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ANALYTICAL PROGRAM - 1975 BIKIN DIOLOGICAL SURVEY 

Abstract 
The a n a l y t i c a l  program f o r  

samples of s o i l ,  v e g e t a t i o n ,  and 

animal  t i s s u e  c o l l e c t e d  d u r i n g  t h e  

June 1975  f i e l d  s u r v e y  of B i k i n i  

and Eneu i s l a n d s  i s  d e s c r i b e d .  The 

p h a s e s  of t h i s  program a r e  d i s c u s s e d  

i n  c h r o n o l o g i c a l  o r d e r :  i n i t i a l  

p r o c e s s i n g  o f  samples ,  gamma spec- 

t r o m e t r y ,  and w e t  c h e m i s t r y .  

Inc luded  a r e  d i s c u s s i o n s  of q u a l i t y  

c o n t r o l  programs, r e p r o d u c i b i l i t y  

of  measurements,  and comparisons 

of gamma s p e c t r o m e t r y  w i t h  w e t  

c h e m i s t r y  d e t e r m i n a t i o n s  of 241Am. 

Wet c h e m i s t r y  resu l t s  a r e  used t o  

examine d i f f e r e n c e s  i n  Pu:Am 

r a t i o s  and Pu-isotope r a t i o s  as 

a f u n c t i o n  of t h e  type  of sample 

and the  l o c a t i o n  where samples  were 

c o l l e c t e d .  

Introduction 

In June  1975 a f i e l d  survey  w a s  

conducted on t h e  i s l a n d s  of B i k i n i  

and Eneu w i t h i n  t h e  B i k i n i  A t o l l .  

During t h i s  s u r v e y ,  s e v e r a l  hundred 

samples  were c o l l e c t e d  t o  assess 

t h e  r a d i o l o g i c a l  s t a t u s  of t h e  i s l a n d s  

and t h e i r  s u i t a b i l i t y  f o r  r e i n h a b i -  

t a t i o n  by t h e  B i k i n i  people .  

I n s t r u m e n t a l  t o  t h e  r a d i o l o g i c a l  

a s ses smen t  w a s  a thorough and com- 

p r e h e n s i v e  program f o r  t h e  a n a l y s i s  

of  c o l l e c t e d  samples .  S i n c e  many 

f a c e t s  of t h e  B i k i n i  program w e r e  

similar, t o  t h o s e  employed f o r  

Enewetak, w e  used t h e  e x c e l l e n t  

d i s c u s s i o n  of t h e  Enewetak a n a l y t i c a l  

program by Hoff e t  a l .  as a s o u r c e  1 

document i n  t h e  p r e p a r a t i o n  of t h i s  

r e p o r t .  A l i s t i n g  of t h e  samples 

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

i n  T a b l e  1. 

More t h a n  950 samples  were 

c o l l e c t e d  from B i k i n i  and Eneu 

I s l a n d s  d u r i n g  f i e l d  o p e r a t i o n s .  

A l l  samples were p r o c e s s e d  p r i m  t o  

s e l e c t i o n  f o r  gamma s p e c t r o m e t r y  

a n d / o r  w e t  c h e m i s t r y .  O f  t h e  t o t a l  

samples  p r o c e s s e d ,  624 were counted 

by gamma s p e c t r o m e t r y  a t  LLL on t h e  

Ge(Li) d e t e c t o r  sys tems of t h e  

Biomedical  and Radiochemistry 

D i v i s i o n s .  Wet-chemistry a n a l y s e s  

were performed by t h e  McClel lan 

C e n t r a l  Labora to ry  (MCL) on 588 of 

1. R .  W .  Hoff ,  J.  W .  Meadows, H .  D. Wilson, A .  L.  P r i n d l e ,  R .  Gunnink, and 
K .  0. Hamby, " A n a l y t i c a l  Program," Enewetak Radiological Survey, i3.S- 
Atomic Energy Commission, Nevada Opera t ions  O f f i c e ,  NVO-140, Vol. 1, 
426-485, October  1973.  
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T a b l e  1. A n a l y t i c a l  program f o r  B i k i n i  samples .  

S amp 1 e t y p e  T o t a l  c o l l e c t e d  Gamma c o u n t i n g  Wet chemis t ry  

B i k i n i  s o i l  

Eneu s o i l  

B i k i n i  v e g e t a t i o n  

Eneu v e g e t a t i o n  

B i k i n i  animal  

6 4 8  
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31 
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369 

118 

96 

31 

10 

333 

118 

9 6  

31 

1 0  

t h e  samples  ana lyzed  by g a m a  

s p e c t r o m e t r y .  A l l  r a d i o n u c l i d e  

c o n c e n t r a t i o n s ,  whether  de t e rmined  

by gamma s p e c t r o m e t r y  o r  w e t  chemis- 

t r y ,  were r e p o r t e d  t o  a r e f e r e n c e  

t i m e  of  1 J a n  1 9 7 5  (001.000 Z ,  7 5 ) .  

A l l  i n i t i a l  p r o c e s s i n g  was 

conducted a t  LLL and c o n s i s t e d  

p r i m a r i l y  of d r y i n g ,  homogenizing, 

and packaging t h e  samples .  S o i l  

and v e g e t a t i o n  samples  were d r i e d  

by h e a t i n g  i n  o r d i n a r y  ovens.  Ten 

samples  of p i g  and ch icken  t i s s u e  

c o l l e c t e d  on B i k i n i  w e r e  l y o p h i l i z e d .  

Wet-chemistry a n a l y s e s  performed 

by MCL involved  t h e  d i s s o l u t i o n  of 

a sample a l i q u o t ,  chemica l  s e p a r a t i o n  

of  t h e  d e s i r e d  e l e m e n t s ,  and r a d i a t i o n  

measurement of t h e  e l e m e n t a l  samples .  

I n  no case w a s  a n  e n t i r e  sample 

consumed i n  a s i n g l e  d i s s o l u t i o n .  

A l l  v e g e t a t i o n  and an ima l  t i s s u e  

samples  submi t ted  f o r  w e t  chemis t ry  

had been  ana lyzed  p r e v i o u s l y  by 

-2- 
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g a m a  s p e c t r o m e t r y .  S e p a r a t e  a l i q u o t s  

from each  l a r g e  s o i l  s a m p l e  were sub- 

m i t t e d  f o r  w e t  c h e m i s t r y  and f o r  gamma 

s p e c t r o s c o p y .  Wet c h e m i s t r y  w a s  re- 

q u i r e d  f o r  c e r t a i n  n u c l i d e s  t h a t  could  

n o t  b e  measured by g a m a  c o u n t i n g ;  

t h e  m a j o r i t y  of t h e s e  n u c l i d e s  were 

e i t h e r  a l p h a  o r  b e t a  emit ters .  

D i s c u s s i o n s  of  t h e  i n d i v i d u a l  

q u a l i t y  c o n t r o l  programs a r e  i n c l u d e d  

i n  t h e  s e c t i o n s  d e a l i n g  w i t h  g a m a  

s p e c t r o m e t r y  and w e t  c h e m i s t r y .  

R e p r o d u c i b i l i t y  of measurements w a s  

examined by s t a t i s t i c a l l y  comparing 

r a t i o s  of  t h e  i n d i v i d u a l  measurements 

of a g i v e n  i s o t o p e .  

and s t a n d a r d  d e v i a t i o n  of t h e  r a t i o s  

were t h e n  c a l c u l a t e d .  The s i g n i f i c a n c e  

of  a mean v a l u e  d i f f e r i n g  from u n i t y ,  

i . e . ,  i n d i c a t i o n  of p o s s i b l e  b i a s ,  

w a s  t e s t e d  by c a l c u l a t i n g  t h e  s t a n d a r d  

e r r o r ,  s- of  t h e  mean ( l o g a r i t h m i c  

mean) m u l t i p l y i n g  s- by a f a c t o r  t ,  

which i s  based  upon t h e  95 p e r c e n t  

The mean v a l u e  

P 

v 

1 



m i c  mean exceeded t -s- ,  t h e  observed 
1.I 

conf idence  l e v e l  and is  o b t a i n e d  from 

s t a n d a r d  t a b l e s ,  and comparing t h e  b i a s  w a s  s a i d  t o  b e  s i g n i f i c a n t  

v a l u e  of t*s ,  w i t h  1-1. I f  t h e  l o g a r i t h -  w i t h a 9 5  p e r c e n t  l e v e l  of conf idence .  

Initial Processing of Field Samples 

SOIL SAMPLES 

S o i l  s amples ,  by f a r  t h e  l a r g e s t  

c a t e g o r y ,  were t r e a t e d  s i m i l a r l y  t o  

t h o s e  samples o b t a i n e d  d u r i n g  t h e  

1972 Enewetak Survey.' The treatment 

c o n s i s t e d  of d r y i n g ,  p u l v e r i z i n g ,  

b l e n d i n g ,  s c r e e n i n g ,  packaging,  and 

p r e l i m i n a r y  gamma a s s a y .  Three 

s e p a r a t e  a l i q u o t s  were produced from 

each  s o i l  sample: a n  aluminum " tuna  

can" c o n t a i n i n g  300 t o  350 g and 

two v i a l s  c o n t a i n i n g  50 g each .  

The s o i l - p r o c e s s i n g  f a c i l i t y  w a s  

c a r e f u l l y  surveyed f o r  p o s s i b l e  

r a d i o a c t i v e  con tamina t ion .  A i r -  

f i l t e r  samples and swipe samples 

t a k e n  from t h e  f l o o r s  were ana lyzed  
f o r  6 0 ~ o ,  137  c s ,  and 239+24OPu 

c o n t e n t .  There w a s  no d e t e c t a b l e  

con tamina t ion .  The area w a s  

c o n s i d e r e d  s u i t a b l e  f o r  i n i t i a l  

p r o c e s s i n g  of  s o i l s .  Th i s  mon i to r ing  

program con t inued  th roughou t  opera-  

t i o n  o f  t h e  f a c i l i t y .  

Drying ovens des igned  and b u i l t  f o r  

t h e  Enewetak Survey were used f o r  

i n i t i a l  d r y i n g  of samples  a t  approx i -  

ma te ly  70°C. Two ovens were con- 

s t r u c t e d  of a s b e s t o s  boa rd  w i t h  s tee l  

s h e l v e s  i n s i d e ;  two 300-W a i r  h e a t e r s  

- 3- 
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blew warm a i r  i n t o  each  u n i t ,  which 

w a s  equipped w i t h  a f a n  i n  t h e  v e n t  

p i p e .  F i n a l  d r y i n g  w a s  accomplished 

i n  a l a r g e  commercial d r y i n g  oven 

a t  150°C. 

Samples were ground i n  a 1 -ga l  

p a i n t  can  u s i n g  e i g h t  1-in. s t e e l  

b a l l s .  The cove r  of each  can  w a s  

taped s e c u r e l y ;  t h e n  t h e  e n t i r e  can 

w a s  covered w i t h  a g a l v a n i z e d - s t e e l  

j a c k e t  t h a t  w a s  h e l d  i n  p l a c e  by two 

l a r g e  r u b b e r  "0" r i n g s  t o  p r e v e n t  

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

m i l l i n g .  A maximum of  48 samples  

cou ld  be m i l l e d  o v e r n i g h t  t o  p r o v i d e  

1 5  t o  24 h of g r i n d i n g .  

