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IHTRODUCTIOK 

Th Enewe t k p e o p l e  were r e l o c a t e d  t o  U j e l a n g  A t o l l  i n  1948 so 

t h a t  t h e  U n i t e d  S t a t e s  c o u l d  conduc t  p a r t  of i t s  n u c l e a r  t e s t i n g  program 

a t  Enewetak A t o l l .  I n  1972,  a t  t h e  r e q u e s t  o f  t h e  Enewetak C o u n c i l ,  t h e  

U.S. Government began t h e  p r o c e s s  o f  r e t u r n i n g  Enewetak A t o l l  t o  t h e  

Enewetak p e o p l e .  A p a r t  of t h e  U.S. Government ' s  r e s p o n s i b i l i t y  was t o  

d e t e r m i n e  t h e  r a d i o l o g i c e l  s t a t u s  of  t h e  a t o l l  and t o  e s t i m a t e  t h 2  r a d i o -  

l o g i c a l  d o s e s  a s  a consequence  o f  r e s e t t l e c e n t .  

p r e l i m i n a r y  s u r v e y  was conduc ted  frotz Oc tobe r  1972 t h r o u g h  F e b r u a r y  7 ,  

1973. The r e s u l t s  of t h i s  s u r v e y  and t h e  a s c o c i a t e d  a s ses s t cen t  were 

p u b l i s h e d  i n  l a t e  1973.  

T h e r e f o r e ,  a 

1 

The g e n e r a l  c o n c l u s i o n s  f r o n  t h a t  su rvey  r e r e :  (1) t h e  t e r r e s -  

t r i ' a l  food  c h a i n  p r e s e n t e d  t h e  g r e a t e s c  sourcc- of p o t e n t i a l  dose  t o  a 

r e t u r n i n g  p o p u l a t i o n ,  ( 2 )  137C.5 and "Sr were the most s i g n i f i c a n t  

r a d i o n u c l i d e s  o v e r  t h e  n e x t  few d e c a d e s ,  ( 3 )  l i v i n g  p a t t e r n s  i n v o l v i n g  

t h e  n o r t h e r n  h a l f  of t h e  a t o l l  vou ld  r e s u l t  i n  r a d i a t i o n  exposure  t h z t  

would exceed  U.S.  F e d e r a l  G u i d e l i n e s - - t h c  sou:llem h a l f  o f  t h e  ; t o l l  

p r e s e n t e d  no p rcb leo !  f o r  e i t h e r  r e s i d e n c e  o r  a g r i c u l t u r e ,  and ( 4 )  t hc  

t r a n s u r a n i c  i s o t o p e s  p r e s e n t e d  a l o n g  t e n  S O C ~ C E  of  exposure  i n  t h e  

n o r t h e r n  and e a s t e r n  r e g i o n s  o f  t h e  a t o l l .  

S i n c e  t h a t  i n i t i a l  r a d i o l o g i c a l  s u r v e y  s o r e  d a t a  were accumula t ed  

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

t e r r e s t r i a l  ind m a r i n e  food  c h a i n s .  I n  a d d i t i o n ,  ne\.' d a t a  were 

deve loped  for e x t e r n a l  gaima e x p o s u r e s  and s o i l  r a d i o n u c l i d e  
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concentrations s u b s e q u e n t  t o  t h o s e  c l e a n u p  e f f o r t s  d i r e c t e d  toward  s c r a p  

removal and s o i l  removal from areas of  h i g h e s t  t r a n s u r a n i c  s o i l  

c o n c e n t r a t i o n s  begun i n  1977 .  

The purpose of  t h i s  r e p o r t ,  a s  a r e s u l t  of nov h a v i n g  more d a t a  

a v a i l a b l e ,  is. t o  r e f i n e  t h e  dose  p r e d i c t i o n s  f o r  a l t e r n a t e  living 

p a t t e r n s  p roposed  f o r  t h e  r e s e t t l e m e n t  of Enewetak A t o l l .  

For many r e a s o n s ; t h e  t ime  f rame f o r  d e v e l o p i n g  t h e  a s s e s s m e n t  o f  

t h e  a l t e r n a t e  l i v i n g  p a t t e r n s  based  on a l l  o f  t h e s e  new d a t a  were q u i t e  

s h o r t .  I n i t i a l  r e q u e s t s  f o r  t h e  a s s e s s m e n t  by May 1979 were i m p o s s i b l e  

t o  meet b e c a u s e  t i n e  t o  c o l l e c :  and a n a l y z e  t h e  samples  and e v a l u a t e  t h e  

d a t a  exceeded  t h e  t ime  a l l o t t e d .  E x t e n s i o n  t o  J u l y  1 9 7 9 ,  made a new 

as . sessment  p o s s i b l e  b u t  r e q u i r e d  some compromises t o  meet t h e  d e a d l i n e .  

For example ,  t h e  p r o g r a n s  t o  d e v e l o p  b e t t e r  c o n c e n t r a t i o n  and 

uptaP.e d a t a  i n  s u b s i s t e n c e  f o o d s  were began on E n e r e t a k  k r o l l  i n  August 

1975 and on B i k i n i  A t o l l  i n  August 1977. S a a p l e s  from t h e s e  p r o j e c t s  

which i n v o l v e d  p l a n t i n g  and h a r v e s t i n g  t h e  s u b s i s t e n c e  food c r o p s ,  have  

on ly  becone  a v a i l a b l e  i n  t h e  p a s t  y e a r  and a h a l f ,  and t h e  d a t a  bose f o r  

each  s u b s i s t e n c e  c r o p  i s  no t  is c o n p l e t c  a s  i t  w i l l  b e  w i t h i n  t h e  n e x t  

y e a r  o r  two. S t u d i e s  of t l ie r i a i i n r  e n v i r o n c e n t  and ground w a t e r  h sve  

been c o n t i n u i n g  s i n c e  1974 .  

The program t o  d e t e r c i n e  tile c o n c e n t r a t i o n  of 1 3 7 C s  and 90Sr 

i n  t h e  s o i l  and t h e  e x t e r n a l  g z E a  e x p o s u r e  was begun i n  F e b r u a r y  1974 ,  

a t  the c o n c l u s i o n  o f  t h e  c l e a n u p  a c t i v i t i e s  a t  t h e  a t o l l .  S t a r t i n g  i n  

F e b r u a r y  1979, s o i l  s amples  were c o l l e c t e d  i n  a 50-m g r i d  on a l l  of  t h e  

n o r t h e r n  is la 'nds a t  Enewetak A t o l l .  However b e c a u s e  of t i n e  and budge t  

r e s t r i c t i o n s ,  o n l y  samples  on a 100-m g r i d  were a n a l y z e d  f o r  "Sr and 
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i , . .. 1 3 7 C ~ ;  t h e s e  samples  form t h e  b a s i s  f o r  e v a l u a t i n g  t h e  t e r r e s t r i a l  L-, ,1 l u  _ _  

food c h a i n .  

a v a i l a b l e ,  b u t  as a r e s u l t  of  t h e  t i m e  c o n s t r a i n t s  ve a r e  b a s i n g  t h e  

a s s e s s m e n t  on t h e  100-m g r i d  d a t a .  

on t h e  d i s t r i b u t i o n  and r a n g e s  o f  t h e  s o i 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  for 

each  of t h e  i s l a n d s  t o  d e t e r m i n e  whe the r  a n a l y s i s  o f  t h e  o t h e r  s a m p l e s  

w i l l  b e  n e c e s s a r y .  

We would p r e f e r  t h a t  t h e  e n t i r e  p o t e n t i a l  d a t a  base were 

We a r e  c u r r e n t l y  e v a l u a t i n g  t h e  d a t a  

I n  a d d i t i o n ,  o n l y  e x t e r n a l  g a m a  d a t a  a r e  a v a i l a b l e  f o r  t h e  

i s l a n d s  i n  t h e  n o r t h w e s t  quadrar.: of  t h e  a t o l l ,  i . e . ,  Bokoluo ( A l i c e ) ,  

Bokambako ( B e l l e ) ,  G i r u n a  ( C l a r j ) ,  Lou j  ( D a i s y ) ,  Bokinwotne ( E d n a ) ,  and 

Boken ( I r e n e )  and R u n i t  (Yvonne) I s l a n d  on t h e  e a s t e r n  s i d e  of t h e  a t o l l  

( F i g .  1). S o i l  samples  a r e  now b e i n g  a n a l y z e 2  f o r  t h e s e  i s l a n d s ,  b u t  

e v a l u a t i n g  t h e  d a t a  and subsequen:  a s s e s s m e n t s  w i l l  be donc l a t e r .  

However, t h e s e  i s l a n d s  a r e  n o t  i n c l u d e d  a s  r e s i d e n c e  or a g r i c u l t u r e  

i s l a n d s  i n  any o f  t h e  r e s e t t l e m e n t  o p t i o n s  d e s c r i b e d  i n  t h c  

r e h a b i l i t a t i o n  p l a n s .  

Data 2 r e  s t i l l  u n z v z i l a b l c  f o r  t h e  2 4 ' P ~  concen t r2 : ion  i n  t h e  

so i l  on t h e  i s l a n d s .  Wc, t h e r e f o r e ,  used 2 4 1 P c  s o i l  d a t a  c o l l e c t e d  i n  

our  t e s t  p l o t  on E n j e b i  ( J c n e t )  I s l a n d  t o  d e t c r : J i n e  t h e  "groky-in" o f  

241Aa, t h e  d a u g h t e r  p r o d u c t  of 241Pt2. 

2 4 1 P u / 2 4 1 h  r a t i o  f r o c  E n j c b i  ( J a n c L )  I s l a n d  t o  t h e  res t  o f  t h e  

i s l a n d s  a t  t h e  a t o l l  t o  d e v e l o p  an i n i t i c l  e v a l u a t i o n  of t h e  impact o f  

241Am "grow-in" from 241Pu.  

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

We e x t r a p o l c t e d  t h e  obse rved  

However, we know t h e  r a t i o  will v a r y  a t  

magni tude  o f  241Pu i n  the dose  a s s e s s m m l : .  

I n  a d d i t i o n  t h e r e  h a s  been  i n s u f f i c i e n t  t ime  t o  a d e q u a t e l y  e v a l u -  

a t e  t h e  d i e t  s u r v e y  and t o  d e v e l o p  an e v a l u a t i o n  of t h e  d i s t r i b u t i o n  and 

u n c e r t a i n t y  of  & h e  f i n a l  dose  e s t i m a t e s .  
- 3 -  
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DATA BASES 

The e x p o s u r e  pa thways  for p e r s o n s  r e s e t t l i n g  Enewetak A t o l l  con- 

sist of two m a j o r  c a t e g o r i e s :  

e x p o s u r e .  

(1) e x t e r n a l  e x p o s u r e  and ( 2 )  i n t e r n a l  

The s p e c i f i c  p a t h r a y s  i n  each of  t h e s e  c a t e g o r i e s  a r e :  

(1) E x t e r n a l  Expasu re  

a .  N a t u r a l  background 

b .  Xan-rriade g a c a  and b e t a  

( 2 )  I n t e r n a l  Exposure  

a .  R a d i o n u c l i d e s  i n  t e r r e s t r i a l  foods  

b .  R s d i o n u c l i d e s  i n  m a r i n e  foods  

c .  R a d i o n u c l i Z e s  i n  d r i n k i n g  wa te r  

d .  R a d i o n u c l i d e s  i n h o l e d  

The n a t u r a l  background a t  t h e  a t o l l  i s  3.5 r per  hour  and 

r e s u l t s  p r i m a r i l y  from cosmic r a d i a t i o n .  

i n c l u d e d  i n  t h e  d o s e s  p r e s e n t e d  in t h i s  p a p e r .  

The n a t u r a l  background i s  n o t  

E x t e r n a l  Exposure  - I n  S i t u  Keasu remen t s  

E x t e r n a l  e x p o s u r e  r a t e s  f o r  137Cs  and 6oCo, a s  v e l 1  a s  t h e  

s u r f a c e  ( 0  t o  3 c m )  c o n c e n t r a t i o n  v a l u e s  f o r  241h, were o b t a i n e d  from 

-- in s i t u  measurements  per formed by E G h G ,  Znc. ,  as p a r t  of t h e  Enewetak 

Cleanup P r o j e c t  and can  be found i n  R e f e r e n c e  2 .  A d r a f t  copy of  t h e  

d e t a i l e d  d e s c r i p t i o n  of t h e  systems and p r o c e d u r e s  employed i n  t h e  

- s i t u  measurements  i s  i n c l u d e d  w i t h  t h i s  r e p o r t  (Appendix  A ) .  These  

measurements  were  o b t a i n e d  u t i l i z i n g  a p l a n a r ,  h i g h  p u r i t y ,  germaniun; 
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(HPGc)  d e t e c t o r  h a v i n g  a s u r f a c e  a r e a  o f  19 cm2 and a t h i c k n e s s  of  

1.6 cm. The d e t e c t o r  was suspended  from a r e t r a c t a b l e  pneumatic boom 

740 cm above  ground.  The boon was mounted t o  t h e  r e a r  of  t h e  T h i o k o l  

IMP - a mall,  l i g h t w e i g h t ,  t r a c k e d  veh ic l e - -mod i f i ed  and equipped  t o  be  

a fully s e l f - c o n t a i n e d ,  m o b i l e ,  d a t a - a c q u i s i t i o n  and r e d u c t i o n  sys t em.  

Q u a n t i t a t i v e  d a t a  can  be  o b t a i n e d  from i n  s i t u  measurement by 

combining  a t h e o r e t i c a l  c a l c u l a t i o n  of  t h e  f l u x  a t  t h e  d e t e c t o r  a s  a 

f u n c t i o n  of  s o u r c e  and s o u r c e  d i s t r i b u t i o n  w i t h  an e x p e r i m e n t a l  C a l i -  

b r a t i o n  o f  t h e  d e t e c t o r  r e s p o n s e  t o  a g iven  i n c i d e n t  flux. The un- 

s c a t t e r e d  f l u x  of garrsa r a y s  of ene rgy  E a t  s h e i g h t  h above a smooth 

- a i r - g r o u n d  i n t e r f a c e  r e s u l  t i n 2  f r o c  e c i t t e r  d i s t r i b u t e d  i n  t h e  s o i i  

r 

( F i g .  2 )  is  giver .  by: 

S e x p  [-( ;-h s cc  c + z sec  e ) ]  
a 2 -  r d r d z ,  (1) 

v -S a = p p  2 
0 0  4 ; .  ( h  s e c  P + z s e c  6 )  

where  

(photons 
3 

Cn Sec 
) ,  and Sv = t h e  s o u r c t  a c t i v i t y  pe r   nit valur,e 

ua, us = t h e  a i r  and s o i l  t c t a l  l i n e a r  a t t e n u s t i o n  

c o e f f i c i e n t s  ( c n - 1 ) .  

T h i s  e x p r e s s i o n  a s s u c e s  a s o u r c e  d i s t r i b o t i o p  t h a t  v a r i e s  o n l y  K i t h  

d e p t h .  For f a l l o u t  a c t i v i t y  t h e  d i s t r i b u t i o n  a f t e r  a p e r i o d  of t i a e  car? 

be r e a s o n a b l y  a p p r o x i c a t e d  by an e x p o n e n t i a l  d i s t r i b u t i o n  g i v e n  by 

0 -3 2  S = S e  , 
V V 

( 2 )  
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where 

0 Sv = the a c t i v i t y  pe r  u n i t  volume a t  t h e  s u r f a c e  

a the r e c i p r o c a l  o f  t h e  r e l a x a t i o n  l e n g t h  (cm”). 

The d e t e c t o r  r e s p p n s e  t o  a g iven  f l u x  of  g a m a  r a y s  of e n e r g y  E ,  

i n c i d e n t  a t  an a n g l e  

a r e a ,  A ,  d e f i n e d  by 

, can be g i v e n  i n  te rms  of an e f f e c t i v e  d e t e c t o r  

N 
A = $ .  ( 3 )  

The e f f e c t i v e  a r e a ,  i n  g e n e r a l ,  v a r i e s  2 s  a f u n c t i o n  of t h e  &an= 

r a y  a n g l e  of i n c i d e n c e  and i s  no rma l ly  k - r i t t en  a s  

A = A o ~ ( S ) ,  ( 4 )  

where 

A, = t h e  d e t e c t o r  pho topeak-coun t - r z t e  f o r  a u n i t  f l u x  i n c i d c n t  

p e r p e n d i c u l a r  t o  t h e  d e t e c t o r  f a c e  

R(O) = t h e  r a t i o  .of t h e  d e t e c t o r  r e s p o n s e  a t  an a n g l e  t o  t h a t  

a t  o = 00. 

B o t h  A. and R(>) are  d e t e r m i n e d  e x p e r i m e n t a l l y  a s  a f u n c t i o n  of 

e n e r g y ;  c a l i b r a t e d  r e f e r e n c e  s o u r c e s  a r e  u s e d  w i t h  t h e  d e t e c t o r  moun t t e  

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

- 6 -  
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z f  Eqs. 1, 2 ,  and 4 a r e  combined i n t o  t h e  form o f  Eq. 3 ,  a r e l a -  

t i o n s h i p  be tween t h e  n e t  pho topeak  coun t  r a t e  and t h e  source a c t i v i t y  

w i t h i n  the s o i l  w i l l  r e s u l t .  I n  a d d i t l o n ,  i f  t h e  a p p r o p r i a t e  d e t e c t o r  

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

g i v e n  s o u r c e  d i s t r i b u t i o n  and t h e  r e q u i r e d  numer i ca l  i n t e g r a t i o n  i s  

pe r fo rmed ,  t h e  d e s i r e d  c o n v e r s i o n  f a c t o r  i s  p roduced .  

f a c t o r ,  S:/Np, a s  d e t e r G n e d  above i s  i n  u n i t s  of  

s p e c i f i c  r a d i o n u c l i d e  t h e  r e s u l t s  can  also be g iven  i n  te rms  of t o t a l  

a c t i v i t y  p e r  u n i t  a r e a ,  S z ,  u s i n g  

The c o n v e r s i o n  

3 
Y / C E  - s ec  

C P S  
. For  a 

0 

Another  u s e f u l  c o n v e r s i o n  f a c t o r  r e l a t e s  t h e  n e t  photopeak  count 

r a t e  t o  t h e  a v e r a g e  c o n c e n t r a t i o n  i n  a g iven  l a y e r  of  s o i l .  The a v e r e g e  

c o n c e n t r a t i o n  per  u n i t  v o l u n e  i n  t h e  t o p  z c e n t i m e t e r s ,  Svz ,  i s  g iven  by 

Z 
0 -5 2  

d z  
z - -  1 

sv 2 
- / S v e  

0 
( 6 )  
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-- 
I -  I Once t h e  c o n v e r s i o n  f a c t o r  r e l a t i n g  t h e  n e t  photopeak  c o u n t s ,  ' - - I '  1 ;  . 

Np, t o  t h e  a c t i v i t y  p e r  u n i t  volume a t  t h e  s u r f a c e ,  S z ,  i s  o b t a i n e d  f o r  a 

s o u r c e  d i s t r i b u t i o n ,  Eqs. 5 and 6 can be used t o  a r r i v e  a t  t h e  c o r r e -  

s p o n d i n g  conversion f a c t o r  f o r  t h e  t o t a l  a c t i v i t y  p e r  u n i t  a r e a  S and 

f o r  t h e  a v e r a g e  a c t i v i t y  pe r  u n i t  volume i n  t h e  t o p  Z c e n t i m e t e r s ,  S . 
By d i v i d i n g  t h e  Sz by t h e  s o i l  d e n s i t y ,  i n  g p e r  cm , t h e  r e s u l t s  can be  

A' 
Z 

3 

e x p r e s s e d  i n  u n i t s  o f  a c t i v i t y  p e r  u n i t  mass .  
,- 

T a b l e  1 shows t h e  c o n v e r s i o n  f a c t o r s  f o r  137Cs o b t a i n e d  f o r  t h e  

Enewetak sys t em f o r  s e v e r a l  d i f f e r e n t  d e p t h  d i s t r i b u t i o n s .  Also shown 

i n  t h e  l a s t  column a r e  t h e  c o r r e s p o n d i n g  c o n v e r s i o n  f a c t o r s  f o r  t o t a l  

e x t e r n a l  e x p o s u r e  r a t e ,  i n  R/h ,  a t  t h e  1 m e t e r  l e v e l .  These r e s u l t s  

were o b t a i n e d  d i r e c t l y  from t h e  t o t a l  a c t i v i t y  per  u n i t  are2 c o n v e r s i o n  

f a c t o r s  u s i n g  d a t a  g iven  by Beck, e t  a l . 3 9 4  

V a r i o u s  a s s u m p t i o n s  must be made t o  d e r i  

The most s i g n i f i c a n t  assumption i s  

d i s t r i b u t i o n .  I n  g e n e r a l ,  i t  i s  v e r y  d e s i r a b l e  

u remen t s  t o  e s t a b l i s h  t h e  s o u r c e  d i s t r i b u t i o n  'I; 

e t h e s e  c o n v e r s i o n  

made f o r  t h e  d e p t h  

t o  pe r fo rm f i e l d  meas- 

t h  d e p t h ,  and t h u s ,  a l s o  

a l l o w  f o r  a d i r e c t  measurement o f  t h e  s o i l  d e n s i t y .  I n  a s i t u a t i o n  

where t h e  d e p t h  d i s t r i b u t i o n  v a r i e s  s i g n i f i c a n t l y  f r o n  p o i n t  t o  p o i n t  

w i t h i n  a g i v e n  a r e a ,  a s  on many i s l a n d s  a t  Enewetak, i t  is n e c e s s a r y  t o  

o b t a i n ,  o r  assume, an a v e r a g e  d e p t h  d i s t r i b u t i o n .  For t h e  n o r t h e r n  

i s l a n d s  a t  Enewetak ,  p r e v i o u s  d a t a  ( 1 )  i n d i c a t e  t h a t  t h e  a v e r a g e  d e p t h  

d i s t r i b u t i o n  f o r  137Cs h a s  a r e l a x a t i o n  l e n g t h  on t h e  o r d e r  of 10 t o  

15 cm. I n  u s i n g  t h e  d a t a  g i v e n  i n  T a b l e  1, a r e a s o n a b l e  f i r s t  a p p r o a c n  

would b e  t o  t a k e  t h e  a v e r a g e  o f  t h e  v a l u e s  g iven  f o r  a 10 CIC and f o r  a 

15 cm r e l a x a t i o n  l e n g t h .  More p r e c i s e  d a t a  can be o b t a i n e d  f o r  any 

g i v e n  a r e a  i f  t h e  d e p t h  d i s t r i b u t i o n  i s  b e t t e r  known. 

- 0 -  
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1 1  ] I  L. 1 :! . : 
I .  .. . . .  

Al though  a knowledge o f  t h e  d e p t h  d i s t r i b u t i o n  may be c r i t i c a l  ' . J  
.'- 

when u s i n g  i n  s i t u  measurement t e c h n i q u e s  t o  d e t e r m i n e  c o n c e n t r a t i o n  

v a l u e s ,  t h i s  is n o t  t h e  c a s e  if t h e s e  t e c h n i q u e s  a r e  used  t o  d e t e r m i n e  

e x t e r n a l  exposure f o r  r a t e  v a l u e s .  The e x p o s u r e  r a t e  c o n v e r s i o n  f a c t o r s  

(last column, T a b l e  1) a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  r a t h e r  l a r g e  v a r i a -  

t i o n s  or u n c e r t a i n t i e s  i n  t h e  dep th  d i s t r i b u t i o n .  Comparisons made be- 

tween e x p o s u r e  r a t e  valu_es d e t e r m i n e d  u s i n g  i n  s i t u  t e c h n i q u e s  w i t h  t h o s e  

o b t a i n e d  w i t h  a p r e s s u r i z e d  i o n i z a t i o n  chamber a r e  i n  g e n e r a l  q u i t e  good 

( s e e ,  f o r  example ,  Beels,  e t  a l .  ( 4 )  T a b l e  21). 

The c o n v e r s i o n  f a c t o r  used f o r  137Cs was 3.6 R / h  per  c p s .  

C o n c e n t r a t i o n  v a l u e s  may be o b t a i n e d  f r o n  t h e  e x p o s u r e  r a t e  v a l u e s  by 

m u l t i p l y i n g  t h e  a p p r o p r i a t e  r a t i o  o f  t h e  c o n v e r s i o n  f a c t o r s  g iven  i n  

T a b l e  1. 

used  w i t h  t h e  1173 key  pea:: o r  2 2 . 3  R/I i  per  cps  w i t h  t h e  1333 keV 

peak .  I n  p r i n c i p l e ,  e i t h e r  or' t h e s e  pecks  c o u l d  b e  used  t o  d e t e r n i n e  

t h e  t o t a l  e x p o s u r e  r a t e  r e s u l t i n g  f r o n  6oCo; b o t h  s h o u l d  l e a d  t o  t h e  

same r e s u l t .  I n  p r a c t i c e ,  h o v e v e r ,  soze  measurements  were s l i g h t l y  

d i f f e r e n t  i n  t h e  two r e s u l t s .  I n  t h e s c  c a s e s  t h e  a v e r a g e  v a l u c  w a s  u s e d .  

