p ic k in g  up  fa llo u t 

m a te r i a l  f ro m  th e  a tm o s p h e re .  T h is  w as  d e m o n s t r a te d  by  th e  la c k  

o f an  in c r e a s e  in  C s-1 3 7  a c t iv i ty  o f  th o s e  s p e c ie s  d u r in g  th a t  p e r io d . 

B e tw een  A p r i l  and  Ju n e , h o w e v e r, b i t t e r b r u s h  an d  m o u n ta in  

m ah o g an y  le a fe d  o u t ancj t h e i r  C s -1 3 7  c o n c e n tra t io n s  a p p ro x im a te ly
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F ig . 24. M ean  c o n c e n tra t io n s  o f c es iu m -1 3 7  in  fo u r  w in te r  
ra n g e  p la n t s p e c ie s  c o lle c te d  a t  S e v e n m ile  C re e k , 
O c to b e r  1963 th ro u g h  S e p te m b e r  1964,
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d o u b led , w h ile  le v e l s  in  ju n ip e r  and  s a g e b ru s h  r e m a in e d  n e a r ly  

c o n s ta n t.

I t a p p e a r s  th a t  le a f  and  s te m  s u r f a c e  c h a r a c t e r i s t i c s  cou ld  

a c c o u n t a t  l e a s t  p a r t ly  fo r  th e  p h e n o m en a  ju s t  d e s c r ib e d .  A s e r i e s  

o f p h o to g ra p h s  o f le a v e s  and  s te m s  of th e  p la n t s p e c ie s  s a m p le d , 

w h ich  w e re  ta k e n  a t  20 X m a g n if ic a tio n  th ro u g h  a  s te r e o m ic r o s c o p e ,  

a r e  show n in  F ig s .  2 5 -2 9 . T he  h a i r y  n a tu r e  o f b i t t e r b r u s h  and 

m o u n ta in  m ah o g an y  le a v e s  (F ig . 25) w ould  a p p e a r  to  c o n tr ib u te  to 

fa llo u t e n tra p m e n t  d u r in g  th e  p e r io d  o f le a f in g  o u t, e s p e c ia l ly  w hen 

a i r  le v e l s  o f C s-1 3 7  w e re  r e la t iv e ly  h ig h  (F ig  2 0 .) .  L a te r  in  th e  

s u m m e r  o f 1964 w hen th e  a i r  c o n c e n tra t io n s  o f  C s-1 3 7  d e c r e a s e d  

m a rk e d ly , th e  c o n tin u e d  v e g e ta t iv e  g ro w th  a p p a re n t ly  te n d e d  to 

" d ilu te "  th e  c o n ta m in a tio n , and  the  fo ra g e  le v e l s  o f a c t iv i ty  

d e c r e a s e d  s h a rp ly , a s  n o te d  by  th e  S e p te m b e r  v a lu e s .

T he w in te r  b u ild u p  in  s a g e b ru s h  a c t iv i ty  w ould  s e e m  

l ik e ly  s in c e  no g ro w th  w as  ta k in g  p la c e  and  th e  p e r s i s t e n t ,  h a iry  

le a v e s  and  s te m s  (F ig . 26) w ould  e f f ic ie n tly  c o l le c t  a i r  p a r t i c u la te s .  

B e tw een  A p r i l  an d  M ay, p la n t g ro w th  an d  p o s s ib ly  o th e r  m e c h a n is m s  

c a u s e d  th e  a c t iv i ty  to  d e c r e a s e .  A lth o u g h  ju n ip e r  h a s  sm o o th  le a f  

s u r f a c e  c h a r a c t e r i s t i c s ,  i t  s t i l l  s e e m e d  to  c o l le c t  fa llo u t e f f ic ie n tly . 

T he r e s in o u s  c h a r a c te r  o f ju n ip e r  le a v e s  p o s s ib ly  c o m p e n s a te d  fo r  

th e  la c k  o f h a i r in e s s  o r  s u r f a c e  a r e a  p e r  u n it  w e ig h t.

R an k in g s  o f C s-1 3 7  c o n c e n tra t io n s  fo r  a l l  s p e c ie s  s a m p le d
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F ig . 25. L e a f  and  s te m  s u r f a c e  c h a r a c t e r i s t i c s  of 
b i t t e r b r u s h  (u p p e r photo) and  m o u n ta in  
m ah o g an y  (lo w e r p h o to ). 20X m a g n if ic a tio n .
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F ig . 26. L e a f  and  s te m  s u r f a c e  c h a r a c t e r i s t i c s  o f 
s a g e b ru s h  (u p p e r  photo) and  ju n ip e r  
( lo w e r p h o to ). 20X m a g n if ic a tio n .
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F ig , 27. L e a f  and  s te m  s u r f a c e  c h a r a c t e r i s t i c s  of
a s p e n  (u p p e r photo) and  w illow  (lo w er pho to ), 
20X m a g n if ic a tio n .
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F ig . 28. L e a f  and  s te m  s u r f a c e  c h a r a c t e r i s t i c s  o f bog
b i r c h  (u p p e r photo) and  b lu e b e r ry ( lo w e r  p h o to ). 
20X m a g n if ic a tio n .
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F ig . 29, L e a f  and  s te m  s u r f a c e  c h a r a c t e r i s t i c s  o f c o m m o n  
ju n ip e r  (u p p e r pho to) and h a i r g r a s s  ( lo w er 
p h o to ). 20X m a g n if ic a tio n .
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a r e  p r e s e n te d  in  T a b le  11 fo r  1963 an d  fo r  1964. V a r ia n c e  a n a ly s e s  

in d ic a te d  in  n e a r ly  a l l  c a s e s  w h e re  d if f e r e n t  s p e c ie s  g ro w in g  on th e  

s a m e  p lo ts  w e re  c o m p a re d  th a t  th e  m e a n s  w e re  s ig n if ic a n tly  d i f f e r e n t  

( P < 0 .0 5 ) .  T he  v a lu e s  g iv en  in  T a b le  11 w e re  r e f le c t iv e  o f  o n ly  th o s e  

p e r io d s  o f u t i l iz a t io n  by  d e e r .

D if fe re n c e s  am o n g  s p e c ie s  s e e m e d  m o s t  c lo s e ly  r e la te d  

w ith  lo n g e v ity  o f th e  p la n t p a r t s  s a m p le d  and  w ith  g r o s s  m o rp h o lo g y . 

F o r  e x a m p le , a sp e n  and  w illow  le a v e s  r e m a in  e x p o se d  to  th e  a tm o s -

p h e re  fo r  a  m a x im u m  o f a b o u t fo u r  m o n th s  and  w ind te n d s  to  p re v e n t  

snow  o r  r a in  f ro m  a c c u m u la tin g  on th e  p la n ts .  T h e s e  p la n ts  w e re  

c o n s is te n t ly  r e la t iv e ly  low  in  a c t iv i ty . On th e  o th e r  hand , h a i r g r a s s  

and  b lu e b e r r y  w e re  c o n s is te n t ly  h ig h  in  a c t iv i ty . T h e  lo w -g ro w in g  

n a tu r e  o f th e s e  p la n ts  w ould  a llo w  snow  and m o is tu r e  to  r e m a in  in  

c o n ta c t w ith  th e  v e g e ta tio n  fo r  m u c h  lo n g e r  p e r io d s  o f t im e , f a c i l i t -

a tin g  th e  a d s o rp tio n  o f C s-1 3 7  and  o th e r  r a d io n u c l id e s .  F \a r th e r -  

m o re ,  in  th e  c a s e  o f b lu e b e r ry ,  th e  p ro d u c tio n  o f new  s te m s  i s  a 

v e ry  s lo w  p r o c e s s ,  and  c o n se q u e n tly , i t  w as  n e c e s s a r y  to  s a m p le  

p a r t s  o f o ld e r  s te m s .  S igns o f  d e e r  u t i l iz a t io n  o f b lu e b e r r y  in d i-

c a te d  th a t  o u r  s a m p lin g  w as n o t u n lik e  th a t  by  th e  a n im a ls .

N ote  f ro m  T a b le  11 th a t  s p e c ie s  ra n k in g  w as  d if f e r e n t  

b e tw e e n  th e  tw o y e a r s .  T h is  c an  p a r t ly  be  e x p la in e d  on th e  b a s i s  

th a t  p e r s i s t e n t  p la n ts ,  su c h  a s  s a g e b ru s h ,  ju n ip e r ,  and  co m m o n  

ju n ip e r  in c r e a s e d  in  a c t iv i ty  in  1 964, w h e re a s  p la n ts  w ith  s h o r t -



96

T a b le  11. R ank ing  of m e a n  c o n c e n tra t io n s *  of c e s iu m - 137 am o n g  
s p e c ie s  of v e g e ta tio n  s a m p le d  o v e r  a ll  lo c a t io n s  in  1963 
an d  1964.

1963 1964
S p e c ie s M ean  cone. S p e c ie s  M ean  cone.

M o u n ta in  m ah o g an y  ( w) 1. 80 A sp e n (s ) 1. 29
B i t te r b r u s h  (w) 2. 44 M o u n ta in  m ah o g an y  (w) 2. 24
S a g e b ru sh (w ) 2. 45 W illow  (s) 2. 72
A sp e n  (s) 2. 49 B i t te r b r u s h  (w) 3. 11
W illow  (s) 4. 58 M ix ed  fo r b s  (s) 3. 64
J u n ip e r  (w) 4. 61 B og b i r c h  (s) 3. 80
C om m on  ju n ip e r ( s ) 5. 55 S a g e b ru s h  (w) 3. 90
B og b i r c h  (s) 5. 72 M ixed  g r a s s e s  (s) 4. 86
M ixed  g r a s s e s  (s) 7. 41 J u n ip e r  (w) 5. 10
M ixed  fo rb s ( s ) 7. 83 C o m m o n  ju n ip e r  (s) 6. 09
H a i r g r a s s  (s) 10. 42 H a i r g r a s s  (s) 6. 59
B lu e b e r r y  (s) 11. 43 B lu e b e r r y ( s ) 10. 52

'^ 'C o n cen tra tio n s  g iv en  in  t e r m s  of p ic o c u r ie s  p e r  g ra m  a i r  d ry  
m a te r ia l .

(w) W in te r  ra n g e  p la n ts  

(s) S u m m e r ra n g e  p la n ts
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liv e d  le a v e s  su c h  a s  a sp e n , w illow , bog  b ir c h ,  g r a s s e s ,  and  m ix e d  

fo rb s  d e c r e a s e d  in  a c tiv ity , due to  th e  lo w e r  fa l lo u t  le v e l s  in  1964,

In f lu en c e  o f lo c a t io n  and e le v a tio n

It w as  found th a t  w ith  th e  e x c e p tio n  o f m o u n ta in  m ah o g an y , 

a l l  s p e c ie s  s a m p le d  v a r ie d  s ig n if ic a n tly  in  C s -1 3 7  le v e l s  b e tw e e n  

c o lle c tio n  lo c a t io n s .  E a c h  s a m p lin g  lo c a t io n  fo r  a  g iv en  s p e c ie s  

v a r ie d  in  one  o r  m o re  r e s p e c t s ,  su c h  a s  e le v a tio n , s u r ro u n d in g  

v e g e ta tio n , s lo p e  e x p o su re , s lo p e  g ra d ie n t ,  o r  s u r ro u n d in g  to p o -

g ra p h y . T h e s e  v a r ia b le s  w ould  a l t e r  c l im a tic  v a r ia b le s ,  w h ich  in  

tu rn  w ould a f fe c t  fa llo u t d e p o s it io n  on th e  s a m p lin g  p lo ts .  D iffe r in g  

s o i l  c h a r a c t e r i s t i c s  b e tw ee n  s a m p lin g  s i t e s  co u ld  f u r th e r  c o m p lic a te  

an y  c o m p a r is o n s  b e c a u s e  o f th e  in f lu e n c e  o f s o i l  ty p e  on ro o t  

a b s o rp tio n  o f fa llo u t m a te r i a l s .

T he o n ly  e f fe c t  w h ich  a p p e a re d  r e la t iv e ly  c o n s is te n t  w as  

th a t  o f e le v a tio n . F o r  m o s t o f th e  s p e c ie s ,  on b o th  w in te r  and 

s u m m e r  r a n g e s ,  c e s iu m -1 3 7  c o n c e n tra t io n s  in c r e a s e d  w ith  e le v a -

tio n  o f th e  s a m p lin g  p lo t. B e c a u s e  e le v a tio n  a f fe c te d  th e  t im e -  

p h a se  o f th e  p h e n o lo g ic a l s e q u e n c e , p a r t i c u la r ly  in  th e  d e c id u o u s  

s p e c ie s ,  ju n ip e r  w as  c h o se n  a s  an  e x a m p le  to d e m o n s t r a te  th e  

e le v a tio n a l  p a t te r n .  T he ju n ip e r  le a v e s  s a m p le d  w e re  v e ry  p e r -

s i s te n t  and  s e e m e d  c o m p a ra b le  b e tw e e n  s a m p lin g  lo c a t io n s  and 

b e tw e e n  s e a s o n s .  F u r th e r ,  th e  to p o g ra p h y  and  s u r ro u n d in g  

v e g e ta tio n  s e e m e d  m o re  u n ifo rm  fo r  th e  ju n ip e r  p lo ts  th an  fo r  th e
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p lo ts  o f th e  o th e r  s p e c ie s .  M ean  c o n c e n tra t io n s  o f C s-1 3 7  in  ju n ip e r  

b e tw e e n  F e b r u a r y  and  Ju n e  1964 a r e  p lo tte d  a g a in s t  e le v a tio n s  o f  th e  

fiv e  s a m p lin g  lo c a t io n s  in  F ig . 30. T he c o r r e la t io n  c o e f f ic ie n t  o f 

0. 93 w ith  th r e e  d e g r e e s  o f f r e e d o m  w as  s ig n if ic a n t  a t  th e  5 p e r  c e n t  

le v e l .

T he in c r e a s in g  v e g e ta t io n a l  fa llo u t c o n ta m in a tio n  w ith  

e le v a tio n  co u ld  c o n c ie v a b ly  h a v e  b e e n  a s s o c ia te d  w ith  h ig h e r  r a i n -

fa ll ,  h ig h e r  a v e ra g e  w ind v e lo c i t ie s ,  o r  h ig h e r  a i r  c o n c e n tra t io n s  o f 

r a d io a c t iv i ty .

L e a f - s te m  c o m p a r is o n s

C o m p a r is o n  o f le a v e s  and  s te m s  w ith  r e g a r d  to  s u r f a c e  

c h a r a c t e r i s t i c s  (F ig s .  25 -29) w ould  le a d  on e  to  p o s tu la te  d i f f e r e n c e s  

in  a i r b o r n e  p a r t ic u la te  c o lle c t io n  and  r e te n t io n  b e tw e e n  th e  v e g e ta t iv e  

p a r t s .  B e c a u se  th e  r e la t iv e  p ro p o r t io n  o f le a v e s  to s te m s  w h ich  is  

a v a i la b le  to  d e e r ,  c h a n g e s  w ith  th e  s e a s o n a l  p r o g r e s s io n ,  i t  b e c a m e  

of i n t e r e s t  to  a n a ly z e  th e  p a r t s  s e p a r a te ly .  T h is  r e la t io n s h ip  w as  

in v e s t ig a te d  w ith  a  s e r i e s  o f d e c id u o u s  o r  s e m i-d e c id u o u s  p la n ts  

c o l le c te d  in  S e p te m b e r , 1964 ju s t  p r io r  to  th e  o n s e t  o f le a f  a b s c is s io n .

T he m e a n s  o f in te r e s t ,  e x p r e s s e d  in  t e r m s  o f th e  r a t i o s  o f 

th e  le a f  c o n c e n tra t io n s  o f C s -1 3 7  to  th e  s te m  c o n c e n tr a t io n s ,  a r e  

g iv en  in  T a b le  12. It w as  found th a t  th e  r a t io s  v a r ie d  f ro m  ab o u t

1. 0 fo r  b lu e b e r r y  and  s a g e b ru s h ,  to  a b o u t 3. 3 fo r  a s p e n  and  m o u n ta in  

m ah o g an y . T he r a t io  o f u n ity  m a y  b e  e x p la in e d  on th e  b a s i s  o f  s te m
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F ig . 30. M ean c o n c e n tra t io n s  o f ces iu m -1 3 7  in  ju n ip e r  c o lle c te d  a t f iv e  e le v a tio n s  on the  
w in te r  ra n g e  b e tw ee n  F e b r u a r y  and  Ju n e , 1964. CD

CD
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T a b le  12. M ean  r a t io s *  of c e s i u m - 137 c o n c e n tra t io n s  f o r  le a v e s  an d  
s te m s  o f p la n ts  c o lle c te d  in  S e p te m b e r , 1964.

S p e c ie s L o c a tio n
L o c a tio n

m e a n s
S p e c ie s
m e a n s

B i t te r b r u s h S e v e n m ile  C re e k 1. 51
1 1 H e w le tt G u lch 1 .4 4 1. 48

M o u n ta in  m ah o g an y S e v e n m ile  C re e k 3. 32
I t  I t H e w le tt G u lch 3. 35 3. 34

S a g e b ru s h S e v e n m ile  C re e k 1 .0 8 1 .0 8

A sp en L a r a m ie  M eadow 2. 39
M L it t le  B e a v e r  C re e k 3. 22
I t P e n n o c k  C re e k 4. 19
1 1 M an h a tta n 3. 41 3. 30

B og b i r c h  ' N unn C re e k 1. 47
I t  I t L it t le  B e a v e r  C re e k 1 .0 3 1. 25

B lu e b e r r y L a r a m ie  M eadow 1. 18
M Z im m e r m a n  B en ch 1. 00
1 1 P e n n o c k  C re e k 0. 93
I t C ro w n  P o in t 0. 99 1. 03

W illow N unn C re e k 1. 97
I t L a r a m ie  M eadow 3. 21
M T r a p  P a r k 2. 17
M L it t le  B e a v e r  C re e k 2. 70 2. 51

^ R a tio s  in  t e r m s  of p c C s^ ^ '^ /g  le a f /p c C s ^ ^ '^ /g  s te m .
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lo n g e v ity  in  th e  c a s e  o f  b lu e b e rry ^  w h ile  s a g e b ru s h  le a v e s  and  s te m s  

a p p e a re d  to  h av e  s im i l a r  s u r f a c e  c h a r a c t e r i s t i c s  (F ig . 26) and  th u s  

s im i la r  fa llo u t c o lle c tio n  e f f ic ie n c ie s .  T he h ig h e r  r a t io  fo r  m o u n ta in  

m ah o g an y  s e e m e d  r e a s o n a b le  b e c a u s e  th e  le a f  s u r f a c e  w as e x tr e m e ly  

h a i r y  w ith  r e s p e c t  to  th a t o f th e  s te m s  (F ig . 25). A n o b v io u s  e x p la n -

a tio n  fo r  a sp e n  i s  p r e s e n t ly  la c k in g .

It d id  a p p e a r  th a t  in  g e n e r a l ,  le a v e s  w e re  h ig h e r  in  C s-1 3 7  

c o n te n t th a n  th e i r  r e s p e c t iv e  s te m s .  T h u s, in  c e r ta in  ra n g e  ty p e s , 

th e  d e g re e  o f le a f  a b s c is s io n  cou ld  a f fe c t  th e  o v e r a l l  in ta k e  o f C s -1 3 7  

by d e e r .

D e e r

C e s iu m -1 3 7  a n a ly s e s  o f  m u s c le  t i s s u e s  o f d e e r  c o l le c te d  

w eek ly  f ro m  th e  s tu d y  a r e a  b e tw e e n  F e b r u a r y  1962 and  M a rc h  1965 

in d ic a te d  c o n s id e ra b le  o v e r a l l  v a r ia b i l i ty .  In th is  s e c t io n , th e  

p ro b a b le  s o u r c e s  o f v a r ia t io n  a r e  d is c u s s e d .

T im e  t r e n d s  and  ra n g e  c o m p a r is o n s

T he o v e r a l l  t r e n d s  in  m u s c le  C s -1 3 7  w ith  t im e  a r e  r e p r e s -

e n ted  by  th e  m o n th ly  m e a n s  in  F ig . 31. Y e a r ly  d if f e r e n c e s  w e re  

a p p a re n t ,  a s  w e ll a s  s e a s o n a l  f lu c tu a tio n s  w ith in  y e a r s .  A v e ra g e  

v e g e ta t io n a l  le v e l s  o f C s-1 3 7  a r e  a ls o  p lo tte d  in  F ig , 31, T he 

t r e n d s  in  d e e r  and  in  v e g e ta tio n  w e re  s im i l a r  in  b o th  m a g n itu d e  

and  d ire c t io n .
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1962 J963 1964F ig . 31. M ean  m o n th ly  c o n c e n tra t io n s  o f c e s iu m -1 3 7  in  d e e r  m u s c le  t i s s u e  and  m e a n  
c o n c e n tra t io n s  o f c e s iu m -137 in  a l l  s p e c ie s  o f v e g e ta tio n  sa m p le d  o v e r  a l l  
lo c a t io n s , F e b r u a r y  1962 th ro u g h  J a n u a ry  1965.

1 =^o
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B e c a u se  th e  w eek ly  f lu c tu a tio n s  in  m u s c le  C s-1 3 7  w e re  

large^, e s p e c ia l ly  d u r in g  th e  s u m m e r ,  i t  w as  n o t c e r ta in  w h e th e r  th e  

a p p a re n t  s e a s o n a l  v a r ia t io n s  w e re  due  to p h e n o m en a  a s s o c ia te d  w ith  

s e a s o n s  o r  to in h e re n t  v a r ia t io n  in  th e  p o p u la tio n . It w a s  o b v io u s  

th a t  th e  h ig h e s t  m u s c le  C s -1 3 7  le v e l s  u s u a l ly  o c c u r r e d  in  d e e r  w h ich  

w e re  c o lle c te d  on th e  s u m m e r  ra n g e  w h ich  w as d e fin e d  a s  a l l  e l e -

v a tio n s  ab ove  8, 500 fe e t. T h e re fo re ,  d a ta  w e re  s t r a t i f i e d  a c c o rd in g  

to  y e a r s  and  to  s u m m e r  and  w in te r  r a n g e s .  M ean s and  th e  v a r ia n c e  

a n a ly s is  o f th e  d a ta  th u s  a r r a n g e d  a r e  p r e s e n te d  in  T a b le  13.

T he a n a ly s is  in d ic a te d  s ig n if ic a n t  d i f f e r e n c e s  (P<C 0. 01) 

b e tw e e n  y e a r s  and  b e tw e e n  r a n g e s .  T he h ig h e s t  C s-1 3 7  c o n c e n -

t r a t io n s  w e re  found in  1963, w h ich  w as a ls o  th e  y e a r  o f h ig h e s t  

e n v iro n m e n ta l  fa llo u t c o n ta m in a tio n  (F ig s . 20, 31). G e n e ra l ly  h ig h e r  

le v e l s  o f  C s-1 3 7  in  s u m m e r  ra n g e  v e g e ta tio n  (T a b le  10) p ro b a b ly  

c o n tr ib u te d  to  th e  h ig h e r  c o n c e n tra t io n s  in  d e e r  c o l le c te d  above  

8, 500 fe e t.

T he s ig n if ic a n t  in te r a c t io n  in d ic a te d  in  T a b le  13 b e tw e e n  

y e a r s  and  r a n g e s  w as  l ik e ly  c a u s e d  b y  th e  1964 v a lu e s . In 1962 and  

1963, th e  s u m m e r  ra n g e  v a lu e s  w e re  n e a r ly  tw ic e  th o s e  o f th e  w in te r  

r a n g e . In 1964, h o w e v e r, th e  s u m m e r  ra n g e  m e a n  o n ly  s l ig h tly  

e x c e e d e d  th e  w in te r  ra n g e  m e a n . T h is  f in d in g  w as  n o t in c o n s is te n t  

w ith  th e  v e g e ta t iv e  d a ta  b e c a u s e  th e  d if f e r e n c e  in  s u m m e r  and  w in te r  

ra n g e  v e g e ta tio n  w as  a lso  d im in is h e d  in  1964 (T a b le  10).
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T ab le  13. A n a ly s is  o f v a r ia n c e  o f m u s c le  c e s i u m - 137 in d e e r  
____________ b e tw e e n  y e a r s  an d  b e tw ee n  ran g es^^ ^ ._______________

M eans (in  t e r m s  o f p c /K g ):

1962 1963 1964 M ean s
W in te r  ra n g e 515 808 812 741
S u m m e r ra n g e 814 1660 992 1176

M ean s 652 1127 872

A n a ly s is  of V a r ia n c e :

S o u rce D F MS F

Y e a rs 2 1 6 3 ,3 5 9 2 4 .9 * *
R ange 1 2 9 5 ,1 8 4 4 5 .0 * *
In te ra c t io n 2 6 4 ,2 5 3 9 .8 * *
E r r o r 125 6 ,5 6 1

^^^R anges s e p a r a te d  b y  the  8 ,5 0 0  foot e le v a t io n a l  c o n to u r , 
^ ^ S ta t i s t ic a l ly  s ig n if ic a n t  a t  the  1 p e r  c e n t  le v e l .
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In f lu en c e  o f e le v a tio n

A n o th e r  s t a t i s t i c a l  a p p ro a c h  c o n s id e re d  w ith  r e g a r d  to  

m u s c le  C s-1 3 7  a s  a f fe c te d  by  ra n g e  w as th a t  o f  r e g r e s s io n  w ith  e l e -

v a tio n . T h is  s e e m e d  p la u s ib le  b e c a u s e  ra n g e  ty p e  i s  u n d o u b te d ly  

r e la te d  to  e le v a tio n a l  p h en o m en a .

E le v a tio n s  o f d e e r  c o l le c t io n s  and  m u s c le  C s -1 3 7  w e re  

c o m p a re d  by  y e a r s  u s in g  a n a ly s is  o f c o v a r ia n c e  m e th o d s  (T a b le  14), 

T he  a n a ly s is  in d ic a te d  s ig n if ic a n t  c o r r e la t io n s  b e tw e e n  e le v a tio n  

and  m u s c le  C s-1 3 7  fo r  a l l  y e a r s  e x c e p t 1965, T he  e x c e p tio n  in  

1965 w a s  p ro b a b ly  th e  r e s u l t  o f no s u m m e r  ra n g e  d a ta  b e in g  a v a i l -

a b le  fo r  th e  a n a ly s is .  T he to ta l  c o r r e la t io n  w h ich  c o n s id e re d  a l l  

y e a r s  w as  s t i l l  h ig h ly  s ig n if ic a n t  (P < l0 . 01).

T he  F  t e s t s  in d ic a te d  th a t:  (1) th e  r e g r e s s io n  l in e s  w e re  

d if f e r e n t  b e tw ee n  y e a r s  and  th e re fo re ^  p r e d ic t io n  e q u a tio n s  cou ld  

n o t b e  a p p lie d  o u ts id e  th e  y e a r  o f fo rm u la t io n ;  (2) th e  s lo p e s  of 

th e  r e g r e s s io n  l in e s  w e re  n o t z e ro ;  and  (3) t h e r e  w e re  d i f f e r e n c e s  

in  th e  a d ju s te d  m e a n  C s-1 3 7  c o n c e n tra t io n s  b e tw e e n  y e a r s .

C o r r e la t io n  w ith  v e g e ta tio n

A r e la t io n s h ip  b e tw e e n  C s-1 3 7  in  v e g e ta t io n  and  in  d e e r  

is  q u a li ta t iv e ly  in d ic a te d  in  F ig . 31. T h e se  d a ta  a r e  m a tc h e d  by  

m o n th s  and  p lo tte d  in  F ig . 32. O nly  th o s e  d a ta  r e p r e s e n t in g  

v e g e ta tio n  and  d e e r  c o lle c te d  f ro m  a p p ro x im a te ly  th e  s a m e
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T a b le 14. A n a ly s is  of c o v a r ia n c e of e le v a tio n  (X) an d  m u s c le  c e s iu m -
137 (Y) o f d e e r  by  y e a r s .

M ean s , a d ju s te d  m e a n s , an d  c o r r e la t io n s ;
S am p le

S ize y (2) A dj. Y
C o r r e la t io n
C o e ff ic ie n t

1962 35 8329 652 603 0. 52
1963 48 8002 1127 1129 0 .6 3  **
1964 48 8013 872 872 0. 35
1965 12 7108 669 809 0. 30 N .S .

C o r r e la t io n s  b e tw ee n , w ith in , an d  th ro u g h  a l l  y e a r s :

C o r r e la t io n
S o u rc e D F C o e ff ic ie n t

B e tw een  y e a r s 3 0. 04 N . S.
W ith in  y e a r s 138 0. 49
T o ta l 141 0. 43

F  T e s ts ;

H y p o th e s is
C o m m o n  r e g r e s s io n  lin e  
W ith in  s lo p e  i s  z e ro  
A d ju s te d  m e a n s  o f Y e q u a l

3
1
3

D F
N um . D en o m .

135
138
138

F
5. 15 

43. 10 * ’!■' 
13. 24

C o n c lu s io n
ab o u t

H y p o th e s is
r e j e c t
r e j e c t
r e j e c t

( 1)
(2 )

N. S.

In  t e r m s  of fe e t  ab o v e  s e a  le v e l .
In  t e r m s  of p ic o c u r ie s  p e r  k i lo g ra m . 
S ta t i s t ic a l ly  s ig n if ic a n t  a t  th e  1 p e r  c e n t  le v e l .  
S ta t i s t ic a l ly  s ig n if ic a n t  a t  th e  5 p e r  c e n t  le v e l .  
N ot s t a t i s t i c a l ly  s ig n if ic a n t .



F ig . 32. M ean  m o n th ly  c e ^ iu rn -  l^ f® c!,M iS?atio n s in  d e e r  m u s c le  v e r s u s  m e a n  
ces iu m -1 3 7  c o n c e n tra t io n s  o f a l l  s p e c ie s  o f v e g e ta tio n  s a m p le d  o v e r  
a l l  lo c a t io n s  d u rin g  13 c o m p a ra b le  m o n th s  b e tw ee n  A u g u st 1962 and 
S e p te m b e r  1964.

o
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e le v a tio n s  w e re  u s e d  in  th e  r e g r e s s io n  a n a ly s is .  T he a n a ly s is  g av e  

a  c o r r e la t io n  c o e f f ic ie n t o f  0. 90 w ith  11 d e g r e e s  o f freed o m ^  w hich  

i s  s t a t i s t i c a l ly  s ig n if ic a n t  a t  th e  1 p e r  c e n t le v e l .  T he s lo p e  o f th e  

r e g r e s s io n  l in e  in d ic a te d  a  m u s c le  C s-1 3 7  in c r e a s e  o f 0. 243 u n its  

p e r  u n it  in  v e g e ta tio n . I t i s  d o u b tfu l w h e th e r  a n y th in g  c an  be  

in f e r r e d  f ro m  th e  Y in te r c e p t  o f 0. 158 b e c a u s e  m an y  f a c to r s  n o t 

c o n s id e re d  co u ld  a l t e r  th e  s lo p e  o r  p o s it io n  o f the  r e g r e s s io n  lin e .

A s e r i e s  o f  76 ru m e n  s a m p le s  w e re  c o lle c te d  f ro m  d e e r  

s a m p le d  b e tw ee n  M ay 1963 and  M a rc h  1965 to c o m p a re  C s-1 3 7  

le v e l s  w ith  th o s e  o f v e g e ta tio n . T he m e a n  c o n c e n tra t io n  in  ru m e n  

s a m p le s  d u r in g  th e  p e r io d  w a s  5. 45 p c /g ,  c o n t r a s te d  to  a  m e a n  of 

4. 85 p c /g  in  v e g e ta tio n  d u r in g  th e  s a m e  p e r io d . T h is  in d ic a te d  

th a t  th e  s p e c ie s  o f v e g e ta tio n  c h o se n  fo r  s a m p lin g  p ro v id e d  a  f a i r -

ly  good r e p r e s e n ta t io n  o f a c tu a l  C s -1 3 7  c o n c e n tra t io n s  in  th e  d ie t.

R u m en  c o n c e n tra t io n s  o f C s -1 3 7  a r e  p lo tte d  a g a in s t  m u s c le  

c o n c e n tra t io n s  in  F ig . 33. T he c o r r e la t io n  c o e f f ic ie n t  o f 0. 56 w ith  

74 d e g r e e s  o f  f r e e d o m  is  s ig n if ic a n t  a t  th e  1 p e r  c e n t le v e l .  The 

la r g e  am o u n t o f  v a r ia t io n  ab o u t th e  r e g r e s s io n  l in e  w as n o t s u r p r i s -

in g  b e c a u s e  m u s c le  C s-1 3 7  w ould  r e f l e c t  th e  a v e r a g e  c e s iu m  c o n -

su m p tio n  o v e r  o n e  o r  tw o p re v io u s  w e e k s . F o o d  h a b its  c an  e a s i ly  

v a r y  f ro m  d ay  to  d a y  and c o n s id e ra b le  v a r ia b i l i ty  e x is te d  b e tw e e n  

food s p e c ie s  in  C s-1 3 7  le v e l s  (T a b le  11).
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F ig . 33. M u sc le  t i s s u e  c o n c e n tr a t io n s  o f  c es iu m -1 3 7  v e r s u s  
c o n c e n tra t io n s  in  o v e n - d r y  ru m e n  c o n te n ts  o f d e e r  
c o l le c te d  b e tw ee n  M ay, 1963 an d  M a rc h , 1965.