Packaging,  weighing,  and l a b e l i n g  

of samples  w e r e  performed by hand. 

A l l  work w i t h  f i n e l y  d i v i d e d  s o i l  w a s  

performed i n  fume hoods.  Before each 

sample w a s  packaged, c l e a n  pape r  w a s  

l a i d  o u t  on t h e  hood bench. Care was 

t a k e n  t o  p r e v e n t  c ros s -con tamina t ion  

of samples .  

The f o l l o w i n g  i s  a d e t a i l e d  chrono- 

l o g i c a l  d e s c r i p t i o n  of t h e  o p e r a t i o n s :  

e The samples  were f i r s t  unpackaged 

from t h e  s h i p p i n g  c o n t a i n e r  and 

logged.  The appea rance  of  each 

sample was n o t e d  ( e . g . ,  amount of 



o r g a n i c  mat ter ,  c o l o r ,  p r e s e n c e  of  

l a r g e  chunks,  e tc .  ) . 
0 The samples were t r a n s f e r r e d  t o  a 

d i s p o s a b l e  aluminum cake  pan and 

covered w i t h  aluminum f o i l .  Holes  

were punched i n  t h e  t o p  of t h e  f o i l  

t o  p e r m i t  e v a p o r a t i o n .  

a The samples  were t r a n s f e r r e d  t o  

p r e l i m i n a r y  d r y i n g  ovens t h a t  were 

des igned  t o  h a n d l e  about  200 

samples .  These ovens w e r e  s e t  a t  

a t e m p e r a t u r e  of approx ima te ly  

7 0 ° C  and o p e r a t e d  c o n t i u n o u s l y .  

The a v e r a g e  r e s i d e n c e  t i m e  p e r  

sample w a s  48 h.  

e To a s s u r e  complete  d r y n e s s ,  the 

samples  were p l a c e d  i n  a second 

oven a t  approx ima te ly  150°C; t h e  

sample r e s i d e n c e  t i m e  averaged 

a b o u t  3 h .  

a The samples  were t r a n s f e r r e d  t o  a 

1 - g a l  p a i n t  can and d r y  w e i g h t s  

were de termined .  Sample w e i g h t s  

v a r i e d  from 100 g t o  2 kg. 

The samples  were m i l l e d  w i t h  e i g h t  

1 - i n  s teel  g r i n d i n g  b a l l s .  The 

sample r e s i d e n c e  t i m e  i n  t h e  b a l l  

m i l l  was between 15  t o  24 h r .  

0 

a The s o i l  w a s  sc reened  through 2-mm 

g r i d ,  s t a i n l e s s - s  tee1 s c r e e n s  t o  

produce a uniform,  homogeneous 

sample f o r  a n a l y s i s .  

The f i n e l y  ground s o i l  w a s  p repared  

f o r  gamma s p e c t r o m e t r y  and w e t  

c h e m i s t r y  a n a l y s i s  by p l a c i n g  i t  

e 

i n  two d i f f e r e n t  c o n t a i n e r s .  The 

gamma-spec trome t r y  samples were 

p laced  i n  t i g h t l y  s e a l e d  ‘‘tuna 

cans’’  made of 0.25-mm-thick alumi- 

num. The l a r g e  can w a s  3 .9  c m  h i g h ,  

8 . 3  cm i n  d i a m e t e r ,  w i t h  a c r o s s -  

s e c t i o n a l  area of 53.8 cm and a 
3 

volume of  210 cm . The s m a l l  can 

w a s  3.3 cm h i g h ,  6 .0  cm i n  d i a m e t e r ,  

w i t h  a c r o s s - s e c t i o n a l  area of 

28 .5  cm and a volume of 95 c m  . 
Soi l - sample  w e i g h t s  i n  t h e s e  cans  

ranged from 100 t o  375 g.  Two 

samples f o r  wet-chemistry a n a l y s i s ,  

each  weighing approx ima te ly  50 g ,  

were p l a c e d  i n  v i a l s .  One of t h e  

v i a l s  w a s  committed t o  chemical  

a n a l y s i s ,  and t h e  o t h e r  h e l d  as  a 

backup sample.  

2 

2 3 

0 The gamma-spectrometry samples  

w e r e  assayed  f o r  g r o s s  gamma counts  

w i t h  a 3 x 3-in.  NaI (Tl) d e t e c t o r ;  

a 512-channel NaI (Tl )  gamma 

spectrum w a s  measured f o r  t h o s e  

samples t h a t  exceeded 100 c o u n t s /  

min. These p r e l i m i n a r y  NaI (T1) 

d a t a  guided t h e  s c h e d u l i n g  of more 

p r e c i s e  measurements w i t h  Ge(Li) 

d e t e c t o r s  and wet-chemistry proce- 

d u r e s .  

More t h a n  810 samples were p rocessed  

i n  t h e  s o i l - p r e p a r a t i o n  f a c i l i t y  

between 4 September 1975 and 10 

October 1975 by a n  a v e r a g e  working 

f o r c e  of  4 . 5  people .  
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VEGETATION AND ANIMAL SAMPLES 

Both p l a n t  and an imal  samples  were 

r e c e i v e d  f r o z e n  w i t h  dry  i ce .  The 

p l a n t  samples  w e r e  s p r e a d  i n  s t a i n l e s s  

s t ee l  pans and d r i e d  a t  approx ima te ly  

80°C f o r  a t  least  24 h i n  a f o r c e d  

d r a f t  oven u n t i l  t h e y  reached  c o n s t a n t  

weight .  The d r i e d  p l a n t  materials 

were ground i n  a Wiley m i l l  w i t h  a 

2-mm s c r e e n ,  p r e s s e d  i n t o  t h e  aluminum 

" tuna  cans" w i t h  a Carver p r e s s  a t  

about  14,000 p s i ,  and s e a l e d .  TWO 

s i z e s  of c a n s  were used,  one c o n t a i n i n g  
3 3 210 cm , t h e  o t h e r  95 c m  . Samples 

i n s u f f i c i e n t  i n  volume t o  f i l l  a 

small  can were packaged i n  p l a s t i c  

v i a l s .  Sample w e i g h t s  were logged 

f o r  c a l c u l a t i o n  of  s p e c i f i c  a c t i v i t i e s .  

Coconut meat ,  because  of i t s  

h i g h  o i l  c o n t e n t ,  w a s  n o t  ground b u t  

w a s  broken i n t o  s m a l l  c h i p s  and 

p r e s s e d  i n t o  t h e  aluminum c a n s .  

Coconut m i l k  was mixed w i t h  f o r -  

maldehyde and canned.  L i t t e r  

samples  were s i f t e d  through a 3 1 / 2 -  

mesh s c r e e n  (5.613-mm openings)  

b e f o r e  b e i n g  p r e s s e d  i n t o  c a n s .  

The an imal  t i s s u e  samples  were 

s l i c e d  t h i n l y  and f r e e z e  d r i e d .  Skin  

and bone were removed from muscle 

t i s s u e .  F reeze -d r i ed  t i s s u e s  were 

c u t  i n t o  s m a l l  p i e c e s  and p r e s s e d  

i n t o  " tuna  cans"  as d e s c r i b e d  above 

f o r  p l a n t  m a t e r i a l s .  A l i q u o t s  f o r  

w e t  chemis t ry  were packed i n t o  30 mm 

snap t o p  p l a s t i c  v i a l s .  

Gamma Spectrometry 

All gamma measurements of B i k i n i  

s o i l ,  an imal ,  and v e g e t a t i o n  samples  

were made by t h e  Radiochemistry 

and Biomedical D i v i s i o n s  of LLL. 

A t o t a l  of 624 samples  were a n a l y z e d ,  

282 by Radiochemistry and 342 by t h e  

Biomedical f a c i l i t y .  Radiochemistry 

used several Ge(Li)-diode d e t e c t o r  
3 sys tems w i t h  d i o d e s  t h a t  were 50 c m  

o r  more i n  volume. The Biomedical  

f a c i l i t y  used f o u r  Ge(Li) d i o d e s  

r a n g i n g  from 7 t o  1 9  cm3 i n  volume. 

Most samples  w e r e  ana lyzed  f o r  approxi -  

ma te ly  1000 min, a l t h o u g h  some of  

t h e  more a c t i v e  samples  were ana lyzed  

f o r  300 t o  400 min. A l l  gamma 

s p e c t r a  were t r a n s f e r r e d  t o  magnet ic  

t a p e  f o r  a n a l y s i s  on a CDC-7600 

computer u s i n g  t h e  GAMANAL code.  

A d e t a i l e d  d e s c r i p t i o n  of  measurement 

2 

2 .  R .  Gunnink and J. B. Niday, Computerized Quantitative Analysis  bjj G m a  
Ray Spectrometry, Vozs. 1-4,  Lawrence Livermore Labora tory ,  Rept . UCRL- 
51061 ( 1 9 7 1 ) .  
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equipment,  c a l i b r a t i o n  p r o c e d u r e s ,  

and GAMANAL a r e  g i v e n  i n  t h e  Enewetak 

R a d i o l o g i c a l  Survey r e p o r t .  
1 

Most of  t h e  B i k i n i  samples  were 

packaged i n  3.3- o r  3.9-cm-high 

aluminum cans w i t h  nominal volumes 
3 of 95 and 210 c m  , r e s p e c t i v e l y .  

I s o t o p i c  a c t i v i t i e s  are r e p o r t e d  

as d i s i n t e g r a t i o n s  p e r  minu te  p e r  

gram (dpm/g). Eleven n u c l i d e s  have 

been observed i n  B i k i n i  samples:  

6oCo , 102mRh, Io6Ru, 125Sb, 133Ba, 

137cs , 15ZEu, 155Eu,  207Bi , 235U, and 

241Am. \?hen t h e s e  r a d i o n u c l i d e s  were 

n o t  d e t e c t e d  , upper l i m i t s  were 

c a l c u l a t e d  by d e f i n i n g  t h e  upper l i m i t  

photopeak area t o  b e  twice t h e  s q u a r e  

r o o t  of  t h e  number of  c o u n t s  obse rved  

i n  t h e  continuum norma l ly  occupied 

by t h e  photopeak.  

Th i r ty -one  samples were submi t ted  

f o r  compara t ive  measurement t o  both 

t h e  Biomedical  and Radiochemistry 

f a c i l i t i e s .  The r e s u l t s  are p r e s e n t e d  

i n  T a b l e  2 .  T e s t i n g  t h e  r a t i o  f o r  

b i a s  i n d i c a t e d  t h a t  t h e r e  w a s  no 

s i g n i f i c a n t .  d i f f e r e n c e  i n  t h e  r e s u l t s  

from t h e  two f a c i l i t i e s  and t h a t  on 

t h e  a v e r a g e ,  f o r  a s e r i e s  of samples ,  

b o t h  would o b t a i n  t h e  same r e s u l t .  

S t a t i s t i c a l  v a r i a t i o n  d o e s ,  of c o u r s e ,  

e x i s t  i n  t h e  measurement of any i n d i -  

v i d u a l  sample,  b u t  f o r  dose  a s ses smen t  

t h e  a v e r a g e  v a l u e  of many samples  

is t h e  i m p o r t a n t  f a c t o r .  