Fo r  6oCo, a c o n v e r s i o n  f a c t o r  of  2 0 . 5  R/h pe r  cps  can b e  

The minkurn  d e t e c t a b l e  a c t i v i t y  (XDA) f o r  t h e  i n  s i t u  r e s u l t s  was 

s e t  a t  t h e  30 l e v e l  where sigma e q u a l s  t h e  s q u a r e  r o o t  o f  t h e  sum of t h e  

n e t  pho topeak  c o u n t s  p l u s  t w i c e  t h e  background c o u n t s .  

is a f u n c t i o n  o f  t h e  background under a giver,  p h o t o p e a k ,  u h i c l j  v a r i e s  

from l o c a t i o n  t o  l o c a t i o n ,  t h e r e  is no u n i q u e  number f o r  t h e  F D A  f o r  an). 

g i v e n  i s o t o p e r  The a c t u a l  v a l u e  f o r  a s p e c i f i c  i s o t o p e  v a r i e s  s l i g h t l y  

from l o c a t i o n  t o  l o c a t i o n ,  and t h e  v a l u e s  of 0 .5  pCi /g  f o r  2 4 1 A ~ ,  0.2 

W h  f o r  137Cs, and 0.5 

r e p r e s e n t  t h e  w o r s t - c a s e  s i t u a t i o n  as  a c t u a l l y  e n c o u n t e r e d  a t  Enewetak. 

Bccause t h e  )IDA 

R/h f o r  6oCo used i n  t h e  p r e s e n t  r e p o r t  
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I n  Appendix A t h e r e  i s  a d r a f t  r e p o r t  by EG G on t h e  calibra- 

t i o n  and measurement methodology f o r  i n  situ d e t e r m i n a t i o n  of 241Am a t  

Enewetak A t o l l .  

and 6oCo, a l t h o u g h  t h e  m e t h o d o l o g i e s  a r e  v e r y  s i m i l a r .  

This d r a f t  r e p o r t  will b e  expanded t o  i n c l u d e  137Cs 

With t h e  e x c e p t i o n s  of Bokinwotme ( E d n a ) ,  Ta iwel  ( P e r c y ) ,  and 

Lu jo r  ( P e a r l ) ,  IHP measurements  o f  13’Cs, 6oCo, and 241Am were 

r e p o r t e d  by t h e  Desert R e s e a r c h  I n s t i t u t e  ( D R I )  f o r  t h e  i s l a n d s  Bokolu 

( A l i c e )  througl i  B i l l a e  (Wilma). IKP measurements  of  Bokinwotme (Edna)  

and Ta iwe l  ( P e r c y )  a r e  n o t  c u r r e n t l y  p l anned  and t h o s e  on L u j o r  ( P e a r l )  

a r e  n o t  c o m p l e t e .  I n  T a b l e s  2 and 3 ,  t h e  a v e r a g e  e x t e r n a l  e x p o s u r e  

r a t e s  a r e  s ~ a r i z e d  i n  

Average s u r i a c e  soil c o n c e n t r a t i o n s ,  i n  p C i / g ,  f o r  241Am a r e  s u m a r i z e d  

i n  T a b l e  4 .  

R pe r  h f o r  13’Cs and 6oCo, r e s p e c t i v e l y .  

Two t y p e s  of  mean r e s u l t s  a r e  p r e s e n t e l  i n  each  t a b l e - - t h o s e  

computed w i t h  t h e  a c t u a l  measurement r e s u l t s  

and  t h o s e  c o ~ p u t e d  by s u b s t i t u t i n g  t h e  a p p r o p r i a t e  HDA v a l u e  f o r  a l l  

measurement r e s u l t s  l e s s  t han  t h e  K D A .  Where no  messu renen t  r e s u l t s  

were l e s s  t h a n  t h e  a p p r o p r i a t e  F D A ,  t h e  l a t t e r  t y p e  of  mean i s  no t  

computed. FlEk v a l u e s  used  i n  tlie mean c a l c u l a t i o n s  were p rov ided  t o  DKI 

by EG6G and a r c  s i n g l e  v a l u e d  o v e r  t h e  e n t i r e  a t o l l .  

B o k a i d r i k d r i k  ( H e l e n )  a p p e a r  a s  t h e  Boken ( I r e n e )  sand s p i t  e n t r i e s ,  

because  the sand  s p i t  i s  a l l  o f  B o k a i d r i k d r i k  ( H e l e n )  t h a t  r e m a i n s .  

Mean r e s u l t s  f o r  t h e  q u a d r a n t s  of  E n j e b i  ( J a n e t )  r e f l e c t  t h c  f o l l o w i n g  

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

q u a d r a n t ,  e a s t  b a s e l i n e  t o  t h e  sou the as^ q u a d r a n t ,  s o u t h  b a s e l i n e  and 

benchmark ( p o i n t  0,O) t o  t h e  s o u t h w e s t  q u a d r a n t ,  and v e s t  b a s e l i n e  t o  t h e  

R e s u l t s  f o r  

- 10 - 
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n o r t h w e s t  q u a d r a n t .  West t i p  of Aomon ( S a l l y )  e n t r i e s  r e f l e c t  r e s u l t s  L’ !JdL.r - - iL i  i ’  

f o r  t h e  l a n d  mass c r e a t e d  between E l e l e r o n  (Ruby) and Aomon (Sally) by 

t h e  P a c i f i c  Area  C r e a t e r i n g  Exper imen t  (PACE) t e s t s .  

( U r s u l a )  a r e  p r e l i m i n a r y .  With t h e  e x c e p t i o n  o f  t h e  B i l l a e  (Wilma) 

6oCo r e s u l t s ,  t h e  p e r c e n t  d i f f e r e n c e  between t h e  two t y p e s  of  means 

f o r  a g i v e n  i s l a n d  and i s o t o p e  does  n o t  exceed  16  p e r c e n t .  I n  f a c t ,  for 

t h e  most p a r t  i t  i s  l ess .  t h a n  7 p e r c e n t .  

means r e f l e c t  t h e  d i f f e r e n c e  e x p c c t c d  when a s i g n i f i c a n t  nuc.Ser of  t h e  

Resul t s  f o r  Lojwa 

The B i l l a e  (h ’ i lna )  6oCo 

measurement r e s u l t s  a r e  l e s s  t h a n  t h e  E D A  and t h e  maxinun obse rved  i s  

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

I n  o u r  c a l c u l a t i o n s  of t h e  e x t e r n a l  d o s e  due t o  I3’Cs and 

6oCo, we have  used t h e  nean  v a l u c s  based  on t h e  a c t u a l  measurement 

resu l t s  f o r  t h e  i s l a n d s  E n j e b i  ( J a n e t )  t h r o u g h  G i l l a e  (lililma). F o r  

Aomon (Sally) w e  have w s i g h t e d  t h e  ncan  r e s u l t s  f o r  Aonon ( S a l l y )  and 

Aomon ( S a l l y )  wes t  t i p  a c c o r d i n g  t o  t h c i r  r e s p e c t i v e  a r e a s :  a p p r o x i -  

m a t e l y  40 h e c t a r e s  f o r  Aornon ( S a l l y )  and a p p r c x i c a t e l p  3 . 4  h e c t a r e s  f o r  

Aomon ( S a l l y )  wes t  t i p .  , I n  t h e  c a s e  o f  t h c  s o u t h e r n  i s l a n d s ,  J i n c d r o l  

( A l v i n )  t h r o u g ! ~  K i d r c n e n  ( K e i t h ) ,  LXJ have  uscZ t h c  r e s u l t s  r e p o r t e d  i n  

r e f e r e n c e  1 ( p g .  501) :  

Decayed f r o n  1973 t o  1 9 7 9 ,  t h e  e x t e r n a l  e x p o s u r e  r a t e s  f o r  137Cs snd 

6oCo among t h e  s o u t h e r n  i s l a n d s  a r c  c u r r e n t l y  e s t i m a t e d  a t  0.174 2nd 

0.0454 R/h ,  r e s p e c t i v e l y .  To c o n v e r t  f r o n  e x p o s u r e  r a t e s  t o  d o s e  

r a t e s ,  a f acLor  of  6 . 2 3  mrcn/)* per  u R / h  \ \ a s  u s c d .  

0.2 R/h f o r  137Cs and 0 .1  R / h  f o r  6oCo. 

B e t a  doses have been  measul-cd on E n j e b i  ( J a n e t )  I s l a n d  and 

Bokombako ( B e l l e )  I s l a n d  a t  E n e w t a k  Ato l l  . 5  

made a t  1 m e t e r  h e i g h t  u s i n g  t h e r n o l u m i n e s c e n t  D o s i m e t e r s  (TLD’s) w i t h  

nie measurements  v e r e  
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varying t h i c k n e s s  o f  a luminium a b s o r b e r s .  

calculated for E n j e b i  ( J a n e t )  I s l a n d  are a p p r o x i m a t e l y  1.1 rem i n  30 y 

and for the s o u t h e r n  i s l a n d s  t h e  dose  is O.Ol/rem i n  30 y .  T h i s  

The " s h a l l o w  doses" 

"ohallow dose" is r e c e i v e d  p r i m a r i l y  by t h e  s u r f a c e  l a y e r s  of skin (1  cm 

deep); deep doses from t h e  e x t e r n a l  b e t a  t o  o r g a n s  such  as gonads ,  bone 

and b a s a l  c e l l s  i n  t h e  s k i n  a r e  l ess  t h a n  1 mrem i n  30 y .  The s h a l l o w  

dose  c o n t r i b u t i o n  from t$e b e t a  e m i t t e r s  canno t  be summed w i t h  t h e  bone  

and wholebody d o s e s  p r e s e n t e d  i n  t h i s  p a p e r ;  i f  s u r f a c e  s k i n  d o s e s  were 

t o  be  c o n s i d e r e d  i n d e p e n d e n t l y  t h e n  t h e  " s h a l l o r  dose" from t h e  b e t a  

e m i t t e r s  s h o u l d  be i n c l u d e d .  Because  t h e  b e t a  p a r t i c l e s  have a s h o r t  

and d e f i n e d  r ange  any a b s o r b i n g  m a t e r i a l s  p r e s e n t ,  such  a s  g r a v e l  

b u i l d i n g s  o r  c l o t n i n g ,  w i l l  g r e a t l y  r e d u c e  t h e  e x t e r n a l  d o s e  frod; b e t a  

e m i t t e r s .  

I n h a l a t i o n  Ca lcu  1 a t  i ons  

R e s p i r a b l e  293+240Pu and 241Az7 a r e  c a l c u l a t e d  u s i n g  d a t a  

deve loped  i n  r e s u s p e n s i o n  e x p e r i m e n t s  conduc ted  a t  EneKetzk A t o l l  i n  

Feb rua ry  1 9 7 7  ana  E i k i n i  A c o i i  i n  May 1978.  A b r i e f  d e s c r i p t i o n  o f  t h e  

methodology i s  g i v e n  h e r e  b u t  more d e t a i l  and d i s c u s s i o n  C B R  be found i n  

a pape r  c u r r e n t l y  i n  press .  6 

The s t u d y  conduc ted  on E i k i n i  I s l a n d  i n  Mzy 1976  p rov ided  a more 

comple te  s e t  o f  d a t a ,  f o l l o v i n g  our p r e l i n i n a r y  s t u d i e s  on E n j c b i  

( J a n e t )  I s l a n d  o f  Enewetak A t o l l  i n  F e b r u a r y  1 9 7 7 .  (Subsequen t  s t u d i e s  

were conduc t& an Eneu I s l a n d  of B i k i n i  A t o l l . )  

u t i l i z e d  e x t e m i v e  s o i l  sac :p l ing  and i n  s i t u  g a m a  s p e c t r o s c o p y  t o  

de t e rmine  i s o t o p e  l e v e l s  i n  s o i l  and v e g e t a t i o n ,  v a r i o u s  a i r  s a m p l i n g  

The  B i k i n i  Island s t u d >  
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d e v i c e s  to d e t e r m i n e  p a r t i c l e  s i z e  d i s t r i b u t i o n  and r a d i o a c t i v i t y ,  and 

m i c r o m e t e o r o l o g i c a l  t e c h n i q u e s  t o  d e t e r m i n e  a e r o s o l  f l u x e s .  Four 

s i m u l t a n e o u s  e x p e r i m e n t s  were conduc ted :  (1) a c h a r a c t e r i z a t i o n  of t h e  

normal  (background)  suspended  a e r o s o l s  a n d  t h e  c o n t r i b u t i o n s  from sea 

s p r a y  off the windward beach  l eeward  a c r o s s  t h e  i s l a n d ,  ( 2 )  a s t u d y  of 

r e s u s p e n s i o n  o f  r a d i o n u c l i d e s  from a f i e l d  p u r p o s e l y  l a i d  b a r e  by b u l l -  

d o z e r s  as a w o r s t - c a s e  c v d i t i o n ,  ( 3 )  a s t u d y  of r e s u s p e n s i o n  of r a d i o -  

a c t i v e  p a r t i c l e s  by v e h i c u l a r  and f o o t  t r a f f i c ,  and ( 4 )  a s t u d y  of 

p e r s o n a l  i n h a l a t i o n  e x p o s u r e  u s i n g  s m a l l  d o s i m e t e r s  c a r r i e d  by v o l u n t e e r s  

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

( 2 )  had been per formed p r e v i o u s l y  on E n j e b i  ( J a n e t )  and background 

Less c o E p l e t e  s t u d i e s  s i m i l a r  t o  (1) and 

s t u d i e s  s i m i l a r  t o  ( 1 )  were  per formed l a t e r  on Eneu. 

The ‘‘normal o r  background“  mass l o a d i n g  measured by 

g r a v i m e t r i c  methods f o r  bo th  a t o l l s  is a p p r o x i m a t e l y  5532g/m 3 . The 

B i k i n i  e x p e r i m e n t s  show t h a t  34,g/m3 o f  t h i s  t o t a l  i s  due t o  s e a - s a l t  

which i s  p r e s e n t  a c r o s s  t h e  e n t i r e  i s l a n d  a s  a r e s u l t  of o c e a n ,  r e e f ,  

and wind a c t i o n s .  The mass l o a d i n g  due t o  t e r r e s : r i a l  o r i g i n s  is 

t h e r e f o r e  a b o u t  2 l ;g /m . The  h i g h e s t  t e r r e s t r i a !  m s s  l o a d i n g  

obse rved  w a s  136 , g / ~ ~  i m e d i a t c l y  a f t e r  b u l l d o z i n g .  

3 

C o n c e n t r a t i o n s  of 239+240Pu have  been de te rmined  fo r  

c o l l e c t e d  a e r o s o l s  f o r  n o m a 1  ground cove r  and c o n d i t i o n s ,  i . e .  “ n o r n i l  

c o n d i t i o n s ” ,  i n  coconu t  g r o v e s ,  f o r  a r e a s  b e i n g  c l e a r e d  by b u l l d o z e r s  

and b e i n g  t i l l e d ,  i . e ,  “ h i g h  a c t i v i t y  c o n d i t i o n s , ”  and f o r  s t a b i l i z e d  

b a r e  s o i l ,  i .e . ,  t h e  c l e a r e d  a r e a s  a f t e r  a few days  w e a t h e r i n g .  The 

p l u t o n i u m  c o n c e n t r a t i o n  i n  t h e  c o l l e c t e d  a e r o s o l s  changes  r e l a t i v e  t o  

t h e  p l u t o n i u m  s u r f a c e  s o i l  c o n c e n t r a t i o n  f o r  t h e  v a r i o u s  s i t u a t i o n s .  We 
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L;;;; ;L!-~L i s .  have d e f i n e d  an enhancement f a c t o r  (EF) as t h e  239+240Pu c o n c e n t r a t i o n  

i n  t h e  c o l l e c t e d  a e r o s o l  mass d i v i d e d  by she 2 3 9 + 2 4 0 ~ u  s u r f a c e  s o i l  

(0-5 cm) c o n c e n t r a t i o n .  

The EF o b t a i n e d  from s t a n d a r d  H i  Vols f o r  normal c o n d i t i o n s  

is l e s s  t h a n  1; t h e  EF f o r  t h e  w o r s t  c a s e ,  h i g h  a c t i v i t y  c o n d i t i o n s  is 

3.1.  T a b l e  5 g i v e s  a s m a r y  o f  t h e  obse rved  EF a t  B i k i n i  and Eneve tak  

A t o l l s  
r 

The EF o f  l e s s  t h a n  1 (EF<1)  f o r  H i  Vol d a t a  f o r  t h e  normal 

open a i r  c o n d i t i o n s  i s  a p p a r e n t l y  t h e  r e s u l t  of s e l e c t i v e  p a r t i c l e  

r e s u s p e n s i o n  i n  which t h e  r e suspended  p a r t i c l e s  have a d i f f e r e n t  

p lu ton ium c o n c e n t r a t i o n  than  i s  o b s e r v e d  i n  t h e  t o t a l  0-5 cn s o i l  

s ample ;  i n  o t h e r  words t h e  p a r t i c l e  s i z e  and d e n s i t y  and t h e  

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

r e suspended  m a t e r i a l  t han  f o r  t h e  t o t a l  0-5 cm s o i l  s a n p l c .  I n  

a d d i t i o n ,  a p p r o x i m a t e l y  10 p e r c e n t  of t h e  mass obse rved  on t h e  f i l t e r  is 

o r g a n i c  which we know h a s  a much lower Pu c o n c e n t r a t i o n  thz r .  t h e  s o i l .  

S i m i l a r l y  t h e  enhancement f a c t o r  of 3.1 f o r  h i g h  a c t i v i t y  c o n d i t i o n s  

r e s u l t s  from t h e  i n c r e a s e d  r e s u s p e n s i o n  of p a r t i c l e  s i z e s  w i t h  h i g h e r  

p lu ton ium c o n c e n t r a t i o n  than  obse rved  i n  t h e  t o t a l  0-5 CE s o i l  s a r . p l c .  

We have deve loped  a d d i t i o n a l  enhancement f a c t o r s  (PDE) f r o r  

p e r s o n a l  d o s i m e t e r  d a t a .  These d a t a  a r e  no rGa l i zed  t o  t h e  H i  Vol d a t a  

f o r  a p a r t i c u l a r  c o n d i t i o n  and  r e p r e s e n t  t h a t  enhancenent  t h a t  o c c u r s  

around an i n d i v i d u a l  d u e  t o  h i s  d a i l y  a c t i v i t i e s  ( d i f f e r e n t  from t h e  

open a i r  measurement made w i t h  t h e  H i  Vols ) .  These d a t a  a r e  a l s o  

summarized i n  T a b l e  5 .  The t o t a l  enhancencnt  used t o  e s t i n a t e  t h C  

amount of  r e s p i r e d  Pu i s  t h e  combina t ion  t h i .  H i  Vol and p e r s o n a l  
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d L :  L L  - _  d o s i m e t e r  v a l u e s .  The e f f e c t i v e  enhancement used f o r  normal c o n d i t i o n s  

is = 1 . 5 4  and f o r  h i g h  a c t i v i t y  c o n d i t i o n s  i s  2.9.  

I n  the s c e n a r i o  adop ted  t o  c a r r y  o u t  t h e  c a l c u l a t i o n s  w e  

asfiume t h a t  a p e r s o n  s p e n d s  5 h a day i n  h i g h  a c t i v i t y  c o n d i t i o n s  and 

19 h a day under normal  c o n d i t i o n s .  F i n a l l y  a b r e a t h i n g  r a t e  o f  20 m 3 

per  day and t h e  s u r f a c e  s o i l  c o n c e n t r a t i o n  (0-5 cm) € o r  each  i s l a n d  i s  

used to comple t e  t h e  c a l c u l a t i o n  f o r  Pu and Am i n t a k e  v i a  i n h a l a t i o n .  

The  Am c o n c e n t r a t i o n s  i n  f h e  s u r f a c e  s o i l  were measured by h i g h  r e s o l u -  
r 

t i o n  g a m a  s p e c t r o s c o p y  (Append ices  A and B).  The Pu c o n c e n t r a t i o n s  were 

e s t i m a t e d  by u s i n g  t h e  c o n v e r s i o n  r a t i o  (239+240Pu/241Am) deve loped  

i n  the soil s a m p l i n g  program and l i s t e d  i n  T a b l e  6 .  

a r e  p rov ided  i n  Appendix E .  

Example c a l c u l a t i o n s  

The  d o s e  code  i s  r u n  assuming a pulmonary d e p o s i t i o n  of 0 . 3 .  

T h i s  we f e e l  i s  c o n s e r v a t i v e  f r o 3  a dose  a s ses smen t  p o i n t  of view a t  

t h i s  t i n e  because  p r e l i m i n a r y  a n a l y s i s  of  t h e  p a r t i c l e  s i t e  d i s t r i b u t i o n  

f o r  b o t h  n o m a 1  and h i g h  a c t i v i t y  c o n d i t i o n s  a t  B i k i n i  A t o l l  i n d i c a t e  

t h a t  t h e  pu1nons;ry d r p o s i t i o ; ,  wauld be l e s s  t han  0 .3  ( T a b l e  5 ) .  

The dose  c o n t r i b u t i o r t  fro: tire i n k l a l a t i o n  p a t l l ~ z y  i s  a najc: 

Source  of  e x p o s u r e  t o  t h e  t r a n s c r a z i c  r a d i o n u c l i d e s  b u t  i s  a minor 

c o n t r i b u t i o n  t o  t h e  t o t a l  p r e d i c t e d  doses  o v e r  t h e  n e x t  s e v e r a l  d e c a d t s .  

D r i n k i n g  R a t e r  

The d r i n k i n g  w a t e r  pathway c o n t r i b u t e s  a v e r y  s m a l l  p o r t i o n  of 

t h e  t o t a l  d o s e  r e c e i v e d  v i a  a l l  p a t l ~ v a y s . ~ ~ ~ ~ ~  

i n c l u d e d  an e v a l u a t i o n  o f  t h i s  pathway t o  d e m o n s t r a t e  i t s  r e l a t i v e  

c o n t r i b u t i o n  and t o  c o n p l e t e  t h e  a s s e s s m e n t  o f  a l l  major pa t t luays .  

However, w e  have  
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‘ ?  
.t The 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  d a t a  used t o  e v a l u a t e  t h e  d r i n k i n g  

water pathway are l i s t e d  i n  T a b l e s  7, 8 and 9. The p r e f e r r e d  and most  

o f t e n  used  w a t e r  i s  c i s t e r n  w a t e r ;  however ,  w e l l  w a t e r  is used when 

dought  c o n d i t i o n s  e x i s t .  

d r i n k  c o n s i d e r a b l e  q u a n t i t i e s  o f  c o f f e e  and “Kool-Aid (b fa l a lo )”  f o r  

which t h e y  a g a i n  p r i m a r i l y  u s e  t h e  c i s t e r n  w a t e r .  The t o t a l  f l u i d  

I n  a d d i t i o n  t o  d r i n k i n g  water t h e  H a r s h a l l e s e  

i n t a k e  i n v o l v i n g  t h e  use of  c i s t e r n  w a t e r  and w e l l  w a t e r  was d e t e r m i n e d  

t o  be a p p r o x i m a t e l y  one l i t e r  p e r  day i n  t h e  U j e l a n g  D i e t  Survey  

(Appendix C) . 

T e r r e s t r i a l  Foods 

S o i 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 .  The  s o i l  s ampl ing  p r o g r a n  was 

begun i n  F e b r u a r y  o f  1 9 7 9  a t  Enewetak A t o l l .  ‘his p r o g r a n  was conduc ted  

by t h e  Depar tment  o f  Energy  (DOE)  h’evada O p e r a t i o n s  O f f i c e  ( W O O )  K i t h  

t e c h n i c a l  d i r e c t i o n  from Lawrence Livermore  L a b o r a t o r y  (LLL). A 50 

m e t e r  g r i d  was e s t a b l i s l i e d  on each  o f  t h e  i s l a n d s  Bokoluo ( A l i c e )  

t h r o u g h  B i l l a e  ( W i l n a ) ,  i . e . ,  t h e  n o r t h w e s t  througli  t h e  n o r t h e a s t  a n d  

e a s t  s i d e  of  t h e  a t o l l .  S o i l  p r o f i l e  s a x p l e s  were c o l l e c t e d  a t  each  

50 m g r i d  p o i n t .  