110

B e c a u se  C s -1 3 7  is  a b s o r b e d  and  d e p o s ite d  in  th e  b o d y  in  

r e la t io n  to  p o ta s s iu m  (L an g h am  an d  A n d e rso n  1959), it  w as  o f 

i n t e r e s t  to  c a lc u la te  th e  d is c r im in a t io n  f a c to r  (D. F . ) b e tw e e n  d ie t 

and  a n im a l. T h e  d is c r im in a t io n  f a c to r  i s  d e f in e d  a s  fo llo w s :

(C s - 137 /K ) m u s c leD. F . =
(C s -1 3 7 /K ) d ie t

U sin g  th e  s lo p e  of th e  r e g r e s s io n  lin e  in  F ig , 33, and  th e  a v e r a g e  

p o ta s s iu m  c o n c e n tra t io n s  in  m u s c le  an d  in  ru m e n  c o n te n ts ,  an  

e s t im a te d  d is c r im in a t io n  f a c to r  w a s  c a lc u la te d  a s  fo llo w s :

D, F . 0. 1 2 8 /0 . 003 _ 0 9
1 / 0 . 021  "  °

T h e  r e s u l t  of 0. 9 i s  in  f a i r  a g re e m e n t  w ith  th e  v a lu e  of 2 g iv e n  by  

L a n g h am  and A n d e rso n  (1959) f o r  h u m a n s , i f  one c o n s id e r s  th e  

d if f e r e n c e s  b e tw e e n  ru m in a n ts  and  n o n - r u m in a n ts  in  c e s iu m  

a b s o r p t io n  f r o m  th e  g a s t r o - in t e s t i n a l  t r a c t .  R u m in a n ts  m a y  on ly  

a b s o rb  50 p e r  c e n t of th e  C s -1 3 7  f r o m  th e  d ig e s t iv e  t r a c t  (M c C le lla n  

1961) w h ile  h u m a n s  a r e  l ik e ly  to  a b s o r b  100 p e r  c e n t 

(R ich m o n d  1958),

In f lu en c e  of ag e  an d  s e x

In  o r d e r  to  s tu d y  e f fe c ts  of a g e  and  s e x , d a ta  w e re  

n o rm a l iz e d  to  a c o m p a ra b le  t im e  p e r io d  to  re m o v e  e f fe c ts  due to  

y e a r s  an d  r a n g e s .  T h is  p ro c e d u re  a llo w ed  a r e a s o n a b le  n u m b e r  of 

o b s e r v a t io n s  w ith in  e a c h  c a te g o ry  of s e x  and  ag e . A ge c l a s s e s  u s e d  

fo r  c o m p a r is o n  w e re  a r b i t r a r i l y  c h o se n  a s  faw n s (0 -11  m o n th s ) .
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y e a r l in g s  ( 12 -23  m o n th s ) , and  a d u lts  (24 + m o n th s ) . T h e  m e a n s  o f 

in te r e s t ,  th e  a n a ly s is ,  and  a  g ro u p  o f in d iv id u a l c o m p a r is o n s  a r e  

p r e s e n te d  in  T a b le  15.

T he a n a ly s is  in d ic a te d  th a t n e i th e r  s e x  o r  ag e  p ro d u c e d  

s ig n if ic a n t  v a r ia t io n .  T he s a m e  r e s u l t  w as in d ic a te d  in  a  r e g r e s s io n  

a n a ly s is  w h ich  d id  n o t a c c o u n t fo r  t im e - a s s o c ia te d  v a r ia t io n s .  It 

c a n n o t b e  s a id  w ith  c e r ta in ty ,  h o w e v e r, th a t  s e x  o r  ag e  h a v e  no 

a f fe c t  on C s-1 3 7  a c c u m u la tio n . T h e se  d a ta  m e r e ly  in d ic a te  th a t  

an y  p o s s ib le  v a r ia t io n  a s s o c ia te d  w ith  ag e  o r  s e x  w as  s m a l l  in  r e -

la t io n  to o th e r  s o u r c e s  o f v a r ia t io n  w h ich  w e re  m a n if e s t  in  th e  e r r o r  

te r m .

P a th w a y s  o f c e s iu m -1 3 7  e n try

T he e x is te n c e  o f Y in te r c e p t s  in  F ig s .  32, 33 in d ic a te d  th e  

p o s s ib i l i ty  th a t  s ig n if ic a n t  q u a n ti t ie s  o f C s-1 3 7  cou ld  e n te r  th e  

a n im a ls  by  r o u te s  o th e r  th an  th e  in g e s t io n  o f c o n ta m in a te d  v e g e ta -

tio n , T h e re fo re ,  c a lc u la t io n s  w e re  m a d e  fo r  o th e r  p o s s ib le  p a th -

w ay s o f e n try  w h e re  s u f f ic ie n t  d a ta  w e re  a v a ila b le . R e s u l ts  o f th e  

c o m p u ta tio n s  a r e  s u m m a r iz e d  in  T a b le  16.

T he e s t im a te s  p r e s e n te d  a r e  a d m itte d ly  c ru d e . N e v e r th e -

l e s s ,  i t  w as  a p p a re n t  th a t  in h a la tio n , th e  d r in k in g  o f s u r f a c e  w a te r s ,  

and  th e  in g e s t io n  o f snow  w e re  m in o r  s o u r c e s  o f C s-1 3 7  in ta k e  in  

c o m p a r is o n  to  th e  in g e s t io n  o f fo ra g e . T h is  c o n c lu s io n  w ould ho ld  

ev en  if  so m e  o f th e  e s t im a te d  p a r a m e te r s  w e re  in  e r r o r  by  a
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T a b le  15. A n a ly s is  of v a r ia n c e  of m u s c le  c e s iu m -1 3 7  in  d e e r  b e tw ee n  
ag e  an d  s e x ' .

M ean s  (in t e r m s  of p c /K g ) :

A ge c la s s Sex
faw ns y e a r l in g s a d u lts  M ean s

M a le s  n 11 20 31
m e a n 540 502 480 498

F e m a le s  n 10 12 48
m e a n 529 460 550 531

A ge M ean s 535 487 522

A n a ly s is  of V a ria n ce :
S o u rce D F MS F

B etw een  c e l ls 5 28, 706 0. 84 N. S.
E r r o r 126 34, 192

In d iv id u a l C o m p a r is o n s :
C o m p a r is o n D F MS F

M a le s  v s . fe m a le s 1 27, 558 0. 81 N .S .
F a w n s , y e a r l in g s  v s . a d u lts 1 9, 015 0. 26 N . S.
F a w n s  v s . y e a r l in g s 1 29, 416 0. 86 N. S.
Y e a r l in g s  v s . a d u lts 1 29, 423 0. 86 N .S .

(1) T he  e f fe c ts  of e le v a tio n a l r a n g e s  an d  y e a r s  w e re  re m o v e d  by 
n o rm a liz in g  a l l  d a ta  to  a  c o m p a ra b le  p e r io d .

N .S . N ot s t a t i s t i c a l ly  s ig n if ic a n t .



T a b le  16. C o m p a riso n  of m e an  e s t im a te d  in ta k e  r a t e s  of c e s iu m -1 3 7  by  d e e r  f ro m  J a n u a ry ,  1963 to 
D e c e m b e r , 1964 by  v a r io u s  p a th w ay s .

P a th w a y M edium
M ean  C s-1 3 7  

co n e , in  m ed iu m
E x c h a n g e  o r  

co n su m p tio n  r a te

F r a c t io n
re a c h in g

b lood

Mean pc  Cs-137 
re a c h in g  b lood  

p e r  day

In h a la tio n A ir 0. 1 pc/m ^^^^ 20 m ^ /d ay ^2 ) 0. 75^^^ 1. 5

In g e s tio n S u rfa c e  w a te r 2 p c /lite r^ ^ ^ 2. 5 l i te rs /d a y ^ ^ ^ 1 .0 5. 0

In g e s tio n Snow 50 p c /lite r^ ^ ^ 1. 5 l i te rs /d a y ^ ^ ^ 1 .0 75

In g e s tio n V e g e ta tio n 5 p c /g ra m ^ ^ ^ 800 gram s/day^"^^ 0 .5 < « 2, 000

^ ^ E s t im a te d  f ro m  d a ta  g a th e r e d  by a u th o r .
^^^The r e s p i r a to r y  ex ch an g e  r a te  of th e  " s ta n d a r d  m an "  (U. S. P u b lic  H ea lth  S e rv ic e  1960). T he

r e s p i r a to r y  ex ch an g e  r a te  f o r  d e e r  sh o u ld  n o t be g re a t ly  d if fe re n t  th an  f o r  m an , b e c a u s e  lu n g  and  body 
m a s s e s  a r e  v e ry  s im i l a r  f o r  th e  tw o s p e c ie s .

/ o \
 ̂ 'E s t im a te d  f ro m  o b s e r v a t io n s  o f c ap tiv e  d e e r  an d  f ro m  th e  " s ta n d a r d  m an "  (U. S. P u b lic  H ea lth  

S e rv ic e  1960).

^ '^^E stim ated  f ro m  d a ta  p r e s e n te d  by D ie tz  e t (1962).
^ ^ ^ E s tim a ted  f ro m  U. S. P u b lic  H ea lth  S e r v ic e ,(1960).
^ ^ ^ E s tim a ted  f ro m  M c C le lla n  e t a l .  (1961).

I=i
CO
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f a c to r  o f tw o.

O th e r  p la u s ib le  s o u r c e s  o f  C s-1 3 7  in ta k e  m ig h t in c lu d e  th e  

in g e s t io n  o f so il ,  th e  in g e s t io n  o f h a i r  f ro m  o th e r  d e e r ,  o r  th e  

l ic k in g  of h a i r  an d  o th e r  o b je c ts .  T he a u th o r  h a s  o b s e r v e d  su c h  

b e h a v io r  in  d e e r ,  b u t no q u a n ti ta t iv e  d a ta  p e r t in e n t  to  th e  p ro b le m  

a r e  a v a ila b le .



C h a p te r  VI 

DISCUSSION

C e s iu m - 1 37 in  th e  E n v iro n m e n t

A ir  c o n c e n tra t io n s  o f C s -1 3 7  fo llo w ed  n e a r ly  th e  s a m e  

s e a s o n a l  t r e n d s ,  in c lu d in g  s p r in g  m a x im a  and w in te r  m in im a , a s  

d a ta  c o lle c te d  in  th e  s ta te  o f W ash in g to n  by  P e r k in s  e t  a l .  (1964). 

H o w ev e r, c o n c e n tra t io n s  m e a s u r e d  b y  P e r k in s  and  c o - w o r k e r s  w e re  

o n ly  ab o u t o n e -h a lf  th e  c o n c e n tra t io n s  m e a s u r e d  in  th is  s tu d y . T he 

d if f e r e n c e  m a y  h av e  b e e n  c a u s e d  by  an  e le v a tio n a l e f fe c t  (W ash in g -

to n  c o lle c t io n  s i te  i s  l e s s  th a n  1 ,0 0 0  f e e t  abo v e  s e a  le v e l)  a n d /o r  

by  a  la t i tu d e  e ffe c t . T he C a c h e  la  P o u d re  d ra in a g e  fa l ls  n e a r  th e  

m id d le  o f th e  la t i tu d in a l  p e a k  o f m a x im u m  fa llo u t d e p o s it io n  

(D av is  1963).

A ir  c o n c e n tra t io n s  o f C s -1 3 7  a p p e a re d  v e ry  im p o r ta n t  

f ro m  th e  s ta n d p o in t o f v e g e ta t iv e  c o n ta m in a tio n . M any  s tu d ie s  

h av e  d e m o n s t r a te d  th a t  c o n ta m in a tio n  o f fo lia g e  i s  p r im a r i ly  th e  

r e s u l t  o f  d i r e c t  d e p o s it io n  o f a i r - b o r n e  m a te r i a l  (B iddu lph  1960; 

M en z e l 1963). T h is  sh o u ld  b e  p a r t i c u la r ly  t r u e  in  th e  c a s e  o f 

c e s iu m  b e c a u s e  th is  n u c lid e  i s  p r a c t ic a l ly  u n a v a ila b le  to  p la n ts  

f ro m  th e  s o i l  (R om ney  ^  1957).

D a ta  in d ic a te d  th a t  fa llo u t d e p o s it io n  w as in f lu e n c e d  by  

p r e c ip i ta t io n  a s  w e ll a s  b y  c o n c e n tra t io n s  o f a i r - b o r n e  m a te r ia l .
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D a ta  g a th e re d  in  N ew  Y o rk  C ity  in  1958 by  W elfo rd  and  C o ll in s  (1960), 

in d ic a te d  m a x im u m  C s-1 3 7  d e p o s it io n  d u r in g  th e  s p r in g  m o n th s  o f 

h ig h  r a in f a l l .  A s im i la r  p a t te r n  w as  n o te d  in  th is  s tu d y , w ith  th e  

e x c e p tio n  o f A u g u st and  S e p te m b e r , 1964, C e s iu m -1 3 7  d e p o s it io n  

d id  n o t in c r e a s e  in  p ro p o r t io n  to  r a in f a l l  d u r in g  th o s e  m o n th s , 

p ro b a b ly  b e c a u s e  a i r  c o n c e n tra t io n s  w e re  low  d u r in g  th a t  p e r io d .

It i s  n o t e n t i r e ly  c l e a r  how th e  d e p o s it io n  o f c e s iu m  w ith  

p r e c ip i ta t io n  a f fe c ts  v e g e ta t io n a l  c o n ta m in a tio n . In  th e  c a s e  o f 

sn o w -b o rn e  d e b r is ,  w ind w ould  n o rm a lly  p re v e n t  th e  t r a n s f e r  o f 

c e s iu m  to u p r ig h t  p la n t p a r t s .  H o w ev er, w ith  r e g a r d  to  lo w - 

g ro w in g  v e g e ta tio n  s u c h  a s  b lu e b e r r y  and  g r a s s e s ,  snow  w ould  be  

in  c o n tin u a l c o n ta c t w ith  th e  v e g e ta tio n  w h ile  m e ltin g  and  c o n s id e r -

a b le  t r a n s f e r  o f r a d io a c t iv i ty  w ould  o c c u r .

T he e ffe c t o f r a in f a l l  i s  n o t know n, s in c e  i t  c an  add  a s  

w e ll a s  re m o v e  c e s iu m  f ro m  fo lia g e  (M id d le to n  1958, 1959). I t  

d o e s  s e e m  p la u s ib le ,  h o w e v e r, th a t  l ig h t, m is ty  r a in s  w ould  ten d  

to d e p o s it  c e s iu m  on le a v e s ,  w h ile  in te n s e  r a in s  w ould  ten d  to  

w a sh  o r  le a c h  th e  c o n ta m in a tio n  f ro m  th e  v e g e ta tio n . R a in fa l l  

cou ld  a ls o  b e  q u ite  im p o r ta n t  w ith  r e g a r d  to v e g e ta t io n a l  c o n ta m in -

a tio n  by  a ffe c tin g  s o i l  m o is tu r e ,  w h ich  in  tu r n  w ould  in f lu e n c e  th e  

t r a n s p o r t  o f  c o n ta m in a te d  s o il  p a r t i c l e s  by  w ind . B e c a u se  th e  

a m o u n ts  and  c h a r a c t e r i s t i c s  of p r e c ip i ta t io n  w e re  h ig h ly  v a r ia b le  

w ith in  th e  s tu d y  a r e a ,  th is  w as  u n d o u b te d ly  a  f a c to r  w h ich
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c o m p lic a te d  th e  g e n e r a l  fa llo u t p a t te r n s .

S tu d ie s  on s o i l  r a d io a c t iv i ty  r e v e a le d  g e n e r a l ly  in c r e a s in g  

fa llo u t le v e l s  a t th e  h ig h e r  e le v a tio n s . T h is  w as  e x p e c te d  b e c a u s e  

o f h ig h e r  p re c ip i ta t io n  r a t e s  a t  th e  h ig h e r  e le v a tio n s . T he s tu d ie s  

a ls o  in d ic a te d , h o w e v e r, th a t  s o i l  r a d io a c t iv i ty  co u ld  v a ry  g r e a t ly  

w ith in  e le v a tio n s , b e c a u s e  o f c o m p lic a tin g  f a c to r s  a s s o c ia te d  w ith  

lo c a l  e n v iro n m e n ts . F o r  e x a m p le , th e  k ind  an d  d e g re e  o f v e g e -

ta t iv e  c o v e r ,  to p o g ra p h y , s o i l  c h a r a c t e r i s t i c s ,  s n o w - d r i f t  p a t te r n s ,  

and d e g re e  o f s o i l  d is tu rb a n c e  co u ld  a l l  in f lu e n c e  th e  a m o u n t o f 

C s -1 3 7  in  th e  s u r f a c e  l a y e r s  o f  s o i l .

W ith  r e g a r d  to  v e g e ta tio n , i t  w as  found  th a t  s u m m e r  ra n g e  

s p e c ie s  w e re  g e n e r a l ly  h ig h e r  in  C s -1 3 7  th a n  th e  w in te r  ra n g e  

s p e c ie s .  T h is  w as l ik e ly  th e  r e s u l t  o f  tw o s e ts  o f p h e n o m en a . In 

th e  f i r s t  p la c e , s o i l  d a ta  in d ic a te d  th a t  fa llo u t g e n e r a l ly  in c r e a s e d  

w ith  e le v a tio n . T h e re fo re ,  s u m m e r  ra n g e  s p e c ie s  w e re  p ro b a b ly  

e x p o se d  to h ig h e r  le v e ls  o f c o n ta m in a tio n . In th e  sec o n d  p la c e , 

s a m p lin g  o f  s u m m e r  ra n g e  v e g e ta tio n  w as  b e g u n  so o n  a f te r  th e  

o c c u r r e n c e  o f p e a k  le v e l s  o f C s-1 3 7  in  a i r  and  in  p re c ip i ta t io n .  

W in te r  ra n g e  s p e c ie s  w e re  n o t s a m p le d  d u r in g  th e  s u m m e r  m o n th s , 

b u t r a t h e r  d u r in g  and  a f t e r  l e a f - f a i l ,  and  d u r in g  w in te r  w hen 

c e s iu m  le v e ls  in  a i r  and  p r e c ip i ta t io n  w e re  low .

S p e c ie s  o f v e g e ta tio n  d if f e r e d  s ig n if ic a n tly  w ith  r e g a r d  to 

c e s iu m  c o n ten t, D av is  (1963) found a  s im i l a r  ra n g e  o f d if f e r e n c e s
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a m o n g  p la n ts  c o lle c te d  in  a r t i c  re g io n s  o f  A la sk a . T h e  d i f f e r e n c e s  

co u ld  b e  e x p la in e d  s a t i s f a c to r i ly  on th e  b a s i s  o f m o rp h o lo g y , h a b ita t ,  

o r  lo n g e v ity . T he s a m e  g ro u p s  o f c h a r a c t e r i s t i c s  w e re  u s e d  in  

c o m p a r in g  th e  d if f e r e n c e s  am o n g  s p e c ie s  in  th is  s tu d y . T he a c tu a l  

C s-1 3 7  v a lu e s  r e p o r te d  by  D av is  w e re  v e ry  s im i l a r  to  th e  v a lu e s  

r e p o r te d  h e r e in ,  ev en  though  h is  r e s u l t s  w e re  fo r  s p e c im e n s  c o l le c -

te d  in  1960.

In n e a r ly  a l l  s p e c ie s  s a m p le d , s ig n if ic a n t  d i f f e r e n c e s  w e re  

found b e tw e e n  c o lle c tio n  lo c a t io n s . T h is  w as e x p e c te d  b e c a u s e  th e  

s a m p lin g  p lo ts  w e re  p u rp o s e ly  c h o se n  so a s  to  r e p r e s e n t  a  w ide  

ra n g e  o f e n v iro n m e n ts  fo r  e a c h  s p e c ie s .  S am p lin g  p lo ts  v a r ie d  in  

e le v a tio n , s u r ro u n d in g  v e g e ta tio n , s lo p e  e x p o su re  and  g ra d ie n t ,  

s u r ro u n d in g  to p o g ra p h y , o r  s o i l  ty p e . I t w as  found th a t  c e s iu m  

a c t iv i ty  in  m o s t  o f th e  s p e c ie s  in c r e a s e d  w ith  e le v a tio n . E n v iro n -

m e n ta l  f e a tu r e s  o th e r  th a n  e le v a tio n  w e re  n o t q u a n ti ta t iv e ly  

in v e s t ig a te d .

I t  w as  found th a t  le a v e s  w e re  g e n e r a l ly  h ig h e r  in  c e s iu m  

th a n  s te m s .  T h is  s u p p o r te d  p re v io u s  f in d in g s  of R e d isk e  and  

H u ngate  (1956) and  A u e rb a c h  and  C r o s s le y  (1958). T h e  e x c e p tio n s  

w e re  s a g e b ru s h  and  b lu e b e r r y .  T he l e a f - s t e m  c o m p a r is o n s  s e e m e d , 

fo r  th e  m o s t  p a r t ,  r e s o n a b le  w hen one  c o n s id e re d  d i f f e r e n c e s  in  

s u r f a c e  c h a r a c t e r i s t i c s  o r  lo n g e v ity  o f th e  p a r t s  s a m p le d . O th e r  

in v e s t ig a to r s ,  in c lu d in g  L ju n g g re n  (1960), G o rh a m  (1963), and
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R o m n ey  ^  (1963) h av e  d is c u s s e d  d i f f e r e n c e s  am o n g  p la n t p a r t s  on

th e  b a s i s  o f s u r f a c e  a r e a  p e r  u n it  w e ig h t o r  o th e r  s u r f a c e  c h a r a c t e r -

i s t i c s  su c h  a s  h a i r in e s s  o r  s t ic k in e s s .

F a c to r s  A ffe c tin g  C e s iu m - 1 37 in  D e e r

T he  n e t a c c u m u la tio n  o f c e s iu m -1 3 7  in  d e e r  w ould  b e  a 

fu n c tio n  o f th e  d if f e r e n c e  b e tw e e n  th e  in ta k e  r a t e  and  th e  e x c re t io n  

r a t e .  T he g r e a t e r  th e  in ta k e  r a t e  w ith  r e s p e c t  to  th e  e x c r e t io n  

r a t e ,  th e  g r e a t e r  w ould be  th e  a c c u m u la tio n  in  t i s s u e s .  T h is  

r e la t io n s h ip  i s  c o m p lic a te d  b y  th e  f a c t  th a t  m a n y  f a c to r s  c an  a l t e r  

b o th  in ta k e  and  e lim in a tio n  ( E b e r h a rd t  1964).

A n o b v io u s  f a c to r  a ffe c t in g  C s -1 3 7  in ta k e  w ould  be  th e  

fo ra g e  c o n su m p tio n  r a t e .  T h is  cou ld  be  in f lu e n c e d  b y  s e a s o n , 

w e a th e r ,  p h y s io lo g ic a l s ta tu s ,  and  o th e r  f a c to r s .  L ong  e t a l,

(1959) in d ic a te d  th a t  fo ra g e  c o n su m p tio n  by  w h i te - ta i le d  d e e r  

fo llo w ed  a  s e a s o n  t r e n d  w ith  h ig h s  o c c u r in g  in  s p r in g  and  f a l l ,  and  

a  d e f in ite  low  in  w in te r .  L o v e le s s  (1963) found th a t  d e e r  m o v e m e n ts  

and  fe e d in g  a c t iv i t ie s  w e re  a f fe c te d  b y  a  c o m p le x  s e t  o f c l im a tic  

an d  e n v iro n m e n ta l  c i r c u m s ta n c e s .  I n c r e a s e d  fo ra g e  c o n su m p tio n  

d u r in g  th e  s u m m e r  m o n th s  co u ld  h av e  c o n tr ib u te d  to  th e  h ig h e r  

C s-1 3 7  le v e l s  o b s e rv e d  in  a n im a ls  c o lle c te d  ab o v e  8, 500 fe e t . 

U n fo rtu n a te ly , d a ta  on food c o n su m p tio n  in  th e  p o p u la tio n  s tu d ie d  

w e re  la c k in g . T h is  cou ld  o n ly  b e  in v e s t ig a te d  u n d e r  c o n tro l le d  

c o n d itio n s , b u t food c o n su m p tio n  u n d e r  c o n tro l le d  c o n d itio n s  w ould
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p ro b a b ly  be  d if f e r e n t  th an  c o n su m p tio n  u n d e r  n a tu r a l  c o n d itio n s .

T he c o n c e n tra t io n  o f C s-1 3 7  in  th e  d ie t  w ould  l ik e w is e  

a f fe c t  th e  n e t in ta k e . C o m p a r is o n s  b e tw e e n  p la n t s p e c ie s  r e v e a le d  

s ig n if ic a n t  d i f f e r e n c e s  in  C s-1 3 7  le v e l s .  T herefo re^ , food p r e f e r e n c e  

by  d e e r  w ould  g r e a t ly  in f lu e n c e  C s-1 3 7  in ta k e  ( E b e r h a rd t  1964).

T he s p e c ie s  u t i l iz e d  by  d e e r  w ould  d ep en d  upon  s p e c ie s  ab u n d an c e , 

p a la ta b i l i ty ,  s e a s o n , and  e n v iro n m e n ta l  f a c to r s .  B ro w n  (1961) 

show ed  th a t  th e  r e la t iv e  p ro p o r t io n s  o f b ro w s e , g r a s s ,  and  fo rb s  

u t i l iz e d  by  b la c k - ta i le d  d e e r  v a r ie d  w ith  th e  t im e  o f y e a r ,  C ow an 

(1947) p o s tu la te d  th a t  a s  m u ch  a s  s ix  in c h e s  of snow  w ould  a l t e r  

th e  ty p e s  o f food c o n su m e d  by  m u le  d e e r  in  A lb e r ta .  T he h ig h e r  

le v e ls  o f C s-1 3 7  in  s u m m e r  ra n g e  v e g e ta tio n  w e re  co n v in c in g ly  

r e f le c te d  by  th e  p ro p o r t io n a te ly  h ig h e r  le v e ls  in  d e e r  u t i l iz in g  th e  

s u m m e r  ra n g e . F u r th e r ,  m a g n itu d e s  o f v a r ia t io n  o f C s -1 3 7  in 

d e e r  w ith in  r a n g e s  w e re  c o m p a ra b le  to  th e  v a r ia t io n s  in  c o n ta m in -

a tio n  am o n g  th e  p la n t s p e c ie s .  V a r ia t io n s  w e re  g r e a t e r  in  b o th  

p la n ts  and  d e e r  f ro m  th e  s u m m e r  ra n g e .

T he  ty p e  o f food c o n su m e d  w ould  a ls o  a f fe c t  th e  c ru d e  

f ib r e  le v e ls  in  th e  d ie t  (D ie tz  ^  1962), w h ich  in  tu r n  w ould

a ffe c t C s-1 3 7  a b s o rp tio n  an d  r e te n t io n  (S te w a rt 1964). D u rin g  the  

p e r io d s  o f  u t i l iz a t io n  by  d e e r ,  th e  s u m m e r  ra n g e  s p e c ie s  in  g e n e r a l  

s e e m e d  m o re  s u c c u le n t and  p ro b a b ly  c o n ta in e d  l e s s  f ib r e  th a n  th e  

b a r e ,  w oody s te m s  o f w in te r  ra n g e  b ro w s e  s p e c ie s .  S ince  c ru d e
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f ib r e  and  b u lk  ten d  to  d e c r e a s e  c e s iu m  a b s o rp t io n  and  in c r e a s e  

e x c r e t io n ,  th e  w in te r  ra n g e  d ie t  w ould  a p p e a r  l e s s  fa v o ra b le  to  th e  

a c c u m u la tio n  o f C s-1 3 7  in  d e e r .  M e a s u re m e n ts  o f to ta l  o v e n -d ry  

w e ig h ts  o f  d e e r  ru m e n  c o n te n ts  b y  D, E . M edin  and  A. E . A n d e rso n , 

C o lo ra d o  D ep t, o f G am e, F is h ,  and  P a r k s ,  in d ic a te d  h ig h e r  a v e r -

ag e  q u a n t i t ie s  o f  m a te r ia l  in  th e  ru m e n  p e r  body  w e ig h t in  a n im a ls  

c o lle c te d  on th e  w in te r  r a n g e . T h u s , th e  in c r e a s e d  b u lk  in  th e  

w in te r  ra n g e  d ie t  l ik e ly  c o n tr ib u te d  to  th e  lo w e r  C s-1 3 7  le v e l s  in  

d e e r  in  w in te r .

I t w a s  o b s e rv e d  th a t  fo ra g e  s p e c ie s  v a r ie d  c o n s id e ra b ly  

in  p o ta s s iu m  c o n te n t. I n c re a s in g  q u a n t i t ie s  o f so d iu m  o r  p o t a s s -

iu m  in  th e  d ie t  c an  d e c r e a s e  c e s iu m  u p ta k e  and  r e te n t io n  (M ra z

1959). T h u s , p o ta s s iu m  in ta k e  w as  p ro b a b ly  a n o th e r  s o u rc e  w h ich  

c o n tr ib u te d  to  th e  v a r ia b i l i ty  o f  C s-1 3 7  in  m u s c le .  H o w ev er, 

d ie ta r y  p o ta s s iu m  m a y  n o t h av e  b e e n  a  l a r g e  s o u r c e  o f v a r ia t io n  

b e c a u s e  W a s s e rm a n  and  C o m a r  (1961) found o n ly  a  tw o -fo ld  

re d u c tio n  in  c e s iu m  re te n t io n  w ith  a  n in e - fo ld  in c r e a s e  in  d ie ta r y  

p o ta s s iu m  w ith  r a t s .  P o ta s s iu m  a n a ly s e s  o f 7 6 ru m e n  s a m p le s  

in d ic a te d  a  m a x im u m  th r e e - f o ld  v a r ia t io n ,  w h ich  sh o u ld  n o t h av e  

c a u s e d  la r g e  d if f e r e n c e s  in  c e s iu m  u p ta k e .

I t w as  found th a t th e  p h e n o lo g ic a l s ta g e  o f p la n t g ro w th  

in f lu e n c e d  v e g e ta t iv e  c o n ta m in a tio n  and th u s  C s-1 3 7  in ta k e  by  

d e e r .  F o r  e x a m p le , in  th e  p e r io d  o f le a f in g  o u t, b i t t e r b r u s h  and
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m o u n ta in  m a h o g an y  c o n ta m in a tio n  in c r e a s e d  tw o -fo ld . L a te r  in  

th e  s u m m e r ,  p la n t C s-1 3 7  le v e l s  u s u a l ly  d e c r e a s e d ,  due  to  lo w e r  

a i r  c o n c e n tra t io n s  and  co n tin u e d  v e g e ta t iv e  g ro w th . B e c a u s e  th e  

le a v e s  w e re  h ig h e r  in  C s-1 3 7  th a n  s te m s  in  m o s t  o f  th e  s p e c ie s  

s tu d ie d , th e  le v e l s  o f a c t iv i ty  in  d e c id u o u s  s p e c ie s  g e n e r a l ly  

d e c lin e d  a b ru p tly  d u r in g  le a f  a b s c is s io n .  L e a f  a b s c is s io n ,  h o w -

e v e r ,  m a y  n o t s ig n if ic a n tly  d e c r e a s e  .c e s iu m  in ta k e  b y  d e e r  w hen 

th e  g ro u n d  i s  s n o w - f re e ,  b e c a u s e  d e e r  a r e  know n to  e a t  d ead  

le a v e s  f ro m  th e  g ro u n d  (H ill 1956; A . E . A n d e rso n , p e r s o n a l  

c o m m u n ic a tio n ) .

H ig h e r  le v e ls  o f C s -1 3 7  in  g iv en  p la n t s p e c ie s  w e re  

g e n e r a l ly  a s s o c ia te d  w ith  in c r e a s in g  e le v a tio n . T h e r e f o r e ,  i t  

w ould  b e  p o s s ib le  fo r  a n im a ls  u t i l iz in g  th e  s a m e  fo ra g e  s p e c ie s  

d u r in g  co m m o n  t im e  p e r io d s ,  b u t r e s id in g  a t  d if f e r e n t  e le v a tio n s , 

to  v a ry  w ith  r e g a r d  to  c e s iu m  b u rd e n s . I t w a s  in d e e d  found  th a t  

C s -1 3 7  le v e l s  in  d e e r  w e re  h ig h ly  c o r r e la t e d  w ith  th e  e le v a tio n  

o f c o lle c t io n , ev en  w ith  no o th e r  f a c to r s  b e in g  c o n s id e re d . 

C h a r a c t e r i s t i c s  o th e r  th an  e le v a tio n , su c h  a s  to p o g ra p h y  and  

s u r ro u n d in g  v e g e ta tio n  co u ld  a ls o  c a u s e  d i f f e r e n c e s  in  fa llo u t 

c o n ta m in a tio n  w ith in  s p e c ie s  (D av is  ^  1963).

T h e  p h y s ic a l  and  c h e m ic a l  fo rm  o f in g e s te d  C s-1 3 7  

cou ld  in f lu e n c e  i t s  a b s o rp tio n  in to  th e  b lo o d . F o r  e x a m p le , i f  

c e s iu m  a to m s  w e re  in c o r p o r a te d  in to  in s o lu b le  fa llo u t p a r t i c l e s
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d u r in g  a  n u c le a r  e x p lo s io n , th e  m a te r i a l  w ould  p ro b a b ly  p a s s  

th ro u g h  th e  d ig e s t iv e  t r a c t  w ith o u t b e in g  a b s o rb e d . H y d ro c h lo r ic  

a c id  le a c h in g  s tu d ie s  on th e  a s h  o f s e v e r a l  p la n t s p e c ie s  in d ic a te d  

th a t  th e  h ig h e r  th e  s i l i c a te  c o n te n t o f th e  a s h , th e  s m a l l e r  w a s  th e  

f r a c t io n  o f c e s iu m  re m o v e d  by  th e  a c id . C e s iu m  w as  p a r t i c u la r ly  

r e s i s t a n t  to  a c id  le a c h in g  in  th e  c a s e  o f  g r a s s e s .  N e v e r th e le s s ,  

th e  m a jo r i ty  o f fa l lo u t  C s-1 3 7  in  e n v iro n m e n ts  f a r - r e m o v e d  

f ro m  n u c le a r  t e s t  s i t e s  i s  th o u g h t to  b e  w a te r  s o lu b le  (W elfo rd  

and  C o ll in s  1960; D av is  1963).