I n  a d d i t i o n  t o  t h e  i n t e r f a c i l i t y  

comparison, a series of  samples  o r i -  

g i n a l l y  measured i n  t h e  Biomedical  

f a c i l i t y  w a s  r e s u b m i t t e d  t o  t h e  

f a c i l i t y  a t  a l a t e r  d a t e  f o r  compari- 

son of t h e  a n a l y t i c a l  r e s u l t s .  The 

d a t a  are p r e s e n t e d  i n  T a b l e  3 .  Again 

t h e r e  i s  no i n d i c a t i o n  of  any s ta t is-  

t i c a l  b i a s  i n  t h e  d a t a .  

These comparisons r e c o n f i r m  t h e  

r e p r o d u c t i b i l i t y  o f  r e s u l t s  w i t h i n  

a f a c i l i t y  and between f a c i l i t i e s  

observed d u r i n g  t h e  c o u r s e  of t h e  

a n a l y t i c a l  work f o r  t h e  1972 Enewetak 

survey .  1 

Wet-Chemistry Analyses 

amount of e l e m e n t a l  carr ier  o r  

t r a c e r ,  chemical  s e p a r a t i o n  and p u r i -  
GENERAL 

Wet-chemistry a n a l y s e s  were f i c a t i o n  of t h e  d e s i r e d  e l e m e n t ,  

r e q u i r e d  t o  q u a n t i f y  a number of g r a v i m e t r i c  o r  tracer y i e l d i n g ,  and 

n u c l i d e s  t h a t  could  n o t  be de te rmined  q u a n t i f i c a t i o n  by a n  a p p r o p r i a t e  

by gamma s p e c t r o m e t r y .  B r i e f l y ,  t h i s  technique .  Table  4 p r e s e n t s  a l i s t  of 

p r o c e d u r e  i n v o l v e s  t h e  d i s s o l u t i o n  of  t h e  measured n u c l i d e s ,  t h e i r  half- 

a sample i n  t h e  p r e s e n c e  of  a known l i v e s ,  p r i n c i p a l  r a d i a t i o n ,  and 
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137 Table 2. Concentrations of Cs in selected vegetation and soil samples. 
Biomedical vs Radiochemistry gamma detection. 

Master log 
number 

Biomed 
d p d g  

Radiochem Biomed 
d p d g  Radiochem 

01-0065-01 

01-0088- 9 1  

01-0111-01 
01-0134-01 

01-0157-01 

0 1-0 226- 32 

01-0318-95 

01-0456-32 

01- 04 79- 32 

01-0800-10 

01-0804-10 

01-080 8- 10 

01-0813-10 

01- 0816-10 

01-0817-10 

01- 08 21- 10 

01- 082 2- 10 

01- 08 31- 10 

01- 084 1- 10 

01-0846-10 

01- 085 6- 10 

01-0860-10 

01- 087 2-10 

06-09 28-10 

01-1001-10 

01- 1019-10 

06-0664-01 

06- 0709- 32 

06- 07 5 5-3 2 

06- 089 3-9 2 

06-09 28- 10 

47 .1  +1.3% 

26.8 k1.3 

266 k l . l  

108 21.1 

156 20.8 

84.0 2 1 . 1  

2.20k9.5 

119 21.0 

126 20.9 

1500 20.8 

1930 k0.7 

483 k2 .1  

77.5 21.7 

541 21.0 

106 21.2 

169 kl.1 

660 k0.8 

864 20.8 

954 k1.2 

229 kO.9 

1150 k0.8 

527 20.8 

271 21.9 

3.59k4.4 

167 21.3 

80.6 k1.1 

28.0 i 1 . 8  

25.0 k2.3 

28.4 k2.9 

2.7 3k5.9 

3.5924.4 

37.7 20.8% 

22.2 k3.5 

210 kO.9 

104 21.2 

152 t 1 . 2  

70.2 21.8 

1.86k1.6 

128 k1.0 

125 21.2 

1970 k l . 2  

1910 20.8 

500 21.0 

70.2 21.6 

554 kO.8 

94.2 21.1 

140 tl.l 

686 k0.9 

840 20.9 

882 20.9 

264 k l . 3  

1110 t 0 . 9  

536 21.0 

342 kO.9 

5.0522.9 

154 21.0 

71.5 21.4 

27.8 k1.8 

27.2 21.2 

29.0 i 2 . 2  

2.35 25.1 

5.05kO. 9 

Average 

1.25 21.5% 

1 . 2 1  23.7 

1.27 5 . 4  

1.04 k1.6 

1.03 21.4 

1.20 k 2 . 1  

1 .18  29.6 

0.93021. 4 

1.01 21.5 

0.761k1.4 

1.01 kl.1 

0.966k2.3 

1.10 22.3 

0.9 76 k1.3 

1 .13  21.6 

1 . 2 1  21.6 

0.96221. 2 

1 .03  51.2 

1.08 k1.5 

0.867 21.6 

1.04 k1.2 

0.98321.3 

0.792k2.1 

0.7 11 +5 - 3  

1.08 k1.6 

1.13 21.8 

1.01 22.5 

0.9 19 22.6 

0.97923.6 

1.16 57.8 

0.7 11 k4.5 

1.0+15% 

-7- 
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Table 3. Concentrations of 137Cs in selected soil samples. 
for gamma detection. 

Duplicate counting 

Master log Measurement 1 Measurement 2 Meas 1 
number dpmf g dpml g Meas 2 

0 1-0 5 2 5- 7 1 
01-0548- 7 2 

01-0617-92 

0 1- 019 1- 3 2 
01-0 21 2- 32 

01-0269-32 

01-0353-91 

01-0384-92 

01-04 2 2- 32 

01- 0 4 6 3- 3 2 
01- 04 81- 31 

0 1-05 6 1- 7 4 

21.7 t1.32 

4.95k4.8 
34.4 21.1 

80.6 k2.7 

86.6 k1.2 

223 k1.0 

74.2 F1.5 

70.0 k1.0 

153 k1.8 
297 kO.9 
475 L1.8 
202 kO.8 

21.2 +2.7% 

5.39k3.0 

32.3 k1.5 

83.9 k1.8 

78.4 11.0 

201 20.9 

73.4 kl.0 

72.8 21.0 

160 21.1 

272 kO.9 
508 k0.8 

182 21.7 

1.02 23.0% 

0.918k5.7 
1.07 L1.9 

0.96123.2 

1.10 k1.6 

1.11 k1.3 

1.01 21.8 

0.962t1.4 
0.956k2.1 

1.09 k1.3 

0.935?2.0 
1.11 k1.9 

Average 1.02+7.2% 

method of measurement. Most of the 

analyses were for and 
239' 240' '"Pu. Approximately 14 per- 

cent of the samples scheduled for wet 

chemistry were analyzed for 

The primary purpose of the 

analyses was for comparison with the 

gamma-spectrometry results. In the 
case of some vegetation samples, 

these analyses fulfilled a secondary 

role of extending the sensitivity 

for 241Am detection to lower levels. 

The remaining nuclides in Table 4 
were measured in only a small fraction 

of the samples to provide an indica- 

tion of their existing levels. 

241h 

241h 

Analyses for stable iron, calcium, 

and strontium were performed on a 

limited number of samples. Table 5 
summarizes the wet-chemistry analyses 

performed by MCL. Samples provided 

for wet chemistry were 50-g aliquots 

of finely divided coral, 20- to 
100 plus-g aliquots of mulched vege- 

tation, and 50 plus-g aliquots of 

lyophilized animal tissue. 

CHEMISTRY PROCEDURES 

Determinations of 90 Sr , Pu, 55Fe , 
and 63Ni were made in a single 

sample aliquot. A separate aliquot 
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T a b l e  4 .  Nuc l ides  measured i n  wet-chemistry a n a l y s e s .  

Nuc l ide  H a l f - l i f e  P r i n c i p a l  r a d i a t i o n  Type of  d e t e c t i o n  

55Fe 2 . 7  y 5.95-keV x r a y  Gamma c o u n t i n g :  N a I ( T i ) ,  

6 3 N i  92 y B p a r t i c l e  L iqu id  s c i n t i l l a t i o n  c o u n t e r .  

Ge ( L i )  d e t e c t o r s .  

= 65.9 keV) 
(Emax 

28.5 5 7  B p a r t i c l e  of Beta c o u n t i n g :  g a s - f i l l e d  
daugh te r  p r o p o r t i o n a l  c o u n t e r .  

(Emax = 2.27 MeV) 

1 5 1 s m  8 7  y f3 p a r t i c l e  L i q u i d  s c i n t i l l a t i o n  c o u n t e r .  
(Emax = 76 keV) 

238Pu 87 .8  y 5.50-MeV c1 

239Pu 24,400 y 5.16-MeV c1 

240Pu 6 ,540  y 5.17-MeV a 

Alpha-pulse-height  a n a l y s i s  
( F r i s c h - g r i d  chamber, s o l i d  
s t a t e ) .  

Mass s p e c t r o m e t r y ,  a lpha -  
p u l s e - h e i g h t  a n a l y s i s .  

Mass s p e c t r o m e t r y ,  a l p h a  p u l s e  
h e i g h t  a n a l y s i s .  

241P" 1 4 . 0  y f3 p a r t i c l e  Mass s p e c t r o m e t r y .  
= 2 1  keV) 

(Emax 

241h 433 y 5.49-MeV c1 Alpha-pulse-height  a n a l y s i s .  

Fe ,  C a ,  S r  S t a b l e  None (Atomic a b s o r p t i o n ) .  

-9- 
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Table 5. Summary of wet-chemistry analyses. 

Sample type Number of samples Nuclides analyzed 

Eneu soil 12Zb 

Bikini vegetation 96 

Eneu vegetation 

Bikini animal 

31 

10 

Bikini soil 346a 55Fe (lo), 'OS, (all), 238Pu (30), 

239,240~u (all) , 241Pu (259) ,  241~m ( 4 7 ) .  

90~r ( a l l ) ,  239y240~u (all), 241Pu (56 ) ,  

241Am (15). 

55Fe ( 4 ) ,  63Ni (4), (all), 151S~ (4), 

239 9 240~u (all) , 241Pu (15) ,  241Am (20). 

( a l l ) ,  239 9 240~u (all) , 241Am (2). 

55Fe ( 2 1 ,  'j3Ni (21, 'OS, (all), 151~m (2) , 

239 9 240~u (all) , 241sm (3). 

a Total includes 13 samples where duplicate soil samples were analyzed. 

Total includes 4 samples where duplicate soil samples were analyzed. 

241h 
was used to determine the 

and 15'Sm concentrations. For 

coralline soil and animal tissue, 

these aliquots were nominally 5 g. 

A smaller aliquot of approximately 

3 g was taken from vegetation samples. 

I n  all cases, samples were ashed at 

950°C for 8 h as the initial step 
in the chemical dissolution. The 

MCL chemistry scheme for the deter- 

mination of and Pu from coralline 

soils, vegetation, and animal tissue 

is outlined in Table 6. 