A l l  soil p r o f i l e  samples  were c o l l e c t e d  ove r  t h e  f o l l o v i n g  

i n c r e m e n t s :  0-5 cm, 5-10 cm, 10-15 c n ,  15-25 c n ,  25-40 C G I ,  and 40-60 

cm. We have found t h a t  40 cm d e p t h  encompasses  most o f  t h e  a c t i v e  roo: 

zone  of t h e  s u b s i s t e n c e  c r o p s  which we have obse rved  i n  t h e  n o r t h e r n  

M a r s h a l l  I s l a n d s .  A t r e n c h  was dug a t  each  50 m g r i d  p o i n t  w i t h  a 

backhoe and s a m p l e s  were c o l l e c t e d  down t h e  s i d c K a l l  of t h e  t r e n c h .  

- 16 - 
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* Subscpurnt to'scraping t h e  s i d e w a l l  t o  avoid any p o s s i b l e  contarninetiox;, J Ji:!lg7 1; 
from the d i g g i n g  p r o c e s s .  The 0-5 c m  sample was c o l l e c t e d  from a 

s u r f a c e  a r e a  a b o u t  25  cm on a s i d e .  The area was t h e n  expanded by about 

10 cm on each s i d e  and c l e a r e d  t o  a d e p t h  of 5 cm. The upper  s u r f a c e  

(1-2 cm) of t h i s  e n l a r g e d  a r e a  (35 CI;: x 35 cm) was t h e n  c l e a r e d  to 

e n s u r e  t h a t  no s u r f a c e  s o i l ,  o r  s o i l  from a p r e c e d i n g  i n c r e m e n t ,  had 

f a l l e n  o n t o  t h e  n e x t  i n c r e m e n t  t o  be sampled .  The n e x t  sample was t h e n  

t a k e n  from t h e  e n t i r e  d e p t h  of  t h e  inc remen t  ( i . e . ,  5-10 cm) from an 
r 

a r e a  a b o u t  25  C G  s q u a r e  ~ i t h i n  t h e  e n l a r g e d  r e g i o n  (35  c n  x 35 cm). 

T h i s  p r o c e d u r e  was repe3:ed u n t i l  t h e  f i n a l  i nc remen t  of 40-60 cm had 

been c o l l e c t e d .  A t o t a l  o f  a p p r o x l n a t e l y  500-900 g of s o i l  was c o l l e c t e d  

f o r  each  p r o f i l e  i n c r e m e n t .  

The soil samples  were d r i e d ,  s c r e e n e d ,  and ball n i l l e d  i n t o  a 

S a n p l e s  were t h e n  a n a l y z e d  by g a m a  s p e c t r o s c o p y  t o  d e t e r -  f i n e  powder.  

mine t h e  13'Cs c o n c e n t r a t i o n  and by v e t  c h e m i s t r y  p r o c e d u r e s  t o  d e t e r -  

mine t h e  c o n c e n t r a t i o n  of  90Sr and i n  some c a s e s  239+240pu, 2 4 1 ~ c ; ,  

and 241Pu. 

accompl i shed  u s i n g  NaI C r y s t a l s  and h i g h  r e s o l u t i o n ,  s o l i d  s t a t e  ge rca -  

nium d i o d e  s y s t e m .  

were a n a l y z e d  by c u r r e n t  s t a t e  of t h e  a r t  wet c h e m i s t r y  p r o c e d u r e s  by 

E b e r l i n e  Corporz:ion. 

G a m a  s p e c t r o s c o p y  of  t h e  s o i l  samples  f o r  1 3 7 C s  was 

S t r o n t i u m  - 9 0 ,  239+240Pu, 241hi, and 241Pu 

The 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  f o r  t h e  p r o f i l e  f o r  0-5 c13, 

0-10 cm, 0-15 cm, 0-25 cm, 0-40 CCI, and 0-60 cm, were  c a l c u l a t e d  u s i n g  

e q u a l  w e i g h t s  f o r  e a c h  5 cm i n c r e m e n t .  The i s l a n d  a v e r a g e  f o r  each  

d e p t h  p r o f i l e  ( i . e . ,  0-5 cm, 0-25 c u ,  0-40 cm, e t c . )  were c a l c u l a t e d  by  

a v e r a g i n g  t h e  r e s u l t s  f o r  each  p r o f i l e  t a k e n  on t h e  i s l a n d .  The r e s u l t s  

are summarized i n  Appendix G .  

- 17 - 

I O  12901 



- - _, . -  , s  I . . *  

C o n c e n t r a t i o n  R a t i o s .  Very few loca l ly  grown c r o p s  are 

a v a i l -  a b l e  a t  Enewetak A t o l l .  The t e s t  p l o t s  e s t a b l i s h e d  on E n j e b i  

( J a n e t )  I s l a n d  have p r o v i d e d  d a t a  f o r  t h a t  i s l a n d ;  o t h e r  t h a n  t h e s e  t e s t  

p l o t s ,  t h e  a v 8 i l a b l e  t rees  are l i m i t e d  t o  one or  two i s o l a t e d  trees on 

f o u r  or f i v e  islands i n  t h e  n o r t h e r n  s e c t i o n  of &he  a t o l l .  Coconut 

trees a r e  a v a i l a b l e  i n  t h e  s o u t h e r n  h a l f  o f  t h e  a t o l l  b u t  t h e  

r a d i o n u c l i d e  c o n c e n t r a t i o n s  a r e  v e r y  low and i t  i s  d i f f i c u l t  t o  d e v e l o p  

r e l i a b l e  d a t a .  

r 

As a r e s u l t  o f  t h e  s c s r c i t y  of l o c a l l y  g r o x  foods a t  Enewetak 

which can be  d i r e c t l y  a n a l y z e d ,  we have developed  c o n c e n t r a t i o n  r a t i o s  

between food p r o d u c t s  and s o i l  ( p C i / g  wet we igh t  i n  f o o d / p C i / g  d r y  

we igh t  i n  s o i l )  € o r  each  r a d i o n u c l i d e ,  u s i n g  d a t a  oS;a ined  f r o c  our  t e s t  

p l o t s  on Enewetak and B i k i n i  Atolls, f r o n  t h e  cocoz:ut t r e e s  on B i k i n i  

A t o l l  which a r e  now p r o d u c i n g  f r u i t ,  and from t h e  f e y  i s o l a t e d  t r e c s  on 

4 i s l a n d s  a t  Enewetak A t o l l .  The mean, s t a n d a r d  d c \ ' i a t i o n ,  medien and 

t h e  h i g h  and low v a l u e s  f o r  t h e  c o n c e n t r a t i o n  r a t i o s  deve loped  f r o n  

samples  c o l l e c t e d  t h r o u g h  November 1 9 7 8  a r e  l i s t e d  in T a b l e s  10-13 f o r  

13'Cs, "Sr, 239+240Pu and f o r  241h r e s p c c t i v e l y .  The 

c o n c e n t r a t i o n  r a t i o s  a r e  deve loped  f r o n  soil p r o f i l e s  t aken  t o  a d e p t h  

of 40 cm th rough  t h e  r o o t  zone of  t h e  p l a n t s  b e i n g  sacplcd. T h i s  d e p t h  

i s  used  b e c a u s e  from our  o b s e r v a t i o n s  t h i s  dep th  encor ,passes  r . o s t  c f  t h e  

r o o t  zone o f  t h e  s u b s i s t e n c e  p l a n t s  w e  have  looked  z t  on Enewetab. and 

B i k i n i  A t o l l .  A r e p o r t  on t h e  r o o t  a c t i v i t y  (10)  cf l a r g e  n a t u r c  

coconu t  and banana  t rees  showed most of tl!c a c t i v i t y  i n  t h e  0-60 c m  

d e p t h  which i s  c o n s i s t e n t  b - i th  our  o b s e r v a t i o n s  of t h e  p h y s i c a l  l o c a t i o n  
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of t h e  r o o t  zone .  The d e p t h  which i n c l u d e d  most a l l  of t h e  r o o t  

a c t i v i t y  v a r i e d  by a g e  and by s p e c i e s  b u t  s u p p o r t s  o u r  u s e  of t h e  0-40 

cm p r o f i l e  d e p t h  f o r  d e v e l o p i n g  t h e  c o n c e n t r a t i o n  r a t i o s .  

Food C o n c e n t r a t i o n .  As a r e s u l t  of t h e  p a u c i t y  o f  a v a i l a b l e  

food  p r o d u c t s  which  can be  d i r e c t l y  a n a l y z e d  t o  d e t e r m i n e  t h e  r a d i o -  

n u c l i d e  c o n c e n t r a t i o n s  i n  l o c a l l y  grown foods a t  t h e  a t o l l ,  we have p re -  

d i c t e d  t h e  r a d i o n u c l i d e  c p n c e n t r a t i o n s  i n  f o o d s  f o r  each  i s l a n d  by 

m u l t i p l y i n g  t h e  a v e r a g e  i s l a n d  s o i l  c o n c e n t r a t i o n s  f o r  t h e  0-40 cm d e p t h  

as d i s c u s s e d  above  by t h e  c o n c e n t r a t i o n  r a t i o s  deve loped  f o r  t h e  0-40 cm 

p r o f i l e  a s  d i s c u s s e d  i n  " C o n c e n t r z t i o n  R a t i o s " .  These  p r e d i c t e d  

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  i n  f o o d s  a r e  t h e n  used i n  c o n j u n c t i o n  w i t h  

t h e  d i e t s  and dose  models  t o  d e v e l o p  t h e  dose  a s ses smen t  f o r  a l t e r n a t e  

l i v i n g  

p a t t e r n s .  

Mar ine  Foods 

The c o n c e n t r a t i o n s  i n  m e r i n e  f i s h ,  s h e l l f i s h ,  and i n v e r t e b r a t e s  

a r e  l i s t e d  i n  T a b l e  14 a l o n g  w i t h  t h e  s o u r c e  o f  d a t a .  Much o f  t h e  d a t a  

were a b s t r a c t e d  from t h e  1973 R z d i o l o g i c a l  S u r v c y  R e p o r t . '  

239+240Pu a n d  241A3 d a t a  a r e  r e c e n t l y  deve loped  by V .  E .  Koshkin and 

are lower  t h a n  p r e v i o u s l y  p u b l i s h e d  v a l u e s ;  t h e s e  f i s h  d a t a ,  when 

The 

compared w i t h  t h e  c o r r e s p o n d i n g  a t o l l  l agoon  w a t e r  c o n c e n t r a t i o n s ,  a r e  

more i n  l i n e  w i t h  o t h e r  p u b l i s h e d  c o n c e n t r a t i o n  r a t i o s  ( p C i / g  i n  

f i s h / p C i / g  i n  * w a t e r ) .  The p r e v i o u s l y  p u b l i s h e d  t r a n s u r a n i c  d a t a  a r e  

anomalous and we f e e l  t h e  c u r r e n t  d a t a  a r e  based  on r e l i a b l e  c o l l e c t i o n  

and a n a l y t i c a l  methods  and &he). a r e  t h e r e f o r e  used i n  t h i s  e v a l u a t i o n .  

O t h e r  a s s u m p t i o n s  have been  i d e n t i f i e d  i n  the: f o o t  n o t e s  of t h e  t a b l e .  
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The d i e t  used  i n  t h i s  d o s e  a s s e s s m e n t  was r e c e n t l y  deve loped  f rom 

Diet 

a s u r v e y  conduc ted  of  t h e  Enewetak p e o p l e  on U j e l a n g  A t o l l  by t h e  

M i c r o e s i a n  Lega l  S e r v i c e  (MLS). The f i e l d  n o t e s  from Mr. Michae l  

P r i t c h a r d ,  who conduc ted  t h e  s u r v e y  f o r  MLS, a r e  a t t a c h e d  i n  Appendix C 

a l o n g  w i t h  a sample q u e s t i o n n a i r e .  A d e t a i l e d  s m x a r y  by LLL on t h a t  

s u r v e y  i s  a l s o  inc1uded; in  Appendix C. 

The s c h o o l  t e a c h e r  on U j e l a n g  A t o l l  j o i n e d  K r .  P r i t c h a r d  and M L S  

s t a f f  i n  c o n d u c t i n g  t h e  s u r v e y .  k p p r o x i r z a t e l y  25  p e r c e n t  of t h e  U j e l a n g  

p o p u l a t i o r ,  were i n t e r v i e w e d .  The breakdor;n by age  g roup  was: 

36 

36 

19 

37 

16 

Adu l t  m a l e s  

A d u l t  f e n a l e s  

1 2  t h r o u g h  1 7  y of a g e  

4 t h rough  11 y of age  

0 t l i rough 3 y of age  

A t o t a l  of 144 p e r s o n s  were i n t e r v i e w e d  w i t h  2 f e m l c s  d e c l i n i n g  t o  

comple t e  t h e  d i e t a r y  q u e s t  i o n a i  r e .  

Some p e o p l e  were away f r o n  t h e  a t o l l  a t  t h e  t ime  o f  t h e  i n t e r v i e r  

and so s e l e c t i o n  was l i m i t e d  t o  t h o s e  h o u s e h o l d s  where s e v e r a l  p e o p l e  

were a v a i l a b l e .  T h e  h o u s e h o l d s  were s e l e c t e d  a t  random from t h e  

a v a i l a b l e  poo l  w i t h  c o n s t r a i n t s  t o  meet t h e  g o a l s  o u t l i n e d  i n  C h a r t  2 of  

Appendix C .  . 

Throughout  o u r  d i s c u s s i o n s  of  d i e t  aqd e s t i m a t e d  d o s e ,  t h r e e  

e x p r e s s i o n s  a r e  used  e x t e n s i v e l y :  normal  c o n d i t i o n s ,  famine  c o n d i t i o n s ,  

and s u b s i s t e n c e  f o o d s .  Normal c o n d i t i o n s  a r e  t h o s e  e x i s t i n g  w i t h i n  a 

- 20 - 
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1 ,  . ,. month of a recent  f i e l d  s h i p .  Famine c o n d i t i o n s  imply a c o m p l e t e  

k' I: kd .ud 
a b s e n c e  o f  o u t s i d e  or i m p o r t e d  f o o d s .  Bo th  c o n d i t i o n s  were d e f i n e d  by 

P r i t c h a r d  fo r  t h e  U j e l a n g  d i e t  s u r v e y  and have been r e t a i n e d  by LLL. 

S u b s i s t e n c e  foods are  an  LLL e x p r e s s i o n  f o r  t h e  l o c a l l y  grown foods of 

t h e  U j e l a n g  Survey .  Under normal  c o n d i t i o n s ,  impor ted  f o o d s  a r e  pre- 

f e r r e d  o v e r  l o c a l  s u b s i s t e n c e  food i t ems .  D u r i n g  famine  c o n d i t i o n s  

s u b s i s t e n c e  f o o d s  a r e  t h e  o n l y  s o u r c e  o f  d i e t a r y  i n t a k e  assumed. 

Data  on t h e  d i e t a r y  p r e f e r e n c e s  of  t h e  Enewetak p e o p l e  were pro-  

v i d e d  t o  LLL i n  t h r e e  p a r t s :  (1) Household Survey r e su l t s  f o r  t h e  

U j e l a n g / J a p t a n  p c p u l a t i o n ,  ( 2 )  i n d i v i d u a l  PIedical and Die t  Survey (1l.D) 

r e s u l t s  f o r  144 p e r s o n s ,  and ( 3 )  a memorandum from N i c h a e l  P r i t c h a r d  

( M i c r o n e s i a n  Legal  S e r v i c e )  - S u b j e c t :  Repor t  and F i e l d  Notes  on U j e l a n g  

Food S u r v e y ,  A p r i l  22 t o  May 9 ,  1979 .  T h i s  r e p o r t ,  w i t h  minor  e d i t i n g  

f o r  s t y l e  b u t  w i t h  c o n t e n t  unchanged,  i s  a t t a c h e d  i n  Appendix C .  

Accord- i n g  t o  P r i t c h a r d ,  " t h e  household  s u r v e y  met t h r e e  major  n e e d s :  

i t  pro-  v i d e d  i n  d e s c r i p t i v e  f a s h i o n  an account  of t h e  e a t i n g  h a b i t s  f o r  

t h e  e n t i r e  p o p ' i l a t i o n  of U j e l z R s ;  i t  p r o v i d e d  da t ;  on c e r t a i n  s p e c i a l  

d i e t s  f o r  ce i - t ; i n  t y p e s  o f  i n d i v i d u a l s  such a s  p r e g n a n t  women; and 

s e r v e d  6 s  a c e n s u s  document f o r  l o c a t i n g  i n d i v i d u a l s  f o r  t h e  I!3 

s u r v e y . "  The comple ted  I?iD q u e s t i o n n a i r e s  p r o v i d e d ,  xhen kno:-ri, e a c h  

s u r v e y e d  i n d i v i d c a l s  name, a g e ,  s e x ,  h e i g h t ,  w e i L h t ,  s i c k n e s s  f r e q u e n c y ,  

p r i o r  m e d i c a l  t r e s t m e n t ,  x - ray  h i s t o r y ,  r a d i a t i o n  t h e r a p y  h i s t o r y ,  

p a r e n t a l  d a t a ,  and p r e f e r e n c e  f o r  v a r i o u s  s u b s i s t e n c e  and i n p o r t e d  f o o d s  

u n d e r  b o t h  normal  and fami.ne c o n d i t i o n s .  Consumed q u a n t i t i e s  of each  

food i t em p r e i c r r c d  were e x p r e s s e d  i n  1 2  0 2  beVerazD can  v o l u n e  

e q u i v a l e n t s  p e r  d a y ,  week,  and Donti,.  P r i t c h a r d ' s  memorandum p r o v i d e d  
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i n s i g h t  i n t o  such t h i n g s  as t h e  o v e r a l l  s u r v e y  p r o c e d u r e ,  t h e  estimated --.. , .;..- 

u n c e r t a i n t i e s  i n  some r e p o r t e d  v a l u e s ,  the p r e f e r e n c e s  i n  p r e p a r a t i o n  

. __  :& 

and consumpt ion  o f  many food  items, and t h e  can  c o n v e r s i o n  d a t a  (grams 

of food p e r  12 oz c a n )  f o r  some food  items. 

I n  t h e . t i m e  a v a i l a b l e ,  LLL h a s  used  t h e  d i e t a r y  r e s u l t s  of the 

IHD q u e s t i o n n a i r e s  t o  d e t e r m i n e  t h e  mean i n t a k e s  i n  gramslday  of 

s u b s i s t e n c e  and impor ted ;  f o o d s  under  b o t h  normal and famine  c o n d i t i o n s  

f o r  a d u l t  males, a d u l t  f e m a l e s ,  and c h i l d r e n  i n  t h e  0 t h rough  3 ,  4 

t h rough  11, and 1 2  t h r o u g h  1 7  y e a r  r a n g e s .  However, b e f o r e  p r e s e n t i n g  

t h e  r e s u l t s  € o r  mean i n t a k e s ,  a b r i e f  d e s c r i p t i o n  of t h e  p r o c e d u r e  i s  i n  

o r d e r .  

I n i t i a l l y ,  we examined each  q u e s t i o n n a i r e  t o  d e t e r r i n e  t h e  t o t a l  

number of i n d i v i d u a l  food  i t e n s  i n d i c a t e d  a s  p r e f e r r e d .  Once t h i s  was 

done ,  we e s t a b l i s h e d  a s t a n d a r d  c o o p u t e r  c a r d  f o r n c t  for  a l l  t h e  food 

i tems and t h e n  t r a n s f e r r e d  each i n d i v i d u a l s  month ly  d i e t a r y  p r e f e r e n c e s  

t o  c a r d s .  Where an i n d i v i d u a l  showed no p r e f e r e n c e  ( r e s p o n s e )  f o r  a 

s p e c i f i c  food  i t e m ,  a b l a n k  f i e l d  a p p e a r s  on t h e  c a r d .  I n  t h o s e  c a s e s  

where an i n d i v i d u i l  showed a p r e f e r e n c e  f o r  a s p e c i f i c  organ  of d o m e s t i c  

meat ( p o r k )  or p o u l t r y  ( c h i c k e n ) ,  t hey  have been so  r e c o r d e d .  However, 

i n  t h o s e  c a s e s  where more t h t n  one orga:i was p r e f e r r e d ,  bu t  no r e l a t i v e  

p r e f e r e n c e  g i v e n ,  w e  have  a r b i t r a r i l y  r e c o r d e d  thet i  under  t h e  l i v e r .  

C o n c u r r e n t l y ,  w e  deve loped  t h e  can c o n v e r s i o n  d a t a  n e c e s s a r y  t o  

c o n v e r t  t h e  12 oz cans /month  i n t o  g rams /day .  The methods used t o  

d e t e r m i n e  t h e s e  c o n v e r s i o n s  were many and v a r i e d .  I n  some c a s e s ,  12 o z  

cans  were packed w i t h  t h e  s p e c i f i c  food i t e m  and we ighed ;  i n  o t h e r s ,  t h e  
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w e i g h t s  f o r  canned or packaged f o o d s  were used .  

some m a r i n e  foods, d e n s i t i e s  i n  g rams jcc  were computed and used  for t h e  

c o n v e r s i o n .  Some a s s u m p t i o n s  were a l s o  made where a s p e c i f i c  food  i t e m  

v a s  u n a v a i l a b l e .  T a b l e s  15 and 16 summarize t h e  can c o n v e r s i o n  d a t a  we 

I n  s t i l l  o t h e r s ,  like '-&;--%a 
f 4 . i  +$q% 

Cr- >L 
I= 

deve loped  for t h e  s u b s i s t e n c e  a n d  impor ted  f o o d s ,  r e s p e c t i v e l y .  I n  e a c h  

t a b l e ,  t h e  f o o d s  have been  grouped under  t h e  major  c a t e g o r i e s  we w i l l  

e v e n t u a l l y  r e f e r  t o  i n  our d i e t a r y  means. We have i n c l u d e d  t h e  r e s u l t s  

r e p o r t e d  by P r i t c h a r d ,  wh'ere a p p r o p r i a t e ;  and have made l i b e r a l  u s e  of  

f o o t n o t e s  t o  c l a r i f y  t h e  s o c r c e s  of d a t a .  I n  te rms  of a c c u r a c y ,  ou r  can 

c o n v e r s i o n  d a t a  has  some l i m i t a t i o n s .  F i r s t ,  w e  were n o t  a b l e  t o  o b t s i n  

samples  of  a l l  f o o d s .  Second,  o u r  d i t a  f o r  f i s h ,  s h e l l f i s h ,  c l a n s ,  

c r a b s ,  o c t o p u s ,  t u r t l e ,  d o a e s t i c  m e a t ,  and w i l d  b i r d s  i s  raw w e i g h t ,  

v h e r e a s ,  t h e  m a j o r i t y  o f  t h e s e  f o o d s  a r e  o n l y  consumed a f t e r  some forn! of 

cook ing .  T n i r d ,  we have assume6 an a v e r a g e  f o r  raw and scrambled  eggs  

s i n c e  P r i t c h a r d  r e p o r t s  t h a t  b i r d  eggs  a r e  " u s u a l l y  e a t e n  s c r a m b l e d , "  

c h i c k e n  e g g s  a r e  n o t  d e s c r i b e d ,  and t u r t l e  eggs a r e  " u s u a l l y  e a t e n  raw o r  

scrambled ."  F o u r t h ,  pumpkin, and undoub ted ly  s q u a s h ,  i s  consumed cooked 

r a t h e r  t h a n  uncooked.  F i f t h ,  t h e r e  Day be o t h e r  foods  t h a t  a r e  consumed 

i n  a f o r n  d i f f e r e n t  th2n  we r e p o r t e d .  F i n a l l y ,  t h e  d i f f e r e n c e s  between 

t h e  LLL and P r i t c h a r d  v a l u e s  f o r  a s p e c i f i c  food i t e m  cou ld  r e f l e c t  

d i f f e r e n c e s  i n  food f o r c  ( e . & . ,  raw or c o o k e d ) ,  can p a c k i n g ,  o r  bot l i .  i o  

be  more p r e c i s e  i n  t h e  can c o n v e r s i o n  d a t a  would r e q u i r e  d e t a i l e d  

w e i g h i n g  o f  each  focd  iterr! i n  t h e  form consumed by t h e  Enewetal-: p e o p l e .  

r 

The f i n a l  s t e p  i n  o u r  p r o c e d u r e  was 

computer code s p e c i f i c a l l y  deve loped  f o r  

food  i tem and ma jo r  c a t e g o r y  i d e n t i f i e d ,  

d e v i a t i o n ,  h i g h  i n t a k e ,  low i n t a k e ,  and 

Sample (N0/N) were d e t e r m i n e d .  L i k e w i s e  
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T a b l e s  17 t h r o u g h  21 s u m a r i z e  o u r  d i e t a r y  i n t a k e  r e s u l t s  f o r  

s u b s i s t e n c e  f o o d s  under  normal and famine c o n d i t i o n s  for a d u l t  males, 

a d u l t  f e m a l e s ,  and c h i l d r e n  i n  t h e  0 to 4 ,  4 t o  1 2 ,  and 1 2  t o  18 y e a r  

r a n g e s ,  r e s p e c t i v e l y .  R e s u l t s  f o r  impor ted  f o o d s  (normal  c o n d i t i o n s  

only) are summarized i n  T a b l e s  22 t h r o u g h  2 4 .  