C e s iu m -1 3 7  can  a ls o  e n te r  a n im a ls  b y  in h a la tio n  (B a ir

1960). T h u s , f lu c tu a tio n s  in  a i r  c o n c e n tra t io n s  o f th is  n u c lid e  

w ould a f fe c t  o v e r a l l  in ta k e . H o w ev e r, c a lc u la t io n s  in d ic a te d  th a t  

th e  a m o u n ts  o f C s-1 3 7  w h ich  co u ld  e n te r  d e e r  b y  in h a la tio n  w e re  

in s ig n if ic a n t  in  c o m p a r is o n  to  th e  a m o u n ts  ta k e n  in  b y  th e  

in g e s t io n  o f v e g e ta tio n . T h is  f in d in g  i s  in  a g r e e m e n t  w ith  r e s u l t s  

p r e s e n te d  by  L a n g h a m  (1960) and  by  H vinden  and  L i l le g r a v e n  

(1961 a ). A ir  c o n c e n t r a t io n s  m u s t  b e  c o n s id e re d  in  an y  c a s e ,  

b e c a u s e  m o s t  v e g e ta tio n a l c o n ta m in a tio n  a p p e a r s  to  r e s u l t  f ro m  

d i r e c t  d e p o s it io n  o f a i r - b o r n e  m a te r i a l s  (B iddu lph  1960).

C a lc u la t io n s  a lso  in d ic a te d  th a t  th e  c o n c e n tra t io n s  o f 

C s-1 3 7  in  s u r f a c e  w a te r s  w e re  in s u f f ic ie n t  to  c o n tr ib u te  s ig n i f i -

c a n tly  to th e  to ta l  in ta k e  b y  d e e r .  T h is  w ould  b e  e x p e c te d  

b e c a u s e  O sb u rn  (1963) and  o th e r s  h av e  d e m o n s t r a te d  th a t  s o i l
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and  v e g e ta tio n  ra p id ly  re m o v e  fa llo u t c o n ta m in a tio n  f ro m  s u r f a c e  

w a te r .

B e c a u se  d e e r  a r e  know n to  e a t  snow  (C ow an 1945;

D. E . M edin , p e r s o n a l  c o m m u n ic a tio n ) an d  s in c e  snow  g e n e r a l ly  

c o n ta in e d  m u ch  m o re  C s-1 3 7  p e r  l i t e r  o f m e l t - w a te r  th a n  s u r f a c e  

w a te r ,  th is  s o u r c e  o f c o n ta m in a tio n  w a s  c o n s id e re d .  H o w ev e r, 

c a lc u la t io n s  in d ic a te d  th is  p a th w ay  l ik e w is e  to  b e  o f m in o r  

im p o r ta n c e  in  c o m p a r is o n  to th e  in g e s t io n  o f v e g e ta tio n .

C e s iu m  re te n t io n  m a y  a ls o  b e  r e l a t e d  to  ag e  o r  

p h y s io lo g ic a l s ta tu s  (C o m a r ^  1962). T h e  d a ta  p re s e n te d

h e re in ,  h o w e v e r , w e re  co n founded  w ith  too  m a n y  o th e r  v a r ia b le s  

to  d e te c t  an y  p o s s ib le  e f fe c ts  due to s e x  o r  a g e . It i s  now a p p a r -

en t th a t  th is  cou ld  o n ly  b e  in v e s t ig a te d  p r o p e r ly  in  c o n tro l le d  

e x p e r im e n ts .  T he a u th o r  i s  u n a w a re  o f an y  w e ll-fo u n d e d  g e n e r a l -

i t i e s  c o n c e rn in g  th e  e ffe c t of ag e  o r  s e x . T h e  l i t e r a t u r e  w hich  

w a s  found on th e  s u b je c t  a p p e a re d  c o n tr a d ic to r y  an d  in c o n c lu s iv e . 

I t w as  c o n c lu d e d  in  th is  s tu d y , h o w e v e r , th a t  s e x  and  ag e  w e re  

in s ig n if ic a n t  in  c o m p a r is o n  to  th e  o th e r  s o u r c e s  o f  v a r ia b i l i ty .

If th e  c e s iu m  e x c re t io n  h a l f - t im e  in  d e e r  i s  a p p r o x i-

m a te ly  2 -4  d a y s  a s  in  o th e r  ru m in a n ts  (C ra g le  1961; E k m an

1961), th e n  m e ta b o lic  e q u il ib r iu m  sh o u ld  b e  e s ta b l is h e d  in  a 

m a t te r  o f a  w eek  o r  so . U n d e r e q u il ib r iu m  c o n d itio n s , C s -1 3 7  

b o d y  b u rd e n s  w ould  be  p r o p o r t io n a l  to th e  in ta k e  o f th e  n u c lid e
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(S zep k e  1962). F u r th e r ,  s in c e  c e s iu m  i s  ta k e n  up  f ro m  th e  s o il  

by  p la n ts  v e ry  s lo w ly  (R om ney  e t a l .  1957) and  s in c e  v e g e ta tio n  

lo s e s  c e s iu m  b y  s e v e r a l  m e c h a n is m s , fo lia g e  c o n ta m in a tio n  

w ould  l ik e ly  be  n e a r ly  p ro p o r t io n a l  to fa l lo u t  le v e l s  in  a i r .  T h u s , 

one w ould  e x p e c t C s-1 3 7  b u rd e n s  in  d e e r  to  b e  p ro p o r t io n a l  to  

a i r  c o n c e n tra t io n s .  Such w as  n o t th e  c a s e  in  th is  s tu d y  w hen a i r  

c o n c e n tra t io n s  o f C s-1 3 7  w e re  c o m p a re d  d i r e c t ly  to  d e e r  c o n c e n -

t r a t io n s .  F o r  e x a m p le , m e a n  a i r  c o n c e n tra t io n s  d e c r e a s e d  b y  a  

f a c to r  o f 1. 9 f ro m  1963 to  1964 w h ile  c o n c e n tra t io n s  in  d e e r  (and  

in  v e g e ta tio n )  o n ly  d e c r e a s e d  b y  a  f a c to r  o f 1. 3. It w as  c o n c lu d e d , 

th e r e f o r e ,  th a t  c e r ta in  ty p e s  o f v e g e ta tio n  r e ta in e d  C s-1 3 7  fo r  a 

s u f f ic ie n t le n g th  o f t im e  to p re v e n t  s t r i c t  e q u il ib r iu m  w ith  a i r  

c o n c e n tra t io n s . V e g e ta tiv e  d a ta  in d ic a te d  th a t  p e r s i s t e n t  and 

n o n -d e c id u o u s  s p e c ie s  r e ta in e d  C s-1 3 7  m u c h  lo n g e r  th a n  s h o r t -

liv e d  fo lia g e . T h u s , i t  w ould b e  d if f ic u lt  to  p r e d ic t  C s-1 3 7  le v e ls  

in  d e e r  s o le ly  f ro m  a i r  c o n c e n tra t io n s .



C h a p te r  VII

SUMMARY AND CONCLUSIONS

T h is  in v e s t ig a t io n  w as  c o n c e rn e d  w ith  f a c to r s  in f lu e n c in g  

th e  a c c u m u la tio n  o f fa llo u t c e s iu m -1 3 7  in  a  w ild  p o p u la tio n  o f m u le  

d e e r ,  O d o c o ileu s  h e m io n u s , in  th e  C a c h e  la  P o u d re  d ra in a g e  o f 

n o r th - c e n t r a l  C o lo ra d o . D e e r  w e re  c o lle c te d  w eek ly  f ro m  a  d i s -

t r ib u t io n  o f lo c a t io n s  w ith in  th e  s tu d y  a r e a  and  m u s c le  t i s s u e s  

w e re  a s s a y e d  fo r  C s -1 3 7 . In a d d itio n , a i r ,  p r e c ip i ta t io n ,  s o i l s ,  

and  tw e lv e  s p e c ie s  o f fo ra g e  p la n ts  w e re  p e r io d ic a l ly  s a m p le d  in 

th e  s tu d y  a r e a  and  su b se q u e n tly  a s s a y e d  fo r  C s -1 3 7  o r  g r o s s  fa llo u t 

r a d io a c t iv i ty .  V a r ia t io n s  in  th e  C s -1 3 7  b u rd e n s  in  d e e r  w e re  th en  

r e la te d  to  e n v iro n m e n ta l  le v e ls  o f fa llo u t c o n ta m in a tio n  and  to  

p h y s io lo g ic a l, b e h a v io ra l ,  and  e c o lo g ic a l f a c to r s .

A ir  c o n c e n tra t io n s  o f C s-1 3 7  d u r in g  th e  s tu d y  w e re  m a x im a l 

in  1963. C o n c e n tra t io n s  w e re  s ig n if ic a n tly  h ig h e r  d u r in g  th e  s p r in g  

and  e a r ly  s u m m e r  m o n th s  o f e a c h  y e a r .  A tm o s p h e r ic  le v e l s  of 

C s-1 3 7  w e re  s u f f ic ie n tly  h ig h  to  c a u s e  s ig n if ic a n t  c o n ta m in a tio n  o f 

v e g e ta tio n  b u t n o t s u f f ic ie n tly  h ig h  to  c o n tr ib u te  n o tic e a b ly  to  in ta k e  

by  d e e r  f ro m  d i r e c t  in h a la tio n .

M ax im u m  d e p o s it io n  o f C s-1 3 7  by  p r e c ip i ta t io n  in  1964 

o c c u r r e d  d u r in g  A p r i l ,  M ay, an d  J u n e . Q u a n ti t ie s  o f r a in f a l l  and  

a i r  c o n c e n tra t io n s  o f  c e s iu m  w e re  a ls o  h ig h  d u r in g  th o s e  m o n th s .
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I t  w as co n c lu d ed  th a t b o th  p re c ip i ta t io n  and  fa llo u t le v e ls  in  a i r  m u s t  

be  c o n s id e re d  in  m a k in g  p re d ic t io n s  o f fa llo u t d e p o s it io n . M e a s u re -  

a b le  q u a n ti t ie s  o f fa l lo u t  w e re  t r a n s p o r te d  by  d u s t, p o lle n s , and  o th e r  

a i r - b o r n e  d e b r is ,  p a r t i c u la r ly  d u r in g  d ry , w indy p e r io d s .  S ig n if i-

c a n t q u a n ti t ie s  o f fa llo u t o f  r e c e n t  o r ig in  w e re  d e p o s ite d  in  an  open , 

w et c o l le c to r  d u r in g  a  two w eek  p e r io d  o f no r a in f a l l .  D e p o s itio n  o f 

fa llo u t by  r a in  w a s  v a r ia b le  and  in c o n s is te n t  b e tw e e n  th e  fiv e  s a m p -

lin g  lo c a t io n s  in  th e  s tu d y  a r e a .  P r e c ip i ta t io n  c o n ta in e d  m u c h  

h ig h e r  c o n c e n tra t io n s  o f C s-1 3 7  th a n  s u r f a c e  w a te r s ,  b u t th e  c o n c e n -

t r a t io n s  w e re  in s u f f ic ie n t  to  c o n tr ib u te  s ig n if ic a n tly  to to ta l  c e s iu m  

in ta k e  b y  d e e r  i f  in g e s te d .

T he m a jo r  p o r t io n  o f C s-1 3 7  in  s o i ls  w as  lo c a te d  in  th e  0-1  

in c h  la y e r .  L e v e ls  o f fa llo u t r a d io a c t iv i ty  in  s o i l s  g e n e r a l ly  

in c r e a s e d  w ith  e le v a tio n . T h is  o b s e rv a t io n  w as  a t t r ib u te d  p r im a r i ly  

to  th e  h ig h e r  a v e r a g e  p r e c ip i ta t io n  r a t e s  a t  th e  h ig h e r  e le v a tio n s .

M ax im u m  v e g e ta t io n a l  c o n ta m in a tio n  d u r in g  th e  s tu d y  w as 

o b s e r v e d  in  1963. S u m m e r ra n g e  p la n t s p e c ie s  g e n e r a l ly  c o n ta in e d  

h ig h e r  le v e l s  o f C s-1 3 7  b e tw e e n  Ju n e  an d  S e p te m b e r  th a n  th e  w in te r  

r a n g e  s p e c ie s  b e tw e e n  O c to b e r  and  M ay. T h e re  w e re  a  few  c a s e s ,  

h o w e v e r , w h e re  w in te r  ra n g e  s p e c ie s  w e re  h ig h e r  th an  so m e  o f th e  

s u m m e r  ra n g e  s p e c im e n s . S ta t is t ic a l ly  s ig n if ic a n t  d if f e r e n c e s  

b e tw e e n  s p e c ie s  g ro w in g  on th e  s a m e  p lo ts  w e re  found . It w as 

co n c lu d ed  th a t  lo n g e v ity , p h en o lo g y , g r o s s  m o rp h o lo g y , and  fo lia g e
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s u r f a c e  c h a r a c t e r i s t i c s  w e re  p r im a r i ly  r e s p o n s ib le  fo r  th e  v a r ia t io n s  

o b s e rv e d . T he  m o re  p e r s i s t a n t  th e  p la n t p a r t ,  th e  g r e a t e r  th e  

p ro p o r t io n  o f le a v e s  to s te m s ,  th e  m o re  m a t- l ik e  th e  s t r u c tu r e ,  and  

th e  g r e a t e r  th e  s u r f a c e  a r e a  p e r  u n it  w e ig h t (o r  h a i r in e s s ) ,  th e  

h ig h e r  w as  th e  c e s iu m  c o n ten t.

S ig n ific an t d if f e r e n c e s  in  th e  C s-1 3 7  c o n te n t o f g iv en  

s p e c ie s  b e tw ee n  lo c a t io n s  w e re  e n c o u n te re d . In g e n e r a l ,  th e  lo c a -

tio n  e ffe c t s e e m e d  m o s t  c lo s e ly  a s s o c ia te d  w ith  e le v a tio n  b e c a u s e  

c e s iu m  c o n ta m in a tio n  u s u a lly  in c r e a s e d  w ith  e le v a tio n . T he a c tu a l  

m e c h a n is m s  c a u s in g  in c r e a s e d  v e g e ta t iv e  r a d io a c t iv i ty  w ith  e le v a -

tio n  p ro b a b ly  in c lu d e d  h ig h e r  a i r  c o n c e n tr a t io n s ,  m o r e  p re c ip i ta t io n ,  

and  h ig h e r  a v e r a g e  w ind v e lo c i t ie s .

W ith th e  e x c e p tio n s  o f s a g e b ru s h  and  b lu e b e r r y ,  le a v e s  

w e re  h ig h e r  th a n  s te m s  in  c e s iu m  c o n te n t. T h is  o b s e rv a t io n  w as 

a t t r ib u te d  m o s tly  to d i f f e r e n c e s  in  s u r f a c e  c h a r a c t e r i s t i c s  b e tw e e n  

le a v e s  and  s te m s .  T r a n s lo c a t io n  o f a b s o rb e d  c e s iu m  to  th e  r a p id ly  

g ro w in g  le a v e s  p ro b a b ly  a lso  c o n tr ib u te d  to  th e  d if f e r e n c e s  o b s e rv e d .

T he le v e ls  of c e s iu m -1 3 7  in  d e e r  w e re  in f lu e n c e d  b y  a 

c o m p le x  g ro u p  of v a r ia b le s ,  m o s t  of w h ich  w e re  n o t in d e p e n d e n t o f 

o th e r  p h e n o m en a . V a r ia t io n s  in  m u s c le  C s-1 3 7  a p p e a re d  d e p e n d e n t 

upon  t im e , e le v a tio n , food h a b its ,  c l im a tic  v a r ia b le s ,  and  g e n e r a l  

fa llo u t le v e l s  d u r in g  th e  s tu d y . P o s s ib le  v a r ia t io n s  c a u s e d  b y  ag e , 

s e x , in h a la tio n  o f C s -1 3 7 , o r  in g e s t io n  o f th e  n u c lid e  w ith  w a te r  o r
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snow , a p p e a re d  in s ig n if ic a n t .

A s w ith  a i r  and  v e g e ta tio n , m a x im u m  le v e ls  o f C s-1 3 7  in  

d e e r  w e re  o b s e rv e d  in  1963. M ax im u m  le v e ls  w ith in  y e a r s  o c c u r r e d  

d u r in g  th e  s u m m e r  m o n th s  in  a n im a ls  c o lle c te d  ab o v e  8, 500 fe e t  

e le v a tio n . I n c r e a s e d  v a r ia b i l i ty  b e tw e e n  in d iv id u a ls  a ls o  o c c u r r e d  

in  th e  g ro u p  s a m p le d  f ro m  th e  s u m m e r  ra n g e . T h is  w as l ik e ly  

c a u s e d  by  th e  l a r g e r  and  m o re  c o m p le x  f lo r a  o f th e  s u m m e r  ra n g e , 

and a  w id e r  ra n g e  o f fa llo u t le v e l s .  N e a r ly  a l l  r e g r e s s io n  a n a ly s e s  

o f m u s c le  C s-1 3 7  v e r s u s  e le v a tio n  o f c o lle c t io n  in d ic a te d  h ig h ly  

s ig n if ic a n t  c o r r e la t io n s .  T he s lo p e s  o f th e  r e g r e s s io n  l in e s  w e re  

d if f e r e n t  b e tw e e n  y e a r s ,  h o w e v e r , in d ic a tin g  th a t  th e  e le v a tio n a l 

e ffe c t w a s  m o re  p ro n o u n c e d  a t  c e r ta in  t im e s  th a n  a t  o th e r s .

A ll e v id e n c e  e x am in ed  in d ic a te d  a  h ig h  d e g re e  o f c o r r e l a -

tio n  b e tw e e n  c e s iu m  le v e l s  in  v e g e ta tio n  and  th e  le v e l s  in  d e e r .

I t w as co n c lu d ed  th a t th e  d e g re e  o f fo lia g e  c o n ta m in a tio n  and  food 

h a b its  w e re  th e  m o s t  im p o r ta n t  f a c to r s  c o n tr ib u tin g  to  th e  c e s iu m  

b u rd e n s  in  d e e r .  T h u s , f a c to r s  a ffe c t in g  fo ra g e  c o n ta m in a tio n  

w ould  l ik e w is e  b e  im p o r ta n t .  C e s iu m -1 3 7  a s s a y  o f ru m e n  s a m p le s  

in d ic a te d  c o n c e n tra t io n s  s im i l a r  to  th o s e  m e a s u r e d  in  n a tiv e  p la n ts .  

A C s - 1 3 7 /K  d is c r im in a t io n  f a c to r  b e tw ee n  th e  d ie t  and  m u s c le  w as 

e s t im a te d  a s  0. 9 f ro m  th e  ru m e n  s a m p le s .

V a r ia n c e  a n a ly s e s  in d ic a te d  no s ig n if ic a n t  d i f f e r e n c e s  

b e tw e e n  ag e  g ro u p s  o r  s e x e s  in  C s-1 3 7  b u rd e n s .  H o w ev er, s in c e
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m a n y  o th e r  s o u r c e s  o f v a r ia b i l i ty  w e re  in h e re n t  in  th e  s t a t i s t i c a l  

a n a ly s is ,  i t  c an  o n ly  be  co n c lu d ed  th a t  p o s s ib le  d i f f e r e n c e s  b e tw e e n  

s e x e s  o r  ag e  g ro u p s  w e re  too  s m a l l  to be  d e te c te d .
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C ub ic  M e te r s *
12B 10- 2 -62 1532 3. 65
13B 10- 9-62 1612 4. 13
14B 1 0 -1 6 -6 2 1710 3. 90
15B 1 0 -2 3 -6 2 1667 2. 95
16B 1 0 -3 0 -6 2 1667 3. 05
17B 11- 6 -62 1650 5. 92
18B 1 1 -1 4 -6 2 1888 3. 70
19B 1 1 -2 1 -6 2 1112 4. 31
20B 1 1 -2 7 -6 2 1518 4. 54
21B 12- 4 -62 1650 4. 68
22B 1 2 -1 1 -6 2 1770 3. 01
23B 1 2 -1 8 -6 2 1480 4. 94
24B 1 2 -2 5 -6 2 1871 8. 51
25B 1- 1-63 1695 6. 87
2 6B 1- 8 -63 1750 7. 52
27B 1 -1 5 -6 3 1650 4. 92
28B 1 -2 2 -6 3 1602 7. 81
29B 1 -2 8 -6 3 1467 15. 63
30B 2- 5-63 1710 6. 67
31B 2 -1 1 -6 3 1728 15. 41
32B 2 -1 8 -6 3 1695 8. 87
33B 2 -2 5 -6 3 1818 6. 98
34B 3- 4 -63 1590 7. 77
35B 3 -1 1 -6 3 1682 12. 52
36B 3 -1 8 -6 3 1772 15. 43
37B 3 -2 6 -6 3 1712 22. 01
38B 4- 1-63 1651 34. 56
39B 4- 8-63 1742 21. 87
40B 4 -1 5 -6 3 1730 22. 48
41B 4 -2 2 -6 3 1710 35. 25
42B 4 -3 0 -6 2 1766 18. 50
44B 5 -1 4 -6 3 1521 36. 25
45B 5 -2 0 -6 3 1713 21. 48
46B 5 -2 7 -6 3 1617 24. 94
47B 6- 3-63 1603 38. 22
48B 6 -1 0 -6 3 1640 38. 49
49B 6 -1 7 -6 3 1704 16. 43
50B 6 -2 5 -6 3 1604 38. 51

^ T h e o r e t i c a l  s t a t i s t i c a l  cou n tin g  e r r o r s  l e s s  th a n  "t 10% of th e  e x p e c te d  
m e a n  w ith  95% co n f id e n ce .
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T a b le  1, C on tinued .

M ean  D a te C ub ic  M e te r s
P i c o c u r i e s  p e r  

H u n d re d
S a m p le  No. of C o l le c t io n S a m p le d C ub ic  M ete rs^ '

51B 7- 2 -63 1588 19. 39
52B 7- 8 -63 1628 11. 61
53B 7 -1 5 -6 3 1465 21. 44
54B 7 -2 2 -6 3 1486 13. 23
55B 7 -2 9 -6 3 1774 18. 03
56B 8 -  5-63 1560 6. 49
57B 8 -1 2 -6 3 1713 6. 94
58B 8 -1 9 -6 3 1576 6. 55
59B 8 -2 6 -6 3 1850 6. 35
61B 9 -1 0 -6 3 771 6. 64
62B 9 -1 6 -6 3 1901 8. 01
63B 9 -2 4 -6 3 1743 5. 41
65B 10- 8 -63 1428 10. 77
66B 1 0 -1 4 -6 3 1928 11. 16
67B 1 0 -2 2 -6 3 1499 7. 07
68B 1 0 -2 9 -6 3 1916 7. 19
69B 11- 5-63 1713 8, 60

. 7QB 1 1 -1 3 -6 3 1509 3. 56
71B 1 1 -1 8 -6 3 1713 8. 70
72B 1 1 -3 5 -6 3 1713 5. 58
73B 12- 3-63 1713 5. 28
74B 1 2 -1 0 -6 3 1522 9. 00
75B 1 2 -1 7 -6 3 1542 6. 63
76B 1 2 -2 4 -6 3 1743 3. 84
78B 1- 8 -6 4 1914 3. 29
79B 1 -1 5 -6 4 1927 7. 14
80B 1 -2 2 -6 4 1874 4. 52
81B 1 -2 8 -6 4 1770 17. 03
82B 2 -  4 -6 4 2021 4. 79
83B 2 -1 2 - 6 4 1999 8. 22
84B 2 -1 9 - 6 4 1743 6. 29
85B 2 -2 5 - 6 4 2142 10. 24
86B 3 -  4 -6 4 292 19. 09
87B 3 -1 0 - 6 4 1794 8. 42
88B 3 -1 8 - 6 4 2174 7. 77
89B 3 -2 5 - 6 4 1892 9. 04
90B 4- 1 -64 2866 8. 48
91B 4 -  9 -6 4 1147 10. 72
92B 4 -1 3 - 6 4 2123 9. 73

^ T h e o r e t i c a l  s t a t i s t i c a l  coun ting  
m e a n  w ith  95% co n f id e n ce .

e r r o r s  l e s s  th a n  t 10% of th e  e x p e c te d
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T a b le  1 , C on tinued .

M ean  D a te C ub ic  M e te r s
P i c o c u r i e s  p e r  

H u n d re d
S a m p le  No. of C o lle c t io n S a m p le d C ub ic  M e te r s *

93B 4 -2 1 - 6 4 1937 18. 23
94B 4 -2 7 - 6 4 1817 16. 45
95B 5- 5 -6 4 2047 17. 92
96B 5 -1 1 -6 4 2046 13. 98
97B 5 -1 8 - 6 4 2054 15. 64
98B 5 -2 5 - 6 4 2076 5. 65
99B 6- 2 -6 4 1798 2. 87

lOOB 6- 8 -6 4 2334 11. 35
lO lB 6 -1 5 -6 4 2004 15. 62
102B 6 -2 2 - 6 4 2016 11. 51
103B 6 -2 9 - 6 4 2130 5. 50
104B 7- 6 -6 4 2107 6. 09
105B 7 -1 3 - 6 4 1963 6. 00
106B 7 -2 0 -6 4 1845 5. 64
107B 7 -2 8 - 6 4 1679 5. 41
108B 8 -  4 -6 4 2006 2. 31
109B 8 -1 1 - 6 4 1734 2. 11
HOB 8 -1 8 - 6 4 1973 6. 53
l l l B 8 -2 4 - 6 4 1549 7. 65
112B 9- 1 -64 2066 4. 61
113B 9- 8 -6 4 1950 2. 44
114B 9 -1 5 - 6 4 1879 5. 24
115B 9 -2 2 - 6 4 1855 2. 97
116B 9 -2 9 - 6 4 1713 4. 11
117B 10- 6 -6 4 1903 3. 48
118B 1 0 -1 3 -6 4 1903 2. 22
121B 11- 2 -6 4 1855 3. 69
122B 1 1 -1 0 -6 4 1832 3. 17
123B 1 1 -1 7 -6 4 1879 0. 93
124B 1 1 -2 4 -6 4 1903 1, 82
125B 1 1 -3 0 -6 4 1639 1. 29
126B 12- 7 -6 4 1879 1. 88
127B 1 2 -1 4 -6 4 1809 3. 03
128B 1 2 -2 1 -6 4 1855 1. 46
129B 1 2 -2 8 -6 4 1879 1. 87
130B 1- 4 -65 1858 2. 27
131B 1 -1 1 -6 5 1785 1. 69
134B 2 -  1-65 1682 2. 36
135B 2- 8 -65 1816 1. 90

^ T h e o r e t i c a l  s t a t i s t i c a l  co u n tin g  e r r o r s  l e s s  th a n  t  10% of th e  e x p e c te d  
m e a n  w ith  95% c o n f id en ce .



T a b le  2. M onth ly  and  y e a r l y  m e a n  c e s iu m -1 3 7  c o n c e n t r a t io n s  in a i r  c o l le c te d  a t  B u c k h o rn  M ountain , 
O c to b e r ,  1962 th ro u g h  F e b r u a r y ,  1965.

M onth 1962
YEAR
1963 1964 1965

J a n u a r y — 8. 55 8. 00 1. 98

F e b r u a r y — 9. 48 7. 39 2. 13

M a rc h — 14. 43 11. 08 —

A p r i l — 26. 53 12. 72 —

M ay — 27. 56 13. 30 —

Ju n e — 32. 91 9. 37 —

Ju ly — 16. 74 5. 79 —

A u g u st — 6. 58 4. 65 —

S e p te m b e r — 6. 69 3. 87 —

O c to b e r 3. 54 9. 05 2. 85 —

N o v e m b e r 4. 62 6. 61 2. 18 —

D e c e m b e r 5. 29 6. 19 2. 06 —

Y e a r ly  M ean s — 14. 20 7. 28 —

'̂‘̂ Mean c e s i u m - 137 c o n c e n t r a t io n s  e x p r e s s e d  a s p i c o c u r i e s  p e r h u n d re d  cub ic  m e t e r s . (4̂
< 1
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T a b le  3. T o ta l  c e s iu m - 1 3 7  d e p o s i t io n  r a t e s  a t  K e l ly  F l a t s ,  O c to b e r  
1963 th ro u g h  J a n u a r y  1965.

S a m p le  No. M onth Y e a r
P r e c i p i t a t i o n  

in  In c h e s*
C s - 1 3 7  D e p o s i t io n  
in  p c / m ^ / m o n t h * *

I I T Oct. 1963 0. 41 476
13T Nov. 1963 0. 10 208
15T D ec. 1963 0. 35 216
17T J a n . 1964 0. 07 76
19T F e b . 1964 0. 20 254
21T M a r c h 1964 0. 52 387
23T A p r i l 1964 2. 45 1491
25T M ay 1964 1. 24 2459
27T Ju n e 1964 0. 90 2080
29T J u ly 1964 0. 65 879

■ 31T Aug. 1964 1. 48 1000
33T Sept. 1964 1. 31 543
35T O ct. 1964 0. 03 164
37T Nov. 1964 0. 14 398
39T D ec. 1964 0. 38 290
41T J a n . 1965 0. 21 95

* D a ta  c o l le c te d  by D. E . M ed in  an d  A. E . A n d e r s o n ,  C o lo ra d o  
D e p a r tm e n t  of G a m e , F i s h ,  and  P a r k s ,

^ ^ T h e o r e t i c a l  s t a t i s t i c a l  co u n tin g  e r r o r s  l e s s  th a n  t  10 p e r  c e n t  in th e  
e x p e c te d  m e a n  w ith  95 p e r  c e n t  c o n f id e n c e .
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T a b le  4, P r e c i p i t a t i o n  d a ta  f o r  s u m m e r  r a n g e  v e g e ta t iv e  p lo t s .

L o c a t io n P e r i o d
E le v a t io n

F e e t
P r e c i p i t a t i o n

In c h e s
L i t t l e  B e a v e r 10- 3 -6 3  to  6 -1 6 -6 4 8600 9. 04
M a n h a t ta n tl 9000 8. 78
L a r a m i e  (2) I 9300 15. 08
L a r a m i e  (1) n 9400 12. 98
P e n n o c k  C re e k n 9400 9. 37
N unn C r e e k f 1 9900 12. 47
C ro w n  P o in t It 10320 12. 46̂ <
T r a p  P a r k 11 10480 15. 13
Z i m m e r m a n u 10500 17. 56

L i t t l e  B e a v e r 6 -1 6 - 6 4  to  10- 2 -6 4 8600 5. 21
M an h a t ta n 11 9000 4. 04
L a r a m i e  (1) 11 9400 6. 66
P e n n o c k  C r e e k 11 9400 3. 55
N unn C r e e k H 9900 6. 63
C ro w n  P o in t ! l 10320 5. 64 -

* D a ta  c o l le c te d  by D. E .  M ed in  and  A .  E .  A n d e r s o n ,  C o lo ra d o  
D e p a r tm e n t  of G a m e , F i s h ,  an d  P a r k s .