Iron-55 was isolated by passing 

the working solution, containing 

iron carrier, through a Dowex 1-X8  

anion column (NO, form), precipitation 

of Fe(OH)3 with NH 4 OH, adsorption 
and elution from a Dowex 1 - X 8  column 
(C1-  form), and final mounting by 

electrodeposition. A separate 

aliquot of each sample was ashed 

and dissolved for elemental analysis 

of iron by atomic absorption 

spectroscopy. These analyses weye 

required to provide corrections to 
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Tab le  6 .  Chemistry scheme f o r  d e t e r m i n a t i o n  of ’ O S ,  and Pu i n  c o r a l l i n e  s o i l s ,  
v e g e t a t i o n ,  and an imal  t i s s u e .  

D i s s o l u t i o n  F i r e  c o r a l ,  v e g e t a t i o n ,  o r  an ima l  t i s s u e  a t  950°C f o r  8 h .  
Add a s h  t o  Y carr ier  and 242Pu t r a c e r . a  
D i s so lve  w i t h  1 2 M  H C 1  + 5.5M H I . b  
Add HN03, b o i l  t o  o x i d i z e  Pu, c o n v e r t  t o  C 1 - .  

Load on Dowex 1 - X 8  column from 12M H C 1  (Pu-Y s e p a r a t i o n ) .  
Wash column w i t h  12M H C 1 .  (Load and wash t o  Y p u r i f i c a t i o n . )  
E l u t e  Pu w i t h  12M H C 1  + s a t u r a t e d  NH I ( t o  Pu p u r i f i c a t i o n ) .  

S e p a r a t i o n  

4 

Y P u r i f i c a t i o n  P r e c i p i t a t e  Y(OHl3 by adding  NH40H. (Note Sr-Y s e p a r a t i o n  

Wash p r e c i p i t a t e  w i t h  H 2 0 ;  d i s s o l v e  w i t h  16M HN03;  d i l u t e  

P r e c i p i t a t e  Y (OH) by adding  NH40H;  wash p r e c i p i t a t e  w i t h  

Di s so lve  i n  0.1M H C 1 .  
E x t r a c t  t w i c e  w i t h  10% HDEHP‘ i n  t o l u e n e .  
Back-ext rac t  w i t h  3M H C 1 .  
P r e c i p i t a t e  Y(OH)3 by adding  NH40H. 
Wash w i t h  H20, d i s s o l v e  w i t h  12M H C 1  + H 2 0 ,  f i l t e r .  
P r e c i p i t a t e  Y o x a l a t e  by adding  s a t u r a t e d  o x a l i c  a c i d ,  

F i l t e r  p r e c i p i t a t e ,  d r y ,  f i r e  t o  Y 2 0 3  a t  900°C, 2 h .  
Weigh, count  b e t a s .  

t ime. )  

w i t h  H20. 

H20. 

d i g e s t .  

Pu P u r i f i c a t i o n  To column e l u a n t  add 5M N H 2 0 H D H C 1 ,  LaC13 ca r r i e r ,  s a t u r a t e d  
~ ~ 4 1 ,  Zro (No3) c a r r i e r .  

P r e c i p i t a t e  LaF3 by adding  HF. 
Di s so lve  w i t h  HNO3 + H3B03. 
P r e c i p i t a t e  La(OHI3 by adding  N H 4 0 H .  
D i s s o l v e  w i t h  16M HNO3, b o i l .  
P r e c i p i t a t e  La (OH) 3 by adding  NH40H. 
Wash w i t h  H 2 0 ;  d i s s o l v e  wi th  12M H C 1  + few drops  HN03. 
Load on Dowex 1 - X 8  column. 
Wash w i t h  12M H C 1 ,  1 2 M  HC1-dilute HF, more 12PI H C 1 .  
E l u t e  Pu w i t h  12M HC1-saturated N H 4 1 .  
a .  Add 1 2  d rops  H2SO4; fume t o  SO3 e v o l u t i o n .  

T r a n s f e r  t o  p l a t i n g  c e l l ;  e l e c t r o p l a t e  ( f o r  Pu de termina-  
t i o n  by a -pulse-he ight  a n a l y s i s ) .  

OR 

b .  T r a n s f e r  t o  m a s s  spec t romet ry  f o r  f i l a m e n t  l o a d i n g  ( f o r  
Pu d e t e r m i n a t i o n  by mass s p e c t r o m e t r i c  a n a l y s i s ) .  

a 
242Pu was used as a t r a c e r  €o r  pu l se -he igh t  a n a l y s i s  (a-PHA) and f o r  m a s s  
spec t romet ry .  
t h a t  w e r e  assayed  v i a  a-PHA. 

Note t h a t  238Pu could  be determined o n l y  i n  t h o s e  samples  

The a d d i t i o n  o f  H I  i s  n e c e s s a r y  t o  i n s u r e  e q u i l i b r a t i o n  of p lu tonium tracer 
w i t h  t h e  p lu tonium i n  t h e  working s o l u t i o n .  

B i s  (2 -e thylhexyl )  o r  thophosphor ic  a c i d .  

b 

C 
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t h e  chemica l  y i e l d s  f o r  i r o n  

o r i g i n a l l y  p r e s e n t  i n  t h e  samples .  

S tandard  chemica l  p r o c e d u r e s  were 

used f o r  t h e  i s o l a t i o n  and p u r i f i c a -  

t i o n  of 6 3 N i ,  151Sm, and 241Am. 

G r a v i m e t r i c  measurement of t h e  

r ecove red  n i c k e l  and samarium 

c a r r i e r s  p rov ided  y i e l d s  f o r  t h e  6 3 N i  

and l 5 l s m  samples .  
243 

241 
t h e  y i e l d  of t h e  Am samples .  

N i c k e l  w a s  p u r i f i e d  by numerous pre-  

c i p i t a t i o n s  as n i c k e l  dimethylglyoxime.  

The rare e a r t h ,  samarium, w a s  s e p a r a t e d  

from americium on a Dowex 50 c a t i o n -  

exchange column by g r a d i e n t  e l .u t ion  

w i t h  a - h y d r o x y i s o b u t y r i c  a c i d .  

The a d d i t i o n  of 

Am tracer w a s  r e q u i r e d  t o  d e t e r m i n e  

MEASUREMENT TECHNIQUES 

Strontium-90 w a s  determined by b e t a  

measurement of t h e  chemica l ly  s e p a r a t e d  

64-h d a u g h t e r .  I n t e r f e r e n c e s  

from r a d i o c h e m i c a l  contaminants  w e r e  

i d e n t i f i e d  and e l i m i n a t e d  through 

l e a s t - s q u a r e s  a n a l y s i s  of t h e  d a t a .  

These p r o c e d u r e s  are r a t h e r  common 

f o r  d e t e r m i n a t i o n  of  t h e  l o n g - l i v e d  

p a r e n t .  

Plutonium-239, 240, and 2 4 1  w e r e  

s e p a r a t e l y  q u a n t i f i e d  v i a  mass 

s p e c t r o m e t r i c  measurement t e c h n i q u e s .  

Obse rva t ion  of  t h e  c h a r a c t e r i s t i c  

mass-to-charge r a t i o  f o r  each  i s o t o p e  

p rov ided  t h e  means of s e p a r a t i o n  

and measurement. To d e t e r m i n e  t h e  

239 , 240, 24lPu 
atom c o n c e n t r a t i o n s  of 

i n  each  sample,  242Pu mass tracer 

w a s  added d u r i n g  t h e  chemical  d i s s o l u -  

t i o n .  S p e c i f i c  a c t i v i t i e s  were 

c a l c u l a t e d  from t h e  measured atom 

c o n c e n t r a t i o n s  and a p p r o p r i a t e  decay 

c o n s t a n t s .  S i n c e  238Pu could  n o t  b e  

de t e rmined  mass s p e c t r o m e t r i c a l l y ,  

a l p h a  p u l s e  h e i g h t  a n a l y s e s  of 242Pu- 

t r a c e d  p lu ton ium samples was r e q u i r e d .  

Alpha p u l s e - h e i g h t  a n a l y s i s  was a l s o  

e s s e n t i a l  f o r  t h e  q u a n t i f i c a t i o n  of 
241h 

americium samples  were de te rmined  

from t h e  243Am t r a c e r .  Q u a n t i f i c a t i o n  

of 238Pu and 241Am was accomplished 

by t h e  r a t i o  o f  t h e  c h a r a c t e r i s t i c  

a l p h a  peak areas t o  t h o s e  of t h e  

a p p r o p r i a t e  tracers.  

. Chemical y i e l d s  f o r  t h e  

Th in  NaI(T1) and p l a n a r  Ge(Li) 

d i o d e  pu l se -he igh  t - a n a l y s  i s  d e t e c t i o n  

systems were used t o  measure t h e  

c h a r a c t e r i s t i c  6-keV Mn x r a y  of 55Fe. 

A l l  samples  were measured by NaI(T1).  

Ge(Li) d e t e c t i o n  systems s e r v e d  Lo 

confirm r e s u l t s  and ex tend  t h e  sen- 

s i t i v i t y  f o r  55Fe d e t e c t i o n  t o  

lower levels.  S i x t e e n  samples  were 

ana lyzed  f o r  t h e i r  55Fe c o n t e n t .  

Nickel-63 and samarium-151 were 

determined by l i q u i d  s c i n t i l l a t i o n  

count ing  a t  LLL w i t h  a Packard 

Tri-Carb s p e c t r o m e t e r .  

E r r o r s  r e p o r t e d  w i t h  each  r e s u l t  

r e p r e s e n t  t h e  measurement u n c e r t a i n t y  

and a r e  based  p r i m a r i l y  on count ing  

-12- 
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s t a t i s t i c s .  For t h o s e  n u c l i d e s  w i t h  r e p o r t e d  r e s u l t s  and e r r o r s  a re  t h o s e  

m u l t i p l e  sample d e t e r m i n a t i o n s ,  t h e  of t h e  s imple  a v e r a g e .  

Qualit y-Cont rol Program 

SAMPLE ALIQUOT 

The u s u a l  MCL q u a l i t y  c o n t r o l  

program w a s  expanded t o  examine t h e  

v a l i d i t y  of wet-chemistry a n a l y s i s  

of s m a l l  s ample  ( 3  t o  5 g)  a l i q u o t s .  

S p e c i f i c a l l y  q u e s t i o n e d  was whether  

t h e  s m a l l  a l i q u o t s  were r e p r e s e n t a t i v e  

of  t h e  l a r g e r  sample.  For w e l l -  

homogenized samples ,  t h e  small  a l i -  

q u o t s  were known t o  be r e p r e s e n t a t i v e .  