D r .  Jan Naidu documented t h e  d i e t a r y  i n t a k e  of M a r s h a l l e s e  p e o p l e  on 

Rongelap  and U t e r i k  A t o L l s  a s  p a r t  o f  a m u l t i - a t o l l  s u r v e y  conducted  from 

September  t h r o u g h  November o f  1978 . lo 

work a r e  l i s t e d  i n  T a b l e  25 and compared w i t h  t h e  a d u l t  male  d i e t  from t h e  

U j e l a n g  Survey  conducted  by t h e  MLS. 

The p r e l i m i n a r y  r e s u l t s  from h i s  

The d i e t  l i s t e d  from Dr. N a i d u ' s  

work is a maximum d i e t  f o r  a d u l t  m a l e s ,  i . e . ,  a d i e t  i n  which p e o p l e  were 

c o n s m i n g  o n l y  l o c a l l y  g r o m  f o o d s .  T h i s  d i e t a r y  i n t a k e  should  b e  com- 

p a r e d  v i t h  t h e  " famine  d i e t "  s i t u a t i o n  from t h e  U j e l a n g  Survey .  

d i e t a r y  i n t a k e  between t h e  d i f f e r e n t  a t o l l s  is n o t  t o  d i f f e r e n t ;  i n t a k e  

of  a l l  d i e t a r y  i tems i s  s i m i l a r  e x c e p t  f o r  b r e a d f r u i t  and Pandanus 

F r u i t .  T h i s  d i f f e r e n c e  can p r o b a b l y  be a t t r i b u t e d  t o  t h e  l a r g e  deve loped  

t rees  a t  Rongelap  and U t e r i k  and t h e  l a c k  o f  t h e  same a t  U j e l a n g  and 

The 
I 

c e r t a i n l y  E n e s e t a k .  I t  wil l  t a k e  15  y e z r s  or more f o r  t h e s e  t r e e s  t o  

d e v e l o p  on Enevetak  t o  t h e  s t a g e  t h e y  have 07 Rongelz? S O  t h e t  sufficient 

f r u i t  would b e  a v a i l a b l e  f o r  a h i g h e r  c o n s u c p t i o c .  Although t h e  coconut  

meat and m i l k  i n t a k e  a r e  s e p a r a t e l y  d i f f e r e z t  t h e  cocbined  i n t a k e  i s  

s i m i l a r .  

Dr. Naidu r e p o r t s  t h a t  t h e  "normal d i e t , "  which is t h e  one t h a f  

e x i s t s  most  of t h e  time a t  t h e  a t o l l s ,  c o u l d  be d e t e m i n e d  by d i v i d i n &  

t h e  maximum d i e t  d a t a  by a f a c t o r  o f  6 o r  7 .11  

r e s u l t s  are  comparable  t o  t h e  norcial  d i e t  deve loped  from t h e  U j e l a n g  

Survey .  I n  a d d i t i o n ,  D r .  Naidu s t a t e d  t h a t  t n e  wornens d i e t  is 

k"nen t h i s  i s  done t h e  
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3 

. ' a p p r o x i m r t c l y  75 p e r c e n t  of the male d i e t ;  t h i s  is i n  c o n t r a s t  t o  she 

I U j e l a n g  Survey  i n  which t h e  f ema le  i n t a k e  exceeded  t h a t  o f  t h e  males ( s e e  

Tables 17 and 18). 

I n  a report summar iz ing  a s u r v e y  conducted  d u r i n g  July and August of 

1967 a t  Majuro A t o l l 1 *  t h e  a v e r a g e  coconu t  u se  was a p p r o x i m a t e l y  0.5 

c o c o n u t s  p e r  day p e r  p e r s o n .  T h i s  i n c l u d e d  young d r i n k i n g  c o c o n u t s ,  old 

n u t s  used  f o r  g r a t e d  meat and p r e s s e d  f o r  s m a l l  volumes o f  m i l k  and 
c 

s p r o u t i n g  n u t s  u sed  f o r  t h e  s w e e t ,  s o f t  c o r e .  Recent  d a t a  from Eneu 

I s l a n d  shows t h a t  an a v e r a g e  d r i n k i n g  coconut  c o n t a i n s  325 ml of  f l u i d  

(fl= 125 ml) so t h a t  even  i f  t h e  e n t i r e  a v e r a g e  coconut  use of  0 .5  p e r  

day were a l l  d r i n k i n g  n u t s  t h e  a v e r a g e  d a i l y  i n t a k e  would be a b o u t  160 & 

p e r  day .  T h i s  i s  i n  good agreement  w i t h  t h e  r e s u l t s  from t h e  U j e l a n g  

Survey  and N a i d u ' s  r e s u l t s  f o r  coconut  i n t a k e .  

I n  summary, two s o u r c e s  of d a t a  t end  t o  conf i rm t h e  magni tude  of  t h e  

i n t a k e  of  coconu t  and o t h e r  d i e t a r y  i t e m s  developed  i n  t h e  U j e l a n g  

Survey .  We, t h e r e f o r e ,  a r e  u s i n g  t h e  r e s u l t s  of t h e  r e c e n t  U j e l a n g  

D i e t a r y  Survey  t o  d e v e l o p  t h e  dose  e s t i m a t e s  i n  t h i s  p a p e r .  

The "LLL" d i e t  used i n  p r e v i o u s  a s ~ e s s r n e n t s ~ ~ ~  v a s  deve loped  i r c c  

o b s e r v a t i o n ~ l ~  and p u b l i s h e d  r e p o r t s  i n  t h e  l i t e r a t u r e .  l 4  

t h e r e  were no d i r e c t  s u r v e y s  o f  t h e  p e o p l e  i n  r e c e n t  y e a r s  t n e  "LLL" d i e t  

was d e s i g n e d  t o  be c o n s e r v a t i v e ,  i . e . ,  o v e r e s t i m a t e  t h e  i n t a k e  i f  

a n y t h i n g .  

Because 

From t h e  r e c e n t  U j e l a n g  Survey  i t  a p p e a r s  t h a t  t h a t  v a s  i n d e e - l  

t h e  c a s e  i n  t h a t  a l l  i n t a k e  f r o n  t h e  c u r r e n t  s u r v e y  i s  l e s s  than t h a t  

p r e v i o i l s l y  u s e d .  
., - 
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Living P a t  t e r n s  

Doses have 

Enewetak A t o l l .  

&.,d.% 1 f-9 4 
v been e s t i m a t e d  f o r  three major  l i v i n g  p a t t e r n s  a t  

J 
Each l i v i n g  p a t t e r n  h a s  a l s o  been e v a l u a t e d  f o r  o p t i o n s  

on t h e  source of some s u b s i s t e n c e  f o o d s  . a n d  f o r  t ime d i s t r i b u t i o n s .  The 

l i v i n g  p a t t e r n s  a r e :  

- 

1. a. E n j e b i  ( J a n e t )  I s l a n d  a s  t h e  r e s i d e n c e  i s l a r , ?  w i t h  100 ' 

p e r c e n t  of t h e  t ime s p e n t  on t h e  i s l a n d  and a l l  l o c a l  f o o d s  

from E n j e b i :  

c o c o n u t ,  b r e a d f r u i t  and Pandanus F r u i t  w i l l  come fror;. t h e  

s o u t h e r n  i s l a n d s .  A f t e r  8 y t h e  t r e e s  which would be  

p l a n t e d  on E n j e b i  ( J a n e t )  I s l a n d  a t  t h e  t i n e  of r e t u r n  

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

c 

For t h e  f i r s t  8 y a f t e r  r e t u r n  we a s s u n 2  t h e  

b .  E n j e b i  ( J a n e t )  I s l a n d  a s  t h e  r e s i d e n c e  i s l a n d  w i t h  1 5  

p e r c e n t  o f  a p e r s o c s  t i n e  s p e n t  on o t h e r  n o r t h e r n  i s l a n d s  

M i j i k a d r e k  ( K a t c )  th rough B i l l a e  (L'i lna) . Ten p e r c e n t  of  

t h e  c o c o n u t  i n t a k e  i s  assumed t o  come from t h e s e  o t h e r  

n o r t h e r n  i s l a n d s  o t h e r w i s e  a l l  c o n s u c p t i o n  1 5  a g a i n  from 

food c r o p s  on E n j e b i  ( J a n e t )  Island. T h e  s a c e  s i t u a t i o n  

a p p l i e s  f o r  t h e  f i r s t  8 y .  

C .  E n j e b i  ( J a n e t )  I s l a n d  a s  t h e  r e s i d e n c e  i s l a n d  K i t h  a l l  

coconut  fro-, t h e  s o u t h e r n  i s l a n d s  J i n e l r o l  ( A l v i n )  t h r o c g f ,  

Kidrenen  ( K e i t h )  a n 3  1 5  p e r c e n t  of 2 person5 t ic?  s p c n t  c: 

t h e  s o u t h e r n  i s l a n d s .  The r e s t  of t h e  I o t a !  food 

consumpt ion  w o u l d  be  f r o r  E n j e b i  ( J a n e t )  I s l a n d  w i t h  t h e  

same s i t u a t i o n  f o r  t h e  f i r s t  8 y .  
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e%. I 

The E n j e b i  (Janet) Island l i v i n g  p a t t e r n  r e s u l t s  i n  t h e  h i g h e s t  

predicted doses f o r  t h e  l i v i n g  p a t t e r n s  e v a l u a t e d  i n  t h i s  r e p o r t .  

2. a .  The s o u t h e r n  i s l a n d s  J a p t a n  ( D a v i d ) ,  Medren ( E l m e r ) ,  and 

r 1 
E n c u e t a k  ( F r e d ) ]  a s  t h e  r e s i d e n c e  i s l a n d s  w i t h  100 p e r c e n t  

of a p e r s o n s  time s p e n t  on t h e  s o u t h e r n  i s l a n d s  

( A l i v i n )  t h r o u g h  Kidrenen  ( K e i t h )  1 and a l l  l o c a l  f o o d s  from 

J i n e d r o l  1 
t h e s e  i s l a n d s .  

c 

b. The s o u t h e r n  i s l a n d s  J a p t a n  ( D a v i d ) ,  Fledren ( E l m e r ) ,  and 

Eneuetak  ( F r e d )  as t h e  r e s i d e n c e  i s l a n d s  w i t h  10 percer i t  o f  1 
t h e  c o c o n u t  i n t a k e  fron t h e  n o r t h e r n  i s l a n d s  F l i j i k a d r e k  

( K a t e )  t h r o u g h  B i l l a e  (Ki lma)  and 15  p e r c e n t  of a p e r s o n s  

time s p e n t  on n o r t h e r n  i s l a n d s .  

The s o u t h e r n  i s l e n d  l i v i n g  p a t t e r n  r e s u l t s  i n  t h e  lowes t  pre- 

d i c t e d  d o s e s  f o r  t h e  l i v i n g  p z t t e r n s  eva1uate . l  i n  t h i s  r e p o r t .  

3 .  a .  Aomon ( S a l l y )  a n d  B i j i r r  ( T i l d a )  a s  t h e  r e s i d e n c e  i s l a n d s  

w i t h  100 p e r c e n t  o f  a p e r s o n s  t i c e  s p e n t  on t h e s e  i s l a n d s  

and a l l  l o c a l  foods  f r o r z  t h e s e  i s l a n d s .  Coconut ,  b r e s . ’ i r u i t  

and Pandaus F r u i t  v i11  comc f r c z  t h e  s o ~ ~ t h e r n  i s i a - d s  ir! t h e  

f i r s t  8 y e a r s .  

b .  Aomon ( S r i l l y )  and B i j i r e  ( T i l d a )  a s  t h e  r e s i d e n c e  i s l a n l s  

w i t h  15 p e r c e n t  of a p e r s o n s  t i s e  s p e n t  on the  o t h e r  

n o r t h e r n  i s l a n d s  and 10 p e r c e n t  of  t h e  coconut  ir1;ai.E c0-ir .g  

f rom o t h e r  n o r t h e r n  i s l a n d s  M i j i k a d r e k  ( K a t e )  throtigh 

. l - B i l l a e  (Wilma) . The r e s t  o f  t h e  l o c a l  foods  would c o c e  

-from Aonon ( S a l l y ) / B i j i r e  ( T i l d a )  w i t h  t h e  u s u a l  e x c e p t i o n  

i n  t h e  f i r s t  8 y .  
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A 
The doses p r o j e c t e d  for t h e s e  l i v i n g  p a t t e r n s  are based  upon t h e  , f i j  ., +A -,+, : 4 

a d u l t  f e m a l e  d i e t  which r e p r e s e n t s  t h e  maximum i n t a k e  f o r  a d u l t s .  The 

d o s e s  are also e s t i m a t e d  f o r  two c a s e s  fron b i r t h  th rough  70 y e a r s  f o r  

E n j e b i  ( J a n e t )  I s l a n d  o n l y .  

I n  t h e  f i r s t  s c e n a r i o ,  t h e  i n d i v i d u a l  i s  bo rn  w i t h i n  t h e  f i r s t  year 

of r e t u r n  t o  E n j e b i  ( J a n e t )  and r e s i d e s  t h e r e  c o n t i n u o u s l y  f o r  70 y .  

With f o u r  e x c e p t i o n s ,  a l l  s u b s i s t e n c e  f o o d s  consumed d u r i n g  a l i f e t i m e  

a r e  assumed t o  come from *Enjebi ( J a n e t )  o n l y .  
c 

E x c e p t i o n s  a r e  t h e  Pandanus 

F r u i t ,  b r e a d f r u i t ,  coconu t  mea t ,  and coconu t  f l u i d .  For t h e  f i r s t  e i g h t  

y t h e y  a r e  a s s m e d  t o  come f r o n  t h e  s o u t h e r n  i s l a n d s .  

t o o  come from E n j e b i  ( J a n e t )  o n l y .  

T h e r e a f t e r ,  t h e y  

I n  t h e  second s c e n a r i o ,  t h e  i n d i v i d u a l  i s  born cigh: y e a r s  a f t e r  

r e t u r n  t o  E n j e b i  ( J a n e t ) ,  and a l s o  r e s i d e s  t h e r e  c o n t i n u o u s l y  f o r  the 

n e x t  70 y .  A l l  s u b s i s t e n c e  foods  consuned d u r i n g  t h a t  l i f e t i m e  a r c  

assumed t o  o r i g i n a t e  from E n j e b i  ( J a n e t )  o n l y .  Th i s  i s  c o n s i s t e n t  and i n  

k e e p i n g  w i t h  o u r  f i r s t  s c e n a r i o  i n  which e x t e r n a l  s o u r c e s  of Pandanus 

F r u i t ,  b r e a d f r u i t ,  coconu t  mea t ,  and coconut  f l u i d  were t e m i n a t e d  a t  thc- 

'end o f  the e i g h t h  y e a r .  

Summarized i n  T a b l e  26 a r e  t h e  d i e t a r y  s o u r c e s  and c o r r e s p o n d i n &  

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  decay p e r i o d s  assumed i n  e s t i m a t i n g  t h e  

i n g e s t i o n  d o s e s  from t h e  two s c e n a r i o s .  I n g e s t i o n  d o s e  f r o =  b i r t h  K O  t l~c .  

f o u r t h  y e a r  of l i f e  i s  b a s e d  or) t h e  d i e t a r y  i n t e k e  of ar. ax'eragc. c h i l d  i n  

t h e  0 t o  4 y e a r  r a n g e .  I n  t h e  f i r s t  s c e n a r i o ,  t h e r e  i s  no decey 

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

d i e t  b e g i n s .  However, i n  t h e  second s c e n a r i o ,  an e i g h t  y e a r  decay  

c o r r e c t i o n  is a p p l i e d  t o  accoun t  f o r  t h e  e i g n t  y e a r  d e l a y  i n  t h e  

i n d i v i d u a l s  b i r t h  s i n c e  r e t u r n  of  t h e  p a r e n t s  t o  E n j e b i  ( J a n e t ) .  Between 
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' the f o u r t h  t o  t h e  t w e l f t h  y e a r s  of l i f e ,  i n g e s t i o n  d o s e  is based on t h e  

d i e t a r y  i n t a k e  of an average c h i l d  i n  t h e  4 t h rough  11 y e a r  r a n g e .  For 

t h e  f i r s t  s c e n a r i o ,  two decay  p e r i o d  c o r r e c t i o n s  a r e  a p p l i e d  t o  t h e  

r a d i o n u c l i d e  c o n c e n t r a t i o n s .  The f i r s t  p c c u r s  a t  f o u r  y e a r s  and i s  t h e  

p o i n t  a t  which t h e  4 t h rough  11 y r a n g e  d i e t  commences. The second 

o c c u r s  a t  e i g h t  y e a r s  and i s  t h e  p o i n t  a t  which a l l  s u b s i s t e n c e  f o o d s  

couunence t o  o r i g i n a t e  f r o m  E n j e b i  ( J a n e t )  o n l y .  W i t h  t h e  second 

s c e n a r i o ,  a s i n g l e  decay  p e r i o d  c o r r e c t i o n  i s  a p p l i e d  a t  12 y e a r s :  t h e  

p o i n t  a t  which t h e  4 t o  12 y r a n g e  d i e t  c o m e n c e s .  I n g e s t i o n  dose  f o r  

t h e  t w e l f t h  th rough  s e v e n t e e n t h  y e a r s  of l i f e  i s  based  on t h e  d i e t a r y  

i n t a k e  o f  an a v e r a g e  c h i l d  i n  t h e  1 2  t o  16  y r ange .  Decay p e r i o d  

c o r r e c t i o n s  a p p l i e d  i n  t h e  f i r s :  and second s c e n e r i o s  r e f l e c t  

c 

commencement cf t h e  1 2  t o  16 y r a n g e  d i e t  and occur  a t  1 2  and 20 y ( 1 2  y 

s i n c e  b i r t h ) ,  r e s p e c t i v e l y .  For a d u l t h o o d ,  t h e  e i g h t e e n t n  th rougk  

s e v e n t i e t h  y e a r s  o f  l i f e ,  ve  have  a s s t n e d  t h e  inges:ior.  dose  t o  o r i g i n z t c  

from t h e  d i e t a r y  i n t a k e  of a d u l t  f e m a l e s .  Decay p e r i o d  c o r r e c t i o n s  f o r  

c o w e n c e n e n t  of  t h e  a d u l t  f e r i a l e  d i e t  a r e  16 y for t h e  f i r s t  s c e n a r i o  2 n d  

26 y ( 1 8  y s i n c e  b i r t h )  f o r  t h e  second .  ' 

I n h a l a t i o n  2nd e x t e r n 2 1  d o s e s  e s t i n a t e d  f o r  each  s c e c a r i o  r c f i e c t  

t h e  p r e v i o u s  a s s u n p t i c n  of c o n t i n u o u s  r e s i d e n c e  on E n j e b i  ( J a n e t ) .  Ir: 

t h e  f i r s t  s c e n a r i o ,  i n h a l a t i o n  and externii s o u r c e  c o n t r i l u t i o a s  c o s e n c i  

w i t h  t h e  f i r s t  y e a r  of r e t u r n  t o  E n j e b i  ( J e n e t ) .  With t h e  second 

s c e n a r i o ,  a decay  p e r i o d  c o r r e c t i o n  o f  e i g h t  y e a r s  i s  a p p l i e d  t o  t h e  

i n h a l a t i o n  and e x t e r n a l  s o u r c e  c o n t r i b u t i o n s  b e f o r e  t h e  dose e s t i c a t e s  

a r e  made. 

The p r e d i c t e d  d o s e s  f o r  each of t h e  above l i v i n g  p a t t e r n s  and o p t i o c s  

are c a l c u l a t e d  for normal and f a n i n e  d i e t a r y  c o n d i t i o n s .  
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DOSE CALCULATIONS 

Body and Organ Weights  

Data from t h e  Brookhaven N a t i o n a l  L a b ~ r a t o r y l ~ , ~ ~  have  been  

s u m a r i z e d  t o  d e t e r m i n e  t h e  body we igh t  of t h e  M a r s h a l l e s e  p e o p l e .  The 

a v e r a g e  body w e i g h t s  of t h e  a d u l t  ma les  and f ema les  a r e  l i s t e d  i n  T a b l e  

2 7 .  

U t e r i k  which is v e r y  n e a r  t h e  70 K g  v a l u e  of r e f e r e n c e  man.17 

r e s u l t  we have u s e d  t h e  bod:; a n i  organ  weight  f o r  r e f e r e n c e  man i n  o u r  

d o s e  c a l c u l a t i o n s .  

The a v e r a g e  a d u l t  male body w e i g h t  i s  n e a r l y  70 K g  f o r  B i k i n i  and 
r 

A s  a 

qOSr Methodology 

Bone na r ro r ;  d o s e s  and dose  r a t e s  a r e  c a l c u l a t e d  i n  two s t e p s .  F i r s t  

t h e  model of B e n n c : t 1 8 ~ 1 9 ~ 2 0  is used t o  c o r r e l a t e  t h e  90Sr c o n c e n t r a t i o n s  

i n  d i e t  t o  t h a t  i n  a i n e r a l  bone .  tiext t h e  d o s i m e t r i c  model deve loped  by  

Spiers ' '  i s  used t o  c a l c u l a t e  t h e  bone m;yrov d o s e  r a t e  fros t h e  c o n c e n t r a -  

t i o n  i n  n i n e r a l  ban?. 

B e n n e t t ' s  model i s  ar: e n p i r i c i l  nodel  d c v e l o p e l  f r o n  "Sr c o n c e n t r a -  

t i o n s  i n  tie;; York and Sz.n F r a n c i s c o  foods and a u t o p s y  bone sarJples .  Thf  

c o n c e n t r a t i o n s  i n  t h e  d i e t  r e s u l t e d  from wor ld  v i d e  f a l l o u t .  The model i s  

t h o u g h t  t o  b e s t  r e f l e c t  t h e  "Sr c o n c e n t r a t i o n  i n  bone f o r  t h e  loc i e v e l s  

f o u n d  i n  t h e  E!arshall  1slar.d:;  i t  u s e s  a s  i n p u t  t he  a c t u a l  d i e t a r ; :  "Sr 

c o n c e n t r a t i o n  and t h e  o u t p u t  i s  t h e  a c t u a l  "Sr c o n c e n t r a t i o n  i n  m i n e r a l  

bone d e t e r m i n e d  from a n a l y s i s  of  a u t o p s y  s a n p l e s .  

dependen t  v a r i a t i o n s .  The c a l c i u n  c o n t e n t  o f  t h e  normal d i e t  f o r  t h e  

I t  a l s o  i n c l u d e s  agc 

M a r s h a l l e s e  i s  l i s t e d  i n  f a b l e  28;  t h e  a v e r a g e  i n t a k e  i s  0.7 g pe r  day which 

is v e r y  s i m i l a r  t o  t h e  1 .0  g per  day e s t i m a t e d  f o r  U . S .  d i e t s .  The model is 
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r a t h e r  i n s e n s i t i v e  t o  calcium i n t a k e  unless i t  g r e a t l y  exceeds  1.0 g per 

or is less t h a n  0.3 g p e r  day ( p e r s o n a l  communica t ion ,  B .  G. Benne t t  and 

J. B a r l e y ) .  T h e r e f o r e ,  t h e  s i m i l a r  n a t u r e  and t h e  s i m i l a r  i n t a k e  of Ca f o r  

t h e  o v e r a l l  H a r s h a l l e s e  d i e t  r e l a t i v e  to, U.S. d i e t s  would i n d i c a t e  no m a j o r  

problems i n  a p p l y i n g  t h e  90Sr  model t o  t h e  M a r s h a l l e s e  p o p u l a t i o n .  

U s i n g  S p i e r s  model t h e  dose  r a t e ,  Do, t o  a small t i s s u e  f i l l e d  c a v i t y  

i n  bone i s  c a l c u l a t e d  fr.om t h e  90Sr c o n c e n t r a t i o n  i n  m i n e r a l  bone. 

from g e o m e t r i c a l  c o n s i d e r a t i o n s ,  t h e  dose  r a t e s  t o  t h e  bone marrow, h, and 

t o  e n d o s t e a l  c e l l s ,  D s ,  a r e  c a l c u l a t e d ,  u s i n g  t h e  c o n v e r s i o n  f a c t o r s  k / D o  = 

0.315 and Ds/Do = 0 . 4 3 4  r e s p e c t i v e l y .  The c o n v e r s i o n  f a c t o r s  a r e  t h o s e  

quo ted  i n  UNSCE1AR22 and a r e  e q u i v a l e n t  t o  a marrow d o s e  r a t e  of 1.4 mrad /y r  

p e r  pCi/gmCa and an e n d o s t e a l  c e l l  dose  r a t e  of 1 . 9  mrad/yr  per  pCi /grCz .  