T a b le  5. G r o s s  g a m m a  ra d io a c t iv i ty  in s u r f a c e  s o i l  s a m p l e s  in  June., 1964.
R e la t iv e  A c tiv i ty

in c p m / cm"^
S am p le P e r c e n t g r a m s  / cm ^. d e te r m in a t io n

No. R ep. L o c a t io n D ate S to n in e s s* * l "  dep th (a) (b)
62 1 H ew le t t  (G, F  & P) 6- 1 -64 13. 7 1. 96 2. 03 2. 25

2 M 1 1 13. 8 2. 06 2. 66 2. 74
3 11 11 16. 9 1. 88 2. 54 2. 53
4 M 1 1 9. 2 2. 32 2. 27 2. 08

63 1 K elly  F l a t s  /G, F  & P) 6- 1 -64 28. 8 1. 64 2. 86 2. 96
2 M 1 1 20. 6 1. 94 3. 44 3. 47
3 11 11 26. 6 1. 95 3. 61 3. 36
4 11 11 26. 5 2. 13 3. 68 4. 01

64 1 L i t t l e  B e a v e r  (G. F  & P) 6- 1 -64 15. 8 1. 75 3. 75 4. 35
2 11 I 1 23. 5 1. 44 3. 96 3. 38
3 II 1 I 31. 9 1. 95 5. 10 4. 94
4 11 It 34. 0 1. 64 3. 48 3. 55

65 1 C row n  P o in t 6- 1-64 22. 9 0. 79 1. 61 1. 56
2 1 1 1 I 47. 9 0. 86 2. 30 2. 29
3 1 1 It 25. 9 1. 12 2. 93 3. 26
4 M 1 I 32. 7 0. 30 1. 20 1. 58

66 1 L i t t l e  B e a v e r  (m eadow ) 6 -1 5 -6 4 27. 7 2. 29 2. 38 2. 23
2 M 1 1 28. 0 1. 62 2. 04 1. 38
3 11 M 11. 2 0. 34 0. 98 1. 84
4 H It 18. 1 1. 70 1. 28 1. 38

S a m p le s  c o l le c te d  f r o m  th e  0 -1  inch  l a y e r .  A r e a  s a m p le d
wt. r o c k s > l .  65 m m  d ia m . in  s a m p le  

T o ta l  w t. s a m p leP e r c e n t  s to n in e s s  = X 100 o



T a b le  5, C ontinued .
R e la t iv e  A c tiv i ty

in c p m / cm'^
S am p le P e r c e n t g r a m s  / cm d e te r m in a t io n

No. Rep. L o c a t io n D ate S to n in e s s* * l "  depth (a) (b)
67 1 R is t  C anyon 6- 1-64 24. 5 2. 04 3. 09 3. 41

2 M I 1 46. 7 1. 64 2. 94 2. 94
3 M 1 1 29. 2 1. 83 2. 25 2. 53
4 11 II 31. 4 1. 36 3. 03 2. 74

68 1 S e a m an  R e s e r v o i r 6- 1 -64 29. 7 1. 46 3. 20 3. 10
2 II II 41. 3 1. 63 2. 97 3. 06
3 M II 30. 3 2. 00 3. 51 3. 87
4 It 1 1 32. 0 1. 24 2. 59 1, 93

69 1 Y o u n g 's  G u lch 6- 1 -64 25. 3 2. 14 3. 59 3. 17
2 II 1 1 13. 7 2. 48 4. 12 4. 51
3 II II 26. 4 1. 44 2. 46 2. 56
4 If 11 15. 3 1 .8 8 1. 12 2. 87

70 1 K elly  F l a t s 6- 1 -64 18. 6 2. 18 1. 01 3. 62
2 II 1 I 32. 2 1. 79 1. 25 3. 38
3 It It 31. 2 1. 81 3. 87 3. 18
4 II It 28. 8 1. 58 3. 27 2. 90

71 1 B en n e t t  C r e e k 6- 1 -64 18. 7 2. 24 3. 64 3. 95
2 11 It 20. 1 2. 20 3. 55 3. 47
3 II It 10. 0 1. 91 2. 75 2. 60
4 M It 16. 6 1. 99 2. 63 2. 54

* S a m p le s  c o l le c te d  f r o m  the  0 -1  in ch  l a y e r .  A r e a  s a m p le d  = 340 c m ^ / s a m p l e .

wt. r o c k i ^ l .  65 m m  d ia m . in  s a m p le  
T o ta l  w t. s a m p le=!s>i<percent s to n in e s s  = X 100

tn



T a b le  5, C ontinued .
R e la t iv e  A c t iv i ty

in  c p m / cm*^
S am p le P e i  cen t g r a m s /  cm ^j d e te r m in a t io n

No. Rep. L o c a t io n D ate Stoniness=i'=^ l "  dep th (a) (b)
72 1 H om e M o ra in e 6- 1 -64 13. 2 2. 12 3. 16 2. 51

2 M I! 17. 3 1. 66 2. 82 2. 30
3 11 11 5. 6 2. 55 3. 14 3. 10
4 M II 7. 5 2. 24 3. 31 3. 09

73 1 S e v e n m ile  C r e e k  (G, F  & P) 6- 1 -64 25. 3 2. 09 4. 15 3. 52
2 M 1 1 26. 1 1. 65 4. 50 3. 95
3 If n 30. 5 1. 41 4. 13 3. 74
4 H M 25. 1 1. 83 3. 73 3. 33

74 1 S e v e n m ile  C r e e k 6- 1 -64 27. 5 1. 93 4. 08 3. 70
2 n II 29. 6 1. 53 2. 42 2. 11
3 n 1 1 22. 1 2. 29 3. 41 3. 21
4 M It 32. 0 1. 90 3. 95 2. 78

75 1 P in g r e e  H il l 6- 1 -64 14. 0 1. 42 2. 74 1. 42
2 11 M 18. 3 2. 02 2. 84 1. 43
3 11 I t 13. 2 2. 13 3. 87 1. 90
4 11 11 28. 4 2. 17 3. 46 3. 15

76 1 H ew le tt  G u lch  (1) 6- 5 -6 4 14. 4 2. 21 3. 85 3. 62
2 11 M 14. 7 2. 50 2. 63 2. 67
3 ft M 9. 9 2. 16 2. 72 2. 69
4 M 11 9. 3 1. 58 2. 13 2. 10

* * P e r c e n t  s to n in e s s  = w t. ro c k s> l .  65 m m  d ia m . in s a m p le
T o ta l  w t. s a m p le

U l
DO



T a b le  5, C on tinued .

g r a m s /  cm ^.

R e la t iv e  A c t iv i ty  
in  c p m /  cm 2

S am p le P e r c e n t d e te r m in a t io n
No. Rep. L o c a t io n D ate Stoniness* '! ' l "  dep th (a) (b)

77 1 H e w le t t  G u lch  (2) 6- 5 -6 4 32. 5 1. 13 1. 66 1. 59
2 1 ( II 40. 1 1. 52 2. 31 2. 46
3 II It 31. 7 0. 90 1. 60 1. 61
4 II I I 35. 0 1. 19 1. 83 1. 61

78 1 H e w le t t  G u lch  (3) 6- 5 -6 4 20. 0 1. 84 2. 92 3. 04
2 II It 23. 7 2. 12 2. 48 2. 35
3 11 It 26. 5 1. 98 2. 40 2. 23
4 1 I It 21. 3 2. 05 2. 63 2. 89

79 1 H e w le t t  G u lch  (4) 6- 5 -6 4 21. 2 1. 69 3. 02 2. 79
2 11 It 13. 0 1. 78 2. 36 2. 58
3 It It 22. 7 1. 36 1. 71 1. 73
4 It II 23. 5 1. 67 2. 76 2. 56

80 1 P e n n o c k  C r e e k 6 -1 5 -6 4 25. 5 0. 89 1. 54 1. 21
2 It II 20. 7 0. 50 2. 53 2. 05
3 11 It 23. 8 0. 89 1. 65 1. 61
4 II II 25. 9 0. 73 2. 38 2. 86

81 1 M an h a ttan 6 -1 5 -6 4 17. 1 1. 64 2. 31 2. 11
2 II It — 0. 74 1. 85 1. 54
3 1 I I t 9. 9 1. 67 1. 90 1. 49
4 II M 10. 0 1. 49 1. 76 0. 92

« P e r c e n t  s t o n in e s s  = ro c k s> l ,_65 m m  d ia m  in s a m p le
T o ta l  w t, s a m p le

100 cn
00



T a b le  5̂  C on tinued .

S a m p le
No.

P e r c e n t
S to n in e s s* *

g r a m s  / cm ^, 
l "  dep th

R e la t iv e  A c t iv i ty  
in c p m /  cm ^

R ep. L o c a t io n D ate
d e te r m in a t io n  
(a) (b)

82 1 Nunn C re e k 6 -1 5 -6 4 34. 4 0. 42 1. 10 0. 97
2 It 1 1 10. 2 0. 73 1. 95 1. 31
3 1! M 36. 1 1. 04 2. 26 2. 23
4 It 11 22. 7 2. 31 3. 16 3. 00

83 1 L a r a m i e  M eadow  (1) 6 -1 7 -6 4 9. 8 0. 93 2. 52 1. 73
2 II 1 1 13. 5 1. 40 3. 23 2. 58
3 11 It 11. 7 2. 09 3. 75 2. 95
4 M 1 1 8. 9 1. 66 4. 44 3. 58

84 1 L a r a m i e  M eadow  (2) 6 -1 7 -6 4 7. 6 0. 81 3. 13 2. 57
2 It It 6. 4 1. 22 3. 92 3. 40
3 M It 31. 1 0. 44 1. 23 1. 26
4 It It 9. 0 1. 50 3. 18 2. 69

85 1 Z i m m e r m a n  B ench 6 -1 7 -6 4 18. 8 1. 34 3. 30 3. 88
2 M 1 1 41. 0 1. 34 3. 99 3. 45
3 It II 15. 7 1. 27 4. 20 3. 52
4 II I I 16. 1 1. 08 1. 84 1. 43

86 1 T r a p  P a r k 6 -1 8 -6 4 35. 4 0. 87 3. 22 2. 94
2 It 1 1 20. 5 2. 00 3. 71 3. 76
3 It It 24. 7 1. 37 2. 52 3. 00
4 It 11 26. 4 1. 11 3. 48 3. 03

>i-^^Percent s to n in e s s  =
T o ta l  w t. s a m p le

X 100 U l



T ab le  6. L e v e l s  of v a r io u s  g a m m a  e m i t t i n g  r a d io n u c l id e s  in 
s e v e r a l  im p o r t a n t  s p e c i e s  o f  d e e r  f o r a g e  p l a n t s ,  

_______________A u g u s t  1962 -  S e p te m b e r  1964. *________________ ______

155

S am p le N u c lid e  L e v e l s  in  p c / g  a i r  d r y
ID R ep C l L o c . D ate C e-144 Sb-125 Ru-106 C s-137 Z r - 9 5 M n -5 4

21 0 4 01-00 229 112 7 .71 20.1 8 .5 6 7 1. 5 3 .8 3
22 0 3 12-00 229 5 7 .2 3.16 10. 3 3 .2 8 4 8 .3 2 .2 6
23 0 9 0 2 -0 0 229 12 .9 0 .71 1 .90 0 .7 5 2 7 .7 0 .7 9
24 0 1 12-00 229 61.0 6 .0 0 8 .8 7 4. 04 4 5 .7 2 .3 8
25 0 4 0 2 -0 0 229 7 4 .6 4 .4 0 15.1 4 .7 9 6 4 .0 2 .81
26 0 11 0 2 -0 0 228 4 0 .8 2 .3 0 7 .2 9 2 .4 9 5 3 .6 2 .01
28 0 9 16-00 228 17.2 1. 11 2 .5 3 0 .7 2 2 9 .4 0 .91
29 0 10 16-00 228 7 2 .9 2 .7 8 12.9 4 .5 8 6 8 .0 2.12
30 0 10 11-00 228 6 3 .2 3 .2 4 12.3 4 .4 3 2 6 .2 2 .10
31 0 10 11-00 228 106 4 .8 6 15.1 5 .0 9 7 9 .0 2 .8 6
32 0 3 10-00 233 6 2 .2 4 .5 8 7 .9 3 3 .6 3 7 2 .0 3.18
34 0 1 13-02 233 5 6 .4 3 .0 8 10.8 3 .8 5 8 3 .7 2 .6 4
35 0 10 13-02 233 4 7 .6 2 .5 5 6 .6 6 3.19 94. 2 2 .4 6
36 0 1 13-01 233 6 5 .2 3 .3 9 11.7 4 .2 2 103 2 .5 6
37 0 10 13-01 233 5 0 .6 2 .7 8 9 .81 3 .9 9 30.1 2 .2 9
39 0 9 16-00 270 3 4 .3 2.15 5.14 1 .9 5 5 6 .9 2.18
40 0 11 16-00 270 56.1 3 .21 4. 59 3 .0 8 8 3 .0 2 .8 6
41 0 9 0 7 -0 0 270 3 9 .5 2.13 5 .3 2 2 .3 4 8 2 .4 1.91
43 0 11 0 2 -0 0 272 2 2 .6 1 .25 1.11 1. 59 3 3 .9 1 .27
45 0 4 0 2 -0 0 27^ 3 3 .0 2 .7 0 4 .8 2 2. 55 4 5 .3 1 .86
46 0 4 01-00 272 9 3 .5 6 .5 8 14. 3 5. 04 71.5 4 .4 8
47 0 12 01-00 272 2 4 .9 2.16 3 .31 1 .2 4 42 .1 1. 54
48 0 12 19-00 272 6 0 .7 3 .9 4 10.6 5 .91 2 0 .1 3 .21
49 0 1 13-02 355 106 1 .40 4 .7 3 1.19 9 9 .9 2 .0 0
50 0 10 13-02 355 31.4 1.14 2 .9 7 1.46 5 4 .2 1 .73
51 0 1 13-01 355 5 3 .6 1 .46 7 .9 8 2.13 122 2 .0 5
52 0 10 13-01 355 2 7 .6 0 .8 3 2 .4 0 1. 26 4 7 .9 1 .93
53 0 3 12-00 355 4 5 .0 0 .9 8 3 .4 6 0 .9 0 2 6 .2 0 .9 5
54 0 1 12-QO 355 5 9 .5 2 .0 5 N .D . 1. 91 107 1. 98
55 0 10 12-00 355 7 8 .8 1 .5 0 2 .9 8 1. 37 5 7 .7 1.91
56 0 10 11-00 355 4 3 .7 1 .4 0 3 .5 8 1. 93 41. 5 2.12
57 0 10 11-00 355 5 6 .0 1.37 4 .6 4 2 .14 8 5 .7 2.16
58 0 3 10-00 356 2 6 .0 0 .8 5 1 .79 1, 31 22. 9 0 .9 7
60 0 10 13-01 426 4 2 .6 1.71 7 .5 7 2 .01 4 0 .6 1.97
61 0 1 13-01 426 8 4 .0 3 .2 0 16.9 3 .8 0 101 4 .2 7

C ode  s y s t e m  fo r  c l a s s i f i c a t i o n ,  lo c a t io n ,  and  d a te  g iv e n  in  T a b le  7.
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T ab le  6, co n tin u ed

S am p le  
ID R ep C l L o c . D ate

N uclide L e v e ls  in p c / g  a i r  d r y
C e-144 S b-i25 Ru-106 C s-137 Z r - 9 5 M n -5 4

62 0 1 13-02 426 91. 9 3 .8 9 17 .4 4. 32 103 4 .8 0
63 0 10 13-02 426 4 7 .6 N .D . 7 .6 9 2 .4 2 41.3 2 .9 2
64 0 10 11-00 426 5 6 .4 2 .3 4 7 .9 3 3.10 47 .1 2 .3 7
65 0 10 11-00 426 61.2 2 . 31 8. 96 3. 04 51. 5 2 .7 9
66 0 3 10-00 438 2 0 .8 0 .9 4 2 .2 3 1.14 11 .2 0 .9 7
67 0 3 10-00 438 19.2 0 .6 0 2 .3 4 1.17 9 .9 8 0 .96
68 0 3 12-00 438 17 .5 0 .6 0 3 .3 0 1.01 12 ,8 0. 90
69 0 10 12-00 438 3 8 .9 1.66 0 .3 7 1 .69 3 4 .4 2 .2 4
70 0 1 12-00 438 4 0 .2 1.41 6 .4 8 1 .7 4 3 8 .8 2 .4 2
72 0 11 0 2 -0 0 544 5 4 .5 3 .6 6 9 .8 9 4.16 2 3 .9 6 .4 3
73 0 9 0 2 -0 0 544 12.3 0 .9 8 3.12 1,12 6 .8 5 2.14
74 0 4 01-00 544 6 2 .3 5 .3 4 11.9 4 .6 2 33 .1 8 .2 6
75 0 12 01-00 544 121 8 .0 9 21.4 8 ,9 8 4 3 .5 12 .9
76 0 4 0 2 -0 0 544 197 1 4 .0 3 9 .8 12 .4 8 7 .3 22 .1
77 0 4 0 3 -0 0 544 7 8 .9 5 .6 8 1 p; 7 5 .8 3 3 6 .8 11.3
78 0 8 0 3 -0 0 544 194 6 .0 5 6 5 .5 3 .6 7 71.1 4 9 .5
79 0 9 0 7 -0 0 547 31.8 2 .4 8 6 .3 5 2.14 15.8 4 . 55
80 0 11 0 7 -0 0 547 4 3 .8 2 .7 9 8 .4 5 3 . 13 1 9 .5 5 ,2 5
81 0 12 0 8 -0 0 547 9 5 .5 6 .5 8 15. 3 6 .4 5 34.1 10.2
82 0 12 0 9 -0 0 564 147 10.9 2 5 ,7 10.2 5 4 .6 19 .9
83 0 9 0 9 -0 0 564 4 0 .8 3 .8 0 8 .91 0.41 8 .4 1 5 .3 8
84 0 7 0 9 -0 0 564 8 6 .4 6 .2 8 18.3 6.15 3 8 .3 13.6
85 0 9 0 7 -0 0 565 4 2 .0 2 .9 6 7 .8 2 2 .6 7 2 0 .2 6 ,3 2
86 0 11 0 7 -0 0 565 119 7 .0 9 18.8 7 .3 9 3 7 .2 1 2 .4
87 0 2 0 7 -0 0 565 7 4 .0 4 .5 5 15. 2 4 .3 5 2 6 .3 8 .9 2
88 0 8 0 7 -0 0 565 8 0 .6 5 .4 0 19.1 4 .3 0 31. 2 9. 50
89 0 7 (>7“ 00 565 4 8 .5 3 .6 0 11.3 3 .2 3 18.1 6 .9 6
90 0 12 0 8 -0 0 565 114 8 .3 8 18.8 8 .7 8 3 7 .8 11 .0
91 0 5 0 8 -0 0 565 6 9 .7 4 .5 2 9 .5 0 5 .7 7 2 3 .0 5. 53
92 0 4 01-00 565 210 12.8 44. 9 1L7 73. 5 2 3 .9
93 0 12 01-00 565 147 8.17 2 7 .7 11.9 5 2 .2 17 .0
94 0 9 0 2 -0 0 566 2 2 .3 1 .85 4 .9 9 1.86 10.1 3 .4 2
95 0 l i 0 2 -0 0 566 51.5 3 .7 3 8 .7 4 4.31 21.0 7 .2 3
96 0 4 0 2 -0 0 566 9 8 .0 7 .0 4 21.4 6 ,6 0 41.5 13 .0
97 0 11 0 6 -0 0 566 5 5 .2 3 .9 2 14. 0 4. 51 2 3 .2 6 .8 0
98 0 4 0 6 -0 0 566 197 11.6 4 3 .4 10.6 7 7 .0 21.5
99 0 2 0 6 -0 0 566 8 2 .9 4 .5 3 1 3 .0 6 .4 8 2 9 .6 10 .3
100 0 8 0 6 -0 0 566 9 3 .2 6.19 2 0 ,7 6 , 15 36. 5 11.7
101 0 7 0 6 -0 0 566 103 6 .8 2 2 6 .8 10.2 43. 5 14. 6
102 0 4 0 3 -0 0 568 8 6 .9 6 .7 5 1 9 .4 5 .3 0 32. 9 15 .5
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T ab le 6, co n tin u e d

N u c lid e  L e v e ls  in  p c / g  a i r  d r y
ID R ep C l L o g . D ate C e-144 Sb-125 Ru-106 C s-137 Z r - 9 5 M n-54

103 0 8 0 3 -0 0 568 6 3 .4 3 .3 5 16.7 3 .2 8 21.5 14.3
104 0 12 0 3 -0 0 568 245 15 .4 5 8 .2 17 .5 81 .4 2 8 .6
105 0 11 0 4 -0 0 569 3 5 .9 2 .8 5 6.19 3 .0 8 14.8 4 .8 7
106 0 4 0 4 -0 0 569 115 7 .4 7 2 7 .0 10 .0 4 4 .1 1 5 .4
107 0 9 0 5 -0 0 569 4 6 .2 4 ,31 7 .9 6 2 .8 2 2 0 .0 6 .8 4
108 0 7 0 5 -0 0 569 4 8 .3 3 .8 2 10. 5 3 .4 3 17.6 9.10
109 0 5 0 5 -0 0 569 6 6 .9 5 .7 9 7 .2 5 5.12 22 .1 6 .9 6
n o 0 12 0 9 -0 0 599 134 10 .2 3 2 .6 11.6 3 7 .0 2 0 .9
111 0 9 0 9 -0 0 59S 41.1 3 .6 5 8 ,8 4 3.13 1 c. 0 6 ,01
112 0 7 0 9 -0 0 599 8 7 .7 7 .2 9 20, 3 8 .4 4 3 3 .0 19.7
113 0 9 0 7 -0 0 599 3 7 .7 2 .4 3 8 .14 2 .7 7 12 .2 5 .9 9
114 0 ■ 1 ■? 0 7 -0 0 599 7 4 .4 4 .11 11.8 6 .2 3 16,2 9 .0 7
1 1 5 0 2 0 7 -0 0 599 73 .1 3 .2 7 1 0 .1 5 .8 5 14,1 9. 96
116 0 8 0 7 -0 0 599 9 5 .2 6 .11 20 .1 6 .6 8 2 7 .6 11 .0
117 0 7 0 7 -0 0 599 5 8 .5 2 ,9 4 12. 5 r. IQO • .i 14 .5 9 .9 8
118 0 12 0 8 -0 0 600 117 8 .2 8 16,2 9 .8 7 30 . 0 14 .9
119 0 5 0 8 -0 0 600 6 3 .3 4 .41 6 .8 4 6 .5 0 14.3 5 .6 5
120 0 9 0 5 -0 0 600 5 2 .5 4 .4 0 8 .3 8 3. 02 18.8 6 .5 2
121 0 7 0 5 -0 0 6 00 6 7 .9 5.10 11.2 4 .9 3 16.6 11.6
122 0 5 0 5 -0 0 600 4 8 .0 4 .6 0 5 .4 9 4. 53 ■'! 7 <> 5 .4 2
123 0 4 01-00 601 206 13. 1 41.9 14.2 4 4 .7 2 5 .5
124 0 12 01-00 601 158 1 'i' 5 2 5 .4 15.6 3 7 .0 2 0 .7
125 0 9 0 2 -0 0 604 2 0 .7 1 .42 3.31 2 .01 5 .9 2 2 .8 8
126 0 11 0 2 -0 0 604 5 4 .3 3 .4 0 9 .2 9 5 .0 7 12,7 6 .3 2
127 0 4 0 2 -0 0 604 106 7 .9 3 20. 5 7 .8 6 2 7 .4 12.8
128 0 4 0 3 -0 0 603 7 3 .2 5 .9 6 12.3 5 .5 4 21.5 11.3
129 0 8 0 3 -0 0 603 5 5 .0 3 .8 7 12.2 4.13 15 .9 11 .0
130 0 12 0 3 -0 0 603 102 6 .0 9 18,2 8 .8 6 2 0 .5 15.1
133 0 11 0 6 -0 0 600 8 6 .9 4 .8 5 13 .3 6,15 19 .5 9 .6 9
134 0 4 0 6 -0 0 600 252 14.8 4 6 .4 16.6 5 3 .3 2 7 .0
135 0 2 0 6 -0 0 600 96.1 4 .6 2 14.1 7 .7 2 17 .5 11 .4
136 0 8 0 6 -0 0 600 171 9 .5 9 35. 5 11 .9 3 5 .3 2 0 .3
137 0 7 0 6 -0 0 600 150 9 ,0 5 34. 6 12,6 2 9 .5 2 4 .6
138 0 12 0 9 -0 0 625 117 8 .8 6 3 0 .3 1 1 .4 2 0 .7 2 0 .3
139 0 9 0 9 -0 0 625 4 6 .2 4 .31 8 .51 3 .2 3 10.8 7 .3 7
140 0 7 0 9 -0 0 625 n o 8 .2 2 2 2 .0 11 .9 21.2 2 4 .0
141 0 9 0 7 -0 0 625 4 3 .9 3 .4 7 9 .3 0 3 .2 9 9 .7 5 6.13
142 0 11 0 7 -0 0 625 5 8 ,0 3 .5 7 9.10 4 .3 9 9 .9 8 7 .4 3
143 0 2 0 7 -0 0 625 6 0 .7 2 .71 7 .8 0 4.18 9.21 8 ,31



T ab le  6, co n tin u ed
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S am ple N u c lid e  L e v e ls  in p c / g  a i r  d r y
ID R ep C l L o c . D ate C e-144 Sb-125 Ru-106 C s-137 Z r - 9 5 M n-54

144 0 8 07 “ 00 6 ^ 6 0 .2 4 .8 9 12.1 4 .41 14 .5 9.13
145 0 7 - O'u ""00 625 6 7 .4 4 .0 9 12.7 5 ,6 9 10 ,0 11 .4
146 0 12 08-00 62-5 107 7 .8 2 17 .0 10.9 15 .9 14,1
147 0 5 08-00 6 2-5 5 7 .4 4 .7 3 6 .7 2 6 .5 2 9 .0 0 5 .6 4
148 0 9 0 5 -0 0 63-0 5 6 .7 4 .41 8 .9 8 3 ,6 4 9 .9 0 7 .8 9
149 0 5 0 5 -0 0 630 4 6 .9 4 .3 7 6.19 4 .8 7 9 .4 5 5 .6 6
150 0 n-

i 0 5 -0 0 630 100 7.61 N .D . 8 .8 7 13 .8 18 ,5
151 0 11 06-00 632 5 3 .3 3 .7 9 9 .5 8 4 ,3 2 7 .7 9 6 .4 2
152 0 7 7Jl 0 6 -0 0 632 9 6 .8 4 .7 8 15. 0 6 .5 6 11. 7 11 .3
153 0 4 0 6 -0 0 632 270 15 .0 5 2 .7 18,7 4 0 .1 2 4 ,6
154 0 7 0 6 -0 0 632 145 9.14 35, 0 13 .4 21.8 21.4
155 0 2 0 6 -0 0 632 5 9 .3 2 .5 2 9 ,0 5 5 .7 4 7 .0 2 6 .6 3
156 0 8 06-00 632 223 ■ 13,3 4 6 .7 16.9 3 5 .8 2 3 .0
157 0 12 01-00 632 128 8 .5 3 19. 0 14 .5 17.1 15 .0
158 0 4 01-00 632 217 13 .0 44. 5 14,7 3 3 .4 2 4 .4
159 0 4 02-00 632 144 9 .0 5 26. 9 11,6 2 4 .2 17.1
16 0 0 9 0 2 -0 0 632 2 5 .3 .1.59 4 .4 0 1. 90 5 ,0 0 3 .2 6
161 0 d. JL 0 2 -0 0 632 3 4 .0 2 .0 6 5 .5 6 3 .5 9 5 .7 2 4 .6 0
162 0 8 04—00 6 34 105 6 .9 0 24. 0 8 .9 8 17.6 14.3
163 0 11 0 4 -0 0 6.34 41.2 3 .01 5.19 3 ,3 3 6 .5 0 5.10
164 0 12 0 3 -0 0 6 34 108 6 .0 4 17 .5 11.1 13 .2 16.6
165 0 4 0 3 -0 0 634 7 3 .6 6 .0 9 7 Q Q' p O 5 .2 5 <12.3 12,7
166 0 8 0 3 -0 0 634 5 7 .0 4 .5 2 11.6 4 .4 7 13.8 1 2 .4
167 0 3 12-00 653 2 6 .0 ‘1 .57 3 .7 5 1.73 2 ,5 6 3 .2 3
168 0 1 12-00 653 4 7 .8 2 .5 8 6 .4 2 2 .2 5 5 .8 7 4 .3 0
169 0 10 12-00 653 3 7 .0 1 .6 4 5 .9 5 2 .4 2 3 .2 2 4 .71
170 0 6 12-00 653 4 5 .6 4 .6 2 6 .4 9 4 .0 6 6 .9 3 4 ,4 7
171 0 10 16-00 655 3 6 .8 1 .6 4 5 .3 2 2 .4 2 3 .0 8 4 ,0 7
172 0 10 U -0 0 655 3 0 .9 1 .53 4 .5 2 2 .0 2 3 .7 2 3 ,4 2
173 0 6 11-00 655 4 6 .6 4 .81 5 .3 3 4 .14 7 .8 5 4 .3 8
174 0 3 10-00 655 3 6 .0 2 .3 6 5 .9 9 2 .4 3 3.-52 4 .2 9
175 0 3 14-00 656 3 3 .8 2.16 5 .4 8 2.19 3 ,5 5 4 .0 9
176 0 6 14-00 656 50 .1 4 .2 7 6 .9 9 5 .0 4 5. 93 5.01
177 0 3 15-00 662 3 9 .9 2 .4 8 5.91 2 .8 9 3 .8 9 4.12
178 0 1 17-00 662 3 3 .0 1 .75 5 .2 2 2. 00 4 .7 6 2 .8 6
179 0 6 13-00 662 51.1 4 .8 8 5.21 5 ,2 8 6 .8 7 5 .0 4
180 0 10 13-02 662 41.7 1 .4 0 4 .6 5 2. 66 1.81 4 .7 2
181 0 1 .1 3 -0 2 662 4 9 .5 2 .5 6 4 .91 2 .7 0 6 ,2 5 4 .2 4
182 0 10 13-01 662 129 7 .4 4 18.2 5 .8 6 12.6 10.3
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S a m p le  
ID R ep Cl L o c . Date

N uc l ide  L e v e l s  in p c / g  a i r  d r y
C e - 144 Sb-■125 R u - 106 Cs -137 Z r ' -95 Mn -54

183 0 1 13-01 662 54. 0 3. 10 5. 69 0. 24 7. 32 3. 81
184 0 1 13-01 718 47. 1 2. 77 7. 57 3. 01 4. 17 3. 54
185 0 1 13-02 718 44. 4 2. 92 6. 94 2. 74 3. 33 3. 67
186 0 6 13-00 718 50. 2 5. 37 6. 02 5. 57 4. 72 5. 03
187 0 10 13-01 718 69. 2 2. 73 8. 11 3. 97 2. 61 4. 96
188 0 10 13-02 718 45. 2 1. 50 5. 79 2. 62 1. 83 4. 21
189 0 10 12-00 718 38. 4 1. 03 4. 18 2, 03 1. 29 3. 50
190 0 3 12-00 718 15. 7 0. 80 1. 33 1. 36 0. 68 1. 64
191 0 1 12-00 718 46. 0 2. 36 5. 98 2. 77 3. 75 3. 70
192 0 6 12-00 718 37. 6 4. 56 5. 17 4. 09 3. 66 4. 19
193 0 1 17-00 718 27. 4 1. 88 4. 66 1. 77 2. 49 2. 28
194 0 10 16-00 719 30. 7 1. 30 3. 56 2. 14 1. 21 3. 01
195 0 10 11-00 719 25. 3 0. 86 3. 25 1. 35 0. 49 2. 40
196 0 6 11-00 719 39. 7 4. 01 4. 79 4. 31 3. 52 4. 05
197 0 3 10-00 719 19. 2 0. 88 1. 49 1. 44 0. 64 1. 61
198 0 3 14-00 719 17. 8 0. 89 1. 91 1. 35 0. 69 1. 60
199 0 6 14-00 719 39. 5 3. 83 4. 98 4. 35 3. 34 3. 90
200 0 3 15-00 719 26. 2 1. 38 2. 71 1. 87 1. 51 2. 08

201 1 3 14-00 780 14. 2 0. 72 1. 53 1. 06 0. 47 1., 10
2 3 14-00 780 13. 9 0. 78 1. 71 1. 13 0. 32 1., 19
3 3 14-00 780 11. 1 0. 59 1.,27 0. 91 0. 25 0.,95
4 3 14-00 780 13. 7 0. 43 1., 34 1. 12 0. 33 0., 99

202 1 6 14-00 780 37. 2 4. 42 6..71 4. 26 2. 05 4,. 03
2 6 14-00 780 24. 9 3. 40 4.,78 2. 81 1. 66 2,, 37
3 6 14-00 780 32. 6 3. 69 5,, 42 3. 68 2. 12 3 . 19
4 6 14-00 780 32, 5 3. 65 5.. 01 3. 92 1., 17 3,, 52

203 1 3 15-00 781 16., 4 1. 09 2,. 69 1. 47 0. 74 1 . 59
2 3 15-00 781 15., 9 0., 95 2 . 64 1. 31 0., 44 1,. 48
3 3 15-00 781 14., 3 0. 93 2 ,43 1. 46 N D. 1,. 49
4 3 15-00 781 15,, 9 1. 07 2., 64 1. 35 0., 67 1 . 47

204 1 3 10-00 795 15., 1 0.,78 2 . 03 1., 66 0., 13 1 . 52
2 3 10-00 788 15., 0 0. 79 1 .71 1. 53 0., 30 1 . 35
3 3 10-00 789 12,. 1 0. 72 1 .61 1. 33 0., 24 1 .29
4 3 10-00 788 19.. 5 1. 13 2 . 40 1.,78 0,, 52 1 . 44



T ab le  6 ,  con t in u ed
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S am ple  
ID R ep C l Lo'c. Date

N u c l ide  L e v e l s  in p c / g  a i r  d r y
Ce-144 Sb-12 5 Ru-106 Cs-137 Z r - 9 5 M n -5 4

205 1 1 13-01 781 41.8 2 .9 2 10.7 3 .4 5 2.12 3 . 6 5
2 1 13-01 781 31.9 2 .31 7 . 2 4 2 . 4 5 1.93 2 . 8 5
3 1 13-02 7&1 4 7 .3 3 .0 5 8 . 7 3 4 .11 2 .4 2 3. 93
4 1 13-02 781 4 3 .7 2 .91 9 .6 6 3 . 4 4 2.17 3 .8 7

206 1 10 13-01 781 7 3 . 3 2 . 8 0 10. 5 4 .8 3 1 ,35 5 .31
2 10 13-01 781 4 2 .6 1.72 6 .7 0 2 . 8 4 1. 01 3 .8 6
3 10 13-00 781 4 3 . 4 1.92 7 .21 2 . 9 5 0 .6 2 4 , 3 2
4 10 13-00 781 6 0 .7 2 .4 8 9 .21 4.12 0 .0 9 5 . 0 4