Twenty-seven samples (5 v e g e t a t i o n  

and 22 s o i l s )  w e r e  s e l e c t e d  f o r  

c a r r i e r - f r e e  d i s s o l u t i o n  of 25-g 

a l i q u o t s .  The t e r m  c a r r i e r - f r e e  

d e s c r i b e s  working s o l u t i o n s  o b t a i n e d  

by t h e  d i s s o l u t i o n  of sample i n  t h e  

absence  of a p p r o p r i a t e  c a r r i e r s  and 

tracers.  The major  d i f f e r e n c e  between 

t h e  c a r r i e r - f r e e  and s t a n d a r d  carrier 

d i s s o l u t i o n s  w a s  t h e  absence  o r  

p r e s e n c e  of  t h e  c a r r i e r s  and tracers 

i n  t h e  working s o l u t i o n .  P r o c e s s i n g  

of 9 0 S r ,  Pu and 241Am samples  from t h e  

c a r r i e r - f r e e  s o l u t i o n  w a s  accomplished 

by adding  Y ca r r i e r  and 242Pu mass 

tracer t o  one a l i q u o t  and 243Am t o  

a n o t h e r ,  a c h i e v i n g  i s o t o p i c  exchange 

i n  t h e  s o l u t i o n ,  and p roceed ing  w i t h  

t h e  s t a n d a r d  methods f o r  s e p a r a t i o n  

and p u r i f i c a t i o n .  

R e s u l t s  from d i s s o l u t i o n  of t h e  

25-g a l i q u o t s  a re  compared i n  Table  7 

w i t h  t h o s e  from t h e  smaller a l i q u o t s .  

The r a t i o  of r e s u l t s  from c a r r i e r  

t o  c a r r i e r - f r e e  d i s s o l u t i o n s  i s  

g i v e n  f o r  each  of  t h e  atom r a t i o s  and 

i s o t o p i c  c o n c e n t r a t i o n s .  E r r o r s  

r e p o r t e d  w i t h  each  e n t r y  r e s u l t  from 

p r o p a g a t i o n  of  u n c e r t a i n t i e s  i n  t h e  

i n d i v i d u a l  measurements.  S o i l  samples 

from b o t h  B i k i n i  and Eneu show 

e x c e l l e n t  r e p r o d u c i b i l i t y  i n  a l l  major 

i s o t o p e s .  P a s t  e x p e r i e n c e s  i n  mass 

s p e c t r o m e t r i c  measurement of minor 

i s o t o p e s  such  as 241Pu would l e a d  

one t o  expec t  a n  even g r e a t e r  spread  

t h a n  t h a t  observed .  The f a c t  t h a t  t h e  

r e s u l t s  are r e p r o d u c i b l e  t o  w i t h i n  

10  p e r c e n t  i s  q u i t e  encouraging .  For 

t h e  s o i l s  t h e r e  i s  no i n d i c a t i o n  a€  

a s t a t i s t i c a l l y  s i g n i f i c a n t  b i a s  

r e s u l t i n g  from t h e  u s e  of small 

(5 g)  sample a l i q u o t s .  

Comparison o f  t h e  measurements 

of samples  of  v e g e t a t i o n  i n d i c a t e  

t h e  p o s s i b i l i t y  of a s l i g h t  b i s  

i n  t h e  d t e r m i n a t i o n s  o f  'OS, and 

239 ' 240Pu; however, t h e s e  b i a s e s  

a r e  n o t  s i g n i f i c a n t  a t  t h e  95 p e r c e n t  

conf idence  l e v e l .  There i s  a 

d e f i n i t e  i n d i c a t i o n  of  s i g n i f i c a n t  
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Table 7 .  Comparison of radiochemical results from carrier and carrier-free 
dissolutions. (Ratios are carrier to carrier-free).a 

239+24OPu 241Pu 241m 
Master l o g  240: 23gPu 241:23gPu 239Pu 

number atom r a t i o  atom r a t i o  dpm/g demf g d P d 8  d e d g  dPd!3 

01-0003-92 
01-0055-90 
01-0056-91 

01-0057-92 
01-0076-92 

01-0111-01 
0 1-011 8-01 
01-0119-90 

01-0121-92 
01-0288-9 2 
01-0 3 3 1- 9 2 
01- 034 1- 9 0 
01-0352-90 
01-0354-92 
01-0384-92 

1.02 kO.8% 

0.01 21.9 
0.999t1.2 
1.00 21.8 
0.993k0.5 

0.992kO. 4 
1.01 kO.2 

1.00 t1.1 

1.01 t0.5 
0.992tO. 4 
1.00 20.6 
1.01 20.6 

1.00 k1.8 

1.02 t1.6 

1.01 21.0 

1.22 22.2% 
1.07 t5.7 

1.05 22.7 
1.07 25.6 
0.876t4.3 

1.04 k3.4 
0.996t0.6 

0.955t3 .O 

0.813k5.7 

0.999t2.5 

1.07 26.2 

0.97351.5 

Bikini s o i l  

1.04 20.8% 
0.99621.4 
1.02 t1.0 
0.98624.0 

0.996t0.6 
1.02 20.6 
0.97220.5 
1.02 t0.9 
1.00 t0.6 

0.981tO. 6 
0.973t1.1 
0.97020.9 

1.00 t1.3 
1.05 k1.3 
1.00 t0.8 

1.05 10.8% 
0.99811.4 

1.02 t0.9 
0.986+3 .O 

0.992t0.5 

1.02 20.5 
0.97610.4 

1.02 '0.9 
1.01 t0.5 
0.976k0.5 

0.974+0.9 
0.975k0.7 
1.01 t1.3 
1.07 i1.2 
1.00 20.8 

1.27 t2.4% 
1.07 25.8 
1.07 +2.9 

1.06 t6.9 
0.872t4.3 

1.06 t3.4 
0.96820.8 
0.972t3.1 
__- 

0.797i5.8 

0.970i2.6 

1.08 16.4 

0.972'1.7 

0.959+2.0% 
1.01 t1.9 
1.03 t3.1 
1.03 i3.2 
0.87427.5 
0.97321.5 

1.01 21.9 
0.956t6.7 

0.96621.5 
1.07 t3.8 
0.969t1. 7 
0.92123.1 

0.980-fl. 9 
1.25 23.3 
0.978t2.8 

0.985+0.9% 
1.03 t0.7 
0.959t0.7 
0.934t0.6 
1.03 t0.6 
1.04 51.2 

1.02 50.6 
1.03 t0.8 
1.02 t0.8 

0.994i0.8 
1.00 t0.6 
0.989t0.5 

1.00 20.7 
1.00 f1.0 
1.03 i1.2 

Average 1.00t9.9% 1.0110% 1.OOt2.4% 1.Oli2.8% l.Ot12% 0.998k8.4% 1.00+2.9% 

Eneu soil 

0.998?1.3% 0.98921.6% ___ 0.994i3.4% 1.04 21.5% 06-0707-32 0.982+2.6% ___ 
06-0708-32 I. 01 10. 8 - 0.975t0.9 0.97920.8 ___ 1.02 t3.1 0.98811.2 
06-0719-32 0.97422.0 ____ 1.00 i1.7 0.98821.6 ___ 1.05 f3.8 1.06 t1.9 

0.89720.7 0.91020.7 ___ 0.990i5.4 1.01 f3.7 
1.01 21.1% 1.01 t1.0% - 1.16 16.0% 1.04 22.3% 

06-0722-32 1.03 20.9 ___ 

06-0732-32 0.98111.2% - 
06-0936-94 0.994kO.8 1.06 t4.3% 0.97021.0 0.96720.8 1.03 t4.4% 1.01 24.4 0.990k1.1 
06-0950-73 0.998k1.3 - 0.97221.0 0.971t1.0 - 1.06 t2.8 0.94351.3 

Average 0.996+2.0% - 0.975+3.9% 0.9731-3.2% I__ 1.04i5.7% 1.01+4.0% 

Bikini v e g e t a t i o n  

01-0639-10 0.99552.2% - 1.07 21.3% 1.07 21.5% - 0.866+6.3% 1.09 +1.8% 
0.996t0.9 0.98221.0 ___ 0.767t5.6 0.984k0.5 

01-0803-10 1.01 k1.0 - 0.76620.7 0.769kO.7 - 0.78515.6 0.948+1.0 
01-0829-10 0.963t2.9 - 0.934t2.5 0.915t2.3 ___ 0.859t6.3 1.06 f1.0 

01-0641-10 0.973k1.3 - 

01-0850-10 1.00 21.4 0.992+4.7% 0.87622.8 0.87722.9 0.894*4.5% 0.92954.9 1.17 k1.2 

0.93?12% 0.92+12% - 0.841i7.82, 1.0528.4% Average 0.988t2.0% - 

a A l l  results a r e  r e p o r t e d  t o  a r e f e r e n c e  t ime of 1 January 1975 (001.000 2 ,  75). 
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241h 
b i a s  i n  t h e  d e t e r m i n a t i o n  of 

Although t h e  number of samples  

compared i s  a r e l a t i v e l y  s m a l l  f r a c -  

t i o n  of t h e  t o t a l  ana lyzed ,  i t  a p p e a r s  

t h a t  the s t a n d a r d  v e g e t a t i o n  a l i q u o t s  
239 , 24OPu 

( 3  g)  may unde res t ima te  t h e  

c o n c e n t r a t i o n s  by 7 p e r c e n t  and t h e  

241Am c o n c e n t r a t i o n s  by a s  much as 

1 6  p e r c e n t .  S ince  t h e  compared 

samples  w e r e  e i t h e r  l i t t e r  o r  r o o t s ,  

sample inhomogeneity i s  t h e  l i k e l y  

s o u r c e  of t h e s e  appa ren t  b i a s e s .  

However, i t  i s  a l s o  p o s s i b l e  t h a t  

t h e s e  b i a s e s  may b e  i n d i c a t i v e  of a n  

e r r o r  r e s u l t i n g  from s u r f a c e  con- 

t a m i n a t i o n  of v e g e t a t i o n  s o  t h a t  

t h e  r e s u l t s  may n o t  be  a t r u e  

measure of t h e  i s o t o p i c  up take  by 

t h e  p l a n t .  

SAMPLE HOMOGENEITY 

MCL r ece ived  d u p l i c a t e  samples  

from 1 7  large-volume s o i l  spec imens .  

The q u e s t i o n  t o  be  answered was 

whether  s e p a r a t e  samples from a l a r g e  

specimen of  f i n e l y  d iv ided  s o i l  could  

g i v e  r e p r o d u c i b l e  r e s u l t s .  The 

s t a n d a r d  c a r r i e r  d i s s o l u t i o n  w a s  used 

t o  p r o c e s s  t h e s e  samples .  Analyses  

were p r i m a r i l y  f o r  'OS, and Pu.  

Americium-241 w a s  de te rmined  i n  t h r e e  

of  t h e  samples .  Measurement r e s u l t s  

a r e  compared i n  Table  8 .  The r a t i o  

of A t o  B samples  i s  p r e s e n t e d  f o r  

each of  t h e  measured atom r a t i o s  and 

i s o t o p i c  c o n c e n t r a t i o n s .  quoted  

s t a t i s t i c s  are d e r i v e d  from t h e  pro- 

p a g a t i o n  o f  e r r o r s .  Sample homo- 

g e n e i t y  i s  ev idenced  by t h e  e x c e l l e n t  

agreement  i n  t h e  239y 240pu and 'Osr . 
c o n c e n t r a t i o n s  from bo th  B i k i n i  and 

Eneu. R e s u l t s  f o r  241Pu e x h i b i t  

some sp read  among t h e  i n d i v i d u a l  

d a t a  p o i n t s  b u t  are  r e p r o d u c i b l e  t o  

w i t h i n  11 p e r c e n t  a t  a mean of u n i t y .  