These  d o s e  r a t e s  a r e  de t e rmined  d i r e c t l y  and no t  by c o n p a r i s o n  t o  r a d i m  so  

t h a t  " r a d s "  a r e  e q u i v a l e n t  t o  " r e a s . ' '  S i n c e  bone narroL; i s  c o n s i d e r e l  a 

b lood  f o r m i n g  o rgan  ( a n n u a l  d o s e  l i m i t  e q u a l s  500 mre-, /yr)  and e n d o s t e a l  

c e l l s  a r e  in t h e  " o t h e r  organ"  c a t e g o r y  ( a n n u a l  dose  l i m i t  e q u a l s  1503 

Then, 
c 

mrem/yr) ,  t h e  bone marrow dose  i s  t h e  c r i t i c a l  o rgcz  i n  bonc (ICRP") f o r  

'OS,. 

Example c a l c u l a t i o n s  of  t h e  model a r e  giver.  i n  k ? ? c z l i x  D .  

1 3 7 C s  and 6oCo 

For 1 3 7 C s  and 6oCo t h e  Gethods  of I C R P ' 4 1 2 5  and 1iCFLP2' a s  d e v e l o p e l  by , 

K i l l o u g h  and Rohver in t h e i r  "IKDOS" code2'  a r e  used f o r  tlie dose  c a l c u l a t i o z s .  

This code  i s  used  a s  p u b l i s h e d ;  h o v e v e r ,  t h e  o u t p s t  i s  mod i f i ed  t o  show 

t h e  body burdens  f o r  eacn  y e a r .  For 137Cs,  which i s  of n a j o r  impor t ance  

i n  , t h e  M a r s h a l l  I s l a n d s ,  t h e  model c o n s i s t s  of  CWD e x p o n e n t i a l  conponen i s  
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- A : .  

vith h a l f  times of 1 and 115 d a y s ,  v i t h  15 p e r c e n t  of t h e  i n t a k e  g o i n g  t o  c;r=-. p44 . ,* 

the  1 day compartment and 85 p e r c e n t  t o  t h e  115 day compartment.  These 

d a t a  are cons i s t en t  w i t h  p r e l i m i n a r y  d a t a  o b t a i n e d  by Brookhaven N a t i o n a l  

L a b o r a t o r y 2 *  on t h e  h a l f  t ime o f  t h e  l o n g  term compar tnen t .  

average of 1 9  H a r s h a l l e s e  m a l e s  showed a mean of 120 days v i t h  a r a n g e  o f  

75  to 182 f o r  t h e  l o n g  term c o ~ p a r t m e n t .  Fo r  1 6  f e m a l e s  t h e  mean v a l u e  

is 109 days  w i t h  a r a n g e  o f  50 days t o  630 d a y s .  

J 

-; (I e,<, .; 
%g:* < /llr?<, 

q’ ,* .=+ , .‘- 
* k.‘‘ 

The 

r 

The model f o r  6oCo Ls a t h r e e  cor,p;rtEen: c o d e i  w i t h  h a l f  t i m e s  o f  

6 d a y s ,  60 days  and 800 days w i t h  60 p e r c e n t .  20 p z r c e n t ,  and 20 p e r c e n t  

of t h e  i n t a k e  r e s p e c t i v e l y . 2 S  

More d e t a i l  and e x a r p l e  c a l c u l s t i o n s  f o r  I3’Cs 2nd ‘OCo a r e  

g i v e n  i n  Appendix D .  

T r a n s  u r a n  i c Rad ion  u c 1 i d e  s >;e i had 3 1 06:: 

- I n h a l a t i o n .  Tne i n h s l z t i o n  modei  u s e d  f o r  t h e  v a r i o x c  i s o t o p e s  0 :  

p l u t o n i u m  and f o r  241k-2 i s  t t8z:  o f  t n e  1 C R ?  72s;. Group39 a s  adap ted  

by K a r t i n  and  Blooz. 30 

model and t h e  ICEP i s  t h a t  t h f  f o r c e r  c o t . 5 n e s  t1i.r- nasopf ,aryngcs!  2 ~ 3  

b r o n c h i a l  C o E p a r t r e n t s  i s t o  one .  Tkrc d o s e  i s  c a l c u i a t e d  oz ly  fc r  t!lc 

pulmonary comp2rtment s o  t h e  d i f f e r e n c e  i s  no t  s i g n i f i c z n t .  P 2 r z m t e : s  

f o r  t h e  l u n g  model a r e  t h o s e  of t k e  1CP.P” v i t i :  the  fcl!ol;inC excep-  

t i o n s :  T h e  g u t  t o  biool t r z n s f e r  f o r  p l u t a c i u r ,  i s c t o r z s  is 1 x lo-‘ 

and f o r  241h is 5 x 

~ i r c  0r.i). d i f i c r t n c e  be:ueen K i r t i n  and ~ l o o s ’ s  

3 7  

32; ,  a l s o  2 ‘ 1 ~ i  i s  a s suned  t o  be  a c l a s s  6; 

compound v h i l t  p l u t o n i u m  i s o t o p e s  are c l a s s  Y. 33 

I n g e s t i o n .  F o r  th-c. i n g e s t i o a  pa tnvay  t h e  gut  t r a n s f i . r  C o e f f i c i e n t s  

a r e  a s  s t a t e d  p r e v i o u s l y :  1 x lo-‘ f o r  PU and 5 x f o r  b. The 
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p . I . . .  
c r i t i c a l  o r g a n s  are  bone and l i v e r  v i t h  100 y e a r  h a l f  times f o r  Pu and Am '4,-..* 

/ -,.:I, , 5:. . -  . .  
i n  bone and 40 y e a r s  i n  l i v e r .  F o r t y - f i v e  p e r c e n t  of  t h e  Pu and Am 

t r a n s f e r r e d  t o  blood i s  assumed tc r e a c h  t h e  bone and 45 p e r c e n t  t o  r e a c h  

' I ' /;;:Ir ,q ,- 
' *- 4? 

. :A 

t h e  l i v e r .  The r e m a i n i n g  10 p e r c e n t  i s  d i s t r i b u t e d  among o t h e r  o r g a n s .  

RESULTS 

r 

I n  t h i s  s e c t i o n  t h e  p r e d i c t e d  maximurn annua l  dosz r a t e s  and t h e  30 

and 50 y e a r  i n t e g r a l  d o s e s  f o r  t h e  d i f f e r e n t  l i v i n g  p a t t e r n s  a n d  o p t i o n s  

a r e  p r e s e n t e d .  The "maximum annua l  dose  r a t e ' '  i s  d e f i n e d  a s  t h a t  y e a r  

€o r  t h e  wholebody when t h e  swi: of t h e  wholebody i n g c s t i o n  dose  from 

13'Cs and t h e  e x t e r n a l  ganza  dose  i s  a naxicur .  2nd  f o r  bone marrov  vhen 

t h e  bone marrow i n g e s t i o n  dose  from I3'Cs and 90Sr and t h e  e x t e r n a l  

g a m a  d o s e  i s  a 5axinum. Due t o  t h e  bu i ld -up  of  dose  from 'OS: 

i n g e s t i o n  and t h e  c o n t i n u o u s l y  d e c r e a s i n g  dose  a f t e r  t h e  f i r s t  ye27 f o r  

1 3 7 C ~  f o r  b o t h  i n g e s t i o n  and e x t e r n a l  g a z a ,  t h e  wholebody and bone 

marrow 'll;axirnuii, annua l  dose  r a t e s "  can occur  i n  a d i f f e r e n t  yec-r an? 

t h e r e f o r e  t h e  e x t e r n a l  dose  ~11 ic i - i  c o n t r i b u t e s  t o  tile n a x i n u r  car :  be 

d i f f e r e n t  f o r  t h e  two c 2 s e s .  F i g u r e  3 i s  a g r a p h i c 2 1  il1us:r::ion o f  

t h i s  p o i n t .  T h e  maxinuc  annua i  d o s e s  a r ?  1is:ed i n  T e b l e  2 9  f o r  bone 

marrow and who lebo iy  f o r  botli noma!  and f a r i n r -  conlicions; t hey  iirc 

broken  d o h 7  i n t o  i n g e s t ' i o n  and e x t e r n a l  g a r . ,  c o 3 t r i b u : i o n s .  i h e  y e a r  a i  

which t h e  maximum dose  r a t e  o c c u r s  i s  a l s o  l i s t e d .  I t  i s  emphasized t i i e t  

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

consumpt ion  o f  f o o d s  o v e r  a l i f e t i n e  under  Famine  d i e t a r y  c o n d i t i o n s .  

T h i s  i s  n o t  a r e a s o n a b l e  d i e t a r y  p a t t e r n  bu t  i t  i s  p r e s e n t e d  t o  show t h e  

maximum c a s e  t h a t  c o u l d  o c c u r .  Famine c o n d i t i o n s  a r e  n o t  e x p e c t e d  t o  

o c c u r  f o r  more than  a month or two each y e a r ,  i f  a t  a l l .  
- 3 3  - 
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I n  T a b l e  29 a r e  l i s t e d  t h e  r e s u l t s  f o r  E n j e b i  ( J a n e t )  I s l a n d  t h a t  . k. 

s u m m r i z e  t h e  l i v i n g  p a t t e r n  of ma jo r  conce rn  to some of t h e  Enewetak 

people.  I n  t h i s  l i v i n g  p a t t e r n  a l l  food i s  assumed t o  come from E n j e b i  

( J a n e t )  Island e x c e p t  d u r i n g  t h e  f i r s t  8 y d u r i n g  which time t h e  c o c o n u t  

meat and f l u i d ,  b r e a d f r u i t  and Pandanus F r u i t  is assumed t o  come from t h e  

s o u t h e r n  i s l a n d s .  For normal c o n d i t i o n s  t h e  p r e d i c t e d  maximum annua l  

d o s e  r a t e s  a r e  250 mrea  f o r  bone marrow and 235 m r e m  t o  t h e  wholebody. 
r 

I f  p e o p l e  were t o  l i v e  c d n t i n u a l l p  under  famine c o n d i t i o n s  t h e  p r e d i c t e d  

maximum a n n u a l  dose  r a t e s  a r e  50G mrec and 4 5 5  mrem € o r  bone marrol; c n d  

wholebody r e s p e c t i v e l y  . 
On c o n p a r i s o n  of  t h e  d o s e s  p r e d i c t e d  f o r  t h e  f o u r  q u a d r a n t s  of 

E n j e b i  ( J a n e t ) ,  t h r e e  q u a d r a n t s  a r e  l e s s  t han  t k e  i s l a n d  a v e r a g e  ( T i S l e  

2 9 )  and one ,  t h e  n o r t h w e s t  q u a d r a n t ,  e x c e e d s  t h e  i s l a n d  a v e r a g e .  The 

doses  f o r  t h e  n o r t h w e s t  q u a d r a n t  a r e  3 2 5  m r e r / y  f o r  bone m a r r w  and 305 

mrerc/y f o r  wholebody f o r  normal c o n d i t i o n s ;  f o r  famine c o n d i t i o n s  t h e  

doses  a r e  670 mrem/y f o r  bone marrow and 610 mren/y f o r  wholebody. 

The maxim= annua l  d o s e  r a t e s  p r e d i c t e d  f o r  l i v i n g  p a t t e r n s  Aonon 

( S a l l y )  and B i j i r e  ( T i l d a )  ( a l l  f o o d s  frdm t h e s e  i s l a n d s  e x c e p t  d u r i n g  

t h e  f i r s t  8 y )  a r e  v e r y  s i n i l i a r .  The r e s u l t s  a r e  l i s t e d  i n  Tab le  2 9 .  

For normal c o n d i t i o n s  t h e  d o s e s  p r e d i c t e d  f o r  Aonon ( S a l l y )  a r e  50 mrec/y 

t o  bone marrol; and 4 5  mrec/y  t o  wholebody and f o r  B i j i r e  ( T i l d a )  t h e  bcxe 

marrov  and wholebody d o s e s  a r e  46 mrern/y and 4 L  mrer,/y r e s p e c t i v e l y .  F o r  

f a n i n e  c o n d i t i o n s  t h e  bone marrow and wholebody d o s e s  a r e  96 n r e n / y  and 

86 mrem/y f o r  Aomon ( S a l l y )  and 69 mrem/p and 82 mreo/y f o r  B i j i r c  

( T i l d a ) .  
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The d o s e  rates  for t h e  s o u t h e r n  i s l a n d  l i v i n g  p a t t e r n  a r e  also 

l i s t e d  i n  Table 29.  The maximum a n n u a l  dose  r a t e s  p r e d i c t e d  f o r  t h i s  

l i v i n g  p a t t e r n  a r e  e x t r e m e l y  low. For normal c o n d i t i o n s  t h e  maxim- 

a n n u a l  bone marrow d o s e  r a t e  is 3 . 7  m r e m  and t h e  wholebody dose  r a t e  is 

3.2 m r e m .  For c o n t i n u o u s  famine  c o n d i t i o n s  t h e  maximum annua l  dose  r a t e s  

f o r  bone marrow and wholebody a r e  o n l y  7.8 mrem and 5 . 9  m r e m  r e s p e c t i v e l y .  

T a b l e  29 i n c l u d e s  t h e  v a r i a t i o n s  t o  t h e  major l i v i n g  p a t t e r n s .  For  
r 

example ,  t h e  maxinun annu31 d o s e s  a r e  l i s t e d  f o r  E n j e b i  ( J a n e t )  I s l a n d  

when 15 p e r c e n t  of a p e r s o n s  tirce i s  s p e n t  on o t h e r  n o r t h e r r ,  i s l ? n ? s  

M i j i k a d r e k  ( K a t e )  t h r o u g h  E i l l a e  (Wilma) and IO p e r c e n t  o f  t h i s  d i e t a r y  

i n t a k e  of  coconu t  cones  f r o =  t h e s e  i s l a n d s ;  t n e  o t h e r  90 p e r c e n t  of  t h e  

coconu t  i n t a k e  and 85  p e r c e n t  of  t h e  t i n e  a r 2  of c o u r s e  on E n j e b i  ( J a a z t ) .  

Under t h e s e  c o n d i t i o n s  t h e  bone marrow dose  i s  reduced  fron a 250 n r e d y  

t o  230 m r e c l y  f o r  n o m a 1  c o n d i t i o n s ;  f o r  f a z i n e  c o n d i t i o n s  t h e  reluction 

i s  from 500 t o  470 n r e c .  S i m i l a r  r e d u c t i o n s  o c c u r  i n  t h e  who1eboC:: 

d o s e s .  For  E n j e b i  ( J a n e t )  I s l a n d  l i v i n g  p a t t c r n ,  o p t i o n s  

f o r  t h e  n e t  e f f e c t  of  s p e n d i n g  t i c c  on o ~ h e r  n o r t h c E s t e r n  i s l a n d s  i s  t o  

r educe  t h e  dose  fror ,  t h o s e  p r e d i c t e d  f o r . t h c .  En jeb i  ( J a n e t )  I s l a n d  1iv;r.g 

p a t  t e r n .  

The r e d u c t i o 2  of t h e  p r e d i c t e d  E n j e b i  ( J a n e t )  I s l a n d  d o s e s  i s  of 

c o u r s e  more d r a c a t i c  f o r  a c a s e  where a l l  o f  t b c  d i c t a : -> .  coconut C O L . ? ~  

f r o c  t h e  s o u t h e r n  I s l a n d s  J i n e d r o l  ( A l v i n )  th rough Kiarenez  (Keicl i )  . 
I n  t h i s  c a s e  i t  i s  assumed t h a t  15 p e r c e n t  o f  a p e r s o n s  t i n e  vi i i ld  a l s o  

be s p e n t  on t h e  s o u t h e r n  i s l a n d s .  The d o s e s  f o r  t h i s  o p t i o n  f o r  n o r c z l  

c o n d i t i o n s  are 7 3  n r e r , / y  f o r  vho leboay  and 8 5  mrer:/y f o r  b o r e  c.crr0.n.; f2:- 

famine  c o n d i t i o n s  t h e  doses a r e  150 o r e n / y  and 110 mrenly  f o r  bone marrob: 

and wholebody.  The d a t a  a r e  l i s t e d  i n  T a b l e  25. 
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p. * ‘r,.. h. 

For t h e  l i v i n g  p a t t e r n s  i n v o l v i n g  Aomon ( S a l l y )  and B i j i r e  (Tilda),);%j:. i ,? ,, 
.- ’ ’ .%<-., 

Q.: ~ 5. .., , . ;.’ 
* ,  

use of coconuts from o t h e r  n o r t h e r n  i s l a n d s  and t ime  s p e n t  on o t h e r  
c <. 

CJ 
n o r t h e r n  i s l a n d s  s l i g h t l y  i n c r e a s e s  t h e  p r e d i c t e d  d o s e s  over t h o s e  

i n v o l v i n g  Aomon ( S a l l y )  and B i j i r e  ( T i l d a )  a l o n e .  

The p r e d i c t e d  d o s e s  when 10 p e r c e n t  of t h e  coconut d i e t a r y  i n t a k e  

f o r  t h e  6 o u t h e r n  i s l a n d  p a t t e r n  i s  assumed t o  come from t h e  n o r t h e r n  

i s l a n d s  and 15 p e r c e n t  o f  a p e r s o n s  t ime  i s  s p e n t  on n o r t h e r n  i s l a n d s  a r e  

i n c r e a s e d  above t h o s e  p r e d i c t e d  f o r  s o u t h e r n  i s l a n d s  o n l y .  For  t h e  

combined s o u t h e r n  i s l a n d - n o r t h e r n  i s l a n d  l i v i n g  p a t t e n  t h e  wholebody an? 

bone marrow d o s e s  a r e  8 . 3  mreo?/y and 9 . 2  nreffiiy f o r  n o r n a l  c o n d i t i o n s  and 

r 

1 4  mren/y and 1 7  mren /y  f o r  f a s i n e  c o n d i t i o n s .  

I n  T a b l e  2 9  a r e  a l s o  l i s t e d  t h e  p r e d i c t e d  doses  f o r  a s p e c i a l  c a s e  

where  a c h i l d  i s  born on E n j e b i  ( J a n e t )  I s l a n e  a t  t h e  t i n e  of t h e  p e o p l e s  

r e t u r n  and i s  r e i s e ?  h i s  e n t i r e  l i f e  on t h s c  i s l a n d .  T h u s ,  h i s  er,:irc. 

d i e t a r y  i n t a k e  wi l l  cone  from E n j e b i  ( J a n e t )  Z s l a n i .  For norm21 

c o n d i t i o n s  t h e  wholebody dose  i s  160 mrenly  a r , l  t h e  bone Earrow dose  i s  

195 mremfy. 

and 405 mren /y .  For c o n p a r i s o n  t h e  a d u l t s  dost..; f o r  norr.s.1 c o n d i t i o n s  

f o r  E n j e b i  ( J a n e t )  I s l a n d  ( s e e  T a b l e  2 9 )  a r e  2 3 5  L;rec/y f o r  Kholebo2y er:? 

250 mrem/y for bone marrov .  The  c o r r e s p o n d i n g  f 2 ~ i r . e  c o n d i t i o n  doccs  io:. 

t h e  a d u l t  a r e  4 5 5  nrea!y and 50s n r e c / y .  Tkc  r e s c l t s  f o r  tt:c c h i l d  

s c e n a r i o  i n  which t h e  c h i l d  i s  b o r n  8 y a f t c r  t h e  peop les  re:urn i s  t t ic 

Fo r  f a n i n e  c o n d i t i o n s  t h e  c o r r e s p o n l i r ;  doses  a r c  350 nrcz,’y 

f i n a l  e n t r y  i n  T a b l e  2 9 ;  t h e  d o s e s  f o r  normal c o n d i t i o n s  nrt 150 crcz:y 

f o r  wholebody and 170 meren /p  f o r  bone marrov ,  bo th  of w ! i i c f D  a r e  lowsr  

t h a n  t h e  o t h e r  s c e n s r i o .  
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M e  results f o r  t h e  30 and 50 y i n t e g r a l  doses  f o r  wholebody and 

bone marrow for t h e  l i v i n g  p a t t e r n s  and o p t i o n s  b e i n g  c o n s i d e r e d  a r e  

l i s t e d  i n  Tables 30 through 44.  

c o n t r i b u t i o n #  from t h e  i n g e s t i o n ,  e x t e r n a l  gamma, and i n h a l a t i o n  pathway.  

. 
The doses  a r e  broken down i n t o  t h e  

The doses p r e d i c t e d  f o r  normal and farnine c o n d i t i o n s  on E n j e b i  

( J a n e t )  I s l a n d  a r e  l i s t e d  i n  T a b l e  30.  For  normal c o n d i t i o n s  t h e  30 y 

i n t e g r a l  wholebody dose  .is 4.9  rem and t h e  bone marrow dose i s  5.5 rem. 
r 

For  famine  c o n d i t i o n s  t h e  d o s e s  a r e  9 . 1  rem and 11 rem r e s p e c t i v e l y .  

T a b l e s  31-34 l i s t  t h e  doses  f o r  t h e  f o u r  q u a d r a n t s  of  E n j e b i  ( J a n e t )  

I s l a n d .  For  t h e  c a s e  l i s t e d  i n  Tab le  35 v h e r e  t h e  r e s i d e n c e  i s l a n d  i s  

E n j e b i  ( J a n e t )  bu t  10 p e r c e n t  of t h e  d i e t a r y  coconut  comes from o t h e r  

n o r t h e r n  i s l a n d s ,  t h e  30 y i n t e g r a l  wholebody and bone marrow doses  f o r  

normal c o n d i t i o n s  d r o p  t o  4.6 rem and 5 . 1  rem. When E n j e b i  ( J a n e t )  i s  

the r e s i d e n c e  i s l a n d ,  b u t  a l l  coconu t  co'ilss fro-, t h e  s o u t h e r n  i s l a n d s ,  

t h e  d a t a  l i s t e d  i n  T a b l e  36 show t h a t  f o r  normal c o n d i t i o n s  t h e  30 y 

i n t e g r a l  wholebody dose  i s  1.8 r e n  and the  bone marrow dose  i s  2 . 3  r e r .  

For  t h e  famine  c o n d i t i o n s  t h e  c o r r e s p o n d i n g  doses  a r e  2 . 6  and 3.6 r e c .  

T a b l e s  37-40  l i s t  t h e  r e s u l t s  f o r  t h e  Aonon ( S a l l y )  and B i j i r e  ( T i I d a )  

l i v i n g  p a t t e r n s ;  a l l  doses  a r e  much l e s s  t h s n  t h o s e  p r e d i c t e d  f o r  E n j e b i  

( J a n e t )  I s l a n d  l i v i n g  p a t t e r n s .  

The 30 y doses  p r e d i c t e d  f o r  t he  s o u f h e r n  i s l a n d  l i v i n g  p a t t e r n  f o r  

normal  c o n d i t i o a s  a r e  0 . 0 6 9  r e c  f a r  whclebody znd 0 .10 ren f o r  bone 

marrow ( T a b l e  4 1 ) .  For  famine c o n d i t i o n s  t h e  c o r r e s p o n d i n g  doses  r i s e  t o  

0.12 rem an&-0.22 rem. The i n t e g r a l  doses  f o r  t h e  s o u t h e r n  

i s l a n d / n o r t h e r n  i s l a n d  o p t i o n  f a l l s  between t h e  v a l u e s  g iven  f o r  t h e  

E n j e b i  ( J a n e t )  I s l a n d  p a t t e r n  and t h e  s o u t h e r n  i s l a n d  p a t t e r n  and a r e  

l i s t e d  i n  T a b l e  4 2 .  