207 1 6 13-00 781 3 6 .7 4 . 8 5 7 .51 4 . 3 4 2 .3 3 4.12
2 6 13-00 781 48.1 5 .6 7 7 . 7 9 6 .2 8 2 .6 2 5. 04
3 6 13-00 781 4 3 .8 5 . 2 0 6 .7 2 5. 93 2 . 4 5 4. 92
4 6 13-00 781 3 2 .8 4 . 2 4 5 .0 9 4,14 2.16 3 .71

208 1 10 18-01 783 2 7 .8 1.27 4.19 1. 92 0 . 3 0 3. 01
2 10 18-02 789 2 8 . 5 1 .43 8 .14 1.81 0 .3 6 3.12
3 10 18-03 783 2 9 .7 1 .42 4 .8 9 2.18 0 .5 5 3,10
4 10 18-04 783 31.7 1 .35 5 .5 5 2 .3 8 1.32 3 , 4 0

209 1 3 18-01 783 13.6 0 .5 7 1. 94 1.28 0.13 1.38
2 3 18-02 789 17.9 0 . 7 0 2 . 4 0 1. 90 0.17 1 .79
3 3 18-03 789 15.8 0 .7 7 2 .0 2 1.57 0 .3 5 1 .40
4 3 18-04 783 14.2 0 . 9 4 1.33 1. 36 0 .5 2 1.48

210 1 6 18-01 783 3 0 .3 4 .01 5 .9 2 3 .71 2,17 3 . 3 4
2 6 18-02 789 3 6 . 0 3 . 9 4 5.17 4 . 5 5 1 .73 3 . 6 4
3 6 18-03 790 2 6 . 4 3.15 5 .3 0 3 ,0 7 1 .3 0 2 .8 7
4 6 18-04 783 3 2 .3 3 .5 7 6 . 2 4 3 .5 6 1.76 3. 53

211 1 3 12-00 783 14.2 0 .7 3 2 .5 2 1 .25 0 .2 6 1 .40
2 3 12-00 783 15 .4 0 .8 5 2 .7 2 1 .45 0 .2 3 1 .57
3 3 12-00 783 15.1 0 .7 8 2 . 3 3 1.49 0 .3 7 1,61
4 3 12-00 783 13.9 0 .7 2 2 .11 1.41 0.18 1 .49

212 1 6 12-00 783 3 7 .6 4 . 7 9 8 . 4 0 4.81 2 . 2 0 3 . 9 8
2 6 12-00 783 3 4 .2 4 . 2 4 7 .4 7 4 . 7 0 2 .0 7 3. 54
3 6 12-00 783 3 7 .2 4 .8 7 6 .0 2 4 .7 7 2 .0 8 3. 90
4 6 12-00 783 44 .1 5 .4 6 7 .6 7 5 .0 7 2 . 7 4 4. 56



T a b le  6 ,  c o n t in u ed
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S am ple  
ID R ep C l L o c . Date

N u c l ide  L e v e l s  in  p c / g  a i r  d r y
Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n-54

213 1 10 12-00 783 2 8 .2 1. 11 5.31 1. 94 0 . 6 4 3.12
2 10 12-00 783 2 7 .9 1 .0 1 4 .6 7 1 .89 0 . 6 4 3 .0 3
3 10 12-00 783 3 4 .2 1. 11 6 .0 7 2 . 3 9 0 . 9 5 3. 34
4 10 12-00 783 4 0 .9 1.93 6 . 8 4 2 .6 9 0 .9 2 3. 95

214 1 r 12-00 783 3 3 .7 2 .41 8 .8 6 2 . 6 4 1.83 2. 97
2 1 12-00 783 3 4 . 0 2 .71 8 . 7 9 2 .71 1.93 3 . 2 4
3 1 12-00 783 4 0 .9 2 .6 8 9.31 2 .8 7 1.97 3 .51
4 1 12-00 783 3 6 .5 2 . 5 4 14. 2 2 . 5 9 1.88 3 .3 6

215 1 1 17-00 783 2 5 .5 2 .0 8 8 .9 6 2 . 3 0 1 .50 2 .6 7
2 1 17-00 783 3 0 .9 2 .0 3 8 . 5 9 2 .61 i . 4 8 2 .8 0
3 1 17-00 783 2 9 . 4 2.15 8 .7 7 2 .6 8 1 .40 2 . 8 4
4 1 17-00 783 3 4 .0 2 .01 8 .7 2 2 .8 8 1 .70 2 . 8 5

216 1 10 16-00 795 2 5 . 4 1.19 5 .7 0 2 .0 8 0 .4 7 2. 53
2 10 16-00 788 2 6 .9 1.12 4 .8 8 2 .0 2 0 .5 7 2 .7 8
3 10 16-00 788 31.4 1.14 4 . 8 9 2.14 0 .7 0 2 .9 7
4 iO 16 -00 788 4 6 .5 1.96 6 . 9 4 3.17 0 .6 6 4 .0 2

217 1 10 11-00 788 2 5 .6 1 .43 4 . 3 0 1 .75 0 .4 2 2. 52
2 10 11-00 788 2 4 .6 1 .04 3 .9 5 1. 65 0 .6 5 2 .3 2
3 10 11-00 788 2 5 .6 1.16 4 .4 5 1.96 0 .6 3 2 . 3 4
4 10 11-00 788 2 6 . 4 1 .35 5 .37 1.88 0 . 7 0 2 .8 3

218 1 6 11-00 788 41.2 4 .7 2 7 .4 3 5 . 2 4 2 . 2 4 4 . 2 4
2 6 i l - 0 0 788 33.1 4.16 5 .3 5 4.12 1.69 3 .4 9
3 6 l i - 0 0 788 41.1 5 .0 9 6 .0 0 5. 53 1.99 3 .8 9
4 6 11-00 788 4 0 .3 5.15 6.17 5 .5 3 2 .4 6 4. 29

219 1 10 18-01 848 2 6 .5 1 .44 4 . 4 0 2 . 2 0 0.51 2 .61
2 10 18-02 848 2 8 .7 1.79 5 .3 5 2 . 3 4 0 .6 5 2. 52
3 10 18-03 8 M 2 7 .7 1. 66 4 .9 3 2. 26 1.03 1,67
4 10 18-04 884 2 7 . 4 1.55 4 .3 7 2.12 N . D . 2 .7 9

220 1 3 18-01 848 12.8 0 .61 1. 6 6 1.39 0.18 1.14
2 3 18-02 848 14.3 0 .7 6 2.13 1 .64 0 .2 5 1 .35
3 3 18-03 854 15.7 0 .9 3 2 .3 0 1 .73 0 .2 6 1.26
4 3 18-04 854 14.7 0 .8 5 2.13 1.68 N . D . 1 .25
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S am p le N ucl ide  L e v e l s  in p c / g  a i r  d r y
ID Rep C l h o c . Date C e - 144 Sb -125 Ru--106 Cs1-137 Z r - 9 5 i M n -5 4

221 1 6 18--01 848 28 . 7 3. 75 4. 78 3. 85 0. 93 3. 06
2 6 18--02 848 30 . 8 4. 21 5. 77 3. 90 1. 13 3. 17
3 6 18--03 854 31 . 1 3. 95 4. 71 4. 51 0. 85 3. 03
4 6 18--04 854 30 . 3 4. 13 5. 18 4. 17 0. 81 3. 41

222 1 6 13--00 849 39 . 2 5. 44 8. 08 5. 62 1. 54 4. 20
2 6 13--00 849 38 . 8 5. 27 7. 41 6. 00 1. 29 4. 34
3 6 13--00 849 43 .7 5. 73 9. 69 6. 91 1. 78 4. 58
4 6 13--00 849 42 . 8 5. 90 8. 82 6. 55 0. 85 4. 50

223 1 10 13--00 849 35 . 4 1. 39 5. 88 2. 85 0. 37 3. 02
2 10 13--00 849 34 . 5 1. 36 5. 76 2. 89 0. 22 2. 96
3 10 13--00 849 31 . 1 1. 49 5. 18 2. 59 0. 49 2. 82
4 10 13--00 849 33 . 4 1. 19 5. 54 2. 70 N .D, 3. 09

224 1 1 13--00 849 43 . 5 3. 07 11 . 9 4. 42 1. 21 3. 66
2 1 13--00 849 49 .7 3. 43 121.6 5. 39 1. 35 4. 01
3 1 13--00 849 46 . 6 3. 52 12 0 4. 98 1. 11 4. 16
4 1 13--00 849 53 . 0 4. 16 131.2 5. 80 0. 92 4. 32

225 1 10 16--00 850 22 . 3 1. 18 4. 13 i . 70 0. 22 1. 82
2 10 16--00 850 23 . 7 1. 29 3. 87 1. 83 0. 18 1. 91
3 10 16--00 850 24 . 4 1. 10 4. 42 1. 94 0. 30 2. 05
4 10 16--00 850 28 .3 1. 39 3. 57 1. 87 0. 26 2., 13

226 1 1 17--00 850 32 . 1 2. 69 7. 96 3. 74 0. 94 2., 96
2 1 17--00 850 28 . 6 2. 63 7. 89 2. 86 1. 11 2.,70
3 1 17--00 850 29.. 0 2. 41 8 . 13 2. 93 0. 93 2., 69
4 1 17--00 850 30 . 0 2. 40 9. 83 2. 68 1. 08 2., 60

227 1 6 11--00 850 32 .4 4. 51 6. 96 4. 66 1. 06 3., 57
2 6 11--00 850 32 . 5 4. 86 6. 33 4. 47 1. 12 3.. 42
3 6 11--00 850 30 . 8 4. 51 6. 47 4. 88 1. 12 3.. 20
4 6 11--00 850 32 . 7 4. 90 5. 42 4. 68 1. 24 3., 47

228 1 10 11--00 853 22 . 8 1. 02 4. 46 1. 89 0. 31 1 . 93
2 10 11--00 851 23 . 5 1. 25 4. 75 1. 85 N D. 1 . 97
3 10 11--00 853 23 .8 1. 58 4. 92 2, 01 0. 40 2 .08
4 10 11--00 853 29 .7 1. 71 5. 75 2. 45 0. 35 2 . 51
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N u c l ide  L e v e l s  in p c / g  a i r  d r y
1 2 R ep C l L o c . Date Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -5 4

229 1 '0 10-00 851 15.8 1.08 2 .7 2 2 . 2 0 0 .2 5 1 .64
2 3 10-00 851 1 6 .4 0 . 9 4 2 .4 3 2.12 0.31 1. 50
3 3 10-00 851 16.9 1.03 4 .0 7 2 .0 6 0 .3 0 1. 55
4 3 10-00 851 15.2 0 .9 6 2 .5 3 1.69 0 .2 6 1 .30

230 1 6 12-00 851* 3 0 .3 4.10 8 . 0 3 5 .2 6 0 . 9 4 3.12
2 6 12-00 851 3 8 .6 5 .5 6 7 .0 8 5 .5 3 1.48 3 .71
3 6 12-00 851 4 0 . 5 5 .9 6 9 .0 8 6 .0 9 1.69 4 .2 7
4 6 12-00 851 4 3 .7 5 .8 8 8 .71 6.10 1 .29 4. 52

231 1 1 12-00 851 4 0 .8 3 .5 6 8 . 0 0 3 .7 3 1 .35 3 .51
2 1 12-00 851 4 9 . 9 3 . 8 0 9. 60 4 .3 2 1.62 4.17
3 1 12-00 851 21.9 2 .5 2 7 .4 6 4.12 1.36 3 . 4 2
4 1 12-00 851 4 8 .6 3 .8 5 9 .3 3 4 . 4 3 1.18 3 . 9 9

232 10 12-00 851 31.6 1.51 4 . 7 4 2 .3 8 0 .3 6 2. 55
2 10 12-00 851 2 9 .9 1.31 4 .4 2 2 .5 2 N . D . 2 . 6 4
3 10 12-00 851 3 4 .0 2 .0 9 4 .5 8 2 .4 6 0 . 6 0 3 . 0 5
4 10 12-00 851 3 2 .7 1 .40 4 . 5 4 2 .3 9 0 .5 2 2 .7 2

233 1 3 12-00 851 13.6 0.71 1 .63 1. 56 0.14 1.10
2 3 12-00 851 12.1 0 .7 6 1.82 1 .30 0 .4 2 1.07
3 3 12-00 851 15 .4 0 .7 5 1 .42 1.46 0 .0 5 1 .34
4 3 12-00 851 15.9 0 .8 5 2.10 1 .45 0 .3 5 1. 31

234 1 3 15-00 853 2 0 .3 1 .40 3 .3 9 1.89 0 .6 8 1 .47
2 3 15-00 853 21.1 1.21 3 .6 3 2 .2 8 0 . 5 4 1 .68
3 3 15-00 853 2 0 .6 1.55 3 .61 2 .2 8 0 .51 1 .75
4 3 15-00 853 21.1 1 .2 4 4 .0 7 2 .4 9 0 .3 2 1 .79

235 1 6 14-00 855 3 5 .9 4 .1 9 7 . 4 0 5 .2 0 1.07 3 .4 6
2 6 14-00 855 3 4 .8 4 .21 6 . 6 5 4 .5 3 0 .8 9 3. 59
3 6 14-00 855 3 4 .7 4 .11 4 . 7 0 4 .9 8 1.02 3 .3 7
4 6 14-00 855 3 3 .8 4 .3 3 7 .8 2 4 . 8 5 11 3,10

236 1 3 14-00 855 15.2 1.41 2 . 8 0 1 .40 0 .5 2 1.13
2 3 14-00 855 16.1 1.08 2 .5 5 1.6 4 0 .4 6 1, 29
3 3 14-00 855 17.7 1 .03 3.18 1 .65 0 .4 5 1 .44
4 3 14-00 855 19.1 1 .53 4 .0 2 1 .65 0 .6 7 1 .55
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N uc l ide  L e v e l s  in  p c / g  a i r  d r y
r o Rep Cl L o c . Date Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -54

237 1 iO 18-01 901 4 8 . 5 3 . 7 4 11.2 5 .8 5 0 . 6 4 4 .3 2
2 10 18-02 907 4 9 .8 3 .8 9 12.2 6 .0 7 0 .8 3 4 .2 3
3 10 18-03 907 4 9 .9 3 .8 5 12.1 6.14 0 . 8 4 4 . 2 4
4 10 18-04 907 4 5 .7 3 .5 2 11 .4 5 .7 2 0 .5 8 3 . 9 0

238 1 3 18-01 901 3 5 .7 3 .3 3 9 .7 8 4 . 8 4 0 .8 9 3 .2 6
2 3 18-02 907 3 2 .9 3 . 0 5 8 . 5 4 4 .4 6 0 .7 7 3 .0 6
3 3 18-03 907 31.9 3.19 8 .2 7 4 .3 8 0 .6 8 3.10
4 3 18-04 907 2 7 .8 2 . 5 0 7 .61 3 . 4 5 0 .6 7 2 .4 8

239 1 6 18-01 901 2 9 . 0 3 .8 6 6 . 3 4 4 . 4 0 0 .7 6 2 .6 7
2 6 18-02 907 3 4 .2 4 .2 5 7 .7 7 5 .2 6 0 .6 7 3.18
3 6 18-03 907 34.1 3 .5 9 6 .8 6 5 .4 5 0 .6 8 2 . 8 5
4 6 18-04 907 3 5 .9 4 . 4 0 7 . 6 0 5 .61 0 .6 9 3,18

240 1 10 16-00 904 4 8 . 4 3 .3 5 10. 6 5.19 0 .6 6 3 . 2 4
2 10 16-00 904 3 7 . 4 3 . 0 4 9 .0 3 4 . 5 4 0 .81 2 . 6 5
3 10 16-00 904 3 7 . 4 2 .71 9 .4 2 3 .9 9 0.  52 2 . 9 5
4 10 16-00 904 37.1 2 .91 9 .5 9 4 .31 6 .7 7 2 .7 6

241 1 1 17-00 904 4 2 .7 4 . 4 0 14 .0 5.14 0 . 9 4 3 .8 7
2 1 17-00 904 39.1 3 .2 8 11. 6 4.  55 1 ,0 4 3 . 4 0
3 1 17-00 904 3 4 .2 3 .3 8 12.1 4.18 0 . 8 0 2 .7 6
4 1 17-00 904 4 0 . 0 3 .51 11. 1 5.19 0 .9 9 3 .4 3

242 1 6 13-00 904 3 8 .3 5 .4 3 7 . 8 0 6 .6 7 0 .7 8 3 . 7 0
2 6 13-00 904 41.0 5.16 6 .7 3 6 .9 8 0 .9 6 3 . 8 4
3 6 13-00 904 4 3 . 4 5 . 2 0 8 .01 7 . 3 4 0 .9 7 4 .0 9
4 6 13-00 904 41.2 5 .5 6 6 . 6 9 6 . 9 4 0 .7 8 3 .9 8

243 1 10 13-00 904 5 6 .8 4 . 0 4 10 .0 6 .5 6 0 . 6 4 4 . 3 0
2 10 13-00 904 6 9 . 5 4 .3 9 11.7 8.19 0 . 8 4 4 .8 7
3 10 13-00 905 5 2 .5 4 .0 7 9 .3 9 6 .3 2 0 .8 5 4. 02
4 10 13-00 905 6 0 .8 4 . 7 3 10. 2 7 . 0 0 0 . 7 4 5.16

244 1 1 13-00 904 6 8 .3 4 . 9 8 16.0 8 . 0 4 1.32 5.13
2 1 13-00 904 7 0 . 5 5 .5 2 15. 0 9.10 1. 31 5 .7 7
3 1 13-00 905 3 8 .6 4 .11 10 .0 4 . 8 4 0 . 7 4 3 .3 5
4 1 13-00 905 51.4 4 .3 3 10.6 5.71 0 .9 9 4 .2 2



T a b le  6 , c o n t in u ed

165

S am ple N u c l ide  L e v e l s  in p c / g  a i r  d r y
ID R ep Cl L)OC. Date C e-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -54

245 1 10 11-00 905 3 7 .6 2 . 8 5 6 .6 3 3 .5 9 0 .5 2 2 . 3 0
2 10 11-00 905 3 3 .9 3 . 0 4 6 .9 8 3 .9 2 0 . 5 4 2 .4 8
3 10 11-00 905 31.3 2 .4 9 5 .97 3 . 5 4 0 .4 8 2 .3 3
4 10 11-00 905 3 6 . 4 2 . 9 5 7 . 8 0 4.15 0. 55 2 ,8 2

246 1 6 11-00 905 3 4 .8 4 .7 7 5 .9 0 5.91 0 .7 9 3 .3 5
2 6 11-00 905 3 3 .2 4 .4 8 6 .5 7 5.41 0 .9 3 3.12
3 6 11-00 905 2 9 .2 3 .91 5 .5 0 4 .8 3 0 . 7 3 2 .8 2
4 6 11-00 905 27.1 3 .6 5 5 .8 6 4 .7 9 0 .5 8 2 .6 6

247 1 3 12-00 906 26.1 2 .4 8 7 . 5 3 3 .4 6 0 .5 9 2 . 2 0
2 3 12-00 906 2 4 . 5 2 .4 7 7 . 7 4 3 .4 9 0 . 4 4 2. 34
3 3 12-00 906 2 4 . 5 2 .4 8 7.19 3 .3 3 0 .4 2 2 .2 7
4 3 12-00 906 2 6 .8 2 .4 7 7.18 3 .3 6 0 .3 6 2 .3 7

248 1 19 12-00 906 3 5 . 4 3 . 2 0 8 .2 8 4. 49 0 .4 2 3 ,0 2
2 10 12-00 906 3 8 .7 3 .2 7 9 .4 9 4 . 7 9 0 .31 3.17
3 10 12-00 906 3 3 .6 2 .7 9 8 . 0 0 4 .3 5 0 .2 9 2 .7 3
4 10 12-00 906 41.8 3 .4 3 10. 0 5 . 2 0 0 .4 3 3 .2 3

249 1 6 12-00 906 2 7 .8 3 . 7 0 6 .5 9 4 .7 7 0 .7 3 2 .6 6
2 6 12-00 906 3 2 .5 4 . 2 0 7 .2 6 5 . 3 0 0 .6 7 3 .21
3 6 12-00 906 4 0 . 9 5 . 8 4 7 . 9 4 6 .6 7 0 .4 5 4.17
4 6 12-00 906 3 7 .3 5.16 7 .6 8 6 .2 6 0 .7 8 3.61

250 1 1 12-00 906 2 8 . 9 2 . 6 4 7 .2 7 3 .7 5 0.8|5 2 .4 9
2 1 12-00 906 3 4 .8 2 . 9 5 8 .8 7 4 .51 0 . 4 4 2 .8 7
3 1 12-00 906 31.3 2 . 8 4 9 .2 9 3 . 9 5 0 . 4 5 3 .0 2
4 1 12-00 906 3 2 .8 2 . 7 0 10.1 3 .7 9 0.51 2 .6 8

251 1 3 15-00 907 3 5 .0 3.17 7 . 5 0 4 .5 8 0 . 4 0 3 . 0 4
2 3 15-00 907 2 3 .9 2 . 7 4 6 .9 3 2 . 9 4 0 .4 7 2 .4 2
3 3 15-00 907 2 5 . 4 2 .31 6 .31 3 .4 3 0 .2 5 2 .4 2
4 3 15-00 907 2 5 .6 2 .8 3 8 .61 3 .7 8 0 .2 7 2 .8 7

252 1 3 10-00 906 2 8 .2 2 .8 6 8 .6 6 3 .8 8 0 . 2 3 2 . 6 0
2 3 10-00 906 2 9 .6 2 . 5 4 8 .5 6 4. 35 0 .5 0 2 .8 3
3 3 10-00 907 2 4 .7 2 . 6 0 7 .6 6 3 .6 6 0 .5 9 2 .4 2
4 3 10-00 907 2 2 . 4 2 .4 8 8 . 0 2 3. 58 0 .5 5 2 . 2 4
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S am ple N uc l ide L e v e l s  in p c /  g a i r  d r y
ID R ep Cl L o c , Date Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n-54

253 1 3 14-00 908 3 5 .8 2 .8 7 8 .7 3 4 . 7 0 0 .3 7 3.51
2 3 14-00 908 19.5 1,67 5 .3 0 2 . 5 0 0 .2 7 1 .84
3 3 14-00 908 3 3 , 5 3.21 9 .6 0 4 .2 6 0 .4 7 3. 50
4 3 14-00 908 3 2 . 4 2 . 4 0 7 .8 6 4 . 5 5 0 .7 9 3 .0 8

254 1 6 14-00 908 41.3 4.16 8 . 4 9 7 .4 2 0 .6 6 3 .7 2
2 6 14-00 908 2 7 .9 3 .3 2 6 .3 7 5 .0 3 0 .4 7 2 .6 8
3 6 14-00 908 3 4 . 5 3 .9 8 6 . 4 4 5 .7 4 0.51 2. 92
4 6 14-00 908 3 7 .2 3 .8 9 6 .9 8 6 . 6 5 0 ,9 3 3 .4 3

255 1 9 0 9 -00 911 8 .2 2 1. 18 2 .6 5 1.78 0 .3 2 0 .9 9
2 9 0 9 -00 9M 9. 54 1 .49 4 , 5 4 1 .95 0 .4 5 0 .9 7
3 9 0 9 -00 911 8 ,8 6 1.43 4 .4 3 1.86 0 .5 3 0. 97
4 9 0 9 -00 911 10.7 1 .64 4 . 3 4 2 .0 6 0.19 1. 12

256 1 12 0 9 -0 0 911 3 9 .3 4 . 2 4 8.14 8 .31 0 .5 6 4 .8 5
2 12 0 9 -00 911 4 9 .9 4 .9 6 12. 3 10,2 1.09 5 .6 5
3 12 0 9 -0 0 911 49.1 4 .9 9 12.7 9 . 9 5 0 .9 5 5 .7 9
4 12 0 9 -00 91-1 4 6 .7 4 . 5 4 10. 4 9. 32 0 .8 8 4.81

257 1 7 0 9 -00 911 15.7 2 .2 7 5 .0 6 3 .2 7 0 .7 3 1.73
2 7 0 9 -0 0 911 16.4 2 .3 2 4 .5 7 3 . 5 4 0.18 1.71
3 7 0 9 -0 0 91-1 17.7 2 .4 9 6 . 3 4 4 .6 9 0.61 2 .3 6
4 7 0 9 -00 911 18.5 1.93 5 .06 4. 07 0 .2 3 1. 58

258 1 7 0 7 -00 911 16.2 1.73 5 .5 9 2 .8 8 0 . 3 0 2 .4 3
2 7 0 7 -00 911 12 .4 1.38 4 .2 8 2. 61 0.21 1,28
3 7 0 7 -00 911 10.0 1.26 3 .4 3 1.67 0 .5 2 1 ,20
4 7 0 7 -00 911 21.4 1.89 6 .8 6 3. 93 0.31 2 .7 7

259 1 2 0 7 -00 911 2 4 .9 1.79 5 .07 4.61 0 .5 9 2,13
2 2 0 7 -0 0 911 2 7 .8 2 .0 6 5 .9 9 4 . 7 5 0 .4 9 2. 55
3 2 0 7 -00 911 2 7 ,8 2 .4 7 5.41 4 . 8 0 0 .7 8 2. 57
4 2 0 7 -00 911 3 0 . 4 2 . 2 4 6 .3 2 4 .9 9 0 .3 8 2. 51

260 1 8 0 7 -00 911 16.5 2 .0 7 5 .6 5 2 .8 7 0 .3 6 1.78
2 8 0 7 -0 0 911 10 .4 1.13 2 .6 2 1.68 N . p . 3 .8 7
3 8 0 7 -00 911 4 4 , 0 4 .5 7 12.1 6 . 7 0 0 .4 3 3.81
4 8 0 7 -0 0 911 23,1 2 .3 2 6.19 3 .6 6 0 . 5 4 1 .80
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Nucl ide  L e v e l s  in p c / g  a i r  d r y
ID R ep Cl L o c . Date Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -5 4

261 1 11 0 7 -00 911 15.4 1.83 4 .5 2 3.16 0 .2 2 1. 51
2 11 0 7 -0 0 911 11.4 1.42 3 . 7 4 2 .9 5 0 .2 2 1. 07
3 11 0 7 -0 0 911 13.1 1 .44 3 .7 2 3 .2 3 0 . 3 0 1 .20
4 11 0 7 -0 0 911 12 .4 1.48 3.16 3 .0 5 0.16 1.31

262 1 9 0 7 -00 911 9.21 0 .71 2 .2 9 1.79 0 .0 5 0 . 9 5
2 9 0 7 -0 0 911 6 . 2 5 0 . 8 4 2 .2 9 1. 54 0.19 0 . 7 5
3 9 0 7 -00 911 8 .6 3 1 .4 4 2.61 1. 59 0 ,4 6 0 .9 7
4 9 07-00 911 7 . 0 4 1.19 2 .3 9 1.13 0 .2 2 0.61

263 1 5 0 5 -0 0 912 3 5 .6 4 .8 3 6 .2 6 7 . 4 0 0 .4 8 3 .7 9
2 5 0 5 -00 912 2 2 .8 3 .4 8 3 . 7 4 3 .8 2 0 .5 6 2 .4 7
3 5 0 5 -0 0 912 3 4 .9 4 .2 9 5 .0 2 6 .4 9 0.13 3.19
4 5 0 5 -00 912 2 7 .5 3 .8 8 4 .4 3 5.15 0 .5 5 2 .9 3

264 1 9 0 5 -0 0 912 14 .4 1. 99 3 .6 7 2 .4 2 0 .4 8 1.48
2 9 0 5 -0 0 912 12.6 1.72 2 . 2 4 2 .2 3 0.10 1.29
3 9 0 5 -0 0 912 23.1 1 .48 2 .6 2 1. 99 N . D . 1.38
4 9 0 5 -00 912 14.8 1 .92 3 .0 7 2. 38 0 .31 1. 57

265 1 7 0 5 -00 912 14.1 1.79 3 .4 7 2 .2 6 0 .2 7 1.83
2 7 0 5 -00 912 10 .5 0 .8 3 2 .2 6 1. 59 N . D . 1.10
3 7 0 5 -00 912 15 .4 1.97 3 .3 2 2 .2 7 0*36 1 .69
4 7 0 5 -00 912 10.6 1 .29 2 .5 2 1.78 0 .2 5 1.23

266 1 4 0 6 -0 0 912 3 2 .3 4 . 47 9 .51 4 .9 9 0.31 4 . 3 5
2 4 0 6 -00 912 2 6 .8 4.16 7 . 0 9 4.21 0 .9 9 3 .4 3
3 4 0 6 -00 912 3 2 .5 4 . 0 9 9 .5 3 4 . 9 4 0 .5 8 4 .2 2
4 4 0 6 -00 912 4 8 .6 5 .7 2 13.6 7 .7 2 0 .8 5 5 .0 7

267 1 2 0 6 -00 912 4 9 .7 2 . 9 5 10.7 9 . 4 4 0 .4 7 4.15
2 2 0 6 -00 912 4 5 .3 2 .61 8 .2 6 7 .3 6 0 .14 3. 55
3 2 0 6 -00 912 4 2 .7 2.71 8 .6 8 6 .4 3 0 .3 7 3 .2 9
4 2 0 6 -00 912 51.4 3 .0 9 11. 1 9.  04 0 .4 9 3 .8 7

268 1 7 0 6 -00 912 31.0 3 .2 2 5 .3 8 6 .4 3 N . D . 4 . 2 0
2 7 0 6 -00 912 3 5 .7 4 .2 2 8 .9 3 6 .2 9 0..22 4 . 6 3
3 7 0 6 -00 912 2 0 .8 3 .0 5 8 .4 9 4 .7 8 0 .3 9 2 .8 9
4 7 0 6 -00 912 2 2 .3 2 . 9 4 8.13 4 .9 8 0 . 5 4 2.. 92
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S am ple  
ID R ep C l L o c , Date

N uc l ide  L e v e l s  in p c / g  a i r  d r y
Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -5 4

269 1 11 0 6 -00 912 14.6 1 .75 3 .9 9 4.15 0 .4 0 1 .43
2 11 0 6 -0 0 912 2 6 ,2 2 . 6 5 6 .9 5 5 .0 9 0 .6  6 2.  33
3 11 0 6 -00 912 25.1 2 .4 8 6 .0 3 4 .91 0 ,3 9 2 , 2 5
4 1 1 - 06-00 912 21.7 2 .0 8 5.81 9 .87 0.51 2.19

270 1 8 0 6 -00 912 2 4 .7 2 .7 8 8 . 0 4 6 . 9 4 0 .9 8 3 . 4 9
2 8 0 6 -00 912 5 2 .7 5 .2 6 15, 2 12.1 0 .8 6 5 . 9 4
3 8 06-00 912 3 6 .8 4 . 0 5 10.6 8 . 8 4 1.14 4 . 4 4
4 8 0 6 -00 912 3 9 . 4 4.19 14 .0 8 . 0 0 0 .7 9 7 . 7 5

271 1 5 0 8 -00 913 4 9 .9 5 .4 2 8 . 8 3 10 .5 0 .5 3 4 .31
2 5 08-00 913 5 7 .2 5 .7 7 10.3 11.8 0 .6 3 5. 06
3 5 08-00 913 5 6 .9 5 .4 8 8 .4 6 10.9 N . D . 4.  94
4 5 0 8 -00 913 5 0 . 4 5 .5 9 9 .4 7 9 .9 2 0.51 4, 41

272 1 12 0 8 -00 913 6 9 . 4 6 .8 2 12.6 12.9 0 .4 2 10 .3
2 12 0 8 -00 913 5 7 .5 6 . 9 0 10.9 11.3 0 .61 7 . 4 8
3 12 0 8 -00 913 5 7 .6 6 .9 3 11. 5 11.1 0 .5 0 7 . 8 9
4 12 0 8 -00 913 6 7 .9 6 .8 2 12.8 12.8 0 .6 9 8. 90

273 1 12 0 3 -00 914 6 5 . 0 6 , 2 0 12,9 12.1 0 .6 8 9 . 0 0
2 12 03-00 914 7 9 .8 7 .71 21.3 T R R 1.07 11 .9
3 12 0 3 -00 914 6 7 . 4 6 .8 8 19.7 13.3 1.01 9, 98
4 12 0 3 -0 0 914 8 2 . 4 8 .01 15 .4 15.6 1 .2 4 10.1

274 1 8 0 3 -00 914 61.6 5.12 17.7 8 .6 7 1,14 7 . 6 8
2 8 0 3 -0 0 914 7 2 . 8 5 .7 2 20. 2 10.3 0 . 8 2 9. 08
3 8 0 3 -00 914 6 4 .2 4.16 20.1 9 .2 9 1.01 8 . 6 9
4 8 03-00 914 170 12.8 5 5 . 4 2 2 . 0 1 .74 19,7

275 1 4 0 3 -00 914 148 8 .8 7 4 0 .7 17.3 1 ,54 16.7
2 4 0 3 -00 914 152 8 .7 7 39. 5 18 .0 0 . 8 0 17.2
3 4 0 3 -00 914 161 11.3 4 6 ,3 2 2 . 4 1.31 15.8
4 4 0 3 -00 914 217 11 .4 59. 3 19.3 0 .7 8 2 7 .6

276 1 11 04-00 914 18.2 1 .60 3 .2 7 3 .2 8 N . D . 1 .60
2 11 04-00 914 21.0 1.96 3 . 9 4 3. 40 0 .7 0 1 .45
3 11 0 4 -0 0 914 17.3 1.31 2 .9 6 3 .0 4 N . D . 1 .33
4 11 0 4 -00 914 16.9 1.48 3 . 4 0 3 .4 2 0 . 4 4 1 .43
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ID R ep Cl L o c . Date C e-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -5 4