This  sp read  is b u t  a n o t h e r  example of  

t h e  i n h e r e n t  d i f f i c u l t y  of minor i s o -  

t o p i c  measurement by mass s p e c t r o -  

met ry .  The 241Am comparison,  though 

l i m i t e d  t o  t h r e e  p o i n t s ,  a l s o  shows 

no s i g n i f i c a n t  b i a s .  Comparison of 

t h e s e  samples  i n d i c a t e s  t h a t  s e p a r a t e  

a l i q u o t s  of s o i l  can b e  expec ted  t o  

show r e p r o d u c i b l e  r e s u l t s  t o  w i t h i n  

t h e  e r r o r s  p r e s e n t e d  i n  Tab le  8. 

Data Comparison 

MEASUREMENT OF 241AM CONCENTRATION - 

ALPHA VS GAMMA DETECTION chemis t ry  a n a l y s i s .  I n  each  of t h e  

624 samples  of  s o i l ,  v e g e t a t i o n ,  and 

an imal  t i s s u e ,  241h was q u a n t i f i e d  

through e i t h e r  a p o s i t i v e  gamma 

metry were s e l e c t e d  f o r  241h w e t -  

Approximately 1 3  p e r c e n t  of t h e  

6 2 4  samples  a s sayed  by gamma s p e c t r o -  
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Tab le  8 .  Comparison of r ad iochemica l  resu l t s  from s e p a r a t e  samples o f  a l a r g e -  
volume s o i l  specimen. ( R a t i o s  a r e  A t o  B sample a l i q u o t ) . a  

Master log 240:  23gPu 241: 239p, 239Pu 239+24OPu 241Pu 241h 90sr 
number atom ratio atom ratio dpmlg d p d g  dpmlg dpmlg dpmtg 

Bikini soil 

0 . 9 6 S l . l X  01-0065-01 1.01 F0.4% 1 . 2 1  +2 .1% 1 .02  *0.8% 1 . 0 2  50 .6% 1 . 2 3  +2 .2% ___ 

01-0088-91 1.01 i 0 . 9  0.86Ok9.3 1 . 0 3  t 0 . 9  1 .03  i 0 . 8  0 . 8 8 3 t 9 . 4  0.909k8.6 0 .99M1.7  

01-0111-01 0.998tO.6 1 . 0 9  52 .8  1.00 21 .6  1.00 21.3 1.10 t 4 . 4  0 .98722-1  1 . 0 3  t 4 . 0  

01-0134-32 0 .985k2.5  0 .90  i15 0.92724.3 0 .92023.3  0.84526.5 -- 0.95Ot4.5 

1 .00 t 0 . 7  

01-0180-32 0 .997k1 .1  0 .93Ot4 .8  1.00 tO.8  0.998tO.9 0 .93Oi4 .9  - 9.998L2.4 

1 . 0 3  i 2 . 4  

01-0318-95 0 .992 t2 .2  __. 0.970k3.3  0 .96522.7  ___ 0 .985 t2 .0  

01-0157-32 1 . 0 1  1 0 . 3  1 . 0 3  t 0 . 9  1.00 tO.5  1 .01  t 0 . 4  1 . 0 3  k 1 . 1  - 

01-0226-32 1 . 0 1  t 0 . 4  1.01 t 0 . 8  0.995tO.5 0.999tO.4 1 . 0 1  k1.O ___ 

01-0341-90 0 .998 i0 .8  0 .955k1.3  1 .04  22 .2  1 . 0 4  t 1 . 9  0 . 9 9 3 t 2 . 6  1 .08  t 6 . 4  1 .04  k0.8 

01-0387-95 0 .984 t2 .2  0 .99  k28 1.06 k3.6 1 .05  k2 .4  1.1 +28  - 0.965k2.6 

01-0525-71 1.01 i 0 . 8  1 .16  27.4 0 . 9 5 6 i 1 . 3  0.95921.0 1.11 t 7 . 5  0 .951t0 .9  

01-0548-72 0 .984 i3 .5  ___ 1 .07  t 6 . 1  1 .06  +4 .2  ___ 1 . 0 3  2 2 . 6  

01-0617-92 1.01 t 1 . 2  1.06 k4.4 1 . 0 3  kO.9 1.04 50 .9  1 . 0 9  2 4 . 5  - 1 .02  t 1 . 4  

Average l.OOil.l% 1.0211% 1 .0124 .0% 1 .01 i4 .0% 1.0?11% 0.992+8.6% 0.997+3.2% 

Eneu s o i l  

06-0709-32 0.994+1.1% 0 . 9 1  kll% 1 .01  +0.9% 1.01 i 0 . 9 %  0 .92  511% -__ 1.01 +1.9% 

06-0755-32 0 .978 t3 .8  ____ 1.05 i 2 . 4  1 .04  k2.6 - 1.08 t 6 . 5  

0 .961k1.4  0.97121.3 ____ 0 .988 t6 .3  06-0893-92 1 .02  k1 .5  - 
Average 0.997t2 .1% - 1.01+4.4% 1 .01+3.4% - 1.03+4.7% 

a All results are reported to a reference time of 1 January 1975 (Ool.00 2 ,  75) .  

s i g n a l  o r  c a l c u l a t i o n  of a d e t e c t i o n  

l i m i t  . 
se rved  two purposes :  t o  pe rmi t  

comparison of two d i f f e r e n t  methods 

f o r  measuring 2 4 1 ~ ,  and f o r  o t h e r  

samples ,  t o  p r o v i d e  g r e a t e r  s e n s i t i v i t y  

f o r  d e t e c t i n g  241h t h a n  a v a i l a b l e  

from r o u t i n e  gamma measurement. 

W e  t-chemis t r y  measurements 

Comparison d a t a  f o r  52  s o i l  samples 

are p r e s e n t e d  i n  Tab le  9 .  The mean 

v a l u e  f o r  t h e  MCL:LLL r a t i o  i s  

1 . 2  ? 16%,  w i t h  ev idence  € o r  s i g n i f i -  

c a n t  b i a s .  For s o i l  s a m p l e s ,  w e t  

chemis t ry  i s  expec ted  t o  assess t h e  

241b c o n c e n t r a t i o n  more a c c u r a t e l y .  

U n c e r t a i n t i e s  i n  s e l f - a b s o r p t i o n  

c o r r e c t i o n s  because  of v o i d s  r e s u l t i n g  

from s e t t l i n g  of t h e  s o i l  i n  t h e  

can l i m i t  t h e  accuracy  of 241Am 

assessment  v i a  gamma s p e c t r o m e t r y .  

Thus, i t  appea r s  t h a t  t h e  241Am data 

f o r  s o i l  samples r e p o r t e d  v i a  gamma 

spec t romet ry  may be  s y s t e m a t i c a l l y  

low by abou t  20 p e r c e n t .  Even so,  

t h e  e f f e c t  of a 20 p e r c e n t  b i a s  w i l l  

be  n e g l i g i b l e  on t h e  e s t i m a t e d  e x t e r -  

n a l  dose  s i n c e  241Am c o n t r i b u t e d  a 

ve ry  s m a l l  f r a c t i o n  t o  t h e  t o t a l .  

-3.6- 
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Table 9 .  Comparison of alpha-pulse height analysis (a-PHA) and gamma-spectrometric 
analyses for 241Am in separate batches of soil (MCL vs LLL).a 

~ 

Master log 
number 

a-PHA Gamma spectrometry 
(MCL) d p d g  (LLL)dpm/g MCL : LLL 

01-0001-90 

01-0002-91 

01-0003-92 

01-0011-90 

01-0012-91 

01-0045-90 

01-004 6-91 

01-0047-92 

01-0055-90 

01-0056- 9 1 

01-00 74-90 

01-0075-91 

01-0076-92 

01-0086-01 

01-0087-90 

01-0088-91 

01-0110-01 

01-0111-01 

01-0112-01 

01-0116-01 

01-0118-01 

01-0119-90 

0 1- 0 1 2  0- 9 1 

01- 0 1 2  1- 9 2 

01-02 7 3- 90 

01-0274-91 

01-0275-92 

01-0286-90 

01-0287-91 

01-0288-92 

9 .26  +0.7% 

7.88 ? 1.1 

11.4  t 2.9  

6 .98  2 4 .8  

4 .39  t 1 . 7  

1 .56  t 2.4  

4.32 i 3.1 

1 . 2  213 

8.04 t 0 . 9  

10.6 t 1 . 7  

5 .23  f 3.0  

1 9 . 5  5 1.6 

27.7 t 9 .5  

9.67 t 8 . 7  

2 .06 t 9.2 

1 .46  + 8 .4  

1 1 . 3  t 5.8 

1 9 . 3  t 1 . 9  

23.5 2 0 . 8  

18.0 5 3 .4  

26.4 f 1 . 0  

5.81 f 3.2 

8.97 t 3.4 

14 .5  + 2.5 

14 .8  t 3.9  

1.20 2 3.4 

0 . 8 8 4 t  3 .2  

7 .12 t 7.0  

13 .4  f 6 . 8  

21.7 t 4 . 5  

6.762 8 .9% 

6 .6  211 
1 0 . 1  t 8.7 

4 .9  t 1 .8  

3 .9  t 1 6  

1 . 2  231 

3.295 4 .9  

0.98+15 

6.85k 6 .6  

8 . 3 6 f  9 .9  

5 . 0  214 

1 5 . 0  t 4 . 2  

1 7 . 5  f 9 . 1  

1 0 . 5  f 7.8 

1 . 9 8 t  5 . 6  

1 .3  512 

1 1 . 4  f 7 .3  

1 7  t20 

16 .2 f  6 .8  

12 .92  8.5 

1 9 . 0  f 5.8 

3 .9  +12 

8.142 7.6 

10 .4  t 5 . 1  

11 .4  2 8 . 8  

1 . 2  +25 

0 .95 t30  

5 . 6  216 

11 t 1 2  

16 .2  2 7.4 

1 .37f  8 .9% 

1 . 2  211 
1.13t  9.2 

1 . 4  +19 

1.1 217 

1 .3  +31 

1.31+ 5 . 8 .  

1 . 2  t 2 0  

1.17-+ 6.7 

1 .3  510 

1.0 t 1 4  

1 . 3 0 5  4.5 

1 . 6  513 

0.92212 

1 . 0  511 

1.1 t15  

0.99129.3 

1.1 t 2 0  

1 .45+  6 . 8  

1 . 4 0 t  9.2 

1 .39+ 5 .9  

1 .5  212 

1.1Ot. 8 .3  

1.39+ 5 .7  

1 . 3 0 t  9 .6  

1 . 0  225 

0.93230 

1 . 3  + 1 7  

1 ,2  514 

1 .342  8 . 7  

-17- 
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Table  9 .  (Cont inued) .  