*- 
1' 
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. , j  .,..z ,c? ._ For t h e  s p e c i a l  c a l c u l a t i o n  made f o r  c h i l d r e n  born a t  t h e  t ime of 

* 1 ,,\: 
J ,  ;+ ,y : f . 

r e t u r n  f o r  t h e  E n j e b i  ( J a n e t )  I s l a n d  l i v i n g  p a t t e r n ,  t h e  30 y i n t e g r a l  ‘dUU &P / 

wholebody and bone marrow d o s e s  f o r  normal c o n d i t i o n s  a r e  4.2 rem and 4 - 7  

rem r e s p e c t i v e l y  ( T a b l e  4 3 ) .  For  t h e  a d u l t  c a s e  g i v e n  i n  T a b l e  30 t h e  

results were 4 . 9  rem and 5.5 rem. For  famine c o n d i t i o n s  t h e  30 y 

i n t e g r a l  d o s e s  f o r  c h i l d r e n  a r e  2 g a i n  l e s s  t h a n  t h o s e  e s t i m a t e d  fo r  

a d u l t s .  The d o s e s  f o r  t h e  s c e n a r i o  where t h e  c h i l d  i s  born  8 y e a r s  a f t e r  

r e t u r n  ( T a b l e  4 4 )  a r e  l e i s  t h a n  when t h e  c h i l d  i s  born  a t  t h e  t i n e  of  

r e t u r n .  

r 

The e s t i t z a t e d  a r i t h m e t i c  mean, Y? o f  t h e  r a d i o n u c l i d e  c o n c e n t r a t i o n s  

i n  s o i l  and f o o d s  i s  used  t o  e s t i m a t e  a dose t h a t ,  f o r  our d a t a ,  i n c l u d e s  

a b o u t  65 p e r c e n t  ( r a n g e ,  55 t o  75 p e r c e n t )  of samples  w i t h  equa l  o r  lower 

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 .  O t h e r  d o s e s  can be e s t i m a t e d  from prob-  

a b i l i t y  p l o t s  g i v i n g  c u r ; u l a t i v e  c o n c e n t r a t i o n  q u a n t i t i e s  ( f o r  e x a x p i e ,  

F i g .  4 ) .  

t h e  s l o p e  o f  t h i s  l o g - p r o b a b i l i t y  plot.31‘ 

b e s t  f i t t i n g  l i n e ,  we can e s t i m z t e  t h e  p r o p o r t i o n  o f  c o n c e n t r z t i o n s  t h a t  

a r e  l e s s  t h a n  Y, 2T, and 3% o r  9 0 ,  9 5 ,  a n d  99 p e r c e n t  c u n u l a t i v c  

p r o b a b i l i t i e s .  

The s-’ ( s  = s t a n d a r d  d e v i a t i o n  of a l o g - t r a n s f o r m e d  p l o t )  i s  

B y  u s i n g  t h e  s l o p e  of  t h e  

E x p e r i e n c e  v i t h  c o n c e n t r a t i o n s  i n  s o i l  and a i r , 3 5 f 3 6  which o f t e n  

follow m u l t i p l i c a t i v e  n o d e l s ,  y i e l d  measured c o n c e n t r a t i o z s  t h a t  k,ave zz  

a p p r o x i n s t e l y  lognorma: p r o b a b i l i t y  d e n s i t y .  I f  we r e f e r  a g a i n  t o  t h e  

l o g - p r o b a b i l i t y  p l o t s  ( F i g s .  4 t h r o u g h  l o ) ,  o u r  o t h e m i s e  r i g h t - s k e v e d  

. u n t r a n s f o r m e d  d a t a  a p p r o x i m a t e l y  f i t  a s t r a i g h t  l i n e ,  and we s e e  a t  l e a s t  

q u a l i t a t i v e  e v i d e n c e  f o r  assuming t h e  p r o b z b l l i t y  d i s t r i b u t i o n  1 s  

lognormal. 
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To find n u m e r i c a l  e v i d e n c e  of  l o g n o r m a l i t y ,  we chose  t h e  

F i l l i b e n 3 '  r-test t o  r e j e c t  i f  n e c e s s a r y  t h e  h y p o t h e s i s  t h a t  each  d a t a  

s e t  is l o g n o r n z l l y  d i s t r i b u t e d .  

r - t e s t  t o  be 98 p e r c e n t  a s  p o w e r f u l  a s  S h a p i r o  and W i l k ' s  omnibus 

W - t e ~ t ~ ~  for  r e j e c t i n g  a lognormal  h y p o t h e s i s  when t h e  d a t a  a r e  n o t  

l o g n o r m a l .  

2 t o  100. Computa t iona l . ly ,  t h e  r - t e s t  i s  much more c o n v e n i e n t  t h a n  t h e  

W-test i n  t h a t  long l i s t s  of  c o n s t a n t s  need no t  be s t o r e d .  h'c 

a p p r o x i m a t e  t h e  r - p r o b a b i l i t y  l e v e l s  by a s e c o n l  o r d e r  p o l y n o z i a l  i r ,  l o g  

(number o f  s a m p l e s ,  N) f o r  N 4 .  The rriaxirnuz e r r o r  f o r  t h i s  

a p p r o x i m a t i o n  i s  2 0.004 i n  t h e  r e g i o n  Pi = 1 0 ;  e l s e w h e r e  - + 0.001. 

'-*':.. f i  

F i l l i b e n ' s  i n v e s t i g a t i o n s  have shorn t h e  

The r - tes t  was v a l i d a t e d 3 7  f o r  sample numbers r a n g i n g  from 

r 

We t e s t e d  a l l  d a t a  s e t s  ( g r s a t e r  t h a n  s i x  measurements  each1  h a v i n g  

more t h a n  h a l f  t h e  samples  g r e a t e r  t h a n  t h e  einimurr: d e t e c t a b l e  a c t i v i t y  

(MDk) and f o u n d  t h a t  91  d a t a  s e t s  o a t  o f  123 t e s t e d  l o g n o r E s : .  O f  t h c  $1 

s e t s ,  56 p e r c e n t  had r - v a l u e s  grc-a:er t h a n  t h e  0 . 5  p r o b a b i l i t y  accep:ance 

l e v e l ;  36 p e r c e n t ,  0 . 1  5 r 5 0 . 5 ;  7 p e r c e n t  0.05 I r 5 0 . 1 ;  and 1 

p e r c e n t ,  Y 5 0.05 .  The lognor~a: assur:ptio:! 1;as r c j e c t e t  f o r  1oL; 

T - v a l u e s  ( r  S 0.05).  The r e s u l t i n g  i n a c c u r i c y  i s  s r o l i  s i n c e  t h o s e  

r e j e c t e d  d a t a  s e t s  were neiir t h e  pLD.4. 

Mean (a), s t a n d a r d  v a r i e t i o n  ( 5 )  , and cu rnx la t ive  p r o b a b i l i t y  wrF :  

e s t i m a t e d  by t h e  ( 1 )  K r i g e ' s  q u a n t i l e  vers io: ;  of t i , c  cz:,:iE-Ar l i l : c 1 i h @ d  

e s t i m a t o r ,  ( 2 )  l o g - p r o b a b i l i t y  g r a p h i c s 1  z c t h o l s ,  azd ( 3 )  a r i : n z e t i c  

mean. R r i g e ' s  method is used a s  o u t l i n c d  by G i l b e r t , 3 '  usin; t h e  

- 39 - 



* 

. 
' F i n n e y  minimum variance u n b i a s e d  e s t i r c a t o r  d e s c r i b e d  by A i t c h e s o n  and 

B r O m * 3 4  

is o p t i m a l  u n d e r  t h e  a s s u m p t i o n  of lognormal  d i s t r i b u t i o n  ( A i t c h i s o n  and 

The K r i g e  method u s i n g  a m i n i m m  v a r i a n c e  unbiased  e s t i m a t o r  

Brown34 p .  44). 

q u a n t i l e  formula.39 

( X i  -T 1, where x i  a re  measurement v a l u e s  i n  p C i / p  and may b e  

n e g a t i v e  and below t h e  mininun d e t e c t a b l e  a c t i v i t y  ( K D A ) .  The param- 

e t e r  removes problems of T a k i n g  l o g r i t h n s  of  n e g a t i v e  numbers and improves 

The s h i f t  p a r a m e t e r ,  T , i s  c a l c u l a t e d  u s i n g  l i r i g e ' s  

The T i s  i n v o l v e d  i n  t h e  l o g - t r a n s f o r m  as  l o g  

r 

t h e  a p p r o x i m a t i o n  t o  t h e  lognormal  p r o b a b i l i t y  d e n s i t y  f u n c t i o n .  Tne 

computer  a lgo r i th r r !  c a l c u l a t e s  t h e  f i r s t  T .  F i g u r e  8 ,  T = 0.6 pCi /cn ,  

e x h i b i t s  an example where t h e  l e f t  F D A  c o n c e n t r a t i o n s  a r e  f o r c e d  more 

c l o s e l y  t o  a s t r a i g h t  l i n e  t h a n  t h e  same d a t a  w i t h  T = o ( F i g .  7 )  u s i n g  

t h e  K r i g e  method3' t o  a d j u s t  t h i s  p a r a n e t e r  a b o u t  t h e  f i r s t  a p p r o x i -  

m a t i o n  t o  m a x i a i z e  t h e  r - t e s t  v a l u e .  The means and v a r i a n c e s  a r c  

c a l c u l a t e d  u s i n g  t h e  F i n n e y  f i f t e e n  term 2 p p r o s i n ; t i o n  t o  a ollninuc. 

v a r i a n c e  e s t i m a t e  ( A i t c h i s o n  and Bror=n,34 Eq. 5 . 3 7 ) .  

t i o n  of  each  d a t a  s e t  i s  done by a log-probability p lo :  (examples  on 

F i g s .  4 t o  10). For c o m p a r i s o n ,  t h e  mean and v a r i a n c e  w a s  e s t i m a t e d  

u s i n g  t h e  q u a n t i l e  The rrinimuc, v a r i a n c e  l o g - p r o b a b i l i t y - l i n e  

A v i s u a l  i n s p e c -  

was used  t o  f i n d  t h e  q u a n t i l e  v a l u e s .  K u n e r i c a l  a p p r o x i n a t i o n s  t o  t h e  

c u m u l a t i v e  normal d i s t r i b u t i o n  used f o r r , u l a s  2 6 . 2 . 2 3  a z t  2 6 . 2 . 2 2  i n  

Abromovi t z and S t egun ' s handbock.  40 

t h e  compar ison  o f  rnerhods f o r  241h which have s e v e r a l  c e a s o r e d  v r l u e s ,  

and 137Cs a t  t h e  same sample  l o c a t i o n .  

mean f r e q u e n t l y  u n d e r e s t i m a t e s  t h e  K r i g e  c - t . t h o d  ( a v e r a g e  0 ;  30 p e r c e n t ,  

u n d e r e s t i m a t i o n  r a n g e :  0 t o  -100 p e r c e n t ,  0-15 cc. s o i l s ) ,  bu t  t h e  

T a b l e s  45 t h r o u g t  4 7  i l l u s t r a t e  

For  241h, t h e  a r i t h n e t i c  
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A q u a n t i l e  method o v e r e s t i m a t e s  m and s ( a v e r a g e  of + 48 p e r c e n t ,  r ange :  0,; .J 7 t :  

-'. :>, 3 , f -  . t o  + 160 p e r c e n t ,  0-15 c m  s o i l ) .  For 137Cs w i t h  few measurements below 
* I  h,, . 1 . ;  ,,\ 

t h e  MDA, t h e  d i f f e r e n c e s  between methods a r e  s m a l l e r .  For I3'Cs 0-15 

cm soil measurements  t h e  a r i t h m e t i c  mean, x ,  u n d e r e s t i m a t e s  - 5  p e r c e n t  

- ( r a n g e :  -32 p e r c e n t  t o  +6 p e r c e n t ) ,  and f o r  t h e  q u a n t i l e  method, x 

a v e r a g e s  21 p e r c e n t  lower  ( r a n g e  -50 p e r c e n t  t o  0 p e r c e n t ) .  As w e  can 

s e e  ( T a b l e  4 6 ) ,  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  d a t a  above t h e  IDA t h e  
r 

a r i t h m e t i c  a v e r a g e s  nake  'a good approx ima t ion  t o  t h e  K r i g e  mean f o r  

c o e f f i c i e n t  o f  v a r i a t i o n  c ,  a v e r a g i n g  0.9 ( r a c g e :  0 . 6  t o  1 . 5 ) .  R e c e r ' t l y ,  

m i t e 4 '  found t h e  a r i t h m e t i c  mean t o  have  a 75 p e r c e n t  e f f i c i e n c y  f o r  

c o e f f i c i e n t s  o f  v a r i a t i o n ,  c ,  l e s s  t h a n  2 .  Trdis  e f f i c i e n c y  i s  a l s o  s h o ~ m  

by A i t c h i s o n  and ~ r o 1 . 7 . ~ ~  

The v a l u e  o f  t h e  s h i f t i n g  p a r a c e t c r  car, be s e e n  f r o r  T a b l e s  45 a n l  

46  t o  be r o u g h l y  e q u a l  t o  t h e  MDA v i l u e s  o f  2L1A-_ ( 0 . 2  t o  i . 5  pCi /gz )  

and 137Cs ( 0 . 1  pCi/gtc).  Both of t h e s e  d a t a  s e t s  have v a l u e s  l e s s  t han  

H D A ,  se t  t o  M I A .  S i m i l a r  a n a l y s i s  on u n a l t e r e d  d a t e  e x h i b i t s  l ove r  o r  

n e g a t i v e  v a l u e s  of T .  The 137Cs v a l u e s  ( T a b l e  4G)  a r e  seen  cz 

samples  E n j e b i  ( J a n e t )  KE and K i d r i n e n  ( L u c y )  t o  be u n r e a s o n a b l y  l a r g e ,  

and w i t h o u t  p h y s i c a l  b a s i s .  The improvement iri l o g n o r c a l  f i t  vas 

m a r g i n a l  and t h e  T cou ld  have been s e t  t o  z e r o ;  however ,  t h e  K;rige neti?OZ 

i s  f a i r l y  i n s e n s i t i v e  t o  T a s  i l l u s t r a t e d  by exar;ple,3S; ar.2 a s  our  

t e s t s  have a l s o  sh0L-n. 

The computer c o r p u t a t i o n a l  codes  were t e s t e l  k i t i :  a r t i f i c i a l  log-  

A 105 t e rm a p p r ~ x i m a t i o n ~ ~  g e n e r a t e d  by B r e c t a n g c l a r  normal s a n p l e s .  

d i s t r i b u t e d  psuedo-randoc  g e n e r a t o r  produced t h e s e  s r r i f i c z l  s a r p l e s .  

T e s t i n g  samples  numbers ranged  f r o c  4 t o  2 5 5 .  
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Soil 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  l o g - p r o b a b i l i t y  p l o t s  were con- 

-> 
* .  s t r u c t e d  for "Sr, I3'Cs, 239+240Pu, and *"Am a t  p r o f i l e  d e p t h s  0-15 cm, ked:,; 8 2 ,  

c' y h' 15-25 c m ,  25-40 cm, 2nd 40-60 cm u s i n g  c o n c e n t r a t i o n s  i n  p C i / p .  We 

examined the i s l a n d s  of  E n j e b i  ( J a n e t )  a n d  i t s  f o u r  q u a d r a n t s ,  Mijikadrek 

(Kate) ,  K i d r i n e n  (Lucy), Bokenelap  (Mary) ,  E l l e  (Kancy) ,  Aej ( O l i v e ) ,  

Aomon ( S a l l l - ) ,  B i j i r e  ( T i l d a )  Lojwa ( U r s u l a ) ,  Alembel ( V e r a ) ,  and B i l l a e  

(Wilma). 

and f l u i d ,  and papaya meat  f r o D  Eneu I s l a n d  ( E i k i n i  A t o l l )  u s i n g  t h e  s a n e  

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

We e v a l u a t e d  90Sr  and 137Cs c o n c e n t r a t i o n s  i n  coconu t  meat 
c 

O u r  a n a l y s e s  showed t h e  lognormal  p r o b a b i l i t y  d e n s i t y  a s s m p t i o n  t o  

be c o r r e c t  for d a t a  s e t s  h2vi1lg a m a j o r i t y  o f  c o n c e n t r a t i o n  above t l ie  

F D A .  The a r i t h m t i c  mean i s  an a d e q u a t e  e s t i r a t o r  c o r p e r e d  t o  t h e  min i -  

mum v a r i a n c e  e s t i m a t o r ,  p a r t i c u l a r l y  when t h e  c o e f f i c i e n t  of  v a r i a n c e  i s  

l ess  t h a n  two-- this  i n c l u d e s  95 p e r c e a t  of t h e  a n a l y z e d  d a t a  s e t s .  kiore 

i m p o r t a n t l y ,  t h i s  method e v a l u a t e s  t h e  p r o p o r t i o n  of  measurements  l e s s  

t h a n  t h e  mean, x ,  and 3, ( T a b l e s  4 5 - 4 7 ) .  The a n a l y z e d  s a i l  and food d a t a  

3 F v a l u e s  i n c l u d e s  an a v e r a g e  o f  95 - + 3 . 5 : $  o f  t h e  sar -p le  ( r a n g e  86-100 

p e r c e n t )  measurements .  These 5: and 3 T  c b n c e r t r a t i o n s  a i e  t hen  used t o  

e s t i m a t e  d o s e s  t h a t  i n c l u d e  a knob7 fraction of p o s s i b l e  measu remen t s ;  

f o r  7, n o r e  than  6 4  p e r c e n t  of t h e  n e a s u r e e m t s  a r e  i n c l u d e d ;  and f o r  3 7 ,  

95 p e r c e n t  a r c  i n c l u d e d .  

- 

C a l c u l a t i o n s  f o r  A l t e r n a t e  D i e t a r y  and Time V a r i Q t i o n s  

T h e r e  is always an i n t e r e s t  i n  d e v e l o p i n g  dose e s t i m a t e s  f o r  l i v i n g  

p a t t e r n s ,  and o p t i o n  x i t ? , i n  l i v i n g  p a t t e r n s ,  which a r e  n o t  deve loped  i n  

t h e  p a p e r .  A n  enoit'Dus n u n j e r  o f  op:ions c o u l d  be s y n t h e s i z e d  and i t  is 
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of c o u r s e  i m p o s s i b l e  t o  i n c l u d e  them a l l  i n  a p a p e r .  

t h o s e  t h a t  we f e e l  are most r e a s o n a b l e  and most p r o b a b l e .  However, w e  

have i n c l u d e d  i n  a p p e n d i c e s  t h e  d a t a  n e c e s s a r y  t o  d e v e l o p  t h e  p r e d i c t e d  

We have deve loped  ’ 

> 

d o s e s  for  other v a r i a t i o n s .  

c a l c u l a t e  t h e  e x t e r n a l  g a m a  i n h a l a t i o n  and d i e t a r y  coconut  c o n t r i b u t i o n  

f o r  any  p e r i o d  of t i m e ,  f o r  any i s l a n d ,  and f o r  any f r a c t i o n  of t h e  d i e t  

By p r o p e r  u s e  of t h e  a p p e n d i c e s  one can  

t h a t  one chooses .  
r 

Appendix B l i s t s  t h e  annua l  g a m a  exposure  i n  m r e c  per  y e a r  and t h e  

c u m u l a t i v e  or  i n t e g r a l  dose  i n  rem f o r  1 th rough  70 y f o r  each i s l a n d .  

T h e r e f o r e ,  once a t i m e  d i s t r i b u t i o n  on v a r i o u s  i s l a n d s  has been 

e s t a b l i s h e d ,  t h e  e x t e r n a l  dose  can be computed from t h e  d a t e  g iven  i n  

Appendix E. 

Appendix E l i s t s  t h e  d o s e s  t o  t h e  l u n g  and bone due t o  2 3 9 + 2 4 0 P ~  

and 2 4 1 A ~  a s  a r e s c ; l t  o f  i n h a l a t i o n  when 100 per:ent o i  a p e r s o n ’ s  tic? 

is s p e n t  on t h e  l i s t e d  i s l a n d .  The doses  a r e  based upon t h e  i n h a l t t i o n  

pathway model d e s c r i b e d  i n  t h e  t e x t .  Once a g a i n ,  vtien a t ime d i s t r i b u -  

t i o n  on v a r i o u s  i s l a n d s  h a s  been e s t a b l i s h e d ,  t h e  c o r r e s p o n d i n g  lung  a a d  

bone d o s e s  f o r  bo:h dose  r a t e s  and i n t e g r a l  d o s e s ,  can be c a l c u l a t e d  f r o r  

t h e  d a t a  g i v e n  i n  Appendix E .  

Appendix F l i s t s  t h e  whclebodp and bone mar rov  annual  dose  r a t e s  and 

i n t e g r a l  d o s e s  f o r  n o m a 1  and f a z i n e  c o n j i t i o n s  t h a t  r e s u l t  f ro2 t h e  

e n t i r e  coconu t  i n t a k e  from t h e  l i s t e d  i s l a n d  a f t e r  t h e  f i r s t  8 y ;  f o r  t h e  

f i r s t  8 y ,  &he  coconut  i n t a k e  i s  f r o 3  t h e  s o u t h e r n  i s l a n d s .  The d i e t a r y  

i n t a k e  o f  coconu t  can  bc p r o r a t e d  among v a r i o u s  i s l a n d s  i n  any f a s h i o n  

d e s i r e d  and t h e  r e s u l t i n g  d o s e s  can be  t a b u l a t e d ;  t h e  t o t a l  dose  

r e s u l t i n g  from any s c e n a r i o  can  then  be d e t e r m i n e d .  The doses  a r e ,  o f  
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c o u r s e ,  based upon the  c o c o n u t  i n t a k e  l i s t e d  f o r  t h e  famine and normal  
-.<,< .. < ,*' s,c I - . ;  

d i e t s  i n  T a b l e  3 .  Doses f o r  other i n t a k e s  can be de t e rmined  by r a t i o i n g  qu-. . - 2 ,  . 
c'c . 

t t h e  i n t a k e s  and m u l t i p l y i n g  by t h e  d o s e s  l i s t e d  i n  Appendix F .  

We listed t h i s  i n f o r m a t i o n  only for. coconut  because  i t  is t h e  o n l y  

t e r r e s t r i a l  food p r o d u c t  l i k e l y  t o  be  consumed from i s l a n d s  o t h e r  t han  

t h e  r e s i d e n c e  i s l a n d .  Tne t h r e e  i s l a n d s  or  complexes e v a l u a t e d  i n  t h i s  

r e p o r t  a s  r e s i d e n c e  i s l a n d s - - i . e .  , E n j e b i  ( J a n e t ) ,  Aomon ( S a l l y ) ,  B i j i r e  

( T i l d a ) ,  and t h e  s o u t h e r n -  i s l a n d s  

c 

J a p t a n  ( D a v i d ) ,  Medren (E lmer )  and 

Enewetak ( F r e d )  a r e  t h e  o n l y  l and  masses  l a r g e  enough t o  s u s t a i n  a 

r e s i d e n c e  of  a s i g n i f i c a n t  p o p u l a t i o n .  T h e r e f o r e ,  t h e  dose  t a b l e s  

p r e s e n t e d  i n  t h e  t e x t  a r e  based  on t h e  a s sumpt ion  t h a t  t h e  res t  o f  t h e  

s u b s i s t e n c e  c r o p s  a r e  d e r i v e d  from t h e  i d e n t i f i e d  r e s i d e n c e  i s l a n d .  