277 1 8 0 4 -00 914 3 0 .2 2 .9 8 9 .4 8 4 . 5 4 0 .3 9 3 .7 7
2 8 0 4 -00 914 3 2 .2 2 .9 3 8 .9 7 4 . 8 2 0 .8 0 3. 96
3 8 04-00 914 2 7 .6 3.16 9 .3 2 4 . 3 9 0 .6 6 4 . 3 8
4 8 0 4 -00 914 2 8 . 4 3 .2 5 8 . 7 8 4. 06 0 .3 8 4.14

278 1 4 01-00 920 6 3 .9 6 .41 14. 3 9 .0 8 1 .09 5 .8 6
2 4 01-00 920 9 2 .8 9 . 3 4 20.1 12.7 1.71 8. 33
3 4 01-00 920 71.1 7 . 4 4 16.1 9 .3 3 0.81 6 . 5 5
4 4 01-00 920 8 3 . 4 8 .81 19 .0 12 .0 1 .35 7 . 8 4

279 1 12 01-00 920 7 8 . 9 9 .0 8 18 .0 16.6 0 . 9 4 9 . 7 4
2 12 01-00 920 7 0 . 9 8 . 2 3 15.3 15.3 1. 01 8. 57
3 12 01-00 920 6 7 . 9 8 .0 6 12.3 14.7 1.06 7.15
4 12 01-00 920 8 3 .7 9 .0 0 17 .0 17.7 0 .7 6 9 .8 9

280 1 4 0 2 -0 0 920 39. 5 4 .2 3 8 . 5 5 6 .5 7 0 .2 6 3 .8 8
2 4 02-00 920 4 5 . 3 4 .51 10.1 7 .9 3 0 .5 5 4.13
3 4 0 2 -00 920 5 8 . 4 5 .4 8 12.3 l i . 2 0 .5 6 5 .7 3
4 4 02-00 920 2 9 . 5 3 . 3 4 7.18 5 .4 0 0. 55 3 . 5 4

281 1 9 0 2 -00 920 3 . 7 0 0 . 4 0 1 .00 0 .8 9 0.18 0 .2 8
2 9 0 2 -0 0 920 3 .2 2 0 .3 2 0 .4 3 1.13 0 .0 2 0 . 4 4
3 9 02-00 920 3. 55 0 .3 7 0 .4 3 1.91 0 .0 6 0 . 3 5
4 9 0 2 -00 920 4 . 3 0 0.71 1.2 4 1.36 0.18 0 . 3 4

282 1 11 0 2 -00 920 13.2 1 .39 2 .6 9 3 .7 2 0.31 1 .28
2 11 0 2 -00 920 11.6 1.31 2 .6 3 4 .0 6 0 .3 3 1.13
3 11 0 2 -00 920 7 . 0 8 1 .09 1.58 2 .7 6 0.11 0 .71
4 11 0 2 -00 920 10.3 1 .08 2 .9 2 3 .7 2 0.15 2 .8 9

283 1 9 0 9 -00 953 6 .4 9 0 . 9 0 1.14 1.06 0 .2 8 0. 52
2 9 0 9 -00 953 6 .8 9 0 .7 6 1.48 1 .29 0 .2 3 0 .6 9
3 9 0 9 -00 953 5 . 9 5 0 .8 6 1.56 1. 06 0 . 0 0 0. 52
4 9 0 9 -00 953 5 . 3 5 0 .7 6 0 . 7 0 0 .9 7 N . D . 0 .4 9

284 1 12 0 9 -00 953 2 4 . 9 3 . 4 5 5 . 7 0 5.91 0 .4 6 3 . 3 9
2 12 09-00 953 2 8 . 9 3 .7 7 5 .8 9 6 . 3 4 0 .3 3 3 . 4 9
3 12 0 9 -00 953 2 5 . 0 3.13 7 . 0 4 5 .3 9 0 .0 9 3 .2 7
4 12 0 9 -00 953 2 9 . 9 3 .5 9 7 .6 6 6 .7 6 0.10 4 .0 8



T ab le  6, co n t in u e d

170

S am ple N u c l id e  L e v e l s  in p c / g  a i r  d r y
ID R ep C l L o c . Date Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -54

285 1 7 0 9 -00 953 14.9 1.97 3 .2 2 3 .8 2 0 .01 1 .70
2 7 0 9 -00 953 2 7 .9 3 .3 9 5 .2 9 6.71 0 .31 3 .4 3
3 7 0 9 -00 953 2 2 . 4 2.13 3 .7 0 4 .9 7 0.13 2 . 8 4
4 7 0 9 -00 953 12 ,4 1.92 1.92 2 . 9 4 N . D . 1.41

286 1 2 0 7 -00 953 10.9 0 .8 6 1 .25 2 . 2 0 N . D . 1.18
2 2 0 7 -00 953 11.2 0 .9 2 1.38 2 . 4 4 0.15 1.28
3 2 0 7 -00 953 11.6 0 .8 7 1.57 2.19 0 .0 8 1.11
4 2 0 7 -00 953 13 .0 1.14 2 .0 3 2 .6 9 0.16 1 .32

287 1 9 0 7 -00
»

953 4.91 0 . 5 9 0 .7 6 0. 95 0.14 0 .2 5
2 9 0 7 -00 953 4 . 7 3 0 .6 3 0 .3 9 0 .8 3 0.19 0 .3 8
3 9 0 7 -00 953 7 .41 0 .81 1.03 1.18 N . D . 0 .6 2
4 9 0 7 -00 953 7 , 0 5 0 .8 9 0 .9 0 1. 00 0 ,0 9 0. 55

288 1 11 0 7 -00 953 6. 59 0 . 6 3 1.28 1 .29 0.12 0 . 5 0
2 11 0 7 -0 0 953 10.8 1 .09 1.11 2 .2 7 N . D . 0 .8 9
3 11 0 7 -00 953 7.16 0 .7 6 0 .6 8 1.86 0 .0 7 0 . 8 4
4 11 0 7 -00 953 8. 68 0 .8 2 1.73 1 .83 0 .3 5 1 .00

289 1 7 0 7 -00 953 16.9 1,19 4 ,7 2 3 .2 3 0 . 3 4 1.81
2 7 0 7 -00 953 21.2 2 . 0 5 5 .8 6 5 .2 8 0 .4 8 2 .3 3
3 7 0 7 -0 0 953 21.3 2 . 0 4 5 .7 3 5 . 2 4 0 .5 6 2 .4 5
4 7 0 7 -00 953 13.2 1.36 3 .6 6 3 .0 2 0.15 1.81

290 1 8 0 7 -0 0 953 10.6 1.15 2 .2 6 1 .70 0.13 0 .91
2 8 07-00 953 12 .4 1.41 3 .2 3 2 . 4 0 0 . 3 4 1.19
3 8 0 7 -0 0 953 10.2 1 .35 2 . 8 9 1 .80 0 . 4 0 0 .9 2
4 8 0 7 -0 0 953 11.9 1.51 2 .5 6 1.99 0.18 1.21

291 1 5 0 8 -00 954 24.1 3 .5 3 2 .8 9 6 . 0 0 0 .5 3 2 . 3 5
2 5 0 8 -00 954 2 3 .3 3 .4 3 3 .2 2 5 .9 0 0 .3 2 2 . 2 5
3 5 0 8 -00 954 4 0 .0 4 . 7 9 6 .7 9 9 .6 1 0 .4 8 3 . 9 0
4 5 0 8 -00 954 4 5 .6 5.13 7 . 4 5 10.8 0. 55 4.13

292 1 12 0 8 -00 954 31,7 3 .9 6 6 .5 7 6 .8 2 0 . 2 0 5 .6 2
2 12 0 8 -0 0 954 5 7 . 0 5 .8 9 9 .4 9 11.1 0 .3 9 7 .8 6
3 12 0 8 -0 0 954 4 3 .0 5.18 6 . 4 0 9 .0 0 0 .3 8 7 . 3 2
4 12 0 8 -0 0 954 5 0 . 4 6 . 0 0 9 .4 3 10.6 0 . 2 3 7 .8 7
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S a m p le N uc l ide  L e v e l s  in  p c / g  a i r  d r y
ID R ep Cl D o c . D ate Ce-144 Sb -12 5 Ru-106 Cs-137 Z r - 9 5 M n -5 4

293 1 4 01-00 954 3 5 . 0 3 .0 0 6 . 6 5 5 .7 6 0 .4 5 2 .7 9
2 4 01-00 954 1 8 ,4 2.10 3 .7 9 3 .3 5 0 .2 9 1.81
3 4 01-00 954 3 7 .6 3 . 8 0 7 . 7 4 6 .0 3 0 .4 7 3.51
4 4 01-00 954 3 4 .6 3 . 8 0 7 . 3 5 5. 96 0 . 4 0 3 .4 2

294 1 12 01-00 954 4 8 . 5 6 .6 7 10.6 12.6 0 .4 8 6 .4 2
2 12 01-00 954 4 8 .3 6.10 10. 3 11.9 0 .7 3 6 .4 9
3 12 01-00 954 4 0 . 0 5 . 7 4 10 .0 10 .4 0 .6 2 5.91
4 12 01-00 954 5 8 .9 7 .9 2 12.8 14.3 - 0 .8 3 8 .01

295 1 4 0 2 -00 954 33.1 3 .71 6 . 5 0 5 .9 0 N . D . 3.15
2 4 0 2 -00 954 3 3 .9 3 . 4 4 6.13 5 .6 2 0 .6 5 3 .0 5
3 4 0 2 -00 954 17.1 1 .79 3 .2 6 3 .2 2 0 .3 2 1 .74
4 4 0 2 -00 954 2 5 . 0 2 .4 8 5.19 4 . 7 3 0 . 4 0 2 . 3 0

296 1 9 0 2 -0 0 954 3 . 0 4 0 .4 6 0 .4 3 1.06 0.10 0 .2 8
2 9 0 2 -0 0 954 1.14 0.18 0 .3 3 0 .8 5 0.17 0.18
3 9 0 2 -0 0 954 1.36 0 .2 2 0 .4 8 0.91 N . D . 0 .2 3
4 9 0 2 -00 954 2 .2 3 0.13 0 . 5 4 0 .8 9 N . D . 0 . 2 0

297 1 11 0 2 -0 0 954 6 . 6 4 0 . 7 0 0.19 1.66 0.12 0 . 6 4
2 11 0 2 -00 954 6 .8 2 0 .4 6 1.32 3 .6 2 O . i i 0 . 5 9
3 11 0 2 -0 0 954 7 .51 0 .6 3 1.11 2 .21 0 .0 7 0 .7 8
4 11 0 2 -00 954 5 .2 9 0.61 0 . 5 4 1 .84 N . D . 0 .71

298 1 4 0 6 -00 955 13.1 1.18 2 . 8 5 1 .99 0 .2 5 1 .33
2 4 0 6 -00 955 19.8 2 .4 7 3 .8 8 3.10 N . D . 1.88
3 4 0 6 -00 955 3 .7 7 0 . 6 5 1 .24 1 .05 N . D . 0 .6 2
4 4 0 6 -00 955 12.9 1.76 3 .0 9 2 .3 8 N . D . 1 .45

299 1 2 0 6 -00 955 11.1 0 .6 7 2 .41 2 . 3 5 0 .0 8 1.19
2 2 0 6 -0 0 955 11 .5 0 .9 2 1.56 2.12 N . D . 1.22
3 2 06-00 955 12.2 0 .9 2 2 .2 2 4 .61 N . D . 1.36
4 2 0 6 -00 955 8 .7 2 0 .5 7 1 .59 1. 99 N . D . 1.01

300 1 11 0 6 -00 955 6 .21 0 . 5 0 0 .41 3. 96 N . D . 0 .6 9
2 11 0 6 -00 955 8 . 4 9 0 .9 2 1.11 5. 59 0 .2 6 0 .9 0
3 11 0 6 -00 955 12 .0 0 .9 6 1.81 2 . 3 9 0.15 1 .00
4 11 0 6 -00 955 11.8 0 .9 6 1.81 2 .6 8 0.01 1.09
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S am p le  
ID R ep Cl L o c . Date

N u c l ide  L e v e l s  in p c / g  a i r  d r y
Ce-144 Sb-125 Ru-106 C s  “137 Z r - 9 5 M n -5 4

301 1 7 0 6 -00 955 17.1 1 .73 3.91 4.10 0 .0 2 2 .2 0
2 7 06-00 955 19.0 2 .21 4 .3 6 4 .8 6 0,14 2 .5 6
3 7 0 6 -00 955 2 2 . 0 2 .21 4 .9 6 4 .81 0 . 0 4 2 .8 6
4 7 0 6 -00 955 2 2 .6 2 . 2 9 5 .3 2 5 .5 5 0 . 3 4 3 . 0 4

302 1 8 0 6 -00 955 2 5 .2 2 .7 8 4 .9 5 3 .7 9 0.10 2 . 0 4
2 8 0 6 -00 955 8.17 0 . 8 0 2 .3 6 1.52 0 . 0 4 0 .91
3 8 0 6 -0 0 955 5. 38 0 .31 1 .00 3 . 2 5 N*D.. 0 .7 8
4 8 0 6 -00 955 6 . 3 4 0 .5 2 1.99 1 .80 N . D . 0. 92

303 1 5 0 5 -00 957 9 .5 7 1.71 2 .0 2 2 .6 7 N . D . 1.37
2 5 0 5 -00 957 12.6 2 .4 8 1 .95 3. 35 0 .01 1.67
3 5 0 5 -00 957 10.8 2 . 3 4 1 .45 2 .71 0.13 1. 37
4 5 0 5 -00 957 13.9 2 . 4 4 1 .75 3.21 0.13 1 .69

304 1 9 0 5 -00 957 9 .4 2 1.28 2 . 5 4 1.42 N . D . 0 .9 0
2 9 0 5 -00 957 6 .6 6 0 .8 2 1 .34 1.23 0 .0 6 0 .6 3
3 9 0 5 -0 0 957 10 .3 1 .45 2 .51 1 .32 0 . 2 0 0 .8 8
4 9 0 5 -00 957 7 . 2 0 0 .9 8 1.32 1.19 N . D . 0.  65

305 1 7 0 5 -00 957 10.7 1 .39 1 .69 2,. 12 0 .0 6 1.14
2 7 0 5 -00 95? 8.19 1.19 1.65 1 .60 0..09 1.03
3 7 0 5 -00 957 9 .5 7 1 .32 2.10 1 .79 N . D . 1.10
4 7 05-00 957 8 . 6 3 0 .7 8 1 .24 1. 46 N . D . 1.03

306 1 4 0 3 -00 956 16.2 0 . 9 4 3 .6 5 2 .01 0 .2 6 4 .2 7
2 4 0 3 -00 956 14.6 1 .30 2 .0 7 2 .2 7 N . D . 2 . 3 4
3 4 0 3 -00 956 15.1 0 .8 6 2 .4 2 1.88 0,18 4.12
4 4 03-00 956 21.8 1.15 4 .41 2 .0 6 0,06.. 4 .3 6

307 1 12 0 3 -00 956 3 7 .0 4 .0 3 8 .5 2 8.16 0 .2 8 7 . 5 4
2 12 0 3 -00 956 3 5 .7 3 . 9 0 7 .6 7 7 . 5 4 0 ,3 3 . 6 .8 5
3 12 0 3 -0 0 956 41.8 5 .0 8 8.18 9 . 3 4 0 . 5 4 7 . 8 4
4 12 0 3 -00 956 3 8 .3 3 .8 2 8 .41 8.10 0 .3 9 7 .3 6

308 1 8 0 3 -00 956 2 7 .7 2 .14 5 .2 2 3 .6 5 0 .0 7 3 .6 9
2 8 0 3 -00 956 13.9 1 .00 2 .4 9 3.16 0 .3 3 4 .7 8
3 8 0 3 -00 956 27.1 1 .70 6 .2 3 5. 53 0 .3 3 8 .3 2
4 8 o a -0 0 956 21.9 1 .00 4 .6 2 2 . 3 9 0 . 0 4 5 .3 0
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Sam ple  
ID R ep C l L o c . Date

N ucl ide L e v e l s  in p c / g  a i r  d r y
Ce-144 Sb-125 Ru-106 Cs-137 Z r - 9 5 M n -5 4

309 1 11 0 4 -00 956 6 . 9 0 0 .9 7 0 .2 2 2 . 0 5 0 .01 0 .4 7
2 11 0 4 -00 956 5.14 0.12 0 .8 3 1.08 0 . 2 0 0 . 3 9
3 11 0 4 -00 956 5 .4 2 0 .4 5 0 .4 6 2 .3 8 0 .0 3 0. 56
4 11 0 4 -00 956 5. 51 0 .5 9 0 .2 9 1 .38 0 .11 0 .4 2

310 1 8 0 4 -00 956 6 .5 3 0 .7 5 0 . 9 0 1.10 0.12 0 .7 3
2 8 0 4 -00 956 10 .9 1.26 1.77 1 .93 0 .0 9 1 .23
3 8 0 4 -0 0 956 9.14 1 .20 1 .34 2 .2 6 0 . 3 0 1.13
4 8 0 4 -00 956 8 .91 1.10 1 .54 1.71 0.17 1. 55

311 1 4 06-00 988 31.7 4.10 7.10 4 . 6 5 0 .4 9 2 . 4 3
2 4 06-00 988 19.7 3 .0 6 5 .5 2 3 .8 7 0.18 2 . 4 8
3 4 0 6 -00 988 10 .4 2 .0 6 3 .0 6 1.98 0.13 1 .39
4 4 16-00 988 18.9 2 . 2 4 3 . 4 4 3 .3 3 N . D . 1 .86

312 1 2 06-00 988 12 .0 0 .9 8 2 .4 2 2.16 0.16 1.16
2 2 0 6 -00 988 9 .9 2 0 .7 2 1.86 2 .4 6 0 .0 5 1 .26
3 2 0 6 -00 988 10 .4 0 .8 9 1.56 2 .0 2 O . i l 1 .03
4 2 0 6 -0 0 988 11 .4 0 . 7 3 1.98 2 . 0 4 0 .0 7 1.07

313 1 l i 0 6 -00 988 7 . 8 5 0 . 9 4 1 .30 1.68 0 .11 0 . 8 5
2 11 0 6 -00 988 6 .5 5 0 . 6 5 1.32 2 .0 2 0 . 0 4 0 .7 7
3 11 06-00 988 9 .11 1 .05 1.71 2 .4 8 0.12 1 .03
4 11 0 6 -00 988 6 .0 7 0 .7 8 1.06 1 .94 0 .0 6 0 .7 7

314 1 7 0 6 -0 0 988 21.6 2 .4 3 5.10 5.01 0 .0 8 3.15
2 7 06-00 988 14.7 2.10 3 .6 5 4 .14 0.18 2 . 0 4
3 7 0 6 -00 988 2 2 .7 2 .6 7 5 .8 3 5 .3 9 0.15 3.15
4 7 0 6 -00 988 17 .9 2 . 5 3 4 .11 4 .8 2 0 .0 6 2 . 6 3

315 1 8 0 6 -0 0 988 4 0 .8 4 .8 2 8 . 8 5 5 .8 7 0 .4 8 3 .5 6
2 8 0 6 -00 980 3 3 .8 4 .2 9 6 . 3 5 4 .8 8 0 .4 6 2 . 9 5
3 8 0 6 -00 988 2 9 .8 4 .0 5 5 .9 3 4 .61 0 . 2 4 2 .9 6
4 8 0 6 -00 988 3 4 .9 3 .7 7 6 .6 3 4 . 8 0 0 .2 6 2 .6 8

316 1 4 01-00 989 3 7 .3 4 . 6 4 8.12 6 . 4 4 0.18 3 . 4 4
2 4 01-00 989 4 3 . 9 5 .2 7 8 . 9 4 6 .7 3 0 .5 9 3 .41
3 4 01-00 989 4 9 . 4 5 .3 5 10.9 7 . 7 5 0 .2 7 4.10
4 4 01^00 989 44.1 5.11 8.17 7.21 0 .3 6 3 . 3 5
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Sam p le  
ID R e p Cl Lioc. Date

N u c l id e  L e v e l s in p c / g  a i r  d r y
C e - 1 4 4 Sb-125 R u -1061 C s - 1 3 7  Z r - 9 5  M n -5 4

317 1 12 01--00 989 3 5 .3 6. 60 9. 76 1 2 .4 0. 64 6. 38
2 12 01--00 989 3 1 .6 5. 60 10 . 2 13 .5 0. 38 5. 85
3 12 01--00 989 3 6 . 0 6. 33 12 . 1 11 .9 0. 96 6. 79
4 12 01--00 989 3 6 .5 5. 87 10 . 9 11.3 0. 51 6. 19

318 1 4 02--00 990 2 2 .8 2. 86 6. 12 4. 27 0. 50 2. 02
2 4 02--00 990 2 2 .3 2. 44 7, 12 4. 05 0. 48 2. 14
3 4 02--00 990 2 7 .8 3. 77 7. 07 5 .2 9 0. 41 2. 96
4 4 02--00 990 19 .9 2. 40 5. 37 3 . 5 4 0. 24 2. 04

319 1 9 02--00 990 3 .7 2 0. 42 0. 86 0 .8 5 0. 16 0. 39
2 9 02--00 990 4. 16 0. 61 1. 05 0. 91 0. 04 0. 45
3 9 02--00 990 3. 12 0. 68 0. 99 1. 27 0. 19 0. 46
4 9 02--00 990 4. 12 0. 64 0. 69 1 .05 0. 05 0. 46

320 1 11 02--00 990 4. 52 0. 82 1. 61 1 .92 0. 20 1. 10
2 11 02--00 990 5 .3 0 0.,68 1. 43 1 .43 0. 19 0. 79
3 11 02--00 990 8 .8 8 0. 77 1. 05 1 .55 N .D . 0. 91
4 11 02--00 990 4 .0 1 0. 57 0. 77 1.51 0. 04 0. 85

321 1 4 03--00 989 45. 1 3. 11 10 . 9 5 .0 9 N . D. 1C1.5
2 4 03--00 989 6 3 .5 4. 23 19 . 6 8 .2 6 0. 32 11 . 6
3 4 03--00 989 6 2 .7 3. 97 16 . 5 8 .0 8 0. 16 1 0 .4
4 4 03--00 989 4 2 .6 2. 67 9. 87 6. 14 0. 29 8. 28

322 1 12 03--00 989 44. 5 5. 26 10 . 8 11.3 0. 54 7. 46
2 12 03--00 989 3 9 .9 5. 24 12 . 2 9 .7 8 0. 76 8. 67
3 12 03--00 989 4 5 .7 4.,86 10 . 0 9. 98 0. 34 8. 58
4 12 03--00 989 40. 5 3. 91 10 . 7 8 .3 7 0. 27 8. 45

323 1 8 03--00 989 2 9 . 0 2.,51 6. 97 5 .66 0. 86 9. 50
2 8 03--00 989 20. 5 2. 08 6. 13 3. 95 0. 72 6. 44
3 8 03--00 989 2 1 .3 2., 09 4. 79 4. 74 0. 33 8. 13
4 8 03--00 989 3 2 .3 3. 11 7. 48 4 .8 8 3. 79 1. 55

324 1 8 04--00 989 2 2 .7 2., 22 6. 03 4 .4 3 0. 37 2. 66
2 8 04--00 989 2 4 .7 2., 58 6. 14 5 .4 2 0. 24 2. 66
3 8 04--00 989 3 9 .7 3.. 60 10  ̂7 8.  13 0. 38 4. 53
4 8 04--00 989 2 5 . 0 2,.81 6. 59 4. 86 0. 17 3. 58
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N u c l ide  L e v e l s  in p c / g  a i r  d r y
ID

325

326

327

328

329

330

331

332

l e p Cl L o c . Date C e - 1 4 4 Sb-125 Ru-106 C s - 1 3 7 Z r - 9 5 M n-5

1 11 0 4 -00 989 9 .6 7 1. 17 1. 12 2. 17 N .D , 1. 16
2 11 0 4 -00 989 2 . 4 4 1 .29 2 ,0 7 2 .0 8 0. 39 0. 92
3 11 0 4 -00 989 7 . 0 4 1 .44 1 .63 2 , 1 4 0 .2 8 1.01
4 11 04-00 989 6 . 8 4 1. 12 1. 50 1 .9 4 0. 17 1 .0 4

1 11 07-00 991 7 .3 2 1. 17 1.67 1 .59 0. 24 1. 18
2 11 0 7 -00 991 6 . 4 4 0 .7 9 1.87 1.27 0. 10 0. 60
3 11 0 7 -00 991 6 .0 6 0 .8 6 1 .6 4 1. 52 0. 18 0 .7 1
4 11 0 7 -0 0 991 6 .1 1 0 .8 8 0. 96 1 .25 0 15 0 .6 2

1 9 0 7 -00 991 4. 56 0. 47 1 .06 0. 94 0. 18 0. 47
2 9 0 7 -00 991 3 .7 8 0. 64 1 .22 0 .8 6 0. 16 0 .3 9
3 9 0 7 -00 991 4. 49 0 .6 6 0 .8 3 0 . 9 0 0. 16 0 .4 3
4 9 0 7 -00 991 4 .4 7 0. 66 0. 94 0. 93 0 .0 4 0 .4 8

1 2 0 7 -00 991 16 .0 1 .43 3 .7 5 2 .6 8 0 .3 4 1.77
2 2 0 7 -00 991 1 6 .0 1 .45 2 .7 1 2 .4 9 0 .41 1. 59
3 2 0 7 -0 0 991 15.7 1 .58 2. 93 2 . 5 4 0 . 2 4 1 .66
4 2 0 7 -00 991 13.2 1 .32 3 .0 2 2 . 5 9 0. 14 1 .47

1 8 0 7 -0 0 991 15,8 2. 13 4. 93 3 .0 3 0 .41 1 .8 4
2 8 0 7 -00 991 9. 11 1.57 2 .5 1 1.71 0 .26 1. 17
3 8 0 7 -00 991 16. 1 1.91 4 .7 6 3 .0 3 0 .0 0 2 .0 7
4 8 0 7 -00 991 2 2 .7 2 .7 5 7 .5 7 3 . 9 4 0. 58 2 .4 1

1 7 0 7 -00 991 13 .8 1 .28 3 .9 2 3 .2 9 0. 58 1 .38
2 7 0 7 -00 991 10. 6 1.77 3 .6 2 2 .6 8 0. 23 1 .32
3 7 0 7 -00 991 11 .5 1 .69 3 .3 6 2 .81 0 .2 6 1 .49
4 7 0 7 -0 0 991 5 .2 7 0 .7 5 1 .79 1 .20 0. 11 0 .8 1

1 12 0 9 -0 0 991 2 1 .7 3 .67 6 .2 5 6 .4 3 0. 10 4. 00
2 12 0 9 -00 991 3 5 .2 4. 02 10.3 9 .2 6 0 .51 5. 56
3 12 0 9 -00 991 2 2 . 0 3 .2 5 5 .4 3 5 .81 0 .2 2 3 . 8 0
4 12 0 9 -00 991 2 1 .7 3 .2 6 5. 17 5 .4 4 0. 35 3 .6 8

1 7 0 9 -00 991 14.8 2 .17 4 .7 5 3 .9 3 0. 35 2 . 3 4
2 7 0 9 -00 991 15 .4 2 .3 6 5. 03 4 .6 7 0 .2 9 2 .9 9
3 7 0 9 -00 991 8. 12 2 .5 3 4. 57 3 .5 2 0 .6 9 2 . 0 0
4 7 0 9 -0 0 991 4. 51 2 . 4 0 3 .5 2 2 .0 2 0 . 6 0 1. 69
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N u c l ide  L e v e l s  in p c / g  a i r  d r y
ID R ep Cl L o c . Date Ce-144 Sb-125 Ru-106 C s-13? Z r - 9 5 M n -5 4

333 1 9 0 9 -00 991 2.12 1 .25 2 . 6 9 1.18 0 .7 7 0 .6 6
2 9 0 9 -0 0 991 1 .30 0 .9 3 2 .0 7 1.08 0 .5 2 0 .5 3
3 9 0 9 -0 0 991 5 .7 9 0 . 8 0 1 .45 1.01 0 .2 6 0 .5 5
4 9 0 9 -0 0 991 4 . 3 0 0 .8 2 1 .34 1.13 0 . 2 0 0 .5 8

334 1 5 0 8 -00 992 19.8 3 . 3 3 3 .4 2 6 . 4 4 0 .2 3 2 .2 2
2 5 0 8 -00 992 2 0 .7 3 .5 2 4 .21 6 . 9 4 0 . 2 4 2 .4 7
3 5 0 8 -00 992 18.9 3 .4 2 3 . 4 0 5 .6 8 0 . 2 4 2 .3 3
4 5 0 8 -00 992 2 3 . 4 4 .0 3 3.12 7 .31 0 .2 8 2 .7 8

335 1 12 0 8 -00 992 2 9 .3 4 .6 2 6 .7 2 8 .6 6 0 . 3 9 6 .0 6
2 12 0 8 -00 992 4 0 . 5 5 .2 7 9. 53 9 .9 8 0 .6 7 7 .41
3 12 0 8 -00 992 4 2 . 4 5 .7 0 9. 59 10.8 0 .5 2 8 .0 3
4 12 0 8 -00 992 3 5 .8 5 .0 0 8 . 4 4 8 .8 6 0 . 3 0 6.51

336 1 5 0 5 -0 0 995 10.2 1.87 1.98 3.12 0 . 2 0 1.43
2 5 0 5 -0 0 995 8 . 0 2 1 .79 1.12 2 .0 3 0.19 1.07
3 5 0 5 -00 995 6 . 9 0 1.76 1 .52 1 .85 0.16 1.06
4 5 0 5 -0 0 995 7 . 9 0 2 .0 2 0 .9 3 2 .41 0 .2 9 1 .25

337 1 9 0 5 -0 0 995 5.10 0 .71 0 . 9 3 1.16 0 . 0 4 0 .5 9
2 9 0 5 -0 0 995 3 .7 9 0 . 6 0 0; 98 1.1 I 0 .0 9 0 .4 9
3 9 0 5 -0 0 995 4 .9 2 0 . 8 0 1 .29 1.10 0 .2 8 0 . 5 9
4 9 0 5 -0 0 995 5 .5 5 0.61 1 .34 0 .9 9 0 .0 6 0.51

338 1 7 0 5 -00 995 13 .4 1 .43 2 . 6 9 2 .4 7 0 .31 1.47
2 7 0 5 -00 995 2 0 .9 2.19 5 .9 5 3 .6 2 0 . 2 4 2. 65
3 7 0 5 -00 995 15.3 2 .2 7 3 .7 8 3 .2 0 0 .2 7 2 . 3 4
4 7 0 5 -00 995 16 .4 2.18 3 .2 5 3.16 0 . 2 5 2. 32

339 1 1 12-00 997 8 .81 0 . 6 5 1.19 1.19 0 .2 9 0 .61
2 1 12-00 997 15.7 1.15 2 .5 8 2 .0 9 0 .0 3 1.14
3 1 12-00 997 8 .9 6 0 .8 6 1.41 1 .25 0.10 0 . 7 0
4 1 12-00 997 6 .91 0 .6 8 0 .81 1.11 0 .2 2 0 . 5 4

340 1 3 12-00 997 8. 39 0 .81 0 .9 9 1.36 0.13 0 .8 6
2 3 12-00 997 7 .4 2 0 . 8 0 0 .7 9 1.31 0 .0 8 0 .7 6
3 3 12-00 997 6 . 7 5 0 .8 6 0 .9 5 1.18 0.14 0 . 6 9
4 3 12-00 997 7 . 7 3 0 .8 7 0 .4 8 1 .23 0.17 0.81
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Sam ple  
ID R ep C l L o c . Date

N u c l ide L e v e l s  in  p c / g  a i r  d r y
Ce-144 Sb-125 Ru-106 C s-137 Z r - 9 5 M n -5 4

341 Jl 6 12-00 997 2 0 .3 4 . 3 4 1 .89 4 . 6 5 0. 33 2 . 0 5
2 6 12-00 997 2 0 . 4 3 .9 5 3 . 3 4 4 . 7 0 0 .0 3 2 . 2 5
3 6 12-00 997 18 .4 3 .5 7 2 .4 2 4 .4 7 0 .3 0 1 . 9 6
4 6 12-00 997 16.7 3.14 2 .21 3 .8 7 0 . 0 0 1 .64

342 1 10 12-00 997 6 .3 9 0 .4 9 1.11 1.07 0 .0 2 0 .71
2 10 12-00 997 7 .5 7 0 .6 3 0 .7 9 1.36 0 .0 9 0 . 8 5
3 ^ 10 12-00 997 7 .01 0 . 4 5 0 . 4 0 1 .07 2 , 8  s 0.16
4 ’ 10 12-00 997 7 .8 7 0 .4 6 0 . 8 4 1 .40 0.12 0 .7 8

343 1 6 18-01 996 14.9 2 .4 7 1.86 3 .2 8 0 .6 2 1 .26
2 6 18-02 996 2 4 .2 4 .21 2 . 8 0 5 .7 7 0 . 2 3 2 .31
3 6 18-03 996 2 0 . 4 3.13 3 .4 8 4 .0 8 0.17 1.72
4 6 18-04 996 2 3 .8 3 .4 6 2 .81 4 .7 8 0 .0 9 2.18

344 1 10 18-01 996 8 . 0 5 0 .8 2 1 .04 1. 40 0 .2 2 0 .8 9
2 10 18-02 996 9 . 0 4 1.01 1.27 1 .85 0 . 2 0 1 .03
3 10 18-03 996 8 . 3 9 0 .9 3 1. 37 1 .35 0 .0 2 0 .8 7
4 10 18-04 996 14.2 1.37 2 . 3 4 2 .0 6 N . D . 1 .43

345 1 3 18-01 996 7 .7 6 0 .9 2 1.21 1 .50 0 .0 2 0 . 8 0
2 3 18-02 996 6 . 7 9 1 .00 0 . 9 0 1 .27 0 .01 0 .91
3 3 18-03 996 6 .7 9 0 . 8 4 1 .3 4 1 .20 0.15 0 .7 2
4 3 18-04 996 5 . 5 4 1 .03 1.51 1.27 0.21 0 .8 8
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T a b le  7. Code n u m b e r s  f o r  p l a n t  s p e c i e s  c l a s s i f i c a t i o n ,  c o l l e c t io n  
lo ca t io n ,  and  d a t e s .