Master l o g  a-PHA Gamma s p e c t r o m e t r y  
number (MCL) dpm/g (LLL) dpm/g MCL : LLL 

01-0329-90 

01-0330-91 

01- 0 3 31-9 2 

01-034 1-90 

01-0342-91 

01-0343-92 

01-0352-90 

0 1- 0 35 3-9 1 

01-0382-90 

01-0383- 9 1 

01-0384-91 

06-0707-32 

06-0 7 18- 32  

06-0719-32 

06-0722-32 

06-0 7 5 2-3 2 

06-0740-32 

06-0752-32 

0 6- 0 7 5 8- 3 2 

06-0765-32 

06-0936-94 

0 6-09 50- 7 3 

13 .6  2 2.5% 

21.5 2 7 .6  

41.0 2 . 2 . 2  

50.8 2 5 . 6  

7.62 2 1 .8  

1 . 0 2  2 7 . 3  

3.02 t 1 . 4  

1 . 7 7  2 1.8  

2.74 L 2 . 0  

3 .67  2 1 . 7  

4 .85  2 1 . 6  

4.07 2 1.3 

3.30 t 8.1 

2.47 2 3 . 7  

0 .811t  2 .4  

3 . 2  210 

0 .764 t  5 .1  

2.42 + 4.7 

3.78 t 5 .1  

0.72 t 1 0  

6.69 2 1 . 2  

4.78 2 4 . 1  

10.1 ? 9.1% 

14 .0  t 7.9 

27 .9  2 6 . 1  

37 .9  t 8 . 7  

6 .0  210 

1 . 0  t 5 0  

3 .0  +29 

1 .5  219 

2.4 232 

3.6 211 

4.6  +14 

4.062 9 .8  

2.862 8 . 7  

2.0 211 

0 . 7 4 t 1 3  

2 .4  t13 

0.42243 

2.902 6.2 

2 . 9 8 t  6 .4  

0 .62213 

5.352 5 . 4  

3.37+ 9 .5  

1 .352  9.4% 

1 . 5  211 

1 . 4 7 t  6 . 5  

1 . 3  + l o  
1 . 3  t11 

1 . 0  t 51  

1 . 0  f29  

1 . 2  +19 

1.1 232 

1 . 0  t ll  

1.1 +14 

1.0ot 9 . 9  

1 . 2  212 

1 . 2  212 

1.1 t 1 3  

1 . 3  216 

1 . 8  243 

0.83427.8 

1 .272  8.2 

1 . 2  216 

1 . 2 5 2  5.5 

1 . 4  + l o  

Average 1.2+16% 

a 
A l l  r e s u l t s  are r e p o r t e d  t o  a r e f e r e n c e  t i m e  of 1 January  1975 (001.0002, 75). 



Table 10 presents a comparison 

of all vegetation samples that showed 

positive 241Am via gamma spectrometry. 

This limited data set of five samples 

exhibits a mean MCL:LLL ratio of 

0.95 f 22%,  with no evidence for 

significant bias. Wet-chemistry 

results are the simple averages of the 

individual determinations by carrier 

and carrier-free dissolution proce- 

dures. As indicated earlier in the 

section on quality control, wet- 

chemistry determinations of 

in vegetation may be systematically 

low. In addition, the large uncer- 

tainties in the individual gamma 

measurements provide for a very 

broad range of possible ratios. 
there is no reason to conclude that 

there is any significant difference 

between wet chemistry and gamma 

spectrometry of 2 4 1 ~  in vegetation. 

241h 

Thus, 

In all other cases wet chemistry 

provided a more sensitive measure 

of 241Arn concentration than did gamma 

spectrometry. For vegetation samples, 

increases in sensitivity were in the 

range of 2.1- to 637-fold. Animal 

samples exhibited increases in the 

range of 1.2- to 7.4-fold. 

WET-CHEMISTRY ANALYSES OF 241Am VS 
239, 24OPu 

Results for 241Am and 239, 24OPu 

were compared in those samples selected 

for wet chemistry. Concentration 

ratios of 241Am to 239Pu and to 

239+240Pu were calculated. The 

purposes of these computations were 

to examine any differences between 

sample types (soil vs vegetation) 

and sampling location (Bikini E 

Eneu), and t o  determine mean ratios 

- 

Table 10. Comparison of a-PHA and gamma-spectrometric analyses for 241Am in 
vegetation (MCL vs LLL).a 

Master log a-PHA Gamma spectrometry 
number (MCL) dpm/g (LLL), dpm/g MCL : LLL 

01-0639-10 

01-0641-10 
01-0803-10 

01-0829-10 

0 1- 0 850- 10 

0.44210% 

0.75219 

4 .9  + 1 7  

0.43+11 

1.672 5.2 

0.34230% 

0.91+55 

6.1 +20 

0.51256 

1.6 230 

1.3 +32% 

0 .  a2t5a 

0.8Of 2 6 

0.84+57 

1.0 _+30 

Average 0,95+22% 
~ ~~ ~- ~~~~~~ 

a All results are reported to a reference time of 1 January 1975 (001.0002, 75). 
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f o r  t h e  c a l c u l a t i o n  of wet-chemistry-  

e q u i v a l e n t  241h c o n c e n t r a t i o n s .  

Comparisons of t h e  B i k i n i  s o i l ,  Eneu 

s o i l ,  and B i k i n i  v e g e t a t i o n  a re  

p r e s e n t e d  i n  Tables  11, 1 2 ,  and 13, 

r e s p e c t i v e l y .  Only t h o s e  samples 
239,  24OPu g i v i n g  p o s i t i v e  241Am and 

s i g n a l s  have  been i n c l u d e d .  

From T a b l e  11 i t  i s  a p p a r e n t  

t h a t  t h e  B i k i n i  s o i l s  e x h i b i t  q u i t e  

c o n s i s t e n t  241Am:Pu r a t i o s  regard-  

less o f  t h e  p r o f i l e  depth .  I n  

f a c t ,  t h e  agreement  among t h e  mean 

r a t i o s  f o r  t h e  v a r i o u s  p r o f i l e s  

i s  r a t h e r  remarkable .  R e s u l t s  i n d i -  

ca te  t h a t  t h e  a v e r a g e  dpm r a t i o s  of 
24lh.239+24OPu on 241h: 239Pu and 

t h e  i s l a n d  are q u i t e  s p e c i f i c  and are 

1 . 1 7  ir 8.1% and 0.550 t 8.1%, 
r e s p e c t i v e l y .  A s  ev idenced  i n  

Table  1 2 ,  t h e r e  i s  a l s o  e x c e l l e n t  

agreement  among t h e  Eneu s o i l  samples .  

Although t h e  t o t a l  number of samples 

i s  c o n s i d e r a b l y  l ess ,  t h e r e  i s  no 

a p p r e c i a b l e  v a r i a t i o n  w i t h  p r o f i l e  

d e p t h .  For Eneu I s l a n d  s o i l  samples ,  
2 4 l h .  239+24OPu t h e  241Am:239Pu and 

dpm r a t i o s  are 1 .08  k 3.0% and 

0.512 t 3 . 6 % ,  r e s p e c t i v e l y .  S t a t i s t i -  

c a l l y ,  t h e r e  i s  no d i f f e r e n c e  between 

t h e  241Am t o  Pu c o n c e n t r a t i o n  r a t i o s  

of t h e s e  two i s l a n d s .  B i k i n i  vege ta-  

t i o n  r a t i o s  i n  T a b l e  13 are i n  

r e a s o n a b l e  s t a t i s t i c a l  agreement as 

iszdicated by t h e  f a c t  t h a t  t h e  a v e r a g e  

dpm r a t i o s  e x h i b i t  lower  d e v i a t i o n s  

t h a n  any of  t h e  i n d i v i d u a l  determina-  

241A, .  t i o n s .  Although t h e  a v e r a g e  

239Pu and 241Am: 239+240Pu dpm r a t i o s  

of 1.11 t 8.1% and 0.512 ? 7 . 9 %  a r e  

d i f f e r e n t  t h a n  t h o s e  i n  t h e  B i k i n i  

s o i l s  when compared on an  a b s o l u t e  

b a s i s ,  t h e  d e v i a t i o n s  assoc iE t e d  

w i t h  t h e  i n d i v i d u a l  d e t e r m i n a t i o n s  

i n d i c a t e  t h a t  t h e  s o i l  and v e g e t a t i o n  

r a t i o s  a r e  t h e  same. 

PLUTONIUM-ISOTOPE RESULTS 

Mean i s o t o p i c  atom r a t i o s  of 

240Pu and 241Pu t o  239Pu have been 

c a l c u l a t e d  from t h e  i n d i v i d u a l  mass 

s p e c t r o m e t r i c  r e s u l t s .  These r a t i o s  

from t h e  v a r i o u s  sample t y p e s  and 

sampling l o c a t i o n s  are p r e s e n t e d  i n  

T a b l e  14. Also i n c l u d e d  are t h e  

a c t i v i t y  r a t i o s  as ,determined from 

t h e  mean atom r a t i o s  and h a l f - l i v e s  

l i s t e d  i n  Table  4 .  S o i l  r e s u l t s  from 

t h e  two i s l a n d s  are i n d i s t i n g u i s h a b l e .  

S t a t i s t i c a l l y ,  t h e  s o i l  and v e g e t a t i o n  

r e s u l t s  a r e  i n  agreement .  The absolute 

d i f f e r e n c e s  between t h e  240Pu:239Pu 

s o i l  and v e g e t a t i o n  r e s u l t s  shm tIte 

d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  

measurement of minor i s o t o p e  i n  

samples  w i t h  low c o n c e n t r a t i o n s .  

E x t e n s i v e  e x p e r i e n c e  i n  mass s p e c t r o -  

me t ry  h a s  shown t h a t  f o r  low l e v e l  

samples  s u c h  a s  v e g e t a t i o n ,  measure- 

ment of minor i s o t o p e s  w i l l  b e  b i a s e d  

h i g h e r  t h a n  t h e  a c t u a l  c o n c e n t r a t i o n s .  

To c o n s t r u e  t h a t  t h e  d i f f e r e n c e s  i n  

s o i l  and v e g e t a t i o n  a r e  an i n d i e a t i m  

of  f r a c t i o n a t i o n  would b e  e r r o n e o u s .  



a T a b l e  11. Wet-chemistry r e s u l t s  of 241Am vs  Pu i n  Bikini  s o i l .  