Appendix G c o n t a i n s  t h e  a v e r a g e  i s l a n d  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  

f o r  s o i l  p r o f i l e s  c o l l e c t e d  on an i s l a n d ;  t h e  r e s u l t s  a r e  l i s t e d  f o r  

d e p t h s  o f  0-15 cm, 0-25 C E ,  0-40 C E ,  and 0-60 cm. These  d a t a ,  i n  

c o n j u n c t i o n  F i t h  t h e  c o n c e n t r a t i o n  r a t i o s ,  a r e  t h e  b a s i s  f o r  develo2ir.g 

t h e  r a t i o n u c l i d e  c o n c e n t r a t i o n s  i n  food p r o d u c t s  i n  t h e  t e r r e s t r i a l  food  

c h a i n .  I n  a d d i t i o n ,  t h e  d a t e  car, be used t o  make r e l a t i v e  c o n ? a r i s o n s  o r  

i s l a n d s  a t  t h e  a t o l l .  
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The doses p r e s e n t e d  i n  t h i s  a s s e s s m e n t  a r e  c a l c u l a t e d  assuming t h a t  f o r  

n o r t h e r n  living p a t t e r n s  t h e  c o c o n u t ,  b r e a d f r u i t  and Pandanus f r u i t  w i l l  

come from the  s o u t h e r n  i s l a n d s  f o r  t h e  f i r s t  8 y e a r s .  A t  t h e  end o f  8 y e a r s  

t h e s e  s u b s i s t e n c e  c r o p s  s h o u l d  b e  a v a i l a b l e  from i n i t i a l  p l a n t i n g s  made on 

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

The d i e t  used t o  d e t e k i n e  t h e  d a i l y  i n t a k e  of r a d i o n u c l i d e s  i s  t h e  most 

d i r e c t  d a t a  a v a i l a b l e  on t h e  c u r r e n t  d i e t a r y  h a b i t s  o f  t h e  Enewetak p e o p l e  

(see t a b l e s  1 7 - 2 4  and a p p e n d i x  7). The d i e t  i s  o f  c o u r s e  v e r y  i m p o r t a n t  i n  

p r e d i c t i n g  d o s e s  t o  a p o p u l a t i o n  b e c a u s e  t h e  dose w i l l  s c a l e  d i r c c t l p  K i t h  

d i e t a r y  i n t a k e .  We have mentioned i n  p r e v i o u s  a s s e s s c i e n ~ s  thc- impor tance  o f  

t h e  d i e t  and t h e  u n c e r t a i n t y  which was inheren:  i n  p r e v i o u s l y  c o n s t r u c t e d  

d i e t a r y  p a t t e r n s  ( 1 , 7 , 2 1 ) .  For tile f i r s t  t i n e  w e  have d i : - s c t  inpi i t  f r o c  a 

s i g n i f i c a n t  number ( 1 4 4 )  o f  t h e  Enek-etak popul2:ior. a s  a f u n c t i o n  of age  and 

o f  d i e t a r y  c o n d i t i o n s .  The I'norTnal c o n d i t i o n "  i n  t h i s  r e p o r t  r e f e r s  t o  t h e  

u s u a l  and e x p e c t e d  l i v i n g  c o n d i t i o n s  i n  Khicli t h e  p r e f e r r e d  i n p o r t e d  f o o d s  

a r e  a v a i l a b l e .  The I l f a r i n e  c o n d i t i o E "  i s  t h e  s i t u i t i o n  which o c c u r s  

o c a s s i o n a l l y  even today  when i c p o r t e c  foods a r e  i n  s h o r t  supply  OT a b s c n t  

f rom t h e  d i e t  and t h e r e  i s  n e a r l y  a t o t a l  dependence upon l o c a l l y  grovn 

s u b s i s t e n c e  c r o p s .  I t  i s  s t i l l  emphas ize?  t h ; t  a s  a c c c r a t c  p i c t u r c  o f  tkE: 

d i e t ,  e s p e c i a l l y  a s  i t  r e f l e c t s  on t h s  c o n s u n p t i o n  oi l o c a l l y  gro'r;7 

f o o d s t u f f s ,  i s  e x t r e m e l y  i m p o r t a n t  i n  t h e  d o s e  p r e d i c t i o n s  f o r  r e s e t t l e E e n t  

o p t i o n s  a t  t k  a t o l l .  

The t r a n s u r a n i c  d o s e s  fron i n h a l a t i o n  ar.2 i n g e s t i o n  a r e  based on an 

e x t r a p o l a t i o n  o f  t h e  2 4 1 P u / 2 4 1 h  r a t i o  obscived on E n j e b i  ( J a n e t )  I s l a n l  
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f;"?i1"4, r; -,- -- - ' t o  the entire *tol l .  The 241Pu d a t a  f o r  each  i s l a n d  t o  make t h e s e  * '  ,f , , 
i, f 3.; ' . *a : -. 

c a l c u l e t i o n s  a r e  n o t  y e t  a v a i l a b l e  and t h e  d o s e s  from t h e i r  s o u r c e  w i l l  b g  - d L  

' r e f i n e d  a t  a l a t e r  d a t e .  We know t h e i r  r a t i o  w i l l  vary a t  some of t h e  

i s l a n d s .  The r e s u l t s  of t h i s  i n c r e a s e  i n  241Am i s  however i n s i g n i f i c a n t  

i n  t h e  o v e r a l l  dose  p i c t u r e  f o r  sometime i n t o  t h e  f u t u r e .  

I n g e s t i o n  d o s e s  from 6oCo a r e  n e g l i g i b l e  and t h e r e f o r e  do n o t  a p p e a r  

i n  any o f  t h e  t a b l e s .  

s a m p l e s .  It  i s  obse rved  a t  low c o n c e n t r a t i o n s  i n  s o i l  s a n p l e s  b u t  

U s u h l l y  we can  not  d e t e c t  6oCo i:: v e g e t a t i o n  
r 

i n c o r p o r a t i o n  i n  p l a n t s  i s  such  t h a t  c o n c e n t r a t i o n s  r a r e l y  exceed t h e  

d e t e c t i o n  l i r i t .  

Doses from 'OS, and 13'Cs v i a  t h e  i n h a l a t i o n  pathway a r e  ve ry  small 

and a r e  t h e r e f o r e  n o t  l i s t e d  i n  t h e  dose  t a b l e s .  h e x a c p l e  c a l c u l a t i o n  f o r  

i n h a l a t i o n  of I3'Cs anc  90Sr f o r  E n j e b i  ( J a n e t )  I s l a n d  i s  l i s t e d  i n  

Appendix E f o r  compar ison  t o  i n h a l a t i o n  d o s e s  from o t h e r  r a d i o i i u c i i d e s .  

U n c e r t a i n t y  i n  t h e  f i n a l  dose  v a l u e s  can r e s u l t  f r o n  t h e  u n c e r t a i n t y  i z  

t h r e e  s o u r c e s  o f  i n p u t  d a t a :  ( 1 )  t h e  r a d i o n u c l i d e  c o n c e n t r a t i o n  i n  f o o d ,  

( 2 )  t h e  d i e t a r y  i n t a k e ,  and ( 3 )  t h e  b i o l o g i c a l  p a r a m e t e r s  such a s  

r a d i o n u c l i d e  t u r n o v e r  t i m e s  i n  t h e  body and f r a c t i o n a l  d e p o s i t i o n  i n  v a r i o o s  

o r g a n s  . 
The d i s t r i b u t i o n  of  r a d i o n u c l i d e  c o n c e n t r a t i o -  d a t a  was d i s c u s s e d  i n  t h e  

r e s u l t s  and shor;n i n  f i g u r e s  4 t h rough  10. The d i s t r i b c t i c n  i s  lo&norcal 

and t h e  use  o f  t h e  a r i t h m e t i c  mean, x ,  i n c l u d e s  sone  65;: 0: t h e  p o p u l ~ t i o ? ;  

two t i m e s  i n c l u d e s  865 of  t h e  p o p u l a t i o n  a n d  3 T i n c l u d e s  b e t t e r  t h a n  

- 

9 5 x .  The number of p l a n t s  i n  t h e  p o p u l a t i o n  wit?. a c o n c e n t r a t i o n  t n r e e  

t i m e s  t h e  mean v a l u e  i s  l e s F  thai: 5:; of t h c  t o t a i .  T h e r e f o r e ,  ti:c 

p r o b a b i l i t y  of a per son  f i n d i n g  h i s  e n t i r e  d i e t  f o r  1 ,  5 ,  10 o r  30 y e a r s  
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h a c o n c e n t r a t i o n  of t h r e e  t i m e s  t h e  mean v a l u e  i s  v e r y  

t r a t i o n  d a t a  are a l s o  l o g n o r m a l l y  d i s t r i b u t e d  w i t h  : <  
4 -  b > : N  ' .< c 

similar p e r c e r i t a g e s  accoun ted  f o r  by x-, 2 7, and 3 X and r e - e n f o r c e  t h o s e  < *  - '  ' >  

6' 7 
i n  coconu t  meat and m i l k ;  c o n c e n t r a t i o n s  i n  p l a n t s  s h o u l d ,  &*I 

o v e r a l l ,  r e f l e c t  t h e  c o n c e n t r a t i o n  i n  soil. 

The o b s e r v e d  lognorma l  d i s t r i b u t i o n  of 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  i n  

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

d i s t r i b u t i o n s  i n  n a t u r e .  - A l s o  t h e  o b s e r v a t i o n  t h a t  3 times t h e  mean v e l u e  

i n c l u d e s  more than  95:. o f  t h e  p o p u l a t i o n  d i s t r i b u t i o n  i s  c o n s i s t e n t  v i t h  

o t h e r  o b s e r v a t i o n s  s e v e r a l  of v h i c h  have r e c e n t l y  been s u m a r i z e d  by Cuddibly 

e t  a1  ( 4 3 ) .  

r 

St ron t ium-90  c o n c e n t r a t i o n  d i s t r i b u t i o n s  i n  bone have been s p e c i f i c z l l y  

a d d r e s s e d  by Kulp and S c h u l e r t  ( 4 1 ) .  

was d i s t r i b u t e d  l o g n o r m a l l y  and t h a t  t h e  9 8 t h  p e r c e n t i l e  v a l u e  v a s  2 . 3  t i m s  

t h e  mean v a l u e .  

3 times t h e  mean; most of t h e  d a t a  f e l l  b e l o v  3 t i n e s  t h e  mean (16,191. 

These  d a t a  a l s o  r e f l e c t  t h e  combincd v a r i a b i l i t y  of  t h e  "Sr c o n c e n t r a t i o -  

They found t h a t  "Sr from f a l l o u t  

Maximum v a l u e s  obse rved  f o r  'OS, i n  bone by Benne t t  v c r e  

i n  food p r o d u c t s  and t h e  v a r i a b i l i t y  i n  d i e t a r y  i n t a k e .  

The r a n g e  of  v a l u e s  obse rved  f o r  t h e  r e t e n t i o n  of  I3'Cs i n  hunans l-,zs 

been summarized i n  I C R P  10 and 1 0 A  ( 2 4 , 2 5 1  and KCRD 5 2  ( 2 6 ) .  For e x a n p l e ,  

t h e  r a n g e  of observed  v a l u e s  f o r  t n e  r e t e n t i o r .  t i n e  fcr  the  s h o r t  tt-rr, 

compartment i s  0 .5  t o  2 . 1  day w i t h  a mean o i  1 .0  day;  t h e  upper l i c i t  t i l ; :  

h a s  

t h e  

115 

The 

been  obse rved  is o n l y  a f a c t o r  of 2 ,  g r e a t e r  than  t h e  mean v a l u e .  For 

l o n g  t e r e e o m p a r t m e n t  t h e  d a t a  r ange  f r o 3  60 t o  165 w i t h  a mean v a l u e  o f  

days; t d m a x i m u n ;  v a l u e  i n  t h i s  c a s e  i s  l e s s  t han  t v i c e  t h e  mean v a l u e .  

f r a c t i o n  of t h e  i n t a k e  which h a s  been obse rved  t o  go t o  t h e  s h o r t  t e r n  

.g! 
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( i . e .  1 day) compartment r a n g e s  from 0.02 t o  0.22 w i t h  a mean of  0.15; 

t h e  l o n g  term (i.e. 115 d a y )  compartment t h e  r ange  i s  0.78 t o  0 . 9 7  v i t h  a 

4- mean v a l u e  o f  0 .85 .  For b o t h  c a s e s  t h e  maximum v a l u e  is l ess  t h a n  a f a c t o r  

of two g r e a t e r  t h a n  t h e  mean. 

The I3’Cs gama e x p o s u r e  d a t a  which is l i s t e d  i n  t a b l e  2 shows t h a t  

t h e  maximum e x p o s u r e  r a t e  obse rved  a t  an i s o l a t e d  p o i n t  on t h e  i s l a n d  i s  f o r  

most i s l a n d s  l e s s  t h a n  a f a c t a r  o f  t h r e e  g r e a t e r  t han  t h e  mean volume. I n  

many c a s e s  t h e  maximum o h e r v e d  v a l u e  i s  o n l y  2 t i m e s  t h e  mean v a l u e .  The 
r 

6oCo d a t a  i s  more v a r i a b l e  b u t  i t  a l s o  a c c o u n t s  f o r  a sma l l  p o r t i o n  of t h e  

e x t e r n a l  dose  o v e r  30 y e a r s .  

P r e v i o u s  e v a l u a t i o n s  i n d i c a t e  t h a t  d i e t a r y  i n t a k e  i n  a p o p u l a t i o r ,  i s  

T h i s  would of c o u r s e  mean t h a t  x would i n c l u d ?  l o g n o r m a l l y  d i s t r i b u t e d .  

more t h a n  50% of  t h e  p o p u l a t i o n .  We a r e  c u r r e n t l y  e v a l u a t i n g  t h e  d a t a  i n  

t h e  U j e l a n g  D i e t a r y  Survey  t o  s e e  i f  t h e  d i s t r i b u t i o n  i s  l o g n o r r a l  and i f  s o  

what f r a c t i o n  o f  t h e  p o p u l a t i o n  would be  inc luded  a t  two o r  t h r e e  t i n e s  the 

mean v a l u e .  

I n  an o v e r a l l  e v a l u a t i o n  of  t h e  d i s t r i b u t i o n  of a l l  of t h e  i n p u t  d a t a ,  

t h r e e  t i n e s  t h e  mean v a l u e  i n c l u d e s  n o r e ’ t h a n  95% of t h e  p o p u l a t i o n ;  i n  s O Z C  

c a s e s  t h e  maxi run  obse rved  v a l u e s  were neve r  a s  g r e a t  a s  3 x and c l o s e r  t o  

l i k e  2 x. Assuming t h e  v a r i a b l e s  t o  be independen t  and t h u s  combining  i n  a 

l i n e a r  f a s h i o n  t h e  low p r o b a b i l i t y  a s s o c i a t e d  w i t h  v a l u e s  e q u a l  t o  or  

e x c e e d i n g  3 T f o r  each  of t h e s e  i n p u t  p a r a m e t e r s ,  would l e a d  t o  an extrece:!. 

s m a l l  p r o b a b i l i t y  of a l l  such e v e n t s  o c c u r r i n g  f o r  one pe r son .  

Ln summary, t h e  u s e  of t h e  mean v a l u e  X f o r  e s t i m a t i n g  t h e  dose  t o  

p e o p l e  resettling a t  Enewetak A t o l l  p r o v i d e s  dose  est i r ra :es  whici; i n c l u d e s  

more t h a n  h a l f  t h e  p o p u l a t i o n .  U n t i l  a more thorough a n a l y s i s  can  be  
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performed on the d i s t r i b u t i o n  o f  f i n a l  d o s e s  t h e  above d i s c u s s i o n  a b o u t  t 
e .  

6!-',/3 
u n c e r t a i n t y  i n  t h e  i n p u t  p a r a m e t e r s  would i n d i c a t e  t h a t  a r e a s o n a b l e  '.<-- J' 

b;+ b ;;,\ 
estimate of t h e  p o t e n t i a l  maximum dose  would be  t h r e e  t i m e s  t h e  dose  l i s t e d  / /  

i n  t h e  t a b l a r .  T h i s  dose  would be e x p e c t e d  t o  o c c u r  i n  a v e r y  small 

f r a c t i o n  of the p o p u l a t i o n .  

A s i g n i f i c a n t  f e a t u r e  o f  t h e  dose  a n a l y s i s  i s  t h e  tremendous r e d u c t i o n  

i n  p o t e n t i a l  dose  t o  E n j e b i  ( J a n e t )  r e s i d e n t s  i f  coconu t s  from E n j e b i  

( J a n e t )  a r e  removed f r o m - t h e  d i e t  and r e p l a c e d  by c o c o n u t s  from Sou the rn  

I s l a n d s .  For t h i s  o p i i o n ,  maximus anntial dose  r a t e s  f o r  a "maximuE 

i n d i v i d u a l "  a r e  less  by n e a r l y  a f a c t o r  3 than  when coconu t  cane f r o n  E n j e b i  

( J a n e t )  I s l a n d  ( t a b l e s  2 9 ,  30 and 3 6 ) .  Again t h i s  emphas izes  h m  i m p o r t a z t  

t h e  d i e t  i s  i n  e s t i m a t i n g  d o s e s  a t  t h e  a t o l l  and t h e  i n p o r t a n c e  of iroporte? 

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

r 

The two s c e n a r i o s  used f o r  e s t i r r 2 t i r . g  t h e  dose  t o  c h i l d r e n  ;re f o r  

E n j e b i  ( J a n e t )  I s l a n d  1 i v i r . g  p a t t e r n  because  i t  l e a i s  t o  t h e  h i g h e s t  dose  0: 

a l l  t h e  l i v i n g  p a t t e r n s  e v a l u a t e d .  The d o s e s  f o r  t h e  c a s e  where t h e  ci-,ild 

i s  bo rn  a t  t h e  t i n e  t h e  p e o p l e  r e t u r n  a r e  g r e a t e r  thari f o r  t h e  C ~ S E  v h e r e  

t h e  c h i l d  i s  born 8 y e a r s  a f t e r  r e t u r n .  ' I n  a d d i t i o x  thE- m x i m u c  dose  c a s e  

f r o a  b i r t h  th rough  s e v e n t y  y e a r s  l e a d s  t o  e s t i c a t e d  d o s e s  v h i c h  a r c  l e s s  

t h a n  t h o s e  p r e d i c t e d  f o r  a d u l t s ,  I r v i n g  0:: E n j e b i  ( J a n e t )  I s l a n d .  T h t f o r r ,  

t h e  d o s e s  p r e d i c t e d  f o r  a d u l t s  f o r  o t h e r  l i v i n g  p a t t e r n s  cou ld  be used 2s 

c o n s e r v a t i v e  e s i i r c a t s  f o r  t h e  b i r t h  th rough  70 y e a r  d o s e .  

Acknowledgmt,RE: I t  i s  a p l e a s u r e  t o  t h a n k  Dr. John T i p t o n  o f  EGhG f o r  h i s  

w r i t t e n  c o n t t i b u t i o n  d e s c r i b i n g  the  i n - s i t u  g a f f i a  measurement and 

ca 1 i b r a  t i o n  met hodo l  ogy . 
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T a b l e  27. Body Weights  o f  E i a r s h a l l e s e  A d u l t  Males  i n  Kg 

r 

A t o l l  h'uzt, er X S M/K mx 

U t c r i k "  4 69 .O 1 2 . 9  59 .5  9 2 . 7  

18 71 .9  1 2 . 4  50.0 100 .5  B i k i n i  

Ron g e  1 B pa 2 2  61 .2a  9 . 2  4 6 . 4  6 6 . 8  

TO TAL 49 6 6 . 6  6 . 4  4 6 . 1  10:. 5 

b 

ah Twenty-Year R e v i w  o f  Z e d I c a l  F i n d i n g s  i n  a K a r s h a l l e s e  Population 
A c c i d e n t a l l y  Exposed  t o  K z d i o z c t i v e  F a l l o u t  , Brook1:aven Ka t .  L a b . ,  I:pto;.c 
Nev York ,  BL-501124 (1975) .  

bH. Greenhouse ,  Erookhaven ) ; s t .  L a b . ,  p r i v a t e  comnun ica t ion  ( J u n e ,  1 9 7 9 ) .  
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Table 2 8 .  Average Daily Calcium Intake fo r  the Marshallcse Femalz Di&Pb-."'. 
for Normal Conditions 

L' 

mg Ca Intake, mg Ca 
Food per 100 ga g per day per day 

F i s h  20 

Heat 12 

Bread f rui t 22 

Pan d anu s 

Banana 

Lobster 

Milk 

10 

7 

45 

120 

Coconut meat 10 

Coconut fluid 30 

Bread 23 

Rice 10 

Carbonated Drink gb  

Canned Juices gb 

Clams 100 

Crabs 45 

Pot at oes 10 

E&&S 55  

Pancakes 2 1 5  

187 

168 

27  

9.2 

0.02 

5.1 

2 7 4  

6 3  

14 2 

102 

234 

338 

306 

8 . 9  

3 . 1  

1 2 7  

11 

60 

Total 

37 

20 

5.9 

0.92 

0.001 

2 .3  

328 

63 

4 3  

23 

23 

2 7  

25 

8 .9  

1 . 4  

13 

6 . 1  

129 

700 m g / d a y  

aJ.R.C. Buchanan, A g u i d e  t o  Pacific Island Dietaries, South Pacific Board 
of Health, Sava, Fiji ( 1 4 4 7 ) .  

bJ.A.T. Pennington, Dietary Nutrient Guide, Avi Publishing C o . ,  Westport, 
Conn. (1976). 



T a b l e  2 9 .  Maximum a n n u a l  dose  r a t e s  i n  mrem/y f o r  a d u l t  
normal and f amine  d i e t a r y  c o n d i t i o n s .  

-- 
Type Pathway Year  of 

of  Organ  I n g e s t i o n  E x t e r n a l  Eiaximm 
L o c a t i o n  Die t  Gamma T o t a l  Dose 

Engeb i  ( J a n e t )  Normal Bone Marro;? 1 9 2 . 7  55.72 250 10 
Who 1 ebody 175 .7  57 .63  235 9 

-Famine Bone Marrox 445 .6  55.72 500 10 
hTh o I e 5 od y 3 9 6 . 1  5 7 . 6 3  4 5 5  9 

r 

Engebi  (Jar?e:) 
Northeast Quadrant  I i o r m l  Bone Narrow 1 8 7 . 9  57.06 2 > 5  10 

Wno 1 e b od y 166 .8  59 .18  23C1 9 

F a n i n e  Bone E a r r o v  4 3 6 . 7 4  57 .Ob 495  10 
%io 1 e b od y 360 .6  5 9 . 1 6  4G3 4 

Engebi  (Janet) 
Southeas :  Quadrant  h ' o rna l  Bone E/zrroi.* 1 4 5 . 3  4 7 . 8 2  190 51 

h'n o 1 e b o d ;; 135.6 4 9 . 3 3  1 E j  4 

Fariine Bone Narrow 337.7 4 7 . 8 2  365 10 
Wn o 1 e b od 1; 304.8 4 9 . 3 3  355 9 

Engebi  ( J a n e t )  
Southwes t  Quadran t  Korna l  Bone Ha;rov 128.5 5 0 . 5 6  180 4 

h% o 1 e b od y 116.8 5 2 . 3 3  170 9 

Fatiiine Bone XzrroK 3 0 2 . 1  50 .56  355 10 
kTh o 1 e b od 1.' 26 2 5 2 . 3 3  315 4 

Engebi  ( J a n e t )  
Nor thwes t  Quadrailt Kormal Bone Karrcw 260.7 64 .L1  375  i 0  

h% o 1 e b o d y 2 3 9 . 3  6 5 . 5 8  305 4 

Famine Bone Kzirrox 604.1  6 4 . 4 1  6 7 0  10 
kTholebody 5 4 4 . 9  6 4 . 4 1  6i:' 10 

Aonon ( S a l l y )  Nornal Bone Marror. 3 7 . 1 9  1 2 . 3 2  50 ii; 
Who1 ebody 3 2 . 1 8  1 2 . 7 6  4 5  4 

Famine Bone blarrov 65 .47  12.32  9;  10 
Who 1 ebody 7 2 . 6 6  1 2 . 7 6 ,  66 4 



Table 29 Cont inued  

Pa t hway Year of 
o f  Organ I n g e s t i o n  E x t e r n a l  Maxinun 

Type 

L o c a t i o n  Diet  Gamma T o t a l  Dose 

B i j i r e  ( T i l d a )  

S o u t h e r n  Is 1 and s 

Engebi  ( J a n e t )  
I s l a n d / N o r t h e r n  
Is l a n d  s a  

Engebi  (Jane:) 
I s l a n d / S o u t h e r n  
l s l a n d s b  

Aonon ( S a l l y )  
I s l a n d / N o r t h e r n  
Is 1 and s a  

Norma 1 

F a n i n e  

r 

Korma 1 

Famine 

Norma 1 

F a n i n e  

Norma 1 

Fzmine 

Normal 

Fami ne  

Bone Marrow 
Who l e  body 

Bone Mar ros  
h'h o 1 e body 

Bone b;srrov 
Who1 e b o d y  

Bone 14zrro.r; 
Kino 1 e boa y 

Bone I!arrob.: 
hrn o 1 e b od y 

B on E ?: t r r o w 
L.%o 1 e 5 o l  y 

Bone P:irro;. 
hrn o 1 E bo 2 y 

32.50 
30.28 

76 .62  
68.57 

2.520 
1 . 9 2 9  

6 .639  
4 .62s  

160 .2  
163 .4  

418 .3  
371.5 

35 .76  
23 .52  

1 0 6 . 3  
61 .11  

37 * E 3  
33.35 

86.91; 
7:. 79 

13.24 
13 .24  

12 .79  
13 .24  

1 .228  
1 .2F.1  

1 .135  
1 . 2 6 1  

50 .12  
51.86 

50.12 
50.12 

49.11, 
49 . lL  

4 5 . 9 5  
45. I C  

13.6G 
l i  . L l  

1 3 . 8 5  
14.;1 

46 
44 

a9  
82 

3.7  
3.2 

7 .8  
5 . 9  

230 
215 

470 
4 20 

8 5  
73 

130 
110 

51 
47  

101 
6 9  

9 
9 

10 
9 

3 
2 

5 
2 

10 
9 

1 G  
10 

4 
Si 

11 
F 

10 
4 

13 
9 

'Ten percent  of t h e  coconut  in:ake i s  froz.  the t j o r the rn  I s i a n a s  



Table 2 9  Continued 

Type Pathway Year o f -  
O f  Organ I n g e s t i o n  E x t e r n a l  Maximum 

Die t  Ganma T o t a l  Dose L o c a t i o n  

Bij i re  (Tilda) 
I s l a n d / N o r t h e r n  
Is l a n d  s a  Normal Bone Marrow 33.56 14 .22  48 9 

k’hol ebody 31.32 14 .22  46 9 

;Farcine Bone Marrow 78.98 13.72 9 3  10 
Wliolebody 70.85 14 .22  85 9 

S o u t h e r n  
I s l a n d s l K o r t h e r n  
I s l a n d s  Nornal 

Fan ine  

Engebi  ( Jane : )  t iornal  
Bi r t h  th rough  
70 y C  

Famine 

Engebi  ( Jane : )  N o r m a l  
B i  r t h  t h r o ug:, 
70 yd 

Farrinc 

Bone !.:arrov 5.47 
h‘h o l e b o d y 4 . 6 2  

Bone ElarroL; 1 3 . 1  
h’liolebodj. 10 .5  

B m e  Nar rou  155 .5  
h’ho 1 e b od y 136.7 

Bone Harrow 365.1 
h’ho 1 e bod y 30E. 5 

Bone Marrow 112 .6  
h’h o 1 e b 0 2  y 90.70 

Bone Narrow 303.4 
h’h o 1 e b o I y 2 5 6 . 6  

3.71 
3.71 

3 .71  
3 .71  

4 0 . 4 3  
4 0 . 4 3  

4 0 . 4 3  
4 0 . 4 3  

57.63 
55.63 

33.03 
33 .03  

9 .2  
8 . 3  

1 7  
14 

1 9 5  
1 &I? 