CLASSIFICATION
A r t e m e s i a  t r i d e n t a t a  ( sageb rush )_  
B e t u l a  g l a n d u lo s a  (bog b i r c h ) _____
C e r c o c a r p u s  m o n ta n u s  (m o u n ta in  mahogany)_
D e s c h a m p s i a  c a e s p i t o s a  ( h a i r g r a s s ) _________
J u n i p e r u s  c o m m u n i s  ( c o m m o n  ju n ip e r )
J u n i p e r u s  s c o p u l o r u m  ( j u n i p e r ) ______________
M ix ed  f o r b s
M ix ed  g r a s s e s ___________________
P o p u lu s  t r e m u l o i d e s  ( a sp en )____
P u r s h i a  t r i d e n t a t a  ( b i t t e r b r u s h )  
S a l ix  sp .  (willow)________________

2
"3
"4

V a c c in iu m  s c o p a r i u m  ( b l u e b e r r y  )

_ 7
_8
_ 9
_10
11
”l 2

LOCATION
L a r a m i e  Meadow (upper)  
L a r a m i e  Meadow ( lower)
Z i m m e r m a n  B en c h _______
T r a p  P a r k ________________
M a n h a t t a n _________________
Nunn C r e e k
L i t t l e  B e a v e r __
C ro w n  P o i n t___
P e n n o c k  Creek_  
Y o u n g ' s  G u l c h _  
K e l ly  F l a t s ____
S e v e n m i l e  C r e e k ________
H o m e  M o r a i n e  (g e n e ra l )  
H o m e  M o r a i n e  (sadd le)
H o m e  M o r a i n e  (sou th  s lope)  
R i s t  Canyon__________________
S e a m a n  R e s e r v o i r
B e n n e t t  C r e e k ___ _
P i n g r e e  H i l l_______
H e w l e t t  G u lch  (M e tc a l f  B a s i n  
H e w le t t  G u lch  (M e tc a l f  B a s i n  
H e w le t t  G u lch  ( M e tc a l f  B a s i n  
H e w le t t  G u lch  (M e tc a l f  B a s i n  
H e w le t t  G u lch  (M e tc a l f  B a s i n

g e n e r a l )
d raw )
N.
S.
W.

s lope)
slope)_
s lope)

01-00
~02-00
"03-00
"04-00
“05-00
"06-00
"07-00
"08-00
"09-00
"lO-OO
1 1 -0 0

" l2 -0 0
" l3 -0 0
"13-01
"13-02
" l4 -0 0
" l5 -0 0
"16-00
”l 7 - 0 0
" l8 -0 0
^18-01
18-02

" l8 -0 3
18-04

D A T E

D a y s  a r e  n u m b e r e d  c o n s e c u t i v e l y  w i th  day  1 a s  1 - 1 - 6 2



T a b l e  8. M ea n  c o n c e n t r a t i o n s  of c e s i u m - 137 in w i n t e r  r a n g e  p la n t  s p e c i m e n s  c o l l e c t e d  a t  Y o u n g ' s  Gulch,
C  o  ^  /-« I_f  y-k j— L J  •! r \  X J n  T T

L o c a t io n Y oung 's  
G u lch

S e a m a n
R e s e r v o i r

B en n e t t
C r e e k

P i n g r e e
Hil l

Y e a r S p e c i e s M oun ta in
M ahogany

M oun ta in
M ahogany B i t t e r b r u s h S a g e b r u s h

1962 A ugus t 3. 63 — 4. 58 —

D e c e m b e r 1. 31 — — —

M e a n s 2. 47 — 4. 58 —

1963 M a r c h 1. 16 — — —

O c t o b e r 2. 43 2. 89 2. 42 2. 00

D e c e m b e r 1. 44 1. 87 2. 14 1. 77

M ea n s 1. 68 2. 38 2. 28 1. 89

1964 F e b r u a r y 1. 58 1. 40 2. 35 2. 62

A p r i l 2. 02 2. 24 1. 84 3. 05

J u n e 3. 87 3. 68 4. 51 4. 77

M e a n s 2. 49 2. 44 2. 90 3. 48

^I'^Cesium-137 c o n c e n t r a t i o n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l . CD



T a b le  9. M ean  c o n c e n t r a t i o n s  of c e s i u m - 137 in w i n t e r  r a n g e  p lan t  s p e c i m e n s  c o l l e c t e d  a t  K e l ly  F l a t s

L o c a t io n K e l ly  F l a t s R i s t  Cany on

Y e a r S p e c i e s J u n i p e r B i t t e r b r u s h
M ounta in
M ahogany J u n i p e r

1962 A ugus t — 4. 76 — —

D e c e m b e r — 2. 04 — —

M ea n s — 3. 40 — —

1963 M a r c h — 3. 07 — —

O c t o b e r 4. 14 2. 02 2. 19 5. 04

D e c e m b e r 4. 31 1. 35 1. 35 4. 35

M e a n s 4. 23 2. 15 1. 77 4. 70

1964 F e b r u a r y 5. 11 1. 81 1. 06 3. 67

A p r i l 4. 67 2. 05 1. 59 4. 89

J u n e 5. 24 3. 80 4. 00 6. 21

M e a n s 5. 01 2. 55 2. 22 4. 92

' I 'C e s iu m - 137 c o n c e n t r a t i o n s  g iven  in t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .
00o



T a b le  10 M ea n  c o n c e n t r a t i o n s  of c e s i u m - 137 in  w i n t e r  r a n g e  p lan t  s p e c i m e n s  c o l l e c t e d  at  S e v e n m i le
C r e e k .  *____________________________________________________________________________________________

S p e c ie s

Y e a r Month
M ounta in
M ahogany B i t t e r b r u s h S a g e b r u s h J u n i p e r

1962 A ugus t 3. 28 - - - - 4. 04 —

D e c e m b e r 0. 90 1. 37 1. 91 —

M ean s 2. 09 1. 37 2. 98 —

1963 M a r c h 1. 01 1. 69 1. 74 —

O c t o b e r 1 .73 2. 42 2. 25 4. 06

D e c e m b e r 1. 36 2. 03 2. 77 4. 09

M ea n s 1. 37 2. 05 2. 25 4. 08

1964 F e b r u a r y 1. 40 2. 23 2. 70 4. 84

A p r i l 1. 44 2. 44 4. 15 5. 75

J u n e 3. 41 4. 71 4. 00 5. 75

S e p t e m b e r 1. 27 1. 22 1. 41 4. 42

M ea n s 1. 88 2. 65 3. 07 5. 19

* C e s i u m - 1 3 7  c o n c e n t r a t i o n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d r y  m a t e r i a l . 00



T a b l e  11.  M ea n  c o n c e n t r a t i o n s  of c e s i u m - 1 3 7  in w i n t e r  r a n g e  p la n t  s p e c i m e n s  c o l l e c t e d  a t  H om e  
M o r a in e .  *

Y e a r
S p e c ie s

Month S a g e b r u s h J u n i p e r B i t t e r b r u s h

1962 A ugus t 4. 04 — 3. 59

D e c e m b e r 1. 66 . ------- 1. 36

M ea n s 2. 85 — 2. 48

1963 M a r c h 4. 06 — 2. 22

O c t o b e r 2. 70 5. 28 4. 26

D e c e m b e r 2. 88 5. 57 3. 30

M ean s 3. 21 5. 43 3. 26

1964 F e b r u a r y 3. 36 5. 17 3. 69

A p r i l 5. 15 6. 27 2. 76

J u n e 6. 92 6. 98 7. 02

M ea n s 5. 14 6. 14 4. 49

' C e s i u m - 137 c o n c e n t r a t i o n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .
c»
N)



T a b le  12, M ean  c o n c e n t r a t i o n s  of c e s i u m - 137 in w i n t e r  r a n g e  p lan t  s p e c i m e n s  c o l l e c te d  at  H ew le t t  Gulch

Month

S p e c ie s

Site B i t t e r b r u s h
M ounta in
M ahogany J u n i p e r

F e b r u a r y D ra w 1. 92 1 . 28 3. 71
N o r th 1 . 81 1. 90 4. 55
South 2 . 18 1. 57 3. 07
W e s t 2. 38 1. 36 3. 56
M ea n s 2. 07 1. 53 3. 72

A p r i l D ra w 2 . 20 1. 39 3. 85
N o r t h 2. 34 1. 64 3. 90
South 2 . 26 1. 73 4. 51
W e s t 2 . 12 1. 68 4. 17
M e a n s [2. 23 1 . 61 4. 11

Ju n e D ra w 5. 85 4. 84 4. 40
N o r t h 6 . 07 4. 46 5. 26
South 6 . 14 4. 38 5. 45
W e s t 5. 72 3. 45 5. 61
M ean s 5. 95 4. 28 5. 18

S e p t e m b e r D ra w 1. 40 1. 50 3. 28
N o r th 1. 85 1. 27 5. 77
South 1. 35 1 . 20 4. 08
W e s t 2 . 06 1. 27 4. 78
M e a n s 1. 67 1. 31 4. 48

= C e s i u m - 1 3 7  c o n c e n t r a t i o n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l . 00
00



T a b le  13. M ean  c o n c e n t r a t io n s  of c e s i u m - 137 in s u m m e r  ra n g e  p la n t  s p e c im e n s  c o l le c te d  a t  L a r a m i e  
_____________ M eadow  (u p p e r  and  lo w e r  c o m b in e d ) .* ___________________________________________________________

S p e c ie s

Y e a r M onth A sp en W illow H a i r g r a s s B lu e b e r r y

1962 A u g u st 0. 75 2. 49 6 . 68 5. 17

S e p te m b e r 0 . 61 1. 59 3. 80 1. 24

M ean s 0 . 68 2. 04 5. 24 3. 21

1963 Ju n e 1. 12 4. 16 8 . 51 8 . 98

Ju ly 1 . 86 4. 31 9. 15 11 . 88

A u g u s t 2 . 01 5. 07 11. 03 15. 57

S e p te m b e r 1. 90 3. 59 13. 15 14. 45

M ean s 1. 72 4. 28 10. 46 12. 72

1964 J u ly 1. 32 3. 57 9. 28 16. 08

A ugust 0. 93 2. 33 5. 07 12. 31

S e p te m b e r 1. 02 1 . 60 5. 66 12. 26

M ean s 1. 09 2. 50 6 . 67 13. 55

'C e s iu m - 1 3 7  c o n c e n t r a t io n s  giv^en in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l . 00



T a b le  14, M ean  c o n c e n t r a t io n s  of c e s iu m -1 3 7  in  s u m m e r  ra n g e  p la n t  s p e c im e n s  c o l le c te d  a t  Z i m m e r m a n  
B ench . *

S p e c ie s

Y e a r M onth H a i r g r a s s B lu e b e r r y M ixed  G r a s s e s

1963 Ju n e 5. 83 3. 67

J u ly 5. 30 17. 47 3. 28

A ugust 5. 54 8 . 86 4. 13

S e p te m b e r 5. 25 11 . 06 4. 47

M eans 5. 48 12. 46 3. 89

1964 J u ly 19. 27 14. 12 12. 60

A ugust 2 . 06 8 . 29 3. 68

S e p te m b e r 6 . 89 9. 86 4. 81

M ean s 9. 41 10. 76 7. 03

* C e s iu m - 1 3  7 c o n c e n t r a t io n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .

00



T a b le  15. M ean  c o n c e n t r a t io n s  of c e s i u m - 137 in  s u m m e r  ra n g e  p la n t  s p e c im e n s  c o l le c te d  a t T r a p  P a r k  
and  C ro w n  P o in t .  *

L o c a t io n T r a p  P a r k C ro w n  P o in t

Y e a r S p e c ie s W illow
M ixed

G r a s s e s B lu e b e r r y
C om m on
J u n ip e r

1963 Ju ly — — 7. 62 5. 77

A u g u st — — 9. 87 6 . 50

S e p te m b e r 3. 33 8 . 98 10. 89 6 . 52

M ean s 3. 33 8 . 98 9. 46 6 . 26

1964 J u ly 3. 29 4. 45 12 . 02 10. 77

A ugust 1. 72 1. 75 9. 38 8 . 09

S e p te m b e r 2 . 08 5. 71
• *

9. 58 6 . 59

M ean s 2. 36 3. 97 10. 33 8 . 48

"^ 'Cesium -137 c o n c e n t r a t io n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .

00
0 5



T a b le  16. M ean  c o n c e n t r a t io n s  of c e s i u m - 137 in  s u m m e r  ra n g e  p la n t  s p e c im e n s  c o l le c te d  a t  M a n h a t ta n .*

S p e c ie s

C o m m o n M ixed
Y e a r M onth J u n ip e r A sp e n F o r b s

1963 J u ly 5. 12 2 . 82 3. 43

A u g u st 4. 53 3. 02 4. 93

S e p te m b e r 4. 87 3. 64 8. 87

M ean s 4. 84 3. 16 5. 74

1964 J u ly 5. 77 2 . 26 1. 98

A ugust 2. 99 1. 29 1. 74

S e p te m b e r 2. 35 1 .0 9 3. 11

M ean s 3. 70 1. 55 2 . 28

* C e s iu m -1 3 7  c o n c e n t r a t io n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .

c»
- j



T a b le  17. M ean  c o n c e n t r a t io n s  of c e s iu m -1 3 7  in  s u m m e r  ra n g e  p la n t  s p e c im e n s  c o l le c te d  a t  Nunn C r e e k *

Y e a r M onth H a i r g r a s s
B og

B i r c h W illow
M ixed
F o r b s

M ixed
G r a s s e s

1963 J u ly 10. 59 6 . 48 4. 51 10. 19 6 . 15

A ugust 16. 63 7. 72 6 . 15 12. 65 11. 87

S e p te m b e r 18. 70 5. 74 5. 44 13. 40 16. 89

M ean s 15. 31 6 . 65 5. 37 12. 08 11. 64

1964 J u ly 5. 47 8 . 07 6 . 01 5. 62 8 . 98

A ugust 2. 13 2. 77 3. 66 4. 83 2. 59

S e p te m b e r 3. 46 2. 17 2. 03 4. 84 5. 04

M ea n s 3. 69 4. 34 3. 90 5. 10 5. 54

* C e s iu m - 1 3 7  c o n c e n t r a t io n s  g iven  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .

00
CO



T a b le  18. M ean  c o n c e n t r a t io n s  of c e s i u m - 137 in  s u m m e r  ra n g e  p la n t  s p e c im e n s  c o l le c te d  a t L i t t l e  
B e a v e r  C re e k .

S p e c ie s
Bog M ixed M ixed

Y e a r M onth B i r c h A sp en W illow F o r b s G r a s s e s

1962 S e p te m b e r — 2. 34 — — —

M ean s — 2. 34 — — —

1963 Ju ly 4. 35 2. 41 5. 26 3. 23 4. 30

A ugust 5. 85 2. 77 6 . 23 5. 13 6 . 68

S e p te m b e r 4. 18 3. 29 4. 39 5. 69 4. 41

M ean s 4. 79 2 . 82 5. 29 4. 68 5. 13

1964 J u ly 4. 79 1. 51 3. 10 2. 77 3. 73

A u g u s t 2. 38 0. 99 1 . 81 4. 19 1. 97

S e p te m b e r 2. 58 0. 91 1. 41 2. 50 2. 93

M ean s 3. 25 1. 14 2 . 11 3. 15 2 . 88

* C e s iu m - 1 3 7  c o n c e n t r a t io n s  g iv en  in  t e r m s  of p ic o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .
00
CO



T a b le  19. M ean  c o n c e n t r a t io n s  of c e s i u m - 137 in  s u m m e r  ra n g e  p lan t  s p e c im e n s  c o l le c te d  a t  P e n n o c k  
C re e k .  *

S p e c ie s

Y e a r M onth A sp en B lu e b e r r y M ixed  F o r b s

1963 J u ly 0. 41 10 . 22 6 . 15

A u g u st  . 3. 13 11. 57 8 . 44

S e p te m b e r 3. 23 11. 42 11 . 86

M ean s 2 . 26 11. 07 8 . 82

1964 J u ly 1. 91 9. 44 3. 89

A u g u st 1 . 10 6 . 10 4. 61

S e p te m b e r 1 . 10 6 . 75 3. 54

M ean s 1. 37 7. 43 4. 01

'C e s i u m - 1-37 c o n c e n t r a t io n s  g iv en  in  t e r m s  of p i c o c u r i e s  p e r  g r a m  a i r  d ry  m a t e r i a l .

COo
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T ab le  20, C o m p a r i s o n  of m e a n  C es ii im -1 3 7  c o n c e n t r a t io n s  in  
v a r io u s  p la n t  s p e c i e s  c o l le c te d  f r o m  L a r a m i e  (1) 

____________ d u r in g  S u m m e r ,  1964._______________________________

M ean s  ( p c /g  a i r  d r y  m a te r i a l ) :

P l a n t  S p e c ie s
H a i r  g r a s s B l u e b e r r y M e a n s

J u ly 1 0 .7 8 1 6 .0 8 1 3 .4 3
A u g u s t 5 .2 7 1 2 .3 1 8 .7 9
S e p te m b e r 7 .0 3 1 2 .2 6 9 .6 4

M ean s 7 .7 0 1 3 .5 5

A n a ly s is  o f  V a r ia n c e

S o u rce D F MS F

S p e c ie s 1 2 0 5 .2 1 8 115.8=^"f-
D ate 2 4 8 .8 2 0 2 7 .6
I n te r a c t io n 2 2 .0 9 7 1 . 2  N .S .
E r r o r 18 1 .7 7 2

** S t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .  
N .S ,  -  N ot s ig n i f ic a n t .
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T ab le  21. C o m p a r i s o n  o f m e a n  C esitam -137 c o n c e n t r a t io n s  in  
v a r io u s  p la n t  s p e c i e s  c o l le c te d  f r o m  L a r a m i e  (2) 

____________ d u r in g  S u m m e r ,  1964.________________________________

M ean s  (p c /g  a i r  d r y  m a t e r i a l ) ;

P l a n t  S p e c ie s
H a i r  g r a s s A sp e n W illow M ea n s

J u ly 7 .7 7 1 .3 2 3 .5 7 4 .2 2
A u g u s t 4 .8 7 0 .9 3 2 .3 3 2 .7 1
S e p te m b e r 4 .2 9 1 .0 2 1 .6 0 2 .3 0

M ean s 5 .6 4 -1.09 2 .5 0

A n a ly s is  o f  V a r ia n c e

S o u rce D F MS

S p e c ie s 2 65. 126 61. 1 •i'*
D ate 2 1 2 .2 1 9 11. 5
In te r a c t io n 4 2 .8 9 6 2 .7  N .S .
E r r o r 27 1. 066

S ta t i s t i c a l l y  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .  
N .S .  -  Not s ig n i f ic a n t .
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T ab le  22. C o m p a r i s o n  o f m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
v a r io u s  p la n t  s p e c i e s  c o l le c te d  f r o m  Z i m m e r m a n  

____________ B e n c h  d u r in g  S u m m e r ,  1964._________________________

M ean s  ( p c /g  a i r  d r y  m a te r i a l ) :

P l a n t  S p e c ie s
H a i r g r a s s B l u e b e r r y M ixed  G r a s s e s M e a n s

J u ly 1 9 .2 7 1 4 .1 2 1 2 .6 0 1 5 .3 3
A u g u s t 2 .0 6 8 .2 9 3 .6 8 4 .6 7
S e p te m b e r 6 .8 9 9 .8 6 4 .8 1 7. 19

M ean s 9«41 1 0 .7 6 7 .0 3

A n a ly s is  of V a r ia n c e ;

S o u rce D F MS

S p e c ie s 2 4 2 .8 6 8 7 . 0
D ate 2 3 7 1 .6 5 8 61. 1 **
In te r a c t io n 4 3 6 .9 2 5 6 . 1 * *
E r r o r 27 6 .0 8 5

** S t a t i s t i c a l l y  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .
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T ab le  23. C o m p a r i s o n  o f m e a n  C es iu m -1 3 7  c o n c e n t r a t io n s  in  
v a r io u s  p la n t  s p e c i e s  c o l le c te d  f r o m  T r a p  P a r k  

____________ d u r in g  S u m m e r ,  1964.________________________________

M ean s  ( p c /g  a i r  d r y  m a t e r i a l ) :

P la n t  S p e c ie s
W illow M ixed  G r a s s e s M ea n s

J u ly 3 .2 9 4 .4 5 3 ,8 7
A ugust 1 .7 2 1 .7 5 1 .7 4
S e p te m b e r 2 .0 8 5 .7 1 3 .9 0

M ean s 2 .3 6 3 .9 7

A n a ly s is  o f  V a r ia n c e ;

S o u rce d f MS

S p e c ie s 1 1 5 . 504 2 6 .6
D ate 2 1 2 .2 8 5 2 1. 0
In te r a c t io n 2 6 .7 7 0 11 .6^=*
E r r o r 18 0. 584

** S t a t i s t i c a l l y  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .
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T a b le  24. C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in  v a r io u s  
p la n t  s p e c i e s  c o l le c te d  f r o m  M a n h a t ta n  d u r in g  s u m m e r ,  
1964.

M ea n s  ( p c /g  a i r  d ry  m a t e r i a l ) :

P l a n t  S p e c ie s
A sp e n C o m m o n  J u n ip e r M ixed  F o r b s M ea n s

J u ly 2 . 26 5. 77 1. 98 3. 34
Aug. 1. 29 2. 99 1. 74 2 . 01
Sept. 1. 09 2. 35 3. 11 2. 19
M ean s 1. 55 3. 70 2 . 28

A n a ly s is  of v a r i a n c e :
S o u rc e D F MS F

S p e c ie s 2 14. 185 3 7 .9
D a te s 2 6 . 046 16. 2
I n te r a c t io n 4 5. 215 13. 9
E r r o r 27 0. 374

^ ^ 'S ta t is t ic a l ly  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  25. C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in  v a r io u s  
p la n t  s p e c i e s  c o l le c te d  f r o m  N unn C r e e k  d u r in g  s u m m e r ,  
1964.

M e a n s  ( p c /g  a i r  d ry  m a t e r i a l ) :

P la n t  S p e c ie s
M ix ed B og M ix ed

H a i r g r a s s W illow G r a s s e s B i r c h F o r b s M ea n s
Ju ly 5. 47 6 . 01 8 . 98 8 . 07 5. 62 6 . 83
Aug. 2. 13 3. 66 2. 59 2. 77 4. 83 3. 19
Sept. 3. 46 2. 03 5. 04 2. 17 4. 84 3. 51
M ea n s 3. 68 3. 90 5. 54 4. 34 5. 10

A n a ly s is of v a r ia n c e :
S o u rc e D F MS F

S p e c ie s 4 7. 466 4. 5
D a te s 2 8 1 .0 8 7 48. 7 **
I n te r a c t io n 8 7. 686 4. 6 **
E r r o r 45 1. 664

^ S ta t i s t i c a l ly  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .
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T a b le  2fi C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in  v a r io u s  
p la n t  s p e c i e s  c o l le c te d  f r o m  L i t t l e  B e a v e r  d u r in g  s u m m e r ,  
1964.

M e a n s  ( p c /g  a i r  d ry  m a t e r i a l ) :
P l a n t  S p e c ie s

A sp e n  W illow M ix ed  G r a s s e s B og B i r c h M ix ed  F o r b s M e a n s
Ju ly 1 .5 1  3 .1 0 3. 73 4. 79 2. 77 3. 18
Aug. 0 .9 9  1 .81 1. 97 2. 38 4. 19 2. 27
Sept. 0 .9 1  1 .4 1 2. 93 2. 58 2. 50 2 . 06
M ean s 1 .1 4  2 .1 1 2 . 88 3. 25 3. 15

A n a ly s is of v a r ia n c e :
S o u rc e D F MS F

S p e c ie s 4 9. 422 15. 5 **
D a te s 2 7 .0 6 2 1 1 .6
I n te r a c t io n 8 2. 510 4. 1
E r r o r 45 0 . 608

^ '^ S ta t is t ic a l ly  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  27. C o m p a r i s o n  of m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
v a r io u s  p la n t  s p e c i e s  c o l le c te d  f r o m  C ro w n  P o in t  

____________ d u r in g  S u m m e r ,  1964.________________________________

M ean s  ( p c /g  a i r  d r y  m a t e r i a l ) :

P la n t  S p e c ie s
B l u e b e r r y C o m m o n  J u n ip e r M e a n s

J u ly 12 .02 10.77 11 .40
A ugust 9 .3 8 8 .0 9 8 .7 4
S e p te m b e r 9. 58 6 .5 9 8 .0 8

M ean s 10.33 8 .4 8

A n a ly s is  o f  V a r ia n c e :

S o u rc e D F MS F

S p e c ie s 1 2 0 .2 9 5 9. 3
D ate 2 2 4 .6 4 6 11.3
In te r a c t io n 2 1 .9 6 1 0..9 N.
E r r o r 18 2 .1 7 8

** S t a t i s t i c a l ly  s ig n i f ic a n t  a t  th e  1 pep  c e n t  l e v e l .  
N .S .  -N o t s ig n i f ic a n t
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T ab le  28. C o m p a r i s o n  o f m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
v a r io u s  p la n t  s p e c i e s  c o l l e c te d  f ro m  P e n n o c k  C r e e k  

_____________ d u r in g  S u m m e r ,  1964._________________________________

M ean s  ( p c /g  a i r  d r y  m a te r i a l ) :

P l a n t  S p e c ie s
B l u e b e r r y A sp e n M ixed  F o r b s M e a n s

J u ly 9 .4 4 1 .9 1 3 .8 9 5 .0 8
A ugust 6 . 10 1 . 10 4 .6 1 3 .9 4
S e p te m b e r 6 .7 5 1 . iO 3 .5 4 3 .8 0

M ean s 7 .4 3 1 .3 7 4 .0 1

A n a ly s is  o f  V a r ia n c e

S o u rce D F MS F

S p e c ie s 2 110 .643 118.8
D ate 2 6 . 0 17 6 .5
I n te r a c t io n 4 4 .3 3 6 4 .7
E r r o r 27 0 .9 3 1

?::{c

** S t a t i s t i c a l l y  s ig n i f ic a n t  a t  the  1 pep  c e n t  l e v e l .
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T ab le  29. C o m p a r i s o n  o f m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
____________ s a g e b r u s h  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  1964.

M ean s  (p c /g  a i r  d r y  m a te r i a l ) ;

L o c a t io n s
S e v e n m ile  C r e e k H o m e M o ra in e P in g r e e  H il l M eans

F e b r u a r y 2 .7 0 4.15 4 .0 0 3 .6 2
A p r i l 3 .3 6 5.15 6 .9 2 5. 14
Ju n e 2 .6 2 3 .0 5 4 .7 7 3 .4 8
M eans 2 .8 9 4.12 5 .2 3

A n a ly s is  o f  V a r ia n c e :

S o u rce D F MS F

L o c a t io n s 2 2. 563 1 6 .8
D a te s 2 4 .0 9 2 2 6 .8
I n te r a c t io n 4 0 .4 9 9 3 .3  *
E r r o r 27 0. 153

S ta t i s t i c a l l y  s ig n i f ic a n t  a t  the  5 p e r ' c e n t  le v e l .  
S t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T ab le  30. C o m p a r i s o n  of m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
m o u n ta in  m a h o g a n y  c o l le c te d  f ro m  v a r io u s  lo c a t io n s  

____________ d u r in g  1964._____________________________________________

M ean s  ( p c /g  a i r  d r y  m a te r i a l ) :

Y o u n g 's  S ev en m ile
L o c a t io n s

R i s t S e a m a n  H e w le t t
G ulch C r e e k C anyon R e s e r v o i r G ulch M ean s

F e b r u a r y 1 .5 8 1 .4 0 1 .0 6 1 .4 0 1 .5 3 1 .3 9
A p r i l 2 .0 2 1 .4 4 1 . 5 9 2 . 2 4 1 . 6 1 1 .7 8
Ju n e 3 .87 3 .4 1 4 .0 1 3 .6 8 4 .2 8 3 .8 5
M eans 2 .4 9 2 .0 8 2 .2 2 2 .4 4 2 .4 7

A n a ly s is  o f  V a r ia n c e :

S o u rce D F MS F

L o c a t io n s 4 0. 097 2. 5 N .S .
D a te s 2 8 .7 3 4 2 2 9 .3
In te r a c t io n 8 0 . 082 2 . 2  ^
E r r o r 45 0. 038

* S t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  5 p e r  c e n t  le v e l .  
** S t a t i s t i c a l ly  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .  
N ,S .  N ot s ig n i f ic a n t .
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T ab le  31. C o m p a r i s o n  o f m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
____________ ju n ip e r  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  1964,

M ean s  ( p c /g  a i r  d r y  m a t e r i a l ) :

L o c a t io n s
H e w le t t  R i s t  K e l ly  S e v e n m ile H om e

G ulch C anyon F l a t s C r e e k M o ra in e M ean s
F e b r u a r y 3 .7 2 3. 10 5. 11 4 .8 4 5. 17 4 .3 9
A p r i l 4 . 11 4 .8 9 4 ,6 7 5 ,7 5 6 .2 7 5. 14
Ju n e 5.18 6 .2 1 5 .2 4 5 .7 5 6 .9 8 5 .8 7
M eans 4 .3 4 4 .7 3 5 .0 0 5 .4 4 6 . 1 4

A n a ly s is  of V a r ia n c e :

S o u rce D F MS _F

L o c a t io n 4 1 .4 4 4 1 0 .5
D ate 2 2 .7 5 5 20 .1
In te r a c t io n 8 0 .3 6 3 2 . 6 *
E r r o r 45 0. 137

* S t a t i s t i c a l l y  s ig n i f ic a n t  a t  the  5 p e r  c e n t  l e v e l .  
** S t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  32. C o m p a r i s o n  o f m e a n  C e s i u m -137 c o n c e n t r a t io n s  in  
b i t t e r b r u s h  c o l le c te d  f ro m  v a r io u s  lo c a t io n s  d u r in g  
1964.

M ean s  (p c /g  a i r  d r y  m a te r i a l ) :

K e l ly  S ev en m ile
L o c a t io n s  

H o m e  B en n e t t H e w le t t
F l a t s C r e e k M o ra in e C r e e k G ulch M ean s

F e b r u a r y 1 .8 1 2 .2 3 3 .6 9 2 .3 5 2 .0 7 2 .4 3
A p r i l 2 .0 5 2 .4 4 2 .7 6 1 .8 3 2 .2 3 2 .2 6
Ju n e 3 .8 0 4 .7 1 7 .0 2 4 .5 1 5. 95 5 .2 0
M eans 2 .5 5 3. 12 4 .4 9 2 .9 0 3 .4 2

A n a ly s is  o f  V a r ia n c e :

Sc'urce D F MS

L o c a t io n s  4
D a te s  2
In te r a c t io n  8
E r r o r  45

1 .6 2 8
13 .570
0 .3 3 3
0 .0 4 6

35.2  
2 9 3 .3 * ^ '  

7 . 2 * *

** S t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  lev»?J.
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T a b le  33 . C o m p a r i s o n  of m e a n  c e s iu m - 1 3 7  c o n c e n t r a t io n s  in bog
b i r c h  c o l le c te d  a t  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  1964.

M ea n s  ( p c /g  a i r  d ry  m a t e r i a l ) :

L o c a t io n s
N unn C r e e k L i t t l e  B e a v e r M ea n s

J u ly 8 . 07 4. 79 6 . 43
Aug. 2. 77 2. 38 2. 57
Sept. 2. 17 2. 58 2. 37
M ean s 4. 34 3. 25

A n a ly s i s  of v a r i a n c e :
S o u rc e D F MS F

L o c a t io n s 1 7. 096 1 1 .6
D a te s 2 4 1 .7 8 0 6 8 . 4
I n t e r a c t i o n 2 7. 525 12. 3
E r r o r 18 0 . 611

'^ '^S ta tis t ica lly  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  34. C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in h a i r -  
g r a s s  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  
1964.

M ean s  ( p c /g  a i r  d r y  m a t e r i a l ) :

L o c a t io n s
L a r a m i e L a r a m ie Z i m m e r m a n N unn

M eadow(l) M eadow(2) B en ch C r e e k M ean s
J u ly 10. 79 7. 77 19. 27 5. 47 10. 82
Aug. 5. 28 4. 87 2 . 06 2. 13 3. 58
Sept. 7. 03 4. 29 6 . 89 3. 46 5. 42
M ean s 7. 70 5. 64 9. 41 3. 68

A n a ly s is of v a r ia n c e ;

S o u rc e D F MS F
L o c a t io n s 3 7 3 .9 9 6 34. 7 **
D a te s 2 226. 652 106. 3 **
I n te r a c t io n 6 48. 508 22. 7
E r r o r 36 2. 133

^ ^ S ta t i s t i c a l ly  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  35i C o m p a r i s o n  of m e a n  c e s iu m - 1 3 7  c o n c e n t r a t io n s  in  c o m m o n  
ju n ip e r  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  
1964.