Master l o g  239Pu 239+24OPu 241h 241Am: 23gpu 239Am.239+240pu 

number d p d g  dpm/g dpm/g dpm r a t i o  dpm r a t i o  

01-0001-90 

01-0011-90 

01-004 5- 90 

01-0055-90 

01-0074-90 

01-0087-90 

01-0119-90 

01-02 73- 90 

01-0286-90 

01- 0329- 90 

01-0341-90 

01-0352-90 

01-0382-90 

01-9341-90 

01-0002-91 

01-0012-91 

01-0046-91 

01-0056-91 

01-0076-91 

01-0088- 9 1 

01-0111-01 

01-0120-91 

01-0274-91 

01-0287-91 

01-0330-91 

01-0342-91 

01-0353-91 

7.53+0.8% 

5.6420. 9 

1 .3021 .8  

6.9820.7 

4.33 k0 . 5  

2 .29 k0 .8  

4.81k1.3 

12 .2  21.0 

5.75k0.9 

12 .4  11.1 

39.5 22.1 

2.64?0.6 

2.4720.5 

38.0 k0.7 

6.51?0.5% 

3.87 20.6 

3.56 20.5 

8.8921.2 

15.8 k0.5 

1 . 4 6  LO. 6 

1 6 . 6  21.6 

7 . 71  ?O . 6  

1 .0520 .5  

11.8 20.4 

15 .2  k0.5 

5.52k0.6 

1.6221.4 

P r o f i l e  000-005 

15 .7  k O . 7 %  9.26+0.7% 

11 .9  20.6 6.9824.8 

2.82k2.0 1.5622.4 

15.0 50.7 8 .04k0 .9  

9 . 2 3  +O .4  5 .23k3.0 

4.82 20.7 2.0629.2 

1 0 . 2  k 1 . 4  5.81k3.2 

26.0 k 1 . 1  1 4 . 8  i 3 . 9  

1 2 . 3  2 0 . 9  7.12k7.0 

26 .1  21.0 1 3 . 6  12 .5  

84 .1  21 .8  50.8 k5.6 

5.5820.6 3.0251.4 

5.2520.5 2.74+2 .O 
81.0 20.5 4 7 . 1  k2.8 

Average 

P r o f i l e  005-010 

1 4 . 6  k0.4% 

8.3320.8 

7.66 k0 . 4  

18.7 21.2 

33.6 k 0 . 5  

3.09 ?rO . 6  

35.0 k1 .3  

1 6 . 3  20.5 

2.3820.6 

2 5 . 1  *0.3 

32 .1  k0.4 

11 .9  k0.5 

3.4921.3 

7 . 8 8 k 1 . 2 %  

4.39k1.7 

4 . 3 2 t 3 . 1  

10.6 21.7 

19 .5  21.6 

1 .46  k8.4 

1 9 . 3  k1.9 

8.97 23.4 

1 . 2 0  53.4 

1 3 . 4  26.8 

2 1 . 5  27.6 

7.62 k1.8 

1 . 7 7  21.8 

1 . 2 3  +1.0% 

1 . 2 4  24.9 

1 . 2 1  k 3 . 0  

1.15 k1.i 

1.21 23.0 

0.900 +9 - 2  

1 . 2 1  k3.5 

1.21 54.0 

1 .24  k 7 . 0  

1.10 22.7 

1 . 2 9  26.0 

1 . 1 4  21.5 

1.11 22.1 

1 .24  22.8 

1.18 8.2% 

1 . 1 4  %1.2% 

1.13 k 1 . 8  

1 . 2 1  k3.1 

1 .19  k2.1 

1 . 2 3  k1.7 

0 .998%.  4 

1 . 1 6  5 . 5  

1 .16  k3.5 

1 . 1 4  23.5 

1.14 s . 8  

1 . 4 1  27.6 

1.38 k l .9  

1.10 k2.2 

0.590+1.0% 

0.58824.9 

0 . 5 5 4 i 3 . 1  

0 .53621 , l  

0.566k3.0 

0.42729.2 

0.57023.5 

0 . 5  70 24.0 

0.580 k7.0 

0.520k2.6 

0.604 25.9 

0.541k1.5 

0.523k2.1 

0.582k2.8 

0.554+8.0% 

0.5 38 51.2% 

0.528t1.9 

0.563k3.1 

0.56 7 k2 .1 

0.579t1.7 

0.474k8.4 

0.551 22.3 

0.550 k3.4 

0.505 53.5 

0.53626.8 

0.66957.6 

'0.639 33.8 

0.508 t2 .2  
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Tab le  11. (Continued) .  

239Pu 239+24OPu 241Am: 239pu 24lh.239+24OPu Master l o g  - 
number dpml g dpmlg dpml g dpm r a t i o  dpm r a t i o  

01-0383-91 

01-9088-91 

01- 9 111-9 1 

01- 000 3-9 2 

01-0047-92 

01-0076-92 

01-0121-92 

01-0275-92 

01-028 8-9 2 

01- 0 3 31-9 2 

01-034 3-92 

01-0 3 5 4-9 2 

01-0384-92 

01-0110-01 

01-0112-01 

01-0057-92 

01-0086-01 

01-0116-01 

3.20 53.2% 

1 . 4 3  20.6 

16 .6  50 .4  

9 . 5 3  52.9% 

1 . 1 4  k 1 . 5  

22 .9  20.3 

11 .9  kO.3 

0.73820.9 

1 8 . 0  2 1 . 4  

30.7 k l . 9  

0.89920.8 

0.58823.8 

4.25 20.4 

9.92k0.5 

20.420.4 

14.7k1.0 

9.04-+0.6 

7.06?3.8% 3.67 21.7% 

2 . 9 9 t 0 . 5  1 . 6 1  22.0 

34.9 kO.3 19 .6  kO.9 

Average 

P r o f i l e  010-015 

10 .2  +3.5% 1 1 . 4  22.9% 

2 . 4 1 t l .  3 1 . 2  k13 

48.6 k0.5 27.7 59.5 

25.2 t 0 . 4  14 .5  22 .5  

1.72k1.0 0.884t3.2 

38.2 k1.7 21.7 k4.5 

63.8 51.9 41.0 k2.2 

1.98k1.0 1 .02  5 7 . 3  

1.2554.7 0.69 k16 

8.9720.4 4.85 k1.6 

Average 

S u r f a c e  

21. OkO.  5 11 .3?5 ,8  

P r o f i l e  015-020 

42.5k0.3 2 3 . 5 t 0 . 8  

P r o f i l e  015-025 

31.121.0 17 .522 .1  

P r o f i l e  105-115 

18.820. 4 9.67k8.7 

1 .15 +3.6% 

1 . 1 3  k 2 . 1  

1.18 kl.0 

1.18?8.4% 

1.202 4.1% 

1 . 0  k13 

1 - 2 1 ?  9 . 5  

1.22k 2 . 5  

1.202 3 . 4  

1 - 2 1 ?  4 .7  

1 .342  2.9 

1 . 1 3 5  7 . 3  

1 . 2  216 

1.14k 1 . 6  

1.18+7.3% 

1 .14k5 .8  

1 . 1 6 t 0 . 9  

1.19k2.3 

1.0728.7 

0.520+4.2% 

0 . 5 3 8 f 2 . 1  

0 .561k l  .O 

0.552+8.7% 

0.564+ 4 . 5  

0.49 +13 

0.5702 9 . 5  

0.575t  2.5 

0.5142 3 .4  

0.5682 4 .8  

0.6432 2.9 

0.5122 7.4 

0 .55  217 

0.5415 1 . 6  

0.55327.82 

0.53925.8 

0.55420.8 

0.563k2.3 

0.514k8.7 

S o i l  around r o o t s  (Papaya No. 1 House 2 4 )  

1 6 . 6 t 0 . 5  34.7k0.4 1 8 . 0 t 3 . 4  1.09k3.4 0.519k3.4 
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T a b l e  11. (Continued) 

239+24OPu 241h 241h.239pu 241&. 239+24OPu 
Master l o g  239Pu 

number dPm/ g dpml g dpm/g dpm r a t i o  dpm r a t i o  

S o i l  under r o o t s  (Papaya No. 1 House 24) 

01-0117-01 0.0734k0.9 0 .153- t l .5  0 .073t15 1.0k15 0.48+15 

S o i l  u n d e r  p l a s t i c  (Papaya Xo. 1 House 2 4 )  

1.32k2.2 0 .630 i2 .0  01-0118-01 20.0+2 .o  41.9k1.7 26 .4k l .  0 

O v e r a l l  S o i l  Average 1.17-+8.1% 0.550*8.1% 
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T a b l e  12 .  Wet-.chemistry r e s u l t s  of 241Am v s  Pu i n  Eneu s o i l .  

241Am - 'Am 
2 39+24OPu 2 4 1 ~ m  239Pu 239+24OPu 

Master l o g  239Fu 
dpm r a t i o  dpm r a t i o  number dpm/ g dpmlg d p m l  g 

0-15 cm s o i l  sample 

06-0707-32 

0 6- 0 7 0 8- 3 2 

06-0718-32 

06-0719-32 

06-0722-32 

06-07 27- 32 

06-0732- 32 

06-0740-32 

06-0752-32 

06-075 3-32 

06- 0 7 5 8- 3 2 

06-0765- 32 

06-0936-94 

06-0950-73 

3.62 20.6% 

8.02 21.8 

3 .05  20.4 

2.34 20.5 

0.756 t 7 . 7  

0 .0854t2.7 

2.89 kl.1 

0.725 t 0 . 5  

2 .28  20.6 

2.88 t 0 . 9  

3 .58 kl.1 

0.680 21.0 

6.32k2.2 

4 . 2 4 t 2 . 0  

7 .63  20.8% 

1 7 . 1  21.5 

6 . 3 8  20.4 

4.84 k0.9 

1 .60  26.7 

0.19024.4 

6 .03  20.4 

1 . 5 4  f 0 . 5  

4.72 k0.6 

5.99 1 0 . 8  

7.52 k1.1 

1 .40  21 .0  

4.07 +_ 1 . 3 %  

9 .02  2 1 . 3  

3.03 2 8.1  

2.47 2 3 . 7  

0 .811  +- 2.4 

0.08952 9 . 4  

3.2 210 

0.764 2 5 . 1  

2.42 2 4 . 7  

2.94 f 3.0 

3 .78  2 5 . 1  

0.72 210 

1 .122  1 .4% 

1 . 1 2 2  2.2 

1 - 0 8 ?  8 . 1  

1.052 3 .7  

1.072 8 .1  

1 . 0 5 2  9 . 8  

1.1 210 

1.052 5.2 

1.06+ 4 . 7  

1.022 3.2 

1.062 5 .2  

1.1 210 

0.533+ 1 .5% 

0.5272 2 . 0  

0.5172 2.1 
0.510-e 3.8 

0.508k 7 . 1  

0.47 210 

0 .53  210 

0.4982 5 .2  

0.5122 4.7 

0.491+_ 3 .1  

0.5032 5.2 

0.51 210 

Average 1.07+2.9% 0.509+3.5% 

P r o f i l e  025-035 

13.0k2.4 6.6921.2 1 . 0 6 t 2 . 5  0.51322.7 

P r o f i l e  030-040 

8.8322.1 4 .7844 .1  1 .13 t4 .6  0.441f4.6 

1 . 0 8  3.0% 0.512 3.6% O v e r a l l  s o i l  a v e r a g e  

a A l l  r e s u l t s  are r e p o r t e d  t o  a r e f e r e n c e  t i m e  of 1 J a n u a r y  1975 (001.0002, 7 5 ) .  
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a 
Table  1 4 .  Plutonium i s o t o p i c  r e s u l t s  from wet-chemistry a n a l y s e s .  

240: 23gPu 241 : 23gPu 240 : 23gPu 241 : 23gPu 

atom r a t i o  atom r a t i o  dpm r a t i o  dpm r a t i o  Sample t y p e  

B i k i n i  s o i l  0.305+5.2% . 0.013?12% 1.14?5.2% 22*12% 

Eneu s o i l  0 .301t7 .2  0.013k15 1 . 1 2 k 7 . 2  22+15 

B i k i n i  v e g e t a t i o n  0.315k7.6 0.014?14 1.18k7.6 24+14 

Eneu v e g e t a t i o n  0.326k6.6 1 . 2 2 ~ 5 . 6  

a All r e s u l t s  are r e p o r t e d  t o  a r e f e r e n c e  t i m e  of 1 January  1975 (001.0002, 75) .  
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