405 
350 

170 
150 

335 
290  

9 
9 

9 
9 

2:  -.  
L L  

2 i  
2 i  

1 
1 

2 1  
2 i  

‘Ten p e r c e n t  of t h s  coconut  i n t a k e  is from t h e  Kor tne rn  I s i a n d s  

‘It is assumed t h a t  t h c  c h i l d  i s  born a t  t h e  t ime  of r e t u r n  and l i v e s  I;is 
e n t i r e  l i f e s p a 2  on E n j e b i  ( J a n e t )  I s l a n d  

‘It i s  assumed t h a t  t h e  c h i l d  is born a t  the t i n e  of  r e t u r n  and l i v e s  !lis. 
e n t i r e  l i f e s p a 2  on E n j e b i  ( J a n e t )  I s i ~ ~ d  

d 



T a b l e  30. 30 and 50 y e a r  i n t e g r a l  d o s e s  in rem for a d u l t  f ema les  under normal  and 
famine d i e t a r y  c o n d i t i o n s  f o r  t h e  Engebi  ( J a n e t )  Is land l i v i n g  p a t t e r n .  

30 y e a r  In:egrzl  bose, ReC 50 y e a r  l n t e g r a l  Dose, Rem 
Pathway k'ho 1 e body Bone Narro\:  h% o 1 e b od y Bone Narrow 

Nuc l ide  Normal Famine Normal Fac.ine Normal Famine Normal Famine 

I n g e s t  ion 

137cs 3.4 7 . 6  3 . 4  7 . 6  5 .2  1 2  5 .2  1 2  

- - 0.42  1 . 2  - - 0.66 2 

23 9+ 24OPu - 
24 l h  - 

241pu (24 IAn)  - 

E x t e r n a l  G a m a  

137cs + 6oco 1 . 5  

I n h a l a t i o n  

239+24OPu 

241h 

241P" ( 2 4 1 h )  - 

TOTAL 4 . 9  

- 0.0032 0.013 - - O.OOS7 0.054 

- 0.0015 0.017 - - 0.012 O.OL6 

- 0.0321 0.0277 - - 0.00:s 0.029 

1 . 5  

- 

9 . 1  

1 . 5  1.5 

0.073 0 . C 7 2  

0 .042  0.01;2 

0 . 0 1 4  6.014 

5 . 5  11 

2.0 

7 . 2  

2.0 

- 

1 4  

2.0 2.0 

0 . 2 1  0 . 2 1  

0.11 0.11 

0.050 0.050 

8.3 16 



Table 31. 30 and 50 year integral doses in rem for adult females under normal and 
famine dietary conditions for the Northeast Quadrant of Engebi (Janet) 
Island living pattern. 

30 year Xntegral DOSE, Rer;: 50 year Integrzl Dose, Res 
Pathway Wnolebody . Eone i-larrow hrri o i e b od y Eonc Piarrow 

Nuclide Normal Farnin-e, Normal Famine Normil Fanine Normal Famine 

Ingest i o n  

137cs 3.3 

..go - Sr 

239+24OPu - 

241h - 

241P" (24'b) - 

c s  + 6oco 1 . 5  

239+24OPu - 

24 lh - 

*41p, (241Am) - 

External G a m a  

137 

Inhalation 

TOTAL 4 . 8  

- 

- 

8 . 8  

3.3 7 . 3  5 11 5 11 

0.46 1.4 - - 0.75 2 . 3  

0.0031 0.013 - - O.OOS5 O.Oj.', 

0.0045 0.017 - - 0.c12 0.  OL!) 

0.0021 0.0077 - - 0.0076 0 . 0 7 9  

1 .5  1.5 2.0 

0.063 0 . 0 6 3  - 

0.036 0.036 - 

0.012 0 .012  - 

5 .4  11 7 . 2  

2 .o  2.0 2.0 

- 0.19 0.19 

- 0.047 0.0'17 

- 0 . 0 4 3  o,o<: 

13 8.1 15 



T a b l e  3 2 .  30 and 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a d u l t  f e m a l e s  unde r  n o m a 1  and 
famine d i e t a r y  c o n d i t i o n s  f o r  t h e  S o u t h e a s t  Quadrant  of Engebi  ( J a n e L )  
I s l a n d  l i v i n g  p a t t e r n .  

30 y e a r  I n t e g r a l  Dose, Rem 50 y e a r  I n t e g r a l  Dose, R e m  
Pathway Wholebody Bone Piarrow Wholebody Bone Marrow 

N u c l i d e  Normal Famine Normal Famine Normal Famine Normal Famine 
c 

I n g e s t i o n  

1 3 k  2.6  5 . 9  2.6 5.9 4 9 4 9 

90sr - - 0.028 0.82 - - 0 .44  1 . 3  

- - 0.0062 0 .033  239+24OPu - - 0.0030 0.012 

241h - - 0 . 0 0 4 3  0.017 - - 0.012 0.045 

241p, ( 2 4 1 h )  - - 0.0019 0 . 0 0 7 4  - - 0.0073 0.026 

E x t e r n a l  G a m a  

1 3 7 C ~  + 6 o C ~  1.3 1 . 3  1.3 1 . 3  1 . 7  1 . 7  1 . 7  1 . 7  

I n h a l a t i  on 

239+24OPu - 0.10 0 .10  - 
241h - - 0.059 0 .059  - 

241pu ( 2 4 ' h )  - - 0.019 0.019 - 

0 . 3 1  0 . 3 1  

0.16 0.16 

0.071 0 . 0 7 1  

TOTAL 3 .9  7 . 2  4 . 4  8 . 2  5.7 6.7 12 



T a b l e  3 4 .  30 and 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a d u l t  f ema les  under  normal  and 
famine d i e t a r y  c o n d i t i o n s  f o r  t h e  Nor thwes t  quadran t  o f  Engebi  ( J a n e t )  
I s l a n d  l i v i n g  p a t t e r n .  

30 y e a r  I n t e g r a l  Dose,  Rem 50 y e a r  I n t e g r a l  Dose,  R e m  
Pathway Whole body Bone Harrow Who 1 ebody  Bone Narrow 

Nuc l ide  Normal Famine Normal Famine Normal Fan ine  Normal Famine 

I n g e s t i o n  

I3%s 4 .6  

- 

239+24OPu - 

241h - 

E x t e r n a l  G a m a  

137Cs + 6oCo 1 . 7  

I n h a l a t i o n  

239+24OPu - 

TOTAL 6.3 

10 

- 

1 . 7  

- 

11 

4.6 10 

0.52  1 . 6  

0.0534 0.013 

0.0047 0.017 

0.0022 0.0076 

1 . 7  1 . 7  

0.011 0.011 

0.034 0.034 

0.011 0.011 

7.0 13 

2 . 3  

- 

18 

7 1G 

0 .82  2.5 

0.0096 O . G 5 G  

0.013 O . O G 7  

O.OOE2 0.029 

2 . 3  2 . 3  

0 .32 0.32 

0 .091  0 .091  

0.042 0.0:: 

10 21 



T a b l e  35. 30 and 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a d u l t  f e m a l e s  under  normal and 
famine d i e t a r y  c o n d i t i o n s  for  & h e  Engebi  ( J a n e t )  I s l a n d / N o r t h e m  I s l a n d  
l i v i n g  p a t t e r n .  

30 y e a r  I n t e g r a l  Dose,  Rern 50 year I n t e g r a l  Dose,  Re= 
Pathway Who 1 e body Bone Efarrorz h'holebody Bone Marrow 

N u c l i d e  Normal Famine Normal Fazine N o r m 1  Famine Normal F a a i n e  
r 

l n g e  s t i o n  

137cs 3.2 7 . 1  3 .2  7 . 1  4.E 11 4 .8  11 

90sr - - 0.42  1 . 2  - - 0.65 2 

- - 0.0086 0.034 - - 0.0032 0 .013  239+ 24OPu 

- - 0.0012 0.046 - - 0.0045 0.017 24 lAm 

241P" (2"Am) - - 0.0021 0.0076 - - 0.0076 0.029 

E x t e r n a l  G a m a  

13'Cs + 6oCo 1 . 4  1.4 1 . 4  1 .4  1 .8  1 .8  1 . 8  1 . 8  

Znha l  a t  i o n  

239+24OPu - 

241b - 

241p, ( 2 4 1 h )  - 

T0T.U 4.6  

- 0.067 0.067 - - 

- 0 .040  0.040 - - 

- 0.013 0 .013  - - 

8 . 5  5 . 1  10 6.6 12  

0.20 0.20 

0.011 0.011 

O.OL7 0 . 0 4 7  

7 . 6  15  



Table 36. 30 and 50 year integral doses in rem f o r  adult females under normal and 
famine dietary conditions for the Engebi (Janet) Island/Southern Island 
l i v i n g  pattern. 

30 year Integral Dose, Rem 50 year Integral Dose, Rem 
Pathway Wt,olcbociy Bone Marroc Who 1 e body Bone Narrow 

Nuclide Norma: Famine h 'orca l  Famine Nornal Famine Normal Fanine 
r 

Ingestion 

1 3 7 c s  0 . 5 4  I . 3  0 . 5 4  1 . 3  0 .77  1 . 9  . 0.77  1 . 9  

- - 0 .36  1 . 1  - - 0 . 5 7  1 . 8  

239+24OPu - - 0.0029 0.012 - - 0 .0276  0 .044  

- - 0.011 0.037 - - 0 . 0 0 4 2  0.016 241h 

2 4 5 ,  ( 2 4 1 h )  - - 0.0018 0.0072 - - 0.0069 0.027 

Externs1 G a m a  

137cs + 6oco 1.3 1 . 3  1 .3  1.3  1 .7  1.7 1 . 7  1.7 

Inhalation 

239+24OPu - 

TOTAL 1.8 

- 

2.6 

- - 0.061 0 .061  

0.036 0.036 - - 

0 . 0 1 2  0.012 - - 

2 . 3  3 . 8  2 .5  3 .6  

0 . 1 8  0.18 

0.094 0 . 0 9 4  

O.OL3 O.Ob3 

3.4  5 . E  



T a b l e  3 7 .  30 and 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a d u l t  f e m a l e s  under  normal  and 
f amine  d i e t a r y  c o n d i t i o n s  f o r  t h e  Aomon ( S a l l y )  I s l a n d  l i v i n g  p a t t e r n .  

50 y e a r  I n t e g r a l  Dose,  R e m  30 y e a r  I n t e g r a l  Dose, Rem 
Pathway Who 1 e body Don e Ka r row Who l ebody  Bone Marrow 

Nuc l ide  Normal Famine Normal Famine Normal Famine Normal Famine 

I n g e  s t i on 
r 

l 3 'CS  0 . 6 3  1.4 0 . 6 3  1.4 0 . 9 5  2 . 2  0 . 9 5  2 . 2  

- - 0 . 0 1 3  0 .32  - - 0.020 0 . 5 1  

- - 0.006 0.033 - - 0 . 0 0 3  0.12 239+ 24OPu 

- - 0.011 O . c G r ,  241h - - 0 .0041  0.016 

0.0018 0.0072 - - 0 . 0 0 6 8  0.027 241pu ( 2 4 1 h )  - - 

E x t e r n a l  G a m a  

137Cs + 6oCo 0 . 3 3  0 . 3 3  0 . 3 3  0 . 3 3  0 . 4 4  0 . 4 4  0 .44  0 .44  

I n h a l a t  i on 

239+24OPu - 

241h - 

241pu ( 2 4 1 b )  - 

- 0 . 0 2 0  0.020 - 

- 0.0011 0.0011 - 

- 0 .0036  0.0035 - 

TOTAL 0 . 9 9  1 . 5  0.87 1 . 9  1 . 4  2 . 7  

0 . 0 5 9  0 . 0 5 9  

0.050 0.030 

0.013 0.013 

1 .8  3 . 4  

1 0 1 2 9 8 3  



Table 38. 30 and 50 year integral doses in rem f o r  adult females under normal and 
famine dietary conditions for the Aomon (Sally) Island/Korthern Islands 
living pattern. 

30 year Integral Dose,  Rem 50 year Integral Dose, R e m  
Pathway Who le body sone  Marrow hli o 1 e body Bone kiarrow 

N u c l i d e  Normal Famine ,h 'omal  Fazine Normal Famine Normal Fanine 

Ingestion 

137cs 0 .64  1.5 0 . 6 4  1.5 0 . 9 8  2 . 2  0 . 9 8  2 . 2  

90sr - - 0.12 0.31 - - 0 . 1 9  0 . 4 9  

23 9+ 24OP, 0.003 0.012 0.0060 0.033 

241b - - 0.0041 O.Gl6 - 0.011 0.044 

2 4 1 p ,  ( 2 4 l h )  - - 0.0016 0 . 0 0 7 2  - - 0.0066 0.027 

External Garma 

137Cs + 6oCo 0 . 3 6  0 .36  0 . 3 6  0.36 0 . 4 6  o . 4 8  

Inhalation 

239+24OPu - - 0 . 0 2 2  0.c22  - 

241h - - 0.015 0.015 - 

0.005 0.005 

TOTAL 0 . 9 9  1 . 9  1 . 2  2 . 3  1 . 5  

- 

2.7 

0 . 4 6  0.48 

0.065 0 .065  

0.04 0.04 

0.016 0.016 

1.8 3.L  



T a b l e  39 .  30 8nd 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a d u l t  f ema les  under normal and 
famine d i e t a r y  c o n d i t i o n s  f o r  t h e  B i j i r e  ( T i l d a )  I s l a n d  l i v i n g  p a t t e r n .  

30 y e a r  Ir.TEgrZ! Dose, R e m  50 y e a r  I n t e g r a l  Dose, Rem 
Pathway Who 1 e body Bone l.larrow Who l e  body Bone Marrov 

N u c l i d e  Normal Fanine  Noma1 f2z.ir.e Normal Farrine Normal Faeine 

I n g e s t i o n  r 

l3’CS 0.59 1.3 0.59  1.3 0.9 2 . 0  0 . 9  2 . 0  

’OS, - - 0.064 0.20 - - 0 .099  0 .31  

239+24OPu 0 .0029  0.012 0 . 0 0 7 9  0.037 

- - 0 .0041  0.016 - - 0.001i  0 . 0 4 3  24 l.Am 

*41pu (241*) - - 0.0016 0 .0072  - - 0.0068 0.027 

Ex t e r n a  1 G e m a  

137Cs + ‘OCo 0.34 0 .34  0.34 0.3& 0 . 4 6  0.45 

I n h a l a t i o n  

239+24OPu - - 0.01E 0.016 - 

24 lAm - - 0.013 0.013 - 

TOTAL 0.69 1.7 0 . 9 9  1 . ?  1 . I  

1 0 1 2 9 8 5  

0.46  0.46 

0.052 0.053 

0 .035  0 .035  

0.015 0.015 

1 . 6  3 



T a b l e  40. 30 and 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a d u l t  f ema les  unde r  normal  and 
famine d i e t a r y  c o n d i t i o n s  f o r  t h e  B i j i r e  ( T i l d a )  I s l a n d l N o r t h e r n  Islands 
l i v i n g  p a t t e r n .  

30 y e a r  I n t e g r a l  Dose,  R e m  50 y e a r  I n t e g r a l  Dose, Rem 
Pathway Who 1 e body Bone Marrow Who 1 e body Bone Marrow 

N u c l i d e  Normal Famine Normal Famine Normal Famine Normal Faminc 
r 

I n g e s t  i o n  

l 3 ’ C S  0 .61  1 . 4  0 .61  1.4 0 .93  2 . 1  0 . 9 3  2 . 1  

9OSr - - 0.065 0.20 - - 0.10 0.31 

239+ 24OPu - - 0 .003  0 .012  - - 0.0079 0 .033  

2 4 I h  - - 0.0041 0.016 - - 0.0011 O . O L 3  

24$,  ( 2 4 1 h )  - - 0.0018 0.0072 - - 0.0068 0.027 

E x t e r n a l  G a m a  

13’Cs + 6 o c ~  0 . 3 7  0 . 3 7  0 .37  0 . 3 7  0 . 5  0.5 0 .5  0 . 5  

I n h a l a t i o r ,  

239+24OPu - - 

24 lAm - - 

- - 0.065 0.065 0.022 0.022 

0.015 0.015 - - 0.04 0.05 

0‘.005 0.005 - - - O . O l E  0.018 

1.1 2 . 1  1.5 2 . 6  1 . 7  3 . 1  

1 0 1 2 9 8 b  



Table 41. 30 and 50 year  i n t e g r a l  doses  i n  rem f o r  a d u l t  females under normal and 
famine d i e t a r y  c o n d i t i o n s  f o r  t h e  Southern I s l a n d s  l i v i n g  p a t t e r n .  

30 year  I n t e g r a l  Dose, Rem 50 year I n t e g r a l  Dose, Rem 
Pathway Uholebody Bone Marrow Who 1 e body Bone Marrow 

Nuclide Normal Famine Normal Famine Normal Famine Noma1 Famine 

Inge st i on  c 

137cs 0.043 0.10 0.043 0.10 0.059 0.14 0.059 0.14 

'Osr - - 0.019 0.059 - - 0.027 0.086 

- - 0.0028 0.012 - - 0.0075 0.032 239+24OPu 

- - 0.0037 0.015 - 0.0097 O.OL1 24lh 

- 0.0059 0.015 2 4 5 ,  ( 2 4 1 b )  - - 0.0016 0.0067 - 
External  Gama 

137Cs + 6oCo 0.026 0.026 0.026 0.026 0.034 0.034 0.034 0.034 

I n h a l e t i o n  

- - 0.00060 0.00060 - - 0.0018 0.001b 239+ 24OP, 

- - 0.00046 0.00046 - - 0.0012 0.0012 241* 

241p, ( 2 4 1 h )  - 0.00015 0.00015 - - O.OOC56 0.00056 

TOTAL 0.069 0.12 0.10 0.22 0.089 0.16 0 .17  0.36 



Table 42. 30 and 50 year integral doses in rem for adult females under normal and 
famine dietary conditions for the Southern Islands/Northern Islands 
living pattern. 

30 year Integral Dose, Rem 50 year Integral Dose, Rerr. 
Pathway Wholebody Bone Marrow Who lebody Bone Marrow 

Nuclide Normal Famine Normal Famine Normal Faleine Normal FaGine 
- 

Inge s t i on 

137cs 0.099 0.23 0.099 0.23 0.15 0.33 0.15 0.33 

90sr - - 0.021 0.066 - - 0.031 0.OYS 

- - 0.0075 0.032 - - 0.0028 0.012 239 +24OP, 

24 l.h - - 0.0037 0.015 - - 0.009; 0.041 

- - 0.0060 0.025 245, (241*) - - 0.0016 0.0067 

External G o m a  

137Cs + 6oCo 0.096 0.096 0.096 0.046 0.13 0.13 0.13 0.13 

Inhalation 

239+24OPu - - 0.OOGO 0.0060 - 

241h - - 0.0045 0.0045 - - 

241Pu (241Am) - - 0.015 0.015 - - 
TOTAL 0.2  0.33 0.25 0.46 0.28 0.46 

0.016 0.018 

0.012 0.012 

0.054 G.054 

0.32 0.56 



T a b l e  43. 30 and 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a c h i l d *  unde r  normal  and 
famhe d i e t a r y  c o n d i t i o n s  f o r  t h e  E n j e b i  ( J a n e t )  I s l a n d  l i v i n g  
pa t te rn .  

30 y e a r  I n t e g r a l  Dose! Ken 50 y e a r  I n t e g r a l  Dose, Rem 
Bone flarrow Who 1 ebody Bone Marrow Pathway Wholebody 

Nuc l ide  Normal Famine Normal Famine Normal Famine Norrcal F a n i n e  

Inge  s t i on 

137cs 

'8r 

- 239+24OPu 

24Ih  

241Pu (241Am> 

137cs  + 6oco 

E x t e r n a l  Gamxa 

I n h a l a t i o n  

239+24OPu 

24 l h  

241Pu (241Am) 

TO TAL 

2.7 

0.36 

0.0028 

O.OC37 

0.001 7 

1 .5  , 

0.072' 

+ 
o.ort2 

0.011+ 

4 . 7  

5 . 9  4 . 5  9 .9  

1.1 - - 
- - 0.0097 

- - 0.013 

- - 0.0059 

1.5 2.0 2.0  

0.072' - - 

0.072'  - - 

0.072' - - 
8.7 6 . 5  1 2  

4.5 

0.60 

0.0031 

0.01 1 

0.0072 

2.0 

0.21+ 

0.11+ 

0.050+ 

7.5 

* I t  i s  assumed t h a t  t h e  c h i l d  is born  a t  t h e  t i n e  of r e t u r n  and l i v e s  h i s  
e n t i r e  l i f e  sp#m on Engebi  I s l a n d  

+ A d u l t  d a t a  used because  no i n f o r n a t i o n  i s  a v a i l a b l e  for c h i l d r e n ;  t h i s  
p robab ly  o v e r e s t i m a t e s  t h e  dose  due t o  i n c r e a s e d  d i c t g r y  i n t a k e  o f  t h e  a d u l t  

9 . 9  

1 .8  

0 .029 

0.058 

0.074 

2.0  

0.21+ 

0 .11+  

0.050' 

14 



T a b l e  44, 30 an6 50 y e a r  i n t e g r a l  d o s e s  i n  rem f o r  a c h i l d *  unde r  normal  and 
f-4- d i e t a r y  c o n d i t i o n s  f o r  t h e  Engebi  ( J a n e t )  I s l a n d  l i v i n g  
p8Pt em. 

30 y e a r  I n t e g r a l  Dose,  Rem 50 y e a r  I n t e g r a l  Dose,  Rem 
Pathway Who1 ebodp Bone Plarrow who1 cbody Bone Marrow 

Nuc l ide  Normal F a n i n e  Normal Famine Normal Famine Normal Farr.ine 

I n g e s t  i o n  

137cs 

9OSr 

23 9 + 2 4OPu 

24 lh 

241Pu (241Am) 

137cs  + 6OCO 

E x t e r n a l  Gzma 

I n h a l a t i o n  

239+24OPu 

2Zlh 

241Pu (241Am) 

TOTAL 

6 . 3  2 . 8  

- 0.40  

- 0.0029 

- 0.0039 

- 0.0018 

1 .2  1 . 2  

- 0.072+ 

- 0.042' 

- 0.014' 

7 .5  4 .5  

6 . 3  

1 . 2  

0.0099 

0.013 

0.0059 

1 . 2  

0.072' 

+ 
0.042 

0.014' 

8 . 9  

* It i s  assume&&that; t h e  c h i l d  i s  born 8 y e a r s  a f t e r  
e n t i r e  l i f e  1 on Engebi  I s l a n d  

- 

- 

5 . 9  

9 .6  4 .3  

0.60 

- 0.0082 

- 0.011 

- 0.0072 

1 .6  1 .6  

9 . G  

1 .8  

0 .029  

0.038 

0.024 

1.6 

r e t u r n  and l i v e s  his 

0.21+ 0 .21+  

0 .11+ 0 .11+ 

0.056 o .o jg+  

6 . 9  1 4  

3e: 
Adul t  d a t a  u s e d  because no i n f o r m a t i o n  i s  a v a i l a b l e  f o r  c h i l d r e n ;  t h i s  
p robab ly  o v e r e s t i m a t e s  t h e  dose  due t o  i n c r e a s e d  d i e t a r y  i n t a k e  o f  t h e  a d u l t  

+ 
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