M ea n s  ( p c /g  a i r  d ry  m a te r i a l ) :

L o c a t io n s
M an h a t ta n C ro w n  P o in t M ea n s

J u ly 5. 77 10. 77 8 . 27
A u g u s t 2. 99 8 . 09 5. 54
S e p te m b e r 2. 35 6 . 59 4. 47
M ean s 3. 70 8 . 48

A n a ly s i s  of v a r ia n c e :

S o u rc e D F MS F
L o c a t io n s 1 1 3 8 .1 9 2 80 . 252
D a te s 2 3 0 .2 2 4 17 . 552
I n te r a c t io n  2 0. 470 0 .2 7 3  N .S .
E r r o r 18 1. 722

N .S .
S t a t i s t i c a l ly  s ig n i f ic a n t  a t  th e  1 
N ot s ig n if ic a n t .

p e r c e n t  le v e l .
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T a b le  36. C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in  a s p e n  
c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  1964.

M ean s  ( p c /g  a i r  d ry  m a t e r i a l ) :

L o c a t io n s
L a ra m ie (2 ) M an h a t ta n L i t t l e  B e a v e r P e n n o c k  C r e e k M ea n s

Ju ly 1. 32 2 . 26 1. 51 1. 91 1. 75
Aug. 0. 93 1. 29 0. 99 1 . 10 1 .0 8
Sept. 1 .0 2 1 .0 9 0. 91 1 . 10 1. 03
M ean s 1 .0 9 1. 55 1. 14 1. 37

A n a ly s is  of v a r ia n c e :
S o u rce D F MS F

L o c a t io n s 3 0. 539 15. 2 **
D a te s 2 2 . 608 73. 7
I n te r a c t io n 6 0. 144 4. 1
E r r o r 36 0. 035

^ ^ S ta t i s t i c a l ly  s ig n if ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  37. C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in w illow  
c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  1964.

M ea n s  ( p c /g  a i r  d ry  m a t e r i a l ) :
L o c a t io n s

L a ra m ie (2 ) T r a p  P a r k Nunn C r e e k L i t t l e  B e a v e r M ea n s
Ju ly 3. 57 3. 29 6 .0 1 3. 10 3. 99
Aug. 2. 33 1. 72 3 .6 6 1 .81 2. 38
Sept. 1 . 60 2 . 08 2. 03 1. 41 1. 78
M ean s 2. 50 2. 36 3. 90 2 . 11

A n a ly s is of v a r ia n c e ;
S o u rc e D F MS F

L o c a t io n s 3 7. 749 8 . 6
D a te s 2 2 0 .8 4 6 23. 2 **
I n te r a c t io n 6 1. 619 1. 8 N. S.
E r r o r 36 0. 900

** S t a t i s t i c a l ly  s ig n i f ic a n t  a t  th e  1 p e r  c e n t  le v e l ,  
N .S .  N ot s ig n if ic a n t .
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T a b le  38. C o m p a r i s o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in
b l u e b e r r y  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  
1964.

M ean s  ( p c /g  a i r  d ry  m a te r i a l ) :
L o c a t io n s

L a r a m i e  (1) Z i m m e r m a n C ro w n  P o in t P e n n o c k  C r e e k M e a n s
Ju ly 16. 08 14. 12 12 . 02 9. 44 12. 91
Aug. 12. 31 8 . 29 9 . 38 6 . 10 9. 02
Sept. 12 . 26 9. 86 9 . 58 6 . 75 9. 61
M ean s 13. 55 10. 75 10 . 33 7. 43

A n a ly s is  of v a r i a n c e
S o u rc e D F MS F

L o c a t io n s 3 75. 292 45. 6 >1'*
D a te s 2 70. 647 42. 8
I n te r a c t io n 6 2 . 096 1. 3 N .S .
E r r o r 36 1 . 652

S ta t i s t i c a l ly  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .  
N. S. N ot s ig n if ic a n t .
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T a b le  39. C o m p a r is o n  of m e a n  c e s i u m - 137 c o n c e n t r a t io n s  in  m ix e d  
f o r b s  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  
1964.

M ea n s  ( p c /g  a i r  d ry  m a t e r i a l ) :

L o c a t io n s
M an h a t ta n Nunn C r e e k L i t t l e  B e a v e r P e n n o c k  C r e e k M ea n s

J u ly 1. 98 5. 62 2. 77 3. 89 3. 57
Aug. 1. 74 4. 83 4. 19 4. 61 3. 84
Sept. 3. 11 4. 84 2. 50 3. 54 3. 50
M ean s 2 . 28 5. 10 3. 15 4. 01

A n a ly s is of v a r i a n c e

S o u rce D F MS F
L o c a t io n s 3 17. 424 22. 5
D a te s 2 0. 543 0. 7 N .S .
I n te r a c t io n 6 2. 315 3. 0 -
E r r o r 36 0. 774

S ta t i s t i c a l l y  s ig n i f ic a n t  a t  th e  5 p e r  c e n t  le v e l .  
** S t a t i s t i c a l ly  s ig n i f ic a n t  a t  the  1 p e r  c e n t  le v e l .  
N .S .  N ot s ig n if ic a n t .
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T a b le  40. C o m p a r i s o n  of m e a n  c e s iu m - 1 3 7  c o n c e n t r a t io n s  in m ix e d  
g r a s s e s  c o l le c te d  f r o m  v a r io u s  lo c a t io n s  d u r in g  s u m m e r ,  
1964.

M e a n s  ( p c /g  a i r  d r y  m a t e r i a l ) :

L o c a t io n s
Z i m m e r m a n T r a p  P a r k Nunn C r e e k L i t t l e  B e a v e r M e a n s

J u ly 12 . 60 4. 45 8 . 98 3. 73 7. 44
Aug. 3. 68 1. 75 2. 59 1. 97 2. 50
Sept. 4. 81 5. 71 5. 04 2. 93 4. 62
M ean s 7. 03 3. 97 5. 54 2 . 88

A n a ly s is of v a r ia n c e ;
S o u rc e D F MS F

L o c a t io n s 3 39. 436 8 . 2
D a te s 2 9 8 .0 7 8 20. 5 **
I n te r a c t io n 6 1 8 .9 2 6 4. 0
E r r o r 36 4. 789

?{<>|<S ta t i s t i c a l ly  s ig n if ic a n t  a t  th e  1 p e r  c e n t  le v e l .
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T a b le  41. R a t io s  of c e s iu m - 1 3 7  c o n c e n t r a t io n s  f o r  l e a v e s  and  s t e m s  
o f p la n ts  c o l le c te d  in  S e p te m b e r ,  1964.

L e a f  Cs - 1 3 7 / s t e m  C s -1 3 7
S a m p le L o c a t io n  S p e c ie s

No. R ep. S p e c ie s L o c a t io n R a tio m e a n  m e a n
319 1 a sp e n L a r a m i e  M eadow 2. 89

2 M ft 2. 31
3 M 1 t 1. 74
4 M It 2. 63 2. 39

327 1 a s p e n L i t t l e  B e a v e r 2. 39
2 M It 2. 41
3 tl tl 3. 80
4 tl It 4. 26 3. 22

333 1 a s p e n P e n n o c k  C r e e k 4. 47
2 11 It 4. 99
3 U tl 2. 46
4 It tt 4. 83 4. 19

337 1 a s p e n M an h a t te n 2. 67
2 II 11 2. 77
3 n 11 5. 15
4 !t It 3. 03 3 .4 1  3 .3 0

312 1 bog  b i r c h N unn C r e e k 1. 73
2 II 11 1. 43
3 II It 1. 37
4 n tt 1. 34 1. 47

328 1 bog  b i r c h L i t t l e  B e a v e r 0. 85
2 It 11 0. 94
3 1! 11 1 .0 8
4 tl It 1. 24 1 .0 3  1 .2 5

317 1 b l u e b e r r y L a r a m i e  M eadow 1. 15
2 ! l tt 1. 13
3 tt 11 1. 24
4 It It 1 . 20 1 . 18

322 1 b l u e b e r r y Z i m m e r m a n 0. 89
2 M It 1. 12
3 It I t 0. 85
4 tt It 1. 13 1 . 00



213

T a b le  41, C on tinued .

L e a f  C s - 1 3 7 / s t e m  C s -1 3 7
S a m p le L o c a t io n  S p e c ie s

No. Rep. S p e c ie s L o c a t io n R atio m e a n  m e a n

331 1 b l u e b e r r y P e n n o c k  C r e e k 0. 90
2 11 II 0 . 86
3 11 II 1. 04
4 n It 0. 93 0. 93

335 1 b l u e b e r r y C ro w n  P o in t 0. 85
2 H 11 0. 97
3 It 11 1. 11
4 M 11 1. 02 0 .9 9  1 .0 3

313 1 w illow N unn C r e e k 2. 13
2 M 11 2. 25
3 M 11 1. 67
4 tl II 1. 84 1. 97

320 1 w illow L a r a m i e  M eadow 2. 71
2 1 1 11 3. 65
3 It 11 2. 85
4 M It 3. 64 3. 21

325 1 w illow T r a p  P a r k 1. 39
2 M It 2. 50
3 M 11 2 . 10
4 M It 2. 70 2. 17

326 1 w illow L i t t l e  B e a v e r 2. 84
2 11 It 2. 56
3 It It 3. 40
4 It It 2 . 00 2 .7 0  2 .5 1

342 1 b i t t e r b r u s h S e v e n m ile 1. 37
2 tl It 1. 31
3 It tl 1. 40
4 II 11 1. 96 1. 51

344 1 b i t t e r b r u s h H e w le t t  G u lch 1. 47
2 M If 1. 14
3 1 1 1 1 1. 36
4 It II 1 . 80 1 .4 4  1 .4 8
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T a b le  41, C on tinued .

L e a f  C s - 1 3 7 / s t e m  C s - 1 3 7
S a m p le L o c a t io n S p e c ie s

No. R ep. S p e c ie s L o c a t io n R a tio m e a n m e a n

340 1 m ah o g an y S e v e n m ile 3. 26
2 1 ! I I 3. 45
3 1 1 I I 3. 03
4 1 1 1 1 3. 53 3. 32

345 1 m ah o g an y H e w le t t  G u lch 3. 45
2 I I 1 1 3. 01
3 I t 1 1 3. 59
4 M 1 1 3. 36 3. 35 3. 34

339 1 s a g e b r u s h S e v e n m ile 1. 36
2 I t 1 1 0. 67
3 1 1 1 1 1. 23
4 1 1 t l 1 . 06 1 . 08 1 . 08
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T a b le  42. C o n c e n t r a t io n s  of c e s i u m - 137 in  d e e r  m u s c l e  t i s s u e s  and  
s u p p le m e n ta r y  in fo r m a t io n .

L o c a t io n p c  C s -1 3 7
No. Sex A ge* D ate S T R E le v a t io n p e r  Kg

A - 38 F 56 2 -2 0 -6 2 27 9 71 6, 900 227
A - 39 M 44 2 -2 7 -6 2 2 8 72 7, 100 304
A - 40 M 21 3- 8 -62 36 9 74 8, 000 305
A - 48 F 144 5- 2 -6 2 28 9 72 7, 800 417
A - 49 M 23 5- 9 -62 34 9 74 7, 800 490
A - 50 F 23 5 -1 6 -6 2 26 9 73 8 , 400 503
A - 51 F 11 5 -2 3 -6 2 6 8 72 7, 400 497
A - 52 M 11 5 -3 0 -6 2 33 9 73 7, 500 868
A - 53 M 12 6 - 6 -62 5 7 75 9, 100 960
A - 54 M 24 6 -1 3 -6 2 30 8 72 8 , 500 859
A - 55 M 24 6 -2 0 -6 2 14 9 74 9, 200 1274
A - 56 F 60 6 -2 7 -6 2 3 6 75 1 0 ,2 0 0 982
A - 57 F 25 7- 9 -62 33 10 75 10, 100 1060
A - 58 F 13 7 -1 6 -6 2 29 7 75 1 0 ,5 0 0 1115
A - 59 F 37 7 -2 3 -6 2 25 10 75 1 0 ,0 0 0 604
A - 60 M 61 7 -3 0 -6 2 9 7 72 8 , 500 636
A - 61 F 26 8 - 6-62 25 7 76 1 0 ,7 0 0 1280
A - 62 F 13 8 -1 3 -6 2 33 8 75 8, 700 508
A - 63 M 14 8 -2 0 -6 2 2 9 75 10, 000 588
A - 64 F 25 8 -2 7 -6 2 27 7 75 1 0 ,1 0 0 905
A - 65 M 84 9- 5 -62 14 9 74 9, 400 413
A - 66 F 38 9 -1 1 -6 2 18 7 75 9, 600 637
A - 67 M 15 9 -1 8 -6 2 15 9 75 9, 700 566
A - 68 M 15 9 -2 7 -6 2 21 9 73 8 , 400 492
A - 69 F 28 10- 4 -62 29 9 73 7, 700 658
A - 70 M 16 1 0 -1 0 -6 2 19 9 73 9, 000 643
A - 71 F 4 1 0 -1 8 -6 2 4 8 71 5, 900 584
A - 72 F 40 1 0 -2 3 -6 2 3 8 72 6, 700 476
A - 73 F 112 1 1 -1 5 -6 2 19 9 71 6, 900 466
A - 74 M 30 1 1 -2 1 -6 2 28 9 70 5, 600 714
A - 75 F 113 1 1 -2 8 -6 2 27 9 72 7, 700 497
A - 76 M 6 12- 5 -62 18 9 70 6, 400 538
A - 77 F 54 1 2 -1 2 -6 2 22 9 73 8, 400 574
A - 78 M 54 1 2 -1 9 -6 2 15 8 70 5, 700 686
A - 79 F 114 1 2 -2 6 -6 2 33 9 74 7, 800 492
A - 80 M 55 1- 2 -6 3 17 9 71 7, 100 648
A - 81 M 55 1- 9 -63 28 9 70 5, 700 533
A - 82 F 67 1 -1 6 -6 3 33 9 74 7, 700 779
A - 83 F 115 1 -2 3 -6 3 2 8 72 7, 000 715

*A ges  e s t i m a t e d  in  t e r m s  of m o n th s  by  D. E .  M ed in  and  A. E . 
A n d e rs o n ,  C o lo ra d o  D e p a r tm e n t  of G a m e , F i s h ,  an d  P a r k s ,  by  th e  
to o th  r e p l a c e m e n t  and  w e a r  m e th o d  (R o b in e tte  1957).



216

T a b le  42,  C on tinued .

No. Sex Age= '̂ D a te
L o c a t io n  

S T R E le v a t io n
p c  C s -1 3 7  

p e r  Kg
A - 84 F 55 1 -3 0 -6 3 28 8 70 6, 300 724
A - 85 M 32 2- 6-63 32 9 74 8, 000 602
A - 86 M 8 2 -1 3 -6 3 27 9 72 7, 600 678
A - 87 M 20 2 -2 0 -6 3 2 8 71 6, 000 601
A - 88 F 44 2 -2 7 -6 3 35 9 74 7, 700 509
A - 89 M 69 3- 6 -63 7 8 72 7, 500 643
A - 90 F 117 3 -1 3 -6 3 2 8 73 7, 600 735
A - 91 F 105 3 -2 0 -6 3 17 9 71 6 , 800 1006
A - 92 M 21 3 -2 7 -6 3 15 8 70 5, 500 495
A - 93 F 106 4- 8 -63 5 8 72 6, 900 558
A - 94 M 10 4 -1 5 -6 3 34 9 73 7, 200 640
A - 95 F 58 4 -2 2 -6 3 18 9 70 5, 900 590
A - 96 M 10 4 -2 9 -6 3 4 8 71 6, 300 884
A - 97 F 11 5- 6 -63 24 9 73 8 , 000 716
A - 98 F 107 5 -1 3 -6 3 17 9 72 7, 900 582
A - 99 M 35 5 -2 0 -6 3 3 8 73 8 , 200 718
A-lOO M 83 5 -2 7 -6 3 22 9 73 8 , 400 905
A -101 F 48 6 - 5-63 14 8 73 8 , 000 1053
A -102 M 60 6 -1 2 -6 3 13 9 74 9, 100 872
A -103 F 12 6 -1 9 -6 3 21 7 75 9, 900 1725
A -1 0 4 F 0. 5 6 -2 6 -6 3 8 8 73 8 , 600 1235
A -105 M 109 7- 2 -63 34 10 75 1 0 ,1 0 0 1252
A -1 0 6 F 12 7- 9 -63 31 8 75 9, 400 1603
A -107 F 25 7 -1 6 -6 3 25 7 76 1 0 ,5 0 0 2515
A -1 0 8 M 13 7 -2 3 -6 3 26 7 75 1 0 ,0 0 0 2071
A -1 0 9 F 37 7 -3 0 -6 3 27 7 73 9, 500 1262
A -110 F  ' 50 8 - 6 -63 3 9 75 1 0 ,0 0 0 1009
A -111 M 14 8 -1 3 -6 3 22 7 75 9, 400 1577
A -112 F 50 8 -2 0 -6 3 2 6 76 1 0 ,2 0 0 1208
A -113 M 15 9- 6-63 5 7 75 9, 000 3310
A -1 1 4 M 3 9 -1 0 -6 3 3 9 75 9, 900 2601
A -115 F 39 9 -1 8 -6 3 8 9 72 8 , 100 1404
A -1 1 6 F 27 9 -2 5 -6 3 20 7 73 9, 000 1393
A -1 1 7 F 4 10- 1-63 26 10 74 8 , 900 1409
A -118 F 16 10- 8 -63 9 8 73 8 , 500 1206
A -1 1 9 M 4 1 0 -1 6 -6 3 7 8 73 8 , 900 1682
A -1 2 0 F 112 1 0 -2 2 -6 3 2 8 71 5, 900 944
A -121 F 5 1 1 -1 2 -6 3 20 8 71 7, 400 1002
A -1 2 2 M 65 1 1 -2 0 -6 3 13 9 71 6, 700 913
A -123 M 17 1 1 -2 6 -6 3 7 9 70 6 , 400 1648

E.*A ges  e s t i m a t e d  in  t e r m s  of m o n th s  by  D. E .  M ed in  an d  A. 
A n d e rs o n ,  C o lo ra d o  D e p a r tm e n t  of G a m e , F i s h ,  an d  P a r k s ,  by  the  
to o th  r e p l a c e m e n t  an d  w e a r  m e th o d  (R o b in e tte  e t  a l .  1957).
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No. Sex Age* D ate
L o c a t io n  

S T R E le v a t io n
p c  C s - 1̂  

p e r  Kg
A -1 2 4 M 18 12- 4 -63 27 9 72 7, 500 937
A -1 2 5 F 54 1 2 -1 0 -6 3 5 8 72 6, 900 963
A -1 2 6 F 114 1 2 -1 7 -6 3 1 8 74 8, 000 1112
A -1 2 7 M 18 1 2 -2 6 -6 3 24 9 73 9, 000 1944
A -1 2 8 F 19 1- 7 -6 4 29 9 73 7, 600 760
A -1 2 9 M 7 1 -1 4 -6 4 23 9 73 6, 500 466
A -1 3 0 F 139 1 -2 1 -6 4 29 9 73 8 , 000 1541
A -131 M 55 1 -2 8 - 6 4 27 9 73 8 , 400 791
A -132 M 20 2- 4 -6 4 8 9 70 6, 500 403
A -133 M 56 2 -1 1 - 6 4 5 8 72 7, 000 783
A -1 3 4 F 116 2 -1 8 - 6 4 36 9 74 7, 400 1620
A -1 3 5 M 8 2 -2 5 - 6 4 32 9 72 7, 100 905
A -136 F 33 3- 3 -6 4 28 8 70 5, 900 471
A -137 F 21 3 -1 0 - 6 4 33 9 71 6, 900 935
A -1 3 8 M 105 3 -1 7 - 6 4 35 9 74 8 , 000 904
A -1 3 9 F 9 3 -2 4 - 6 4 27 8 70 6, 000 393
A -1 4 0 F 10 4- 2 -6 4 33 9 72 7, 500 1069
A -141 F 130 4- 7 -6 4 36 9 74 7, 600 1454
A -1 4 2 M 94 4- 8 -6 4 32 9 74 7, 900 1113
A -143 F 46 4 -2 1 - 6 4 31 9 70 5, 600 787
A -1 4 4 M 118 4 -2 8 - 6 4 19 9 72 7, 600 713
A -1 4 5 M 47 5- 5 -6 4 32 9 70 5, 600 505
A -1 4 6 F 47 5 -1 2 - 6 4 12 8 72 6, 400 708
A -1 4 7 M 59 5 -1 9 - 6 4 26 9 73 8 , 400 526
A -1 4 8 F 23 5 -2 6 - 6 4 33 9 74 8 , 000 597
A -1 4 9 M 36 6 - 2 -6 4 21 9 72 7, 900 770
A -1 5 0 M 72 6 - 9 -6 4 13 9 74 9, 100 841
A -151 F 108 6 -1 6 - 6 4 7 8 72 7, 400 638
A -152 F 24 6 -2 3 -6 4 24 7 73 9, 700 1442
A -153 F 60 6 -3 0 -6 4 27 7 75 10, 200 2224
A -1 5 4 M 121 7- 7 -6 4 3 9 75 1 0 ,0 0 0 1404
A -1 5 5 F 37 7 -1 3 - 6 4 24 7 76 9, 800 1076
A -1 5 6 F 25 7 -2 0 - 6 4 35 7 76 1 0 ,2 0 0 752
A -1 5 7 F 25 7 -2 8 -6 4 18 8 73 9, 300 763
A -1 5 8 F 14 8 - 4 -6 4 27 7 75 1 0 ,2 0 0 847
A -159 F 62 8 - 1 1 - 6 4 2 6 75 1 0 ,1 0 0 1484
A -1 6 0 M 14 8 -1 7 - 6 4 24 7 76 9, 900 1111
A -161 M 2 8 -2 5 - 6 4 33 8 75 9, 400 757
031 F 3 9- 9 -6 4 25 9 70 5, 500 984
A -1 6 2 M 15 9- 9 -6 4 34 7 75 1 0 ,2 0 0 795
*A ges  e s t i m a te d  in  t e r m s  of m o n th s  by D. E .  M ed in  an d  A.  

A n d e rs o n ,  C o lo ra d o  D e p a r tm e n t  of G a m e , F i s h ,  and  P a r k s  
to o th  r e p l a c e m e n t  an d  w e a r  m e th o d  (R o b in e tte  ^  1957).

E .
by  th e
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T a b le  42, C on tinued .

No. Sex Age* D ate
L o c a t io n  

S T  R E le v a t io n
p c  C s - 137 

p e r  Kg

A -163 F 15 9 -1 5 - 6 4 28 8 74 1 0 ,9 0 0 693
A -1 6 4 F 15 9 -2 1 -6 4 24 9 74 9, 000 639
A -165 M 15 9 -2 9 -6 4 18 8 73 9, 500 664
A -166 F 4 10- 5 -6 4 13 9 73 7, 700 1168
A -167 M 28 1 0 -1 2 -6 4 14 9 74 9, 400 564
A -1 6 8 M 40 1 0 -2 0 -6 4 18 9 72 7, 700 472
A -1 6 9 F 41 11- 4 -6 4 18 9 70 6, 300 675
A -1 7 0 M 29 1 1 -1 0 -6 4 1 8 72 6, 900 1265
A -171 M 77 1 1 -1 7 -6 4 32 9 73 7, 600 782
A -172 M 5 1 1 -2 3 -6 4 4 8 71 6, 500 857
A -173 F 78 12- 8 -6 4 19 9 70 6, 400 742
A -1 7 4 M 18 1 2 -1 5 -6 4 17 9 71 6, 900 508
A -1 7 5 M 30 1 2 -2 3 -6 4 33 10 71 6, 400 676
A -1 7 6 M 19 1- 5 -6 5 29 9 73 7, 500 566
A -1 7 7 F 7 1 -1 2 -6 5 5 8 72 7, 100 583
A -1 7 8 M 103 1 -1 9 -6 5 3 9 71 6, 100 511
A -1 8 0 F 20 2- 3 -65 35 9 72 6, 900 728
A -181 F 80 2 -1 0 -6 5 33 9 73 7, 500 840
A -182 M 8 2 -1 7 -6 5 5 8 72 6, 900 835
A -183 F 104 2 -2 4 - 6 5 5 8 72 6, 900 625
A -1 8 4 F 21 3- 3 -6 5 35 9 74 7, 600 533
A -1 8 5 M 81 3 -1 1 -6 5 35 9 72 6, 900 750
A -1 8 6 F 93 3 -1 7 -6 5 33 9 73 7, 400 652
A -187 M 57 3 -2 4 -6 5 29 9 73 7, 900 794
A -1 8 8 M 9 3 -3 1 -6 5 34 9 72 6, 600 613

'i^^Ages e s t i m a te d  in  t e r m s  of m o n th s  by D. E .  M ed in  an d  A. E . 
A n d e rso n ,  C o lo ra d o  D e p a r tm e n t  of G a m e , F i s h ,  and  P a r k s ,  by the  
to o th  r e p l a c e m e n t  and  w e a r  m e th o d  (R o b in e t te  1957).
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T a b le  43 . M ean  c e s i u m - 137 c o n c e n t r a t io n s  in  m u s c l e ,  m e a n  a g e s ,
an d  m e a n  c o l le c t io n  e le v a t io n s  of a l l  d e e r  c o l le c te d  b e tw e e n  
F e b r u a r y ,  1962 an d  M a r c h ,  1965.

V a r ia b le G ro u p
S a m p le

S ize M ean s
S ta n d a rd
D e v ia t io n

C o e f f ic ien t  
of V a r ia t io n

M u sc le  C s-137<l^ M a le s 68 870 516 0. 59
F e m a l e s 75 903 425 0. 47
A ll D a ta 143 887 469 0. 53

Age^^^ M a le s 68 37 32 0. 85
F e m a le s 75 50 40 0 . 80
A ll D a ta 143 44 37 0. 83

Elevation^^^ M a le s 68 7879 1328 0. 17
F e m a l e s 75 8129 1424 0 . 18
A ll D a ta 143 8010 1380 0. 17

(1) In t e r m s  of p i c o c u r i e s  p e r  k i lo g r a m .
(2) In t e r m s  of m o n th s .
(3) In t e r m s  of f e e t  above  s e a  le v e l .
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T a b le  44. C o r r e l a t i o n s  b e tw e e n  ag e ,  e le v a t io n ,  and  m u s c l e  c o n c e n -
t r a t i o n s  of c e s iu m - 1 3 7  f o r  a l l  d e e r  c o l le c te d  b e tw ee n  
F e b r u a r y ,  1962 an d  M a r c h ,  1965.

V a r i a b l e s S a m p le C o r r e l a t i o n
X Y G ro u p S ize C o e f f ic ien t

E le v a t io n Age M a le s 68 0. 016 N .S .
F e m a l e s 75 -0 . 298 *=5'
A ll D a ta 143 -0 . 152 N .S .

E le v a t io n M u sc le  C s -1 3 7 M a le s 68 0 .3 8 7  **
F e m a l e s 75 0 . 477
A ll D a ta 143 0. 429

Age M u sc le  C s -1 3 7 M a le s 68 -0 . 119 N .S .
F e m a l e s 75 -0 . 078 N .S .
A ll  D a ta 143 -0 . 087 N .S .

N .S .  N ot s t a t i s t i c a l l y  s ig n if ic a n t .
S t a t i s t i c a l l y  s ig n i f ic a n t  a t  the  1 p e r  c e n t  l e v e l .



A b s t r a c t  of D i s s e r t a t i o n

F A C T O R S  IN FL U E N C IN G  THE A CCU M U LA TIO N  
O F  F A L L O U T  CESIUM -137 IN M ULE D E E R

T h is  in v e s t ig a t io n  w a s  c o n c e r n e d  w ith  f a c to r s  in f lu en c in g  the  

a c c u m u la t io n  o f  fa l lo u t  c e s i u m -137 in  a  w ild  p o p ii la t io n  o f  m u le  d e e r ,  

O d o c o i le u s  h e m i o n u s , in th e  C a c h e  la  P o u d r e  d r a in a g e  o f  n o r t h - c e n t r a l  

C o lo ra d o .

A i r ,  p r e c i p i t a t i o n ,  s o i l s ,  tw e lv e  d e e r  fo ra g e  s p e c i e s ,  and  

d e e r  w e r e  s a m p le d  p e r io d i c a l l y  f ro m  v a r io u s  e le v a t io n s  w ith in  the  

s tu d y  a r e a  o v e r  a  t h r e e  y e a r  p e r io d .  E x p e r i m e n t a l  s a m p l in g  d e s ig n s  

w e r e  p r i m a r i l y  f a c t o r i a l  w ith  s u f f ic ie n t  r e p l i c a t i o n  to  a llow  s t a t i s t i c a l  

t r e a t m e n t  o f  d a ta .  M a te r i a l s  w e r e  a s s a y e d  f o r  C s-137  u s in g  th e  t e c h -

n ique  o f  g a m m a - r a y  s p e c t r o m e t r y .

A i r  c o n c e n t r a t io n s  of C s-137  w e r e  m a x im a l  in  1963. C o n c e n -

t r a t i o n s  w e r e  s ig n i f ic a n t ly  h ig h e r  d u r in g  s p r in g  and  e a r l y  s u m m e r  

m o n th s  o f  e a c h  y e a r .

M ax im u m  d e p o s i t io n  o f  C s-137  b y  p r e c ip i t a t i o n  in 1964 o c c u r r e d  

d u r in g  A p r i l ,  M ay , an d  J u n e .  M e a s u r e a b le  q u a n t i t ie s  of f a l lo u t  w e r e  

t r a n s p o r t e d  b y  d u s t ,  p o l l e n s ,  and  o th e r  a i r - b o r n e  d e b r i s  d u r in g  d r y ,  

w indy  p e r io d s .

The m a j o r i t y  o f  C s-137  in s o i l s  w a s  l o c a t e d  in  th e  0-1 inch  

l a y e r .  Soil r a d io a c t i v i t y  g e n e r a l l y  i n c r e a s e d  w ith  e le v a t io n  and  

a s s o c i a t e d  h ig h e r  a v e r a g e  p r e c ip i t a t i o n  r a t e s .

M axim iun  v e g e ta t io n a l  l e v e l s  of C s-137  w e r e  o b s e r v e d  in  1963,



S p e c ie s  c o l le c te d  d u r in g  the  s u m m e r  an d  fa l l  above  8 ,5 0 0  fe e t  w e r e  

g e n e r a l l y  h ig h e r  in  c e s iu m  th a n  s p e c i e s  c o l le c te d  d u r in g  the  w in te r  

and  s p r in g  f ro m  lo w e r  e le v a t io n s .  S ig n if ic an t  d i f f e r e n c e s  b e tw e e n  

s p e c i e s  g ro w in g  on th e  s a m e  p lo t s  w e r e  found . S ig n if ic an t  d i f f e r e n c e s  

in C s-137 c o n c e n t r a t io n s  of g iv en  s p e c i e s  b e tw e e n  lo c a t io n s  w e r e  a l s o  

e n c o u n te r e d .  The lo c a t io n  e f fe c t  w a s  a t t r ib u te d  m o s t ly  to  p h e n o m e n a  

a s s o c i a t e d  w ith  e le v a t io n .  L e a v e s  w e r e  g e n e r a l l y  h ig h e r  in C s-137 

th a n  s t e m s .

M ax im u m  le v e l s  o f  C s-137  in  d e e r  w e r e  o b s e r v e d  in  1963. 

M ax im u m  le v e l s  w ith in  y e a r s  o c c u r r e d  d u r in g  th e  s u m m e r  m o n th s  in 

a n im a l s  c o l l e c te d  ab o v e  8 ,5 0 0  fe e t  e le v a t io n .  R e g r e s s i o n  a n a ly s e s  

of m u s c l e  C s-137  v e r s u s  e le v a t io n  in d ic a te d  s ig n i f ic a n t  c o r r e l a t i o n s .  

E v id e n c e  in d ic a te d  a  h ig h  d e g r e e  of c o r r e l a t i o n  b e tw e e n  C s-137 

le v e l s  in v e g e ta t io n  an d  d e e r .  It w a s  c o n c lu d e d  th a t  the  d e g r e e  of 

fo l iag e  c o n ta m in a t io n  and  food h a b i t s  w e r e  th e  m o s t  im p o r ta n t  f a c t o r s  

c o n t r ib u t in g  to  C s-137  b u r d e n s  in d e e r .  A C s - 1 3 7 /K  d i s c r im in a t io n  

f a c to r  b e tw e e n  the  d ie t  and  m u s c l e  o f  0 . 9 w a s  e s t i m a t e d  f r o m  the  

r u m e n  s a m p l e s .  N e i th e r  s e x  o r  ag e  p r o d u c e d  s t a t i s t i c a l l y  s ig n i f ic a n t  

v a r i a t i o n s  in m u s c l e  C s-1 3 7 .

In h a la t io n ,  th e  d r in k in g  o f s u r f a c e  w a t e r s ,  and  the  in g e s t io n  

of snow  w e r e  m in o r  s o u r c e s  of C s-137  in tak e  b y  d e e r  in c o m p a r i s o n  

to  the  in g e s t io n  of fo r a g e .

F lo y d  W a rd  W h ic k e r  
D e p a r tm e n t  o f  R a d io lo g y  and  

R a d ia t io n  B io lo g y  
C o lo ra d o  S ta te  U n iv e r s i t y  
M ay  7 , 1965


